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Solute carrier family 16 member 1 as a potential prognostic factor 
for pancreatic ductal adenocarcinoma and its influence on tumor 
immunity
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Background: Solute carrier family 16 member 1 (SLC16A1) serves as a biomarker in numerous types of 
cancer. Tumor immune infiltration has drawn increasing attention in cancer progression and treatment. 
The objective of our study was to explore the association between SLC16A1 and the tumor immune 
microenvironment in pancreatic ductal adenocarcinoma (PDAC).
Methods: Data were obtained from The Cancer Genome Atlas. The xCell web tool was used to calculate 
the proportion of immune cells according to SLC16A1 expression. To further explore the mechanism of 
SLC16A1, immunity-related genes were screened from differentially expressed genes through weighted 
gene coexpression network analysis, examined via Gene Ontology and Kyoto Encyclopedia of Genes and 
Genomes analyses, and filtrated using univariate Cox regression and least absolute shrinkage and selection 
operator regression model combined correlation analysis (P<0.05). Next, CIBERSORT was used to analyze 
the correlation between immune cells and five important genes. SLC16A1 expression and its clinical role 
in pancreatic cancer was clarified via immunohistochemical staining experiments. Finally, the effects of 
SLC16A1 on the results of cancer immunity were evaluated by in vitro experiments.
Results: SLC16A1 was overexpressed in PDAC tissues and could be an independent prognostic factor. 
SLC16A1 was significantly negatively correlated with overall survival and suppressed the tumor immunity 
of PDAC. In clinic, SLC16A1 expression was significantly positively correlated with tumor progression and 
poor prognosis. We also found that SLC16A1 could suppress the antitumor ability of CD8+ T cells.
Conclusions: SLC16A1 is a biomarker for the prognosis of PDAC and can influence the immune 
environment of PDAC. These findings provide new insights into the treatment of PDAC.
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Introduction

Pancreatic cancer is  the seventh leading cause of 
cancer-related death worldwide, and pancreatic ductal 
adenocarcinoma (PDAC) is the most common type of 
pancreatic cancer, contributing to the death of more than 
430,000 patients worldwide every year (1,2). It has an 
extremely poor prognosis, with the lowest reported 5-year 
overall survival (OS) rate among all malignant tumors from 
2010–2016 (3). PDAC is predicted to be the second leading 
cause of cancer-related death by 2030 (4).

The poor prognosis of PDAC is likely due to the 
lack of early clinical symptoms, poor sensitivity of 
PDAC diagnostic tests, and lack of response to standard 
chemotherapeutic agents (5). Only 10–20% of patients with 
PDAC qualify for surgical resection due to the presence 
of distant metastases (6). Therefore, chemotherapy is 
recommended as first-line treatment to control progression 
in the majority of PDAC cases (7). For patients with 
advanced PDAC, multiagent chemotherapy is the standard 
of care with common regimens including FOLFIRINOX 
(folinic acid, fluorouracil, irinotecan hydrochloride, and 
oxaliplatin), gemcitabine/nab-paclitaxel, and nanoliposomal 

irinotecan/fluorouracil (7-9). Despite aggressive treatment, 
most patients eventually relapse (5). However, Options for 
treatment after first-line chemotherapy remain limited (10). 

The role of immunotherapy in pancreatic cancer is 
largely unknown but it serves as an option for patients 
with poor response to conventional treatment (11-13). 
The limited benefit of immunotherapy may be related to 
the immunosuppressive tumor microenvironment (TME) 
of PDAC (14). As such, novel strategies are needed to 
improve the immunogenicity of PDAC. One potential 
target may be solute carrier family 16 member 1 (SLC16A1), 
which belongs to the monocarboxylate transporter family. 
The protein encoded by this gene is monocarboxylate 
transporter-1 (MCT1) which mediates lactate transportation 
(15,16). Increased SLC16A1 expression contributes to tumor 
progression (17-20). In recent years, studies have found that 
SLC16A1 still has implications for tumor immunity through 
regulating lactic acid metabolism (21,22).

Our study aimed to explore the clinical value and 
potential mechanism of SLC16A1 in pancreatic cancer 
immunity. Using the bioinformatics method, we analyzed 
the transcriptome profiling data of PDAC from The 
Cancer Genome Atlas (TCGA) and explored the clinical 
significance of SLC16A1 in PDAC. We divided patients 
into two groups according to their SLC16A1 expression 
and compared their immune infiltration status. We then 
applied ESTIMATE and weighted gene coexpression 
network analysis (WGCNA) computational methods 
to screen for immune-related genes from differentially 
expressed genes (DEGs). We further investigated the 
underlying mechanism of SLC16A1 by analyzing prognosis-
related genes and examined their relationship with immune 
infiltration to provide new ideas for the clinical treatment 
of PDAC. We also validated the effect of SLC16A1 on 
tumor progression and prognosis in patients with clinical 
samples. Finally, in vitro experiments indicated that the 
expression of SLC16A1 in tumor cells could have an impact 
on CD8+ T-cell function. In conclusion, we not only 
investigated the relationship between SLC16A1 expression 
level and the prognosis of patients with tumors, but also 
revealed its impact on the immune microenvironment of 
tumor patients. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://jgo.

Highlight box

Key findings
• Solute carrier family 16 member 1 (SLC16A1) was found to be an 

independent prognostic factor of pancreatic ductal adenocarcinoma 
(PDAC) and was closely correlated with tumor immunity.

What is known and what is new? 
• Studies have revealed that SLC16A1 is overexpressed in many kinds 

of cancers and that the upregulation of SLC16A1 is associated with 
poor prognosis. 

• We analyzed the relationship between SLC16A1 and immune 
infiltration, identified relevant hub genes, and explored the impact 
of SLC16A1 expression in tumor cells on immune cytotoxicity 
through in vitro experiments.

What is the implication, and what should change now?
• The study emphasized the critical role of SLC16A1 in the 

prognosis of tumors and its potential as an immunotherapeutic 
target. However, the specific mechanism by which SLC16A1 
impacts the immune response of pancreatic cancer still requires 
further clarification.
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Methods

Sample information

Data were obtained from TCGA dataset including PDAC 
samples [TCGA-PAAD (pancreatic adenocarcinoma), T]  
and normal pancreas samples (N). Transcriptome 
profiling data, survival data, and clinical information were 
downloaded from the University of California at Santa Cruz 
(UCSC) Xena browser (https://xena.ucsc.edu) (23).

Comparison of SLC16A1 expression between PDAC and 
normal tissues

Gene Expression Profiling Interactive Analysis (GEPIA; 
http://gepia.cancer-pku.cn/) is a multidimensional cancer 
genome dataset that integrates big data from TCGA and 
Genotype-Tissue Expression (GTEx) (24). In our study, 
differential expression analysis and survival analysis of 
SLC16A1 were performed.

SLC16A1 expression was compared between PDAC 
and normal tissues by analyzing immunohistochemical 
(IHC) images from The Human Protein Atlas (https://
www.proteinatlas.org) (25). The time-dependent receiver 
operating characteristic (ROC) curve (including 1-, 3-, and 
5-year survival) was also examined using the R package 
“timeROC” (The Foundation of Statistical Computing) to 
reflect the sensitivity and specificity of SLC16A1 (26).

Identification of DEGs

The R package “DESeq2” was used to identify DEGs 
between high SLC16A1 expression (H-SLC16A1) and low 
expression (L-SLC16A1) groups according to the threshold 
of |log2 (fold change)| >1 and a P value <0.05 (27). The 
R packages “Pheatmap”, “ggpubr”, and “ggthemes” were 
applied to generate heatmaps and volcano plots for the 
visualization of DEGs.

