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Stress and inflammation have become the curses of our times and are the main pathogenetic
factors in multiple diseases that are often comorbid and include allergies and asthma, eczema and
psoriasis, fibromyalgia syndrome, mast cell activation syndrome, irritable bowel syndrome, myalgic
encephalomyelitis/chronic fatigue syndrome and autism spectrum disorder (ASD). Unfortunately, there
are no effective drugs. Cross-talk between mast cells and microglia in the hypothalamus and amygdala
could explain stress-induced inflammation. We recently showed that the “alarmin” IL-33 could play a
major role through its synergistic action with the neuropeptide substance P to stimulate human mast
cell secretion of the pro-inflammatory molecules IL-1B, TNF and VEGF. A new formulation using pure
luteolin with Ashwagandha has now been developed and could be of significant benefit to patients

suffering from these diseases.

Stress has become the curse of our times,
affecting psychosocial, behavioral and general health
aspects (1). Geopolitical, socioeconomic and health-
related stress has been expanding, leading to an
unusually high incidence of suicide and other related
neuropsychiatric problems, with tremendous impact
on the quality of life, workspace and the economy.
For instance, the annual health burden of stress in
the US has been estimated at $900 billion (https://
www.healthline.com/health-news/stress-health-
costs, visited on September 17, 2018). In addition,
many other medical conditions are negatively
impacted by stress (2), especially allergies and
asthma (3), cardiovascular disease (4), fibromyalgia
(5, 6), mast cell activation syndrome (7), irritable
bowel syndrome (8), migraine (9), multiple sclerosis

(10), myalgic encephalomyelitis/chronic fatigue
syndrome (11) and autism spectrum disorder (ASD)
(12). These conditions add another $400 billion to
the annual US health burden; the annual cost of ASD
alone was estimated at $268 billion for 2015 and was
projected at $416 billion in 2025 (13).

We have demonstrated that a key pathogenetic
factor in how stress affects these conditions is the
ability of corticotropin-releasing hormone or factor
(CRH or CRF), the first hormone secreted from
the brain under stress (14) to stimulate the unique
tissue immune cell and the mast cell (7), the brain
immune cells, the microglia (15). Moreover, mast
cells themselves secrete CRH, further potentiating
the stress-inflammation axis (16). Mast cells respond
to numerous neuroimmune triggers (17) and have
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emerged as key immunoregulatory cells (18). An
important new finding is that the “alarmin” IL-33
(19) has a synergistic action with the neuropeptide
substance P to stimulate human mast cells to secrete
impressive amounts of the pro-inflammatory
molecules VEGF (20), TNF (21), and IL-1p (22).

Unfortunately, there are no effective drugs to
block either the secretion of, or the action of CRH,
nor the activation of the mast cells and the microglia.
Any formulations that may inhibit these processes
would be of great prophylactic and therapeutic
importance. We recently reported on the ability of
the natural flavonoid luteolin (tetrahydroxyflavone,
NOT to be confused with the carotenoid lutein) (23)
to inhibit activation of both mast cells (24, 25) and
microglia (26), as well as the secretion of TNF (21)
and IL-1p (22). Luteolin also has neuroprotective
properties (27). It would, therefore, be desirable
to combine luteolin with other natural molecules
that have anti-stress Traditional Chinese Medicine
(TCM) has used various methods in order to relieve
stress that ensure the free flow of Liver-Qi (the flow
of energy through the liver). TCM includes a number
of natural molecules with reported anti-stress activity
(Table I).

Table 1. Chinese anti-stress molecules.

* Ashwagandha

* Cynorium herb

* Dang gui root

* Duanwood reishi
* Ginseng

* Ju Hua (Chrysanthemum tea Rehmannia root)
 Jujube date

* Licorice root

* Polygonum root
* Polyrachis ant

* Yehmannie reishi

There is little hard evidence of the effectiveness of
these compounds, except for Ginseng and especially
the Ayurvedic herb Ashwaganda (Withaniasomnifera)
(28), which has GABAergic activity (29). Other
molecules with calming properties include valerian

T.C. THEOHARIDES ET AL.

tea extract, hydroxybutyrate, 5-hydroxytryptophan
(5-HTP) or S-adenosyl methionine (SAMe).

A new formulation of the anti-inflammatory
luteolin (PureLut™) with Ashwagandha has now
been developed (www.algonot.com) and will be
available soon under the trade name NormoStres™ .

Disclosure: TCT is the recipient of US Patent
No 7,906,153 covering the use of flavonoids in
neuroinflammatory conditions. The authors report
no conflicts of interest.
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Exracellular matrix (ECM) consists of a plethora of proteins and polysaccharides, which aggregate
into an organized network connected to the surface of the producing cells. It is structurally and
functionally present in all components of tissues and organs and represents the substrate on which
cells adhere, migrate, proliferate and differentiate, influencing their survival, shape and function. In
response to acute (trauma) or chronic (degenerative) insults, brain ECM modifies its composition and
function, actively contributing to “scar forming” gliosis or tissue degeneration/remodelling. Moreover,
morphological changes in dendritic spines associated with extracellular matrix remodeling play key
roles in rewiring synaptic circuitry pertinent to memory formation. In the present report, we collected
the main acquisitions on the functional interplay between ECM alterations and the adenine-/guanine-
based purine system with particular regard on how purine compounds and their respective receptors

may affect and be affected by changes of the cerebral ECM.

Composition and function of extracellular matrix in
normal brain

The extracellular matrix (ECM) composition of
the central nervous tissue and spinal cord, widely
reviewed in a recent excellent report (1), differs from
that of peripheral tissues as it is richer in glycoproteins
and proteoglycans. These molecules include
glycoproteins such as tenascins, mainly tenascin-C
(TnC) and tenascin-R (TnR), and chondroitin sulphated
proteoglycans (CSPGs), stabilized by link proteins
(known as hyaluronan and proteoglycan link protein,
HAPLN).

Further matrix components include molecules
found in the basal laminae such as laminin, fibronectin
and collagen. Laminins are heterotrimeric glycoprotein
cell adhesion molecules forming a substratum
for neuronal migration and axonal pathfinding in
development. Fibronectin is a large dimeric protein
composed of three distinct tandem repeats (I, II and
III), wherein there are functional domains like laminin,
enabling polymerization and interactions with cell
surface receptors and other ECM components. It is
now accepted that fibronectin plays a central role in
migration, morphogenesis and proliferation (2).

Key words: brain extracellular matrix, acute and chronic neurodegenerative diseases, extracellular purines, guanosine and guanine
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In adult brain, the ECM helps in maintaining the
shape, the correct function and the plasticity of the
nervous tissue, which are important for synaptic and
network stabilization and homeostasis.

Composition and function of extracellular matrix
(ECM) in injured brain

After brain injury, the composition of the
ECM dramatically changes, this alteration mostly
depending on the type of cells concurring to damage
repair. In spinal trauma or cortical stab injuries
there is a large contribution of fibroblasts deriving
from disrupted meninges, which secrete collagen,
fibronectin and laminin, and also of endothelial cells
(3). Astrocytes, activated by a pro-inflammatory
environment, first proliferate and then become
hypertrophic, extending processes and exhibiting
changes in gene expression, i.e. the increased
expression of glial fibrillary acidic protein (GFAP)
(4). Reactive astrocytes have important roles in
restoring extracellular homeostasis following injury,
by releasing pro- and anti-inflammatory cytokines,
and by promoting scar formation.

Also microglia and oligodendrocyte precursor
cells (OPCs) concur to the injury response and glial
scar formation. Upon injury, microglia proliferate
and undergo morphological changes, release
cytokines, reactive oxygen species/free radicals and
also acquire a phagocytic phenotype (5). Despite
the beneficial role in maintaining homeostasis and
sealing-off areas of central nervous sytem (CNS)
damage, glial scar formation is also associated with
regeneration failure. The latter has been partially
attributed to the presence of the dense barrier of
reactive astrocytes that would prevent growth cone
elongation, but is also due to the accumulation of a
number of inhibitory ECM molecules, in particular
CSPGs (6). Therefore, strategies able to manipulate
the ECM may be applied following brain or spinal
cord injuries.

Composition and function of extracellular matrix in
neurodegenerative diseases

The ECM molecules may play an important role
also in the pathogenesis of various CNS diseases.
In particular, ECM components are implicated

M. ZUCCARINI ET AL.

in the pathology of Alzheimer’s disease (AD).
Proteoglycans co-localize with amyloid B deposits
and are implicated in amyloid P fibrillogenesis.
Accordingly, the proteolytic degradation of amyloid
B by apolipoprotein E is impaired by Heparan sulfate
proteoglycan (HSPG) expression within plaques (7).

The ECM is also involved in the regulation of
OPC migration, proliferation and differentiation
into myelinating oligodendrocytes. In particular,
laminin-2, the expression of which is upregulated
in multiple sclerosis lesions, is implicated in OPC
survival, differentiation and extension of myelinating
processes via integrin, contactin and dystroglycan
receptor interactions. In contrast, fibronectin
expression is increased and impairs remyelination
(8). Thus, it could be of great interest to determine
whether ECM modification strategies in different
acute or chronic CNS disorders may improve disease
pathology and lead to functional repair.

Role of adenine- and guanine-based purines in the
function of extracellular matrix

Adenine- and guanine-based purines are part of
the so-called “purinome” consisting of nucleotides,
nucleosides, nucleobases, their derivatives, and
different classes of purine receptors [P1 and P2
receptors activated by adenosine or adenosine
triphosphate (ATP)/adenosine diphosphate
(ADP) nucleotides, respectively], bi-directional
transporters and enzymes involved in purinergic
transmission (9). These enzymes comprise the
family of nucleotide hydrolases, i.e. ectonucleoside
triphosphate  diphosphohydrolase, ecto-nucleotide
pyrophosphatase/phosphodiesterase, ecto-5’-
nucleotidase, alkaline phosphatases (AP), adenosine
deaminase (ADA), purine nucleoside phosphorylase
(PNP), guanine deaminase, xanthine oxidase (10, 11).

Todate, therole of purines inthe ECM organization
in the CNS has been poorly investigated.

Neurons and astrocytes, and in part microglia,
express purine receptor subtypes involved in synaptic
transmission, neuronal-astroglial communication,
proliferation, synaptic plasticity, differentiation and
migration (12).

A characteristic hallmark of neurodegenerative
disorders, i.e. Alzheimer’s disease and Parkinson’s
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disease, is the alteration of ECM accompanied by
a decline in neural transmission, wherein guanine-
based purines stand out as key regulators of neuron-
glia interactions (13, 14).

In glial cells, PC12 and hippocampal neurons,
guanosine (GUO) and guanosine monophosphate
(GMP) have been shown to exert a neurotrophic and
neuroprotective activity by preventing glutamate-
mediated excitotoxicity (15, 16). Furthermore, GUO
has been demonstrated to induce neurite outgrowth
and dendrite arborization, likely by inducing nerve-
growth factor (NGF) release (17). Neurite outgrowth
has been reported to be also affected by ECM
components such as laminin and fibronectin, the
latter exerting a neuroprotective effect on neural cells
by interacting with integrins and many neurotrophic
factors. Decker and coworkers (2007) investigated
the role of guanine derivatives in ECM modulation
and demonstrated that extracellular GMP and GUO
were able to alter ECM astrocyte organization but
had no effect on laminin and fibronectin expression
levels (18). Importantly, as GMP is hydrolyzed to
GUO in neural cells in a few minutes, it is plausible
that its effect is due to its conversion into GUO.
Specifically, GUO would interact with a Gi/o-
protein coupled receptor and activate different
signaling pathways [i.e. Protein Kinase C (PKC),
Protein Kinase A (PKA); Mitogen-Activated Protein
Kinase (MAPK)/Extracellular signal-Regulated
Kinase (ERK), Ca2+/Calmodulin-dependent protein
Kinase II (CaMKII)] all responsible for laminin and
fibronectin organization from punctuate to fibrous.
In this study, cell treatment with GMP or GUO
promoted an increased number of cerebellar neurons
in a neuron-astrocyte coculture model, without
altering the neuritogenesis or the proliferation rate
of neurons, this ECM reorganization being favorable
towards neuron-astrocyte connections.

Interestingly, we found that, in C6 glioma cells,
guanine (GUA) treatment for 24 up to 48 hours
induced a marked increase in fibronectin but not
laminin expression level (unpublished data), and this
effect might be responsible for its role in synaptic
plasticity. Indeed, as we previously reported, GUA
would activate Phosphoinositide 3-Kinase (PI3K)/
Protein Kinase B (PKB)/Nitric Oxide (NO)/soluble
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Soluble Guanylyl Cyclase (sGC)/cyclic GMP
(cGMP)/Protein Kinase G (PKG)/ERK signaling
cascade and exert a mnesic effect in working memory
(19, 20). As for GUO, GUA plausibly activated a
Gi/o-protein coupled receptor since its effect was
prevented by cell pre-treatment with pertussis toxin
(21).

Fibronectin is able to induce cell survival and
neuronal differentiation by activating MAPK
signaling pathway via a5f1 and a5B3 receptors in
cerebrovascular endothelial cells (22), or to promote
axonal regeneration in adult white matter.

Noteworthy, fibronectin plays a key role in
the pathogenesis of neuropathic pain following
peripheral nerve injury. Indeed, fibronectin seems to
stimulate microglia to induce Interferon Regulatory
Factor-5 (IRF5) which, in turn, would activate
P2X4R expression. In these cells, fibronectin binds
to aSB1 integrin receptor and activate PI3K/PKB/
MAPK/ERK signaling cascade resulting in enhanced
IRFS5 and increased P2X4R de novo expression (23).

After spinal cord injury, fibronectin stimulates
spinal cord astrocyte proliferation by enhancing
P2Y1-mediated PI3K/PKB/ERK/cAMP Response
Element-Binding protein (CREB)/Signal Transducer
and Activator of Transcription 3(STAT3) signaling
cascade or ATP-induced release of arachidonic
acid and prostaglandin-E2 (24). In a model of CNS
trauma, P2 and P1 receptor activation by increased
extracellular ATP or uridine triphosphate (UTP),
elicited an increase of thrombospondin (TSP)-1
expression, a multidomain glycoprotein promoting
synaptogenesis via p38MAPK/PKB pathway (25).

Overwhelming experimental evidence points to
a significant role of purine-converting enzymes in
ECM organization, namely ecto-5’-nucleotidase or
CD73 and guanine deaminase (also called cypin).

CD73 is a bifunctional Glycosyl Phosphatidyl
Inositol (GPI)-anchored membrane protein with
an enzymatic activity (conversion of ribo- and
deoxyribonucleoside 5’-monophosphates to their
corresponding nucleosides) (26) and with a non-
enzymatic activity, being a membrane receptor for
extracellular matrix protein. Intriguingly, depending
on which ECM component it interacts with, CD73
might negatively or positively affect cell migration
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or adhesion. Indeed, CD73 binding to tenascin C or
fibronectin and laminin would trigger cell migration
or cell adhesion, respectively (27).

In a similar way, compared to CD73, guanine
deaminase or cytosolic PSD-95 interactor (cypin)
shows a bi-functional activity, either metabolizing
guanine into xanthine or accounting for ECM
alterations. This enzyme is considered one of the
“Intrinsic factors” involved in dendrite arborization
and microtubule assembly, as it directly binds tubulin
heterodimers, thus promoting the microtubule
assembly via cytoskeletal rearrangement (28). These
authors showed that knocked down of cypin protein
levels by using a mutant RNA (Ul small nuclear
RNA) decreased dendrite number in neurons.

Strong evidence from studies of neurite outgrowth
supports the hypothesis that both adenine- and guanine-
based nucleosides are responsible for Brain-Derived
Neurotrophic Factor (BDNF)-mediated increase of
dendrite branching. That is, activation of A2AR with
the selective agonist CGS 21680 stimulated neuronal
regeneration after brain injury (29).

Neurotrophic factors, such as BDNF or NGF, have
been shown to be modulated by the nucleoside GUO.
Specifically, GUO would enhance neurite outgrowth
in PC12 cell line via Heme Oxygenase (HO-1)/
Carbon Monoxide (CO)/sGC/cGMP signaling
pathway (30). Based on the aforementioned data,
GUA would activate cGMP signaling as much as
GUO but their effects rely on different neurological
functions. Indeed, if cGMP activated by GUA is
associated to its mnesic effect and involves NO
production, cGMP derived from GUO signaling is
part of a neuroprotective program after brain injury
events, i.e. ischemic stroke, oxygen and glucose
deprivation, neuroinflammation.

In this work, we provide an updated overview
of studies on ECM-related CNS events under
pathophysiological conditions and we explored the
potential neuroprotective mechanism of guanine-
based purines.

In this regard, it is conceivable that guanine
derivatives elicit important functional roles in both the
central and the peripheral nervous system through the
main activation of PI3K/PKB/ERK1/2 signaling, and
by engaging cGMP more than cyclic 3’,5"-adenosine
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monophosphate (cAMP) as second messenger
in these effects. GUO and GUA emerged as the
major players in this complex network, acting as
extracellular signaling molecules triggering a series of
cellular events leading to neuroprotection or cognitive
improvement, respectively. These effects are likely
the result of an interaction of guanine derivatives to
metabotropic receptors coupled to Gi/o-protein since
they are reversed by pertussis toxin pre-treatment.
Moreover, the presence has been reported of a single
high affinity binding site for [3H]-GUO in rat brain
membranes (21) that would suggest the existence of
specific transmembrane receptors, not yet identified
also for guanine-based purines.

In conclusion, the contributions of guanine-
based purines to ECM composition are embodied
in different functional roles but all converge on
favoring a dynamic neuron-glia network, which is
a common feature of many brain-related disorders,
i.e. Alzheimer’s disease or Parkinson’s disease.
For this reason, uncovered molecular mechanisms
underlying purine-mediated ECM modulation may
bring about a greater understanding of identifying
a potential pharmacological target for some age-
related and neurological disorders.
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Mast cells (MCs) are derived from bone marrow precursors and are immune cells involved in acute and
chronic inflammation. MCs are ubiquitous and play a crucial role in innate and acquired immunity. They
are activated through cross-linking of their surface high affinity receptors (FceRI), leading to immediate
secretion of stored inflammatory mediators, and late production and release of pro-inflammatory cytokines/
chemokines without degranulation. Therefore, MCs are important in inflammatory responses. Members of
the interleukin (IL)-1 cytokine family, such as IL-1 and IL-33, and various antigens markedly increase IL-1
and tumor necrosis factor (TNF) expression and secretion from MCs. One of the latest cytokines is 11.-33,
an IL-1 family member acting via its ST2/IL-1R4, which has been shown to regulate MCs. IL-1 and IL-
33 are cytokines found to be implicated in many inflammatory disorders including rheumatoid arthritis,
atherosclerosis and psoriasis. In general, IL-1 family member cytokines play a pro-inflammatory role and
increase the pathological state. IL-37 is a member of the IL-1 family with anti-inflammatory activity through
inhibition of pro-inflammatory cytokines. IL-37 particularly suppresses IL-1-mediated innate inflammatory
response, but also acts on the acquired immune response. IL-37 is activated by pro-inflammatory agents and
cytokines, playing a protective role against inflammation. This cytokine is a natural regulator of immunity
and is a therapeutic promise against inflammatory diseases. Since IL-1 is produced by and activates MCs to
release IL-33 and TNEF, here we hypothesize that MCs can be inhibited by IL-37 and therefore reduce their
pro-inflammatory activity. However, the maturation, transport and secretion of IL-37 remain to be clarified.

Mast cells preparations. MCs derive from the hematopoietic
In 1878, Paul Ehlich for the first time, identified cells, migrate and mature into various tissues
the presence of mast cells (MCs) on aniline-based including nerves, blood vessels, skin, gastrointestinal
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tract and brain (1). They can be stimulated by
various compounds, including antigens, and IgE,
neuropeptides, cytokines, drugs and toxins, but the
classic activation occurs with the aggregation of
the FceRI receptor with the consequent release of
inflammatory mediators including cytokines and
chemokines (2). Furthermore, MCs can respond to
pharmacological stimuli and compounds derived
from the environment, mediating immunological
and inflammatory phenomena (3). MC-mediators
can be distinguished in preformed stored compounds
in the cytoplasmic granules, and de novo synthesized
mediators (Table I) (4).

The interaction of anti-IgE to the high-affinity

Table 1. Biological mediators released by mast cells.

Stored and secreted biological mediators from
cytoplasmatic granules.
- Tryptase

- Histamine

- Phospholipases

- Heparin

- Chymase

- Carboxypeptidase A

- Hydrolases

- Peroxidases

- Kinogenases

- TNF

De novo synthesized

- Arachidonic acid products: LTB4, LTC4, PGD2, PGE2.
- Cytokines:IL-1,2,3,4,5,6,9,10,13,31,33

-Chemokines: RANTES, CXCLS8, CCL2, MCP-3, MCP-4
- Growth factors: Vascular permeability factor (VPF)
fibroblast growth factor (FGF-2), vascular endothelial
growth factor (VEGF)

- Peptides: Substance P (SP), Pro-neurotensin,
Corticotropin-Releasing Hormone (CRH), Vasoactive
Intestinal Peptide (VIP).

receptor FceRI on MC surface initiates important cascade
biochemical events leading to degranulation (1).

The MC receptor FceRI is formed by one
a-subunit, four B, and two y (1). The alpha subunit
binds the IgE antibody which subsequently binds the
antigen and thus the MC is stimulated, initiating the
phosphorylation, with the activation of the tyrosine
kinase. Subsequently, the phospholipase C (PKC)
is activated, with calcium release and formation
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of IP3 and diacillglycerol (DAG) and activation
of the mitogen-activated protein kinase (MAPK),
c-Jun N-terminal kinase (JNK) and p38 (5). The
cascade ends with the generation of cytokines and
phospholipases A2 (6).
The stimuli of the

MCs are many and

Table I1. Triggers of mast cells.

Cytokines: 1, 33, TNF, SCF, TGF- p1

Neuropeptides: Substance P, NGF, CRH, Neurotensin
Biochemical toxins: LPS, Borrelia, mold

Drugs: Polymyxin B, and others

can also be of different nature, as shown in
Table II.

There are many cytokines involved in the
activity of MCs, here we will limit ourselves to study
only some of them, especially those pro- and anti-
inflammatory of IL-1 family members (7).

IL-1

Interleukin (IL)-1 is a classical pro-inflammatory
cytokine of innate immunity of which there are
different types (IL-1ca, IL-1p, IL-18, IL-33, IL-36
a, B, and v, IL-37, and 1L-38) and receptors (8). IL-1
has multiple biological effects including the induction
of cyclooxygenase type 2, increased cell expression
of adhesion molecules, nitric oxide synthesis and
cytokine/chemokine production (9). The IL-1 family
is involved in a broad spectrum of both immunological
and inflammatory diseases including arthritis,
atherosclerosis, Alzheimer’s (the most common cause
of dementia), and skin diseases such as psoriasis (10).
IL-1 is produced by many types of cells, but mostly
by monocytic cells (11). IL-1 (distinct in IL-a and
IL-1-B) is a soluble mediator of inflammation with
extracellular biological activity (8). In this study we
will refer to IL-1-f, which is the most present in man
in extracellular form.

IL-1 is found in the cytosol in immature form (35-
kDa) and is transformed into a mature form (17-kDa)
from the caspase IL-1-converting enzyme (ICE) in the
active form IL-1-f. The release of IL-1-f is induced
by extracellular macrophage ATP (8).
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In vitro, MCs stimulated with IgE through the
receptor FceRI, produce various cytokines including
TNF, IL-6, IL-31, IL-33 and IL-1, suggesting that
there are links between the mediated IgE allergic
phenomena and the stimulation of inflammatory
cytokines (12). IL-1 stimulates human MCs to secrete
IL-6 without tryptase.

In allergic diseases, MCs interact with I1L-33
that can be induced by IL-1 which is recognized by
different types of cells (13). Therefore, the blockade of
IL-1 can certainly produce relief in allergic diseases.

INF

Tumor necrosis factor (TNF) was first described
in activated macrophages, and there is evidence that
resident mouse peritoneal MCs constitutively contain
large amounts of TNF (14). It was recently reported
that substance P plus IL-33 produces massive amounts
of TNF (12). Therefore, MCs produce a broad panel
of multifunctional cytokines including TNF, a
multifunctional cytokine that influences physiological
and pathological mechanisms (15).

In addition to the newly synthesized TNF secretion
(in several hours), MCs are the only immune cells
that store and rapidly secrete (in about 10 minutes
after IgE stimulation) preformed TNF. Therefore,
MCs activated with IgE in vitro produce extracellular
TNF and exhibit higher levels of TNF messenger
RNA. Thus MCs have a preformed TNF and an
immunologically inducible TNF (16).

TNF is a cytokine which has been implicated in
inflammatory processes and TNF gene is expressed
in cultured human LAD2 and primary MCs derived
from umbilical cord blood (12).

It has been noted that some tissues exposed
to substance P (or other neurotransmitters) and
other stimulators, produce TNF, both preformed
and inducible, which can play the role of recalling
other inflammatory cells such as neutrophils and
macrophage granulocytes, and it can also activate the
T cell receptor (17). In addition, TNF induces adhesion
molecules such as ICAM-1 and ELAM-1 involved in
the recruitment of inflammatory immune cells. TNF-
derived MCs stimulates fibroblasts in the production
of collagen, playing an important role in allergic
reactions (17). Moreover, the production of TNF by
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MCs also has an anti-tumor role since the number
of cytokines produced by MCs is higher in cancer.
Therefore, IL-33 can also play a protective immune
role, as it stimulates TH2 cells to produce cytokines
and increases the type 2 lymphoid cells (17).

1L-33

IL-33 is a member of the family of IL-1 ST2/
IL-1R4 receptor involved in a number of diseases
and is considered a cytokine ‘“alarmin”, as a
recognized signaling mediator of inflammation not
due to infections, but to trauma and stress (sterile
inflammation) (18). The immature form of IL-33
is cleaved by a caspase-1 which makes cytokines
active. To date, it is known that from the proteases
of MCs some mature forms of IL-33 derive that
activate lymphoid cells which also participate in the
inflammatory process (17).

IL-33 is a pro-inflammatory cytokine and is found
to augment mainly allergic diseases, as well as being
involved in rheumatoid arthritis, atherosclerosis,
psoriasis, inflammatory bowel disease, neurological
disorders, etc. However, the nuclear suppression of
IL-33 proves a systemic inflammation that can also
be lethal, demonstrating that this cytokine also plays
an anti-inflammatory role (18).

We and other authors have already reported that
IL-33 is a cytokine which acts through the ST2
receptor that belongs to the toll like receptor (TLR)/
IL1R super family. IL-33 is primarily expressed by
different types of structural cells including dendritic
cells, macrophages, endothelial cells, intestinal
epithelial cells, fibroblasts, adipocytes, smooth
muscle cells, bronchial and osteoblast (18).

MCs also produce many cytokines (including
IL-33) and chemokines, as reported in Table I, and
may also promote the maturation of CD34" cell,
which is an MC progenitor. In fact, IL-33 plays a
role in the maturation of MCs which, in turn, can
produce mediators for the maturation of IL-33 from
the immature form (17).

IL-33 increases the production of IL-31 released
by MCs without allergic stimulation (17). IL-31,
which is involved in tissue remodeling, induces pro-
inflammatory cytokines, regulates cell proliferation,
and is very pruritogenic. IL-31 and IL-33 work
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together and their expression is involved in disease
severity. In fact, IL-33 activates MCs without
degranulation and therefore, without the release of
stored chemical mediators. Moreover, this cytokine
is capable of increasing non-allergic stimuli such as
the neurotransmitter substance P, intervening in non-
allergic inflammatory diseases (19) In addition, IL-
33 increases the effect of IgE on MCs and TNF gene
expression, favoring allergic reactions.

We recently reported that IL-33 has been
implicated in the pathogenesis of psoriasis via
keratinocyte and MC activation (14).

IL-18

IL-18 possesses an IL-18Ra receptor inducible
(which binds IL-18) and IL-18R which is expressed
constitutively and mediates signal transduction
(20). Members of IL-1R family with TIR domain
are shared with TLRs. Cytoplasmic TIR domains
cooperate with the MyD88 factor which activates the
nuclear factor NF-kB and generate cytokines (20)

IL-18 is involved in many immune and
inflammatory mechanisms. It is expressed essentially
by macrophages, dendritic cells, epithelial cells,

Macrophage
2 / LPS activation

3 IL-1 release

IL-1 stimulation
autocrine loop
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keratinocytes and other cells, participating in the
innate and adaptive immune responses. IL-18 is
important in the defense of the human body against
bacteria and parasites, but also participates in allergic
diseases, where MCs play a crucial role (17). In fact,
IL-18 contributes to the activation and degranulation
of MCs and its level is high in allergic phenomena.
IL-18 was originally called IFN-y-inducing factor
(IGIF) and it was reported that it may also be
activated in an inflammasome-independent manner
by proteases, such as proteinase 3 and chymase.
This cytokine can also play a chemotactic role,
causing inflammatory cell recruitment, including
macrophages, neutrophils and basophils (17).

It is known that IL-18 promotes the response of
TH2 cells involved in both sensitization and later
response to allergens, autoimmune diseases and
cancer. However, 1L-18 does not directly stimulate
TH2 cells, which mediate allergic responses induced
byantigens and produce many effects oninflammatory
cells. Therefore, activated APC cells, release I1L-18,
provoking TH2 cell and granulocyte recruitment
(20). In addition IL-18 causes cell proliferation,
cytotoxic and B cell activity in hypersensitive state

Mast Cell

Degranulation
0 Release

¢ ()  Histamine
C) (.) . Tryptase
. 0 Chymase
etc.
IL-1release
PGD2

INFLAMMATION

Fig. 1. This figure depicts that LPS activates macrophages and releases IL-1 and IL-33 which induce mast cell activation
mediating inflammation. In addition, macrophage produces also IL-37 which inhibits mast cell IL-1 release and inflammation.
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and other disorders. In allergic reaction, IL-18
increases IL-5, influences eosinophilia, and induces
cell differentiation in rodents. Moreover, IL-18
stimulates eosinophilia in asthma and activates CXC
and CC chemokine generation. On MCs, IL-18 binds
to its IL-18R receptor, provoking the release of IL-4,
1L-13 and histamine, similar to the activation of MCs
with the allergen that binds FceRI receptor (17).

Inhibition of the actions of this cytokine would
certainly provide relief both to individuals suffering
from allergic diseases and to those with acute and
chronic inflammatory disorders. IL-18 can be
inhibited by both IL-18BP found in nature, and by
IL-37, which down-regulates signal transduction and
responses caused by IL-18 and, therefore, inhibits
inflammation (20).

IL-37

IL-37, previously called IL-1 family member
7 (IL-1F7), is a cytokine of the IL-1 family which
includes IL-la, IL-1B, IL-1RA, IL-18 and IL-33,
and can improve inflammatory response (21). [L-37
is a natural suppressor of both innate and acquired
immune responses. [L-37 is expressed in a variety of
tissues and cells, including monocytes, endothelial
cells and epithelial cells. It has been reported that IL-
37 inhibits many inflammatory states, suppressing
monocytes and macrophages, but may also increase
after a pro-inflammatory stimulus caused by LPS
(22). IL37 binds IL-18Ra chain, acts with an
intracellular mechanism translocating to the nucleus,
which inhibits the expression of pro-inflammatory
signals cJun, MAP kinase p38, STAT transcription
factors and p53.

IL-37 acts by inhibiting the inflammatory signals
NF-kB, and transcription factors AP-1, which lead
to the production of pro-inflammatory cytokines of
the IL-1 family.

Activated MCs produce pro-inflammatory
cytokines, including IL-1 and TNF (23-24). IL-37
possesses a pleiotropic anti-inflammatory activity
with inhibition of macrophage activation, leukocyte
adhesion, metalloproteinase production and IL-1-
inducing TNF generation in MCs.

TNF is induced by many pro-inflammatory
proteins including IL-1. Furthermore, IL-1 possesses
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the autocrine property of inducing itself (Fig. 1).
Hence, IL-1 induces IL-1 and TNF in macrophages
and MCs. Since 1L-37 blocks IL-1 and IL-1-induced
TNF, these inhibitory effects could be of great
benefit in the treatment of inflammatory disorders
including those mediated by MCs (25-26). It will
be important to develop IL-37 formulation that can
deliver it selectively to the cell target including MCs
and macrophages.
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Given the pathological incidence of metastases or radioiodine-refractory papillary thyroid carcinoma
(PTC) is increasing worldwide, patients have little alternatives when choosing effective drugs. Therefore,
it is necessary to develop new therapeutic targets for PTC treatment. CDK?7 is a member of the cyclin-
dependent protein kinase (CDK) family, which plays an important role in various types of cancers. In
this study, we found CDK?7 were upregulated in PTC cell lines compared to normal thyroid cells using
qRT-PCR and Western blot. Furthermore, using cell counting kit-8 (CCK-8) assay and 5-ethynyl-2-
deoxyuridine (EdU) assay, we discovered cell growth ratio was positively correlated to the expression
level of CDK7. Cell cycle analysis showed that the cells with higher CDK?7 expression levels were prone
to be in S phase. More importantly, we tested the inhibitory effects of BS-181 on CDK?7 both in vitro and
in vivo. Results obtained from this study indicated that BS-181 not only suppressed the cell proliferation
in vitro, but also inhibited the tumor growth in nude mouse without changing mRNA and protein levels

of CDK?7. In conclusion, our study might provide a novel potential target for PTC therapy.

Papillary thyroid carcinoma (PTC) accounts for
more than 90% of all thyroid cancer cases (1), and
has been considered as the most common type of
thyroid cancer in past decades. Although the majority
of PTC patients have shown good prognosis after
receiving a combination of surgery and radioiodine
therapy, the remaining patients with metastases or
radioiodine-refractory cancers usually exhibit very
poor prognosis (2). Therefore, it is necessary to
investigate the mechanisms of PTC with the aim of
developing novel therapeutic targets for PTC therapy.
Cancer cells are characterized with uncontrolled
cell division due to their aberrant regulation of cell
cycles. Various researches have revealed hyper-
activation of CDKs could lead to increased growth

rate of cells(3). Thereby, the important role of CDKs
in the cell cycle regulation makes it a potential target
for the treatment of PTC.

CDK?7 was discovered as a regulator of mRNA
transcription in Saccharomyces cerevisiae, and its
homologs in vertebrates has beenreported to influence
the cell cycle progression (4). In mammals, CDK7
functions as a cyclin-dependent kinase activating
kinase (CAK), which activates the downstream
CDKs in the cell cycle by forming complexes with
cyclin H and Matl, including CDK1, CDK2, CDK4
and CDK6 (5-7). Many studies have shown that
hyper-activation of CDK7 was involved in various
types of cancers, such as blood cancers (8), prostate
cancers (9), glioma (10), lung cancers (11) as well

Key words: CDK7, papillary thyroid carcinoma, xenograft

Mailing address:

Dr. Tao Wei,

No.37 Guo Xue Xiang,

Wuhou District, Chengdu, Sichuan,
P.R.China, 610041

Fax: +86 2885422467 - Tel.: +86 28 85422467
e-mail: wiitaoscljmc01@126.com

1361

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1362

as breast cancers (12). Interestingly, inhibition of
CDK7 in these cancers have been evaluated to be
effective in pre-clinic trials. These studies suggest
that aberrant expression of CDK7 was involved in
occurrence and development of malignancies. To
date, little is known about the role of CDK7 in PTC.

In this study, we firstly determined the mRNA and
protein levels of CDK7 in PTC by quantitative RT-PCR
and Western blot, respectively. Then, effects of CDK7
on cell proliferation and cell cycles were analyzed
through CCK-8 assay, EAU assay and flowcytometry
assay in PTC cells treated by CDK7 over expression
plasmid transfection, shRNA mediating CDK7
knock-down plasmid transfection and adding a CDK7
specific inhibitor BS-181. Moreover, we evaluated
the potentiation of CDK?7 as a therapeutic target for
PTC, using shRNA lentivirus system and BS-181 on
xenograft model in nude mice.

MATERIALS AND METHODS

Cell culture

Human PTC cell lines TPC-1 (BNCC337912, BeNa
Culture Collection, Beijing, China) and MDA-T120
(CRL-3355,
USA), human normal thyroid cell line Nthy-ori 3-1
(BNCC340487, BeNa Culture Collection, Beijing, China)
were maintained in DMEM (Hyclone, GE Healthcare
Life Sciences, Piscataway, NJ, USA) supplemented with
10% FBS (Gibco, Thermo Fisher Scientific, Waltham,
MA, USA), 100 units of penicillin/mL and 100 ng of
streptomycin/mL at 37°C in 5% CO, incubator.

American Type Culture Collection,

Plasmid construction

For CDK7 over-expression, full length of CDK7 CDS
was amplified by PCR and cloned into the pcDNA3.1 vector.
PCR primer sequences were as follows: CDK7-EcoRlI,
CGGAATTCATGGCTCTGGACGTGAAGTCTCGandCDK7-
Hindll,  AAGCTTTTAGTTTCTTGGGCAATCCTCCTTG
(Restriction enzyme cutting sites were underlined). For CDK7
knock-down, shRNA of CDK7 were designed and annealed into
PLKO.1 vector. The shRNA target sequences of CDK7 were
as follows: shl: GGGCAAAGCGTTATGAGAAGCTGGA;
sh2:  GGGCAAAGCGTTATGAGAAGCTGGA, and sh3:
ACATGTTGATGACTCTTCAAGGATT. The
plasmids were transfected into cells using Lipofectamine 2000

recombinant
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Transfection Reagent (Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA).

Lentivirus production

For lentivirus production, the recombinant shRNA
plasmid was transfected into 293T cells (CRL-3216,
ATCC, USA) together with psPAX2 packaging plasmid
and pMD2.G envelope plasmid (Addgene). Sixty-four
hours after transfection, supernatants were harvested, and
viral particle was pelleted by centrifugation. Then the
viral titer was estimated and MOI of 0.4 was used.

Real-time quantitative PCR (RT-gPCR)

Total RNA was isolated with TRIzol reagent
(Invitrogen, Thermo Fisher Scientific, Waltham, MA,
USA) and quantified by Nanodrop 2000. 1 pg total RNA
was reverse transcribed into cDNA with oligodT primers.
RT-qPCR was carried out on an ABI Prism 7500 fast
System (Applied Biosystems, USA) with SYBR Premix Ex
TaqTM (Takara, Dalian, China). Primer sets used were as
follows: for B-actin, 5'-GTGGACATCCGCAAAGAC-3/,
5'-AAAGGGTGTAACGCAACTA-3'and for CDK?7,
5'- ATGGCTCTGGACGTGAAGTCT -3’ (forward), 5'-
GCGACAATTTGGTTGGTGTTC -3’ (reverse). Data
analysis was performed using the 274 method.

Western blot

Cells were collected and washed with ice-cold
PBS, lysed with ice-cold RIPA lysis buffer (Thermo
Fisher Scientific, Waltham, MA, USA). Total protein
concentrations were determined using the BCA Protein
AssayKit(Pierce Biotechnology, Thermo Fisher Scientific,
Waltham, MA, USA, Catalogue number 23235). 20 pg
total protein were loaded and separated by SDS-PAGE.
Then, proteins were transferred to PVDF membrane and
incubated with rabbit anti-CDK7 (ab216437, abcam,
USA) and rabbit anti-GAPDH (Proteintech, Chicago, IL,
USA) overnight at 4°C. After washing with TBST three
times, bands were then incubated with HRP-conjugated
antibody. Signals were developed with ECL. GAPDH
was used as the internal standard.

Cell counting kit-8 (CCK-8) assay

The effect of CDK7 on cell viability was analyzed
using the CCK-8 assay (Beyotime, Hangzhou, China).
Briefly, 1x10* cells were reseeded in sextuplet in 96-well
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plates and transfected with plasmids or incubation with 20
pM BS-181. Transfected cells were further cultured for
indicated times. CCK-8 was then added and incubated for
another 2 hours. Then, OD, , was measured.

IT Click-iT EAU cell proliferation assay

IT Click-iT EdU (5-ethynyl-2-deoxyuridine) cell
proliferation assay was performed with Click-iT Plus
EdU Imaging Kits (Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA). 1x10* cells were reseeded in
sextuplet in 96-well plates and transfected with plasmids
or incubated with 20 pM BS-181 and further cultured for
48 hours. Then, the cells were labeled with Click-iT® Plus
reaction cocktail, fixed and permeabilizated, and then
treated with Click-iT® reaction cocktails. After 30 min
incubation, the cell nucleus was further stained with DAPI
and visualized under a fluorescence microscope. The EAU
positive cells were counted and the percentages of EdU
positive cells were defined as the proliferation rates.

Cell cycle analysis

Cells were collected by centrifugation, and the pellets
were washed twice with PBS and then fixed in ice-
cold 70% ethanol overnight at 4°C. Then the cells were
resuspended in PBS containing 10% FBS and filtered
through a 400-mesh sieve, and permeated with propidium
iodide solution (propidium iodide, 50 pg/mL, 100 pg/mL
RNase in PBS) at 37°C in the dark for 30 min. Finally,
the cells were subjected to FACS Caliber cytometry (BD
Biosciences) for the cell cycle phase analysis. The cells at
various phases of the cell cycle were counted.

Animal preparation and human tumor xenografts

All of the procedures were included in a protocol
approved by the Animal Care and Use Committee.
Female athymic nude mice 4-6 weeks old were purchased
and maintained under specific pathogen free (SPF)
conditions. Each experimental group included 10 female
athymic nude mice. TPC-1 cells or lentivirus infected
TPC-1 cells were collected, washed and re-suspended
in PBS. After mixing with an equal volume of matrigel
(BD Biosciences, Franklin Lakes, NJ, USA), 106 cells
were injected s.c. into the flank of the mice. When tumors
were approximately 0.5 cm3, the mice were treated with
the inhibitors. BS-181 was dissolved in 10% dimethyl
sulfoxide/50 mM HC1/5% Tween 20/85% saline and each

1363

mouse received intraperitoneal injection of 5 mg/kg/d BS-
181 twice daily. Tumor dimensions length (1) and width
(w) were measured and tumor volume was calculated as
V(tumor)=nlw2/6. Then, the animals were sacrificed and
tumors were removed for Western blot, HE staining and
ki67 immunohistochemistry analysis.

Statistical analysis

Statistical analysis was performed using the
SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA).
Experiments were performed for at least three times
and data were expressed as mean+SEM. Statistically
significant differences between groups were evaluated
using Student’s t-test for two groups or Tukey’s multiple
comparisons test after ANOVA test for three or more
groups. The results were determined to be significant
when P<0.05 was obtained.

RESULTS

CDK7 is highly expressed in thyroid cancer cell lines

It is well known that Cyclin-dependent kinase
plays an important role in controlling the cell cycle
and it is hypothesized to be a significant target for
cancer treatment (13, 14). In the screening of the
expression profiles of thyroid cancer in the Gene
Expression Omnibus (GEO) data, we found the
mRNA level of CDK7 seemed to be up-regulated.
We first determined the expression level of CDK7
in PTC cell lines (TPC-1 and MDA-T120). We
found the mRNA levels of CDK7 were significantly
upregulated in PTC cells compared to normal human
thyroid cells (Nthy-ori 3-1) (Fig. 1A). Similar results
were also found in Western blot analysis, the protein
levels of CDK7 were significantly upregulated in
PTC cells (Fig. 1, B and C). These results showed
that the expression of CDK7 was indeed up-regulated
in PTC cell lines.

Knock-down of CDK7or BS-181 treatment can
selectively inhibit CDK7 expression and suppress
cell proliferation

To evaluate the function of CDK7 in PTC cell
proliferation, we constructed and determined the
efficiency of CDK7 over-expression and shRNA
mediating knock-down plasmids.
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As shown in Fig. 2A, both the mRNA and protein
levels of CDK7 were markedly up-regulated/down-
regulatedinthe cellstransfected with over-expression/
knock-down plasmids. We also determined the effect
of CDK7 on cell proliferation using CCK-8 assay
and EdU assay in TPC-1 cells. The results showed
that the TPC-1 cells with over-expressed CDK7 grew
faster than the cells transfected with CV and had
more dividing cells, whereas knock-down of CDK7
by shRNA decreased the cell proliferation rate. More
importantly, we also found the proliferation of TPC-
1 was significantly inhibited by BS-181 (a specific
CDK7 inhibitor) (15) (Fig. 2, B and C). These results
indicated that CDK7 promoted cell proliferation in
PTC cells and selective inhibition of CDK7 could
suppress cell proliferation.

Altering expression levels of CDK7 or BS-181
treatment may change the cell cycles

Given CDK7 could function as CAK and activate
CDKs that regulate cycle cells, the cell cycle
distributions were analyzed by flow cytometry in the
TPC-1 cells with different CDK7 expression levels.

TPC-1 cells with over-expressed CDK7 showed
an increase in the numbers of cells in S phase,
accompanied by a reduction of cell population in G1
phases, whereas knock-down of CDK7 by shRNA or
inhibition of CDK7 by BS-181 showed an opposite
effect. Inhibition of CDK?7 increased the percentages
of cells in G1 phase and decreased the percentages
of cells in G2/M plus S phases (Fig. 3). These results
indicated altering the expression levels of CDK7
could change the cell cycles.

Knock-down of CDK7 or BS-181 treatment may
suppress xenograft tumor growth

Our in vitro studies suggested CDK7 involved
in cell cycle and cell proliferation regulation and
inhibition of CDK7 could slow down the growth
of TPC-1 cells. Thereby, we further determined the
effects of CDK7 on the tumorigenic potential in vivo.

TPC-1 cells infected with lentivirus expressing
the shRNA of CDK7 or scramble (CK) were
injected into nude mice. For BS-181 treatment, the
mice received intraperitoneal injection of 5 mg/
kg/d BS-181 twice daily after injection with TPC-1
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cells. The results showed that tumors derived from
the cells with shRNA mediating CDK7 knock-
down or receiving the BS-181 grow much slower
than CK (Fig. 4A). HE staining showed both the
shRNA group and BS-181 group had condensed
chromatin and necrotic mass, while the CK group
had large and round cell nucleus (Fig. 4B). More
importantly, we performed immunohistochemistry
for Ki-67, a specific indicator of the tumor cell
proliferation levels (Scholzen and Gerdes 2000).
The results showed that both the shRNA and SB-
181 group had much less signaling of Ki67 than the
CK group (Fig. 4C). These results indicated knock-
down of CDK7 or inhibition of CDK7 by BS-181
decreased the tumorigenesis. Finally, we determined
the expression levels of CDK7 in tumors. Western
blot showed that the expression levels of CDK7
in receiving BS-181 group were similar to the CK
group, whereas the shRNA group had significantly
decreased CDK7 expression levels. Taken together,
these results showed the inhibition of CDK7 by
shRNA mediated knock-down or BS-181 treatment
indeed impaired the tumor growth.

DISCUSSION

We demonstrated for the first time that the
expression levels of CDK7 were upregulated in
PTC cells. Experimental results showed that both
the mRNA and protein levels were upregulated in
PTC cell lines (TPC-1 and MDA-T120) compared to
normal human thyroid cells. Besides PTC cells, over-
expressions of CDK7 have also been found in many
other cancers, such as breast cancer (16), gastric cancer
(17), and ovarian cancer(18). These results suggested
overexpression of CDK7 might be common in cancers
and may function as a biomarker for prognosis. And
indeed, up-regulation of CDK7 could predict poor
prognosis in gastric cancer (19). However, in breast
cancer, expression of CDK7 was positively associated
with ER expression and inversely proportional to poor
prognostic factors (16). Thereby, the exact meaning
of the upregulation of CDK?7 in the prognosis of PTC
needs further study.

We then found the expression of CDK7 in PTC
cells can promote cell proliferation. Further cell cycle
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Fig. 3. Expression of CDK?7 affected cell cycle in TPC-1 cells. Cell cycle was analyzed by flow cytometry and the
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analysis showed the cells with over-expressed CDK7
were aberrantly accumulated in S phage, which
indicated that the dysregulation of CDK7 could affect
cell cycles. Similar phenomenon was also observed
in breast cancer cells, and gastric cancer cells (17,
19), prostate cancer cells (9), esophageal squamous
cell carcinoma (20). These results suggested CDK7
mediated cell cycle dysfunction might be a common
pathway in tumorigenesis.

Based on the above, we tested the effect of a
special CDK7 inhibitor, BS-181, on PTC cells, and
the results showed BS-181 inhibited the growth
of PTC cells both in vitro and in vivo. BS-181 is a
pyrazolo [1, 5—-a] pyrimidine-derived compound,
first synthesized in 2010, and it can inhibit the
growth and promote apoptosis of MCF-7 breast
cancer cells (15). Wang et al. (2016) also reported
BS-181 could inhibit cell growth and induce cell
cycle arrest and apoptosis in gastric cancer(17). In
addition to BS-181, another CDK7 inhibitor, THZ1,
showed anti-tumor effects in small cell lung cancer,
triple-negative breast cancer, and high grade-glioma
(10). These results suggested CDK7 could be a novel
cancer therapy target. However, in mammals, CDK7
not only functions as a CAK to active CDK1, CDK2,
CDK4 and CDK®6, but also can regulate the gene
expression by phosphorylating RNA Polymerase 11
or other transcription factors, including p53 (21-24).
Thus, the exact mechanisms of how the inhibition
of CDK7 suppresses the tumor growth both in vitro
and in vivo should be further studied. In conclusion,
upregulation of CDK7 is crucial in PTC. Using BS-
181 as a model inhibitor, we confirm that CDK7 is a
new target for PTC therapy.
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17p-Estradiol (E2) is known to negatively regulate inducible nitric oxide (NO) synthase (iNOS)
expression via estrogen receptor alpha (ER-a) activation in aortic vascular smooth muscle cells.
Therefore, we sought to determine whether E2 can inhibit iINOS in vivo in hepatic tissue via the activation
of ER-a and whether extracellular signal-regulated kinases 1/2 (ERK1/2)-miR-221 axis is involved in
this process. Male Wistar rats were treated with a bolus injection of E2 intraperitoneally (40 pg/kg), and
24 hours after treatment the animals were sacrificed and the livers excised. The protein levels of iINOS,
p50 and p65 subunits of nuclear factor kB (NFkB), ERa, ERK1/2 and protein kinase B (Akt), as well
as the association of ERa/Src in liver lysates were assessed by Western blot. The expression of hepatic
miR-221 was analyzed by qRT-PCR. Results show that E2 reduced hepatic iNOS protein expression (p
<0.01), the protein level of ERa. (p < 0.05), ERK1/2 (p < 0.05), Akt phosphorylation (p < 0.001) and miR-
221 expression (p<0.05). In contrast, hepatic ERa/Src kinase association level (p < 0.05) increased after
E2 treatment. Our results indicate that E2 inhibits hepatic iINOS via molecular mechanisms involving

the activation of the ER-a and inhibition of ERK1/2-miR-221 axis.

Estrogens are considered female sex hormones
regulating female reproductive physiology and
behavior. The most biologically relevant form of
estrogens is 17B-estradiol (E2). Diverse estrogen
functions are mediated by their specific estrogen
receptors (ER), including classic nuclear receptors
ERa and ERP, and membrane-bound receptors G
protein-coupled ER (GPER, also known as GPR 30)
and membrane-associated ERa and ERp variants.
All the ER subtypes are expressed in the livers of
male and female humans and rodents, but at a lower
level compared with reproductive organs. ERa has

been shown to be responsible for the E2-mediated
regulation of inducible nitric oxide (NO) synthase
(iNOS) expression in the liver and protection against
inflammation (1).

The liver represents an important participant in
the systemic inflammatory networks by experiencing
activation of inflammatory pathways within its local
cells. Proinflammatory cytokines induce increased
production of iNOS in the liver (2). A growing
body of evidence implicates that iNOS expression
and the excessive production of NO is involved in
the development of various types of liver diseases
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(3). INOS has the highest capacity among all of
the NOS isoforms to generate NO (2), an essential
gaseous signaling molecule that regulates numerous
physiological processes. However, excessive
production of NO may potentiate cytotoxicity
through its reaction with superoxide anion and
nitration of tyrosine residues of proteins (3).

A central role in E2-ER cytoplasmic signaling
has non-receptor intracellular Tyr kinase Src (4).
Association of ER and Src may initiate signaling
through some intracellular kinases, including
extracellular signal-regulated kinases 1/2 (ERK1/2)
(5) and protein kinase B (Akt) (6). Phosphorylated
ERK1/2 and Akt are capable of phosphorylating
and activating nuclear transcription factors, such
as nuclear factor kappa B (NFkB) (7). Activation
of ERK1/2 is required for induction of miR-221
(8), a member of microRNAs (miRNAs) family of
small non-protein coding RNAs, that modulates an
inflammatory response by controlling the NFkB
activity (9). Regulation of iNOS expression via
miRNA in various cell types, such as hepatocytes
(10), has been demonstrated. Also, E2-regulated
miRNA expression and miRNA regulation of ERa
and its downstream response to E2 have recently
been reported (11).

The overall hypothesis of this study is that E2
can inhibit iNOS in vivo in hepatic tissue via the
activation of ER-o and that ERK1/2-miR-221 axis
is involved in this process. Given the complexity
of the physiological effects of E2 and the limited
data related to the effects of E2 on the regulation of
iNOS in vivo, in this study, we examined whether
administration of a bolus injection of E2 24 h before
sacrifice caused changes in hepatic iNOS protein
expression in rats. Also, we assessed whether these
changes could be related to changes in ER-a and
ERK1/2 activation, and miR-221 expression.

MATERIALS AND METHODS

Animals and experimental treatment

For this study, we used eight-week-old, adult male
Wistar rats (150 g-200 g), bred at the Institute of Nuclear
Sciences (Vinca, Belgrade). The animals were kept under
a 12:12-hour light/dark cycle at 22°C+2°C and were
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divided into two experimental groups: a control group and
a group treated intraperitoneally with a bolus injection of a
40 pg/kg of 17B-estradiol (Sigma-Aldrich Corporation, St.
Louis, MO, USA) dissolved in 1% ethanol in phosphate-
buffer solution (PBS). The control group was injected
with the same volume of 1% ethanol in PBS, 24 h before
euthanasia. All rats were sacrificed under deep ether
anesthesia (ether was purchased from Lek, Ljubljana,
Slovenia) and blood was collected by cardiac puncture.
The livers from each animal were excised, measured,
snap frozen in liquid nitrogen and stored at —70°C until
further experiments. The official Vinca Institute Ethics
Committee for Experimental Animals approved all
experimental protocols.

Liver lysate preparation.

The liver from each animal was removed and then
homogenized on ice using an Ultra-Turrax homogenizer
in lysis buffer (150 mM NaCl, 20 mM Tris, 2 mM
EDTA, 2 mM DTT, 1% Triton X-100, 10% glycerol,
pH 7.4) containing protease (Complete Ultra Tablets,
Mini, EDTA-free, EASYpack) and phosphatase inhibitor
cocktail (PhosSTOP) (Roche, Mannheim, Germany),
and 2 mM sodium orthovanadate. Homogenates were
incubated for 60 min with constant rotation at 4°C and
then centrifuged for 30 min at 100,000 x g at the same
temperature. Total protein concentration in supernatants
was determined using the Lowry assay. The final lysates
were stored at -70°C until further experiments.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blotting

Total cell protein lysates (80 pg/lane) were separated
on 10% or 12% SDS-polyacrylamide gel and transferred to
polyvinylidene difluoride (PVDF) membranes. Thereafter,
the membranes were blocked with 5% bovine albumin and
probed with rabbit polyclonal anti-ERa, anti-NFkB-p65
(Santa Cruz, CA, USA), anti-phospho-p44/42 ERK1/2
(Thr*?/Tyr**), anti-total-p44/42 ERK1/2, anti-phospho-
Akt (Ser*”), anti-total-Akt (Cell Signaling Technology,
Beverly, MA USA), anti-iNOS (Abcam, Cambridge, UK),
goat polyclonal anti-NFkB-p50, or mouse monoclonal
anti-B-actin (Santa Cruz, CA, USA) antibodies. After
washing with TBS-t, the membranes were incubated
with the appropriate secondary anti-rabbit, anti-goat and
anti-mouse 1gG horseradish peroxidase-linked antibodies
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(Santa Cruz, CA, USA) and used for subsequent detection
with the electrochemiluminescence (ECL) method
(GE Healthcare Life Sciences, Buckinghamshire, UK).
Following analysis of phospho forms of p44/42 ERK1/2
and Akt, the membranes were stripped and reblotted with
antibodies detecting the total p44/42 ERK1/2 and Akt
contents. To ensure that protein loading was equal in all
samples, the blots were reprobed with the mouse anti-f3-
actin monoclonal antibody and appropriate anti-mouse
secondary antibody. For quantification of the signals on
membranes, Image J 1.45s software (National Institutes
of Health, USA) was used.

Co-immunoprecipitation

Liver tissue lysates were normalized for protein content
(500 mg of protein) and incubated overnight with 2 mg
of anti-ERa antibody. Immunocomplexes were absorbed
with protein A/G-sepharose (previously prepared by
manufacturer instructions, Santa Cruz Biotechnology)
overnight at 4°C and then recovered by centrifugation
(2500 x g; 5 min), washed three times with lysis buffer,
and separated on SDS-PAGE gel, transferred to a PVDF
membrane, and then probed with an anti-Src antibody
(Cell Signaling Technology, Beverly, MA). Obtained
signals were detected and quantified using Image J 1.45s
software.

Total RNA isolation and quantitative real-time PCR
(¢PCR)

Total RNA (including mRNA and miRNA) from liver
tissue was extracted using Trizol reagent (Invitrogen Life
Technologies, Paisley, GB) according to the procedure
recommended by the manufacturer. RNA concentration
and purity were determined by measuring the absorbance
at 260 nm/280 nm using BioSpec-nano-Spectrophotometer
(Shimadzu, USA). To ensure that isolated RNA was not
degraded, RNA samples were analyzed by 1.2% agarose gel
electrophoresis.

For reverse transcription of miR-221, we used 10 ng of
total RNA, TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, California, USA), TagMan
Universal master mix 2x, No UNG amperase, according to the
manufacturer’s protocol.

The expression level of miR-221 in the liver was measured
by the qPCR assay performed on 7500 Real-Time PCR
System (Applied Biosystems, Foster City, CA, USA). miR-

1371

221 expression levels were expressed as relative quantity
(RQ) values and normalized to endogenous control U6B. For
miR-221 and small nuclear RNA-U6B amplification, we used
TagMan microRNA assays (Thermo Fisher Scientific). RQ
values were calculated with 7500 System SDS Software by
comparative the 2 4 method.

Statistical analysis

Results are expressed as the mean + standard error of
the mean (SEM). Two-tailed Student’s t-fest was used to
evaluate the statistical significance of the data. A p-value
<0.05 was considered as statistically significant.

RESULTS

Effects of estradiol on the regulation of hepatic
iNOS protein expression

Since NO has important roles in the regulation
of numerous physiological processes and since we
have previously shown that E2 in vitro stimulates
NO production (12), we next examined whether E2
affects regulation of hepatic iNOS protein level.
The results show that the level of hepatic iNOS
protein level decreased after E2 treatment (p <
0.01) (Fig. 1A).

Effect of estradiol on the hepatic p50 and p65
subunits of NFkB protein

Since the promoter of the iNOS gene contains
the binding site for NFxB transcription factor (2),
we further examined whether this transcription
factor is involved in E2-mediated regulation of
hepatic iNOS expression by measuring protein
levels of p5S0 and p65 subunits of NFxB. The
results show that there were no significant
differences in the levels of either p50 (Fig.
2A) or p65 (Fig. 2C) proteins in E2-treated rats
compared with control rats.

Effect of estradiol on the hepatic ERo. protein level
and ERa/Src association

Since effects of E2 are mediated by specific
binding to the ER and that E2 reduces iNOS
expression via ERo/NFkB interaction (1), we
next examined the level of hepatic ERa protein
expression after treatment with E2. The results
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indicate that E2 treatment induces a significant
decrease (p < 0.05) of ERa protein level (Fig. 3A).
As ER does not possess kinase activity, E2 cannot
activate any signaling pathway in the cytoplasm
after binding to ER. To activate any signaling
pathway in the cytoplasm, ER needs to interact
with some other molecules, such as Src tyrosine
kinase (4). Here, we examined the effects of E2 on
ERoa/Src association in the liver. The results of co-
immunoprecipitation of ERa and Src revealed that
E2 treatment induced an increase in hepatic ERa/
Src association (p < 0.05) compared with control
(Fig. 3C).

Effect of estradiol on the phosphorylation of hepatic
ERK1/2 on Thr*%?/Tyr 2" and Akt on Ser’”

We previously reported that activation of hepatic
iNOS involves phosphorylation of ERK1/2 and Akt
(13). In the current study, we further examined the
effect of E2 on ERK1/2 phosphorylation at Thr?0%/
Tyr?** (Fig. 4A) and on phosphorylation of Akt at
Ser*”? (Fig. 4C). Results show that E2 treatment
significantly decreased both the phosphorylation of
ERK1/2 (p < 0.05) and phosphorylation of Akt (p
<0.001).
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Fig. 2. Effect of estradiol on the hepatic p50 and p65 subunits of NFxB protein. A) Densitometry data for 6 separate
Western blots (each bar is mean £ SEM). The Y-axis represents p50 protein level expressed as - fold change to control
(control arbitrary set at 1), and the X-axis represents treatment. B) Representative Western blot. C) Densitometry data for
5 separate Western blots (each bar is mean = SEM). The Y-axis represents p65 protein level expressed as - fold change to
control (control arbitrary set at 1), and the X-axis represents treatment. D) Representative Western blot.
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The Y-axis represents the ratio of phosphorylated and total Akt expressed as fold change to control (control arbitrary set at 1),
and the X-axis represents treatment. D) Representative Western blot. ***p<0.001 indicates a significant difference.
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expression. The level of miR-221 gene expression. The
Y-axis represents miR-221 level expressed in relative units
(each bar is mean = SEM), and the X-axis represents
treatment. *p<0.05 indicates significant differences.

Effects of estradiol on the hepatic miR-221 expression

Some miRNAs affect the expression of iNOS in
various cell types, including hepatocytes (10). To
determine whether E2 influenced the miR-221, we
measured the level of hepatic miR-221 expression.
The results presented in Fig. 5. show that E2
treatment induced a significant decrease of miR-221
(p <0.05) compared with control rats.

DISCUSSION

The principal new finding of the present study is
that E2 regulates hepatic iNOS expression in vivo via
molecular mechanisms involving ER-o and ERK1/2-
miR-221 axis. These data extend our previous
finding where we showed that E2 in vitro stimulates
NO production (12). The expression of iNOS can
be induced in a wide range of cells and tissues by
cytokines and other inflammatory agents (2). The
results from our study demonstrate that E2 treatment
decreases hepatic iNOS protein level in male rats.
Similarly to our results, others also reported that
protein expression of iNOS was reduced by E2
treatment (14). In this study we used male rats, to
avoid variations in circulating estradiol levels. Also,
using female rats would require bilateral ovariectomy
followed by decrease of endogenous estradiol which
could lead to the development of insulin resistance,
obesity and inflammation (15).
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Contrary to inhibition of iNOS expression,
in our study an increase in nitrite/nitrate plasma
concentration following E2 treatment (data not
shown) was observed suggesting increased plasma
NO level. An increased NO level in the plasma
may be responsible for decreased hepatic iINOS
protein level, as NO can diffuse rapidly into cells
and inhibit iNOS protein expression and activity
through coordination with the heme of the iINOS
enzyme (16). Because of iNOS inducible nature,
regulation of its transcription is a primary step in
the control of iNOS activity/expression (2). Analysis
of the 5 region of the iNOS gene revealed that it
contains redox-sensitive elements including NF«B-
responsive element. Mammary NFkB mainly
consists of p50 and p65 subunits. Heterodimers
consisting of p50 and p65 proteins are involved in
the activation of inflammatory genes, with iINOS
being one of the main p65 downstream targets.
Inhibition of iNOS expression by numerous agents
results from inhibition of NFkB activation (17). The
results from this study surpassingly show that protein
levels of both p50 and p65 NF«B subunits were not
changed after E2 administration. These results can
be explained by the fact that E2 also affects some of
the transcription factors, besides NF«B, responsible
for regulation of iNOS (18).

ERa represents the primary ER responsible for
E2-mediated regulation of iNOS expression in the
liver (1). The results of this study show a significant
decrease in ERa protein level. Acute degradation
of ERa followed by E2-dependent transcriptional
activation of ERa gene is a general response to E2,
whereby ERa ubiquitylation and proteolysis are
intimately linked to ERa-dependent transcriptional
activity (19). In our experiments, rats were treated
with a single bolus injection of E2 and sacrificed
24 h after the treatment, whereas literature data
showed that long-term exposure to E2 maintains
the non-reproductive estrogen target tissues, such
as liver, in an estrogen-responsive condition by
up-regulating steady-state ERa levels (20). Since
ERs do not possess kinase activity, some other
molecules are needed to transmit information from
E2-ER binding to stimulate cytoplasmic signaling.
A central role in E2 cytoplasmic signaling has the
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intracellular Tyr kinase Src, a key proximal signaling
molecule in multiple pathways (4). Src is a non-
receptor kinase belonging to the Src family kinases
that phosphorylate a Tyr residue on their target
proteins, and their own activity is regulated by Tyr
autophosphorylation. The Src kinase family is basally
inactive because the catalytic domain is constrained
in an inactive state through intramolecular
interactions. Catalytic activation requires the release
of the constraints by binding of Src protein to other
phosphorylated Tyr residues. ERa has been reported
to be Tyr phosphorylated by c-Src or other enzymes
and to interact with the SH2-domain of c-Src (4).
Our results show that E2 treatment increases the
association of ERa and Src protein compared with
controls, indicating a positive effect of E2 on Src
activation. Additionally, ERa/Src crosstalk may
not only stimulate ERa-mediated transcription but
also appears to activate ERa proteolysis (21). We
assume that in our study E2-induced Src activation
contributed to the ERa proteolytic degradation and
to the detected decrease of ERa protein level.
Association of ligand-bound ER and Src
rapidly initiates crosstalk with mitogenic signaling
cascades, including ERK1/2 (5) and Akt (6). The
role of ERK1/2 in the induction of iNOS has been
demonstrated (22). The role of ERK1/2 signaling
in E2-regulation of hepatic iNOS in our study was
demonstrated by measuring the level of ERK1/2
phosphorylation. The results indicate that E2 leads
to decreased hepatic Thr?*>/Tyr?** phosphorylation of
ERK1/2. Gaben et al. (23) reported that E2 does not
induce rapid ERK phosphorylation, but it induces the
transcription of its target genes rapidly and efficiently
despite the down-regulation of the receptor. This is
in accordance with our current results demonstrating
decreased protein level of ERa and decreased
ERK1/2 Thr?*/Tyr** phosphorylation. Also, the ERa
can be activated in a ligand-independent manner in
response to peptide growth factors, that activate ERK
(24) and Akt signaling pathways (25). Apart from
growth factors that utilize the protein kinase Akt to
activate ERa (25), E2 also activates Akt. Stoica et al.
(26) reported that E2 via ERa activates Akt, which in
return phosphorylates ERa leading to the modulation
of its genomic effects. However, in this study, we
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show a reduction of Akt phosphorylation. Similarly
to our results, Lobenhofer et al. (27) also detected
no phosphorylation of Akt after E2 treatment. Based
on the results of our study together with results from
others, we hypothesize that there is a connection
between unchanged NFkB protein levels and
decreased Akt activation after E2 treatment.

