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Purpose: This study aims to integrate pancreatic cancer TCGA, GEO, and single-cell
RNA-sequencing (scRNA-seq) datasets, and explore the potential prognostic markers
and underlying mechanisms of the immune microenvironment of pancreatic cancer
through bioinformatics methods, in vitro and in vivo assays.

Methods: Expression data and clinicopathological data of pancreatic cancer TCGA, GEO
(GSE131050), single cell sequencing (PAAD_CRA001160) dataset were downloaded. We
used R/Bioconductor edgeR for differential expression analysis. ClusterProfiler was
utilized to perform GO enrichment analysis on differentially expressed genes. The online
software CIBERSORT was used to reanalyze the mRNA expression data of pancreatic
cancer. CellRanger, RunPCA, FindNeighbors, FindClusters, RunTSNE and RunUMAP
were used to perform preprocessing, cell clustering and expression profile analysis on
single-cell sequencing data sets. We analyzed intracellular pH with or without CA9
inhibitor SLC-0111. Indirect co-culture model of human pancreatic cancer cell lines and
healthy individual-derived PBMCs were used to determine the effect of CA9-related Acidic
Microenvironment on CD8+ T cells.

Results: The CIBERSORT analysis of TCGA pancreatic cancer transcriptome
sequencing data showed that among the 22 immune microenvironment components,
CD8+ T cell infiltration was significantly correlated with the prognosis of pancreatic cancer
patients. The differential expression analysis of the TCGA data grouped by the level of
CD8+ T cell infiltration indicates that the expression of carbonic anhydrase 9 (CA9) is the
most significant, and the survival analysis suggests that CA9 is associated with the overall
survival of pancreatic cancer. TCGA data and GEO data set GSE131050 expression
correlation analysis suggests that CA9 and CD8 expression are closely related. Pancreatic
cancer single-cell sequencing data set PAAD_CRA001160 analysis results show that CA9
is mainly expressed in pancreatic cancer cell clusters, and the expression of the cancer
cell subgroup CA9 in the single-cell data set is correlated with CD8+ T cell infiltration.
January 2022 | Volume 11 | Article 8323151

https://www.frontiersin.org/articles/10.3389/fonc.2021.832315/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.832315/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.832315/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.832315/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:xpcandy1989@gmail.com
mailto:liqiang020202@163.com
https://doi.org/10.3389/fonc.2021.832315
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.832315
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.832315&domain=pdf&date_stamp=2022-01-27


Yin et al. CA9 and Immunosuppression in PDAC

Frontiers in Oncology | www.frontiersin.org
Conclusion: Pancreatic cancer cells may inhibit the infiltration of CD8+ T cells through
CA9. Further exploration of its related mechanisms can be used to explore the immune
escape pathway of pancreatic cancer and provides new perspectives immune
targeted therapy.
Keywords: pancreatic cancer, tumor microenvironment, CA9, CD8+ T cells, immunotherapy
INTRODUCTION

Pancreatic cancer is one of the solid tumors with the worst
prognosis, and the incidence in China is increasing year by year
(1). The onset of pancreatic cancer is insidious, and more than
80% of patients lose the opportunity to undergo radical resection
due to local progression and/or distant metastasis at the time of
diagnosis (2), while patients undergoing radical resection are
usually observed with local or distant recurrence within two
years after surgery (3). In addition to surgical resection,
chemotherapy is also greatly restricted in the treatment of
pancreatic cancer due to the extremely high drug resistance
rate. In recent years, immunotherapy has become the most
promising treatment for pancreatic cancer other than surgery
and chemotherapy. However, due to the strong heterogeneity of
the immune microenvironment of pancreatic cancer, and the
formation of the immunosuppressive microenvironment is not
clear, the current immunotherapy has limited efficacy in
pancreatic cancer (4).

Our study found that the lack of CD8+ T cells in the immune
microenvironment of pancreatic cancer is the most significant
risk factor for its poor prognosis, and cancer cells may inhibit
CD8+ T cell infiltration through CA9 related mechanism, which
provides new ideas for exploring pancreatic cancer immune
escape pathways and immune targeted therapy.
MATERIALS AND METHODS

Data Source
Pancreatic cancer mRNA expression data and single-cell RNA-
sequencing of TCGA, GEO, database gene were downloaded
from TCGA (https://xenabrowser.net/datapages/), CBioPortal
(https://www.cbioportal.org/datasets) and Gene Expression
Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/). In TCGA
database, patients with OS shorter than 1 month or with rare
pathological type as colloid carcinoma and undifferentiated
carcinoma. 154 patients of TCGA cohort were included for
further analysis. GEO dataset GSE131050 (GPL11154 Illumina
HiSeq 2000 (Homo sapiens) with 47 PDAC samples were
selected to validate the results of TCGA cohort (5). The single-
cell RNA-seq (6) dataset was downloaded from Genome
Sequence Archive (accession number: CRA001160) at https://
bigd.big.ac.cn/bioproject/browse/PRJCA001063.

