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Cancer-associated fibroblasts promote the migration and invasion
of gastric cancer cells via activating IL-17a/JAK2/STATS3 signaling
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Background: Cancer-associated fibroblasts (CAFs), as the activated stroma cells, contribute to tumor
progression via the release of cytokines, growth factors, and hormones. However, neither the factors
produced by CAFs nor the molecular mechanisms were illuminated very well in gastric cancer (GC).
Methods: Immunohistochemical staining of alpha-smooth muscle actin (a-SMA) was applied to examine
the number of CAFs in GC samples from 227 patients. ELISA and qRT-PCR were performed to detect
the expression of interleukin 17a (IL-17a). The migration and invasion of GC cells were determined by the
Transwell assay. The expressions of JAK2, STAT3, MMP-2, MMP-9, TIMP-1, and TIMP-2 were measured
by western blotting. IL-17a was blocked with a polyclonal antibody, and JAK2/STAT?3 signaling pathway was
blocked by a specific inhibitor AG490.

Results: High CAFs in GC tissues were positively correlated with advanced TNM stage and perineural
invasion. Furthermore, GC patients with high CAFs in tumor tissues had an obvious worse disease-free
survival (DFS) and disease-special survival (DSS). Multivariate analysis showed that high CAFs in GC
tissues were an independent risk factor for DFS and DSS. CAFs expressed IL-17a significantly after GC
cell co-culture. CAFs markedly enhanced the migration and invasion abilities of AGS and SGC-7901 cells.
Moreover, CAFs co-culture resulted in increased levels of MMP2/9, reduced expressions of TIMP1/2,
and activation of the JAK2/STAT3 signaling pathway in the GC cells. IL-17a neutralizing antibody or
JAK?2 inhibitor AG490 can significantly inhibit the effects of CAFs on the migration, invasion, MMP2/9,
TIMP1/2, and JAK2/STAT3 pathways of GC cells.

Conclusions: CAFs correlated with unfavorable clinical features and poor prognosis of GC patients. CAFs
secreted IL-17a, which promoted the migration and invasion of GC cells through activating JAK2/STAT?3

signaling. These results may identify IL.-17a as a promising prognostic marker and therapeutic target of GC.
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Introduction

Gastric cancer (GC) is the fifth most common malignant
tumor and the third leading cause of cancer-related death
all over the world (1). Currently, surgery with lymph
node dissection is still the primary treatment for GC, and
postoperative adjuvant chemotherapies are recommended
for stage II or III. However, the 5-year overall survival rate
of GC patients is less than 30% (2). Although after radical
resection, about 35-70% of patients have distant metastasis
or local and systemic recurrence within 5 years (3). Various
adjuvant chemotherapy regimens have been designed and
tested in the past few decades to reduce postoperative
recurrence (4). The fluoropyrimidine-based chemotherapy is
the cornerstone of chemotherapy for patients with advanced
GC, and with capecitabine and platinum regimen, the overall
survival of patients with locally advanced GC is prolonged (5).
Also, patients with tumor recurrence or metastasis receiving
chemotherapy combined with targeted therapy may have a
better prognosis (6). However, nearly 50% of GC patients do
not respond to the chemotherapy, and disease stabilization
or partial response to the treatment are acquired by a few
patients (6). Therefore, it is necessary to explore a prognostic
tool that can identify a subgroup of patients with a higher risk
of relapse and metastasis and afford tailor-made reasonable
future treatments for these patients.

The tumor stroma includes extracellular matrix (ECM),
fibroblasts, immune cells, and microvasculature. Tumor
microenvironment (TME) is mainly regulated by a variety
of stroma and tumor cells and has been considered to be
involved in facilitating the tumorigenesis, proliferation,
migration, invasion, and angiogenesis of tumors (7,8).
As the main component of TME, fibroblasts from the
supportive stroma with other cells, such as inflammatory
cells and mesenchymal stem cells (9). They can be identified
by specific biomarkers, including a-smooth muscle actin
(a-SMA), fibroblast activation protein (FAP), fibroblast
specific protein 1 (FSP1), and platelet-derived growth factor
receptor (PDGFR) (10). More and more studies confirm that
activated fibroblasts play a crucial role in the carcinogenesis
of various solid cancers (11-13). Activated fibroblasts
associated with carcinoma cells are known as carcinoma-
associated fibroblasts (CAFs). According to reports, isolated
human prostate CAFs can promote tumor growth in mice
(14,15). CAFs may contribute to promote the progression
of cancer (10). When co-injected with non-invasive
cancer cells, CAFs can increase their aggressiveness (16).
Further studies on the effects of CAFs on human breast
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cancer have shown that CAFs promote tumor growth and
angiogenesis by secreting interstitial cell-derived factor-1
(SDF-1) (17). Matrix metalloproteinase (MMP) from
the CAFs can regulate the motility of tumors and affect
multiple signaling pathways of tumors (18). However,
the specific activation mechanism of CAFs has not been
elucidated very well.

