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Background: The leucine-rich pentatricopeptide repeat-containing protein (LRPPRC) functions to regulate cell cytoskeleton.
This study assessed LRPPRC expression in colorectal cancer (CRC) for association with the clinicopathological features from
patients and then investigated the impact of LRPPRC expression on CRC cells in vitro and in vivo.

Material and Methods: Tissue microarrays were built using 75 cases of each really normal and CRC tissues or 75-paired nor-
mal and CRC tissues for immunohistochemical analysis of LRPPRC expression. CRC cell lines were grown and assessed for
tumor cell migration and invasion using wound healing and transwell assays. Changes in mRNA and protein expression in CRC
cells were assayed using western blot and quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR), respectively.
Knockdown or overexpression of LRPPRC was conducted using siRNA and cDNA transfections, respectively. Next, a nude
mouse xenograft assay was performed to verify the impact of LRPPRC expressions in vivo.

Results: LRPPRC was overexpressed in CRC vs. real normal and paired normal tissues (p < 0.05), which was associated with
CRC lymph node and distant metastases, and advanced clinical stages. In vitro, knockdown of LRPPRC expression inhibited
CRC LOVO cell migration and invasion, whereas LRPPRC overexpression promoted CRC HCT116 cell migration and inva-
sion. Moreover, LRPPRC overexpression upregulated Vimentin, N-cadherin, and Snail, and downregulated E-cadherin protein,
whereas knockdown of LRPPRC expression had opposite results, suggesting increase in CRC cell epithelial-mesenchymal tran-
sition (EMT). In addition, knockdown of LRPPRC expression suppressed growth of colorectal cancer cell xenografts in mice.
Conclusions: LRPPRC could be an oncogene or had an oncogenic activity in CRC.
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Introduction sequence motif as the RNA-binding proteins [7] and are

widespread present in eukaryotes. This family of pro-

Colorectal cancer (CRC) is a common malignancy in
the world, representing 10% of all newly detected 19.3 mil-
lion cases of cancer and contributing to 9.4% of the 10.0
million deaths caused by cancer globally [1]. The CRC inci-
dence and mortality rates were increased from 2018 to 2020
globally [2,3], although the rates were significantly reduced
recently in the USA [4]. Clinically, when CRC is diagnosed
at an advanced stage, the patient will lose the best opportu-
nity for curative surgery [5]. CRC metastasis is the leading
cause of CRC-associated death [6]. Therefore, further re-
search and better understanding of CRC molecular mecha-
nisms, like tumor initiation and progression, could lead to
novel diagnosis and treatment options for CRC patients for
better control and prognosis.

The pentatricopeptide repeat (PRR)-containing pro-
teins are family of proteins that contain a 35-amino acid

teins functions to regulate transcription, post transcriptional
processing, RNA stabilization, RNA editing, and transla-
tion of genes [8]. Leucine-rich pentatricopeptide repeat-
containing protein (LRPPRC) is one of them, gene of
which is localized in mammalian mitochondrial genome,
and LRPPRC has multiple functions, such as regulation
of energy metabolism, nuclear mRNA maturation, mRNA
export, and gene signal transduction pathways as well as
the mitophagy [9—11]. Altered LRPPRC expression in
cells and tissues could lead to development and progres-
sion of various human cancers [12]. For example, a pre-
vious study [13] reported that LRPPRC protein was highly
expressed and associated with advanced clinical stages, tu-
mor de-differentiation, and poor prognosis of prostate can-
cer, while another study [14] showed that LRPPRC expres-
sion was aberrant in gastric cancer. LRPPRC expression
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also induced bladder urothelial tumorigenesis [15]. More-
over, a poor prognosis for pancreatic cancer was associated
with LRPPRC expression as an oncogene [16]. Regarding
the role of LRPPRC in colorectal cancer, LRPPRC pos-
sesses anti-apoptosis activity and promoted CRC tumorige-
nesis [17]. A more recent study demonstrated that targeting
of the LRPPRC-related gene signaling could collapse the
chemoresistance of p53-inactive colorectal cancer in vitro
[18]. An association was found between LRPPRC expres-
sion and poor prognosis of CRC [19].

