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A novel Tcl/ population
recruited by tumor cells
promotes tumor progression
In gastric cancer
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and Naixue Yang'*
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Primate Biomedical Research, Kunming, Yunnan, China, *Department of Basic Medical Sciences,
Tsinghua University School of Medicine, Beijing, China, “School of Medicine, Nankai University,
Tianjin, China

Objective: The tumor microenvironment (TME) plays a crucial role in tumor
progression. Recent advancements in single-cell sequencing technology have
identified Tc17 cells, a newfound subset of CD8™ T cells with a phenotype similar
to Th17, within the gastric cancer (GC) microenvironment. However, the role of
Tcl7 cells are unclear.

Materials and method: We collected 296,879 cells from the single-cell
sequencing data of 65 GC samples, along with spatial transcriptomic data from
10 GC samples, to further explore the role of Tcl7 cells. Multicolor
immunohistochemical staining demonstrated the presence of Tcl7 cells in the
GC TME. SCENIC analysis was performed to identify the specific transcription
factors of Tcl7. Pseudotime analysis of T cells was conducted to decipher the
differentiation trajectory of Tcl7. Additionally, cell-cell interaction analysis
revealed the interactions between Tcl7 cells and tumor cells. Finally, functional
validation through CCK-8 proliferation assays, wound Healing assays, and
transwell assays conclusively demonstrated the tumor-promoting effects of IL-
17A and IL-26 on gastric tumor cells.

Results: Our results indicate that Tcl17 cells are absent from blood and exclusively
found in tissues, with greater enrichment in tumor tissues compared to normal
tissues. Among CD8* T cells, Tcl7 exhibits the weakest cytotoxic capacity and
the highest anti-inflammatory profile, suggesting reduced tumor-killing ability.
Pseudotime analysis revealed that Tcl7 cells ultimately progress towards a state
of exhaustion, losing their capacity to eliminate tumor cells. Survival analysis
further correlates the presence of Tcl7 cells with poor prognosis. Notably, a
robust interaction between Tcl7 cells and tumor cells was observed in GC. We
found that tumor cells can recruit Tcl7 cells via the CXCL16-CXCR6 axis, this
finding was validated on spatial transcriptome data. And in turn, Tcl7 cells may
promote tumor progression by secreting IL-17A and IL-26, as functionally
corroborated by CCK-8 Assay, wound healing, and transwell assay in vitro.
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Conclusions: These findings reveal the immunosuppressive role of Tcl7 cells in
gastric cancer, provide a new perspective for understanding the immunosuppressive
mechanism of the gastric cancer tumor microenvironment, and provide a potential
target for the development of targeted therapeutic strategies
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A Novel Tc17 Population Recruited by Tumor Cells Promotes Tumor Progression in Gastric Cancer

GRAPHICAL ABSTRACT
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Introduction

GC is the fourth leading cause of cancer-related mortality
globally and the fifth most frequently diagnosed cancer,
characterized by a generally poor prognosis (1). The etiology of
GC is complex and multifaceted, involving a variety of factors such
as viral infections, tobacco use, and a high-salt diet, with
Helicobacter pylori infection being the most significant
contributor (2, 3). Current treatments, including neoadjuvant
chemotherapy, radiotherapy, and molecular targeted therapies,
are often hindered by challenges in early detection and the low
tolerance of perigastric organs to discomfort (3, 4). Advances in
immunotherapy-such as immune checkpoint inhibitors (ICB),
chimeric antigen receptor chimeric antigen receptor (CAR) -T
cell JYYPtherapy, and tumor vaccines- have demonstrated
promising outcomes across various cancer types. ICBs target key
regulatory proteins such as CTLA-4, PD-1, and PD-LI, stimulating
an enhanced immune response against tumors. ICBs have become a
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new standard of targeted therapy for advanced or metastatic GC.
Clinical studies indicate that the combination of nivolumab and
chemotherapy in first-line therapy improves overall survival (OS) in
PD-LI-positive GC patients, with approvals in Europe, the USA,
and Taiwan (5). Despite these significant strides, the efficacy of
immunotherapy in GC remains limited by the immunosuppressive
TME, low tumor mutational burden and few neoantigens for
immunotherapy to target, and high heterogeneity (4, 6).
Therefore, a more profound comprehension of the GC TME is
imperative for discovering novel therapeutic targets to improve
immunotherapy outcomes.

The emergence of single-cell technology in recent years has
provided novel opportunities for the exploration of the GC
microenvironment. Notably, Sun et al. had contributed a detailed
single-cell transcriptomic landscape of GC, revealing the molecular
characteristics and intercellular communication within immune
and stromal compartments (7). Kumar et al. discovered an
enriched plasma cell presence in diffuse GC, proposing the
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INHBA and TGFp superfamilies as potential therapeutic targets for
modulating cancer-associated fibroblasts (8). Previous studies
revealed five distinct tumor cell subgroups, indicating that low
differentiation is predictive of poor prognosis in GC. These
identified subgroups with differentiation grades corresponded to
Lauren’s histopathological subtypes, including a novel subgroup
characterized by immune-related gene expression signatures
suggestive of Epstein-Barr virus involvement (9). Additional
research has reinforced the association between poorly
differentiated GC and the epithelial-mesenchymal transition
program, which is often linked to low immune activity (10).
However, single-cell omics studies of GC TME face numerous
limitations, including challenges in sample collection, inadequate
sequencing depth, and variable RNA quality, along with a lack of
identified potential therapeutic targets.

Th17 cells, a subset of CD4" T cells, are characterized by the
production of cytokines, including interleukin-17 (IL-17), IL-21,
and IL-22. Thl7 cells contribute to the orchestration of
inflammation and tissue repair mechanisms by inducing stromal
cells to secrete various cytokines (11, 12). They exert a significant
influence on the initiation and progression of a range of
inflammatory conditions and metastatic spread of tumors (13-
18). Tcl7 cells, the CD8" T cell counterpart of Th17 cells, share
similar phenotypes and are driven by the same cytokines with Th17
cells polarization, including IL-23, IL-21 in combination with TGF-
B1, or IL-6 (19). Within the GC TME, Tcl7 cells have been
characterized as exhibiting features of tissue-resident memory T
cells, with a tendency to differentiate into an exhausted phenotype,
highlighting their dynamic role (7). Previous studies have found
that Tc17 cells can induce tumor cells to promote the accumulation
of myeloid-derived suppressor cells (MDSCs), thereby creating an
immunosuppressive microenvironment in GC (20). While the
presence and differentiation of Tcl7 cells in the GC TME have
been partially described, there is currently insufficient data to
confirm their unique characteristics or their interactions with
tumor cells. Elucidating this relationship is essential for the
identification of novel therapeutic targets.

In this study, we integrated data from existing sc-RNAseq data
of GC, including GC tumor tissue, adjacent normal tissue, and
peripheral blood. Additionally, we collected spatial transcriptomic
data from 10 GC samples to further validate our findings. Our
results showed that Tc17 cells enriched in tumor tissues lose their
tumor-killing ability and tend to reach an exhausted and
dysfunctional state. Cell-cell communication analysis
demonstrated a strong interaction between Tcl7 cells and tumor
cells, where tumor cells recruit Tc17 cells via the CXCL16-CXCR6
axis. In turn, Tcl7 cells may promote tumor progression by
secreting IL-17A and IL-26. Survival analysis further confirmed
that the presence of Tcl7 and its secreted cytokines are closely
related to poor prognosis. These findings provide valuable insights
into the mechanisms underlying the actions of the newly found
Tcl7 cells and the formation of an immunosuppressive
microenvironment in GC, suggesting that targeting Tcl7 cells
could be a promising therapeutic strategy for GC.
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Materials and methods
Single-cell RNA-sequencing data process

ScRNA-sea data are download from GEO (Access numbers:
GSE183904) and the Genome Sequence Archive in BIG Data Center,
Beijing Institute of Genomics (BIG), Chinese Academy of Sciences
(Access numbers: HRA000704). We use the “merge” function to merge
the two batches of data, and then use the R package “Seurat” (version
4.2.0) for subsequent analysis. Initially, We have performed strict
quality control, genes expressed in less than three cells were filtered
out, cells with either fewer than 501, over 7000 UMISs or mitochondrial
ratio is higher than 20 were filtered out. Subsequently, we use the R
package “DoubletFinder” (version 2.0.3) to remove any double cells that
might be present in each sample. Finally, a comprehensive global
scaling normalization procedure was executed using the
“NormalizeData” function, employing the “LogNormalize” method
for each sample. The identification of the top 10000 highly variable
genes were carried out using the “FindVariableFeatures” functionality.
To integrate cells from different samples, we used the
“FindIntegrationAnchors” function to identify “anchors” between
samples and then integrated the datasets with the “IntegrateData”
function with 30 dimensions. This returned a Seurat object with an
integrated expression matrix for all nuclei. We scaled the integrated
data with the “ScaleData” function. Subsequently, principal component
analysis (PCA) dimensionality reduction was employed via the
“RunPCA” method. In parallel, the Uniform Manifold
Approximation and Projection (UMAP) technique was executed,
yielding a compacted representation of the data within a reduced-
dimensional space. The clustering procedure was carried out through
the “FindNeighbors” and “FindClusters” functions, which employed a
shared nearest neighbor (SNN) modularity optimization-based
clustering algorithm to delineate distinct cell clusters.

Description of T cell subpopulations

CD8_Naive and CD4_Naive were in a naive state (expressing LEF1
and SELL). The clusters CD8_GZMK_ZNF683 and CD8_Tem were
noted for their high expression of cytotoxic genes (GZMK, GZMH).
The CD8_Tem cluster was defined as effector memory cells,
characterized by elevated expression levels of GZMK, CD44, and
CXCR4. Tissue-resident memory CD8" T cells (CD8_Trm) were
labeled by the expression of TOB1 and ANXA1. Mucosal-associated
invariant T cells (MAITs) expressed SLC4A10 and RORA.
CD8_Blood_Teff in blood and CD8_Teff cells exhibited expression of
genes associated with effector functions(FCGR3A andGNLY).
Intraepithelial lymphocytes (CD8_IEL) expressed natural killer cell
marker genes (KLRC1 and CD160). The CD4_Blood_Tcm and
CD4_Tcm were blood central memory cells(SIPR1 and ICAM2),
and tissue central memory cells (TCF7 and GPR183). CD4_Activated
exhibited a distinct activation state (CD69). CD8_Exhausted and
CD4_Exhausted expressed immune checkpoint genes such as
CTLA4, PDCD1, and TIGIT. Treg IL10, Treg_Suppressive, and
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Treg Naive represent distinct Treg subtypes, all of which express CD4
and FOXP3. However, each subtype exhibits unique marker expression
profiles: Treg_Naive expressed naive markers (LEF1, SELL),
Treg_Suppressive expressed suppressive markers (CTLA4), and
Treg IL10 expressed regulatory T cell markers (IL10). Interestingly,
we observed clusters expressing IL-17A in both CD4" and CD8" T cells,
which we designated as Th17 and Tcl17, respectively.

