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Tumor suppressing function of SLC16A7 @
in bladder cancer and its pan-cancer analysis

Mingjie Xu'", Jiatong Zhou'", Jiancheng Lv'" and Yu Zhang?’

Abstract

Background Bladder cancer (BCa), a prevalent malignancy of the urinary tract, is associated with high recurrence
and mortality rates. SLC16A7, a member of the solute carrier family 16 (SLC16), encodes monocarboxylate transporters
that are involved in the proton-coupled transport of metabolites, including lactate, pyruvate, and ketone bodies,
across cell membranes. Evidence suggests that SLC16A7 exhibits variable expression in cancers and may influence
tumor development, progression, and immune regulation. This study examined the role of SLCT6A7 in cancer
prognosis, progression, and immune regulation, focusing on BCa.

Methods A comprehensive analysis was conducted to evaluate the clinical and immunological relevance of SLC16A7
across multiple cancer types using data from 33 tumor datasets from ‘The Cancer Genome Atlas (TCGA). ' Associations
between SLC16A7 expression and clinicopathological features, prognostic indicators, tumor mutation burden (TMB),
microsatellite instability (MSI), immune cell infiltration, and immune-related gene expression were systematically
analyzed. Experimental validation was performed to assess SLCT6A7 expression in the BCa tissues and cell lines.

The prognostic value of SLCT16A7 was confirmed using clinical follow-up data from an independent patient cohort.
Functional studies included proliferation assays to investigate the effect of SLCT16A7. CD8+T cells were obtained

from the peripheral blood of healthy donors and stimulated using CD3 and CD28 antibodies in combination with
recombinant IL-2. To investigate the immunological role of SLCT16A7, co-culture experiments were performed between
BCa cells and activated CD8 +T cells. Additionally, CD8 + T cell chemotaxis assays and ELISA analyses were conducted
to evaluate the immune responses mediated by SLCT16A7.

Results SLC16A7 expression was downregulated in 16 cancer types, including BCa, and upregulated in three
cancer types. Its expression was significantly associated with tumor stage in four cancers and showed both positive
and negative correlations with prognosis, depending on the cancer type. Genomic analyses revealed significant
associations between SLC16A7 and TMB in 13 cancer types and MSIin 11 cancer types. Pathway enrichment
analyses (Hallmark-GSEA and KEGG-GSEA) indicated strong associations between SLCT6A7, immune responses, and
tumor progression. Immune infiltration analysis showed a predominantly positive association between SLCT16A7
expression and immune cell infiltration, except in low-grade gliomas (LGG). CIBERSORT analysis demonstrated that
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tumor microenvironment (TME).

diagnosis and prognosis.

SLC16A7 expression correlated positively with resting memory CD4 T cells, eosinophils, monocytes, resting mast
cells,and memory B cells and negatively with activated memory CD4 T cells, M1 macrophages, follicular helper T
cells, MO macrophages, and CD8 T cells. SLC16A7 expression was also significantly associated with the expression of
immune-regulatory molecules. Experimental validation showed reduced SLCT6A7 expression in BCa tissues and cell
lines compared to that in their normal counterparts. Kaplan-Meier survival analysis indicated that higher SLCT16A7
expression was correlated with better overall survival in patients with BCa. Functional assays revealed that SLC16A7
inhibited BCa cell progression and promoted the chemotaxis and tumor-killing ability of CD8+T cells in the BCa

Conclusions SLC16A7 exhibits tumor-suppressive properties, with downregulation in most cancers, and is associated
with favorable prognosis and enhanced immune responses. SLC16A7 functions as a tumor suppressor in BCa and is
associated with improved survival outcomes. These findings suggest that SLCT6A7 is a potential biomarker for cancer
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Introduction