During this study, we further assessed LRPPRC ex-
pression in paired normal and CRC tissues immunohisto-
chemically for association with clinicopathological features
from CRC patients. We then grew CRC cell lines to detect
changes in the invasion and migration of tumor cells af-
ter knockdown or overexpression of LRPPRC using wound
healing and transwell assays. We observed alterations in the
expression of different mRNA and proteins associated with
epithelial-mesenchymal transition (EMT) in CRC cells. To
confirm the role of LRPPRC expressions in vivo, we con-
ducted a xenograft assay using nude mice. We will conduct
further study to verify the impact of LRPPRC on CRC.

Materials and Methods

Human CRC Tissue Microarray and
Immunohistochemistry

This study involving human subjects was authorized
by The Ethics Committee of Shanghai Outdo Biotech Co.
Ltd. (Ethics number: SHXC2021YFO01) in Shanghai, China
and conducted in accordance with the principles outlined in
the Declaration of Helsinki. Human CRC tissue microar-
rays consisting of either 75 normal and CRC tissues or 75
paired normal and CRC tissues were acquired from Shang-
hai Outdo Biotech Co. Ltd. (Cat. #HColA150CS02 and
HRec-Ade150CS-02; Shanghai, China). These tissue mi-
croarray sections were used to detect LRPPRC expression
immunohistochemically. Tissue microarray sections were
deparaffinized in xylene, hydrated in alcohol, and then re-
hydrated in phosphate buffered saline (PBS). Afterwards,
the segments underwent antigen restoration in a heated so-
lution and were consistently heated with a low flame for 10
minutes. The sections were incubated in 3% HO» at room
temperature for 15 min and then in 1% bovine serum al-
bumin (BSA; Cat. #10711454001, Sigma, St Louis, MO,
USA) at room temperature for 15 min. After that, the sec-
tions were incubated in the wet box with a diluted pri-
mary antibody (Cat. #ab259927; Abcam, Cambridge, MA,
USA) in PBS at 1:100 at 4 °C overnight. The day af-
ter thrice washing with PBS, the sections were incubated
with diluted secondary antibodies labeled with horseradish
peroxidase (Cat. #31460; Thermo-Fisher, Waltham, MA,
USA) in PBS at 1:500 at 37 °C for 60 min. A solu-
tion of 3,3’-diaminobenzidine (DAB) (Cat. #DAB-1031;
Maixinshiji, Fuzhou, China) was used to visualize the sec-
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tions, which were counterstained using hematoxylin solu-
tion (Cat. #H8070; Solarbio, Beijing, China). In the end,
immunohistochemistry results were scored under a light
microscope at 400x or 100x magnification after the sec-
tions had been dehydrated in ethanol, cleaned in xylene,
and mounted with neutral gum (BX53, Olympus, Tokyo,
Japan).

Data Acquisition from TCGA Database

The LRPPRC gene expression profile and other re-
lated clinical data of CRC patients were obtained from
the The Cancer Genome Atlas (TCGA) database, accessi-
ble at https://www.cancer.gov/ccg/research/genome-seque
ncing/tcga. Since this study utilized the data from this
database, which is open to public and freely available, there
is no need to get the approval of the local ethics committee.

Cell Line, Culture, and Gene Transfection

Human CRC LOVO (CCL-229) and HCT116 (CCL-
247) cell lines were originally obtained from the Ameri-
can Type Culture Collection (ATCC; Manassas, VA, USA)
and cultured in Roswell Park Memorial Institute medium-
1640 (RPMI-1640) supplemented with 10% fetal bovine
serum (FBS). The cells were incubated at 37 °C in an in-
cubator with 95% air and 5% COy. Mycoplasma testing
and STR validation has been performed on the cell lines
used. For gene transfection, cells were grown in 6-well
plates with a density of 3 x 10% cells per well [20]. Subse-
quently, the cells were transfected with LRPPRC siRNA
(The siRNA sequences is CCGGGAGGAAGCAAA-
CATTCAATTCAAGA GATTGAATG TTTGCTTCCTC-
CTTTTT) oligonucleotides or LRPPRC cDNA (purchased
from China GenScript Gene Corporation, Nanjing, China)
using Lipofectamine 2000 (Life Technologies Co., Carls-
bad, CA, USA) according to the manufacturer’s instruc-
tions.