Quantification of tissue enrichment
analysis

To evaluate the tissue preference of each cell cluster, we
calculated the ratio of observed to expected cell numbers in each
cell cluster across different tissues to get the ratio of observation to
expectation (Ro/e). For a given cell cluster, Ro/e > 1 suggests that
this cluster is enriched in a specific tissue, and Ro/e < 1 suggests that
this cluster is depleted in a specific tissue.

Gene sets score analysis

The “Cytolytics effector pathway” and “Anti-inflammatory”
gene sets are presented in the supplementary file. The signature
score of gene sets were calculated using the “AddModuleScore”
function in the “Seurat” R package with default parameters.

Pseudotime analysis

Pseudotime analysis was performed on T cells with the
“Monocle3” R package (version 1.0.0) (Cao et al, 2019). We map
the results of the UMAP dimensionality reduction cluster to the
results of the monocle3 cluster,and then, the trajectory analysis was
performed using the “learn_graph” function, cell ordering using the
“get_earliest_principal_node” function. DEGs along the pseudotime
trajectory were identified by the “choose_cells” and “graph_test”
functions of Monocle3 with the cutoff of q-value < 0.05.

Deconvolution

We downsampled the expression matrix, sampling 100 cells per
cell type, and used the “Create Signature Matrix” module from the
online CIBERSORTx portal (https://CIBERSORTx.stanford.edu) to
generate the signature matrix. Subsequently, we used the “Impute
Cell Fractions” module with a Run mode “absolute” and
Permutations of 500 to deconvolution predict the proportion of
cells in Bulk dataset.

Identification differentially expressed genes

To identify genes specific to Tc17 compared to Tex or Th17, we
used the “FindMarkers” function in Seurat. Only genes with adjusted
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p-value < 0.01(Wilcoxon test) were selected. In order to verify the
classification of tumor cells, we collected TCGA dataset to observe the
correlation between the differential genes in the tumor samples and
the normal samples. We calculated the log2FC values respectively and
selected the top 1000 genes for Spearman correlation. In single-cell
data, we also used the “FindMarkers” function to find differentially
identified genes between tumor cells and normal cells, with adjusted
p-value < 0.01 and log2FC > 1 was identified as a tumor up-regulated
gene and adjusted p-value < 0.01 and log2FC < -1 was identified as a
down-regulated gene. Subsequently, these genes were selected for
further enrichment analysis.

Cell-cell communication analysis

For a comprehensive analysis of cell-cell communications,
“ITTALK” (version:0.1.0) was used to identify number of potential
ligand-receptor pairs between cell types. The top 50 percent highly
expressed genes were used to find ligand-receptor pairs. iTALK
annotates ligand-receptor pairs into 4 categories: cytokines, growth
factors, immune checkpoints and others. Next, “CellChat”
(version:2.1.2) with default parameters was used to identify
potential ligand-receptor pairs between cell types. CellChat is an
analytical tool that accepts gene expression data as user input to
model the likelihood of cell-to-cell communication. It integrates this
data with an existing database that catalogues known interactions
between signaling ligands, receptors, and their cofactors, providing a
comprehensive assessment of the potential for cellular interaction.
After annotating the objects with relevant labels and identifying the
differentially expressed genes, the “computeCommunProb” function
was used to infer the communication probabilities between cells, and
then utilize the “filterCommunication” function to eliminate cell-cell
communication events that involve cells with expression levels below
the threshold of 3, thereby refining the analysis to include only those
cells that demonstrate significant and consistent gene expression. The
“computeCommunProbPathway” function was used to generate
intercellular communication for each cell signaling pathway.
Ultimately, we employ the function “aggregateNet” to compute the
aggregated network, which quantifies the cell-cell interactions by
tallying the number of connections or by summarizing the
probabilities of communication.

The activity of transcription factor regulon

Transcription factor regulon activity was assessed using
“pySCENIC” (version 1.0.1) (21). To briefly explain the process,
regulons were initially identified by examining the coexpression
patterns between transcription factors and their target genes. This
was followed by a motif analysis to confirm the regulatory interactions.
The activity of each regulon in individual cells was quantified using the
AUCell algorithm, which computes a score between 0 and 1, indicating
the regulon’s activity level. We then calculated the average activity value
of each regulon in a certain group of cells and scale these values to
obtain a specific regulon for each cell type.
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Survival analysis

We grouped the different proportions of Tcl7 cells in the
cibersortx predicted TCGA dataset, and then, we used the R
package “survival” (version:3.7.0) to perform survival analysis.
Furthermore, we performed survival analysis of CXCL16 gene
expression in tumor cells using the “Survival Analysis” module of
the online portal GEPIA2 (http://gepia2.cancer-pku.cn/#survival).

Copy number alteration prediction

Selecting a reference cell cluster, T&NK cells were chosen as a
reference for this analysis, we utilized the infercnv package
(version:1.18.1) (InferCNV of the Trinity CTAT Project: https://
github.com/broadinstitute/InferCNV) to infer copy number
variations in cells, thus identifying malignant cell clusters.

Immunofluorescence staining

During paraffin combined with Immunofluorescence, a series of
rigorous dewaxing and hydration steps are first performed on the
gastric cancer sections. The sections are sequentially immersed in
xylene I for 10 minutes and xylene II for another 10 minutes to
completely remove the paraffin. Subsequently, the sections are
soaked in anhydrous ethanol I and anhydrous ethanol II for 7
minutes each, followed by immersion in 95%, 85%, and 75% alcohol
solutions for 5 minutes each to gradually hydrate the tissue. Finally,
the sections are washed with distilled water for 5 minutes to ensure
a clean surface free of impurities, laying a solid foundation for
subsequent steps. For antigen retrieval and blocking, a
histochemical pen is used to carefully draw a blocking circle
around the gastric cancer tissue to ensure that subsequent
reagents act only on the target area. An appropriate amount of
pepsin is then added within the circle to fully cover the tissue,
ensuring adequate exposure of antigen sites. The sections are
incubated in a 37°C oven for 30 minutes to allow thorough
antigen retrieval. After incubation, the sections are thoroughly
rinsed with PBS buffer to remove residual pepsin. The slides are
then placed in PBS (pH 7.4) and gently agitated on a shaker at an
appropriate speed for three washes, each lasting 7 minutes, to
further remove impurities and ensure the cleanliness of the
section surface. primary antibodies overnight at 4°C and
fluorescence-labeled secondary antibodies at room temperature
for 1 h. Counterstained with Hoechst 33342 (Thermo Fisher,
H3570, 1:1000) to visualize the nuclei. Theslides were then
examined using a Leica TCS SP8DIVEconfocal microscope. The
antibodies used for immunofluorescence staining in this study are
as follows: anti-CD8(Servicebio, GB12068, 1:1000), anti-KRT17
(Servicebio, GB15363, 1:300), anti- RORC (Servicebio, R50198,
1:200). Secondary antibodies used were the following: goat anti-
mouse AF488 (Servicebio, GB23301, 1:500), goat anti-mouse AF555
(Servicebio, GB23301, 1:500), goat anti rrabbit-AF647 (Servicebio,
GB23303, 1:500).
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CCK8 assay

To evaluate the effects of interleukins on gastric cancer cell
proliferation, a CCK8 colorimetric assay (Mei5bio, Cat# MF128-01)
was performed using HGC-27 cells (Pricella, Cat# CL-0107). Cells
were seeded in 96-well plates at a density of 1x10* cells/well and
divided into four groups: 1) untreated control (CT), 2) IL-17A (50
ug/ml), 3) IL-26 (50 ug/ml), and 4) IL-17A+IL-26 co-treatment (50
ug/ml each). After 24 h of adherent culture, the original medium
was replaced with 100 pl fresh medium containing 10 ul CCK-8
reagent per well. Following 2 h incubation at 37°C, absorbance at
450 nm was measured using a multimode microplate reader
(Thermo Scientific' "+ FC). All groups contained triplicate wells,
with three independent biological replicates.

Wound healing

To evaluate the impact of the identified interleukins on the
migratory capacity of tumor cells, we performed the scratch
migration assay. The specific experimental protocol is as follows:
Gastric cancer cells HGC-27 were seeded at a density of 5x10° cells
per well in 6-well plates pre-coated with scratch assay-specific culture
membranes (Beyotime, Cat# FAM106-80). The cells were routinely
cultured until the confluence reached 90%-100%. The scratch assay-
specific culture membranes were gently removed, and the wells were
rinsed three times with PBS to remove detached cells. The cells were
divided into four treatment groups: 1) Blank control group (CT); 2) IL-
17A treatment group (50 pg/ml); 3) IL-26 treatment group (50 pg/ml);
4) Combined IL-17A and IL-26 treatment group (each at 50 pug/ml).
Fresh serum-free culture medium was added to maintain a consistent
volume across all groups, and the cells were incubated in a 37°C, 5%
CO? incubator. Tmages of the same scratch area were captured using an
inverted microscope at 0 h and 24 h, respectively.

Transwell invasion assay

We assessed the effects of IL-17A and IL-26 on the invasive
capacity of gastric cancer cells using the Transwell invasion assay.
The experiment utilized Transwell inserts with an 8-um pore size,
which were coated with Matrigel matrix (Beyotime, Cat# C0372-
Iml). Gastric cancer cells were first subjected to serum starvation
for 24 hours. A total of 2x10° gastric cancer cells were then seeded
into the upper chamber and treated with 50 pug/ml IL-17A, IL-26, or
a combination of both. The lower chamber was filled with culture
medium containing 20% fetal bovine serum as a chemoattractant.
After 24 hours, the cells were fixed and stained.

Results

The single-cell landscape of gastric cancer
microenvironment

To profile the landscape of GC TME at the single-cell level, we
collected scRNA-seq data on tumor tissues, adjacent normal tissues
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and peripheral blood from 65 samples (7, 8). After strict quality
filtering, we collected a total number of 296,879 high-quality cells
for subsequent analyses (Figure 1A, Supplementary Figure SIA and
Supplementary Table S1). We corrected the batch effect across
different samples, and performed non-linear dimensionality
reduction and unsupervised clustering, which ultimately identified
14 cell types split into 3 compartments including immune cells (T,
B, NK, mast and myeloid cells), stromal cells (fibroblasts,
endothelial, and smooth muscle cells), and epithelial cells
(Figure 1A, Supplementary Figure S1B).

