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Background: Ischemic stroke is the leading cause of permanent disability, affecting approximately 14 million people annually.
Therefore, this study aimed to elucidate the role and underlying mechanism of p53/cysteinyl aspartate specific proteinase 1
(CASPI) in ischemic stroke.

Methods: The raw data regarding ischemic stroke were acquired from the GSE97537 data set of Gene Expression Omnibus
(GEO). Moreover, a mouse model of cerebral ischemia was established. Neurons and microglia cells were used for in vitro ex-
periments. Quantitative polymerase chain reaction (qPCR) and western blot analysis were used to assess the expression levels of
target genes.

Results: We observed that ubiquitinconjugating enzyme E2H (UBE2H) expression was downregulated following ischemic stroke.
The expression of UBE2H was found to promote pyroptosis of microglia cells. Furthermore, a negative correlation was observed
between CASPI and UBE2H. The inhibition of CASPI significantly reduced pyroptosis, while the inhibition of UBE2H increased
CASPI activity in microglia. Additionally, we observed a close association between elevated CASPI expression and poorer sur-
vival in ischemic stroke.

Conclusions: In summary, this study indicates that UBE2H inhibits microglial apoptosis following ischemic stroke by mediating

the ubiquitination of p53/CASPI.
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Introduction

Ischemic stroke accounts for approximately 87% of
all stroke types and is characterized by the obstruction of
fluid flow due to blood clots or embolism blocking blood
vessels that supply specific areas [1]. Ischemic stroke is
the leading cause of permanent disability, affecting approx-
imately 14 million people annually [2]. There is increasing
evidence indicating that inflammation after ischemia serves
as a secondary progression of brain injury, and the sever-
ity of stroke outcomes in patients with comorbid conditions
depends on the degree of this inflammatory response [3—
5]. Cell death and brain tissue damage induce the activa-
tion of additional Microglia and the recruitment of infil-
trating leukocytes, releasing more proinflammatory factors,
thereby increasing the inflammatory response [6]. This in-
flammation, in turn, aggravates brain edema and hemor-
rhage, increases damage to blood-brain barrier, and pro-

motes neural death [7]. On the contrary, neuroinflammation
can promote the repair of brain damage by promoting neu-
rogenesis and angiogenesis [8]. Therefore, it is necessary to
explore post-stroke inflammation to improve the treatment
and prognosis of ischemic stroke.

Pyroptosis is a form of programmed cell death-
inducing cell lysis and inflammation, usually triggered by
inflammasomes and executed by gasdermin proteins. The
main characteristics of pyroptosis include cell swelling,
membrane perforation, and the release of cellular con-
tents. However, during normal physiology conditions, py-
roptosis is critical in host defense against pathogen infec-
tion. Furthermore, cysteinyl aspartate specific proteinase
1 (CASPI), a member of the caspase family, was initially
identified in the human monocyte cell line THP1 and has
been recognized as a key enzyme of the pyroptosis pathway
[9,10]. CASP1 has been found to participate in proteolysis,
protein auto-processing, pyroptosis, and several vital sig-
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naling pathways [11-13]. Additionally, p53 is known as
the guardian of the genome. p53 becomes activated in re-
sponse to various stress signals, including DNA damage or
oncogene activation, and orchestrates many downstream re-
sponses, such as DNA repair, cell cycle arrest, senescence,
metabolism, and cell death. Furthermore, p53 mainly acts
as a transcription factor, controlling the expression of nu-
merous target genes [ 14].

Proteins are categorized through ubiquitination, a cas-
cade reaction of E1, E2, and E3 enzymes specifically modi-
fying target proteins [15]. Ubiquitination is associated with
various cardiovascular and cerebrovascular diseases in hu-
mans [16]. It has been reported that ubiquitinconjugating
enzyme E2H (UBE2H) has high transcriptional levels in
Alzheimer’s disease (AD) patients [17]. UBE2H has be-
come a drug target for many new drugs, presenting binding
sites for nuclear factor kappa-B (NF-xB) and tumor necro-
sis factor-a (TNF-«r). Additionally, it has been indicated to
stimulate the expression of UBE2H in mouse muscles [18].
Furthermore, recent genetic studies have demonstrated a
potential correlation between UBE2H and neurodegenera-
tive diseases. Bioinformatics analysis has shown downreg-
ulation of UBE2H expression after ischemic stroke [19].
However, the function of this gene remains poorly under-
stood at the cellular and biological levels, with limited stud-
ies focusing on UBE2H in ischemic stroke.