As a part of this study, we also examined the
effects of E2 on the hepatic miR-221 expression. To
the best of our knowledge, there are no published
studies exploring the role of miR-221 in the E2-
mediated regulation of hepatic iNOS expression.
miRNAs are 21-23 nucleotide long non-coding
RNA molecules that modulate the stability and/
or the translational efficiency of target mRNAs.
miRNAs are frequently dysregulated in a variety of
pathological conditions, including liver diseases (28).
Additionally, E2-regulated miRNA and regulation of
ERa by miRNA and its downstream transcriptional
response to E2 have also been reported (29). miR-
221 overexpression leads to significant increases
in NFkB and mitogen-activated protein kinase
(MAPK) activation which is associated with the
augmented production of proinflammatory cytokines
(9). Decreased miR-221 expression after blockading
NF«B activation was reported (30), suggesting an
NF«kB-dependent induction of miR-221. Our results
indicate that E2 treatment leads to the reduction of
miR-221 expression level. The decreased level of
miR-221 expression in our study supports our data
showing that E2 treatment did not change levels of
NF«B p65 and p50 proteins. Also, since the activation
of ERK1/2 is required for induction of miR-221 (8),
observed reduction of ERKI1/2 phosphorylation
after E2 treatment in our study could be a possible
explanation for decreased miR-221. Furthermore, it
is possible that E2 induces changes in hepatic iNOS
via ERK1/2 and miR-221 signaling pathways by
affecting some of the transcription factors involved
in iNOS regulation without activation of NF«B,
such as activator protein-1 (AP-1) (18). Therefore
the aim of future investigations should be directed
to identify the potential involvement of AP-1 in the
E2-mediated regulation of iNOS expression.

In summary, our results indicate that in vivo
treatment of male rats with E2 modulates iNOS
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expression via molecular mechanisms involving
increased ERo-Src interaction, decreased ERK1/2
and Akt activation and unchanged transcriptional
activation of p65 NF«kB protein. Our results also
suggest the involvement of miR-221 in the regulation
of iNOS expression possibly influencing ERK1/2
activation. Increasing our understanding of the
molecular mechanisms responsible for the effects
of E2 on hepatic iNOS regulation could be of great
interest for future clinical trials related to different
hepatic diseases.
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The study aimed to investigate the role and mechanism of the p75 NTR receptor in the oxidative
damage of retinal pigment epithelial cells (RPE). RPE cells transfected with the p75 NTR receptor
were used as the experimental group, and the untransfected RPE cells as the control group. BrdU
(5-Bromo-2-deoxyUridine) was used to detect cell proliferation activity; PI/Annexin V-FITC (fluorescein
isothiocyanate, FITC) double staining was used to detect the apoptosis rate of the cells. The expression
of reactive oxygen species (ROS) in cells was observed by laser microscope, and the expression of
ROS, mitochondrial markers, and C expression of cytochrome in cells was detected by flow cytometry.
Western blot was used to detect the Fas protein, pyrolysis Caspase-3, and expression level of the vascular
endothelial growth factor 165 (VEGF165) protein. The results showed that the proliferation activity
of RPE cells in the experimental group decreased gradually with the increase of transfection time,
and the apoptosis rate of RPE cells in the experimental group increased gradually with the increase of
transfection time, and the apoptosis rate of RPE cells at each time point was significantly higher than
that of the control group. The fluorescence intensity of ROS in the experimental group was significantly
stronger than that in the control group (P<0.01). The fluorescence intensity of cytochrome C in the RPE
cells in the experimental group was significantly higher than that in the control group, while the number
of positive mitochondria markers in the experimental group was less than that of the control group
and the fluorescence intensity was weakened. The expression of Fas protein, Caspase-3 and VEGF165
protein in the experimental group was significantly higher than that in the control group (P<0.01). In
conclusion, p75 NTR receptor may be a cause of oxidative damage in RPE cells.

Choroidal neovascularization (CNV) is common
in macular degeneration (1, 2), which can cause
different degrees of damage to human vision (3).
Retinal pigment epithelial (RPE) cells can be
degenerative under certain specific factors (4), and
CNV is a chronic and hereditary retinal degeneration
with poor prognosis (5, 6). The oxidative damage

of RPE cells may be the pathological basis for the
occurrence and development of age-related macular
degeneration (AMD) (7). Reactive oxygen species
(ROS), which are produced by oxidative stress,
reduce the metabolic capacity of RPE cells and
accelerate the occurrence and development of AMD
(8). It has been found that oxidative damage in RPE
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cells can activate the p75 NTR receptor of the tumor
necrosis factor superfamily, and thus cause vascular
endothelial cell proliferation (9, 10). p75 NTR
receptors can activate cell death domains by binding
to ligands (11), and cell damage can be mediated by
caspase, cell cycle inhibition, and other pathways
without ligand binding (12,13). RPE cells were used
to study the mechanism of p75 NTR receptor in the
oxidative damage of RPE.

MATERIALS AND METHODS

Materials

Cells were from ARPE-19 (ARPE19) (Shanghai
Gaining Biological Technology Co., Ltd., China).

Main reagents were: p75 NTR receptor expression
plasmid (Wuhan Miaoling Biological Science and
Technology Co., Ltd., China); BrdU Kit (Swiss Roche
PI/AnnexinV-FITC detection kit, ROS
detection kit, mitochondrial marker detection kit, and

Company);

cytochrome C detection kit (American ATCC company);
rabbit anti-human Fas antibody, rabbit anti-human
Caspase-3 antibody, and rabbit anti-human VEGF165
antibody (American Invitrogen Company).

Main instruments were : CO, constant temperature

incubator (Shanghai Qi Qian Electronic Technology

HW. LIU ET AL.

Co., Ltd.); fluorescence microscope (Shanghai Cai
Kang Optical Instrument Co., Ltd.); flow cytometry
(American Fas Calibur, Becton Dickeinson Company);
electrophoretic instrument (Shanghai Da Ping Instrument
Co., Ltd.).

RPE cell culture and transfection

RPE cells were placed into the medium containing
10% fetal bovine serum and cultured in the incubator
(37 DEG C, 50mL/L CO,). RPE cells transfected with
p75 NTR receptor were the experimental group, and
the untransfected RPE cells were the control group.
The transfection A solution was prepared with solution
(10 pg p75 NTR receptor expression plasmid DNA was
added to 50 pL serum-free medium); B solution (2 pL
liposome2000 transfection solution was added with 50 pL.
serum-free culture medium). After mixing A and B liquid,
it remained static for 30 min at room temperature; for cell
transfection RPE cells were added with A and B solutions,
and culture medium, and then cultured in the incubator
for 6 h; cells stably expressing the p75 NTR receptor
were selected, transferred, and amplified for culture.
The expression of green fluorescent protein was detected
under the fluorescence microscope. When the transfection
efficiency reached 80%, it showed that the transfection

was successful, as shown in Fig.1.

Fig. 1. RPE cells (x 200) transfected with p75 NTR receptor.
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Detection of cell proliferation by BrdU

The two groups of RPE cells were seeded on 96 well
plates at a density of 2 x 10*/mL, 100 pL per WELL. After
culture of 1, 2, 3 and 4 days, 10 pL BrdU solution was
added to culture for 3 h. After removing the liquid from
each pore, 200 pL of cell immobilized liquid was fixed
for 25 ~ 35 min. The fixative of each pore was discarded,
then 200 pL anti-BrdU-POD liquid was added to culture
for 85 ~ 95 min. PBS rinses were performed 2~4 times,
100 pL substrate chromogenic solution was added, and
the absorbance (A) value was determined at a wavelength
of 450nm. The experiment was repeated 3 times, and the
average value was taken. Cell activity rate = A
x100%.

experimental

group Aconlrol group

Detection of apoptosis rate by Pl/AnnexinV-FITC double
staining

Two groups of RPE cells were seeded on 6 well plates
with 2 x 10* wells. The cells were collected after culturing
for 1,2, 3, and 4 days, and 450 pL sample buffer was added.
Then, 10 pLL PT and 5 pLL Annexin V-FITC were added, and
incubated for 3 ~ 6 min after mixing. Flow cytometry was
employed (ex/em=488 nm/530 nm), and Annexin V was
determined by FITC (FLI). PI was detected by PE (FL2).
The percentage of apoptosis was sum of the percentages
of early and late apoptotic cells. Five pores were set up for
each group. The experiment was repeated for three times,
and the average value was taken.

Observation of intracellular ROS level by laser microscope

RPE cells were inoculated in Petri dish (diameter 60
mm) for 1.5 to 2 d by 1 x 10* wells. The medium was
discarded and rinsed PBS for 1~3 times, 3~6 min each time.
1 mL DCFH-DA working fluid was added and incubated
for 30 min. The liquid was discarded, PBS rinsed for 1~3
times, 3~6 min/times and the ROS fluorescence staining
was observed in the cells under the laser microscope, and
ROS showed green fluorescence.

Observation of mitochondria in cells by laser microscope

RPE cells were inoculated in a Petri dish (diameter 60
mm) for 1.5to 2 d by 1 x 10*/wells. Discarded supernatant
and PBS rinsed 2 times, for 3~6 min each time. Added
I ml 500 nm TMRM (Tetramethylrhodamine methyl
ester) working fluid and incubated in incubator at 37°C
for 30 min, discarded supernatant and PBS rinsed for 2
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times, 3~6 min/time. 1 ml PBS was added to each Petri
dish, and the images were observed and captured by laser
microscope. After TMRM entered mitochondria, strong
fluorescence was emitted.

Observation of expression of cytochrome C in cells by
laser microscope

The RPE cells were seeded on the cover glass (each
cover glass seeded 2000 cells), and the cover glass was
placed in the 6 well plates for 1.5 d to 2 d; 30 min before
the termination of culture, the supernatant was discarded
and Iml/well of 200 nm was added to the MitoTracker and
incubated at 37°C for 30 min. The cell tablets were removed
and 4% paraformaldehyde was added to immobilize for
15 min. After rinsing, ice formaldehyde was added to the
surface of tablets and processed on the ice for 5 min. After
the goat serum was closed, the cytochrome C-antibody was
incubated overnight at 4°C; and the FITC-labeled donkey
anti-mouse fluorescence was incubated for 1 h at room
temperature and Hoechst 33342 (1:1000) was added for dye
nuclear for 5 min. Under the laser microscope, cytochrome
C expression was observed to be green fluorescence.

Detection of expression levels of ROS, mitochondrial
markers, and cytochrome C by flow cytometry

RPE cells were seeded on 6 hole plates and cultured
for 1.5 to 2d with 2 x 10* holes. The cells were collected,
each tube had 500 uL 1pmol/L H,DCFDA overhanging
cells added, and then were incubated in the incubator at a
temperature of 37°C for 30 min. Centrifugation was used to
remove the supernatant and after 500 pL. PBS overhanging
cells, flow cytometry was carried out. The hydrolyzed
H,DCFDA was detected by FITC channel (FLI). The
experiment was repeated at least 3 times. The percentage
of intracellular ROS positive (%) = ROS positive
number/control group ROS positive number x 100%.
Then, according to the mitochondrial markers test box,
cytochrome C test kit operating instructions, operation, and
machine test were conducted. Five pores were set up for
each group and the experiment was repeated 3 times.

Detection of expression levels of Fas, Caspase-3, and
VEGF165 proteins by Western blot

RPE cells were seeded in Petri dishes at 2 * 10°/mL
and cultured for 1.5 to 2 d. The protein concentration was
determined by the Bicinchonininc (BCA) acid method.
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SDS-PAGE gel electrophoresis was conducted for 2
h, and trans-membrane to PVDF membrane. The cells
were incubated with skim milk powder and incubated
overnight at 4°C (rabbit anti human Fas antibody, rabbit
anti human Caspase-3 antibody, and rabbit anti-human
VEGF165 antibody). TBST rinsed 2~4 times, added the
corresponding two-anti and incubated for 0.8 ~ 1.2 h.
Rinsed TBST for 2~4 times, detected the expression of
protein by exposure method, and analyzed the gray value
of the strip by Image J software. Five pores were set up
for each group and the experiment was repeated 3 times.

Statistical analysis

The data obtained were analyzed by SPSS 20.0. ? test
was used to count data, and Levene test was performed
in all groups. Measurement data was represented by
x =5, LSD (Least-Significant Difference) test was used

Table 1. Comparison of proliferative activity (x s, %)

HW. LIU ET AL.

in comparison between groups, and the difference was
statistically significant when P<0.05.

RESULTS

Cell proliferation activity and apoptosis rate

As shown in Table I, the proliferation activity
of RPE cells in the experimental group gradually
decreased with the prolongation of the transfection
time. The proliferation activity of each transfection
time was significantly different (P<0.05), but all
were significantly lower than that of the control
group (P<0.05).

The apoptosisrate of RPE cells in the experimental
group increased gradually with the prolongation
of the transfection time. There was a significant
difference in the apoptosis rate of RPE cells between

S RPE cell proliferati
Groups Transfection time cell profiteration
activity
Transfect 1d 92.18+0.71 g

Experimental erou Transfect 2d 89.03+0.68 a,g
P Eroup Transfect 3d 71.44+0.74 a,e,g
Transfect 4d 61.27+1.01 a,c,e,g

Control group - 100.00+0.00

Experimental group: transfected RPE cells of p75 NTR receptor; the control group: Untransfected RPE cells.
a: P<0.05 vs transfect 1d; c: P<0.05 vs transfect 2d; e: P<0.05 vs transfect 3d; g: P<0.05 vs control group.

Table I1. Comparison of apoptosis rate (x = s ,%)

RPE cell proliferati
Groups Transfection time cell profiteration
activity
Transfect 1d 4.84+0.45 h

The experimental group Transfect 2d 9.57+1.08 b,h
Transfect 3d 17.18+1.25 b,d,h
Transfect 4d 22.24+2.33 b,d,e,h
The control group - 0.80+0.09

Experimental group: transfected RPE cells of p75 NTR receptor; control group: untransfected RPE cells. b:
P<0.01 vs transfect 1d; d: P<0.01 vs transfect 2d; e: P<0.05 vs transfect 3d; h: P<0.01 vs control group.
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the different transfection time points (P<0.01) which
were significantly higher than those of the control
group (P<0.01) (Table II).

Expression of ROS, mitochondrial markers and
cytochrome C

As shown in Fig. 2, the ROS green fluorescence
signal in the experimental group was obviously
stronger than that in the control group. The red
fluorescence signal of the mitochondria markers
in the control group was obviously stronger than
that in the experimental group (Fig. 3). The red
fluorescence of the mitochondrial markers in the
experimental group was close to that of the control
group, and the green fluorescence of the cytochrome
C was obviously enhanced. However, the green
fluorescence of cytochrome C was not found in the
control group (Fig. 4).
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Detection of expression levels of ROS, mitochondrial
markers and cytochrome C by flow cytometry

The level of ROS in the RPE cells of the control
group (100+0%) was significantly different (P<0.01)
fromthatofthe experimental group (223.15+21.62%).
The positive rate of mitochondrial markers in the
RPE cells of the experimental group (37.22+1.89%)
was also significantly different (P<0.01) from that
of the control group (100%+0%). The expression
level of cytochrome C in the experimental group
(55.18+5.03%) was significantly higher than that in
the control group (15.43+1.83%) (Fig. 5).

Detection of apoptosis-related protein expression in
two groups of RPE cells by Western blot

Asseen in Table Il and Fig. 6, the expression of three
proteins in the experimental group was significantly
higher than that in the control group (P<0.01).

Fig. 2. The results of ROS fluorescence staining under laser microscope (x 400). A) control group; B) experimental group).

A

Fig. 3. Fluorescent staining results of mitochondrial markers under laser microscope. A) control group,; B) experimental

group) (wavelength of TMRM: 10 um).
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A

Fig. 4. Cytochrome C expression under a laser microscope. A) Control group; B) experimental group) (wavelength
of FITC: 10 um).
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Fig. 6. Detection of expression levels of Fas, Caspase-3, and VEGF 165 proteins by Western blot.
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Table II1. Comparison of gray value of apoptosis-related protein bands

Groups Caspase-2 Fas protein VEGF165 protein
The control group 112.14+9.65 108.96+12.65 133.28+13.82
The experimental 351.48+27.64 542.94+47.38 639.17+52.74
group
T 13.10 14.51 15.63
P <0.01 <0.01 <0.01
DISCUSSION potential changes in the early stage of apoptosis, if

The oxidative damage of RPE is one of
the main factors in the formation of choroidal
neovascularization (14, 15). Because RPE cells
are often related to the physiological metabolic
function of the human retina, the important goal is to
neutralize the photon energy to produce ROS (16-18).
According to Antyborzec et al. (19), ROS production
is increased among RPE cells as they age. This is
because the phagocytosis of RPE becomes weaker
as age increases. When ROS reacts with lysosome
in the human body to synthesize phagosome, it is
more likely to lead to the production of lipofuscin
precursor, resulting in more ROS. The studies of
Ragunathan et al. (20) showed that the metabolic
function of the body is reduced as they age, which
results in more and more waste from the base. If
these metabolic wastes cannot be removed in time,
the Bruch film will be thickened. This thickening
will lead to the formation of warts on the vitreous
membrane, promote the occurrence of oxidative
damage, and eventually lead to the formation of
CNV.

p75 NTR receptor is lowly expressed in RPE
cells of the human body (21), but when the body
suffers damage, it will present a high expression
state (22, 23). The relationship between p75 NTR
receptor and RPE oxidative damage was studied.
It was found that the longer the p75 NTR receptor
transfection time is, the lower the cell viability is and
the higher the apoptosis rate will be. The positive
rate of mitochondrial markers in the experimental
group is far lower than that of the control group
(P<0.01). Because the mitochondrial membrane

the mitochondrial membrane potential is depolarized
the cytochrome C and ROS will be increased (23),
and the mitochondrion itself will become the target
of the oxidative damage of ROS. A vicious circle
will further aggravate oxidative damage (24, 25).
At the same time, once cytochrome C is released
from mitochondria into the cytoplasm, it will lead
to Caspase cascade reaction, which will make cell
apoptosis more serious (26).

To summarize, the overexpressed p75 NTR
receptor can cause damage to the cell mitochondria
of the RPE, and also promote cell apoptosis reaction
and eventually lead to the formation of choroidal
neovascularization. Thus, it is possible to speculate
that the p75 NTR receptor is one of the factors that
cause damage of RPE.
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Huaier can effectively inhibit the growth of tumor cells by enhancing the immune system. However, the
mechanism of its function is still not clear. The current study aimed to explore the possible mechanism of
Huaier in inhibiting human hepatocarcinoma cells by observing its effect on proliferation and invasion in
hepatocarcinoma cells, HepG, and HepG,-X, which stably express the HBx gene, and by comparing the
levels of mRNA transcription and protein expression of HBx and CEACAMI1 in HepG, cells and HepG,-X
cells when treated with different concentrations of Huaier. HepG, cells and HepG,-X cells were treated
with 0, 1.5, 3.0, and 6.0 g/L.-1 Huaier extract in vitro. MTT assay was used to measure the inhibition of
cell proliferation. The transwell cell model coated with Matrigel glue was used to detect the invasion of
HepG, and HepG,-X cells in vitro. Flowcytometry was used to observe changes in cell cycle. Real-time PCR
and Western blot were used to detect HBx and CEREAM1 mRNA transcription and protein expression
separately. Huaier extract can inhibit HepG, and HepG,-X cell proliferation in a time- and dose-dependent
manner. The A value of HepG,-X cells in each group was higher than that of HepG, cells. Compared with
the control group, the invasion ability of HepG, and HepG,-X cells decreased significantly after treatment
with Huaier extract, in a dose-dependent manner. The cell cycle of HepG, and HepG,-X was arrested
at S phase. The distribution of G0/G1 phase decreased gradually with the increase of the concentration
of Huaier extract, and the proportion of G0/G1 phase distribution declined. After treating with Huaier
extract, mRNA transcription and protein expression of HBx in HepG, and HepG2-X declined, while those
of CEACAMI increased, reflecting a dose-dependent manner (P<0.05). Therefore, we concluded that the
inhibitory effect of Huaier extract on hepatocarcinoma cell proliferation might function through down
regulation of HBx gene expression and upregulation of CEACAM]1 gene expression.

In China, approximately 85%-90% hepatocarcinoma, even in the intermediate and late

hepatocarcinoma (HCC) is associated with hepatitis
B virus (HBV) infection, which is HBV-related liver
cancer (1, 2). To date, the most effective treatment
is radical surgical removal in the early stage of

stages (3). However, the intrahepatic recurrence is
the major reason hampering the long-term survival
of patients after hepatectomy (1, 2, 4). Studies
have reported that about 70% of patients suffered
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from recurrence within two years after surgery,
which directly impacted patient quality of life (3,
5). The HBx gene is within X open reading frames
(ORFs), which mainly codes for X protein (6).
HBx transactivation can activate multiple signaling
pathways, regulate gene expression, DNA repair,
cell apoptosis and cell cycle (7-9). HBx is an
independent predictive factor in chronic hepatitis B
and occurrence of HCC and the further development
of HCC (10). Carcinoembryonic antigen-related
cell adhesion molecule 1(CEACAMI1) is a
transmembrane glycoprotein, one of the members
of the carcinoembryonic antigen (CEA) gene family
with different roles in different types of malignant
tumors (11). In HBV-associated hepatocarcinoma,
CEACAMI is a tumor suppressor gene whose
downregulation by HBx promotes the development
of hepatocarcimona (12, 13).

Huaier extract is a fungal species thought to
strengthen and consolidate body resistance and
promote blood circulation (14). It is recommended
for patients with primary HCC (15, 16). Huaier
extract can effectively inhibit the growth of tumor
cells by enhancing the immune system and inhibiting
angiogenesis (17, 18). However, there is no study
showing its clinical application in treating HBV-
associated HCC. In this paper, we studied the effect
of Huaier extract on inducing apoptosis and on gene
regulation of CEACAMI in HepG,-X which has a
stable transfection of the HBx gene.

MATERIALS AND METHODS

Experimental materials

Human hepatocarcinoma cell line HepG2 and
HepG,-X (Institute of Biochemistry and Cell Biology,
Shanghai, China); Huaier extract (Qidong Gai Tian Li
Pharmaceutical Co., Ltd., Jiangsu, China); Eagles MEM
(GIBCO, New York, USA); Fetal calf serum (FCS)
(HYCLONE,LA,USA); MTT and Hoechst 33342 (Sigma,
US); Fetal bovine serum and DMEM (Gibco, BRL, USA);
RNA extraction kit and Trizol kit (Invitrogen, USA);
Fluorescence quantitative PCR kit (TaKaRa, Dalian,
China); Mouse anti human HBx monoclonal antibody and
rabbit anti CEACAMI1 monoclonal antibody ( Epitomics,
USA). Horseradish peroxidase labeled mouse anti rabbit
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secondary antibody (Boster Biological Technology Co.,
Ltd., USA); ECL Chemiluminescence kit (Bi Yun Tian
Company, Beijing).

Cell culture and medicine preparation

Cells from the liquid nitrogen were thawed in a
40°C water bath. After centrifuge, the cell pellet was
resuspended and was routinely cultured at 37°C with 5%
CO,. Twenty-four hours ahead of the experiment, cells
were seeded at the concentration of 1x10° cells /ml in 96-
well plates. Huaier extract (16 g) was dissolved in 1000
ml of RPMI1640 medium and was then filtered through
a 0.22 pm filter to obtain the 100 mg/ml stock solution,
which was stored at 4°C. The stock solution was diluted
into 1.5,3.0, 6.0 g/L"! working concentrations before use.
The control solution was the same volume of RPMI1640
medium.

MTT method detecting HepG, and HepG,-X cell
proliferation

HepG, and HepG,-X cells were seeded in 96-well
plates at the concentration of 1x10° cells/ml. Medium was
replaced by 1.5,3.0,6.0 g/L! of Huaier extract solution and
the control group had only medium. Every treatment was
repeated 5 times. After 24 h, 48 h, and 72 h, the supernatant
was replaced by 150 pL of dimethyl sulfoxide (DMSO) in
each well. The absorbance (A) value of the cells at 595 nm
wave length was detected. The final A value, which was the
mean value from five repeats, was used for the growth curve
of the cells. Cell growth inhibition rate (IR) was detected
by MTT method. The higher IR value was correlated with
stronger inhibition of cell growth.

Transwell analysis of cell invasion

Liquid gel was made from serum-free RPMI1640 and
Matrigel at the ratio of 1:1, and 60 pL of liquid gel was
added to each well in the Transwell plate, which was
then maintained at 37°C for 3 h for solidification. Then
cells that hadbeen pre-incubated with Huaier extract
were resuspended in RPMII640 at the concentration of
5%10°/mL in the Transwells at the final volume of 200
pL. 600 puL of RPMII640 with serum was added to the
lower well. The plate was then incubated at 37°C for 48
h. The cells that transferred through the gel were fixed
by paraformaldehyde for 30 min before Giemsa dyeing.

For observation of cells undera microscope (x400
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magnification), 5 fields were randomly selected. The
experiments were repeated 4 times. The average number
of transferred cells was used to evaluate the cell invasion.

Flowcytometry analysis of cell cycle changes

HepG, cells and HepG,-X cells were seeded in 96-well
plates at the concentration of 1x10° cells/ml. Cells were
treated in the conditions described above in Material and
Methods 1.3. After 24 h, the cells were permeabilized by
70% ethanol for 12 h. RNAse A was added before propidium
iodide (PI) staining. Within 60 min, cells were analyzed by
flow cytometry to monitor changes in cell cycle.

Real-time PCR analysis of mRNA expression of HBx and
CEACAM1I

HepG, cells and HepG,-X cells were treated with
different concentrations of Huaier extract and the
control medium. Every condition was represented by
three replicates. Forty-eight hours later after cell culture
at 370 with 5% CO, supply, cells were collected, and
the total RNA was extracted by RNA extraction Kkit
(Invitrogen, USA). Primers (Table I) were synthesized by
Takara Bio Group, Dalian, China. The RNA was reverse
transcribed into complementary (c) DNA. mRNA HBx
and CEACAMI1 was detected by using Real-time PCR
kit (TaKaRa, Dalian, China). ®T method was used to
calculate relative quantity of the target gene expression.

Western blot analysis of HBx and CEACAMI protein
expression

HepG, cells and HepG,-X cells were treated with
different concentrations of Huaier extract, as described
above. Total proteins were extracted from the cells
through the Trizol method. Protein concentration was

Table 1. Real-time PCR primers.
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measured by the BCA kit. Protein samples were then
subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and resolved on a 12% gel. Proteins were
transferred onto a polyvinylidene difluoride membrane
under 23V at 4°C. The membrane was incubated in a
blocking solution with 5% fat free milk powder for 60
min and was then incubated with the primary antibody for
12 h at 4°C. Following three washes with Tris-buffered
saline containing Tween 20 (TBST), the membrane was
incubated with the secondary antibody for 60 min at room
temperature. After another three washes of TBST, the
blot was developed by ECL chemiluminescence kit and
the results were detected using the Gel Imaging System
for protein expression analysis.

Statistical analysis

All statistical analyses were conducted using SPSS
version 19.0. The measurement data were expressed by the
mean + standard deviation, and two independent samples
t-test was used to compare the mean values between
each two groups. The mean variance between groups
was analyzed by one-way ANOVA. The homogeneity of
variance between two groups was analyzed by the LSD
method, and the heterogeneity of variance was analyzed
by Dennett T3 method. The chi-squared independence
test was used for testing if two categorical variables were
related. P<0.05 was considered a statistically significant
difference.

RESULTS

Inhibitoryeffectof Huaierextractonhepatocarcinoma
cell proliferation

The results from the MTT test showed that the
A values of HepG,-X cells in each group were

Gene Primer sequence

HBx For 5’-GCCAATTGGCTACCGTGCTACCGTCTG-3’
Rev 5'-GGGTCCAGCCGTTCAGTGGTGGACGT-3'

CEACAMI1 For 5-TTCGCACCTCGCAGATCT-3'

Rev 5-GCTTCTGCGCTAGGATTCGTAGCA-3'
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significantly higher than those of HepG, cells at
different time points (P<0.05), suggesting that the
growth rate of HepG,-X cells was faster than that of
HepG, cells and that HBx plays a positive role in
cell proliferation of HepG,-X cells. After treatment
with Huaier extract, the A values decreased
gradually. Furthermore, the decrease of A value
was more significant in the groups treated with a
higher concentration of Huaier extract and with
longer times of treatment. The A value difference
between the experimental groups and the negative
control group was statistically significant (P<0.05),
suggesting an inhibitory effect of Huaier extract on
hepatocarcinoma cell proliferation with a significant
positive correlation with concentration and time
(Tables II, III and Fig. 1).

Transwell analysis of cell invasion

Both HepG, cells and HepG,-X cells have
strong invasion ability with 100% migration rate.
After treatment with Huaier extract, the invasion
is weakened with a significantly lower migration
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rate compared with control groups (P<0.05). The
migration rate of HepG,-X cells was higher than
that of HepG, cells under the treatment of various
concentrations of Huaier extract, suggesting that
the expression of HBx could promote the migration
and invasion of the cells, while Huaier extract could
inhibit the expression of HBx in varying degrees
(Table IV).

Effect of Huaier extract on cell cycle distribution
HepG, cells and HepG -X cells

After treatment of Huaier extract, HepG, cells
and HepG -X cells were arrested at S phase, and the
distribution of GO/G1 phase decreased significantly.
By increasing the concentration of Huaier extract,
the distribution of GO/G1 phase decreased. At a
concentration of 6.0 g-L"', the proportion of GO/G1
phase was statistically higher than that of the control
group (P<0.05). After treatment with Huaier extract
at varying concentrations, the apoptotic rate in HepG,
cells was significantly higher than that of untreated
HepG2 cells (P<0.05) (Table V). Similarly, HepG,-X

Table IL. The A Value and the growth inhibition rate of different concentrations of Huaier extract on HepG, cells at

different times.
Huaier 24h 48h 72h
extract( g'L” Asosnm Inhibition rate A595 nm Inhibition A595 nm Inhibition
h (%) rate rate
(%) (%)
0 0.82+0.06 0 0.76+0.05 0 0.65£0.04 0
1.5 0.64+0.05 21.6: 0.55+0.03 27.6: 0.47+0.02 28.3:
3.0 0.45+0.03 452" 0.38+0.02 49.5% 0.35+0.03  46.7*
6.0 0.30+£0.04 63.774 0.27+0.04 65.17%4 0.23£0.04  64.274A

Note: Compared with 0 g-L”", "P<0.05; Compared with 1.5 g'L”, "P<0.05 ; Compared with3.0

gL,

Ap<0.05,

Table II1. The A Value and the growth inhibition rate of different concentrations of Huaier extract on HepG,-X cells at

different times.

Huaier

1extmcl‘( gL 24h 48h 72h
)
A595 nm Inhibition A595 nm Inhibition A595 nm Inhibition

rate rate rate
( %) (%) (%)

0 0.89+0.05 0 0.90+0.06 0 0.830.03 0

1.5 0.77£0.03  13.2 0.75+0.02 16.2" 0.60£0.05  28.3°

3.0 0.61+0.04 31.7* 0.58+0.03 35.17% 0.54+0.03  34.5™

6.0 0.48+0.02  45.674 0.47+0.04 47374 0.44+0.02  46.9%4
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Fig. 1. The inhibitory effect of Huaier extract at different concentrations on proliferation of HepG, cells and HepG -X cells

cells treated with Huaier extract also showed a dose-
dependent increase in apoptotic rate compared with
the untreated cells (P<0.05) (Table VI).

The effect of Huaier extract on mRNA expression of
HBx and CEACAM1

The results of Real-time PCR showed that,
compared with the control group, HBx mRNA was
down regulated in HepG, cells and HepG,-X cells
which were treated with different concentrations
of Huaier extract, whereas CEACAMI mRNA
was up regulated, in a dose-dependent manner
(P<0.05). The highest concentration of Huaier
extract treatment was most effective on promoting
CEACAMI mRNA expression and on inhibiting
HBx mRNA transcription (Table VII and Fig. 3).

The effect of Huaier extract on protein expression of
HBx and CEACAM1
Western blot showed that, compared with the

control group, HBx protein expression was down
regulated while CEACAMI1 protein expression was
up regulated in HepG,-X cells after treatment of
Huaier extract (P<0.05). The highest concentration
of Huaier extract led to the most significant
enhancement of CEACAMI protein expression and
to the most significant inhibition of HBx protein
expression (Fig. 4).

DISCUSSION

Huaier extract is the effective component
extracted from a medicinal fungus (14). The major
active ingredient of Huaier extract is a proteoglycan
(14, 18). Modern pharmacological studies showed
that it has a role in inhibition of different types of
cancer cells and in induction of cell apoptosis (17-
20). Huaier extract can effectively inhibit colon
cancer SW480 cell invasion and migration. The
mechanism may be related to the inhibition of

Table IV. Effect of Huaier extract on HepG,and HepG -X cell invasion at different concentrations.

Huaier extract( g-L™") HepG»-X cells HepG; cells
0 100% 100%
1.5 68.09%" 56.21%"
3.0 49.22%"" 41.43%""
6.0 23.46% A 16.09% "4

Note: Compared with 0 g-L™", "P<0.05; compared with 1.5 g'L”', "P<0.05 ; compared with 3.0

gL, 2P<0.05.
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Table V. The effect of different concentrations of Huaier extract on HepG2 cell apoptosis (%).

LH. ZHONG ET AL.

Huaier extract( g'L”  G0/Glphase S phase G2/M phase Apéptotic rate
1
)
0 58.214£2.29 20.39+1.15 21.374£1.52 6.51+0.12
1.5 57.13£2.25 21.56+1.74 21.31+£2.16 6.78+0.36
3.0 55.37£2.72 22.79+1.13 21.84+1.95 6.82+0.25"
6.0 52.91+2.87 23.51+1.18" 23.58+2.23 6.92+0.23"

Note: Compared with 0 g-L-1, *P<0.05.

Table VL. The effect of different concentrations of Huaier extract on HepG -X cell apoptosis (%).

Huaier extract( g'L”  GO/G1 Phase S Phase G2/M Phase Apz)piotic rate
1
)
0 58.62+1.51 20.25+1.23 21.13+£1.26 5.16£0.27
1.5 57.5342.32 21.32+1.21 21.1542.13 6.57+0.21°
3.0 55.47+1.53° 22.15+2.05 22.38+1.91 6.81+0.23"
6.0 53.48+1.38" 22.87+1.15 23.65+1.27 6.84+0.26

Note: Compared with 0 g-L™" "P<0.05.

epithelial-mesenchymal transition (21, 22). Huaier
extract can inhibit human oophoroma SKOV-3 cell
proliferation and induce cell apoptosis in vitro (23).
Combined with chemotherapeutic drugs (24), Huaier
extract can significantly increase the apoptosis rate
of cancer cells. The curative effect is significantly
better than that of chemotherapeutic drugs alone (24,
25). Importantly, a recent multicenter, controlled,
randomized phase IV clinical trial revealed that
Huaier granule significantly reduced the extrahepatic
recurrence and prolonged the recurrence free survival
in hepatocarcinoma patients (16).

The results from this study showed that the A
value of HepG, cells deceased after treatment with
Huaier extract. With increasing concentrations of
Huaier extract and longer incubation times, the A
value declined with significant reduced invasion
and migration, compared with the control group.
Hoechst33342 staining results showed that cells
treated with Huaier extract had significant apoptosis,
indicating that Huaier extract has a good inhibitory
effect on hepatocarcinoma cells by promoting cell
apoptosis and inhibiting migration and invasion.
Thus, there is a significant positive correlation with
time and concentration.

It is well known that HBV is an important factor

in inducing HCC. The HBx gene plays a critical
role during the process of HBV replication and
spreading, which impinges on the development of
chronic hepatitis B and HCC (26). The location of
the HBx gene lies in the open reading frame of the
X region of the HBV genome (10, 26). HBx encodes
X protein which can transactivate cell proliferation
and invasion (6). HBx promotes the proliferation
and apoptosis of hepatocarcinoma cells by activating
multiple signaling pathways, including: Ras-
Raf/MAPK (Mitogen-Activated Protein Kinase)
signaling pathway, NF (Nuclear Factor)-B signaling
pathway, PKC (Protein Kinase C) signaling pathway,
JAK-STAT signaling pathway, EOK/CR signaling
pathway, and JNK signaling pathway (7, 8, 27,
28). HBx can also inhibit tumor suppressor genes,
such as p53 and CEACAMI, to promote cancer
development (10). Carcinoembryonic antigen-
related cell adhesion molecule 1 (CEACAMI) is
an important transmembrane protein, which is a
member of the family of carcinoembryonic antigen
(CEA) (11). Studies have shown that, HBx can
promote the development of hepatocarcinoma cells
by inhibiting the expression of CEACAMI (13, 29).

The results from the MTT method showed that
the A values of HepG,-X cells at different time points
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Table VIL. Effects of different concentrations of Huaier extract on HBx and CEACAMI1 mRNA transcription.

HepG; cells

HepG,-X cells

Huaier extract( g'L”  HBx CEACAMI1 HBx CEACAMI1
1
)
0 5.31+0.23 3.21+0.19 7.25+0.16 3.25+0.15
1.5 4.27+0.25" 3.75+0.23" 5.36+0.13" 3.61£0.21"
3.0 3.89+0.21" 4.02+0.21" 4.12+0.23" 3.98+0.23"
6.0 3.41+£0.23%4  4.39+02774A 3.56£0.27%4  4.2340.25"

Note: Compared with0 g:L”', "P<0.05; compared with1.5 g-L", "P<0.05; compared with 3.0

gL, 2P<0.05.

Apoptosis rate (%)

Poox X B HcpG,
= HepG,-X
*
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Fig. 2. The effect of different concentrations of Huaier extract on the apoptotic rate of HepG, cells and HepG -X cells
(Note: "P<0.05 compared with HepG,0 g-L"'. *P<0.05"1 HepG2-X 0 g-L-1compared with HepG,0 g-L" )

Relative protein expression
of HBx and CEACAM 1
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of HBx and CEACAM 1

. 1B«
CEACAMI

0 1.5 3.0 6.0 0
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T
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Fig. 3. Effects of different concentrations of Huaier extract on HBx and CEACAM1 mRNA transcription (Note: Compared
with 0 g-L*, "P<0.05,; compared withl.5 g-L*, *P<0.05, compared with 3.0 g-L",AP<0.05).
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Fig. 4. Effects of Huaier extract on the protein expression of HBx and CEACAM]I (Note: Lane 1: 0 g"L?, Lane 2: 1.5 g'L",

Lane 3: 3.0 g'L", Lane 4: 6.0 g-L*).

were significantly higher than those of HepG, cells
(P<0.05), indicating that HBx could promote the
proliferation of HepG,-X cells. The apoptosis rate of
HepG,-X cells was lower than that of HepG, cells
before Huaier extract treatment, while the migration
of HepG,-X cells was higher than that of HepG2 cells
after treatment of Huaier extract, suggesting that the
expression of HBx could promote the migration and
invasion of cells and reduce the apoptosis of cells.
Huaier extract inhibited the expression of HBX,
thereby preventing the migration of HepG2 cells.
Meanwhile, the HepG, cells and HepG,-X cells
were arrested in the S phase after Huaier extract
treatment, with a significant reduced distribution of
GO0/G1 phase. By increasing of the concentration of
Huaier extract, the proportion of the G0/G1 phase
distribution decreased, demonstrating that cell
viability was inhibited.

The mRNA expression of HBx and CEACAMI1 in
HepG, cells and HepG,-X cells was also measured.
The results showed that the mRNA expression of
HBx was down regulated by Huaier extract, and
mRNA expression of CEACAMI1 was upregulated,
following a dose-dependent manner (P<0.05).
Furthermore, high dose of Huaier extract increased
the expression of CEACAM1 mRNA and inhibited
the expression of HBx mRNA, which was consistent
with the results from Western blot, suggesting that
Huaier extract inhibited cell migration and invasion
and promoted apoptosis by inhibiting the expression
of HBx and enhancing the expression of CEACAMI.

In conclusion, HBx may promote the proliferation
and migration of hepatocarcinoma cells. Huaier
extract can inhibit the proliferation and promote
apoptosis of hepatocarcinoma cells. The mechanism
may be related to inhibiting the expression of HBx
and promoting the expression of CEACAMI.
However, the specific pathways of its action remains
to be further elucidated.
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The aim of this work was to study the expression of SOX2 gene in triple negative breast cancer and
its role. One hundred and twenty specimens of paraffin-embedded triple negative breast cancer (TNBC)
tissues were collected from Harbin Medical University Cancer Hospital, Heilongjiang, China between
January 2014 and March 2018. The expression of SOX2 was detected using immunohistochemistry,
and the relationship between the expression of SOX2 and clinical features was analyzed. Breast cancer
cell lines (normal group, SOX2 interference group, SOX2 overexpression group) were cultured in vitro
to detect the proliferation and cloning ability of the cell lines. The expression of SOX2 was related to
lymph node metastasis and stage of breast cancer (P < 0.05), but was not related to age, menopause or
tumor size (P> 0.05); the expression of SOX2 in the overexpression group was significantly greater than
that in the normal group after 72 hours, and no significant difference between the overexpression group
and the interference group was observed. The number of clone cells with a diameter of 0.5 mm in the
interference group was lower compared to the normal group, and that of the overexpression group was
higher, but not significant. SOX2 is associated with the high invasiveness of breast cancer and can be
used as a therapeutic target to inhibit the metastasis of cancer cells. SOX2 can promote the proliferation
of breast cancer cells and affect the size of clone cells in its involvement in clone.

Breast cancer is a commonly seen malignant
tumor among women (1). The age of onset has
become lower in recent years, and possibilities
of recurrence and metastasis increase under the
influence of multiple factors (2).

Cancer cells have the
characteristics as steam cells; hence the theory of
cancer stem cell (CSC) (3) was proposed, which
regards cancer cells as a special kind of embryonic
stem cells. SOX gene is a transcription factor which

similar function

participates in the development of sex organs, blood
cells and the nervous system. It can reprogram
differentiated somatic cells into pluripotent stem
cells and is also a key factor to maintain the basic
characteristics of stem cells (4). SOX2 is not
expressed in normal somatic cells, but has an
expression in cancer cells, and the proliferation and
cloning of cancer cells is closely related to SOX2
gene (5). Piconruiz et al. (6) found that cancer cells
cultured with cytokines or immature adipocytes
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promoted the up-regulation of SOX2, c-Myc and
Nanog through activating Src. Zhou et al. (7) explored
the effect of SOX2-targeted microRNAs-590-5P on
breast cancer cell lines by flow cytometry, further
analyzed the regulatory effect of microRNAs-590-
5P on SOX2 by Western blotting, and found that
microRNAs-590-5P could significantly reduce the
number of breast cancer cells. Liu et al. (8) studied the
role of SOX2 in breast cancer metastasis by wound
healing, cell culture, colony formation, shRNA-
mediated knockout, xenotransplantation, transporous
cavity and tail vein injection. They found that SOX2
could control the proliferation and migration of
breast cancer cells by regulating microRNAs and the
diffusion and migration of cancer cells were inhibited
after SOX2 gene was knocked out. One hundred
and twenty complete paraffin-embedded female
cancer tissue specimens were collected from Harbin
Medical University Cancer Hospital, Heilongjiang,
China, between January 2014 and March 2018.
The expression of SOX2 was detected using the
immunohistochemical method, and the relationship
between the expression of SOX2 and clinical
characteristics was analyzed. Breast cancer cell lines
(normal group, SOX2 interference group, SOX2
overexpression group) were cultured in vitro. SOX2
influence on the cloning, proliferation and migration
ability of cell lines was studied through direct counting
method, plate cloning and Western blot.

MATERIALS AND METHODS

Research subjects

One hundred and twenty complete paraffin-embedded
cancer tissues which were reserved after resection of
triple negative breast cancer (TNBC) in Harbin Medical
University Cancer Hospital, Heilongjiang, China between
January 2014 and March 2018 were collected. All the
samples came from females aged 30~70 years and had
complete medical records. The subjects were informed
regarding the content of the study, and approval was
obtained from the ethics committee of the hospital.

Three stable cell lines, human breast ductal carcinoma
cell line ZR7530 with normal expression of SOX2,
overexpression of SOX2 and interfered expression of
SOX2 were prepared.
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Instruments and reagents
Main
constant temperature blast drying oven, ultra-pure water

instruments  included slicing machine,
meter, optical microscope, high pressure steam boiler,
refrigerator, water bath pot, centrifuge and cell incubator.

Main rabbit

immunohistochemical reagent 9),

reagents  included two-step
detection
diaminobenzidine (DAB) color developing kit, citrate
buffer, SOX2 rabbit anti-Human monoclonal antibody,
xylene, neutral gum, phosphate buffer solution (PBS),
0.05% Ethylene Diamine Tetraacetic Acid (EDTA) trypsin
(9) embryonic bovine serum, complete culture medium,

penicillin and streptomycin.

Detection of SOX2 expression

As shown in Fig. 1, the paraffin-embedded cancer
tissues were cut into slices, deparaffinized, then added with
3% hydrogen peroxide, incubated at room temperature for
20 min, and finally washed by PBS. Antigen was restored
by microwave heating (10). Rabbit serum was added
and preserved at room temperature. Thirty min later,
the serum was removed, and SOX2 antibody working
solution was added. Then they were incubated at 37°C
for 2 h. After that, they were washed by PBS, added with
biotin antibody working solution, preserved at room
temperature for 30 min, washed by PBS, added with DAB
color development reagent, washed by ultra-pure water,
redyed, washed, and mounted with neutral balsam (11).
Finally they were observed under an optical microscope.

Cell proliferation

Three stable ZR7530 cell lines were firstly added
to complete medium which contained 10% embryonic
bovine serum, 40 U/mL penicillin, 100 U/mL streptomycin
and then cultured in an incubator at 37°C, 5% CO.,.
At logarithmic phase, 0.05% trypsin was added to the
medium, shaken (12-13) and centrifuged, and then the cell
lines were counted. After that, the dispersion liquid of the
three cell lines were absorbed by a pipette and inoculated
to a 6-well plate. Each kind of cell line had three copied
wells. The 6-well plate was incubated in an incubator
under the same conditions. Twenty-four hours later, the
proliferative cells were digested using 0.05% trypsin and
counted, once every 24 hours, for 4 times. The operation
was repeated for three times on each kind of cell line.
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Cell clone

Firstly, the three stable cell lines were cultured as
before, and the cell line which grew to logarithmic phase
was digested using 0.05% EDTA trypsin and centrifuged
(14). The concentration of the cell lines was adjusted to
30,000 cells/mL with the culture medium. Then the cell
lines were inoculated into a 6-well plate with a pipette.
After the addition of the culture medium, they were
cultured in an incubator with the same conditions. New
culture medium was used to replace the old one every two
days. The cloning process was observed once a day. When
the clone was visible to the naked eye, the culture was
over. Then they were washed by PBS twice, fixed with
4% paraformaldehyde solution (PFA) for 20 min, stained
at room temperature, washed with distilled water after
25 min, and dried. The total number of cloned cells was
counted first, and cloned cells with diameters greater than
0.5 mm were also counted. The operation was repeated for
three times on each kind of cell line.

Detection of SOX expression with reverse transcription
PCR amplification.

Cell lines on the culture medium were added with 1
ml of Trizol, mixed, incubated at room temperature for 5
min to make the nucleic acid protein complex completely
separated and transferred to an Ep tube. After incubation,
they were centrifuged at 4°C and 12,000 rpm for 10 min.
There were three layers. The top layer which contained
RNA was transferred into a new Ep tube, and white
membrane at the boundary phrase was avoided; 1 ml of
Trizol and 75% ethanol were added to wash sediment,
and then it was processed by centrifugation at 12,000 rpm
and 4°C for 10 min. After the removal of the supernatant,
the Ep tube was inverted on clean filter paper for 10 min.
Then 30 pl of RNase-free water was added to dissolve
RNA (15). An ultraviolet spectrophotometer was used to
detect the content of RNA. The purity was good if the
content was between 1.8 and 2.0, and RNA needed to be
re-extracted if the content was smaller than 1.8 or larger
than 2.0. Then 1 pg of RNA sample, 10 pg of forward
primer (5’-CTCCGGGACATGATCAGC-3’) and 2 pg of
reverse primer (5’-CTGGGACATGTGAAGTCTGC-3%)
were taken for reverse transcription PCR. The operation
was carried out under 42°C for 10 min, 30°C for 20 min,
99°C for 5 min and 4°C for 5 min. Finally complementary
DNA (cDNA) was obtained. The 15 pl of cDNA was
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mixed with 1 uL of double labeled probe, and then was
cycled for 40 times at 50°C for 2 min, 95°C for 10 min,
and 60°C for 1 min. Finally, it was observed using a PCR
instrument.

Determination method

SOX2 which locates inside cell nucleus showed yellow
after staining, and the score was given according to the
staining degree (16). 0 points were given if there were no
stained cells; the score increased with the deepening of
color; the highest score was 3. Ten fields of the sample
were randomly selected under 400 amplification. The
cells were counted taking 100 each field as the standard.
The average number of positive cells in the 10 fields was
taken for calculation of percentage, and the staining score
was also calculated. Three points were given when there
was more than 50% positive cells, 2 points were given if
there was 25% ~ 50% positive cells, 1 point was given
if there was less than 25% cells, and 0 points were given
if there was no positive cells. The sum of the score of
the percentage of positive cells and the score of staining
degree was taken as the staining index of the sample.
When the staining index was larger than 3, SOX2 was
considered having a high expression (17).

Statistical analysis

The collected data was processed by Chi-squared test
using SPSS (12). Enumeration data was expressed as
X£S and processed by independent #-test. Difference
was considered significant if the value of P was less than
0.05.

RESULTS

The relationship between the expression of SOX2
and clinical features in TNBC

Cells with no expression of SOX2 showed
blue-purple color after staining, and the nuclei and
cytoplasm were stained (Fig. 2). There were only
blue-purple cells in Fig. 2, and no yellow positive
cells were observed.

When positive cells with SOX2 expression were
stained, the nucleus and cytoplasm were yellow (Fig.
3). The deeper the yellow, the higher the expression
level of SOX2. Most of the cells in Fig. 2 were yellow
and positive, and few were blue-purple, with no
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expression of SOX2. According to the above criteria,
they had high expression of SOX2. It was also found
that normal cells with no expression of SOX2 also
existed in cancer tissues with high expression of
SOX2.

As can be seen in Table I, SOX2 was considered
having a high expression when the staining index
of the sample was higher than 3 points. 55.54% of
the patients under 35 years old had high expression
of SOX2 and 51.23% of the patients over 35 years
old had high expression of SOX2, suggesting no
significant difference (P = 0.819 > 0.05); hence there
was no correlation between the high expression of
SOX2 and age of patients. 43.15% of the patients
with tumor diameter smaller than 3 cm and 65.57%
of the patients with tumor diameter larger than 3
cm had high expression of SOX2, suggesting no
significant difference (P = 0.174 > 0.05); hence
SOX2 expression was not associated to the size of
tumor. 16.17% of the patients with stage 1 cancer cell
histology, 32.15% of the patients with stage 2 cancer
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cell histology and 47.55% of the patients with stage
3 cancer cell histology had high expression of SOX2,
suggesting no significant difference (P = 0.174 >
0.05). The difference between the three groups was
insignificant (P=0.114> 0.05); hence the histological
stage of cancer cells was not related to the expression
of SOX2. 23.18% of the patients without lymph node
metastasis and 62.89% of the patients with metastasis
of lymph node had high expression of SOX2,
showing a significant difference (P = 0.012 < 0.05),
which indicated that the expression of SOX2 was in
a correlation with lymph node metastasis. 12.21%
of patients who had stage 1 breast cancer, 45.16%
of patients who had stage 2 and 60.15% of patients
who had stage 3 had high expression of SOX2; the
difference was significant (P=0.011 < 0.05), which
suggested that the expression of SOX2 was related to
the stage of TNBC.

Cell proliferation experiment
The normal group was human breast duct

Table L. The relationship between high expression of SOX2 in TNBC and clinical features.

Clinical features Percentage of 5 P value
patients with o
high
expression of
SOX2/%
Age Under 35 years 55.54 0.055 0.819
Over 35 years 51.23
Diameter of | Smaller than 3 43.15 1.854 0.174
tumor cm
Larger than 3 65.57
cm
Histological Stage 1 16.17 2.461 0.114
stage Stage 2 32.15
Stage 3 47.55
lymph node No 23.18 6.023 0.012
metastasis Yes 62.89
Stage of TNBC Stage 1 12.21 6.054 0.011
Stage 2 45.16
Stage 3 60.15
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cancer cell ZR7530 without additional treatment,
the overexpression group was breast cancer cells
added with more SOX2 fragments by transgenic or
other means, and the SOX2 interference group was
breast cancer cell with SOX2 fragments knocked
out by transgenic or other means. After multiple
generations of culture and detection, the three cell
lines are expressed (Fig. 4).

Twenty-four hours after inoculation, there was
no significant difference in the number of cells in
the overexpression group and the interference group
compared with the normal group; 48 hours after
inoculation, the number of cells in the overexpression
group and the interference group were insignificantly
different from those in the normal group; 72 hours
after inoculation, there was a significant difference
between the overexpression group and the normal
group, but there was still no significant difference
between the interference and normal groups. A very
significant difference was observed between the
overexpression group and the normal group after 96
hours.

Cell cloning experiment

The number of cloned cells in the overexpression
and interference groups was not significantly
different from that in the normal group; the number
of cloned cells with diameter larger than 0.5 mm in
the interference group was significantly lower than
that in the normal group (P <0.05) (Fig. 5). Although
the number of cloned cells in the overexpression
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group was higher than that in the normal group, the
difference was not significant. This indicated that
SOX2 was related to cell clone and could directly
affect size of cloned cells.

Detection of SOX2 expression with fluorescence
reverse transcription PCR

As shown in Fig. 6, SOX2 expression was 300
bp. It was observed that the overexpression group
had higher expression of SOX2 and bright strip
compared to the normal group and there was nearly
no expression of SOX2 in the cancer tissues in
the interference group. The gray analysis on some
strips of SOX2 suggested that there were significant
differences between the three groups, which further
verified the inheritance stability of cell lines which
were adjusted by transgenic technology and the
correlation between SOX2 and proliferation and
clone of cancer cells.

DISCUSSION

Breast cancer is similar to other types of cancer
(18). Although it can be cured by surgery or
chemotherapy, metastasis or recurrence of cancer
cells may occur according to the malignancy degree.
In order to cure breast cancer better, many scholars
are looking for and studying the prognostic markers
of breast cancer.

“Triple negative” in TNBC means that epidermal
growth factor receptor, progesterone receptor,

Fig. 1. The detection flow of SOX2 expression in TNBC

Slicine and Incubate at  |Wash
2 room 5y 7| Restore antigen »  Add serum
deparaffinize temperature y
PBS ]
- Wash Wash
AddSOX2 | Add biotin Color et
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working solution ppg working solution PBS | using DAB mount
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Fig. 6. Detection of expression of SOX2 based on fluorescence reverse transcription PCR.

and estrogen receptor (19) are negative. SOX2,
a transcription factor in SOX gene, can help to
maintain stemness of cells, and cancer cells are a
kind of uncontrolled undifferentiated stem cells;
therefore SOX2 and cancer cells are related. In the
present study, the high expression of SOX?2 in breast
cancer cells was in connection with TNM stage
(20) and lymph node metastasis of cancer, and the
high expression of SOX2 promoted the diffusion
and metastasis of cancer cells. Therefore, SOX2
expression in prognostic patients can be used as a
reference predictor of diffusion and metastasis of
breast cancer cells.

In this study, 120 specimens of paraffin-
embedded breast cancer tissues were collected from
the Harbin Medical University Cancer Hospital,
Heilongjiang, China, and the expression of SOX2
and the relationship between SOX2 expression
and clinical characteristics were detected by
immunohistochemistry. Moreover, breast cancer
cell lines (normal group, SOX2 interference
group, overexpression group) were cultured in
vitro. The effects of SOX2 on the proliferation and
cloning ability of the cell lines were studied using
direct counting, plate cloning and fluorescence
reverse transcription PCR. The overexpression of
SOX2 was found as being related to lymph node

metastasis and TNM stage. SOX2 could promote the
proliferation and cloning of breast cancer cells, and
the overexpression of SOX2 in the overexpression
group was stronger in PCR detection. After 72 hours,
the proliferation ability of cancer cell lines with
overexpressed SOX2 strengthened significantly,
but the proliferation ability of cancer cell lines with
SOX2 knocked out was inhibited, but not significant.
The results of the fluorescence reverse transcription
PCR for the three cell lines demonstrated that the
expression of SOX2 in the overexpression group
was extremely strong and SOX2 had nearly no
expression in the interference group, which further
verified that SOX2 could promote the proliferation
and cloning of breast cancer cells.
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The effect of oral hygiene education measures and professional tooth cleaning on the salivary levels
of microbial species with high cariogenic potential (i.e. Streptococcus mutans, Lactobacillus spp. and
Candida albicans) was evaluated at different time points. At time 0, high salivary carriage rates were
recorded in the study group (n=30). Fifty percent of the subjects harbored all three species in their
saliva, 27% harbored 2 species, and 23% only one species. At 3 months after oral hygiene measures,
a statistically significant reduction was observed in salivary count of S. mutans and Lactobacillus spp.
The percentage of subjects harboring all three species was also highly reduced, along with an overall
improvement of clinical and risk factors parameters. At 8 months after oral hygiene measures, S.
mutans and Lactobacillus spp. load was still statistically lower than that recorded at time 0, although
an increment in bacterial load and a partial worsening of clinical and risk factors parameters were
observed. S. mutans count in saliva inversely correlated with salivary pH, while it positively correlated
with C. albicans salivary levels. The results obtained suggest that strengthening of the motivation and
administration of oral hygiene instructions and professional tooth cleaning every 6-8 months, might be
necessary to control salivary levels of cariogenic species.

Dental caries is a preventable infectious number of teeth extracted due to dental caries at ages

disease continuing to affect millions of individuals
worldwide, particularly those belonging to low-
income and underprivileged groups. In most
industrialized countries 60-90% of schoolchildren
and the vast majority of adults are affected by the
disease (1). The global goals of oral health by the
year 2020 aim to: increase, over the regional,
local, or national baseline levels, the proportion of
caries-free 6-year-old children; reduce the decayed,
missing, and filled-teeth (DMFT) index, particularly
the D component, at age 12 years; and lower the

18, 35-44 and 65-74 years (2). Such goals will hardly
be accomplished without the implementation of oral
disease prevention programs and the promotion of
oral health as an important component of general
health and quality of life (3, 4).

It is well established that dental caries is a
multifactorial process caused by a cariogenic
microbiota that produces acid from the fermentation
of dietary carbohydrates in a susceptible host (5).
Key risk factors are primarily behavioral-based and
include frequent sugar consumption, insufficient or
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inadequate oral hygiene and, in the case of children,
lack of parental involvement in the child’s tooth
cleaning (6). Therefore, large-scale educational
programs, provided by highly qualified personnel,
and aimed at correcting wrong habits and motivating
the patients to perform regular dental home-care, are
key pillars of oral disease preventive approaches.

A number of studies have pointed to a major
role of Streptococcus mutans and other “mutans
streptococci” (e.g. S. sobrinus) in tooth decay
initiation, both in children and in adults (7-10).
The cariogenic potential of such bacteria relies on
their marked aciduric and acidogenic properties, as
well as on their ability to produce intracellular and
extracellular polysaccharides that promote bacterial
attachment on the tooth surface. Although S. mutans
has been long regarded as a specific etiological agent
of dental caries, the actual view consider caries as
a polymicrobial infection in which diverse species
of microorganisms of the oral biofilm may interact
with each other and provide synergistic effect in the
etiopathogenesis of the disease (11). In addition to
“mutans streptococci”, lactobacilli have also been
implicated in dental caries. Due to their poor ability
to adhere to smooth surfaces and high aciduric
properties, Lactobacillus spp. are believed to colonize
the oral cavity only in the presence of retentive,
partially anaerobic and low pH niches (e.g. caries
lesions), where they may ferment carbohydrates and
represent major contributors to caries progression
rather than caries initiation (12). Recently, the
possible spectrum of cariogenic microorganisms
has expanded to include representatives of the fungi
kingdom such as Candida albicans. Although this
fungus is found as commensal in the oral cavity of a
high proportion of individuals, it is highly acidogenic
and aciduric. Furthermore, it has the ability to
ferment and assimilate dietary sugar, to adhere to
dental surfaces such as enamel and exposed dentine,
and to produce collagenolytic proteinases, all
factors indicative of a cariogenic potential (13). The
cariogenicity of the fungus has been demonstrated in
animal models (14), while high C. albicans infection
rates were reported in children with severe early
childhood caries (ECC) (15, 16) further supporting
the cariogenic potential of the fungus.

S. ESIN ET AL.

The microflora attaching to the teeth is
continuously shed into the saliva so that salivary
microbiota has been regarded as the “fingerprint”
of the oral microbiota associated to the oral surfaces
(17). Many studies have demonstrated that high
“mutans streptococci” and lactobacilli loads in saliva
significantly correlate with caries prevalence and/
or caries risk development (15, 18-20). Similarly,
higher levels of C. albicans in saliva, dental plaque
or dentin of children with ECC have been reported
as compared to caries-free children (15, 21, 22).
A bacterial load equal to or greater than 10° CFU/
ml of saliva of both S. mutans and Lactobacillus is
considered predictive of individual susceptibility
to dental decay (23). Preventive measures aimed
at reducing S. mutans’ salivary levels in mothers
(e.g. oral antiseptic treatment) delay or prevent
colonization by the bacterium of the oral cavity of
their children and this, in turn, results in a reduction
in dental caries (24, 25). Therefore, identification
of factors capable of affecting the salivary level
of species with high cariogenic potential can help
in planning caries control interventions in the
population.

The aim of the present study was to evaluate,
at different time points, the effect of oral hygiene
instruction and professional tooth cleaning on the
salivary count of three species with high cariogenic
potential (S. mutans, Lactobacillus spp. and C.
albicans). Evaluation of clinical parameters of
oral health status or caries susceptibility was also
performed at the same time-points.

MATERIALS AND METHODS

Study groups

The subjects included in the study were recruited at the
Oral Hygiene Surgery of the University Hospital of Pisa,
Italy. At time 0, the study group consisted of 30 subjects
with ages between 4 and 75 years. Ten were children (4-
10-yr, group A), 10 adolescents (11-18-yr, group B) and
10 adults (>30 yr, group C). The study group included 18
females and 22 males subdivided as follows: 5 males and
5 females in group A, 4 males and 6 females in group B,
3 males and 7 females in group C. Group A included 8
foreigners (children of immigrants permanently resident
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in Italy); no foreigner was present in group B and one
foreigner was present in group C. The vast majority (8/10)
of the subjects in group B were carriers of mobile or fixed
orthodontic devices. At 3 months, 9/10 children of group
A, 9/10 adolescents of group B and 7/10 adults of group C
were available for the follow-up, for a total of 25 subjects.
At 8 months, the study group was made up of 18 subjects
(7 children, 7 adolescents, 4 adults). The Human Ethics
Committee approved the study and all patients provided
their informed consent to participate in the study.

Clinical examination

Each patient underwent a careful intra-oral
examination to evaluate the oral health status through the
assessment of the plaque index (PI), the decayed, missing
and filled teeth index (dmft for deciduous dentition and
DMFT for permanent dentition) and the International
Caries Detection and Assessment System (ICDAS) index.
A single operator carried out the examination in all the
subjects, using a mouth mirror and an explorer.

The PI was assessed by evaluating the presence of
plaque (soft deposits) on four surfaces of each tooth:
distal, mesial, lingual, buccal. The PI (%) was calculated
according to the formula: (Number of sites with plaque)/
Total number of sites) x100 where the total number of
sites was obtained multiplying the number of teeth present
by four. Third molars and incompletely erupted teeth were
not scored.

The DMTF/dmtf index was calculated by evaluating
for each patient: the number of decayed teeth (D) (white
spot lesions excluded); the number of missing teeth (M)
(teeth absent for exchange, for agenesis or not erupted
were not considered in the calculation; if there was an
implant the tooth was considered lost); the number of filled
teeth (F). The sum of these values was divided by the total
number of teeth according to the formula: DMFT(or dmft)
= (D + M + F) / (total number of teeth present).

For each patient, caries detection and assessment was
also evaluated by the ICDAS index. ICDAS detection
codes for coronal caries were attributed according to
Gugnani et al. (26) and ranged from 0 (sound tooth
surface) to 6 (extensive distinct cavity with visible dentin)
depending on the severity of the lesion.

Saliva collection and processing
Each patient was asked to collect the saliva inside a
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sterile 50 ml tube for 3 min. Saliva samples were collected
2 h after last meal/tooth brushing in a mid-morning
session, stored in ice and transferred to the Microbiology
laboratory within 2 h from collection. Upon arrival at the
laboratory, some drops of saliva were placed on litmus
paper detecting the pH in the range between 6 and 7.7.
The salivary flow assessment (ml/min.) was performed
by measuring the total volume of saliva with graduated
pipettes and dividing it by the collection time (3 min).

Measures of oral hygiene education and motivation of the
patients

At time 0, once salivary sampling and clinical
examination were performed, the patients underwent a
professional oral hygiene session. Children with completely
erupted and healthy molar teeth were subjected to sealing of
furrows and dimples. Education and motivation procedures
were aimed at informing the patients about the state of
their oral health and to encourage them to implement a
personalized home therapy based on the individual caries
risk or protective factors emerging from the anamnesis. In
general, the therapeutic plan could include tooth brushing
3 times a day with a manual or electric brush. Advice was
given to the patients or, in case of minors, to the parents
regarding the choice of the most suitable manual or electric
toothbrush. Correct procedures on electric toothbrush usage
or manual tooth brushing technique were taught (taking
into account the age of the subject, his/her manual ability,
the subject’s peculiarities of the oral cavity, and/or the
presence of orthodontic appliances). In the case of children
under the age of 6, the parents were actively involved in the
brushing. Advice on the home-usage of fluorine chemicals
(toothpaste and mouthwashes) were also given, including
the use of toothpaste with at least 1000 ppm of fluorine
under the age of 12, and with at least 1400 ppm of fluorine
over 12 years. The use of fluorinated mouthwash (500 ppm
of fluorine) was recommended from 7 years of age. Finally,
advice regarding the implementation of correct eating
habits was given which included: to avoid taking more
than 5 meals a day; limit or avoid consumption of solid/
liquid fermentable carbohydrates (sugars and starches) and
food of a sticky consistency. Sporadic intake of sugary soft
drinks, fruit juices, coffee or tea, was allowed but always
followed by the intake of a glass of water. Furthermore,
subjects were advised to consume foods that promote
tooth mineralization such as dark-green leafed vegetables,
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cheese, milk, cod-liver oil, oyster mushrooms, eggs and In the case of children, parental involvement was asked to
certain species of wild salmon. No subject used probiotics. increase the compliance to the indicated diet.

Table 1. Clinical parameters and caries risk factors of the study groups at time 0.

Patient group A (n=10) B (n=10) C (n=10) P value
Mean PI (%) 55.73+11.79 72.02+9.97 71.34+11.16 >(.05
Mean dmfyDMFT | 0.37+0.13 0.030.02 0g5:0.09 | 4B PO
Total number of
active lesions/total 48/215 6/262 22/217 -
number of teeth
Total number of
toth 15/215 15/262 77217 -
reconstruction/total
number of teeth

1 3 4 0 -

2 2 0 4 -

« L3 0 2 1 -

ICDAS codes 2 3 0 2 -

5 19 0 12 -

6 19 0 3 -
Salivary pH (6.4-7.3); (6.7-7.4); (6.0-7.4); ~0.05
(range); (mean) (6.86+2.17) (7.12+£2.25) (6.67+2.11) )
Salivary flow (0.04-0.66); (0.30-1.1); (0.13-0.97); ~0.05
(range); (mean) (0.42+0.13) (0.53+0.17) (0.51+0.16) )

Values indicate meantstandard error of the means where applicable
PI: plaque index;
*for each ICDAS code the total number of lesions of each type is reported for each group of

subjects
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Fig. 1. Salivary levels of S. mutans (A), Lactobacillus spp. (B) and C. albicans (C) at time 0 in children (Group A),
adolescents (Group B), and adults (Group C). Each dot represents the salivary level detected in one subject. Within
each group, dots of the same color/shape refer to the same subject. Black lines indicate median values. No statistically
significant differences were found among groups (Mann Whitney U-test).
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Enumeration of S. mutans, Lactobacillus spp. and C.
albicans in saliva

Selective culture media for the isolation of the 3
microbial species under examination were prepared
according to the manufacturer’s instructions. Mitis
salivarius agar (MSA) (Sigma Aldrich, Milano, Italy),
containing potassium tellurite (1 ml of a 1% solution in
1000 ml medium), bacitracin (final concentration 0.2 U/
ml) and sucrose (final concentration 150 g/l) was used for
the selective recovery of S. mutans. For the isolation of
Lactobacillus spp. Rogosa agar (Sigma Aldrich) adjusted
at pH 5.5 with glacial acetic acid and added with 10 ml
of a sterile 10% Tween 80 solution per liter was used. For
selective isolation of C. albicans, the Candida ident Agar
medium (Sigma Aldrich), supplemented with 100 mg of
gentamicin per liter, was used.

