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A B S T R A C T

Objectives: Crosstalk between cancer cells and carcinoma-associated fibroblasts (CAFs) is known to be involved
in various aspects of tumor biology, including during invasion. Using oral squamous cell carcinoma (OSCC) cells
as a model, we examined whether and how CAFs respond to inflammatory signals to influence cancer cell
migration and invasion.
Materials and methods: Chemokine signatures within the human HNSCC datasets from The Cancer Genome Atlas
(TCGA) were analyzed together with tissue assessment using immunohistochemical staining (IHC) and real-time
PCR. A co-culture system was used to identify reciprocal effects exerted by CAFs and cancer cells upon one
another. Recombinant CXCL1, CXCL1 neutralizing antibodies, and CXCR2 antagonist were used to confirm
CXCL1/CXCR2 axis-mediated cell behaviors.
Results: Analysis of the TCGA dataset revealed that CXCL1 is associated with poor survival, and IHC demon-
strated CXCL1 is highly expressed in OSCC stromal cells. Moreover, real-time PCR showed that in addition to
CXCL1, IL-1β and CXCR2 are also highly expressed in OSCC and IL-1β mRNA levels positively correlate with
CXCL1 expression. Furthermore, CAFs co-cultured with SAS, a poorly differentiated OSCC cell line, or stimulated
with IL-1β exhibit increased CXCL1 secretion in an NF-κB-dependent manner. Treatment of SAS cells with CAF-
conditioned medium or CXCL1 increased their invasion and migration capabilities, indicating a reciprocal ac-
tivation between CAFs and cancer cells. Moreover, CXCL-1 upregulated matrix metalloprotease-1 (MMP-1) ex-
pression and activity in CAFs.
Conclusion: The induction of IL-1β following CXCL1 stimulation of CAFs mediates cancer cell invasion, and there
is a reciprocal dependency between CAFs and cancer cells in the OSCC microenvironment.

Introduction

Local invasion and lymph node metastasis of oral squamous cell
carcinoma (OSCC) are clinical factors considered when determining
prognosis [1]. The pathology of metastasis is the invasion of cancer
cells into the underlying stroma or extracellular matrix [2]. The in-
vasive tumor front (ITF), a layer of 3–6 tumor cells or detached tumor
cell groups at the advancing edge of the OSCC, exhibits distinct

morphological and functional characteristics and is directly associated
with the aggressiveness and metastasis of OSCC [3–5]. These include
decreased expression of E-cadherin [6,7] and increased expression of
laminin-5γ2 and matrix metalloproteinases (MMPs) [8–10]. As our re-
cent histopathological findings showed, the ITF, or the tumor-host in-
terface, is intertwined with a bundle of stromal cells, such as fibroblasts,
and infiltrating immune cells, primarily T lymphocytes, with distinct
characteristics [11–13]. Crucial interactions between tumor and
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stromal cells at the ITF likely modulate tumor cell invasion [14].
Cancer pathogenesis events take place in imbalanced micro-

environments, where pathological states not only affect tumor cells, but
also stromal cells. Similar to other mucosal cancers, the OSCC micro-
environment is inflammatory and embedded with complex commu-
nities of microbiota that trigger chronic immune cell infiltration due to
the induction of inflammatory mediators like cytokines or chemokines
[15,16]. We previously demonstrated increased expression of inter-
leukin-1β (IL-1β), IL-6, and transforming growth factor (TGF)-β in
OSCC, of which are cytokines essential for induction of T helper 17
(Th17) cells and T regulatory (Treg) cells [17]. In addition to T cells,
cancer-associated fibroblasts (CAFs) are another stromal component of
importance for tumorigenesis. Resident normal fibroblasts (NFs) can be
educated and activated by tumor-derived cytokines such as TGF-β and
IL-1β to become phenotypically and functionally distinguishable from
CAFs [18–20]. In return, upregulated secretion of TGF-β, IL-6, and IL-8
from CAFs further enhances the inflammatory environment to promote
OSCC progression [20–22]. Thus, reciprocal activation between CAFs
and OSCC cells constitutes the essential basis for tumor growth, inva-
sion, and metastasis. However, how such reciprocal activation is in-
itiated and maintained remains elusive. The putative growth- and in-
vasion-promoting effects of CAFs may be mediated through either
direct heterotypic cell-cell contacts [23] or diffusible molecules in-
cluding chemokines [24]. A previous study surveyed chemokine and
chemokine receptor expression in head and neck squamous cell carci-
noma (HNSCC) and found that CXCL1 was highly expressed in the vast
majority of OSCC cell lines [25], although the specific role of CXCL1 in
OSCC remained unclear. In other cancers CXCL1 has been suggested to
be involved as a growth and anti-apoptotic factor or as a mediator of
tumor invasion [26–28]. Moreover, expression of CXCL1 was also found
to be upregulated in CAFs following co-culture with cancer cells or
stimulation with inflammatory cytokines [29–31], although the effect
of CAF-secreted CXCL1 on the aggressiveness of OSCC has not been
fully elucidated.

