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CXCL16 promotes proliferation of head and neck squamous cell
carcinoma by regulating GPX1-mediated antioxidant levels
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Abstract: Numerous studies have demonstrated that the high expression of CXC motif chemokine ligand 16 (CXCL16) in cancer
correlates with poor prognosis, as well as tumor cell proliferation, migration, and invasion. While CXCL16 can serve as a tumor
biomarker, the underlying mechanism in modulating head and neck squamous cell carcinoma (HNSCC) remains unclear. In this
study, the aimed was to investigate the CXCL16 expression in HNSCC and to uncover the potential underlying mechanism.
Hereby, we determined the high expression of CXCL16 in The Cancer Genome Atlas (TCGA) database, as well as in tissue
samples from patients with HNSCC at our central hospital and from HNSCC cell lines. The results showed that CXCL16 knockdown
inhibited the proliferation, migration, and invasion of HNSCC cells. Mechanistically, transcriptome sequencing revealed that
CXCL16 may affect HNSCC cell growth by regulating the antioxidant pathway of glutathione peroxidase 1 (GPX1). The reactive
oxygen species (ROS) levels were elevated in small interfering CXCL16 (si-CXCL16) cells, which may contribute to the inhibition
of cell proliferation, migration, and invasion. Moreover, treatment of cells with the GPX1 inhibitor eldecalcitol (ED-71) revealed
that HNSCC cell growth was significantly inhibited in the synergistic group of si-CXCL16 and GPX1 inhibitor compared to the
si-CXCL16 group. In conclusion, CXCL16 contributed to the development of HNSCC cells by modulating the GPX1-mediated
antioxidant pathway. Thus, targeting cellular CXCL16 expression seems to be a promising strategy for treating HNSCC.

Key words: Antioxidant pathway; CXC motif chemokine ligand 16 (CXCL16); Glutathione peroxidase 1 (GPX1); Head and neck
squamous cell carcinoma (HNSCC)

1 Introduction aerodigestive tract, including the nasal cavity, naso-
pharynx, larynx, hypopharynx, and oropharynx, is
Head and neck squamous cell carcinoma (HNSCC), — ranked sixth among cancer-related deaths worldwide,
originating from the squamous mucosa of the upper ~ With over 350 000 new cases and 170 000 deaths re-
ported annually (Fan et al., 2011; Bray et al., 2018;
, Siegel et al., 2020). While diagnosis and multimodal
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programmed cell death protein 1 (PD-1), programmed
death-ligand 1 (PD-L1), and cytotoxic T-lymphocyte
antigen 4 (CTLA-4), either alone or combined with
radiotherapy or chemotherapy, are being investigated
in clinical trials, as are novel approaches based on cyto-
kines or overt T-cell therapy (Mei Z et al., 2020; Moreira
etal., 2021; Hsieh et al., 2022). Although these immuno-
therapies have demonstrated significant benefits in
some patients with advanced HNSCC, because of tumor
heterogeneity, the effect of immunosuppressants re-
mains inferior compared to the initial expectations.
This is evidenced by limited objective remission
rate, with fewer than 20% of patients experiencing
clinical benefit and the most facing poor prognosis
(Siu et al., 2019; Saddawi-Konefka et al., 2022).
Therefore, there is an urgent need for effective bio-
markers to predict the progression of HNSCC, thus
enabling accurate and efficient disease status assess-
ment to improve prognosis and reduce mortality rates.
Chemokines, a group of factors with chemotactic
properties, control the migration and localization of
immune cells, playing an essential role in the move-
ment of all immune cells (Griffith et al., 2014). CXC
motif chemokine ligand 16 (CXCL16) is a CXC-soluble
chemokine with its gene located on chromosome 17p13,
a separate locus distinct from other known chemokines
(Matloubian et al., 2000; Izquierdo et al., 2014). CXCL16
factors function in two primary forms: membrane-
bound molecules and soluble chemokines (Abel et al.,
2004). It has been found that soluble CXCL16 can
activate the expression of transmembrane CXCL16
through homodimerization and enhance proliferation
and anti-apoptotsis of tumor cells by the phosphoryla-
tion of intracellular kinases (Hattermann et al., 2016).
Among the chemokine receptors, the specific
receptor for CXCL16 is CXC chemokine receptor 6
(CXCRO), which is potentially involved in metabolic
disorders, inflammatory responses, and T-cell migration
and recruitment in vivo through the CXCR6-CXCL16
signaling axis (Matloubian et al., 2000; Collado et al.,
2018; Karaki et al., 2021). Therefore, many research-
ers have investigated the role of this signaling axis in
cancer. It was shown to have an intimate relationship
with tumor progression and poor prognosis, as CXCL16
promoted the growth, migration, and invasive ability of
microglioma, thyroid, lung and gastric cancer cells,
as well as epithelial-mesenchymal transition (EMT)
pathway transformation (Hu et al., 2014; Cho et al.,
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2016; Lepore et al., 2018; Han et al., 2021). Several
studies have reported that high CXCL16 expression in
tumors contributes to tumor growth and invasion in the
microenvironment by polarizing macrophages toward
M2 and increasing angiogenesis (Kim et al., 2019).
Additionally, in pancreatic ductal adenocarcinoma, dele-
tion of growth inhibitory somatostatin receptor sub-
type 2 (SST2) expression activates phosphoinosit-
ide 3-kinase (PI3K), leading to activation of nuclear
factor-kB (NF-kB) and Kirsten rat sarcoma viral onco-
gene homolog (KRAS) signaling, increased CXCL16
expression, and pancreatic tumor formation (Chalabi-
Dchar et al., 2015). Although the molecular mechanism
of tumor cell metastasis promotion needs to be explored
further, it has been recognized that CXCL16 plays a
crucial role in the onset and progression of cancer.