Wound Healing Assay

LRPPRC-overexpressed and knocked down cells
were changed to a serum-free medium and mitomycin C
was added at 1 g/mL (Cat. #M0503; Sigma, St Louis, MO,
USA) for 1 h. The cell scratches were then made with a 200-
pL pipette tip and observed under an inverted microscope
(Model I1X53; Olympus, Tokyo, Japan) and photographed
at a magnification of x100. After 24 hours of growth in
serum-free medium, the cells were photographed under a
microscope at 100 x magnification again after. The cell mi-
gration distance was calculated and compared using ImagelJ
software.

Transwell Assay

The invasion capacity of tumor cells was assessed us-
ing the transwell chamber (Cat. #14341; LABSELECT,
Beijing, China) coated with Matrigel solution. Shortly, the
transwell membranes were precoated with 100 pL Matrigel
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Fig. 1. LRPPRC overexpression in colorectal cancer tissue samples. (A) Level of LRPPRC expression in different cancers. (B)
Level of LRPPRC expression in CRC and normal colon tissues. (C) ROC curve of LRPPRC expression in normal and tumor tissues.
(D) Immunohistochemistry of LRPPRC in normal colon tissues and CRC. The upper panel, scale bar = 200 um. Magnification, 100x.
The bottom panel, scale bar = 50 um. Magnification, 400x. LRPPRC, leucine-rich pentatricopeptide repeat-containing protein; ROC,
receiver operating characteristic; CRC, colorectal cancer; TPR, true positive rate; FPR, false positive rate. *p < 0.05; **p< 0.01; ***p<

0.001.
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Fig. 2. Knockdown and overexpression of LRPPRC protein in CRC cell lines. (A) Quantitative reverse transcriptase-polymerase
chain reaction (QRT-PCR) and western blot assays. (B) qRT-PCR and western blot assays. Data are represented as the mean + SD (n = 3).
*p < 0.05. NC, negative control; si-LRPPRC, siRNA-mediated LRPPRC; pLV, pseudotyped lentiviral vector; SD, standard deviation.

(Cat. #356234; Corning, Corning, NY, USA), which had a
concentration of 5 pg/mL. In 200 mL serum-free medium,
2 x 10* tumor cells were placed in each transwell chamber
within 24-well plates, and a cell culture medium containing
10% FBS was placed in the lower chambers. The cells were
incubated in a cell incubator at a temperature of 37 °C for
a period of 24 hours. The cells that invaded the lower sur-
face of the membranes were visualized by the crystal violet
stain (Cat. #0528; Amresco, Solon, OH, USA), and an in-
verted microscope (Cat. #1X53, Olympus, Tokyo, Japan) at
a 200x magnification was used to visualize and score cells
that invaded the low surface of the membranes. Tumor cell
migration capacity was also assayed in the transwell system
without precoating with the matrigel. A total of 3-5 fields
were captured in each group during the transwell assay and
calculated using ImageJ software (Version 2.0.0, National
Institute of Heath, Bethesda, MD, USA). The experiments
were repeated three times.