In the present study, we investigated the activation of CAFs by OSCC
cells, and the paracrine effect induced by CAFs in the tumor micro-
environment of human OSCC. Our results show that tumor-derived IL-
1β stimulates cancer-associated fibroblasts to produce CXCL1, which
reciprocally promotes cancer cell migration and invasion.

Materials and methods

Clinical specimens and TCGA analysis

OSCC specimens for CAF isolation were obtained from patients
undergoing surgery between 2009 and 2012 (N=32). Normal gingival
tissues for NF isolation were obtained from patients receiving routine
third molar extraction (N=10). The corresponding cancer tissue
blocks were then retrieved from the pathology department of National
Taiwan University Hospital (NTUH) for immunohistochemistry studies.
The study was approved by the Institutional Review Board at NTUH,
and a written informed consent had been obtained from patients. Data
from 499 HNSCC patients was extracted from the TCGA dataset. This
included RNA-Seq data (presented as fragments per kilobase of tran-
script per million mapped reads [FPKM]) and clinical data (survival
status, disease-free status, and tumor source site). Average CXCL1
mRNA expression (52.7FPKM) was used as the cut-off point in Kaplan-
Meir survival analysis.

Immunohistochemistry

Paraffin-embedded OSCC tissues were cut into 5-mm-thick slices.
Immunostaining was performed using the avidin-biotin-peroxidase
method. Colors were developed with diaminobenzidine (Dako) or
PolyDetector HRP Blue (Bio SB) and sections were counterstained with
Mayer’s hematoxylin. Sections were stained with antibodies using anti-

human IL-1β (bs-0812R; Bioss), anti-CXCL1 (500-P92; Peprotech), anti-
α‐smooth muscle actin (GTX100034; Genetex), and anti-CXCR2
(Ab14935; Abcam). Ab titrations and isotype control Ab staining were
used to determine optimal staining conditions.

Isolation of RNA and reverse transcription PCR (RT-PCR) analysis

Total RNA was isolated from normal tissues, tumor tissues, or cells
using NucleoZOL reagent according to the manufacturer’s instructions
(Macherey-Nagel). Extracted RNA was converted into cDNA using
Superscript IV (Invitrogen) and random hexamers. PCR was performed
at 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s, for a total of 24 cycles
in the presence of GAPDH and MMP-1 primers (5′-AAGCGTGTGACAG
TAAGCTA-3′ and 5′-AACCGGACTTCATCTCTG-3′).

Quantitative real-time PCR

RNA extraction and reverse transcription were performed as de-
scribed above. The quantitative real-time PCR was performed in a Bio-
Rad CFX Connect™ Real-Time PCR Detection System machine in the
presence of GAPDH, IL-1β, CXCL1, CXCR2, and COX-2 primers
(Genomics). Target gene transcription levels were measured and nor-
malized to GAPDH expression. The following primer sequences were
used: GAPDH, 5′-GAAGGTGAAGGTCGGAGTC-3′ and 5′-GAAGATGGT
GATGGGATTTC-3′; IL-1β, 5′-TCAGCCAATCTTCATTGCTCAA-3′ and
5′-TGGCGAGCTCAGGTACTTCTG-3′; CXCL1, 5′-AACCGAAGTCATAGC
CACAC-3′ and 5′-GTTGGATTTGTCACTGTTCAGC-3′; CXCR2, 5′-ATCT
ATGCCCTGGTATTCCTG-3′ and 5′-GGTAACGGTCCACACTGATG-3′;
COX-2, 5′-TTCAAATGAGATTGTGGGAAAATTGCT-3′ and 5′-AGATCAT
CTCTGCCTGAGTATCTT-3′.

