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Abstract: The immunoproteasome regulatory component
proteasome activator subunit beta (PSME2) plays a crucial
role in immune regulation, yet its impact on intestinal
barrier integrity in ulcerative colitis (UC) remains unclear.
This study aimed to elucidate the involvement of PSME2 in
UC pathogenesis. Clinical samples from UC patients and
healthy controls were analyzed to assess PSME2 expression.
A dextran sulfate sodium-induced colitis mouse model was
employed to evaluate disease progression, colon histology,
and PSME2 levels. In vitro, colonic cells were treated with
lipopolysaccharide (LPS) to examine tight junction protein
(claudin-1) expression and inflammatory mediators (IL-6,
IL-10, TNF-a). Autophagy modulation was investigated using
PSME2 silencing and chloroquine (CQ) treatment. PSME2
upregulation in UC and colitis mice correlated with disease
severity. In vitro, LPS suppressed claudin-1 expression, while
PSME2 knockdown restored claudin-1 levels and reduced
inflammatory cytokines. PSME2 depletion enhanced autop-
hagy, as indicated by an increased LC3-I/LC3-I ratio,
reduced p62, and elevated LC3B puncta. CQ treatment
reversed the protective effects of PSME2 silencing, con-
firming autophagy’s role in barrier integrity. PSME2 exacer-
bates intestinal inflammation by promoting cytokine release
and disrupting epithelial barrier function through autop-
hagy dysregulation. Suggesting its potential as a therapeutic
target.
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1 Introduction

Ulcerative colitis (UC) is a group of chronic, relapsing
inflammatory disorders of the gastrointestinal tract with
multifactorial etiology [1]. In recent decades, UC incidence has
risen worldwide, coinciding with changes in environmental
exposures, lifestyle, and gut microbiota composition [2]. The
precise etiopathogenesis of UC remains incompletely under-
stood. Current evidence implicates a complex interplay of
genetic predisposition, intestinal dysbiosis, environmental
factors, and immune dysregulation in the development
of UC [3]. Clinically, early-stage UC often presents with non-
specific symptoms such as abdominal discomfort, altered
bowel habits, hematochezia, fatigue, and iron-deficiency
anemia [4]. These vague symptoms can lead to diagnostic
delays. As a result, many patients are not diagnosed until
they develop advanced complications [5]. This diagnostic chal-
lenge underscores the need for novel biomarkers to facilitate
earlier detection, guide therapy, and improve prognostic stra-
tification in UC.

Proteasome activator subunit beta (PSME2) is a core
regulatory subunit of the immunoproteasome complex and
orchestrates critical cellular processes, including protein
homeostasis, antigen presentation, and immune signaling
by modulating proteasome activity [6]. Emerging evidence
from oncology indicates that PSME2 is dysregulated in mul-
tiple malignancies and plays diverse pathological roles [7].
For example, PSME2 overexpression can suppress autop-
hagic flux via the mTOR/Beclin-1 pathway to promote renal
cell carcinoma metastasis [8]; it has been implicated in
transcriptional activation in Burkitt’s lymphoma [8]; and
it serves as a diagnostic marker in cutaneous melanoma
and a predictor of lymph node metastasis in breast carcinoma
[9,10]. In the context of gastrointestinal disease, accumulating
data suggest a link between PSME2 and UC. Multi-cohort
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transcriptomic analyses have consistently shown upregula-
tion of PSME2 in UC patients, with similar trends observed
in dextran sulfate sodium (DSS)-induced colitis models and
clinical specimens [11]. Despite these observations, the precise
mechanistic contribution of PSME2 to UC pathophysiology
remains undefined. This gap necessitates a systematic inves-
tigation of PSME2’s molecular interactions within the intest-
inal inflammatory cascade.

To address this, we established a comprehensive experi-
mental framework incorporating both in vivo and in vitro
systems to characterize PSME2’s expression and function in
UC. Using multiple validation methods (quantitative real-time
RT-PCR [qRT-PCR], western blotting, and immunchistochem-
istry [THC]), we confirmed that PSME2 is dysregulated in UC
models. Functional studies with genetic knockdown of PSME2
demonstrated that PSME2 inhibition attenuates lipopolysac-
charide (LPS)-induced inflammatory responses via enhance-
ment of autophagy in intestinal epithelial cells. These findings
not only provide potential molecular markers for early, non-
invasive UC diagnosis but also highlight a novel therapeutic
strategy: targeting PSME2 to modulate autophagy and inflam-
matory pathways in UC.