Bioinformatical Methodology
Gene differential expression analysis were performed using R/
Bioconductor edgeR. Firstly, low-expressed genes and miRNAs
2

were filtered with count per million (cpm)≤1 in more than 10%
of the samples. The threshold of differential expression is
FDR<0.05, fold-change>1.5. Pathway enrichment was
conducted using clusterProfiler including biological process
(BP), molecular function (MF) and cellular component (CC),
and KEGG signal pathway enrichment analysis. The enrichment
significance threshold is FDR<0.05. For the significantly enriched
KEGG pathway, pathview was used to display the pathway.
Online software CIBERSORT (https://cibersort.stanford.edu/
index.php) was used to reanalyze the mRNA expression data of
pancreatic cancer for immune microenvironment components.
CellRanger, RunPCA, FindNeighbors, FindClusters, RunTSNE,
and RunUMAP were used to perform preprocessing, cell
clustering and expression profile analysis on the single-cell
sequencing dataset PAAD_CRA001160.

Cell Culture
HumanPDAC cell lines (PANC-1, CFPAC-1) were obtained from
the American Type Culture Collection (ATCC; Rockville, MD,
USA). and were cultured using standard techniques. Pancreatic
cancer cell lines were cultured in DMEM supplemented with
10% FBS, penicillin (100 U/mL) and streptomycin (100 mg/mL).
Cells were maintained at 37°C in a humidified incubator with
5% CO2.

Peripheral blood mononuclear cells (PBMC) were isolated as
previously described (7). Pancreatic cancer cell lines and the
isolated PBMCs were cultured in DMEM, supplemented with
10% FBS, 100U/ml penicillin, and 100 mg/ml streptomycin at
37°C in a 5% CO2, 95% air environment in humidified
incubators with or without CA9 inhibitor SLC-0111.

qPCR
Total RNAwas extracted fromPDAC cell lines (CFPAC-1, PANC-
1) with or without co-incubation with SLC-0111 using Trizol
reagent and reverse-transcribed into cDNA with PrimeScript RT
MasterMix. The process of qRT-PCR amplificationwas performed
using the Step One Plus Real-Time PCR System (Applied
Biosystems, Carlsbad, CA, USA) with FastStart Universal SYBR
GreenMaster. All the experimentsmentionedherewere performed
according to relevant manufacturer’s instructions. The formula
2-DDCt (Ct means the cycle threshold) was used to normalize the
relative expression of mRNA in certain cells.

Western Blotting
Total protein was extracted from PDAC cell lines (CFPAC-1,
PANC-1) with or without co-incubation with SLC-0111 by using a
lysis buffer containing PMSF, protease inhibitors, and phosphatase
inhibitors (1 mL lysis buffer with 5ml 100mM PMSF, 1mL protease
January 2022 | Volume 11 | Article 832315
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inhibitors, and 5mL phosphatase inhibitors). Protein lysates from
cells were subjected to 5×SDS-PAGE. Western blot analysis was
performed according to standard methods.

In Vivo Model
Mouse pancreatic cancer cells PANC02 (dissolved in PBS, 2×107/
100mL, 100 mL/per nude mice) were injected subcutaneously in
Frontiers in Oncology | www.frontiersin.org 3
the right flank of C57BL/6 mice. After tumor volume reached
150–200 mm3, 12 tumor-bearing mice were randomly divided
into two groups (control group, CA9 group). SLC-0111 (50 mg/
kg) and vehicle were administered daily then. Changes in mouse
body weight were monitored throughout the study, tumor
growth was observed every 2 days and was calculated by the
formula: tumor volume=length×width×height/2. Mice were
A B