Cancer cell line and fibroblast culture

SAS, established from a patient with poorly differentiated tongue
cancer, was obtained from the Japanese Collection of Research
Bioresources (JCRB) Cell Bank. The cell line was authenticated and
characterized by the supplier and sent for STR matching analysis by
Mission Biotech (Taipei, Taiwan). Cells were cultured in Dulbecco’s
Modified Eagle’s Medium (HyClone) with 10% heat-inactivated fetal
bovine serum (Biological Industries) at 37 °C and 5% CO2. To isolate the
stromal cells from tissues, the specimen was minced and semi-purified
by Percoll (Sigma) gradient. NFs or CAFs were then cultured from the
stromal layer and used in experiments within 10 passages. NFs or CAFs
were cultured at 3×105 cells/well in 6-well plates and starved in 1%
FBS DMEM for 24 h to collect the conditioned medium [32] and defined
as NF-CM or CAF-CM.

CAF activation and cytokine analysis

CAFs or NFs were treated with or without 5 ng/ml IL-1β in the
presence or absence of 10 or 25 μM anti-oxidant Pyrrolidine dithio-
carbamate (PDTC), IL-1β neutralizing antibody (1:100 dilution), IL-1
receptor antagonist (10 μM), COX inhibitors Indomethacin (2 μM),
Aspirin (500 μM), or Prostaglandin E2 (500 μM) for 6 h. The culture
supernatant was collected to analyze CXCL1 level by ELISA (R&D
Systems) and the cells were harvested for gene analysis by real-time
PCR.

Transwell co-cultures of CAF and OSCC cells

For the transwell non-contact co-culture system, CAFs or NFs were
plated into six-well culture plates, and SAS cells were seeded onto
Transwell® permeable inserts (Costar, 24-mm diameter, 0.4-µm pores)
placed on top of a six-well plate. The next day, media were replaced
with fresh serum-free media and the SAS inserts were moved onto the
six-well plate where NFs or CAFs were seeded. After 24 h of co-culture,
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the media were collected and defined as NF(co)-CM and CAF(co)-CM
for further use in invasion assays and ELISA. The attached cells were
also harvested for RT-PCR analysis.

Migration and invasion assays

Transwell® (Costar, 6.5-mm diameter, 8-µm pores) were used to
evaluate the migration or invasion capacities of OSCC cells in vitro. For
cell migration, 1× 105 SAS cells in 300 µl of serum-free media were
seeded into the upper chamber. Conditioned media from NFs or CAFs
(chemoattractant) were added to the lower chamber, and the plates
were incubated for 16 h at 37 °C in 5% CO2. For cell invasion, the
transwell inserts were coated with growth factor-reduced Matrigel
(Corning). The cells that did not penetrate were removed from the top
of the filters by wiping with a Q-tip. The cells that penetrated were fixed
with 4% paraformaldehyde, stained with 0.5% crystal violet (Sigma),
and photographed with an inverted microscope (40× and 100×
magnification). The surface areas of penetrated cells were assessed in

five randomized high power fields under a microscope and areas were
calculated using ImageJ software, and were considered to represent the
migration or invasion activity.