2 Materials and methods

2.1 Clinical specimens

Colon tissue specimens were obtained from 40 UC patients
(18-80 years of age) at the Affiliated Hospital of Nantong
University between August 2023 and June 2024. Diagnoses
were confirmed through clinical evaluation, endoscopy,
and histopathology. Exclusion criteria for patients
included: (1) concurrent intestinal pathologies (such as
infectious or radiation enteritis, short bowel syndrome),
(2) prior intestinal surgery, and (3) recent treatment with
glucocorticoids or biologics. Twenty colonic tissue samples
from patients undergoing endoscopic polyp resection (with
no inflammatory disease) served as healthy controls.
Demographic data (age, sex), laboratory parameters, and
endoscopic findings were recorded for all subjects.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of
the Helsinki Declaration, and has been approved by the
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Medical Ethics Committee of the Affiliated Hospital of
Nantong University Medical School (Approval No: 2020-L092).

2.2 Bioinformatics analysis

Gene expression profiles were retrieved from the Gene
Expression Omnibus (GEO) repository for comparative tran-
scriptomic analysis. The data included 23 inflamed (lesional)
colonic tissues from UC patients and 23 adjacent non-lesional
colonic tissues from UC patients (from GSE59071). We com-
pared PSME2 expression between lesional and non-lesional
tissues in UC, and also between UC patient samples and normal
controls, to identify differential expression patterns of PSME2.

2.3 Cell culture and transfection

The normal intestinal epithelium cell line NCM460 and
colorectal cancer cell line HT-29 were purchased from
American Type Culture Collection (Rockville, MD, USA).

Cells were cultured in DMEM containing 10% fetal
bovine serum and 1% penicillin-streptomycin, under stan-
dard conditions of 37°C with 5% CO,. When they reached
approximately 70% confluence in six-well plates, the cells
were prepared for transfection. PSME2 was silenced using
a specific small interfering RNA. A scrambled siRNA served
as a negative control. Transfections were performed with
Lipofectamine 3000 (Thermo Fisher) according to the man-
ufacturer’s instructions. The siRNA sequences were si-NC:
sense 5-UUCUCCGAACGUGUCACGUTT-3, antisense 5-ACGU
GACACGUUCGGAGAATT-3; si-PSME2#2: sense 5-CAGAGAU
CUAGCGACUGAAGC-3, antisense 5-UUCAGUCGCUAGAUCU
CUGGU-3' (Shanghai GenePharma Co., Ltd).

2.4 Animal experiments

From the Animal Center of Nantong University Medical
School, we obtained 6-8-week-old male C57BL/6 mice,
which were housed under SPF conditions and provided
with food and water freely. At 8-10 weeks of age, mice
were randomly assigned to experimental groups. Each
experimental group consisted of six male C57BL/6 mice,
with six mice in the DSS treatment group and six mice in
the control group.

For induction of colitis, mice received 2.5% DSS (MW
~40kDa; MP Biomedicals) in their drinking water ad
libitum for 7 days [12]. Fresh DSS solution was provided
every 48 h. Throughout the experiment, daily assessments
of body weight and disease activity index (DAI) were
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performed for all 12 mice. No mortality was observed in
any of the 12 mice during the study. The following criteria
are used: weight loss between 1 and 5% is assigned 1 point,
5-10% is 2 points, 10-15% is 3 points, and over 15% is 4
points. For rectal fecal occult blood, weak positive results
are given 1 point, positive results 2 points, visible blood in
the stool 3 points, and rectal bleeding without defecation 4
points. Stool consistency is graded as follows: slightly loose
stools are 1 point, soft but formed stools are 2 points, very
loose stools are 3 points, and diarrhea or watery stools are
4 points. No weight loss, negative occult blood, and normal
stool consistency score 0 points. The total DAI score ranges
from 0 to 12 points [13].

On Day 8, mice were euthanized. Colons were removed
and measured for length. Distal colon segments were fixed
in 4% paraformaldehyde (24 h) for paraffin embedding and
subsequent histological and immunostaining analyses.
Remaining colon tissue was snap-frozen in liquid nitrogen
for molecular analyses.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals,
and has been approved by the Animal Ethics Committee
of Nantong University Medical School (Approval No:
$20200315-009).

2.5 Western blotting

Total proteins were isolated from human colonic tissues
(including samples from UC patients and healthy controls),
mouse colons (with or without DSS treatment), as well as
cultured cell lysates. For each sample, equal amounts of
protein were subjected to SDS-PAGE, followed by transfer
onto PVDF membranes. The membranes were first blocked
in TBST buffer containing 5% skim milk for 2h at room
temperature and then incubated overnight at 4°C with pri-
mary antibodies. The following antibodies were used:
PSME2 (1:1,000; Proteintech), claudin-1 (1:1,000; Abcam),
LC3-I/II (1:500; Novus Biologicals), p62/SQSTM1 (1:500; Cell
Signaling Technology), B-tubulin (1:5,000; Proteintech), and
GAPDH (1:5,000; Proteintech). After thorough washing,
HRP-conjugated secondary antibodies (1:5,000; Jackson
ImmunoResearch) were applied for 2h at room tempera-
ture. Protein bands were visualized using an ECL chemilu-
minescence substrate (NCM Biotech) and imaged with the
ChemiDoc system. Densitometric analysis was performed
with Image] (NIH), and relative expression was normalized
to internal loading controls.
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2.6 Cell viability assay