Saliva samples were vigorously vortexed for 2 min. to
disperse clumps and ten-fold diluted with physiological
solution from 1:10 to 1:10*. Two-hundred microliters of
each dilution were plated in duplicates on the surface of
selective solid media in 6 cm diameter Petri dishes. Plates
were incubated for 48 h at 37°C and for 24 h at room
temperature to allow growth of S. mutans and Lactobacillus
spp. or for 24 h at 30°C to obtain colonies of C. albicans.
At the end of the incubation period, the identification of
the three species was carried out on the basis of colony
morphology, microscopic appearance after Gram staining
and, in case of doubtful results, analysis of the biochemical
profile with standard identification galleries or MALDI-
TOF. The colonies were counted and the number of colony
forming units (CFU) per ml of saliva was determined.

Statistical analysis

The statistical significance of the data was evaluated
by Student’s #-test for paired samples, the non-parametric
Mann Whitney U-test, Wilcoxon signed-rank test, Chi-
squared or Fisher’s exact test. Correlation between variables
was evaluated using the Spearman’s Rho correlation test. A
P value <0.05 was considered significant.

RESULTS

Evaluation of microbiological and clinical parameters,
and caries risk factors at time 0

At time 0 the study group consisted of 30
subjects including 10 children (Group A), 10
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adolescents (Group B), and 10 adults (Group C).
The microbiological analysis at time 0 showed high
rates of salivary colonization by the three cariogenic
species in the study group as a whole. Indeed, 90% of
subjects had S. mutans in saliva, 73% Lactobacillus
spp. and 63% C. albicans (data not shown). Salivary
multi-species colonization was also frequently
recorded. In fact, only 23% of the subjects in the study
group was colonized by only one of the 3 cariogenic
species, while 27% harbored two species in saliva and
as much as 50% all three species. S. mutans salivary
count was particularly high in the children’s group
(Fig. 1): 6 out of 10 children had levels of S. mutans
greater than 1 million per ml, a value well above the
level of 100,000 per ml, considered a risk factor for
caries development. Interestingly, all children with
S. mutans higher than 100,000 per ml harbored also
C. albicans in saliva. Lactobacilli levels were similar
in the three groups (around 10,000/ml), while higher
levels of C. albicans were recorded in the children’s
group as compared to adolescents and adults, albeit
the differences did not reach statistical significance.

Table I shows the clinical parameters and caries
risk factors of the study groups at time 0. In agreement
with the high levels of salivary colonization, the mean
PI exceeded 50% in all three groups of subjects being
particularly high in the adolescents and adults (higher
than 70%). Caries experience evaluated as DMFT/
dmft index was particularly severe in adults, followed
by children. The value greatly influencing the DMFT
value of C group was the number of filled or lost
teeth, although in the subjects of this group there were
also numerous active lesions (Table I). In contrast, in
group A, the greatest contribution to the DMTF/dmft
index was given by the high number of active carious
lesions that were particularly severe in this group of
subjects, as assessed by the ICDAS score (Table I).

The average unstimulated salivary flow was
between 0.42 and 0.53 ml/min in the 3 groups of
subjects, while the average pH of saliva was mild
acidic in the group of children and adults and close to
neutrality in the adolescent group (Table I).
Evaluation of microbiological and clinical
parameters, and caries risk factors at 3 months

The evaluation of the microbiological and
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who were available for the follow-up at 3 months.
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(Group A, n=9), adolescents (Group B, n=9) and adults (Group C, n=7). See text for details. At both time points data presented
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and adults (Group C). Statistical analysis was performed for each bacterial species considering the three groups of subjects as
a whole (panels A, B, C) or separately (panels D, E, F). ** P<0.01, *P<0.05, Wilcoxon signed-rank test.
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clinical parameters was repeated 3 months after
the professional oral hygiene session and the
administration of rules of oral hygiene and alimentary
behavior. As five patients did not attend the 3-month
follow-up, the study group consequently consisted of
25 subjects (9 children, 9 adolescents and 7 adults).
As shown in Fig. 2, at 3 months, a decrease in the
percentage of patients positive for S. mutans (from
88 to 72%) and for C. albicans (from 64 to 36%) was
recorded. A slight decrease in the percent of patients
positive for lactobacilli was also observed (from 72
to 68%). Regarding multiple salivary colonization,
although there was a drastic reduction (from 48 to
24%) in the percentage of the patients colonized
by all three species, this did not reach statistical
significance (P=0.07, Chi-squared test, n=25). The

Group A (n=9)

Group B (n=9) Group C(n=7)
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percentage of patients not colonized or carrying
only one or two cariogenic species in their saliva
increased as compared to time 0 (Fig. 2).

Fig. 3 shows the number of CFUs of the 3
microbial species per ml of saliva in the three
groups of patients at time 0 and at 3 months. Each
patient is represented by a dot (black, white or grey)
corresponding to the group he/she belongs to. A line
combines, for each patient, the CFU value at time
0 and at 3 months. Considering the study group as
a whole, a statistically significant reduction was
observed in both the S. mutans and Lactobacillus
spp. salivary count after 3 months compared to time
0 (Fig. 3A and B). In particular, the number of S.
mutans CFU/ml was reduced in 19 patients out of
25; 2 patients not colonized at time 0, remained

e
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et e o o
n o ~ ]

Mean salivary flow (ml/min)
[=]
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e
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Group A (n=9)

Group B (n=9) Group C(n=7)

Fig. 4. Clinical parameters (A, B) and caries risk factors (C, D) at time 0 (black bars) and 3 months (white bars) in
children (Group A), adolescents (Group B) and adults (Group C). At both time points data presented refer to the 25
subjects who were available for the follow-up at 3 months. ** P<(.01, Student s t-test for paired samples.
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negative for S. mutans at 3 months, while 4 patients
showed an increase in S. mutans salivary count (in 2
of them the increase in CFU/ml was rather marked,
while in 2 it was very mild). A consistent decrease in
the median value of S. mutans CFU/ml was evident
above all in the group of children (P<0.01; Fig. 3D).

For Lactobacillus spp., a decrease in CFU/ml of
saliva was recorded in 13/25 patients; in 6 patients
(of whom 5 were not colonized at time 0) the CFU

S. ESIN ET AL.

remained unchanged, while in 6 patients there was
an increase in CFU/ml. The reduction in the median
values of Lactobacillus CFU/ml (Fig. 3E) was
particularly evident in the group of children and
adults (although not statistically significant), while
in the adolescent group the median remained almost
unchanged (Fig. 3E). Finally, with regard to C.
albicans, in 13 patients out of 25 a salivary charge
reduction was observed at 3 months compared to
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Fig. 5. Salivary levels of S. mutans (A1, A2), Lactobacillus spp. (B1, B2) and C. albicans (C1, C2) at 8 months as
compared to time 0 and 3 months in children (Group A), adolescents (Group B) and adults (Group C). See text for details.
At each time point, data presented refer to the 18 subjects who were available for the follow-up at 8 months. Median
salivary levels (CFU/ml) of S. mutans (D), Lactobacillus spp. (E), and C. albicans (F) at 3 and 8 months as compared to
time 0 in children (Group A), adolescents (Group B) and adults (Group C). Statistical analysis was performed for each
bacterial species considering the three groups of subjects as a whole (panels A, B, C) or separately (panels D, E, F). **
P<0.01, *P<0.05, Wilcoxon signed-rank test.



Journal of Biological Regulators & Homeostatic Agents

time 0; 8 non-colonized patients at time 0 remained
as such at 3 months, whereas in 4 patients an increase
in the CFU/ml was observed. The difference between
time 0 and 3 months was not statistically significant
(Fig. 3C), even if the median values decreased,
especially in the group of children (Fig. 3F).

In accordance with the reduction in the percentage
of colonization and the number of CFUs, the
comparison of mean plaque indexes between 0 and
3 months showed a significant reduction in plaque
accumulation in adolescents and adults while in
children it did not reach statistical significance (Fig.
4A). DMTF/dmtf scores remained unchanged (Fig.
4B), while an overall tendency to salivary pH and
flow increment was observed (Fig. 4C and D).

and  clinical
parameters and caries risk factors at time 8§ months

The microbiological and clinical analysis was
repeated at 8 months from the oral hygiene/education
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measures, when the study group, due to drop-outs,
consisted of 18 patients (7 children, 7 adolescents and
4 adults).

Fig. 5 shows the quantitative analysis of the
number of CFUs of S. mutans (A1, A2), Lactobacillus
spp. (B1, B2) and C. albicans (C1, C2) at the three
time points of the study. For clarity, data have been
divided into two panels for each species. As shown
in the upper panel of each series (A1, B1 and C1) in
most patients, the number of CFU/ml decreased or
remained constant from 3 to 8 months. In contrast, for
the remaining patients (lower panels A2, B2 and C2)
an increase in the number of CFUs was observed, as
compared to the 3-month time period. Analyzing the
18 patients as a whole, the difference in the number
of CFU/ml was not statistically significant between 3
and 8 months, indicating globally that the trend in the
reduction of the salivary count of the cariogenic species
observed between 0 and 3 months was interrupted.
Despite this, the 8-month CFU/ml numbers of S.
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Group A (n=7) Group B (n=7)

Group C (n=4)

Fig. 6. Clinical parameters (A, B) and caries risk factors (C, D) at time 0 (black bars), 3- (white bars) and 8-months
(dashed bars) in children (Group A), adolescents (Group B), and adults (Group C). At each time point, data presented
refer to the 18 subjects who were available for the follow-up at 8 months. ** P<(.01, Students t-test for paired samples.
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mutans and Lactobacillus spp. were statistically lower
than those recorded at time 0, suggesting, globally,
the persistence of a positive effect of the hygiene/oral
education measures given at time 0, on the salivary
levels of cariogenic species. A decrease in the median
CFU/ml value of S. mutans (Fig. 5D) as well as
Lactobacillus spp. (Fig. SE) was evident in the group
of children (P<0.05). In the case of C. albicans, there
was an increase in the number of CFU (panel C2) only
for 3 patients, but the difference compared to time 0
remained non-significant, probably due to the high
number of non-colonized patients at the 3 tim- points
considered (panel C1 and F).

The analysis of the clinical parameters showed
that at 8 months the mean PI, which was reduced at
3-months in all three groups of subjects, was increased
particularly within group A where it reached levels
similar to the ones recorded at time O (Fig. 6A). For
Groups B and C mean PI at 8§ months remained at
levels similar to 3 months. DMFT/dmft indexes of the
study group remained stable over 8 months (Fig. 6B),
while the pH and saliva flow increased in all 3 groups
at 3 months, but at 8 months they tended to decrease
(Fig. 6C and D).

S. mutans (Log,, CFU/ml)
e N w » o
[%,] N (%2} w [%,] E=Y [%,] (%] (%,

[ary
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Correlation between salivary S. mutans levels and pH

Due to the marked ability of S. mutans to generate
and tolerate acid we wanted to assess whether there
was a statistically significant relationship between
the load of S. mutans in saliva and the pH of saliva
itself, considering the study group as a whole. Fig.
7 depicts, for each subject and for each time-point
considered, the salivary count of S. mutans (in Log,
y axis) and the salivary pH of the same patient (x
axis). The two variables were found to be inversely
correlated with a decrease in the CFU/ml along
with an increment in the pH value in a statistically
significant manner (R=-0.27, P<0.05, Spearman’s
Rho correlation test).

Correlation between S. mutans and C. albicans
salivary levels

Due to the recently described association
between S. mutans and C. albicans in oral biofilms,
we evaluated the existence of a correlation between
S. mutans and C. albicans salivary levels in the
study population. As shown in Fig. 8A, when the
subjects who presented salivary S. mutans counts
above the risk level of 1x10° CFU/ml were included

5859 6 6.1 6.2 6.3 64 6.5 66676869 7 717273747576 77171

Salivary pH

Fig. 7. Inverse correlation between salivary S. mutans levels and pH in the 3 groups of subjects at all 3 time
points considered. R=-0.27, P<0.05 Spearman’s Rho correlation test.
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in the analysis, a positive and statistically significant
correlation was found with the CFU number of
C. albicans per ml of saliva (R=0.62, P<0.001
Spearman’s Rho correlation test). Furthermore,
when at all time-points the clinical parameters were
compared between the patients who presented both
S. mutans and C. albicans in saliva, and those that
had only one or neither of them, a greater number of
lesions and a higher PI was detected in the first group
of subjects compared to the latter (Fig. 8B and C).

DISCUSSION

It is increasingly recognized that management of
caries should not only rely on restorative treatments,
but should also aim to prevent, by adequate oral
health education actions, the ecological factors that
promote the selection of a cariogenic microbiota
(e.g. inadequate oral hygiene procedures and high
dietary sugar intake) (27). In addition to microbial
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factors, host factors such as salivary flow and
buffering capacity also play crucial roles in caries
development (28).

The present longitudinal study aimed at evaluating
the effectiveness of oral health education/hygiene
measures, given by highly qualified personnel, on
the salivary count of microbial species with high
cariogenic potential as well as on clinical parameters
indicative of oral health status and caries risk factors.

High frequencies of carriage and salivary levels
of microbial species associated with dental caries
were detected in the study population at time
0. These parameters were particularly severe in
the group of children and correlated with severe
clinical indexes (PI, DMTF, ICDAS index) and
presence of susceptibility factors associated with
a higher risk of caries (acidic pH, low saliva flow
rates). These data indicate that despite the spread of
caries control programs and the greater awareness
of the importance of oral health compared to the
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Fig. 8. Positive correlation between salivary levels of S. mutans and C. albicans in the 3 groups of subjects at all 3 time
points considered (A). Only subjects carrying salivary S. mutans levels > 1x10° CFU/ml were included in the analysis.
R=0.62, P<0.001 Spearman’s Rho correlation test. Number of caries lesions (B), and plaque index (C) in subjects
carrying both species (S. mutans > Ix10° CEFU/ml and C. albicans) in their saliva as compared to subjects carrying none

or only one of the two species. *P<(.05, Fisher s exact test.
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past, dental caries remain widespread among the
population. The percentage of subjects colonized
by more than one cariogenic microbial species was
also high at time 0 with about 50% of the subjects
carrying all three cariogenic species analyzed in
their saliva. This supports the current view that
considers caries a polymicrobial infection in
which both individual predisposing factors and the
metabolic activity of different microbial species that
synergistically interact with each other contribute to
the pathogenesis of the disease.

At time 0 each subject underwent a careful
intraoral examination to evaluate the degree of oral
hygiene and health status as well as the presence of
risk factors and the plaque distribution at different oral
sites. The disclosure of these data allowed to define
an individual-based therapeutic plan, which included
advice on the most appropriate brushing method for
the subject and indications of the areas in which he/
she had to pay more attention during home cleansing.

After 3 months from the education/oral hygiene
measures a statistically significant reduction was
observed in the salivary load (CFU/ml) of S. mutans
and Lactobacillus spp. which was associated with
an overall improvement in clinical parameters
(decrease in PI), and in caries risk factors (increase
in pH and salivary flow). These data indicate that
the professional removal of plaque and adequate
education actions given by highly specialized
personnel, aimed to correct incorrect brushing and
dietary habits, have a positive impact on the salivary
levels of species with high cariogenic potential at
least in a 3-month time-span.

At 8 months from the education/oral hygiene
measures, in many patients there was a further drop
or stagnation of the salivary levels of S. mutans and
Lactobacillus, while in others the microbial load
tended to rise again. Despite this, globally, the salivary
load of these bacterial species was still statistically
lower than at time 0. Such microbiological data were
associated, overall, with a worsening of clinical
parameters compared to 3 months and a partial
return of risk factors at less favorable levels. This
could mean that, while for particularly motivated
patients the oral education measures given at time
0 continued to have the desired effect even after
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relatively long periods, in patients less receptive
or exhibiting individual risk factors it is necessary
to repeat the education and motivation at shorter
time intervals to root the habit of correct oral and
alimentary hygiene.

In agreement with a previous report (29), the
reduction of S. mutans in saliva correlated inversely,
in a statistically significant manner, with the saliva
pH, suggesting that the measurement of pH can be a
parameter of easy and rapid determination to be used
to identify subjects at a particularly high risk.

Interestingly, a statistically significant positive
correlation was found between the levels of S.
mutans and C. albicans in saliva. Furthermore,
carriers of both microbial species exhibited more
severe clinical parameters (high number of active
lesions, elevated PI) than subjects harboring only
one or none of the two species. These data support
recent studies that suggest a marked inter-kingdom
synergistic effect between S. mutans and C. albicans
in the colonization of the oral cavity/pathogenesis
of caries. These data also suggest that future caries
control measures should be directed not only towards
the bacterial component, but also towards the fungal
one of the oral microbiota (30). The synergistic
interaction between S. mutans and C. albicans
seems to occur at several levels. For instance, it
has been reported that the two species provide each
other with sites for adhesion and that physical co-
adhesion of S. mutans and C. albicans and cross-
kingdom biofilm formation is highly enhanced in
the presence of sucrose (31, 32). In addition, lactate
secreted by S. mutans can be utilized as a carbon
source by the fungus, which in turn reduces oxygen
tension to levels preferred by the bacterium (32).
Interestingly, coinfection of rats with S. mutans and
C. albicans have been demonstrated to enhance the
colonization and carriage of both organisms in vivo
and markedly increase the biofilm formed on rodent
dentition, leading to the development of rampant
carious lesions (33). These findings support our
results of more critical clinical parameters recorded
in double-carriers as compared to single-carrier or
non-colonized subjects.

Overall, the results obtained suggest that large-
scale oral hygiene education programs could be
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beneficial in reducing the salivary counts of species
involved in the onset/progression of dental caries
in a medium to long-term time-span (3-8 months).
As suggested (34), the optimal frequency for
dental checkups should be evaluated on the basis
of individual factors, but our results indicate that
strengthening of the motivation and administration
of oral hygiene instruction and professional tooth
cleaning every 6-8 months might be necessary to
control the salivary levels of cariogenic species.
Although S. mutans has been largely accepted as the
etiologic agent of dental caries, our results support
recent evidence indicating high prevalence for S.
mutans in dental biofilms where the fungal pathogen
C. albicans resides, suggesting that the interaction
between these diverse species may mediate caries
development.
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Symptomatic uncomplicated diverticular disease (SUDD) affects 50% of people having diverticulosis.
We performed a pilot study assessing the effect of current treatments on fecal microbiota and metabolome
in SUDD. Thirteen consecutive females with SUDD were treated with a 2-week therapeutic trial of 30 g/
day fiber supplementation (3 patients), 1.6 g/day of mesalazine (3 patients), 900 billion/day of probiotic
mixture VivoMixx® (3 patients), or 800 mg/day of rifaximin (4 patients). Stool samples were collected
at entry (T0), at the end of the 2-week therapeutic course (T1), and 30 (T2) and 60 days (T3) after the
end of the therapeutic course. Real-time PCR quantified targeted microorganisms. Fecal metabolome
patterns were studied by high-resolution proton NMR spectroscopy. At cumulative analysis, symptoms
significantly decreased at each time point during follow-up (p<0.0001), and only left-lower quadrant pain
increased again at T3. The overall bacterial quantity was not altered by the treatments. The amount of
Akkermansia muciniphila species was significantly reduced at T1 (p=0.017) and at T2 (p=0.026), while at T3
the reduction was not significant in comparison to enrollment (p=0.090). Fecal molecular profile showed
significant changes at T1 and T2, while at T3 it became similar to that of T0. Differences were found for
18 of the quantified molecules (tryptophan, phenylalanine, tyrosine, 4-hydroxyphenylacetate, urocanate,
X-6.363, X-5.779, uridylate, galactose, X-4.197, threonine, sarcosine, methionine, 2-oxoisocaproate,
S5-aminolevulinate, alanine, leucine, valerate). Metabolome and microbiota changed in patients with
SUDD under treatment, confirming a possible role of dysbiosis/dysmetabolome in the pathology.

Diverticulosis of the colon is the most common uncomplicated diverticular disease (SUDD),
anatomic alteration found by colonoscopy (1). affects one-fifth of the people with diverticulosis
Its symptomatic form, called symptomatic (1). Although the pathogenesis is not completely
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understood, it has been suggested that a changed
gut microbiota composition is a plausible
etiopathogenetic factor in diverticular disease (2).
Indeed, recent papers indicated that the diversity of
the Proteobacteria phylum was significantly higher
in fecal samples of patients compared to controls
(3) while some Clostridium clusters, Fusobacterium
and Lactobacillaceaec were reduced in symptomatic
versus asymptomatic patients (4). Moreover, a
significant increase of Akkermansia muciniphila
in symptomatic and asymptomatic patients in
comparison to healthy controls has been reported (5).
Metabolic profiling is a powerful exploratory
tool for understanding interactions between
nutrients, intestinal metabolism and microbiota
composition in health and disease and for gaining
deeper insight in the metabolic pathways altered by
diseases. Currently, metabolomic technologies are
increasingly used to discover gastrointestinal disease
signatures and have been applied for the screening
of different pathological conditions that are linked
with a metabolic imbalance (6). Besides microbial
imbalance, differences in fecal metabolome have
also been observed in diverticular disease (4, 5).
Several treatments are currently proposed
in order to treat symptoms in SUDD patients.
Typically, pharmacological treatments, such as
rifaximin and mesalazine or dietary supplements
(fibers and probiotics), share some features like
the ability to modify the intestinal microbiota and
antiinflammatory activity, however, there is no
information whether those treatments are also able to
influence fecal microbiota in relation to metabolome
in SUDD patients. The aim of this pilot study was
therefore to assess variation of fecal microbiota and
fecal metabolome in SUDD patients after treatment,
assessing also whether there was a relationship
between symptom expression, fecal microbiota and
fecal metabolome in the subjects under treatment.

MATERIALS AND METHODS

Setting and participants

SUDD was defined as the presence of symptoms
in patients with diverticulosis, in absence of signs and/
or symptoms and laboratory and/or endoscopy and/or
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radiology according to acute diverticulitis, and in absence
of any other complication (stenosis, abscesses, fistulas) (7).

From June to December 2015, 13 consecutive patients,
undergoing colonoscopy and suffering from SUDD
according to the above-mentioned criteria, were enrolled
according to the following characteristics: middle-aged
female patients; birth by vaginal delivery and with
exclusive breastfeeding; living in the same geographical
area (Castelli Romani, located south of Rome, Italy, and
>600.000 population); body mass index (BMI) in the
range 20-34; no use of antibiotics in the three months
previous to enrolment; ongoing or past acute complicated
and uncomplicated diverticulitis; absence of bacterial and/
or parasitic intestinal diseases (assessed by stool analysis)
and of lactose malabsorption (assessed by lactose H,
breath test); no intestinal surgical procedure.

The protocol was approved by the Ethic Committee of
the ASL Roma C, Italy (approval number 6/2012). This
study is registered with www.ClinicalTrials.gov., number
NCTO01831323. Written informed consent was obtained
from all subjects.

According to Tursi et al. (8, 9), left lower quadrant
abdominal pain for more than 24 h, the main symptom
characterizing SUDD (7, 8), was assessed using a 10-point
scale, assigning numerical values of 0 for absence of pain,
1-4 for mild pain, 5-7 for moderate pain and 8-10 for
severe pain. The same scale was also used to evaluate
other symptoms assessed in this study, namely lower
abdominal pain, upper abdominal pain, rectal bleeding,
sensation of incomplete evacuation, bloating and mucus
in stool. Symptoms were assessed at entry (T0), at the
end of the 2-week therapeutic trial (T1), 30 (T2) and 60
(T3) days after the end of the therapeutic trial, as depicted
in Fig. 1. Fecal calprotectin (FC) expression was also
assessed in all SUDD patients by a semi-quantitative test
(CalDetect®, SOFAR S.p.A., Trezzano Rosa (MI), Italy)
at the time of enrolment (T0).

Since fibers, rifaximin, mesalazine and probiotics
are currently used as cyclic treatment for SUDD (7), we
treated patients with a two-week therapeutic course of
30 g/day of soluble fiber supplementation (Psyllium, 3
patients), 1.6 g/day of mesalazine Eudragit L (3 patients),
900 billion/day of probiotic mixture VivoMixx® (3
patients), or 800 mg/day of rifaximin (4 patients). The
probiotic product contains 4 strains of lactobacilli (L.
plantarum, L. paracasei, L. delbrueckii subsp. bulgaricus,
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L. acidophilus), 3 strains of bifidobacteria (B. breve,
B. longum, B. infantis), and 1 strain of Streptococcus
thermophilus. We choose these treatments because fiber,
rifaximin, probiotics and mesalazine are the most common
treatments prescribed in treating symptomatic SUDD (7).

Fecal samples collection

Stool samples were collected for at least four weeks
following colonoscopy, at TO, T1, T2 and T3. They were
collected early morning at home, in sterile plastic tubes,
transported on ice to the laboratory within 2 h and stored
at —80°C until analysis.

Fecal microbiota assessment

Bacterial DNA from fecal samples was extracted
using the QIAamp Fast DNA Stool Mini Kit (Qiagen,
Hilden, Germany). Approximately 200 mg of feces were
cut from frozen samples using sterile disposable scalpels,
resuspended in 1 ml of InhibitEX lysis buffer from the stool
kit, added with glass beads (150-212 pm Sigma-Aldrich,
USA) and homogenized thoroughly. The suspension
was incubated at 95°C for 5 min and DNA was purified
according to the manufacturer’s instructions. Purified DNA
aliquots were stored at —20°C until analysis. Real-time
PCR was used to quantify total bacteria, Bifidobacterium
and Lactobacillus genera, and Akkermansia muciniphila,
using primers and conditions described by Nadkarni et
al. (10), Matsuki et al. (11), Stiepetova et al. (12), and
Collado et al. (13), respectively. PCR amplification and
detection were performed on optical-grade 96-well plates
using the Applied Biosystems 7500 Real-Time PCR
System. The reaction mixture (25 pl) was composed
of SensiMix SYBR PCR Master Mix (Bioline), 500
nM primers for total bacteria, 500 nM primers for
Bifidobacterium genus, 200 nM for Lactobacillus genus
and 200 nM for Akkermansia muciniphila, respectively,
and 2.5 pl of template DNA. The fluorescent products
were detected at the last step of each of 40 cycles. A
melting curve analysis was made after amplification
to distinguish the targeted PCR product from the PCR
products not targeted. Standard curves were created using
serial ten-fold dilutions of bacterial DNA extracted from
Bacteroides fragilis for total bacteria, Bifidobacterium
breve and Lactobacillus brevis for Bifidobacterium and
Lactobacillus genera, respectively, and from Akkermansia
muciniphila. All samples were analyzed in duplicate in
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two independent real-time PCR assays.

Fecal metabolome assessment

Fecal samples were prepared for NMR analysis by
vortex mixing for 5 min 80 mg of stool with 1 ml of
deionized water. The obtained mixes were then centrifuged
for 15 min at 18630 g and 4°C. 700 ul of supernatant were
added to 100 pl of a D,O solution of 3-(trimethylsilyl)-
propionic-2,2,3,3-d4 acid sodium salt (TSP) 10 mM, used
as NMR chemical-shift reference, buffered at pH 7.00 by
means of 1M phosphate buffer. Finally, the so obtained
samples were centrifuged again at the above conditions.

"H-NMR spectra were recorded at 298 K with an
AVANCE III spectrometer (Bruker, Milan, Italy) operating
at a frequency of 600.13 MHz. Following Ventrella et
al. (14), the signals from broad resonances originating
from large molecules were suppressed by a CPMG-filter
composed by 400 echoes with a T of 400 us and a 180°
pulse of 24 ps, for a total filter of 330 ms. The HOD
residual signal was suppressed by means of presaturation.
This was done by employing the cpmgprld sequence, part
of the standard pulse sequence library. Each spectrum
was acquired by summing up 256 transients using 32
K data points over a 7184 Hz spectral window, with an
acquisition time of 2.28s. In order to apply NMR as a
quantitative technique (15), the recycle delay was set to
Ss, keeping into consideration the relaxation time of the
protons under investigation. 'H-NMR spectra baseline-
adjusted by means of the peak detection according to
the “rolling ball” principle (16) implemented in the
baseline R package (17). A linear correction was then
applied to each spectrum to make the points pertaining
to the baseline randomly spread around zero. No manual
alignment of the signals was necessary, differently from
previous investigations (4). Differences in water and fiber
contents among samples were taken into consideration by
probabilistic quotient normalization (18), applied to the
entire spectra array.

The signals were assigned by comparing their chemical
shift and multiplicity with the Human Metabolome
Database (19) and Chenomx software data bank (Chenomx
Inc., Canada, ver 8.1). Molecules with unknown chemical
structure were also detected and quantified. Following
Ventrella et al. (14), they will be referred to throughout
the text with an x followed by the chemical shift in ppm of
their signal used for quantification (i.e. x-4.197).
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Statistical methods

Clinical scores and microorganism or molecule
concentrations varying independently from the treatments
applied were looked for by paired Wilcoxon test, by
accepting a p-value limit for significance of 0.05.
Molecules, the concentrations of which varied in relation
to the treatments were looked for by means of non-
parametric analysis of variance by Kruskal-Wallis test
(20). To highlight any trend in the data, for this test a
p-value limit for significance of 0.1 was accepted.

To highlight the overall trends characterizing the
samples, principal component analysis models (PCA) and
their sparse counterparts (SPCA) (21) were employed,
by means of the corresponding algorithms implemented
in R mixOmics package (22). For this purpose, clinical
scores or molecules and microorganisms concentrations
were centered and scaled to unity variance. For each
PCA model, we calculated the score plot, the projection
of the samples in the PC space, tailored to highlight the
underlying structure of the data. Besides, we calculated
the correlation plot, according to Pearson, relating the
concentration of each variable to the components of PCA
model, therefore tailored to highlight the correlations
among molecules and microorganisms. To consider
that the same subjects were followed along the entire
experiment, giving rise to a repeated measurement data
structure, molecules and microorganisms concentrations
at time point TO were subtracted from every time point, as
suggested by Ndagijimana et al. (23).

RESULTS

Characteristics of the study population

The characteristics of the study group are reported
in Table 1. The median age of the studied population
was 64 (range 52-70) years, and the median BMI
was 25.6 (range 21.6-33.7). All patients had left
lower quadrant pain for more than 24 hours. With
the exception of abdominal pain, the most frequent
symptom was abdominal bloating, occurring in 10
patients (76.9%). According to the manufacturer’s
instructions, all of them showed over-expression of
fecal calprotectin which was between 15 and 60 pg in
10 patients (64.7%), and >60 pg in 3 patients (35.3%).

To highlight symptoms that could reveal at best
the health conditions of the patients independently
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from the kind of treatment explored, we set up a one-
tailed paired Wilcoxon test comparing TO with the
following time points for the 13 subjects studied. Pain
in the lower abdomen, pain in the left lower abdomen
and meteorism showed statistically significant
decreases (p<0.01) at T1, that lasted till the end of the
observation (Fig. 2, A and B). Moreover, we found
that left lower quadrant pain decreased significantly
in the studied population at T1 and T2, but increased
again at T3 (without reaching TO levels).

To gain an overview of the highlighted symptoms,
a PCA model was calculated (Fig. 3). In the score plot
(Fig. 3A), PC 1, accounting for 56.3% of the total
variance among the subjects, offered an effective
summary of the clinical scores, with subjects at TO
appearing at high values and subjects at the other time
points appearing at lower values. The corresponding
correlation plot (Fig. 3B) revealed that the symptom
that mostly contributed to such trend was lower
abdomen pain, followed by left lower abdomen pain
and meteorism. Each symptom showed a correlation
with its importance on PC 1 higher than 0.5. To gain
an insight on the peculiar consequences of the tested
treatments on these symptoms, the median position
of the groups along PC 1 was calculated at each
time point (Fig. 3C). This representation made clear
that each treatment led to an improvement of the
symptoms between TO and T1 which was confirmed
for each treatment by the following time points, so
that the difference between samples obtained at
TO and those obtained at the following time points,
cumulatively considered, was statistically significant
(p<0.05). The evolution of symptoms over time
seemed nevertheless to differentiate the treatments.
On the one hand, in the treatment with probiotics the
symptoms went on linearly improving in the T1-T3
time-lapse (p<0.05), so that their median score along
PC 1 at T3 was the furthest from that at TO. On the
other hand, such improvement tended to partially fade
in subjects treated with rifaximin and mesalazine, so
that their median scores along PC 1 at T2 and T3 were
between those at TO and T1.

Analysis of fecal microbiota
In order to gain information about the health status
of the subjects from a microbiome point of view,
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Fig. 2. Clinical symptom scores assessed at baseline and during follow-up. A) Abdominal pain; B) Other symptoms.
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lactobacilli and bifidobacteria, usually considered
substantial components of healthy gut microbiota,
were quantified. Neither statistically

significant trends along the tested time points,
either as absolute amounts or after normalization

showed in respect to total bacteria. A linear positive

Table 1. Characteristics of the study population.

Patient Age BMI Localization  Left lower Diffuse lower  Diffuse upper Abdominal  Sensation of ~ Mucusin  Blood in Fecal Type of

of diverticula  abd 1 bdominal bdominal pain  bloating incomplete the feces the feces calprotectin  therapy

quadrant pain __ pain evacuation

Patient 1 66  33.7 Sigma 4 2 0 7 6 0 0 >15<60 pug Fibers
Patient 2 52 216 Sigma 4 2 2 5 6 0 0 >15<60 ug  Mesalazine
Patient 3 70 313 Sigma 7 8 0 2 1 0 0 >15<60 ug  Probiotics
Patient 4 64 29.7 Sigma 7 2 2 5 0 0 0 >60 pg Rifaximin
Patient 5 66 247 Sigma 5 6 1 8 0 0 0 >15<60 pg  Rifaximin
Patient 6 66 255 Sigma 4 5 2 6 3 2 0 >60 pug Probiotics
Patient 7 65 288 Sigma 4 3 3 8 10 1 0 >15<60 pg Fibers
Patient 8 61 223 Sigma 5 4 1 2 1 2 0 >15<60 ug  Probiotics
Patient 9 65 256 Sigma 7 7 2 0 0 0 0 >15<60 pg Fibers
Patient 10 61 279 Sigma 5 5 0 6 0 0 0 >15<60 pg  Rifaximin
Patient 11 61 333 Sigma 7 0 0 0 0 0 0 >60 pg Mesalazine
Patient 12 59 250 Sigma 6 6 0 6 0 0 0 >15<60 pg  Rifaximin
Patient 13 66  33.7 Sigma 5 1 0 0 0 1 0 >15<60 ug  Mesalazine

Table I1. Concentration of the molecules that were found to differ significantly between T0 and the other time-points.

Organic acids

Formate
2-Hydroxy-3
methylvalerate
3-Hydroxy
phenylacetate
Valerate

Aminoacids
Phenylalanine
Glycine
Aspartate
Valine
Leucine
Isoleucine
Proline
Methionine
Threonine
Alanine
Taurine
Alcohols
Methanol
Ethanol
Others
Nicotinate
Urocanate
3-Methylglutarate
m-Cresol
Uridine
x-4.199
x-3.953
x-3.061
x-0.782

9.66x107° + 4.43x10°
439x10™ +2.68x10™

8.97x10™* + 8.87x10™
7.85x10* +3.01x10™

1.10x107 + 2.76x10™*
1.74x107 + 5.73x10™*
4.09x10™* +2.29x10™
2.25x10° + 7.50x10™
6.47x10° +2.03x10°
1.66x107 + 5.45x10™
1.37x107 + 5.74x10™*
6.84x10* + 1.81x10™
1.98x107 + 5.47x10™*
4.75x107 + 1.47x10°
2.74x107 + 2.45x10

1.26x107 + 1.21x10°
2.79x107 +2.09x107

2.38x10* +5.30x10°
1.01x10™* + 6.14x10°
4.18x10™ +2.59x10™
7.20x10™ + 6.07x10™
1.40x10™* +9.06x10°°
1.14x10° + 7.11x10™*
8.01x10* +3.09x10™
1.83x10™ + 8.39x107
9.85x107° +9.04x10”

1.85x10™ + 7.89x10>"
2.27x10™ + 8.46x10°"

9.08x10™ + 7.91x10™*
7.42x107 + 4.18x10™

1.58x107 + 6.60x10*"
2.26x107 + 1.00x10>"
5.58x10™ +2.42x10*"
2.77x107 +9.23x10*
7.78x10° +2.47x10"
2.01x107 + 6.37x10*
1.23x107 + 5.24x10™

7.67x107* +2.31x10™

2.26x107 + 7.58x10*"
5.35x107 + 1.52x107

3.00x107 £ 2.03x107"

3.80x107* £ 2.51x10*"
8.80x107* + 7.58x10™*"
1.97x10™ + 5.53x10>"
7.25x107° + 4.80x107
4.10x10™* + 2.12x10™
7.32x10™ + 5.90x10™
1.02x10* + 1.19x10™
7.07x107* + 4.26x10™""
7.86x107* +3.12x10™
2.32x10* +£9.22x10°"
6.26x10° + 3.46x10™"

1.48x10™ + 1.08x10™*
2.57x10™ +9.82x10°

7.98x10™ + 7.85x10™*

6.37x107* + 3.22x10™*""

1.27x107 + 5.67x10™
1.98x107 + 7.56x10™
4.59x10™* +2.59x10™
2.90x107 + 1.54x10°

7.63x10° +2.81x10°"

1.95x107 + 6.84x10™
1.73x107 + 7.57x10™*
7.64x10™ +3.10x10™
1.91x107 + 3.04x10™
5.45x10° + 1.89x10°
3.31x107 £ 2.68x107

6.68x107* £ 9.75x10™"

6.51x10™ + 4.36x10*"

2.51x10™* + 6.26x10°
6.43x10° +3.71x10™"

4.86x10™ +2.70x10™*"

7.07x10 + 5.14x10*
1.13x10™ + 7.63x107°
1.02x10° + 5.73x10™*
9.64x10™* + 4.22x10*
2.27x10* £ 9.66x107°
5.51x10° £2.17x10°

1.87x10* + 1.27x10™* ™

3.45x10™ + 3.24x10™

4.85x10™ + 5.48x10°"
7.52x10™* + 5.58x10™"

1.61x10° + 1.07x10™"
2.23x10° +9.14x10*
5.11x10™* +2.62x10*
3.59x107 +2.55x10°"
9.68x10~ + 5.81x10°"
2.44x107 +1.32x10°"
1.64x107 + 6.93x10™*

8.65x10™ +£2.45x10™*"
2.51x107% + 1.60x107

5.97x10° +2.71x10°"
2.80x107 + 2.65x10°

4.87x107 + 3.64x10™""
1.20x107 + 1.27x10™

2.32x10* +1.29x10™
1.03x10™* + 8.19x10°°
4.61x10* +3.26x10™
4.52x10™ + 3.18x10™"
8.52x10° £9.11x10™"
1.04x10° + 5.72x10™*
8.92x10™* +3.09x10™
1.99x10* + 5.25x10°
1.30x10™ +2.39x10™*

Concentration of the molecules is reported as mmol/L. Significant differences with respect to TI are
indicated with * (P<0.1) and ** (P<0.05)
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correlation between fecal levels of lactobacilli and
bifidobacteria was observed across the entire study
(R=0.34, p=0.013). To highlight other species that
could reveal the health conditions of the patients
independently from the kind of treatment explored,
we set up a two-tailed Wilcoxon test comparing
TO and T1 time points for the 13 studied subjects.
A. muciniphila showed a decrease with a high
level of significance (p=0.0017), as shown in Fig.
4. The latter trend was confirmed also when TO
was compared with T2 (p=0.026). Interestingly,
A. muciniphila and lactobacilli were found to be
inversely correlated across the entire study (p<0.01).
In this context, analysis of variance revealed that
the tested treatments did not have different effects
on the concentration of 4. muciniphila or on the A.
muciniphila /lactobacilli ratio.

Analysis of fecal metabolome
To understand how the

consideration could affect the
profile, a metabolomics investigation was set up
by means of 'H-NMR. Sixty-five molecules could
be quantified, pertaining to the chemical groups of
amino acids, short chain fatty acids, organic acids
and monomeric carbohydrates. Six molecules more
could be quantified, with a partially unclear structure,
and therefore denoted with the location in the NMR

treatments under
fecal molecular

Akkermansia muciniphila species

Lactobacillus genus
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spectrum, expressed in ppm. To highlight the effects
that the four tested treatments had in common,
we set up a two-tailed Wilcoxon test comparing
TO against the other time points for the 13 studied
subjects (Table II). The molecular profile at T1
differed from the one at TO in the concentration of
16 molecules. As many as 6 aminoacids and the non-
proteinogenic aminoacid taurine resulted significant
in this comparison. Interestingly, all were found to
increase along time. In addition, these trends were
confirmed by the TO-T2 and TO-T3 comparisons.
The concentration of formate was found to
increase as a consequence of the treatments, both
immediately and in the long term, while the opposite
was found for valerate and its derivative 2-hydroxy-
3-methylvalerate.

Comparison of fecal microbiota — fecal metabolome

To highlight peculiarities in the effect of
the studied treatments on the microbiota and
on the molecular profile, we set up a three-step
protocol. Firstly, for each quantified molecule the
concentration changes between TO and T1 were
calculated for each subject. Secondly, a Kruskal-
Wallis test revealed that these changes were
significantly related (p<0.1) to the tested treatments
for 18 molecules, namely tryptophan, phenylalanine,
4-hydroxyphenylacetate,

tyrosine, urocanate,

Bifidobacterium genus
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Fig. 4. ¢PCR results for A. muciniphila, lactobacilli and bifidobacteria in SUDD patients at enrolment (T0), after 14 days
of therapy (T1), and after 30 (T2) and 60 (T3) days of washout. The amount of each bacterial group was normalized for
each subject and calculated as the log number of targeted bacteria minus the log number of total bacteria.
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X-6.363, X-5.779, uridylate, galactose, X-4.197,
threonine, sarcosine, methionine, 2-oxoisocaproate,
5-aminolevulinate, alanine, leucine and valerate.
Finally, the centered and scaled concentrations of
these molecules and of lactobacilli, bifidobacteria
and 4. muciniphila were employed to calculate a PCA
model (Fig. 5). Its correlation plot (Fig. 5B) showed
that the concentrations of microorganisms were
scarcely related to PC 1, while deeply influencing
PC 2, representing 13.7% of the total variance of the
data. In particular, while 4. muciniphila appeared as
positively correlated with PC 2, bifidobacteria and,
at a much higher extent, lactobacilli were negatively
correlated with it. The distribution of samples along
PC 2 of the score plot therefore represented a handy
method to observe how the molecular profile co-
evolved with microbiota in response to the tested
treatments. For this reason, the median position
of the samples along PC 2 is more conveniently
highlighted in Fig. 5C. In subjects treated with
probiotics and, to a lower extent, with rifaximin, the
metabolite profile showed at T1 a positive correlation
with lactobacilli/4. muciniphila ratio, the latter being
higher than that at TO. Subjects treated with fibers
and, to a lower extent, with mesalazine showed an
opposite correlation with such ratio. From T2 onward
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subjects treated with probiotics moved steadily
towards an even more favorable lactobacilli/A.
muciniphilaratio, so that samples obtained in the time
lapse T1-T3, cumulatively considered, showed PC 2
scores lower than those at TO (p<0.05). Contrarily,
subjects treated with rifaximin remained stable.
Remarkably, during the same time lapse, subjects
treated with mesalazine and fibers showed a marked
movement towards positive values of lactobacilli/4.
muciniphila ratio, so that each of the treatments led
to a median condition at T3 that could be considered
as more favorable that that at TO.

The correlation plot of Fig. 5B allowed ranking
the molecules according to their influence over the
trends. Molecules that mainly contributed to the
distribution of the samples were further highlighted
by applying the sparsity principle (21). Leucine and
alanine therefore appeared as the most important
molecules in determining the samples’ trends along
PC 1, while threonine and 4-hydroxyphenilacetate
appeared as the most important in determining the
samples’ trends along PC 2.

Comparison between symptoms fecal microbiota
and fecal metabolome
In order to highlight possible relationships
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PC 2 expl. var. 13.7%
o
|
(=)
&
w

-0.54
4.197

Correlation molecule conc. - PC 2

X-6.363 5-Aminolevulinate
2-ox0if

X-5.779 Uridylate

100 {C (F1

4-Hydroxyphenylac: ‘m

50

Tyresine

Lactobacilli Methigfiine 50

Distance from TO relative to fibers
°
I I N N N N N S [ S S S
o

T T
-6 -4 -2 0 2 4 6 -1.0 -0.5
PC 1 expl. var. 25.4%

Correlation molecule conc. - PC1

T T T T T

T T
0.0 0.5 1.0 T0 T T2 T3
Time points

Fig. 5. PCA model built on the space constituted by lactobacilli, bifidobacteria and A. muciniphila concentrations
together with the concentration of the molecules resulted significant from a Kruskal-Wallis test between time points T0
and T1. In the scoreplot (A), samples from people treated with probiotics (P), fibers (F), rifaximin (R) and mesalazine (M)
are represented with triangles, squares, diamonds and circles, respectively. For each group, the median position in the
scoreplot is indicated with the initial letter of the treatment followed by the time point. Samples at T0 are superimposed
and are indicated with a 1 number. In the correlation plot (B), the concentric circles highlight a correlation between
molecule concentrations and molecule importance in the model of 0.5 and 1, respectively. The molecules are surrounded
by a square when selected according to the principle of sparsity along PC 1 (horizontal arrow) or PC 2 (vertical arrow).
C) Median position of the samples along PC 2. To ease a visual comparison across groups, each position has been scaled
to the greatest, that of the fibers group at T1, set to 100 arbitrary units.
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between SUDD symptoms and the overall
information obtained on microbiota and metabolome
from the corresponding PCA model, we calculated
the correlations between the PC 2 scores reported in
Fig. 5A and the scores of lower abdomen pain, left
lower abdomen pain and meteorism. None resulted
as significant, and only left lower abdominal pain
seemed to show a trend towards a relationship with
A. muciniphila and metabolome. Contrarily, when
the single clinical scores were substituted by their
overall trend, summarized by PC 1 in Fig. 3A, then
a highly significant correlation was found (p<0.01).

DISCUSSION

Current data on microbiota in diverticulosis/
diverticular disease are quite conflicting. For
example, Proteobacteria phylum seems to be
increased in diverticulosis (24) but not in acute
diverticulitis (3), while characteristics of microbiota
in diverticular disease change significantly among
the studies, probably due to different and difficult
sampling and low number of patients enrolled (4, 5,
25-27). The only datum currently shared is that no
clear evidence of substantial associations between
the microbial community and diverticulosis among
cases and controls can be found (4, 5, 24).

In our study, clinical, microbiological and
metabolomic changes in SUDD patients after
treatment were analyzed. In spite of the small
sample size of the study population, our results
revealed for the first time that the most frequently
employed treatments for SUDD bring common
changes to the fecal microbiota and metabolome
composition, correlated to the improvements of
clinical symptoms. In light of these findings, several
interesting considerations can be pointed out.

This study showed for the first time that there
is a relationship between symptoms expression,
fecal microbiota imbalance and fecal metabolome
expression in SUDD patients. Interestingly, there
was no specific symptom significantly linked with
fecal microbiota and fecal metabolome, even if left
lower abdominal pain was the symptom that best
characterized SUDD. On the contrary, when single
symptom analysis was substituted by their overall
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trend, a highly significant correlation was found. A
possible explanation of this finding is that SUDD
has a multi-factorial pathogenesis, ranging from
microbiota imbalance to colonic motility imbalance
and low-grade mucosal inflammation (7). Each of
these components could regulate the symptoms
and, at the same time, influence fecal metabolome
expression.

The second strength of this study is that fecal
amounts of A. muciniphila, a mucus-degrading
species (28), could represent a biomarker of SUDD.
We recently found a significant increase of 4.
muciniphila relative abundance in fecal samples of
SUDD patients in comparison with healthy controls
(5). The present study found that A. muciniphila
significantly decreased at the end of treatment,
and was still significantly lower 30 days later,
however, the reduction was not significant at the
end of the observational period. A reduced fecal
level of Akkermansia relative abundance has been
recently reported in subjects over 49 years of age
in comparison to younger patients (29). A great
advantage of our study was the reduced age range
of patients. Indeed, all the patients included in our
study were over 50 years of age. The age-related
amount of this species could also explain why the
previous studies on gut microbiota in diverticular
disease did not report variations in the level of 4.
muciniphila (3, 4). From our results it is not possible
to know whether the fecal increase of A. muciniphila
is due to an increased multiplication of this species
in the gut or to shedding of intestinal mucosal layer
containing the microorganism in SUDD patients.
We can only hypothesize that A. muciniphila could
represent a biomarker of SUDD occurrence in
patients having diverticula. It is noteworthy that the
relative abundance of A. muciniphila in SUDD seems
to be inverse to that occurring in ulcerative colitis
(30). This means that the increase or reduction of
the same bacterial species may characterize different
colonic diseases, sharing an inflammatory pathway
but having a different pathogenetic mechanism (31).
On the other hand, the relative abundance of A.
muciniphila was recently positively correlated with
damaged histopathology and colonic inflammation in
an experimental colitis model (32) and exacerbated
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gut inflammation in Salmonella Typhimurium-
infected gnotobiotic mice (33).

Moreover, we found that A. muciniphila and
lactobacilli were inversely correlated across the entire
study (p<0.01) and this inverse relationship confirms
the protective value of lactobacilli abundance in the
occurrence of SUDD, and may explain the efficacy
of lactobacilli supplementation in controlling
symptoms in SUDD patients (9). Interestingly,
rifaximin, besides its typical antimicrobial effect,
promotes the growth of beneficial bacteria, such as
bifidobacteria and lactobacilli of the gut microbial
community (34, 35).

The third strength of this study is that fecal
metabolome in those patients showed an overall
trend that paralleled those of symptoms and fecal
microbiota. We found that fecal metabolome clearly
changed after SUDD treatment, with a trend towards
restoration during the observational period. Several
molecules significantly changed during the follow-
up. The presence of ethanol has been linked to yeast
overgrowth as well as bacteria synthesis by the
Embden-Meyerhof pathway (36). Formate and some
amino acids, including valine, have been recognized
as substrates for microorganism fermentation, leading
to the production of short chain fatty acids (SCFAs),
one of which is valerate (37). The increase we noticed
in concentration of formate and 6 aminoacids,
paralleled by the decreased concentration of valerate,
seems to suggest that the conversion of the former in
SCFAs is reduced by each of the treatments applied. It
is worth noticing, in this context, that fibers increased
consumption is generally recognized to be associated
to an increase of SCFAs (38). The opposite trend we
find here is therefore coherent with the observation
that we here face a different phenomenon, peculiar
to the microbiota linked to SUDD. In the quest to
identify such mechanism, it is interesting to observe
that SCFA production from peptides has been found
to be depleted, in in-vitro systems, by the increase of
several saccharides (39). If we observe the trend of
the most important molecules arising from the PCA
analysis of microbiota/metabolome (see Fig. 5B),
we can see that SCFA production from peptides and
organic acids, mediated by saccharides, seems to be the
most important metabolic parameter for metabolome
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restoration. SCFA seems therefore to play a mainstay
role in the complex metabolic pathway characterizing
SUDD npatients, as hypothesized in the past (7) but
not clearly confirmed until now. Going into detail
regarding the effect of each treatment on the fecal
metabolome, we found that fibers, mesalazine and
probiotic mixture VivoMixx® were able to modify
it considerably in the short term, with a return to the
initial levels during the follow-up. On the contrary,
rifaximin was not able to significantly modify fecal
metabolome in those patients, but why this occurs is
unknown.

In conclusion our results indicate that, as expected,
each treatment reduces clinical symptoms at the end
of product administration, however only probiotics
are able to maintain and reinforce such improvement
60 days after the end of the therapeutic trial. Probiotic
administration also resulted the only treatment
producing a linear improvement in the T1-T3 time-
lapse of metabolome/microbiological data.

The main limits of this study are the small number
of subjects enrolled and fecal assessment of microbiota,
with no possibility to conclude whether fecal abundance
of A. muciniphila is due to actual changes in bacterial
numbers, or alterations of the mucosal layer and gut
architecture in SUDD patients. Indeed, microbiota in the
mucus layer differs from that of the intestinal lumen, and
A. muciniphila is closely associated to the gut mucosal
layer (40). Also fecal metabolites may arise from
mucosal rather than fecal microbiota activity. Finally,
assessing symptoms depending on therapy could be
influenced by investigators’ judgment. A randomized,
double-blind study would be the preferred design in
assessing this specific point, and further studies have
to adopt this specific design. Although no definitive
conclusions can be drawn, this pilot study shows
clearly that fecal metabolome and microbiota changed
in patients with SUDD under treatment, suggesting
a possible role of dysbiosis/dymetabolome in the
pathology and suggesting that further larger studies are
needed to confirm these results.
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Clinical evidence on knee osteoarthritis suggests that intra-articular administration of hyaluronic
acid may be useful in the management of patients with persistent pain. This study assesses the
duration of effectiveness of a single intra-articular hyaluronic acid injection in a large population of
patients with knee osteoarthritis. This retrospective post-marketing cohort study collected data from
the ANTIAGE Registry (http://www.antiagefbf.it/registro), selecting patients of age > 40 years, with
symptomatic knee osteoarthritis (Kellgren-Lawrence grade I-III) of > 12 months duration, and > 12
months of follow-up. Patients had received a single intra-articular injection of high molecular weight
hyaluronic acid (1,500-2,000 kDa) at baseline. WOMAC Osteoarthritis Index total scores measured
using the LK 3.1 scale and 10 cm VAS pain scores were evaluated before IA Injection and at 6, 9, 10, 11
and 12 months. Blood cell counts, uricemia, erythrocyte sedimentation rates and levels of C-reactive
protein were measured at baseline and 12 months. Time from initial treatment to second injection
up to 12 months was recorded to assess event-free survival. Included patients (n = 187) were 53.5%
female and had a mean (+SD) age at baseline of 62 (+16.6) years and mean (+SD) body mass index of
26.2 (£2.5) kg/m?. Mean (£SD) WOMAC index total score and VAS pain scores were 60.9 (+7.1) and
5.9 cm (£1.8), respectively. There were statistically significant reductions compared to baseline in
mean WOMAC index total score and VAS pain score at all time points (p <0.01 at 6 and 9 months; p<
0.05 at 10, 11 and 12 months for both parameters). These results support the clinical effectiveness and
safety of hyaluronic acid for up to 12 months for pain relief and function improvement in patients with
knee osteoarthritis, confirming previous data on intra-articular administration of hyaluronic acid as
chronic therapy in the management of knee osteoarthritis.
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Osteoarthritis (OA) is a common cause of joint pain
in adults, and its incidence is expected to increase with
increases in lifespan and obesity (1). OA often causes
physical impairment and social isolation, especially
when the hip or knee is involved. Synovial fluid from
patients with knee OA contains reduced concentration and
molecular weight of the glycosaminoglycan hyaluronic acid
(HA) (2, 3). Several studies suggest that intra-articular (IA)
administration of HA may be useful in the management of
patients with persistent knee pain associated with OA (4).

This treatment has generally been accepted in OA
management guidelines; however, there are discrepancies
between guidelines and clinical practice (5). It was not
recommended in the 2014 NCC-CC guidelines (6), nor
in the 2013 AAOS guidelines (7), and received a rating
of ‘uncertain’ in the 2014 OARSI statement (8). It has
been suggested that the conflicting results of some of the
meta-analyses that informed these decisions may have
resulted from methodological differences or flaws (9, 10).
In particular, some guidelines do not differentiate among
HA-based products, but considered them as a single class
of compounds. However, HA-based preparations for intra-
articular administration vary in concentration, molecular
weight and injection protocol. Their molecular structure
can also vary, including native HA, and HA derivatives
engineered to increase viscoelasticity and IA residence time.

Clinical experience with a high molecular weight HA
(1,500-2,000 kDa) fraction is summarised in ameta-analysis
by Guidolin et al. (11). The authors review treatment of a
variety of different joints, with a focus on knee and hip,
and conclude that the IA injection of HA (1,500-2,000
kDa) reduces symptoms, and improves both function and
quality of life. Priano et al. (12). conducted a multicentre,
randomised, open label, controlled study on 100 patients
undergoing arthroscopic meniscectomy, showing that
post-operative administration of high molecular weight
(1,500-2,000 kDa) HA was associated with significantly
better clinical outcomes, both in terms of function and pain
symptoms, compared with the surgical procedure alone.
Recently, a prospective study of 168 patients treated with
a single TA injection of the same high molecular weight
(1500-2000 kDa) linear HA fraction showed significant
improvement in symptom outcome measures and knee
function for up to 6 months (13).

In the present study, we evaluated the long-term
effectiveness and safety of IA injections of this high
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molecular weight HA (1,500-2,000 kDa) fraction in
patients with symptomatic knee OA using improvement
in Western Ontario and McMaster Universities
Osteoarthritis (WOMAC) index total scores and VAS pain
scores as clinical outcomes. Our hypothesis was that the
effectiveness of a single IA injection of high molecular
weight (1500-2000 kDa) may extend beyond 6 months.

MATERIALS AND METHODS

Study design

This is a retrospective analysis of data from the
multicentre ANTIAGE osteoarthritis registry (http://
www.antiagefbf.it/registro). We identified patients with
mild to moderate knee OA who had received IA injections
of a highly purified solution of sodium hyaluronate with
a molecular weight (MW) of 1,500-2,000 kDa in the
affected knee, with the first injection between January
2015 and November 2016.

Study population

Included patients were > 40 years of age with an
X-ray-confirmed diagnosis of mild to moderate knee OA
of Kellgren-Lawrence (KL) grade 1-3 in the treated knee
and moderate to severe walking pain with 10 cm visual
analogue scale (VAS) pain scores between 4 and 8 cm in
the treated knee, who had received IA injections of high
molecular weight HA (1,500-2,000 kDa) and had complete
follow-up data in the ANTIAGE osteoarthritis registry.
All data were obtained with prior ethics committee
approval and presented following the STROBE checklist
for cohort studies. Patients gave written informed consent
to participate in the study.

Exclusion criteria were: severe OA (KL grade 4);
concomitant use of oral anticoagulant therapy, severe
comorbidities (e.g., rheumatologic disease, low back pain,
femoral head osteonecrosis), significant varus or valgus
deformity requiring surgical correction, inflammatory
diseases that might affect joints, positive history of sepsis
or subacute infection in any joint, relevant lymphatic stasis
in the treated knee, hypersensitivity to any component
of the HA-based preparation, treatment with HA or HA
derivatives in the previous 6 months or with IA steroids in
the previous 3 months.

We enrolled 187 patients meeting all criteria. Mean
age was 62 (+£16.6) years and there was a tendency toward
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overweight. Most patients had moderate knee OA (93.6%
KL grade 2 or 3) affecting only one knee (unilateral
89.6%). Characteristics of the study cohort at baseline are
presented in Table 1.

Procedures

Radiological evaluations using the KL OA scale were
made on an X-ray taken no more than 6 months prior
to treatment. Pain was evaluated on a 10-cm VAS. The
WOMAC Osteoarthritis Index (WOMAC) total score
was assessed with the WOMAC LK 3.1 scale, which
provided a composite measure of pain, function and
joint stiffness. Changes from baseline greater than 16
points were considered clinically significant (14). Data
from patient records matching the above-mentioned
inclusion and exclusion criteria were extracted from the
ANTIAGE registry. Clinical history and demographic
information had been recorded at baseline, when all
patients had received a single 4 ml (60 mg) IA injection
in the affected knee of HyalOne® (second brand name

®,

Hyalubrix®60), a viscoelastic solution containing HA

Table 1. Characteristics of the study cohort at baseline.
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sodium salt with a molecular weight range of 1,500-2,000
kDa obtained by bacterial fermentation (Hyalubrix®60
package insert: http://www.hyalubrix.it/foglietto
illustrativo_hyalubrix 60.pd). Additional injections were
administered if clinically requested during follow-up.
Data were collected on follow-up visits at 6, 9, 10, 11 and
12 months after injection, when VAS pain and WOMAC
OA index were assessed.

A blood sample routinely collected at baseline and
yearly thereafter was used to assess blood cell counts,
uricemia, erythrocyte sedimentation rates and levels of
C-reactive protein; patients with clinically significant
abnormalities are not injected and are examined and/or
treated for comorbidities. Time to second injection was
recorded to perform an event-free survival analysis,

defined as the time from initial treatment to retreatment.

Study endpoints

The primary endpoint was the change from baseline in
the WOMAC total score. Secondary endpoints included
duration of symptom relief after a single TA injection of

Patients (n) 187
Men 87 (46.5%)
Women 100 (53.5%)
Age, years, mean (+SD) 62 (£16.6)
BMI, mean (£SD) 26.2 (£2.5)
Weight, kg, mean (+SD) 74.7 (£10.9)
Height, cm, mean (+=SD) 168.3 (£7.8)
Smokers, n (%) 48 (26%)
WOMAC index total score, mean (+=SD) 60.9 (£7.1)
10 cm VAS Pain, mean (+SD) 5.9 (£1.8)
NSAID intake, mean days/month (+SD) 6.4 (£6.2)
Diabetes mellitus, n (%) 12 (6.4%)
Knee affected, n (%)

Right 80 (42.7%)
Left 86 (45.9%)
Bilateral 21 (11.4%)
Kellgren-Lawrence radiological index, n

(%)

Grade | 12 (6.4%)
Grade 11 79 (42.2%)
Grade 111 96 (51.4%)
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HyalOne®, measured with VAS pain score, time to second
injection, safety of single or repeated IA injections and
changes in hematochemical tests.

Statistical analysis

After the first IA HA injection at baseline, data were
collected on follow-up visits at 6, 9, 10, 11 and 12 months.
All included patients had attended the baseline visit and
all 5 follow-up visits. Data for continuous variables are
expressed as mean +standard deviation (SD), whereas
those for discrete variables are reported as counts and
proportions. WOMAC index total score and VAS pain
scores were recorded at each study visit, and changes from
baseline were assessed using the Wilcoxon test for paired
data. Significance was defined as p <0.05. Statistical
analyses were carried out using Stata software version 13
(StataCorp, College Station, TX, USA). Data on blood
cell counts and serum values were compared at baseline
and study end using Pearson’s tests.

RESULTS

Over the 12 months of follow-up, pain scores and
WOMAC total scores were lowest at the 6-month
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time point, before gradually increasing during the
subsequent 6 months for patients not yet requiring a
second intra-articular injection of HA (Fig. 1).

We assessed the time to treatment failure, when a
second IA injection of HyalOne® was administered.
The effect duration was approximately 9 or 10
months in 62% of patients, whereas the effect
duration in the remaining 38% was between 11-
12 months. At 9, 10, 11 and 12 months, the second
injection was administered to 60 (32%), 56 (30%),
39 (21%) and 32 (17%) patients. Event-free survival
after the first injection was assessed using Kaplan—
Meier analysis of the time to second injection up to
12 months (Fig. 2).

The clinical course of patients receiving HA
injections was followed by assessing pain, stiffness
and physical function at each visit, up to treatment
failure. The 10 cm VAS pain and WOMAC total
scores at treatment failure, when patients with knee
OA required a second IA HA injection, are presented
in Table II.

Blood values for markers of inflammation were in
the normal range at both baseline and after up to 12
months of follow-up, without statistically significant

10 cm VAS Pain Score, mean + SD

O B N W H» U1 O N 00 O©
1

0 2 4 6 8 10 12
Time after first injection, months

Fig. 1. Changes in WOMAC total score (A) and pain (B) over 12 months of follow-up for patients not yet requiring a
second intra-articular injection of hyaluronic acid. There were 187 patients at baseline, 6, and 9 months, 127 patients at
10 months, 72 patients at 11 months and 32 patients at 12 months.
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differences (Table III). However, there was a non-
significant trend toward reduction in the level of
CRP after 12 months.

Safety

No systemic or severe local side effects were
reported after the first or the second injection. In
8 cases, there was a sensation of pain lasting from
several hours to a few days, regressing spontaneously
without requiring medical intervention.

DISCUSSION

IA injection of HA and HA derivatives has gained
consensus among practitioners who recognize this
approach as a safe and effective treatment of OA (15,
16). Meta-analysis of 54 eligible trials that included
7545 patients demonstrated the effectiveness of this
treatment for knee OA, with improvements in pain
scores, function and patient global assessment (17).

The molecular weight of HA is an important
characteristic that influences its physical and
biological properties. HA molecular weight
fractions between 500 and 2000 kda are associated
with improved lubrication and resistance to surface
wear in in vitro tests. In addition to improving
the rheological properties of synovial fluid,
high molecular weight HA has long-term anti-

100
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Patients, %
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Fig. 2. Kaplan-Meier survival analysis of time to second
14 Injection of high molecular weight hyaluronic acid
(HyalOne®), in 187 patients who received more than one
injection.
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inflammatory effects that are not observed with low
molecular weight (< 40 kDa) HA fractions (18,19).
Higher molecular weight HA has longer residence
time in synovial fluid. HA molecular weight can be
increased through cross linking to provide higher
viscosity, improve rheological properties and
longer joint residency times; however, cross-linked
preparations are associated with a higher frequency
of adverse events (20).

Researchers have sought to improve and prolong
the effectiveness of IA HA by combining HA with
other agents, including polyols, corticosteroids and
platelet-rich plasma (PRP). The addition of a polyol
such as mannitol or sorbitol is thought to increase
viscosity and prolong residency time by reducing
the oxidative degradation of HA that occurs after
IA injection (21). The efficacy and safety of IA
HA combined with mannitol has been tested in a
double-blind, controlled clinical trial and found
to be similar to IA HA alone (22). Corticosteroids
have been combined with HA for OA. High doses
of TA corticosteroids are indicated for severe acute
inflammatory flares not responding to treatment
with NSAIDs (23); however, they are not suitable
for long-term therapy. A meta-analysis of 7 trials
comparing IA corticosteroids with IA HA revealed
that corticosteroids are more effective during the
first 4 weeks, after which [A HA provides superior
benefits that continue for months (24). A preliminary
controlled study comparing IA HA with or without
a much lower dose of corticosteroid (10 mg
triamcinolone acetonide) revealed earlier onset of
pain relief with the combination (25), however these
preliminary results require confirmation in a larger
study. Platelet-rich plasma (PRP), a source of growth
factors that influence chondrocyte proliferation
and extracellular matrix production, has also been
combined with IA HA for treating knee OA. Clinical
studies have had mixed results, with one study
showing no additive effect (26), and another study
showing a synergistic effect between PRP and HA
27.

It has been suggested that data from controlled
trials of IA HA treatment should be integrated with
data from the real-world setting and from studies
with longer follow-up (5). We report data on the
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impact of a single IA injection of a 1.5% formulation
of natural HA with MW in the range 1500-2000 kDa
in a real-world setting, showing control of symptoms
and functional improvement in a large cohort of
patients followed retrospectively for one year.
Previously, Vetro et al. (13) conducted a 6-month
open study on a prospective cohort of 168 patients
treated with a single IA injection of the same high
molecular weight (1500-2000 kDa) linear HA
fraction, demonstrating a significant improvement
from baseline in all symptom outcome measures
and an improvement in knee function confirmed

A.MIGLIORE ET AL.

by results on both the WOMAC index and Knee
injury and Osteoarthritis Outcome Score (KOOS)
instruments that was maintained through 6 months.
The study population in that cohort was younger than
ours (mean age 54 vs 62 years), had more severe knee
OA (VAS pain scores 77 vs 59 mm) and a shorter
follow-up (6 months vs 12 months). Our results show
that the findings of significant continuing response
after a single IA injection of high molecular weight
(1500-2000 kDa) in the 6-month study conducted by
Vetro et al. (13) may be extended for several months
beyond the six-month time point. This has important

Table I1. VAS pain and WOMAC total scores from baseline to the time of the second intra-articular injection of high
molecular weight hyaluronic acid (HyalOne®) for knee osteoarthritis.