Western Blot

The cultured cells were washed with ice-cold PBS
and extracted for total cellular proteins using a cryogenic
freezer centrifuge (Model H-2050R; Hunanxiangyi, Xi-
angtan, China) in a radioimmunoprecipitation assay buffer
(RIPA buffer) containing a protease inhibitor. Subse-
quently, protein samples of 40 pg were electrophoresed in
10% polyacrylamide gel electrophoresis with sodium dode-
cyl sulfate (SDS—-PAGE) and transferred to polyvinylidene
difluoride membranes. For western blot, membranes were

first incubated in 5% skim milk solution at room tempera-
ture for 1 hour and then with a primary antibody in PBS
against LRPPRC (Cat. #ab259927; Abcam, Cambridge,
MA, USA) at 1:1000 dilution, E-cadherin (1:1000; Cat.
#WL01482; Wanleibio, Shenyang, China), N-cadherin
(1:1000; Cat. #WLO01047; Wanleibio, Shenyang, China),
Snail (1:1000; Cat. #WL01863; Wanleibio, Shenyang,
China), or -actin (1:1000; Cat. #WL01372; Wanleibio,
Shenyang, China) at 4 °C overnight. The following day,
the membranes were rinsed three times with PBS-Tween 20
(PBS-T) and subsequently treated with a secondary sheep
anti-rabbit antibody (1:5000; Cat. #WLA023; Wanleibio,
Shenyang, China) at room temperature for 45 min. Sub-
sequently, the membranes were briefly incubated with the
chemiluminescence reagent (ECL; Cat. #WLA003; Wan-
leibio, Shenyang, China). With the gel image processing
system (GEL-Pro-Analyzer software, Media Cybernetics,
Rockville, MD, USA), target protein bands were captured
and quantified in terms of optical density.

Quantitative Reverse Transcriptase-Polymerase
Chain Reaction (qRT-PCR)

The total cellular RNA of LOVO cells was isolated af-
ter knockdown of LRPPRC, negative control, and control
cells using a Trizol reagent (15596026, Invitrogen, Carls-
bad, CA, USA) following the manufacturer’s instructions.
RNA concentration was then measured using an ultravi-
olet spectrophotometer (NANO 2000, Thermo Company,
Waltham, MA, USA) and then a Beyotime kit (D7160L, Be-
yotime, Shanghai, China) was used to reverse transcribe the
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Fig. 3. Suppression of CRC cell migration and invasion after knockdown of LRPPRC expression in LOVO cells. (A) Wound
healing assay of LOVO cells. Scale bar = 200 um; Magnification, 100x. (B) Transwell assay of LOVO cells. Scale bar = 100 um;
Magnification, 200 x. Data are represented as the mean & SD (n = 3). *p < 0.05.

DNA into cDNA. For quantitative polymerase chain reac-
tion (qQPCR), 2 uL of each cDNA sample was added with 2 x
Taq PCR MasterMix (PC1150, Solarbio, Beijing, China)
for amplification using LRPPRC primers in a BIONEER
PCR machine (Exicycler 96, Bioneer, Dacjeon, Korea).
The reaction parameters included an initial heating at 94

°C for 5 minutes, followed by 40 repetitions of heating
at 94 °C for 10 seconds, cooling at 60 °C for 20 sec-
onds, and elongation at 72 °C for 30 seconds. The LRP-
PRC primers used were 5'-AAAATAAACGGTGACTGG-
3’ and 5'-GTTGAGGCTGACGAAGAA-3'. An inter-
nal control was performed using [-actin, the primers of
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Fig. 4. After LRPPRC overexpression in HCT116 cells, the migration and invasion ability of CRC cell was upregulated. (A)
Wound healing assay of HCT116 cells. Scale bar = 200 pm; Magnification, 100x. (B) Transwell assay of HCT116 cells. Scale bar =
100 um; Magnification, 200x. Data are represented as the mean 4+ SD (n = 3). *p < 0.05.

which were 5-GGCACCCAGCACAATGAA-3’ and 5'-  Nude Mouse Tumor Cell Tumorigenicity Assay