Cancer remains one of the leading causes of mortality
worldwide, and its heterogeneity necessitates ongoing
exploration of novel biomarkers and therapeutic tar-
gets [1, 2]. Among these, metabolic reprogramming has
emerged as a hallmark of cancer, with particular focus
on metabolic enzymes and transporters that facilitate
energy production and modulate the tumor microenvi-
ronment (TME) [3-5]. Bladder cancer (BCa) is among
the most prevalent malignancies of the urinary tract and
is characterized by high recurrence and notable mor-
tality rates, particularly in advanced stages [6, 7]. As a
highly heterogeneous disease with diverse molecular
subtypes, BCa presents challenges for standardized treat-
ment approaches [8, 9]. Traditional therapeutic options,
including surgery, chemotherapy, and immunotherapy,
have demonstrated limited long-term success, especially
in patients with metastatic or recurrent forms of the dis-
ease [10, 11]. Consequently, there is a critical need to dis-
cover new molecular targets to facilitate the development
of more effective therapeutic strategies.

The ‘SLC16 gene family, also known as ‘monocarbox-
ylate transporters (MCTs), plays a crucial role in cellular
metabolism and energy regulation [12]. Members of this
family are responsible for the proton-coupled transport
of key metabolic intermediates, such as lactate, pyru-
vate, and ketone bodies, across cell membranes [13].
These metabolites are essential for maintaining cellular
homeostasis, particularly in tissues with high metabolic
demands, such as tumors [14]. The SLC16 family con-
sists of four isoforms, SLC16A1, SLC16A3, SLC16A7, and
SLCI16A8, each with distinct tissue expression patterns
and functional roles [15]. These transporters are impli-
cated in various physiological processes, including ‘meta-
bolic regulation, ‘pH homeostasis, and cellular signaling’
[13]. In the context of cancer, dysregulated expression of
SLC16 family members has emerged as a significant fac-
tor in tumor progression and metabolism [14]. Tumors

often exhibit ‘altered metabolic pathways’ to meet the
high energy and biosynthetic demands required for rapid
cell proliferation [16]. As part of this adaptive response,
tumors frequently undergo aerobic glycolysis or the War-
burg effect, where glucose is metabolized to lactate, even
in the presence of oxygen [17, 18]. This shift in metabo-
lism not only supports the anabolic needs of the tumor
but also contributes to the acidic TME [19]. Interestingly,
studies have also highlighted that the SLC16 gene family
may alter immune cell metabolism and function by regu-
lating metabolic fluxes, thereby influencing the tumor’s
ability to escape immune detection and destruction [20].

SLC16A7, also known as MCT2, is a prominent mem-
ber of the SLC16 gene family and has been shown to
display varying expression patterns and functions across
different types of cancer [21, 22]. In prostate cancer,
the localization of SLCI6A7 in peroxisomes has been
linked to malignant transformation [23]. Conversely, in
a murine model of lung cancer, SLC16A7 was found to
inhibit tumor growth [24]. Despite these findings, the
role of SLCI6A7 in tumor immune evasion and local
immune responses remains unclear. In this study, we
examined the association between SLCI6A7 expres-
sion, clinical characteristics, and the prognosis in cancer
patients. Additionally, we analyzed its effect on tumor
immunity, including immune cell infiltration and the
expression of immunomodulators and chemokines. Our
findings revealed that SLC16A7 was expressed at lower
levels in most cancer types, and its expression influenced
the prognosis of several cancers, generally enhancing
the immune response. Further validation experiments
demonstrated that SLC1I6A7 expression was reduced in
BCa and this downregulation was associated with better
patient outcomes. The proliferation assay and immuno-
logical assays results revealed that SLC16A7 inhibited the
progression and promoted the immune response of BCa.
This study identified SLCI6A7 as a potential novel bio-
marker for cancer diagnosis and prognosis.
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Methods

Data collection and processing

RNA sequencing, clinical, and mutation data were
retrieved from The Cancer Genome Atlas (TCGA) via
UCSC Xena (https://xena.ucsc.edu/). SLC16A7 expressi
on data were extracted from these datasets using Straw-
berry Perl (version 5.32.0, available at http://strawberryp
erl.com/). Data preprocessing and further analyses were
conducted using R software (version 4.0.2; https://www.
Rproject.org).