This study explored the expression patterns of UBE2H
in ischemic stroke utilizing the combination of bioinformat-
ics analysis and various experimental methods. Further-
more, it elucidated the regulatory mechanism of UBE2H
in microglial pyroptosis. Therefore, investigating UBE2H
helps explore the occurrence and development of ischemic
stroke and identify potential diagnostic and therapeutic tar-
gets for this disease.

Methods

Data Collection and Identification of DEGs

The GSE97537 data set regarding ischemic stroke was
acquired from Gene Expression Omnibus (GEO, available
at:  https://www.ncbi.nlm.nih.gov/geo/) using the GEO-
query R package (version 3.1.3, https://www.bioconduct
or.org/packages/release/bioc/vignettes/GEOquery/). This
data set comprises 12 samples, including 5 control samples
and 7 Middle Cerebral Artery Occlusion (MCAOQO) samples,
documented under the data platform GPL1355. However,
the expression profile was normalized and standardized us-
ing the limma R package (version 4.0.2, The R Foundation
for Statistical Computing, Vienna, Austria). Furthermore,
differentially expressed genes (DEGs) were identified us-
ing a limma package. Subsequently, correlation analysis
was performed using R software (version 4.1.0, R Foun-
dation for Statistical Computing, Vienna, Austria) with gg-
plot2 and ggpubr, resulting in the acquisition of the Pearson
correlation coefficient (r). Furthermore, to evaluate the py-
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roptosis level in ischemic stroke, pyroptosis-related genes
were extracted from a prior study, and the pyroptosis score
was determined using single-sample gene set enrichment
analysis (ssGSEA) in the R ‘performed gene set variation
analysis (GSVA)’ package.

Animal Experiment

A total of 18 C57BL/6J male mice and 18 CX3CR-
CRE mice, aged 7 weeks and weighing 23 g-25 g, were
obtained from Jackson Laboratory, Bar Harbor (Lansing,
MI, USA). The mice were maintained in a controlled envi-
ronment with a 12-hour light-dark cycle, keeping the tem-
perature at approximately 22 °C and the relative humidity at
40%, ensuring adequate physical resources. They were ran-
domly divided into the MCAO group and the blank group.
Despite the random grouping of mice, there was no crossing
between these two groups. All experiments involving mice
were approved by the Ethical Committee of the Third Af-
filiated Hospital of Qiqgihar Medical University, China (No.
AECC-2022-006).

Establishment of a Short-Term Cerebral Ischemia
Mouse Model

A short-term cerebral ischemia mouse model was es-
tablished following a previously described method. The
male mice received 100 mg/kg of 4% pentobarbital sodium
(CAS#: 57-33-0, China National Pharmaceutical Group
Chemical Reagent Co., Ltd., Shanghai, China) through the
vein and exposed the arteries on the left side of the neck,
including External Cartied Artery (ECA), Internal Cartied
Artery (ICA), and Common Cartied Artery (CCA). The re-
mote ends of the CCA and ECA were ligated with two sur-
rounding nylons. Subsequently, an incision was created on
the catheter at the ECA ligation site, and a 2 cm long nylon
wire from the ECA was inserted into the lumen of the ICA,
marking its position at 1 cm depth. Furthermore, cerebral
blood flow was monitored using a laser Doppler flow meter.
Ischemia-Reperfusion (I/R) is the reduction of at least 75%
from the baseline blood flow at the onset of ischemia and
50% of'the baseline blood flow measurement. However, the
mice failing to reach these criteria were excluded from the
study. After 1 hour of ischemia, the pliers were removed
for re-injection. Furthermore, for the control group, mice
underwent the same surgical procedures but without occlu-
sion of blood vessels. At 0 hour, 12 hours, 24 hours, and 30
hours, 5 mice were euthanized at each time point. For this
purpose, mice were suffocated in a closed container using
CO, and other gases. After this, the mouse’s brain tissue
was excised promptly and stored at —20 °C for subsequent
analysis.