C D

E F

FIGURE 1 | Comprehensive analysis of TME components of TCGA pancreatic cancer patients indicate the prognostic value of CD8+ T cells. (A) TCGA pancreatic
cancer transcriptome sequencing data CIBERSORT analysis results show the main infiltrating immune cells in pancreatic cancer. (B–D) TCGA data suggest that the
prognosis of patients with pancreatic cancer with high CD8+ T cell infiltration, high monocyte infiltration, and low macrophage M0 is significantly better. (E) Volcano
plots of DEGs between CD8+ T cells high infiltration group and low group. X-axis indicates the fold change (log scaled), whereas the Y-axis shows the p values (log
scaled). Each symbol represents a different gene, and the red/blue color of the symbols categorize the upregulated/downregulated genes falling under different
criteria (p value and fold change threshold). p value <0.05 is considered as statistically significant, whereas fold change >1 is set as the threshold. (F) Heatmaps of
the top 8 DEGs between between CD8+ T cells high infiltration group and low group.
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sacrificed at day 22, tumors were excised, weighed, and volume
was measured for between group comparisons. Relative
inhibition ratio was calculated by the formula: [(volume1-
volume2)/volume1] ×100%.

Immunofluorescence
We measured the expression level of CA9 using multi-color
immunofluorescence in the mice tumor slides. CA9 (FITC) and
CD8A (Cy3) were simultaneously stained in serial sections. In
short, antigen retrieval was performed with citrate buffer pH 8.0
for 25 min at 97° C in a pressure-boiling container. Blocking was
Frontiers in Oncology | www.frontiersin.org 4
subsequently conducted using 0.3% bovine serum albumin in
0.05% Tween solution for 30 min, followed by incubation with
primary antibodies at 4° C overnight. At last, fluorescein-labeled
secondary antibodies were added for signaling detection at room
temperature. Nuclei were detected

Tissue Microarray (TMA) Construction
A total of 79 samples of PC patients were collected in The First
Affiliated Hospital of Nanjing Medical University. All PC
patients were regularly followed up in our institution. The OS
of these 79 patients was >1 month. Thereafter, a TMA was
A B

C D

FIGURE 2 | Enrichment Analysis of DEGs identified from comparing CD8+ T cells high infiltration group and low infiltration group. (A) Bubble plot of significant
KEGG pathways. X-axis indicates the gene ratio, whereas the Y-axis shows the most enriched KEGG pathways. And the size of bubble presents genes number, and
the color of bubble presents the P value. (B–D) GO analyses of the DEGs according to their biological process, cellular component and molecular function. X-axis
indicates the gene number, whereas the Y-axis shows the most enriched GO terms.
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constructed for the 79 samples using 1.5 mm tissue cores. All
tissues were approved by the Clinical Research Ethics Committee
of the First Affiliated Hospital of Nanjing Medical University.
Informed consent was obtained from all participants.
Frontiers in Oncology | www.frontiersin.org 5
Statistical Analysis
Independent experiments were performed three times in each
figure. The comparison between two groups was conducted by
independent Student’s t-test. SPSS 21.0 software were used to
A B

D E

C

FIGURE 3 | Prognostic value of CA9 and its association with CD8+ T cells infiltration from TCGA and GEO pancreatic cancer dataset. (A) Risk score plot and
heatmap of CA9 among TCGA pancreatic cancer patients. (B) Survival time and status for patients with high and low expression of CA9. (C) ROC analysis of overall
survival for the CA9 gene signature in TCGA cohort. (D, E). TCGA cohort data suggest that CD8+ T cell infiltration and CA9 expression are closely related, and GEO
dataset GSE131050 confirms this phenomenon.
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perform all the analyses. All data were expressed as mean ± SD.
Differences were considered statistically significant at P < 0.05.
RESULTS

CD8+ T Cells Predicts Poor Prognosis
in PDAC
We downloaded the transcriptome and clinical data of TCGA
pancreatic cancer cohort. Based on CIBERSORT, we found that
the major TME components for PDACwere restingmemory CD4+
T cells, CD8+ T cells, follicular helper T cells, M2Macrophages, M0
Macrophages and resting mast cells. Low infiltration of plasma cells,
naive CD4+ T cells, activated CD4+ memory T cells, eosinophils
and neutrophils was observed for PDAC patients (Figure 1A).
According to the bioinformatics analysis of TCGA transcriptome
data, among the 22 immune microenvironment components, low
CD8+ T cell infiltration is significantly correlated with poor
prognosis of pancreatic cancer (Figure 1B). We also found that
monocyte and macrophage m0 were associated with patients
outcome (Figures 1C, D). No other components were with
significant effect on the overall survival (Figure S1).
Frontiers in Oncology | www.frontiersin.org 6
CA9 Expression Was Associated With
CD8+ T Cells Infiltration
After analyzing the differences in the gene expression of pancreatic
cancer tissues between the CD8+ T cell high and low infiltration
groups, there were 308 significant DEGs (|log2 FoldChange|>1.0,
p <0.05), of which 268 genes were up-regulated in CD8+ T cell high
infiltration group and 40 genes were down-regulated (Figures 1E, F
and Supplementary Table S1). The KEGG analysis demonstrated
that there were 19 significant pathways (FDR<0.05) (Figure 2A),
including Autoimmune thyroid disease, Intestinal immune network
for IgA production, Retinol metabolism, etc (Figure 2B). There
were 12 GO Cellular Components including immunological
synapse anchored component of membrane, T cell receptor
complex, etc (Figure 2C). GO Molecular Functions were also
enriched (Figure 2D).

