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The low immunogenicity of pancreatic cancer inhibits effective antitumor immune responses, primarily 
due to the immune evasion mediated by low expression of the major histocompatibility complex 
(MHC). Through comprehensive analysis, our study identifies UPK3B as a gene closely associated with 
low MHC expression and low immunogenicity in pancreatic cancer. UPK3B has been reported as a 
marker of primary mesothelial cells, mature epicardium and promotes extracellular matrix signaling. 
However, the role of UPK3B in pancreatic cancer remain unclear. We found that UPK3B is highly 
predictive of overall survival (OS) in patients with pancreatic ductal adenocarcinoma (PDAC) and is 
significantly related to clinical features, immune cell infiltration, and response to immune checkpoint 
inhibitor (ICI) therapy. Gene enrichment analysis revealed significant downregulation of immune 
regulatory and BCR signaling pathways in the UPK3B high-expression group. Additionally, UPK3B 
is positively correlated with immunosuppressive cells, suggesting that high UPK3B expression may 
inhibit antitumor immune responses by promoting low MHC expression. UPK3B is also positively 
correlated with immune checkpoints, indicating that tumors with high UPK3B expression may not 
benefit from ICI therapy. Therefore, UPK3B may serve as a novel biomarker and therapeutic target for 
pancreatic cancer.
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Pancreatic cancer, a malignant tumor of the digestive tract with poor prognosis, has been exhibiting an increasing 
incidence rate annually, ranking as the seventh leading cause of cancer-related mortality worldwide. The five-
year survival rate remains a mere 12%1. Pancreatic ductal adenocarcinoma (PDAC) is the most prevalent type 
of pancreatic cancer, accounting for approximately 90% of cases. Historical evidence suggests that surgical 
resection is the optimal method for curing pancreatic cancer. Unfortunately, early-stage pancreatic cancer is 
asymptomatic, and most patients present with advanced disease upon symptom onset. Additionally, without 
further treatment, over 90% of patients may succumb to recurrence post-surgery2. Gemcitabine is currently the 
frontline chemotherapeutic agent for pancreatic cancer, yet its adjuvant efficacy is limited3 and accompanied 
by severe side effects, including hepatic and renal toxicity, underscoring the urgent need for more effective 
treatments4.

The advent and development of immunotherapy and targeted therapy strategies have significantly altered 
the prognosis of many malignancies, improving survival rates to varying degrees. Despite the success of these 
therapies in various solid tumors over the past decades, they have not shown significant benefits for pancreatic 
cancer patients5. This discrepancy may be attributed to the unique tumor microenvironment of pancreatic 
cancer6, characterized by dense fibrotic stroma, accumulation of myeloid-derived suppressor cells (MDSCs)7, 
low immunogenicity8, a paucity of predicted neoantigens, and low immune infiltration9, contributing to its 
resistance to various treatments. High immunogenic neoantigens and substantial CD8 + T cell infiltration have 
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been detected in long-term survivors of PDAC, suggesting that neoantigen-based cancer immunotherapy could 
potentially benefit the survival of pancreatic cancer patients10. The major histocompatibility complex (MHC), 
also known as the human leukocyte antigen (HLA) complex, comprises a set of genes whose corresponding 
molecules play critical roles in immune responses against various intracellular pathogens11. Numerous studies 
have demonstrated that MHC plays a pivotal role in tumor immune evasion in malignancies such as diffuse large 
B-cell lymphoma, cholangiocarcinoma, and pancreatic ductal carcinoma12–14. While MHC class I molecules 
are ubiquitously expressed, 40–90% of human tumor cells exhibit downregulation or loss of MHC class I 
expression, leading to impaired antigen presentation and subsequently disrupting CD8 + T cell recognition 
of tumor antigens, which diminishes their ability to attack tumor cells15. For instance, autophagy promotes 
immune evasion in pancreatic cancer by degrading MHC-I in PDAC, thereby weakening the response to 
immunotherapy16. Consequently, elucidating the mechanisms underlying low MHC-I expression in pancreatic 
cancer and identifying novel effective therapeutic strategies are of paramount importance.