Establishment of Oxygen-Glucose
Deprivation/Reoxygenation (OGD/R) Model

The mouse microglial BV-2 cell line (product number:
7Q0397) and human neuroblastoma cell line SH-SY5Y
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Fig. 1. Expression of UBE2H mRNA and protein in brain tissues and cells at different treatment times. (A) The expression
levels of UBE2H mRNA in brain tissue using quantitative real-time polymerase chain reaction (QRT-PCR). (B) The expression levels of
UBE2H protein in mouse brain tissue were treated at different Ischemia-Reperfusion (I/R) times. (C) The GSE97537 data analysis. (D)
UBE2H expression levels in cells treated with different oxygen-glucose deprivation/reoxygenation (OGD/R) times. (E) UBE2H protein
expression in cells treated with different OGD/R times. n = 6, ***p < 0.001, ****p < 0.0001.
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Fig. 2. UBE2H overexpression induced pyroptosis in microglia cells under OGD/R. (A,B) qRT-PCR and western blot (WB) analysis
of the UBE2H expression in cells of each group following UBE2H overexpression. (C) Cell viability levels in each group of cells. (D)
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. (E,F) qRT-PCR and protein analysis of p53. (G) p53 expression
in cells after UBE2H overexpression. n = 6, **p < 0.01, ***p < 0.001, ****p < 0.0001.

(product number: ZQ0050) were purchased from Shanghai 300, Shanghai Zhong Qiao Xin Zhou Co., Ltd., Shanghai,
Zhong Qiao Xin Zhou Co., Ltd., Shanghai, China. BV-2 China) supplemented with 10% fetal bovine serum (FBS,
cells were cultured in MEM medium (item number: ZQ- 1693361, Gibco, Grand Island, NY, USA), 100 U/mL
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Fig. 3. UBE2H regulates pyroptosis in microglial through CASPI. (A) Screening of CASPI as a target gene. (B) gRT-PCR analysis
of the CASPI levels. (C) Western blot analysis of the CASP! levels. (D) Western blot analysis of CASPI and Gasdermin D (GSDMD)
expression after UBE2H overexpression. n =6, **p < 0.01, ***p < 0.001, ****p < 0.0001.

penicillin, and 100 U/mL streptomycin. However, SH-
SYSY cells were cultured in MEM/F12 complete medium
(cat. ZQ-1205, Shanghai Zhong Qiao Xin Zhou Co., Ltd.,
Shanghai, China). The cells were incubated in a humidi-
fied atmosphere of 5% CO- at 37 °C for 2 hours. Addi-
tionally, the cells were cultured in Dulbecco modified eagle
medium (DMEM) containing 10% FBS (Sigma Aldrich, St.
Louis, MO, USA) at 37 °C and 5% CO and subsequently
underwent transfection using Lipofectamine 3000 reagent
(Thermo Fisher Scientific, Waltham, MA, USA). Further-
more, the cells were cultured in glucose-free DMEM fol-
lowed by incubation at 37 °C in the presence of 5% car-
bon dioxide and 95% nitrogen. The cells were collected
following 0 hour, 6 hours, 12 hours, and 24 hours of com-
bined oxygen therapy for subsequent analysis. The cells
were authenticated using STR profiling and found no cross
contamination utilizing mycoplasma testing.

Determination of Cerebral Water Content, Cerebral
Index, and Cerebral Infarction in Mice

The wet and dry weight method was used during these
experiments. After 24 h of ischemia/reperfusion, male mice
underwent excessive anesthesia by intravenously adminis-
tering 200 mg/kg of 4% pentobarbital sodium (CAS#: 57-
33-0, China Pharmaceutical Group Chemical Reagent Co.,
Ltd., Shanghai, China). Subsequently, the brains were gen-
tly excised upon decapitation, with the olfactory bulb, cere-
bellum, and low brainstem being removed. The left and
right cerebral hemispheres were separated, and their wet
weights were recorded. After this, the brain tissues were
heated in an electric oven at 110 °C for 24 hours, and their
dry weights were then assessed. The cerebral water con-

tent (%) was determined using the following formula: (wet
weight — dry weight)/wet weight x 100%. Moreover, the
cerebral index was determined as follows: cerebral wet
mass/body mass.

