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Abstract: Ubiquitin-conjugating enzyme E2W (UBE2W), a member of the ubiquitin-conjugating enzyme family, is 
highly expressed in pancreatic cancer (PC). However, the biological function of UBE2W in cancer, particularly in 
human PC, remains poorly understood. This study aimed to elucidate the molecular mechanism by which UBE2W 
regulates the initiation and progression of PC. Integrating multiple databases and validating with clinical samples, 
the study identified that UBE2W is significantly overexpressed in PC tissues. High UBE2W expression is closely as-
sociated with shortened overall survival, disease-specific survival, and disease-free survival in patients. In vitro and 
in vivo functional experiments demonstrated that UBE2W overexpression promotes the proliferation and migration 
of PC cells while inhibiting apoptosis. Conversely, UBE2W knockdown significantly reduces cell viability, induces 
apoptosis, and suppresses tumor growth in vivo. Mechanistically, UBE2W mediates K63-linked ubiquitination of 
p53, regulates p53 subcellular localization, and thereby impairs p53-mediated DNA damage repair and apoptotic 
pathways. Collectively, UBE2W inhibits the tumor-suppressive function of p53 and promotes PC progression through 
the aforementioned mechanism. Targeting the UBE2W-p53 axis provides a novel therapeutic strategy for PC, and 
the development of related inhibitors holds promise for improving patient prognosis.
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Introduction

Pancreatic cancer (PC) is one of the most le- 
thal malignancies in the digestive system world-
wide [1]. It is highly aggressive, with early-stage 
disease often remaining clinically silent. Even 
after successful R0 surgical resection, PC 
patients remain prone to tumor recurrence or 
metastasis, resulting in a dismal 5-year surviv-
al rate of only 15%-20% [2, 3]. Unlike other can-
cers, PC exhibits low responsiveness to radio-
therapy, chemotherapy, and immunotherapy, 
while research on molecular subtyping and pre-
cision therapeutic strategies remains relatively 
underdeveloped [4, 5]. Consequently, exploring 
novel approaches for PC treatment is of critical 
importance.

The tumor suppressor p53 plays a pivotal role 
in cancer prevention and is among the most 
crucial tumor-suppressive proteins [6, 7]. 
Diverse cellular stresses-including DNA dam-

age, hyperproliferative signaling, hypoxia, oxida-
tive stress, ribonucleotide depletion, and nutri-
ent deprivation-activate p53, which maintains 
cellular homeostasis by regulating cell cycle 
arrest, apoptosis, and senescence [8-10]. The 
activation, inactivation, and degradation of p53 
are primarily governed by post-translational 
modifications (PTMs), such as ubiquitination, 
acetylation, phosphorylation, methylation, ned-
dylation, and sumoylation. Ubiquitination, a key 
PTM of p53, has been a major focus of research. 
For instance, recent studies reported that 
CARMIL1 promotes hepatocellular carcinoma 
proliferation by modulating the TRIM27/p53 
axis and activating the ERK/mTOR pathway 
[11]. Additionally, TRIM6 facilitates cell cycle 
progression and growth in lung adenocarcino-
ma via regulation of the p53 signaling pathway 
[12]. These findings underscore the essential 
role of p53 ubiquitination in cancer develop-
ment, and further elucidation of its regulatory 
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mechanisms may improve clinical outcomes in 
PC.

Ubiquitin-conjugating enzymes (E2s), a multi-
gene family comprising over 40 known mem-
bers in humans [13], execute the second step 
in the ubiquitination cascade and critically 
determine the formation of diverse ubiquitin 
chain types. UBE2W, a Class I E2 enzyme, con-
sists solely of a ubiquitin-conjugating (UBC) 
domain. Previous studies demonstrated that 
UBE2W plays significant roles in DNA replica-
tion and mismatch repair regulation, with im- 
plications in malignant tumor formation and 
metastasis [14]. UBE2W has also been impli-
cated in promoting endocrine therapy resis-
tance and inducing tumor immunosuppression 
[15].

In this study, we identified UBE2W as highly 
expressed in pancreatic cancer tissues. Its 
overexpression promoted PC cell proliferation 
and migration while suppressing apoptosis, 
both in vitro and in vivo. Mechanistic inves- 
tigations revealed that UBE2W interacts with 
p53 and governs its subcellular distribution. 
Specifically, UBE2W catalyzes the conjugation 
of K63-linked ubiquitin chains to lysine resi-
dues of p53, reducing its nuclear export. This 
ubiquitination-dependent relocalization dis-
rupts p53-mediated DNA damage repair and 
apoptotic pathways, thereby accelerating PC 
progression. Furthermore, we developed a 
novel inhibitor targeting the UBE2W-p53 axis, 
which effectively suppresses PC advancement, 
offering a promising therapeutic strategy for PC 
patients.

Materials and methods

Data acquisition and processing

Standardized mRNA sequencing data (FPKM 
values) from the TCGA pan-cancer dataset (34 
tumor types) and GTEx normal tissue dataset 
(31 normal tissue types) were acquired via the 
UCSC Xena platform (https://xenabrowser.
net/). Key clinical variables, including overall 
survival (OS), disease-free survival (DFS), clini-
cal stage (according to the 8th edition of the 
AJCC), and pathological grade, were simultane-
ously extracted.

Integration of TCGA-GTEx data was used to sys-
tematically construct a matrix comparing gene 
expression differences between tumor and nor-

mal tissues. Survival analyses and prognostic 
model development were then performed, 
incorporating clinical features as covariates.

mRNA profiles from 145 primary and 61 meta-
static PDAC samples were obtained from the 
GEO database (GSE71729, GPL20769 plat-
form). To reduce batch variation, the ComBat 
algorithm was used. Differential expression 
analysis, including clinicopathological parame-
ters (such as T stage and lymph node metas- 
tasis), identified gene expression differences 
between primary and metastatic PDAC lesions.

Drug sensitivity data for PDAC samples treat- 
ed with 5-fluorouracil, oxaliplatin, and pacli- 
taxel were retrieved from the GDSC 2.0 data-
base (https://www.cancerrxgene.org/). Sensi- 
tivity- and resistance-associated differentially 
expressed genes were screened by integrating 
these data with gene expression matrices.

The ubiquitin-conjugating enzyme (E2) gene set 
was downloaded from the iUUCD database 
(http://iuucd.biocuckoo.org).

Differential expression analysis

PDAC expression profiles were taken from TCGA 
and GTEx. Differential analysis between tumor 
and normal tissue used the R “DESeq2” pack-
age and yielded a tumor-normal DEGs1 set 
(|log2FC| > 1, FDR < 0.05).

Differential gene expression analysis for GS- 
E15641 was performed using the GEO2R tool. 
Genes differing significantly between sample 
groups were identified as DEGs, using the same 
thresholds: |log2FC| > 1 and FDR < 0.05.

Drug sensitivity data for PDAC samples treated 
with 5-fluorouracil, oxaliplatin, and paclitaxel 
were retrieved from the GDSC database. 

Sensitivity predictions for each sample were 
generated using the R package “pRRophetic”. 
IC50 values for each drug were estimated by 
linear regression. Samples were grouped as 
drug-sensitive or drug-resistant based on IC50. 
Differential expression analysis (e.g., “DESeq2”) 
then screened for gene sets (DEGs3, DEGs4, 
DEGs5) differing between these groups, using 
|log2FC| > 1 and FDR < 0.05.