Cell viability was determined using the Cell Counting Kit-8
(CCK-8; Solarbio, China). NCM460 and HT29 cells were
seeded into 96-well plates at a density of 5 x 10% cells/well
after transfection and then exposed to graded concentra-
tions of LPS (0-10 pg/mL for NCM460 and 0-100 pg/mL for
HT?29). After incubation, 10 pL of CCK-8 reagent was added
to each well, followed by 1-2 h incubation at 37°C in 5% CO,
under dark conditions. Absorbance was measured at
490 nm using a spectrophotometer (Bio-Rad, USA). The via-
bility of treated cells was expressed as a percentage rela-
tive to the control group (set as 100%).

2.7 qRT-PCR

Total RNA was extracted from cultured cell samples using
TRIzol® reagent (Invitrogen). RNA was reverse-transcribed
into ¢cDNA using a High-Capacity cDNA kit (Applied
Biosystems). Quantitative PCR was performed using SYBR
Green Master Mix (Thermo Fisher) on an ABI StepOnePlus
thermocycler. Gene-specific primers were as follows: PSME2
forward 5-CTTTTTCCAGGAGGCTGAGGAAT-3, reverse 5-AGG
GAAGTCAAGTCAGCCAC-3; IL-6 forward 5-ACTTCCATCCAGTT
GCCTTCTTGG-3, reverse 5-TTAAGCCTCCGACTTGTGAAGTGG-
3; TNF-a forward 5-AAGCCTGTAGCCCACGTCGTA-3, reverse
5-GGCACCACTAGTTGGTTGTCTTTG-3; IL-10 forward 5-CTGCT
ATGCTGCCTGCTCTTACTG-3, reverse 5-ATGTGGGCTCTGGCCG
ACTGG-3; GAPDH (housekeeping control) forward 5-CAGGA
GGCATTGCTGATGAT-3, reverse 5-GAAGGCTGGGGGCTCA
TTT-3. Relative mRNA expression was calculated by the
2082 method, using GAPDH for normalization.

2.8 Histopathological analysis

Paraffin-embedded colon tissues were sectioned at 4 pym and
stained with hematoxylin and eosin (H&E). Histopathological
changes were evaluated under light microscopy. Two inde-
pendent, blinded investigators scored the colonic inflamma-
tion and tissue damage using established criteria (assessing
features such as inflammatory cell infiltration, crypt architec-
ture distortion, goblet cell loss, and ulceration). Scores from
the two evaluators were averaged for each sample.

The H&E staining was evaluated based on the fol-
lowing criteria: inflammation: a score of 0 indicates no
inflammation, while mild, moderate, and severe inflamma-
tion are scored as 1, 2, and 3, respectively. Lesion depth: a
score of 0 corresponds to the absence of lesions. Lesions
confined to the mucosa are scored as 1, extending to the
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submucosa as 2, and reaching the serosal layer as 3. Crypt
destruction: no destruction is scored as 0, basal crypt
destruction up to 1/3 is scored as 1, 2/3 destruction as 2,
retention of only surface epithelium as 3, and complete
destruction of crypts and epithelium as 4. Mucosal regen-
eration: normal mucosal tissue is scored as 0, nearly com-
plete regeneration as 1, partial regeneration with only
epithelial repair as 2, epithelial damage as 3, and no repair
as 4. Lesion extent: a lesion involving 1-25% of the area is
scored as 1, 26-50% as 2, 51-75% as 3, and 76-100% as 4. The
final score is the cumulative total of these five parameters,
with a range of 0-18 points [14].

2.9 THC

Paraffin-embedded and formalin-fixed colon tissues from
both human and mouse samples were prepared for IHC.
After deparaffinization and rehydration, antigen retrieval
was carried out using citrate buffer (pH 6.0) at 95°C for
15 min. Endogenous peroxidase activity was quenched by
incubation with 3% H,0,, followed by blocking with 5%
bovine serum albumin (BSA) for 1h. The tissue sections
were then exposed to the primary antibody against
PSME2 (1:200) and incubated overnight at 4°C. After
washing, appropriate HRP-conjugated secondary antibo-
dies were applied for 30 min at room temperature.
Visualization of immunoreactivity was achieved with
DAB substrate, and the nuclei were counterstained with
hematoxylin. Images were acquired using a bright-field
microscope, and positive signals (brown DAB staining)
were semi-quantitatively assessed based on their intensity
and distribution within the tissues.

For quantitative analysis, first, digital image analysis
was performed using Image] software. The integrated
optical density (IOD) of PSME2-positive staining was mea-
sured, and the average optical density (OD = I0D/area) was
calculated to reflect relative expression levels.