The brain tissues from mice were excised and frozen
at =20 °C for 30 minutes. The tissues were sliced into
2 mm thick sections and subsequently stained with 2.0%
3,5-triphenyl-2H-tetrazolium chloride (TTC) solution for
30 minutes. The stained tissue sections were washed with
phosphate-buffered saline (PBS) buffer and then overnight
incubated in 4% paraformaldehyde at 4 °C for fixation.
Normal brain tissue sections, after TTC staining, showed
a pink hue, while infarcted areas appeared off-white. The
infarct volume of each brain slice was assessed using Image
J software (version 1.4.3.67, National Institutes of Health,
Bethesda, MD, USA). The infarct volume was calculated
as follows: infarct area x thickness/2.

Cell and Model Processing

Under OGD/R conditions, microglia underwent var-
ious manipulations, including CASP1 activation (OV-
CASP1), CASPI1 knockout (si-CASP1), UBE2H activa-
tion (OV-UBE2H), UBE2H knockout (si-UBE2H), and
co-transfection of CASP1 and UBE2H using Lipofec-
tamine 2000 reagent (product number: 11668030, Thermo,
Waltham, MA, USA). Simultaneously, experimental stroke
model group (MCAO), blank group (Control), experimen-
tal ischemic model p53 inhibitor group (MCAO+p53 in-
hibitor, 10 uM/days), and experimental cerebral infarction
model+CASP1 inhibitor group (MCAO+CASP1 inhibitor,
10 uM/days) were established using MCAO surgery. The
plasmid and vector were obtained from Thermo Scientific
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Table 1. A list of primers used in qPCR.

Primer name

Primer sequence

UBE2H F: 5-ATGTACCTCCACCGACCAGA-3’
UBE2H R: 5’-ACTCCATATCCTGGGCCTCA-3’
CASP1 F: 5’-GCCTGCCGTGGTGATAATGT-3’
CASP1 R: 3’-TCACTCTTTCAGTGGTGGGC-5’
pi3 F: 5’-AACCGCCGACCTATCCTTACC-3’
p33 R: 5’-GCACAAACACGAACCTCAAAGC-3/
GAPDH F: 5-GTGGCAAAGTGGAGATTGTTG-3’
GAPDH R: 5’-CGTTGAATTTGCCGTGAGTG-3’
qPCR, quantitative polymerase chain reaction; CASPI,
cysteinyl aspartate specific proteinase 1;  GAPDH,

glyceraldehyde-3-phosphate dehydrogenase; UBE2H, ubiqui-

tinconjugating enzyme E2H.

(product numbers: V79020, AM16708, Waltham, MA,
USA), while p53 inhibitors were purchased from MCE
Company (HY-70027, New Jersey, CA, USA).

Cell Counting Kit-8 (CCK-8) Assay

The cells were seeded into 96 well plates at a den-
sity of 5 x 103 cells/well, followed by overnight incuba-
tion. The next day, when cells have completely adhered
to the wall, fluid exchange and dosing treatment were per-
formed, adjusting the corresponding drug concentration.
After preparation, the supernatant was removed from the
96-well plate, and 100 uL of the corresponding drug con-
centration medium was added to each well. Following 24
hours of incubation, 10 pL of CCK-8 reagent (C0037, Bey-
otime Biological Co., Ltd., Shanghai, China) was added to
each well, and the absorbance (OD) at 450 nm was assessed
employing a microplate reader (E0226, Beyotime Biologi-
cal Co., Ltd., Shanghai, China).