In this study, we identified UPK3B as an MHC-I-related prognostic gene by comparing normal pancreatic 
tissue and PDAC tissue. We subsequently investigated the expression, prognostic significance, and immunological 
associations of UPK3B in pancreatic cancer. Additionally, we employed the TIDE algorithm to indicate UPK3B 
as a predictive marker for ICI therapy efficacy. This research facilitates the development of UPK3B as a prognostic 
biomarker and predictor of immunotherapy response in pancreatic cancer patients, potentially introducing new 
avenues for PDAC treatment.

Materials and methods
Data collection
We downloaded bulk RNA-seq and clinical data for pancreatic cancer patients from the TCGA and GTEx 
projects via the UCSC Xena database (http://xena.ucsc.edu/). Additionally, we included two GEO datasets, 
GSE132956 and GSE28735. Additional validation datasets were obtained from the ICGC ​(​​​h​t​t​p​s​:​/​/​d​c​c​.​i​c​g​c​.​o​r​g​/​p​
r​o​j​e​c​t​s​/​P​A​C​A​-​C​A​​​​​) and EBI (E-MTAB- 6134). Only tumor samples were retained, and samples lacking survival 
information (including survival time and survival status) were excluded. scRNA-seq data were sourced from 
previously published study17. The protein expressions in PDAC tissues were analyzed using the HPA online 
database (https://www.proteinatlas.org/).

Differential gene expression analysis
We performed differential gene expression analysis using the limma18 package to identify significantly 
differentially expressed genes in pancreatic cancer tissues compared to normal tissues. Genes with a p-value 
< 0.05 and |LogFC| > 1 were considered differentially expressed. Additionally, we stratified the samples based on 
high and low MHC molecule expression levels to identify genes significantly negatively correlated with MHC 
expression. Among these, UPK3B emerged as a particularly interesting candidate for further investigation due 
to its distinct expression pattern.

Survival analysis and Cox regression analysis
 Kaplan-Meier (K-M) survival analysis was performed using the survminer and survival packages to evaluate 
the differences between high and low expression groups based on optimal cut-off expression levels. Additionally, 
univariate and multivariate Cox regression analyses were conducted to investigate the relationship between 
UPK3B expression, clinical prognostic indicators, and survival time in TCGA-PAAD patients (Tables 1 and 2). 
Only significant variables from the univariate analysis were included in the multivariate analysis.

Functional enrichment analysis
We utilized the R package clusterProfiler19 to perform Gene Ontology (GO) enrichment analysis, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis, and Gene Set Enrichment Analysis (GSEA) to explore 
the gene functions and potential signaling pathways associated with UPK3B.

Immune infiltration analysis
We estimated the proportions of infiltrated immune cells using various algorithms20, such as XCELL, CIBERSORT, 
and MCP-counter. We analyzed the correlation between UPK3B expression levels and the abundance of various 
immune cell types to identify significant associations. Additionally, we evaluated the tumor microenvironment 
using the ESTIMATE21 package, which calculates the stromal, immune, and total ESTIMATE scores based on 
the gene expression profiles of each patient. Furthermore, we used the TIDE score (http://tide.dfci.harvard.edu/) 
to predict the efficacy of immunotherapy in high- and low-UPK3B expression groups.

scRNA-seq analysis
The Seurat22 package was used to perform the single-cell RNA sequencing (scRNA-seq) analysis. We specifically 
investigated the expression patterns of UPK3B across different cell types, aiming to elucidate its role and potential 
impact on the tumor microenvironment.

Cell lines and culture
AsPC- 1, BxPC- 3, Capan2, HPAC, PANC1, Miapaca2, KPC, and CFPAC1 cell lines were purchased from ATCC 
as described previous23. All cell lines were incubated in DMEM (Wisent, China) supplemented with 10% fetal 
bovine serum (Wisent, China), 100 U/mL penicillin, and 100 mg/mL streptomycin (Invitrogen, USA) in an 
incubator at 37 °C and 5% CO2. The KPC cell line was used for in vivo experiment. Proteins from cell lines were 
used for the immunoblot analysis.
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Small-interfering RNA (siRNA) transfection of UPK3B
All siRNAs were purchased from Origen (SR325143, USA). Transfections were carried out according to the 
manufacturer’s instructions. Briefly, siRNA was diluted in culture medium without serum. Lipo3000 (Thermo 
Fisher, L3000001, USA) transfection reagent was added to diluted siRNA and mixed by vortexing. Then, the 
complexes were added to the cells. The efficacy of siRNA was checked by immunoblot analysis after 72 h of 
transfection.