Time of second Study visit

njection

(pts., n) Baseline | 6 months | 9 months | 10 months | 11 months | 12 months
9 months (60)

VAS Pain 6.5+2.1 1.8£1.3*% | 2.4+1.4*

WOMAC 63.4+6.3 38.244.3* | 39.1+5.2%

10 months (56)

VAS Pain 7.3+1.8 2.6£1.5% | 2.8£1.7% | 3.2+£2.4%*

WOMAC 58.7+7.2 | 34.3+6.3* | 35.3+5.5* | 38.1+6.1**

11 months (39)

VAS Pain 5.9£1.4 2.1£0.9* | 2.8+1.6* | 3.1x1.8** | 3.3+].7**

WOMAC 61.3+8.1 31.146.2* | 34.24£5.9* | 35.3+7.1** | 38.1+8.1**

12 months (32)

VAS Pain 6.8+1.2 2.4£0.4* | 2.7£0.7* | 3.4+1.3* 3.8£1.6%* | 4.0£]1.2%*
WOMAC 59.546.8 | 33.7£5.9* | 36.4+7.2* | 39.3+8.4* | 41.4+8.8%* | 42.7+7.5%*

Scores are expressed as mean +£SD: before treatment and then after 6, 9, 10, 11 and 12 months. *Significant difference
compared to baseline (p <0.01). **Significant difference compared to baseline (p <0.05).

Table IIL. Biochemical values for serum markers of inflammation at baseline and after up to 12 months of follow-up.

Baseline Follow-up p-value Reference value
Hematocrit, % 47+6 4547 0.631 38-54
Red blood cells/pl 5.20+2.1 x 10° 5.32+2.2x 10° 0.761 4.0-5.6 x 10°/ul
White blood cells/pl 5.600+3.700 6.100+3.900 0.568 4.000-11.000/pl
CRP, mg/dl 1.8+1.3 1.1+0.7 0.074 <3 mg/dl
ESR, mm/h 18.4£11,8 18.1 13,4 0.713 <25 mm/h
Uric Acid, mg/dl 4.3+1.7 4.1+1.5 0.589 < 6 mg/dl

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate.
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implications for the timing of subsequent injections,
and may mean that it is possible delay retreatment,
with associated cost savings over the course of long-
term treatment.

In our study population, the effect duration,
determined by the timing of a request for a second
injection, was between 9 and 10 months in 62% of
our patients. The remaining 38% of patients required
retreatment more than 11 months after the first
injection. Putting this in perspective, it means that [A
HA treatment in patients with KL radiological grade
1-3 knee OA results in 2 out of 3 patients requiring a
second treatment after 9 to 10 months, and 1 out of 3
patients requiring a second treatment after 10 months.

In the future, it would be useful to identify factors
that predict the timing of the need for retreatment
with HA. There was a rapid effect at 6 months in
all patients, corresponding to a clinically significant
improvement in the WOMAC total score, followed
by a modest progressive worsening of outcome
measures that did not return to initial baseline levels
during the observation period, and more importantly,
the improvement remained -clinically significant
throughout follow-up. The non-significant trend
toward reduction of CRP level after 12 months (Table
III) could be compatible with a reduction in the local
level of inflammation, which would also be supported
by the reduction of NSAID consumption and absence
of flares during follow-up. The anti-inflammatory
effects of IA injection of HA in knee OA have
been attributed to interactions mediated by the cell
surface receptors CD-44, toll-like receptors 2 and 4,
intercellular adhesion molecule-1, and layilin (19).

Limitations of this study include the retrospective
design and absence of a control arm with placebo or
active comparator. Moreover, we did not assess the
effectiveness of subsequent injections on outcomes.
However, long-term follow-up of patients with
symptomatic OA of the hip treated with IA injection of
HA at least every six months supported the continuing
effectiveness after 7 years of follow-up. In that study,
patients were evaluated with the Lequesne index,
pain VAS, NSAIDs intake, global medical and patient
assessments every six months from baseline. Patients
were categorized by age class, gender and body mass
index (BMI), and all groups had statistically significant
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reductions (p <0.05) at all time points compared to
baseline for the Lequesne index, pain VAS, NSAIDs
intake and global medical and patient assessments,
confirming the long-term efficacy and safety of HA
in the treatment of osteoarthritis (28). This is also
reflected in the findings from a retrospective cohort
of 182,000 patients with a diagnosis of knee OA
identified in an administrative claims database (29).
Patients who had received IA HA injections had a
significantly longer time to total knee replacement
(p < 0.0001). Moreover, there was a dose-dependent
increase in the mean time to knee replacement: no HA,
0.7 years; one cycle, 1.4 years (p <0.0001); >5 cycles
3.6 years (p < 0.0001). These results were confirmed
in a similar study of 267,345 patients with incident
knee OA from a Medicare database. Receiving [A HA
was associated with a median 8.7-month delay in total
knee replacement compared to patients not receiving
HA (95% CI 8.3-9.1 months; P < 0.001) (30).

Our results support the clinical effectiveness and
safety of [A injections of high molecular weight HA
(1,500-2,000 kDa) in patients with symptomatic knee
OA. After 9 months of follow-up, a second injection
was requested by 60 patients (32%), at 10 months
by 56 (30%), at 11 months by 39 (21%) and at 12
months by 32 (17%) patients, demonstrating the
long-term effectiveness of intra-articular HyalOne®
injection therapy, which was associated with a
clinically significant improvement in WOMAC total
scores.

Declaration of Conflicting Interests. AM received
grants or fees from Pfizer, MSD, Fidia, Sanofi, IBSA.
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This study aimed to assess the molecular mechanism of the histone deacetylase inhibitor (HDACI)
valproate acid (VPA) alone or in combination with the antipsychotic drug chlorpromazine in the
epigenetic regulation of schizophrenia. A total of 60 perinatal CD-SD rats were divided in a control
group (16 animals) and a schizophrenia model group (44 animals). For the schizophrenia model group
the rats received phencyclidine (PCP) 10 mg/kg/day by intradermal injection on days 7, 9, and 11 after
birth. The model was confirmed by the Morris water test in 40 rats. The control and model rats were
divided into 7 groups. The Real Time PCR assay was used to detect the mRNA expression changes of
GABA system gene [GABBR1 (GABA B receptor 1)], GAD1 (glutamic acid decarboxylasel), GAD2
(glutamic acid decarboxylase2), Lipase metabolic key enzyme LPL (lipoprotein lipase) gene, glutamate
neurotransmitter gene GRIA2 (AMPA subtype glutamate receptors 2), inward rectifier potassium
channel members KCNJ4 (potassium voltage-gated channel subfamily J member 4) and neuropeptide
signal gene TAC1 (tachykinin precursor 1,TAC1) in four brain regions: the prefrontal cortex (PC), the
amygdala (AM), the caudate-putamen (CPU) and the hippocampus (HIP). The platform arrival time of
PMYV and PMVC groups was significantly reduced compared to the PM group, the reduction being more
significant in the PMYV group. In the four brain regions of the epigenetic animal model of schizophrenia,
the expression of GABBR1, GAD1, and GAD2 genes increased significantly. Following administration
of HDACI VPA, the mRNA expression of this gene in the four brain regions decreased or approached
normal levels. GABBR1 GAD1 and GAD?2 are likely to be the target genes affected by the HDACI VPA.

To the Editor,

Schizophrenia is a neurodevelopmental disorder.
Histone modification is one of the epigenetic
mechanisms caused by the dual influence of genetic
and environmental factors (1, 2). It has been reported
that the role of histone deacetylases (HDACS) to

inhibit gene expression is likely to be involved in the
pathogenesis of schizophrenia (3-5). HDACIs can
regulate the expression of genes by inhibiting the ability
of HDAC enzymes to regulate the level of histone and
non-histone acetylation (6). It has been reported that
the histone deacetylase inhibitor (HDACI) valproic
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acid (VPA) can effectively induce DNA demethylation
and chromatin remodeling in the preclinical model of
psychosis (7). Its mechanism may be related to the
enhancement of gamma aminobutyric acid (GABA)
levels and the inhibition of the N-methyl-D-aspartic
acid (NMDA) receptor (8).

In the present study, genes associated with the
GABA axis, such as GABBR1, GAD1, GAD2, LPL,
GRIA2, SYN2, KCNJ4, and TAC1 were selected as
candidate genes. Some studies have reported that the
changes in the expression levels of the above gene
may be associated with the onset of schizophrenia (9).
Initially, an epigenetic animal model of schizophrenia
was established, and the effect ofthe HDACI VPA alone
and in combination with a standard antipsychotic drug
was investigated. Thus, the study aimed to elucidate
the possible molecular mechanisms of VPA with
regard to the epigenetic regulation of schizophrenia
by identifying the possible target genes.

MATERIALS AND METHODS

Main experimental reagents and equipment

The reagents used were as follows: chlorpromazine
(Zhangjiakou Yunfeng Pharmaceutical Co., Ltd.);
phencyclidine (PCP), methionine, valproic acid
(American Sigma); anhydrous ethanol, isopropanol,
chloroform, sodium chloride (Shanghai Lu Shi
Chemical Co., Ltd.); First Strand cDNA Synthesis Kit,
RNA extraction reagent, Fluorescent quantitative PCR
kit, PCR primers (Britain Thermo Scientific), diethy
pyrocarbonate (Beijing Baiao Laibo Technology Co.
Ltd.); and deionized water (Shandong Sihai Water
Treatment Equipment Co., Ltd.).

The equipment used was the following:
Mx3000P Real-Time PCR (American Stratagene);
Epoch nucleic acid protein concentration analyzer
(American BioTek); 2700PCR analyzer (Shanghai
Qigian Electronic Technology Co., Ltd.); Vortex-
Genie2 vortex mixer (Shanghai Damu Industrial
Co., Ltd.); X-RAD 320ix X-ray deep irradiating
instrument (Provided by China Huijia Biological
Shares Co., Ltd.); TGL-16G high-speed desktop
centrifuge (Changsha Xiang Rui Centrifuge
Co., Ltd.); GAX-9240 drying box (Wuxi Marret
Technology Co., Ltd.).
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Model preparation

A total of 60 perinatal CD-SD rats were included
in the study and were kept in strict accordance
with the experimental requirements. After birth
the animals were kept in standard conditions of
254+1°C, humidity of 40+5% and 12-hour light/dark
cycle. The animal experiment was approved by the
ethics committee of the School of Public Health of

Mudanjiang Medical University. The animal model

of schizophrenia was designed using phencyclidine

(PCP) (10). A total of 16 rats received no treatment

and they were classified as controls and the

remaining 44 rats were used for schizophrenia model
preparation. This group of rats received PCP at doses

of 10mg/kg/day by intradermal injection on days 7,

9, and 11 days after birth. After reaching adulthood

(9 weeks), the animal model was successfully

confirmed in 40 rats using the Morris water rat test.

Methionine administration was performed in order

to influence the DNA methylation process and these

epigenetic DNA modifications were shown to play

a role in schizophrenia development (10). In the

present study methionine administration was used to

induce epigenetic changes related to schizophrenia.

Following modeling, the rats were divided into 7

groups (8 rats per group) as follows:

»  Control group (CON) that received no treatment
during the study period;

*  Methionine group (MET) that received only
methionine at doses of 2mL/kgbw/day 2 times/
day for 15 consecutive days during adulthood;

*  Schizophrenia model group (PCP) that received
PCP at doses of 10mg/kg/day by intradermal
injection on days 7, 9, and 11 after birth, and
during adulthood was administered normal
saline solution at a dose of 0.1mL/100g 2 times
per day for 15 consecutive days;

*  Epigenetic schizophrenia model group (PM)
that received PCP at doses of 10 mg/kg/day by
intradermal injection on days 7, 9, and 11 after
birth, and during adulthood was administered
methionine at a dose of 2mL/kgbw/day 2 times
per day for 15 consecutive days;

*  Treatment group with valproic acid (PMV
group) that received PCP at doses of 10mg/
kg/day by intradermal injection on days 7, 9,
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and 11 after birth, and during adulthood was
administered methionine at the dose of 2mL/
kgbw/day. Valproic acid was also administered
at a dose of 20mg/kgbw/day 2 times per day for
15 consecutive days by subcutaneous injection;

*  Treatment group with chlorpromazine (PMC
group) that received PCP at doses of 10 mg/
kg/day by intradermal injection on days 7, 9,
and 11 after birth, and during adulthood was
administered methionine at a dose of 2mL/kgbw/
day and chlorpromazine at a dose of 20mg/
kgbw/day 2 times per day for 15 consecutive
days by subcutaneous injection;

*  Treatment group with valproic acid plus
chlorpromazine (PMVC group) that received
PCP at doses of 10mg/kg/day by intradermal
injection on days 7, 9, and 11 after birth. and
during adulthood was administered methionine
at doses of 2mL/kgbw/day and valproic acid
(20mg/kgbw/day) plus chlorpromazine (20mg/
kgbw/day) 2 times per day for 15 consecutive
days by subcutaneous injection.

Following treatment, the groups were evaluated
by the Morris water test.

Morris water maze experiment

A circular stainless-steel sink (180 cm in diameter,
50 cm height and 60 cm depth) was prepared, and
the water level was controlled at 35 cm. The water
temperature was 23+0.5°C. An appropriate amount
of milk powder was added to the water to make the
water cloudy and opaque. The sink was divided into
four equal quadrants according to the east, south,
west, and north directions. They are denoted NE,
SE, NW and SW, respectively, and four entry points
were marked at the edge of the sink. A platform (28
cm high and 11 cm in diameter) was placed in the
center of the SE quadrant. Various rich references?
were placed around the sink. The space marks
provided by the canopy, the surrounding walls, and
the objects around the labyrinth were always fixed.
One water entry point was selected, and the rats were
put into the sink. Each time the rats were put into the
labyrinth, the rats’ sight was obstructed. The time to
find the platform with a maximum time of 3 min was
recorded, that is, the escape latency of the hidden
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platform. If the rat could not find the platform in the
- min period, then the rat was led to the platform and
retained for 20 s, so that it could learn and memorize
the way and position of the platform. The activity
was carried out twice a day, and each action was
repeated 3 times. After two days, the average results
were taken as the experimental data, and statistical
analysis was carried out.

Extraction of total RNA and the determination of its
purity and concentration

Following establishment of all the animal
models, the animals were sacrificed by cervical
dislocation and the brain tissues were separated by
aseptic operation. This surgical procedure included
4 brain regions: the prefrontal cortex (PC), the
amygdala (AM), the caudate-putamen (CPU) and the
hippocampus (HIP). The brain extracts were stored
in the EP tubes containing Trizol and were stored
at -80°C. Total RNA was subsequently extracted. A
total of 2 pl of RNA was extracted, and the purity
and concentration (ng/ pl) were detected by the
Epoch nucleic acid protein concentration analyzer.

The reverse transcriptase step was carried out in
strict accordance with the Thermo Fisher Scientific
kit Rever Aid First Stand cDNA. The sample mass
of RNA was 5 ng, and the volume of RNA was
calculated according to the measured concentration.
The total sample volume was 12 pl.

The selection of the candidate genes was as
follows: GABA system gene [GABBR1 (GABA B
receptor 1), GAD1 (glutamic acid decarboxylasel),
GAD2 (glutamic acid decarboxylase2)], Lipase
metabolic key enzyme LPL (lipoprotein lipase) gene;
glutamate neurotransmitter geneGRIA2 (AMPA
subtype glutamate receptors 2); inward rectifier
potassium channel members KCNJ4 (potassium
voltage-gated channel subfamily J member 4)
and neuropeptide signal gene TACI (tachykinin
precursor 1, TAC1).

The gene sequences of GADI1, TAC1, GAD2,
LPL, GABBRI1, GRIA2, KCNJ4, and GAPDH
were all referenced to GenBank, and the primers
were designed and synthesized by Primer 5.
The Primer Correspondence Sequence: GADI-
F:ATGGGTGTGCTGCTCCAGTG; GADI-
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R:GTCATACTGGTCTGGCTGGAA; TACI-
F:ACTGGTCCGACAGTGACCAAATC;
TACI-R:CCCGTTTGCTTAATCCA;  GAD2-
F:TGACGCACTGCCAAACAACTC; GAD2-
R:TGCTGCTAATCCAACCATATCCAA; LPL-

F:AGTGACCAGGGACATGTGACTTTG;
LPL-R:GACTAAGGGTCAGGAATCCACGAG;
GABBRI-F:CGAAACCAAGAGCGTGTCCA;
GABBRI1-R:AAAGGCTGCGTCCTGCTGA;
GRIA2-F:-TACGGCATCGCCACACCTAA;
GRIA2-R:ACCAACAGGCCTTGTTCATTCA;
KCNJ4-F:ACAGCGGCCAAACCGTGTA;
KCNJ4-R:ACTGGACAACCACTGCGATGAC;
GPADH-F:GGCACAGTCAAGGCTGAGAATG;
GPADH-R:ATGGTGGTGAAGACGCCAGTA.

In addition, the expression of the candidate genes
was detected by real time fluorescence quantitative
PCR. The cDNA of the control group was used as
a template to analyze the dissolution curve and the
standard curve of the fluorescence quantitative PCR.
When the dissolution curve corresponded to a single
peak, the peak position was consistent with the
annealing temperature (95°C) and the experimental
results were effective. Using GAPDH as a reference,
gene expression analysis was carried out. All cDNA
samples were diluted 4 times, and the number of each
sample number was n>6. The reaction conditions
were as follows: 95°C, 10 min—(95°C, 30s—55°C,
Imin—72°C, 1min).

160
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Statistical analysis

The data obtained were statistically analyzed
by SPSS19.0. The data were expressed in the form
of mean + standard deviation (X £5). The paired
t-test was used for comparison between groups, and
the differences were statistically significant when
P<0.05.

RESULTS

Morris water maze behavior test

The modification in the animal behavior by the
Morris water maze test indicated the following results:
compared with the control group (30.21£13.22), the
platform arrival time of the PCP group (89.32+56.43)
was significantly higher (¥*P<0.05). No difference in
the arrival time of the MET group (31.61£12.59)
was noted. The arrival time of the PM group
(107.22433.41) was three times higher compared
with that noted in the control group. Compared with
the PM group, the arrival time of the PMC group
(55.16+43.17) was significantly lower. Compared
to the PM group, the arrival time of the PMV and
PMVC groups (34.26£19.33, 53.07+£22.31) was
significantly reduced (¥¢P<0.05, ¥P<0.01) (Fig. 1).

Validation of candidate gene expression
Real-time PCR was used to detect the expression
of candidate genes. Using GAPDH as an internal

Control grop ~ PCP group MET group

* *
80 &
60 & &
40
20
0

PM group

PMC group  PMV group  PMVC group

Fig. 1. Platform arrival time of each group (*P<0.05 vs control group; “*P<0.05 and “*P<0.01 vs PM group.
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reference, the candidate and reference genes showed
a single peak, according to the MxPro software
analysis. However, no specific peak was noted. In
addition, the peak position was consistent with the
annealing temperature, indicating that the primer
and cDNA models could be combined specifically. In
addition, the RSq values and amplification efficiency
of the candidate gene and the reference gene are
shown in Table 1.

As shown in Table I, the RSq values of the
candidate genes were approximately 0.990 and
the amplification efficiency was estimated to 99%.
The RSq values of the reference gene were 0.992,
and the amplification efficiency was 99.6%. The
amplification efficiency of the candidate and
reference genes was no more than 5%, which could
be compared by relative quantification.

Changes in mRNA expression of candidate genes

In Fig. 2, the changes in the mRNA expression
of the candidate genes in different the brain regions
of the rats are presented. In the PCP, the MET and
the PM groups, the mRNA expression levels of the
GABBRI gene increased ("P<0.05, **P<0.01) in PC,
AM and CPU. In the PMV and PMVC groups, the
mRNA expression levels decreased in the PC and
AM (%P<0.01). In CPU, the mRNA expression
levels decreased in the PMV group (4P<0.05), and
increased in the PMVC group (¥4P<0.01).

In the PCP, the MET group, and the PCP+MET
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groups, the mRNA expression levels of the GADI1
gene increased in the three brain regions of the AM,
CPU, and HIP (**P<0.01), indicating that this gene
was related to the epigenetic molecular mechanism
of schizophrenia. The mRNA expression levels of
the GADI gene decreased in both the VPA group
and the VPA+CPZ combined medication group
(4%P<0.01) in the three brain regions. In the PCP,
MET, and PCP+MET groups, the results of the
present study indicated that the mRNA expression
levels of the GAD2 gene increased in the four brain
regions of the PC, AM, CPU, and HIP (**P<0.01).
In the VPA group, the mRNA expression levels
decreased in the AM, CPU, and HIP (%¥P<0.01).
In the VPA+CPZ combined medication group, the
mRNA expression levels decreased in the PC, AM,
and CPU brain regions (¥4P<0.01).

In the PCP group, the expression levels of
the LPL gene increased in the CPU brain region
(**P<0.01). In the MET group, the expression levels
of mRNA decreased in the PC and HIP brain regions
(*P<0.05, **P<0.01), whereas it increased in the
CPU brain region (**P<0.01). In the PCP+MET
model group, the mRNA expression levels decreased
in the PC brain region (*P<0.05) and increased in the
CPU and HIP brain regions (**P<0.01). This result
highlighted that the expression of the LPL gene
varied in the different models. In the VPA group,
the mRNA expression levels increased in the PC
brain region (¥4P<0.01) and decreased in the CPU

Table 1. RSq value and amplification efficiency of candidate genes and reference genes.

Gene name RSq Amplification efficiency (%)
GABBRI 0.989 107.5
GADI 0.998 100.8
GAD2 0.986 105.2
LPL 0.999 114.6
GRIA2 0.993 98.9
KCNJ4 0.990 110.9
TACI1 1.000 96.7
GAPDH 0.993 99.7
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and HIP brain regions (¥P<0.05, #4P<0.01). In the
VPA+CPZ combined medication group, the mRNA
expression levels increased in the PC brain region
(4P<0.05) and decreased in the CPU and HIP brain
regions (“¢P<0.01).

The mRNA expression of GRIA2 gene in the
PCP, MET, and PCP+MET groups increased in the
CPU brain region (**P<0.01). In the individual VPA
group, the mRNA expression levels decreased in
the CPU brain region (¥4P<0.01). In the VPA+CPZ
combined medication group, the expression of
mRNA significantly increased (“4P<0.01). However,
compared with the CPZ group, the reverse direction
was changed. In the PCP group, MET group, and
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Fig. 2. Analysis of mRNA expression of candidate genes.
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PCP+MET group, the expression levels of the
KCNJ4 mRNA increased in the PC and HIP brain
regions (**P<0.01) and decreased in the AM and
CPU brain regions (**P<0.01). In the VPA group,
the mRNA expression levels decreased in the PC and
HIP brain regions (¥*P<0.05, “¢P<0.01) and increased
in the AM and CPU brain regions (44P<0.01). In
the VPA+CPZ combined medication group, the
expression of mRNA decreased in the PC brain
region (¥¥P<0.01) and increased in the HIP brain
region (44P<0.01). However, compared with the
single CPZ, the gene expression in the HIP region
exhibited an opposite pattern. In the PCP group,
the mRNA expression levels of the TAC1 gene
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decreased in the PC brain regions (**P<0.01). In
the MET group, the expression levels of the mRNA
decreased in the PC brain region (**P<0.01) and
increased in the HIP brain region (*P<0.05). In the
PCP+MET model group, the expression levels of the
mRNA decreased in the PC and HIP brain regions
(**P<0.01) and increased in the CPU brain region
(*P<0.05). In the individual VPA group, the mRNA
expression levels increased in the PC and HIP brain
regions (¥¢P<0.01) and decreased in the CPU brain
region (¥4P<0.01). In the VPA+CPZ combined
medication group, the expression levels of the TAC1
gene increased in the PC brain region (¥¢P<0.01)
and decreased in the CPU and HIP regions (¥P<0.05,
&&p<0.01).

DISCUSSION

The Morris water maze is an experimental method
applied to the study of brain learning and memory
mechanism (11). In the present study, the results of
the Morris water maze experiment indicated that VPA
may have a certain impact on cognitive impairment
in schizophrenia and that the combined use of drugs
may have synergistic effects.

The GABBRI1 gene is considered to be a
potentially sensitive gene locus involving the cause
of schizophrenia (12). The results of the present
study confirm that the expression levels of GABBR1
are associated with schizophrenia and GABBRI
gene might be the target of VPA. The expression
levels of the GAD1 and GAD2 genes could be
effectively changed following the use of VPA
alone. This suggested that the HDACI VPA could
affect the expression levels of the genes GAD1 and
GAD?2. Therefore, it could be assumed that the gene
may be the action target of VPA. When VPA was
administered, the expression levels of the LPL gene
were also effectively reversed. Therefore, it was
hypothesized that the HDACI VPA was associated
with the epigenetic regulation of schizophrenia.
These results suggest that the GRIA2 gene is closely
related to the onset of schizophrenia, and may be
related to the epigenetic molecular mechanism
of schizophrenia. Following treatment with VPA
alone, the expression of the KCNJ4 gene was also
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effectively reversed. This suggested that the HDACI
VPA could affect the expression levels of the KCNJ4
gene in the epigenetic inheritance of schizophrenia.
The results of this experiment indicated that in the
three brain regions, TAC1 gene mRNA expression
levels were related to learning, memory, cognition,
and emotional function. This suggests that the TACI
gene may be involved in the epigenetic molecular
mechanism of schizophrenia.

In conclusion, the GABBR1, GAD1 and GAD2
genes are likely to be the target genes for the HDACI
VPA.
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Cardiac fibrosis is a significant global health problem that occurs after pathological stimuli to the
cardiovascular system. Previous researchers have shown the protective role of Salvia miltiorrhiza
Bunge (Danshen) as well as its extracted compound Tanshinone ITA (Tan IIA) against cardiac fibrosis.
However no previous work has shown the effects of Tanshinone ITA on cardiac cytoskeleton or the
possible relations with its role on cardiac fibrosis. The present study confirms that Tan IIA inhibits
the proliferation of mouse cardiac fibroblasts in cultures by MTT assay. It was also observed that Tan
ITA decreases B-tubulin expression, especially in the perinuclear area of fibroblasts. Furthermore, we
presented by Western blot that Tanll A attenuates VEGF expression through HIF-1a and Keap1-Nrf2
pathways, which could be the underlying mechanisms of the Tan IIA’s role on cardiac fibrosis. This
work demonstrated, for the first time, that the protective role of TanlI A against cardiac fibrosis through

inhibition of cardiac p-tubulin involves regulation on the antioxidant pathways.

To the Editor,

Myocardial fibrosis, one of the most common
histologic features of the late stages of diverse
cardiac disease, is caused by a variety of changes
in the myocardial collagen network that occur as
a response to cardiac ischemic insults, inherited
cardiomyopathy mutations, or other systemic
diseases affecting the circulatory system. Alterations
in myocardial architecture associated with fibrotic
remodeling lead to deranged heart function and
eventually to heart failure and death (1, 2). Danshen,
the dried root of Salvia miltiorrhiza bunge, has
been successfully utilized by traditional Chinese

medicine practitioners to treat patients suffering
from myocardial infarction, coronary artery diseases,
angina pectoris, stroke, diabetes, liver malfunction,
and other conditions (3-6). Tanshinone ITA (TanlIl A),
the compound extracted from Danshen, is regarded
as one of the main ingredients of Salvia miltiorrhiza
for cardioprotective effect. Cardiac fibrosis is
characterized by a disproportionate accumulation
of extracellular matrix and increased myofibroblast
activity that leads to remodeling of the myocardium,
and eventually heart failure and death.

Previous studies have shown that cardiac
function is inversely correlated with microtubule
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densification and contributes to heart failure. The
tubulin expression and microtubule network density
were substantially increased in maladaptive hearts
in rodents (7). Here, the direct evidence shows
that Tanll A inhibits cardiac fibroblast proliferation
in cultured mouse fibroblasts and suppresses the
expression of B-tubulin. Furthermore, the attenuated
VEGF expression through HIF-1a and Keap1-Nrf2
pathway by Tanll A was confirmed, which might
suggest a novel mechanism for the protective role
of Tanll A against cardiac fibrosis that has not been
addressed previously.

MATERIALS AND METHODS

Primary culture of mouse cardiac fibroblast cells

Primary cardiac fibroblast cells were isolated from
the ventricular of neonatal C57BL/6 mice using the
enzymatic digestion and selective plating methods as
previously described (8). Briefly, the hearts were removed
from the sterilized mouse with 75% ethanol and then
washed with cold PBS for three to four times, the left
ventriculars were then minced before incubation with
0.1% collagenase at 37°C for ~6 min. The digested cell
suspension was then transferred to 50 ml tube and mixed
with DMEM containing 20% fetal bovine serum to stop
digestion and then centrifuged (250-300 g, 10 min, 4 C°)
and suspended again. After several rounds of repeated
digestions, the fibroblasts were separated from myocytes
and other cells by selective planting for 90 min. The
isolated cardiac fibroblasts were cultured in HG-DMEM
containing 10% fetal bovine serum. Cultured fibroblasts
of the third passage were used for further experiments.
The identity of cardiac fibroblast cells was assessed by
morphology examination.

Treatment of Tanshinone IIA on cultured cardiac
fibroblasts

Cultured fibroblasts from the mouse heart were studied
at 70% confluence. After cells were attached, Tanshinone
IIA was diluted at 1, 5, 10, 25, 50, 100, 200, 500 ug/ml by
culture media and added for periods of 24-72 h.

MTT cell proliferation assay
The viability of cultured cardiac fibroblasts was
analyzed using the MTT [3-(4,5-dimethylthiazol-2-
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yl)-2,5- diphenyltetrazolium bromide] method (9). In
brief, 100 pl of MTT (OD490) (Beyotime Biotechnology,
Shanghai, China) was added to the 96-well plates at a final
concentration of 0.5 g/ml for 4 h. After 4 h of incubation,
the media was removed and 100 ul DMSO was added,
the absorbance value for each well was measured using a
microplate reader at a wavelength of 490 nm (1681130-
4A, Bao-Cheng Biotec, Inc, Nanjing, China).

Western blotting

Western blotting was performed according to methods
established previously. Briefly, the cell lysis were mixed
with sample buffer containing 50 mM Tris-HCI (pH
7.6), 2% SDS, 10% glycerol, 10 mM DTT, and 0.2%
bromophenol blue and boiled for 5 min. The concentration
of the protein samples were determined by using DC™
protein assay kit (5000112, Bio-Rad, CA, USA). The
proteins were separated by 10% SDS-polyacrylamide
gel electrophoresis (PAGE) and then transferred to
PVDF membrane. The membrane was then dried and
blocked in 10% non-fat milk for 1 h at room temperature.
Incubations with antibodies to KEAP1 (1:1000, 60027-
1-Ig, Proteintech, Wuhan, China), NRF-2 (1:1000,
16396-1-AP, Proteintech, Wuhan, China), HIF-a (1:1000,
#36169T, Cell Signaling Technology, MA, USA), VEGF
(1:1000, #2463, Cell Signaling Technology, MA, USA)
and GAPDH (1:1000, #5174, Cell Signaling Technology,
MA, USA) were performed at 4°C overnight. The target
proteins were detected using horseradish peroxidase-
linked anti-rabbit or anti-mouse IgGs (#7074/#7076, Cell
Signaling Technology, MA, USA) at 1:5,000 dilution,
then visualized by the enhanced chemiluminescence
kit (Pierce Chemical Company, Rockford, IL, USA).
Immunoreactive bands were quantitatively analyzed by
Quantity One 1-D Analysis Software. This experiment
was repeated three times.

Immunocytochemistry

Cells were fixed in 4% paraformaldehyde for 20 min
at room temperature, blocked by 1% BSA at 37C° for
20 min, and incubated with a primary antibody against
B-tubulin (#2416, Cell Signaling Technology, MA, USA)
overnight and secondary antibodies were conjugated with
Alexa 488 (Molecular Probes) and DAPI (Invitrogen).
The fluorescence intensity of B-tubulin was measured
by image J software. In each experiment, the numbers
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of immunopositive cells were counted in six randomly
selected fields, and 500-1000 fibroblasts were counted in
total. The immunohistochemical staining was repeated for
four times.

Statistical analysis

Results are presented as mean + SEM. The significance
of the difference was performed using one-way/two-way
analysis of variance (ANOVA) with Tukey’s procedure
for post-hoc comparisons or the Student’s #-test. A value
of P < 0.05 was considered statistically significant.

RESULTS

Tan 11A inhibits cardiac fibroblasts proliferation in
dose- and time-dependent manners

To evaluate the role of Tanll A on cardiac
fibrosis, we performed Tanll A on cultured cardiac
fibroblasts at various doses of 1, 5, 10, 25, 50, 100,

Control

TanlI A

Cell viability(%)

Fig. 1. Tan IIA inhibits cardiac fibroblast proliferation.

SRR
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200, and 500 ug/ml and assessed the morphology
change as well as the cell viability after 24, 48 and
72 h. As shown in Fig. 1A of the phase-contrast
micrographs, the cells became hypercontracted
(abnormally  shaped, considered non-viable)
compared with control cells that have a thin and
triangular profile under light microscope (rod-
shaped, data not shown here). The viability of
cardiac fibroblasts was further confirmed by MTT
cell proliferation assay.

Cell viability was decreased at 24, 48, and 72
h after Tanll A performance compared with the
untreated group, and maintained at the platform
levels at high doses of Tanll A by Two-way ANOVA
(Fig. 1, B and C). High dose of Tanll A treatment
at 500 ug/ml for 72 h on isolated mouse cardiac
fibroblasts inhibited ~80% of the cell viability.
Overall, these results indicate that Tanll A inhibits
cardiac fibroblasts proliferation.
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Tan 114 decreases [-tubulin expression, especially in
the perinuclear area of fibroblasts

Cardiac fibrosis is regarded as the consequence
of an increased microtubular density, especially
in the perinuclear area. To further investigate the
underlying mechanism that mediated the protective
role of Tanll A, we measured the expression of
B-tubulin after Tanll A treatment in cultured cardiac
fibroblasts by immunocytochemistry. Compared
with control, the intensity of B-tubulin in fibroblasts
was significantly decreased by 72-h treatment of

p-Tubulin DAPI

o ---

20pg/ml
-24h

20pg/ml-
48h

20pg/ml
-72h

Merge

Y. ZHANG ET AL.

Tanll A, and the immunocytochemical localization
of B-tubulin demonstrated a decreased density of
microtubules in most of the perinuclear area (Fig. 2,
A and B).

Tanll A attenuates VEGF expression through HIF-
1o and Keap I-Nrf2 pathways

Previous works have confirmed that oxidative
stress mediates cardiac fibrosis, we therefore
further evaluated whether the oxidative stress-
related molecular pathways are changed by Tanll

B3 Con
2 20pM TanllA

Fluorescence intensity

Fig. 2. Tan 1IA decreases [-tubulin expression in cultured cardiac fibroblasts.
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Fig. 3. Tanll A attenuates VEGF expression via regulating HIF-1a and Keap1-Nrf2 pathways.
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A performance in cultured cardiac fibroblasts.
By Western blot analyses, we observed that the
expressions of HIF-a, and Keapl as well as VEGF
were decreased by 20 ug/ml of Tanll A, while the
level of NRF2 was significantly increased (Fig. 3).

DISCUSSION

Although less lethal, cardiovascular disease is
still the most common cause of global death and
its prevalence is incessantly increasing, according
to the reports from World Health Organization.
The protective roles of Danshen on circulatory
disturbance-related diseases are due to its multiple
pharmacological actions, including anti-coagulation,
anti-inflammation, and free radical scavenging.
Cardial reactive oxygen species (ROS) generation
and apoptosis contribute to interstitial fibrosis and
perivascular fibrosis. Angiotensin II can stimulate
ROS and collagen synthesis in cardiac fibroblasts,
which suggests that specific pharmacological
intervention to reduce ROS can probably be an
approach against myocardial fibrosis. Tan IIA has
widely shown to depress the intracellular generation
of ROS, nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase activity, and subunit
p47 (phox) expression. Evidence of intracellular
ROS generation and VEGF expression in retinal
endothelial cells mediated by activation of NADPH
oxidase has also been shown. ROS inhibits the
enzyme PHD2, which leads to the stabilization
of hypoxia-inducible factor-loo (HIF-o) and the
formation of the active transcription factor HIF and
is involved in the regulation of cell proliferation
(10). On the other hand, the Keapl-Nrf2 pathway
is the major regulator of cytoprotective responses
to oxidative and electrophilic stress (11) and it is
regarded as a potential pathway for cardiac protection
(12). Here, we further demonstrated that the VEGF
expression was significantly decreased by Tanll A,
along with the significantly increased level of NRF2
and decreased levels of HIF-o and Keapl. To our
knowledge, this is the first research on characterizing
the protective role of Tan IIA against cardiac fibrosis
through the regulation of B-tubulin and cardiac
cytoskeleton via HIF-1a and Keap1-Nrf2 pathways.

10.

11.

12.
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Brassinosteroids (BRs) are newly discovered plant hormones that protect the plants from biotic
and abiotic stress. Plants produce these hormones at all times, however, the quantity and location of
their production vary. It has been demonstrated that BRs help the plants to regulate their response to
stress conditions and make them more resistant to pest attack, extreme hot or cold environment, water
scarcity, and salinity, among other types of stress. Manipulation of genes involved in the synthesis of BRs
in different plants is a feasible strategy for genetic improvement of crop production and stress tolerance.

To the Editor,

Plants, being sessile, are vulnerable to
environmental stress. However, nature has endowed
them with several mechanisms to resist environmental
stress by hormonal regulation of different genes.
Brassinosteroids (BRs) are the sixth class of plant
hormones and are present ubiquitously throughout
the plant kingdom. They control the activity of plants
under stress conditions; for example, under cold
stress, they interact with the CBF gene to provide
chilling resistance, whereas under heat stress, they
bind to Phytochrome Interacting Factor-4 (PIF-
4) to reduce the effect of temperature. In recent
times, there has been an increased research focus on
generating high yielding and resistant plant varieties
by incorporation of genes that are involved in biotic
and abiotic stress tolerance. Genes involved in the
production of BRs are also considered as candidate
genes for improving the yield and resistance of crop
plants to environmental stresses.

Signaling pathway of brassinosteroids

Brassinolide (BL), which is a type of BR, binds to
brassinosteroid-insensitivel (BRI-1) and induces a
series of biochemical events, such as phosphorylation
of BRI-1 and dissociation of many inhibitory proteins
(1). It negatively regulates Brassinazole Resistant
1 (BZR-1) and BRII1-EMS-suppressor-1 (BES-1)
through Brassinosteroid-Insensitive-2 (BIN-2). BIN-
2 inhibits the activities of BES-1 and BZR-1 (2, 3). If
the phosphorylation of BIN-2 occurs, there is no BR
activation; however, in its dephosphorylated form,
BIN-2 molecule becomes inactivated, as a result of
which there is an activation of Bril Suppressor-1
(BSU-1) that leads to the accumulation and activation
of BZR-1 and BES-1. The activated BZR-1 directly
binds to the BR promoter gene region and affects
its expression. The majority of BR-regulated genes
are involved in plant growth, cell wall modification,
and cytoskeleton formation (4). BES-1 and MYB-
30 (a factor that regulates cell death response and
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Mailing address:

Dr. Muhammad Muddassir Ali,

Institute of Biochemistry and Biotechnology,

University of Veterinary and Animals Sciences,

Outfall Lahore, Lower MJall Road, Lahore, Punjab, Pakistan
Tel.: +923336252189

e-mail: muddassir.ali@uvas.edu.pk

1457

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1458

flowering time) bind to conserved regions in the
promoter of the BR gene and enhance its expression.
An understanding of the interaction between BES-1
and BZR-1 should reveal the mechanism involved in
the control of BR gene expression.

Role of BRs in cold stress

Under favorable conditions, BRs are not present in
cells. When plants encounter cold stress, they initiate
a cascade of intracellular reactions that helps them
tolerate the stress by producing BRs, which combine
with the BRI-1 cell surface receptor, and activate
the BRI-1 kinase that degrades BIN-2, a repressor
of BZR-1 and BES-1. Because of the degradation of
BIN 2, BZR 1 and BES-1 are dephosphorylated and
activated and start accumulating in the nucleus. The
activated BZR 1 can induce cold tolerance in plants
either through CBF-dependent or CBF-independent
pathways. In both the cases, the ultimate target genes
belong to the COR family. BZR-1 and its homolog,
BES-1, bind to the BRRE and R-box motifs in the
promoter regions of CBF-1 and CBF-2 genes (5).
Furthermore, BZR-1 also acts as an inducer of CBF-
1 and CBF-2 genes and enhances their translation
rate. These proteins provide immunity to plants
against cold stress.

It is assumed that BRs also respond to the cold
stress by regulating genes other than CBF, such as
PLY-6, WRKY-6, SAG-21, JMT, and ESM-1. BZR-1
binds specifically to the promoters of WRKY-6, SOC-
1, and JMT genes and induces cold acclimation.
When WRKY mutants were subjected to freezing
tolerance assay they showed hypersensitivity towards
low temperature as compared to the wild-type plants.
These results suggest that BZR-1 regulates both CBF
and COR genes to provide cold acclimation in plants.

Role of BRs against water scarcity stress

BRs help the plants in adapting to water scarcity
in multiple ways, for example, by increasing the
length of their roots so as to increase water absorption
or by enhancing root nodulation. Root nodulation
increases with the increase in BR concentration.
BRs also affect the concentration of Abscisic
acid (ABA) and cytokinin. BL inhibits the entry
of sugars into the cells under drought conditions.

M.M.ALI ET AL.

This blockage of the entry of sugars inside the cell
influences the intracellular concentration of salt and
ABA in plants. The increased salt concentration
in cells results in endosmosis and avoidance of
water loss. Under conditions of water scarcity, the
density of chlorophyll is decreased by activated
BRs (6). HomoBL stimulates drought tolerance.
Its presence in the cell causes an increase in water
content and nitrate reductase levels, as well as in
photosynthesis. HomoBL also decreases the activity
of reactive oxygen species (ROS), produced during
drought stress, and increases the stability of cellular
membranes. Results of experiments carried out on
sugar beet, rice, and wheat indicate that the growth
of plants exposed to stress is substantially less as
compared to non-stressed plants (7). However, if
plants are treated with BRs, there is an improvement
in their growth as a result of drought tolerance.

Role of BRs in salinity stress

Zea mays seeds treated with 28-homobrassinolide
(28-BL) showed mitigation of salinity stress induced
by varying concentrations of NaCl and an obvious
increase in seedling growth was observed as a result
of an increase in the activity of antioxidant and cell
wall loosening enzymes and reduction in the loss of
chlorophyll (8, 9). The exogenous application of 28-
BL increases the levels of antioxidant enzymes such
as superoxide dismutase (SOD), catalase (CAT),
guaiacol peroxidase (POD), ascorbate peroxidase
(APOX), and glutathione reductase (GR).

BRs improve the salt tolerance in rice plants by
significantly increasing the levels of CAT and SOD
(10). Studies on Eucalyptus camalduienis suggest
that the application of 24-epi brassinolide (24-epi
BL), which is a BR, improves the seed germination
and seedling growth in the presence of salt (1).
Moreover, the application of BRs in Oryza sativa
removes the inhibitory effects on seed germination
caused by salinity stress.

Role of BRs in plant biotechnology

Plants engineered for the expression of BRs
show desirable characteristics including increased
height, weight, yield, and stress resistance (11). The
overexpression of DWF-4 gene was shown to double
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the number of branches and production of seeds in
transgenic plants. In these engineered plants, the
grain yield increased from 15% to 44% as a result of
the increase in seed weight, seed number, and tiller
number. In cotton, the exogenous application of BRs
improved the cotton fiber number by 22.6% and fiber
length by 10.7% (12).

Moreover, 24-epi BL helps the plants in regulating
photosynthesis in their leaves. It was demonstrated
that exogenous application of BRs on cucumber
increased the photosynthetic rates within a week.
Recent investigations revealed that the BR gene
confers environmental stress resistance in plants
and improves their growth by enhancing the rate of
photosynthesis and increasing their adaptability to
the stress. Thus, exogenous application of BRs can
induce desirable improvements in plants.

Conclusion

Brassinosteroids are involved in the protection
of plants against both biotic and abiotic stresses.
They provide protection by activating different
mechanisms depending upon the nature of stress; for
example, BRs protect against oxidative and salinity
stress by stimulating the release of ROS scavenging
enzymes. BRs have a great potential to genetically
improve important crops around the world. The
introduction of BR and other yield-related genes
in plants through biotechnological methods results
in enhanced resistance to environmental stress and
increased yield. This helps researchers to produce a
variety of plants that have the resistance gene and
thus increased production.
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Rheumatoid arthritis is an autoimmune disease characterized by the synovitis of joints and the
modulation of chronic inflammation determined by increased levels of inflammatory cytokines. This study
aimed to investigate the characteristics of the immunological profile of the cells of the synovial membrane
and the expression of IL-10 and IL-17 in a rheumatoid arthritis rat model in order to provide a target-
directed treatment for immunological control. Eighty female Wistar rats were randomly divided into a
rheumatic arthritis model group (model group) and a control group, 40 animals per group. After the
successful rheumatoid arthritis rat model was obtained, 10 animals were sacrificed from each group every
week starting from the third week till the sixth week and the expression levels of CD3, CD21, and CD68
in the synovial region along with the blood level of IL-10 and IL-17 were assessed. At the four stages after
modeling, the expression of CD3 in the model group increased compared with the control group (P<0.05).
The expression of CD21 was different between the model group and the control group, but the difference
did not reach statistical significance (P>0.05). The expression of CD68 determined at weeks 4 and 5 after
modeling was increased compared to the control group (P<0.05). At 6 week after modeling, IL-10 levels in
the model group were higher than those in the control group (P<0.05). At weeks 4 and 5 after modeling,
the level of IL-17 in the model group increased compared to the control group (P<0.05). The level of IL-
17 increased with the increase of synovial inflammation in the rheumatoid arthritis-induced rats, and the
level of IL-10 increased as the inflammation subsided, which shows that both cytokines are related to the
occurrence and development of rheumatoid arthritis and its inflammation.

To the Editor,

Rheumatoid arthritis is an autoimmune disease
characterized by the synovitis of joints and the
modulation of chronic inflammation determined by
increased levels of inflammatory cytokines. Clinical
symptoms include swelling, pain, and deformity of the
joints (1). Currently, the pathogenesis of rheumatoid
arthritis is not completely clear. Most studies focus on
the overall disruption of the body’s immune system
(2). To date, some studies have shown that immune

cells, cytokines and their inhibitors play an important
role in the development of theumatoid arthritis lesions
(3-5). The Th2 cells are a subset of lymphocytes
IL-10 anti-inflammatory cytokine
which has a major role in enhancing the humoral
immune response mediated by B lymphocytes (6).
In rheumatoid arthritis, IL-10 can inhibit Thl7
cell-mediated inflammatory response, reduce joint
swelling and inhibit the development of arthritis. IL-
10 has immunosuppressive and immunoregulatory

that secrete

Key words: rheumatoid arthritis, joint synovial membrane, inflammatory factors, immunity

Mailing address:

Dr Yu Zhang,

Department of Hematology,

First Affiliated Hospital

Zhejiang Chinese Medical University,
54#YouDian Road, Hangzhou, 310006, China
e-mail: zyzhangyu66(@163.com

1461

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1462

functions (7). IL-17 is a pro-inflammatory factor that
binds to human IL-17 receptor and exerts its effect (8).
It can induce and synergize the expression of other
pro-inflammatory factors, mediate inflammatory cells
to cause local infiltration and tissue damage, exert its
inflammatory effect, and has a high level of expression
in the advanced stage of inflammation (9, 10).
Therefore, IL-10 and IL-17 and their interrelationships
are closely related to the occurrence and development
of RA. This study aimed to assess the expression of
CD3, CD21, and CD68 in synovial cells and the serum
levels of IL-10 and IL-17 cytokines in serum and their
associated effects on a rheumatoid arthritis rat model
in order to clarify the immunological mechanism of
rheumatoid arthritis and to provide a new perspective
for immunologically targeted therapy.

MATERIALS AND METHODS

Animals

Eighty 5-week old female Wistar rats with a
median weight of 131.05+14.72 g were purchased
from the Guangdong Medical Experimental Animal
Center. The animals were acclimatized for one week
to the new laboratory conditions with standard
conditions of 23£1°C temperature, humidity
between 40£5° and 12 hour light/dark cycle. After
acclimatization the animals were randomly divided
into two groups: a model group and a control group,
40 rats per group. The animals received food and
water ad libitum. This study was approved by the
ethics committee of Zhejiang Chinese Medical
University, and all the animal experiments were in
accordance with International law regarding animal
studies.

Rheumatoid arthritis rat model

A rheumatoid arthritis rat model was designed as
following. After acclimatization, the rats from the
model group received intradermally in the right hind
foot 0.1 ml Freund’s complete adjuvant (CFA), and
after the foot was soaked in cold water at 4°C for 40
min associated with 4 levels of wind, every day for
2 weeks. The rats from the control group received
intradermally the same quantity of normal saline
solution and no other treatment was applied.

S. WU ET AL.

Experimental method

From the first day of modeling, 10 rats of each
group were randomly selected on the last day of the
3rd, 4th, 5th, and 6th week from the beginning of the
modeling. The degree of joint swelling in rats was
measured and recorded, and spleen coefficient and
proliferation rates of spleen cells were calculated.
The rats were anesthetized with 10% chloral hydrate
(3mL/kg) injected intraperitoneally and were then
sacrificed by cervical vertebra luxation. The tread
joints of the right hind limbs of both groups of rats
were taken and decalcified to make a pathological
wax block for sectioning and HE (Hematoxylin-
erosion) staining. Synovial tissue lesions were
observed. Through the above indicators, the
modeling results were evaluated.

The expression of CD3, CD21, and CD68 in
the synovium of the two groups was detected by
immunohistochemistry. On the last day of the 3rd,
4th, 5th, and 6th week after the rats were modeled,
the right hind limb ankle of about 2 cm long was
taken from 10 rats in the model group and the
control group, and the decalcified dehydration
was prepared. The treated bare joints were tissue-
embedded and sectioned. Each ankle wax block was
sliced and attached to three immunohistochemical
slides for CD3, CD21, and CD68
immunohistochemical staining. The staining of the
cells was observed under an optical microscope and
the percentage of CD3, CD21, and CD68 expression
was calculated.

For the detection of IL-10 and IL-17 levels in the
serum an ELISA method was used according to the
manufacturer’s instructions using IL-10 ELISA kit
(Biotech Biotech Co., Ltd.) and IL-17 ELISA kit
(US Biosciences).

adhesion

Statistical analysis

SPSS11.5 software was used for statistical
analysis. The data were expressed as meant
standard deviation. A comparison of multiple groups
was made using one-way analysis of variance. The
t-test was used to compare the mean values of the
two groups. The test level that was taken on both
sides was a =0.05. The difference was statistically
significant when P<0.05
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RESULTS

Comparison of joint swelling between the two groups
of rats

After three days of modeling, the joints of the
model group began to have red swelling, and the
degree of joint swelling became more pronounced
with the prolongation of modelling time. At 3 weeks,
4 weeks, 5 weeks and 6 weeks from the beginning
of the modeling, the degrees of joint swelling in the
model group were (10.88+0.60)mm, (10.18+1.28)
mm, (11.3740.84)mm and (10.53+1.02)mm,
respectively; and the degrees of joint swelling in the
control group were (8.2140.41)mm, (8.63+0.44)mm,
(8.93£0.32)mm and (8.95+£0.58)mm, respectively.
The joint swelling of rats in the model group was
increased compared to the control group (P<0.05).

Spleen cell proliferation rate and spleen coefficient
in the two groups

Splenic lymphocytes in the control group had
small cell volume and high nucleus-cytoplasm
ratio cytoplasm. In the model group, rat spleen

1463

lymphocytes became large. The cytoplasm was
enlarged and the nuclear chromatin was loose.
Obvious nucleoli were found. The model group rats
had the highest spleen cell proliferation rate at the
4th week after modeling (99.2+0.5%). Lymphocyte
transformation was evident with the exacerbation of
rheumatoid arthritis in rats. In the 4th week, when
the joint swelling was more severe, splenocyte
proliferation rate reached the highest value. The
proliferation rate of spleen cells in the model group
was increased compared to the control group at
all four points of determination (P < 0.05). No
significant differences between the two groups were
observed regarding spleen coefficient (P>0.05).

Pathological morphology of joint synovial tissue in
two groups

The pathological morphology of joint synovium
in the two groups of rats is shown in Fig. 1.
The synovial cells of the control group were
monolayered. Macrophages, collagen fibers, blood
vessels, and lymphatic vessels are clearly visible.
At the third week after model establishment, chronic

Fig. 1. Pathological morphology of joint synovium in two groups (staining with hematoxylin and eosin (HE), 400X).
A) Pathological morphology of synovial tissue in the control group. B) Synovial tissue morphology at the third week in
the model group; C) synovial tissue morphology at the 4th week in the model group; D) synovial tissue morphology at
the 5th week in the model group; E) synovial tissue morphology at week 6 in the model group.
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synovial inflammation appeared in the model group.
The number of cell layers increases. Neutrophils,
lymphocytes, and plasma cells exuded in large
quantities. In the fourth week, the synovial membrane
became a stratified layer. Hyperplasia occurred in
the tissue with a large number of lymphocytes and
plasma cell infiltrates. Chronic inflammation was
evident. After the fifth week, the number of synovial
layers increased. The synovial mesenchyme was
fibrotic. The joint space became narrow. After the
sixth week, there was an exfoliative lesion in the
articular cartilage, and the joint cavity was disordered
and some inflammatory cells were still visible.

Expression of CD3, CD21, and CD68 in synovial
membrane of rats in two groups

In the control group the percentage of CD3, CD21,
and CD68 in the synovial tissue was very low. The
percentage of CD3 expressions and some CD21 and
CD68 expressions were observed in synovial tissue of
rats in the model group. In the model group, the cell
membrane of CD3 positive cells contained dark brown

control group
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granules; the positive expression of CD21 was mainly
distributed in the cell membrane, partially distributed
in the other lymphocytes outside the follicle; CD68
cells were dispersed in the lymphoid follicles, with
dark brown granules. The average expression rate of
CD3, CD21, and cells in the model group increased
gradually during the four periods after modeling. At
the 6th week, the maximum value was reached. In
the four periods after modeling, the expression rate of
CD3 in the model group rats was higher than that in
the control group (P<0.05). The expression of CD21
in the model group rats was higher than that in the
control group (P>0.05). The expression rate of CD68
in the model group rats was higher in the 4th and 5th
weeks than in the control group (P<0.05). The specific
results are shown in Fig. 2 and Table L.

The serum levels of IL-10 and IL-17 in the two groups

The serum levels of IL-10 and IL-17 in the two
groups are also shown in Table I. Compared with the
control group, the IL-10 level in the model group
increased at the 6th week (P>0.05). The serum level

model group

Fig. 2. Expression of immunohistochemical staining of CD3, CD21 and CD68 in synovial tissue of rats in two groups
(staining with hematoxylin and eosin, 400X). A) CD3 expression in the synovial tissue of the control group; B) CD21
expression in the synovial tissue of the control group,; C) CD68 expression in the synovial tissue of the control group; D)
CD3 expression in the synovial tissue of the model group; E) CD21 expression in the synovial tissue of the model group;

F) CDG68 expression in the synovial tissue of the model group.
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Table L. Changes of synovial tissue CD3, CD21, and CD68 in the two groups of rats.

Detection object Period Control group Model group t P
Week 3 3.1%1.5 53.7£7.3* 14.884 0.000
Week 4 3.7+1.7 60.5+£17.2* 7.329 0.002
CD3 (%)
Week 5 3.1£1.6 73.9£16.9%# 9.139 0.001
Week 6 1.9+0.9 83.5+10.2%M 17.583 0.000
Week 3 28.7+£20.3 22.9+11.1 -0.553 0.594
Week 4 36.5£9.6 34.7+9.2 -0.301 0.772
CD21 (%)
Week 5 37.5+14.2 43.7+8.5% 0.838 0.429
Week 6 22.3+8.4 50.9+4.8%# 6.631 0.000
Week 3 26.1+£26.7 17.1£5.9 -0.735 0.502
Week 4 10.3+£5.8 28.1+£15.3* 2.439 0.042
CD68 (%)
Week 5 59+2.4 29.9+4.0%* 11.340 0.000
Week 6 16.1£20.2 31.1£9.57 1.496 0.173
Week 3 45.214+5.81 60.95+13.47 2.385 0.058
Week 4 53.24+18.29 57.71+4.28 0.535 0.603
IL-10 (pg/ml)
Week 5 45.47+17.56 57.89+8.02 1.433 0.192
Week 6 35.55+5.26 66.04+7.12%* 7.534 0.000
Week 3 33.61+3.18 48.7942.63*# 8.035 0.000
Week 4 38.87+1.94 59.52+7.38%* 5.906 0.003
IL-17(pg/ml)
Week 5 30.92+1.25 43.5544.15%# 6.467 0.003
Week 6 35.51+2.97 43.214£3.09*# 4.091 0.004

(mean + standard deviation)

* Compared with the control group P<0.05, ™ compared with the third week P<0.05, # compared with the fourth week P<0.05.

of IL-17 in the model group reached the highest
level at the 4th week after model establishment. It
indirectly shows that the arthritis of rats in the model
group was most severe at the 4th week, and IL-17
played a major role. The serum level of IL-17 in the
model group rats at the 4th and 5th week was higher
than that of the control group (P>0.05). The specific
data is shown in Table IV.

DISCUSSION

The change of each index in this study suggested
that the course of the rats in the model group changed
significantly. This is similar to human rheumatoid
arthritis. The success of the model is consistent with

the study of Hu et al. (11).

The experimental results showed that there were a
large number of T lymphocytes in the synovial tissue,
and the effect of T lymphocyte inflammatory cells
increases with the increase of the CD3 expression
rate. There is no direct relationship between the
B lymphocytes and the synovial tissue damage in
rheumatoid arthritis. Macrophages may be involved in
the formation and development of inflammation. This is
consistent with reports such as that of Fabien Depis (12).
Both T lymphocytes and macrophages are involved in
the development of joint synovial inflammation, but T
lymphocytes are the major inflammatory factors.

In this study, regarding the expression of IL-10 and
IL-17 in serum of two groups of rats, it has been shown
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that under the regulation of the body’s autoimmunity,
the arterial soft tissue inflammation of the model group
decreased, the anti-inflammatory factors slowly restored
immune regulation, the level of IL-10 increased, the
effect of pro-inflammatory factors is suppressed, and in
turn causes a decrease in the level of IL-17.

In summary, T lymphocytes are the main immune
cells in the synovial region of rheumatoid arthritis.
The study shows that the serum level of IL-17 and
the level of IL-10 are closely related to the occurrence
and development of rheumatoid arthritis and its
inflammation. This will help to further explore the
pathogenesis of theumatoid arthritis.
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MicroRNA-200b (miR-200b) functions as an oncogenic regulator in human lung cancer. However,
the effect of miRNA-200b on the development and progression of T-Cell acute lymphoblastic leukemia
(T-ALL) remains largely unknown. In this study, we evaluated the impact of miR-200b in T-ALL cell
proliferation, survival and invasion using gain and loss of function approaches. Human Jurkat cells, a
widely used in-vitro T-ALL cell model, were transfected with miR-200b mimic or miR-200b inhibitor.
miR-200b mimics substantially inhibited Jurkat cell proliferation and invasion while significantly
stimulating cell apoptosis compared to the control miRNA-treated cells. In contrast, Jurkat cells treated
with anti-miR200 demonstrated induction of cell growth and invasion but repression of cell apoptosis.
Such effect was accompanied by the corresponding alteration in NOTCH]1 expression, suggesting that
NOTCHI1 might be the target gene for miR-200b function in Jurkat cells. In summary, our findings
demonstrate that miR-200b may serve as a potential therapeutic target for T-ALL by negatively

regulating the NOTCHI1 signaling pathway.

To the Editor,

T-Cell acute lymphoblastic leukemia (T-ALL)
is an aggressive cancer derived from the malignant
transformation of immature T-cell progenitors (1).
T-ALL is initiated by the activation of oncogene
and deactivation of the tumor suppressor, followed
by aberrant cell proliferation, inhibition of cell
apoptosis and abnormal differentiation. The finding
that aberrant, constitutive activation of NOTCHI1
signaling presents in over 60% of T-ALL patients
(2) generates enormous enthusiasm to develop
molecularly-tailored therapies. NOTCH1 is amember

of the NOTCH family of conserved transmembrane
receptors that regulate T-lymphocyte differentiation,
proliferation and apoptosis by targeting the crucial
signaling pathways and genes such as nuclear factor-
kB (NF-xB), MYC, IGF-1R, and IL-7R (3, 4).
NOTCHI signaling in T-ALL is regulated by
MicroRNAs (miRNA)which are small non-coding
RNA molecules that function as post-transcriptional
gene regulators. Aberrant expression of miRNAs can
function as either oncogenes or tumor suppressors in
T-ALL (5). MiR-200 has been identified as a novel
therapeutic target duet to its important roles in cancer
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initiation, metastasis, and relapses (6). MiR-200
family genes also impact the tumor cell metastasis
by targeting on tumor cell survival, angiogenesis and
invasion to surrounding tissues (7). Due to its potent
roles in all aspects of tumor development, miR-200
family had been considered as a potential diagnostic
and prognostic marker. However, the function
of the miR200 family in T-ALL remains largely
unknown. Therefore, in this study we propose to
investigate the impact of miR-200b expression on
lymphocyte proliferation and apoptosis in Jurkat
cells. As expected, overexpression of miR-200b
inhibited Jurkat cell proliferation and invasion while
stimulating apoptosis. Such effect is likely through
the inhibition of NOTCHI1 signaling.

MATERIALS AND METHODS

Cell culture and transfection

Human T-ALL Jurkat cell lines were purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Jurkat cells were cultured in RPMI
1640 (RPMI1640; Life Technology, Shanghai, China)
supplemented with 10% fetal bovine serum. All cells were
incubated in a humidified incubator with 5% CO2 at 37°C.
MiR-200b mimics, anti-miR 200b and its negative control
RNA (miR-NC) were synthesized by Life Technology
(Shanghai, China). For transfection, Jurkat cells were
seeded in 24-well plates at 3x10° cells/wells and incubated
overnight, after which 200 nM miR-200b mimics, anti-
miR200b or miR-NC were transfected into cells using
Lipofectamine 2000 according to the manufacturer’s
instructions (Invitrogen, Shanghai, China). All constructs
were confirmed by DNA sequencing.

RNA extraction and quantitative real-time polymerase
chain reaction (qPCR)

Total RNA was extracted from the cells by using
TRIzol reagent (Invitrogen, Shanghai, China) according
to the manufacturer’s instructions. To quantify the
miR-200 expression, complementary DNA (cDNA)
was synthesized with miScript Reverse Transcription
Kit (Qiagen, Hilden, Germany) and then amplified
using SYBR Premix Ex Taq™ (TaKaRa, Otsu, Shiga,
Japan). The reaction conditions were as follows: one
cycle of pre-denaturation at 95°C for 30S, followed
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by 40 cycles of denaturation at 95°C for 5S, annealing
and extension at 60°C for 30S. An RT-qPCR platform
(ABI PRISM 7300 system, ABI, USA) was used for
detection. U6 was used as an internal control. The
sequence for the primer pairs were: miR-200b forward:
5’-UAAUACUGCCUGGUAAUGAUGA-3’; miR-200b
reverse: 5’-AUCAUUACCAG-GCAGUAUAAAU-3’;
U6 forward 5’-CTCGCTTCGGCAGCACA-3’, U6
5’-AACGCTTCACGAATTTGCGT-3".
expression was measured in triplicates, quantified using

reverse Gene
the 244T method, and normalized to a control. gPCR
assays were performed on an iQ5 real-time PCR Detection
System (Bio-Rad, CA, USA).

Cell proliferation assay

Cell proliferation was determined by Cell Counting
Kit-8 (CCK-8; Dojindo Laboratories, Kumamoto, Japan).
Jurkat cells were seeded into 24-well plates at a density
of 3 x 10° cells per well. After 24 h culture in complete
growth medium, cells were allowed to grow in serum-
free medium (100puL/well) for another 24 h. Cells were
then transfected with miR-200b mimic, anti-miR-200b or
miR-NC and then incubated with a dye solution (CCK-8
solution diluted with serum-free medium at 1:10) at 37°C
for 60 min. The number of viable cells was determined
according to the color conversion measured by microplate
reader with absorbance at 450 nm. Proliferation rates were
determined at 24, 48 and 72 h after transfection.

Apoptosis determination

Apoptosis assay was performed using Annexin
V-fluorescein isothiocyanate (FITC) Apoptosis Detection
Kit I (BD Bioscience, San Diego, CA, USA) following
the manufacturer’s instruction. After 48 h of transfection
with RNA oligonucleotides, Jurkat cells were harvested,
centrifuged, and resuspended in 100 pl of FITC-binding
buffer. Approximately 5 pul of ready-to-use Annexin
V-FITC (BD Bioscience, CA, USA) and 5 pl of PI were
added to the mixture. Cells were incubated for 30 min.
Annexin V-FITC and PI fluorescence were assessed by
BD FACS Calibur flow cytometer (BD Technologies) and
analyzed by CellQuest software (BD Bioscience).

Cell invasion assays
Cell invasion was measured in 12-well transwell
chambers with 8-pum pore-size (Corning, Shanghai,



Journal of Biological Regulators & Homeostatic Agents

China). Briefly, a total of 8 x 10*cells was suspended
in 500 pL of serum-free medium and added to the upper
chamber of Transwells pre-coated with Matrigel (200 pg/
ml, 37°C for 40 minutes) (BD Bioscience). The lower
chamber was filled with 1.5 mL culture medium containing
100 ng/ml CXCL12 which served as a chemoattractant.
After 24 h of incubation, the filters were fixed in methanol
for 30 min. Cells that failed to invade through the pore
were carefully moved by cotton swabs and the bottom
surface of the membrane was stained with 0.1% crystal
violet for 20 min. Five random fields were counted per
chamber under microscope (Carl Zeiss, Berlin, Germany).

Western blotting

Total protein was extracted from cultured cells using
Ripa buffer supplemented with protease inhibitor cocktail
(Sigma, ST. Louis, MI, USA). Protein concentration was
determined by bicinchoninic acid (BCA) protein assay
kit (Nanjing KeyGEN Biotech, Jiangsu, China). Cell
lysates were re-suspended in SDS sample loading buffer,
separated by 10% SDS-PAGE gel and transferred onto
PVDF membrane (Millipore, Bedford, MA, USA). The
membranes were blocked in Tris-buffered saline with 0.2
% of Tween 20 (TBST) containing 5% w/v non-fat milk.
Western blotting was performed with primary antibodies
targeting NOTCHI1 (Millipore, Bedford, MA, USA) and
B-actin (Abnova, Taiwan, China), followed by the secondary
antibody conjugated with horseradish peroxidase (Sigma).
Immunobands were visualized using ECL and Bio-rad
Image station (Bio-rad, CA, USA).

Statistical analysis

Data are expressed as means = standard deviation (SD)
of quadruplicates. Statistical analysis was determined by
one-way ANOVA and difference between two groups
was assayed by student’s #-test. P < 0.05 was considered
statistically significant.

RESULTS

Mir-200b impacts Jurkat cell proliferation, survival
and invasion

The impact of miR-200 in acute Lymphocyte
leukemia was examined in Jurkat cells. Jurkat cells
were transfected with miR-200b mimics as well as
anti-miR-200b inhibitors to examine the gain and
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loss of function. Efficient modulation of miR-200
gene expression was confirmed by real time RCR
determination; as indicated in Fig. 1A, Jurkat cells
receiving miR-200b showed 3-fold increase in miR-
200b gene expression. In contrast, anti-miR-200b
treatment induced over 60% decrease in miR-200b
gene expression.