Wound healing assay

Cell mobility under CXCL1 stimulation was assessed by an in vitro
wound healing assay. 80 μl of 4× 105/ml cells were seeded into a 2-
well silicone insert (Ibidi, Germany) with a defined 400 μm cell-free
gap, and cultured for overnight. The silicone inserts were removed and
washed twice with phosphate-buffered saline (PBS). The cells were then
treated with NF-CM or CAF-CM with or without CXCL1 (Peprotech; 5,
10, 50, 100 ng/ml), IL-8 neutralizing antibodies (R&D; 1, 10 μg/ml),
CXCL1 neutralizing antibodies (R&D; 2, 10 μg/ml), or CXCR2 antago-
nist SB 225002 (Merck; 50, 500, 1000 nM). Images of the wounds were
taken in the beginning and at 5 h after culture and measured using
ImageJ software to calculate the mean and standard deviation. Cell
migration was expressed as the wound recovery ratio: (original gap
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Fig. 1. IL-1β, CXCL1, and CXCR2 are expressed in OSCC tissues. (A) Overall survival (OS) and progression-free survival (PFS) of 350 patients with high CXCL1
expression and 141 with low expression. Results were determined to be statistically significant by log-rank test (P < 0.05). Average expression was used as the cut-
off point. (B) Representative images of IL-1β, CXCL1, and CXCR2 staining in OSCC tissues. A scale bar and the magnification are shown in each figure. Colocalization
of α-smooth muscle actin (grey blue) and CXCL1 (brown). Arrow: cells with CXCL1 staining only, arrow head: colocalized cells. Percentage of positive cases for each
antibody is shown. (C) Expression of IL-1β and CXCL1, but not CXCR2 (C, P= 0.075), mRNAs were significantly upregulated in OSCC tissues compared to normal
gingival tissues (P < 0.05). (D) Positive correlation of IL-1β mRNA and CXCL1 mRNA expression in OSCC cancer (n=30) (p < 0.01; Spearman rho 0.4599).
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width - new width)/original gap width.

Western blotting

Cells were washed twice with PBS and dissolved in lysis buffer
(Promega) supplemented with protease inhibitor cocktail (Sigma).
Approximately 30 µg of protein was denatured and electrophoresed in
10% SDS-PAGE followed by transfer to PVDF membranes, which were
then incubated with anti-MMP-1 antibody (Genetex; 1:1000) diluted in
5% BSA/TBST overnight at 4 °C. HRP-conjugated secondary antibodies
(Genetex) were diluted 1:10,000 in 5% BSA/TBST and incubated for 2 h
at room temperature. Blots were developed using chemiluminescent
substrate kit (T-Pro), and analyzed with a Bio-Rad Gel Doc/Chemi Doc
Imaging System and Image Lab software. Results of multiple assays
were quantified by digitizing the data and normalizing the pixel density
of the examined protein against the GAPDH-specific pixel density.

Statistical analysis

All data are presented as the mean ± SEM from at least three in-
dependent experiments, unless specifically noted. Statistical analysis
was performed using one-way analysis and the Student's t-test using
Graphpad Prism 6 software (GraphPad Software). Differences with
P values < 0.05 were considered statistically significant.

Results

CXCL1 is expressed in OSCC tissues and is associated with patient survival

To test our hypothesis that tumor-secreted IL-1β recruits and acti-
vates CAFs to produce CXCL1, we examined the expression of IL-1β,
CXCL1, and CXCR2 by immunohistochemical (IHC) staining. We pre-
viously demonstrated that the mRNA levels of pro-inflammatory cyto-
kines are upregulated in OSCC tissues [17], including IL-1β, which
regulates fibroblast activation [33,34] and stimulates production of
CXCL1 in the tumor microenvironment [35]. Analysis of the TCGA
dataset revealed that of the chemokines highly expressed in HNSCC,
CXCL1 alone was associated with poor survival (Fig. 1A; Supplementary
Fig. 1). As shown in Fig. 1B, IL-1β was highly expressed at the tumor
site, and CXCL1 was detected at 33% of tumor sites and in 100% of the
stromal or infiltrating cells in OSCC tissues. Correspondingly, the
CXCL1 receptor, CXCR2, was found to be expressed in 80% of tumor
cells and 80% of stromal cells. Hematoxylin and eosin staining of OSCC
tissues is shown in Supplementary Fig. 2. To identify the CXCL1 ex-
pressing cells in the stroma, we also examined CAFs by costaining for
CXCL1 and α‐SMA. The colocalization of CXCL1 (brown color) and
α‐SMA (grey blue color) indicated that a majority of stromal cells ex-
pressing CXCL1 are CAFs (Fig. 1B, lower right inset, cells with arrow-
head). These data suggested that in OSCC tissues IL-1β is highly
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Fig. 2. SAS-conditioned medium and IL-1β enhance CXCL1 production in both normal and cancer-associated fibroblasts. (A) CXCL1 mRNA expression was sig-
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expressed in both tumor and stromal cells, while CXCL1 is mainly ex-
pressed in stroma cells including CAFs. Further, both tumor and stromal
cells showed positive staining of CXCR2, indicating their potential to
respond to CXCL1 stimulation.