2.10 Immunofluorescence (IF)

Cultured cells (NCM460 or HT29) grown on glass coverslips
were used for IF staining. After treatments, cells were washed
with PBS and fixed in 4% paraformaldehyde for 20 min at
room temperature. Cells were washed again, then permeabi-
lized with 0.2% Triton X-100 for 15min. After additional
washes, nonspecific binding was blocked by incubating cells
in 5% BSA for 1h. Cells were then incubated overnight at 4°C
with primary antibodies (for example, anti-LC3B antibody for
detecting autophagosomes). The next day, slides were washed
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and incubated with fluorophore-conjugated secondary anti-
bodies (e.g., Alexa Fluor 594) for 1h at room temperature in
the dark. Nuclei were counterstained with DAPI for 5min.
Finally, coverslips were mounted on slides with anti-fade
mounting medium. Fluorescent images were captured using
a fluorescence microscope, and punctate LC3 staining (autop-
hagosome formation) was quantified by counting puncta per
cell in multiple fields.

2.11 Statistical analysis

Data were analyzed using GraphPad Prism 10 (GraphPad
Software) and SPSS 27.0 (IBM). All experiments were per-
formed at least in triplicate. Results are presented as mean
+ standard error of the mean (SEM). For comparisons
between two groups, Student’s t-test was used (unpaired,
two-tailed). For multi-group comparisons, one-way ANOVA
followed by appropriate post-hoc tests was employed.
Categorical data were compared using the y? test. A p-value
< 0.05 was considered statistically significant. Significance
levels are indicated as *p < 0.05, **p < 0.01, ***p < 0.001, and
**Exp < 0.0000.

3 Results

3.1 Increased PSME2 expression in colonic
tissues of UC patients

To explore PSME2’s role in UC pathogenesis, we first exam-
ined its expression in human colonic tissues. Transcriptomic
analysis of public GEO datasets revealed significantly higher
PSME2 mRNA levels in inflamed colonic mucosa from UC
patients compared to normal controls (Figure 1a). We vali-
dated this finding in our clinical samples: PSME2 expression
was assessed in colon tissues from 40 UC patients and 20
healthy controls. IHC demonstrated markedly enhanced
PSME2 staining in inflamed UC mucosa (Figure 1b). These
observations were in line with the characteristic histopatho-
logical changes seen in UC tissues: H&E staining showed
dense inflammatory cell infiltration in the lamina propria,
crypt abscesses, and architectural distortion in UC samples,
accompanied by significantly increased histological scores
and OD values compared to control tissues (Figure 1b). Con-
sistently, western blot analysis showed that PSME2 protein
expression was significantly higher in UC colonic tissues than
in controls (Figure 1c). Multivariate analysis of the clinical-
pathological correlations revealed that elevated PSME2
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expression was independently associated with DAIs while
showing no significant correlation with baseline demo-
graphic characteristics (age, gender) or subjective symptom
severity (abdominal pain score, bloody stool frequency)
(Table 1). Collectively, the transcriptomic, histological, and
protein expression data indicate that PSME2 is overexpressed
in the inflamed intestinal mucosa of UC patients. This upre-
gulation suggests PSME2 may be involved in UC pathogenesis,
establishing a foundation for further mechanistic studies.

3.2 PSME2 upregulation in DSS-induced
murine colitis

We next investigated PSME2 expression in an in vivo model
of UC. DSS-induced colitis model was used to mimic intest-
inal inflammation in mice. Over 7 days of 2.5% DSS admin-
istration, mice developed progressive colitis symptoms:
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body weight declined steadily (Figure 2a), DAI scores rose
(Figure 2b), and colon length was significantly reduced
compared to untreated controls (Figure 2c). These clinical
indicators confirmed successful induction of colitis. Histo-
pathological examination confirmed severe mucosal
damage in DSS-treated mice, including epithelial erosion,
crypt destruction, and extensive neutrophil infiltration, as
revealed by H&E staining (Figure 2e and f). IHC further
showed markedly increased PSME2 expression in colonic
epithelial cells of DSS-treated mice relative to controls
(Figure 2e-g). In parallel, western blotting of colon tissue
lysates demonstrated that DSS colitis caused a significant
increase in PSME2 protein, accompanied by a decrease in
the tight junction protein claudin-1 (Figure 2h). The loss of
claudin-1 is consistent with impaired barrier integrity
during colitis. Importantly, the pattern of PSME2 upregula-
tion in DSS-treated mice mirrors that observed in UC
patient tissues. This concordance strengthens the rele-
vance of the animal model and implicates PSME2 in the
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Figure 1: Increased PSME2 expression in diseased colonic tissues of patients with UC. (a) Differential expression of PSME2 between normal human
colon tissues (n = 23) and diseased colon tissues (n = 23) from unpaired samples of UC patients. (b) H&E staining of colonic samples from normal
individuals and UC patients; IHC staining to detect the expression level of PSME2 in the colons of normal (n = 20) and UC patients (n = 40).
Quantification of histological scores and PSME2 OD values is shown. Scale bars: 200 pm. (c) Western blot analysis of PSME2 protein levels in colonic
tissues from normal controls (n = 20) and UC patients (n = 40), with B-tubulin as the loading control. Quantification of relative protein expression is
shown. Data are presented as mean = SEM. *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 1: Correlation analysis between the expression level of PSME2 and
clinicopathologic parameters in 40 patients with UC