Using these cell models, we further evaluated
the impact of miR-200b expression on tumor
cell proliferation, apoptosis and invasion. CCK-
8 proliferation assay was used to evaluate cell
proliferation during a 4-day period. In agreement
with reports on other tumor cell lines, miR-200b
expression in Jurkat cells significantly inhibited
the cell growth, as illustrated by attenuated cell
proliferation in miR-200 mimic transfected cells
compared with cells receiving control miRNA.
Conversely, stimulated cell growth was observed in
cells receiving miR-200b inhibitor (Fig. 1B).

Similar experimental approaches were adopted
to determine the effect of miR-200b on tumor cell
apoptosis (Fig. 1C) and invasion (Fig. 1D), crucial
processes for tumor cell chemoresistance and
metastasis. Over-expression of miR-200b using
miR-200b mimics markedly stimulated Jurkat cell
apoptosis while impeded cell invasion and migration,
whereas attenuation of miR-200b expression by
the application of miR-200b inhibitor prevented
Jurkat cells from apoptosis and enhanced Jurkat cell
invasion. Findings obtained from these experiments
further confirmed miR-200b as a therapeutic target
in T-ALL.

miR-200 modulates NOTCH1 expression in T-ALL

In general, microRNAs exert their functions
through the regulation of a cluster of target genes
crucial for the physiological pathways. To explore
the molecular mechanism linked to the miR-200b
function, we screened several intracellular signaling
pathways and identified that NOTCHI signaling
might be targeted by miR-200b. As we can see
from Fig.2, NOTCHI1 expression is prone to miR-
200b regulation, reflected by a substantial decrease
in NOCHI1 protein expression in response to miR-
200 activation versus a marked increase in NOCH1
expression to miR-200b inhibition.
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Fig. 1. miR-200b affects the proliferation, survival and invasion of Jurkat cells. Jurkat cells were transfected with miR-
200b mimic or inhibitors. Cells transfected with negative control miRNA were used as negative control (NC). A) miR-
200b expression determined by QPCR. Values shown are relative expression normalized to U6. B) Cell growth rate was
determined by CCK-8 assay. C) Cell apoptosis. The percentage of apoptotic cells was calculated by analyzing Annexin

V/PI double staining followed by flow cytometry. D) Cell invasion was determined by transwell invasion assay. Similar
results were observed in three separate experiments. #, P<0.05.

NOTCHI1

— —— — [-30TID

Inhibitor Mimic NC

Fig. 2. NOTCH1 protein was down-regulated by miR-200b. Jurkat cells were transfected with miR-200b mimics or
inhibitors. Cells transfected with negative control miRNA were used as control (NC). Cells were harvested, and total
protein was isolated from cell lysates. NOTCHI protein expression was determined by Western blotting analysis. p-actin
was used as reference protein. Similar results were observed in two separate experiments.
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DISCUSSION

In this study, we were able to define that miR-200b
mimics substantially inhibited Jurkat cell proliferation
and invasion while significantly stimulating cell
apoptosis compared to the control miRNA-treated
cells. In contrast, Jurkat cells treated with anti-
miR200 demonstrated induction of cell growth and
invasion but repression of cell apoptosis. Such effects
were accompanied by the corresponding alteration
in NOTCHI expression, suggesting that NOTCH1
might be the target gene for miR-200b modulated
leukemia cell growth and invasion.

The identification of the NOTCHI signaling
as miR-200b target gene further indicates that
miR-200b might be a potent modulator for the
progression of acute T-cell leukemia. It has been
reported that sustained NOTCH1 signaling controls
the cell growth, proliferation and survival in T-ALL
through modulating the intracellular pathways,
such as PI3K/AKT, NF-kB, cAMP/PKA, and JAK/
STAT which subsequently impact a broad array of
downstream target genes (8). NOTCHI signaling
impacts T-lineage-specific IL-7Ra gene expression
in leukemia (9). Sustained NOTCHI activation
promotes leukemic cell growth by directly inducing
the expression of c-myc (10). In addition to promoting
anabolic cell growth, NOTCH1 signaling has shown to
directly promote proliferation via increased G1/S cell
cycle progression in T-ALL (11). More importantly,
NOTCHI signaling is pivotal in chemoresistance in
T-ALL, as illustrated by the finding that NOTCH1
inhibition by gamma secretase inhibitors reverse
resistance to glucocorticoids in T-ALL (12). In
summary, our findings suggest that miR-200b might
be a potential therapeutic target for T-ALL through
its inhibition of the NOTCHI1 signaling. Future
mechanistical analysis will be focused on elucidating
the molecule signaling pathway of miR200/NOTCH1
and its implications in the chemoresistance in T-ALL.
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CYP2J2 is a member of the cytochrome P450 superfamily. It had been described in different
mammalian species; however, no studies have described this gene in Camelus dromedarius. CYP2J2
is an epoxygenase enzyme which oxidizes various fatty acids, mainly arachidonic acid, via NADPH-
dependent epoxidation to generate epoxyeicosatrienoic acids (EETs). It is a multi-functional enzyme
that plays crucial roles in inflammation, cancer, drug metabolism, and embryo development. It controls
the water re-absorption in the kidney and maintains the blood pressure and glucose homeostasis. This
study is considered the first report investigating the differential expression profiles of the CYP2J2 mRNA
and protein in the liver, heart, and kidney of Camelus dromedarius. A total of 30 samples were used to
determine the expression of both CYP2J2 mRNA and protein using qRT-PCR and western blotting
methods, respectively. The mRNA level of CYP2J2 was significantly elevated in the liver compared to
that in the heart and kidney. The tissue distribution of the CYP2J2 protein was coherent to its transcript
level in the kidney, but not in the liver and heart samples. The difference between the CYP2J2 mRNA
and protein distributions in the three studied organs may be attributed to the mechanism by which the

CYP2J2 might be involved in the adaptability of the camel to the arid environment.

To the Editor,

The  Camelus
developed adaptive mechanisms that maintain
the physiological and productive processes to
the hostile environment of arid and desert areas
(1). CYP2J2 is a member of the cytochrome
P450 epoxygenase enzymes. It is encoded by the
CYP2J2 gene. It metabolizes the arachidonic acid
mainly via NADPH-dependent epoxidation to
produce four regioisomers of epoxyeicosatrienoic
acids (EETs) (2). The formed EETs are rapidly
metabolized by soluble epoxide hydrolase (sEH)
to produce the corresponding fatty acid diols,
dihydroxyeicosatrienoic acids (DHETSs). Therefore,

dromedarius  has  well-

inhibition of sEH activity can be used as a means
of studying the biological functions of EETs (3).
CYP2J2 is a multifunctional enzyme that plays vital
roles in inflammation, cancer (3), drug metabolism
(4), and embryo development (5). It controls the
water re-absorption in the kidney (6) and maintains
the blood pressure (7) and glucose homeostasis (8).
EETs are vasodilators and natriuretic substances
that increase the sodium excretion and lower the
arterial pressure (7). EETs, inhibit inflammation via
blocking the nuclear factor-kB (NF-«B) pathway
(3). The current study aimed to determine the level
of expression of the CYP2J2 mRNA and protein in
three organs (liver, heart, and kidney) of Camelus
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dromedarius. This is the first report dealing with this
determination. The comparative mRNA expression
levels of the CYP2J2 in the different tissues may
elucidate the regulation of this gene in the camel and
improve our understanding of the genetic profile of
the CYP2J2 in the three major organs and to identify
new potential highlight useful for further studies.
Then, the CYP2J2 protein expression levels in the
same tissues may reveal the functional regulation
of this protein according to the environmental
requirements for camel adaptation in the deserts.

MATERIALS AND METHODS

Sampling

Thirty fresh different tissues samples (liver, kidney,
and heart) were collected, from slaughterhouses in Cairo,
from ten clinically normal adult male Arabian camels
(Age: 3-5 years; weight: 350-550 kg). Samples were
collected from highly cellular regions of the different
tissues and from the cellular part at the cortical-medullary
junctions in the kidney samples. Each sample was divided
into two portions; one part for transcriptomic analysis
and the other for proteomic analysis of the CYP2J2. The
consent was obtained from the Institutional Animal Care
and Use Committee (IACUC) prior to carrying out the
experimental procedures on the camel. Certification for
this work has been assigned (CU II F C 63 18).

Transcriptional expression of the CYP2.J2 gene in different
tissues

Real-time reverse transcription (qRT)-PCR was used
to analyze the expression of the putative gene at the
mRNA level in the liver, heart, and kidney of the camel.
Total RNA was isolated from 30 mg of the studied tissues
using the GF-1 Total RNA Extraction Kit (Vivantis,
Cat. No. GF-TR-050) according to the manufacturer’s
instructions. RNA quality and quantity were assessed
using a Nanodrop ND-1000 spectrophotometer (Nanodrop
Technologies). The cDNA was generated using Viva
2-steps RT-PCR Kit (Vivantis, Product No. RTPL 12)
according to the provided protocol and the mRNA
levels were detected using qRT-PCR, performed with
the SYBR green kit (TaKaRa). The qRT-PCR primers,
amplifying a 212-bp fragment were designed based on
multiple sequence alignment of the CYP2J2 sequences

S. KAMELET AL.

for human (AB080265.1), rat (NM_175766.3), sheep
(NM _001077210.1) and the three camel species predicted
sequences [Camelus dromedarius (XM_010988583.1),
Camelus bacterianus (XM_010949871.1), and Camelus
Sferus (XM _006187584.2)].
designed in the most conserved regions among the

The primer pairs were

different species. The primers were as follows: 5’-
CCCTACACCAACGCTGTCAT-3’ and 5’-
CCATTCTCCAGAAAGTGCTC-3” (antisense). The
cycle conditions were as follows: 95°C for 3 min; 40
cycles of 95°C for 15 s, 62°C for 30 s, and 72°C for 15 s.
Each qRT-PCR was conducted in triplicate. The GAPDH
gene was used as an internal control (accession No.
EU331417.1). The data obtained from the qRT-PCR were
analyzed using CT, ACT, AACT MxPro QPCR Software
(Stratagene) (9). The PCR products were analyzed on 2%

(sense)

agarose gel electrophoresis to confirm the amplification
specificity and amplicon size, purified and sequenced.
The sequencing result was analyzed by using the blast
database to verify that the amplified products were the
CYP2J2 gene.

Extraction of total proteins

Total proteins were extracted from the liver, heart,
and kidney by using the NP-40 lysis buffer which is a
popular buffer for studying proteins that are cytoplasmic
or membrane-bound, or for whole cell extracts to reach
the membrane-bound CYP2J2 protein (http:/www.
abcam.com/protocols/sample-preparation-for-western-
blot) in combination with proteases and phosphatases
inhibitors mix (Catalog#BWR1022). The purified protein
concentration was determined.

Western blot assay

The Western blotting analysis was conducted as
follows. Approximately 20 mg of protein from each
sample were loaded onto a 10% SDS polyacrylamide gel
and transferred onto PVDF membranes. The membranes
were blocked for 1 h at room temperature with PBS/0.05
Tween 20 containing 5% powdered milk. The membranes
were then probed with primary antibodies raised against
anti-human CYP2J2 polyclonal antibodies (Santa Cruz
Biotechnology, USA) using the mini trans-blot system
(Bio-Rad). The predicted CYP2J2 protein (Camelus
dromedarius XP_010986885.1) from the gene bank
database give high similarity with the amino acids sequence
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as the immunogen of the human CYP2J2 antibody from
Santa Cruz. The membranes were blocked with 5% fat-
free milk in TBST (Tris-buffered saline including 0.1%
Tween) and incubated with the blocking solution using
the optimized dilutions overnight at 4°C. The membranes
were washed and treated for 1 h at 25°C with a secondary
antibody (horseradish peroxidase conjugate). The results
were confirmed through three independent assays. The
protein bands were quantified by densitometry using
Quantity One software (Bio-Rad, Hercules, CA, USA).

Statistical analysis

All data are presented as mean + SEM. Statistical analysis
was carried out using the SPSS software program version
24 (SPSS Inc., USA). Shapiro Wilk test was conducted to
confirm the normal distribution. One way analysis of variance
(ANOVA) was used to assess the significant differences
among the different groups at P<0.05.

RESULTS

Tissue distribution of the CYP2J2 mRNA

The qRT-PCR experiments examined the tissue
distribution of the CYP2J2 mRNA among the studied
camel tissues. A prominent fragment of the predicted
size (212 bp) was amplified from the RNA extracted
from the three tissues of adult healthy camels (heart,
liver, and kidney). The CYP2J2 gene was expressed
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in all the examined tissues and particularly in the liver.
The heart showed the least mRNA level compared
to both liver and kidney. Our results recorded a
significant difference in the CYP2J2 mRNA level
between the liver and kidney and between the liver
and heart, while a non-significant difference was
observed between the kidney and heart (Fig. 1).

Tissue expression of the CYP2J2 protein

The Western blot assay using polyclonal antibodies
anti-human CYP2J2 showed a cross-reactive band
with an expected molecular weight of 51334.89 Da
(Authors’ study under publication). This molecular
weight comes in agreement with the calculated
molecular weight of the purified recombinant protein
(56707 Da) in the predicted Camelus dromedarius
CYP2J2 (XP_010986885.1) and (57480 Da) in
the Human CYP2J2 protein (NP_000766.2). Anti-
CYP2J2 IgG recognized discrete bands from the heart,
liver and kidney of the camel. The CYP2J2 protein
expression was significantly different between the
different tissues (liver, kidney, and heart) of Camelus
dromedarius (Fig. 2).

DISCUSSION

Our comparative investigation of the CYP2J2
mRNA and protein expression levels delivered
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Fig. 1. CYP2J2 mRNA relative expression level in different tissues of Camelus dromedarius. a) Fold change of mRNA
expression of CYP2J2 in different tissues of Camelus dromedarius. Data are represented as mean + SEM. Groups having
different superscripts letters are significantly different from each other at P < 0.05. Groups having similar superscript
letters are non-significantly different from each other at P < 0.05. b) PCR products of 212 bp of CYP2J2 in different
tissues of Camelus dromedarius were separated by electrophoresis on 2% agarose gel and stained with ethidium bromide.

M: Marker, L: Liver, K: Kidney; H: Heart.
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Fig. 2. CYP2J2 protein expression level in different tissues of Camelus dromedarius. a) The densitometric values of
various protein bands. Data are represented as mean = SEM. Groups having different superscript letters are significantly
different from each other at P < 0.05. b) The PVDF membrane of the western blot of the CYP2J2 protein of expected size
of 51334.89 Da in different tissues of Camelus dromedarius. M: Marker. L1, L2, L3: Liver samples. HI, H2, H3: Heart

samples. K1, K2, K3: Kidney samples.

concerns about their distribution among the three
major organs in the Arabian camel. The current
findings recorded a significantly elevated level of the
CYP2J2 mRNA in the liver compared to the kidney
and heart which showed a non-significant variation
between each other. It was reported previously
that the CYP2J2 gene expression level is higher
in the liver than the heart in cattle (10) and sheep
(5). The abundant CYP2J2 mRNA in the liver may
be attributed to the critical role played by the CYP
superfamily for xenobiotic metabolism. Our study
expanded to find out whether the differences reported
in the mRNA expression of the CYP2J2 among the
three tissues are related to the protein levels. The
protein expression was studied by Western blot in the
same tissues. The CYP2J2 protein level recorded the
highest value in the heart followed by the kidney and
liver, respectively. The CYP2J2 protein was reported
to be the most abundant isoform in the human heart
(11), while in the liver, the CYP2J2 abundance
is less than 1% of the total CYP450 content. The
ultimate expression of the CYP2J2 protein in the
heart is attributed to its essential role in the blood
homeostasis which might explain the vital function
of the CYP2J2 for camel adaptation in the desert.
The expression of the CYP2J2 protein is relatively
high in the kidney. This elevation may be related

to its central role in the water re-absorption and
natriuresis. The lowest expression of the CYP2J2
protein in the liver may be attached to the minor
function of the liver CYP2J2 in drug metabolism
for the camel. However, both mRNA and protein
expressions were detected in the three tissues under
study, their expression levels were not mirrored in
each tissue. We detected abundant CYP2J2 mRNA
in the liver using qRT-PCR but not the protein by
Western blot. Controversially, the mRNA of the
heart was low compared to the prominent protein
level detected.

In conclusion, a clear variation in the CYP2J2
expression at the mRNA and protein levels was
recorded among the liver, heart, and kidney of
Camelus dromedarius. The current results may be
supportive in expanding the fundamental knowledge
of the potential physiological functions of the
CYP2J2 protein. Additionally, our findings can be
beneficial for future studies on the mechanistic role
of the CYP2J2 in the Arabian camel.
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Two main isoforms of heme oxygenase (HO-1 and HO-2), the main enzyme of heme metabolism, were
identified in the pineal gland. This suggests possible interactions between the melatonin synthesis pathway
and the HO system. The aim of this study was to investigate the participation of carbon monoxide (CO),
an HO by-product, on the melatonin synthesis pathway. Tests were carried using primary cell cultures of
porcine pineal glands. The tricarbonyldichlororuthenium (II) dimer (CORM-2) compound was used as
a CO donor at concentrations of 1 and 3 pM, as low concentrations of CORM-2 affect the regulation of
the melatonin synthesis pathway in pineal cells in vitro. In addition, the presence of Sn-protoporphyrin-
IX, an HO inhibitor, changed the melatonin response of pineal cells. These results suggest the existence
of an intermediate mechanism in the pineal gland, which is associated with HO activity, that is involved

in the modulation of melatonin synthesis.

To the Editor,

Information on the environmental lighting
condition is neuronally encoded by the retina
and converted into elevated nocturnal synthesis
of the hormone melatonin as a darkness message
for the body. The key regulatory enzyme in
rhythmic melatonin biosynthesis is arylalkylamine
N-acetyltransferase (AANAT) (1). This enzyme is
subject to transcriptional (2), posttranscriptional
(mRNA degradation) (3) and posttranslational
(proteolysis) (4) regulatory mechanisms. The

increased production of melatonin during the
night reflects increased AANAT activity and, in
many species, increased Aanat transcription (5).
Heme oxygenase (HO) plays an important role in
regulating the intracellular heme level by catalysing
heme degradation, which results in the formation
of biliverdin, carbon monoxide (CO) and free
iron (6). Jacobs et al. showed that mRNA for two
isoforms of HO, Ho-1 and Ho-2, were present in
the pineal glands of rats but that neither isoform
was photoregulated (7). Melatonin increases HO-1
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pineal cells, heme oxygenase
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activity and contributes to the restriction of oxidative
tissue damage (8). The activation of both HO-1 and
HO-2 within areas primarily involved in melatonin
synthesis suggests a possible interaction between the
melatonin synthesis pathway and the HO system. The
importance of CO in regulating melatonin release
was previously assessed in vivo (9). It is difficult
to determine the effective local concentration of
exogenous CO added to biological systems as CO
is a diffusion molecule with many high-affinity
biological targets, therefore, these studies have been
simplified in this research model. The aim of this
study was to undertake preliminary investigations
to characterise the participation of CO, a by-product
of the HO system, in the modulation of melatonin
release by pineal cells.

MATERIALS AND METHODS

Pinealocyte culture

Primary pinealocyte cultures were prepared from the
pineal glands of adult male pigs as previously described
(10) with some modifications. Briefly, pinealocytes were
obtained by trypsinisation (0.25%, 37°C, 15 min) followed
by mechanical dispersion in the presence of a trypsin
inhibitor (chicken egg white). After centrifugation (15
min, 1000 x g), the cells were resuspended in Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with
7.5% fetal bovine serum (FCS), 7.5% horse serum, 100 U/
mL of penicillin and 100 pg/mL of streptomycin. The total
number of cells and survival were estimated by Trypan
blue exclusion. The survival rate was >90%. Cells (0.5 x
10°/cm?) were seeded on six-well plates and maintained

Table 1. Sequences of the primers used in the PCR reaction.
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at 37°C and 5% CO, for 18 h prior to the experimental
procedure.

In vitro treatments
In this the
tricarbonyldichlororuthenium dimer (CORM-2; Sigma-

study, CO-releasing molecule,
Aldrich), and the commonly-used competitive HO-1
inhibitor, tin protoporphyrin-IX (SnPPIX; Sigma-
Aldrich), were used to assess the effects and potential
mechanisms of locally-released CO in the modulation of
melatonin synthesis. SnPPIX is synthetic heme analog
that selectively inhibits HO-1 over HO-2. It also weakly
inhibits nitric oxide synthase and soluble guanyl cyclase.
CORM-2 was prepared in dimethyl sulfoxide (DMSO)
at a stock solution of 15 mM, while the stock solution
(15 mM) of SnPPIX was dissolved in 0.1 M NaOH. Both
substances were then diluted in culture medium at the
desired working concentration. In control experiments,
cells were treated with the same concentration of
DMSO or NaOH, and the former did not exhibit any
significant activity on either melatonin release from
pinealocyte cells or Aanat and Hiomt expression. The
concentrations of CORM-2 and SnPPIX used were based
on a previous report that used these compounds in cell
culture experiments (11). CORM-2 was used at working
concentrations of 1 and 3 uM and either applied alone or
in combination with SnPPIX (5 uM). The effect of CO on
melatonin synthesis parameters was assessed 24 h after
the addition of test compounds.

Gene expression
RNA isolation and reverse transcription
Total RNA was extracted from cell cultures using the

Genes Forward primer Reverse primer

Hiomt CATGGTGTCCCAGGTTCTCT | CAGCTTCAGGGACACACAGA
Aanat TGGATGTGACCAGCCATAGA | TGGAACAGCTTGCTTCATTG
Gapdh CGTCCCTGAGACACGATGGT CCCGATGCGGCCAAAT
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Fig. 1. Relative Aanat gene expression level in the pineal
cells of Sus scrofa. Cells were untreated (control) or
stimulated with test compounds for 24 h. The results are
presented as mean = SEM. *P < 0.05; **P <0.01.

Total RNA Kit (A&A Biotechnology). Each RNA pellet
was dissolved in RNase-free water, and the quantity and
quality of RNA was assessed spectrophotometrically at
260 and 260/280 nm, respectively (NanoDrop, Thermo
Scientific). Extracted RNA (1 pg) was reverse transcribed
using a High Capacity cDNA Reverse Transcription kit
(Applied Biosystems).

Expression of Hiomt and Aanat genes

Messenger RNA (mRNA) levels of Hiomt and
Aanat were determined by real-time quantitative PCR
using the SYBR Green method (Power SYBR Green
Master Mix, Applied Biosystems). Oligonucleotide
primer pairs (Table I) were constructed based on the
GenBank sequence using Primer3 software. The results
were analysed on the StepOnePlus System (Applied
Biosystems) and normalised against the housekeeping
gene, glyceraldehyde-3-phosphate dehydrogenase.

Melatonin analysis

The concentration of melatonin released into the
cell medium by pinealocytes was measured using high-
performance liquid chromatography (HPLC). Analysis
was performed using a Dionex UltiMate 3000 equipped
with an electrochemical coulometric array detector (Esa
CoulArray (ESA Inc.). The HPLC equipment used in the
experiment included a pump and autosampler (Dionex,
Sunnyvale, CA, USA) and ACE 5 C18 column 4.6 x 250
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mm (particle size 5 um, pore size 100 A) connected to an
ACE 5 C18 guard column (Advanced Chromatography
Technologies LTD, Scotland). The analysis was carried
out by injecting 20 ul of the culture medium samples, or
standard, filtered through a syringe filter (0.40 pm), with
isocratic mode using acetonitrile-acetate buffer (50 mM
sodium acetate, 100 mM acetic acid, pH 5,0.1 mM EDTA)
(25:75, v/v) as a mobile phase at a flow rate of 1 ml min-
!, and the column temperature 25°C. Compounds were
defined by comparing the value of their potentials, and
the correct signal was read at 600 mV. All measurements
were performed with Chromeleon Chromatography
Data System 6.8 software. Analysis of each sample was
performed in triplicate and depended on the incubation
time of pinealocytes with CORM. Melatonin stock
solution was prepared by dissolving previously weighed
amounts of melatonin in HPLC-grade methanol. This stock
solution was next diluted with HPLC-grade water which
provided melatonin working standards at concentrations
of 2000, 5000, 10000, 20000 pg/ml.

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 6.0 using a one-way analysis of variance, followed
by Bonferroni’s post hoc test. Results are presented as
mean + standard error of the mean (SEM). P < 0.05 was
considered a statistically significant difference.

15+

Hiomt mRNA
(relative fold change)
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0 [ I T
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Fig. 2. Relative Hiomt gene expression level in the pineal
cells of Sus scrofa. Cells were untreated (control) or
stimulated with test compounds for 24 h. The results are
presented as mean = SEM. *P < 0.05.
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RESULTS

Effects on Aanat mRNA levels

The concentration of Aanat mRNA in pineal
cells differed significantly depending on the test
compound treatment. A significant increase in
Aanat mRNA levels was observed when CORM-
2 treatment (1 uM) (P<0.05) or SnPPIX treatment
was used alone (P<0.01). A significant decrease in
Aanat mRNA levels was detected after the addition
of CORM-2 (1 uM) in combination with SnPPIX
(P<0.05). The treatment of pineal cells with 3 uM
CORMS-2 alone or in combination with SnPPIX did
not have an effect on Aanat mRNA levels

Effects on Hiomt mRNA levels

Treatment of pineal cells with CORM-2 (1 uM)
increased Hiomt mRNA levels (P<0.05). Conversely,
incubation with CORM-2 (1 pM) in combination
with SnPPIX decreased the expression of Hiomt
(P<0.05). Treatment of pineal cells with 3 uM
CORMS-2 alone or in combination with SnPPIX did
not affect Hiomt mRNA levels (Fig. 2).

ok

2.5
2.0+
1.5
1.0
0.5

0.15

0.104

0.054

Melatonin concentration [ng/ml]

0.00

DMSO + + + + + +
CORM-2 (uM) - 1 1 3 3 -
SnPP(IX) - -+ - + +

Fig. 3. Melatonin concentration (ng/mL in culture
medium) from the pineal cells of Sus scrofa. Cells were
untreated (control) or stimulated with test compounds for
24 h. The results are presented as mean + SEM. *P <0.05;
**P < 0.01 versus control.
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Effects on melatonin secretion

Analysis of the culture medium revealed that
24-h treatment with 3 uM CORM-2, SnPPIX or
a combination of 1 uM CORM-2 and SnPPIX
significantly decreased the melatonin content
(P<0.05). However, melatonin synthesis in pineal
cells was four-fold higher when incubated with
CORM-2 (3 uM) and SnPPIX when compared with
the control (P<0.01). Incubation of pineal cells with
CORM-2 (1 uM) also increased melatonin synthesis
(P=<0.05).

DISCUSSION

Previous studies conducted on a hybrid of
domestic pig and wild boar showed that a two-fold
increase in CO in blood flowing into the brain area
affected the expression level of the AANAT enzyme
in a manner dependent on the length of daylight. At
the same time, parallel changes in melatonin levels
were observed in the general circulation (9). In the
literature, the CO concentrations used vary widely
due to a lack of data on the physiological intracellular
concentration of CO. Additionally, the expression
levels of Ho-1 and Ho-2 are different depending on
the tissue (12), and may vary depending on HO-1
activity. In this study 1 pM CORM-2 concentration
alone orin the presence of the inhibitor changed 4anat
and Hiomt gene expression levels and led to parallel
changes in the melatonin concentration in the culture
fluid. An increase in the CORM-2 concentration to
3 uM did not cause changes at the mRNA level;
however, significant changes were observed in the
concentration of melatonin in the culture medium.
No marked variation in Aanat and Hiomt mRNA
levels were observed after 3 pM CORM-2 was used
alone or in concert with SnPPIX, and changes in
the melatonin concentration did not correlate with
the expression of these enzymes. This indicates that
the regulation of melatonin production could occur
by inhibiting cAMP degradation by proteasomal
proteolysis of AANAT (4). Coincubation of pineal
cells with CORM-2 and a HO inhibitor changed
the degree of melatonin synthesis compared to
incubation with CORM-2 alone. Melatonin increases
HO-1 activity and contributes to the restriction
of oxidative tissue damage (8). The blockade of
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Ho-1 expression with SnPPIX, an HO-1 inhibitor,
probably attenuated HO-1 induction by melatonin.
In conclusion, these results suggest the existence
of an intermediate mechanism in the pineal gland,
which is associated with HO activity, that is involved
in the modulation of melatonin synthesis.
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The aim of this study was to analyse the correlation between high mobility group protein B1 (HMGB1)
and neonatal respiratory distress syndrome (NDS), and to provide a theoretical basis for its diagnosis
and prognosis. Sixty cases of neonates with respiratory distress syndrome were selected and designated
as a survival group (36 cases) and a death group (24 cases) according to their prognosis. Sixty healthy
neonates were also selected and designated as the control group. Peripheral venous blood and related
clinical data of the neonates were collected 12-24 h after birth. Enzyme-linked immunosorbent assay
(ELISA) was used to detect the level of HM GBI in the sera of the two groups. SPSS 17 software was used
for statistical analysis of the experimental data. The test results showed that the serum HMGBI levels of
those in the study group were significantly higher than those of the control group, and the difference was
statistically significant (P<0.05); the serum HMGBI levels of those in the death group was significantly
higher than those in the survival group, and the difference was statistically significant (P<0.05). Serum
HMGRBI level predicts the area under curve (AUC) value of NRDS as 0.872. A serum HMGBI1 level
of 625.2198pg/mL represents the best boundary value for predicting NRDS. The serum HMGBI level
predicts the AUC of death from NRDS children as 0.912, and a level of 786.7643pg/mL represents the
best boundary value for predicting patient death. In conclusion, the level of HMGBI1 in the sera of
newborns can better predict the occurrence and death of NRDS, and can therefore be considered as a
marker for its diagnosis, evaluation and prognosis.

To the Editor,

Neonatal respiratory distress syndrome (NRDS)
is an important factor leading to respiratory failure
and death in neonates (1). Since the early clinical
manifestations of NRDS are not typical, and
affected neonates have progressive symptoms 6-12
h after birth, the condition often fails to be clearly
diagnosed in a timely fashion and therefore often
cannot be actively and effectively treated (2-4).

Thus, the rapid and objective diagnosis of NRDS,
as well as early assessment of the condition and
prognosis, are of great significance for improving the
outcome, including reducing mortality, decreasing
the incidence of sequelae and improving the overall
prognosis.

High mobility group protein B1 (HMGBI) is
an active cell factor that can be released from the
nucleus to the extracellular space. In recent years,

Key words: respiratory distress syndrome, high mobility group protein B1, neonates, enzyme-linked immunosorbent assay
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many reports have shown that HMGBI is involved
in the inflammatory processes of sepsis, acute lung
injury, arthritis and other diseases (5, 6). Suda et
al. (7) found that HMGBI levels were significantly
elevated in blood and lung epithelial stroma of mice
with LPS-induced acute lung injuries. Kokkola et
al. (8) showed that HMGBI plays an important role
in the pathogenesis of arthritis. At present, there are
few studies on the relationship between HMGB1
and NRDS. Therefore, by examining the correlation
between NRDS and serum HMGBI1 levels in normal
and NRDS neonates, the present study seeks to find
biological markers for the diagnosis and evaluation
of the severity and prognosis of NRDS.

MATERIALS AND METHODS

Study subjects

Sixty cases of NRDS treated in Tianjin Baodi Hospital
from May 2016 to November 2017 were selected as the
study group. Following-up for 6 months and depending on
the prognosis, patients in the study group were apportioned
into a survival group (cured neonate) and a death group
(eventual death). Chest radiographic findings and acidosis
are the main diagnostic criteria of NRDS (9). Sixty healthy
neonates born in Tianjin Baodi Hospital during the same
period were selected as the control group. Clinical data
including hospitalization number, gestational age, gender,
mode of birth, age of onset, laboratory examination and
prognosis were recorded. The guardians of all participating
neonates provided informed consent, and the study was
approved by the Ethics Committee of Tianjin Baodi
Hospital.

2 mL peripheral venous blood samples were collected
from the two groups of neonates 12 ~ 24h after birth and were
placed immediately into drying tubes. After 30 min at room
temperature, the blood was centrifuged at 3000rpm/min for 10
min. 1 mL of each serum sample was placed into an EP tube
and stored at -80°C. Enzyme linked immunosorbent assay
(ELISA) was used to detect the content of HMGBI in the sera
of the two groups of neonates. The experiment was carried out
in accordance with the high mobility group protein Bl ELISA
kit instructions (Wuhan Elrite Biotech Co., Ltd.).

Prior to the test, HMGB1 ELISA kit was used for
thawing at room temperature, and concentrated washing
liquid was diluted to 1:25 by double distilled water for

F. XUE ET AL.

preservation; 8 EP tubes were prepared and labeled;
standard sample and 1.0 mL dilution liquid were added to
the freeze-dried standard, and mixed (2000pg/mL). Then,
, these were diluted to 2000, 1000, 500, 250, 125, 62.5,
31.25, or 0 pg/mL, where the standard and sample dilution
solution was 0 pg/mL, and the biotinylated antibody was
diluted to 1:100 for preservation. The concentrated enzyme
conjugates were diluted to 1:100 and set aside; additionally,
2 sets of newborn serum specimens were taken out and
conserved at room temperature after thawing.

100 ul sample diluent, 100 ul standard sample and
100 ul tested sample were 100 added to the ELISA plate,
respectively. After shaking, the membrane was coated
with the enzyme standard plate, and incubated at 37°C for
90 min. The liquid was discarded and the plate dried; 100
uL biotinylated antibody working fluid was added to each
well; the sample was then film-coated with the enzyme
plate, and incubated for 1 h at 37°C. The liquid was
then discarded and the plate dried; the plate was washed
3 times and dried.100 uL of the working fluid was then
added to each well and the membrane was incubated at
37°C for 30 min. The liquid in the well was discarded, and
the plate was dried and washed 5 times. 90 uL substrate
solution (TMB) was added to each well, the enzyme-
labeled board coated with film and incubated at 37°C in
the dark for 15 min. 50 uL terminating liquid was added to
each well, causing a color change to yellow. The order in
adding terminating liquid was consistent with the order in
adding substrate solution. The OD value for each well was
measured at 450 nm with an enzyme-labeling instrument
(Bio-Rad, USA). The ELISAcalc.exe software was
applied with the standard concentration as the abscissa,
and the standard curve was drawn with the OD value
measured as the ordinate. Sample concentrations were
obtained from the equation of the best-fit standard curve.

Statistical analysis

After the experiment, the SPSS 17 software was used
to analyze the data; measurement data was expressed as
(x £S), and the groups were compared using the #-test. The
count data was expressed with the rate (%), and the %’ test
was used in group comparison. Evaluation of diagnostic
value utilized the Receiver-Operating Characteristics
(ROC) curve analysis, and the determination of appropriate
points used the Youden index maximum method. The
difference was statistically significant when P< 0.05.
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RESULTS

Comparison of general clinical data and serum
HMGBI levels between two groups of neonates

The general clinical data and serum HMGBI1
levels of the two groups of neonates are shown in
Table I. There were 60 neonates in the experimental
group, including: 32 males and 28 females; 33
caesarean sections and 27 vaginal deliveries; an
average birth weight of 2.81+0.95 kg; and an average
gestational age of 35.19+3.43 weeks. There were 60
neonates in the normal control group, including:
33 males and 27 females; 21 caesarean sections
and 39 vaginal deliveries; and an average birth
weight of 3.15+0.45 kg; and an average gestational
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age of 36.01£1.07 weeks. There were perceptible
differences in gender, mode of birth and birth weight
between the two groups, but the differences were not
statistically significant (P>0.05). The average serum
HMGBI level of the neonates in the experimental
group was 784.93+171.86 pg/mL, which was
significantly higher than the HMGBI1 levels in
the serum samples of the control group, and the
difference was statistically significant (P<0.05).

Comparison of general clinical data and serum
HMGBI levels between survival group and death group

The general clinical data and serum HMGBI1
levels of those in the survival and death subgroups of
the study group are shown in Table II. There were 36

Table I. Comparison of the general clinical data and serum HMGBI levels of the two groups of neonates ( x £S).

Mode of birth Gender Blrth Gestational ~ HMGBI (pg/
weight (g)  age(week) ml)
Groups Cases
Cesarean  Natural
section  childbirth  Miale  Female
Experimental 60 33 27 32 28 2814095 35194343  784.93+171.86
group
Control group 60 21 39 33 27 3.15£0.45 36.01£1.07  569.78+76.32
Statistics 3.673 0.176 -1.971 -1.980 7.216
P 0.091 0.842 0.053 0.052 0.000

Table I1. Comparison of the general clinical data and serum HMGBI1 levels between the survival group and the death group.

. Birth Gestational
Mode of birth Gender weight (2) age(Week) HMGBI (pg/ml)
Groups Cases
Cesarean Natural
section  childbirth  Male  Female
Survival 36 2 14 19 17 297£1.12 35894277  679.48+126.16
group
Death
24 11 13 13 11 2.41+0.68 34.13+£3.02 942.12+148.39
group
Statistics 1.502 0.062 1.905 1.972 -6.351
P 0.239 1.003 0.061 0.057 0.000
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cases in the survival group, including: 19 males and 17
females; 22 cesarean sections and 14 cases of vaginal
childbirth; an average birth weight of 2.97+1.12 kg;
and an average gestational age of 35.89+2.77 weeks.
There were 24 cases in the death group, including:
13 males and 11 females; 11 caesarean sections
and 13 cases of vaginal childbirth; an average birth
weight of 2.41+0.68 kg; and an average gestational
age of 34.13+3.02 weeks. There were perceptible
differences in gender, birth weight and mode of birth
between the survival group and the death group, but
these differences were not statistically significant
(P<0.05). Comparison of serum HMGBI1 levels
between the survival group and the death group
showed that the serum HMGBI levels of those in the
death group were 942.12+148.39 pg/mL, which was
significantly higher than those of the survival group,
and these differences were statistically significant
(P<0.05).

Diagnostic value and prognostic value of serum
HMGBI level in neonatal respiratory distress
syndrome

ROC curve was used to analyze the diagnostic
value of serum HMGBI level in neonatal respiratory
distress syndrome. The area under curve (AUC)
value of NRDS diagnosis was 0.872. When Youden
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index (YI) was 0.600, serum HMGBI level was
625.2198pg/mL. The sensitivity and specificity of
serum HMGBI in diagnosing NRDS were 77.7% and
82.1%, respectively. The wrong-diagnosis rate was
22.1%, and the missed diagnosis rate was 17.7%, and
the AUC for predicting the mortality risk of NRDS
was 0.913. When YI was 0.758, serum HMGBI level
was 786.7643pg/mL. The sensitivity and specificity
of serum HMGBI level in predicting the prognosis
of NRDS were 83.2% and 92.5%, respectively. The
wrong-diagnosis rate was 16.6% and the missed
diagnosis rate was 7.3%, as shown in Fig. 1.

DISCUSSION

The results showed that the serum HMGB1 levels
in neonates in the experimental group were much
higher than those of the control group (P<0.05). This
may be due to the lack of pulmonary surfactant (PS)
in neonates with NRDS, causing alveolar collapse,
obstruction of gas exchange, damage to pulmonary
vasculature and the release of inflammatory factors,
thus provoking an inflammatory response. These
inflammatory factors can induce activated immune
cells to release HMGBI. At the same time, damaged
lung tissue cells may passively release HMGB1. The
two actions together result in an increase in serum
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Fig. 1. ROC curve of HMGBI in predicting NRDS and its prognosis.
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HMGBI level in neonates with NRDS (10).

The results showed that there was a distinct
difference in serum HMGBI1 levels between the
survival group and the death group, and the difference
was statistically significant (P<0.05). These results
demonstrated that serum HMGBI1 level is related
to the severity and prognosis of NRDS, which was
consistent with the finding of Jiang et al. (11). The
cause of this result may be related the role of HMGBI1
pro-inflammatory factors. The released HMGBI1
can be bound by receptors on the cell surfaces, thus
initiating a signal transduction pathway, leading to
produce a series of inflammatory factors which can
also promote the release of HMGBI1, exacerbate lung
injury, cause NRDS disease aggravation, and affect
the prognosis. The detection of serum HMGBI level
in neonates shows a good predictive value and may
be helpful in the diagnosis and prognosis of NRDS.

In summary, HMGB1 may play an important
role in the pathogenesis and progression of NRDS
and serum HMGBI level is of great value to the
diagnosis, as well as evaluation of severity and
prognosis, of NRDS.
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The aim of this study was to investigate the effects of propranolol on the proliferation and apoptosis
of hemangioma endothelial cells in infants and young children, and to explore the molecular mechanism
of hemangioma treatment. Infant HemEC was cultured in vitro. HemEC cells were treated with different
concentrations of propranolol (Qumol/L, 25umol/L, 50umol/L, 75Sumol/L, 100umol/L, 125umol/L). After
24, 48 and 72 hours, the viability of the cells was examined by MTT {3-(4, 5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide} method. The apoptosis rate of the cells was measured by flow cytometry
using Annexin V. The propranolol concentration was 25umol/L. After 24 h and 48 h, HemEC could slightly
proliferate (P<0.05). With the concentration of >100umol/L, the survival time of HemEC decreased when
the action time was longer than 24 h. Within a certain range, the drug efficacy was positively correlated with
drug concentration and action time (P<0.05). When propranolol concentration was >100umol/L, it could
cause HemEC apoptosis. With the increase of drug concentration and the prolongation of intervention
time, the apoptosis rate increased (P<0.05). In conclusion, the inhibition of hemangiomas by propranolol

may be related to the inhibition of HemEC proliferation and its promotion of apoptosis.

To the Editor,

The incidence of hemangioma during infancy
is 5-10% (1). Its characteristic pathological change
is hyperproliferation of hemangioma endothelial
cells (HemEC) (2, 3). Propranolol is a nonselective
B-adrenoceptor blocker that blocks the B-receptor in
the heart muscle. It is usually used for the treatment
of arrhythmias and diseases such as hypertension
(4). When propranolol is used to treat hemangiomas,
it has the advantages of rapid onset, good effect, less
adverse reactions, and small individual differences
(5). Propranolol has a good therapeutic effect, but its
mechanismis still unclear. At present, it is thought that

it may be related to inhibiting HemEC proliferation
and promoting its apoptosis. HemEC was cultured
in vitro by Chim, et al. (6). After intervention with
propranolol, the cell viability and migration ability
decreased, and the higher the concentration, the
more obvious the effect. In addition, after drug
intervention, the expression of vascular endothelial
growth factor (VEGF) and -1(hypoxia inducible
factor-1, HIF-1a) was significantly down regulated.
Annabi et al. (7) cultured human brain microvascular
endothelial cells in vitro, and the angiogenesis and
MMP-9 secretion were significantly decreased
after propranolol intervention. It was hypothesized
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that propranolol inhibiting hemangioma growth
was related to inhibiting MMP-9 secretion and
endothelial cell production. The effect of propranolol
on the proliferation and apoptosis of hemangioma
endothelial cells was investigated, and the molecular
mechanism of propranolol treatment of hemangiomas
was analyzed.

MATERIALS AND METHODS

Experimental instruments and materials

Fluorescence inverted microscope (Shanghai Caikang
Optical Instrument Co., Ltd., China); enzyme detector
(Meigu Molecular Instrument (Shanghai) Co., Ltd., China);
high-speed refrigerated centrifuge (Eppendorf, Germany);
microcentrifuge (Fisher Scientific Co., Ltd., USA); flow
cytometry BD FACsort (Boao Pak Biological Technology
Co., Ltd., Beijing); 2.0 ml cryopreservation tube; 1.5 ml
centrifuge tube; 1.5 ml cryovial; six-well, multi-well culture
plates (Corning, USA); LS separation column; MACS
magnetic bead sorter receptacle (Miltenyi, Germany).

Main reagents

EGM-2 MYV cell culture medium (Lonza, Switzerland);
DMEM high glucose cell culture medium; collagenase;
fibronectin; 0.25% trypsin; fetal bovine serum; bovine serum
albumin (BSA) (Gibco, USA); CD31 immunomagnetic beads
(Miltenyi, Germany); dispase 11, isolate protease II(Sigma,
USA); streptomycin double resistance (Gibco, USA); vWF
antibody and fluorescent secondary antibody(Abcam, USA);
MTT reagents (Shanghai Crystal Anti Bioengineering Co.,
Ltd., China); DMSO and propranolol hydrochloride(Sigma,
USA); apoptosis kits (Miltenyi, Germany); 0.25% trypsin
(without EDTA) (Sigma, USA).

Culture and identification of HemEC in vitro

A total of 15 samples were collected from infants with
hemangiomas undergoing neonatal surgery or general
surgery in Jinhua Central Hospital from March 2017 to
April 2018. Twelve samples were cultivated successfully.
The inclusion criteria were: children aged < 6 months
diagnosed as hemangioma clinically and pathologically;
the tumor was proliferating and had no complications
such as bleeding, ulceration, or infection. A portion of the
surgically resected hemangiomas was used for pathological
examination, and the other part was placed in a 50 ml sterile
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centrifuge tube (containing serum-free DMEM medium
to prevent accelerated cell aging, while using cryogenic
storage and transport). The patients’ families gave their
informed consent for the study which was approved by the
Ethics Committee of Jinhua Central Hospital.

Enzymatic digestion of hemangiomas

The hemangiomas in the centrifuge tube were
transferred to a petri dish, and the tissues were repeatedly
washed with PBS containing a double antibody followed
by rinsing with sterile PBS. The tissue was cut into
lem® pieces. After washing in PBS, the tissue mass
was transferred to a 15-ml centrifuge tube. Five ml of
2.4pg/ml dispase II solution was added and the mixture
was digested overnight at 4°C. On the second day, the
centrifuge tube was removed and the dispase II solution
was removed and washed twice in PBS. The epidermis
and dermis were removed. The tissue was cut into 1mm?
size and placed in a 15-ml centrifuge tube. Ten ml of 0.2%
type I collagenase was added to the 37°C water bath, and
the centrifuge tube was vortexed every 15 min for a total
of 2-3 h until milky. The remaining tissue was removed
using a 70 um filter. The filtrate was centrifuged at 1000
rpm for 5 min and the supernatant was discarded. The cells
were resuspended in 5 ml of 0.1% BSA and centrifuged at
800 rpm for 3 min. Then 5 ml of 0.1% BSA solution was
resuspended and mixed by pipetting. The hemocytometer
was used for counting.

The cell suspension was centrifuged at 800 rpm for
5 min and the supernatant discarded. Every 1x107 cells
were resuspended by adding 60 pl of 0.1% BSA solution;
30 pl of FcR inhibitor was added and mixed; 30 pl of
CD31 magnetic beads were added and incubated at 4°C
for 15 min. One ml 0.1%BSA solution was added to every
1x107 cells, and the LS column was prepared for magnetic
separation. The LS column was mounted on the cell
sorter, and then connected to the 50-ml centrifuge tube.
The 3 ml 0.1% BSA solution was added to the LS column
for washing. When the liquid was fast flowing into the cell
suspension, the cell suspension labeled CD31 magnetic
beads was added and washed with 3 ml 0.1%BSA. When
the liquid was drained off, 0.1% BSA was added and
the cells were washed three times. The LS column was
removed and placed in a 15 ml sterile centrifuge tube.
Then 6 ml of 0.1% BSA was added to rapidly drain the
liquid from the LS column. The cell suspension in the
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centrifuge tube was a CD31 positive cell labeled HemEC.
Then, it was centrifuged at 1000 rpm for 5 min and the
supernatant was discarded.

Culture and passage of hemangioma endothelial cells
Four ml of EGM-2/20% FBS was used to resuspend
completely for cell counting. A 25cm? cell culture flask
was pre-laminated with 1 ug/ml fibronectin solution.
The cells were placed in culture flasks at a density of 5
x 10° cells/cm?. After 48 h, the medium was changed and
then every 3 days for 20-25 days, then passaged 1:3 after
being overgrown, and passed to a 25cm? culture flask
preliminarily containing 1 pg/ml fibronectin solution.

Identification of hemangioma endothelial cells

HemEC specifically expresses von Willebrand Factor
(VWF) antigen. HemEC was used as an experimental group
to create cell slides. Immunofluorescence staining with
vWF antibody was performed for identification. First, the
cover glass was placed in a 6-well plate with a cover glass
in each well. The cell concentration was adjusted to 3x10*/
ml, cell suspension was added dropwise onto a cover glass,
and the cells were cultured for 0.5 h until cell adhesion. The
complete medium of 2 ml was added to culture for 10 h
to remove the substrate. Then, it was washed 3 times with
PBS for 3 min each time. After acetone was fixed for 10
min, PBS was washed 3 times, and each time was 5 min. 50
ul solution was added to the round coverslip and incubated
for 10 min at room temperature. Then, it was washed 3
times with PBS for 5 min/time. After removing the PBS
solution, 50 ul of the 1:200 diluted vVWF antibody was
added to each well and 50 ul of PBS was added to the blank
control group and left overnight at 4°C. The coverslip was
washed 3 times for 5 min each time with PBS. The PBS
was removed, and 50 ul of the 1:100 fluorescent secondary
antibody was added to each slide and incubated for 30 min at
room temperature and then was washed 3 times in the dark
for 5 min each time with PBS. PBS was removed. 50 ul of
diluted Hochest 33242 staining 1:10000 was added to each
hole, and was incubated for 10 min at room temperature
to avoid staining nuclei and then was photographed by a
fluorescent microscope after being washed by PBS 3 times.

Detection of HemEC survival after intervention with
propranolol
The HemEC experimental group was divided into 6
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subgroups according to the concentration of propranolol
from low to high during experimental drug intervention:
25umol/L  group, S50umol/L group, 75umol/L group,
100umol/L  group, 125umol/L group, and 150umol/L
group. The control group received only the same amount
of EGM-2/0.5% FBS medium (no growth factor added).
Drug configuration steps: 50 mg propranolol was put
in an aseptic centrifuge tube and 1ml PBS was added.
After dissolution, the concentration was 50mg/ml drug
solution and was stored at -20°C. Six sterile centrifuge
tubes were selected. EGM-2/0.5% FBS was used to mix
the diluted mother liquor. The drug solution was prepared
at concentrations of 25, 50, 75, 100, 125 and 150umol/L.

MTT test

Logarithmic growth HemEC cells were selected. After
trypsinization, HemEC cells were centrifuged at 1000rmp
for 5 min and the supernatant was removed. EGM-2/20%
FBS medium was used for resuspending and mixing by
pipetting. The cells were then counted. Cell suspension
was adjusted to a density of 1 x 10° cells/ml. 200ul/well
was added to the 96-well plate and incubated for 24 h
before removing the supernatant. 200ul/well of different
concentrations of drugs were added separately. The blank
control group was added with 200 ul of EGM-2/0.5%
FBS medium without drug and incubated for 24-72 h.
Two h after addition of the drug, the state of the cells was
observed under a microscope and photographed. After 24
h, 48 h, and 72 h, 50 pl/well of 5 mg/ml MTT solution
was added in three batches and culture was continued for
4 h. The red-purple formazan around the cells could be
seen under the microscope. The supernatant was removed
and 200 pl of DMSO solution was added to each well to
dissolve formazan. After 15 min on a horizontal shaker,
the optical density (OD) was measured with a microplate
reader. Based on the OD value of each well, the cell
survival rate was calculated for each concentration and
for each period. Calculation formula: Cell survival rate
=1-[|lexperimental port OD-zero port OD|-|control port
OD- zero port OD|]/| control port OD- zero port OD)|.

Detection of apoptosis rate of HemEC after intervention
with propranolol

The logarithmic growth HemEC was selected and
digested with EDTA-free trypsin, centrifuged at 1000rmp
for 5 min, and cells were collected. EGM-2/20% FBS
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medium was used to resuspend the cells. The cells were
counted. The cell density was adjusted to 1 x 103 cells/ml.
In a 6-well plate, each well was 2 ml. The 6-well plate was
placed ina CO, incubator. After 12 h, the cells were adhered,
and the medium was aspirated. EGM-2/0.5%FBS medium
2 ml with different concentrations of drugs was added to
each well. In the blank control group, the EGM-2/0.5%FBS
medium containing no medicine was added to each well,
and 2 ml was added into the incubator to cultivate 24-72
h, respectively. After 24 h, 48 h and 72 h, the medium was
removed, PBS was rinsed once, and 0.5ml was digested
without EDTA trypsin. After 1 min, 1 ml of complete
medium was added to stop the digestion. Resuspend was
blown gently. The cell suspension was collected in a flow
tube and centrifuged at 1000 rpm for 5 min to remove
the supernatant and 3 ml PBS was added. The cells were
resuspended once and centrifuged for 5 min at 800rmp and
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the supernatant was removed, after which 200 ul Binding
Buffer suspension cells were added. Annexin V-FITC 5 uL
was added and incubated for 15 min at room temperature in
the dark, and then 5 uL PI staining was added 5 min before
the flow cytometer. It was detected within 1 h.

Statistical analysis

The data was analyzed using SPSS 22.0 software.
Measurement data is expressed in X =s. Univariate
method analysis and independent sample f-test were
applied. P<0.05 indicates that the results are statistically
different.

RESULTS

Observation of cell morphology
The prophase of primary cell proliferation is slow.

Fig. 1. HemEC cell morphology observation (*x200 times).

Fig. 2. A) The cytoplasmic vWF staining of HemEC was positive (%200); B) HemEC. Cytoplasmic vWF staining was

positive (x400)
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On the 14th day, the density of adherent cells growing
on the bottom of the culture flask was still sparse (Fig.
1A). After 14 days, the proliferative power accelerated.
On the 20th day, HemEC could be observed under the
microscope and swirled. The arrangement was more
orderly and dense. At this point, growth reached 90%
confluence (Fig. 1B). After passage, the proliferation
of cells was also very strong.

Cellular immunofluorescence

As can be seen from Fig. 2, the cytoplasm of
the experimental group showed green fluorescence
mainly distributed around the nucleus. VWF
antibody immunofluorescence staining was positive,
indicating that the cell is indeed HemEC.

Cellular morphology after drug intervention

HemEC (0, 25, 50, 75, 100, 125, 150
umol/L) was treated with different concentrations
of propranolol and observed after 2 h. HemEC
morphology gradually changed with increasing drug
concentrations. It was seen that the cells began to
shrink and become round, and at high concentrations
the outline of the cells disappeared. When the
concentration was >100umol/L, the cells began to
shrink and become round, with a little detachment.
Fig. 3 shows the morphology of the HemEC under
the microscope.
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Cell proliferation test results

HemECs were treated with different
concentrations of 0, 25, 50, 75, 100, 125, 150 umol/L
propranolol. As seen from the data in Table I, the
concentration of propranolol of 25umol/h caused
slight proliferation of HemEC after 24 h and 48 h
(P<0.05). When the concentration was >100umol/L,
the survival time of HemEC was decreased after
the treatment time >24 h, and it was concentration-
dependent and time-dependent within a certain range
(P<0.05).

Apoptosis

Propranolol  100-150umol/L  could induce
apoptosis of HemEC after intervention for 24 h, 48
h, and 72 h, and was positively correlated with drug
concentration and action time (P<0.05). The data is
shown in Table II.

DISCUSSION

Léauté-Labreze et al. (8) used propranolol
to treat two children with heart disease and
hemangioma. They found that the atrophy of the
hemangioma decreased. Later, researcher used
propranolol again in 9 other cases of hemangiomas
and achieved the same results. In this study,
the propranolol concentration was 25umol/L.

Fig. 3. HemEC form (*x100). A) control group; B) 25umol/L; C) 50umol/L; D) 75umol/L; E) 100umol/L; F) 125umol/L;
G) 150umol/L.
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After 24h-48h of intervention, HemEC caused
slight proliferation (P<0.05). When the drug
concentration was >100umol/L and the action time
was > 24h, the survival rate of HemEC decreased.
The drug efficacy was positively correlated
with drug concentration and duration of action
(P<0.05). This is similar to the results obtained
by other researchers (9, 10). This shows that low
concentrations of propranolol can promote the
proliferation of HemEC, and high concentration of
propranolol can inhibit the proliferation of HemEC.

In addition, the apoptosis of endothelial
cells in hemangiomas treated with different
concentrations of propranolol was explored. The
results showed that the drug can cause apoptosis
of hemangioma endothelial cells at >100umol/L.
With a continuous increase of the action time and
drug concentration, the apoptotic rate gradually

Table 1. Cell survival rate of HemEC after drug intervention

increased. Other studies (11, 12) have shown
that propranolol can cause apoptosis in capillary
endothelial cells and pancreatic cancer cells when
the concentration is within the range of 10 to 100
umol/L with actuation duration of 24 ~ 72h. This is
similar to the results of this experiment. However,
it is still unclear whether its mechanism of action
is the same as the mechanism that causes HemEC
apoptosis.

Insummary, low concentrations of propranolol
have a certain role in promoting the proliferation
of hemangioma endothelial cells. However, high
concentrations of propranolol have inhibitory
effects on the proliferation of hemangioma
endothelial cells. In addition, propranolol may
inhibit the growth of hemangiomas by inhibiting
the proliferation of hemangioendothelioma cells
and promoting their apoptosis.

Concentration (pmol/L) 24h 48h 72h
0 1.00+0.00 1.00+0.00 1.00+0.00
25 1.26+0.11%%* 1.16+0.11* 1.09+0.11
50 1.03+0.13 1.11£0.12 0.99+0.12
75 0.92+0.09 0.82+0.08** 0.93+0.11
100 0.68+0.13* 0.51£0.07** 0.42+0.08**
125 0.61£0.12%* 0.33+0.05%* 0.20+£0.05**
150 0.30+0.08** 0.12+0.03** 0.05+0.02%%*

Note: Compared with the blank control group, *P<0.05, **P<0.01

Table 1. Apoptosis of HemEC after drug intervention

Concentration (umol/L) 24h 48h 72h
0 2.61+0.07 3.34+0.31 5.32+0.11
25 4.75+0.19 6.88+0.33 9.14+0.36
50 9.53+0.31 10.96+1.53 12.76+0.42
75 13.13+1.12%* 18.36+3.13 18.76+1.14*
100 19.13+1.57*# 45.18+7.13*# 58.16+4.33%#
125 22.21+1.94*# 55.92+6.84*# 64.88+1.17*#
150 32.384+2.34%# 61.93+5.97*# 71.05+3.75%#

Note: The apoptosis rate of the two groups was *P<0.05 at the same concentration and different time points, and the
apoptosis rate of the two groups was #P<0.05 at the same time point and different concentrations.
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Liver cholestasis is known to accompany several major liver disorders and is adequately mimicked in
rats by ligation of the bile duct (BDL). L-arginine is a semi-essential amino acid which is involved in several
important metabolic pathways that are significantly affected during cholestasis. This study was conducted
in order to contribute to the understanding of the enrolment of L-arginine supplementation in cholestatic
liver function. This was carried out by estimation of serum and liver tissue arginase activity, along with
liver tissue citrulline, nitric oxide (NO) and polyamine concentrations. Rats subjected to BDL were treated
for nine days with L-arginine (150 mg/kg) or remained without any treatment. Animals from two control
groups were either subjected to medial laparotomy (sham/opened group) or were without any surgical
treatment and received only L-arginine. Application of L-arginine prevented a significant increase in
plasma bile acid and bilirubin concentrations, as well as enzyme biochemical markers that were increased
after BDL. It is worth mentioning that L-arginine was able to cause a decrease in arginase activity and liver
tissue NO concentrations that were found to be significantly altered during cholestasis. On the other hand,
the changes occurring in the concentration of liver polyamines (putrescine, spermidine and spermine) and
the activity of polyamine metabolizing enzymes were not notably affected by the administered L-arginine.
The results of the present study revealed that exogenous L-arginine was able to ameliorate or prevent
changes occurring in its metabolism in liver during cholestasis.

To the Editor,

Numerous studies have provided substantial
information regarding the function of liver tissue
affected by cholestasis, which accompanies several
major liver disorders (1). These studies extensively
evaluated the role of bile acids and their hepatocyte
damaging mechanisms, which include direct
cytotoxicity, and pro-apoptotic action, as well as
tissue lipid peroxidation and oxidative damage (2).

L-arginine is a semi-essential amino acid
which is involved in several important metabolic

pathways, serving as either donor of guanidine
group or as a starting molecule for nitric oxide
(NO) and polyamine synthesis, etc. (2). Polyamines,
especially putrescine, spermidine and spermine, are
omnipresent intracellular molecules tightly related
to numerous sophisticated cellular processes. The
disturbance in exogenous L-arginine availability
leads to the alterations in spermatogenesis and
urea cycle, and to a dramatic reduction in tissue
and circulating levels of arginine and ornithine (3),
however, it does not affect polyamine synthesis (4).
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Since the arginine is a building block molecule and
is involved in several metabolic pathways one can
speculate that a significant alteration in the quantity
of metabolic pathway end-product would occur
during cholestasis.

In order to contribute to the understanding of the
enrolment of L-arginine in cholestatic liver tissue,
we evaluated how a nine-day supplementation with
L-arginine (at a dose of 150 mg/day) to rats subjected
to BDL affects the metabolism of this amino acid.
This was carried out by estimating serum and liver
tissue arginase activity, along with liver tissue
citrulline and nitric oxide (NO) concentrations.
Also, liver polyamine (putrescine, spermidine and
spermine) contents and enzymes involved in their
metabolism were also estimated.

MATERIALS AND METHODS

Drugs and chemicals

All drugs were purchased from Sigma (St. Louis,
MO, USA) and were of the highest commercial quality
available, while the chemicals used were of analytical
grade. Drug and reagent solutions were prepared fresh
daily and filter sterilized if necessary.

Animals and housing

Forty disease and pathogen-free four-month-old male
Wistar rats (weighing 250-300 g) were obtained from
the Vivarium of the Institute of Biomedical Research,
Faculty of Medicine, University of Ni§, Nis, Serbia.
During the course of the experiment all animals were kept
under standard laboratory conditions at 22+2°C and 60%
humidity, 12-h light and dark cycle, with food and water
available ad libitum. Seven days prior to the experiment,
the animals were randomly divided into experimental
groups consisting of 10 animals each. All experimental
procedures with the animals were conducted in compliance
with the declaration of Helsinki and European Community
guidelines for the ethical handling of laboratory animals
(EU Directive of 2010; 2010/63/EU).

Bile duct ligation

Experimental cholestasis, previously described in
great detail (3), was induced by BDL using a surgical
thread, under ketamine anesthesia (50 mg/kg), following
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the rules of asepsis. In animals belonging to the sham-
opened group only midline laparotomy was performed,
without any surgical procedures, in order to eliminate
potential effects of operation procedure on the evaluated
biochemical parameters.

Treatment protocol

After appropriate surgical protocol, the animals
were divided into three groups consisting of 10 animals
each, while the fourth group served as a control. The
experimental groups were treated as follows:

Group I: Sham/opened group, treated daily, for nine
days, via intraperitoneal (i.p.) with saline (10 ml/kg).

Group II: L-arginine treated control group, was not
subjected to surgical treatment, received i.p. injection of
L-arginine (150 ml/kg) once daily for nine days.

Group III:
induced by BDL, treated with i.p. injection of saline (10

BDL group, animals with cholestasis

ml/kg) once daily for nine days.

Group IV: BDL and L-arginine group, animals with
cholestasis induced by BDL, treated with i.p. injection of
L-arginine (150 mg/kg) once daily for nine days.

All animals were sacrificed, 9 days following BLD,
under ketamine anesthesia, after 15 h of starvation. The
sample blood was collected by heart puncture after medial
laparotomy and the liver tissue was quickly removed,
washed and frozen.

Serum biochemical analysis

Tubes containing anticoagulant (heparin) were used
for blood sampling from the animals’ abdominal aorta.
The obtained blood was centrifuged at 3000 rpm for
15 min and the plasma collected was stored frozen at
—20°C until further analysis. Plasma alanine transaminase
(ALT (ALP)
glutamyltransferase (y-GT) activities, as well as total
(TB) and direct bilirubin (DB), were determined using
automated biochemical analyzer BTS-370 (BioSystems).

alkaline phosphates and gamma-

Total plasma bile acids level were determined using a
direct spectrophotometric method previously described
by Mashige and co-workers (2).

Tissue homogenate preparation

Dissected liver tissue was immediately frozen and
chopped into small pieces that were further used for
homogenate preparation. Homogenates (10%, w/v),
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prepared with ice-cold distilled water, were centrifuged
at 12000 rpm for 10 min at 4°C in order to obtain clear
supernatants that were used for further experiments.
Protein content in the supernatants was determined using
a Lowry’s method (2) and the results were calculated
based on the bovine serum albumin standard curve.

Arginase activity determination

Plasma and liver homogenate arginase activity was
determined following a standard protocol, utilizing
ninhydrin as a reagent, which estimates the amounts of
formed ornithine after the reaction between arginase
and arginine. The absorbance of the reaction mixture
was measured at 515 nm and the values obtained were
corrected with those obtained from the control (2).

Citrulline concentration measurement

The amount of L-citrulline in liver tissue homogenates
was determined using a colorimetric assay that utilizes
diacetyl monooxime and thiosemicarbazide (2). The
reaction was terminated by adding trichloroacetic acid and
the color was developed after incubation at 100°C for 5
min. The absorbance of the solution was measured at 530
nm and the results were presented as umol/mg of proteins.

Nitrite measurement

After sample deproteinization, liver tissue NO
production was evaluated by measuring nitrite and nitrate
concentrations (NO,+NO,’). Nitrates were previously
transformed into nitrites by the cadmium reduction method.
Nitrites were assayed directly spectrophotometrically at 492
nm, using Griess reagent (1.5% sulfanilamide in HCI with
0.15% N-(1-naphthyl) ethylenediamine dihydrochloride).

The results were expressed as nmol/mg of liver tissue.

Determination of liver polyamine content

Polyamine content (putrescine, spermine and
spermidine) was determined in a sample obtained after the
homogenates were extracted with n-butanol. Separation
of amines was performed using electrophoresis (80 V/
cm for 1.5 h) under acidic conditions (pH 4.3), where the
three amines were separated with no overlap and negligible
streaking. Finally, the concentration of a single band was
determined spectrophotometrically after its reaction with
ninhydrin at 505 nm (2). The amounts of each of the

polyamines was calculated using a standard curve.
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Polyamine metabolizing enzymes activity determination
The activity of polyamine oxidase (PAO) and diamine
oxidase (DAO)was determined spectrophotometrically
in a reaction of PAO or DAO with a specific substrate,
i.e. spermine tetrahydrochloride and putrescine
dihydrochloride, respectively. The reaction is based on
the determination of formed amounts of amino aldehydes
(2). Enzyme activity was expressed as U/mg of protein

present in liver tissue homogenate.

Statistical analysis

Data presented as mean+SD were compared using one-
way analysis of variance (ANOVA), followed by Tukey’s
post hoc test for multiple comparisons (GraphPad Prism,
ver. 5.03; San Diego, CA, USA). Probability values (p) less
than 0.05 were considered to be statistically significant.

RESULTS

Plasma bilirubin levels (total, direct and indirect)
were found to be significantly increased in groups
of rats subjected to BDL (Fig. 1A). The bilirubin
levels in the group that received arginine after BDL
were significantly less increased compared to the
control (Fig. 1A). The same trend of changes in
bile acids levels was observed as well (Fig. 1B).
Also, parameters reflecting cholestatic liver damage
(ALT, y-GT and ALP) were found to be significantly
increased in rats subjected to BDL compare to the
control group (Table I). The levels of y-GT and ALP
were only slightly affected by a nine-day L-arginine
treatment, while the levels of ALT remained the
same as in the sham/opened group (Table 1), i.e. they
were not significantly different from those from the
control group.

Plasma arginase activity was found to be
significantly increased in the groups of rats with
BDL and BDL and L-arginine compared to the
control group, while the liver arginase activity in the
same groups was found to be significantly decreased
compared to the control group (Table I). Application
of L-arginine after BDL prevented such significant
increase/decrease in plasma and liver arginase
activity, respectively (Table I).

The amount of NO and citrulline was determined
in liver tissue homogenates of animals from all four
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Table 1. Plasma and liver biochemical parameters determined for rats from different experimental groups.