The abundance of erythrocytes, CD4" T cells and NK cells in
peripheral blood exceeds that in solid tissues. In contrast, Treg cells,
smooth muscle cells, myeloid cells, endothelial cells, plasma cells,
fibroblasts cells and mast cells were more abundant in solid tissues
(Figure 1D, Supplementary Figure S1C). The proportion of myeloid
cells, Treg cells and smooth muscle cells was significantly increased
in tumor tissues compared with adjacent normal tissues (Figure 1,
Supplementary Figure S1E). Myeloid cells, key cellular component
of immune cells in TME, play a pivotal role in modulating tumor
inflammation and angiogenesis (22). Treg cells are increased in
various cancer types such as breast, lung, stomach, and liver
cancers, where they contribute to immune suppression by
inhibiting T cell proliferation and cytokine production (23-26).
SMC:s are frequently observed in the vasculature of cancers, forming
part of the blood vessel walls. SMCs can exhibit abnormalities in
GC, with hypertrophy of the muscularis mucosae and increased
thickness of the extratumoral muscularis mucosae. This adverse
TME significantly promotes cancer progression and may lead to the
failure of cancer treatment (27).

CD8™ IL17A* Tc17 cells were enriched in
tumor tissues and associated with poor
prognosis

T cells play a pivotal role in the TME and cancer
immunotherapy. T cells can recognize and eliminate tumor cells
through specific antigen recognition and cytotoxic activity, thereby
contributing to antitumor immune responses (28-32). Harnessing
the functions of T cells has become a key strategy in cancer
immunotherapy to enhance antitumor immunity and improve
treatment outcomes. To characterize the function of T cells in
GC, T cells were reclustered into 20 sub-clusters, including 10 CDs8"
clusters, 6 CD4" clusters, 3 Treg clusters and a cluster of T cells in a
state of proliferation (cycling T cells) (Figure 2A, Supplementary
Figure S2A). For detailed identification of each T cell subset, please
refer to the Methods (Description of T cell Subpopulations section).

We found that T cells in peripheral blood predominantly exist
in naive and memory states. CD4_Tcm, CD8_Trm and CD8_IEL T
cells became the mainstream in normal tissues (Figure 2,
Supplementary Figure S2A). The accumulation of these T cells
with memory and killing ability indicates that the adjacent normal
tissue is still in a state of dominated by anti-tumor immunity.
CD8_Exhausted and CD4_Exhausted T cells are significantly
enriched in tumor tissues. Previous report has revealed that
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exhausted CD8" T cells are actually highly proliferative within the
TME in a state of dynamic differentiation and high activity, and are
likely driving tumor-specific immune responses (33). In addition,
Treg cells with immunosuppressive functions also accumulate in
the tumors. We categorized all T cell subsets based on their Ro/e
scores for clustering, to assess subsets enriched in tumor or normal
tissues. The clustering analysis revealed seven cell types enriched in
tumor tissues (including CD4_Exhausted, CD8_Teff, CD8_Tcl17,
Treg_Suppressive, Cycling T cells, CD8_GZMK_ZNF683 and
CD8_Exhausted), and five cell types enriched in normal tissues
(including CD8_Naive, CD4_Naive, Treg IL10, CD4_Bood_Tcm,
CD8_Blood_Teff). The remaining cell types were found in both
tumor and normal tissues (Supplementary Figure S2).

Notably, we identified a distinct population of IL-17A-secreting
CD8" T cells, termed Tcl7 cells, which were significantly enriched
in the TME. Although both Tc17 and conventional Th17 cells (IL-
17A" CD4" T cells) secrete IL-17A and thus cluster closely in
transcriptomic analyses, they are clearly distinguished by their
surface marker expression (CD8" for Tcl7 cells versus CD4" for
Th17 cells), reflecting their fundamentally different lineage
identities and functional roles (Figure 2). Established single-cell
studies have confirmed the presence of Tcl7 cells in GC
microenvironment (7). Few studies have also detected Tcl7 cells
in the peripheral blood and cerebrospinal in patients with multiple
sclerosis (34, 35), linking this to worse survival in patients with
cancer (20, 36-38). However, the function and role of Tc17 during
tumor progression remains poorly understood. In this study, we
found Tcl7 was present only in solid tissues and absent from
peripheral blood, with significantly higher levels in tumor tissues
compared to normal tissues (Figure 2, Supplementary Figures S2C,
D). By analyzing deconvoluted TCGA cohort data and single-cell
data on the proportions of Tc17 cells, Th17 cells, and other CD8"
cytotoxic T cells, we observed that both Tc17 and Th17 cells were
significantly reduced compared to CD8" cytotoxic T cells
(Supplementary Figure S2). Using pySCENIC to identify the
specific transcription factors of each cell type, we identified that
the top three transcription factor regulons specifically expressed in
Tcl17 cells: RORC, ZNF669, and CEBPD (Figure 2, Supplementary
Figures S2F, G, Supplementary Table S2). We also demonstrated the
presence of Tcl17 cells in the GC TME by multicolor THC staining
(Figure 2). RORC is crucial in autoimmune responses and
inflammation, and it is a key regulator in the proliferation,
metastasis, and chemoresistance in various malignancies. The
protein encoded by RORC, RORYt, is a pivotal transcription
factor for Thl7 cell polarization and function, as well as
thymocyte development (39). CEBPD plays a pivotal role in
controlling cellular anti-apoptotic processes, migration, reactive
oxygen species generation, and cancer development, modulating
these activities based on cell type and environmental conditions. It
is particularly significant in autoimmune and inflammatory
responses (40, 41).

While traditional CD8" T cells are the primary effectors in
tumor eradication, our findings indicate that Tc17 cells exhibit the
weakest tumoricidal capacity among all CD8" T cell subsets,
surpassing only Treg cells. In contrast, the capacity of anti-
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Overall landscape of gastric cancer microenvironment (A,B) The UMAP shows the distribution of different cell types, different data sources, and
different tissue sources. The number of cells in different populations is: Erythrocytes (795), plasma (26426), B (17605), mast (6381), Myeloid (22617),
CD8™ T (71534), NK (24572), CD4* T (41994), Treg (11123), Endocrine (2884), Epithelial (44066), Endothelial (9323), Fibroblast (14094), smooth
muscle cells (3465). (C) Dotplots displayed the smoothed expression distribution of marker genes in distinct cell types. Dot size represents the
proportion of expressing cells. Color indicates the Z score scaled gene expression levels. (D) The bar chart shows the proportion of different cell
types in each tissue source. (E) Lollipop plot showing the distribution of individual cell types by Ro/e score in GC. Tumor-enriched subpopulations
(above 1) and normal-enriched subpopulations (below 1) are highlighted according to Ro/e score. (F) The box plot shows statistically significant
differences in the proportion of each cell type between different tissues. P-values were calculated by Wilcoxon rank-sum test. *P <0.05, **P <0.01,
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FIGURE 2

Identification of T cell subsets and unique characteristics of Tc17 cells (A) The UMAP shows the distribution of different cell types. The number of cells in
different subpopulations is: Cycling T (3,201), Treg_IL10 (665), Treg_Suppressive (9,370), Treg_Naive (1,805), CD4_Exhausted (1,295), CD4_Naive (3,902),
CD4_Blood_Tcm (4,252), CD4_Tcm (7,370), CD4_Activated (18,051), CD4_Th17 (2,219), CD8_Naive (749), CD8_GZMK_ZNF683 (4,020), CD8_Tem
(12,123), MAIT(4,130), CD8_Trm (19,987), CD8_Teff (3,750), CD8_Blood_Teff (2,512), CD8_IEL (505), CD8_Tc17 (3,059), CD8_Exhausted (3,861). (B) The
UMAP shows the distribution of different tissue sources (right) and four mian clusters (left). (C) The UMAP plot illustrates the expression distribution of the
Tcl7 cells marker genes: CD8A and IL17A. (D) The central figures indicate the distribution of various T cell subtypes according to Ro/e scores. The bar
chart at the top shows the proportion of individual cell types from different tissue sources, and the bar chart on the right illustrates the percentage of
different tissue sources within each cell type. (E) Box plot showing the Tc17 cell proportion in normal and tumor samples from single-cell data. P-values
were calculated by Wilcoxon rank-sum test. (F) Top 3 regulons enriched in each T cell subtype. The darker the color, the stronger the regulatory impact
of the modulator. (G) Immunofluorescence staining for RORC and CD8 (Tc17 markers, yellow and red), and KRT17 (tumor cells marker, green) along
with DNA visualized by DAPI staining in gastric cancer. Images are representative of a single experiment, with three tumors imaged. KRT17 (Keratin 17) is
considered an important tumor marker gene in gastric cancer, related to Figure 5D. (H) The violin plot illustrates the cytotoxic and anti-inflammatory
scores of all T cell subtypes, ranked from highest to lowest. (I) Kaplan-Meier curves depict the disease-free survival (DFS) of GC patients stratified by the
proportion of Tcl7 cells in tumor samples. Patients with a high proportion of Tc17 cells are represented in dark green, while those with a low proportion
are depicted in purple. The p-value is calculated using the Log-rank test.
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inflammatory responses of Tcl7 is relatively high (Figure 2). The
aforementioned results imply that the functionality of Tc17 differs
from that of the conventional effector CD8" T cells, as they lack the
ability to effectively kill tumor cells. Moreover, we deconvoluted the
proportion of Tc17 in GC tumors from TCGA based on the scRNA-
seq data as a reference using CIBERSORTX (42), and found that GC
patients with a higher proportion of Tcl7 exhibit poorer
prognosis (Figure 2).

Deciphering the trajectory of Tcl7
differentiation

To further investigate the reasons behind the diminished
tumor-killing ability of Tcl7 cells, we initially dissected their
differentiation trajectory. Previous research has suggested that
tissue-resident CD8" T cells could transition into Tcl7 cells in
the TME (7). Therefore, we included CD8_Naive, CD8_Trm,
CD8_Tcl7, CD8_Tex in our study to observe the differentiation
trajectories. The pseudotime analysis using Monocle3 proved that
CD8_Naive T cells can progress towards exhaustion via two distinct
trajectories: one directly transitions through the effector memory
(Tem) phase to an exhausted state, while the other involves a Tc17
intermediate before reaching exhaustion. Notably, the pseudotime
of Tcl7 cells aligns with that of exhausted T cells, suggesting that
Tcl7 represents a terminal state prior to T cell exhaustion,
potentially indicative of lost tumor-killing capabilities (Figures 3A).

By selectively isolating cells from the trajectory involved Tcl7
cells, we aimed to elucidate the comprehensive gene repertoire
governing their differentiation. Our analysis identified 419
dynamically expressed trend genes, categorized into four clusters
based on their expression patterns, each with specific functional
signatures (Figures 3D). Module 1 included genes associated with
naive (LEF1,SELL) (43) and memory states (TCF7,NOSIP) (44, 45),
enriched in the pathways related to T cell differentiation and
migration. Module 2 displayed upregulation of cytotoxic
mediators such as granzymes (GZMK, GZMB) (46), CCL4 and
GNLY (47), alongside an enhancement in antigen presentation
pathways. Module 3 harbored a repertoire of immune cell
differentiation, including CELF2, CEBPD, CXCR6, and SIRPG
(48-51). while Module 4 was characterized by exhaustion-
associated genes such as KRT86, DUSP4, SNX9 and TIGIT (7,
52-54), and involved pathways linked to cellular depletion.