Immune infiltration analysis

We quantified stromal and immune scores using the 
ESTIMATE algorithm and evaluated the TME of each 
patient with PDAC and determined the stromal score 
(stromal content), immune score (extent of immune cell 
infiltration), ESTIMATE score (synthetic mark of stroma 

and immune), and tumor purity using R (28). Moreover, 
the “xCell” R package was used to calculate the proportion 
of immune cells relative to SLC16A1 expression (29). 
CIBERSORT can accurately estimate the immune 
composition of tumor tissues and was thus used to analyze 
the correlation between immune cells and five important 
genes (30).

WGCNA of key modules according to immunoscore 

WGCNA was performed on DEGs using the R package 
“WGCNA”. Five modules were obtained, and their 
correlation with cluster, stromal score, immune score, 
ESTIMATE score, and tumor purity was calculated (31). 
The results showed that the brown module exhibited the 
highest correlation with immunoscore.

Enrichment analysis

For the analysis of the potential mechanism of genes in 
the brown module, Gene Ontology (GO) (32) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses 
(33,34) were applied to understand the functions of genes of 
the brown module using the R package “clusterProfiler” (35).

Protein-protein interaction (PPI) network

Construction PPI networks were analyzed with the Search 
Tool for the Retrieval of Interacting Genes/Proteins 
(STRING) database (https://string-db.org/), and the results 
were visualized using Cytoscape (v. 3.7.2).

Prognostic modeling 

Univariate Cox regression was used to screen the genes 
in the brown module related to survival, with P<0.01 
used as the screening criterion. Subsequently, genes were 
selected and subjected to least absolute shrinkage and 
selection operator (LASSO) regression and further screen 
via Spearman correlation (P<0.05) to determine the most 
suitable genes (36).

Kaplan-Meier survival plots

The Kaplan-Meier survival plots of five important genes 
were analyzed via the  Kaplan-Meier plotter portal (http://
kmplot.com/analysis/) (37).

https://jgo.amegroups.com/article/view/10.21037/jgo-24-147/rc
https://www.proteinatlas.org
https://www.proteinatlas.org
https://string-db.org/
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IHC staining

Fifty paraffin-embedded specimens confirmed to be 
pancreatic cancer were collected from the Tianjin Medical 
University Cancer Institute and Hospital. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of Tianjin Medical University Cancer Institute 
and Hospital (No. bc2023074) before the study began. We 
explained the necessary research procedures to all patients 
and obtained written informed consent for data and sample 
use. The tissues were incubated overnight with primary 
antibodies against SLC16A1 (20139-1-AP; Proteintech, 
Wuhan, China). After being washed three times with 
phosphate-buffered saline (PBS) for 15 min, the samples 
were incubated with secondary antibody at 37 ℃ for 60 min. 
After another washing, the specimens were stained with 
DAB and hematoxylin. Finally, the sections were observed 
under a microscope. 

Western blot analysis

The cells were lysed in 10% sodium dodecyl-sulfate (SDS) 
containing 1% protease inhibitor (BL612A; Biosharp, 
Hefei, China), and the protein concentration was quantified 
via Bradford protein assay. A total of 10 μg of protein 
lysates from each sample was separated in 10% SDS–
polyacrylamide gel electrophoresis (PAGE) and then 
transferred onto polyvinylidene fluoride membranes 
(IPVH00010; MilliporeSigma, Burling, MA, USA). 
After blocking was completed with 5% skim milk, the 
membranes were incubated overnight in a 4 ℃ refrigerator 
with the primary antibodies against SLC16A1 (20139-1-
AP; Proteintech, Wuhan, China) and GAPDH (KM9002; 
Sungene Biotech, Tianjin, China). After being washed, the 
membranes were probed with anti-rabbit immunoglobin G 
(IgG) secondary antibody (ab205718; Abcam, Cambridge, 
UK) or anti-mouse IgG secondary antibody (ab6728; 
Abcam). 

In vitro cytotoxicity assay for CD8+ T cells

Human pancreatic cancer cell lines (SW1990) were 
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA).

Cell transfection was performed using Lipofectamine 
2000 (11668030, Invitrogen, Thermo Fisher Scientific, 
Waltham, MA, USA). To examine T-cell activation, 

peripheral blood mononuclear cells (PBMCs) and tumor 
cells were cocultured in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS; 04-001-1A; Biological 
Industries, Göttingen, Germany) and 0.01% penicillin/
streptomycin. The cells were then incubated with KrO-
conjugated anti-CD45 (B36294; Beckman Coulter, Brea, 
CA, USA), ECD-conjugated anti-CD3 (A07748; Beckman 
Coulter), A700-conjugated anti-CD8 (737659; Beckman 
Coulter), APC-conjugated anti-CD69 (A80711; Beckman 
Coulter), and PE-conjugated anti-programmed cell death 
protein 1 (PD-1; B30634; Beckman Coulter) at 25 ℃ for  
30 min and analyzed via flow cytometry, data analyzed using 
FlowJo software (BD Biosciences).

After coculture, the CD8+ T cells were isolated from 
PBMCs by CD8+ T Cell Isolation Kit, human (130-094-
156, Miltenyi Biotec, German) and cocultured again 
with SW1990 cells. The cytotoxicity of CD8+ T cells was 
assessed using a lactate dehydrogenase (LDH) activity assay 
kit (BC0685; Solarbio, Beijing, China). 

Statistical analysis 

Univariate and multivariate Cox regression analyses were 
used to evaluate the significance of certain factors, including 
age, gender, tumor size, histological grade stage, lymph 
node metastasis, TNM stage, and SLC16A1 expression. The 
χ2 test was used to assess the statistical relationship between 
SLC16A1 expression and other factors, including age, 
gender, tumor size, histological grade stage, lymph node 
metastasis, and TNM stage. All statistical analyses were 
run in R statistical software (v. 3.6.4) and SPSS statistical 
software (v. 25.0; IBM Corp., Armonk, NY, USA). P<0.05 
indicated statistical significance.

Results

Prognostic value of SLC16A1

In general, the tumor tissues had higher SLC16A1 
expression than the normal tissues (Figure 1A). Moreover, 
IHC images of SLC16A1 antibody showed increased 
staining levels in PDAC tissues versus normal pancreatic 
tissues (Figure 1B), indicating the high protein expression 
in PDAC. Kaplan-Meier survival analysis showed that 
the H-SLC16A1 group was associated with poorer OS 
compared with the L-SLC16A1 group (Figure 1C). 
Univariate and multivariate Cox regression analyses 
suggested that SLC16A1 may be an independent predictor 
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Figure 1 Prognostic value of SLC16A1 in PDAC. (A) Comparison of SLC16A1 mRNA expression levels between PDAC and normal 
tissues. *, P<0.05. (B) Comparison of immunohistochemical images of SLC16A1 between tumor and normal tissues based on the Human 
Protein Atlas (tumor: https://www.proteinatlas.org/ENSG00000155380-SLC16A1/pathology/pancreatic+cancer#ihc; normal: https://www.
proteinatlas.org/ENSG00000155380-SLC16A1/tissue/pancreas). (C) Kaplan-Meier survival analysis was performed to determine differences 
in overall survival between the H-SLC16A1 and L-SLC16A1 groups. (D) Time-dependent receiver operating characteristic curve analysis 
(including 1-, 3-, and 5-year survival) was performed to reflect the sensitivity and specificity of SLC16A1. SLC16A1, solute carrier family 16 
member 1; PDAC, pancreatic ductal adenocarcinoma; TPM, transcripts per million; HR, hazard ratio; AUC, area under the curve.

of OS (Table 1). Reliability was determined via time-
dependent ROC curves. The area under the curve (AUC) 
was 0.56, 0.64, and 0.77 for 1-, 3-, and 5-year survival, 
respectively, implying the good potential of SLC16A1 in 
monitoring survival (Figure 1D). In summary, the findings 
strongly indicated that SLC16A1 could be an independent 
prognostic factor for PDAC.

