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Comprehensive pan-cancer analysis
identified SLC16A3 as a potential prognostic
and diagnostic biomarker
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Abstract

SLC16A3, belonging to the SLC16 gene family, is involved in the transportation of monocarboxylate. SLC16A

family members play important roles in tumorigenesis, nonetheless, the specific involvement of SLC16A3 in

tumor prognosis and diagnosis in human cancers remains unelucidated. This study dealt with the exploration of
SLCT16A3 expression in human pan-cancer and its significance regarding disease prognosis. For this investigation,
the mRNA expression data of SLC16A3 were acquired from the TCGA and the GTEx datasets. The Kaplan-Meier
plots, univariate Cox regression, and the ROC curve were employed for assessing the prognostic and diagnostic
significance of SLC16A3 in pan-cancer. Furthermore, the cBioPortal database was used to analyze the SLC16A3
genomic alterations. Moreover, the association of the infiltration of immune cells and immune checkpoint genes
with SLC16A3 was analyzed by the TIMER database. Gene Ontology and KEGG pathway analysis were employed to
explore the function of SLC16A3 in pan-cancer. The resulting data demonstrated that SLC16A3 mRNA expression
was overexpressed in most cancers and its protein expression was also high across diverse cancer types. Moreover,
upregulated SLC16A3 expression was linked to poor OS and PFI of certain cancers. Cox regression analysis further
indicated that SLC16A3 is a risk factor for patients with PAAD, CESC, LUSC, LUAD, CHOL, LGG, MESO, and OSCC.

The ROC curve revealed that SLC16A3 exhibited a high accuracy (AUC>0.9) in BRCA, CHOL, ESCA, GBM, and KIRC
prediction. Moreover, the acquired data indicated that in pan-cancer, the SLC16A3 expression exhibited correlations
with immune checkpoint genes and immune cells. These findings collectively suggest that SLC16A3 holds promise
as a biomarker for diagnostic and prognostic purposes in pan-cancer.
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Introduction

The incidence of cancer has seen a rapid increase in
recent years as highlighted by the global cancer statis-
tics 2020 [1]. Among the top 10 highly prevalent cancers,
lung, colorectum, liver, and stomach cancers were noted
to be the highest contributors to the heightened fatality
rates globally. Despite dedicated efforts to advance cancer
diagnosis and management strategies, the overall survival
outlook remains grim and most patients are diagnosed at
advanced stages [2—4]. Consequently, there is a pressing
need to innovate and devise novel approaches for diag-
nosing and treating cancer. At present, the usage of can-
cer biomarkers in diagnosis has received great attention,
and an increasing number of biomarkers are being identi-
fied [5].

There is currently a significant level of interest and
scrutiny directed towards understanding how lactate
contributes to the behavior associated with the develop-
ment of tumors [6-8]. In vitro experiments have proven
that lactate is a potent inhibitor of antitumor T cells, in
addition, lactate also demonstrated properties suggesting
its association with the inhibition of dendritic cell (DC)
differentiation [9]. The latest research has indicated that
lactate activates M2-like gene expression in tumor-asso-
ciated macrophages (TAMs) through a process known
as histone lactylation [10]. M2-type macrophages are
known for their capacity to promote tumorigenesis and
development [11]. SLC16A3 (also named as MCT4),
appears localized in plasma membrane and nuclear
membrane [42]. SLC16A3 belongs to the SLC16 gene
family, this gene family encodes multiple monocarboxylic
acid transporters (MCTs), MCT1-MCT4 are lactic acid
transporters, main function is to transport intracellular
lactate to the extracellular compartment [12]. SLC16A3
has been associated with cell proliferation, invasion, and
distant metastasis as demonstrated in prior research
[13-16]. Several studies have noted that SLC16A3 played
a crucial role in the development of various cancers,
including lung [17-18], prostate [19], colorectal [20], and
pancreatic cancers [21]. Furthermore, SLC16A3 has been
shown to be capable of independently predicting the
prognosis of bladder cancer [22]. Despite these findings,
there has been a gap in research focusing on the expres-
sion profiles of SLC16A3 across diverse cancer types.
Consequently, a comprehensive study was designed to
systematically explore the significance of SLC16A3 in
pan-cancer scenarios.