Intersection analysis of the two differential 
expression gene sets (DEGs1, DEGs2), three 
drug sensitivity-related gene sets (DEGs3-5), 
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and one ubiquitin-conjugating enzyme gene  
set identified three overlapping genes: BIRC6, 
UBE2Q2, and UBE2W.

Pan-cancer expression and prognostic data of 
BIRC6, UBE2Q2, and UBE2W

Based on the TCGA pan-cancer dataset (34 
tumor types), a standardized expression matrix 
was constructed using the R package limma. 
Data were transformed using the voom algo-
rithm, and violin plots generated via ggplot2 
and ggpubr were utilized to visualize differen-
tial expression of BIRC6, UBE2Q2, and UBE2W 
across tumor tissues and paired normal 
tissues.

For the prognosis of the three genes, strict 
quality control was applied: samples missing 
survival status or time were excluded; only 
cases with complete staging and grading were 
kept. This yielded 28,745 patients across 32 
tumor types. Univariate Cox models using the 
survival package (v3.5-5) calculated hazard 
ratios (HRs) and 95% confidence intervals (CIs) 
for OS, DSS, DFS, and PFS. Prognostic signifi-
cance was based on HRs, 95% CIs, and P-values 
(P < 0.05). Bubble plots visualized survival indi-
ces of BIRC6, UBE2Q2, and UBE2W across 
tumor types. Expression and prognostic accu-
racy were validated by the Sangerbox tool 
(http://www.sangerbox.com/).

Patient samples

Seventy-five pancreatic cancer tissue samples 
and 20 paired adjacent healthy tissues were 
collected at the Second Hospital of Lanzhou 
University (2016-2018) and stored as paraffin 
blocks. Sample histology was confirmed by 
pathologists. Pathological diagnosis and grad-
ing followed the WHO system. The study was 
approved by the hospital’s Ethics Committee, 
and written informed consent was obtained 
from all patients. All samples were used for 
research.

Inclusion criteria: Patients undergoing radical 
resection at the Second Hospital of Lanzhou 
University. Pathologically confirmed pancreatic 
cancer diagnosis.

Exclusion criteria: Prior chemotherapy or immu-
notherapy. Positive surgical margins. Severe 
systemic comorbidities.

Clinicopathological characteristics of the pa- 
tients are summarized in Table 1.

Cell culture and transfection

The HEK293T, Mia-Paca2, and CFPAC-1 cell 
lines were purchased from the American Type 
Culture Collection (ATCC). 

These were recently authenticated by STR  
profiling and tested every six months for 
Mycoplasma; all tests were negative.

Mia-Paca2 and HEK293T cells were cultured in 
DMEM (Gibco, USA). CFPAC-1 cells were main-
tained in IMEM (Gibco, USA), both with 10% 
FBS (Gibco, NY, USA) at 5% CO2, 37°C.

For gene knockdown, cells were transfected 
with siRNAs or infected with lentiviral shRNAs. 
For overexpression, cells were transfected with 
lentiviral particles from pLV-Flag-UBE2W, and 
transient transfection was used to validate the 
expression.

Transfection was carried out using Lipofec- 
tamine 6000 (Invitrogen) according to the man-
ufacturer’s protocol. siRNAs were at 50 nM. 
Plasmid transfection: 3 μg per 6-cm dish, 1 μg 
per well in 6-well plates.

Plasmids and antibodies

The plasmids pCMV-Flag-UBE2W, pCMV-GFP-
UBE2W, pCMV-Flag-p53, pCMV-HA-p53, HA- 
Ub, HA-Ub-K48R, and HA-Ub-K63R were pur-
chased from YuBio Biotechnology Co., Ltd. 
(Shanghai, China). Primary antibodies included 
the following: anti-UBE2W (PA5-67547), GFP-
Tag (MA5-15256), and Cleaved Caspase-9 
(PA5-105271) from Invitrogen (Chicago, USA); 
anti-p53 (10442-1-AP), Caspase-3 (19677-1-
AP), Caspase-9 (0380-1-AP), and Cleaved 
Caspase-3 (25128-1-AP) from Wuhan Sanying 
Biotechnology Co., Ltd. (Wuhan, China); anti-
Bax (A19684), Bcl-2 (A19693), p21 (A19094), 
γH2AX (P0687), and LAMB1 (AF3311) from 
ABclonal Biotechnology Co., Ltd. (Jiangsu, 
China); anti-HA-Tag (ab9110), Flag-Tag (ab20- 
5606), β-actin (ab8226), and GAPDH (ab8245) 
from Abcam (Cambridge, UK).

Immunohistochemistry (IHC)

Pancreatic cancer tissues and adjacent nor- 
mal tissues were paraffin-embedded, baked at 
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65°C for 30 minutes, and then sequentially 
deparaffinized and rehydrated using xylene eth-
anol gradients, and phosphate-buffered saline 
(PBS) or deionized water.

For antigen retrieval, sections were heated in 
citrate buffer at 100°C for 20 minutes. 

Endogenous peroxidase activity was blocked 
with 3% hydrogen peroxide for 10 minutes. 
Slides were blocked with 5% horse serum for 1 
hour to prevent non-specific binding. Sections 
were incubated with anti-UBE2W primary anti-
body at 4°C overnight. The next day, goat anti-
rabbit secondary antibody was applied for 1 
hour at room temperature. Sections were 
stained, counterstained with hematoxylin, 
dehydrated through a graded ethanol series, 
and coverslipped.

IHC scoring

The IHC score was calculated as the product of 
staining intensity and percentage of positive 
tumor cells. Two pathologists, blinded to out-
comes, independently scored the slides.

Scoring criteria

Positive Cell Proportion: 0 points (< 10%), 1 
point (10-25%), 2 points (26-50%), 3 points (51-
75%), 4 points (> 75%).

Staining Intensity: 0 points (no staining), 1 point 
(weak), 2 points (moderate), 3 points (strong).

The final IHC score ranged from 0 to 12, with 
scores ≤ 4 classified as low expression (-) and 
scores > 4 as high expression (+).

Table 1. Relationships between UBE2W expression and the clinicopathological characteristics of 
patients with PC

Characteristic Levels Low expression 
of UBE2W

High expression 
of UBE2W P value

Age (year) 56.69±7.29 60.00±9.09 0.114
Sex, n (%) Female 8 (10.67%) 17 (22.67%) 0.801

Male 18 (24.00%) 32 (42.67%)
Tumor size (cm) 4.00±1.56 4.14±1.67 0.715
T stage, n (%) T1+2 9 (12.00%) 21 (28.00%) 0.622

T3+4 17 (22.67%) 28 (37.33%)
N stage, n (%) N0 21 (28.00%) 26 (34.67%) 0.060

N1 4 (5.33%) 17 (22.67%)
N2 1 (1.30%) 6 (8.00%)

M stage, n (%) M0 21 (28.00%) 43 (57.33%) 0.498
M1 5 (6.67%) 6 (8.00%)

Differentiation status, n (%) Poorly differentiated 5 (6.67%) 10 (13.33%) 0.984
Moderately differentiated 17 (22.67%) 31 (41.33%)

Highly differentiated 4 (5.33%) 8 (10.67%)
Vascular invasion status, n (%) Yes 18 (24.00%) 26 (34.67%) 0.222