Identification of immune characteristics and  
immunity-related genes

To clarify the effect of SLC16A1 on the TME, we examined 
the infiltration of immune cells in patients. The xCell 
results showed that SLC16A1 expression was negatively 
correlated with many immune cells, including CD8+ T cells 
and CD4+ T cells (Figure 2A), suggesting the active immune 

https://www.proteinatlas.org/ENSG00000155380-SLC16A1/pathology/pancreatic+cancer#ihc
https://www.proteinatlas.org/ENSG00000155380-SLC16A1/tissue/pancreas
https://www.proteinatlas.org/ENSG00000155380-SLC16A1/tissue/pancreas
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response of patients with low SLC16A1 expression. In our 
search of immune-related genes, we obtained 1,203 DEGs 
(133 upregulated and 1,070 downregulated) between the 
two groups (H-SLC16A1 and L-SLC16A1). The results 
were visualized using a heatmap (Figure 2B) and a volcano 
plot (Figure 2C). All DEGs were then considered for 
WGCNA (Figure 2D,2E) and divided into five modules 
(Figure 2F,2G), to reveal the association network between 
SLC16A1 and DEGs. The brown module, which contained 
140 immunity-related genes (Figure 2H), exhibited the 
highest correlation with immunoscore (Pearson correlation 
coefficient =0.86; P<0.0001) (Figure 2I).

Analysis of the potential mechanism of immunity-related 
genes

We performed GO (Figure 3A) and KEGG enrichment 
analyses (Figure 3B) to determine the biochemical functions 
of the key genes. From the GO terms, we found that these 
key genes had a close connection to immune processes, 
such as mononuclear cell differentiation, lymphocyte 
proliferation, and B-cell activation, which are key functions 
of immune infiltration. In the KEGG analysis, the 
pathways related to immunocytes, such as T-cell receptor 
signaling pathway and type 1 helper (Th1) and Th2 cell 
differentiation, were found to be significantly enriched.

Screening of prognostic genes

We conducted PPI analysis and assessed the correlations 
across the genes to further reveal the mechanism of 

SLC16A1 in affecting immune infiltration (Figure 4A). 
Univariate Cox regression analysis was then performed 
on the DEGs from the expression matrices of patients to 
screen for potential prognostic genes. Factors (BCL11A, 
CARMIL2, SEPT1, LINGO3, SCN4A, AFF3, OCM, and 
SPINK2) with P<0.01 were sorted out for LASSO Cox 
regression analysis to identify robust markers (Figure 4B). A 
prognostic model containing six genes (BCL11A, LINGO3, 
SCN4A, AFF3, OCM, and SPINK2) was then constructed to 
evaluate the disease outcome. We next screened parameters 
with the LASSO Cox regression model according to the 
coefficients of nine genes (Figure 4C). Cross-validation 
analysis revealed that the optimal λ was six (Figure 4D). A 
moderate efficacy was verified with an AUC of 0.69 from 
the ROC curve (Figure 4E). This prognostic model also 
showed that patients who died of PDAC had high risk 
scores (Figure 4F). The distribution and status of OS were 
then analyzed by ranking the risk scores (Figure 4G-4H). 
The results showed that the patients with high-risk scores 
were likely to be deceased. Except for AFF3 (P>0.05) (Figure 
5A), all of the genes (BCL11A, LINGO3, SCN4A, OCM, 
and SPINK2) had a significant correlation with SLC16A1 
expression (P<0.05) and were subjected to subsequent 
analysis (Figure 5B-5F).

Correlation of the five genes with the proportion of  
tumor-initiating cells (TICs)

Investigating the types of infiltrating immune cells in 
patients was necessary to further explore the correlation 
of the five prognostic-related genes with the immune 

Table 1 Univariate and multivariate regression analyses of PDAC

Variable
Univariate analysis Multivariate analysis

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

Age 1.03 (1.01–1.05) 0.01* 1.03 (1.00–1.05) 0.02*

Gender 1.28 (0.84–1.95) 0.24 1.20 (0.78–1.85) 0.40

Stage 1.23 (0.82–1.86) 0.31 0.79 (0.38–1.63) 0.52

Tumor size 1.49 (0.92–2.41) 0.10 1.26 (0.66–2.43) 0.48

LN metastasis 2.18 (1.28–3.71) 0.004* 1.93 (1.11–3.35) 0.02*

Histological grade 1.34 (1.00–1.80) 0.05 1.16 (0.85–1.59) 0.34

SLC16A1 1.39 (1.06–1.81) 0.01* 1.39 (1.03–1.87) 0.03*

Data are based on clinical information of patients in TCGA database. *, statistically significant at P<0.05. PDAC, pancreatic ductal 
adenocarcinoma; LN, lymph node; CI, confidence interval; TCGA, The Cancer Genome Atlas; SLC16A1, solute carrier family 16 member 1.



Wang et al. SLC16A1 serves as a prognostic factor for PDAC736

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2024;15(2):730-746 | https://dx.doi.org/10.21037/jgo-24-147

* ** ns ns ** ns ** * ns ns ns * ns ns ns ns ** ** ns ns * ns *** *** ns ns *** ** ns *** *** ns ns ns ns ns ns ** ns ns ns ns ns *** ns ns *** ns ns * ns ns ns ns ns ns ns * ns * ns ns *** ns ns * ns

TC
G

A.
H

Z.
83

17
.0

1A
TC

G
A.

2J
.A

AB
V.

01
A

TC
G

A.
F2

.6
88

0.
01

A
TC

G
A.

H
Z.

80
03

.0
1A

TC
G

A.
IB

.A
AU

M
.0

1A
TC

G
A.

IB
.8

12
6.

01
A

TC
G

A.
LB

.A
9Q

5.
01

A
TC

G
A.

LB
.A

8F
3.

01
A

TC
G

A.
H

Z.
A7

7O
.0

1A
TC

G
A.

IB
.A

6U
G

.0
1A

TC
G

A.
F2

.A
7T

X.
01

A
TC

G
A.

F2
.A

44
H

.0
1A

TC
G

A.
2J

.A
AB

9.
01

A
TC

G
A.

3A
.A

9I
9.

01
A

TC
G

A.
H

Z.
79

26
.0

1A
TC

G
A.

U
S.

A7
7G

.0
1A

TC
G

A.
IB

.A
5S

P.
01

A
TC

G
A.

3A
.A

9I
Z.

01
A

TC
G

A.
FB

.A
AP

S.
01

A
TC

G
A.

FB
.A

AQ
1.

01
A

TC
G

A.
H

Z.
A8

P0
.0

1A
TC

G
A.

H
8.

A6
C

1.
01

A
TC

G
A.

F2
.A

44
G

.0
1A

TC
G

A.
IB

.A
6U

F.
01

A
TC

G
A.

3A
.A

9I
U

.0
1A

TC
G

A.
IB

.7
65

1.
01

A
TC

G
A.

H
Z.

A4
BK

.0
1A

TC
G

A.
FB

.A
AQ

3.
01

A
TC

G
A.

IB
.8

12
7.

01
A

TC
G

A.
H

Z.
83

15
.0

1A
TC

G
A.

H
Z.

79
22

.0
1A

TC
G

A.
FB

.A
AP

Z.
01

A
TC

G
A.

3A
.A

9I
B.

01
A

TC
G

A.
H

Z.
79

18
.0

1A
TC

G
A.

XN
.A

8T
3.

01
A

TC
G

A.
IB

.A
AU

W
.0

1A
TC

G
A.

F2
.7

27
6.

01
A

TC
G

A.
H

Z.
80

02
.0

1A
TC

G
A.

FB
.A

4P
6.

01
A

TC
G

A.
2J

.A
AB

R
.0

1A
TC

G
A.

2J
.A

AB
O

.0
1A

TC
G

A.
3E

.A
AA

Y.
01

A
TC

G
A.