The expression data of SLC16A3 in human pan-cancer
and healthy tissues were retrieved from various data-
bases, including TCGA, GTEx, and TIMER2.0. The prog-
nostic and diagnostic value of SLC16A3 in pan-cancer
was then evaluated. Afterward, the research focused on
elucidating whether there was any remarkable associa-
tion of clinicopathological characteristics with SLC16A3
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expression. Furthermore, any alterations in the SLC16A3
gene were analyzed via the cBioPortal. In addition, fur-
ther exploration of the biological function of SLC16A3
was performed via Gene Ontology and KEGG analyses in
the context of pan-cancer. In summary, this study indi-
cated that SLC16A3 could serve as a potential marker for
assessing prognosis and diagnosis in human pan-cancer.

Materials and methods

Clinical data and mRNA expression collection

All clinical data and SLC16A3 mRNA expression data
were downloaded from TCGA (https://www.cancer.gov/)
and GTEx (https://commonfund.nih.gov/gtex) databases.
The SLC16A3 expression data from TCGA and GTEx
were transformed with log2 (TPM) [23].

SLC16A3 gene expression analysis

The TIMER2.0 database [24] (http://timer.comp-genomi
cs.org/) was used to examine the SLC16A3 mRNA expr
ession in TCGA human cancers and adjacent healthy tis-
sues. Additionally, further investigation of the SLC16A3
expression profiles in pan-cancers was carried out by
combining TCGA and GETx datasets. Categorization
of the assessed patients was carried out per the median
SLC16A3 expression into high- and low-SLC16A3
expression groups. The Wilcoxon rank sum test was con-
ducted to assess the expression difference between the
two groups [25].

SLC16A3 protein expression analysis

Two databases, the Human Protein Atlas (HPA) [26-27]
(https://www.proteinatlas.org/) and the UALCAN [28] (
https://ualcan.path.uab.edu/)were searched to exami
ne the protein expression level of SLC16A3 in human
healthy tissues and cancers. Furthermore, SLC16A3
protein expression was also detected by utilizing immu-
nohistochemistry (IHC) via a human multiorgan tissue
microarray (Cat# HOrgC180PGO01-1, Lot No. XT22-001,
Shanghai Outdo Biotechnology). Overall, 180 paraffin-
embedded tissue specimens were acquired. Among them,
91 cases were malignant tumor tissues and 89 cases were
adjacent healthy tissues of cancer. The anti-SLC16A3
antibody (1:200 dilution, Cat# AF5253) was obtained
from Affinity Biosciences (Jiangsu Province, China). IHC
results were assessed by scoring of staining intensity and
area. The intensity score ranged from 0 to 3 (0, nega-
tive; 1, light yellow; 2, light brown; 3, dark brown), and
the expression area ranged from 0 to 4 (0, <5%; 1, 5-25%;
2, 26-50%; 3, 51-75%; 4, >75%). The SLC16A3 protein
expression was determined to be equal to intensity score
times expression area, with scores of 1~ 3 designated as
low expression (+), 4—6 as moderate expression (++), and
7—-12 as robust expression (+++) [29-30].
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Survival significance analysis of SLC16A3

The correlation between the expression of SLC16A3
mRNA and cancer prognosis overall survival (OS) and
progression free interval (PFI) was analyzed through
Kaplan-Meier plots. The diagnostic value of SLC16A3 in
human cancers was examined through ROC curves [31].
In this context, the percentage of patients who survive
from the beginning of randomization treatment to the
end of their lives is considered as the overall survival. PFI
refers to the period that a patient lives with cancer with-
out tumor progression [32].

Genetic alteration analysis

The SLC16A3 gene alternations in TCGA pan-cancer
datasets were examined using the cBioPortal database
[33] (http://www.cbioportal.org/), which is a web portal
for analyzing cancer genomics.

Correlation of SLC16A3 expression with tumor immune
microenvironment

The association of SLC16A3 with the immune checkpoint
genes was analyzed by the “ggplot2” R package. Further-
more, the association between SLC16A3 expression and
immune cells in pan-cancer was processed by the TIMER
database [34] (https://cistrome.shinyapps.io/timer/).

Relationship between SLC16A3 expression and immune
subtypes of human cancer

The TISIDB database was searched to analyze how
SLC16A3 expression is linked to immune subtypes in dif-
ferent types of cancer [35]- [36]. TISIDB, functioning as a
web portal, integrates diverse data types, including high
throughput screening data, genomics, and transcrip-
tomics data. It serves as a valuable tool for analyzing the
interaction of the immune system and tumors.