Clinicopathological PSME2 IHC level Total P value
features

Low High

(n =14) (n = 26)
Gender 0.257
Male 6 (15.0%) 16 22

(40.0%)

Female 8 (20.0%) 10 (25.0%) 18
Age (years) 0.144
<37 7 (17.5%) 19 (47.5%) 26
>37 7 (17.5%) 7 (17.5%) 14
Abdominal pain level 0.089
Mild 2 (5.0%) 12(30.0%) 14
Moderate 3 (7.5%) 6 (15%) 9
Severe 9 (22.5%) 8(20.0%) 17
Fecal occult blood 0.185
Negative 9 (22.5%) 17 (42.5%) 26
Positive 5(12.5%) 9(22.5%) 14
Disease activity period <0.01
Remission period 12 6 (15%) 18

(30.0%)
Active period 2 (5.0%) 20 22

(50.0%)

disruption of intestinal barrier function during inflamma-
tory disease progression.

3.3 PSME2 upregulation in LPS-stimulated
colonic cell models

To investigate the role of PSME2 in intestinal inflammation,
we established an in vitro colonic cell model using LPS
stimulation. Dose-response experiments showed that cell
viability decreased progressively with increasing LPS con-
centrations in both NCM460 and HT29 cells. Interestingly,
the expression patterns of inflammatory cytokines differed
between the two cell lines: in NCM460 cells, TNF-a, IL-6,
and IL-10 mRNA levels peaked at 1 ug/mL LPS, whereas in
HT29 cells, maximal induction occurred at 10 pg/mL LPS.
Notably, at these optimal concentrations, cell viability was
only minimally reduced (Figure 3a and b), indicating that
the chosen conditions effectively triggered inflammatory
responses without causing excessive cytotoxicity. Based
on these results, 1pug/mL LPS was selected for NCM460
cells, while 10 pg/mL LPS was used for HT29 cells to mimic
inflammatory insult.

LPS exposure significantly decreased claudin-1 protein
levels in both NCM460 and HT29 cells (Figure 3c and d), indi-
cating compromised epithelial barrier protein expression.
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Concurrently, LPS treatment led to increased PSME2 protein
expression in these cells (Figure 3c and d). At the mRNA level,
qRT-PCR showed that 24 h of LPS stimulation induced higher
expression of PSME2 as well as inflammatory cytokines IL-6,
IL-10, and TNF-a (Figure 3e and h). Together, these findings
demonstrate that LPS stimulation induces PSME2 upregula-
tion in colonic cell models with cell line-specific sensitivity,
and that this response is associated with reduced barrier
protein expression and enhanced inflammatory mediator
production.

3.4 PSME2 knockdown restores epithelial
barrier integrity and attenuates LPS-
induced inflammation

We next examined whether PSME2 is functionally involved
in mediating epithelial barrier damage and inflammatory
signaling. PSME2 was silenced in NCM460 and HT29 cells
using siRNA, and knockdown efficiency was confirmed by
western blotting and qRT-PCR, which showed strong reduc-
tions in PSME2 protein and mRNA in siPSME2-transfected
cells compared with controls (Figure 4a and b). In NCM460
cells, LPS stimulation markedly decreased -claudin-1
expression, whereas PSME2 knockdown significantly pre-
served claudin-1 protein levels, indicating protection of
barrier integrity (Figure 4a). In HT29 cells, claudin-1 was
also reduced after LPS exposure (Figure 4h).

Regarding inflammatory signaling, NCM460 cells with
PSME2 knockdown exhibited strongly reduced induction of
TNF-a and IL-6 in response to LPS, accompanied by lower
IL-10 expression compared with control cells (Figure 4c). In
HT29 cells, a similar pattern was observed (Figure 4c).
Together, these findings indicate that PSME2 facilitates
inflammatory epithelial injury by downregulating
claudin-1 and promoting cytokine production. Notably,
silencing PSME2 exerted a protective effect, particularly
in normal epithelial NCM460 cells, by preserving barrier
protein expression and attenuating inflammatory
responses. Consistent results were also observed in HT29
cells, indicating that this protective mechanism is not
restricted to normal epithelial contexts.