2L
.A

AQ
L.

01
A

TC
G

A.
H

Z.
A4

9G
.0

1A
TC

G
A.

F2
.7

27
3.

01
A

TC
G

A.
IB

.7
89

1.
01

A
TC

G
A.

IB
.7

64
9.

01
A

TC
G

A.
IB

.7
65

2.
01

A
TC

G
A.

2J
.A

AB
H

.0
1A

TC
G

A.
IB

.7
65

4.
01

A
TC

G
A.

U
S.

A7
74

.0
1A

TC
G

A.
FB

.A
78

T.
01

A
TC

G
A.

IB
.A

AU
N

.0
1A

TC
G

A.
H

Z.
A4

9H
.0

1A
TC

G
A.

IB
.A

AU
T.

01
A

TC
G

A.
3A

.A
9I

X.
01

A
TC

G
A.

R
L.

AA
AS

.0
1A

TC
G

A.
IB

.7
88

9.
01

A
TC

G
A.

FB
.A

4P
5.

01
A

TC
G

A.
XD

.A
AU

I.0
1A

TC
G

A.
2J

.A
AB

K.
01

A
TC

G
A.

2L
.A

AQ
I.0

1A
TC

G
A.

H
6.

A4
5N

.0
1A

TC
G

A.
2J

.A
AB

4.
01

A
TC

G
A.

H
V.

A5
A5

.0
1A

TC
G

A.
S4

.A
8R

P.
01

A
TC

G
A.

2J
.A

AB
F.

01
A

TC
G

A.
H

Z.
85

19
.0

1A
TC

G
A.

3A
.A

9I
5.

01
A

TC
G

A.
XD

.A
AU

H
.0

1A
TC

G
A.

IB
.7

89
7.

01
A

TC
G

A.
H

Z.
79

20
.0

1A
TC

G
A.

H
Z.

80
01

.0
1A

TC
G

A.
XD

.A
AU

G
.0

1A
TC

G
A.

IB
.A

5S
Q

.0
1A

TC
G

A.
R

B.
AA

9M
.0

1A
TC

G
A.

U
S.

A7
7J

.0
1A

TC
G

A.
XN

.A
8T

5.
01

A
TC

G
A.

IB
.A

5S
O

.0
1A

TC
G

A.
H

Z.
79

23
.0

1A
TC

G
A.

IB
.A

AU
V.

01
A

TC
G

A.
IB

.7
88

8.
01

A
TC

G
A.

H
Z.

86
37

.0
1A

TC
G

A.
H

Z.
A4

BH
.0

1A
TC

G
A.

H
Z.

A7
7P

.0
1A

TC
G

A.
FB

.A
7D

R
.0

1A
TC

G
A.

3E
.A

AA
Z.

01
A

TC
G

A.
3A

.A
9I

7.
01

A
TC

G
A.

H
Z.

79
24

.0
1A

TC
G

A.
H

Z.
A7

7Q
.0

1A
TC

G
A.

IB
.A

5S
T.

01
A

TC
G

A.
Q

3.
A5

Q
Y.

01
A

TC
G

A.
Z5

.A
AP

L.
01

A
TC

G
A.

IB
.A

AU
P.

01
A

TC
G

A.
IB

.A
AU

R
.0

1A
TC

G
A.

U
S.

A7
76

.0
1A

TC
G

A.
FB

.A
AP

P.
01

A
TC

G
A.

H
Z.

72
89

.0
1A

TC
G

A.
H

V.
A7

O
P.

01
A

TC
G

A.
FB

.A
5V

M
.0

1A
TC

G
A.

IB
.A

AU
Q

.0
1A

TC
G

A.
2J

.A
AB

6.
01

A
TC

G
A.

FB
.A

AQ
2.

01
A

TC
G

A.
IB

.7
89

0.
01

A
TC

G
A.

L1
.A

7W
4.

01
A

TC
G

A.
2J

.A
AB

P.
01

A
TC

G
A.

H
Z.

86
38

.0
1A

TC
G

A.
2J

.A
AB

T.
01

A
TC

G
A.

LB
.A

7S
X.

01
A

TC
G

A.
IB

.A
7M

4.
01

A
TC

G
A.

2J
.A

AB
1.

01
A

TC
G

A.
FB

.A
AP

Y.
01

A
TC

G
A.

XD
.A

AU
L.

01
A

TC
G

A.
H

Z.
79

19
.0

1A
TC

G
A.

IB
.A

AU
U

.0
1A

TC
G

A.
H

Z.
86

36
.0

1A
TC

G
A.

U
S.

A7
79

.0
1A

TC
G

A.
H

V.
A5

A4
.0

1A
TC

G
A.

YB
.A

89
D

.0
1A

TC
G

A.
S4

.A
8R

O
.0

1A
TC

G
A.

3A
.A

9I
H

.0
1A

TC
G

A.
H

V.
AA

8V
.0

1A
TC

G
A.

FB
.A

AP
Q

.0
1A

TC
G

A.
2J

.A
AB

E.
01

A
TC

G
A.

H
V.

AA
8X

.0
1A

TC
G

A.
H

Z.
A8

P1
.0

1A
TC

G
A.

S4
.A

8R
M

.0
1A

TC
G

A.
FB

.A
AP

U
.0

1A
TC

G
A.

YY
.A

8L
H

.0
1A

TC
G

A.
PZ

.A
5R

E.
01

A
TC

G
A.

FB
.A

AQ
6.

01
A

TC
G

A.
O

E.
A7

5W
.0

1A
TC

G
A.

U
S.

A7
7E

.0
1A

TC
G

A.
R

B.
A7

B8
.0

1A
TC

G
A.

H
Z.

A9
TJ

.0
1A

TC
G

A.
3A

.A
9I

C
.0

1A
TC

G
A.

IB
.7

88
6.

01
A

TC
G

A.
IB

.A
AU

S.
01

A
TC

G
A.

IB
.7

88
5.

01
A

TC
G

A.
IB

.A
AU

O
.0

1A
TC

G
A.

H
6.

81
24

.0
1A

TC
G

A.
FB

.A
54

5.
01

A
TC

G
A.

IB
.A

7L
X.

01
A

TC
G

A.
H

V.
A5

A3
.0

1A
TC

G
A.

F2
.A

8Y
N

.0
1A

TC
G

A.
IB

.7
88

7.
01

A
TC

G
A.

F2
.6

87
9.

01
A

TC
G

A.
2L

.A
AQ

A.
01

A
TC

G
A.

IB
.7

64
4.

01
A

TC
G

A.
FB

.A
AQ

0.
01

A
TC

G
A.

2J
.A

AB
8.

01
A

TC
G

A.
3A

.A
9J

0.
01

A
TC

G
A.

H
V.

A5
A6

.0
1A

TC
G

A.
Q

3.
AA

2A
.0

1A
TC

G
A.

2J
.A

AB
U

.0
1A

TC
G

A.
IB

.7
64

6.
01

A
TC

G
A.

H
Z.

79
25

.0
1A

TC
G

A.
YH

.A
8S

Y.
01

A
TC

G
A.

IB
.7

89
3.

01
A

TC
G

A.
H

Z.
80

05
.0

1A
TC

G
A.

M
8.

A5
N

4.
01

A
TC

G
A.

IB
.A

5S
S.

01
A

TC
G

A.
2J

.A
AB

I.0
1A

TC
G

A.
2L

.A
AQ

E.
01

A
TC

G
A.

2J
.A

AB
A.

01
A

TC
G

A.
2L

.A
AQ

J.
01

A
TC

G
A.

H
V.

A7
O

L.
01

A
TC

G
A.

IB
.7

64
5.

01
A

TC
G

A.
H

Z.
A4

9I
.0

1A TC
G

A.
3A

.A
9I

R
.0

1A
TC

G
A.