Glutathione peroxidase 1 (GPX1) is an essential
antioxidant enzyme in cells, capable of oxidizing glu-
tathione (GSH) to its disulfide form and maintaining
cellular redox balance by regulating intracellular reac-
tive oxygen species (ROS) levels (Zhao et al., 2022).
It has been found that HNSCC patients with a higher
oxidative stress glutathione disulfide (GSSG)/GSH
ratio have a higher risk of local tumor recurrence rate
after treatment (Dequanter et al., 2017). Therefore, study-
ing the mechanism related to oxidative stress in HNSCC
cells can provide a basis for enriching the prognosis of
HNSCC patients. Eldecalcitol (ED-71), a novel active
vitamin D analogue with anti-osteoporotic properties,
could inhibit GPX1 expression and suppress oral cancer
progression (Liu et al., 2022; Lu et al., 2023). However,
chemokines associated with GPX1 in HNSCC have
been rarely reported.

In our study, knockdown of CXCLI6 expression
in HNSCC cells significantly downregulated the expres-
sion level of GPX1 and inhibited the antioxidant cap-
acity of HNSCC cells, thereby suppressing their prolifer-
ation and metastatic ability. Our study provides an im-
portant basis for the stylization of CXCL16 as a candi-
date molecule in the diagnosis or treatment of HNSCC.

2 Materials and methods
2.1 Patients and follow-up

The selected cohort comprised 11 patients with
oral squamous cell carcinoma who underwent surgery
between 2022 and 2023. A total of 559 patients with
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HNSCC were included in The Cancer Genome Atlas
(TCGA) database.

2.2 Immunohistochemical assay

After fixation, dehydration, wax dipping, and par-
affin embedding, the tissues were cut into 3-pum-thick
sections and adhered to slides. Endogenous peroxides
and non-specific proteins were blocked with 3% (vol-
ume fraction) hydrogen peroxide. Tissue sections were
treated with primary antibodies CXCL16 (Bio-Techne,
#AF976, USA) and CXCR6 (Abcepta, #AP73581,
Suzhou, China) at 4 °C overnight. The next day, sections
were washed three times and stained with secondary
antibodies for 30 min at room temperature. Subse-
quently, the tissue sections were stained with diamino-
benzidine for 3 min and nuclei were counterstained
with hematoxylin for 1 min at room temperature. The
CXCLI16 staining scoring criteria were as follows:
intensity of staining, 0—no detectable staining, 1-light
yellow, 2-medium yellow, or 3—deep yellow; percentage
of staining, 1 (<10%), 2 (10%—50%), 3 (50%—-80%),
or 4 (=80%).