3.5 PSME2 deficiency enhances autophagic
flux in colonic cell models

Our data so far suggested that PSME2 exacerbates inflam-
mation and barrier loss, but the molecular mechanisms
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Figure 2: PSME2 expression in the colons of DSS-induced colitis mice. (a) Body weight changes of control and DSS-treated mice (n = 6 per group)
during the 10-day experiment. (b) DAI scores for control and DSS-treated mice over time (n = 6 per group). (c) Representative images of colon tissues
from control and DSS-treated mice. (d) Colon length (cm) was significantly shorter in DSS-treated mice compared to controls (n = 6 per group). (e)
Representative H&E staining and PSME2 IHC images of colonic tissues from control and DSS-treated mice. Scale bars: 100 pm. (f) Quantification of
neutrophil area (%) in the colon tissues of control and DSS-treated mice (n = 6 per group). () Quantification of PSME2 expression area (%) in the colon
tissues of control and DSS-treated mice (n = 6 per group). (h) Western blot analysis of Claudin-1 and PSME2 protein expression in colon tissues from
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SEM. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 3: LPS induces upregulated PSME2 expression in an in vitro inflammation model. (a) and (b) Cell viability and mRNA expression of TNF-qa, IL-6,
and IL-10 were assessed in NCM460 and HT29 cells following LPS stimulation at the indicated concentrations for 24 h (n = 3 independent biological
replicates). (c) and (d) Representative western blot images and quantification of Claudin-1 and PSME2 protein expression in NCM460 and HT29 cells
treated with LPS (n = 3). GAPDH was used as the loading control. (e) and (f) gRT-PCR analysis of PSME2 mRNA expression in NCM460 and HT29 cells
with or without LPS treatment (n = 3). (g and h) Relative mRNA expression of TNF-q, IL-6, and IL-10 in NCM460 and HT29 cells with or without LPS
stimulation (n = 3). Data are presented as mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001.
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required further clarification. Autophagy is a cellular pro-
cess known to have context-dependent effects on intestinal
homeostasis, influencing both barrier integrity and inflam-
mation [15]. We hypothesized that PSME2 might interact
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with autophagy pathways in epithelial cells. In quiescent
or nutrient-deprived states, basal autophagy is generally
cytoprotective in the gut: it removes damaged organelles
and can improve barrier function by degrading certain
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Figure 4: Knockdown of PSME2 ameliorates inflammatory injury in an in vitro inflammation model. (a) and (b) Western blotting confirmed the
successful knockdown of PSME2 and examined its effect on claudin-1 expression. The control group corresponds to cells transfected with a non-
targeting siRNA (siNC), ensuring specificity of the observed effects. Additionally, quantitative analysis was conducted, and the data were presented as
mean + SEM of three independent replicates. (c) gRT-PCR analysis of TNF-a, IL-6, and IL-10 mRNA expression in NCM460 and HT29 cells following LPS
stimulation with or without PSME2 knockdown (n = 3). Data are presented as mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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pore-forming tight junction proteins [16]. On the other
hand, excessive or dysregulated autophagy can be harmful,
leading to cell stress or death [17]. Thus, a delicate balance
of autophagy is crucial for intestinal epithelial health.

Since autophagy plays context-dependent roles in intestinal
homeostasis, we asked whether PSME2 regulates autophagy
under inflammatory conditions. In NCM460 cells, LPS stimulation
increased PSME2 expression and was associated with reduced
autophagic activity. Silencing PSME2 markedly increased the LC3-
I/LC3 ratio (Figure 5a), accompanied by a strong decrease in
P62/SQSTM1 protein levels, indicating enhanced autophagic flux.
IF staining further showed that PSME2 knockdown in NCM460
cells led to a robust increase in LC3-I puncta (Figure 5c), con-
firming autophagosome accumulation. In HT29 cells, a similar
pattern was observed: PSME2 knockdown after LPS treatment
still elevated the LC3-I/LC3I ratio and reduced p62 expression
(Figure 5b). IF revealed a moderate increase in LC3B puncta in
PSME2-deficient HT29 cells (Figure 5c).

Together, these findings indicate that PSME2 defi-
ciency promotes autophagic flux in colonic cell models.
Thus, PSME2 appears to function as a negative regulator
of autophagy, and its loss enhances autophagic activity
under inflammatory stress.

3.6 Autophagy inhibition abrogates the
protective effects of PSME2 knockdown

To mechanistically assess whether PSME2-mediated pro-
tection against inflammatory damage occurs via autophagy
regulation, we employed pharmacological autophagy inhi-
bition with chloroquine (CQ). In NCM460 cells, PSME2
knockdown under LPS challenge significantly upregulated
claudin-1 and enhanced autophagic flux, as shown by
decreased p62 and increased LC3B puncta; however, CQ
treatment reversed these effects, leading to restored p62
accumulation and suppression of claudin-1 expression
(Figure 6a and c). In HT29 cells, a similar pronounced trend
was observed: CQ treatment in the LPS + siPSME2 group
also increased p62 levels and reduced claudin-1 (Figure 6b
and c). These definitive findings establish that PSME2 defi-
ciency confers cytoprotection in the intestinal epithelium
primarily through autophagy activation, providing novel
mechanistic insights into UC pathophysiology.