The aforementioned analysis revealed that Tcl17 cells ultimately
progress towards a state of exhaustion, losing their capacity to
eliminate tumor cells. To ascertain the extent of exhaustion
phenotype exhibited by Tcl17 cells, we compared their gene
expression signatures with those of exhausted CD8" exhausted T
cells. Eight genes that were commonly upregulated, including LAYN,
CTLA4, CXCR6, ITGAE, SIRPG, ENTPD1, TOX and BATF, all
associated with tumor progression or poorer prognosis (49, 51, 55—
62) (Figures 3F, Supplementary Table S3). Notably, LAYN represents
a valuable prognostic biomarker across various cancer types and also
serves as an indicator of dysfunctional or exhausted T cells (58).
CTLA4, immune checkpoint molecule, plays a crucial role in cell
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cycle regulation, modulation of T cell proliferation, and cytokine
production. CXCR6 is implicated in T cells homing and
immunosuppression within tumors (55). Further exploration
revealed that high ITGAE and ENTPDlexpression correlates with
poor prognosis in renal cell and glioblastoma patients (56, 57). The
comparative analysis of functional similarities and differences
between Tcl7 and conventional Th17 cells identified a series of
genes specifically expressed in Tcl7 cells that negatively regulate
immune responses (Figures 3H, Supplementary Table S3). To further
delineate the differences between Tcl7 cells and cytotoxic T cells
(IFNY" CD8" T cells), we analyzed the IFNy-high-expressing cell
populations within our dataset. Utilizing a pseudo-bulk approach, we
discovered that CD8_Tem exhibited significantly higher IFNy
secretion compared to other subpopulations. Based on this
observation, our analysis revealed that the gene expression profiles
of the cytotoxic T cell subset (CD8_Tem) and Tcl7 cells were entirely
distinct, with no commonly upregulated genes between them.
Moreover, pathway analysis demonstrated markedly different
immune response patterns: the cytotoxic T cell subset exhibited
enhanced immune activation pathways, whereas the immune-
related pathways observed in Tcl7 cells were downregulated
(Supplementary Figure S3). This reinforces the notion that Tcl7
cells, despite being a CD8" T cell subset, suppress immune responses
rather than exerting anti-tumor effects (Figure 2). Previous research
has shown that Tc17 cells can induce tumor cells to secrete CXCL12,
thereby recruiting MDSCs that, in turn, exert an immunosuppressive
effect on the cytotoxic activity of CD8" T cells (20). The results of this
study align with our findings that Tcl7 cells suppress immune
responses, thereby promoting tumor progression, however, the
specific mechanisms through which Tc17 cells facilitate this process
still warrant further exploration.

Tcl7 cells exhibit a pattern of coexistence
with tumor cells

In light of the aforementioned analysis revealing that the
presence of Tcl7 cells in TME is a risk factor for the survival of
GC patients (Figure 2), and considering the distinct anti-
inflammatory characteristics of Tcl7 cells compared to
conventional CD8" T cells, we further explored their role in
tumorigenesis. Since GC malignant cells originate from epithelial
cells, we isolated epithelial cells for tumor cell identification. By
assigning a tumor markers score (9) in GC and assessing copy
number variations using InferCNV for each cell, we identified four
subclusters of tumor cells with both highest tumor scores and
significant copy number alterations, two normal clusters, and one
tumor-like cluster (Figure 4A, Supplementary Figures S3B, C,
Supplementary Tables S4, S5). Consistent with expectations,
normal clusters retained the characteristic functional attributes of
gastric tissue, exhibiting distinct expression patterns of genes
associated with gastric physiology, including pepsinogens (PGA3,
PGC), the lipase gene (LIPF), and several mucin genes (MUCS6) (63)
(Figure 4). Correlation analysis also revealed significant disparities
in gene expression profiles between tumor and normal cells
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(Figure 4). To validate the tumor cell clusters identified via scRNA-
seq, we examined if similar gene expression signatures were present
in bulk RNA-seq data from GC samples in TCGA. We identified
differentially expressed genes (DEGs) from scRNA-seq by
comparing the tumor clusters with normal clusters and
performed a parallel analysis using bulk RNA-seq data by
comparing tumor samples with adjacent non-tumor samples.
There was a high correlation between the expression of tumor-
driven DEGs identified in the scRNA-seq data and bulk RNA-seq
datasets, indicating that the gene expression patterns of the tumor
cell clusters closely mirrored those of the tumor tissue (Figure 4).

Functional enrichment analysis of DEGs between tumor cells
and normal cells revealed a significant up-regulation of pathways
related to the cell cycle and cell adhesion. Conversely, pathways
associated with immune response were found to be downregulated,
pointing to a diminished immune response within TME (Figure 4,
Supplementary Figure S3D). Notably, genes such as TFF3, CLDN3,
CDH17, and REG4 exhibited specific expression in tumor cells,
linking to the cancer progression (Figure 4). Trefoil factor 3 (TFE3)
modulates cancer development through pathways like MAPK/ERK
and PI3K/AKT (64). Claudin-3 (CLDN3) is associated with
colorectal cancer progression (65), while Cadherin-17 (CDH17)
correlates with unfavorable prognosis in various cancers (66).
Regenerating islet-derived type 4 (REG4) enhances invasiveness
and migration of gastric tumor cells (67). Additionally, a significant
correlation between the expression of tumor cell signature genes
and Tc17 marker genes was observed (Figure 4). Our findings also
indicate that Tc17 cells are likely to coexist with tumor subtype 3
(Figure 4, Supplementary Figure S2C), highlighting a state of
coexistence that influences cancer progression.

The CXCL16-CXCR6 axis in tumor cells and
Tcl7 cells: a potential driver of gastric
cancer progression

To explore the intercellular interactions between tumor and T
cells within TME, we applied Ro/e scoring to identify T cell
subclusters enriched in the tumor tissues, specifically focusing on
CD4_Exhausted, CD8_Teff, CD8_Tc17, Treg_Suppressive, Cycling
T cells, CD8_GZMK_ZNF683 and CD8_Exhausted (Figure 5,
Supplementary Figure S2D). It is reasonable to assume that the
majority of T cells enriched in TME exhibited an exhausted and
immunosuppressive state. In this study, we focus on Tcl7 cells,
which also show a reduced capacity for tumor-killing and a
coexistence with tumor cells (Figures 4H). To ascertain the
strength of the connection between tumor cells and these tumor-
enriched T cells, we employed iTALK software to establish a cellular
communication network based on potential ligand- receptor
interactions, revealing that Tcl7 cells harbored the highest
number of interactions with tumor cells (Figure 5). Further
analysis identified strong interactions between Tcl7 cells and
tumor cells via CXCL pathway (Supplementary Figure S4). Upon
further analysis of the potential gene pairs that could impact this
pathway, we identified that the CXCL16-CXCR6 axis is more
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intense in tumor cells and immune-suppressive T cells
(CD8_Exhausted, Treg_Suppressive and Tc17) compared to other
T cell subclusters, with the highest interaction strength observed
with Tc17 cells (Figure 5, Supplementary Figure S4B). In the context
of glioblastoma, the CXCL16-CXCR6 axis mediates interactions
between T cells and tumor-associated macrophages, impairing T-
cell functionality and enhancing immunosuppression (55). In breast
cancer, this axis promotes migration and invasion of cancer cells via
the activation of Src, FAK, and ERK1/2 signaling pathways (68).
Survival analysis, which incorporated scoring for CXCL16 and five
signature genes specifically overexpressed in tumor cells, discovered
a significant association between high CXCL16 expression and poor
prognosis in GC patients (Figures 5D).

Interleukins constitute a pivotal class of cytokines within the
immune system, acting as critical messengers for cellular
communications within TME (69). We observed that IL-16, IL-
17, IL-22, and IL-26 are specifically expressed in Tcl7 cells, and
their corresponding receptors are also highly expressed in tumor
cells (Figure 5, Supplementary Figure S4D). IL-16 is involved in the
proliferation and transformation of malignant cells (70). IL-17
stimulates the proliferation and self-renewal of ovarian cancer
stem cells through the NF-xB and MAPK pathways. The
expression and activation of IL-17RA can directly promote the
tumorigenesis of colon cancer cells (71). IL-22 enhances migration
and maintains stemness in cancer cells across multiple cancer types
(69), and IL-26 has been linked to EGFR-TXKI resistance in triple-
negative breast cancer (72). Subsequent analysis revealed a robust
positive correlation among the expressions of IL-22, IL-26, and IL-
17A, with their corresponding receptors were notably elevated in
the tumor samples (Figure 5G, Supplementary Figure S4C). These
results demonstrate that a series of interleukins (IL-16, IL-17, IL-22,
and IL-26) secreted by Tc17 cells could collaboratively act on tumor
cells, promoting tumor occurrence and progression.

In conclusion, our findings suggest that tumor cells can
orchestrate the recruitment of Tc17 cells via the CXCL16-CXCR6
axis in GC. Once in close proximity to the tumor cells, these Tc17
cells engage in a reciprocal signaling cascade, secreting interleukins
(IL-16, IL17, IL-22, and IL-26), thereby forming a vicious cycle that
promotes the progression of tumor cells (Figure 5).

Spatial transcriptomic data confirms the
proximity of tumor cells and Tcl17 cells

To further validate our findings, we analyzed ten spatial
transcriptomics samples (Supplementary Table S1). We first
identified Tcl17 cell localization by colocalizing T cell markers
(CDS8A/CDS8B), CD8" T cell markers (CDS8A/CD8B), and Tcl7
specific markers (ILI7A/RORC). Tumor cell regions were
demarcated using gastric cancer-specific marker genes (KRT17/
PRAME/GNGT1/GJB5/PI3). Strikingly, Tc17 cells were detected in
nine of the ten samples. Quantification revealed that in seven
samples, the density of Tc17 cells surrounding tumor cells (within
the same spatial spot) was significantly higher than in distal regions
(Figure 6, Supplementary Figure S5A).
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For a conservative and rigorous analysis, we focused on four
samples in which the proportion of Tc17 cells in the tumor-adjacent
regions exceeded 5% (Figure 6). Histological examination
confirmed spatial coexistence of Tcl7 cells and tumor cells in all
four cases (Figure 6, Supplementary Figure S5B). To further analyze
their spatial relationship, we calculated the Euclidean distance
between each tumor cell and its nearest Tcl7 cell, as well as the
distance between non-tumor cells and their nearest Tc17 cells. The
results showed that in three samples, tumor cells were significantly
closer to Tc17 cells (Figure 6, Supplementary Figure S5C). Notably,
three of these four samples were EBV-positive, suggesting a
potential association between EBV infection and Tcl7
cell enrichment.