Parameter/Grou Sham/opened L-arginine treated = BDL BDL + L-arginine
P M (1n) () av)

ALT (U/L) (P) 45+12.4 5849.9 101.5+14.5* 62.7+14.2%

y-GT (U/L) (P) 5.27+0.2 3.37+0.2 19.943 4% 6.3+2.1%

ALP (U/L) (P) 194.2412.3 139.3+ 18.4 340.5+ 45.2% 258+34.3%#

Arginase (U/L) (P) 0.940.2 0.84=0.2 25543 4% 7.5+1.5%

PAO (U/mg of proteins) (H)  2.140.33 1.640.15* 1.140.09* 1.5+0.13*

DAO (U/mg of proteins) (H)  1.8+0.12 1.740.11 1.140.18* 1.6+0.02%

P: plasma,; H: homogenate; Values are given as means+SD, n=10. One-way ANOVA followed by Tukey's test was used to
compare the groups. *p<0.001 vs sham/opened group, #p<0.001 vs BDL group.
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Fig. 1. Plasma bilirubin (4) and bile acid (B) levels measured in animals from different experimental groups. Values are

given as means+SD, n=10. One-way ANOVA followed by Tukey s test was used to compare the groups. *p<0.001 vs sham/
opened group, *p<0.001 vs BDL group.
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experimental groups (Fig. 2). Statistical comparison
of the results revealed significant changes in NO
concentrations between the compared groups, while
the citrulline concentrations remained unchanged.
Ligation of the bile duct caused a significant
increase in liver NO concentrations in all animals
subjected to this surgical procedure. In the group
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that received L-arginine after BDL for nine days the
concentrations of NO were found to be significantly
different compared to both THE sham/opened and
BDL groupS (Fig. 2).

The treatment of healthy animals with L-arginine
(group II) did not affect the levels of polyamines
(Fig. 3) in rat livers compared to the control group,.

- 24
- 22
- 20
-18
-16
- 14
-12

[ 10 L-arginine treated

@ sham/opened

@8 BDL
BDL + L-arginine

*  ®
NO

Concentration (nmol/mg of proteins)

Citrulline

@
(onssn jo Swi/[owu) UONE.IIUIIUO)

Fig. 2. Liver tissue NO and citrulline concentrations obtained from control and experimental rats. Values are given as
means+SD, n=10. One-way ANOVA followed by Tukey's test was used to compare the groups. *p<0.001 vs sham/opened
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In group III of rats (those subjected to BDL) liver
amounts of putrescine and spermidine were found
to be statistically significantly decreased compared
to the sham/opened group (Fig. 3). A significant
decrease in the levels of polyamines in rats subjected
to BDL was prevented by a nine-day L-arginine
treatment (Fig. 3).

During the course of experiment, application of
L-arginine led to a significant decrease in liver tissue
PAO activity compared to the sham/opened group,
while the DAO activity remained unaffected (Table
I). A nine-day L-arginine treatment was able to
significantly prevent BDL-induced PAO and DAO
decrease in rat liver (Table I), but the activity was
still insignificantly different from both the sham/
opened and BLD groups of rats.

DISCUSSION

The beneficial properties of high doses of
L-arginine in BDL model have been previously
published (5, 6), additionally, we found that
L-arginine application to rats with BDL resulted in a
significant decrease of bile acid concentration, which
accumulates during cholestasis and causes significant
damage to the liver (2), compared to rats subjected to
BDL. The course of cholestasis hepatic dysfunction
partially depends on NO (5-8) and the results of this
study showed for the first time that the application
of L-arginine during cholestasis led to a decrease
in NO production. Other enzymes (arginase) and
products of enzymatic reaction [citrulline (9)] were
found to be significantly affected also by L-arginine
application during cholestasis. These results are
somewhat unexpected since arginine is a source
molecule for NO generation (10).

Polyamine levels were significantly decreased
during cholestasis and we found that liver tissue
polyamine, where their concertation is highest
(11), are mainly unaffected by L-arginine, except
for spermine. These results are in good correlation
with the theory that NO inhibits polyamine synthesis
(12). Also, the PAO and DAO, main polyamine
catabolizing enzymes (10), that are decreased during
cholestasis induced by BDL were found to be poorly
affected by L-arginine treatment, which might not
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be completely non-beneficial, since by the decrease
in their activity the amounts of polyamines could
remain stable (constant) and the pro-apoptotic
molecules arising from their activity would not be
generated (10).

The obtained results contribute to the pool of
knowledge related to the involvement of L-arginine
as a hepatoprotective agent by mitigating the harmful
effects of bile during cholestasis, affecting NO-urea
cycle and by maintaining liver tissue polyamine
concentrations.
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The aim of this study was to probe the influence of continuous nursing intervention on recovery
of diabetic patients. From October 2016 to June 2017, 80 diabetic patients who received treatment in
our hospital were selected and randomly divided into an intervention group and a control group. The
intervention group received continuous nursing care including indirect follow-up, health education and
home visit. The self-care ability and blood sugar of the two groups were compared three months later.
The score of self-care ability in the intervention group was 89.64+1.64 and that in control group was
72.68+2.47, and a significant difference was observed (P < 0.001). The fasting blood glucose level in the
intervention group was 6.62+0.86 MMOL/L, and the 2-hour post-meal blood glucose level was 8.47+1.32
MMOL/L, which were both lower than those in the control group. Continuous nursing can help monitor
the recovery of patients after discharge. It is helpful to improve the self-care ability of patients, control

blood sugar level, and promote recovery. It is worth wide promotion.

To the Editor,

Diabetes, a common chronic disease, is a
metabolic disorder related to blood glucose level
(1) and is accompanied by complications such
as neuropathy and retinopathy (2, 3), which can
seriously affect the life quality of diabetic patients.
The treatment of diabetes is a relatively long process.
Many diabetic patients do not maintain good habits
after discharge and have insufficient understanding
of or give lack of attention to their condition, leading
to the deterioration of the disease. Providing a long-
term medical service for patients is an important
issue in medical care nowadays. Continuous nursing
is a type of nursing that provides patients with
consistent medical help after they leave the hospital,
and can effectively promote their recovery. Zhang et
al. (4) studied the impact of continuous nursing on

the living capacity and quality of life of patients with
hypertensive intracerebral hemorrhage and found
that continuous nursing could effectively improve
the living capacity of patients after surgery, reduce
the probability of complications, and improve their
quality of life. Li et al. (5) found that patients who
received continuous care were superior to those who
did not receive continuing care in terms of nursing
methods, nursing skills and health knowledge one
year after discharge, indicating that continuous care
had a significant effect on improving the patients’
self-care ability. Otaghi et al. (6) studied the effect
of continuous nursing on sleep quality and found
that the sleep quality of hemodialysis patients was
significantly improved after one month of nursing
intervention compared with patients without
continuous nursing. That article discussed the

Key words: diabetes, continuous nursing, nursing intervention, nursing effect

Mailing address:

Dr Dongmei Lv,

Department of Nursing, The Second Affiliated Hospital ,
Harbin Medical University, No. 248, Xuefu Road,
Nangang District,

Harbin, Heilongjiang, 150086, China

e-mail: dongmeilvhr@yeah.net

1507

0393-974X (2018)

Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1508

influence of continual nursing on the recovery of
patients with diabetes.

In the present study, 80 patients with diabetes
were divided into an intervention group and a
control group; patients in the intervention group
received continuous nursing including indirect
follow-up, health education and home visits. The
effect of continuous nursing on diabetic patients was
analyzed by comparing the self-nursing ability and
blood glucose control of patients in the two groups.

MATERIALS AND METHODS

General data

Eighty diabetic patients who came to our hospital for
treatment between October 2016 and June 2017 were
randomly selected as the study subjects. Patients or their
family members could communicate via Wechat or QQ,
and volunteered to join the study and signed informed
consent. The 80 patients were randomly divided into an
intervention group and a control group, and continuous
nursing care was given to the intervention group. The
age of the subjects was between 30 and 80 years, and
the proportion of men and women in the two groups
was similar and most of them lived with their families.
Medical insurance was the main payment form for
medical expenses. The general data such as age, sex, job,
educational background were compared between the two
groups, but no significant difference was found (P > 0.05),
thus the results of the two groups could be compared. The
comparison of general data between the two groups is
shown in Table I.

Continuous nursing method

Nursing staff was organized to set up a continuous
nursing team. Patients in the control group were given
conventional nursing, while patients in the intervention
group were given continuous nursing. The content of the
nursing is shown below.

Indirect follow-up

The patients were followed up via telephone, WeChat
and QQ, 30 min each time. They were followed up at the
Ist, 2nd, 4th, 8th and 12th week after discharge. With
regard to diet, the daily calorie necessity was calculated;
the daily intake of carbohydrates was controlled between
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50% and 60%, protein between 15% and 20%, and fat
lower than 30%; meals were arranged regularly; proper
fruits were selected; smoking and wine were forbidden.
Regarding medication, patients were asked to follow the
doctor’s advice and keep the medication time, dosage and
possible adverse reactions in mind. For blood glucose,
the patients were informed of the correct blood glucose
monitoring method; the monitoring time was set according
to actual conditions of patients; they were shown how to
accurately record the monitoring results of blood glucose
and were informed regarding matters needing attentions.
The patients were asked to carry out regular moderate
exercise, and carry their diabetes first aid card during
exercise. In the aspect of foot care, the water temperature
was lower than 37°C; nails were correctly trimmed, hot-
water bottles were forbidden, feet were examined every
day, and loose and air-permeable foot-gear was selected.
The flow of network follow-up is shown in Fig. 1.
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Design lollow-up content

Train follow-up staff
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document

Complete lollow-up

content during follow-up
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Make summary regularly

and analy~¢ records

Fig. 1. The procedures of indirect follow-up.
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Table 1. Comparison of general data between the two groups

Intervention group Control group
General data n=40 (%) =40 (%) P
Male 21(52.5) 22(55)
Sex 0.726
Female 19(47.5) 18(45)
Under 40 years old 5(12.5) 4(10)
Age 40-60 17(42.5) 16(40) 0-854
Above 60 years old 18(45) 20(50)
On the job 17(42.5 16(40
J (42.5) (40) 0.685
Job
Retired/unemployed 23(57.7) 24(60)
Junior middle school or 10(25) 11(27.5)
lower
Educational L 0.452
background Senior high school 15(37.5) 14(35)
University or higher 15(37.5) 15(37.5)
Unmarried 7(17.5) 6(15)
Marital . 0.652
status Married 19(47.5) 20(50)
Divorced/ widowed 14(35) 14(35)
) Self-paying 11(27.5) 9(22.5)
Medical 0.741
expenses o
Medical insurance 29(72.5) 31(77.5)
Lower than 1000 5(12.5) 4(10)
. 1000-3000 5(12.5) 6(15)
ncome
situation 0.623
3000-5000 17(42.5) 15(37.5)
Higher than 5000 13(32.5) 15(37.5)
o Live alone 11(27.5) 10(25)
Inhabiting 0.897
information ’
Live with family 29(72.5) 30(75)
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Health education

Records were kept for each patient. Detailed records
were established for patients in the intervention group, and
the contents included general data, treatment course, date of
discharge and information regarding fasting blood glucose,
2-hour post-meal blood glucose, cholesterol and blood
pressure. Comprehensive knowledge of patient information
could help nursing staft give effective suggestions.

Table I1. Questionnaire.

S. CHIET AL.

Nurses provided patients with scientific information
related to diabetes care, including scientific diet, correct
medication, appropriate exercise, foot care, correct insulin
injection.

The nurses organized weekly health lectures on
diabetes, which included basic knowledge of diabetes,
diet and exercise, management of hypoglycemia or
hyperglycemia, proper insulin injection, and introduction

Item

Score

Whether can follow diet plan?

Diet
Whether can persist in eating fruit and vegetables?
Whether can take drugs and receive injection of insulin timely?
Drug use
Whether can go to hospital for reexamination regularly?
Whether can persist in exercise (at least four times per week and 30 min each time)?
Sports

Whether can carry candy and emergency card during sports?

Blood glucose

Whether can persist in measuring blood glucose at least three times every week?

monitoring

Whether can deal with the condition when the level of blood glucose is slightly high or low?

Whether can persist in foot nursing?

Foot nursing

Whether can ensure comfortable shoes and footgear ?

Table III. Comparison of self-nursing ability between the intervention and control groups.

Intervention group(n=40) Control group (n=40) P

Diet 18.27+0.21 15.21+1.02 0.001*

Medication 18.69+0.34 15.37+1.12 0.000*

Exercise 18.11+0.52 14.67+1.25 0.000*

Monitoring of blood 17.96+0.28 12.97+1.04 0.000*
glucose

Foot nursing 18.06+0.61 12.19+1.35 0.000*

Total score 89.64+1.64 72.68+2.47 0.000*

*p <0.001, i.e., the difference was extremely significant.
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of diabetic complications.

Psychological guidance was given to the patients.
The regular nursing staff understood the psychological
status of patients, and encouraged them to face the disease
bravely, maintain a positive and optimistic attitude, deal
with physical emergencies timely and calmly, encourage
patients with better physical condition to carry out more
outdoor activities, timely answers to patients’ questions,
and pacify patients’ emotions.

Home visits

Ahome visitcan help todirectly understand the patient’s
self-care condition and improve his consciousness through
direct communication. Home visits were conducted at the
first, fourth, eighth and twelfth week after discharge, 30
min each time. The visit helped the staff to understand
the patient’s self-care condition, evaluate medication and
insulin injections, monitor diet and exercise, understand
foot care and evaluate the monitoring of blood glucose.

Observational indicators

The self-nursing ability and blood glucose control of
the patients were taken as observational indicators. Self-
nursing ability was evaluated via a questionnaire.

Content of questionnaire

To ensure the accuracy of the survey results, the
questionnaire was completed one-on-one by investigators
and patients, and filled out by investigators. The
questionnaire included five aspects of content, diet,
medication, exercise, blood glucose monitoring and foot
care, as shown in Table II.
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The questionnaire had ten items, 10 points for each
item. Patients evaluated themselves by giving a score
between 6 and 10 for each item.

Statistical analysis

SPSS ver. 18.0 was used for statistical analysis. Count
data was processed by Chi-squares test, and -test was
used for measurement data. P < 0.05 meant statistical
significance, and P> 0.05 meant no statistical significance.

RESULTS

Comparison of self-nursing ability

The score of self-nursing ability of patients
in the two groups is shown in Table II. It can
be seen that the score of self-care ability of the
intervention group was 89.64+1.64, and that of
the control group was 72.684+2.47. There was a
significant difference between the two groups (P
< 0.001). The self-care ability of patients in the
intervention group was superior to that in the
control group. Among the five aspects of self-care
ability, the two groups scored the highest in drug
use, 18.69+0.34 and 15.37+1.12 respectively, and
the score of blood glucose monitoring was the
lowest, 17.96+0.28 and 2.97+1.04, respectively. It
may be because drug use is the most effective way
to control the disease and can take effect directly
and rapidly, and blood glucose monitoring is
difficult for patients. Nontheless, the score of blood
glucose monitoring of the intervention group was
significantly higher than that of the control group,

Table IV. Comparison of blood glucose control condition between the intervention and control groups.

Intervention group (n=40) Control group (n = 40) P
Fasting blood glucose
+ + *
(MMOL/L) 6.62+0.86 7.85+1.01 0.000
2-hour post-meal blood
+ + sk
glucose level (MMOL/L) 8.47+1.32 9.27+1.04 0.047
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indicating that continuous nursing improved the
patients’ attention to blood glucose monitoring,
and scientific guidance was of great help to the
monitoring of blood glucose. In other aspects,
the intervention group was also better than the
control group, which suggested the effectiveness
of continuous nursing.

Comparison of blood glucose control

Table III and Fig. 2 show that there were
differences in the fasting blood glucose levels and
2-hour post-meal blood glucose levels between the
intervention group and control group. The fasting
blood glucose levels of the control group were
7.85+1.01 MMOL/L, and those of the intervention
group were 6.62+0.86 MMOL/L, suggesting
an extremely significant difference (P < 0.001).
The 2-hour post-meal blood glucose level of the
intervention group was 8.47+1.32 MMOL/L,
which was significantly different from that of the
control group (9.27£1.04 MMOL/L, P < 0.05).
This indicated that continuous nursing improved
the self-nursing ability of the patients and helped
patients to control the level of blood glucose,
but the blood glucose level of patients in the
observation group was not strictly controlled after
leaving the hospital because of the insufficient
attention in daily life. All the findings suggested

W Intervention group

12

Blood glucose (MMOL/L)
*

NN
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the effectiveness of continuous nursing for better
recovery of patients.

DISCUSSION

Diabetes is a common chronic disease, and
the control of chronic diseases is inseparable
from the patient’s self-management. Continuous
nursing can provide patients with professional
guidance, help them have a better grasp of
disease condition (7) after leaving the hospital,
effectively improve their quality of life (8, 9),
adjust their emotions (10), ensure mental health
(11), and strengthen their self-management skills
(12). Receiving scientific guidance for diet and
drug use is beneficial to recovery. It was found
after three months of continuous nursing that
the control ability of the intervention group was
significantly superior to that of the control group
in aspects of diet, sports and drug use; self-nursing
ability of patients in the intervention group was
significantly higher, and the fasting blood glucose
levels and 2-hour post-meal blood glucose levels
of the intervention group were significantly lower
than those of the control group, which indicates
that continuous nursing can effectively promote
recovery of patients and improve the level of
blood glucose, suggesting high application values.

= Control group

Fasting blood glucose

)
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Fig. 2. Comparison of blood glucose between the intervention and control groups. * P < 0.01, i.e., the difference was
extremely significant; ** P < (.05, i.e., the difference was statistically significant.
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Keratoconus (KC) is a complex, genetically heterogeneous, multifactorial degenerative corneal
disorder, with incidence of approximately 1 per 2000 of the population. KC follows an autosomal
recessive or dominant pattern of inheritance and is, apparently, associated with genes which interact
with environmental, genetic and/or other factors. The present report focuses on the VSX1 gene, for
which there is general agreement that it is involved in KC and other corneal pathologies, and critically

details the evidence for its involvement in KC.

To the Editor,

Keratoconus (KC) is a bilateral, progressive
ectatic disorder of the cornea characterized by
thinning of the central cornea leading to protrusion
which results in reduced vision, progressive, irregular
astigmatism and cornea scarring (1). KC prevalence
is almost 1 in 2000 subjects, and it is higher in the
Asian and Middle Eastern populations (2). It usually
occurs in the second decade (mean age at onset is
15.39 years) and progresses until the third or fourth
decade of life. It is more prevalent in women and
affects all ethnicities (1). KC is mostly sporadic, but
in 6-10% cases there is positive family history (1).

KC is inherited with both autosomal and recessive

forms, with incomplete penetrance in over 90% of
autosomal dominant inheritance (1). KC is a complex
heterogeneous disorder with wvariable clinical
expression and risk factors, such as atopy and eye
rubbing, while oxidative stress induced by ultraviolet
light significantly contributes to its development (1).
Inflammatory molecules, matrix metalloproteinase
9 (MMP9), interleukin 6 (IL-6), and tumor necrosis
factor-a (TNF-a) are more abundant in the tear film
of KC patients (3), indicating the role for chronic
inflammation to KC pathogenesis.

Whole genome/exome sequencing identified
causal mutations in KC families (3), and linkage
analysis and candidate gene screening identified
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several genomic loci on different chromosomes in
KC families, pointing to its genetic heterogeneity
(1). In total, more than 60 genes/loci have been
associated with KC; however, the associations were
inconsistent across different study cohorts and the
roles of most genes/loci are inconclusive; among
them are VSXI1 (which encodes Visual system
homeobox 1), SOD1 (superoxide dismutase 1),
and ZNF469 (which encodes Zinc finger protein
469). Other genes that are putatively associated
with KC are HGF (Hepatocyte Growth Factor),
COL6A1 (which encodes the alpha 1 subunit of
type VI collagen), COL8A1 (which encodes one
of the alpha 1 subunit of type VIII collagen), LOX
(lysyl oxidase), FOXO1 (which encodes Forkhead
box protein O1), FNDC3B (Fibronectin Type
III Domain Containing 3B), DOCK9 (Dedicator
of Cytokinesis), TGFBI (Transforming Growth
Factor, Beta Induced), STK24 (Serine/Threonine-
protein kinase 24), IPO5 (Importin 5), and MIR184
(microRNA 184) (3). Genome-wide association
study (GWAS) also associated KC with more than
150 polymorphisms, however only few of them are
associated significantly with KC and thus the number
is inflated (3). In conclusion, meta-analysis proved
that KC in white human populations is associated
with 8 SNPs in 6 genes/loci, including BANP-
ZNF469 159938149, FOXO1 rs2721051, FNDC3B
rs4894535, RXRA-COLSAT rs1536482, COL4A4
rs2228557 and rs2229813 and IMMP2L rs214884
and rs757219, and 10 genes/loci with suggestive
evidence of association with KC (3). In view of there
being no definite or consistent results regarding
the role of most of the genes implicated in KC (3),
apparently owing to the many coding variations in
the KC-related genes among different ethnicities (1),
the present report focuses on VSX1 for which there
is general agreement that it is involved in KC and
other corneal pathologies.

The VSXI gene

VSX1 mutations have been identified in KC and
posterior polymorphous corneal dystrophy (PPCD)
(1, 4, 5) and the pathogenic role of this gene is
widely accepted even though several studies have
failed to confirm the association between KC and
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VSX1 variants/polymorphisms (5, 6). Given the
ethnic variation found in various parts of the world
(7), and the multifactorial/polygenic character of
KC (6), it is possible that some VSX1 mutations
are not responsible for KC (5). Thus, VSXI1 plays a
significant role in KC development in Italian, Iranian
and Chinese people, while no pathogenic mutations
in VSX1 were found in KC patients from Slovenia,
South India, Saudi Arabia and Ecuador (8). A similar
situation is observed among Indian and Korean
people (8).

VSX1 is expressed in the cornea but also in the
retina (6). Although not overly expressed in resting
or quiescent human keratocytes, VSXI1 is expressed
by keratocytes in wounded corneas, or in corneas
cultured in serum that mimic wound conditions
and contribute to the fibroblastic transformation
of corneal stromal cells into myofibroblasts. This
supports the hypothesis that VSX1 has a role in
the wound healing response that contributes to the
underlying pathology of corneal disease (6) as, e.g.,
in abnormal stromal repair (9).

The VSX1 is localized to chromosome
20p11-q11 (3). A homeodomain transcription
protein is encoded by this gene and is responsible
for cone opsin expression during the early ocular
development and for cellular differentiation during
craniofacial development (7, 9). Mutations in VSX1
trigger developmental abnormalities in craniofacial
tissues, retinal cells, the sella turcica and in the
corneal endothelium (6). VSX1 is also expressed in
several ocular tissues and in the core of the locus
which controls the red-green visual pigment gene
cluster (10). The VSX1 consists of a paired-like
homeodomain (HD) with a highly conserved CVC
domain in the C-terminal. It has a vital role in the
proliferation and survival of retinal progenitor cells
and bipolar interneurons (1). There are also six
transcripts and five variants which encode a truncated
protein, while two of them retain the DNA binding
domain (4). The five exons of VSX1 encode a 365
amino-acid protein with a homeobox DNA binding
and a ceh-10 domain and the highly conserved
among vertebrates Chx10/VSX1 domain (1, 7).

Five exons in the VSX1 span 6.2kb of the coding
sequence (4). Other reports mention that the exons
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of VSX1 span 6.7 kb of DNA on chromosome 20
with an additional two exons characterized that
encode two isoforms of the VSXI1 transcript;
transcript 1 (NM_014588) encodes protein isoform
A (NP _199452.1) and transcript 2 (NM_199425)
encodes protein isoform B (NP_955457) (6). Two
more exons of VSXI produce four previously
unknown VSXI transcripts (4). Therefore, VSX1
spans 10.65 kb of genomic DNA and has 7 exons
producing six transcripts (via different splicing
patterns). According to Genbank (11), these are
NM 199425 (or DQ854808), NM 014588 (or
DQ854807), DQ854809, DQ854810, DQ854811,
and DQ854812. Exons 2,3 and 4 of VSX1 apparently
have an increased probability of being mutated (4),
even though (as already mentioned) not all VSX1
mutations are causally connected to KC.

Variants of VSX1 such as G160D, L17P, P247R,
G160V, L159M, NI151S, H244R, DI44E and
R166W are possibly associated with KC (4). Two
VSX1 mutations (R166W and L159M) were initially
identified in KC patients, as was the variant H244R,
although it is not confirmed that they cause KC (5).
For example, the G160D variant is pathogenic while
P247R is not pathogenic (4); however, P247R seems
to co-segregate with KC (4) since the G160D alone is
associated with mild to moderate PPD, while P247R
alone does not cause any corneal abnormalities. Also,
abnormal electroretinographic function of the inner
retina, where VSXI1 is also expressed, is detected
with either the G160D or P247R mutation. (5)

The role of D144E mutation in KC is also
confusing. Some studies support that it is pathogenic
whereas others do not (5). The H244R mutation,
which is located in exon 4 of the gene (in the
CVC domain) and is essential for the repressive
transcriptional action of VSX1, is present in 2% of
the patients (4). Hence, the role of mutations H244R,
L159M, R166W and D144E in VSX1 in KC are
disputed (4). Two other variants, G160V and N1518,
have been identified in the Korean population but
not in any other population (5). Mutations D144N
and D295Y may have a role in the pathogenesis of
KC and attempts to associate Q195H in VSX1 with
KC are inconclusive (4, 5).

Other VSX1 variants identified in KC patients are
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c.432CAG (Aspl44Glu), c.475T4A (Leul59Met),
c.496C4T(Argl66Trp), c.731A4G(His244Arg) (12).
Three of these, (i.e., Aspl44Glu, Leul59Met and
Argl66Trp), as well as Pro247Arg and Glyl160Asp
(also in VSX1 gene), are possibly associated with
KC and PPCD (12). The p.His244Arg has been
associated with PPCD, macular degeneration and
bipolar cell dysfunction (1). Other mutations in
VSXI1 like Leul7Pro (3), the missense mutations
Asnl51Ser and Glyl60Val, and one intragenic
polymorphism are associated with KC only (12).
Regarding the relationship between VSXI1
pathogenic variations and sporadic KC (7),
recent studies report that sporadic KC in Chinese
and Indian populations is associated with four
nucleotide variations, i.e., the missense p.Argl31Pro
(c.5427G>C) (heterozygous), nucleotide
¢.8326G > Assequence variation (in both heterozygous
and homozygous forms) and the missense
p.Gly160Val sequence variant (heterozygous) (7).
However, the pathogenic effects of most missense
substitutions in the VSX1 are not confirmed (1).

VSX1 ko1 PPCD

Apart from KC, VSXI1 is associated with the
pathogenesis of endothelial corneal dystrophy Fuchs
and PPCD (12). Thus, VSX1 SNPs rs2071376,
rs12480307 and rs56157240 increase the risk PPCD
and KC apparently because these disorders share
a common mode of involvement in Descemet’s
membrane (6). However, SNP 156050307 has a
protective effect in the Han Chinese population (3).

PPCD is a frequently asymmetric autosomal
dominant, mostly bilateral corneal dystrophy
characterized by abnormalities in Descemet’s
membrane and the corneal endothelium (6, 12) and
is associated with mutations in the PPCD3 locus, in
the ZEB1 (that encodes Zinc finger E-box-binding
homeobox 1) gene (6). PPCD is also affected
by the COL4A3 gene (which encodes collagen
type IV alpha 3 chain) associated with KC (12);
it is genotypically heterogeneous (6). Similarly,
mutations in COL8A?2 are also associated with PPCD
and Fuchs endothelial corneal dystrophy (6, 12).
Finally, chromosome 20p11-ql1 is associated with
PPCDI (cytogenetic location 20p11.23) while VSX1
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mutations (genetic locus VSX1; MIM#605020) and
(genetic locus KTCN1; MIM#148300) are involved
in PPCDI and in KC, respectively (12). Therefore,
the association between PPCD and KC is considered
well documented, with many of the cases described
co-occurring in the same cornea (6).

In conclusion, the present review consolidates
evidence of the involvement of the VSX1 gene in
KC manifestation and development. It also identifies
other genes that are putatively associated with KC,
such as SODI, ZNF469, HGF, COL6A1, LOX,
FOXO1, FNDC3B, DOCK9, TGFBI, STK24, IPOS,
and MIR184. Despite the fact that these associations
apparently are still not well established and that
differences among them are evident from study to
study, a case can be made for exploring the genetic
make-up of comorbidities that share these genes with
KC in the hope that the resultant genetic association
profiles may also shed light on the different
expression of familiar and sporadic KC.
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The p75 neurotrophin receptor (p75~™) can play different roles in cells. This protein can on the
one hand act in the regulation of cell growth and survival, while being an apoptosis inducing factor
in different contexts. p75 ™ regulates cell cycle not only in nerve cells but also in epithelial oral
mucosal cells. In the former, neurotrophin—p75~™® signaling affects cell growth and survival. Recent
studies showed that p75~™ is expressed in basal cells of oral mucosal epithelium and can be used as
one of the markers of epithelial stem/progenitor cells. This role of p75~™ can be utilised in aspects
such as tissue engineering and gene therapy. One of the examples of clinical use of cultivated oral
mucosal cells is ocular surface reconstruction. p75~™ can be a significant marker of stem cells in
studies of epithelial tissues, especially when the cells will exhibit other specific markers, such as

CK13, CK14 and PCNA.

To the Editor,
Structure and role of the p75 neurotrophins receptor
Neurotrophins are secreted in small amounts
under physiological conditions. They are responsible
for maintaining nerve cells alive. The group consists
of Nerve Growth Factor (NGF), Brain-Derived
Neurotrophic Factor (BDNF), Neurotrophin-3 (NT-
3), and Neurotrophin-4 (NT-4). These proteins bind
to and signal through two cell surface receptors.
The first is a tyrosine kinase receptor (Trk) that has
a tyrosine kinase domain in its cytoplasmic region,
and the second one is a low-affinity nerve growth

factor receptor, known as the p75 Neurotrophin
Receptor (p75N™®). p75NTR s also known as CD271
and p75 Nerve Growth Factor (p75™°F) or p75
Nerve Growth Factor Receptor (p75NtR) (1). p75NTR
receptor was identified for the first time in 1973 and
is a member of the Tumor Necrosis Factor Receptor
(TNFR) superfamily and can mediate cell survival
and cell death in response to NGF. p75N™ is a type |
transmembrane protein that has molecular weight of
75 kDa and is coded by genes located on chromosome
17g21. Human p75~™ is synthesized as a precursor,
containing a 28-amino acid signal peptide, that is

Key words: p75"™, oral mucosa epithelium, neurotrophins, OSCC
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cleaved from molecule upon insertion of p75N™ into
the membrane. This receptor has an extracellular
domain (ECD) that includes four modules containing
six cysteines. Its intracellular domain contains an
80-amino acid death domain (DD) module.

P75NTR has several functions and plays a role in
the development and injury-induced apoptosis, the
growth of neurons and cell migration.

All neurotrophins bind to p75N™®, while each NT
is specific for different Trk receptor subtypes (A, B
and C) (2). The TrkA ECD contains a canonical LLR
consisting of three leucine-rich repeats capped, at
either end, with cysteine-rich domains, followed by
an Ig-C1 and an Ig-C2 domain.

It is postulated that these two receptors may
cooperate in transducing NGF signals (2). The
expression patterns of p75N™ and Trk receptors
overlap extensively, and in some instances, TrkA is
exclusively expressed with p75N® (2). Some authors
also showed interactions between p75N™, NGF and
TrkA (2). Wehrman et al. proposed that NGF can
create a “high-affinity” TrkA/NGF/p75 complex (2).

Nakamura et al. analysed the role of neurotrophin
signaling in p75N™® positive oral keratinocytes. They
used UV-induced apoptosis assay (TUNEL) in an in
vitro culture. Without UV conditions, neurotrophins
did not seem to influence cell death in an in vitro
culture. Under UV conditions, NGF exerts a
positive effect against UV-induced apoptosis.
Other neurotrophins (BDNF, NT3, NT-4) did not
affect cells (3). The researchers, using BrdU assay,
indicated that NGF and NT-3 stimulated proliferation
of p75(+) keratinocytes, while not confirming, in
immunohistochemical results, that neurotrophins
influence cell differentiation (3).

The pattern of p75"® expression in oral mucosa epithelium

It was observed that, in mucosal keratinocytes,
mRNA coding NGF and its receptors, TrkA and
p75NTR was expressed (4). Hayashi et al., in their
study, immunostained normal oral mucosa and oral
lichen (OL) with antibodies against NGF, proNGF,
p75N™® (4). In normal tissue proNGF protein and
mRNA staining was seen in all epithelial cell
layers, and a similar situation was observed in OL.
Cytoplasmic staining for NGF was detected in the
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granular cells and spinous cell layers in both normal
epithelium and OL. Staining for p75N™® was observed
only in the cell membrane of basal cell layers. In
OL basal keratinocytes showed no or only weak
cytoplasmic staining for p75N™ (4). The Authors
summarized that increased expression of TrkA and
decreased expression of p75 ™ in OL might be
factors that alleviate early cell death and support cell
survival in OL (4).

Nakamura et al. demonstrated that p758™ was
expressed in the tips of the papillac in the buccal
mucosa (3). They also found that in the gingiva, p75N™
was expressed in the tips of the papillae and in the
deep rete edge (3). The cells with positive expression
of the p75 receptor were smaller and possessed higher
in vitro proliferative potential (3). Similar results were
presented by Chen et al. The expression of p75N™®R
was strictly confined to the basal layer (5). In another
study, also employing human oral keratinocytes from
oral buccal or gingival tissue, it was confirmed that
expression of p75N™ was limited to the basal layer
cells. The expression of p75N® was more intense in
the tip of the papillae. Contrary to the above results,
Gemenetzidis et al. described that expression of p75~N™®
in deep rete ridges was less intense (6). They used
FACS to isolate two types of keratinocytes. The first
type exhibited low expression of p75~8™® (low-p75NTR).
Differentiating/non-clonogenic cells belonged to this
fraction. The second type of cells, showing high
expression of p75N™® (high-p75N™), contains stem and
early progenitor cells which are clonogenic, or can
form holoclones in vitro (6). The cells that expressed
p75NR alone represented the majority of clonogenic
stem/progenitor cells, compared to cells with co-
expression of p75N™® and integrin B1 (epidermal
stem cell marker) that demonstrated only a marginal
advantage in clonogenic potential (6).

Slow cycling is one of the unique features of adult
stem cells (SCs). Okumura et al. checked the in vivo
cell cycle status in human oral mucosal epithelium.
They used Ki67 as a marker for actively cycling
cells. In their results, the number of p75(+) cells with
high expression of Ki67 was scientifically lower than
p75(+)/Ki67(-) cells. This indicated that in vivo, most
p75(+) cells were not actively cycling cells (3).

Summarizing the above results, it is known
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that p75N™ in oral mucosa is expressed in cell
membrane area of basal cells and it was confirmed
that keratinocytes located in the basal layer that
express p75N™ belong to oral epithelial stem cells
(1). Ishii et al. investigated the expression of p75N™®
in mouse buccal mucosa epithelium during wound
healing and postulated that p7SNTR(+)/PCNA(+)
or p75SNTR(+)/BrdU(+) cells taking part in the re-
epithelialization process might be epithelial stem
cells (ESCs) (1). The results of these study suggested
that p75 receptor can be used as oral keratinocyte
stem/progenitor cell markers (3).

Ishii et al. also presented results stating that the
number of cells with positive expression of p75NTR
was reduced in the wound site, from the early stage

P75NTR
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of wound healing in comparison to control groups.
The number of p75(+) cells was recovered after the
epithelium completely closed the irradiated area
(1). They concluded that regenerated epithelial cells
might move from the wound margin to the wound
surface, but these cells are not proliferative and do
not act as progenitor cells at the wound area (1).

The biological role of p75"™ in oral mucosa diseases

The high-level expression of p75N™ was observed
in oral mucosal melanoma and cutaneous melanoma.
In reference to these observations, it was postulated
that the invasion-inducing role of p75N™ is similar
in both oral mucosal and skin melanomas. Boiko et
al., in their study, used p75"™ as a cancer stem cell

PROLIFERATION

APOPTOSIS

Fig. 1. Structures and functions of p75"™® and TrkA in cells. A) Structures of p75"™ and TrkA. B) Signaling pathways of

p75V R and TrkA.
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marker that allowed identification and prospective
isolation of melanoma cancer stem cells (7).
Transplantation of isolated p75(+) melanoma cells
into engrafted human skin or bone in mice resulted
in melanoma. In the case when isolated p75(-) cells
were used for transplantation, melanoma did not
develop in mice (7).

It is generally considered that cancer stem cells
play a role in tumor initiation and growth. Oral
squamous cell carcinoma (OSCC) often arises from
dysplastic lesions (8). In a recent study, CD44,
p75N™®, CD24 and ALDH were used as potential
cancer stem cell markers (9). Dalley et al., in their
work, used 3D organotypic culture to investigate
cancer stem cell involvement in the progression
of oral dysplasia to OSCC (8). To produce Human
Oral Mucosa Equivalent (HOME) they used de-
epidermised dermis (DED) as a base for culture of
4 cell lines: normal tissue (OKF6-TERT2), mild
dysplasia (DOK), severe dysplasia (POE-9n) and oral
squamous cell carcinoma (PE/CA PJ15) (8). Their
experiment with the HOME culture system showed
that loss of hierarchical coordination of CD44 and
p75NR discriminated carcinoma delivered cells from
non-cancerous cells when grown as HOME cultures
(8).

Soland et al. in their study presented that high
expression and the pattern of invasion of p75N™ were
associated with a poor prognosis in oral squamous
cell carcinoma (9). p75N™ can be used as a prognostic
and recurrence marker for OSCC (9). Similar results
were shown in esophageal squamous cell carcinoma
(ESCC) by Okumura et al. They concluded that
p75NTR is necessary for survival and maintenance of
ESCC tumors (10). Similarly, Huang et al. described
that cells with positive expression of p75N™® can self-
renew and are chemotherapy resistant (10).

P75 as a marker of stem cells in the reconstructive
medicine

Oral mucosa contains two tissue layers: the
epithelium and the underlying lamina propria.
In development, interactions between stem/
progenitor cells and mesenchyme are important to
morphogenesis of oral mucosa. These interactions
are significant in transplantation and regeneration of
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oral mucosa. The stem cells play a role in wound
healing and tumorigenesis. Their identification is
important for therapeutic use in tissue engineering,
gene therapy and in various diseases (3). p75N™®
is often used as stem/progenitor cells marker in
reconstructive medicine.

Oral mucosa epithelial cells have been used as
an autologous cell source for corneal epithelium
reconstruction in bilateral ocular surface diseases
(11) and limbal stem cell deficiency (11). The ocular
surface is composed of three types of epithelial cells:
conjunctival, limbal and corneal epithelium (11). The
ocular surface disease is marked by the conjunctival
invasion of the corneal surface, neovascularization,
chronic inflammation, loss of vision and severe dry
eye (11). Limbal stem cell transplantation (LSCT)
or conjunctival limbal autograft (CLAU) can be
used in its reconstruction, but these techniques have
limitations, especially in bilateral ocular surface
disease. These limitations can be minimalized by
using oral mucosal epithelial cells as transplant
material (11). One of the important factors for ocular
surface reconstruction is p75N™® expressed in human
corneal epithelium, oral mucosa epithelium, skin
and neurons (11).

RT-qPCR analysis detected expression of p75NTR
in the cultured oral epithelium. Cultured cells were
also checked by immunohistochemistry. Only a few
cells expressed p75 in the cultured oral cells, in
contrast to the large proportion of cells from cultured
limbal and conjunctival cultures, which expressed
p75N™R, Authors suggested that p75N™® may be a
more appropriate marker for stem cells of the oral
epithelium, hence in culture, the number of stem
cells may not be very high. They also confirmed
the expression of p75~™ in limbal and conjunctival
cultures (12).

In conclusion, the interaction between
neurotrophins and p75N™® was confirmed not only in
nerve cells but also in epithelial cells. Neurotrophins
can promote p75(+) keratinocyte growth. The
influence of neurotrophin on cell differentiation was
not confirmed. It is known that in oral mucosa, cells
with positive expression of p75NR were localized in
the basal layer, and p75N™® can be used as a marker
of epithelial stem cells.
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To study the relationship between Secreted protein, acidic and rich in cysteine (SPARC), Transforming
growth factorpl (TGFp1), Endoglin and angiogenesis in lung cancer, 40 cases of lung cancer specimens
and 40 adjacent normal lung tissues specimens were collected and 10 cases from each were selected for
preparation of tissue chip. CD34 (endothelial cell marker), Endoglin human a-Smooth muscle actin, and
(a-SMA) markers were performed by immunohistochemical staining, and the immuno-phenotype and the
relationship between different morphologies of the microvascular wall components were evaluated. The
expression of SPARC mRNA and protein, TGF1 mRNA and protein and Endoglin in the remaining 30
cases of lung cancer were detected by immunohistochemistry and in-situ hybridization. The result shows
that the positive rates of SPARC, TGFB1 and Endoglin in lung cancer tissues were significantly higher
than those in adjacent normal lung tissues (P < 0.05). The expression of SPARC and TGFf1 was negatively
correlated with lung cancer. When the positive expression of SPARC increased, the micro-vessel density
(MVD) marked by Endoglin decreased gradually; while the positive expression of TGFf1 increased,
MYVD increased gradually, and SPARC, TGFp1 and MVD were correlated (P<0.05). High SPARC mRNA
expression in lung cancer tissues could inhibit the progression of lung cancer, while high TGFp1 mRNA
expression can promote the progression of lung cancer and participate in the metastasis of lung cancer. To
sum up, the angiogenesis of lung cancer may be related to the interaction of SPARC, TGFB1 and Endoglin.

To the Editor,

Blood supply is essential for tumor growth.
Angiogensis, the process of new blood vessels
sprouting from pre-existing vessels, is essential
to tumor growth and metastasis (1, 2). The new
vessels firstly provide transport channels for
oxygen, nutrients and cytokine supply as well as
metabolic waste excretion to sustain the tumor
growth. Secondly, the neo-vessels provide access
for tumor cells to enter the circulation. However, the

mechanism of tumor angiogenesis may be different
in different tumor cells and different organ growth
sites (3).

SPARC (secreted protein, acidic and rich in
cysteine) is a low molecular glycoprotein rich
in cysteine (4), which reduces the proliferation
and migration of endothelial cells, leading to cell
morphological changes and inhibition of cell
adhesion (5). TGFf1 (transforming growth factorf1)
is a multifunctional polypeptide cytokine, which has
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been proved to play an important role in regulating
cell growth (6). Endoglin is a component of the
TGEFp receptor complex and is mainly expressed in
human vascular endothelial cells, especially on the
surface of microvascular endothelial cells (7). Some
studies show that Endoglin can protect hypoxic
endothelial cells from apoptosis through TGFf1,
thereby promoting angiogenesis (8). However, the
correlation of SPARC, TGFB1 and Endoglin remains
largely unknown. Therefore, in this study, we aim to
elucidate the relationship between SPARC, TGFf1
and Endoglin in lung cancer tissue and its relationship
with neovascularization, through detecting SPARC,
TGFpB1 and Endoglin expression in lung cancer and
adjacent normal lung tissues.

MATERIALS AND METHODS

Preparation of tissue chips

A total of 40 patients with lung cancer were enrolled
from March 2016 to June 2018 at the First Affiliated
Hospital of HebeiNorthern College. Patients did notreceive
radiotherapy or chemotherapy prior to surgery. Forty cases
of adjacent normal lung tissues were collected. Ten cases
of lung cancer patients and 10 cases of corresponding
adjacent lung tissues were selected to observe the blood
vessel distribution of the tumor and prepare tissue chips.
The other 30 cases of lung cancer were designated as the
experimental group, and the remaining 30 cases of the
corresponding adjacent normal lung tissue (>5cm from
the tumor margin) were designated as the control group to
study the relationship between SPARC, TGFf1, Endoglin
and the invasion and metastasis of lung cancer. Informed
consent was signed by all groups of patients and the study
was approved by the Hospital Ethics Committee of First
Affiliated Hospital of Hebei Northern College, China.

Immunohistochemistry staining

The lung tissues from patients were fixed in 10%
formalin for 24 hours. The fixed tissues were embedded
with paraffin and the tissue blocks were sliced into 4
pm paraffin sections. The sliced sections were collected
on slides, baked at 70°C for 1 hour, deparaffinized with
xylene (10 mins, twice) and rehydrated in gradient alcohol
of 100%, 95%, 85%, 80% and 70% ethanol for 2 min
each. Slides were further washed with PBS (5 min, 3
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times) and were subjected to antigen retrieval (pressure
cooker at 120°C for 4 min) with corresponding buffer
(Endoglin and CD34 were retrieved in Tris-EDTA buffer,
PH=9.0; CD34 was retrieved in citrate buffer , PH= 6.0).
The a-SMA did not need to be repaired. Afterwards,
tissue sections were washed with PBS (3 min, 3 times)
and incubated with 3% H,O, for 10 min to inactivate the
endogenous peroxidase, followed by incubation with
primary antibodies: mouse anti-human monoclonal anti-
Endoglin (1:200, Biolegend, USA), mouse anti-human
monoclonal anti-CD34 (1:200, Biolegend, USA), mouse
anti-human monoclonal anti-a-SMA (1:200, Biolegend,
USA), mouse anti-human monoclonal anti-Endoglin
(1:200, Biolegend, USA), rabbit anti-human SPARC
polyclonal antibody (1:150, Cell signaling, USA), rabbit
anti-human TGFB1 polyclonal antibody(1:100, Cell
signaling, USA), rabbit anti-human polyclonal antibody
(working solution, cell signaling, USA) overnight at 4°C.
PBS solution was used to replace primary antibody as blank
control to exclude false positive results. The slides were
further washed with PBS (3 min, 3 times) and incubated
with secondary antibody goat anti-mouse IgG (1:2,000,
Abcam, Cambridge, UK) for 20 m at 37°C. Sections were
rinsed in PBS (3 min, 3 times), incubated in avidin—biotin
complex (Vecta stain Elite ABC Kit, Vector Laboratories)
for 1 h at 20°C and rinsed with PBS (10 min X 3). Finally,
sections were developed in diaminobenzidine substrate
(DAB, P0203-1, Beyotime, China) for 5 min at 25°C
and counterstained with hematoxylin (SH8390, Solarbio,
Beijing, China). The sections were further differentiated
in 0.1% HCI, dehydrated in gradient alcohol, cleared by
xylene and mounted with resinous media. Images were
taken under a bright field microscope and the area of
positive staining was analyzed by Image Pro Plus 7.0
(Media Cybernetics).

In-situ hybridization

Routine deparaffinization and rehydration was
conducted on paraffin section. Tissue sections were
washed with PBS (3 min, 3 times) and incubated with 3%
H,0, for 10 min to inactivate the endogenous peroxidase.
Following twice rinsing for 5 min with PBS and distilled
water, slides were incubated with freshly diluted pepsin
in 3% citric acid at 37°C for 30 min. Slides were then
washed (PBS, 5 min, 3 times and distilled water, 5

min) and fixed in the stationary solution containing
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1% paraformaldehyde and 0.1% diethyl pyrocarbonate
(DEPC) at room temperature for 10 min. After extensive
washing (PBS, 5 min, 5 times), slides were incubated
with 20 pL hybrid buffer and incubated at 40°C for 3
h. Afterwards, the slides were covered with the special
cover glass for in situ hybridization and were placed at
40°C overnight. The wet box and the cover slides were
removed, washed with 2xSSC (5 min, twice) at 37°C,
0.5xSSC at 37°C for 15 min and 0.2xSSC at 37°C for
15min. One drop (about 50 uL) of sealing fluid was added
to each slice and incubated at 37°C for 30 min. One drop
(about 50 uL) of biotinylated rat anti-digoxin was added
to each slice and incubated at 37°C for 60 min for in-situ
hybridization. After extensive washing with PBS (5 min, 4
times), slides were incubated with one drop (about 50 uL)
of biotinylated peroxidase at 37°C for 20 min. Afterwards,
slides were washed with PBS (5 min, 4 times) and dripped
with 50 uL freshly made DAB reagent. The staining
effect was controlled under a microscope. In general, the
DAB reaction was terminated after 10 min incubation
by immersing with tap water. The sections were further
counterstained with hematoxylin (SH8390, Solarbio,
Beijing, China), differentiated in 0.1% HCI, dehydrated
in gradient alcohol, cleared by xylene and mounted with
resinous media. Images were taken under a bright field
microscope and the area of positive staining was analyzed
by Image Pro Plus 7.0 (Media Cybernetics).

MVD calculation

Vascular endothelial cells (VECs) labeled with
Endoglin monoclonal antibodies were used to count the
number of microvessels per unit area, namely MVD
(Mircrovessel density). At low magnification, the region
with the most abundant tumor microvasculature was
selected, and the number of blood vessels in different
regions was counted under 400 X magnification, and
the mean value was taken as MVD. A single endothelial
cell or an endothelial cell cluster was considered a
microvessel, as long as they were separated from adjacent
microvessels, tumor cells or other connective tissue. Once
the thickness of the muscular layer and the diameter of the
lumen was larger than 8 red blood cells, it was not counted
as a microvessel.

Statistical analysis
SPSS19.0 software was used for statistical analysis,
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and the count data used y? test; the measurement data
were analyzed by #-test and variance analysis and MVD
was expressed in the form of x=s. The correlation
between SPARC and TGFf1 was analyzed by Spearman
grade correlation, and the correlation between MVD and
SPARC and TGFB1 was analyzed by Mann-Whitney
U test. The test standard P<0.05 indicated statistical
significance.

RESULTS

Observation of vascular morphology in lung cancer

Eight tissue chips were successfully constructed.
The main manifestations of microvascular
morphology in the chips were punctate microvessels,
linear microvessels, circular microvessels and strip
microvessels.

CD34 and Endoglin were expressed in the
cytoplasm of microvascular endothelial cells, in
which CD34 labeled linear, circular and strip-like
microvessels, mostly branching, sinusoidal and
spore-like (no lumen) (Fig. 1A); Endoglin labeled
microvessels were mainly punctate microvessels,
small in diameter, mosaic or circular, part without
lumen (Fig. 1B). a-SMA was expressed in the
cytoplasm of microvascular pericytes (Fig. 1C).

In summary, CD34 staining of blood vessels
were more extensive and less specific, thus it was
impossible to distinguish between mature blood
vessels and neovascularization. Compared with
the CD34 labeled vessels, Endoglin could be more
specific to mark the neovascularization of the tumor.
However, a-SMA could be accurately expressed
in the perivascular cells of neo-microvessels,
therefore a-SMA was selected as a specific marker
of perivascular cells of lung cancer.

Expression of SPARC, TGFf1 and Endoglin factors

The SPARC factor was mainly expressed in
the cytoplasm of interstitial fibroblasts, with fewer
expression in the nucleus. Positive expression could
be detected in cancer cells and vascular endothelial
cells. The positive expression rate (56.67%) in lung
cancer tissues was significantly higher than that in
adjacent lung tissues (20%) (P <0.01).TGFp1 protein
staining was mainly located in the cytoplasm, and its
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positive expression rate (60%) in lung cancer was
significantly higher than that in adjacent lung tissues
(30%) (P < 0.01).Endoglin protein was mainly
expressed on the cell membrane or cytoplasm of tumor
vascular endothelial cells, with irregular arrangement
and less obvious cavity formation. Endoglin was not
expressed in large vessels, and was extremely weak
or even not expressed in normal tissues. The mean
MVD in lung cancer was 12.15+5.87, and that in
adjacent lung tissues was 0.35+0.18. The difference
was statistically significant (P < 0.01).

Expression of SPARC, TGFp1 and Endoglin factors
and its relationship with clinic-pathological features

The expression of SPARC factor in lung cancer
was correlated with clinical stage and lymph node
metastasis (P<0.05), but irrelevant with age, gender,
tumor size, differentiation and clinical classification
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(P>0.05). The expression of TGFB1 was correlated
with tumor size, clinical stage and lymph node
metastasis (P<0.05), but irrelevant with age,
gender, differentiation and clinical classification
of lung cancer patients (P>0.05). Endoglin factor
was associated with clinical stage and lymph node
metastasis of lung cancer (P<0.05), but irrelevant
with age, gender, tumor size, differentiation and
clinical classification of lung cancer patients
(P>0.05). Specific data are shown in Table 1.

Correlation between the expression of SPARC,
TGFp1 and Endoglin in lung cancer tissues

In 17 cases of lung cancer tissues with positive
expression of SPARC factor, 8 cases of TGFf1
were positive and 9 were negative. In 13 cases of
lung cancer tissues with negative SPARC factor
expression, 10 cases of TGFB1 factor were positive

Table 1. Expression of SPARC, TGF 1 and Endoglin factors and its relationship with clinic-pathological features.

Cases SPARC TGFp1 Endoglin
Parameters =
™ "+ P+ P (¥ts5) P

<60 18 9 12 13.22+7.12

Age (years) =60 12 g 0.246 6 0.137 11.3546.35 0.281
Male 22 13 12 11.5245.33

4 312 .062

Gender Female 8 g U7 0312 g5 006

Tumor size <3 6 4 1 11.92+4.25

0.356 0.000 0.683
(cm?) >3 24 13 17 12.59+6.84
mo\(ligt'el 20 11 12 12.73+6.77

Differentiation Poorl y 0.414 0.747 0.674

y_
+
undifferentiated 10 6 6 11.745.83
Adc 20 12 14 13.25+7.11
.. Sqcce 6 4 4 11.69+4.54
Clinical
) ) SC 1 1 0.636 1 0.131 12.63£5.02 0.392
classification L

Carcinoid 1 1 1 11.53+6.11
Sclc 2 2 2 9.08+4.02

TNM I~11 17 13 0.001 8 0.005 10.92+5.13 0.018

stage I~V 13 4 0 14.53+7.64

Yes 17 8 13 14.27+7.34

Lymph node 0.012 0.002 0.002
metastasis No 13 9 5 9.85+3.75
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and 3 were negative. There was a negative correlation
between the two expressions (r=-0.251, P=0.037).

In 30 cases of lung cancer tissues, the number of
neovascularization decreased when SPARC factor
was positively expressed in lung cancer, and there
was a correlation between SPARC factor and MVD
(P<0.05).

In 30 cases of lung cancer tissues, the number
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of tumor neovascularization increased with the
increase of positive expression of TGFB1 factor in
lung cancer, and there was a significant correlation
between TGFf1 factor and MVD (P<0.01).

Expression of SPARC mRNA and TGFf1 mRNA
SPARC mRNA signals were mainly expressed
in the cytoplasm of stromal fibroblasts (Fig. 2A). A

A “u s

g cancer; C) positive

Fig. 2. Expression of SPARC mrna and TGFf1 mRNA in lung cancer and adjacent normal lung tissues. A) expression of
SPARC mRNA in lung cancer tissues; B) expression of SPARC mRNA in adjacent normal lung tissues, C) expression of
TGFp1 mrna in lung cancer tissues, D) expression of TGFf1 mRNA in adjacent normal lung tissues) (*400).
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small number of SPARC expression could also be
detected in the nucleus, less positively expressed
in cancer cells, and the positive signal was brown-
yellow diffuse or granular. The positive expression
rate in lung cancer tissues was significantly higher
than that in adjacent normal lung tissues (Fig. 2B)
(P<0.05).

TGFBl mRNA signals staining was mainly
located in the cytoplasm, as the positive signal shown
as granular brown yellow (Fig. 2C). The positive
expression rate of TGFB1 mRNA in lung cancer was
significantly higher than that in adjacent normal lung
tissues (Fig. 2D) (P<0.05).

Expression of SPARC mRNA and TGFSI mRNA
in lung cancer and its relationship with clinic-
pathological features

Results obtained from this study demonstrated
that the expression of SPARC mRNA in lung cancer
tissues was related to clinical stage and lymph node
metastasis (P<0.05). In clinical stage, the expression
of SPARC mRNA in stage I~II was higher than
that in stage II~IV (P<0.05), and its expression in
non-lymph node metastasis was higher than that
in patients with lymph node metastasis (P<0.01).
However, the expression was not correlated with
age, gender, tumor size, differentiation or clinical
classification (P > 0.05).

The expression of TGFB1 mRNA in lung cancer
tissues was related to tumor size, clinical stage and
lymph node metastasis (P<0.05). The expression
of TGFBl mRNA in tumor volume>3cm® was
higher than that in tumor volume<3cm?® (P<0.05).
The expression of TGFB1 mRNA in stage III-IV
was higher than that in stage I-1I (P<0.01), and the
expression in lymph node metastasis is higher than
that of non-lymph node metastases. It was irrelevant
with age, gender, tumor differentiation or clinical
classification (P>0.05).

Correlation between SPARC mRNA and TGFpI
mRNA expression in lung cancer tissues

Eight patients showed positive expression for
SPARC mRNA and TGFB1 mRNA, 3 cases showed
negative. Ten patients showed positive in SPARC
mRNA and negative in TGF1 mRNA, and 9 patients

B. WANG ET AL.

showed negative in SPARC mRNA and positive in
TGFBI mRNA. mRNA expression of SPARC and
TGFp1were negatively correlated with lung cancer
(r=-0.361, P=0.002).

Consistency analysis of the results of SPARC and
TGFp1 in lung cancer

Of 30 cases of lung cancer tissues, SPARC protein
and SPARC mRNA were positively correlated
in lung cancer (r = 0.525, P=0.000). It indicated
that the two methods of immunohistochemistry
and in-situ hybridization were highly consistent.
The expression of TGFB1 and TGFB1 mRNA in
lung cancer was positively correlated (r=0.331,
P=0.005), which indicated that the two methods of
immunohistochemistry and in-situ hybridization
were highly consistent.

DISCUSSION

SPARC protein is closely related to embryonic
development, angiogenesis, cell regeneration, tissue
repair and remodeling (9, 10). SPARC is mainly
expressed in stromal fibroblasts, which may inhibit
the progression and metastasis of lung cancer. The
expression of SPARC in lung cancer may be related to
the formation of antitumor angiogenesis. In addition,
the expression of SPARC mRNA and SPARC protein
is positively correlated in lung cancer, suggesting
that the expression of SPARC is consistent at gene
and protein levels. These results suggest that the high
expression of SPARC mRNA and SPARC protein
may inhibit the progression, invasion, metastasis
and angiogenesis of lung cancer. The results show
that as TGFPB1 expression in lung cancer increases,
the number of neovascularization also gradually
increases. Furthermore, the expression of TGFB1
mRNA and TGFB1 protein is positively correlated
in lung cancer which suggests that the expression of
TGFp1 is consistent at gene and protein levels. While
the expression of TGF1 mRNA is up-regulated, the
TGFp1 protein is increased.

SPARC and TGFf1 can interact with each other
(11, 12). Endoglin is also correlated with SPARC
and TGFB1. With the increase of Endoglin-labeled
neovascularization, the expression of SPARC in
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lung cancer decreases, while the expression of
TGFp1 increases. These results suggest that SPARC
can inhibit angiogenesis in lung cancer, and TGFp1
can promote angiogenesis. This study speculates
that SPARC has an anti-angiogenesis effect in lung
cancer, which may impact TGFB1 pathway by
regulating Endoglin.
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Duplex Ultrasound Scanning (DUS), Frequency-domain optical coherence tomography (FD-OCT)
and fractional flow reserve (FFR) remarkably shape our understanding of the significance of coronary
stenosis. The present study aimed to compare the assessment results of the atherosclerotic lesions in
rabbit superficial femoral artery by DUS with that of FD-OCT and FFR. A total of 20 atherosclerotic
lesions were analyzed. Morphological assessments were prospectively compared through DUS, FD-OCT
and quantitative superficial femoral angiography (QFA). In addition, the correlation between DUS-
derived lesion parameters and FFR was determined. The results show that, compared with FD-OCT
and QFA, DUS detected larger reference diameter and higher percent stenosis. However, the minimal
lumen diameter (MLD) and distance from profunda femoris to MLD were equivalent measured by
the three imaging modalities. There was a poor correlation between FFR and DUS-derived percent
diameter stenosis (R*=0.198, P=0.049). In conclusion, hemodynamic significance of lesions assessed by
FFR was only related with percent diameter stenosis measured by DUS.

To the Editor,

Duplex ultrasound scanning (DUS) provides
extensive noninvasive information on arterial
morphology and hemodynamics, which is widely
used for preintervention assessment, surgical
procedure monitoring and postrevascularization
surveillance in peripheral arterial disease (1).
Frequency-domain optical coherence tomography
(FD-OCT) is a newly developed near-infrared
light-based imaging technology. FD-OCT can

provide morphological details (e.g. plaque erosion,
dissection, stent malapposition), which are helpful
to guide the procedure of percutaneous coronary
intervention (PCI) (2). Fractional flow reserve (FFR)
is a better technique for physiological assessment
of coronary artery disease, which can identify
ischaemia- generating stenoses and predict patients’
clinical outcome during follow-up (3). However, both
methods are invasive and have risks of complication.

Validation of DUS has been reported on the
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comparison  with  angiography, intravascular
ultrasound, histology and intra-arterial pressure
gradient (4-6). However, there are few studies in
which DUS has been compared with FD-OCT and
FFR in the evaluation of lower limb artery disease.
In this study, an atherosclerotic model in the rabbit
superficial femoral artery was established to compare
the lumen measurements by DUS with those by FD-
OCT and quantitative superficial femoral angiography
(QFA), and reveal the relationship between DUS
and FFR. This study is helpful to better understand
the measurement difference between these diverse
imaging modalities and reduce unnecessary invasive
procedures.

MATERIALS AND METHODS

Animal model preparation

Twenty five New Zealand white adult male rabbits
with the body mass of 2.5-3.0 kg were used for the study.
All the animal procedures were approved by the Ethics
Committee for Animal Experiments in Harbin Medical
University and rigorously conformed to Animal Research:
Reporting In Vivo Experiments (ARRIVE) guidelines (7).

All the rabbits were fed a 2% high-cholesterol
diet for 1 week before and 4 weeks after endothelium
denudation of the right superficial femoral artery. Before
the intervention, the rabbits were given 100 IU/kg heparin
intravenously. Then, the animals were anaesthetized by
intravenous injection of pentobarbital sodium (30mg/kg).
A 2.75x14mm balloon catheter (JW Medical Systems,
Shangdong, China) was introduced through the left
common carotid artery and advanced over a 0.014-inch
guidewire under fluoroscopic guidance into the initial
segment of the right superficial femoral artery. The balloon
was inflated to 6-8 atm for three 30-second intervals.
At the end of the procedure, the balloon catheters were
removed, the common carotid arteries were ligated, and
the surgical incisions were repaired. All the animals were
recovered and housed for 4 weeks.

Ultrasound scanning

All the rabbits were examined prior to angiography
by one experienced vascular sonographer blinded to
intravascular imaging using MyLab-60 (Esaote S.p.A,
Genova, Italia) equipped with the 6-18 MHz linear array
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transducer. The images were acquired in supine position.
The smallest lumen size in the injured right superficial
femoral artery was identified and the distance from
profunda femoris to minimum lumen diameter (MLD)
was recorded. The reference was defined as the most
“normal-appearing” segment within 10 mm distal to the
worst lesion. The percentage area and diameter stenosis
were calculated using the following expressions:

Area stenosis% =(1-minimal lumen area/reference
lumen area)x100%

Diameter stenosis%=(1-minimallumen diameter/
reference lumen diameter)x100%

After Doppler angle correction (less than or equal to
60°), the peak systolic velocity (PSV, cm/s) was measured
at the site of the worst stenosis and reference segment.
The PSV ratio was calculated from the PSV within the
worst stenosis to the PSV within the reference segment.
All the measurements were repeated three times and the
average values were recorded for further analysis.

Quantitative superficial femoral angiography

A OF guiding catheter (Terumo, Japan) was
introduced through the right common carotid artery and
advanced over a 0.014-inch guidewire under fluoroscopic
guidance into the ostium of the common iliac artery. The
quantitative superficial femoral angiography (QFA) was
obtained after injection of nitroglycerin (0.2 mg). All the
angiograms were obtained from posteroanterior projection.
After calibration using the guiding catheter, the analysis
[minimum lumen diameter (MLD), distal reference lumen,
percent diameter stenosis and distance from profunda
femoris to MLD] was determined (Innova2100-1Q, GE
medical systems, Connecticut, USA).

FD-OCT image acquisition and analysis

FD-OCT imaging of the atherosclerotic lesion was
obtained using the commercially available C7-XR OCT
imaging system and 2.7F DragonFly catheter (LightLab
Imaging, St. Jude Medical, Westford, Massachusetts,
USA). The automated pullback device was set at 20
mm/s while the blood was removed by a short injection
of preheated Iohexol (Yangtze River Pharmaceutical
Group, Jiangsu, China) through the guiding catheter. The
images were digitally recorded for offline analysis by an
experienced reader, blinded to QFA and FFR data.

The offline analysis was performed using the
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validated software (LightLab Imaging) and in adaptation
to the published consensus for quantitative assessment
of atherosclerotic lesion. The reference cross-section
was defined as the frame with the largest lumen within
10 mm distal to the worst stenosis without any side
branch. As described in duplex ultrasound scanning, the
lumen dimension and percentage of luminal stenosis were
calculated.

FFR measurement

The pressure wire (St. Jude Medical, St. Paul,
Minnesota, USA), which was calibrated, was introduced
through a 6F guiding catheter and advanced to the right
superficial femoral artery as far as possible. The maximal

FFR
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hyperaemia was induced by bolus injection of adenosine
(40 pg). FFR was calculated as the ratio between
superficial femoral artery and aortic pressure. The
measurement was repeated twice and the average value of
both measurements was recorded for analysis.

Statistical analysis

The continuous variables were expressed as the
standard errors of mean values. The comparison between
two or more groups was analyzed by the paired ¢-test or
one-way analysis of variance, followed by the Turkey’s
multiple comparison test. The agreement between the
measurements (DUS vs FD-OCT, DUS vs QFA) was
expressed in the Bland-Altman plot. The linear regression

FD-OCT

ke ns
50 r r
w
.
&
:20
£
a
——
& A 0(\»
4 &

Distance (mm)

Fig. 1. Representative example of measured images (a) and mean values (SEM) for (b) reference diameter, (c) minimum
lumen diameter (MLD), (d) diameter stenosis, (e) area stenosis and (f) distance from profunda femoris to MLD derived
from DUS, D-OCT and QFA in the rabbit superficial femoral artery stenosis. ***P<(0.001; ns: not significant (Paired
t-test, One-way analysis of variance and Tukey s multiple comparison test).
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Ultrasound vs. FD-OCT

Ultrasound vs. FD-OCT 5
2.0 =1 1.0
=]
&8, s b ______x196SD S: o5 +1.9880
g2e - 1.34 2 ™ 0.51
Sge 1.0 | L - =3 e® @ -
858 _ . o & = = 0.0 . _ P Mean
205 FE 05 s e Mean @ o E P + e
£E8E5S T o 0.42 257 o5 . . ® TeT 015
E &= =0.5-
2s gg o0 | " .° £3 ¢ -1.965D
22 B 2 .- o=~ |
Eegs o b2 = ___C 1.9680 5% -0 . “0.80
&5 “0.50 =
a
-1.0 T T T = -1.5 T T
-
~S n? +® o - = P N N S
Average of Reference Diameter by Ultrasound Average of MLD by Ultrasound
and Reference Diameter by FD-OCT (mm) and MLD by FD-OCT (mm)
Ultrasound wvs. QFA Ultrasound vs. QFA
1.5_____ — +71.9680 g 1.0
=53 1.30 s = 4 ‘_____:l'fﬁﬁ':l
255 1.0 - - = 0.5 - 0.62
SE5s * oo g9 e
&=
Igg&g‘_nz _ . Le* ®  Mean 32.E 0.0 - - e Mean
] 5 @ .
85=2E - 0.50 8EE o 0.009
- - = s 3 - -
€585 o0 % e €8 o5 - * -1.9650
S ES -1.965D 535 T
£ 35 N _— 2= 3 -0.60
0.5 s -0.30 =y
-0. T T T T = -1.0 T T T
< NS w2 > a? ~® = < < 2 2 S
Average of Reference Diameter by Ultrasound Average of MLD by Ultrasound
and Reference Diameter by QF A (mm) and MLD by QFA (mm)

C d

Fig. 2. Bland-Altman plots for the differences in reference diameter and minimum lumen diameter (MLD) measurements
between DUS and FD-OCT (a, b), and between DUS and QFA (c, d).
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analysis was performed to determine the correlation
between the FFR and DUS-derived parameters. The
statistical analysis was performed using the SPSS software
(v13.0; IBM Corporation, Armonk, NY, USA). P <0.05
was considered to be statistically significant.