Quantitative Polymerase Chain Reaction (qPCR)

Total RNA was extracted from the treated cells us-
ing TRIzol reagent (catalog number: 15596026, Thermo
Fisher Scientific, Waltham, MA, USA) and subse-
quently converted into cDNA employing PrimeScript™
RT kit (04897030001, Thermo Fisher Scientific, Waltham,
MA, USA). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal reference. qPCR was
performed using a master mix, and the relative transcrip-
tion levels were assessed utilizing the 2724Ct method.
However, the corresponding cDNA sequences were down-
loaded from GeneBank, and the primers were synthesized
by Shanghai Sangong Biotechnology Co., Shanghai. The
primers used in qPCR are listed in Table 1.

Western Blot

The cells were lysed at 4 °C for 30 minutes, cen-
trifuged at 10,000 rpm/min, and the resulting supernatant
was collected. The cell lysate containing total protein
was heated and resolved through SDS-PAGE for 3 hours.
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Subsequently, the proteins were transferred onto mem-
branes and blocked for 1 hour. After this, the mem-
branes were incubated overnight with primary antibod-
ies, including anti-UBE2H (ab124593, Abcam, Cambridge,
UK, 1:500), anti-p53 (ab61241, Abcam, Cambridge, UK,
1:500), anti-CASP1 (ab276116, Abcam, Cambridge, UK,
1:500), and anti-GAPDH (sc-17835, Santa Cruz Biotech-
nology, Shanghai, China, 1:4000). The next day, mem-
branes were washed and underwent incubation with sec-
ond antibody (ab205719, Abcam, Cambridge, UK, 1:500)
at room temperature for 1 hour. The grayscale values of
protein bands were determined using Image-Pro Plus (ver-
sion 6.0, Media Cybernetics, Rockville, MA, USA). More-
over, protein bands were quantified using the Odyssey in-
frared imaging system (LI-COR Biosciences, Lincoln, NE,
USA). GAPDH was employed as an internal control.

Statistical Analysis

Statistical analyses were conducted using SPSS 20.0
(SPSS, Chicago, IL, USA) software. Each experiment was
independently repeated three times. The data were pre-
sented as the mean + SEM. The correlation analysis was
performed using R software (version 4.0.1, R Foundation
for Statistical Computing, Vienna, Austria) with ggplot2
and ggpubr. Furthermore, the differences between multiple
groups were assessed using a one-way ANOVA, and post
hoc analysis was performed using the Tukey test. A p <
0.05 was considered statistically significant.

Results

UBE2H Downregulated in Ischemic Stroke

We established a stroke model to examine the role
of UBE2H in brain I/R injury and observed a gradu-
ally decreasing trend in the UBE2H levels during the
occurrence and progression of stroke (Fig. 1A,B). Fur-
thermore, the GSE97537 dataset indicated significantly
decreased UBE2H expression following ischemic stroke
(Fig. 1C). Furthermore, to investigate the cell types ex-
hibiting downregulated expression of UBE2H following
MCAO, microglia and neuronal cells were cultured and
subjected to OGD/R. We observed a gradual reduction in
the UBE2H level in microglia with the prolongation of
OGD/R (Fig. 1D,E). These findings suggest that UBE2H
undergoes downregulation after ischemic stroke.

Overexpression of UBE2H Induced Pyroptosis in
Microglia under OGD/R.

We overexpressed UBE2H in microglia to explore
its role in cell viability. Initially, the overexpression of
UBE2H in cells demonstrated the successful construction
of a mouse model (Fig. 2A,B). CCK-8 assay showed that
elevated UBE2H levels in the OGD/R model significantly
increased the viability of microglia (Fig. 2C). Furthermore,
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
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Fig. 4. CASPI induced pyroptosis in microglia under OGD/R conditions. (A) Cell viability in each group of cells. (B) Western

blot analysis of GSDMD. (C) Evaluation of interleukin-1 beta (IL-13) and IL-18 levels using Enzyme-Linked Immunosorbent Assay

(ELISA). n = 6, ***p < 0.001, ****p < 0.0001.

way analysis revealed a negative association between py-
roptosis and UBE2H expression (Fig. 2D). Based on the
molecular characteristics of UBE2H and the regulation
of p53 by siRNA in turbot, it is speculated that UBE2H
might be correlated with p53. Our findings indicated in-
creased p53 expression in microglia under OGD/R con-
ditions (Fig. 2E,F). Moreover, we observed that UBE2H
overexpression significantly downregulated p53 (Fig. 2G).
Additionally, western blot (WB) analysis demonstrated an
elevation in p353 ubiquitination after UBE2H overexpres-
sion (Fig. 2G).