Statistical analysis

Differences in expression and correlation across the high
and low SLC16A3 groups were investigated using the
Wilcoxon rank sum test and the Spearman rank sum test.
The log-rank test was utilized for the assessment of the
Kaplan-Meier curves. R version 4.2.2 software was used
for statistical analysis, with a p-value <0.05 as the thresh-
old of statistical significance [23]. (ns, p>0.05; *, p<0.05;
**, p<0.01; ***, p<0.001).

Results

SLC16A3 expression in human cancers

The SLC16A3 expression was investigated in pan-can-
cer and the data acquired indicated that its expression
exhibited remarkable variance across diverse malignant
tissues (Fig. 1A). Moreover, the results of the investi-
gation of SLC16A3 mRNA expression in human pan-
cancer using TIMER, implied that SLC16A3 exhibited
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remarkable upregulation in bladder urothelial carcinoma
(BLCA), breast invasive carcinoma (BRCA), cervical
squamous cell carcinoma and endocervical adenocarci-
noma (CESC), esophageal carcinoma (ESCA), cholan-
giocarcinoma (CHOL), glioblastoma multiforme (GBM),
head and neck squamous cell carcinoma (HNSC), kidney
renal clear cell carcinoma (KIRC), kidney renal papillary
cell carcinoma (KIRP), liver hepatocellular carcinoma
(LIHC), lung squamous cell carcinoma (LUSC), lung
adenocarcinoma (LUAD), stomach adenocarcinoma
(STAD), thyroid carcinoma (THCA) and uterine cor-
pus endometrial carcinoma UCEC compared with their
adjacent healthy tissues (Fig. 1B). In addition, SLC16A3
expression in paired samples was much higher in most
tumor types in comparison to healthy tissues. Neverthe-
less, no considerable variance was noted in the SLC16A3
expression relative to the adjacent healthy tissues of
colon adenocarcinoma (COAD) and rectum adenocarci-
noma (READ) (Fig. 1C).

The protein level of SLC16A3 in human tissues

Protein is the main molecule related to diseases, and
changes at the level of a protein are directly related
to many diseases. Thus, further investigation into the
expression differences of SLC16A3 protein in tumor and
normal tissues was considered necessary and was under-
taken using the UALCAN and HPA databases. The out-
comes of IHC, as reported in the HPA database, showed
that most cancer tissues show moderate to strong cyto-
plasmic positivity (supplementary Figure S3A-F). Addi-
tionally, our IHC staining results were observed to be
consistent with the HPA database (Fig. 2A and H). As
shown in the UALCAN dataset, the SLC16A3 protein
was highly expressed in BRCA, ccRCC, COAD, GBM,
HCC, HNSC, LUAD, PAAD, and UCEC, but was lower in
gastric cancer and did not significantly differ in ovarian
cancer (Fig. 3A and K).

Prognostic and diagnostic importance of SLC16A3 in pan-
cancer

The pan-cancer assessment of the prognostic and diag-
nostic importance of SLC16A3 demonstrated that
upregulated expression of SLC16A3 and adverse OS
were linked in specific cancers, encompassing BLCA,
CHOL, CESC, LGG, LAML, LIHC, LUAD, LUSC,
MESO, OSCC, PADD, and UCS (Fig. 4A and L). Fur-
ther analysis via GEPIA, resulted in determining a
robust relationship between the expression of this gene
and OS in diverse cancers, encompassing BLCA, CESC,
LGG, LIHC, LUAD, MESO, PADD, and UCS (Fig. 5A
and H). Moreover, univariate Cox regression was uti-
lized to confirm any potential association of SLC16A3
with the survival probability in diverse cancers. The
resulting data indicated that SLC16A3 was positively
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Fig. 1 Pan-cancer analysis of SLC16A3 expression. (A) SLCT6A3 mRNA expression in TCGA cancers and GTEx normal tissues. (B) SLC16A3 mRNA expres-
sion in human cancers from the TCGA database analyzed by the TIMER2.0 database. (C) SLC16A3 mRNA expression level in paired tumor samples based

on TCGA database. (*P<0.05, **P<0.01, **P<0.001)
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Fig. 2 Immunohistochemistry (IHC) staining of SLC16A3 in human cancers. (A) THCA, (B) BRCA, (C) LUAD, (D) LUSC, (E) ESCA, (F) LIHC, (G) PAAD, and (H)
COAD. Representative images of SLC16A3 expression in pan-cancer tissues are shown. Original magnification, x40 and x400
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Fig. 3 SLC16A3 protein expression analysis

correlated with the hazard ratios of OS and PFI in
PAAD, CESC, LUSC, LUAD, CHOL, LGG, MESO, and
OSCC. Based on the acquired data, it can be said with
some degree of confidence that SLC16A3 may function