Stable cell line construction
Two shRNAs (short hairpin RNAs) targeting the mouse UPB3B (KD) locus were cloned into pLV3 ltr-
ZsGreen-neo-U6-UPK3B (Corues, Nanjing, China). We used a lentivirus packaging system to construct stable 
transformants. The medium was changed to fresh serum-free and antibiotic-free DMEM before transfection. To 
generate lentiviral particles, transfection was performed with pLV3 ltr (7.5 µg), pSPAX2 (3.75 µg), and pMD2. 
G (3.75 µg) at 70% HEK293 T cell density (Lipo3000 Invitrogen, USA). Fresh medium containing 10% FBS was 
added after 8 h. The supernatant containing lentiviral particles was collected at 48 h, centrifuged at 1200 rpm, 
filtered, and stored at − 80 °C. Cells were transfected by mixing virus solution with 2–10 µg/ml polybrene. After 
48 h, we screened with antibiotic at a concentration of 2–5 µg/ml. We placed single cells into 96-well plates to 
obtain UPK3B knockdown clones.

Immunoblot
Following a PBS wash, the cells were extracted using RIPA lysates that contained phosphatase and proteolytic 
enzyme inhibitors. The BCA Kit was used to measure the protein concentration (Vazyme: E112 - 01, China). To 
balance the buffer, SDS-PAGE loading buffer (CWBio: CW0027, China) was utilized. After loading the samples 
with 20 µg of protein onto 10% SDS-PAGE gels, they were electrophoresed at 80–120 V and then transferred 
at 250 mA to PVDF membranes. PVDF membranes were incubated with the primary antibody for one hour 
at 4  °C after being treated with 5% skim milk. After rinsing the membranes with TBST, they were exposed 
to a secondary antibody conjugated with horseradish peroxidase (HRP) for one hour at room temperature. 
Vazyme’s ECL Western Blotting Detection Reagent (E412 - 02-AB, China) was used to detect the signal after the 
membranes were cleaned with TBST. Protein bands were observed using the ChemiDoc MP Imaging System 
(Bio-Rad, USA). UPK3B (Protein-tech, 15709 - 1-AP, USA), Beta-actin (Protein-tech, 66009 - 1- 1 g, USA) were 
used in the study. Densitometric analysis of UPK3B and beta-actin bands was performed using Image J software 
and normalized to beta-actin expression.

Immunohistochemistry
The immunochemistry was performed as reported previously23. In summary, the tissue sections were rehydrated 
using xylene and graded alcohols after being deparaffinized in distilled water for five minutes. Citrate buffer 
(0.01 mol/L, pH: 6.0) was used for antigen exposure and repair, and the microwave oven was set to high for two 
minutes and low for ten minutes. An immunohistochemistry pen was used to circle the tissue sections once they 
had cooled to room temperature. For ten minutes, tissue slices were treated at room temperature with Triton 
X- 100. The tissue sections were incubated in deionized methanol containing 3% hydrogen peroxide at room 
temperature for a duration of 10 min, followed by a wash with TBST solution. Next, the sections were treated 
with 10% goat serum for 60 min at room temperature to inhibit nonspecific antibody binding. The sections were 
subsequently incubated overnight with the primary antibody at 4 °C. After a washing step, the sections were 
exposed to horseradish peroxidase-conjugated goat anti-rabbit or mouse secondary antibodies for 1 h at room 
temperature. The color reaction was developed using DAB (ZSGB-BIO; ZLI- 9019) combined with hematoxylin. 
Finally, following dehydration through a graded series of alcohols and xylene, the sections were mounted using 
neutral resin. UPK3B (Protein-tech, 15709 - 1-AP, USA) was used in the study. IHC semi quantification was 
performed according to previous study24.

Cell viability assay
CCK8 assay (Dojindo, Kumamoto, Japan) was performed according to the manufacturer’s instructions. Briefly, 
5000 cells were seeded in 96 well plates. After 24 h, 48 h, and 72 h incubation. Then cells were incubated with 10 
µL CCK8 for 2 h at 37 °C. The absorbance was recorded at 450 nm.