2.3 Cell culture and transfection

HACAT cells were purchased from the National
Infrastructure of Cell Line Resource (Shanghai, China)
and cultured in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% (volume fraction) fetal bo-
vine serum (FBS; KEL Biotechnology, #KC001-01,
USA) and 1% (volume fraction) penicillin/streptomycin
(Cienry, #CR-15140, Huzhou, China). SCC9 and SCC25
cells were obtained from Procell Life Science & Tech-
nology Co., Ltd. (Wuhan, China) and cultured in DMEM/
F12 supplemented with 10% FBS, 1% penicillin/strep-
tomycin, and 400 ng/mL hydrocortisone (complete
growth medium provided by Procell). All cell lines were
cultured at 37 °C in a humidified incubator containing
5% CO, and tested for mycoplasma contamination.
Small interfering RNA (siRNA) was transfected using
Lipo3000 (Invitrogen, USA) at a concentration of
100 nmol/L following the manufacturer’s instructions,
and cell function assays were performed 24 h after
transfection. The sequences of the siRNAs are listed
in Table S1.

2.4 CCK-8 assay

HNSCC cells (2x10° cells/well) transfected with
small interfering CXCL16 (si-CXCL16) were cultured

in 96-well plates and cell viability was detected at 0, 1,
2, 3, and 4 d. The cell counting kit-8 (CCK-8; Vazyme
Biotech Co., Ltd., Nanjing, China) consisted of 90 pL
of culture medium and 10 pL of CCK-8 reagent. The
mixture was kept at 37 °C with 5% CO, for 2 h, fol-
lowed by incubation with a Synergy LX multi-mode
reader (BioTek Instruments, USA) to measure the opti-
cal density at 450 nm (OD,,).

In the GPX1 inhibitor assay, different groups
of HNSCC cells (2x10° cells/well) transfected with
si-CXCL16 were cultured in 96-well plates and treated
with 2 umol/L ED-71 for 0, 24, 48, 72, and 96 h. Sub-
sequent experiments were performed as previously
described and the OD,, values were assayed.

2.5 Clone formation

Si-CXCL16 cells (SCC9 and SCC25) were inocu-
lated in 12-well plates at 2000 cells/well and cultured at
37 °C for one week. The colony cells retained in the
plates were fixed with 4% (volume fraction) methanol
for 20 min and then stained with 0.5% (5 g/L) crystal
violet, followed by the analysis of results.

In the GPX1 inhibitor assay, si-CXCL16 cells
(SCC9 and SCC25) were inoculated in 6-well plates at
5000 cells/well, treated with 2 pmol/L ED-71 and cul-
tured at 37 °C for one week, followed by the analysis of
results.

2.6 Cell migration and invasion

Cell migration assays were performed using a
modified Boyden chamber (Corning, #3422, USA). A
total of 5x10° cells were suspended in 200 pL of serum-
free DMEM/F12 and inoculated onto polycarbonate
filters for migration assays, with each lower chamber
filled with 600 pL of 10% FBS-DMEM/F12. For the
invasion assay, matrix gel was diluted in serum-free
DMEM/F12 at a volume ratio of 1:6, and then the for-
mulated matrix gel was wrapped around the upper
chamber membrane and incubated at 37 °C for 3 h.
To assess the invasive ability of HNSCC, 1x10° cells
in 200 pL of serum-free DMEM were placed into the
upper chamber of wells coated with reconstituted
matrix gel, while 600 pL of 10% FBS-DMEM/F12 was
placed in the lower chamber. After 24 h of incubation,
the cells that migrated or invaded the lower chamber
were fixed with 1 mL of 4% (volume fraction) formal-
dehyde for 20 min and stained with 0.5% crystal violet
for 30 min. Unmigrated cells in the upper chamber were



removed and the chamber was washed with phosphate-
buffered saline (PBS). Each well was randomly photo-
graphed using an EVOS M7000 Smart Imaging System
(magnification, 20x; Thermo Fisher Scientific, USA)
with at least three fields of view per well.

In the GPX1 inhibitor assay, si-CXCL16 cells
(SCC9 and SCC25) were inoculated in 6-well plates at
1.5%10° wells/well and cultured for 24 h with 2 umol/L
ED-71. Subsequently, the inhibitor-pretreated cells
were inoculated at 5x 10" cells/well in the upper cham-
ber, and 600 pL of 10% FBS-DMEM/F12 was placed
in the lower chamber. The cells were incubated, fol-
lowed by formaldehyde fixation, crystal violet stain-
ing, and photographing.