RESULTS

Atherosclerotic lesions in the right superficial
femoral arteries were confirmed successfully in
20 rabbits, and 5 rabbits were excluded from the
analysis because of thrombus formation. Fig. la
shows a representative example of the angiographic,
FFR, DUS and FD-OCT measurements.

Comparison of measurements with DUS, FD-OCT
and angiography

All the DUS, FD-OCT, and angiography-
derived morphometric parameters for identifying
atherosclerotic lesions were compared (Fig. 1b).
The reference diameter was significantly larger by
ultrasound (ANOVA, P<0.0001) compared with FD-
OCT and QFA (2.16+0.08 vs 1.74+0.08, 1.66+0.07
mm; P<0.001). No significant difference was found
in the minimum lumen diameter (MLD) measured by
DUS, FD-OCT and QFA (1.20+0.06 vs 1.3540.07,
1.20+£0.06 mm; P=0.18). The diameter stenosis
was also larger by DUS (ANOVA, P< 0.0001)
compared with FD-OCT and QFA (43.00+2.81%
vs 22.72+41.95%, 27.79+2.82%; P<0.001). DUS
detected higher percent area stenosis than FD-
OCT (52.7542.65% vs 37.29+2.75%; Paired t-test,
P=0.0003). In addition, there was no difference
regarding the distance from profunda femoris to
MLD in any of the 3 techniques (10.93+0.99 vs
8.36+0.67, 8.84+0.62mm; P=0.0545).

Fig. 2 shows the Bland-Altman analysis for
the measurement of reference diameter and MLD
between DUS, FD-OCT and QFA. The mean
differences between DUS and FD-OCT for reference
diameter and MLD were 0.42+0.47 mm (limits of
agreement of -0.5 to 1.34 mm) and -0.154+0.33 mm
(limits of agreement of -0.8 to 0.51 mm), respectively.
The mean differences between DUS and QFA were
0.5+£0.4 mm (limits of agreement of -0.3 to 1.3 mm)
and 0.0094+0.31 mm (limits of agreement of -0.6 to
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0.62 mm), respectively.

Correlation of measurements between DUS and FFR

The FFR of all the stenoses was 0.68+0.04.
The linear regression analysis showed a significant
but poor correlation between the percent diameter
stenosis by DUS and FFR (R>=0.198, P<0.049,
Fig. 3b). However, the other parameters, such as
MLD (R*=0.109, P=0.156), percent area stenosis
(R*=0.118, P=0.138), peak systolic velocity
(R?=0.075,P=0.244) and peak systolic velocity ratio
(R*=0.091, P=0.198, Fig. 3, a, ¢, d and ¢), showed no
correlation with the FFR values.

DISCUSSION

Compared with FD-OCT and QFA, DUS detected
larger reference diameter and higher percent
stenosis, possibly due to the following causes:
Firstly, the axial resolution of FD-OCT was 10 um,
which possessed much higher resolution than that of
DUS and thus could delineate the lumen geometry
more precisely. Secondly, the 6F guiding catheter
occupied additional space in the relatively small
ostium of common iliac artery. This partial occlusion
became evident in reference segments of superficial
femoral vessels which were liable to change in blood
flow and pressure, leading to smaller dimensions
detected by FD-OCT and QFA (8). Finally, rapid
injection of contrast media increased shear stress and
thus induced vasoconstriction.

FFR considered the major determinants of
coronary stenosis severity, such as the viability,
microcirculatory status of the subtended myocardium
and the presence of collateral circulation. Several
large clinical trials (9-11) indicated that compared
with angiographic guidance, patients with stable
coronary artery disease could benefit from the FFR-
guided PCI. DUS was frequently used in the lower
limb disease because of its safe and non-invasive
characteristics. However, linear regression analysis
showed no significant correlation between FFR
value and Ultrasonic measurements (MLD, percent
area stenosis, peak systolic velocity, peak systolic
velocity ratio), which may be partially ascribe to
small sample size in this study. The hemodynamic
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significance of lesions assessed by FFR was only
related to the percent diameter stenosis measured
by DUS. Therefore, it was necessary to establish
FFR threshold (12) for inducible ischaemia and
thus improve clinical outcomes on lower limb artery
disease in the future.

In summary, DUS generated larger reference
diameter and higher degrees of disease severity
compared with FD-OCT and QFA. The hemodynamic
significance of lesions assessed by FFR was only
related to the percent diameter stenosis measured by
DUS.
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The aim of this work was to investigate the correlation between methylation of F2RL3 gene and
coronary heart disease (CHD) with or without hypertension, secondary cardiovascular events and
mortality. Sixty patients with CHD who underwent a cardiovascular rehabilitation program were
recruited. Group A included 30 patients with hypertension and CHD, and group B included 30
patients with non-hypertensive CHD, followed-up for more than 8 years. F2RL3 gene methylation was
characterized by Sequenom matrix assisted laser desorption ionization time flight mass spectrometry.
The correlation between methylation of the F2RL3 gene, hypertension and secondary cardiovascular
events and all-cause mortality was analyzed by multivariate Cox, regression models that estimated
confounders to control risk ratios. The results showed that during the follow-up, 3 patients in Group A
developed non-fatal stroke, 2 patients died of cardiovascular disease, 1 patient died of other causes, and
4 patients in Group B developed non-fatal myocardial infarction. After adjusting for known prognostic
factors, Cox model analysis showed that methylation of F2ZRL3 gene was closely related to hypertension
and mortality. After F2RL3 included in the regression model, the correlation between hypertension and
all prognostic outcomes increased. In conclusion, the methylation of F2RL3 can affect the prognosis of

different types of acute coronary syndrome and is closely related to mortality.

To the Editor,

Coronary heart disease (CHD), featured by
myocardial ischemia, hypoxia or cardiomyocytes
necrosis, is frequently caused by the accumulation of
atherosclerotic plaque which leads to vascular cavity
stenosis or occlusion (1, 2). With the rapid aging of
the Chinese population, the incidence of coronary
heart disease has increased rapidly, with younger
onset age (3-5).

F2RL3 is a receptor which belongs to a protease
activated family. Some studies suggested that this
gene may play an important role in human blood
coagulation, in the pain response and inflammation.

F2RL3 is activated by thrombin, and trypsin may be
associated with lung cancer in human patients (6).

Despite the recent advancement in understanding
pathophysiological mechanisms of hypertension and
therapeutic strategies, hypertension remains one of
the world’s largest public health problems (7). Studies
have shown that abnormal DNA methylation plays
an important role in the occurrence and development
of diseases such as colorectal cancer, breast cancer,
coronary heart disease and schizophrenia (8).

DNA methylation levels have been significantly
reduced in hypertensive patients, and the trend
continues with the progress of hypertension.
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Currently, studies have found that methylation
of F2RL3 gene has a certain correlation with
cardiovascular diseases, but there is still a lack of
relevant data on how to regulate it (9). This study
aimed to determine whether hypertension affects the
expression of F2RL3 in CDH and the relationship
between secondary cardiovascular events and
mortality.

MATERIALS AND METHODS

Patients

Atotal of 60 patients (aged 454+4.67) who had received
cardiovascular rehabilitation treatment for acute coronary
syndrome in The Third People’s Hospital of Linyi City
from September 2009 to September 2017 were recruited
in the study. Group A included 30 patients who had been
diagnosed with CHD and grade 3 hypertension (Grade

BF. GAO ET AL.

3 hypertension: systolic blood pressure over 180 mm
Hg or diastolic pressure over 110 mm Hg.). Group B
included 30 patients who had been diagnosed with non-
hypetension CHD. The patient acceptance period meant
that the survival time was from the beginning of the study
to the end of the study. Exclusion criteria: patients with
cancer, mental illness, serious infectious disease, chronic
obstructive pulmonary disease, heart valve disease,
autoimmune diseases, various types of cardiomyopathy,
application of mechanical ventilation or shock patients,
within 3 months of trauma or surgery, within 2 weeks of
drug use which may affect liver function (such as benzene
oxygen aromatic acids, antibiotics, bile acid chelating
agent, etc.), age under 40, pregnancy, breast-feeding, or
with child bearing plan in the near future. None of the
participants smoked. This study was approved by the
ethics committees of The Third People’s Hospital of Linyi
City and each participant gave written informed consent..

Table 1. Different influencing factors F2RL3 methylation baseline

AHD with hypertension AHD without hypertension P value
Risk factor Number ﬁgggrlitéolri (1;3‘[;: nsity number ﬁ:ﬁﬁ%ﬁ C12n3t)e nsity
Sex(female/man) 15715 8:2?5?6.6558-(0.5 1075 8:23§?6:575§;(0.61-0.75) 0-000
Primary diabetes 3 0.57(0.51-0.75) 10 0.61(0.43-0.66) 0000
secondary diabetes 5 0.66(0.54-0.66) 8 0.59(0.55-0.61) '
Discharge prescriptions
ACE-inhibitor
Prescribed 17 0.61(0.57-0.75) 7 0.71(0.63-0.79) 0501
Not prescribed 13 0.54(0.49-0.61) 23 0.65(0.49-0.61)
Lipid-lowering drugs
Prescribed 16 0.54(0.48-0.63) 5 0.62(0.55-0.65)
Not prescribed 14 0.63(0.59-0.72) 25 0.66(0.61-0.71) 0012
ASS
Prescribed 16 0.53(0.47-0.65) 6 0.57(0.55-0.64) 0135
Not prescribed 14 0.69(0.56-0.77) 24 0.71(0.59-0.78)
B-Blocking drugs
Prescribed 25 0.52(0.51-0.63) 3 0.63(0.58-0.71)
Not prescribed 5 0.68(0.63-0.79) 27 0.76(0.69-0.81) 0337

Methylation intensity at F2RL3 by gender, medicine status during the follow-up period. Median methylation is slightly
lower in men than in women of the two groups, but is consistent across age groups. By far, the largest change in
methylation intensity is based on the condition of diabetes. Current levels of methylation in CHD are much lower than in

non-hypertensive CHD participants.
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Table I1. Spearman correlation coefficients of two different CHD and methylation intensity of F2RL3 with risk factors at baseline.

Risk factors RD P value RSZ) P value
Age 0.051 0.024 0.065 0.014
Reaction C protein -0.235 0.000 -0.152 0.000
Interleukin(IL-6) -0.215 0.000 0.102 0.000
Albumin 0.155 0.000 -0.001 0.000
ADiponectin -0.011 0.568 0.000 0.321
N-terminal Pro-B-ratriuretic peptide -0.123 0.000 -0.051 0.000
High-density lipoprotein cholesterol 0.022 0.457 -0.001 0.954
Total cholesterol -0.085 0.000 -0.051 0.033
Triglycerides -0.075 0.000 -0.012 0.458
Free fatty acids 0.023 0.456 0.011 0.554
Cholesteryl ester transfer protein 0.021 0.321 0.024 0.546
Lipoprotein-associated phospholipase A2 -0.051 0.095 -0.068 0.087
Fasting glucose -0.056 0.874 -0.037 0.897
Fetuin A 0.008 0.874 0.046 0.069
Adipocyte fatty acid-binding protein 0.016 0.655 0.002 0.994
Retinol-binding protein-4 0.024 0.477 0.046 0.152
CKD-EP1 -0.066 0.041 -0.010 0.788
Arnal-Dade 0.077 0.019 0.071 0.031
Alcohol consumption during rehabilitation -0.058 0.124 -0.047 0.129
Alcohol consumption during pass year -0.031 0.412 0.017 0.621
v-Glutamyltransferase activity -0.059 0.078 -0.088 0.007

DAfter adjustment for age and gender, the relationship between the status of methylation and the vascular risk factors
of hypertension ACS, ?After adjustment for age and gender, the relationship between the status of methylation and the

vascular risk factors of non-hypertensive ACS.

Date and sample collected

At the end of the inpatient rehabilitation stage,
blood was collected from the patients. Serum was
isolated after centrifugation and stored at -8071 (freezer
from haier, China, Qingdao). Standard routine clinical
parameters (such as serum levels of glutamine transferase,
high-
density lipoprotein, total cholesterol, and triphthalein)

muscle coordination, fasting blood glucose,
were obtained from inpatient Medical Records. After
rehabilitation, the patients were contacted by email 1, 3,
4,5, 6 and 8 years after discharge from the hospital, and
information regarding non-fatal cardio-cerebrovascular
events (myocardial infarction and stroke) was obtained
through standardized questionnaires.

Methylation assessment
Desorption ionization time was detected by flight
mass spectrometry. Initially, the DNA sample was

bisulfite-converted using Ez-96 DNA methylation gold
kit (http://www.integratedsci.com.au/) according to the
manufacturer’s instructions. Subsequently, the primers
containing ¢g03636183 amplifiers and the adjacent 6 plus
CpG sites were amplified with the prespecified bisulfite.
After the treatment of alkaline phosphatase (SAP), the
RNase A was cut and the resin was cleaned. MassARRAY
EpiTyper v1.0 software and 384 spectroCHIPs were used
to transfer the PCR product fragments (10).

Statistical analysis

SPSS 19.0 statistical software was used to analyze
the data, and the non-normal measurement data was
represented by median number (ql-q3). Rank sum test
was used for comparison, Spearman’s test and the Kaplan-
Meier method were used for correlation analysis and for
drawing the survival curve, and log-rank test was used for
comparison.
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RESULTS

A total of 60 patients were included in this study.
Methylation at one or more CpG sites was detected in
99.9% of the subjects. During the follow-up period, 3
patients in group A developed non-fatal stroke, 2 patients
died of cardiovascular diseases, 1 died of other causes,
and 4 patients in the group developed non-fatal myocardial
infarction (Table I).

Correlation between methylation level of hypertension in
F2RL3 and risk markers of coronary heart disease
The methylation levels of two different types of

085

Proportion of survivors

PI{Jg-uank = 0.0001

[ 12 4 it 48 &l i

Time (months)

0,90

0854

Proportion of survivors

1,50

Plf;g-uank < 0.0001

0 12 24 3% 4 & M
Time (months)

—————— Quartilel

————— Quartile2

BF. GAO ET AL.

coronary heart disease was positively correlated with
age and gender. Hypertensive ACS patients showed
much higher levels of F2RL3 methylation. The
methylation level of F2RL3 gene was significantly
different in the subjects with hypertension and acute
cardiovascular events. By adjustment of age and
gender, the correlations between the two coronary heart
disease risk indexes were: on the level of methylation of
F2RL3 gene, the correlation coefficient of hypertension
and serum albumin Spearman >0.10, and the correlation
coefficient of N-terminal Pro-B-ratriuretic peptide,
Reaction C protein and interleukin-6 Spearman was
<-0.10. (Table II)
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Fig. 1. Kaplan—Meier estimates of survival. A) Adjusted for gender and age; B) Adjust for the incidence of diabetes;
C) Model 1,2 + adjusted for the interaction between risk indicators such as hypertension history, nt-pro BNP (log),
hypersensitive c-reactive protein (log) and albumin and methylation level. D) is consistent with model 3 except that the
hypersensitive creative protein (log) and albumin are not adjusted.
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Correlation between methylation level of F2RL3,
hypertension and the prognosis of patients

According to F2RL3 methylation degree with four-
digit stratification, the Kaplan-Meier curve was used to
analyze the differences in survival between the 4 groups
(Fig. 1). Compared to the two groups with the lowest
methylation of F2RL3, the two groups with the highest
methylation quartile of F2RL3 had better prognosis. At
the end of the follow-up period, mortality from all causes
was increased in the F2RL3 methylated quartile group.
Patients in the lowest methylated quartile showed a three-
fold higher risk of all-cause mortality compared with
those in the highest methylated quartile. After adjusting
the methylation of F2RL3, the effect ratio of hypertension
was significantly reduced.

DISCUSSION

The results of this study indicated that the
degree of hypomethylation of F2RL3 gene in
patients with coronary heart disease was associated
with hypertension, and it could affect mortality
and other prognostic indexes to a certain extent.
Some researchers suggested that hypertension
is accompanied by mild inflammation in the
system, and the inflammatory
marker C-reaction protein level in serum was
altered in hypertensive patients (11). Therefore, it
is not surprising that methylation of F2RL3 gene
is associated with the prognosis of cardiovascular
patients. In this study, C-reactive protein and IL-6
were used as risk factors for the study, and F2RL3
methylation level was compared between the two
groups. The results showed that the methylation
correlation of IL-6 in different groups varied.
Previous studies reported that innate immune cells
can release reactive oxygen species and reactive
nitrogen, both important signaling molecules in the
cardiovascular system (12).

In the present study, after the methylation of
F2RL3 was corrected, the correlation between
hypertension and various death outcomes was
weakened, suggesting that hypertension could
be correlated with F2RL3 methylation and affect
the prognosis and development of coronary heart
disease.

cardiovascular
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In summary, F2RL3 methylation level is
correlated with hypertension. Hypertension has a
certain effect on the methylation degree of F2RL3
and coronary heart disease. The prognosis of
coronary heart disease with hypertension is more
dangerous.
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The efficacy of the two commonly used commercial vaccines for Newcastle disease (ND) and low path
avian influenza (LPAI) HIN2 were evaluated against field virus in broiler chicks. One hundred one-day-
old commercial broiler chicks were divided into four groups (A to D) with an equal number of birds per
group. Group A and B were vaccinated against HYIN2 and NDYV, respectively, at day 7 of age while group
C served as positive infected control for HIN2 and group D for NDV. Serum samples from birds in all
groups were tested for presence of antibodies against HIN2 and NDV at day 21 of age. Subsequently,
on day 28 of age, groups A and C were challenged with the field strain of HON2 virus, and Group B and
D with NDV. Birds were monitored for a period of 2 weeks for development of any clinical signs and
mortality. The geometric mean titer were high in groups A (4.90) and B (7.3), and low in the unvaccinated
groups C (0.7) and D (1.1). The highest and lowest value of HIN2 antibody titer detected through ELISA
were 1.498 and 0.502, respectively. The S/P ratios greater than 0.5 were considered positive. The highest
and lowest value for NDV antibody titer detected through ELISA were 783 and 882, respectively. Serum
samples with titer greater than 396 were considered positive and indicated vaccination or other exposure to
NDV. On histological examination severe congestion, necrosis, degeneration, hemorrhages and leukocyte
infiltration were observed in intestine, lungs, trachea and bursa of Fabricius of the non-vaccinated group
post-infection. Mild tissues changes were observed in the vaccinated group. It can be concluded from
the findings that the commonly used commercial vaccines may provide effective protection against the
circulating HIN2 and ND virus in broiler birds by producing protective antibody titer.

To the Editor,

Newcastle disease and avian influenza viruses are
the members of paramyxoviride and orthomyxoviride
family responsible for significant economic losses to
the poultry industry globally (1). ND is considered
endemic in Pakistan and despite regular vaccination,
the outbreaks of this disease are frequently reported
in commercial and backyard poultry (2). Likewise,
HON2 subtype of avian influenza (AI) which is

considered a less pathogenic virus is being detected
in poultry farms even when the birds are immunized
against it. HON2 is an emerging public health
pathogen as it has been linked to human illness in
Hong Kong, China and recently in Bangladesh (3).
ND exists endemically almost all year round. This
scenario challenged the efficacy of the ongoing
programs regarding vaccination against the disease.
Some questions were triggered after the failure of

Key words: Newcastle disease, low path avian influenza (LPAI), broiler, ELISA
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the vaccination programs; is there any difference
between the field virus strain and vaccine strains,
inappropriate methodology or plan of action,
creation of new genotypes under the more elevated
immune response which are resistant to current
vaccines (4). Poultry provides protective conditions
to the HON2 virus to develop into the strains which
could affect the wild species of birds. According
to some modern research reports, similarities have
been detected in the viral genome of H7N3, H5N1
and HON2 (Pakistani) as a consequence of antigenic
drifts. Therefore, HIN2 could be a potential
pandemic problem for human health in the future,
hence there is a need to regularly test the genome for
any mutations and improve the vaccines accordingly
(5). Despite vaccination, these viruses are still
circulating in poultry, therefore the current study was
designed to test the immunoprophylactic potential of
two commonly used commercial vaccines against
the field viruses.

MATERIALS AND METHODS

Experimental design

One hundred, one-day-old commercial broiler chicks
were procured from a local hatchery and evenly divided
into four groups A, B, C and D, 25 in each group. Birds
were reared under standard management conditions
and were offered feed and water ad libitum. On day 7
of age, the birds in group A were vaccinated (0.25 mL
subcutaneously) with an inactivated oil-based Avian

I. IRSHAD ET AL.

influenza (H9N2) vaccine (Otto Fluvac, EID,, 9.2/mL.
HA 264 HAU/50 uL). while group B was vaccinated
(0.3 mL subcutaneously, Gallimune) against Newcastle
disease virus. Birds in group C and D did not receive any
immunization and served as positive control for HON2
and NDV.

Serum antibody titer

Serum samples were collected from birds in all groups
on day 21 of age, and tested for the presence of antibodies
against NDV and HON2 using HI (6) and ELISA (IDEXX,
USA) used per manufacturers guidelines; the S/P ratios
greater than 0.5 were considered positive for presence
of antibodies against AIV, and NDV serum samples
with titer greater than 396 were considered positive and
indicated vaccination to NDV. From the HI test GMT was
calculated and values between 4-6 indicated protection.

Challenge trial

On day 28 of age, groups A and C were challenged with
the HON2 virus (1077 EID50) isolated from the suspected
poultry flocks and groups B and D with field isolate of
NDV (10%¢ EID50). Birds were monitored until two
weeks post-infection i.e. 42 days of age for development
of clinical signs of disease and mortality.

Histological examination

Five birds from each group were sacrificed on days
28 and 35 to evaluate the histological changes. The tissue
samples of intestine, lungs, kidney, trachea, thymus
and bursa of Fabricius were collected and processed

Table 1. ELISA and HI antibody titer against AI (HIN2) and NDV in vaccinated groups (A and B) and HI antibody titer

in control groups (C and D).

Samp Antibody titer against AI (HIN2) | ELISA for Results Antibody titer against NDV (Logz)

le ID ELISA for Vaccinated Control Birds | NDV titer Vaccinated birds | Control birds
AlV titer Results | Birds (Group A) | (Group C) (Group B) (Group D)

1 0.541+0.01>  Positive 4+0.02° 1£0.01% 1552+0.03"  Positive 8+0.03° 2+0.2°

2 0.575+0.03°  Positive 4+0.03% 1£0.02° 1714+£0.01°  Positive 8+0.01° 240.01°

3 0.627+0.01%°® Positive 5+0.01% 0+0.01° 1724+0.02¢  Positive 8+0.01° 10.03%

4 1.498+0.04%  Positive 6+0.06° 0+0.02° 882+0.01° Positive 4+0.03% 0+0.01°

5 0.511+0.01*  Positive 4+0.03% 1£0.01° 1735+0.1¢ Positive 8+0.02° 0+0.02°

6 1.052+0.01°  Positive 6+0.01° 2+0.04¢ 1578+0.05>  Positive 740.01° 140.01%

7 0.502+0.03*  Positive 340.06° 0+0.01° 1468+0.01°  Positive 740.05° 2+0.06°

8 0.661+0.02"°  Positive 5+0.01% 0+0.06" 1783+0.01  Positive 8+0.04° 140.1%

9 0.738+0.1®°  Positive 6+0.02° 1£0.01° 1537+0.04"  Positive 7+0.02° 0+0.02°

10 1.026+0.01°  Positive 6+0.05°¢ 1+0.01%° 1647+0.02°¢ Positive 8+0.01° 2+0.01°¢

Values are meantSD of triplicate experiments. Furthermore, mean carrying different superscript letters (a-d) exhibit significant
difference among means at (p<0.05) with 95% confidence. HI: hemagglutination inhibition;, AIV: avian influenza virus; NDV:

Newcastle disease virus.
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in the Histopathology Lab., Department of Pathology,
University of Veterinary and Animal Sciences, Lahore,
Pakistan.

Statistical analysis

Minitab software was used for computation and analysis
of different parameters. Differences were analyzed by
considering p<0.01 statistically significant. The collected
data was analyzed by means and standard deviation.

RESULTS

The results of the current study indicated the
development of an effective antibody response after
vaccination with otto Fluvac® and Gallimune® (Table
I). Birds in both vaccinated groups showed no signs
of illness and no mortality recorded. In comparison,
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10% of the birds died in the non-vaccinated group
challenged with HON2 virus, whereas 80% of the
birds died in the group challenged with NDV. The
GMT was 4.90, 7.3, 0.7, and 1.1 for groups A, B, C
and D respectively. S/P ratio of ELISA for HON2
in the vaccinated group varied between 0.502-1.498
while antibody titer as measured by ELISA for NDV
ranged between 882-1783. On day 28 of age, no
histological changes were observed in tissue samples
of the treated groups. On the 35" day, group C showed
moderate changes, trachea and lung were inflamed
with severe sloughing of epithelial cells (Fig. 1a). The
lungs were severely congested and emphysematous.
There was infiltration of inflammatory cells in the
lungs (Fig. 1b) in group D. Severe degeneration and
necrotic foci were also observed in the lungs and
spleen. Necrosis with infiltration of inflammatory

Fig. 1. Histological results of treated groups at different magnification using hematoxylin & eosin staining. a) Group
C showing sloughed off epithelium in lungs on (35" day of age) 7" day post-infection (10X). b) Group D bird showing
Infiltration of hetero-phils in lungs on (35" day of age) 7" day post-infection (10X). ¢) Group D bird challenged with NDV
showing infiltration of inflammatory cells in bursa on (35" day of age) 7" day post-infection (20X). d) Spleen of group D
on (35" day of age) 7" day post-infection showing hemorrhages of spleen (40X).
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cells in kidney and tubuinterstitial nephritis was
seen in the left kidneys. Leukocytic infiltration and
cellular degeneration was observed in the bursa of
Fabricius (Fig. 1c). Group D showed congestion,
necrosis, degeneration, hemorrhages and dead tissue
mass in intestine and spleen (Fig. 1d). Congestion,
degeneration and atrophy were observed in the bursa
of Fabricius as compared to group A and B.

DISCUSSION

This study demonstrated that Gallimune ND®
can provide over 90% protection against the NDV
genotype VII challenge in broiler birds under
experimental conditions. However, there are several
studies which report continuous outbreaks of avian
influenza (7) and Newcastle disease in Pakistan (2).
This persistence of disease despite vaccination may
be due to the difference in vaccine efficacy under field
and experimental conditions (8). There are several
infectious and non-infectious factors, e.g. high levels
of ammonia, fungal toxins in feed, and poor nutrition,
along with infectious diseases such as infectious
bursal disease, chicken infectious anemia, and
Marek’s disease, which can interfere with both innate
and acquired vaccinal immunity (9). The results of
the current study are in agreement with the findings
of a previous study (10) which reported that locally
produced avian influenza vaccines including otto-flu
generate high antibody titers against avian influenza.
Gross and histological changes, including congestion,
hemorrhages and necrosis, were observed on kidney
and intestine. Similar findings were reported by other
Authors (9, 11, 12). Severe hemorrhages and atrophy
of bursa were also observed. Pazhani et al. (13)
reported necrosis with infiltration of inflammatory
cells in kidneys, and tubuinterstitial nephritis were
seen in kidneys which coincides with our results.

It can be concluded from the present study that
despite of reports of genetic reassortments and
emergence of new genotypes of HON2 and NDV,
vaccines are still providing effective antibody
titer under experimental conditions, and other
environmental and infectious problems may be
associated with poor vaccine efficacy and disease
outbreaks.
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Electrospinning has emerged as a potential method to fabricate nonwoven nanofibers. It has
application in different fields of biomedicine as it has potential to carry antimicrobial and bioactive
agents. The present investigation was conducted to optimize the process conditions and determine
the viability of probiotics after being electrospun in fibers. Poly(vinyl alcohol) (PVA) was utilized as
electrospun material because it possesses generally recognized as safe (GRAS) status and in dry form it
acts as a high oxygen barrier and has high water solubility. This characteristic allows the easy recovery
of the bacteria from electrospun fibers. The viability tests, carried out at three different temperatures
(room temperature, 4°C and -20°C) showed Bifidobacterium animalis subsp. Lactis Bb12 (probiotic
1) and combination of Streptococcus thermophilus (TH-4®), Lactobacillus paracasei 431® and Bb-12
(probiotic 2) within the electrospun PVOH fibers remained viable after 1 week at room temperature
and refrigeration temperature. The nanofibers containing probiotics prepared with 9% poly venyl
alcohol showed homogenous, uniform, bead-free and smooth texture. Probiotic 1 demonstrated growth
as 1.85x108, 1.57x10% and 1.71x108 before, 0 hour and after 1 week of encapsulation. While probiotic 2
exhibited a growth of 2.1x108 before electrospinning, 1.3 x10%at 0 hour and 1.97x10® after one week of
electrospinning. There was no change in CFU/mL count and remained 10> CFU/mL. The encapsulation
efficiency was 84.07% and 85.73% at 0 and one week, respectively, for Probiotic 1, while probitic 2 showed
90.09% and 93.59 % encapsulation efficiency before and after one week, respectively. Considering the
prolonged viability of nanofibers containing probiotics noted at room temperature, this technology can
be implemented for prolonged viability of probiotics.

To the Editor,

Recently, an increase in nutritional awareness
has fueled a generation to use probiotics due to their
immense benefits. The intestinal flora contributes
to human wellness by hindering the pathogenic
colonization, enhancing immune system of host, by
metabolizing the nutrients and producing good by-

products. Different strains of bifidobacteria, either
separately or a mixture of different strains, have been
employed for human consumption. Bifidobacterium
animalis  subsp. Bbl2, Streptococcus
thermophilus (TH-4®) and Lactobacillus paracasei
431® have been widely used in the pharmaceutical
and food industries as well as in infant formulae
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(1). It is recommended that at least 10%° CFU/g of
bacteria should be present in each product. However,
the viability of bacteria is adversely affected
due to numerous factors including technological
processes, high and low temperature, gastrointestinal
conditions, pre- and post-fermentative pH, digestive
enzymes, bile acids and gastric juices. Different
techniques, such as spray drying (2), coacervation
(3) and emulsifying crosslinking (4), have been used
for encapsulation, but there is involvement of organic
solvents, fluctuated temperatures and drying methods
which consequently disturb the viability of bacteria.
and some organic agents lead to toxicity issues (5).
Electrospinning is considered as an alternate solution
for this issue. Basically, it is a high voltage spinning
used to produce fibers in nano and micro ranges.
An electrospinning setup comprises of a syringe, a
syringe pump, a high-voltage power and a collector
but no specific temperature is required during this
process. After optimizing the process parameters
(flow rate, molecular weight of polymer, viscosity,
concentration of polymer, distance and voltage)
an aqueous solution can be drawn after addition
of additives to form nanofibers (6-7). The present
study was designed with the objective to optimize
and make electrospun fibers containing probiotics
by using poly(vinyl alcohol) (PVA) to check the
appropriateness and viability of the probiotics.

MATERIALS AND METHODS

This study was carried out in Bindley Bioscience
center, Purdue University, IN, U.S.A. to prepare the
probiotics containing electrospun fibers.

Poly vinyl alcohol (PVA) with an average molecular
weight of 80 KDa to 100 KDa and utilized with a degree
of hydrolysis of 99% was acquired from Sigma Aldrich
Co. (Spain).

Optimization of process parameters for electrospinning

For optimization of electrospinning process
parameters 6%, 9% and 12% PVA solutions were utilized.
These solutions were prepared by dissolving the polymer
in distilled water at 80°C under magnetic stirring to get
a complete dissolution. However, a complete dissolution

of polymer was not observed even after 2 h, therefore

Z.AKBAR ET AL.

autoclave at 121°C with liquid cycle was utilized for
complete dissolution and sterility of solutions.

Electrospinning equipment setup

The electrospinning set up equipped with an adjustable
high-voltage 0-30 kV power supply was assembled. The
anode was connected to a stainless-steel needle through
PTFE wires, of 5 mL plastic syringe. The syringe was
located horizontally in the cradle of a manually controlled
syringe pump which could deliver flow rates within in the
range of 10-3 to 10 mL h-1 (KD Scientific Inc., Holliston,
U.S.A)). The cathode was attached with a collector drum
to create a high electric field.

Preparation of polymer solution

The autoclaved solutions were electrospun at 25°C
to produce nanofibers. For the collection of electrospun
fibers, the grounded collector was creased with aluminum
foil and later rotary drum. For optimization of process,
different conditions were utilized such as; voltage, 12 kV,
20 and 25 kV; tip to collector distance, 15, 11 cm and flow
rate, 0.4, 0. 75 and 0.1 mL/h. The collected nanofibers
were then dried and evaluated by SEM. From Scanning
Electron Microscopy (SEM) results, conditions were
finalized for further processing of nanofibers.

Bifidobacterial containing solution

B. lactis cells were added to 9% PVA solution (selected
after performing SEM) under sterile conditions and were
pumped through the needle (L 0.8 mm). The experimental
setup was retained in a laminar flow safety cabinet.

Preparation of PVA/Bb12 fibers

For the collection of the PVA electrospun fibers
comprising Bifidobacterium animalis subsp. lactis Bb12,
Streptococcus thermophilus (TH-4®) and Lactobacillus
paracasei 431®, the rotary drum was used as collector.
The electrospinning conditions were as follow; voltage 25
kV; tip to collector distance 11 cm and flow rate 0.75 mL/
hr and 1000 rpm for roller. By using these conditions, a
stable jet mode was achieved. The electrospun nanofibers
were dried for a whole night before SEM observation.

Scanning Electron Microscopy
SEM analyses were performed on a FEI Nova
NanoSEM 200, Hitachi microscope (Hitachi S-4100) at a
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voltage of 5 kV and spot size 3 with working distance of
20 mm. Coating of electrospun fibers was done by using
a gold-palladium mixture under vacuum before their
morphological studies. Fiber diameters of the electrospun
fibers were measured by means of the Adobe Photoshop
CS3 extended software from the SEM micrographs in
their original magnification.

Viability of Bifidobacteria in nanofibers

Electrospun fibers were detached from roller.
Weighing and storage of aliquots of the PVA/Bb12 fibers
was carried out (room temperature and 4°C) for viability
studies, and a small sample was kept for SEM. Nanofibers
containing probiotics Bb12 cells were also stored at room
temperature and 4°C, and their ability to grow was also
determined. For viability studies, one fresh PVA/ Bb12
aliquot was diluted in PBS at room temperature for 1 h, to
dissolve the polymeric fibers, and serial 10-fold dilutions
were prepared and plated on MRS agar. After incubation
at optimal conditions for 48 h, the viability of electrospun
Bb12 cells to growth was determined.

1553
RESULTS

Morphological characteristics of fibers prepared
during optimization and  after
containing probiotics

The nanofibers made of poly vinyl alcohol (PVA)
(at the concentration of 6, 9 and 12 %) were used
to check the viability of probiotics. These fibers
containing probiotics were studied under SEM and
images were taken at different resolutions.

Fig. 1a. shows the fibers prepared from 6, 9 and
12% PVA solution. This figure demonstrates that with
6% PVA the sputtering of solution was observed,
resulting in the formation of non-uniform fibers with
droplets of solution. The morphology of nanofibers
prepared with 9% PVA solution is presented in
Fig. 1b which shows homogenous, uniform, bead-
free and smooth formations of long ultrathin fibers.
The nanofibers prepared from 12% of PVA solution
(Fig. 1c) exhibit the formation of non-uniform,
coarse and beaded nanofibers.

optimization

This solution was

Fig. 1. Images of nanofibers taken at 4000x magnification power for 6% (a), 9% (b), 12% (c) without probitics and

(d) optimized 9% PVA solution with probiotics.
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sufficiently viscous to be drawn from needle outlet.
Fig. 1d shows the morphology of electrospun fibers
containing probiotics within their structure. An
entangled chain of long fibers can be easily seen in
the figure. PVA is a hydrophilic polymer and confers
a barrier for oxygen and the bioactivity of probiotics
is not affected.

Viability of encapsulated bifidobacteria

Electrospun ultrathin fibers were detached and the
viability of probiotics were assessed during storage
at room temperature. The survivability of probiotics
in electrospun fibers was determined before and after
electrospinning by plate counting method.

Fig. 2a shows the effect of time on the viability
of probiotics before, at 0 hour and after one week
of nanofabrication. There was a statistically non-
significant difference on the viability of probiotics
with the passage of time. It shows that viability
of probiotics was preserved and not lost after
electrospinning.

The growth for probiotic 1 was found 1.85x108,
1.57x10% and 1.71x10® before, 0 hour and after 1
week of encapsulation. While probiotic 2 exhibited
a growth of 2.1x10* before electrospinning, 1.3
x10% at 0 hour and 1.97x10* after one week of
electrospinning. The overall CFU/mL count was not
changed and remained 10% CFU/mL.

Fig. 2b presents the graphical description
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of entrapment efficiency of probiotics by using
electrospinning. The encapsulation efficiency was
84.07 and 85.73% at 0 and one week for P1, while
for P2 demonstrated 90.09 and 93.5 %, respectively.

DISCUSSION

Concentration of polymer solution plays a
considerable role for the process of electrospinning.
If the concentration is low then it results in
electrospray instead of electrospinning as the solution
has high surface tension and less viscosity (9).
Lower concentration of PVA results in nonuniform
fibers with defects such as junctions and beads (8).
Moreover, the formation of smooth and continuous
fibers cannot be achieved in very low viscosity (10).

It was reported by Son et al. (11) that by
increasing the amount of PVA in the solution resulted
in stabilized and consistent flow of solution from the
needle and consequently formed the long uniform
fibers, which were entangled in chain. The smooth
nanofibers are formed at suitable concentration of
polymer solution (12-13).

As the concentration of polymeric concentration
goes a little higher, a mixture of beads and fibers will
be attained (14) while a very high viscosity results in
the hard ejection of polymeric solution, therefore, it
is necessary to standardize the suitable viscosity for
electrospinning (15).

&
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Time

Fig. 2. a) Effect of time on viability of probiotics in electrospun nanofibers. b) Effect of time on on entrapment efficiency

of electrospun nanofibers.
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The nanofibers having no beads and homogenous
structure are suitable for encapsulation of
Bifidobacterium animalis. Considering the prolonged
viability of nanofibers containing probiotics at room
temperature, it is recommended to use nanofiber
technology in the preparation of therapeutic diets for
the children (16).

The encapsulation potential of poly vinyl alcohol
(PVOH) for probiotics was explored because it is
generally recognized as safe (GRAS), and allows easy
recovery of the bacteria for viability determination
(17). No decrease or loss in viability of B. animalis
Bb12 after electrospinning assay was reported when
compared to other encapsulation techniques, such as
spray drying, which resulted in decreased viability
of probiotic bacteria. The probiotic survivability
was observed for 40 days at room temperature
and for 130 days at refrigeration temperature. The
results for the viability of probiotics during the
present investigation are supported by these findings
because there was no viability loss after one week of
electrospinning. Moreover, PVA was used to make
fibers as it is water soluble and acts as a good oxygen
barrier when dry, thus resulted in the preservation of
viability.

Different probiotics, such as Lactobacillus
casei, Lactobacillus acidophilus, Bifidobacterium
longum and Lactobacillus rhamnosus were
microencapsulated to evaluate the effect of
homogenization (encapsulation technique) on beads
size and viability of the probiotics. Reduction of
bead sizes was observed due to three different
homogenization techniques. The entrapment
efficiency was found 64.4% to 47.7% (18) which
is comparably less than nanofabricated probiotics
investigated in the present study.

The entrapment efficiency of probiotics during
this study is supported by a previous work (19)
which utilized soluble dietary fiber from agrowastes,
oil palm trunk, oil palm frond and okara (soybean
solid waste), along with 8% PVA solution for the
nano-encapsulate of Lactobacillus acidophilus. L.
acidophilus was merged into the solution to synthesize
the nanofiber-encapsulated probiotic, measuring
229-703 nm. A significant bacterial viability 78.6-
90% was observed under electrospinning conditions
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and sustained it at 4°C for 21 days of storage.

From the present study, it is concluded that
electrospun nanofibers have the potential to
preserve and extend the viability of probiotics to get
beneficial effect from probiotics with comparably
better entrapment efficiency. Due to these reasons
nanofibers are good alternate for encapsulation. By
using biodegradable material such fibers can be
utilized directly in food and metabolized by the body
while the viability at room temperature can also
be extended for a longer time, as supported by the
present and previous works. Any antimicrobial agent
can also be carried to the body or food system by the
biodegradable fibers in order to prevent disease or to
enhance the shelf life of product. These fibers also
open an era for the pharmaceutical industry as they
have the potential to carry a drug into the body or
exactly to the site of action.
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Benign prostatic hyperplasia (BPH) is one of the most common conditions affecting men over 40
years of age, typically manifesting itself with lower urinary tract symptoms (LUTS). Recently, research
interest has focused in discovering a viable nutraceutical alternative to the drugs that are currently
the first line of treatment for BPH. The aim of this study was to investigate the efficacy and safety of a
dietary supplement containing curcumin, beta-sitosterol and oligomeric proanthocyanidins in a group
of BPH/LUTS patients. One-hundred men with LUTS caused by BPH were enrolled in this study and
agreed to take one tablet a day of the test dietary supplement for three months. Several parameters, such
as International Prostate Symptom Score (IPSS), degree of urinary obstruction and average urinary
flow were evaluated at different time points. Significant improvement in LUTS was seen after one month
of treatment and a significant decrease in mean IPSS index was evident after three months of treatment.
Moreover, a comparison of the mean urinary flow and of the number of subjects with bladder obstruction
at three months versus one month of treatment shows a significant improvement. The study results
suggest that the dietary supplement is effective for almost all the symptoms investigated, including the
reduction of IPSS score and the increase of urinary flow. Moreover, the dietary supplement proved to be

safe and well tolerated by the great majority of the enrolled subjects.

To the Editor,

Benign prostatic hyperplasia (BPH) is a disorder
that affects 15% to 60% of men above 40 years
of age (1), characterized by enlargement of the
prostate and a decreased maximum urinary flow
rate (Q_ ), and clearly related to lower urinary
tract symptoms (LUTS) (2). LUTS are a variety of
symptoms that can be obstructive (e.g., hesitancy,
poor and/or intermittent stream, straining, prolonged
micturition), irritating (e.g., frequent urination,
urgency, urge incontinence, nocturia), and/or related
to post-micturition (e.g., feeling of incomplete
emptying and post-micturition dribble). The main

risk factors for BPH are age, genetic factors, high
levels of dihydrotestosterone (DHT), lifestyle and
inflammatory events (3). Currently, the approach used
to limit LUTS is mainly symptomatic, and consists
of treatment with o-adrenergic receptor blockers
or 5-o reductase inhibitors (4). These drugs can
cause several side effects, such as impotence, libido
reduction, ejaculation disorders and gynecomastia.
Since BPH is a chronic disease requiring long-term
treatment, alternatives are much needed. Curcumin,
an active compound contained in turmeric, is a good
candidate, orally bioavailable and highly safe in
humans. Its natural chemical components can block

Key words: benign prostatic hyperplasia, lower urinary tract symptoms, urinary flow,
nutraceutical compound, food supplement, curcumin
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the inflammation processes acting on tumor necrosis
factor-alpha (TNF-a) (5): B-sitosterols act as a well-
tolerated 5-o reductase inhibitor (6) and Oligomeric
proanthocyanidins (OPC) are oligomeric flavonoids
with powerful antioxidant properties, especially
useful in improving erectile and sexual performance
dysfunctions (7, 8). These natural substances can
slow down the hypertrophic process, hence reducing
the associated LUTS without significant side effects.
The aim of this study was to investigate the efficacy
and the safety of a dietary supplement composed
by curcumin, B-sitosterols and OPC in BPH/LUTS
subjects.

MATERIALS AND METHODS

Study design

An observational, prospective, multicenter study was
conducted in accordance with the Harmonized Tripartite
Guidelines for Good Clinical Practice (ICH-GCP) and the
set of ethical principles laid down in the Declaration of
Helsinki. Study subjects were enrolled in three different
Italian Clinical Centers, after signing and endorsing the
informed consent form for the study participation.

All subjects underwent clinical and instrumental
assessments as per standard clinical practice, such as an
urological visit with digital rectal examination (DRE),
ultrasound of the urinary tract with post-voiding residual
(PVR), total PSA and PSA ratio evaluation, LUTS
evaluations, in addition to filling in the International
Prostate Symptom Score (IPSS) questionnaire. The
presence of the following LUTS was assessed: difficulty
in micturition, poor and/or intermittent stream, straining,
frequent urination, urgency, urge incontinence, nocturia,
feeling of incomplete emptying and post-micturition
dribble. The IPSS questionnaire asks seven questions
concerning urinary symptoms, each answer with a
0-5 score, resulting in a total score ranging from 0
(asymptomatic) to 35 (severe symptoms) (9). Based on
their IPSS index, study subjects were classified into three
groups according to their symptom severity: mild (IPSS
0-7 points), moderate (8-20 points), and severe (20-35
points); the effect of the test food supplement was then
evaluated on each of those symptom severity groups.

After enrollment, all subjects were instructed to take
one tablet of the study product daily, for 3 months.

V. COSENTINO ET AL.

The primary objectives of this study were the efficacy
and the safety of a new dietary supplement in patients
with BPH. The primary outcomes were the improvement
of both the IPSS questionnaire score and the urinary flow
rate. Secondary outcomes were the improvement of the
above-mentioned symptoms (i.e., their presence/absence
in the following visits) and the evaluation of efficacy and
tolerability of the product.

In this observational study only within-subjects
comparisons were planned, and a sample size of one
hundred patients was considered large enough to obtain
reliable information on the effect of the study product on
LUTS.

Inclusion and exclusion criteria

The eligible population were men aged between 45 and
85 years, with clinical diagnosis of BPH related LUTS.
An essential selection criterion was that subjects were
included in the study at the first observation of disease, as
such, they were drug-naive for LUTS.

Patients with BPH complications (e.g., bladder
calculus, bladder diverticulitis disease, prostatitis, bladder
neck obstruction, PVR higher than 80 cc) were excluded
from the study.

Study and treatment

One hundred men, aged 5949 years, diagnosed for the
first time with LUTS due to BPH, were enrolled in three
Italian Clinical Centers in an outpatient setting. Study
subjects were observed for three months, during which
they were taking one tablet a day of a dietary supplement
called LENITUS (formulated by UROBASP® technology
to make the active ingredients bioavailable). Each tablet
was composed of 135 mg of pine bark (Pinus ssp.), with
a minimal beta-sitosterol content of 94.5 mg, 105 mg of
turmeric, with a curcuminoid content of 99.75 mg and 21
mg of pine bark (Pinus massoniana), with an oligomeric
proantocianidine content of 19.95 mg.

During the study each subject attended three clinical
visits. During the first visit, the patients’ baseline
conditions were assessed as per standard clinical practice.
Moreover, the IPSS questionnaire was administered and
the study treatment was dispensed to the patients.

The second visit was performed after 30 days of
treatment, to evaluate the efficacy and safety of the
dietary supplement: the presence of the symptoms was
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reassessed and, in case of need, the Investigators could
decide to prescribe an alpha-lytic drug in addition to the
study product.

The final visit was performed at the end of the
treatment period to evaluate the product tolerance
and effectiveness, by newly administering the IPSS
questionnaire to the patients, measuring the urinary flow
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and assessing the presence of LUTS. These symptoms
can be grouped into three types: obstructive (hesitancy,
poor and/or intermittent stream, straining, prolonged
micturition, feeling of incomplete bladder emptying),
irritating (frequent urination urgency, urge incontinence,
and nocturia) and post-micturition (feeling of incomplete
emptying and post-micturition dribble).

Table 1. Improvement of main symptoms between Visit 1 (V1) and Visit 2 (V2).

Symptom Vi V2 Improved p-value®
/worsened
Occurence No. % Occurence No. %
Frequent N 25 25.00 N 32 3299 9/1 0.0114
urination Y 75 75.00 Y 65 67.01
Nocturia N 41 41.00 N 50 51.02 10/0  0.0016
Y 59 59.00 Y 48 48.98
Urgency N 39 39.00 N 52 53.06 15/1  0.0005
Y 61 61.00 Y 46 46.94
Urge N 96 96.00 N 85 92.39 0/3 0.0833
incontinence Y 4  4.00 Y 7 7.6l
Hesitancy N 48 48.00 N 57 58.76 13/1  0.0013
Y 52 52.00 Y 40 41.24
Dysuria N 41 41.00 N 51 53.68 12/0  0.0005
Y 59 59.00 Y 44 46.32
Poor and/or N 24 24.00 N 34 34.69 11/70  0.0009
intermittent Y 76 76.00 Y 64 6531
stream
Feeling of N 47 4747 N 60 64.52 16/1  0.0003
incomplete Y 52 5253 Y 33 3548
bladder
emptying
Post- N 36 36.00 N 44 46.32 10/1  0.0067
micturition Y 64 64.00 Y 51 53.68
dribble
“McNemar s test. Bolded values are statistically significant at p<0.05.
Table I1. /mprovement of urinary flow and obstruction between Visit 2 (V2) and Visit 3 (V3).
Urinary obstruction® V2 V3 Improved/worsened
No. % No. % p-value”
Obstructed 7 722 4 4.49 24/1 <0.0001
Borderline 62 6392 42 47.19
Not obstructed 28 28.87 43 4831

“Obstructed: “maximum urinary flow rate < 10 ml/sec.”

Borderline: “maximum urinary flow rate between 10 and 15 ml/sec.”

Not obstructed: “maximum urinary flow rate > 15 ml/sec.”

b Bowker s test of symmetry. Bolded values are statistically significant at p<0.05.
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Fig. 1. International Prostate Symptom Score (IPSS) values at Visit 1 and Visit 3.
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Fig. 2. Urinary flow at Visit 2 and Visit 3.
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During the treatment period, the side effects were
recorded to evaluate the safety of the study product.

Statistical analysis

Mean and standard deviations were calculated for
continuous variables, and frequencies and percentages
for discrete variables. Changes in continuous variables
between visits were assessed using paired #-test. Changes
in dichotomous variables between visits (2X2 tables) was
assessed using McNemar’s test. For square tables that
have more than two response categories (levels, example
3X3), Bowker’s test of symmetry was used. Statistical
tests were considered statistically significant when p was
lower that 0.05 (p < 0.05). Exact p-values are reported.

RESULTS

In this study, 100 men took one tablet a day of the
test dietary supplement. Eight patients discontinued
the study product before the study end: four subjects
withdrew due to the adverse event reported below
and four for personal reasons.

The following baseline features were evaluated
in the study population: familiarity for prostate
cancer (PCa) (30.61% had positive familiarity)
and BPH (45.36% had positive familiarity);
erectile dysfunction (55% was positive); premature
ejaculation (11% was positive) and decreased libido
(44% positive).

Several LUTS were evaluated and compared
between Visit 1 (V1) and Visit 2 (V2). Significant
improvement was observed in most of the symptoms
investigated. For instance, frequent urination was
present in 75% of the patients at V1 and in 67% of
the patients at V2: in detail, 9 patients improved
(i.e. frequent urination disappeared) while 1 patient
worsened (i.e. previously absent frequent urination
appeared during the study). Significant improvement
was observed also for nocturia, urgency, hesitancy,
dysuria, poor and/or intermittent stream, feeling of
incomplete bladder emptying, and post-micturition
dribble. Each of these symptoms disappeared in ten
to sixteen patients. Urgency, hesitancy, feeling of
incomplete bladder emptying, and post-micturition
dribble appeared at V2 in one patient for each
symptom, when they were not present at baseline,
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while urge incontinence appeared in three patients,
who did not report it at baseline (Table I).

Mean IPSS decreased by 3.20 points between V1
and Visit 3 (V3) (from 17.0245.72 to 14.07+5.70)
and the difference was statistically significant
(p<0.0001) (Fig. 1). Analyzing the improvement for
each IPSS severity group separately, IPSS decreased
by 0.8 points (from 6.29+0.49 to 5.40+1.82, not
statistically significant), by 3.23 points (from
14.2843.81 to 11.154+4.44, p<0.0001) and by 3.46
points (from 21.95£2.66 to 18.56+3.43, p<0.0001) in
the mild, moderate and severe category, respectively.

Mean urinary flow increased by 2.06 ml/sec
between V2 and V3 (from 14.28+3.41 to 16.18+4.49
ml/sec) and the increase was statistically significant
(p<0.0001) (Fig. 2). Looking at each IPSS severity
group, mean urinary flow increased by 1.83 ml/
sec (from 18.23+2.13 to 19.90+£5.10 ml/sec, not
statistically significant), by 1.94 ml/sec (from
15.2443.70 to 17.12+£5.43 ml/sec, p<0.0001) and
by 2.22 ml/sec (from 12.65+2.16 to 14.824+2.55 ml/
sec, p<0.0001) in the mild, moderate and severe
category, respectively. Even when categorizing the
patients in obstructed, borderline and not obstructed,
the improvement was statistically significant: 24
patients improved their urinary flow and only one
worsened (Table II). In particular, obstruction was
present in 7 patients at V2 and in 4 patients at V3.
Borderline was present in 62 patients at V2 and in 42
patients at V3. 28 patients were not obstructed at V2
and 43 at the end of the treatment.

Subjective evaluation of the efficacy of the food
supplement showed an increase in the confidence in
the product between V2 and V3, with 45% of the
subjects considering the study product effective or
very effective.

Looking at the safety of the product, its tolerability
was positively judged by the majority of the patients:
only three patients did not tolerate well the product,
while for the others the tolerability evaluated at V3
was at least good (excellent for 65% of the patients).

During the study, only eight subjects out of 100
experienced an adverse event: decreased libido (3),
diarrhea/dysentery (2), gastrointestinal disturbances
(2) and urticaria (1). Four events were considered
as related to the study treatment: urticaria, two
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events of decreased libido and one event of diarrhea/
dysentery. The four subjects experiencing these
events withdrew from the study. The relationship
with the study product of the other events was
considered unlikely.

Twenty-eight patients (28%) used 5-alpha
reductase inhibitors after V2, as the improvement
of the symptoms was judged by the Investigator not
satisfactory.

DISCUSSION

In this observational, prospective, multicenter
study, the administration of a dietary supplement
containing curcumin, B-sitosterols and OPCs led to
a decrease of mean IPSS and an increase of urinary
flow in BPH/LUTS patients. In addition, almost all
LUTS improved and only eight subjects reported an
adverse event. Curcumin is known to have mainly
anti-inflammatory and antioxidant properties (10).
B-sitosterols act as 5-a reductase inhibitors, resulting
in a decrease of circulating DHT, the increase of
which is associated with BPH. According to the
literature, B-sitosterols play a role in counteracting
the hyperplasia of prostate cells (11) and improve
urinary symptoms and urinary flow (12). The
intake of OPCs can lead to an improvement of
erectile dysfunction and sexual performance (7,
8). Thanks to the effects of the dietary supplement
administered, BPH/LUTS patients enrolled in this
study have experienced several improvements. First,
the Q__ increased between one and three months of
treatment. Several LUTS improved after only one
month of treatment. In addition, the limited use of
5-alpha reductase inhibitors (28%) can be considered
a proof of the efficacy of this dietary supplement.
The urinary symptoms were evaluated also through
IPSS, resulting in improvement after three months
of intake of the dietary supplement. Overall, the
clinical pattern of the patients enrolled in this study
improved considerably, showing that curcumin,
B-sitosterols and OPC are good candidates for
BPH/LUTS treatment. The study had a number of
limitations that could have led to uncontrolled bias:
the small population, the lack of a control group and
the concomitant use of alpha-lythic drugs. Despite

V. COSENTINO ET AL.

these limitations, the study product had a positive
effect on all the symptoms investigated, reduced the
IPSS score and increased the urinary flow, and it was
considered efficient and tolerable by both patients
and investigators.
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Oronasal fistula can occur secondary to various pathologies, but cleft surgery is the most common. The authors
propose a pedicled palatal flap technique for surgical repair of small oronasal fistula (0.5-0.8 cm), derived from
their experience in the treatment of 7 patients between March 2003 and December 2007. In one case, the fistula was
induced by prolonged snorting of cocaine. In the other cases, the fistulas developed after excision of a benign tumor
of the palate. For the cocaine-induced fistula, failure of the repair attempt was apparent within 7 days of surgery.

In all other cases, complete fistula closure was obtained, and no complications occurred.

To the Editor,

Oronasal fistula is often observed after palatal
surgery. The defect also may arise after surgical
removal of a benign or malignant tumor, from
continuous snorting of cocaine, and for other
reasons (1, 2). Although these lesions are not
necessarily symptomatic, conditions such as fluid
reflux, rhinorrhea, and speech disorders are common
presenting signs, which also can affect the size and
severity of the fistula. In general, larger fistulas are
accompanied by more severe symptoms. Various
surgical options, based on fistula size, have been
proposed to treat palatal fistulas, including local
flaps, regional intraoral and extraoral flaps, free
flaps, and prosthetic obturators (3-9).

One of the most common surgical techniques is
the single palatal flap, which is usually the preferred
flap for small (<1.0 ¢m) recurrent fistulas (1). For
larger fistulas (over 1 cm), the island flap technique
is usually effective (8). This flap is positioned above
the palatal vascular bundle, and after its release,

substantial flap mobility can be attained, reducing
the traction and tension of the flap (8). For very large
fistulas or subsequent attempts to address palatal flap
failure, other techniques may be considered, such
as free flaps, but this type of surgery is much more
complex (5, 7).

We propose an alternative technique to repair
small oronasal fistula — the pedicled palatal flap —
which is easy to perform and has a low rate of failure.

MATERIALS AND METHODS

From March 2003 to December 2007, 7 patients
with oronasal fistula (5 women, 2 men; aged 28-67
years) underwent surgery in the Department of Head
and Neck Surgery of the Second University of Naples
(actual University of Campania “Luigi Vanvitelli”). All
patients signed a consent form before the surgery was
performed. In one patient, the fistula was induced by
prolonged snorting of cocaine. In the other 6 patients, the
fistula arose after excision of a benign tumor of the palate
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Fig. 1. Graphic representation of the proposed surgical
technique.

(pleomorphic adenoma).

The size of oronasal communications in these patients
was small, ranging from 0.5 to 0.8 cm. In the patient whose
fistula was induced by cocaine use, the communication
was purulent. This patient was instructed to start antibiotic
therapy 3 days prior to surgery; all other patients began
antibiotic therapy on the day of surgery.

In all cases, fistula closure was performed while
the patient was under general anesthesia. In addition,
xylocaine (0.5%) with epinephrine (1:100,000) was
injected in the area around the fistula. Twelve minutes
later, the surgical procedure began. A partial-thickness

incision of the palatal mucosa was made around the

R. RAUSO ET AL.

fistula. After elevating the submucosa, the prepared flaps
were reversed and sutured to provide a mucosal lining
for the nasal cavity. Following this, a small pedicled flap
of mucosa and submucosa was harvested immediately
below the fistula, and was mobilized to cover the defect
completely (Fig. 1). The flap was fixed with resorbable
sutures. Patients were discharged after 3 days (on average).

RESULTS

All patients were prescribed antibiotic therapy
(amoxicillin and clavulanic acid, 1 g every 12
hours for 5 days) and were instructed to apply a gel
consisting of amino acids and sodium hyaluronate
(3 times daily for 15 days).

Seven days postoperatively, early failure of
the repair was evident for the fistula that had been
induced by cocaine snorting. The patient refused
further surgical repair, and a palatal obturator was
used instead. In the other 6 cases, there were no
complications, and complete fistula closure was
obtained (Fig. 2). The follow-up period ranged
from 6 months to 24 months (median, 10.8
months).

DISCUSSION

Various surgical techniques have been employed
to repair palatal fistula, including creation of local
mucoperiosteal flaps or utilization of additional
tissue such as tongue flaps, buccal mucosa flaps,
and free flaps (3-9). For surgical repair of a small

Fig. 2. Left: preoperative view of a case of palatal fistula. Right: postoperative control, 50 days after surgery.
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fistula (<1 cm), local flaps are commonly used (6).
In particular, 3 factors affect the success of repair:
the extent of the defect (e.g., size, diameter), the
amount of time that has elapsed since the defect
first appeared, and the condition of the palatal and
nasal mucosa (1).

For a new defect (<1 week old) with limited
diameter (<0.5 cm), it has been recommended to
wait for potential spontaneous closure; however,
for chronic and/or larger defects, surgical repair
is required (1). When surgery is recommended,
Axhausen’s principles must still be considered,
even though they originated early in the 20th
century (10). These principles are: i. the flap must
be mobilized without traction or tension; ii. the flap
must be adapted so as to cover the defect with a
surplus of 0.5 to 0.75 cm; and iii. there should be no
residual dehiscence at the wound site.

Although many techniques have been used for
surgical closure of oronasal fistulas (3-9), none
has proven superior to the others; however, certain
advantages and disadvantages do exist.

In the present case series, a mucoperiosteal
flap was elevated distally at the entrance to the
neurovascular bundle, and was positioned so that
it covered the entire area of communication. After
elevating the submucosa, the prepared flap was
reversed and sutured to provide a mucosal lining
for the nasal cavity. Failure occurred in only one
case, which likely was attributable to the cause of
the fistula (cocaine snorting). Surgical treatment for
oronasal fistula repair induced by snorting cocaine
is still controversial; a palatal obturator may be a
viable option, especially in patients who are chronic
cocaine users (11).

The surgical technique proposed by the authors
is recommended for select cases in which the
oronasal fistula is smaller than 0.8 cm. Even though
the number of patients in this case series is small,
results demonstrate that the surgical technique is
easy to perform, safe, and provides optimal blood
perfusion for the flap.

10.

1.
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Phalangeal (P) and metacarpal (MC) fractures are very common injuries, with potentially disabling,
residual impairment, deformities or stiffness. Conservative treatment represents the strategy of choice in
most cases, but in unstable fractures and/or high-demanding patients, surgical fixation could be required.
Ideally, the best treatment choice will be the intramedullary fixation systems, if possible without the
implant protruding from the skin. Intramedullary headless screw fixation could be the reliable option
to achieve a primary fixation, allowing an early active movement, with regard to the fractures site.
The Authors analyzed the results achieved after 56 extra-articular unstable fractures (31 phalangeal
fracture and 25 metacarpal fracture) treated with intramedullary headless compression screws. After
surgery, patients underwent early mobilization without splinting. The results of the study suggest that
this technique could be a reliable therapeutic option in order to obtain early mobilization and quick

return to work after a phalangeal or metacarpal fracture, especially for high-demanding patients.

To the Editor,

Phalangeal and metacarpal fractures are the
second most common fractures of the hand, after
wrist fractures (1, 2). Even if small bone segments
are involved, these types of fracture are potentially
disabling, because of possible residual deformities
and stiffness. Conservative treatment (splints and
casts) represents the strategy of choice in most
cases, but in cases of unstable fractures and/or high-
demanding patients a surgical approach may be
required. Different fixation techniques are available
(percutaneous K-wires, screws and plates), but the
best management has still to be defined.

Recent studies have presented intramedullary
headless screw fixation as a new reliable option in

the treatment of oblique and transverse of phalanges
and metacarpals fractures.

MATERIALS AND METHODS

From March 2014 to December 2015, 56 consecutives
extra-articular, oblique or transverse, metacarpal and
phalangeal, unstable fractures in 50 consecutive adult
patients were treated (informed consent was routinely
achieved). The patients included 44 men and 6 women
with a mean age of 37.4 years (range 18—84). Eighteen
fractures were initially treated conservatively, but
secondary displacement occurred after first X-ray control
(1 week later). The other 38 fractures were judged primary

unstable. Thirty-three fractures were to the dominant hand
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and 23 to the non-dominant hand. There were 5 open
fractures and 2 pathological fractures (enchondromas).
A total of 46 patients had an isolated fracture in a single
ray. Five patients had concomitant fractures in multiple
digits. There were 25 metacarpal fractures, 24 fractures of
the proximal phalanx (P1) and 7 fractures of the middle
phalanx (P2). The mean time from injury to surgical
intervention was 4 days (range 1-13). A total of 36 patients
had wide-awake anaesthesia without tourniquet, while
14 patients underwent regional or general anaesthesia
under tourniquet. Wide-awake anaesthesia was carried
out through a modification of the original technique
proposed by Lalonde (3). An infiltration was performed
with 0.5% bupivacaine and 1:100,000 epinephrine (20 ml
for metacarpal and 10 ml for phalangeal segment) injected
30 min before surgery. A single injection was used around
the dorsal aspect of the fractured bone segment.

During pre-operative surgical planning, the diameter of
the intramedullary canal was measured on the true lateral
X-ray. For the phalangeal fractures, the average diameter
was 2.43 mm (2.6-2.17 mm) and a 2.2 or 2.4 mm headless
screw (SpeedTip CCS Medartis® in 26 cases/ HCS DePuy
Synthes® in 5 cases) was chosen. For metacarpal fractures,
in all cases the diameter resulted larger than 3 mm, and
a 3 mm headless screw was always adopted (SpeedTip
CCS Medartis® in 8 cases and HCS DePuy Synth® in 17
cases). The fractures were reduced under fluoroscopy and
temporarily fixed with Kirschner wire, used as a guide to the
screw implantation. In all cases, a percutaneous technique
was used, with a 3-mm skin incision without drilling.

The osteosynthesis technique changed on the basis of
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Fig. 1. Unstable extrarticular Pl fractures. The intramedullary
screws achieve the anatomical bone fixation.
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Fig. 2. Afier long-term follow-up with full functional recovery.

the side and the type of the fracture. In the metacarpal
fractures an intra-articular retrograde fixation technique
was adopted (in one patient a anterograde screw insertion
was used). The dorso-radial or dorso-ulnar metacarpal
head access was chosen according to the fracture position.
In order to avoid extensor tendon iatrogenic lesion, the
metacarpophalangeal joint (MPJ) was maintained with
90° degrees of flexion throughout the operation (Fig. 1).
For the phalangeal fractures, a retrograde insertion was
used in 3 cases of middle phalanx fractures. All the other
phalangeal fractures were synthetized with the anterograde
technique. The intra-articular technique was adopted for
17 fractures of the P1 and 5 of the P2. In these cases, the
guide wire was inserted through the dorsal central portion
of the phalangeal base; a gentle dorsal translation of P1
was performed in order to increase the space available
for screw insertion. In the other 7 fractures of Pl and
2 of the P2 the Kapandji trans-articular technique was
performed. This technique resulted more practical in cases
where the fracture line involved the proximal portion of
the P1 with fragment was difficult to control with an
intra-articular technique. The trans-articular technique
consisted of inserting the wire from the dorsal aspect of
the head of the more proximal bone passing, it through
the articular space, and then in the base of the fractured
bone. Afterwards, the correct position of the screw was
checked under fluoroscopy. After the surgical procedure,
the involved ray was dressed with buddy strapping to the
adjacent fingers. Patients were encouraged to actively
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move the finger immediately after surgery. The follow-
up was scheduled 7, 15 30, 60 and 90 days after surgery.
Except for the first two follow-ups, X-ray control was
carried out. The patients were followed-up for an average
of 16 weeks (range 8-36). At each control, the Total Active
Motion (TAM) of the digit was calculated, and at the final
follow-up the grip strength was measured in both hands
by means of a Jamar dynamometer (Patterson Medical
Holding, Warrenville, IL, USA) (Fig. 2).

RESULTS

All fractures were clinically and radiographically
healed on average within 31 days (range 28-43) after
surgery, except for one case of long oblique fracture
of the proximal phalanx, which presented with a loss
of reduction after 9 days, so a new synthesis with
two lag screws was performed.