No 8 (10.67%) 23 (30.67%)
Neural tract invasion status, n (%) Yes 14 (18.67%) 13 (17.33%) 0.024

No 12 (16.00%) 36 (48.00%)
Positive lymph nodes, n (%) Yes 21 (28.00%) 27 (36.00%) 0.042

No 5 (6.67%) 22 (29.33%)
CA199 (U/ml), median (IQR) 252.99±294.81 450.09±381.19 0.016
CA125 (U/ml), median (IQR) 23.02±13.71 35.51±38.37 0.045
CEA (ng/ml), median (IQR) 4.79±5.85 5.26±9.83 0.799
AFP (ng/ml), median (IQR) 2.94±1.43 3.35±2.14 0.384
Note: T stage: Primary Tumor Stage; N stage: Regional Lymph Node Stage; M stage: Distant Metastasis Stage; CA199: Cancer 
Antigen 199; CA125: Cancer Antigen 125; CEA: Carcinoembryonic Antigen; AFP: Alpha-Fetoprotein.
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Cell proliferation, colony formation, wound 
healing, and transwell assays

Cell proliferation was assessed using the Cell 
Counting Kit-8 (CCK-8). Treated cells (1×103 
cells/well) in 100 μL culture medium were 
seeded into 96-well plates (5 replicates per 
group) and cultured overnight. Proliferation was 
monitored for 1-5 days. At fixed time points 
daily, the medium was replaced with 100 μL 
fresh medium containing 10% CCK-8 reagent 
(10 μL CCK-8 + 90 μL medium with 10% serum). 
After 2 hours of incubation, absorbance at 450 
nm was measured using a microplate reader. 
Cell growth curves were plotted using GraphPad 
software.

Colony formation assays were performed to 
evaluate proliferative capacity. Treated cells 
(500 cells/well) were seeded into 6-well plates 
(3 replicates per group) and cultured for 2 
weeks. Cells were fixed with 4% formaldehyde 
for 30 minutes and stained with 0.1% crystal 
violet for 10 minutes. Visible colonies (> 50 
cells per colony) were counted manually.

The migratory ability of pancreatic cancer cells 
was evaluated using wound healing and 
Transwell assays.

Treated cells were seeded into 6-well plates 
and cultured to 90-100% confluency. Uniform 
scratches (2-3 per well) were created using a 
sterile pipette tip. After PBS washing, serum-
free medium was added, and three biological 
replicates were prepared for each group. 
Wound closure was monitored at 0, 24, 36, and 
72 hours by capturing images at fixed positions 
under an inverted microscope.

Cell migration was assessed using 24-well 
Transwell chambers (Corning, NY, USA). Cells 
(4×104 in 200 μL serum-free medium) were 
added to the upper chamber, while the lower 
chamber contained medium with 10% FBS. 
After 48 hours of incubation, cells adhering to 
the lower membrane were fixed with 4% formal-
dehyde for 30 minutes, and non-migrated cells 
in the upper chamber were removed with a cot-
ton swab. Membranes were washed with PBS, 
stained with 0.1% crystal violet, air-dried, and 
imaged.

Flow cytometric apoptosis assay

Apoptosis was detected using the Annexin 
V-APC/7-AAD Apoptosis Detection Kit (AP105; 

LIANKE Biotechnology, Hangzhou, China), whi- 
ch employs dual staining. 

Treated cells were collected, washed with  
PBS, centrifuged, and resuspended in Binding 
Buffer. Cells were stained with Annexin V-FITC 
and PI in the dark for 15 minutes. Flow cy- 
tometry was performed using FL1 (Annexin V) 
and FL2 (PI) channels. Apoptotic populations 
were distinguished via scatter plots: early apop-
tosis (Annexin V+/PI-), late apoptosis (Annexin 
V+/PI+), and necrotic cells (Annexin V-/PI+). 
Three biological replicates were analyzed per 
group.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was isolated from cells using TRIzol 
reagent (Thermo Fisher Scientific, Shanghai, 
China) following the manufacturer’s protocol. 
cDNA was synthesized using a reverse tran-
scription kit (Agbio Biotechnology, Hunan, 
China). Real-time PCR amplification was per-
formed with the SYBR Premix Ex Taq kit (Takara 
Biomedical Technology, Beijing, China).

Western blotting, IP, and Co-IP assays

Western blotting was performed following stan-
dard protocols.

Immunoprecipitation (IP) Procedure: After suc-
cessful transfection with pCMV-Flag-UBE2W or 
negative control plasmids, cells were cultured 
for 36-48 hours. Transfected cells were har-
vested, lysed in IP lysis buffer, and incubated 
on ice for 2 hours. Lysates were centrifuged at 
12,000 × g for 10 minutes at 4°C. A 60 μL ali-
quot of the supernatant was mixed with 5× SDS 
loading buffer, boiled at 100°C for 10 minutes, 
and saved as the input sample. The remaining 
supernatant was incubated with 30 μL pre-
washed anti-Flag magnetic beads at 40 rpm 
overnight. The bead-protein complexes were 
immobilized using a magnet, and the superna-
tant was discarded. Beads were washed three 
times with lysis buffer. Immunoprecipitated 
proteins were eluted in 1× SDS loading buffer. 
Protein samples were loaded into gel wells and 
separated by electrophoresis at a constant 
voltage of 80 V. Gels were stained with 
Coomassie Brilliant Blue for 2 hours and 
destained with ddH2O (replaced every 30 min-
utes). Visible bands were excised under white 
light and subjected to mass spectrometry.
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Co-Immunoprecipitation (Co-IP) Procedure: 
Cells were co-transfected with pCMV-Flag-
UBE2W, pCMV-HA-p53, and negative control 
plasmids, followed by 36-48 hours of culture. 
Protein collection and preparation steps were 
identical to the IP protocol. Western blotting 
was conducted as described above.

In vivo ubiquitination assay

Cells were transfected with distinct plasmids to 
modulate p53 ubiquitination under specified 
conditions. Following transfection, 293T cells 
were harvested after 36-48 hours of culture 
and treated with MG132 (20 μM) for 8 hours to 
inhibit proteasomal degradation. Protein collec-
tion and sample preparation steps were identi-
cal to those described for the immunoprecipita-
tion (IP) assay. Western blotting was performed 
following standard protocols.

Xenograft mouse model

Four-week-old BALB/c nude mice were pur-
chased from Chengdu Yaokang Biotechno- 
logy Co., Ltd. The mice were randomly divided 
into three groups (n = 5 per group): shNC, 
shUBE2W-1, and shUBE2W-2. PANO2 cells 
(5×106) transduced with lentiviral vectors 
expressing either a negative control (LV-shNC) 
or UBE2W-targeting sequences (LV-shUBE2W) 
were subcutaneously injected into the mice to 
establish xenograft tumors.

Tumor size was measured every 3 days using 
calipers. On day 30, mice were euthanized, and 
tumors were completely excised for volume and 
weight measurement. Nude mice were anes-
thetized by ether inhalation and then eutha-
nized via cervical dislocation. Tumor volume 
was calculated as V = 0.5 × length × width2. 
Excised tumors were fixed in 4% paraformalde-
hyde and stored for further analysis. 

All experimental protocols were approved by 
the Animal Care and Use Committee of the 
Second Hospital of Lanzhou University.

Statistical analysis

Data were analyzed using Prism software (ver-
sion 9.0; GraphPad Software Inc., San Diego, 
CA, USA). Results are expressed as mean ± 
SEM.