2.7 Western blot

HNSCC cells from different groups were harvested
using western blotting and immunoprecipitation (IP)
lysis buffer (#P0013, Beyotime Institute of Biotech-
nology, China) supplemented with protease and phos-
phatase inhibitors, and then lysed on ice for 10 min.
The total protein concentration was determined using
a bicinchoninic acid (BCA) protein assay kit (Thermo
Fisher Scientific). The protein samples were separated
using sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) precast Tris-Gly gels (4%—
20% (1%=0.01 g/mL), #36270ES10, Yeasen Biotech-
nology, China) and then transferred to polyvinylidene
fluoride (PVDF) membranes. The membranes were first
incubated with 5% (volume fraction) milk (Beijing
Sola Biotechnology Co., Ltd., China) for 1 h at room
temperature, and then overnight at 4 °C with the follow-
ing primary antibodies: anti-B-tublin (1:1000 (volume
ratio, the same below); #AC030, ABclonal, China),
anti-CXCL16 (1:1000; #60123-1-Ig, Proteintech, China),
anti-N-cadherin (1:1000; #22018-1-AP, Proteintech),
anti-E-cadherin (1:1000; #20874-1-AP, Proteintech),
anti-NFE2L2 (1:1000; #80593-1-RR, Proteintech),
anti-GPX1 (1:1000; #A6-C0-B9-R, Huabio, China),
and anti-glyceraldehyde-3-phosphate dehydrogenase
(anti-GAPDH; 1:1000; #60004-1-Ig, Proteintech). The
membranes were washed three times and incubated
with goat anti-rabbit immunoglobulin G (IgG) (1:3000;
#A0208, Beyotime) or anti-mouse IgG (1:3000; #A0216,
Beyotime) for 2 h at room temperature, and then
analyzed using an FDbioDura ECL kit (FDbio Sci-
ence, #FD8020, China) with a ChemiDoc-MP imager
(Bio-Rad, USA).
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2.8 RT-qPCR

Total cellular RNA was extracted using the TRIzol
reagent (TaKaRa, Beijing, China) and its concentra-
tion was measured using a NanoDrop spectrophotom-
eter (Thermo Fisher Scientific). The complementary
DNA (cDNA) was obtained using the Evo M-MLV RT
Premix Kit for reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) (#AG11706, Accu-
rate Biotechnology (Hunan) Co., Ltd., China) with the
reverse transcription performed at 37 °C for 15 min and
at 85 °C for 5 s. A qPCR assay was performed using the
Premix Pro Taq HS qPCR Kit (ROX Plus) (#AG11718,
Accurate Biotechnology (Hunan) Co., Ltd.) with re-
agents provided in a protocol, yielding a total volume
of 10 puL. The thermal cycling conditions were 95 °C
for 1 min, followed by 40 cycles at 95 °C for 5 s and
60 °C for 30 s. Relative gene expression was determined
by the 27*“ method using B-actin as an internal refer-
ence (Livak and Schmittgen, 2001), and the primers
are listed in Table S2.

2.9 Measurement of intracellular ROS levels

Different groups of HNSCC cells (ED-71 final
concentration of 10 pmol/L, DMEM/F12 without FBS)
were incubated with 2,7-dichloro-hydroxyfluorescein
diacetate (DCFH-DA; #T15458, TargetMol, USA) for
30 min at 37 °C in a dark environment and subse-
quently washed twice with DMEM/F12 without FBS.
Photographs were taken randomly in the dark with at
least three fields of view per well using the EVOS
M7000 Smart Imaging System (magnification, 20x;
Thermo Fisher Scientific).

2.10 Transcriptome gene analysis

SCC9 cells were cultured to achieve 70% conflu-
ency in 10-cm dishes and transfected with siRNA and
Lipo3000 (Invitrogen) at a working concentration of
100 nmol/L. Cells were collected after 48 h and ana-
lyzed using RNA-sequencing (Lianchuan Biotech Co.,
Ltd., Hangzhou, China).