Expression of CXCL1 mRNA is upregulated in OSCC tissue and positively
correlates with IL-1β expression

To investigate the biological role of IL-1β and CXCL1 in OSCC, their
expression in OSCC tissues and normal gingival tissues was examined
by quantitative real-time PCR. As represented in Fig. 1C, both IL-1β and
CXCL1 were significantly upregulated in OSCC tissues compared with
normal tissues (P < 0.05). Together with the IHC results (Fig. 1B) this
suggests that CAFs are the major producers of CXCL1. Consistent with
this assumption, there was a positive correlation between IL-1β and
CXCL1 mRNA levels in OSCC (Spearman’s rho=0.4599, P < 0.01)
(Fig. 1D). Data from The Cancer Genome Atlas (TCGA) was also con-
sistent with our findings (Supplementary Fig. 3, Spearman’s rho= 0.52,
P < 0.01). These data support our hypothesis that tumor-secreted IL-
1β mediates the recruitment and activation of CAFs, which produce
CXCL1.

Tumor-derived IL-1β enhances CXCL1 production in CAFs

We next isolated and cultured normal fibroblasts (NFs) from gingiva
tissues and CAFs from OSCC tissues to characterize their differences.
CXCL1 mRNA levels were higher in CAFs compared with the resting
NFs (Fig. 2A). While CXCL1 levels in the culture supernatant of NFs and
CAFs varied by individual, CAFs were prone to produce high amounts
of CXCL1 (Fig. 2B). In addition, immunofluorescence revealed higher
expression of CXCL1, α‐SMA, vimentin, and prolyl-4-hydroxylase
(Supplementary Fig. 4) in CAFs than in NFs, suggesting that CAFs were
more active than NFs. To examine whether cancer cells affect the ac-
tivity of fibroblasts, we co-cultured isolated NFs and CAFs with SAS
cells and found that CXCL1 secretion was significantly increased from
both NFs and CAFs (Fig. 2C, P < 0.05) following stimulation with SAS.
Because CAFs constitutively express the IL-1 receptor (Supplementary
Fig. 5), IL-1β might be the key mediator modulating CXCL1 production.
Thus, we treated isolated CAFs with recombinant IL-1β to mimic the
tumor microenvironment. Interestingly, CXCL1, CXCR2, and COX-2
were significantly upregulated in CAFs treated with IL-1β (Fig. 2D,
P < 0.05), indicating that IL-1β and prostaglandin signaling might
mediate CXCL1 production in CAFs. Therefore, we further treated CAFs
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with the IL-1β neutralizing antibody, IL-1 receptor antagonist, NFκB
inhibitor (PDTC), or COX inhibitors including aspirin and indomethacin
and measured their CXCL1 secretion. As presented in Fig. 2E, secretion
of CXCL1 in CAFs was significantly elevated upon stimulation with IL-
1β (P < 0.001), and could be reduced by IL-1β neutralizing antibody
(P < 0.05) and IL-1 receptor antagonist (P < 0.001). Also, PDTC de-
creased CXCL1 secretion in a dose-dependent manner (P < 0.05). COX
inhibitors, aspirin, and indomethacin exhibited no effects on IL-1β-in-
duced CXCL1 in CAFs. Consistent with our findings, the proangiogenic
regulator PGE2, thought to be an inducer of CXCL1 production in col-
orectal cancer [36], had no effect on CXCL1 production in CAFs isolated
from OSCC tissues. These results demonstrate that tumor-derived IL-1β
may activate CAFs to produce CXCL1 in the tumor microenvironment in
an NFκB, but not prostaglandin, -dependent manner.