For comparisons between two groups, Stu- 
dent’s t-test was used. For multiple groups or 
multiple time points, data were first analyzed by 
one-way analysis of variance (ANOVA) or repeat-
ed measures ANOVA (for continuous time-point 
data), respectively, followed by appropriate 
post hoc tests (e.g., Tukey’s multiple compari-
son test) for pairwise comparisons. A P value < 
0.05 was considered statistically significant.

Results

Identification of differentially expressed genes

Integrated analysis across multiple databases 
(TCGA, GTEx, GEO, GDSC, and iUUCD) identified 
two differentially expressed gene (DEG) sets: 
PAAD-DEG (4,919 genes) and Metastasis-DEG 
(3,758 genes) (Figure 1A, 1B). 

In addition, three DEG sets related to drug sen-
sitivity were identified: 5-fluorouracil-DEG (747 
genes), oxaliplatin-DEG (1,937 genes), and 
paclitaxel-DEG (758 genes) (Figure 1C-E). 

To clarify overlaps of interest, we performed 
intersection analysis among the two main DEG 
sets, the three drug sensitivity-related gene 
sets, and the ubiquitin-conjugating enzyme 
gene set. This intersection revealed three 
genes common to all input sets: BIRC6, 
UBE2Q2, and UBE2W (Figure 1F).

Volcano plots were used to visualize differenc-
es in gene expression and variations in drug 
sensitivity (Figure 1A-E). A Venn diagram was 
used to illustrate how the gene numbers from 
each dataset overlap and to show the specific 
genes shared by all DEGs and gene sets men-
tioned above (Figure 1F).

Pan-cancer expression and prognostic signifi-
cance of BIRC6, UBE2Q2, and UBE2W

Pan-cancer analysis revealed the expression 
patterns (Figure 2A-C) and prognostic out-
comes (Figure 2D-F) of BIRC6, UBE2Q2, and 
UBE2W. UBE2W was notably overexpressed in 
pancreatic cancer and strongly correlated with 
poor prognosis, as shown by reduced OS, DSS, 
and DFI.

Pan-cancer immune correlations of UBE2W

The tumor microenvironment (TME) plays a  
critical role in tumor diagnosis, therapeutic 
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response, and prognosis. To investigate the 
pan-cancer relevance of UBE2W within the 
TME, we conducted a comprehensive analysis 
using the psych package in R to assess the 
association between UBE2W expression and 
immune infiltration metrics, including stromal 
score, immune score, and ESTIMATE score 
(Figure 3A-G). UBE2W expression showed sig-
nificant correlations with immune infiltration 
across 16 cancer types. Eleven cancer types 
exhibited strong positive associations (LIHC, 
GBMLGG, KIRC, KIPAN, PAAD, READ, GBM, 
COADREAD, COAD, DLBC, LAML), whereas five 
showed significant negative associations 
(UCEC, SARC, STES, PCPG, STAD). These find-
ings suggest that UBE2W may actively partici-
pate in remodeling the tumor-immune mic- 
roenvironment.

Notably, UBE2W expression showed a signifi-
cant positive association with multiple immune 

checkpoint-related genes, including C10orf54, 
CD274, HAVCR2, and IL10, across a broad 
range of cancer types (Figure 3H). Further-
more, UBE2W expression exhibited broad  
associations with multiple immune cell popula-
tions-including B cells, CD4+ T cells, CD8+ T 
cells, neutrophils, macrophages, and dendritic 
cells-across the majority of tumor types, as 
revealed by immune cell infiltration analysis 
(Figure 3I).

UBE2W is significantly upregulated in pancre-
atic cancer (PC)

We first assessed UBE2W expression in  
PC and normal pancreatic tissues using paraf-
fin-embedded sections. Immunohistochemical 
(IHC) staining revealed markedly elevated 
UBE2W expression in PC tissues compared 
with normal controls. Figure 4A presents repre-
sentative images of UBE2W immunostaining in 

Figure 1. Acquisition of differentially expressed genes in pancreatic cancer datasets. A. Volcano plots of differen-
tially expressed gene sets between tumor and normal tissues in pancreatic ductal adenocarcinoma datasets from 
TCGA and GTEx databases. B. Volcano plots of differentially expressed gene sets between in - situ and metastatic 
tissues in the GSE15641 pancreatic cancer dataset from the GEO database. C-E. Volcano plots of differentially ex-
pressed genes related to drug sensitivity of pancreatic ductal adenocarcinoma samples to 5-fluorouracil, oxaliplatin, 
and paclitaxel in the GDSC database. F. Venn diagram of the intersections of two differentially expressed gene sets, 
three drug - sensitivity - related differentially expressed gene sets, and one ubiquitin - conjugating enzyme gene set.
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tumor and normal tissues at various magnifica-
tions. Furthermore, UBE2W protein levels were 

markedly elevated in PC cell lines compared 
with the normal pancreatic epithelial cell line 

Figure 2. Expression levels and prognosis of differentially expressed genes in pan-cancer tissues. A-C. Expression 
of UBE2W, UBE2Q2 and BRIC6 in pan-cancer tissues; D-F. Prognosis associated with UBE2W, UBE2Q2 and BRIC6 
in pan-cancer.
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hTERT-HPNE (Figure 4B). Quantitative real-time 
PCR (qRT-PCR) analysis yielded consistent 
results (Figure 4C). These findings are consis-
tent with the elevated UBE2W expression 
observed in PC samples from the TCGA and 
GTEx datasets (Figure 4D).

High UBE2W expression in PC correlates with 
perineural invasion, lymph node metastasis, 
serum CA19-9, and CA125 levels

To examine the association between UBE2W 
expression and clinicopathological characteris-

Figure 3. The correlation between UBE2W expression and immune infiltration and immune checkpoints. A-G. Cor-
relation of UBE2W expression with StromalScore, ImmuneScore and EstimateScore in pan-cancer. H. Relationship 
between UBE2W and immune checkpoint genes in pan-cancer. I. Relationship between UBE2W and immune cells 
in pan-cancer.
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tics, clinical data from 75 patients with PC were 
analyzed (Table 1). Patients were stratified into 
high- and low-expression groups according to 
the median UBE2W expression level deter-
mined by immunohistochemical (IHC) staining. 
Pearson’s χ2 test revealed significant associa-
tions between UBE2W expression and perineu-
ral invasion (P = 0.024), the number of positive 
lymph nodes (P = 0.042), serum carbohydrate 
antigen 19-9 (CA19-9) levels (P = 0.016), and 
serum cancer antigen 125 (CA125) levels (P = 
0.045). No significant associations were identi-
fied between UBE2W expression and other 
clinicopathological parameters, including his- 
tological grade, age, sex, tumor size, serum 
alpha-fetoprotein (AFP) concentration, carcino-
embryonic antigen (CEA) levels, lymphovascu-

lar invasion, or TNM stage (T, N, M). Thus, ele-
vated UBE2W expression may represent a 
potential risk factor driving the initiation and 
progression of PC. Nevertheless, the robust-
ness of its prognostic predictive value requires 
additional confirmation through comprehen-
sive clinical studies.