UBE2H may Regulate Pyroptosis in Microglial
through CASP1

Studies have shown that CASP1 may affect cell via-
bility through the pyroptosis pathway. Similarly, we found
a correlation between UBE2H and CASP1 (cor =—-0.883, p
=0.008, Fig. 3A). Therefore, we explored whether UBE2H
regulates cell viability in microglia through pyroptosis. The
results indicated that microglia exhibited higher CASPI
expression under OGD/R conditions (Fig. 3B,C). Subse-
quently, we assessed the impact of UBE2H on the stabil-
ity of CASPI using western blot analysis and observed that
overexpression of UBE2H significantly reduced the levels
of CASP1 as well as affected the expression of the cyto-
plasmic division protein Gasdermin D (GSDMD). Addi-
tionally, the ubiquitination of CASP/ was increased in mi-
croglia overexpressing UBE2H (Fig. 3D).

CASPI Induced Pyroptosis in Microglia under
OGD/R Conditions

We investigated the role of CASP/ in microglia-
mediated pyroptosis response using CASPI knockout (si-
CASPI). The findings demonstrated increased cell via-
bility following CASP1I knockout (Fig. 4A). However, the
levels of GSDMD decreased following CASP! knockout
(Fig. 4B), indicating that interfering with CASPI can re-
duce pyroptosis in microglia under OGD/R conditions. Fur-
thermore, we investigated the levels of pyroptosis indica-
tors interleukin-1 beta (IL-173) and interleukin-18 (IL-18)
(Fig. 4C) and observed that overexpression of CSAP! sig-
nificantly increased the activity of these indicators in mi-
croglia under OGD/R conditions. These findings suggested
that CASPI can affect the pyroptosis in microglia induced
by OGD/R.

UBE2H Induced Pyroptosis in Microglia through
CASP1

Under OGD/R conditions, CASPI and UBE2H were
overexpressed in microglia to assess the role of UBE2H in
the regulation of pyroptosis by inhibiting CASPI expres-
sion. CCK-8 indicated a significant reduction in the pro-
liferation of cells co-overexpressing CASP! and UBE2H
(Fig. 5A). These findings speculate that UBE2H may reg-
ulate cell pyroptosis through CASPI. After overexpress-
ing UBE2H and CASPI simultaneously, the release of GS-
DMD increased (Fig. 5B), along with the secretion of py-
roptosis signaling molecules interleukin-1 beta (IL-13) and
IL-18 (Fig. 5C).
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Inhibitors of p53 and CASP1 Exhibited Potential group through MCAO surgery. We observed that Inhibitors
Therapeutic Impact on Ischemic Stroke targeting p53 and CASPI effectively reduced the degree of

We established the experimental stroke model group, stroke (Fig. 6).

blank group, experimental stroke model p53 inhibitor
group, and experimental stroke model+CASP/ inhibitor
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UBEZ2H inhibits pyroptosis of microglia cells after ischemic stroke by ubiquitinating p53/CASP1

Fig. 7. UBE2H inhibits microglial cell pyroptosis following ischemic stroke through ubiquitination of p53/CASP1 (Adobe Illus-
trator software (version CC2019, Adobe Systems Incorporated, San Jose, CA, USA)).

Discussion

When blood clots or plaques block the arteries supply-
ing blood to the brain, brain cells experience oxygen and
nutrient deficiency, resulting in their death or damage. Py-
roptosis is an inflammatory type of cell death that can be
triggered by various stimuli, such as ischemia, infection,
or oxidative stress [20]. Pyroptosis induces the release of
pro-inflammatory cytokines, exacerbating neuroinflamma-
tion and neuronal damage after stroke.