In vivo experiment
The portal vein injection models were performed according to a previous protocol25. Equal numbers of KPC/
KPC UKD cells were injected in situ into C57BL/6 mice at 8 weeks of age. Mice were anesthetized using isoflurane 
at a constant flow rate, and after local shaving and disinfection, a small longitudinal incision was made in the left 
upper abdomen, and 50 µl of cell suspension (1 * 106 cells) was slowly injected into the tail of the pancreas. The 
success of injection is confirmed by forming liquid bubbles at the injection site. 200ug/mouse PD-L1 (BioXcell, 
BE0101, USA) was provided by intraperitoneal injection. Starting from the seventh day of orthotopic tumor 
implantation, the drug was given again at an interval of two days after each administration. Mice were observed 
regularly and analyzed 21 days later.

Trans-well/migration assay
Cells were cultured until they reach 70–80% confluence. Detach cells using Trypsin-EDTA, neutralize with 
complete media, and resuspend in serum-free medium at 1 × 10^5 cells/mL. Place the inserts in a 24-well plate. 
Put 100–200 µL of cell suspension in the top chamber and 600–800 µL of serum-free medium in the lower 
chamber. Incubate for 24–48 h at 37 °C with 5% CO2. Use crystal violet as a stain. The staining cell was counted 
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and analyzed. The number of cells was counted under a light microscope. At least 5 pictures were captured each 
well with 20x magnificent, then the number of the cells were counted and analyzed.

Flow cytometry
For the staining procedure, cells were harvested, washed one time, and subsequently incubated with blocking 
agent Fc-block (CD16/32 Fc-block (eBiosciences, 14–0161- 85, USA)) in PBS/1% FCS for 20 min/4 °C. After 
centrifugation and an additional wash-step, cell suspensions were stained in PBS/1% FCS with the following 
antibodies for 30 min/dark/4 °C: MHC1 (Biolegend, 329708, USA). Single stains for fluorescence compensation 
corrections and unstained controls for exclusion of false positive measurements were incorporated. Flow 
cytometry analysis was performed using a Gallios flow cytometer (Beckman Coulter, USA). Flow cytometry 
analysis was performed. Data were analyzed using a software package (FlowJo, LLC, version 10.4). Experiments 
were repeated three times.

Statistical analysis
All data analysis and visualization were performed using R software. For data with non-normal distributions 
and uncertain variances, group differences were analyzed using the Wilcoxon rank-sum test. Univariate and 
multivariate analyses were conducted using the Cox regression model. Survival differences were assessed using 
the log-rank test. Spearman correlation analysis was employed to analyze the relationships between variables 
that did not follow a normal distribution. A p-value of less than 0.05 was considered statistically significant.

Ethic statement
The methodology of this investigation adhered to the requirements established in the Helsinki Declaration. 
The ethics committee and institutional review board for clinical research at Zhongda Hospital (ZDKYSB077) 
accepted the study protocol. All human tumor tissue samples were obtained in conformity with national and 
institutional ethical standards. All participants signed informed consent prior to their inclusion in the study.

Results
Identification of differentially expressed genes negatively correlated with MHC
The TCGA-PAAD and GSE132956 datasets were divided into tumor and normal groups, identifying 586 and 
1333 upregulated genes in the tumor groups, respectively. Furthermore, the TCGA data were categorized into 
high and low expression groups based on the median expression of several MHC molecules, and upregulated 
genes in the low MHC expression group were identified. Subsequently, using paired clinical survival data from 
TCGA, univariate Cox regression analysis was conducted on all genes to identify potential prognostic factors. 
The intersection of these gene sets resulted in a single gene, UPK3B (Fig. 1).

The clinical significance of UPK3B in pancreatic Cancer
Immunohistochemical staining from the HPA database confirmed the high expression of the UPK3B protein in 
tumor tissues (Fig. 2). By integrating clinical information from the TCGA database, we observed that UPK3B is 
highly expressed in patients with pancreatitis (Fig. 3A), in high-grade pathological specimens, and in advanced 
pancreatic cancer (Fig. 3B). Kaplan-Meier survival analysis indicated that the high UPK3B expression group had 
significantly worse prognosis (Fig. 3C, D) (Tables 1 and 2).