Tumor-enhanced CXCL1 secretion from CAFs reciprocally stimulates tumor
cell invasion

As mentioned in Fig. 2C, secretion of CXCL1 was elevated in both
NFs and CAFs co-cultured with SAS. Therefore, we co-cultured NFs or
CAFs with SAS cells and collected their conditioned medium (defined as
NF(co)-CM and CAF(co)-CM, which differed from the pure NF-CM and
CAF-CM). Using the stromal–epithelial co-culture strategy, SAS cells
were seeded into the upper chamber and conditioned medium from
stimulated/unstimulated NFs or CAFs was applied to the lower cham-
ber. This assay demonstrated that the invasive ability of SAS increased
significantly following incubation with CAF-CM, compared to medium
only and NF-CM (Fig. 3A and B, P < 0.05). Moreover, the invasion-
promoting effect of NF(co)-CM was greater than that of NF-CM, in-
dicating the reciprocal activation of tumor and stromal cells. Thus, SAS
promoted CXCL1 secretion by fibroblasts, and in return, fibroblasts
augmented SAS cell invasion. As demonstrated in Fig. 3C and D, the
invasion-promoting effect of CAF-CM could be diminished by either
CXCL1 neutralizing antibody or the CXCR2 antagonist SB 225002,
confirming the importance of CXCL1 in tumor invasion.

Targeting CXCL1 suppresses CAF-augmented cancer cell migration

CAF-CM also promotes SAS cell migration, as demonstrated in a
transwell assay without Matrigel coating (Fig. 4A and B). To determine
whether CXCL1 could mediate crosstalk between tumor cells and CAFs
in the OSCC microenvironment and further regulate the phenotype of
tumor cells, recombinant CXCL1 was added to wound healing migration
assays. Addition of CXCL1 resulted in a dose-dependent increase in cell
migration of SAS cells (Fig. 4C and D). To confirm that CXCL1 acts
through binding to CXCR2, SB 225002, the first non-peptide antagonist
of CXCR2, was used for blocking. As shown in Fig. 4E, SB 225002 sig-
nificantly inhibited the induction of SAS cell migration by CXCL1. Si-
milarly, conditioned medium from CAFs also increased cell migration,
an effect that decreased in a dose-dependent manner following treat-
ment with SB 225002 (Fig. 4F). To test whether IL-8, another ligand of
CXCR2, regulates cell migration, anti-IL-8 (1, 10 μg/ml), anti-CXCL1 (2,
10 μg/ml), and combination antibodies were added to CAF-CM. Anti-
CXCL1 antibodies significantly reduced the induction of migration by
CAF-CM (Fig. 4G, P < 0.05), while anti-IL-8 and combination anti-
bodies did not affect cell migration. These findings indicate that CXCL1
is a key factor in CAF-CM contributing to OSCC cell migration.

CXCL1-induced MMP-1 gene expression in SAS and CAFs

Matrix metalloproteases (MMPs), important factors involved in the
degradation of extracellular matrix leading to tumor metastasis, are
upregulated in fibroblasts co-cultured with OSCC cells [37] and in-
crease tumor progression in an orthotopic mouse model [38]. Following
CXCL1 or SAS-CM stimulation, MMP-1 was significantly induced in
CAFs and SAS at both the mRNA and protein levels (Fig. 5A and B).

Further, addition of the CXCR2 antagonist SB 225002 to CXCL1 or SAS-
CM treated CAFs resulted in a decrease of MMP1 levels (Fig. 5C). These
results indicate that MMP-1 might be the downstream effector of
CXCL1/CXCR2-mediated invasion in the OSCC microenvironment. A
schematic representation of this study is shown in Fig. 5D.

Discussion

CAFs have been reported to contribute to a tumor-permissive in-
flammatory environment, and display tumor‐promoting and prometa-
static properties including production of angiogenic factors and MMPs
[39]. Although the crosstalk and interactions between stromal and
cancer cells have been extensively studied, the complete picture re-
mains obscure, especially in OSCC. OSCC induces an inflammatory
microenvironment comprised of cytokines, chemokines, and antitumor
immune responses that may not only modulate cancer progression, but
also affect invasiveness and metastasis [40,41]. Therefore, the mole-
cular mechanisms underlying the effects of stromal cells, like CAFs, on
aggressiveness in OSCC needed to be determined in order to improve
treatment strategies.