CPTAC samples

as a risk factor for patients with PAAD, CESC, LUSC,
LUAD, CHOL, LGG, MESO, and OSCC (Fig. 6). The
ROC curve was utilized for evaluating the diagnos-
tic potential of SLC16A3 in pan-cancer, and based on
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Fig. 6 Univariate Cox regression analysis of SLC16A3. Forest map shows the univariate cox regression results of CD161 for OS (A) and PFI (B) in TCGA
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the resulting data, SLC16A3 demonstrated accuracy
(AUC>0.7) in predicting 16 types of cancer, includ-
ing BLCA (AUC=0.742), BRCA (AUC=0.918), CHOL
(AUC=0.991), ESCA (AUC=0.905), GBM (AUC=0.943),
HNSC (AUC=0.834), KICH (AUC=0.776), KIRC
(AUC=0.958), KIRP (AUC=0.847), LIHC (AUC=0.778),
LUAD (AUC=0.808), LUSC (AUC=0.747), OSCC
(AUC=0.869), STAD (AUC=0.793), UCEC
(AUC=0.900), and UCS (AUC=0.891) (Fig. 7A and P).
According to these results, SLC16A3 expression was
noted to be strongly linked to the prognosis of diverse
types of cancer, moreover, SLC16A3 exhibited remark-
able accuracy (AUC>0.9) in the prediction of BRCA,
CHOL, ESCA, GBM, and KIRC.

Analysis of the relationship between SLC16A3 expression
and clinicopathologic characteristics

Further study was undertaken to investigate the relation-
ship between SLC16A3 expression and the progression
of clinicopathological features of the patients. In LIHC,
LUAD, OSCC, and PAAD, the expression of SLC16A3
was linked to the tumor stage (pathologic stage and
clinical stage). Moreover, LGG, PAAD, and PRAD also
showed that SLC16A3 was associated with primary ther-
apy treatment response. Additionally, significant asso-
ciations between SLC16A3 overexpression and histologic
grade were noted in OSCC, PAAD, and UCEC. Accord-
ing to these results, SLC16A3 expression may affect
PAAD prognosis (Supplementary Figure S4).

SLC16A3 genetic alternation analysis in pan-cancer
It was found that the SLC16A3 gene alteration rate is
highest (>4%) in hepatobiliary cancer, endometrial can-
cer, pleural mesothelioma, breast cancer, and ovarian epi-
thelial tumor (Fig. 8A), Amplification, miss mutation, and
deep deletion are the main.

type of frequent genetic alterations of SLC16A3. The
mutation types, numbers, and sites of the SLC16A3
genetic alterations are displayed in Fig. 8B. The acquired
data implied that SLC16A3 missense mutation was the
major type of genetic alteration, with a total of 44 cases
detected [37]. Additionally, the TCGA tumor samples
exhibited two truncating mutations, one inframe muta-
tion, one splicing mutation, and two fusion mutations
(Supplementary Table 1). The most frequent copy-num-
ber variations of SLC16A3 were gain function and dip-
loid (Fig. 8C). The altered group had a higher prevalence
of gene alterations than the unaltered group did for
the following genes: IGHD1-7, IGHV1-8, IGHD3-9,
DCAF13P3, GABPB1-AS1, GABPB1-IT1, NDUFAF4P1,
TRBV5-4, CSDC2, and CSNK1D (Fig. 8D).
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SLC16A3-related gene enrichment analysis

To investigate how SLC16A3 contributes to tumori-
genesis, the GEPIA database (http://gepia.cancer-pku
.cn/) was searched to obtain the top 100 genes from all
tumor types that exhibited expression patterns similar to
SLC16A3 (Supplementary Table 2). The KEGG pathway
analysis showed that SLC16A3 might participate in onco-
genesis via the “HIF -1 signaling pathway’, “Glycolysis/
Gluconeogenesis’, and “PI3K- Akt signaling pathway”
(Supplementary Figure S5A). The GO term enrichment
analysis [38-39] exhibited that these SLC16A3-related
genes were mainly related to “response to oxygen levels’,
“response to hypoxia’, and “organic acid biosynthetic pro-
cess” biological processes (Supplementary Figure S5B).