Biological pathways and immune infiltration associated with UPK3B
TCGA samples were stratified into high and low expression groups based on the median expression of UPK3B 
for GSEA analysis. The results demonstrated that several immune regulatory pathways were downregulated 
in the high UPK3B expression group (Fig. 4A, B). Immune infiltration analysis indicated that both immune 
and stromal scores were significantly lower in the high UPK3B expression group (Fig. 4C). Furthermore, the 
abundance of cytotoxic cells, macrophages, mast cells, and T cells was markedly reduced (Fig. 4D). Correlation 
analysis revealed that UPK3B expression was significantly positively correlated with immunosuppressive cells, 
such as MDSCs and CAFs, while it was significantly negatively correlated with monocytes, macrophages, and B 
cells (Fig. 4E).

Prediction and validation of immunotherapy response
Further investigation into the correlation between UPK3B and immune checkpoints revealed that UPK3B 
expression was significantly positively correlated with CD274, PDCD1, and CTLA4 (Fig. 5A). TIDE analysis 
indicated that the high UPK3B expression group exhibited significantly elevated immune exclusion scores and 
MDSC infiltration, while the IFNG signaling pathway score was significantly reduced (Fig. 5B). Subsequently, 
the prognostic significance of UPK3B was validated in three external datasets, confirming that, consistent with 
the TCGA data, the high UPK3B expression group had a significantly poorer prognosis (Fig. 5C).

The characteristics of UPK3B in scRNA-seq
To further investigate the expression pattern of UPK3B in PDAC, we analyzed published single-cell datasets, 
revealing that UPK3B is specifically expressed in malignant cells (Fig. 6A, B). Malignant cells were then divided 
into UPK3B-positive and UPK3B-negative groups based on UPK3B expression. Genes highly expressed in the 
UPK3B-positive group were identified and subjected to enrichment analysis, which demonstrated that these 
genes were significantly enriched in glycolysis-related pathways (Fig.  6C, D). GSEA results indicated that 
immune-related pathways were significantly downregulated in the UPK3B-positive group, such as Interferon 
gamma response, Interferon alpha response (Fig. 6E).
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Silencing of UPK3B inhibits cell proliferation, invasion, and migration in human pancreatic 
cancer cells
To elucidate the functional role of UPK3B in pancreatic cancer cells, we conducted comparative experiments 
after silencing UPK3B expression using siRNA. Considering that UPK3B is expressed at relatively high levels in 
Aspc- 1 and PANC1 cells (Fig. 7A), we selected these two cell lines for transfection and subsequent experiments, 
comparing them with a negative control group. Following siRNA transfection, UPK3B protein expression was 
significantly reduced in the Aspc- 1 and PANC1 cells (Fig.  7B). CCK8 assay showed that Silencing UPK3B 
markedly reduced the proliferation ability of Aspc- 1 and PANC1 cells compared to the control group (Fig. 7C, 
D). Following this, the transwell and invasion assay was applied to test the migration and invasion ability of 
selected cells, and the transwell assay proved that the migration ability of tumor cells was significantly reduced 
when UPK3B was down regulated in PANC1, which was also evident in Aspc- 1 (Fig.  7E-H). Specifically, 
silencing UPK3B leads to a significant increase in the expression of MHC on the surface of tumor cells (Fig. 7I, 
J). Furthermore, to test the impact of UPK3B in vivo, mouse KPC cell were orthotopically transplanted into 
C57BL/6 mice. The UPK3B knockdown KPC cell was established (Fig.  7K). Orthotopic transplantation 
experiment identified UPK3B knockdown significantly inhibited tumor growth than control cells, and PD-

Fig. 1.  Identification of hub genes. (A-C) UPK3B was selected as a hub gene. (D) Volcano plot of differential 
expression analysis in TCGA. (E) Results of Univariate Cox analysis for all genes. (F) Volcano plot of 
differential expression analysis in GSE132956.
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Fig. 3.  Clinical significance of UPK3B in pancreatic cancer patients. (A) UPK3B is highly expressed in 
pancreatitis and tumor samples. (B) UPK3B is highly expressed in high-grade pathological and advanced 
samples. (C, D) Patients with high UPK3B expression have worse overall survival (OS) and progression-free 
survival (PFS).