CAFs alter the microenvironment by directly interacting
with cancer cells and regulating paracrine signaling via
inflammatory cytokines, control the immune response to
neoplasia, deposit diverse ECM components, stimulate
angiogenesis, and provide a scaffold for tumor metastasis
and invasion (19,20). In inflammation and autoimmune
diseases, neutrophils are the source of IL-17a (21). As an
immune-inflammatory mediator, IL-17a can take part
in all kinds of biological activities. Widely present in
the inflammatory microenvironment of various tumors,
including GC, IL-17a is involved in enhancing the invasion
and migration of tumor cells, chemotherapy resistance, and
immunosuppression, eventually leading to tumor invasion
and metastasis (22,23). Clinical research has found that
the increase in the number of IL-17a-producing cells is an
independent biomarker for poor prognosis (24). IL-17a
acts by binding to IL-17R0, a common cytokine receptor,
leading the activation of the Janus kinases (JAKs) family of
tyrosine kinases and the signal transduction and activating
agent of transcription (STAT) family, especially STAT?3 (25).
The activation of the IL-17a-JAK2-STAT3 signaling
pathway plays an essential role in the development of
various tumors (25,26). A few studies have found that both
STAT3 and phosphorylated STAT?3 increased expression
levels in intestinal-type GC compared to adjacent healthy
gastric tissues (27).

Additionally, phosphorylated STAT3 had a positive
correlation with lymph node metastasis, poorly differentiated
adenocarcinoma, and adverse prognosis (28). Nevertheless,
the effects of CAFs and IL-17a in GC have not been well
illuminated. Hence, the purpose of this study was to clarify
how CAFs can accelerate migration and invasion of GC
cells, and the correlation between CAFs and activation
of the IL-17a/JAK2/STAT3 signaling pathway in the
progression of GC cells.

Through the research, we found that CAFs were a
source of IL-17a in GC. CAFs-derived IL-17a enhanced
the migration and invasion of GC cells by activating the
JAK2/STAT3 signaling pathway while using a neutralizing
antibody of IL-17a or suppression of JAK2/STAT3
signaling pathway with AG490 dramatically repressed these
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phenotypes of GC cells induced by CAFs. All these results
hint that inhibition of IL-17a or its downstream effectors
may be an effective therapeutic strategy against GC by
exerting its effect on interstitial CAFs.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4843).

Methods
Study population

"Two hundred and twenty-seven GC patients who underwent
surgical resection at the Department of General Surgery of
The Affiliated Cancer Hospital of Zhengzhou University
from 2010 to 2012 were enrolled. In the present study, all
subjects were patients with gastric adenocarcinoma, and
none received neoadjuvant chemotherapy. Patients with
cardiopulmonary insufficiency, autoimmune diseases, or
multiple primary tumors were excluded from this study.
GC tissues were formalin fixed and paraffin-embedded.
We extracted medical data and follow-up information
related to GC patients from our prospective database.
The size of the tumor is determined based on the longest
diameter of the sample. The tumor stage is determined
according to the eighth edition of the AJCC TNM staging
classification for carcinoma of the stomach. Lauren’s
classification includes intestinal type, diffuse type, and
mixed type. The histological grade was classified as G1, G2,
G3 adenocarcinoma, mucinous adenocarcinoma, and signet
ring cell carcinoma. The H&E-stained slides were used
to diagnose the lymphovascular invasion and perineural
invasion. Disease-free survival (DFS) and disease-specific
survival (DSS) were defined as previously described (23).
Patients who died for causes unrelated to the disease were
excluded from this study during the recent follow-up.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The research protocol was
reviewed and approved by the institutional review board of
The Affiliated Cancer Hospital of Zhengzhou University
and obtained informed consent from all patients.