SLC16A3 expression and tumor immune
microenvironment analysis

Utilizing the TIMER database, an initial exploration
was conducted into the relationship between SLC16A3
expression and the infiltration of immune cells. It was
observed that neutrophils, CD4+ T cells, dendritic cells,
and macrophages exhibited a significant positive correla-
tion with SLC16A3 in most tumors (Fig. 9A), as detailed
in Supplementary Table 3. Moreover, evidence indicates
a crucial involvement of immune checkpoint genes in
immunotherapy. Consequently, further examination
was carried out to investigate the correlation between
SLC16A3 and ICP genes. The findings revealed a signifi-
cant correlation between the mRNA level of SLC16A3
and a majority of ICP genes. Specifically, in OSCC,
LIHC, BRCA, HNSC, BLCA, COAD, PCPG, LUAD,
SKCM, THCA, LGG, KICH, KIRP, OV, GBM, and PRAD,
SLC16A3 expression was associated with more than 20
ICP genes (Fig. 9B). SLC16A3 expression demonstrated
a positive correlation with ICP genes. These results sug-
gested that SLC16A3 might mediate immune escape and
could be a potential immunotherapy target.

SLC16A3 expression is associated with immune subtypes

in pan-cancer

Finally, the involvement of SLC16A3 expression in the
immune subtypes in human cancers was explored.
Immune subtypes were classified into six types from C1
to C6 [40-41]. The study outcomes indicated a correla-
tion between SLC16A3 and various immune subtypes in
BLCA, BRCA, KIRC, KIRP, LGG, LIHC, LUAD, PAAD,
PRAD, STAD, THCA, and UCEC (Fig. 10). More-
over, variations in SLC16A3 expression across different
immune subtypes were observed in certain cancers. For
instance, in BRCA, SLC16A3 showed upregulated expres-
sion in C2 and C6 types and downregulated expression
in C3 types. From these findings, it was concluded that
SLC16A3 exhibits differential expression in immune sub-
types of different types of human tumors.


http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/

Yang et al. Cancer Cell International (2025) 25:168 Page 11 of 18

>
oo
@)
)

W0 BLeA BRCA CHoL ESCA
. 1.0 1.0 J 1.0
081 0.8 0.8 0.8
& 2 2 2
E 064
=08 = 06 = 0.6 = 06
£ z z z
2 S 2 S
2 0.4 3 04+ 3 0.4+ 3 0.4+
(7} < c c
Ioe] 5] 5] @
] » ]
0.2
e 02 SLC16A3 0.2 steteas| 0217 SLC16A3
W e AUC: 0918 AUC: 0991 AUC: 0.905
Cl0.696-01838 CI 0.894-0.943 Cl: 0.970-1.000 Cl: 0.830-0.980
0.0 T T T T
00 02 o04 o6 o8 10 OO ! 4 y T 0.0 T T T T 0.0 T T . .
. . G : . 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1=Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR)
GBM HNSC KICH KIRC
1.0 1.0 1.0 1.0
0.8 0.8 0.8 0.8 1
o o o o
o o o o
£ 06 SR £ 06 = 06
2 2 2 2
= = = =]
B 0.4 B 0.4 B 0.4 3 0.4
[= [= [ = c
[ [ [ [
] ] ] %)
0.2 SLC16A3 0.2 SLC16A3 0.2 SLC16A3 0.21 SLC16A3
AUC: 0.943 AUC: 0.834 AUC: 0.776 AUC: 0.958
Cl: 0.928-0.959 Cl: 0.769-0.900 1 Cl: 0.683-0.870 Cl: 0.935-0.982
0.0 : T T T 0.0 : T T T 0.0 T T T T 0.0 T T T T
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR)

—
—
~

c

KIRP LIHC LUAD LUSC
1.0 1.0 1.0 1.0
0.8 0.8 0.8 0.8
3 [ o 3
o o o o
= 06 £ 06 £ 06 = 06
F 2 2 2
= > = =
= = = =
@ 0.4+ ‘® 0.4 ‘@ 0.4 ‘@ 0.4
(= = c c
Q [ [ [
7] » (7] »
027 SLC16A3 0.2 SLC16A3 0.2 SLC16A3 0.2 1 SLC16A3
AUC: 0.847 AUC: 0.778 AUC: 0.808 AUC: 0.747
Cl: 0.793-0.900 Cl:0.721-0.834 il Cl:0.770-0.847 p’ Cl: 0.691-0.803
0.0 T T T T 0.0 T T T T 0.0 T T T T 0.0 T T T L
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR)
OscC STAD UCEC UCs
1.0 1.0 1.0 1.0
0.8 0.8 0.8 0.8
3 3 3 3
o o o o
£ 06 = 06 £ 06 = 06
z z z z
2 2 2 2
3 0.4 B 0.4 3 0.4 B 0.4
= =4 = =4
[ [ [ [
7] 7] (7] %]
0.2 SLC16A3 0.2 1 SLC16A3 0.2 SLC16A3 0.2 1 SLC16A3
AUC: 0.869 AUC: 0.793 AUC: 0.900 AUC: 0.891
CI: 0.794-0.945 CI: 0.731-0.855 CI: 0.859-0.940 CI: 0.828-0.953
0.0 T T T T 0.0 T T T T 0.0 T T T T 0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR)