3A
.A

9I
O

.0
1A

TC
G

A.
3A

.A
9I

J.
01

A
TC

G
A.

2L
.A

AQ
M

.0
1A

TC
G

A.
3A

.A
9I

V.
01

A
TC

G
A.

3A
.A

9I
S.

01
A

TC
G

A.
3A

.A
9I

L.
01

A
TC

G
A.

3A
.A

9I
N

.0
1A

1

2

3
4

5 6 7 8 91011121314151617181920 1

2

3

4
5

6 7 8 91011121314151617181920

hclust (*, "average")
as.dist(dissTOM)

TC
G

A.
H

Z.
83

17
.0

1A
TC

G
A.

2J
.A

AB
V.

01
A

TC
G

A.
F2

.6
88

0.
01

A
TC

G
A.

H
Z.

80
03

.0
1A

TC
G

A.
IB

.A
AU

M
.0

1A
TC

G
A.

IB
.8

12
6.

01
A

TC
G

A.
LB

.A
9Q

5.
01

A
TC

G
A.

LB
.A

8F
3.

01
A

TC
G

A.
H

Z.
A7

7O
.0

1A
TC

G
A.

IB
.A

6U
G

.0
1A

TC
G

A.
F2

.A
7T

X.
01

A
TC

G
A.

F2
.A

44
H

.0
1A

TC
G

A.
2J

.A
AB

9.
01

A
TC

G
A.

3A
.A

9I
9.

01
A

TC
G

A.
H

Z.
79

26
.0

1A
TC

G
A.

U
S.

A7
7G

.0
1A

TC
G

A.
IB

.A
5S

P.
01

A
TC

G
A.

3A
.A

9I
Z.

01
A

TC
G

A.
FB

.A
AP

S.
01

A
TC

G
A.

FB
.A

AQ
1.

01
A

TC
G

A.
H

Z.
A8

P0
.0

1A
TC

G
A.

H
8.

A6
C

1.
01

A
TC

G
A.

F2
.A

44
G

.0
1A

TC
G

A.
IB

.A
6U

F.
01

A
TC

G
A.

3A
.A

9I
U

.0
1A

TC
G

A.
IB

.7
65

1.
01

A
TC

G
A.

H
Z.

A4
BK

.0
1A

TC
G

A.
FB

.A
AQ

3.
01

A
TC

G
A.

IB
.8

12
7.

01
A

TC
G

A.
H

Z.
83

15
.0

1A
TC

G
A.

H
Z.

79
22

.0
1A

TC
G

A.
FB

.A
AP

Z.
01

A
TC

G
A.

3A
.A

9I
B.

01
A

TC
G

A.
H

Z.
79

18
.0

1A
TC

G
A.

XN
.A

8T
3.

01
A

TC
G

A.
IB

.A
AU

W
.0

1A
TC

G
A.

F2
.7

27
6.

01
A

TC
G

A.
H

Z.
80

02
.0

1A
TC

G
A.

FB
.A

4P
6.

01
A

TC
G

A.
2J

.A
AB

R
.0

1A
TC

G
A.

2J
.A

AB
O

.0
1A

TC
G

A.
3E

.A
AA

Y.
01

A
TC

G
A.

2L
.A

AQ
L.

01
A

TC
G

A.
H

Z.
A4

9G
.0

1A
TC

G
A.

F2
.7

27
3.

01
A

TC
G

A.
IB

.7
89

1.
01

A
TC

G
A.

IB
.7

64
9.

01
A

TC
G

A.
IB

.7
65

2.
01

A
TC

G
A.

2J
.A

AB
H

.0
1A

TC
G

A.
IB

.7
65

4.
01

A
TC

G
A.

U
S.

A7
74

.0
1A

TC
G

A.
FB

.A
78

T.
01

A
TC

G
A.

IB
.A

AU
N

.0
1A

TC
G

A.
H

Z.
A4

9H
.0

1A
TC

G
A.

IB
.A

AU
T.

01
A

TC
G

A.
3A

.A
9I

X.
01

A
TC

G
A.

R
L.

AA
AS

.0
1A

TC
G

A.
IB

.7
88

9.
01

A
TC

G
A.

FB
.A

4P
5.

01
A

TC
G

A.
XD

.A
AU

I.0
1A

TC
G

A.
2J

.A
AB

K.
01

A
TC

G
A.

2L
.A

AQ
I.0

1A
TC

G
A.

H
6.

A4
5N

.0
1A

TC
G

A.
2J

.A
AB

4.
01

A
TC

G
A.

H
V.

A5
A5

.0
1A

TC
G

A.
S4

.A
8R

P.
01

A
TC

G
A.

2J
.A

AB
F.

01
A

TC
G

A.
H

Z.
85

19
.0

1A
TC

G
A.

3A
.A

9I
5.

01
A

TC
G

A.
XD

.A
AU

H
.0

1A
TC

G
A.

IB
.7

89
7.

01
A

TC
G

A.
H

Z.
79

20
.0

1A
TC

G
A.

H
Z.

80
01

.0
1A

TC
G

A.
XD

.A
AU

G
.0

1A
TC

G
A.

IB
.A

5S
Q

.0
1A

TC
G

A.
R

B.
AA

9M
.0

1A
TC

G
A.

U
S.

A7
7J

.0
1A

TC
G

A.
XN

.A
8T

5.
01

A
TC

G
A.

IB
.A

5S
O

.0
1A

TC
G

A.
H

Z.
79

23
.0

1A
TC

G
A.

IB
.A

AU
V.

01
A

TC
G

A.
IB

.7
88

8.
01

A
TC

G
A.

H
Z.

86
37

.0
1A

TC
G

A.
H

Z.
A4

BH
.0

1A
TC

G
A.

H
Z.

A7
7P

.0
1A

TC
G

A.
FB

.A
7D

R
.0

1A
TC

G
A.

3E
.A

AA
Z.

01
A

TC
G

A.
3A

.A
9I

7.
01

A
TC

G
A.

H
Z.

79
24

.0
1A

TC
G

A.
H

Z.
A7

7Q
.0

1A
TC

G
A.

IB
.A

5S
T.

01
A

TC
G

A.
Q

3.
A5

Q
Y.

01
A

TC
G

A.
Z5

.A
AP

L.
01

A
TC

G
A.

IB
.A

AU
P.

01
A

TC
G

A.
IB

.A
AU

R
.0

1A
TC

G
A.

U
S.

A7
76

.0
1A

TC
G

A.
FB

.A
AP

P.
01

A
TC

G
A.

H
Z.

72
89

.0
1A

TC
G

A.
H

V.
A7

O
P.

01
A

TC
G

A.
FB

.A
5V

M
.0

1A
TC

G
A.

IB
.A

AU
Q

.0
1A

TC
G

A.
2J

.A
AB

6.
01

A
TC

G
A.

FB
.A

AQ
2.

01
A

TC
G

A.
IB

.7
89

0.
01

A
TC

G
A.

L1
.A

7W
4.

01
A

TC
G

A.
2J

.A
AB

P.
01

A
TC

G
A.

H
Z.

86
38

.0
1A

TC
G

A.
2J

.A
AB

T.
01

A
TC

G
A.

LB
.A

7S
X.

01
A

TC
G

A.
IB

.A
7M

4.
01

A
TC

G
A.

2J
.A

AB
1.

01
A

TC
G

A.
FB

.A
AP

Y.
01

A
TC

G
A.

XD
.A

AU
L.

01
A

TC
G

A.
H

Z.
79

19
.0

1A
TC

G
A.

IB
.A

AU
U

.0
1A

TC
G

A.
H

Z.
86

36
.0

1A
TC

G
A.

U
S.

A7
79

.0
1A

TC
G

A.
H

V.
A5

A4
.0

1A
TC

G
A.

YB
.A

89
D

.0
1A

TC
G

A.
S4

.A
8R

O
.0

1A
TC

G
A.