TAGAAGCATTTGCGGTGG-3'. qPCR was conducted

utilizing the 2~22Ct method, normalized against the level Guangxi Medical University’s Institutional Animal

of B-actin mRNA. Care and Use Committee (IACUC) previously approved
the animal experiments (Ethics Review number of #2020
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key-0032). In brief, BALB/c nude mice (aged 45 weeks)
were fed in a specifically pathogen-free (SPF) “barrier” fa-
cility and kept under controlled conditions. Nude mice
were obtained from Charles River Laboratories (Beijing,
China). SPF mouse chow and sterile water were provided
to the mice. In our experiments, the nude mice were ran-
domly divided into four groups (n = 6 mice per group). For
pseudotyped lentiviral vector (pLV)-LRPPRC experiments,
we first established CRC cell xenografts with 5 x 106
HCT116-Luc CRC cells in the right frank and 10 days later,
the tumor mass was intratumorally injected with LRPPRC-
overexpressed adenovirus [1 x 10 plaque-forming unit
(PFU)] daily for 24 days. Moreover, for siRNA-mediated
LRPPRC (si-LRPPRC) experiments, nude mice were in-
jected with LOVO cells that were stably transfected with
LRPPRC-siRNA or negative control (NC) (2 x 107cells).
Tumor growth was checked every 3 days over the course
of 24 days. After measuring the length and width, the tu-
mor volume was determined by applying the formula (tu-
mor xenograft volume (mm3) = 71/6 x (length) x (width)
according to a previous study [21]. After the experiment
had been completed, all mice were sacrificed by expo-
sure of mice to CO, and neck dislocation and then tumor
xenografts were collected, weighed, analyzed.

Statistical Analysis

The experimental data were expressed as mean =+
standard deviation (SD). The one-way analysis of variance
(ANOVA) and student’s ¢-tests were used to analyze the
data from two and multiple groups, respectively. SPSS
(22.0, SPSS Inc., Chicago, IL, USA) was used to process all
statistical analyses. For statistical significance, a p-value of
0.05 or less was required.

Results

LRPPRC Expression in CRC Tissues and Association
with Clinicopathological Features

In these 33 cancer datasets of TCGA data, LRPPRC
was differentially expressed in 27 cancers and highly ex-
pressed in 26 cancers (Fig. 1A). In the TCGA COAD RNA-
Seq dataset, we analyzed the level of LRPPRC protein ex-
pression in 480 CRC and 41 normal colon tissues and found
that LRPPRC was highly expressed in colorectal cancer tis-
sues (Fig. 1B). The receiver operating characteristic (ROC)
curve for LRPPRC expression in normal and tumor tissues
demonstrated an area under the curve (AUC) value 0of 0.814
(Fig. 1C).

Then, we assessed LRPPRC expression in 75 cases
of each really normal and CRC tissues immunohistochemi-
cally and found that LRPPRC protein was mainly expressed
in the cytoplasm of tumor cells and was highly expressed
in CRC vs. all normal mucosae (Fig. 1D). Furthermore,
we associated LRPPRC expression with clinicopathologi-
cal features from CRC patients and observed that LRPPRC
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Table 1. The correlation between LRPPRC expression and
clinicopathological data from patients with CRC.
LRPPRC expression

Characteristics ~ Negative  Positive p-value

Sex 0.085
Male 16 15
Female 14 30

Age (years) 0.107
>65 17 17
<65 13 28

T stage 0.003
T1+T2 10 3
T3+T4 20 42

N stage 0.011
NO 21 18
NI1+N2 9 27

M stage 0.038
MO 29 36
Ml 1 9

TNM stage 0.002
I+II 21 15
+1v 9 30

T, primary tumor; N, lymph nodes; M, tumor distant
metastasis; TNM, tumor-lymph node metastasis; LRP-
PRC, leucine-rich pentatricopeptide repeat-containing
protein; CRC, colorectal cancer.

expression was linked to lymph node involvement in CRC
(p = 0.011), as well as distant metastasis (p = 0.038) and
advanced clinical stages (p = 0.002; Table 1).