Differential expression analysis

The expression of SLC1I6A7 was evaluated in 24 normal
and 33 cancerous tissue samples. The data were log2-
transformed, and the expression levels of SLCI6A7 in
the tumor samples were compared to those in the corre-
sponding normal tissues. A T-test was used to assess sig-
nificant differences in expression.

Clinical significance analysis

Correlations between SLCI6A7 expression and tumor
stage were examined for each cancer type. The associa-
tion between SLCI6A7 expression and various survival
metrics, including overall survival (OS), disease-free
survival (DES), disease-specific survival (DSS), and pro-
gression-free survival (PFS) was explored. Kaplan-Meier
curves were constructed for survival analysis for each
cancer type.

Tumor mutation burden (TMB) and microsatellite
instability (MSI) analysis

The association between SLC16A7 expression and TMB
and MSI across all tumor types was assessed using Spear-
man’s rank correlation coefficient. TMB and MSI values
were derived from mutation data.

Gene set enrichment analysis (GSEA)

GSEA was performed to assess the association between
SLCI6A7 and all the genes using TCGA data. Both the
KEGG-based and Hallmark-based GSEA analyses were
conducted for various tumor types. The top five enriched
pathways with the strongest correlations were identified
and are presented.

Correlation between SLC16A7 and immune response

The ESTIMATE algorithm was used to calculate the
immune and stromal scores of tumors, providing insights
into their immune landscape. The association between
SLC16A7 expression and immune scores across different
tumor types was analyzed using the R software. CIBER-
SORT, a metagene analysis tool, was used to determine
the infiltration scores of 26 distinct immune cell types
within each tumor sample. The association between
SLCI6A7 expression and immune cell infiltration
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scores was calculated using R. Additionally, correlations
between SLC16A7 and various immune-related features,
such as lymphocyte infiltration, immunoinhibitors,
immunostimulators, MHC molecules, chemokines, and
chemokine receptors, were explored using the TISIDB
website (http://cis.hku.hk/TISIDB/).

Patient tissues and cell lines

Twenty pairs of BCa tissues and adjacent normal tissues
were collected from patients undergoing radical cystec-
tomy at the First Affiliated Hospital of Zhejiang Uni-
versity School of Medicine (Hangzhou, China) between
2018 and 2023. Informed consent was obtained from all
patients. The use of these tissue samples was approved by
the Ethics Committee of the First Affiliated Hospital of
the Zhejiang University School of Medicine. BCa tissues
were pathologically confirmed and adjacent normal tis-
sues were diagnosed as non-tumorous. Several BCa cell
lines (T24, UMUCS3, 253 ], 5637, 82, BIU87, and RT4)
and a normal urothelial cell line (SV-HUC) were obtained
from the Type Culture Collection of the Chinese Acad-
emy of Sciences (Shanghai, China).

Human protein atlas (HPA)

The protein expression of SLC16A7 in BCa and normal
urothelial tissues was investigated using the Human Pro-
tein Atlas database (https://www.proteinatlas.org/).

RNA isolation and quantitative Real-Time PCR (qRT-PCR)
RNA was extracted from BCa tissues or cells using
TRIzol reagent (Invitrogen, USA). RNA concentration
was measured using a microplate reader (Tecan, Swit-
zerland), and cDNA synthesis was carried out using the
HiScript II reagent (Vazyme, China). For qRT-PCR, the
reaction mixture was prepared using a SYBR premix kit
(Vazyme, Nanjing, China). Amplification was performed
using a StepOne Plus real-time PCR system (Applied
Biosystems, USA). The relative expression of the target
gene was normalized to that of f-actin by subtracting its
CT value from the CT value of the target gene. The prim-
ers used in this study were designed and sourced from
TsingKe (Table S1).