To validate the hypothesis that tumor cells recruit Tc17 cells via
the CXCL16-CXCR6 axis, we categorized spots with tumor cells
into CXCL16" and CXCL16  groups and compared the expression
of CXCR6 in surrounding Tcl7 cells. The results indicated that
Tcl7 cells adjacent to CXCL16" tumor cells exhibited higher
CXCR6 expression (Figure 6, Supplementary Figure S5D). These
findings collectively confirm the functional role of the CXCLI6-
CXCR6 axis in the recruitment of Tc17 cells by tumor cells.

In Vitro validation of the critical roles of IL-
17A and IL-26 in the gastric cancer
microenvironment

Based on transcriptome data analysis revealing elevated
expression of IL17A and IL26 in gastric cancer tissues (Figure 5),
we systematically evaluated the impact of these two cytokines on
malignant biological behaviors of GC tumor cells through in vitro
functional experiments. Stimulation of GC cells with either IL17A
or IL26 alone resulted in a notable enhancement of cell proliferation
compared to negative control group (NC). Intriguingly, co-
stimulation with both cytokines led to an even more pronounced
proliferative effect, suggesting a synergistic interaction (Figure 7).
Similarly, wound healing assays demonstrated that IL17A and IL26
individually promoted the migratory capacity of tumor cells, while
combined treatment elicited the highest migration rate (Figure 7).
Furthermore, transwell invasion assays confirmed the pro-invasive
roles of IL17A and IL26. Cells exposed to both cytokines exhibited
significantly greater invasive capabilities than those treated with
either cytokine alone (Figure 7). Collectively, these findings reveal
that IL17A and IL26 not only individually enhance malignant
phenotypes of GC cells but also act synergistically to potentiate
tumor progression.

Discussion

Gastric cancer (GC) presents significant treatment challenges
due to its relatively low immunogenicity and limited response to
immunotherapy. Unlike other epithelial cancers with high mutation
rates, GC has historically been considered less responsive to
immune-based treatments, restricting the benefits of immune
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checkpoint blockade (ICB) to only a small subset of patients (4,
73). Although combining immunotherapy with chemotherapy has
been explored in various clinical settings to improve outcomes,
determining the optimal chemotherapy regimen remains a complex
task, further complicated by potential adverse effects. A deeper
understanding of the gastric cancer immune microenvironment is
crucial for refining therapeutic strategies, identifying biomarkers for
patient stratification, and developing more effective combination
treatments. Further research is essential to overcome these
challenges and fully harness the potential of immunotherapy in GC.

Recent studies have highlighted the critical role of Tc17 cells in
shaping the immunosuppressive TME across various cancers.
Zhuang et al. demonstrated that in gastric cancer, Tcl7 cells
promote the secretion of CXCLI12 by tumor cells via IL-17,
subsequently recruiting MDSCs through the CXCL12-CXCR4
axis (20). Similarly, Lee et al. reported that in hepatocellular
carcinoma, IFNy  Tcl7 cells recruit Tregs via CCL20
overexpression, while also facilitating angiogenesis through IL-
17A and mediating immunosuppression via CTLA-4/PD-1 and
IL-10R pathways, collectively driving tumor progression and poor
prognosis (74). In pancreatic ductal adenocarcinoma, Picard et al.
revealed that Tcl7-derived IL-17A and TNF activate cancer-
associated fibroblasts (CAFs), inducing their differentiation into
inflammatory CAFs (iCAFs), thereby establishing a Tc17-iCAF
feedback loop that exacerbates immunosuppression and tumor
progression (75). Our study not only expands the understanding
of Tcl7 cells in contributing to the immunosuppressive
microenvironment but also proposes novel mechanisms by which
they act within the TME. Unlike previous studies, we suggest that
GC tumor cells can directly interact with Tc17 cells. Initially, tumor
cells secrete CXCLI16 to recruit Tc17 cells, thereby enhancing their
accumulation within the TME. Subsequently, Tc17 cells secrete IL-
17A and IL-26, which further promote tumor progression and
establish a vicious cycle, collectively constructing the
immunosuppressive microenvironment in GC

CXCL16 plays a pivotal role in a variety of cancers, such as GC,
glioblastoma multiforme, lung cancer, lymphoma, nasopharyngeal
carcinoma, hepatocellular carcinoma, pancreatic cancer, and breast
cancer, among others. Its role is dualistic: it can facilitate the
migration and invasion of cancer cells and is instrumental in
increasing tumor-infiltrating lymphocytes, regulating
angiogenesis, controlling cellular behavior, and guiding the
migration of tumor cells to target sites. However, in certain
cancer types like renal cell carcinoma and breast cancer, CXCL16
may also reduce cancer cell proliferation (76, 77). Reports have
indicated that CXCR6 expression is elevated in some T cells, and
these CXCR6" T cells are recruited into tumor tissues through a
CXCL16 gradient. In our current study, we have demonstrated
through various approaches that GC tumor cells highly express
CXCL16, while Tcl7 cells, a subset of T cells, highly express
CXCR6. This suggests that tumor cells may recruit Tcl7 cells to
the TME via the CXCL16-CXCR6 axis. Additionally, Tc17 cells
stimulate the release of the chemokine CXCL12 from tumor cells,
which in turn recruits CXCR4" MDSCs. The accumulation of
MDSCs inhibits the activation of tumor-infiltrating cytotoxic T
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Spatial Transcriptomic Data Confirms the Proximity of Tumor Cells and Tc17 Cells (A) The bar chart illustrates the proportion of Tcl17 cells
surrounding tumor regions (In the same spot) and non-tumor regions. (B) Histologic image of the case is shown with the spatial map illustrating the
distribution of Tc17 cells, tumor cells, and spots co-localized with both Tcl7 cells and tumor cells. (C) The boxplot shows the distance between
tumor cells and the nearest Tcl7 cells, as well as the distance between non-tumor cells and the nearest Tc17 cells. (D) The boxplot illustrates the
average expression of CXCR6 in Tc17 cells surrounding CXCL16" tumor cells and CXCL16~ cells. ns, not significant. *P < 0.05, **P < 0.01, ****P

< 0.0001.

lymphocytes (CTLs), thereby supporting the establishment of an
immunosuppressive TME by Tc17 cells (37). Therefore, targeting
CXCL16 may be a potential target for the treatment of GC, but the
specificity of different tissues should be considered when designing
the target.

IL-22 exerts a complex role in epithelial malignancies such as
lung, liver, pancreatic, colorectal, and GC, acting as a promoter of
tumorigenesis. It stimulates cell migration, the expression of matrix
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metalloproteinases (MMPs), angiogenesis, and the development of
dysplastic tissues. Interestingly, in the context of inflammation-
driven cancer models, IL-22 may decelerate tumor growth, but
paradoxically, once a tumor is established, it can hasten the
progression of cancer (78). Furthermore, IL-26 is known to
induce cells that produce IL-22, potentially reducing the cytotoxic
T cell function through the activation of anti-apoptotic proteins,
thus fostering tumor growth (79). Our data indicate that Tc17 cells
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FIGURE 7

CCK-8,Wound Healing Assays and Transwell Assays to Evaluate the Effects of IL17A and IL26 on Tumor Cells (A) The effects of IL17A (50 ug/mL),
IL26 (50 pg/mL) and their combined treatment on the proliferation capacity of gastric cancer cells were evaluated by CCK-8 cell proliferation assay.
(B) The effects of IL17A (50 pg/mL), IL26 (50 ug/mL) and combined treatment on the migration ability of gastric cancer cells were analyzed by
scratch test. Cells were photographed at 0 h and 24 h after scratches, and the percentage of migration area was calculated. (C) Transwell invasion
assay showing the effects of IL-17A (50 ug/mL), IL-26 (50 ug/mL), and their combination on gastric cancer cell invasion after 24 h. *P < 0.05, **P <

0.01, ***P < 0.001.

highly express a range of cytokines, notably IL-16, IL-17A, IL-17F,
IL-22, and IL-26, and it is these five cytokines for which receptors
are also highly expressed in tumor cells. Notably, IL-22 and IL-26
are co-expressed with IL-17A, and IL-16 shows a trend towards co-
expression with IL-17A. Similarly, this finding has been confirmed
in the TCGA dataset. Subsequently, we demonstrated through
CCK-8 assays, scratch wound healing assays, and Transwell
invasion assays that both IL-17A and IL-26 significantly enhanced
the proliferation, migration, and invasive capacities of gastric cancer
cells, thereby facilitating gastric cancer progression. These findings
collectively suggest that Tcl7 cell-derived IL-17A and IL-26 may
exert profound regulatory effects on tumor cell malignancy.

Here, we further recognize that Y3 T cells and group 3 innate
lymphoid cells (ILC3s) serve as innate sources of IL-17, playing
crucial roles in mucosal defense against pathogens while also
contributing to pathological inflammation and autoimmune
disorders (80, 81). Specifically, we now acknowledge that IL-17
can be secreted by a variety of immune cell types, including Th17
cells, ¥8 T cells, and ILC3s. While these populations share the ability
to produce IL-17, they may exert distinct functional roles within the
tumor microenvironment. Future investigations employing broader
profiling technologies or specialized enrichment strategies to
capture all IL-17-secreting cells would be highly valuable for

Frontiers in Oncology

16

dissecting the functional heterogeneity of these cell types and
advancing our understanding of immune regulation in both
cancer and inflammatory diseases.

Although integrated analysis of single-cell RNA sequencing and
spatial transcriptomics data suggested a potential interaction
between tumor cells and Tcl7 cells via the CXCL16-CXCR6 axis,
it is critical to acknowledge that these conclusions remain
computationally inferred and lack experimental validation.
Notably, our spatial transcriptomic datasets were deficient in
detecting IL16, IL17, IL22, and IL26 expression—a limitation
likely stemming from the inherent technical constraints of current
spatial profiling platforms in reliably capturing secreted factors.
This gap precluded spatial validation of the proposed molecular
interactions. Future studies will experimentally validate these
molecular interactions to identify robust therapeutic targets and
advance our understanding of TME dynamics. Our study elucidates
the immunosuppressive role of Tcl7 cells in the gastric cancer
microenvironment, particularly their recruitment by tumor cells via
the CXCL16-CXCR6 axis and subsequent promotion of tumor
progression through the secretion of cytokines such as IL-17A
and IL-26. These findings pave the way for the development of
novel therapeutic strategies. First, targeting the CXCL16-CXCR6
axis may be an effective therapeutic approach, as inhibiting this axis
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could reduce the recruitment and accumulation of Tcl7 cells in
the tumor microenvironment, thereby mitigating their
immunosuppressive effects. Future research could focus on
developing inhibitors against CXCL16 or CXCR6 and evaluating
their efficacy in gastric cancer treatment. Second, antibodies or
small molecule inhibitors targeting IL-17A and IL-26 secreted by
Tcl7 cells may effectively block their tumor-promoting actions.
When combined with existing immune checkpoint inhibitors, such
as anti-PD-1/PD-L1 therapies, these strategies hold promise for
improving the response rates of gastric cancer patients to
immunotherapy. Additionally, our findings suggest that the
presence of Tcl7 cells is associated with poor prognosis in gastric
cancer patients, indicating that Tcl7 cells and their secreted
cytokines could serve as biomarkers for prognostic assessment
and prediction of treatment response in gastric cancer. In
summary, our study not only enhances the understanding of
Tcl7 cells’ role in gastric cancer but also provides a theoretical
foundation for the development of new therapeutic strategies and
biomarkers. Future research will be dedicated to translating these
fundamental discoveries into clinical applications to improve
treatment outcomes and prognosis for gastric cancer patients.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author/s.