3A
.A

9I
H

.0
1A

TC
G

A.
H

V.
AA

8V
.0

1A
TC

G
A.

FB
.A

AP
Q

.0
1A

TC
G

A.
2J

.A
AB

E.
01

A
TC

G
A.

H
V.

AA
8X

.0
1A

TC
G

A.
H

Z.
A8

P1
.0

1A
TC

G
A.

S4
.A

8R
M

.0
1A

TC
G

A.
FB

.A
AP

U
.0

1A
TC

G
A.

YY
.A

8L
H

.0
1A

TC
G

A.
PZ

.A
5R

E.
01

A
TC

G
A.

FB
.A

AQ
6.

01
A

TC
G

A.
O

E.
A7

5W
.0

1A
TC

G
A.

U
S.

A7
7E

.0
1A

TC
G

A.
R

B.
A7

B8
.0

1A
TC

G
A.

H
Z.

A9
TJ

.0
1A

TC
G

A.
3A

.A
9I

C
.0

1A
TC

G
A.

IB
.7

88
6.

01
A

TC
G

A.
IB

.A
AU

S.
01

A
TC

G
A.

IB
.7

88
5.

01
A

TC
G

A.
IB

.A
AU

O
.0

1A
TC

G
A.

H
6.

81
24

.0
1A

TC
G

A.
FB

.A
54

5.
01

A
TC

G
A.

IB
.A

7L
X.

01
A

TC
G

A.
H

V.
A5

A3
.0

1A
TC

G
A.

F2
.A

8Y
N

.0
1A

TC
G

A.
IB

.7
88

7.
01

A
TC

G
A.

F2
.6

87
9.

01
A

TC
G

A.
2L

.A
AQ

A.
01

A
TC

G
A.

IB
.7

64
4.

01
A

TC
G

A.
FB

.A
AQ

0.
01

A
TC

G
A.

2J
.A

AB
8.

01
A

TC
G

A.
3A

.A
9J

0.
01

A
TC

G
A.

H
V.

A5
A6

.0
1A

TC
G

A.
Q

3.
AA

2A
.0

1A
TC

G
A.

2J
.A

AB
U

.0
1A

TC
G

A.
IB

.7
64

6.
01

A
TC

G
A.

H
Z.

79
25

.0
1A

TC
G

A.
YH

.A
8S

Y.
01

A
TC

G
A.

IB
.7

89
3.

01
A

TC
G

A.
H

Z.
80

05
.0

1A
TC

G
A.

M
8.

A5
N

4.
01

A
TC

G
A.

IB
.A

5S
S.

01
A

TC
G

A.
2J

.A
AB

I.0
1A

TC
G

A.
2L

.A
AQ

E.
01

A
TC

G
A.

2J
.A

AB
A.

01
A

TC
G

A.
2L

.A
AQ

J.
01

A
TC

G
A.

H
V.

A7
O

L.
01

A
TC

G
A.

IB
.7

64
5.

01
A

TC
G

A.
H

Z.
A4

9I
.0

1A
TC

G
A.

3A
.A

9I
R

.0
1A

TC
G

A.
3A

.A
9I

O
.0

1A
TC

G
A.

3A
.A

9I
J.

01
A

TC
G

A.
2L

.A
AQ

M
.0

1A
TC

G
A.

3A
.A

9I
V.

01
A

TC
G

A.
3A

.A
9I

S.
01

A
TC

G
A.

3A
.A

9I
L.

01
A

TC
G

A.
3A

.A
9I

N
.0

1A

hclust (*, "average")
dist(datExpr0)

1.5

1.0

0.5

0.0

E
xp

re
ss

io
n

aD
C

Adipoc
yte

s

Astr
oc

yte
s

B−ce
lls

Bas
op

hil
s

CD4+
 m

em
or

y T
-c

ell
s

CD4+
 na

ive
 T-

ce
lls

CD4+
 T-

ce
lls

CD4+
 Tc

m

CD4+
 Te

m

CD8+
 na

ive
 T-

ce
lls

CD8+
 T-

ce
lls

CD8+
 Tc

m

CD8+
 Te

m
cD

C

Cho
nd

ro
cy

te
s

Clas
s−

sw
itc

he
d m

em
or

y B
−ce

lls
CLP

CM
P DC

End
ot

he
lia

l c
ell

s

Eos
ino

phil
s

Epith
eli

al 
ce

lls

Eryt
hr

oc
yte

s

Fib
ro

blas
ts

GM
P

Hep
at

oc
yte

s
HSC

iD
C

Ker
at

ino
cy

te
s

ly 
End

ot
he

lia
l c

ell
s

M
ac

ro
pha

ge
s

M
ac

ro
pha

ge
s M

1

M
ac

ro
pha

ge
s M

2

M
as

t c
ell

s

M
eg

ak
ar

yo
cy

te
s

M
ela

no
cy

te
s

M
em

or
y B

-c
ell

s
M

EP

M
es

an
gia

l c
ell

s

M
on

oc
yte

s
M

PP
M

SC

m
v E

nd
ot

he
lia

l c
ell

s

M
yo

cy
te

s

Naiv
e B

-c
ell

s

Neu
ro

ns

Neu
tro

phil
s

NK ce
lls

NKT

Oste
ob

las
t
pDC

Per
icy

te
s

Plas
m

a c
ell

s

Plat
ele

ts

Pre
ad

ipoc
yte

s

pro
 B

−ce
lls

Seb
oc

yte
s

Ske
let

al 
m

us
cle

Sm
oo

th
 m

us
cle

Tg
d ce

lls

Th
1 c

ell
s

Th
2 c

ell
s
Tre

gs

Im
m

un
eS

co
re

Stro
m

aS
co

re

M
icr

oe
nv

iro
nm

en
tS

co
re

Group

High

Low

Group

High
Low

Group
10

5

0

−5

−10

xCell

40

30

20

10

0

−
lo

g 1
0 

(A
dj

us
t P

 v
al

ue
)

−4        −2         0          2
log2 fold change

Down
Not
Up

Change

Cluster dendrogram

70

50

30

10

H
ei

gh
t

dist (datExpr0) 
hclust (*, ‘‘average’’)

1.0

0.8

0.6

0.4

0.2

0.0

−0.2M
od

el
 fi

t, 
si

gn
ed

 R
2

5   10  15  20
Soft threshold (power)

Scale independence

300
250
200
150
100
50
0

M
ea

n 
co

nn
ec

tiv
ity

5   10  15  20
Soft threshold (power)

Mean connectivity
1.0
0.9
0.8
0.7
0.6
0.5
0.4

H
ei

gh
t

Dynamic 
tree cut

Gene dendrogram and module colors

70

50

30

10

H
ei

gh
t

Sample dendrogram and trait heatmap

StromalScore
ImmuneScore

ESTIMATEScore
TumorPurity

MEblue

MEbrown

MEturquoise

MEyellow

MEgrey

0.048 
(0.5)

0.39 
(8e−08)

−0.13 
(0.08)

−0.18 
(0.01)

0.13 
(0.1)

−0.087 
(0.2)

0.7 
(1e−27)

−0.2 
(0.007)

−0.16 
(0.03)

−0.027 
(0.7)

0.092 
(0.2)

0.58 
(4e−17)

−0.18 
(0.02)

−0.18 
(0.02)

−0.06 
(0.4)

−0.08 
(0.3)

−0.62 
(2e−20)

0.11 
(0.1)

0.13 
(0.09)

0.057 
(0.5)