Cell culture and transfection

T24 and UMUCS3 cells were cultured in DMEM (Gibco,
USA) supplemented with 10% fetal bovine serum (B,
Israel) and incubated at 37 °C with 5% CO,. To silence
SLC16A7 expression, small interfering RNA (siRNA) spe-
cific to SLC16A7 and a control vector were purchased
from GenePharma (Shanghai, China). To overexpress
SLCI16A7 expression, overexpression plasmid and relative
control vector were also purchased from GenePharma
(Shanghai, China). When cells reached 50% confluence
in six-well plates, they were transfected with siRNAs or
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overexpression plasmid using the Lipofectamine 3000 kit
(Invitrogen, USA).

Cell proliferation assay

To assess the effect of SLCI6A7 on cell proliferation,
3,000 UMUCS3 cells or 2,000 T24 cells were seeded in
96-well plates. Cell viability was evaluated every 24 h (at
24, 48, 72, and 96 h) using a Cell Counting Kit-8 (CCK-
8, Dojindo, Japan). After replacing the medium in each
well with fresh medium containing 10 uL of the CCK-8
reagent, the cells were incubated for one hour. The absor-
bance was measured at 450 nm using a microplate reader
(Tecan, Switzerland).

Colony formation assay

T24 or UMUCS3 cells (1,000 and 1,500, respectively) were
seeded in 12-well plates. After culturing for two weeks,
cell colonies were fixed using 4% paraformaldehyde
for 20 min and then stained with 0.1% crystal violet for
20 min. After washing with PBS for several times, colony
counts were obtained using Image]J software.

Isolation, activation, and culture of CD8 +T cells

Peripheral blood mononuclear cells (PBMCs) were
extracted from the blood of healthy donors using a PBMC
isolation reagent (FACs; Nanjing, China). CD8+T cells
were subsequently purified from the PBMCs via CD8
microbeads (Miltenyi, Germany). The isolated CD8+ T
cells were then cultured in RPMI-1640 medium (Gibco,
USA) and stimulated for 72 h with CD3 antibodies (2 pg/
mL; Invitrogen, USA), CD28 antibodies (1 pg/mL; Invit-
rogen, USA), and recombinant interleukin-2 (IL-2; 5 ng/
mL; R&D Systems, USA).

Chemotaxis and CD8 +T-Cell antitumor activity assay

A chemotaxis assay was performed using a Transwell
insert with 3 pm pores (Corning, USA) in a 24-well
plate. Approximately 4x10° activated CD8+T cells
were loaded into the upper chamber, while 1 x 10° blad-
der cancer (BCa) cells were placed in the lower chamber.
After 24 h, the number of CD8+T cells that migrated
to the lower chamber was quantified using the CCK-8
assay. Following 72 h of co-culture, the supernatant was
collected, IFN-y and granzyme B levels were measured
using ELISA kits (FACs, Nanjing, China).

Statistical analysis

Data were analyzed using SPSS (version 22.0; IBM Corp.,
Armonk, NY, USA) and expressed as mean *standard
deviation (mean + SD). Differences between groups were
determined using Student’s t-test or one-way analysis of
variance (ANOVA). Statistical significance was defined as
a P-value of less than 0.05.
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Results