Immunostaining

Immunohistochemical staining was carried out by the
avidin-biotin-peroxidase complex method. In short,
formalin-fixed, paraffin-embedded surgically resected
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tumor tissue samples were cut into 4-pm sections. The
sections were heated at 95 °C for 20 minutes and dewaxed.
Deparaffinated in xylene and received gradient elution in
ethanol. Then the slides were incubated in 3% H,0, to
block the endogenous peroxidase activity. Antigen retrieval
was autoclaved for 2 min in citrate buffer (pH 6.0). Primary
antibodies against a-SMA (1:400 dilution, 555723, BD) or
IL-17a (1:200 dilution, ARG55256, Arigo) were dripped
to the slides, incubated at 4 °C overnight, and Envision-
plus detection system was applied with anti-mouse polymer
(dilution 1:500, ab205719, Abcam) or anti-rabbit polymer
(dilution 1:500, ab6721, Abcam) at 37 °C for 30 minutes.
Each slide was reacted with a 3-3'-diaminobenzidine
reagent solution for 2 minutes and counterstained with
hematoxylin for 20 seconds. In all assays, we included
negative control slides with the primary antibodies omitted.

For immunofluorescence analysis, fresh frozen sections
of GC tissues were fixed with acetone. After blocked
with normal nonimmune goat serum for 30 min, tissue
sections were incubated with a-SMA and ILL.-17a, and
were stained with appropriate Alexa Fluor 555-conjugated
anti-mouse IgG and Alexa Fluor 488-conjugated anti-
rabbit IgG (Molecular Probes, Carlsbad, CA). Negative
control staining was performed by omission of the primary
antibody.

Tumor cell lines

GC cell lines (GES-1, AGS, and SGC7901) were obtained
from Shanghai Institutes for Biological Sciences (Chinese
Academy of Sciences, Shanghai, China) and were cultured
as previously described (23).

CAFs isolation and culture

CAFs were isolated from fresh GC tissues. The GC tissues
were washed with PBS with 100 U/mL penicillin and 100
U/mL streptomycin and cut into small pieces. Tenfold
volume of 0.1% type II collagenase (GIBCO, Carlsbad,
California, USA) was added to the fragments. Digestion
was performed at 37 °C for 2 h and resuspended with
pipette every 20 minutes. After stewing, the supernatant
was collected and mixed with DMEM holding 10% FBS to
stop the digesting process. The sediment was re-digested as
earlier until clear cell clusters were observed. All collected
supernatants were filtered through a 200-mesh cell filter
and centrifuged at 300 g for 5 min. Cells were grafted in
a 6-well plate and incubated at 37 °C under 5% CO, with
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saturated humidity.

Quantitative real-time PCR (QRT-PCR)

Total RNA was isolated by Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
operating steps. RNA was reverse transcribed into cDNA
using oligo-dT primers and SuperScript II reverse
transcriptase (Promega, Madison, WI, US). cDNA was
used for later qRT-PCR using the FAST SYBR Green
Master Kit (Applied Biosystems, Foster City, CA, USA).
Each reaction was performed on the Mastercycler
PCR machine (Eppendorf, Hamburg, Germany). The
relative expression level of the gene of interest was
normalized to the housekeeping gene GAPDH. Data
were analyzed using the comparative Ct method. The
specificity of resulting PCR products was confirmed by
melting curves. The primers used in this assay were: IL-
17a: 5'-CGGTCCAGTTGCCTTCTCCC-3" (upper)
and 5'-GAGTGGCTGTCTGTGTGGGG-3' (lower);
GAPDH: 5'-GGACCTGACCTGCCGTCTAG-3' (upper)
and 5'-GTAGCCCAGGATGCCCTTGA-3' (lower).

Enzyme-linked immunosorbent assay (ELISA)

According to the manufacturer’s instruction book, the
protein productions of IL-17a in plasma and tissue
lysates were measured by an ELISA kit (R&D Systems,
Minneapolis, MN, USA).

Transwell assay

Cell migration and invasion assays were measured by using
8 ym Transwell Chambers (Corning Life Science, MA,
USA). The cells were incubated in serum-free medium for
12 h, then added to the upper chamber, and 5x10* CAFs in
500 pL. RPMI-1640 holding 10% FBS were added to the
lower chamber. After 48 hours, non-migrating cells were
removed with cotton-tipped swabs, and cells that migrated
to the bottom of the membranes were stained with 0.1%
crystal violet for 30 min. The stained cells were observed
and counted under a 100x microscope.