Stro
m

alS
co

re

Im
m

un
eS

co
re

ESTIM
AT

ESco
re

Tu
m

or
Pur

ity

1

0.5

0

−0.5

−1

Module-trait relationships

0.8

0.6

0.4

0.2

0.0

G
en

e 
si

gn
ifi

ca
nc

e 
fo

r 
Im

m
un

eS
co

re

0.2      0.4      0.6      0.8      1.0
Module Membership in brown module

Module membership vs. gene significance
cor =0.86, P=3.8e−42

A

B C

D E F

G H I

Figure 2 Screening for modules and genes related to immunity in DEGs. (A) Correlation of SLC16A1 with immune cell infiltration. The blue 
and red floating bar plots represent the SLC16A1 high- and low-expression groups, respectively. ns, P>0.05; *, P<0.05; **, P<0.01; ***, P<0.001. (B) 
Heatmap of DEGs between H-SLC16A1 and L-SLC16A1 in PDAC. (C) Volcano plot of DEGs between H-SLC16A1 and L-SLC16A1 in PDAC. 
(D) Sample clustering of PDAC. (E) Analysis of network topology for soft powers. (F) Dendrogram of all differentially expressed genes clustered 
based on the measurement of dissimilarity (1-TOM) and divided into five modules. (G) Clustering dendrogram of samples and the trait heatmap of 
ESTIMATE results. (H) Correlation heatmap between module eigengenes and ESTIMATE results. (I) Scatter plot of the brown module eigengenes. 
SLC16A1, solute carrier family 16 member 1; DEGs, differentially expressed genes; PDAC, pancreatic ductal adenocarcinoma; TOM, topological 
overlapmatrix; DC, dendritic cell; aDC, activated dendritic cell; cDC, classical dendritic cell; CLP, common lymphoid progenitor; CMP, common 
myeloid progenitor; GMP, granulocyte-macrophage progenitor; HSC, hematopoietic stem cell; iDC, immature dendritic cell; MEP, megakaryocyte-
erythroid progenitor; MPP, multipotent progenitor; MSC, mesenchymal stem cell; pDC, plasmacytoid dendritic cells.



Journal of Gastrointestinal Oncology, Vol 15, No 2 April 2024 737

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2024;15(2):730-746 | https://dx.doi.org/10.21037/jgo-24-147

Mononuclear cell differentiation 
Lymphocyte differentiation 

B cell activation 
External side of plasma membrane 

Mononuclear cell proliferation 
Lymphocyte proliferation 

Leukocyte proliferation 
Regulation of immune effector process 

Immune response−regulating cell surface receptor signaling pathway 
Regulation of cell−cell adhesion 

Negative regulation of immune system process 
Leukocyte mediated immunity 

Immune response−activating signal transduction 
Immune response−activating cell surface receptor signaling pathway 

Activation of immune response 
Positive regulation of response to external stimulus 

Positive regulation of cell activation 
Leukocyte migration 

Leukocyte cell−cell adhesion 
Regulation of T cell activation 

Regulation of leukocyte cell−cell adhesion 
Positive regulation of leukocyte activation 

B cell proliferation 
Regulation of mononuclear cell proliferation 

Regulation of lymphocyte proliferation 
Regulation of leukocyte proliferation 

Positive regulation of lymphocyte activation 
Positive regulation of cell−cell adhesion 

Positive regulation of leukocyte cell−cell adhesion 
Cytokine activity 

B cell differentiation 
Antigen receptor−mediated signaling pathway 

Regulation of leukocyte mediated immunity 
Positive regulation of T cell activation 

Positive regulation of immune effector process 
Leukocyte activation involved in immune response 

Regulation of leukocyte migration 
Regulation of B cell activation 

Positive regulation of mononuclear cell proliferation 
Positive regulation of lymphocyte proliferation 

Positive regulation of leukocyte proliferation 
Calcium ion transmembrane import into cytosol 

B cell receptor signaling pathway 
Regulation of leukocyte chemotaxis 

Regulation of cell killing 
Regulation of B cell proliferation 

Lymphocyte migration 
Alpha−beta T cell differentiation 

T cell costimulation 
Lymphocyte costimulation 

Regulation of B cell receptor signaling pathway 
Regulation of dendritic cell apoptotic process 

Establishment of T cell polarity 
Dendritic cell apoptotic process 

Regulation of dendritic cell dendrite assembly 
Myeloid dendritic cell chemotaxis 

Dendritic cell dendrite assembly

Te
rm

s

0.05                     0.10                     0.15
Gene ratio

P.adjust

7.5e−05 

5.0e−05 

2.5e−05

Count

5

10

15

20

0.1                                   0.2
Gene ratio

P.adjust

0.04

0.03

0.02

0.01

Count

4

8

12

16

Cytokine−cytokine receptor interaction 

Hematopoietic cell lineage 

Primary immunodeficiency 

Viral protein interaction with cytokine and cytokine receptor 

JAK−STAT signaling pathway 

Chemokine signaling pathway 

Intestinal immune network for IgA production 

Th17 cell differentiation 

NF−kappa B signaling pathway 

Natural killer cell mediated cytotoxicity 

Inflammatory bowel disease 

B cell receptor signaling pathway 

Th1 and Th2 cell differentiation 

T cell receptor signaling pathway 

Malaria 

Autoimmune thyroid disease 

Asthma 

Allograft rejection
Te

rm
s

A B
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microenvironment. Hence, CIBERSORT was adopted 
for the evaluation of the relative proportion of 22 types 
of immune cells in all PDAC specimens (Figure 6A). The 
correlation between TICs and the expression of the five 
genes was confirmed (Figure 6B). The results suggested that 
the expression of five genes was positively correlated with 
the infiltration levels of naïve B cells, memory B cells, CD8+ 
T cells, and activated CD4+ memory T cells. Therefore, 
these five genes (BCL11A, LINGO3, SCN4A, OCM, and 
SPINK2) might be responsible for the preservation of the 
immune-active status in the TME. In addition, Kaplan-
Meier survival analysis of OS also indicated that patients 
with a high expression of these genes had better prognosis 
(Figure 6C). 

The clinical role of SLC16A1

Based on the bioinformatics method, we confirmed the 
key role of SLC16A1 in human pancreatic cancer. The 
overexpression of SLC16A1 was significantly associated with 
poor prognosis and the immunosuppressive phenotype in 
the TME. To evaluate the clinical significance of SLC16A1, 
we performed IHC staining in 50 clinical samples. We 

found that patients with a high expression of SLC16A1 in 
primary cancer tissues were associated with poorer OS and 
recurrence-free survival (RFS) (Figure 7A,7B). Univariate 
and multivariate Cox regression analyses also suggested that 
SLC16A1 could be an independent prognostic indicator of 
OS and recurrence-free survival (Tables 2,3). Furthermore, 
we analyzed the relationship between SLC16A1 and clinical 
parameters, including age, gender, tumor size, histological 
grade stage, lymph node metastasis, and TNM stage. 
SLC16A1 expression was significantly higher in patients 
with an advanced histological grade stage, TNM stage, and 
lymph node metastasis (Table 4).

SLC16A1 suppression of CD8+ T-cell activity

To examine the correlation between the expression of 
SLC16A1 and tumor immunity, we increased the expression 
of SLC16A1 in the SW1990 human pancreatic cancer cell 
line (Figure 8A). Subsequently, we established a coculture 
model using SW1990 cells and PBMCs to investigate the 
impact of tumors on immune cells. Through in vitro LDH 
release assay, we confirmed that the overexpression of 
SLC16A1 could impair the cytotoxic effect of CD8+ T cells 
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in PBMCs against tumor cells (Figure 8B). Flow cytometry 
further revealed a reduction in CD69 expression on the 
surface of CD8+ T cells from PBMCs cocultured with 
SLC16A1-overexpressed tumor cells (Figure 8C), while 
the population of exhausted PD-1+ CD8+ T cells remained 
relatively unchanged (Figure 8D). These findings confirmed 
that the overexpression of SLC16A1 in PDAC detrimentally 
affects the in vitro activation and tumor-killing capabilities 
of CD8+ T cells.