Pan-Cancer expression analysis of SLC16A7

The expression levels of SLCI6A7 in various cancer types
were analyzed using data from TCGA. SLCI6A7 expres-
sion was significantly lower in 16 tumor types, includ-
ing bladder cancer (BLCA), breast cancer (BRCA), colon
cancer (COAD), esophageal carcinoma (ESCA), glio-
blastoma (GBM), head and neck squamous carcinoma
(HNSC), kidney renal clear cell carcinoma (KIRC), kid-
ney renal papillary cell carcinoma (KIRP), lung squamous
cell carcinoma (LUSC), pheochromocytoma (PCPG),
prostate cancer (PRAD), rectal adenocarcinoma (READ),
stomach cancer (STAD), thyroid cancer (THCA), thy-
moma (THYM), and uterine corpus endometrial car-
cinoma (UCEC), than in the corresponding normal
tissues. In contrast, SLCI6A7 was upregulated in chol-
angiocarcinoma (CHOL), kidney chromophobe (KICH),
and lung adenocarcinoma (LUAD) compared to normal
tissues (Fig. 1A). Overall, SLCI6A7 expression was sig-
nificantly lower in the tumor tissues than in the adjacent
normal tissues (Fig. 1B). Analysis of SLCI6A7 expres-
sion across various stages of tumor progression revealed
higher expression in stage I for adrenal carcinoma (ACC),
BRCA, and HNSC, whereas it was lower in stage I for
liver hepatocellular carcinoma (LIHC) (Fig. 1C). Addi-
tionally, the expression of SLC16A7 was highest in KICH,
acute myeloid leukemia (LAML), and ACC, whereas it
was lower in UCEC, READ, and ovarian cancer (OV)
(Fig. 1D).

Prognostic implications of SLC16A7 in Pan-Cancer

To explore the potential role of SLCI6A7 in cancer prog-
nosis, we performed survival analyses including OS, DEFS,
DSS, and PFS across various cancer types. Cox propor-
tional hazards model analysis revealed that SLCI6A7
expression was significantly associated with OS in ACC,
LGG, STAD, and THYM, acting as a high-risk factor in
STAD and a low-risk factor in ACC, LGG, and THYM
(Fig. 2A). Kaplan-Meier survival curves showed that high
SLC16A7 expression correlated with better OS in ACC
and THYM, whereas it was associated with poorer OS
in cervical squamous cell carcinoma (CESC) and STAD
(Fig. 2B-E). Further Cox analysis indicated that SLC16A7
was also significantly associated with DFS in ESCA and
STAD, where it served as a high-risk gene for both (Fig-
ure S1A), with Kaplan-Meier survival curves confirming
that high SLCI6A7 expression in STAD was correlated
with worse DFS (Figure S2B). In terms of DSS, SLCI6A7
was associated with outcomes in ACC, LGG, STAD,
THYM, and UCEC, acting as a high-risk gene in STAD
and UCEC but a low-risk gene in ACC, LGG, and THYM
(Figure S2A). Kaplan-Meier analyses further showed
that high SLC16A7 expression improved DSS in THYM,
but worsened DSS in CESC and STAD (Figure S2B-D).
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Fig. 1 Expression of SLC16A7 Across TCGA Pan-Cancer Types. A. Expression levels of SLC16A7 in various TCGA pan-cancer types compared to normal
tissues (*P<0.05, **P<0.01, ***P<0.001, Student’s t-test). B. Overall expression of SLC16A7 in tumor vs. normal tissues across all cancers (***P<0.001,
Student’s t-test). C. Expression variation of SLC16A7 in different stages of various cancers (*P<0.05, **P<0.01, Student’s t-test). D. Expression of SLC16A7

in 31 different tumor types

PES analysis revealed a significant association between
SLC16A7 and PFS in ACC, LGG, STAD, and UCEC,
where it acted as a high-risk gene in STAD and UCEC,
but as a low-risk factor in ACC and LGG (Figure S3A).
Kaplan-Meier curves confirmed that high SLCI6A7
expression correlated with better PFS in LGG but worse
PES in CESC and STAD (Figure S3B-D).

