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Low CXCR6 expression drives extracellular
matrix remodeling and enhances cell
proliferation in OSCC

Oral cancer, primarily oral squamous cell carcinoma
(OSCC), is one of the most common cancer types world-
wide. The incidence of OSCC continues to rise, with
approximately 377,713 new cases and 177,757 deaths re-
ported worldwide by 2020.1 Despite advancements in
diagnosis and treatment, the 5-year survival rate for OSCC
patients has remained at 60%e67% over the last two de-
cades (SEER database: https://seer.cancer.gov/). This
consistent rise in morbidity and lack of survival improve-
ment have made OSCC a public concern.

Chemokines within the tumor microenvironment play an
important role in inflammation-associated tumor develop-
ment, invasion, and metastasis.2 Chemokine C-X-C receptor
(CXCR) 6, and its ligand, CXCL16, are co-expressed in oral
tissues, indicating a potential association with oral inflam-
mation. However, the precise role of CXCR6 in OSCC
development remains elusive. In this study, we discovered
that CXCR6 is overexpressed in OSCC and is correlated with
disease progression and unfavorable prognosis. Notably,
CXCR6 drives OSCC cell proliferation by inducing the
secretion of matrix metalloproteinase (MMP) 3 and tissue
inhibitor of metalloproteinase (TIMP) 1, actively remodel-
ing the extracellular matrix (ECM).

To investigate the role of CXCR6 in OSCC patients, we
examined The Cancer Genome Atlas-Head and Neck Squa-
mous Cell Carcinoma (TCGA-HNSC) dataset (n Z 562) from
the UCSC database (https://genome.ucsc.edu). The gene
expression data for CXCR6 (ENSG00000172215) was extrac-
ted and filtered from “Primary Tumor” sources. Data anal-
ysis revealed substantial CXCR6 overexpression (P < 0.001)
in OSCC tumor tissue compared with adjacent normal tis-
sues (Fig. 1A). Notably, elevated CXCR6 expression among
OSCC patients correlated with prolonged overall survival,
with a median overall survival of 4.9 years, compared with
3 years for those with relatively low CXCR6 expression
(hazard ratio Z 0.672, P Z 0.00387) (Fig. 1B). Further
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analysis was conducted to explore the relationship between
CXCR6 and tumor TNM stages, revealing that OSCC patients
with lower CXCR6 expression exhibited higher T stages,
reflective of larger tumor volumes and, consequently, a less
favorable prognosis (Fig. 1C). No significant correlation
between CXCR6 expression and N or M stages was observed
in OSCC patients (Fig. S1A, B).

The expression of CXCR6 in OSCC tissue and cells was
subsequently validated. Immunohistochemistry revealed
significant CXCR6 expression in tongue squamous cell carci-
noma compared with adjacent normal tissue (Fig. S1C, D). In
vitro, immunocytochemistry demonstrated predominant
CXCR6 localization on the cell membrane of OSCC cell lines
SCC9 and CAL27 (Fig. S1E, F). Western blot results further
confirmed stable CXCR6 overexpression in SCC9 and
CAL27 cell lines, which was effectively suppressed by short
hairpin RNAs (shRNAs) (Fig. S1G). Moreover, in both SCC9 and
CAL27 cell lines, the addition of an anti-CXCR6 antibody or
CXCR6 knockdown significantly increased cell proliferation
rates after a 24-h incubation, as evidenced by MTT assay
results (Fig. 1D, E). These findings aligned with the TCGA-
HNSC dataset and KaplaneMeier survival analysis, under-
scoring its clinical relevance and potential impact of CXCR6
on OSCC progression.

We further investigated the relationship between CXCR6
expression in OSCC cells and tumor progression. Gene
Ontology (GO) analysis in OSCC revealed a strong associa-
tion of CXCR6 expression with “degradation of ECM”
(P < 0.001) and “ECM-related genes” (P < 0.001) (Fig. 1F,
G). As MMPs are responsible for ECM degradation by
breaking down collagen, fibronectin, and other ECM pro-
teins, while TIMPs serve as inhibitors of MMPs to maintain
ECM integrity, we examined the secretions of MMPs and
TIMPs from OSCC cells using MMP microarray. The outcomes
revealed a significant increase in MMP3 and TIMP1 in the
shRNA group of both SCC9 (Fig. 1H) and CAL27 cell lines
(Fig. 1I) (P < 0.001). Other MMPs exhibited subtle alter-
ations or inconsistent trends between the two cell lines.
This result reflects a dynamic ECM environment where
MMP3-mediated ECM degradation may trigger a cascade of
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).
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Figure 1 Low expression of CXCR6 promotes OSCC cell proliferation through TIMP up-regulation. (A) TCGA-HNSC dataset analysis
of CXCR6 expression in OSCC tissues. The CXCR6 gene expression data extracted from 562 OSCC samples revealed significant
overexpression of CXCR6 in tumor tissues compared with adjacent normal tissues (P < 0.001). (B) The impact of CXCR6 expression
on the OS of OSCC patients. KaplaneMeier survival analysis indicated that high CXCR6 expression correlated with prolonged OS
compared with those with relatively low CXCR6 expression (4.9 years vs. 3 years, hazard ratio Z 0.672, P Z 0.00387). (C) Cor-
relation between CXCR6 expression level and tumor T stages in OSCC patients. Lower CXCR6 expression level was associated with
higher T stages, indicating poorer prognosis. (D, E) The impact of CXCR6 blockade on OSCC cell proliferation. Addition of anti-
CXCR6 or CXCR6 knockdown significantly increased cell proliferation of SCC9 (D) and CAL27 (E) cell lines as assessed by MTT assay.
(F, G) Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of the association between CXCR6
expression and cell responses. CXCR6 expression was closely associated with “degradation of ECM” (F) and “ECM-related genes” (G)
(P < 0.05). (H, I) MMP and TIMP secretion in CXCR6 shRNA groups of OSCC cells. MMP microarray analysis showed significant
elevation of MMP3 and TIMP1 secretion in the shRNA group of SCC9 (H) and CAL27 (I) cell lines (P < 0.01). (J) KEGG enrichment
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events leading to TIMP1 expression, aimed at preserving
ECM integrity. This imbalance in the ECM structure ulti-
mately leads to elevated tumor cell mobility and progres-
sion. A similar phenomenon has been reported in colorectal
cancer, where the simultaneous oversecretion of MMP3 and
TIMP1 positively correlated with tumor staging.3

Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis of genes associated with the MMP
microarray was then performed. The results suggested
significant differences in ECM-related signaling pathways,
including ECM organization, disassembly, and collagen
metabolic/catabolic processes in the shCXCR6 group
compared with the control group (Fig. 1J), implying ECM
remodeling. The impact of MMP secretion on the overall
survival and hazard ratio of OSCC patients was further
analyzed. MMP3 showed no substantial effect on survival
(PZ 0.56) (Fig. S1H, I). In contrast, TIMP1 expression status
exerted a significant influence and correlated with poorer
prognosis in OSCC patients (P Z 0.0035, hazard
ratio Z 1.50, 95% confidential interval:1.14e1.96), as
demonstrated by KaplaneMeier survival analysis (Fig. 1K).

Subsequently, the impact of exogenously administrated
TIMP1 on OSCC cell proliferation was assessed, revealing its
substantial promotional ability, as indicated in the MTT
results (Fig. 1L, M). This further confirmed the involvement
of TIMP1 in mediating ECM remodeling and OSCC progres-
sion. TIMP1 may possess additional functions beyond ECM
remolding, including inducing growth factor accumulation
in the ECM, activating tumor cell growth pathways, and
modulating immune responses via cell surface receptors,
thereby promoting cell proliferation and tumor progression.
However, the precise singling pathways and molecular
mechanisms driving this phenomenon in OSCC require in-
depth investigation.

The study then evaluated the effect of ECM remodeling
on OSCC cell division and polarization using immunostaining
(Fig. 1N, O). In the control group, both SCC9 and CAL27 cell
lines displayed polygonal and flat shapes, indicating a
densely packed structure with limited cell proliferation
ability. Conversely, the CXCR6 low-expression group in both
cell lines exhibited a filopodia-rich and lamellipodial shape
with higher polarity. These morphological changes are
closely associated with the asymmetric distribution of
cellular components and an increased capacity for cell
mobility, facilitating growth and movement within the ECM.
Remodeled ECMs can significantly impact cell spreading by
altering stiffness, cell adhesion site availability, and con-
straints for cell movement. Consequently, these alterations
influence mechanosensitivity and the ability of cells to
proliferate.4 Collectively, we hypothesize that decreased
analysis of genes associated with the MMP microarray. Genes close
involved in extracellular matrix disassembly, extracellular matrix
KaplaneMeier survival analysis of the impact of TIMP1 expression on
OSCC patients (P Z 0.0035). (L, M) Effect of exogenous TIMP1 adm
that the exogenous addition of TIMP1 significantly promoted the
immunostaining of OSCC cells upon CXCR6 blockade. SCC9 (N) and
filopodia-rich appearance when CXCR6 was suppressed using shRN
cell carcinoma; TIMP, tissue inhibitor of metalloproteinase; OS, o
loproteinase; shRNA, short hairpin RNA.
CXCR6 expression induces elevated MMP3 and TIMP1
secretion, resulting in a more dynamic ECM. This, in turn,
triggers mechanosensitive pathways leading to changes in
cell shape, mobility, adhesion, and ultimately, cell prolif-
eration, and tumor progression.

In this study, we report CXCR6 overexpression in OSCC
tissues and cells. Decreased CXCR6 expression significantly
impacts the prognosis of OSCC patients by promoting cell
proliferation, similar to the observation in hepatocellular
carcinoma.5 CXCR6 is associated with ECM remodeling via
up-regulation of MMP3 and TIMP1. This drives OSCC cells into
a more motile filopodia-rich and lamellipodial shape with
higher polarity, enhancing their proliferation capability
(Fig. S2).

CXCR6 exhibits a diverse expression pattern within
tumor tissues, influenced by complex factors and feedback
mechanisms within the tumor microenvironment. These
factors may include stimulation by pro- or anti-tumor fac-
tors and metabolites, and infiltration of CXCR6-expressing
immune cells with potential pro- or anti-tumor effects. As a
membrane receptor, CXCR6 initiates downstream signaling
pathways upon interacting with CXCL16. Disruptions in this
interaction or alterations in signaling pathways can impact
tumor cell growth and contribute to tumor progression.
Epigenetic modifications may also lead to abnormal CXCR6
gene expression and cell growth. Investigating the under-
lying mechanisms and the physical alterations of the ECM
structure resulting from the impact of CXCR6 requires
further in vitro and in vivo investigations. While the precise
mechanisms are intricate, our findings lay the groundwork
for understanding the multifaceted role of CXCR6 in OSCC
progression, offering new avenues for future research
aimed at enhancing OSCC treatment strategies.
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