High UBE2W expression is an independent 
prognostic risk factor in PC

To assess whether UBE2W expression func-
tions as an independent prognostic indicator in 
PC, we conducted univariate and multivariate 
Cox proportional hazards regression analyses 
based on the clinicopathological variables and 
UBE2W expression profiles of 75 patients with 

Figure 4. High expression of UBE2W in pancreatic cancer. (A) Expression of UBE2W in pancreatic cancer and nor-
mal tissues detected by immunohistochemical staining; UBE2W expression in PC cells was determined by Western 
blotting (B) and qRT - PCR (C); which is consistent with the expression trend in the TCGA database (D). Data are 
presented as the mean ± SD of at least three independent experiments. Statistical significance was determined as 
*P < 0.05, **P < 0.01, and ***P < 0.001.
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PC (Table 2). Univariate analysis revealed that 
elevated serum CA19-9 levels (HR = 1.982, 
95% CI: 1.118-3.513; P = 0.049), the presence 
of positive lymph nodes (HR = 1.735, 95% CI: 
1.138-2.643; P = 0.032), and high UBE2W 
expression (HR = 1.949, 95% CI: 1.253-3.028; 
P = 0.013) were significantly associated with 
poorer overall survival. In contrast, histological 
grade, age, sex, tumor size, serum AFP levels, 
CEA levels, lymphovascular invasion, perineural 
invasion, and TNM stage were not significantly 
associated with overall survival.

Variables with P < 0.05 in the univariate analy-
sis-namely, serum CA19-9 levels, positive 
lymph nodes, and UBE2W expression-were 
incorporated into the multivariate Cox propor-
tional hazards regression model. Multivariate 
analysis confirmed that high UBE2W expres-
sion (HR = 1.776, 95% CI: 1.113-2.833; P = 
0.043) serves as an independent prognostic 
predictor of PC.

Survival follow-up data, together with IHC analy-
sis, indicated that high UBE2W expression was 
associated with reduced overall survival (OS), 
consistent with the survival trends observed in 
the TCGA and GTEx datasets (Figure 5A and 
5B).

UBE2W promotes PC progression in vitro and 
in vivo

To clarify the biological function of UBE2W in 
PC development, we examined its effect on  
the proliferation of pancreatic cancer cells. We 
constructed UBE2W-knockdown and UBE2W-
overexpressing pancreatic cancer cell lines 
(MIA-Paca-2 and CFPAC-1), which were suc-
cessfully verified by Western blotting (Figure 
6A, 6F, 6O, 6T, 6Y) and qRT-PCR (Figure 6B, 
6G, 6U, 6Z).

In the CCK-8 assay, knockdown of UBE2W sig-
nificantly inhibited the proliferation of MIA-
Paca-2 and CFPAC-1 cells (Figure 6C and 6H), 
whereas overexpression of UBE2W markedly 
promoted their proliferation (Figure 6V and 
6Aa). Similarly, colony formation assays show- 
ed that knockdown of UBE2W substantially 
decreased the number of colonies formed by 
MIA-Paca-2 and CFPAC-1 cells (Figure 6D, 6E 
and 6I, 6J), whereas UBE2W overexpression 
significantly increased colony formation (Figure 
6W, 6X and 6Ab, 6Ac). In the mouse tumor-

bearing experiment, knockdown of UBE2W led 
to reduced volume and weight of tumors formed 
by murine pancreatic cancer cells PANO2 
(Figure 6P-S).

Flow cytometric analysis further demonstrat- 
ed that knockdown of UBE2W promoted apop-
tosis in MIA-Paca-2 and CFPAC-1 cells (Figure 
6K, 6L and 6M, 6N). Collectively, these results 
indicate that knockdown of UBE2W inhibits pro-
liferation and promotes apoptosis in PC cells 
both in vitro and in vivo.

UBE2W promotes PC migration in vitro

Furthermore, we examined the migratory and 
metastatic potential of PC cells with differential 
UBE2W expression. Transwell invasion assays 
(Figure 7A-H) demonstrated that knockdown  
of UBE2W suppressed the invasive capacity of 
PC cells, whereas overexpression of UBE2W 
markedly promoted invasion. Similarly, wound 
healing assays (Figure 7I-P) showed that  
knockdown of UBE2W impaired the migratory  
capacity of PC cells, whereas overexpression  
of UBE2W significantly enhanced migration.

p53 is a interacting protein of UBE2W

To investigate the mechanisms by which 
UBE2W regulates PC progression, we con- 
ducted gene set enrichment analysis (GSEA). 
The results revealed that UBE2W was positi- 
vely associated with pathways including the 
UV-induced stress response, protein secretion, 
and androgen response, while showing nega-
tive associations with oxidative phosphoryla-
tion, DNA damage repair, and the p53 signaling 
pathway (Figure 8A).

To further elucidate the molecular mechanism 
through which UBE2W promotes tumorigenesis 
in pancreatic cancer, we employed proteomics 
combined with co-immunoprecipitation and 
mass spectrometry (Co-IP/MS) to identify 
UBE2W-specific substrate proteins. Total pro-
teins were extracted from HEK293T cells over-
expressing UBE2W for Co-IP pull-down assays. 
Differential protein bands identified by Western 
blotting were subjected to mass spectrometry, 
revealing 959 candidate proteins. Repeating 
the experiment using entire gel lanes from the 
control and experimental groups revealed 374 
downregulated and 414 upregulated proteins. 
Intersection analysis of the two datasets identi-
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Table 2. Univariate and multivariate Cox proportional-hazards regression analyses for patients with PC

Variables
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P
Sex
    Female reference reference 
    Male 0.786 0.511-1.208 0.356
Age (yr)
    < 60 reference reference
    ≥ 60 1.188 0.794-1.778 0.482
Tumor size (cm)
    < 4 reference reference
    ≥ 4 1.069 0.712-1.606 0.786
Differentiation status
    Poor differentiation reference reference
    Moderate differentiation 0.645 0.387-1.075 0.157
    Well differentiation 0.435 0.217-0.869 0.048
Vascular invasion status
    No reference reference
    Yes 1.179 0.783-1.775 0.506
Neural tract invasion status
    No reference reference
    Yes 1.312 0.861-1.998 0.288
CEA
    < 4.7  reference reference
    ≥ 4.7  0.869 0.546-1.382 0.619
CA125
    < 35  reference reference
    ≥ 35  1.032 0.660-1.615 0.907
CA199 (U/ml)
    < 27 reference reference
    ≥ 27 1.982 1.118-3.513 0.049 1.724 0.950-3.127 0.132
AFP (ng/ml)
    < 7 reference reference
    ≥ 7 0.879 0.472-1.635 0.732
T stage
    T1+2 reference reference
    T3+4 0.989 0.656-1.490 0.963
N stage
    N0 reference reference
    N1 1.420 0.904-2.229 0.201
    N2 1.502 0.727-3.100 0.356
M stage
    M0 reference reference
    M1 1.258 0.714-2.216 0.504
Positive lymph nodes
    No reference reference
    Yes 1.736 1.143-2.637 0.030 1.391 0.896-2.158 0.217
UBE2W
    Low expression reference reference
    High expression 1.860 1.205-2.871 0.018 1.729 1.112-2.688 0.041
Note: T stage: Primary Tumor Stage; N stage: Regional Lymph Node Stage; M stage: Distant Metastasis Stage; CA199: Cancer 
Antigen 199; CA125: Cancer Antigen 125; CEA: Carcinoembryonic Antigen; AFP: Alpha-Fetoprotein.