 

Fig. 2.  Immunohistochemistry images of UPK3B in pancreatic cancer. (A) The immunohistochemistry picture 
shows the UPK3B expression in pancreatic cancer. (B) The immunohistochemistry picture shows the UPK3B 
expression in normal pancreas tissue. (C) The bar chart shows the semi-quantification of UPK3B expression in 
normal pancreas tissue and pancreatic cancer.
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L1 treatment significantly decreased tumor growth (Fig.  7L-N). Moreover, UPK3B knockdown significantly 
sensitized tumors to PD-L1 treatment (Fig. 7L-N).

Discussion
Pancreatic cancer treatment faces significant challenges due to the highly fibrotic and immunosuppressive tumor 
microenvironment26, which impedes both chemotherapy and immunotherapy, complicating treatment. Although 
progress has been made with immunotherapy, the low immunogenicity and presence of immunosuppressive cells 
within the tumor largely result in a lack of response to treatment27. These factors contribute to poor prognosis 
and low survival rates, highlighting the urgent need for new, more effective therapeutic strategies.

Current research into immunosuppressive cells within the tumor microenvironment is burgeoning. 
Studies7,28 have shown that the abundance of Th2, M2 macrophages, Tregs, and myeloid-derived suppressor cells 
(MDSCs) in pancreatic cancer can block Th1 and CD8 + T lymphocyte antitumor responses, thereby promoting 
tumor growth. This study focuses on the low immunogenicity of pancreatic cancer, which depends on several 
indicators, including the major histocompatibility complex (MHC), predominantly composed of human 
leukocyte antigen (HLA) molecules. The interaction between MHC molecules and T cell receptors significantly 
influences the effectiveness of the immune response. For a robust immune response, antigens must be properly 
processed and presented by MHC molecules to T cells. Tumors can evade immune detection through various 
mechanisms, including downregulation of MHC molecules. Reduced expression of MHC Class I molecules on 
cancer cells impairs the presentation of tumor antigens to CD8 + T cells, leading to immune evasion29–31.

Recent therapeutic strategies have been developed to counteract MHC-I loss, including the use of immune 
checkpoint inhibitors (ICIs), autophagy inhibitors, and combinatory approaches23,32,33. Autophagy-mediated 
degradation of MHC-I molecules leads to reduced antigen presentation. Inhibiting autophagy has been proposed 
as a therapeutic strategy to restore MHC-I levels on tumor cells. For instance, chloroquine, an autophagy 
inhibitor, has been shown to reverse immune evasion by preventing MHC-I degradation33. Combining ICIs 

Characteristics Total (N)

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Pathologic T stage 177 0.017