4 Discussion

UC is characterized by chronic relapsing inflammation of
the gut, driven by complex interactions among

DE GRUYTER

environmental triggers, microbial flora, and host genetic
and immune factors [18]. Two fundamental pathological
processes underlie UC progression: dysregulation of
mucosal immune responses and breakdown of the intest-
inal epithelial barrier [19]. Although advances in biologics
and small-molecule therapies have improved outcomes, a
significant proportion of patients exhibit incomplete
responses or develop secondary loss of efficacy [11]. This
highlights the need to further elucidate novel molecular
drivers of UC pathogenesis and to identify therapeutic
nodes that may complement existing immunomodulatory
strategies. In this context, this study identifies PSME2 as a
previously underappreciated regulator of epithelial bar-
rier function and inflammatory signaling, with a particular
emphasis on its role in autophagy.

PSME?2, a pivotal regulatory component of the immu-
noproteasome complex, has been implicated in oncogenic
processes through its modulation of autophagy pathways
[20]. Previous investigations have established that PSME2
overexpression facilitates renal cell carcinoma progression
via BNIP3-mediated autophagic regulation [8]. While pre-
liminary clinical observations have suggested a correlation
between PSME2 expression levels and intestinal inflamma-
tion severity [11], the mechanistic basis for this association
has not been systematically investigated. These findings
align with the central concept that UC progression involves
both epithelial barrier breakdown and immune dysregula-
tion, positioning PSME2 as a dual mediator bridging these
processes.

Our data demonstrated that PSME2 is consistently
upregulated in UC patients, DSS-induced murine colitis,
and LPS-challenged intestinal epithelial cells, suggesting a
conserved role in intestinal inflammation. Importantly,
PSME2 expression positively correlated with histopatholo-
gical severity and DAIs, implying potential utility as a bio-
marker for disease monitoring. Functionally, silencing
PSME2 restored expression of the tight junction protein
claudin-1 and suppressed pro-inflammatory cytokines,
including IL-6 and TNF-a. These findings align with the
central concept that UC progression involves both epithe-
lial barrier breakdown and immune dysregulation, posi-
tioning PSME2 as a dual mediator bridging these processes.

It is important to note that the two cell models used in
this study represent distinct biological contexts. NCM460
cells, derived from normal human colonic epithelium, are
suitable for reflecting the role of PSME2 in epithelial home-
ostasis and barrier function under physiological condi-
tions. In contrast, HT-29 cells, originating from colorectal
cancer, exhibit higher basal autophagy and altered
claudin-1 expression compared with normal cells, making
them more appropriate for mechanistic exploration under
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tumor-associated pathological conditions. Therefore, con- mechanistic insights rather than directly extrapolated to
clusions regarding “normal intestinal epithelium” are normal physiology.

primarily based on NCM460 and animal data, whereas Autophagy represents an evolutionarily conserved cel-
findings from HT-29 are interpreted as complementary lular process wherein cytoplasmic components are
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Figure 5: Effect of PSME2 on the autophagic pathway in vitro. (a) and (b) Western blot analysis of PSME2, LC3-I/II, and SQSTM1 protein levels in
NCM460 and HT29 cells under control, LPS, or LPS + siPSME2 conditions. GAPDH served as the loading control. Protein quantification was performed
relative to GAPDH (n = 3 independent biological replicates). (c) Representative IF images of LC3B (green) puncta in NCM460 and HT29 cells under the
indicated treatments. Nuclei were counterstained with DAPI (blue). Scale bars = 20 pm. Data are presented as mean + SEM. *p < 0.05, **p < 0.01, ***p
< 0.001, ****p < 0.0001.
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sequestered within autophagosomes for subsequent lyso- disease pathogenesis, autophagy contributes to several
somal degradation, serving as a critical mechanism for fundamental biological processes, including adaptive
maintaining metabolic equilibrium and cellular homeos- immune responses, lysosomal degradation pathways, and
tasis [21]. Within the context of inflammatory bowel immune-mediated clearance mechanisms [22]. The
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Figure 6: Autophagy inhibition abrogates the protective effects of PSME2 knockdown. NCM 460/HT 29 cells were treated with LPS, siPSME2, and/or
CQ (4 pM). (a) and (b) Western blot analysis of PSME2, claudin-1, and SQSTM1/p62 expression in NCM460 (a) and HT29 (b) cells. Compared with the LPS
+ siPSME2 group, the LPS + siPSME2 + CQ group showed a significant increase in p62 levels but a reduction in claudin-1, indicating that autophagy
inhibition reversed the protective effects of PSME2 knockdown. Protein levels were quantified relative to GAPDH (n = 3 independent biological
replicates). (c) Representative IF images of LC3B (green) puncta in NCM460 and HT29 cells under the indicated conditions. Nuclei were counterstained
with DAPI (blue). Scale bars = 40 um. Data are presented as mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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functional role of autophagy in UC has been increasingly
recognized as exhibiting a biphasic nature. Under physio-
logical conditions, basal autophagic activity exerts cytopro-
tective effects through multiple mechanisms: selective
removal of damaged organelles, maintenance of intestinal
epithelial cell turnover and homeostasis, and enhancement
of barrier function through regulated degradation of spe-
cific tight junction proteins [23].