After 4 months, the mean TAM values were
222° and 250°, respectively, for phalangeal and
metacarpal fractures, while the Jamar grip strength
was 25 Kg and 42 Kg, respectively, for phalangeal
and metacarpal fractures. Except for one case of
pathological fracture that showed a limited extension
requested a tenolysis to improve function, all the
other patients healed without major complications.
No mal-unions, non-unions, rotational deformities
or infections were observed. In the first case treated,
a protrusion of the proximal portion of the screw
from the P1 base was noted. The complication
was observed at the end of surgical procedure with
fluoroscopy and the screw was removed.

DISCUSSION

Metacarpal and phalangeal fractures are the
second most frequent fractures of the upper extremity
after distal radius fractures. This type of lesion is
particularly frequent among the active population
(18-35-year-old age group) (1).

Facing a metacarpal or phalangeal fracture,
the orthopaedic surgeon has to choose the most
appropriate treatment from a wide array of different
techniques on the basis of the characteristics of
the patient and of the fracture. Regardless of the
method employed, the principles of the treatment
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must be always the same: restoration of articular
anatomy, avoiding angular or rotational deformities,
stabilization of the fracture, minimal surgical insult
and rapid mobilization (4).

Many fractures can be successfully managed
with a conservative treatment like a splint or a cast
followed by rehabilitation, but in cases of fracture
instability, multiple fractures, open fractures or high-
demanding patients, a surgical treatment should be
preferred. Nowadays the main surgical options
include: Kirschner wires, screws and plate, lag screw,
tension band wiring and external fixation. Each of
these methods of treatment has its own advantages
and disadvantages, therefore there is uncertainty
regarding what is the best way to treat these fractures
(4, 5). Percutaneous fixation with Kirschner wires is
a simple and less invasive technique, but it must be
followed by a prolonged immobilization that can
lead to articular stiffness. Furthermore, there is a risk
of pin track infection, pin loosening, mal-union and
non-union. Plates and screws can provide a stable
fixation and allow an early mobilization, but they
require an extensive dissection and they can cause
the formation of tendon adhesions (6, 7).

Recently, new surgical techniques have been
proposed. In particular, Del Pifial et al. described
the use of intramedullary cannulated headless
compression screws as a minimal invasive technique
that permits to obtain an immediate stability in cases
of phalangeal and metacarpal fractures. In this study,
the screws were always introduced in a retrograde
manner (8). In cases of phalangeal fractures, we
prefer to use an anterograde introduction that has
been demonstrated to damage a smaller relative
articular surface. Furthermore, there is a real risk of
lesion of the central slip of the extensor tendon at
the level of the proximal interphalangeal articulation
with the retrograde technique.

The anterograde synthesis can be realized
using an intra-articular technique or a trans-
articular technique. The first one consists of
introducing the guide wire dorsally through the
metacarpophalangeal joint into the base of the
proximal phalanx, while in the second case the
guide wire is inserted into the metacarpal head
and then into the phalangeal base. In a cadaver
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study, Borbas et al. demonstrated that the intra-
articular introduction should be preferred as with
this technique less cartilage damage was observed,
the correct entry point was easier to find and little
damage to extensor tendons was seen (9, 10).

In our study, intramedullary headless compression
screws proved to be an advantageous alternative
in the treatment of extra-articular unstable
fractures of metacarpals and phalanges, especially
if associated with wide-awake anaesthesia. This
type of anaesthesia, based on local infiltration of
bupivacaine and epinephrine, has many advantages:
cost efficiency, no preoperative testing, no tourniquet
pain, less time in hospital to undergo surgery, the
ability to speak to their surgeon during the surgery,
prolonged pain control, and no sedation at home
after surgery (11).
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Hospital malnutrition is becoming a clinical concern. Our aim was to determine the prevalence of hospital malnutrition
through Nutritional Risk Screening 2002 (NRS) and to evaluate nutritional risk through a prospective study. Nutritional
status was assessed collecting anthropometric parameters together with the data relating to the diseases in the medical
records of patients admitted to the Department of Emergency Medicine of the “Sant’Eugenio” Hospital. One hundred
and sixty patients were retrospectively enrolled during a 3-month observational period. The risk of malnutrition was
detected in 52% of patients (of whom 38% at risk and 62% at serious risk). The NRS score was positively correlated
with patient age, days between hospital admission and nutritional assessment, disease severity, length of hospital stay
and catabolism (p<0.05); Basal Energy Expenditure (BEE) and mean arm circumference (MUAC) were negatively
correlated with positive outcome (p<0.05). No correlations were found in the NRS score, gender, height, weight, Body
Mass Index (BMI) and Total Energetic Expenditure (TEE) (p=n.s). A high prevalence of the risk of malnutrition may be
detected in the emergency medicine setting, particularly in the geriatric population. The NRS score is not strictly related

to BMI, but rather is an excellent tool for disease prognosis, as well as nutritional screening.

To the Editor,

It is well known that malnutrition
underestimated problem throughout the health
system. From a clinical standpoint, hospital
malnutrition can contribute to amplifying disease
complications, such as morbidity and mortality (1).
Malnutrition arises as the result of an imbalance
between the intake and the expenditure of energy
and nutrients.

Approximastely 20-50% of all hospitalized

1S an

patients are at risk of malnutrition, depending on the
definition, clinical setting, and screening tool used
to make the diagnosis (2). Most of these patients are
at nutritional risk already at the time of admission
and, malnutrition even develops during hospital
stay (3) in up to 48.7% of patients (4). Moreover,
elderly patients and those with chronic diseases are
more prone to nutritional risk than others (5, 6).
Aging, illness, and inadequate nutrition contribute to
sarcopenia, frailty, loss of functions, and progression
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of the disease in the elderly population. Aging is
often associated with a decrease in food intake,
an increased risk of malnutrition, and weight and
muscle mass loss (7). Chronic or acute disease, low
protein intake, chewing problems, poor appetite
and physical inactivity cause sarcopenia: the energy
requirement (Total Energetic Expenditure, TEE) is
reduced because sarcopenia leads to a decrease in the
resting metabolic rate (RMR) (8).

Despite current recommendations, the rate of
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malnutrition does not seem to decrease significantly.
The European Society for Clinical Nutrition and
Metabolism (ESPEN) guidelines for nutritional
screening in patients admitted to hospital (9, 10)
recommend a multistep approach to in-hospital
malnutrition in order to identify and treat malnutrition
adequately. The aim of the present study was to
determine the nutritional status and related therapy
in the Emergency Medicine settings by using
Nutritional Risk Screening (NRS-2002) score.

Table I. The Nutritional Risk Screening (NRS) 2002 System Scoring.

Altered nutritional status SeYerlty of ?he disease
(increase in needs)
Absent Normal nutritional status Absent Normal nutritional needs
Score: 0 Score: 0
Mild Weight loss> 5% in 3 months Mild Trauma with fractures or
Score: 1 or Score: 1 | Chronic patient, in particular
food intake between 50-75% of the normal with  acute  complications:
needs in the previous weeks cirrhosis, COPD.
Chronic hemodialysis, diabetes,
oncology
Moderate Weight loss> 5% in 2 months Moderate | Major abdominal surgery,
Score: 2 or Score: 2 Stroke,
BMI 18.5-20 + altered general conditions Severe ~ pneumonia,  onco-
or hematology
food intake between 25-50% of normal
needs in the previous weeks
Severe Weight loss> 5% in 1 month (> 15% in 3 Severe Head trauma
Score: 3 months) Score: 3 | Marrow transplantation
or Intensive care patients
BMI <18.5 + altered general conditions (APACHE> 10)
or
food receipts between 0-25% of the normal
needs in the previous weeks
Score: | ceenl + Score:........ = Total Score
Age: If> 70 years old add 1 to the above score = Age Adjusted Score
Score > 3: the patient is at nutritional risk and a nutritional program must be developed.
Score < 3: weekly re-assessment of the patient. If the patient is to undergo major surgery, a nutritional program
should be drawn up to prevent a nutritional risk.
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Table I1. Patient stratification based on risk: No Risk vs
Risk patients.

Age ( Mean): 67+17 years
BMI (Mean): 26+5.5 kg/m?

SCORE <3
48%(n = 76)

Average hospitalization: 5+4 days
TEE (Mean): 1780+480 kcal
Age ( Mean): 76+15 years

SCORE > 3 BMI (Mean): 24+6 kg/m?
52% (n=84) | Average hospitalization: 7+7 days
TEE (Mean): 1611+408 kcal

MATERIALS AND METHODS

This 3-month retrospective observational study was
conducted in the Department of Emergency Medicine
of the “Sant’Eugenio” Hospital of Rome, Italy (Azienda
Sanitaria Locale Roma 2), which serves a population of
>500.000 inhabitants located in the South of Rome, and
having >200,000 admissions to the emergency department
every year.

All the enrolled patients underwent nutritional
assessment and screening for nutritional risk through
the Nutritional Risk Screening 2002 (NRS 2002) (11)
(Table I). The evaluation of the nutritional status included
recording the anthropometric parameters and the diseases
documented in the patients’ medical records. For patients

Table II1. NRS correlations.

who were bedridden and unable to move, the patient’s
height was estimated from the length of the ulna while
the average arm circumference (Mild Upper Arm
Circumference, MUAC) was used to estimate the BMI
interval (and thus, indirectly, the weight of the patient).

RESULTS

From April to June 2016, 160 patients (58%
women, 42% men, with an average age of 72+17
years) were included in this study. As far as age
distribution of the sampled population is concerned,
7% were aged between 20-40 years, 15% between
41-60 years, 39% between 61-80 years and 39%
>80 years, with a clearly high presence of a geriatric
population in the hospital (78% over >61 years of
age). Cardiovascular diseases (20%), respiratory
diseases (17%), gastroenterological diseases (13%),
traumas and fractures (11%) were the main causes
of hospital admission. The average hospital stay of
this population was 6+6 days (range 0-42 days): at
the end of the hospitalization, 52% of the patients
were transferred, 40% discharged, 7% died, 1% was
discharged against medical advice. Seven patients
who left the study following discharge, were later
readmitted for hospitalization.

The nutritional status was recorded and showed
that 42% of patients were normal weight (BMI 18.5-
24.9), 34% were overweight (BMI 25-28.9) and

P value Pearson’s
Coefficient
Age 0.000 0.336
Days before evaluation 0.025 0.177
Outcome 0.001 -0.267
Hospital stay 0.001 0.266
Comorbity 0.034 0.167
BEE 0.000 -0.33
Catabolism 0.001 0.23
Arm circumference 0.000 -0.32
Gender 0.211 -0.099
Heyght 0.146 -0.115
Weigth 0.072 -0.143
Body Mass Index (BMI) 0.180 -0.107
TEE 0.180 -0.10
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17% obese (BMI >30). Thus, the overweight/obese
population constituted 51% of the total sample.

NRS score showed the absence of nutritional
risk in 76 patients, corresponding to 48% of the
population, while it was present in 84 patients, i.e.
52% of the sample. Of these 52%, 38% were at risk,
with NRS score=3, while 62% were at serious risk,
with NRS score >4. An increase in the NRS score,
average hospitalization times and BMI was found
in patients who had a worse outcome (transfer and
death). Table II summarizes the outcome of patients
at risk or not at risk.

Regarding the nutritional requirements of patients
and the possible use of artificial nutrition during
hospitalization, Oral Nutritional Supplement (ONS)
was prescribed in 7% of patients, enteral nutrition
(EN) in 5%, total parenteral nutrition (TPN) in 2%
and oral feeding with diet or disease-specific diets
in 86% of patients. Table III shows the factors
influencing the NRS score.

DISCUSSION

This study was performed in an Emergency
department, and confirms that there was an
increasing and underestimated risk of malnutrition in
this setting. In fact, we found that the NRS detected
the presence of nutritional risk in 52% of patients,
of whom 38% were at risk and 62% at serious risk.
Significantly, we found a large presence of the
geriatric population (78%), who are considered a
population at risk of malnutrition (5). Moreover, we
found that patients at risk had a higher average age
and longer hospital stay, with lower mean values of
BMI and TEE. The correlation between the NRS
score and the days of hospitalization, the severity
of the outcome, the catabolism and the BEE was
significant. This confirms that NRS score 2002 is
really predictive of the disease outcome in patients
with chronic and severe diseases (12).

However, it shows also that nutritional support in
those people is still not appropriate to the needs of
the patient. This may also be due to the difficulties in
compiling the food diary in the ward and in verifying
the actual intake of oral nutritional supplements by
patients, especially those not self-sufficient. Our
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data confirm therefore that it is extremely difficult to
assess the food intake and compliance to treatment
in hospitalized patients.

In conclusion, this study confirms that NRS is a
useful screening tool to identify patients at nutritional
risk in Emergency Departments, is more efficient
than simple BMI assessment, and identifies patients
needing a closer monitoring program, nutritional
therapy (diet) and possibly artificial nutrition (ONS,
NE, TPN). Moreover, we found that NRS score may
be a significant predictor of disease severity and
outcome, which operates independently from the
BM]I, since a total score of > 3 can predict a transfer
(continuation of treatment) or death of the patient.
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Additive manufacturing (AM) is the term used for different and complex techniques to manufacture
products with complex morphology, often referred to as “custom-made”. The product is made
without needing to melt the material into pre-formed molds, nor to remove it from an initial mass,
as happens in subtractive processes. The additive methodology gives the AM enormous potential in
the widest fields of application, from aerospace to biomedical, from dental to maxillofacial. This wide
range of AM technologies can be applied to different types of polymeric materials such as plastics,
resins and biopolymers that are processed to obtain optimal scaffolds. The most common synthetic and
biocompatible polymeric materials for the production of biocompatible scaffolds are: polylactic acid
(PLA), polycaprolactone acid (PLC) and polylactic-co-glycolic acid (PLGA); such materials interact
effectively with cell behavior and tissue development. These materials are degradable in the physiological
environment and the degradation products do not have harmful effects. In conclusion, new biomaterials
are increasingly being studied as possible therapeutic remedies. Advances in tissue engineering are
leading to the development of new scaffolds useful for bone regeneration and therefore potentially valid

for applications in maxillofacial surgery.

To the Editor,

Additive Manufacturing (AM) is an industrial
technique that allows to convert a 3D digital model
into a solid clinical model, printing it layer by
layer. Three-dimensional printing offers a method
of personalizing surgical devices that improves
patient outcome. In oral and maxillofacial surgery,
anatomical models printed in 3D and surgical guides
have led to a reduction in operative times and
increased surgical precision (1).

AM is a process divided into four basic phases:
the imaging-stage which consists of the acquisition
of images by CBTC conical beam computed

tomography; image processing; computer-aided

design (CAD); and the prosthesis production by
additive manufacturing. The additive manufacturing
is more operator-dependent in respect to subtractive
technology: to obtain a good product, it is important
to have skilled operators and surgeons, working
together for the final result (2).

Currently, the AM techniques provide a solution
for the production of customized micro- and nano-
structured biodegradable constructs to be used in
reconstructive bone surgery for the reconstruction of
large and complex defects. Surgical bone replacement
is typically needed when the bone defects are large
enough not to regenerate on their own, and this
implies the use of scaffolds or synthetic grafting
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materials that offer good mechanical properties and
interfacial biocompatibility (3-5).

AMs for scaffold production are conventionally
classified into four categories: (i) stereolithography
(SLA); (i1) selective laser sintering (SLS); (iii)
three-dimensional printing (3DP); and (iv) fused
deposition modeling (FDM). As a result of these
technologies, tissue engineered scaffolds are made
with complex geometries and with a micrometric
distribution of spaces, allowing the optimal seeding
of cells and growth factors (6).

This wide range of additive manufacturing
technologies can be applied to different types of
polymeric materials such as plastics, resins and
biopolymers that are processed to obtain optimal
scaffolds. In particular, an ideal scaffold must
have three fundamental characteristics: it must be
osteogenic, osteoconductive and osteoinductive,
therefore it must support cell survival, proliferation
and differentiation. The biomaterial must be 90%
porous with an appropriate pore diameter to allow
cells to penetrate the biomaterial, thus ensuring
the growth of new bone tissue and optimal
vascularization. Furthermore, it must guarantee an
efficient resorption as the bone regenerates.

The most common synthetic and biocompatible
polymeric materials for the production of scaffolds
are polylactic acid (PLA), polycaprolactone acid
(PLC) and polylactic-co-glycolic acid (PLGA) that
interact positively with cells. These materials are
degradable in the physiological environment and the
degradation products do not have harmful effects.
Furthermore, the degradation rate, hydrophilicity
and mechanical strength can be controlled by
manipulating their chemical composition.

Polylactic acid (PLA) is a thermoplastic polymer
that can be used as a new material in additive
manufacturing. PLA has well-controlled degradation
times and has a manufacturing process that allows
the formation of every imaginable shape, offering
excellent biocompatibility. In fact, new in vitro study
has shown that PL A disks obtained by FDM additive
technique do not show cytotoxic effects on human
osteoblasts (7, 8).

The latest advances in tissue engineering aim to
regenerate tissues using more biological approaches
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and the use of stem cells in combination with
scaffolds to create more stable systems. In fact, a
study conducted by Diomede et al. evaluated in vitro
and in vivo regeneration of the bone defect of three-
dimensional PLA scaffolds enriched with human
gingival mesenchymal stem cells (hGMSCs) and
complexed with EV (membrane vesicles containing
functional proteins, lipids and nucleic acids, such
as mRNA and micro-RNA). A polyethyleneimine
(PEI) coating was used to activate PLA scaffolds,
demonstrating that the increase of PLA degradation
by-products over time did not result in an increase in
cytotoxic response and that the enriched biomaterial
induced the upregulation of all the 31 genes identified
and involved in the regulation of ossification as well
as in ossification processes. Thus, the EVs and the
PEI-EV combination may be used in future with
PLA scaffolds to promote bone regeneration (9).

Another important polymer used in bone
regeneration is PLGA which is a copolymer obtained
from the combination of lactic acid and glycolic
acid by foreign bonds. The composition of the final
polymer chains influences the degradation time,
extending the half-life of the polymer once applied
in situ.

PLGA is used in various forms, such as in
the shaping of porous scaffolds, hydrogels or
microspheres. By evaluating the different process
parameters and the physical properties of PLGA,
SLS proved to be the best technique for making the
scaffolds.

Currently, this polymeric bone substitute is
widely used for dental bone regeneration in dentistry
and has been combined with growth factors and
MSC to achieve even more promising results.
Recent developments have highlighted the potential
of porous hydroxyapatite (HAp) as a synthetic bone
graft. The addition of HAp into PLGA scaffolds
(PLGA/HA-Alos) has led to better manipulation
and biocompatibility and the creation of stem cell
complexes that can better adapt to bone defects (10).

Polycaprolactone (PLC or PCL) is an aliphatic
polyester less well known among synthetic polymers.
It has good mechanical characteristics and degrades
through hydrolysis of foreign bonds. PCL is used in
the biomedical field thanks to its biocompatibility,
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mechanical resistance and its biodegradation over
time. However, PCL is a hydrophobic material, and
this leads to cell failure. To overcome this problem,
collagen has been added to the PCL, which allows
increased cell adhesion.

The interest in biodegradable polymer matrices
has increased in recent years. In fact, a recent
study aimed to verify the effects of hydroxyapatite-
reinforced PCL demonstrating in vitro that the new
scaffolds were not toxic to human osteosarcoma
cells (11). Therefore, the prepared scaffolds could
be promising for bone regeneration and potentially
useful for orthopedic applications and maxillofacial
surgery.

Recently, biodegradable hybrid scaffolds of PCL
and Mg have shown that the incorporation of Mg
microparticles into PCL scaffolds greatly improves
its mechanical properties and bioactivity. Roh et al.
carried out preliminary in vitro studies to evaluate
the effects of the PCL/HAp /MgO scaffold produced
by the 3D printing technique. They demonstrated
that the addition of MgO and HAp nanoparticles
and plasma treatment improved cell adhesion,
proliferation and differentiation in PCL scaffolds
(12).

Hydrogels are another class of scaffolds
commonly used for tissue engineering applications.
Fibrin, hyaluronic acid (HyA), gelatin, chitosan
and alginate are natural polymers which, through
intense hydration, lead to the formation of
hydrogel. Hydrogels represent an important class of
biomaterials in biotechnology and medicine as they
show excellent biocompatibility.

However, hydrogels are deficient in mechanical
strength, in fact, it is for this reason that they are
used in association with other substances that give
them stability. In particular, a new hybrid system was
studied and developed in which ceramic scaffolds,
consisting of biphasic calcium phosphate (BCP) or
HAp and tricalcium phosphate (TCP) phases, were
loaded with hydrogel of porous HyA, improving
the resistance to compression and providing good
biodegradability of the final scaffolds (13).

Tatullo et al. also discovered an important
correlation among scaffolds to be used in bone
regeneration and systemic inflammatory pathologies:
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it may be important to control inflammation before
regenerating large defects with scaffolds; moreover,
a careful clinical and surgical management is strictly
suggested for patients with systemic pathologies or
reporting smoking habits (14, 15).

Scaffolds are currently used as injectable bone
substitutes (IBS), typically composed of beta-
tricalcium phosphate (B-TCP) and combined with
hydrogels: IBS are particularly able to contribute
to bone regeneration by acting as a scaffold-like
structure displaceable in complex-shape defects,
and results have been verified both clinically and
radiologically (16-18).

DISCUSSION

In conclusion, new biomaterials are increasingly
being studied as possible therapeutic remedies.
Advances in tissue engineering are leading to the
development of new scaffolds useful for bone
regeneration and therefore potentially valid for
application in maxillofacial surgery. The AM
technologies available today are able to use both
metallic and polymeric materials, thus allowing an
excellent versatility in the production of prostheses
that are both resistant and of a complex shape.

3D scaffolds require an even more complex
shape and different consistencies, moreover, the
inner structure is currently made with interconnected
pores, in order to ensure transport of nutrients. These
specific characteristics are particularly useful in
bone regeneration. SLS is currently the most useful
and replicable technique able to create customized
large-sized models from composite powders. The
only criticism is related to the mechanical strength
of such SLS-made scaffolds.

Selective Laser Melting technology is one
of the most promising in the field of additive
manufacturing of metal products and consists in the
point-to-point fusion of a metal in powders through
focused laser light: this technique is currently able
to reach micrometric dimensions, so obtaining
highly personalized macroscopic and microscopic
forms adaptable to the anatomy of the facial mass.
The prosthesis of the future is based on the defects
extrapolated from the radiological analysis of bone
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defects. The versatility of AM and the biomimicking
of new materials will allow in the future to have
reconstructions of complex and wide traumas in
shorter surgical times and with a quicker follow-up
as well as with minor complications.
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The aim of the study was to compare the effect of Self-Adjusting Files (SAF) and WaveOne Primary
file with syringe and needle irrigation on the filling ability of oval-shaped root canals obturated with
thermoplasticized gutta-percha. Twenty-four single root teeth with single oval-shaped root canals were
distributed into two experimental homogeneous groups. One group was instrumented and cleansed
using the SAF system while in the other group the WaveOne system with syringe and needle irrigation
was used. After instrumentation, the roots were filled by Thermafil Obturators and TopSeal sealer.
Specimens were transversally sectioned at 2-, 5- and 7-mm levels from the apex and observed under
light microscope. The percentage of gutta-percha filled area (PGFA), the percentage of sealer filled
area (PSFA) and the percentage of voids area (PVA) were measured for each section, moreover the
percentage of completely filled sections was evaluated. At all levels, no significant differences in terms of
PGFA, PSFA, PVA and percentage of completely filled canals between groups were obtained (P > 0.05).
On the contrary, when the data were pooled, the mean PGFA in the SAF group was 95.8%, whereas it
was 93.2% in the WaveOne group (P < 0.05). The percentage of sections completely filled was 77.8% in
the SAF group, and 52.8% in the WaveOne group (P < 0.05). Overall, the use of the SAF system in oval
canals allows to obtain a significantly greater complete filling than the use of the WaveOne system.

To the Editor,

Rotating and reciprocating nickel-titanium (NiTi)
endodontic instruments have improved root canal
shaping by reducing procedural errors (1). Root
canals often have areas inaccessible to manual and
NiTi endodontic instruments (2, 3). Rotating and
reciprocating systems show similar shaping ability
with respect to the percentage of non-instrumented
root-canal wall and leave considerable areas of
unprepared dentin. In particular, in the oval canals

the instruments are unable to contact all canal walls
according to the width of the canal and this causes
the packing of dentine debris and the uncomplete
removal of the pulp residues (4).

Instrumentation and three-dimensional obturation
of oval canals are a challenge for dentists. The
permanence of hard and soft tissue in non-shaped
walls and the irregular canal shape can compromise
root canal obturation. The filling material and
sealer remain separated from the root canal due to
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the permanence of tissues and debris, preventing
inactivation of the remaining bacteria and providing
a potential recontamination space (5, 6). The Self-
Adjusting File (SAF) (ReDent Nova, Ra’anana,
Israel) is a hollow and flexible file that adapts itself
three-dimensionally to the root canal (5). It is a
thin-walled pointed cylinder either 1.5 or 2.0 mm
in diameter composed of 120-um-thick NiTi lattice.
The slightly abrasive surface of the instrument and
the vibrating movement combined with the contact
along the entire circumference and length of the
canal allow to remove a layer of dentin. During
shaping, the file allows continuous irrigation which,
with the vibrating motion, improves the cleaning of
the canal (7).

The aim of the present study was to compare
the effect of the SAF system and the WaveOne
(WO) primary (Dentsply Maillefer, Baillagues,
Switzerland) file with syringe and needle irrigation
on the filling ability of oval-shaped root canals
obturated with thermoplasticized gutta-percha. The
null hypotheses tested were the following:

1. there is no difference in the percentage of gutta-
percha filled area (PGFA), percentage of sealer filled
area (PSFA) and percentage of voids area (PVA)
between canals shaped with the SAF system or with
the WO reciprocating files;

ii. there is no difference in the percentage of
completely filled canals between SAF system and
WO files.

MATERIALS AND METHODS

Seventy-three teeth with a single straight mature root
(central incisors, canines, low premolars) were selected
from a pool of extracted human permanent teeth. Teeth
had been stored in 0.1% thymol solution at 4°C until use.
Teeth that showed more than one canal, previous root
canal treatment, calcifications, resorption and cracks were
discarded (n = 7). Two radiographs were taken in mesio-
distal and bucco-lingual plane to select teeth with a short
cross-sectional diameter ratio > 2.5 (oval shape) at 5 mm
from the apex (2) (n = 24).

The coronal portion of each tooth was removed at
the cement-enamel junction using a high-speed fissure
bur under water spray to obtain a root length of 13+1

L. GENERALI ET AL.

mm from the apex. A 21-mm #10 K-file (Dentsply,
Maillefer, Baillagues, Switzerland) was inserted into the
canal until its tip appeared at the apical foramen under
microscopic vision (OPMI PICO; Carl Zeiss Meditec
Inc., Jena, Germany) at 10x. The working length (WL)
was established by subtracting 0.5 mm from the total root
length. Each root was pre-flared with using Gates-Glidden
drills (Dentsply, Maillefer, Baillagues, Switzerland) size 1
to 4 inserted in the middle and coronal third and a glide
path was created by using PathFile 1, 2 and 3 (size 13, 16,
19 and 2% taper) (Dentsply, Maillefer) to the WL mounted
on an X Smart plus engine (Dentsply, Maillefer) at 300
rpm. After the use of each instrument, the root canals
were irrigated with 1 mL of 5.25% sodium hypochlorite
(NaOCL) (Niclor, Ogna, Muggio, Italy) using a syringe
with a 30-gauge side-vented needle (Max-i-Probe;
Dentsply Rinn, Elgin IL) placed before the binding point
but no closer than 2 mm from the WL. The 24 selected
teeth were divided into two experimental groups (n = 12
each) according to the type of shaping: SAF system (SAF
group) and WaveOne primary system (WO group). The
groups had similar canal width, measured on radiographs
at 5 mm from the apex, using the Student’s #-test (P >
0.05). In the SAF group, each root was prepared by using
the SAF file for 4 min with an in-and-out manual motion
(0.4 mm amplitude and 5000 vibrations per minute) with
continuous irrigation by using 5.25% NaOCI provided
by a VATEA peristaltic pump (ReDent-Nova) at a rate of
2mL/min. After 4 min the SAF file reached the WL. At
the end of the shaping the SAF system was used for a
final irrigation using 17% EDTA (Ogna, Muggio, Italy)
for two min.

In the WO group, each root was shaped by using NiTi
WaveOne Primary reciprocating files (size 25 and 8%
taper) up to | mm to the WL, then the WL was re-checked
with a #10 K-file and eventually the WaveOne Primary
file was brought to the full WL (8). The WaveOne Primary
files were used in a slow in-and-out pecking motion using
a dedicated reciprocating engine (X Smart plus, Dentsply,
Maillefer) with the manufacturer’s setup configuration.
Every time the WaveOne Primary was pulled out, the canal
was irrigated with 1 mL of 5.25% NaOCI (Ogna, Muggio,
Italy) using a syringe with a 30-gauge side-vented needle
(Max-i-Probe; Dentsply Rinn, Elgin IL) placed 2 mm from
the WL. At the end of the canal preparation, an irrigation
of 4 mL of 17% EDTA (Ogna, Muggio, Italy) left in place
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for two min was performed. The needle was placed 2 mm
from the WL. For both groups a final irrigation with 3 mL
of 5.25% NaOCl was performed.

All roots were dried with paper points and filled
by Thermafil Obturators #25 (Dentsply, Tulsa Dental
Specialties, Johnson City, TN, USA) with TopSeal sealer
(Dentsply, Tulsa Dental Specialties, Johnson City, TN,
USA). All specimens were stored at 37°C for 36 h. A
single operator was responsible of all the experimental
procedures.

All roots were embedded in methacrylate resin
(Technovit 3040, Heraeus Kulzer, Wehrheim, Germania)
and transversally sectioned at 2, 5 and 7 mm from the
apex with a saw microtome (Leica SP 1600, Wetzlar,
Germania) to obtain 200-um thick sections.

The specimens were examined under a light
microscope Axiophot (Carl Zeiss Vision, Hallbergmoos,
Germany) at 25 and 50X magnification. Digital images
were acquired with the AxioCam ERc 5s (Carl Zeiss,
Gottingen, Germany) camera.

A blinded operator measured the total area of each
canal and the areas of gutta-percha, sealer and voids
in metric system with the ImageJ software (National
Institutes of Health, Bethesda, MD) and converted to
percentages (PGFA, PSFA and PVA) of the total area.
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Statistical analysis

The Shapiro-Wilk test was used to evaluate the
normal distribution of the data. When data were not
normally distributed, the Mann-Whitney test was
used to compare means between groups and the
Kruskal-Wallis test to compare within group data.
The number of sections (expressed as percentage
in Table II) that showed a complete (100%) filling
of the canal was compared between groups with the
Fisher’s exact test. SPSS Statistic (Armonk, NY,
USA) software was used, the level of significance
was set at P < 0.05.

RESULTS

Fig. 1 shows representative images from each
experimental group at 2-, 5- and 7-mm levels of the
gutta-percha filled areas. No significant differences
(P > 0.05, Table 1) were found in terms of PGFA,
PSFA and PVA between groups at all levels. On
the other hand, when data were pooled together
PGFA and PVA values were significantly (P < 0.05)
higher and lower, respectively, in the SAF group
with respect to the WO one. The PSFA values were
close to significativity (P = 0.056). No significant

Table 1. Means and standard deviations of PGFA, PSFA and PVA (%).

PGFA PSFA PVA
WO SAF WO SAF WO SAF
2-mm 94.8+7.2 95.8+11.1 4+5.1 3.84£9.6 1.2£2.5 0.4£1.5
5-mm 92.6+9.6 95.3£7.9 5.9+8.4 3.74£5.8 1.5€2.2 1£2.6
7-mm 92.2+11.4 96.5+5.6 2.2+43 1.943.1 5.6£10.4 1.6£3.6
pooled 93.249.3 95.8+8.3* 4+5.9 3.2+6.6 2.8+6.5 1+£2.7*
*P < 0.05 vs WO, Mann-Whitney test
Table I1. Percentage of sections completely filled.
2-mm 5-mm 7-mm pooled
wo 66.7% 41.7% 50% 52.8%
SAF 91.7% 75% 66.7% 77.8%*

*P < 0.05 vs WO, Fishers exact test
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differences (P > 0.05) were found between 2-mm,
5-mm and 7-mm levels within each group.

Table II reports the percentage of sections
showing a complete filling of the canal according to
level and treatment. No significant differences (p <
0.05) were found between WO and SAF files when
each level was compared, but when data were pooled
together the percentage of sections completely filled
was significantly higher in the SAF group in respect
to the WO one.

DISCUSSION

For geometric reasons, the buccal and lingual
recesses of oval canals cannot be adequately shaped
by rotating or reciprocating NiTi instruments. In
order to shape these recesses, it would be necessary
to increase the size of the instruments considerably,

Level WaveOne

2-mm

5-mm

7-mm
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thus compromising the structural resistance of the
root due to the significant amount of dentin removed
(7). The smear layer and the debris produced during
the shaping tend to be pushed into these recesses,
preventing the flow of the filling material. The SAF
system represents a different approach in the way
of operating and has been designed to overcome
this problem (7). Several micro-CT studies (9-10)
have shown a significantly better shaping of oval
and C-shaped canals using the SAF instruments,
compared to the NiTi rotary instruments, even ifin all
cases the complete circumferential preparation of the
canal is not achieved. The use of the SAF instrument
compared to rotating NiTi instruments significantly
reduces the amount of dentinal residues accumulated
in the buccal and lingual recesses of oval canals (11).
The gutta-percha is stable over time, whilst the sealer
tends to reabsorb (12). Therefore, in the present

SAF

Fig. 1. Representative light microscope images of sections at different levels from the WaveOne group (A, C, E) and the
SAF group (B, D, F) filled with Thermafil Obturators. In A, C, E the debris into the recesses (white arrows) prevents the
complete filling of the canal. In F note the presence of voids (black arrows).
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study, the PGFA and PSFA were used to evaluate
the quality of root canal filling. No significant
differences were found between the groups when
each level was compared. On the other hand, when
the data from each group were pooled, the PGFA and
the PVA were significantly higher in the SAF group,
while there was no difference between the groups
for the PSFA, therefore the first null hypothesis
was rejected. These results are in agreement with
those of a previous study (11). In the present study,
no significant differences were found between
the groups regarding the percentage of sections
completely filled when each level is compared, but,
again, by pooling the data of the sections in each
group, the SAF was significantly better for a greater
number of sections completely filled (77.8% SAF
vs 52.8% WO), therefore the second null hypothesis
was rejected. Within the limitation of this study, it
is possible to conclude that none of the techniques
used guarantees 100% complete canal filling. The
use of the SAF system allows to have a greater
complete filling with thermoplasticized gutta-percha
compared to the instrumentation with WaveOne with
syringe and needle irrigation.
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Different surgical techniques have been developed to reconstruct the posterior maxilla without bone
graft. Abarrier membrane usually placed internal to the sinus, without stabilizer or bone window, pushed
inside the sinus cavity as the “roof” of the sinus cavity to preserve the space and help bone regeneration
has been used with success. In the present technical report, the heterologous cortical lamina is used for
the mechanical support of sinus membranes. The membrane is placed through two lines of 2-3 mm,
mesial and distal, created at the top of the antrostomy. The half heterologous membrane is positioned on
these lines and pushed to the nose wall of the sinus, and the other half is folded to cover the window. In
this way the bone lamina is stable. Cone Beam Computed Tomography was used to evaluate the efficacy
of bone lamina to preserve the space in sinus lifting which contributes positively to wound healing and
is effective in bone formation without biomaterials.

To the Editor,

Rehabilitation of the edentulous posterior
maxilla with dental implants may be a problem for
buccolingual and/or apical occlusal atrophy of the
edentulous alveolar crest and pneumatization of
the maxillary sinus (1). In this anatomical situation,
it can be very difficult to obtain primary stability
because of the absence of a useful quantity of cortical
bone and for the loose structure of type IV spongious
bone, which prevents an implant migration into the
sinus (2, 3).

The grafting materials that are utilized in floor
augmentation could provide for a bone formation

process, by replacing the bone materials, due to
capillary infiltration, and support of the implants
(3). These grafting materials help to maintain space
between the basal bone and membrane.

Anew bone formation is achieved in the sinus after
bone grafting making implant placement possible.
However, the possibility of new bone formation
with a membrane elevation without bone graft in
the maxillary sinus has been reported in human
studies (4, 5). Spontaneous bone formation inside
the maxillary sinus has been noted after removal of
a cyst (6), removal of a displaced implant (7) and
in an extraction socket (8). The use of the sinus

Key words: bone graft, without bone graft, resorbable barrier, sinus lift, heterologous cortical lamina, bone regeneration

Mailing address:

Antonio Scarano, M.D., D.D.S.

Department of Medical, Oral and Biotechnological Sciences,
University of Chieti-Pescara,

Via dei Vestini 31, 66100 Chieti, Italy

Fax: +39 0871 3554099

e-mail: ascarano@unich.it

1589

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1590 A.SCARANO ET AL.

Fig. 1. A) Schneiderian membrane was elevated and two lines of 2-3 mm, mesial and distal (Arrows), was created at the
top of the antrostomy. B and C) The half heterologous membrane was positioned on lines and pushed to the nose wall of
the sinus. D)The other half was folded to cover the window.

Fig. 2. CBCT after sinus lifting with bone lamina to preserve the space (arrows).
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membrane elevation technique was investigated in
patients referred for sinus augmentation (4, 9). Sinus
membrane stabilization is a requirement for bone
formation. It must be pointed out that maxillary
sinus pneumatization could be the result of positive
intrasinus air pressure caused by respiration, and
this pressure might promote resorption and new
pneumatization after maxillary sinus augmentation
(10). To avoid this, Borges et al. (11) pushed the
lateral bone window inside the sinus cavity, using
this thin bone as the “roof” of the secluded cavity.
The limitation of this technique is the distance
between the antrostomy and the nose wall; in fact,
in the case of a large distance the bone window is
insufficient to support the sinus membranes (12).

To avoid sinus membrane collapse in maxillary
sinus floor augmentation without bone graft, a
novel technique for placing a bone lamina (Lamina,
OsteoBiol, Turin, Italy) in antrostomy is presented.

This technique uses a cortical bone lamina of 2-3
mm thickness, modelled and positioned in the sinus
as a new sinus. This membrane is rigid, and stability
improves through the two lines from 2-3 mm, mesial
and distal created at the top of the antrostomy.
After accomplishing elevation of the Schneiderian
membrane, two lines of 2-3 mm, mesial and distal,
were created at the top of the antrostomy (Fig. 1A).
The antrostomy was measured with a periodontal
probe for cutting the membrane to size.

This heterologous barrier was washed with saline
solution for 10 min. After water contact the bone
lamina softens and it is possible to shape it, allowing
to fit the anatomic curvature of the sinus. The cortical
laminar membrane is first softened and then imbibed
with the patient’s blood for 2-3 minutes. The half
heterologous membrane was positioned on these
lines and pushed to the nose wall of the sinus (Fig.
1B); when the coagulum was observed underneath
the elevated sinus mucosa, the other half was folded
to cover the window (Fig. 1 C-D). This procedure
was performed carefully to avoid tearing or folding
of the bone lamina. Fig. 2 shows CBCT after sinus
lifting with bone lamina to preserve the space. The
bone lamina used in the present research was rigid
and allowed organization of the clot. The fibrin
network of the blood clot acted as a scaffold for
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fibrocellular invasion, and hence was beneficial to
bone formation. The bone lamina is made of cortical
bone of porcine origin, has an elastic consistency,
nevertheless maintaining the typical compactness
of the bone tissue from which it originates. This
property is particularly useful when it is necessary
to obtain a space-making effect in bone regeneration.

The heterologous cortical lamina is a valid
technique for mechanical support of the sinus
membrane to help only bone tissue formation and not
as a mix with bone graft. It is the experience of the
authors that this procedure prevents sinus membrane
collapse.
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Dental plaque is a biofilm which forms on the non-shedding surfaces of the oral cavity. If left untreated,
the succession of dental plaque development can lead to serious complications, such as caries, gingivitis,
and periodontitis. The control of dental plaque on tooth surfaces is vital for the prevention of dental
plaque related diseases. In this context, antimicrobial agents may serve as a valuable complement to
mechanical plaque removal. Therefore the present study was aimed to evaluate the action of a combined
rinsing solution containing different antimicrobials (sea salt, xylitol and lysozyme) used individually, for

the reduction of a salivary specific bacteria (S. mutans) colonizing oral environment.

To the Editor,

It is generally accepted that the development
of dental plaque surrounding the tooth/gingiva
interface is one of the major causes of gingival
inflammation and caries (1-3). Chemical methods of
reducing plaque, such as mouthwashes, are therefore
appealing as they can provide significant benefits to
patients who cannot maintain adequate mechanical
plaque control (4, 5). Various chemical mouthwashes
are available on the market, but are associated with
side-effects such as immediate hypersensitivity
reactions, toxicity, tooth staining, etc. (6).

Several studies have shown that natural products
i.e. polyphenols and xylitol have biological activity
most notably as a constituent of dietary products (2,

7). Frequent use of xylitol chewing gum has been
shown to prevent caries, biofilm formation and
Streptococcus mutans (S. mutans) level in the oral
micro-environment. A wide range of experiments
in vitro has shown that the majority of oral
microorganisms cannot metabolise xylitol to acidic
products (2, 5, 6). Nevertheless, xylitol in the forms
of chewing gum and candies may not be practical for
young children or elderly adults. In these situations,
an aqueous solution or mouthrinse may be useful.
However, clinical evidence of the efficacy of xylitol
in mouthrinses is very limited (2).

Therefore, the aim of the present study was
to compare the plaque control efficacy of the new
formula H2Ocean Sea Salt Mouthwash on salivary
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S. mutans count, plaque and gingival scores of young
adults.

MATERIALS AND METHODS

Subjects and study schedule

The present study was conducted at the Dentist
Education Institute in collaboration with the Dental
Institute of the City Unity College, Greece, from February
2018 to June 2018 as a double-blind parallel-group
clinical trial. Twenty gingivitis patients between the
ages of 18 and 25 years were enrolled in the study and
all gave written informed consent in accordance with the
Declaration of Helsinki .

The patients received a verbal description of the
clinical protocol to be followed, and in order to have
unbiased and accurate clinical data, a double-blind
protocol was followed for enrolment of the patients in
terms of treatment plan and further categorization into the
study group. All the enrolled patients underwent scaling
and polishing to get the baseline score to nil.

All the subjects were advised to brush twice daily
for 5 min using a modified bass technique (which was
demonstrated to each subject). Medium bristle tooth
brushes and tooth paste were provided to each subject
during the study course to maintain standardization.

Sample size and blinding

The subjects were then categorized into two treatment
regime groups in groups. Group I (n = 10): combined

Table 1. Baseline characteristics of study population.

S. CANTORE ET AL.

mouth rinse containing sea salt and xylitol (H2Ocean
Sea Salt Mouthrinse, a new mouthwash formula that
contains sea salt, xylitol and lysozyme with no harsh
chemicals, alcohol or fluoride). Group II (n = 10):
placebo mouth rinse (physiologic saline solution - no
mouthwash dilution added).

Subjects in both groups were instructed to rinse
their mouth with 10 ml of mouthwash twice daily (for
the first 30 days, then once per day for the following 60
days), after breakfast and again after lunch for 60 days
for 1 min, and not to rinse with water thereafter for the
following 30 min. Both the mouth rinses had similar
bottle appearance.

Inclusion criteria

Patients aged between 18 and 25 years, and suffering
from gingivitis with good to fair oral hygiene were
selected for the study.

Exclusion criteria

Patients who presented less than 20 sound permanent
teeth with a minimum of 5 teeth present in each arch
quadrant, or who had received antibiotics or nonsteroidal
antiinflammatory drugs (such as Ibuprofen) in the previous
9-11 weeks or periodontal treatment in the previous 6
months; pregnancy or breast-feeding; presenting artificial
prosthesis; smoking or tobacco consumption in any form;
suffering from any systemic diseases; female patients
using intrauterine birth control devices or birth control
pills; and subjects not willing to participate in the study.

Population Group 1 Group 2 Total
Total participants 10 10 20
(N)
Males 4 3 7
Females 6 7 13
Mean age(years) 23.7 22.1 p=0.29
Mean DMFT 2.16 2.18 p=0.184
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Clinical parameters

Clinical Recording Protocol Clinical parameters
evaluated were gingival index (GI) and plaque index
(PI), by the same blinded trained examiner at baseline
and 30, 60 and 90 days. The measurements were recorded
of central incisors, canines and second premolars of
four quadrants (8). A mean value of each parameter was
calculated in each pre- and post-rinse measurement.

Microbiologic examination

For microbial evaluation, saliva samples were
collected by chewing on a piece of sterile paraffin wax in
order to test whether there were variations in the numbers
of bacteria due to the laboratory methods. A paired
cultivation of 20 samples was carried out. Samples were
transferred to the Microbiology Laboratory of University
of Bari Aldo Moro, Italy, for further processing. The
transport of samples to the lab was done via express courier
and the use of tryptic-soy-serum-bacitracin-vancomycin
transport media, and the samples were analyzed within
24 h (4). Then, 50 pL of the specimen were cultured on
blood agar. After 48-hr incubation at 37°C, colony counts
were enumerated. Total bacterial count was determined
by visual counting and the latter was multiplied by 20 to
express as colony forming units (CFU)/mL.

Statistical analysis

The statistical analyses were performed by using
Two-way ANOVA, and Tukey’s multiple comparisons
test were performed to assess statistical differences using
the GraphPad Prism software (version 7.0; San Diego,
California, USA). The probability (p) of <0.05 was
considered to indicate statistical significance.

1595
RESULTS

The baseline characteristics of all the subjects
who participated in the study are shown in Table I.

Clinical measurements

The clinical results were encouraging, and
patients provided positive feedback on the use
of this protocol. All subjects (N = 20) completed
the trial, and there were no missing values. The
amounts of mouthwashes used indicated good
compliance with the instructions. No adverse
events or side effects were reported or observed.
The plaque and gingival scores for the test and
control groups at the end of the experimental
period are shown in Fig. 1 A-B.

Microbiologic examination

As reported in Table II, the mean reduction in
colony forming units, before brushing and after
H2Ocean Sea Salt Mouthwash were 87.5% and
32.5%, respectively, with a highly significant
difference of 55.0% (P<0.001). Large variations
in inter- and intra-individual measurements were
observed. Both examinations showed a significant
decrease from the baseline.

Compliance

Compliance with the course of the intake of
the tested product from the participants was also
documented. All subjects returned the medication
bottles. All subjects from both groups (100%)
completed the course of mouthwash protocol as
indicated.

Table I1. Colony-forming units (CFUs) before and after treatment.

Before After Difference
Range 65-110 25-40 -
Mean 87.5 32.5 55.0
"p" Value - - <0.001




1596 S. CANTORE ET AL.

B Baseline

30 days
¥ 60 days
M 90 days

TEST Group CTR Group

W Baseline
= 30 days
® 60 days

W 90 days

TEST Group CTR Group

Fig. 1. Plaque (A) and Gingival (B) scores for the test and control groups at the end of the study period.
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DISCUSSION

Microbial biofilms are complex communities of
bacteria present in the environment and human body
(1). If not removed regularly and adequately, dental
plaque matures into a pathogenic bacterial complex
which can lead to caries, gingivitis, periodontitis and
peri-implantitis, ultimately resulting in impaired oral
function (9-11).

Although different mechanical tooth cleaning
methods are considered the most reliable means of
plaque control worldwide, various chemotherapeutic
agents have always been sought as adjuvants (4). Thus,
mouth rinses are frequently recommended for chemical
control of dental biofilm, especially in areas which are
inaccessible to tooth brushing (3).

The findings of the present study are in accordance
with Shyama et al. (12) who assessed the effect of xylitol
candies on gingival indices in physically disabled pupils,
and discovered a statistically significant reduction in
gingival index scores of the study participants when
they consumed xylitol candies thrice daily.

However, this research was a relatively short clinical
study and the findings may be different to a prolonged
one. Studies of longer duration with cross-over study
design and wash-out period in gingivitis patients would
have been more authenticating as they would eliminate
the bias of viable host relating to the use of H2Ocean
Sea Salt Mouthwash. Finally, it should be noted that
natural agents such as mouth rinses are not substitutes
for through brushing and flossing, but they should be
used as adjunct.

A larger-scale, longer-term clinical trial using
mouthwashes is needed which could demonstrate
the feasibility of H2Ocean Sea Salt Mouthwash in
different populations with different dietary and oral
hygiene patterns, and establish the minimum daily
frequency of use.
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Vitamin D may have prognostic value in hypertension patients and, in addition to conventional
biomarkers, could be a valuable tool for disease management. The aim of this study was to assess the
association of vitamin D status in patients with essential hypertension and to evaluate its prognostic utility.
Forty-eight consecutive patients (40 Caucasian and 8 Asian) aged between 30 and 80 years (mean 61.5, range
34-84 years), were enrolled in the study. The main exclusion criteria were age < 18 years, kidney failure,
onco-hematologic disease, hypo-hyperparathyroidism, osteoporosis, treatment with bisphosphonate or
25(OH) vitamin D supplementation. Of the 48 patients included in the study, hyperlipidemia was described
in 28, diabetes type 2 in 8, and ischemic heart disease in 14. Serum electrolytes, calcium, sodium, and
potassium concentrations were within normal range. Low 25(OH) vitamin D levels inversely correlated
with essential hypertension values (p< 0.001) were considered extremely significant. The determination of
25(0OH) vitamin D levels in patients with essential hypertension could improve the research for possible

underlying conditions, which should be managed meticulously according to current guidelines.

To the Editor,

For decades, 25(OH) vitamin D has been
considered a dynamic steroid hormone exerting
its action as a transcription factor regulating the
expression of various genes (1). Vitamin D is a cluster
of fat-soluble molecules analogous to steroids.
Numerous forms of vitamin D exist; cholecalciferol
(orvitamin D3)is synthesized inreaction to ultraviolet
(UV) irradiation of the skin consequential to the
photochemical cleavage of 7-dehydrocholesterol,
a precursor of cholesterol in the skin. A second
form of vitamin D, ergocalciferol (or vitamin D2),
is formed by irradiation of ergosterol, a membrane
sterol found in the Ergot fungus. Nutritional sources
of vitamin D comprise fish oils (D3), egg yolks

(D3), and mushrooms (D2), as well as unnaturally
prepared cereals and dairy products (D2 or D3).
Epidemiological studies established improved risks
of chronic morbid disorders with lower levels of
serum 25-OH D. More recently, 25(OH) vitamin D
deficiency has been considered as an independent
risk factor for cardiovascular disease and mortality
in the general population. Biologic effects of
25(0OH) vitamin D result largely from its binding
to the nuclear steroid hormone 25(OH) vitamin D
receptor (VDR), which is found in almost all tissues
and is closely related to the thyroid, retinoid, and
peroxisome proliferator-activator receptors. While all
25(0OH) vitamin D metabolites bind the VDR, most
biological effects are probably mediated by calcitriol
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because of its greater receptor similarity(2). Vitamin
D plays a considerable function in the physiology
of the cardiovascular system and its insufficiency
has been allied to extensive complications, such
as cardiovascular events, hypertension, obesity,
metabolic syndrome, type 2 diabetes, immune
disorders and numerous types of cancer (3,4).
The indisputable potential inverse relationship
between vitamin D deficiency and elevated blood
pressure (BP) suggests involvement of vitamin D
metabolism in the pathogenesis of hypertension.
A cause-and-effect relationship is hypothesized on
the source of the key modulating effects of 25(OH)
vitamin D on the Renin-Angiotensin-Aldosterone
System (RAAS) axis whereby 25(OH) vitamin D
deficiency may promote sustained RAAS activation,
whereas sufficient levels may afford “endogenous”
proximal inhibition. Population studies demonstrate
an unequivocal association between vitamin D
deficiency and the prevalence of many chronic
morbid conditions, including cardiovascular disease
(CVD) and its risk factors (5, 6). Notable examples
include the third National Health and Nutrition
Examination, as well as large European cohorts
that showed a cross-sectional inverse relationship
between 25-OH D levels and the prevalence of
hypertension, insulin resistance, type 2 diabetes
mellitus (DM), and dyslipidemia. 25(OH) Vitamin
D deficiency has been implicated as an independent
risk factor for the prospective development of CVD
and hypertension or its risk factors (7). The objective

Table 1. Patient characteristics.
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of this study was to assess the association of 25(OH)
vitamin D status in patients with hypertension and to
evaluate its prognostic utility.

MATERIALS AND METHODS

Study population

Between November 2015 and March 2016, 48
consecutive outpatients (40 Caucasian and 8 Asian), aged
between 30 and 80 years (mean 61.5, range 38-84 years),
were enrolled in the study. The evaluation was performed
in compliance with the Declaration of Helsinki. Written
informed consent was given by all patients whose
samples were used in all parts of this evaluation. In order
to decrease the risk of possible bias, in 25(OH) vitamin
D due to different latitude and global solar radiation on
the ground, only patients who had been living in Rome
for at least 1 year before blood collection were chosen.
In addition, all patients underwent blood sampling in the
same season (winter period).

Exclusion criteria included, chronic diseases, coeliac
disease or other causes of malabsorption or any disorder
that may impact calcium or vitamin D metabolism
(hepatic, parathyroid and renal dysfunction).

The patients were divided into two subgroups,
females (n=12) and males (n=36), respectively. The main
exclusion criteria were age<l8 years, kidney failure,
onco-hematologic disease, hypo- hyperparathyroidism,
with
bisphosphonate or 25 (OH) vitamin D supplementation.

hypo/hyperthyroidism, osteoporosis, treatment

The clinical characteristics of the patients included in

Female (n. 12) Male (n. 36)
Type 2 Diabetes 2 6
CAD 2 10
Hypercholesterolemia 10 18
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the study are described in Table I. On enrolment, medical
history was taken and peripheral blood samples were
taken from all patients and immediately sent for analysis
of the serum levels of 25(OH) vitamin D.

Sample collection

Blood samples were drawn immediately after
admission by direct venipuncture of an antedecubital
vein, applying a minimum of stasis. Laboratory tests were
carried out on the serum concentration of 25(OH) vitamin
D of all patients.

25-OH Vitamin D determination
25(0OH) Vitamin D levels were measured with the

®

Lumipulse® G1200 (Fujirebio, Japan), an automated
assay system that allows quantitative measurements in
specimens and is based on chemiluminescent enzyme
(CLEIA)

G1200 wuses a novel two-step sandwich method

immunoassay technology.  Lumipulse®
(Innogenetics-Fujirebio, Belgium). The assay utilizes
a solid-phase and alkaline phosphatase (ALP)-labeled
monoclonal antibodies immobilized on the particles

that specifically bind to the analyte, forming antigen—

antibody immunocomplexes. Particles are then washed
and rinsed in order to remove unbound materials. ALP-
labeled monoclonal antibody specifically binds to the
antigen of the immunocomplexes. After a second wash,
substrate solution is added. Adamantyl-1,2-dioxetane
phosphate (AMPPD) contained in the substrate solution
is dephosphorylated by the catalysis of ALP indirectly
conjugated to the particles. A luminescent signal is
generated by the cleavage reaction of dephosphorylated
AMPPD and reflects the amount of antigen in the sample.
The cut off value between sufficient and insufficient
25(0OH) vitamin D was chosen corresponding to 20.2 ng/
mL, according to the WHO.

Statistical analysis

All analyses were performed using MedCalc®
statistical software version 15.8. (MedCalc Software
bvba, Ostend, Belgium).

RESULTS

In this study patients showed the following
characteristics:  58.3% (28  patients) had

78\

PATIENTS

RZ=1

INSUF

25-OHVITD

SUF

Fig. 1. White bar represents the percentage of patients with insufficient level of 25-OH Vitamin D. Black bar represents
the percentage of patients with insufficient level of 25-OH Vitamin D (P = 0.0001 considered extremely significant).
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hypercholesterolemia,16.6% (8 patients) diabetes
mellitus type 2 and 25% (12 patients) with coronary
artery disease; all 48 patients included in the study
presented hypertension.

Deficiency of 25-OH- vitamin D was observed
in 78% of these patients. Figs. 1 and 2 show the
good correlation of deficiency of 25-OH vitamin D
levels vs the presence of hypertension (p=0.0001).
No relationship was found between 25-OH
vitamin D concentrations and sex, age, diabetes,
dyslipidemia or cardiovascular disease.

In addition, the evaluation of biochemical
parameters showed that serum electrolytes, sodium,
potassium, calcium levels were within normal range.

DISCUSSION

The association of vitamin D status and
hypertension is particularly solid. Both controlled
trials and meta-analyses have revealed a protective
effect of high calcium intake for both pregnancy-
related and essential hypertension (8, 9), but risk
for incident hypertension is inversely associated
to antecedently calculated serum 25(OH)D
concentration (10).

Experimental studies sustain the notion that

T. GRANATO ET AL.

25(0OH) vitamin D exerts anti-hypertensive
effects and has a positive impact on the overall
cerebrovascular risk profile and on stroke outcome.
Some small randomized controlled trials (RCTs)
have already shown a modest blood pressure
decrease by vitamin D treatment, but this has not
been consistently observed in all studies. Published
RCTs did not show a significant 25(OH) vitamin D
effect on stroke incidence but have not been properly
considered to address this issue (11). While the data
is promising on potentially 25(OH) vitamin D effects
on arterial hypertension and cerebrovascular disease,
it should also be pointed out that patients with
arterial hypertension and stroke are at moderately
high risk for 25(OH)vitamin D deficiency and
those with linked musculoskeletal diseases. This
final consideration can provide a motivation for the
assessment, prevention and treatment of 25(OH)
vitamin D deficiency in individuals with arterial
hypertension and stroke. Numerous mechanisms
have been proposed on how vitamin D could be
implicated in blood pressure regulation and the
pathophysiology of arterial hypertension which
is a major risk factor for stroke. 25(OH) vitamin
D effects on the Renin-Angiotensin-Aldosterone
System (RAAS) have been extensively investigated

W INSUF
OSuUF

Fig. 2. Distribution of 25(OH) vitamin D in patients with essential hypertension.
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by experimental studies. VDR knockout mice show
an increased rennin expression, arterial hypertension
and myocardial hypertrophy (12). Further studies
established the molecular mechanisms by which
VDR activation down-regulates renin expression,
but it is not clear whether these important effects
observed in vitro are also of relevance in vivo, in a
clinical setting (13).

One study was conducted by Vimal Karan et al.
at the Institute of Child Health at University College,
London. Researchers acquired and analyzed data
provided by D-CarDia collaboration based on 35
studies involving more than 155,000 people and
several centers in Europe and North America. The
data collected showed that those with high 25(OH)
vitamin D concentrations had low blood pressure
and therefore a reduced risk of hypertension. The
study showed that there is a cause/effect relationship
between the concentration of Vitamin D in blood
and blood pressure values: high (or regular) levels
of 25(OH) vitamin D, equal to low or standard blood
pressure; low levels of vitamin D lead to high blood
pressure or hypertension

As reported in The Diabetes &
Endocrinology, the researchers found that for each
10% increase in the 25(OH)vitamin D concentration,
diastolic blood pressure was reduced by 0.29 mmHg
(-0.52 to -0.07; p = 0.01) and systolic pressure was
0.37 mmHg (-0.73 to 0.003, p = 0.052). Moreover,
for each increase of 10% in 25(OH) vitamin D there
was a decrease of 8.1% (OR 0.92, 0.87-0.97, p =
0.002) of the probability of developing hypertension
(14, 15).

An inappropriate increased activation of the
Renin-Angiotensin-Aldosterone (RAAS) system has
been reported in VDR and la-hydroxylase knockout
mice. These animals developed hypertension and
myocardial hypertrophy even after the normalization
of calcium homeostasis. Instead, blocking the RAAS
system with ace inhibitors normalized blood pressure
and heart abnormalities, similar to 25 (OH)vitamin D
treatment. The molecular effects of 25(OH)vitamin
D on RAAS were also clarified by the finding that
the VDR ligand suppresses the expression of renin,
by linking to CREB (cAMP-response element-
binding protein). As a result, stimulation of renin

Lancet
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transcription is inhibited because CREB is no longer
able to stimulate transcription, binding to cAMP
response elements in the renin gene promoter region:
hypertensive renin activity was inversely associated
with the levels of 25 (OH) vitamin D (16, 17).

In several studies, after treatment, decreased renin
and angiotensin Il levels were observed. In addition,
the vitamin’s protective effects on the kidneys are
also related to its ability to counteract the loss of
podocytes and reduce their hypertrophy, but also
to suppress the proliferation of mesangial cells. All
this would be a valid antagonism to the development
of arterial hypertension, especially in the course of
renal failure.

Our findings, according to latest scientific
observations, show that low levels or 25(OH)
vitamin D can be a risk factor for CVD development.
This data is reinforced by the close association of
inverse correlation between the values of blood
pressure and the blood concentration of 25(OH)
vitamin D. The estimation of 25(OH) vitamin D
levels in combination with hypertension could
develop research for possible underlying conditions
which should be managed meticulously according to
current guidelines to improve the clinical outcome.

The results of this study highlight the role of
Vitamin D as a possible modifiable risk factor for
CVD and its symptoms, although a cause-effect
relationship is not yet clear.

Further studies are needed to confirm this
association, also in order to suggest vitamin
D supplementation in selected subjects with
insufficiency/deficiency of the vitamin associated
with  symptomatic hypertension. ~ Multicenter
randomized controlled studies must be conducted
to identify the safe dose of vitamin D before
recommending vitamin D supplementation for these
patients.
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Atrophic maxilla is a challenge in dental implant surgery, and new strategies are needed. We
present a new minimally-invasive approach, called “Spider Zygoma”, consisting of implant-supported
prosthesis with the addition of customized maxillofacial plates and screws on surface of zygomatic bone.
A 3D-model of the edentulous upper jaw was used as preoperative model. Two customized bone plates
were created and used as guide for placement of implants and zygomatic screws. Although this is only a
pilot study, this new surgical technique seems to be safe and accurate, confirmed by the maintenance of

good aesthetic and functional results after 5-year follow-up.

To the Editor,

Implant-based rehabilitation has shown high
long-term success rate, but one of the current
challenges remains the treatment of patients with
atrophic maxilla. This condition is not unusual, due
mainly to pneumatization of maxillary sinus and
alveolar resorption (1).

To solve this problem, the use of several surgical
procedures and materials for ridge augmentation have
emerged (2). Despite maxillary sinus augmentation
procedures have proven to be effective, a range of
adverse events were reported. Furthermore, a major
contraindication is the presence of pathological
processes in maxillary sinuses (3). Regarding
the use of specific implant strategies, zygomatic
implants have provided a solution for treatment of
extremely atrophied maxilla as an alternative to
sinus augmentation or bone graft (4). Unfortunately,

this procedure is significantly more invasive and is
associated with several types of complications, such
as maxillary sinus infection and ocular complications
(5). The necessity for less invasive and, therefore, less
risky surgical technique has led to the development
of new implant strategies, such as tilted implants and
mini-implants (2). These techniques have proven
to have a good load distribution and a significative
reduction of the stress level in immediate loading
rehabilitation of edentulous jaw (6). The major
limitation is the lack of long-term survival analysis
and comparative studies between mini-implants and
standard implants (2).

With the aim of continuing the path of minimally-
invasive strategies and better distribution of occlusal
forces, we have developed a new solution to provide
further bone support. In this report we present a case
of severely resorbed upper jaw, which was treated

Key words: dental implants, zygomatic implants, atrophic maxilla, bone plates, new technique
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using a minimally-invasive approach, called “Spider
Zygoma”, consisting of implant-supported prosthesis
with the addition of customized maxillofacial plates
and screws on surface of zygomatic bone (Fig. 1,
A-B).

Case report

A 56-year-old Caucasian female presented to
“Casa di cura E. Montanari” Private Hospital with
the desire “to solve her dental problem”. Indeed,
the patient was not satisfied with the dental function
and appearance of her denture. Her medical history
includedthediagnosisofbilateral chronichyperplastic
sinusitis starting 3 years previously. She did not
smoke or consume alcohol. On clinical examination,
the patient showed maxillary total edentulism and a
fixed complete denture in the mandible. The patient
stated that she had been edentulous in the upper jaw
for about 10 years. The removable maxillary denture
showed lack of retention due to severe atrophy. Upon
clinical and computed tomography (CT) evaluation,
the maxilla was classified ACP PDI for Complete
Edentulism Class III. The patient was informed
about surgical alternatives and the “Spider Zygoma”

M. ZANNA ET AL.

procedure and provided written consent. A 3D model
of the edentulous maxillary arch and the surrounding
bone was made and used as the preoperative model.
CAD/CAM technology was used to create two
customized bone plates (Fig. 1, C-D). A total of 16
implants (GiEsse Technology srl, Cogoleto, Italy)
were placed using the following protocol (“Spider
Zygoma” protocol). After supra-crestal incision, four
2.9 x 8 mm implants and four 2.9 x 6 mm implants
were placed in the maxilla and torqued to 40 Ncm
(Fig. 2, A-B). Furthermore, six 2.9 x 6 mm implants
and two 2.7 x 11 mm zygomatic screws were placed
from the maxillary premolar area to the zygomatic
surface, using the customized titanium bone plates
(35 x 1 mm) as guides. The implants were torqued
to 60 Ncm, and the connection between plates and
implants was ensured by interference fit (Fig. 2C-D).
After suturing the soft tissues, the maxillary denture
was inserted and, after occlusal adjustment, was
fixed with prosthetic retaining screws (Fig. 2, E-F).
The patient was given proper oral hygiene
instructions and scheduled for follow-up every 3
months. At the follow-up appointments, there were
no discernable clinical or radiographic changes

Fig. 1. A, B) Spider Zygoma treatment concept, using customized titanium plates and screws on surface of zygomatic
bone. C) 3D model of the edentulous maxillae and (D) customized titanium bone plates.
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around the dental implants. Furthermore, bone
formation at the maxillary sinus floor following
implants placement was observed, as highlighted
by transparent 3D CT image protocol (Fig. 3,
A-B). After a 5-year follow-up period, the patient
maintained a good aesthetic and functional result.

DISCUSSION

To date, the major limitation in maxillary
rehabilitation with dental implants is the lack of bone
volume, due to the resorption of the alveolar process
and the pneumatization of the maxillary sinuses (1).
Furthermore, several reports demonstrate low bone
density in maxilla (7, 8). Several surgical techniques
have been proposed to overcome these limitations in
severely atrophied upper jaws: elevation of the sinus
floor, bone grafting, and zygomatic implants. Sinus
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lift surgery was avoided due to the presence of bilateral
chronic sinusitis, considered a contraindication (3).
The use of bone grafting was avoided as the patient
was uncomfortable with the exploitation of extraoral
sites. Regarding the use of zygomatic implants,
several disadvantages were considered, such as the
invasiveness of this approach and the risk of severe
complications (5, 9). To increase the support surface
area, thus providing a better distribution of occlusal
forces, we developed the Spider Zygoma protocol,
consisting of using two custom-made titanium
plates, fixed on both zygomatic surfaces with
screws. Spider Zygoma offers a series of advantages:
1) a less invasive surgical procedure; ii) a lower risk
of complications; and iii) the use of cortical screw
anchorage of zygomatic bone (10).

In conclusion, this new surgical technique
seems to be safe and accurate, confirmed by the

Fig. 2. Surgical steps of Spider Zygoma protocol. A) Supra-crestal incision, (B) implant placement, (C, D) placement of
implants, zygomatic screws, and bone plates from maxillary premolar area to zygomatic surface, (E, F) prosthodontic phases.

Fig. 3. A) Panoramic radiograph after implant placement. B) Transparent 3D CT image protocol highlights bone

Jformation at the maxillary sinus floor.
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absence of clinical or radiographic changes and the
maintenance of good aesthetic and functional results
after a 5-year follow-up. However, due to the novelty
of this technique, we take a cautious approach, using
a greater number of implants in the distal area.
Future prospective studies are needed to compare
this technique with other well-established implant
strategies, especially with zygomatic implants.
Indeed, recent development in zygomatic implant
protocols makes this technique less susceptible
to complications (11, 12). For these reasons, other
spatial configurations of the Spider Zygoma system
will need to be studied.
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