It was found that CA9 expression was most significantly
negatively correlated with the proportion of CD8+ T cell
infiltration (Figures 1D, 3D). The GEO data set verified this
phenomenon (Figure 3E). To further validate the relationship
between cancer cells CA9 expression and CD8+ T cells
infiltration, scRNA-seq dataset CRA001160 was reanalyzed. It
was shown that CA9 is mainly expressed in pancreatic cancer cell
A B

C D

FIGURE 4 | Single-cell sequencing data suggests that CA9 is mainly expressed in cancer cells and is related to the proportion of CD8+ T cells. (A, B) Pancreatic
cancer single-cell sequencing dataset PAAD_CRA001160 analysis results show that CA9 is mainly expressed in pancreatic cancer cells. (C) Analysis of cell subsets
in PAAD_CRA001160 single-cell sequencing dataset. (D) CA9 expression of the cancer cell cluster in the single-cell dataset is correlated with CD8+ T cell infiltration.
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TABLE 1 | Clinical characteristics of patients included in TMA analysis.

Characteristics CA9_Low (N = 39) CA9_High (N = 40) p value

Gender 1.00
F 16(20.25%) 16(20.25%)
M 23(29.11%) 24(30.38%)

Age 0.75
Mean ± SD 61.69 ± 9.80 60.88 ± 12.32
Median[min-max] 61.00[41.00,77.00] 63.50[32.00,80.00]

T stage 0.59
1 3(3.80%) 1(1.27%)
2 5(6.33%) 3(3.80%)
3 28(35.44%) 33(41.77%)
4 3(3.80%) 3(3.80%)

N stage 0.03
0 28(35.44%) 18(22.78%)
1 11(13.92%) 22(27.85%)

M stage 0.99
0 38(48.10%) 40(50.63%)
1 1(1.27%) 0(0.0e+0%)

Perineural invasion 0.69
no 12(15.19%) 15(18.99%)
yes 27(34.18%) 25(31.65%)

Lymphovascular invasion 0.33
no 36(45.57%) 33(41.77%)
yes 3(3.80%) 7(8.86%)
Frontiers in Oncology | www.frontiersin.org
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Bold value means statistically significant.
A B C

D E F

FIGURE 5 | CA9 induce acidic microenvironment and inhibit CD8+ T cells. (A) The expression of CA9 in pancreatic cancer cell lines is significantly higher than that of
normal pancreatic duct cell lines. (B) After adding CA9 specific inhibitor SLC-0111 (50uM), the pH value of the pancreatic cancer culture supernatant is significantly
increased. (C) Adding CA9 inhibitor to pancreatic cancer cell line and PBMC cell co-culture can up-regulate CD8+ T cells. Using NaOH to adjust the pH value to the same
as the CA9 inhibitor group partially up-regulate CD8+ T cells. (D, E) In vivo experiments indicate that the C57BL/6 mouse model of tumor formation was randomly divided
into two groups after tumor formation, and intraperitoneal injection of normal saline and SLC-0111 for three weeks respectively. Tumors of mice injected with SLC-0111
were significantly smaller than the control group. * means p<0.05 and ** means p<0.01.
832315
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cluster (Figures 4A, B). CA9 expression of cancer cell subgroup
is related to CD8+ T cell infiltration (Figures 4C, D).