Fig. 7 ROC curve for SLC16A3 expression in pan-cancer. (A) BLCA; (B) BRCA; (C) CHOL; (D) ESCA; (E) GBM; (F) HNSC; (G) KICH; (H) KIRG; (1) KIRP; (J) LIHC; (K)
LUAD; (L) LUSC; (M) OSCG; (N) STAD; (0) UCEG; (P) UCS



Yang et al. Cancer Cell International (2025) 25:168

A

6%
5%
4%

3%

Alteration Frequency

2%

1%

Page 12 of 18

Structural variantdata + + # + + + + + + + + + + + + + + F + + F+ + F + + F ¥ F + +
Mutationdata + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
CNAdata + + + + + + + + + + + + + + + + + + + + + + + + + + + + + *
%"eg"éﬁ@%s %% % % % %, % % %% %, %@%%f"% Y %&,K%,@ %%G}"%(&of %os/l’\% %%
% Y, T B % R, B % %, %0 B G B B 8 By R % e, %70 B, B % B, %
y (ol % X, Y % s I %, YV B O Y % R % R 9,
% % % 0 P B 94 % S Q 2 8 © 70 % Co v, QR B, B 0 R 2%
&) 2 0, 7% %, % Zn ) 3 % %
N R A A R A A Y
S, : 2 Y . Q % 2,
% %ty %% %0 % B o ¢ % g % %
o 3 S R . % LY, %
& % %, % A %, %, %
> i %, %, %
Dy A L83
LN 2,
B -t
o 5
2
8
5
5
=
© R84C
s .
] ) * s o9 oo YY) o spemm me w o * Mo o909 00 0 @ * 0 e
7]
* 0
MFS_1
0 100 200 300 400 465aa
o
3
=3
s 16
<
2
[
3 X D
@ 14q 5
4 -
2
£
3
T 12q °° 100-
S ~
£ o & Q
B C%b e <
8= >
Es 0] °%R 2 g 80
s3 o ] B Altered group
=g D 2
9 00 8 e0-
g DR = B Unaltered group
S : o° s =
w % =
2 g
S [} [0 40-
=3 c
@ 4 o
¢ C g
& @ 5 200
s 2
4 44 o} <
€
2 "% 6 69 Y % % O
S | . . & & & DG & Y 0, @
7 % % : % 7 %, % 0, 8 & % 9 9 Y
a 3 % %, % %, 7 R R R R e R,
%, " %% 00 R T K e T 0
5 3 %
% %, i RS
x
SLC16A3: Putative copy-number alterations from GISTIC
SLC16A3 Splice (VUS) * Truncating (VUS) * Inframe (VUS)
* Missense (VUS) Not mutated Not profiled for mutations
o Amplification o Gain Diploid

©  Shallow Deletion © Deep Deletion © Structural Variant '

Fig. 8 Genetic Alteration Analysis. (A) Genetic Alteration frequency of SLC16A3 in human pan-cancer. (B) The mutation types, number, and sites of the
SLC16A3 genetic alterations. (C) The copy-number alterations of SLC16A3 in pan-cancer. (D) Frequency of related-gene alterations in SLC16A3-altered