2.11 ELISA

The concentration of CXCL16 in the culture
medium of HACAT, SCC9, and SCC25 cells was ana-
lyzed using the Human CXCL16 enzyme-linked im-
munosorbent assay (ELISA) Kit (#MM-2133H1, Jiangsu
Meimian Industrial Co., Ltd., China). All assays were
performed according to the manufacturer’s protocol.
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2.12 Statistical analysis

Experimental data were presented as mean+stan-
dard error of the mean (SEM). Overall survival (OS)
was estimated using the Kaplan-Meier method. Differ-
ences between two groups were compared by the #-test.
All experiments were performed with at least three
replicates. Differences were considered significant when
P<0.05. Statistical analyses were performed using
GraphPad Prism 8 statistical software (GraphPad Soft-
ware, USA).

3 Results

3.1 Overexpressed CXCL16 in HNSCC tissues and
cell lines

In order to investigate the role of CXCL16 in
tumor development in patients with HNSCC, the dif-
ferences between HNSCC carcinoma and paracancer
were analyzed using the TCGA database. The data-
base was classified into a CXCL16 high-expression
group (n=515) and low-expression group (#=44) accord-
ing to the median level of CXCL16 in patients with
HNSCC. The results revealed a significantly higher
CXCLI16 level in cancer tissues compared to adjacent
normal tissues (Fig. 1a; P<0.01). To assess the diag-
nostic significance of high CXCL16 expression in
patients with HNSCC, we conducted receiver operat-
ing characteristic (ROC) curve analysis and found that
CXCL16 could statistically differentiate HNSCC tis-
sues from normal tissues, with an area under the curve
(AUC) 0f 0.6015 (95% confidence interval (CI): 0.5094—
0.6937; P<0.05) (Fig. 1b). Subsequently, we evaluated
the clinicopathological relationship between CXCL16
expression levels and HNSCC based on the primary
tumor T-stage and the overall tumor stage. Each group
was evaluated by comparing the two groups with the
normal group. The findings demonstrated a positive
correlation between high CXCL16 expression and
advanced HNSCC tumor stage (Figs. 1c and 1d). The
differential expression of CXCL16 did not differ sig-
nificantly in terms of gender, distant metastasis, lymph
node metastasis, or OS curves (Figs. Sla—1Sd). Next,
we analyzed the relationship between the expression of
CXCL16 and its clinical relevance in HNSCC tumors
in the TCGA database, and found that high expression
of CXCL16 in cancer tissues was correlated with age

and lymphovascular invasion (Table S3). To verify
CXCL16 expression in tissue cancer versus paracan-
cer in patients with HNSCC, we randomly selected a
paracancer case from the cut margin tissue of one
patient with a negative pathology report, as well as
eleven patients with HNSCC, all of whom underwent
immunohistochemical staining for CXCL16. We found
that CXCL16 expression was significantly upregulated
in patients with HNSCC compared to normal tissues
(Fig. 1e). In addition, we assessed CXCL16 expression
in normal epidermal HACAT cell lines and HNSCC
cell lines through qPCR and western blotting, confirm-
ing its positive expression in cancer cells (Figs. 1f and
1g). We analyzed the release of soluble CXCL16 in
HACAT, SCC9, and SCC25 cell lines by ELISA and
revealed that the expression trend of the HNSCC cell
lines was slightly higher than that of the normal epi-
thelial HACAT cell line (Fig. Sle). In addition, the
receptor CXCR6 for CXCL16 was found to be highly
expressed in HNSCC cell lines and tumor patient tis-
sues by qPCR and immunohistochemistry (Figs. S1f
and S1g).