Discussion

Our study suggests that SLC16A1 is expressed at high 
levels in pancreatic cancer and has a significant negative 
correlation with the prognosis of PDAC. In addition, we 
also discussed the effect on TME. SLC16A1 overexpression 
has been reported in many kinds of cancers, including brain 
cancer, breast cancer, ovarian cancer, melanoma, and cervical 
cancer (38-40). It is associated with tumor progression and 
promotes cancer cell migration and invasion. In cervical 
carcinoma, induced SLC16A1 and CD147 expression was 
found to promote cancer cell migration (41). Payen et al. (19) 
also reported that SLC16A1 independently promotes cancer 
cell migration and invasion. 

Evidence indicates that there is a close correlation 
between tumor-infiltrating immune cells and cancer 
progression (42-44). Immunotherapy has been widely 
recognized as a form of therapy for many cancers, but it 
is controversial in PDAC (45-47). The limited efficacy of 
immunotherapy in PDAC may be attributed to its hypoxic 
and immunosuppressive TME. To improve sensitivity to 
immunotherapy, novel strategies are required to overcome this 
immunosuppressive TME. Strategies involving vaccines and 
stereotactic body radiotherapy have been investigated (48).  
One potential target is SLC16A1, which when overexpressed 
suppresses cytotoxic CD8+ T cell activity. In fact, a study 
has shown that SLC16A1 inhibitors suppress tumor cell 
proliferation by decreasing lactate transport (49). However, 
clinical studies are warranted to further evaluate the efficacy 
of these inhibitors. In exploring the mechanism underlying 
SLC16A1 impairment of tumor immune infiltration, 
we detected 1,203 DEGs between the H-SLC16A1 and 
L-SLC16A1 groups. We then performed WGCNA to 
identify the DEGs related to immune score and divided 
them into five modules. We concluded that the brown 
module exhibited the highest correlation with the 
immunoscore. According to the GO and KEGG enrichment 
analyses of the WGCNA-selected module eigengenes, the 
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Figure 6 Correlation of the five genes with the proportion of TICs. (A) Bar plot showing the proportion of 22 kinds of immune cells in 
PDAC tumor samples. (B) Heatmap showing the correlation between immune cells and the five important genes. (C) Kaplan-Meier survival 
analysis was performed to determine difference in OS between the high-expression and low-expression groups. TICs, tumor-initiating cells; 
PDAC, pancreatic ductal adenocarcinoma; OS, overall survival.

genes of the brown module were closely related to immune 
infiltration processes, such as lymphocyte differentiation, 
lymphocyte proliferation, lymphocyte migration, and Th1 
and Th2 cell differentiation.

We then attempted to identify immunoscore-related 
genes that contribute to survival. We applied Cox regression 
analysis and the LASSO regression model and identified six 
prognosis-related genes. By combining these results with 
the SLC16A1 correlation findings, we ultimately obtained 
five important genes (BCL11A, LINGO3, SCN4A, OCM, 

and SPINK2) to further investigating the relationship 
between SLC16A1 and tumor immunity by identifying 
potential target genes it might regulate. Correlations tests 
revealed that the expression of these important genes was 
negatively correlated with SLC16A1. To explore the effect 
on immune cell infiltration in tumors, we further adopted 
CIBERSORT for evaluating the relative proportion of 
immune cells in each PDAC specimen. As expected, B cells, 
memory B cells, CD8+ T cells, and activated CD4 memory 
T cells showed a positive correlation with patient survival 
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Figure 7 The clinical role of SLC16A1. (A) The expression of SLC16A1 in pancreatic cancer tissues was determined via 
immunohistochemistry. (B) Kaplan-Meier curves for overall survival and recurrence-free survival in patients with pancreatic cancer according 
to the expression of SLC16A1 in tumor tissues. SLC16A1, solute carrier family 16 member 1; PDAC, pancreatic ductal adenocarcinoma.

Table 2 Univariate Cox proportional hazards analysis of clinicopathological factors and SLC16A1 expression for overall survival and recurrence-
free survival 

Univariate analysis
Overall survival Recurrence-free survival

HR 95% CI P HR 95% CI P

Age 1.079 0.590–1.974 0.80 0.694 0.382–1.261 0.23

Gender 1.002 0.552–1.818 0.99 1.151 0.646–2.050 0.63

Tumor size 2.072 1.093–3.925 0.02* 1.845 1.006–3.382 0.04*

Histological grade 1.895 1.045–3.436 0.03* 1.890 1.057–3.379 0.03*

LN metastasis 1.805 0.994–3.277 0.05 1.662 0.924–2.989 0.09

TNM 1.912 1.01–3.591 0.04* 2.496 1.295–4.812 0.006*

SLC16A1 expression 6.741 3.168–14.347 <0.001* 4.877 2.319–10.257 <0.001*

Data are based on tissue IHC assay. Univariate Cox proportional hazard analysis was used for backward model selection. *, statistically 
significant at P<0.05. LN, lymph node; HR, hazard ratio; CI, confidence interval; IHC, immunohistochemistry; TNM, postoperatively tumor 
node metastasis; SLC16A1, solute carrier family 16 member 1.

Table 3 Multivariate Cox proportional hazards analysis of clinicopathological factors and SLC16A1 expression for overall survival and 
recurrence-free survival

Multivariate analysis
Overall survival Recurrence-free survival

HR 95% CI P HR 95% CI P

Tumor size 2.119 1.073–4.186 0.03* 1.563 0.816–2.992 0.17

Histological grade 1.525 0.821–2.831 0.18 1.360 0.729–2.539 0.33

TNM 1.180 0.536–2.601 0.68 1.964 0.937–4.116 0.07

SLC16A1 expression 5.832 2.450–13.883 <0.001 3.229 1.418–7.351 0.005*

*, statistically significant at P<0.05. HR, hazard ratio; CI, confidence interval; TNM, postoperatively tumor node metastasis; SLC16A1, solute 
carrier family 16 member 1.
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Table 4 Correlation of tissue SLC16A1 expression and clinicopathological parameters

Parameter
SLC16A1 (n)

χ2 P r
Low High

Age (years) 0.263 0.41 0.073

≤60 17 14

>60 9 10

Gender 0.349 0.38 −0.084

Male 13 14

Female 13 10

Tumor size (cm3) 2.424 0.10 0.220

≤3.5 12 6

>3.5 14 18

Histological grade 9.641 0.002* 0.439

G1/G2 19 7

G3 7 17

LN metastasis 6.464 0.01* 0.360

N0 20 10

N1 6 14

TNM stage 9.507 0.002* 0.436

I 14 3

II 12 21

*, statistically significant at P<0.05. SLC16A1, solute carrier family 16 member 1; LN, lymph node; TNM, postoperatively tumor node metastasis.

(50-52). The potential of SLC16A1 being an independent 
prognostic factor was verified by clinical samples. Through 
in vitro study, we found that overexpression of SLC16A1 
could weaken CD8+ T-cell activity and impair the killing 
effect on pancreatic cancer cells. Therefore, SLC16A1 
may play an important role in the suppression of tumor 
immunity and subsequent resistance to immunotherapy. 
However, some potential limitations of our study still 
include: first, the size of the patient cohort or the number of 
samples used for certain analyses may impact the statistical 
power and generalizability of the results and the study has 
not analyzed all clinical prognostic factors, such as CA19-9 
values. While the study provides insights into the potential 

prognostic and therapeutic implications of SLC16A1, 
further validation in independent patient cohorts and 
functional studies will be necessary to confirm its clinical 
relevance.

Conclusions

We investigated the role of SLC16A1 in pancreatic cancer 
through use of bioinformatics, clinical study, and in vitro 
experiments. SLC16A1 was found to be an independent 
prognostic factor of PDAC and closely related to tumor 
immunity. Overall, SLC16A1 has the potential to be a 
diagnostic and prognostic target for PDAC.
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