Western blot analysis

The total proteins in CAFs and GC cells were lysed with
RIPA cell lysis buffer in the presence of protease inhibitor
(Sigma, USA) and phosphatase inhibitor cocktail (Sigma,
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USA). The protein concentration was determined with
a BCA Protein Assay Kit (Beyotime, Shanghai, China).
Proteins were separated by 10% SDS-PAGE and then
transferred to polyvinylidene difluoride (PVDF) membranes
(Millipore, MA, USA). After blocked by skim milk, the
membranes were incubated in the primary antibodies
diluted by PBST buffer overnight at 4 °C and then in the
HRP-conjugated secondary antibody for 2 h at room
temperature. Finally, a Tanon detection system captured
the protein band images with ECL reagent (Thermo). The
primary antibodies used in the experiments were anti-f-
actin, anti-MMP2, anti-MMP9, anti-TIMP1, anti-TIMP2,
p-JAK2, JAK2, p-STAT3, and STAT3 antibodies were
bought from Santa Cruz Biotechnology (Santa Cruz, CA,
USA).

Statistical analysis

SPSS 19.0 software (Version 19.0, Chicago, IL, USA) and
Graphpad Prism 5.0 were used for all statistical analyses.
Results were expressed as mean = SD. Analyses of variance
and Pearson chi-square tests were used to assess any
associations between variables. Kaplan-Meier survival
curves and Cox proportion analysis were used for survival
analysis. The level of significance allowing multivariate
analysis inclusion and the statistical significance for all other
tests used was set at P<0.05.

Results

CAFs is associated with unfavorable clinical features of GC
patients

In this study, 227 cases of GC patients were enrolled. The
clinicopathological features of GC patients were shown in
Table 1. The median DFS and DSS of GC patients were
20.8 and 36.5 months, respectively. One hundred thirty-
one patients (57.7%) had a postoperative recurrence,
and 122 cases (53.7%) died of GC at the final follow-up.
The median follow-up duration was 36.7 months (range,
3.2-99.5 months), and the average age of GC patients was
62.0 years (range, 31.0-98.0 years). 125 of 203 GC patients
received postoperative adjuvant chemotherapy, and the
average number of harvested lymph nodes after surgical
resection was 33.1 (range, 10.0-63.0). CAFs in GC tissues
were detected using IHC staining of a-SMA (Figure 1), and
the number of CAFs in GC tissues was 64.7+3.5. Then, GC
patients were divided into low or high CAFs group according
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Table 1 The correlation between cancer-associated fibroblasts and

clinical characteristics of gastric cancer patients

Cancer-associated fibroblasts

Characteristics P
Low (n=116) High (n=111)
Gender 0.958
Male 78 75
Female 38 36
Age (years) 0.209
<70 102 91
>70 14 20
ASA score 0.727
| 29 24
Il 80 78
1] 7 9
BMI (kg/m?’) 21.433+3.437  21.796+3.263 0.301
Tumor location 0.667
Upper third 34 37
Middle third 36 36
Lower third 46 38
Tumor size (cm) 0.281
<5 79 68
>5 37 43
TNM stage 0.001
| 30 11
Il 36 25
1l 37 60
\% 13 15
Lauren classification 0.106
Intestinal 90 72
Diffuse 12 18
Mixed 14 21
Tumor differentiation 0.898
G1/G2 48 45
G3/signet ring 68 66

cell/mucinous

Table 1 (continued)
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Table 1 (continued)
Cancer-associated fibroblasts
Characteristics P
Low (n=116) High (n=111)
Lymphovascular invasion 0.216
No 87 75
Yes 29 36
Perineural invasion 0.014
No 66 45
Yes 50 66
5-Fu® 0.956
Yes 62 63
No 39 39

?, fluoropyrimidine-based adjuvant chemotherapy, mostly
including capecitabine plus platinum, capecitabine alone,
or S1 (combined tegafur, gimeracil, and oteracil), in patients
at advanced stage or early stage tumors with lymph node
metastasis in this retrospective study. ASA, The American
Society of Anesthesiologists; BMI, body mass index.

to the cutoff value, which was defined as the mean value of
the cohort of patients evaluated. The correlation between
the number of CAFs and clinical features of GC patients
was determined. As shown in Table 1, the number of CAFs
in GC tissues was significantly associated with TNM stage
(P=0.001) and perineural invasion (P=0.014).