UBE2W promotes pancreatic cancer progression

40	 Am J Cancer Res 2026;16(1):28-50

fied 33 downregulated and 28 upregulated pro-
teins (Figure 8B and 8C).

Co-IP validation of the 61 differentially expres- 
sed proteins confirmed a interaction between 
UBE2W and p53 (Figure 8D, 8E). Similar results 
were observed in pancreatic cancer cell lines 
MIA-Paca-2 and CFPAC-1.

UBE2W regulates p53 subcellular distribution 
via K63-linked ubiquitination

Previous studies have demonstrated that p53 
undergoes ubiquitination. Given that UBE2W 
functions as an E2 ubiquitin-conjugating en- 
zyme, we investigated whether its interaction 
with p53 mediates ubiquitin modification. 
Overexpression of UBE2W enhanced p53 ubiq-
uitination in HEK293T cells, a phenomenon 
that was also observed in MIA-Paca-2 cells 
(Figure 9A and 9B). To elucidate the specific 
ubiquitin linkage type (K48 versus K63) medi-
ated by UBE2W, we focused on the two pre-
dominant polyubiquitin chains: K48-linked 
chains, which primarily target proteins for pro-
teasomal degradation, and K63-linked chains, 
which mainly regulate the functional modula-
tion of target proteins.

We further investigated the specific ubiquitin 
linkage type underlying UBE2W-mediated p53 
modification. HEK293T cells were co-transfect-
ed with HA-tagged UBE2W and ubiquitin 
mutants restricted to either K48 or K63 link-
ages. In vivo ubiquitination assays demonstrat-
ed that UBE2W specifically promotes K63-
linked ubiquitination of p53 (Figure 9C). No- 
tably, K63-ubiquitinated p53 was not degrad-
ed, as p53 protein levels remained stable in 

ed the nuclear accumulation of p53 (Figure 
9E). Collectively, these findings demonstrate 
that UBE2W regulates the p53 pathway by 
enhancing both its K63-linked ubiquitination 
and nuclear translocation.

UBE2W facilitates p53-mediated DNA damage 
repair and modulates apoptosis

HEK293T cells were co-transfected with p53-
Flag and UBE2W-GFP plasmids, followed by 
VP16 treatment to induce DNA damage. Protein 
lysates were harvested at designated time 
points for the analysis of DNA repair and apop-
tosis-related markers. γH2AX, a well-estab-
lished marker of DNA damage, displayed vari-
able expression across treatment groups and 
time points. Compared with the control group 
(ct), transfection with p53-Flag significantly 
decreased γH2AX levels at 4 and 12 hours 
post-treatment. Notably, γH2AX levels at 12 
hours were higher than at 4 hours, suggesting 
that p53 overexpression enhances DNA dam-
age repair capacity. Transfection with UBE2W-
GFP, either alone or in combination with p53-
Flag, displayed similar trends, with the most 
pronounced DNA damage repair response 
observed in the p53-Flag + UBE2W-GFP co-
transfection group (Figure 10A). These findings 
indicate a synergistic role of p53 and UBE2W in 
facilitating DNA damage repair.

Furthermore, knockdown of UBE2W activated 
apoptotic pathways, whereas overexpression  
of UBE2W inhibited apoptosis, as reflected by 
the differential expression of apoptosis-related 
proteins (Figure 10B and 10C).

Figure 5. Poor prognosis in pancreatic cancer patients with high UBE2W ex-
pression. (A) The overall survival curves of 75 pancreatic cancer patients 
with high and low UBE2W expression were analyzed based on the immuno-
histochemical results, which is consistent with the expression trend in the 
TCGA database (B).

HEK293T cells even with in- 
creasing amounts of UBE2W 
plasmid (Figure 9D). These 
findings indicate that UBE2W 
catalyzes K63-linked ubiqui- 
tination of p53, conferring  
non-proteolytic regulatory func- 
tions.

To validate the spatial regula-
tory role of K63-linked ubiqui-
tination, nuclear-cytoplasmic 
fractionation was performed 
in UBE2W-overexpressing HE- 
K293T cells. UBE2W-mediat- 
ed K63 ubiquitination promot-
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Figure 6. UBE2W promotes the proliferation of pancreatic cancer and inhibits apoptosis. The knockdown and overexpression of UBE2W in PC cells were determined 
by western blotting (A, F, O, T, Y) and qRT-PCR (B, G, U, Z); (C, H, V, Aa; D, I, W, Ab) Cell proliferation was detected by CCK8 assay and Colony Formation, with quantita-
tive analysis shown in (E, J, X, Ac); (K, M) Flow Cytometric Apoptosis Assay was used to detect the influence of UBE2W on cell apoptosis, with quantitative analysis of 
apoptotic cells shown in (L, N); (P-S) The subcutaneous tumorigenesis experiment in mice confirmed the effect of UBE2W on the proliferation of PC cells in vivo. Data 
are presented as the mean ± SD of at least three independent experiments. Statistical significance was determined as *P < 0.05, **P < 0.01, and ***P < 0.001.
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Discussion

The global incidence of pancreatic cancer  
has continued to rise, and despite improve-
ments in surgical techniques and systemic 
therapies, the number of new cases has nearly 
doubled over the past three decades. Sub- 
stantial geographic disparities persist in the 
global distribution of pancreatic cancer, with 
developed regions exhibiting markedly higher 
incidence rates than developing areas. Western 
Europe reports the highest incidence (8.6 per 
100,000), whereas South-Central Asia has the 
lowest (1.2 per 100,000). In 2020, the mortal-
ity rate reached 4.5 per 100,000, placing pan-
creatic cancer ninth among all cancer-related 

causes of death and seventh in total mortality-
a ranking that has steadily increased over the 
past eight years [16].

Surgical management remains limited by the 
fact that most patients present with advanced-
stage disease, at which point curative resec-
tion is no longer feasible [17]. As a result, phar-
macologic therapies have become increasingly 
central to current treatment algorithms. Con- 
temporary approaches-including multi-agent 
systemic chemotherapy, neoadjuvant chemora-
diotherapy, genomic profiling-guided targeted 
therapies, and immune checkpoint blockade-
are being actively investigated to improve ther-
apeutic efficacy.

Figure 7. UBE2W promotes the migration and invasion of pancreatic cancer. (A, C, E, G) Wound healing assay was 
used to detect cell migration, with quantitative analysis of wound closure rates shown in (B, D, F, H); (I, K, M, O)
Transwell assay was used to detect cell invasion, with quantitative analysis of invasive cell numbers shown in (J, L, 
N, P). Data are presented as the mean ± SD of at least three independent experiments. Statistical significance was 
determined as *P < 0.05, **P < 0.01, and ***P < 0.001.