Inflammation after a stroke can have beneficial and
detrimental effects on the brain and the body. On the pos-
itive side, inflammation can help clear the debris and pro-
mote tissue repair within the brain. On the other hand, in-
flammation can also increase damage and impair recovery
in the brain and other organs. Target autophagy, a cellular
process that facilitates the recycling of damaged molecules
and cells, offers a potential strategy for modulating post-
stroke inflammation. Autophagy can reduce inflammation
by removing harmful substances and enhancing cell sur-
vival. However, autophagy may also exert negative effects
by promoting cell death and impairing immune function

[21]. Therefore, it is crucial to determine the optimal level

of autophagy that can benefit individuals suffering from is-
chemic stroke [22]. Another way to modulate inflammation
after stroke involves treating underlying autoimmune dis-
orders, infections, or systemic inflammatory diseases that
could increase the risk or severity of ischemic stroke [23].
These conditions may trigger or worsen inflammation after
stroke by activating immune cells and releasing inflamma-
tory mediators. By controlling these conditions using ap-
propriate drugs or therapies, ischemic stroke patients may
have better outcomes and reduced complications [24].

Furthermore, ubiquitination is a protein degradation
pathway where ubiquitin-labeled proteins are degraded by
the proteasome [25]. Ubiquitination is not disordered but is
highly precise and under proper control. It mainly involves
three types of enzymes: E1, E2, and E3. El activates ubig-
uitin and transmits it to E2 [26], which carries ubiquitin and
pairs with E3. E3 recognizes target proteins and helps trans-
fer ubiquitin to them. This process may occur once or repet-
itively, forming ubiquitin chains on the protein [27]. Ubiq-
uitination is crucial in regulating the cell cycle, immune sys-
tem, DNA repair, and signal transduction. Furthermore, it
also helps remove damaged or unwanted proteins [28].
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UBEZ2H is associated with various cellular activities,
such as cycle regulation, DNA damage, and cell ptosis.
Additionally, it interacts with other proteins, such as p53,
CASPI, and UBE2D3 [29]. UBE2H is particularly signifi-
cant for brain health. As discussed earlier, it can protect mi-
croglia from death or inflammation after stroke by facilitat-
ing the degradation of p53 and CASPI. This process can re-
duce brain damage and improve recovery capabilities [30].
Furthermore, UBE2H is associated with neurodegenerative
diseases. It plays a pivotal role in regulating the accumu-
lation and clearance of amyloid protein 5 and a-synaptic
Nucleoprotein, both toxic proteins that form clumps in the
brain and impair its function [31].

In our study, we initially observed the interaction be-
tween UBE2H and CASP1. The CASPI gene is a mem-
ber of the cysteine protease family and plays a significant
role in the inflammatory process [32]. However, CASPI-
mediated polyposis is closely related to tumor development
[33-35]. CASPI initiates pyroptosis by cleaving GSDMD,
and processing cytoplasmic precursors of IL-1b and IL-18
[9,36,37]. This process is crucial for distinguishing pyrop-
tosis from apoptosis and necrosis. Necrosis is a passive and
uncontrolled pathway of death that occurs during extreme
conditions such as hypoxia and can trigger inflammation
and tissue damage [38]. Apoptosis is a regulated mode
of cell death that does not cause inflammatory responses.
It consists of both endogenous and exogenous pathways,
and activation of caspase-3 can induce cell death through
these two pathways [39—41]. Therefore, we examined the
expression of GSDMD, a focal death Signaling molecule,
in UBE2H -overexpressing and negative control microglia,
indicating that overexpression of UBE2H may reduce py-
roptosis. Furthermore, this process is accompanied by the
ubiquitination of CASPI (Fig. 7). Fig. 7 was drawn using
Adobe Illustrator software (version CC2019, Adobe Sys-
tems Incorporated, San Jose, CA, USA). Collectively, this
study suggests that CASPI may be a target for UBE2H in
microglia cells.

Conclusions

In summary, these findings indicate that UBE2H in-
hibits microglial apoptosis after ischemic stroke through
ubiquitination of p53/CASPI. This study provides valuable
insights into the response of microglia cells to ischemic in-
jury and offers potential protective strategies against further
damage. Additionally, it presents novel targets and drugs
that can modulate the ubiquitination process, thereby en-
hancing the prognosis of patients with ischemic stroke.
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