CAFs correlate with poor prognosis of GC

Next, the relationship between the number of CAFs and
survival of GC patients was analyzed. Log-rank test showed
that GC patients with high CAFs in tumor tissues had
significant shorter DFS and DSS compared to those with
low CAFs (P<0.001, respectively, Figure 2). Moreover,
univariate analysis showed that age (P=0.001), tumor
location (P=0.002), tumor size (P<0.001), TNM stage
(P<0.001), Lauren classification (P=0.033), the number
of CAFs (P<0.001) and postoperative chemotherapy
(P=0.005) were significantly associated with DFS
(Table 2). In addition, age (P=0.001), tumor location
(P=0.013), tumor size (P<0.001), TNM stage (P<0.001),
Lauren classification (P=0.009), lymphovascular invasion
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Representative IHC staining showed GC tissues with low CAFs; (B) representative IHC staining showed GC tissues with high CAFs. Scale
bar: 50 pm. CAFs, cancer-associated fibroblasts; GC, gastric cancer.
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Figure 2 The prognostic significance of CAFs in GC. GC patients with high CAFs in tumor tissues had more reduced disease-free survival
(DFS) and disease-specific survival (DSS). CAFs, cancer-associated fibroblasts; GC, gastric cancer.

(P=0.032), perineural invasion (P=0.039), the number
of CAFs (P<0.001) and postoperative chemotherapy
(P=0.006) were significantly correlated with DSS (Table 3).
Interestingly, multivariate analysis proved that the number
of CAFs was an independent risk factor for both DFS and
DSS in GC (P=0.033 and 0.013, respectively, Tables 2,3).

IL-17a protein is expressed by CAFs in GC

CAFs, the group of cancer cell-activated fibroblasts,
contribute to the initiation and progression of GC via
secreting chemokines and cytokines (29). Previous studies
have revealed that IL-17a is secreted by lymphocytes
and neutrophils in GC (23,30). However, whether CAFs
are the source of IL-17a in GC is unclear. According
to immunofluorescence staining, we found that both

a-SMA and IL-17a were expressed in CAFs in peri-
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tumoral and intra-tumoral areas (Figure 34). Subsequently,
ELISA was performed to determine the level of IL-17a
in the supernatant of cells. The levels of IL-17a in the
supernatant of GES-1, AGS, and SGC7901 cells were
55.6£5.3, 154.5£4.3, and 131.2+11.5 pg/mL, respectively
(Figure 3B). The level of IL-17a in the supernatant of CAFs
(267.3+35.2 pg/mL) was prominently higher than that in
GC cells (P<0.05, Figure 3B). Furthermore, the levels of IL-
17a in the supernatant of CAFs co-cultured with AGS and
SGC7901 (690.6+55.8 and 645.3+47.6 pg/mL, respectively)
were significantly higher than that in CAFs (P<0.05,
Figure 3B). In addition, qRT-PCR results also showed that
the expression level of IL-17a mRNA in gastric cancer cell
lines (AGS and SGC7901) increased slightly, after co-
culture with gastric cancer cells, while the expression level
of IL-17a mRNA in CAFs increased significantly in tumour
microenvironment (all P<0.05) (Figure 3C). Therefore,
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Table 2 Univariate and Multivariate analyses of factors associated with disease-free survival in gastric cancer
Univariate Multivariate
Variables
HR (95% Cl) P HR (95% Cl) P
Gender 0.813
Male 1
Female 0.959 (0.659-1.387)
Age (years) 0.001 0.041
<70 1 1
>70 2.071 (1.359-3.157) 1.637 (1.021-2.626)
ASA score 0.144
| 1
Il 1.481 (0.946-2.317)
1 1.835 (0.898-3.748)
Tumor location 0.002 0.420
Upper third 1 1
Middle third 0.838 (0.562-1.251) 1.034 (0.666-1.603)
Lower third 0.472 (0.305-0.731) 0.768 (0.474-1.243)
Tumor size (cm) <0.001 0.611
<5 1 1
>5 2.499 (1.768-3.533) 1.111 (0.742-1.663)
TNM stage <0.001 <0.001
| 1 1
Il 3.318 (1.453-7.578) 2.972 (0.887-9.961)
M 6.993 (3.209-15.241) 7.455 (2.223-24.995)
\% 19.126 (8.220-44.503) 16.533 (4.664-58.610)
Lauren classification 0.033 0.178
Intestinal 1 1
Diffuse 1.824 (1.142-2.913) 1.504 (0.926-2.442)
Mixed 1.290 (0.801-2.077) 1.347 (0.816-2.222)
Tumor differentiation 0.893
G1/G2 1
G3/signet ring cell/mucinous 1.024 (0.723-1.451)
Lymphovascular invasion 0.104

No

Yes

;
1.358 (0.938-1.965)

Table 2 (continued)
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Table 2 (continued)