Figure 8. UBE2W interacts with P53. A. Single-gene GSEA pathway enrichment analysis of UBE2W; B. 293T cells 
overexpressing UBE2W were harvested and subjected to immunoprecipitation assay, followed by Coomassie Bril-
liant Blue staining; C. A Venn diagram shows the number of differential proteins identified in response to high 
UBE2W expression; D, E. HEK293 cells were co-transfected with Flag-UBE2W and HA-P53 plasmids for 48 h, then 
treated with MG132 (20 μM) for 4 h. Cell lysates were immunoprecipitated with a Flag-tag antibody, followed by 
western blot analysis using an HA-tag antibody or a p53 antibody.
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Figure 9. UBE2W regulates the intracellular distribution of P53 protein by inducing K63-linked ubiquitination. A. MIA-Paca-2 cells were co-transfected with HA-
ubiquitin and Flag-p53 plasmids. Cell lysates were immunoprecipitated with the Flag-tag antibody, followed by western blot analysis using anti-Flag and anti-HA 
antibodies; B. MIA-Paca-2 cells were co-transfected with HA-ubiquitin, GFP-UBE2W, and Flag-p53 plasmids. Cell lysates were immunoprecipitated with the Flag-tag 
antibody, followed by western blot analysis using anti-Flag, anti-GFP, and anti-HA antibodies; C. MIA-Paca-2 cells were co-transfected with HA-ubiquitin, Flag-Ub-
K48R, Flag-Ub-K63R, GFP-UBE2W, and Flag-p53 plasmids. Cell lysates were immunoprecipitated with the Flag-tag antibody, followed by western blot analysis using 
anti-Flag, anti-GFP, and anti-HA antibodies; D. MIA-Paca-2 cells were transiently co-transfected with HA-p53 plasmid and different doses of Flag-UBE2W. Cell lysates 
were immunoprecipitated with the Flag-tag antibody, followed by western blot analysis using anti-Flag, anti-GAPDH, and anti-HA antibodies; E. MIA-Paca-2 cells 
were transiently transfected with Flag-UBE2W, and cytoplasmic and nuclear proteins were extracted separately for western blot analysis using an anti-p53 antibody.
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Future research should prioritize the develop-
ment of targeted therapeutics and immune 
checkpoint modulators suitable for prospective 
clinical evaluation, with the goal of enhancing 
the clinical benefit of first-line systemic chemo-
therapy. Emerging evidence from early studies 
[18, 19] underscores the potential of this stra-
tegic shift, highlighting targeted agents and 
immunotherapeutic approaches as promising 
avenues for advancing pancreatic cancer 
management.

Recent studies have increasingly shown that 
members of the ubiquitin-conjugating enzyme 

Moreover, the expression levels of UBE2F or 
DIRAS2 may serve as prognostic biomarkers in 
PDAC [26]. Collectively, these findings under-
score the critical roles of E2 enzymes in key 
pancreatic cancer processes, including cell  
proliferation, epithelial-mesenchymal transi-
tion (EMT), apoptosis, and chemoresistance.

Building on this evidence, our bioinformatics 
analysis identified BIRC6, UBE2Q2, and UBE2W 
as differentially expressed E2 family members 
in pancreatic tumors compared with adjacent 
normal tissues, exhibiting pro-metastatic func-
tions and conferring resistance to commonly 

Figure 10. UBE2W and p53 exhibit a synergistic role in promoting DNA dam-
age repair and inhibit apoptotic pathways in pancreatic cancer cells. A. MIA-
Paca-2 cells were transfected individually or co-transfected with HA-ubiquitin, 
GFP-UBE2W, and Flag-p53 plasmids. After 24 hours, proteins were extracted 
at 0 h, 4 h, and 12 h following VP16 treatment, and western blot analysis 
was performed using an anti-γH2AX antibody; B, C. MIA-Paca-2 cells were 
transfected with sh-UBE2W and Flag-UBE2W, and western blot analysis was 
conducted using an anti-UBE2W antibody, anti-p53 antibody, and antibodies 
related to the apoptotic pathway.

(E2) family exert critical regu-
latory functions in tumor initi-
ation and progression [20-
22]. For example, Jiang et al. 
[23] demonstrated that UB- 
E2T facilitates RING1-media- 
ted ubiquitination of p53, 
thereby relieving p53-depen-
dent transcriptional repres-
sion of ribonucleotide reduc-
tase subunits M1 and M2 
(RRM1/2). This derepression 
enhances pyrimidine biosyn-
thesis and mitigates replica-
tion stress, ultimately promot-
ing tumor cell proliferation. 
Their study further identified 
pentagalloylglucose (PGG) as 
a potent inhibitor of UBE2T 
and a sensitizer to gemcita- 
bine. In addition, Cao et al. 
[24] demonstrated that UBE- 
2C promotes pancreatic can- 
cer progression and metasta-
sis by interacting with EGFR 
and activating the PI3K-Akt  
signaling pathway. Moreover,  
UBE2C has been shown to 
regulate cell proliferation and 
epithelial-mesenchymal tran-
sition (EMT) during the develo- 
pment of pancreatic ductal 
adenocarcinoma (PDAC) [25]. 
Another study demonstrated 
that UBE2F deficiency sup-
presses the MAPK-c-Myc ax- 
is by inhibiting CRL5ASB11 
E3 ligase-mediated ubiquiti-
nation of DIRAS2, highlighting 
the UBE2F-CRL5ASB11 axis 
as a potential therapeutic  
target in pancreatic cancer. 
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used chemotherapeutics, including 5-FU, pacli-
taxel, and oxaliplatin. Further data mining 
revealed that UBE2W is markedly overex-
pressed in pancreatic cancer, showing a strong 
correlation with chemoresistance and poor 
clinical prognosis. Elucidating the biological 
functions of UBE2W and the molecular mecha-
nisms underlying therapeutic resistance and 
aggressive tumor phenotypes may reveal novel 
diagnostic biomarkers and guide the develop-
ment of targeted small-molecule inhibitors for 
pancreatic cancer.

UBE2W, a Class I ubiquitin-conjugating enzy- 
me consisting solely of a ubiquitin-conjugating 
(UBC) domain, is overexpressed in 23 malig-
nancies across pan-cancer analyses, including 
pancreatic adenocarcinoma (PAAD), glioblasto-
ma (GBM), and stomach adenocarcinoma 
(STAD). From a prognostic perspective, UBE2W 
shows significant associations with survival 
outcomes-including overall survival (OS), dis-
ease-specific survival (DSS), disease-free inter-
val (DFI), and progression-free interval (PFI)-
across nine cancer types, notably pancreatic 
adenocarcinoma (PAAD), kidney renal clear cell 
carcinoma (KIRC), and uveal melanoma (UVM). 
In particular, UBE2W is highly expressed in 
PAAD and is strongly correlated with poor sur-
vival outcomes.

Our clinical validation using human tissue spec-
imens confirmed the overexpression of UBE2W 
in pancreatic cancer, with elevated UBE2W lev-
els significantly associated with poor patient 
prognosis. Clinicopathological analyses further 
revealed that high UBE2W expression corre- 
lated with perineural invasion (P = 0.024), 
increased numbers of positive lymph nodes (P 
= 0.042), and elevated serum levels of CA19-9 
(P = 0.016) and CA125 (P = 0.045).

Functional experiments demonstrated that 
UBE2W knockdown markedly inhibited pancre-
atic cancer cell proliferation, colony formation, 
migration, and invasion, whereas UBE2W over-
expression enhanced these oncogenic pheno-
types. Collectively, these findings establish 
UBE2W as a key driver of pancreatic cancer 
progression.

The tumor microenvironment (TME) in PC is 
closely linked to chemoresistance [27-29]. 
Notably, UBE2W has also been implicated in 
modulating responses to tumor immunothera-

py. Yuan et al. [15] reported that UBE2W is 
aberrantly expressed in breast cancer, where 
its elevated expression promotes tumor immu-
nosuppression, metastasis, and resistance to 
endocrine therapy, ultimately contributing to 
poor patient prognosis. These findings suggest 
that UBE2W may serve as a potential biomark-
er for both prognosis and tumor-infiltrating 
immune cells. Wang et al. [30] further reported 
that Ube2w knockout (KO) mice exhibited a 
50% reduction in testicular and thymic organ 
weights, which correlated with high UBE2W 
expression in these tissues, highlighting its 
functional role in the immune and male repro-
ductive systems. However, these studies did 
not investigate the relationships between 
UBE2W and other immune features.