3.2 Inhibition of proliferation, migration, and
invasion in HNSCC cells by knockdown of CXCL16

In order to investigate the role of CXCL16 in
HNSCC, we selected SCC9 and SCC25 cells with high
CXCL16 expression as target cells and transfected
them with si-CXCL16 to knock down the expression of
CXCL16. The gPCR and western blotting results dem-
onstrated that the knockdown efficiency of CXCLI6
was as expected (Figs. 2a and 2b). Furthermore, we
compared the si-CXCL16 groups with the negative con-
trol (NC) group and analyzed the difference. CXCL16
knockdown significantly affected the proliferation and
clone formation of HNSCC cells (Figs. 2¢ and 2d). In
addition, transwell experiments showed that migra-
tion and invasion were significantly inhibited in the
CXCL16 knockdown group compared with the NC
group (Figs. 2e and 2f). Next, we continued to explore
the effect of CXCL16 on the EMT process in SCC9
and SCC25 cells by western blotting experiments, and
found that the knockdown of CXCL16 inhibited EMT
pathway transformation in SCC9 and SCC25 cell lines,
the expression level of N-cadherin, a protein related to
the EMT pathway, was reduced, and the expression
level of E-cadherin was elevated (Fig. 2g).
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Fig. 1 Overexpressed CXCL16 in the tissues and cells of HNSCC patients. (a) Difference in mRNA expression levels of
CXCL16 between tumor tissues and adjacent normal tissues from the TCGA database. (b) The ROC curves showed that
CXCL16 could effectively distinguish tumor tissue from adjacent normal tissues with an AUC of 0.6015. (¢) Comparison
of CXCL16 expression levels in normal tissues with different T staging of tumor tissues from the TCGA database.
(d) Comparison of CXCL16 expression levels in normal tissues with different stages of tumor tissues from the TCGA
database. (¢) Immunohistochemical results of CXCL16 in tumor tissues and adjacent normal tissues of patients with
HNSCC from our central hospital. (f) CXCL16 protein levels in normal epidermal cell line (HACAT) and HNSCC cell
lines (SCC9 and SCC25). (g) Expression levels of CXCL16 mRNA in normal epidermal cell line (HACAT) and HNSCC
cell lines (SCC9 and SCC25). The data were expressed as mean+SEM, n=3. " P<0.05, ” P<0.01, " P<0.001, vs. normal
group. ns: no significance; CXCL16: CXC motif chemokine ligand 16; HNSCC: head and neck squamous cell carcinoma;
mRNA: messenger RNA; TCGA: The Cancer Genome Atlas; ROC: receiver operating characteristic; AUC: area under
curve; SEM: standard error of mean.
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Fig. 2 Effects of CXCL16 on the proliferation, migration, and invasion of HNSCC cells. (a) mRNA level of CXCL16
after its knockdown in HNSCC cell lines. (b) Protein level expression after CXCI16 knockdown in HNSCC cell lines.
(c) Cell proliferation results (CCKS8) of the NC group compared to si-CXCL16 groups. (d) Results of clone formation and
quantification of SCC9 and SCC25 cell lines. (¢) SCC9 and SCC2S5 cell migration and invasion results. (f) Quantification
graphs of SCC9 and SCC2S5 cell migration and invasion. (g) Changes in EMT markers (E-cadherin and N-cadherin) in
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SCC9 and SCC25 cells after CXCL16 knockdown. The data were expressed as mean+SEM, n=3. " P<0.01, " P<0.001,
P<0.0001, vs. NC. CXCL16: CXC motif chemokine ligand 16; HNSCC: head and neck squamous cell carcinoma;

mRNA: messenger RNA; CCKS: cell counting kit-8; NC: negative control; si-CXCL16: small interfering CXCL16;
S1: si-CXCL16-1; S2: si-CXCL16-2; OD,,: optical density at 450 nm; GAPDH: glyceraldehyde-3-phosphate dehydrogenase;
EMT: epithelial-mesenchymal transition; SEM: standard error of mean.



3.3 Promotion of HNSCC cell viability by CXCL16
through ROS action in the antioxidant pathway

In order to further explore the potential molecular
mechanisms of CXCL16, we conducted RNA transcrip-
tomic analysis of CXCL16 in HNSCC cells (Fig. 3a).
The Gene Ontology (GO) pathway enrichment results
showed a significant difference in antioxidant activ-
ity between the si-CXCL16 and NC groups (Fig. 3b).
The analysis of differentially expressed genes revealed
that urokinase-type plasminogen activator (PLAU),
AXL receptor tyrosine kinase (4XL), CXCL16, pro-
cessing of precursor 7 (POP?7), intercellular adhe-
sion molecule-1 (/CAM1), GPXI, ephrin receptor A2
(EPHA?2), growth arrest-specific 6 (GAS6), integrin B4
(ITGB4), and borosilicate glass (BSG), associated with
migratory invasion outcomes, were significantly down-
regulated in the si-CXCL16 group (Figs. 3¢-3e). Accord-
ing to the results for protein—protein interaction (PPI)
networks, GPXI acts as a downstream hub gene of
CXCL16 in regulating the migration and invasion of
HNSCC cells (Fig. 3f).