As illustrated above, cytokines and chemokines exert strong activity
in tumor cells and in the crosstalk between tumor cells and their host
microenvironment. In previous studies, the recruitment of stromal cells
was found to be regulated by tumor cell-derived molecules [42]. We
hypothesized that IL-1β signaling from OSCC cells mediated the in-
duction/recruitment of CAFs. To this end, we found that IL-1β is ex-
pressed in tumor cells and significantly increases CXCL1 production by
CAFs in a paracrine manner. Similarly, Lee et al reported that IL-1β
induces CXCL1 production, which in turn activates EGFR through
CXCR2 causing an autocrine proliferative response of oral premalignant
cells [35]. We also found positive CXCL1 staining on tumor cells from
several OSCC patients. This is similar to studies of bladder cancer,
where elevated CXCL1 expression with enhanced recruitment of CAFs
was observed [43]. It has been well established that the cancer-secreted
CXCL1 promotes tumor progression and mediates angiogenesis [36,44].
Recently it was shown that tumor cell–secreted CXCL1 promoted lung
cancer growth via recruitment of neutrophils into the tumor in vivo [45]
and CXCL1 recruited CXCR2-positive myeloid-derived suppressor cells
(MDSCs) to form a premetastatic niche that ultimately promoted liver
metastases [44]. Also, silencing expression of CXCL1 resulted in de-
creased proliferation and migration of gastric cancer cells and induce
apoptosis [46].

In our study, the chemokine CXCL1 and its receptor, CXCR2, were
highly expressed in CAFs compared with NFs. Moreover, the NFs co-
cultured with cancer cells could release high concentrations of CXCL1.
These findings are supported by a previous study of OSCC that revealed
CXCL1 is derived from NFs following exposure to OSCC cells, and in-
duces senescence of CAFs via an autocrine loop [47]. Further, the ex-
periments with conditioned medium and artificially enriched medium,
in which purified CXCL‐1 was added, demonstrate that CXCL1 is able to
affect the migration and invasion status of OSCC cells. Supporting this
concept, the biological activity of these cells was blocked by mono-
clonal antibodies against CXCL1 and its receptor as well as receptor
antagonists. In addition, CAFs-secreted CXCL1 contributes to radio-
resistance in esophageal squamous cell carcinoma [48], indicating that
CXCL1 may not only be a target for regulation of cell invasion but also
to overcome cancer radioresistance.

In summary, IL-1β secreted by primary tumor cells stimulates
cancer-associated fibroblasts to produce CXCL1, which promotes cancer
cell migration and invasion by directly targeting cancer cells through
the CXCR2 receptor, both on cancer cells and CAFs, resulting in pro-
duction of MMP1 in the tumor microenvironment. These findings not
only shed light on how primary tumor-derived cytokines drive activa-
tion of CAFs, but also provide insight into how CAFs contribute to
cancer migration and invasion.
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Fig. 4. CXCL1 promotes oral cancer cell migration. (A) The effect of CAF-conditioned medium on SAS migration in a transwell assay without Matrigel coating and (B)
the mean number of migrating cells under each condition. (C) Effects of CXCL1 on cell migration as determined by wound-healing assay. SAS cells were seeded in an
Ibidi culture insert placed on top of a 6-well plate. Cell migration toward the gap area was photographed 5 h after changing to culture medium containing different
doses of CXCL1. (D) Quantitative results of the migration assay. (E) The CXCR2 antagonist, SB 225002, inhibited CXCL1-induced cancer cell migration in a dose-
dependent manner. (F) Cancer cell migration was accelerated by incubation with conditioned medium from CAFs and this effect was inhibited by SB 225002. (G)
Neutralization of CXCL1 suppresses the CAF-augmented migration ability of SAS cells. The migration results are represented as a wound recovery ratio (0–1). Each
experiment was carried out in duplicate.
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