Impacts of LRPPRC Expression or Knockdown on
CRC Cells

After transfection of LRPPRC c¢cDNA or siRNA into
HCT116 or LOVO cells, respectively, LRPPRC mRNA
and protein levels were assessed in CRC LOVO cells or
HCT116 cells before and after LRPPRC expression was
knocked down or overexpressed. According to the west-
ern blot and qRT-PCR data, LRPPRC protein and mRNA
levels were conspicuously lower in si-LRPPRC group of
cells than that of the negative control siRNA-transfected
cells (p=0.00; p=0.00; Fig. 2A). However, pLV-LRPPRC-
transfected HCT116 cells showed upregulated level of
LRPPRC protein and mRNA expression compared to those
of pLV group of cells (p =0.01; p =0.001; Fig. 2B).

LOVO cells were grown and transfected with siLRP-
PRC or negative control siRNA, followed by performing
a wound healing assay or transwell assay. HCT116 cells
were grown and transfected with pLV-LRPPRC or a vector
control, followed by performing the two identical experi-
ments mentioned earlier. Our wound healing assay data re-
vealed that si-LRPPRC transfection significantly reduced
CRC cell migration ability compared to that of the negative
control group (p = 0.006; Fig. 3A), while our transwell as-
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say data also showed that knockdown of LRPPRC expres-
sion suppressed CRC cell migration and invasion capacity
(» =0.000; p = 0.000; Fig. 3B). In contrast, LRPPRC over-
expression promoted the migration and invasion of CRC
cells vs. control cells (p = 0.005; p = 0.000; p = 0.000;
Fig. 4A,B).

LRPPRC Promotion of CRC EMT in Vitro

LOVO cells were cultured and transfected into siLRP-
PRC or negative control siRNA, followed by western blot
analysis. Western blot assay was performed on HCT116
cells that were cultured and transfected with pLV-LRPPRC
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or a vector control. The underlying molecular events were
then investigated after manipulation of LRPPRC expression
and knockdown of LRPPRC expression was found to in-
duce E-cadherin expression but reduce the expression of
N-cadherin and Snail (p = 0.000; p = 0.000; p = 0.000;
Fig. 5A—C). However, the the expressions of these proteins
were affected in contrasting ways when LRPPRC was over-
expressed (p = 0.000; p = 0.002; p = 0.000; Fig. SD-F),
suggesting that LRPPRC promoted CRC cell EMT to in-
duce tumor cell migration and invasion in vitro.

Furthermore, we detected Vimentin/E-cadherin ex-
pression in CRC tissue specimens immunohistochemically
and associated their expression with LRPPRC. Our data
showed that Vimentin expression was high in CRC samples

along with high LRPPRC expression, whereas E-cadherin
was expressed in low LRPPRC expressed CRC tissues
(Fig. 6A). Vimentin expression was positively correlated
with LRPPRC expression in our correlation analysis (r =
0.867, Pearson’s x? test; Fig. 6B), but inversely associated
with E-cadherin expression (r = —0.739, Pearson’s x? test;
Fig. 6B).

Effect of LRPPRC Knockdown or Overexpression on
CRC Xenograft Growth in Vivo

To assess the effect LRPPRC knockdown or overex-
pression on CRC xenograft growth in vivo, we first estab-
lished nude mouse CRC cell xenografts using LOVO and
HCT116 cells, respectively (see the methods section for de-
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Fig. 7. Suppression of CRC cell xenograft growth in nude mice after knockdown of LRPPRC expression. (A) Nude mouse CRC
cell xenograft assay and images. (B) CRC cell mouse xenografts. (C) Tumor growth curve diagram. (D) Tumor weight. (E) Immunohis-
tochemical assay determining LRPPRC protein expression (left). The integral optical density (IOD) analysis of immunohistochemical
data (right). The top section, scale bar = 200 pm. Magnification, 100 x. The bottom section, scale bar = 50 pum. Magnification, 400 x.
(F) Immunofluorescence staining of Ki-67 used to assess proliferation (left). The top section, scale bar =200 um. Magnification, 100x.
The bottom section, scale bar = 50 um. Magnification, 400 x. Quantitation of co-localization fluorescence intensity (right). Data are
represented as the mean & SD (n=3). *p < 0.05.