T1&T2 31 Reference Reference

T3&T4 146 2.035 (1.079–3.838) 0.028 1.193 (0.589–2.415) 0.625

Pathologic N stage 174 0.002

N0 50 Reference Reference

N1 124 2.161 (1.287–3.627) 0.004 2.171 (1.208–3.900) 0.010

Pathologic M stage 85 0.713

M0 80 Reference

M1 5 0.773 (0.185–3.227) 0.724

Pathologic stage 176 0.480

Stage I&Stage II 168 Reference

Stage III&Stage IV 8 0.676 (0.213–2.145) 0.507

Histologic grade 177 0.060

G1&G2 127 Reference Reference

G3&G4 50 1.532 (0.993–2.363) 0.054 1.420 (0.894–2.257) 0.138

Anatomic neoplasm subdivision 179 0.001

Head 139 Reference Reference

Body 14 0.410 (0.165–1.016) 0.054 0.575 (0.208–1.590) 0.286

Tail 15 0.733 (0.337–1.592) 0.432 0.771 (0.336–1.770) 0.540

Other 11 0.104 (0.014–0.749) 0.025 0.082 (0.011–0.625) 0.016

History of diabetes 147 0.776

No 109 Reference

Yes 38 0.923 (0.531–1.607) 0.778

History of chronic pancreatitis 142 0.685

No 129 Reference

Yes 13 1.169 (0.559–2.445) 0.679

Alcohol history 167 0.541

No 65 Reference

Yes 102 1.146 (0.739–1.779) 0.543

UPK3B 179 0.038

Low 89 Reference Reference

High 90 1.542 (1.021–2.330) 0.039 1.315 (0.854–2.025) 0.213

Table 1.  Cox OS negative.
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with autophagy inhibitors represents a promising strategy to enhance anti-tumor immunity, especially in tumors 
with low MHC-I expression34. Preclinical studies have demonstrated that autophagy inhibitors can improve 
the efficacy of ICIs by increasing MHC-I expression and promoting dendritic cell recruitment34. For example, 
combining autophagy inhibition with dendritic cell recruitment has shown potential in enhancing anti-tumor 
immunity. Additionally, combining autophagy modulators with ICIs has shown encouraging preclinical results. 
GNS561, a palmitoyl-protein thioesterase 1 (PPT1) inhibitor, is a promising autophagy modulator that has 
entered a phase 2 clinical trial in liver cancer, combined with atezolizumab and bevacizumab. This approach 
paves a new road, leading to the resurgence of anticancer autophagy inhibitors as an attractive therapeutic target 
in cancer35. Thus, targeting MHC- 1 is a promising method for the treatment of cancer.

Through comprehensive bioinformatics analysis, this study identified UPK3B as a potential key gene 
associated with low MHC expression. Survival analysis further validated the prognostic value of UPK3B. Gene 
enrichment analysis revealed significant downregulation of immune regulatory and BCR signaling pathways 
in the UPK3B high-expression group. Additionally, UPK3B was positively correlated with immunosuppressive 
cells, suggesting that high UPK3B expression may inhibit the antitumor immune response in pancreatic cancer 
by promoting low MHC expression. Furthermore, UPK3B was positively correlated with immune checkpoints, 
implying that tumors with high UPK3B expression may not benefit from immune checkpoint inhibitor therapy 
using checkpoint molecule-specific monoclonal antibodies. Therefore, enhancing MHC-I expression and 
function, and developing related targeted drugs, may improve the efficacy of immune checkpoint inhibitors 
in pancreatic cancer patients. scRNA-seq showed that the expression pattern of UPK3B is consistent with bulk 
RNA-seq. We demonstrated the role of UPK3B in promoting adverse phenotypes in pancreatic cancer cells 
through in vitro cellular experiments.

UPK3B has been reported as a marker of primary mesothelial cells36,37. Previous studies have mostly 
associated UPK3B with urothelial cells38, while a recent study indicated that UPK3B is a marker of mature 
epicardium and promotes extracellular matrix signaling39. Based on our findings, UPK3B may serve as a 

Characteristics Total (N)

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Pathologic T stage 177 0.002