and unaltered groups



Yang et al. Cancer Cell International

A ACC *% **
BLCA * % *%* *%* *%* *%* * *%*
BRCA * *%* *% *%* *%* *%*
BRCA-Basal * xE i ¥
BRCA-Her2 *E *
BRCA-Luminal i o idid il *k
CESC *%* *%
CHOL x
COAD *% * * *%* *%*
DLBC = ®
ESCA
GBM *% *% *% *% * p < O 05
HNSC * *k *k *% *x ’
HNSC-HPVpos B * X *¥* .+ p<0.01
HNSC-HPVneg £k xx =N &
*%* * -
KICH . Correlation
KIRC *x 1.0
KIRP *% *% *%* *%* )
LGG | ** > I - R 05
LIHC *%* *%* *% *% *% *% *%* °
LUAD *%* *%* *%* *%* *% * %
LUSC *%* * *%* *%* *%* 0.0
*% *%*
MESO -0.5
OV *% *% *%* *%*
PAAD ¥ -1.0
PCPG *% *% *% *% *% E:
PRAD *%* *%* *% *% *% *% *%
READ *%* * *%*
SARC * * *%*
SKCM * % *%* *%* *%
SKCM-Primary % EE
SKCM-Metastasis =~ ** - 67
STAD *%* *% *% *
TGCT
THCA *%* *%* *%* *%* *%* *% *%
THYM £ *x
UCEC *%* *% *%
UcCSs
UVM *% *%
N\ N\ N N N
S @ & & & &
N “QIb R
4 L) A A Y Q &
x x Q O N
> P & & ¥
(@) (@) QQI W
B CD27  ®E ke ** e
CD2s  BE M- - R W . R B
R T T ok ek ek R
CD44 *+FEFH  +x BE * %% P Bl B e Y EEE
P R - = x ok = R = 5
CD70 ¥ FEwssxEREERs wx  wxf  w EEwx s e EEER el L T
CDBO ** FH  *k dk ok %k * Rk * * ok kk Rk wk ok R Rk ek Kk kk Rk Rk Rk
CDB8E ** FH ok ko dek %k HE kk Ak Kk Kk KR £ * R ex e HE kk kk Rk kk kR
D160  **  ** . + B *x 5 Bl TR
CD200 ** ¥* *x = . SEREEE - FEE o+« 7%~ B
CD2a4 B e %% B SE = * | EEEEs g P<005
CD274  **  wx  EEwx B BE R - ek R e 0 0
CD276 ** 3k %k %k ko ok ok Jok %k ok Hok % kok ok % Rk u.** Fk kK Kk Kk kk Kk Kk d ok ok Rk ko ok
CTLA4 B kk kk kxR * Hoke ke ok ek ke kk * %% Correlation
HAVCR2 ** BH ok ook sk sk B o ok ook ok o o [ e * kE k kk Rk ek RR 10
he: B OB BE B B e B R %2 swwe sl W
LAIRT %% BE ok wk dk ok BR ok kk kKR % wr * ke R e ’
NRP1 ** % dk kk Rk Kk kk kk ok ok kK ok kx k% *x ok kxR kw 0.0
PDCD1 BB %% #eEE EE ¥ o» ax B SR e
PDCDILG2 * ** * *x % %k 4%  #k  *x %% %% sk [ e [ e * *ok Rk k% Rk 0I5
cos B = 7 xmEE e BE = e B *x
N T L T By wfE R o«
TNFRSF8 Bl ** %5 B %  wkww v 0w E - EEE EEE e
TNFRSFQ *% ¥% ok kb %k #%  FH % # %k B P g P
TNFRSF14 #%HE  *xsx * 3EFHax  *x  x » o R w R B % »
TNFRSF18 BE  wx ok kR KR ER ok kk xk RR * dk Kk K kK Rk Rk ok ke Kk Kk Kk
TNFRSF25 #% % B B = *x B FR aewxox x B
TNESF4 *% %% %k %k kx % W B w5 wx | BRI e
TNFSF9 e *k Kok Kk kk Rk Kk kk aj kk K kk ek ek kk * kK Kk Rk ek kok ko kk kk
TNFSE14 PP e e BEE =5 B e I+~
TNESFA5 * ¥ % %k ok Bl s = & B E -EE
TNESE{8 * ¥EHE * *% %% % xx¥% xx %%  WHEH ** == - TR« B
O VTR L RO Qo Ol AN A O D DD RO DO DS DR a0 O
O OX SR S A S O O O SN A A K O LM SR NN M NG O RS
SRS TR T IR I TR Oy

(2025) 25:168

Page 13 of 18

Fig. 9 SLC16A3 expression and tumor immune microenvironment analysis. Correlation of SLC16A3 expression with immune cells (A) and immune

checkpoint genes (B)
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Fig. 10 Correlation of SLC16A3 expression with pan-cancer immune subtypes. (A) in BLCA, (B) in BRCA, (C) in HNSC, (D) in KIRC, (E) in LGG, (F) in LUAD,
(G) in LUSC, (H) in QV, (1) in PRAD, (J) in SKCM, (K) in STAD, (L) in UCEC
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Discussion