To validate the results of transcriptome analysis,
we compared the RNA levels of the si-CXCL16 groups
with the NC group. The results showed significant
downregulations of PLAU, AXL, CXCLI6, POP7,
1ICAM1, GPX1, EPHA2, GAS6, ITGB4, and BSG in the
si-CXCL16 groups, consistent with the transcriptome
results (Fig. 4a). In addition, we randomly selected four
unregulated genes from the transcriptome results and
they were as expected based on qPCR (Fig. S2). Certain
studies have confirmed that the antioxidant-related
genes nuclear factor, erythroid 2-like 2 (Nfe2l2), super-
oxide dismutase 1 (SODI), SOD2, glutathione reduc-
tase (GSR), nicotinamide adenine dinucleotide phos-
phate (NADPH) quinone oxidoreductase 1 (NQOI),
glutathione synthetase (GSS), and glutamate-cysteine
ligase modifier subunit (GCLM) play key roles in in-
flammatory responses and cancer development (Becker
and Juvik, 2016; Mei XY et al., 2020; Wu et al., 2021;
Tsai et al., 2022; Kassab et al., 2023). Our study also
revealed that the mRNA levels of Nfe2/2, SODI,
SOD2, GSR, NQOI, GSS, and GCLM were signifi-
cantly downregulated in the si-CXCL16 groups com-
pared to the NC group (Figs. 4b and 4c). Western blot-
ting experiments unveiled that the expression levels
of GPX1 and NFE2L2 proteins were also downregu-
lated in SCC9 and SCC25 cells (Figs. 4d). Further-
more, the trend of ROS upregulation was similar in
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SCC9 and SCC25 cell lines after CXCL16 knockdown
(Figs. 4e and 4f).

3.4 Promotion of HNSCC cell growth by CXCL16-
GPX1 signaling way

In order to further verify that CXCL16 regulates
HNSCC cell viability through GPX1, we used ED-71,
a GPX1 inhibitor, combined with si-CXCL16-treated
HNSCC cells. We compared the ED-71 and si-CXCL16
combination group with the si-CXCL16 alone group, and
found that the combination of ED-71 and si-CXCL16
significantly inhibited the proliferation of SCC9 and
SCC25 cells (Fig. 5a). In cell migration assays, it was
also indicated that ED-71 combined with si-CXCL16
inhibited the migratory ability of HNSCC cell lines
relative to the si-CXCL16 alone group (Figs. 5b and
5¢). And through western blotting experiments, it was
found that the combination of ED-71 and si-CXCL16
inhibited the transformation of EMT pathway in SCC9
and SCC25 cell lines, the expression level of EMT
pathway-related protein N-cadherin decreased, and the
expression level of E-cadherin increased (Fig. 5d).
The clone formation results showed that the inhibition
of GPXI significantly suppressed cell clone formation
(Figs. Se, S3a, and S3b). We next verified the changes
in mRNA levels of antioxidant genes in the ED-71 and
si-CXCL16 combination group versus the si-CXCL16
alone group. NOO! and GSR levels were significantly
downregulated, and the levels of Nfe2l2 and GSS
showed a downward trend (Fig. 5f). In addition, the
ED-71 and si-CXCL16 combination group showed a
similar trend towards the upregulation of ROS levels,
indicating that knockdown of the expression of CXCL/6
inhibited the growth of HNSCC cells through the
GPX1 signaling axis (Figs. 5g and 5h).