T1&T2 31 Reference Reference

T3&T4 146 2.425 (1.316–4.470) 0.005 1.544 (0.814–2.930) 0.184

Pathologic N stage 174 0.010

N0 50 Reference Reference

N1 124 1.746 (1.121–2.720) 0.014 1.453 (0.903–2.340) 0.124

Pathologic M stage 85 0.707

M0 80 Reference

M1 5 0.826 (0.296–2.303) 0.714

Pathologic stage 176 0.825

Stage I&Stage II 168 Reference

Stage III&Stage IV 8 1.099 (0.480–2.518) 0.823

Histologic grade 177 0.018

G1&G2 127 Reference Reference

G3&G4 50 1.671 (1.107–2.523) 0.015 1.488 (0.957–2.314) 0.077

Anatomic neoplasm subdivision 179 0.005

Head 139 Reference Reference

Body 14 0.403 (0.175–0.928) 0.033 0.670 (0.287–1.564) 0.355

Tail 15 0.824 (0.426–1.594) 0.566 0.749 (0.365–1.537) 0.430

Other 11 0.258 (0.081–0.819) 0.022 0.285 (0.089–0.917) 0.035

History of diabetes 147 0.344

No 109 Reference

Yes 38 0.779 (0.458–1.324) 0.355

History of chronic pancreatitis 142 0.727

No 129 Reference

Yes 13 0.880 (0.424–1.828) 0.731

Alcohol history 167 0.341

No 65 Reference

Yes 102 1.223 (0.805–1.859) 0.345

UPK3B 179 0.001

Low 89 Reference Reference

High 90 1.887 (1.275–2.792) 0.001 1.534 (1.025–2.298) 0.038

Table 2.  COX RFS positive.
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Fig. 4.  GSEA enrichment analysis and immune infiltration analysis based on UPK3B. (A, B) Immune 
activation-related pathways are downregulated in the UPK3B high expression group. (C) The stromal and 
immune scores are lower in the UPK3B high expression group. (D, E) UPK3B expression is negatively 
correlated with immune-activated cells and positively correlated with immunosuppressive cells.
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potential therapeutic target for pancreatic cancer. Its association with poor prognosis suggests that inhibiting or 
interfering with UPK3B function could help suppress pancreatic cancer growth and metastasis.

This study mainly relies on the analysis of gene expression and its correlation with clinical data. Although 
functional validation experiments have confirmed the detrimental effects of UPK3B, further animal studies are 
still lacking, underscoring the necessity for further experimental research to validate our conclusions. Future 
research directions may focus primarily on the mechanisms by which UPK3B regulates MHC-I expression.

Conclusion
We identified UPK3B as a gene strongly associated with low immunogenicity in pancreatic cancer. UPK3B 
exhibits a strong predictive ability for overall survival (OS) in PDAC patients and is closely related to clinical 
characteristics, immune cell infiltration, and responses to immune checkpoint inhibitor (ICI) therapy. Overall, 
our study reveals the significant role of UPK3B in pancreatic cancer and provides insights into its potential 
mechanisms. These findings contribute to a better understanding of pancreatic cancer progression and prognosis 
evaluation. UPK3B may serve as a novel biomarker and therapeutic target for PDAC.

Fig. 5.  Immunotherapy outcome prediction and validation. (A) Correlation analysis of UPK3B with immune 
checkpoints. (B) TIDE scoring based on UPK3B. (C) The prognostic significance of UPK3B was validated in 
three additional datasets. *p < 0.05;**p < 0.01;***p < 0.001.
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Fig. 6.  Validation of UPK3B in scRNA-seq. (A) UMAP dimensionality reduction plots for various cell types. 
(B) UPK3B expression in malignant cells. (C, D) KEGG and GO enrichment analysis results for marker genes 
in UPK3B-positive malignant cells. (E) GSEA results show that immune activation-related pathways are 
downregulated in UPK3B-positive malignant cells.
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Data availability
The datasets generated and/or analysed during the current study are available in the online repository, We down-
loaded bulk RNA-seq and clinical data for pancreatic cancer patients from the TCGA and GTEx projects via 
the UCSC Xena database (http://xena.ucsc.edu/). Additionally, we included two GEO datasets, GSE132956 and 

Fig. 7.  Influence of UPK3B on the phenotypic characteristics of pancreatic cancer cells. (A) Protein expression 
of UPK3B in pancreatic cancer cells. (B) The protein expression of UPK3B decreases in Ascp- 1 and PANC1 
cell lines following the silencing of UPK3B. (C, D) Cell proliferation decreases after transfection of si-UPK3B. 
(E-H) Cell invasion and migration are inhibited after transfection of si-UPK3B. (I, J) Inhibition of UPK3B 
increases the expression of MHC on the cell surface. (K) The expression of UPK3B decreases in KPC cell line 
following knockdown of UPK3B. (L) Gross appearance of the tumor in the orthotopic injection tumor model 
in the con, shUPK3B, ICB, and ICB + shUPK3B groups. (M-N) Quantitative analysis showed the volume and 
weight of the tumor. *p < 0.05;**p < 0.01;***p < 0.001.
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GSE28735. Additional validation datasets were obtained from the ICGC ​(​h​t​t​p​s​:​/​/​d​c​c​.​i​c​g​c​.​o​r​g​/​p​r​o​j​e​c​t​s​/​P​A​C​A​-​C​
A​) and EBI (E-MTAB- 6134). Only tumor samples were retained, and samples lacking survival information 
(including survival time and survival status) were excluded. scRNA-seq data were sourced from previously pub-
lished study[15]. The protein expressions in PDAC tissues were analyzed using the HPA online database ​(​h​t​t​p​s​
:​/​/​w​w​w​.​p​r​o​t​e​i​n​a​t​l​a​s​.​o​r​g​/​)​.​​
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