Variables

Univariate

Zhang et al. CAFs promotes gastric cancer progression via IL-17a

HR (95% ClI)

Multivariate

Perineural invasion

No

0.232

HR (95% Cl)

Yes
CAFs
Low
High
5-Fu®
Yes

No

;
1.233 (0.875-1.737)

1

2.311 (1.620-3.298)

1

1.637 (1.152-2.325)

<0.001

0.005

0.033
1

1.510 (1.035-2.203)

<0.001
1

2.259 (1.501-3.400)

?, fluoropyrimidine-based adjuvant chemotherapy, mostly including capecitabine plus platinum, capecitabine alone, or S1 (combined

tegafur, gimeracil, and oteracil), in patients at advanced stage or early stage tumors with lymph node metastasis in this retrospective
study. ASA, The American Society of Anesthesiologists; BMI, body mass index; HR: hazard ratio; Cl, confidence interval.

Table 3 Univariate and Multivariate analyses of factors associated with disease special survival in gastric cancer

Univariate Multivariate
Variables
HR (95% Cl) P HR (95% Cl) P
Gender
Male 1 0.421
Female 0.851 (0.575-1.1261)
Age (years)
<70 1 0.001 1 0.045
>70 2.112 (1.372-3.249) 1.660 (1.012-2.722)
ASA score
I 1 0.055
I 1.534 (0.954-2.468)
I 2.341 (1.127-4.863)
Tumor location
Upper third 1 0.013 1 0.742
Middle third 0.858 (0.566-1.302) 1.153 (0.732-1.816)
Lower third 0.521 (0.332-0.820) 0.969 (0.593-1.584)
Tumor size (cm)
<5 1 <0.001 1 0.058
>5 2.872 (2.007-4.109) 1.456 (0.958-2.213)
Table 3 (continued)
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Table 3 (continued)
Univariate Multivariate
Variables
HR (95% Cl) P HR (95% Cl) P
TNM stage
| 1 <0.001 1 <0.001
Il 5.220 (1.826-14.922) 3.622 (0.840-15.613)
1 10.961 (3.989-30.118) 8.385 (1.934-36.355)
\% 28.758 (9.968-82.963) 21.246 (4.693-96.177)
Lauren classification
Intestinal 1 0.009 1 0.056
Diffuse 2.036 (1.257-3.296) 1.702 (1.027-2.822)
Mixed 1.424 (0.872-2.328) 1.527 (0.909-2.566)
Tumor differentiation
G1/G2 1 0.751
G3/signet ring cell/mucinous 1.060 (0.738-1.523)
Lymphovascular invasion
No 1 0.032 1 0.090
Yes 1.511 (1.034-2. 208) 1.470 (0.942-2.294)
Perineural invasion
No 1 0.039 1 0.447
Yes 1.454 (1.017-2.079) 0.861 (0.571-1.299)
CAFs
Low 1 <0.001 1 0.013
High 2.174 (1.506-3.137) 1.657 (1.112-2.470)
5-Fu®
Yes 1 0.006 1 <0.001
No 1.643 (1.147-2.355) 2.196 (1.423-3.391)

?, fluoropyrimidine-based adjuvant chemotherapy, mostly including capecitabine plus platinum, capecitabine alone, or S1 (combined
tegafur, gimeracil, and oteracil), in patients at advanced stage or early stage tumors with lymph node metastasis in this retrospective
study. ASA, The American Society of Anesthesiologists; BMI, body mass index; HR: hazard ratio; Cl, confidence interval.

these data showed that CAFs produce IL-17a in GC.

CAFs promote the migration and invasion of GC cells

through IL-17a

An IL-17a neutralizing antibody was used to determine
the effects of IL-17a on CFAs-induced GC cell migration
and invasion. AGS or SGC7901 cells and CAFs were
seeded into the Transwell co-culture chamber. Transwell

© Annals of Translational Medicine. All rights reserved.

migration and invasion assays revealed that CAFs co-culture
increased the migration and invasion of AGS and SGC7901
cells (P<0.001, Figure 44,B). However, the migration and
invasion abilities of GC cells were significantly decreased
after adding IL.-17a neutralizing antibody into the Transwell
co-culture chamber (P<0.001, Figure 4A4,B). Since MMPs
have been demonstrated to promote cancer metastasis
(31,32), we next investigated the effects of IL-17a on MMPs
expression in GC cell lines. As expected, CAFs co-culture