https://www.biolifesas.org/

Journal of

BIOLOGICAL REGULATORS

and Homeostatic Agents

pLV-LRPPRC

v}

- LV 2000+

-# pLV-LRPPRC
15004

10001 10004

Volume
Weight(mg)

5004 500+

pLV-LRPPRC

0 5 10 15 20 25 30 '
Day pLV

E

250000

LRPPRC staining

200000

150000+

100000+

500004

pLV-LRPPRC

Relative protein expression(IOD)

0

pLV

pLV pLV-LRPPRC

Ki-67 staining

4000001
3000001
2000004

100000

0

Fluoresc.intensity ratio(a.u.)

pLV-LRPPRC

pLV

pLV-LRPPRC

4673

Fig. 8. Effect of LRPPRC knockdown on CRC xenograft growth in vivo in nude mice. (A) The nude mouse xenograft assay and

imaging were performed on CRC cells. (B) CRC cell nude mouse xenografts. (C) Growth curves of tumors. (D) Tumor weights. (E)

Immunohistochemical assay determining LRPPRC protein expression (left). IOD analysis of immunohistochemical data (right). The top

section, scale bar = 200 pm. Magnification, 100x. The bottom section, scale bar = 50 um. Magnification, 400x. (F) Immunofluores-

cence staining of Ki-67 was used to assess proliferation (left). The top section, scale bar =200 pm. Magnification, 100x. The bottom

section, scale bar = 50 um. Magnification, 400x. Quantitation of co-localization fluorescence intensity (right). Data are presented as

the mean 4+ SD (n = 3). *p < 0.05.
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tails). Our in vivo data showed that knockdown of LRPPRC
expression reduced CRC cell xenograft growth (p = 0.012;
p=0.015; Fig. 7A-D). Immunohistochemical data on CRC
cell xenografts showed that LRPPRC and Ki67 expression
was lower in si-LRPPRC group of xenografts than that in
NC group (p = 0.014; p = 0.003; Fig. 7E,F). In contrast,
pLV-LRPPRC-injected CRC xenografts showed the oppo-
site effects, i.e., LRPPRC overexpression promoted sub-
cutaneous tumor cell growth in nude mice (p = 0.002; p
= 0.002; Fig. 8A-D). LRPPRC and Ki67 were all highly
expressed in pLV-LRPPRC-injected CRC cell xenografts
than those of the pLV control ones (p =0.000; p = 0.001;
Fig. 8E,F).

Discussion

In the current study, we demonstrated that LRPPRC
protein was highly expressed in CRC compared to that of
real normal and paired normal tissues. It was linked to
advanced clinical stages, metastasis of the lymph nodes,
and distant metastasis when LRPPRC was overexpressed.
However, knockdown of LRPPRC expression suppressed
CRC LOVO cell migration and invasion as well as ex-
pression of Vimentin, N-cadherin, and Snail, but upregu-
lated E-cadherin expression. However, LRPPRC overex-
pression had opposite results, suggesting increase in CRC
cell EMT. In vivo, knockdown of LRPPRC expression sup-
pressed growth of CRC cell xenografts in mice, whereas
LRPPRC overexpression had opposite effects on xenograft
growth and LRPPRC and Ki67 expression. Thus, we can
conclude that LRPPRC could be an oncogene or at least
possesses an oncogenic activity in CRC by promoting CRC
cell EMT. Future study will investigate LRPPRC as a tumor
marker for CRC early detection, prognoses, or treatment re-
sponse.