Ethics statement

Ethical approval was not required for this study because the
research was conducted using publicly available data. No new data
were generated that would necessitate ethical review.

Author contributions

YW: Data curation, Methodology, Visualization, Writing -
original draft, Writing - review & editing. HY: Visualization,
Writing - review & editing, Validation. YT: Writing - review &
editing, Validation. LW: Writing - review & editing, Methodology.
XZ: Writing - review & editing, Methodology. ZY: Writing — review
& editing, Methodology. SD: Supervision, Writing - review &

References

1. Ren L, Huang D, Liu H, Ning L, Cai P, Yu X, et al. Applications of single—cell
omics and spatial transcriptomics technologies in gastric cancer (Review). Oncol Lett.
(2024) 27:1-19. doi: 10.3892/01.2024.14285

Frontiers in Oncology

10.3389/fonc.2025.1592328

editing, Funding acquisition. NY: Supervision, Writing - review &
editing, Writing - original draft, Funding acquisition.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
supported by the Yunnan Fundamental Research Projects
(N0.202401CF070125), the National Natural Science Foundation
of China (No. 32300551 and No. 32160153), Natural Science
Foundation of Yunnan Province (No. 202102AA100053), and
Science Foundation of Department of Education of Yunnan
Province (No. 2023J041).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1592328/
full#supplementary-material

2. Mithany RH, Shahid MH, Manasseh M, Saeced MT, Aslam S, Mohamed MS, et al.
Gastric cancer: A comprehensive literature review. Cureus. (2024) 16:¢55902.
doi: 10.7759/cureus.55902

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1592328/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1592328/full#supplementary-material
https://doi.org/10.3892/ol.2024.14285
https://doi.org/10.7759/cureus.55902
https://doi.org/10.3389/fonc.2025.1592328
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

3. Correa P. Gastric cancer. Gastroenterology Clinics North America. (2013) 42:211-
7. doi: 10.1016/j.gtc.2013.01.002

4. Yang L, Wang Y, Wang H. Use of immunotherapy in the treatment of gastric
cancer. Oncol Lett. (2019) 18:5681-90. doi: 10.3892/01.2019.10935

5. Hogner A, Moehler M. Immunotherapy in gastric cancer. Curr Oncol. (2022)
29:1559. doi: 10.3390/curroncol29030131

6. SongZ, WuY, YangJ, Yang D, Fang X. Progress in the treatment of advanced gastric
cancer. Tumour Biol. (2017) 39:101042831771462. doi: 10.1177/1010428317714626

7. Sun K, Xu R, Ma F, Yang N, Li Y, Sun X, et al. scRNA-seq of gastric tumor shows
complex intercellular interaction with an alternative T cell exhaustion trajectory. Nat
Commun. (2022) 13:4943. doi: 10.1038/s41467-022-32627-z

8. Kumar V, Ramnarayanan K, Sundar R, Padmanabhan N, Srivastava S, Koiwa M,
et al. Single-cell atlas of lineage states, tumor microenvironment, and subtype-specific
expression programs in gastric cancer. Cancer Discov. (2022) 12:670-91. doi: 10.1158/
2159-8290.CD-21-0683

9. Zhang M, Hu S, Min M, Ni Y, Lu Z, Sun X, et al. Dissecting transcriptional
heterogeneity in primary gastric adenocarcinoma by single cell RNA sequencing. Gut.
(2021) 70:464-75. doi: 10.1136/gutjnl-2019-320368

10. Zhou X, Yang J, Lu Y, Ma Y, Meng Y, Li Q, et al. Relationships of tumor
differentiation and immune infiltration in gastric cancers revealed by single-cell RNA-
seq analyses. Cell Mol Life Sci. (2023) 80:57. doi: 10.1007/s00018-023-04702-1

11. Yao Z, Painter SL, Fanslow WC, Ulrich D, Macduff BM, Spriggs MK, et al.
Human IL-17: a novel cytokine derived from T cells. ] Immunol. (1995) 155:5483-6.
doi: 10.4049/jimmunol.155.12.5483

12. Fossiez F, Djossou O, Chomarat P, Flores-Romo L, Ait-Yahia S, Maat C, et al. T
cell interleukin-17 induces stromal cells to produce proinflammatory and
hematopoietic cytokines. J Exp Med. (1996) 183:2593-603. doi: 10.1084/jem.183.6.2593

13. Murugaiyan G, Agrawal R, Mishra GC, Mitra D, Saha B. Differential CD40/
CDA40L expression results in counteracting antitumor immune responsesl. J Immunol.
(2007) 178:2047-55. doi: 10.4049/jimmunol.178.4.2047

14. Langrish CL, Chen Y, Blumenschein WM, Mattson J, Basham B, Sedgwick JD,
et al. IL-23 drives a pathogenic T cell population that induces autoimmune
inflammation. J Exp Med. (2005) 201:233-40. doi: 10.1084/jem.20041257

15. Miyahara Y, Odunsi K, Chen W, Peng G, Matsuzaki J, Wang R-F. Generation
and regulation of human CD4+ IL-17-producing T cells in ovarian cancer. Proc Natl
Acad Sci U S A. (2008) 105:15505-10. doi: 10.1073/pnas.0710686105

16. Kryczek I, Banerjee M, Cheng P, Vatan L, Szeliga W, Wei S, et al. Phenotype,
distribution, generation, and functional and clinical relevance of Th17 cells in the
human tumor environments. Blood. (2009) 114:1141-9. doi: 10.1182/blood-2009-03-
208249

17. Harrington LE, Hatton RD, Mangan PR, Turner H, Murphy TL, Murphy KM,
et al. Interleukin 17-producing CD4+ effector T cells develop via a lineage distinct from
the T helper type 1 and 2 lineages. Nat Immunol. (2005) 6:1123-32. doi: 10.1038/ni1254

18. Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang Y-H, et al. A distinct lineage
of CD4 T cells regulates tissue inflammation by producing interleukin 17. Nat
Immunol. (2005) 6:1133-41. doi: 10.1038/ni1261

19. Ciric B, El-behi M, Cabrera R, Zhang G-X, Rostami A. IL-23 drives pathogenic
IL-17-producing CD8+ T cells. J Immunol. (2009) 182:5296-305. doi: 10.4049/
jimmunol.0900036

20. Zhuang Y, Peng L-S, Zhao Y-L, Shi Y, Mao X-H, Chen W, et al. CD8(+) T cells
that produce interleukin-17 regulate myeloid-derived suppressor cells and are
associated with survival time of patients with gastric cancer. Gastroenterology. (2012)
143:951-962.¢8. doi: 10.1053/j.gastro.2012.06.010

21. Aibar S, Gonzilez-Blas CB, Moerman T, Huynh-Thu VA, Imrichova H,
Hulselmans G, et al. SCENIC: single-cell regulatory network inference and
clustering. Nat Methods. (2017) 14(11):1083-6. doi: 10.1038/nmeth.4463

22. Cheng S, Li Z, Gao R, Xing B, Gao Y, Yang Y, et al. A pan-cancer single-cell
transcriptional atlas of tumor infiltrating myeloid cells. Cell. (2021) 184:792-809.¢23.
doi: 10.1016/j.cell.2021.01.010

23. Gao Q, Qiu S-J, Fan J, Zhou J, Wang X-Y, Xiao Y-S, et al. Intratumoral balance of
regulatory and cytotoxic T cells is associated with prognosis of hepatocellular
carcinoma after resection. J Clin Oncol. (2007) 25:2586-93. doi: 10.1200/
JCO.2006.09.4565

24. Perrone G, Ruffini PA, Catalano V, Spino C, Santini D, Muretto P, et al.
Intratumoural FOXP3-positive regulatory T cells are associated with adverse prognosis
in radically resected gastric cancer. Eur J Cancer. (2008) 44:1875-82. doi: 10.1016/
j.€jca.2008.05.017

25. Bates GJ, Fox SB, Han C, Leek RD, Garcia JF, Harris AL, et al. Quantification of
regulatory T cells enables the identification of high-risk breast cancer patients and those
at risk of late relapse. J Clin Oncol. (2006) 24:5373-80. doi: 10.1200/JC0O.2006.05.9584

26. Petersen RP, Campa M], Sperlazza J, Conlon D, Joshi M-B, Harpole DH, et al.
Tumor infiltrating Foxp3+ regulatory T-cells are associated with recurrence in
pathologic stage I NSCLC patients. Cancer. (2006) 107:2866-72. doi: 10.1002/
cncr.22282

27. Chi J-T, Rodriguez EH, Wang Z, Nuyten DSA, Mukherjee S, van de RM, et al.
Gene expression programs of human smooth muscle cells: tissue-specific differentiation

Frontiers in Oncology

10.3389/fonc.2025.1592328

and prognostic significance in breast cancers. PloS Genet. (2007) 3:e164. doi: 10.1371/
journal.pgen.0030164

28. Waldman AD, Fritz JM, Lenardo MJ. A guide to cancer immunotherapy: from T
cell basic science to clinical practice. Nat Rev Immunol. (2020) 20:651-68. doi: 10.1038/
541577-020-0306-5

29. Raskov H, Orhan A, Christensen JP, Gogenur I. Cytotoxic CD8+ T cells in
cancer and cancer immunotherapy. Br J Cancer. (2021) 124:359-67. doi: 10.1038/
s41416-020-01048-4

30. Lei X, Lei Y, Li J-K, Du W-X, Li R-G, Yang J, et al. Immune cells within the
tumor microenvironment: Biological functions and roles in cancer immunotherapy.
Cancer Lett. (2020) 470:126-33. doi: 10.1016/j.canlet.2019.11.009

31. Ahmed H, Mahmud AR, MohdF-R- S, Shahriar A, Biswas P, MdEK S, et al. Role
of T cells in cancer immunotherapy: Opportunities and challenges. Cancer Pathogenesis
Ther. (2023) 1:116-26. doi: 10.1016/j.cpt.2022.12.002