4 Discussion

HNSCC is a major malignant tumor characterized
by high recurrence and metastasis rates. Therefore, iden-
tifying effective prognostic biomarkers and therapeutic
targets for patients with HNSCC is of high urgency.
Many clinical predictors of HNSCC are slowly com-
ing into public view, and some researchers have deve-
loped bioinformatics tools for screening and evaluating
prognostic biomarkers in HNSCC cohorts (Zhang et al.,
2022). In addition to immune checkpoint inhibitor
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treatment, other novel biomarker molecules have also
been reported to be potential therapeutic targets, such
as nuclear factor erythroid 2-related factor 2 (NRF2) and
glycogen phosphorylase (PYGL), which are related to
cellular metabolism (Tang et al., 2021; Guan et al.,
2023). Although recent studies have shown significant
progress in the genomic and immunotherapeutic aspects
of HNSCC, few molecules can be applied in clinical
practice (Gao et al., 2022; Ruffin et al., 2023). Conse-
quently, surgery and radiotherapy remain the primary
treatment options for HNSCC. In particular, the treat-
ment of advanced HNSCC in the course of clinical treat-
ment has been associated with a high rate of resistance,
which frequently leads to recurrence and poor thera-
peutic effects in HNSCC (Jiang et al., 2022). As under-
stood, chemokines play an important role as media-
tors of intercellular communication, as they can recruit
immune cells to generate an immune response, regu-
late tumor cells” migration and invasion, and influence
tumor development (Liu et al., 2020; Khan et al., 2022).
Among these, CXCL16 plays a vital role in angiogen-
esis, the tumor immune microenvironment, and the pro-
motion of tumor cells’ proliferation, migration, inva-
sion, metastasis, and EMT transformations (Korbecki
et al., 2021). CXCL16 was found to cause kidney
damage and cardiovascular disease; elevated CXCL16
levels promoted the development of prostate cancer
(Izquierdo et al., 2014; Richardsen et al., 2015). More-
over, it has been found that the CXCL16-CXCR®6 sign-
aling axis induces the migration and invasion of colorec-
tal cancer and osteosarcoma cells, and promotes the
transformation of the EMT pathway. Osteosarcoma
predominantly arises from activation of CXCR®6 via
the protein kinase B (AKT) pathway (Matsushita et al.,
2012; Ma et al., 2017). However, the biological func-
tion and molecular mechanism of CXCL16 in HNSCC
are still unclear.

Our study established that the expression of
CXCL16 was upregulated in HNSCC patients through
TCGA database analysis (Fig. 1a). We also observed
that high expression of CXCL16 was positively corre-
lated with tumor T3 and T4 stages (Fig. 1c). ROC curve
analysis revealed that high CXCL16 expression effec-
tively distinguished HNSCC from individuals without
malignancy (Fig. 1b). To validate the veracity of the
cancer database, we examined CXCL16 expression in
patient tissues and HNSCC cell lines, yielding results
that consistently align with the database predictions

J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2025 26(1):92-106 | 103

(Figs. le—1g). Subsequently, we investigated the role
of CXCL16 in HNSCC cells and utilized siRNA to
knock down CXCL16 expression in these cells. The
knockdown of CXCLI6 inhibited the migration and
invasion of HNSCC cells (Fig. 2), indicating that
CXCL16 may be a promising candidate target mole-
cule for HNSCC patients.

Further transcriptome analysis indicated that the
cellular antioxidant pathway was altered, and the
antioxidant-related gene GPX/ was downregulated
(Fig. 3d). According to previous reports, GPX1 inter-
acts with superoxide dismutase and catalase to form an
enzymatic antioxidant system that reduces ROS and
limits their toxicity. It can be involved in tumor biology
through various pathways such as cell proliferation,
apoptosis, invasion, and immune response (Zhao et al.,
2022; Pei et al., 2023). Upregulation of GPX1 expres-
sion has been demonstrated to correlate with a poor
prognosis in glioblastoma, and both cellular GPX1 and
exosomal GPX1 have been identified as critical for
controlling hydrogen peroxide homeostasis and attenu-
ating oxidative stress in hypoxic glioblastoma (Lei et al.,
2023). In hepatocellular carcinoma, reduced selenium-
binding protein 1 promotes hepatocellular carcinoma
invasion by enhancing GPX1 activity and decreas-
ing hypoxia-inducible factor-1a (HIF-10) expression
(Huang et al., 2012). Herein, we used ED-71 (GPX1
inhibitor) in combination with si-CXCL16 to treat
HNSCC cells and verify the effect of CXCL16 on the
viability of HNSCC cells via GPX1 (Fig. 5). ROS
accumulation causes DNA damage, genetic instability,
metabolic adaptation, drug resistance, and cell death
(Moloney and Cotter, 2018). According to our experi-
mental results, knockdown of CXCLI6 expression
affected the increase in ROS levels in HNSCC cells
by regulating the level of GPX1, resulting in a dimin-
ished ability of cells to undergo proliferation, migra-
tion, and invasion.

5 Conclusions

In summary, our results indicate that CXCL16 is
highly expressed in the HNSCC tissues and is associ-
ated with a poor prognosis. In terms of the underlying
mechanism, elevated CXCL16 expression promotes the
migration and invasion ability of HNSCC cells by regu-
lating the level of antioxidant gene GPX! (Fig. 6). Our
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study provides a new direction for treating HNSCC
and highlights the potential value of CXCL16 as a new
diagnostic target for HNSCC.
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