Ann Transl Med 2020;8(14):877 | http://dx.doi.org/10.21037/atm-20-4843
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Figure 3 IL-17a is secreted by CAFs. (A) Immunofluorescence staining of IL-17a and a-SMA in GC tissue; (B) ELISA analysis was
performed to determine the levels of IL-17a in the cell supernatant; (C) QRT-PCR was conducted to analyze the levels of IL-17a mRNA in
CAFs or GC cells. *, P<0.05; **, P<0.001. CAFs, cancer-associated fibroblasts; GC, gastric cancer.

resulted in increased levels of MMP-2 and MMP-9, and
reduced levels of TIMP-1 and TIMP-2 (P<0.05, Figure 4C),
which was subsequently reversed by the IL-17a neutralizing
antibody (P<0.05, Figure 4C). These results suggested that
CAFs promoted the migration and invasion of GC cells and
regulated MMP/TIMP balance via IL-17a.

CAFs promote GC progression via IL-17a/JAK2/STAT3
patbway

IL-17a is an established inducer to activate the JAK2/
STAT3 pathway. Thus, it is necessary to determine whether
the JAK2/STAT3 pathway mediates CAFs-induced GC
progression. AGS or SGC7901 cells and CAFs were seeded
into the Transwell co-culture chamber. The western
blotting analysis showed that CAFs significantly increased
the levels of p-JAK2 and p-STAT3 in GC cells (P<0.05,

© Annals of Translational Medicine. All rights reserved.

Figure 5A). While either the IL-17a neutralizing antibody
or JAK?2 protein tyrosine kinase inhibitor AG490 blocked
CAFs-induced activation of the JAK2/STAT3 pathway
(P<0.05, Figure 5A,B). Moreover, inactivation of the JAK2/
STAT3 pathway by AG490 markedly attenuated the
promoting effects of CAFs on cell migration, invasion,
MMP2/9 and TIMP1/2 expression in AGS and SGC7901
cells (P<0.05, Figure 6A4,B,C). Collectively, 1L-17a/JAK2/
STAT3 pathway mediated the role of CAFs in GC.

Discussion

As the most abundant cells in the TME and the activated
fibroblasts in cancer stroma, CAFs are different from
normal fibroblasts functionally and phenotypically. More
and more evidence shows that CAFs have an essential
effect on the growth and progression of many kinds of

Ann Transl Med 2020;8(14):877 | http://dx.doi.org/10.21037/atm-20-4843
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Figure 4 CAFs promote the migration and invasion of GC cells via IL-17a. (A) Cells that migrated to the bottom of the membranes were
stained with 0.1% crystal violet for 30 min. The stained cells were observed and counted under a 100x microscope. CAFs promote the
migration of AGS and SGC-7901 cells, which was then repressed by IL-17a neutralizing antibodies; (B) the IL-17a neutralizing antibody
significantly abolished CAFs-induced GC cell invasion; (C) CAFs increased the level of MMP2/9 and decreased the expression of TIMP1/2
in GC cells, while the IL-17a neutralizing antibody blocked these effects. *, P<0.05; **, P<0.001. CAFs, cancer-associated fibroblasts; GC,

gastric cancer.
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Figure 5 CAFs-secreted IL-17a activates the JAK2/STAT3 pathway in GC cells. (A) CAFs enhanced the levels of p-JAK2 and p-STAT?3 in
AGS and SGC-7901 cells, which was then reduced by IL-17a neutralizing antibodies; (B) AG490 blocked CAFs-induced activation of the
JAK2/STAT3 pathway in GC cells. *, P<0.05. CAFs, cancer-associated fibroblasts; GC, gastric cancer.

cancer, and could possibly be a prospective target to cancer
therapeutics (10). Hence, a satisfactory comprehension of
the molecular mechanism of how CAFs promote the growth
and progression of tumors is significant to understand the
progression of GC and find marvelous therapeutics to it.
Our research found that IL-17a secreted by CAFs makes
a significant contribution to the migration and invasion
of GC cells. We demonstrate that CAFs derived-IL-17a
facilitated the migration, invasion, and EMT of GC cells
by activating the JAK2/STAT?3 signaling pathway, and IL-
17a neutralizing antibody or JAK2 specific inhibitor AG490
could inhibit this pathway and undermine GC metastasis
induced by CAFs in vive. Therefore, the CAFs may activate
the JAK2/STAT3 signaling pathway by IL-17a, which may
play a crucial part in the crosstalk between GC cells and the
TME.