32. HungK, Hayashi R, Lafond-Walker A, Lowenstein C, Pardoll D, Levitsky H. The
central role of CD4+ T cells in the antitumor immune response. ] Exp Med. (1998)
188:2357-68. doi: 10.1084/jem.188.12.2357

33. LiH, van der Leun AM, Yofe I, Lubling Y, Gelbard-Solodkin D, van Akkooi ACJ,
et al. Dysfunctional CD8 T cells form a proliferative, dynamically regulated
compartment within human melanoma. Cell. (2020) 181:747. doi: 10.1016/
j.cell.2020.04.017

34. Huber M, Heink S, Pagenstecher A, Reinhard K, Ritter J, Visekruna A, et al. IL-
17A secretion by CD8+ T cells supports Thl17-mediated autoimmune
encephalomyelitis. J Clin Invest. (2013) 123:247-60. doi: 10.1172/JCI63681

35. Peng Y, Zhang X-L, Tang Y, He S, Rao G, Chen Q, et al. Role of autoreactive
Tcl7 cells in the pathogenesis of experimental autoimmune encephalomyelitis (EAE).
Neuroprotection. (2024) 2:49-59. doi: 10.21203/rs.3.rs-3382546/v1

36. Chellappa S, Hugenschmidt H, Hagness M, Subramani S, Melum E, Line PD,
et al. CD8+ T cells that coexpress RORyt and T-bet are functionally impaired and
expand in patients with distal bile duct cancer. J Immunol. (2017) 198:1729-39.
doi: 10.4049/jimmunol.1600061

37. Liickel C, Picard FSR, Huber M. Tc17 biology and function: Novel concepts. Eur
J Immunol. (2020) 50:1257-67. doi: 10.1002/€ji.202048627

38. Kuang D-M, Peng C, Zhao Q, Wu Y, Zhu L-Y, Wang J, et al. Tumor-activated
monocytes promote expansion of IL-17-producing CD8+ T cells in hepatocellular
carcinoma patients. J Immunol. (2010) 185:1544-9. doi: 10.4049/jimmunol.0904094

39. Yahia-Cherbal H, Rybczynska M, Lovecchio D, Stephen T, Lescale C, Placek K,
et al. NFAT primes the human RORC locus for RORYt expression in CD4+ T cells. Nat
Commun. (2019) 10:4698. doi: 10.1038/s41467-019-12680-x

40. Wang S-M, Lin W-C, Lin H-Y, Chen Y-L, Ko C-Y, Wang J-M. CCAAT/
Enhancer-binding protein delta mediates glioma stem-like cell enrichment and ATP-
binding cassette transporter ABCA1 activation for temozolomide resistance in
glioblastoma. Cell Death Discov. (2021) 7:1-11. doi: 10.1038/s41420-020-00399-4

41. Sheshadri N, Poria DK, Sharan S, Hu Y, Yan C, Koparde VN, et al. PERK
signaling through C/EBPS contributes to ER stress-induced expression of
immunomodulatory and tumor promoting chemokines by cancer cells. Cell Death
Dis. (2021) 12:1-14. doi: 10.1038/s41419-021-04318-y

42. Newman AM, Steen CB, Liu CL, Gentles AJ, Chaudhuri AA, Scherer F, et al.
Determining cell-type abundance and expression from bulk tissues with digital
cytometry. Nat Biotechnol. (2019) 37:773-82. doi: 10.1038/s41587-019-0114-2

43. Lagumdzic E, Pernold C, Viano M, Olgiati S, Schmitt MW, Mair KH, et al.
Transcriptome profiling of porcine naive, intermediate and terminally differentiated
CD8+ T cells. Front Immunol. (2022) 13:849922. doi: 10.3389/fimmu.2022.849922

44. Pan Y, Xue Q, Yang Y, Shi T, Wang H, Song X, et al. Glycoengineering-based
anti-PD-1-iRGD peptide conjugate boosts antitumor efficacy through T cell
engagement. Cell Rep Med. (2024) 5:101590. doi: 10.1016/j.xcrm.2024.101590

45. Mizukoshi E, Nakagawa H, Tamai T, Kitahara M, Fushimi K, Nio K, et al. Peptide
vaccine-treated, long-term surviving cancer patients harbor self-renewing tumor-specific
CD8+ T cells. Nat Commun. (2022) 13:3123. doi: 10.1038/s41467-022-30861-z

46. Hou Y, Lin B, Xu T, Jiang J, Luo S, Chen W, et al. The neurotransmitter
calcitonin gene-related peptide shapes an immunosuppressive microenvironment in
medullary thyroid cancer. Nat Commun. (2024) 15:5555. doi: 10.1038/s41467-024-
49824-7

47. QuJ, Wu B, Chen L, Wen Z, Fang L, Zheng J, et al. CXCR6-positive circulating
mucosal-associated invariant T cells can identify patients with non-small cell lung
cancer responding to anti-PD-1 immunotherapy. ] Exp Clin Cancer Res. (2024) 43:134.
doi: 10.1186/513046-024-03046-3

48. Greene LA, Zhou Q, Siegelin MD, Angelastro JM. Targeting transcription factors
ATF5, CEBPB and CEBPD with cell-penetrating peptides to treat brain and other
cancers. Cells. (2023) 12:581. doi: 10.3390/cells12040581

49. Wu J, Wang W, Yuan F, Zheng J, Zhang W, Guo H, et al. CXCL16 exacerbates
Pseudomonas aeruginosa keratitis by promoting neutrophil activation. Int
Immunopharmacol. (2024) 127:111375. doi: 10.1016/j.intimp.2023.111375

50. Turchi L, Sakakini N, Saviane G, Polo B, Saurty-Seerunghen MS, Gabut M, et al.
CELF2 sustains a proliferating/OLIG2+ Glioblastoma cell phenotype via the epigenetic
repression of SOX3. Cancers (Basel). (2023) 15:5038. doi: 10.3390/cancers15205038

frontiersin.org


https://doi.org/10.1016/j.gtc.2013.01.002
https://doi.org/10.3892/ol.2019.10935
https://doi.org/10.3390/curroncol29030131
https://doi.org/10.1177/1010428317714626
https://doi.org/10.1038/s41467-022-32627-z
https://doi.org/10.1158/2159-8290.CD-21-0683
https://doi.org/10.1158/2159-8290.CD-21-0683
https://doi.org/10.1136/gutjnl-2019-320368
https://doi.org/10.1007/s00018-023-04702-1
https://doi.org/10.4049/jimmunol.155.12.5483
https://doi.org/10.1084/jem.183.6.2593
https://doi.org/10.4049/jimmunol.178.4.2047
https://doi.org/10.1084/jem.20041257
https://doi.org/10.1073/pnas.0710686105
https://doi.org/10.1182/blood-2009-03-208249
https://doi.org/10.1182/blood-2009-03-208249
https://doi.org/10.1038/ni1254
https://doi.org/10.1038/ni1261
https://doi.org/10.4049/jimmunol.0900036
https://doi.org/10.4049/jimmunol.0900036
https://doi.org/10.1053/j.gastro.2012.06.010
https://doi.org/10.1016/j.cell.2021.01.010
https://doi.org/10.1200/JCO.2006.09.4565
https://doi.org/10.1200/JCO.2006.09.4565
https://doi.org/10.1016/j.ejca.2008.05.017
https://doi.org/10.1016/j.ejca.2008.05.017
https://doi.org/10.1200/JCO.2006.05.9584
https://doi.org/10.1002/cncr.22282
https://doi.org/10.1002/cncr.22282
https://doi.org/10.1371/journal.pgen.0030164
https://doi.org/10.1371/journal.pgen.0030164
https://doi.org/10.1038/s41577-020-0306-5
https://doi.org/10.1038/s41577-020-0306-5
https://doi.org/10.1038/s41416-020-01048-4
https://doi.org/10.1038/s41416-020-01048-4
https://doi.org/10.1016/j.canlet.2019.11.009
https://doi.org/10.1016/j.cpt.2022.12.002
https://doi.org/10.1084/jem.188.12.2357
https://doi.org/10.1016/j.cell.2020.04.017
https://doi.org/10.1016/j.cell.2020.04.017
https://doi.org/10.1172/JCI63681
https://doi.org/10.21203/rs.3.rs-3382546/v1
https://doi.org/10.4049/jimmunol.1600061
https://doi.org/10.1002/eji.202048627
https://doi.org/10.4049/jimmunol.0904094
https://doi.org/10.1038/s41467-019-12680-x
https://doi.org/10.1038/s41420-020-00399-4
https://doi.org/10.1038/s41419-021-04318-y
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.3389/fimmu.2022.849922
https://doi.org/10.1016/j.xcrm.2024.101590
https://doi.org/10.1038/s41467-022-30861-z
https://doi.org/10.1038/s41467-024-49824-7
https://doi.org/10.1038/s41467-024-49824-7
https://doi.org/10.1186/s13046-024-03046-3
https://doi.org/10.3390/cells12040581
https://doi.org/10.1016/j.intimp.2023.111375
https://doi.org/10.3390/cancers15205038
https://doi.org/10.3389/fonc.2025.1592328
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

51. Xu G, Jin G, Wu H, Cui W, Wang Y-H, Manne RK, et al. SIRPYy-expressing
cancer stem-like cells promote immune escape of lung cancer via Hippo signaling. |
Clin Invest. (2022) 132:e141797. doi: 10.1172/JCI141797

52. Zhao Y, Cai H, Ding X, Zhou X. An integrative analysis of the single-cell
transcriptome identifies DUSP4 as an exhaustion-associated gene in tumor-infiltrating
CD8+ T cells. Funct Integr Genomics. (2023) 23:136. doi: 10.1007/s10142-023-01056-6

53. Trefny MP, Kirchhammer N, Auf der Maur P, Natoli M, Schmid D, Germann M,
et al. Deletion of SNX9 alleviates CD8 T cell exhaustion for effective cellular cancer
immunotherapy. Nat Commun. (2023) 14:86. doi: 10.1038/s41467-022-35583-w

54. Miraki Feriz A, Khosrojerdi A, Erfanian N, Azarkar S, Sajjadi SM, Shojaei MJ,
et al. Targeting the dynamic transcriptional landscape of Treg subpopulations in
pancreatic ductal adenocarcinoma: Insights from single-cell RNA sequencing analysis
with a focus on. CTLA4 TIGIT. Immunobiology. (2024) 229:152822. doi: 10.1016/
j.imbio.2024.152822

55. Chia T-Y, Billingham LK, Boland L, Katz JL, Arrieta VA, Shireman J, et al. The
CXCL16-CXCR6 axis in glioblastoma modulates T-cell activity in a spatiotemporal
context. Front Immunol. (2023) 14:1331287. doi: 10.3389/fimmu.2023.1331287