Notably, nutrient deprivation-induced autophagy has
been shown to strengthen intestinal barrier integrity by
promoting lysosomal-mediated degradation of the pore-
forming tight junction protein claudin-2 [24], with recent
studies elucidating the precise molecular mechanisms
underlying this process. Conversely, dysregulated or exces-
sive autophagic activity may precipitate detrimental
consequences, including cellular metabolic stress, non-
selective degradation of essential cellular components,
and induction of autophagic cell death. This delicate bal-
ance underscores the complex, context-dependent nature
of autophagy in intestinal pathophysiology, where its
effects range from cytoprotective to potentially deleterious
depending on the magnitude and duration of activation.
CQ, a typical representative of the tetra-aminoquinoline
class of compounds, is mainly used for malaria control in
clinical practice. In terms of molecular mechanism, this
drug can cause abnormal accumulation of LC3-II and
inhibit the degradation of the p62 protein to exert autop-
hagy inhibition [25].

Our mechanistic assays revealed that PSME2 knock-
down increased LC3-II/LC3-I ratios, decreased SQSTM1/
p62 levels, and enhanced LC3 puncta formation, indicative
of autophagic flux activation. Importantly, pharmacolo-
gical inhibition of autophagy using CQ abrogated the
protective effects of PSME2 silencing, reinforcing the con-
clusion that PSME2 modulates inflammation and barrier
integrity through autophagy. These findings provide
proof-of-concept evidence for a PSME2-autophagy axis in
UC pathogenesis. It should be emphasized that this study
was specifically designed to investigate the role of PSME2
under inflammatory stress, which was modeled using LPS
stimulation. Therefore, all knockdown experiments were
performed under LPS challenge to mimic the inflamed
epithelial environment relevant to UC pathophysiology.
Thus, the essential control data for autophagy markers in
the si-PSME2 setting are already included. We acknowl-
edge, however, that si-PSME2 experiments were not per-
formed under quiescent (non-LPS) conditions, and future
studies will investigate whether PSME2 also regulates basal
autophagy under homeostatic conditions.

Nevertheless, several caveats warrant consideration.
First, CQ is a widely used autophagy inhibitor but exerts
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multiple off-target effects, including interference with
endosomal trafficking and lysosomal acidification. Thus,
while our results support a mechanistic link, they cannot
be considered definitive. Future studies should employ
more specific approaches, such as siRNA/shRNA targeting
ATGS5, ATG7, or BECNL, and real-time monitoring with
mRFP-GFP-LC3 reporters to dissect autophagic flux
dynamics more precisely.

Taken together, this study suggests that PSME2, func-
tioning as a proteasome activator, may modulate autop-
hagic flux in intestinal epithelial cells. This regulatory
role appears to influence two key pathological features of
UC: (1) impairment of intestinal barrier integrity and (2)
dysregulated secretion of pro-inflammatory cytokines. The
observed positive correlation between PSME2 expression
levels and both histopathological severity and clinical dis-
ease activity supports its potential involvement in UC
pathogenesis. These findings highlight PSME2 as a candi-
date of dual clinical relevance. These findings position
PSME?2 as both a potential biomarker and a candidate ther-
apeutic target within the autophagy-inflammation axis.
Future validation in advanced in vivo and human-derived
models will be essential to establish its translational rele-
vance and therapeutic potential.

5 Conclusions

This study suggests that PSME2 may contribute to UC
pathology by impairing intestinal barrier integrity and
promoting autophagy-associated inflammatory responses.
Our results indicate that PSME2 upregulation correlates
with disease severity in UC patients and experimental
models. Mechanistically, PSME2 silencing was associated
with improved epithelial barrier function and reduced
inflammatory markers, while pharmacological autophagy
inhibition partially reversed these effects. These findings
provide preliminary evidence that PSME2 is involved in
autophagy-related barrier dysfunction and inflammation
in UC. Although the current data are insufficient to estab-
lish PSME2 as a diagnostic biomarker or therapeutic target,
this study highlights it as a potential candidate warranting
further in vivo validation and clinical investigation.
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