Importantly, our research also pays more attention to the
clinical relevance of CAFs in GC. Correctly, it is observed
that an increased frequency of intra-tumoral CAFs predicted
a worse survival rate. Given the unsatisfactory clinical

© Annals of Translational Medicine. All rights reserved.

outcome for patients with GC and that few prognostic
predictors for this disease after conventional surgery (33),
intra-tumoral CAFs frequencies might act as a hopeful
clinical biomarker in the future. Further on, CAFs may
accelerate tumor progression by secreting cytokines, growth
factors, or chemokines with both pro and anti-tumor
functions, which is depended on the particular TME (34).
Some past studies have demonstrated that CAFs could
produce IL-17a in colorectal cancer (35). In this study, not
only clinical samples analysis but also experimental study
suggested that IL.-17a is secreted chiefly by CAFs.

More research has shown that MMP regulates the TME
and mediates tumor progression. Proteolytic changes
are characteristic of cancer, which contributes to tissue
remodeling and facilitates tumor metastasis (36). As the
gelatinases of the MMP family, MMP2 and MMP9 have
been well-known, and increasing expression of MMP2 and
MMP?9 are positively correlated to the lower survival rate of
GC patients and higher levels of MMPs was found in many
malignant tumors (37). In our study, overexpression of both

Ann Transl Med 2020;8(14):877 | http://dx.doi.org/10.21037/atm-20-4843
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enzymes from GC cells was discovered, hinting that the
migration and invasion of the GC cells were regulated by
the presence of CAFs/IL-17a/JAK2/STAT3.

After research, we found that IL-17a can promote the
invasion ability of GC cells. The cancer-related death
among GC patients was usually caused by metastasis. The
blood or lymph vessels in the ECM are crucial for metastasis
because cancer cells with loss of the ECM can invade the

blood or lymphatic system and metastasize to distant organs
and tissues (38). MMPs, especially of MMP-2 and MMP-9,

© Annals of Translational Medicine. All rights reserved.

play an essential role in the degradation of the ECM (36).
IL-17a reportedly promotes cancer cell invasion using
the higher expression of MMP-2 and MMP-9 (39). It has
been demonstrated that MMP activities could possibly be
suppressed by TIMPs to hamper the extensive degradation
of ECM (40). We hypothesized whether the accelerating
effects of IL-17a on migration and GC cell invasion is by
way of regulation of the expressions of MMP-2, MMP-9,
TIMP-1, and TIMP-2 or not to illustrate the mechanism
of activation of IL-17a. In this study, we found that IL-
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17a enhanced the expression levels of MMP-2 and MMP-
9 and degraded the expressions of TIMP-1 and TIMP-2,
which further illuminated that the IL-17a accelerated cell
migration and invasion in the Transwell assay. Therefore,
using regulating MMP/TIMP balance, the IL-17a may have
a pro-metastasis effect on GC cells.

IL-17 has a positive correlation with the degree
of activation of the STAT3 signaling transduction
pathway (25). The activation of STAT3 with the
phosphorylation of Tyr705 was accelerated by the JAK2
signaling pathway. It has been reported previously that
activation of IL-17a-JAK2/STAT3 signaling pathway by
growth factors, cytokines, or chemokines plays a dominant
part in tumor invasion and metastasis (23). Nevertheless,
the underlying mechanism of CAFs and IL-17a in GC is
still mostly unknown. Our data have demonstrated that,
by secreting the IL-17a, CAFs could activate the JAK2/
STAT3 signaling pathway of GC cells and inhibiting the
JAK2/STAT?3 signaling pathway activation with AG490
dramatically attenuated migration and invasion of GC
cells, as well as EMT in vitro induced by CAFs. It is well-
known that CAFs can secrete multitudinous growth
factors, cytokines, and chemokines such as TNF-a, CCL2,
PDGFR, IL-6, and IL-17a, which exists in the TME that
enhance the proliferation and metastasis of the underlying
tumor by activating multiple signaling pathways (10). In this
study, it was observed that IL-17a is neutralizing antibody
restrained partly by the JAK2 and STAT3 phosphorylation,
which implied that IL-17a produced a partial contribution
to the pro-tumor functions of CAFs on GC cells. We
cannot exclude the participation of other growth factors or
cytokines. However, this study of neutralizing IL-17a or
blocking the JAK2/STAT3 pathway with AG490 clarified
that IL-17a is a crucial regulator in pro-tumor functions of
CAFs that facilitates EMT through the activating JAK2-
STAT3 signaling pathway in GC.
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