The PPR-motif-containing proteins are widespread
expression in eukaryotes and play an important role in gene
expression and regulation [8]. As one of them, LRPPRC
can regulate cell energy metabolism, nuclear mRNA mat-
uration and exporting, cell signaling, and mitophagy, a se-
lective process in mitochondrial degradation [9—11]. Previ-
ous studies demonstrated that LRPPRC overexpression oc-
curred in various cancers and associated with tumor pro-
gression or prognosis [13,15,17-19,22-24]. Our current
study is surely consistent with these published data and fur-
ther supported their findings that LRPPRC is an oncogene
in CRC and other human cancers. Indeed, our current study
also showed that a significant correlation was found be-
tween the expression of LRPPRC in lymph node metastasis
and distant metastases in CRC, as well as advanced clinical
stages, which indicates LRPPRC expression contributed to
CRC progression. As a biomarker for timely detection and
prediction of the prognosis of CRC, detection of LRPPRC
expression may be useful.
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Indeed, in a previous study, it was found that knock-
down of LRPPRC expression induced the mitochondria-
mediated apoptosis but reduced prostate cancer cell migra-
tion and invasion [13]. LncRNA SNHG17 and LRPPRC in-
teract to stabilize c-Myc protein, promoting G1/S transition
and proliferation of tumor cells in human hepatocellular
carcinoma tissues [25]. Moreover, a relationship was found
between LRPPRC expression and resistance to cisplatin
among lung cancer patients [22]. The findings of our cur-
rent study are as follows: knockdown of LRPPRC expres-
sion inhibited the migratory and invasive behavior of CRC
cells, whereas LRPPRC overexpression promoted the mi-
gration and invasion of CRC HCT116 cells. LRPPRC over-
expression had the same impact on CRC cells in vivo. Fur-
thermore, LRPPRC-related cisplatin resistance occurred by
regulating MDRI expression in lung cancer cells [22] and
in p53-inactive colorectal cancer [18]. LRPPRC enhanced
progression and immunity of HCC evasion by upregula-
tion of m®A modification of PD-L1 mRNA [26]. In our
study, the findings were as follows: knockdown of LRP-
PRC expression induced E-cadherin expression but reduced
N-cadherin and Snail expression, whereas these proteins
were affected in the opposite way when LRPPRC was over-
expressed. Taken altogether, LRPPRC may regulate differ-
ent cell signaling pathway to facilitate cell processing and
activities. However, in our current study, we just assessed
these EMT-related proteins but we don’t know the under-
lying molecular consequences of changes in expression of
these EMT-related proteins in CRC cells, pending further
investigation.

As we know, the EMT is to biologically convert the
epithelial cells into mesenchymal cell types and the lat-
ter intend to be high mobility and invasion capacity, dur-
ing which cells reduce expression of E-cadherin, an ep-
ithelial cadherin, but increase expression of Vimentin and
N-cadherin, molecular characteristics of the mesenchymal
cells [27,28]. Since the epithelial cells have unique cell po-
larity and cell-cell interactions and connection to the base-
ment membrane, whereas the mesenchymal cells possess
strong ability of migration and invasion by degradation of
the extracellular matrix [29]. So the EMT phenomenon is
one of the characteristics of cancer cells and the key step of
cancer progression and metastasis [30]. In this regard, LRP-
PRC expression is phenotypically and molecularly associ-
ated with CRC progression and metastasis. Thus, targeting
of LRPPRC expression could be useful in future control of
CRC progression and metastasis.

However, our current study is just association assess-
ment of LRPPRC expression in CRC ex vivo, in vitro, and
in vivo. Lots of more need to do for better understanding of
the role of LRPPRC in CRC.
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Conclusions

In this study, our in vitro and in vivo experiments were
performed to confirm the effect of knockdown or overex-
pression of the LRPPRC protein in colorectal cancer cells.
Utilizing LOVO, HCT116 cells, and xenograft nude mice
as models, we found that LRPPRC promoted the invasion
and metastasis of colorectal cancer cells through EMT.

In conclusion, the data from our current research fur-
ther verified the importance of LRPPRC in CRC progres-
sion as an oncogene or at least oncogenic activities in CRC.
Further study is needed to verify LRPPRC expression as a
biomarker for the early detection of CRC and as a prog-
nostic prediction or molecular target for the control of CRC
clinically in the future.
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