CA9 Expression Was Associated With
Outcome of Pancreatic Cancer Patients
KM survival analysis according to the TCGA PDAC dataset
demonstrated that patients with lower levels of CA9 expression
had a superior OS than those with higher levels of CA9 expression
(P < 0.01) (Figure 3B). The risk score for each sample was then
calculated based on the expression levels of CA9 (Figure 3A).
Time-dependent receiver operating characteristics (ROC)
analysis was performed. The area under the ROC curve (AUC)
of the risk score of 1-year, 3-year, and 5- year survival was 0.603,
0.563, and 0.742 (Figure 3C). suggesting the CA9 prognostic
signature for PDAC was reliable. Moreover, we further proved
that CA9 overexpression positively correlated with lymphatic
Frontiers in Oncology | www.frontiersin.org 8
metastasis (Table 1) and a worse OS in PDAC patients from
TMA data (Figures 6B, C).

CA9 Induces Acidic Microenvironment and
Inhibits CD8+ T Cells
We further evaluated the effect of CA9 on CD8+ T cells in
pancreatic cancer at the cellular level. The results showed that
CA9 is widely expressed in pancreatic cancer cell lines, such as
PANC-1, CFPAC-1, MIA Paca-2, etc (Figure 5A). CA9 inhibitor
SLC-0111 increased the pH value in the pancreatic cancer cell
culture supernatant (Figure 5B). The culture supernatant of each
group was co-cultured with PBMC from healthy volunteers and
the proportion of CD8+ T cells is higher than that of the control
group (Figure 5C). After adjusting to the same pH value with
NaOH, the proportion and function of CD8+ T cells can also be
partially increased (Figure 5C). In vivo experiments indicate that
A

B C

FIGURE 6 | (A) SLC-0111 inhibits CA9 expression and up-regulate CD8+ T cells in vivo. (B) TMA IHC analysis showed that CA9 high expression is associated with
worse survival (Examples of CA9 expression in pancreatic cancer patients). (C) CA9 expression is significantly associated with overall survival of patients.
January 2022 | Volume 11 | Article 832315
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the tumors of mice injected with SLC-0111 were significantly
smaller than the control group (Figures 5D, E). Multi-color
immunofluorescence to investigate the effect of SLC-0111 on
CA9 expression and CD8+ T cells infiltration in mouse model
showed that SLC-0111 inhibits CA9 expression and up-regulate
CD8+ T cells in vivo (Figure 6A).

CA9 Expression Was Associated With
Immune Checkpoints, Tumor Mutation
Burden (TMB) and Ferroptosis-Related mRNA
To explore other mechanisms of CA9 regulating CD8+ T cells,
DEGs analysis and comprehensive analysis of immune checkpoints,
tumor mutation burden (TMB), Ferroptosis-related mRNA and
m6A related mRNAs were performed (Table S2, Figures 7, 8, S3).
The KEGG analysis demonstrated that immune-related pathway
including IL−17 signaling pathway, NF−kappa B signaling pathway,
cytokine and cytokine receptor Tyrosine metabolism, etc
(Figures 7A, B). GO terms were also enriched (Figures 7C, D).
The association analysis between CA9 expression and immune
checkpoints showed that SIGLEC15 was significantly higher in
Frontiers in Oncology | www.frontiersin.org 9
CA9 high group (Figure 8A). CA9 was positively correlated with
TMB score in TCGA PDAC patients (Figure 8B). Significant
differentially expressed ferroptosis-related genes included
CDKN1A, HSPA5, EMC2, NFE2L2, GPX4, DPP4, etc (Figure 8C).
DISCUSSION

The immune microenvironment of pancreatic cancer has the
characteristics of strong heterogeneity, and the degree of
infiltration and functional status of each T cell subgroup is
different (8, 9), and exploring the underlying mechanism of this
phenomenon is of great significance for the treatment of pancreatic
cancer. Our previous study found that the location of the tumor
may affect the infiltration of immune cells (10). Previous studies
showed that the immunosuppressive microenvironment composed
offibroblasts and proliferative matrix would limit T cell infiltration
(11). In addition, there are various soluble immunosuppressive
molecules (such as TGF-b, IL-10, IL-23, IDO and VEGF-A, etc.)
and immunosuppressive cells (Tregs, MDSCs and TAMs) in the
A C

B D

FIGURE 7 | Enrichment Analysis of DEGs identified from comparing CA9 high expression group and low expression group. (A, B) Bubble plot of significant KEGG
pathways. X-axis indicates the gene ratio, whereas the Y-axis shows the most enriched KEGG pathways. And the size of bubble presents genes number, and the
color of bubble presents the P value. (C, D) GO analyses of the DEGs according to their biological process, cellular component and molecular function. X-axis
indicates the gene number, whereas the Y-axis shows the most enriched GO terms.
January 2022 | Volume 11 | Article 832315
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tumor microenvironment of pancreatic cancer. Etc.) can cause
immune effector cells to be in an imbalanced state, forming a
unique immunosuppressive environment for pancreatic cancer
(12). In addition, studies have found that the acidic
microenvironment of tumors can inhibit the function of immune
cells, while neutralizing the acidic microenvironment can inhibit
the growth or metastasis of a variety of tumors (13), which may be
related to the infiltration of immune active CD8+ T cells in
the tumor.