Correlation of SLC16A7 with TMB and MSI

The association between SLC16A7 expression and TMB
or MSI across various cancers was analyzed. SLCI6A7
was significantly correlated with TMB in 13 tumor
types, including ACC, BCa, BRCA, COAD, ESCA, KIRP,
LAML, LUAD, LUSC, PAAD, PRAD, STAD, and THYM
(Fig. 3A). SLC16A7 was significantly associated with MSI
in 11 cancer types, including BCa, COAD, diffuse large
B-cell lymphoma (DLBC), GBM, HNSC, LUSC, PAAD,
PRAD, READ, skin cutaneous melanoma (SKCM), and
STAD (Fig. 3B).

GSEA of SLC16A7

To examine the biological roles of SLC16A7 in differ-
ent cancers, we performed KEGG-GSEA and Hall-
marks-GSEA analyses. The KEGG pathway gene sets
and Hallmark pathway gene sets were downloaded from
[GSEA-MSIGDB](https://www.gsea-msigdb.org/gsea/in
dex.jsp). The KEGG-GSEA results revealed that SLC16A7
was positively correlated with cancer and immune-related

pathways, including antigen processing and presentation,
chemokine signaling, cytokine-cytokine receptor interac-
tions, NK cell-mediated cytotoxicity, cancer pathways,
and JAK-STAT signaling, across 14 tumor types. It was
negatively correlated with immune-regulatory pathways
in both cancer types (Fig. 4). Similarly, Hallmarks-GSEA
indicated that SLC1I6A7 was positively associated with
immune-related pathways, including the IL6-JAK-STAT3
signaling pathway, inflammatory response, interferon
gamma response, TNFA signaling via NFkB, IL2-STAT5
signaling, and complement pathways in 11 tumors, with a
negative correlation in only one cancer type (Fig. 5).

Immune response correlation with SLC16A7 expression in
Pan-Cancer

SLCI6A7 expression and its association with immune
cell infiltration were assessed using the ESTIMATE algo-
rithm to calculate the immune scores. SLCI6A7 was
positively correlated with immune scores in 14 cancer
types, including BRCA, COAD, HNSC, LUAD, LUSC,
OV, PAAD, PRAD, READ, SKCM, STAD, THCA, UCEC,
and UCS, but negatively associated with LGG (Fig. 6).
CIBERSORT analysis further revealed a positive corre-
lation between SLC16A7 expression and resting mem-
ory CD4+T cells, eosinophils, monocytes, resting mast
cells, and memory B cells, whereas it was inversely cor-
related with activated memory CD4+T cells, M1 mac-
rophages, follicular helper T cells, MO macrophages, and
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Fig. 2 SLC16A7's Impact on Overall Survival Across TCGA Pan-Cancer. A. Cox proportional hazards model showing the association between SLC16A7 and
overall survival (OS) in pan-cancer. B-E. Kaplan-Meier survival analysis depicting the correlation between SLC16A7 expression and OS in various tumor

types

CD8+T cells (Fig. 7). Co-expression analysis indicated
that SLCI6A7 was generally positively correlated with
immune response genes, including those related to lym-
phocyte infiltration, immunoinhibitors, immunostimu-
lators, MHC molecules, chemokines, and chemokine
receptors in most cancers, except for LGG, SARC, and
UVM (Fig. 8).

SLC16A7 expression in BCa tissues and cell lines

In bladder cancer, the expression of SLCI6A7 was sig-
nificantly lower in tumor tissues than in adjacent nor-
mal tissues, as confirmed by qRT-PCR in 20 pairs of BCa
samples (Fig. 9A). Additionally, six BCa cell lines (BIU87,
T24, J82, 5637, UMUC3, and RT4) exhibited reduced
SLC16A7 expression compared with the normal urothe-
lial cell line SV-HUC (Fig. 9B). HPA further confirmed
the low expression of SLC16A7 in BCa tissues (Fig. 9C).
Kaplan-Meier survival analysis indicated that higher
SLC16A7 expression was associated with improved OS in
patients with BCa (Fig. 9D).