To address this gap, we first examined the 
association between UBE2W expression and 
immune infiltration scores. UBE2W exhibited 
significant negative correlations with stromal 
and immune scores in five cancer types, sug-
gesting that its overexpression may suppress 
patient immune responses and consequently 
impair the efficacy of immunotherapy. Addi- 
tionally, UBE2W expression was significantly 
correlated with various immune cells-including 
B cells, CD4+ T cells, CD8+ T cells, neutrophils, 
macrophages, and dendritic cells (DCs)-across 
38 tumor types. Targeting immune checkpoint 
genes has been shown to reverse the immuno-
suppressive TME and reactivate antitumor 
immunity [31, 32]. Intriguingly, UBE2W exhibit-
ed positive correlations with multiple immune 
checkpoint genes, including C10orf54, CD274 
(PD-L1), HAVCR2 (TIM-3), and IL10. These find-
ings suggest that UBE2W may contribute to 
tumor immune evasion and provide potential 
insights for the development of immune check-
point inhibitors.

To elucidate the mechanism by which UBE2W 
exerts its oncogenic effects in pancreatic can-
cer, we further demonstrated that UBE2W 
physically interacts with the p53 protein. As 
one of the most pivotal tumor suppressors, 
p53 inhibits tumor progression by inducing cell 
cycle arrest, promoting apoptosis, and sup-
pressing metastasis. The regulation of p53 
activation, inactivation, and degradation is pri-
marily mediated by post-translational modifica-
tions (PTMs) [33-35]. Among these, ubiquitina-
tion-a key PTM of p53-has been extensively 
studied [36-40]. For instance, studies have 
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reported that UBE2T-mediated p53 degrada-
tion promotes gemcitabine resistance in pan-
creatic cancer by enhancing pyrimidine biosyn-
thesis and alleviating replication stress, sug-
gesting that combining UBE2T-targeted agents 
with gemcitabine may improve patient survival 
[36]. Yuan Dong et al. [37] demonstrated that 
CLDN6 in colon cancer enhances p53 stability 
and inhibits colorectal cancer proliferation by 
modulating ubiquitination to facilitate nuclear 
translocation of the PTEN/AKT/MDM2 path-
way. Additionally, studies on TRIM family pro-
teins highlight their regulatory roles in p53 sig-
naling: TRIM45 stabilizes p53 via K63-linked 
ubiquitination, thereby inhibiting glioma pro-
gression [38]; TRIM31 induces K63-linked 
ubiquitination of p53 through its RING domain 
while competitively blocking the MDM2-p53 
interaction, preventing MDM2-mediated K48-
linked ubiquitination and stabilizing p53 to sup-
press breast cancer [39]; and TRIM67 exerts 
antitumor effects by activating the p53 path-
way, with the TRIM67/p53 axis representing a 
novel therapeutic target to enhance chemo-
therapy efficacy in colorectal cancers harboring 
wild-type p53 but exhibiting impaired p53 sig-
naling [40].

In this study, UBE2W promotes K63-linked 
ubiquitination of p53, which does not induce 
proteasomal degradation but instead modu-
lates the subcellular localization of ubiquitinat-
ed p53. We observed that ubiquitinated p53 
predominantly accumulates in the nucleus,  
and cells co-transfected with TP53-Flag and 
UBE2W-GFP plasmids exhibited enhanced acti-
vation of nuclear DNA damage repair pathways. 
Further studies demonstrated that UBE2W  
regulates the subcellular localization of p53 
through ubiquitination, thereby affecting DNA 
damage repair and apoptotic pathways to mod-
ulate pancreatic cancer cell behavior.

This study has several limitations that should 
be acknowledged. Although we propose that 
UBE2W promotes pancreatic cancer malignan-
cy by mediating K63-linked ubiquitination of 
p53 and perturbing DNA damage repair and 
apoptotic pathways, the specific binding sites 
responsible for the UBE2W-p53 interaction 
remain undefined. 

The identity of the E3 ubiquitin ligase that coop-
erates with UBE2W to modulate p53 remains 
unelucidated in the present study. Although our 

prior co-immunoprecipitation (co-IP) assays 
confirmed that UBE2W physically interacts with 
the TRIM21 protein in cellular contexts, no fur-
ther experimental evidence was obtained to 
verify that TRIM21-functioning as an E3 ubiqui-
tin ligase-synergizes with UBE2W to jointly reg-
ulate p53.

Published literature has demonstrated that the 
RING domain of TRIM21 catalyzes K48-linked 
polyubiquitination of mutant p53 (mutp53), 
leading to its degradation via the proteasomal 
pathway. In cell lines such as colorectal cancer 
HT29 and breast cancer SK-BR3 cells, TRIM21 
overexpression markedly reduces mutp53 pro-
tein levels, whereas TRIM21 knockout results 
in the accumulation of mutp53 [41]. In pancre-
atic ductal adenocarcinoma (PDAC), mutant 
p53 or Kras can upregulate TRIM21 expres-
sion, which in turn induces the ubiquitination 
and degradation of TAp63α-a member of the 
p53 family [42]. The loss of TAp63α relieves the 
transcriptional repression of IL20RB, thereby 
activating the JAK1-STAT3 signaling pathway 
and promoting tumor metastasis and chemore-
sistance. Additionally, the RNA-binding protein 
HuR enhances TRIM21 translation by binding 
to the 3’ untranslated region (3’UTR) of TRIM21 
mRNA, while TRIM21 forms a negative feed-
back loop by degrading HuR, which modulates 
p53 protein synthesis in response to ultraviolet 
(UV) irradiation [43].

Building on existing literature and preliminary 
experimental explorations in this study, we  
can infer that TRIM21 collaborates with UBE2W 
to regulate p53 ubiquitination. However, this 
hypothesis necessitates rigorous and well-
designed experimental validation in future 
research to confirm its scientific validity. 

Additionally, the patient cohort was relatively 
small, particularly owing to the limited availabil-
ity of fresh specimens for protein expression 
validation.

In future studies, we aim to further elucidate 
the precise mechanisms by which UBE2W regu-
lates DNA damage repair and apoptosis in pan-
creatic cancer, thereby providing a solid theo-
retical foundation for the development of 
UBE2W-targeted small-molecule inhibitors.

In summary, UBE2W is a pan-cancer gene dif-
ferentially expressed across multiple malignan-
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cies, correlating with patient survival outcomes 
in various tumor types and representing a 
potential therapeutic and prognostic biomark-
er. Its significant correlations with immune cell 
infiltration and immune checkpoint genes 
underscore its potential as a target for tumor 
immunotherapy. Mechanistically, UBE2W un- 
dermines the tumor-suppressive functions of 
p53 by mediating K63-linked ubiquitination to 
alter its subcellular localization, thereby pro-
moting pancreatic cancer initiation and pro-
gression. Targeting the UBE2W-p53 axis repre-
sents a novel therapeutic strategy, and the 
development of specific inhibitors holds prom-
ise for improving clinical outcomes in pancre-
atic cancer patients.
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