To date, members of the carbonic anhydrase (CA) family that
have been identified in human pancreas include CA1, CA2, CA4,
CA5B, CA6, CA9, and CA12. CA9 catalyzes a simple
physiological reaction, that is, carbon dioxide reversibly
hydrates to bicarbonate ions and protons. Therefore, CA9
embedded in the cell membrane is an important part of the
tumor pH regulation mechanism (14). The expression pattern of
CA9 is significantly different from other CA family members:
Frontiers in Oncology | www.frontiersin.org 10
CA9 can only be found in a few normal tissues, but its abnormal
expression is closely related to many cancer types (15). Compared
with normal tissues and precancerous lesions, CA9 expression is
higher in pancreatic cancer tissues, and it is positively correlated
with tumor size and stage (16). Recent evidence shows that the
enzyme activity of CA9 and the related acidic microenvironment
not only play a key role in the survival of cancer cells under
hypoxia and their migration and invasion characteristics, but also
play a key role in immune surveillance (17). The highly acidic
immune microenvironment can weaken anti-tumor immunity
through a variety of mechanisms, such as inhibiting the
infiltration and cytolytic activity of CD8+ T cells, inhibiting the
production of cytokines, and promoting the immunosuppressive
phenotype of macrophages (18).

Our study showed that CA9-related acidic microenvironment
can directly affect the function of CD8+ T cells, and when the pH
factor is controlled, the function of CD8+ T cells is only partially
A C

B D

E

FIGURE 8 | The association between CA9 expression and immune checkpoints, tumor mutation burden and ferroptosis-related genes from TCGA dataset. (A)
Comparison of immune checkpoints expression among CA9-high tumor tissues and CA9-low tumor tissues. (B) Correlation analysis of CA9 expression and TMB.
The horizontal axis in the figure represents the expression distribution of the gene, and the ordinate is the expression distribution of the TMB score. The density curve
on the right represents the distribution trend of the TMB score; the upper density curve represents the distribution trend of the gene; the top side The value
represents the correlation p value, correlation coefficient and correlation calculation method. (C-E). The expression distribution of Ferroptosis-related mRNA in CA9-
high and CA9-low tumor tissues, where the horizontal axis represents different mRNA, the vertical axis represents the mRNA expression distribution, where different
colors represent different groups, and the upper left corner represents the significance p-value test method.Asterisks represent levels of significance *p < 0.05,
**p < 0.01, ***p < 0.001.
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restored, indicating that CA9 may promote CD8+ T cell
disability through other mechanisms. Our study found that
immune checkpoint SIGLEC15 (Sialic Acid Binding Ig Like
Lectin 15) may be involved in the inhibition of CD8+ T cells
by the CA9-related microenvironment.

In recent years, immune checkpoint therapy represented by
PD-1/PD-L1 inhibitors has not been effective in clinical trials for
the treatment of pancreatic cancer (4). Even targeting multiple T
cell immune checkpoint proteins, such as PD-L1 and CTLA-4,
failed to significantly improve the patient’s response (19). Under
the situation of poor immunotherapy for pancreatic cancer, in
2019 Nature Medicine published a new immunosuppressive
molecule SIGLEC15 (20). SIGLEC15 is widely expressed in a
variety of tumor cells. Studies have shown that SIGLEC15
expressed on the surface of tumor cells can bind to the
corresponding receptors on the surface of CD8+ T cells,
thereby inhibiting its function (21). Studies have found that
the expression of PD-L1 and SIGLEC15 are mutually exclusive,
indicating that SIGLEC15 targeted therapy has certain
application value in patients who do not respond to anti-PD-1/
PD-L1 treatment (21). Further study is needed to explore the
potential mechanism of CA9 regulating CD8+ T cells.
CONCLUSION

Pancreatic cancer cells may inhibit the infiltration of CD8+ T
cells through CA9. Further exploration of its related mechanisms
can be used to explore the immune escape pathway of pancreatic
cancer and provides new perspectives immune targeted therapy.
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