Impact of SLC16A7 on BCa cell proliferation

To assess the functional role of SLC16A7, siRNAs target-
ing SLC16A7 were transfected into the T24 and UMUC3
BCa cell lines. Successful knockdown of SLC16A7 was
confirmed by qRT-PCR (Fig. 10A-B). The results of
CCK-8 assays demonstrated that silencing SLC16A7 sig-
nificantly promoted cell proliferation in both T24 and
UMUCS cell lines (Fig. 10C-D). The results of Colony
formation assays confirmed that silencing SLCI6A7 sig-
nificantly promoted cell proliferation in both T24 and
UMUCS3 cell lines (Fig. 10E-F). To further assess the
functional role of SLCI6A7, SLCI6A7 overexpression
plasmid was transfected into the T24 and UMUC3 BCa
cell lines. Successful overexpression of SLCI6A7 was
confirmed by qRT-PCR (Fig. 11A). The results of CCK-8
assays demonstrated that SLCI6A7 overexpression sig-
nificantly inhibited cell proliferation in both T24 and
UMUCS cell lines (Fig. 11B). The results of Colony for-
mation assays confirmed that SLCI6A7 overexpression
significantly inhibited cell proliferation in both T24 and
UMUCS cell lines (Fig. 11C).
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SLC16A7 overexpression promoted the chemotaxis and
antitumor function of CD8" T cells in BCa TME

CD8+T cells were isolated from the peripheral blood
of healthy individuals and activated by culture in RPMI-
1640 medium supplemented with CD3, CD28, and
IL-2 antibodies. To assess the function of SLCI6A7 on
CD8+T-cell chemotaxis, a two-chamber co-culture
model was established (Fig. 11D). Co-culturing SLC16A7
overexpression T24 or UMUC3 cells with activated
CD8+T cells led to enhanced movement of CD8 + T cells
to the lower chamber (Fig. 11E). After 72 h, the medium
from the co-culture system was obtained for ELISA
assays to measure IFN-y and granzyme B production by
activated CD8+ T cells. The results revealed that co-cul-
ture with SLCI6A7 overexpression T24 or UMUCS3 cells
enhanced IFN-y and granzyme B production of CD8+ T
cells (Fig. 11F). Thus, SLC16A7 promotes the chemotaxis
and antitumor function of CD8 + T cells in the BCa TME.

Discussion

This study investigated the expression and functional
significance of SLCI6A7, a gene encoding a monocar-
boxylate transporter, in BCa and across various cancers.
SLCI6A7 is involved in the proton-coupled transport
of critical metabolites, such as lactate, pyruvate, and
ketone bodies, which are integral to cellular metabolism
and TME dynamics [12]. Although its role in metabolic
regulation is well established, its involvement in tumor
progression, prognosis, and immune evasion remains
unclear. Our study aimed to address this gap by analyzing
SLCI6A7 expression, its association with clinical tumor
significance and immune response, and its potential as a
biomarker and therapeutic target, particularly for BCa.
Our results demonstrate that SLCI6A7 is broadly down-
regulated in 16 cancer types, including BCa, but upregu-
lated in 3 tumor types. Database analysis revealed that
SLCI6A7 is closely associated with clinical significance,
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TMB, MSI, immune cell infiltration, and immune
response genes in a variety of cancers, including BCa.
Furthermore, Hallmark and KEGG enrichment analyses
demonstrated that SLC16A7 was positively correlated
with immune response-related signaling pathways, such
as the inflammatory response pathway, in most cancer
types. Specifically, experimental validation confirmed
that SLC16A7 expression was markedly lower in BCa tis-
sues and cell lines than that in adjacent normal tissues