The SLC16A3 gene encodes monocarboxylate trans-
porter4d (MCT4), predominantly located at the plasma
membrane. MCT4 catalyzes the transport of monocar-
boxylates, including L-lactate and pyruvate, across the
plasma membrane [42-43]. In past research, Warburg
demonstrated that cancer cells rely on glycolysis even
in the presence of oxygen [44]. Walenta et al. research
reported that elevated lactate levels are associated with
the incidence of metastases and poor overall survival in
cancer patients [45]. Mohammed et al. have reported that
hypoxia stimulates MCT4/SLC16A3 transcription, mak-
ing it a HIF-1-target gene [46]. Recent studies have vali-
dated the upregulation of SLC16A3 in lung, breast, and
renal cancers, suggesting its potential oncogenic role in
these cancers [47-50].

Lactate is a terminal metabolite of glycolysis and
SLC16A3 mediates the transport of lactate from intra-
cellular to extracellular compartments. Lactic acid acti-
vates M2 polarization of tumour-associated macrophages
(TAMs) through the process of histone lactylation, and
M2-TAMs induce angiogenesis to promote tumour
growth and metastasis. In addition, pathological concen-
trations of lactate reduce the cytotoxic activity of NK and
cells [9, 51]. Li et al. [52] confirmed that SLC16A3 as an
ALKBHS5 target gene, SLC16A3 can reduce lactic acid
concentration levels and is involved in regulating Tregs,
and MDSC Accumulation in the TMEs during anti-PD-1
treatments. Another one research [53] demonstrated
that the SLC16A3 inhibitor could improve the efficacy
of immune checkpoint blockade. In addition, a previ-
ous study revealed that Lonidamine, as a small molecule
inhibitor targeting SLC16A3, can enhance the efficacy
of chemotherapy or radiotherapy [54]. Consequently,
SLC16A3 it might be a possible target for cancer therapy.
However, no research has yet evaluated the significance
of SLC16A3 in pan-cancer. As a result, a comprehensive
study was conducted to elucidate the roles of SLC16A3 in
pan-cancer.

Utilizing the GeneCards dataset, it was observed that
SLC16A3 mRNA is comparatively overexpressed in skel-
etal muscle, spleen, kidney, lung, and esophagus. Subse-
quently, through Immunofluorescence staining analysis
from the HPA database, the subcellular localization of
SLC16A3 was examined. The findings indicated a pre-
dominant presence of the SLC16A3 protein in the plasma
membrane and nuclear membrane. Next, an analysis of
SLC16A3 expression across 33 tumor types, in compari-
son to healthy tissues, was conducted using data from
the TCGA and GTEx databases. The findings revealed
a remarkable upregulation of SLC16A3 expression in
various cancer types, including ESCA, BLCA, CESC,
BRCA, CHOL, KIRC, HNSC, KIRP, LIHC, LUSC, LUAD,
THCA, STAD, and UCEC. These results suggest that
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SLC16A3 may exert significant effects on tumor devel-
opment. Furthermore, an exploration of SLC16A3 pro-
tein expression levels, conducted using the UALCAN
database and immunohistochemistry data from the HPA
database, revealed significant overexpression of SLC16A3
protein in ccRCC, BRCA, COAD, HNSC, HCC, GBM,
LUAD, PAAD, and UCEC. Immunohistochemistry dem-
onstrated that most cancer tissues exhibited moderate to
strong cytoplasmic positivity.

Additionally, for the evaluation of the prognostic and
diagnostic value of SLC16A3, analyses were conducted
using the Kaplan—Meier survival curve, forest plot, and
ROC curve. The Kaplan—Meier survival analysis results
indicate a significant correlation between elevated
SLC16A3 levels and unfavorable clinical outcomes in
pan-cancer. Univariate Cox regression analysis and for-
est plot suggested that SLC16A3 acts as a risk factor for
patients with PAAD, CESC, LUSC, LUAD, CHOL, LGG,
MESO, and OSCC. The ROC curve demonstrated that
SLC16A3 exhibited high accuracy (AUC>0.9) in predict-
ing outcomes for BRCA, CHOL, ESCA, GBM, and KIRC.
These findings underscore the significant prognostic and
diagnostic potential of SLC16A3 in the mentioned can-
cers, suggesting it could serve as a promising biomarker
or therapeutic target for c