56. Sanders C, Hamad ASM, Ng S, Hosni R, Ellinger J, Kliimper N, et al. CD103+
Tissue resident T-lymphocytes accumulate in lung metastases and are correlated with
poor prognosis in ccRCC. Cancers. (2022) 14(6):1541. doi: 10.3390/cancers14061541

57. Braganhol E, de Andrade GPB, Santos GT, Stefani MA. ENTPD1 (CD39) and
NT5E (CD73) expression in human glioblastoma: an in silico analysis. Purinergic
Signal. (2024) 20:285-9. doi: 10.1007/s11302-023-09951-0

58. Xiao S, Lu L, Lin Z, Ye X, Su S, Zhang C, et al. LAYN serves as a prognostic
biomarker and downregulates tumor-infiltrating CD8+ T cell function in hepatocellular
carcinoma. J Hepatocell Carcinoma. (2024) 11:1031-48. doi: 10.2147/JHC.S464806

59. Walker LSK. CTLA-4 and autoimmunity: new twists in the tale. Trends
Immunol. (2015) 36:760-2. doi: 10.1016/.it.2015.11.002

60. Wang Y, Ma L, ChenY, Yun W, YuJ, Meng X. Prognostic effect of TCF1+ CD8+
T cell and TOX+ CD8+ T cell infiltration in lung adenocarcinoma. Cancer Sci. (2024)
115:2184-95. doi: 10.1111/cas.16177

61. Lu X, Liu J, Feng L, Huang Y, Xu Y, Li C, et al. BATF promotes tumor
progression and association with FDG PET-derived parameters in colorectal cancer. |
Transl Med. (2024) 22:558. doi: 10.1186/s12967-024-05367-5

62. Babamohamadi M, Mohammadi N, Faryadi E, Haddadi M, Merati A,
Ghobadinezhad F, et al. Anti-CTLA-4 nanobody as a promising approach in cancer
immunotherapy. Cell Death Dis. (2024) 15:1-16. doi: 10.1038/s41419-023-06391-x

63. Bian S, Wang Y, Zhou Y, Wang W, Guo L, Wen L, et al. Integrative single-cell
multiomics analyses dissect molecular signatures of intratumoral heterogeneities and
differentiation states of human gastric cancer. Natl Sci Rev. (2023) 10:nwad094.
doi: 10.1093/nsr/nwad094

64. Yang Y, Lin Z, Lin Q, Bei W, Guo J. Pathological and therapeutic roles of
bioactive peptide trefoil factor 3 in diverse diseases: recent progress and perspective.
Cell Death Dis. (2022) 13:1-14. doi: 10.1038/s41419-022-04504-6

65. Wang Y, Sun T, Sun H, Yang S, Li D, Zhou D. SCF/C-kit/JNK/AP-1 signaling
pathway promotes claudin-3 expression in colonic epithelium and colorectal
carcinoma. Int ] Mol Sci. (2017) 18:765. doi: 10.3390/ijms18040765

66. Jacobsen F, Pushpadevan R, Viehweger F, Freytag M, Schlichter R,
Gorbokon N, et al. Cadherin-17 (CDH17) expression in human cancer: A tissue

Frontiers in Oncology

19

10.3389/fonc.2025.1592328

microarray study on 18,131 tumors. Pathol Res Pract. (2024) 256:155175.
doi: 10.1016/j.prp.2024.155175

67. Zhang ], Zhu Z, Miao Z, Huang X, Sun Z, Xu H, et al. The clinical significance
and mechanisms of REG4 in human cancers. Front Oncol. (2021) 10:559230.
doi: 10.3389/fonc.2020.559230

68. Mir H, Kapur N, Gales DN, Sharma PK, Oprea-Ilies G, Johnson AT, et al.
CXCR6-CXCL16 axis promotes breast cancer by inducing oncogenic signaling.
Cancers. (2021) 13(14):3568. doi: 10.3390/cancers13143568

69. Briukhovetska D, Dorr J, Endres S, Libby P, Dinarello CA, Kobold S. Interleukins
in cancer: from biology to therapy. Nat Rev Cancer. (2021) 21:481-99. doi: 10.1038/
541568-021-00363-z

70. de Souza VH, de Alencar JB, Tiyo BT, Alves HV, Vendramini ECL, Sell AM,
et al. Association of functional IL16 polymorphisms with cancer and cardiovascular
disease: a meta-analysis. Oncotarget. (2020) 11:3405-17. doi: 10.18632/
oncotarget.27715

71. Kuen D-S, Kim B-S, Chung Y. IL-17-producing cells in tumor immunity: friends
or foes? Immune Netw. (2020) 20:e6. doi: 10.4110/in.2020.20.e6

72. Ttoh T, Hatano R, Horimoto Y, Yamada T, Song D, Otsuka H, et al. IL-26
mediates epidermal growth factor receptor-tyrosine kinase inhibitor resistance through
endoplasmic reticulum stress signaling pathway in triple-negative breast cancer cells.
Cell Death Dis. (2021) 12:1-17. doi: 10.1038/s41419-021-03787-5

73. Triantafillidis JK, Konstadoulakis MM, Papalois AE. Immunotherapy of gastric
cancer: Present status and future perspectives. World J Gastroenterology. (2024)
30:779-93. doi: 10.3748/wjg.v30.i8.779

74. Lee YH, Chuah S, Nguyen PHD, Lim CJ, Lai HLH, Wasser M, et al. IFNy-IL-17+
CD8 T cells contribute to immunosuppression and tumor progression in human
hepatocellular carcinoma. Cancer Lett. (2023) 552:215977. doi: 10.1016/
j.canlet.2022.215977

75. Picard FSR, Lutz V, Brichkina A, Neuhaus F, Ruckenbrod T, Hupfer A, et al. IL-
17A-producing CD8+ T cells promote PDAC via induction of inflammatory cancer-
associated fibroblasts. Gut. (2023) 72:1510-22. doi: 10.1136/gutjnl-2022-327855

76. Han J, Fu R, Chen C, Cheng X, Guo T, Huangfu L, et al. CXCL16 promotes
gastric cancer tumorigenesis via ADAMI10-dependent CXCL16/CXCR6 axis and
activates akt and MAPK signaling pathways. Int J Biol Sci. (2021) 17:2841-52.
doi: 10.7150/ijbs.57826

77. Korbecki ], Bajdak-Rusinek K, Kupnicka P, Kapczuk P, Siminska D, Chlubek D,
et al. The role of CXCLI16 in the pathogenesis of cancer and other diseases. Int ] Mol Sci.
(2021) 22:3490. doi: 10.3390/ijms22073490

78. Markota A, Endres S, Kobold S. Targeting interleukin-22 for cancer therapy.
Hum Vaccin Immunother. (2018) 14:2012-5. doi: 10.1080/21645515.2018.1461300

79. Gowhari Shabgah A, Abdelbasset WK, Sulaiman Rahman H, Bokov DO,
Suksatan W, Thangavelu L, et al. A comprehensive review of IL-26 to pave a new
way for a profound understanding of the pathobiology of cancer, inflammatory diseases
and infections. Immunology. (2022) 165:44-60. doi: 10.1111/imm.13424

80. Sutton CE, Mielke LA, Mills KH. IL-17-producing yd T cells and innate
lymphoid cells. Eur ] Immunol. (2012) 42(9):2221-31. doi: 10.1002/€ji.201242569

81. McGonagle DG, Mclnnes IB, Kirkham BW, Sherlock J, Moots R. The role of IL-
17A in axial spondyloarthritis and psoriatic arthritis: recent advances and controversies.
Ann Rheumatic Dis. (2019) 78:1167-78. doi: 10.1136/annrheumdis-2019-215356

frontiersin.org


https://doi.org/10.1172/JCI141797
https://doi.org/10.1007/s10142-023-01056-6
https://doi.org/10.1038/s41467-022-35583-w
https://doi.org/10.1016/j.imbio.2024.152822
https://doi.org/10.1016/j.imbio.2024.152822
https://doi.org/10.3389/fimmu.2023.1331287
https://doi.org/10.3390/cancers14061541
https://doi.org/10.1007/s11302-023-09951-0
https://doi.org/10.2147/JHC.S464806
https://doi.org/10.1016/j.it.2015.11.002
https://doi.org/10.1111/cas.16177
https://doi.org/10.1186/s12967-024-05367-5
https://doi.org/10.1038/s41419-023-06391-x
https://doi.org/10.1093/nsr/nwad094
https://doi.org/10.1038/s41419-022-04504-6
https://doi.org/10.3390/ijms18040765
https://doi.org/10.1016/j.prp.2024.155175
https://doi.org/10.3389/fonc.2020.559230
https://doi.org/10.3390/cancers13143568
https://doi.org/10.1038/s41568-021-00363-z
https://doi.org/10.1038/s41568-021-00363-z
https://doi.org/10.18632/oncotarget.27715
https://doi.org/10.18632/oncotarget.27715
https://doi.org/10.4110/in.2020.20.e6
https://doi.org/10.1038/s41419-021-03787-5
https://doi.org/10.3748/wjg.v30.i8.779
https://doi.org/10.1016/j.canlet.2022.215977
https://doi.org/10.1016/j.canlet.2022.215977
https://doi.org/10.1136/gutjnl-2022-327855
https://doi.org/10.7150/ijbs.57826
https://doi.org/10.3390/ijms22073490
https://doi.org/10.1080/21645515.2018.1461300
https://doi.org/10.1111/imm.13424
https://doi.org/10.1002/eji.201242569
https://doi.org/10.1136/annrheumdis-2019-215356
https://doi.org/10.3389/fonc.2025.1592328
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A novel Tc17 population recruited by tumor cells promotes tumor progression in gastric cancer
	Introduction
	Materials and methods
	Single-cell RNA-sequencing data process
	Description of T cell subpopulations
	Quantification of tissue enrichment analysis
	Gene sets score analysis
	Pseudotime analysis
	Deconvolution
	Identification differentially expressed genes
	Cell-cell communication analysis
	The activity of transcription factor regulon
	Survival analysis
	Copy number alteration prediction
	Immunofluorescence staining
	CCK8 assay
	Wound healing
	Transwell invasion assay

	Results
	The single-cell landscape of gastric cancer microenvironment
	CD8+ IL17A+ Tc17 cells were enriched in tumor tissues and associated with poor prognosis
	Deciphering the trajectory of Tc17 differentiation
	Tc17 cells exhibit a pattern of coexistence with tumor cells
	The CXCL16-CXCR6 axis in tumor cells and Tc17 cells: a potential driver of gastric cancer progression
	Spatial transcriptomic data confirms the proximity of tumor cells and Tc17 cells
	In Vitro validation of the critical roles of IL-17A and IL-26 in the gastric cancer microenvironment

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