and urothelial cell lines. Kaplan-Meier analysis revealed
that BCa patients with elevated SLC1I6A7 expression
exhibited improved OS. Proliferation assays and immu-
nological assays indicated that SLCI6A7 acts as a tumor
suppressor in BCa. Our findings highlight the potential
value of SLCI6A7 as a novel biomarker and therapeutic
target for cancer. These results also suggest that SLCI6A7
may modulate tumor immunity, potentially influencing
the TME to suppress immune evasion.
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Recent studies have highlighted the dysregulated
expression of members of the SLC16 gene family, includ-
ing SLC16A1, SLC16A7, and SLCI6A3, in various can-
cers, suggesting their roles in tumor progression and
metastasis [14, 25]. SLC16A1 is upregulated in several
cancers, including glioma, breast cancer, cholangiocarci-
noma, gastric cancer, oral cancer, lymphoma, skin squa-
mous cell carcinoma, soft tissue sarcoma, and non-small
cell lung cancer [26-34], whereas it is downregulated in
prostate cancer [35]. SLC16A3 is elevated in cancers such
as breast, esophageal, oral, non-small cell lung, osteo-
sarcoma, and liver cancer [28, 31, 33, 36—39], whereas
it is downregulated in diffuse large B-cell lymphoma
and Burkitt lymphoma [29]. SLC16A7 is upregulated
in breast, lung, and prostate cancers [28, 35], whereas
its expression is low in hepatocellular carcinoma [40].
SLC16 transporters mediate lactate transport, which

plays a crucial role in the metabolic symbiosis between
glycolytic and oxidative cancer cells, facilitating tumor
growth [41]. Lactate exported by glycolytic cancer cells
is utilized by oxidative cancer cells, which supports their
oxidative metabolism [41]. Additionally, lactate transport
by SLC16 transporters promotes angiogenesis by activat-
ing the HIF-1a and NF-xB pathways, which enhance the
expression of pro-angiogenic factors such as VEGF-A and
IL-8 [42—-48]. Given their pivotal roles in cancer progres-
sion, SLC16 transporters represent promising therapeu-
tic targets, and inhibitors such as CHC and AZD3965
are being explored in clinical trials as potential cancer
treatments [14, 15, 49, 50]. Our findings demonstrate that
SLC16A7 is predominantly downregulated in tumors and
is positively correlated with favorable prognosis. This dis-
parity highlights the distinct functional roles of the indi-
vidual SLC16 family members in cancer biology.
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In terms of immune regulation, there is limited evi-
dence linking SLC16A7 to immune response. However,
recent advances in cancer research have highlighted the
essential role of SLC16 transporters in tumor immune
responses. For example, SLC16 transporters could con-
tribute to immune evasion by suppressing T and NK
cell functions in the TME [51]. Another study empha-
sized the critical role of SLC16A3 (MCT4)-mediated lac-
tate efflux in shaping the immunosuppressive TME, and
demonstrated that targeting SLCI6A3 can enhance the
effectiveness of immunotherapy by reversing glycolysis-
driven resistance mechanisms [52]. Understanding the
function of specific metabolic transporters within the
TME could offer valuable insights into cancer immunol-
ogy and open new avenues for therapeutic interventions.
Our study provides critical insights into the contribu-
tion of SLC16A7 to immune cell infiltration and immune
response regulation, particularly its positive association
with key immune cell populations and immunomodula-
tors. These findings expand the current understanding of
SLC16A7s functional relevance beyond metabolic trans-
port, and position it as a key player in immune oncology.

Despite these promising findings, this study had some
limitations. First, reliance on publicly available datasets,
such as TCGA, introduces potential biases related to
sample heterogeneity and data quality. The experimen-
tal validation of the observed correlations was limited
to BCa, and further studies are needed to confirm these
findings in other cancers.

Conclusions

In conclusion, SLC16A7 is differentially expressed in
many tumors and significantly correlated with tumor
prognosis and immune response. SLC16A7 is down-reg-
ulated and positively associated with prognosis in BCa.
SLC16A7 could inhibit the progression and enhance the
immune response of BCa. SLCI6A7 shows great poten-
tial as a diagnostic, prognostic, and immunotherapeutic
biomarker.
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