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FSTL1 promotes growth and metastasis in gastric
cancer by activating AKT related pathway

and predicts poor survival
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Abstract: Accumulating evidence on the role of Follistatin-like protein 1 (FSTL1) in tumorigenesis and cancer pro-
gression is conflicting. Nevertheless, the underlying mechanisms by which FSTL1 contributes to gastric cancer (GC)
remain unknown. This study shows that FSTL1 was frequently upregulated in primary GC tissues and significantly
correlated with infiltrating depth, lymph node metastasis, unfavorable tumor stage and poor prognosis of GC. Down
or up-regulation of FSTL1 inhibited or increased, respectively, the proliferation by reducing apoptosis, clonogenicity,
migration and invasion of GC cells in vitro. Moreover, the higher expression of FSTL1 promoted subcutaneous xeno-
graft tumor growth and lung/liver tumor metastasis in vivo. Furthermore, we demonstrate that FSTL1 is involved in
regulation of the AKT signaling through analyzing databases and experimental results. Mechanistic studies showed
that FSTL1 promoted proliferation, migration and invasion in GC, at least partially, by activating AKT via regulating
TLR4/CD14. In all, this study highlights the role of the FSTL1-TLR4/CD14-AKT axis, which provided novel insights
into the mechanism of growth and metastasis in GC for the first time.
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Introduction cell growth, survival, apoptosis, migration and
transformation [4]. The Bcl2 family, one of AKT
downstream signaling targets, comprises acti-
vators (Bax, Bid, Bim) or inhibitor (Bcl2, Bcl-xl,
Mcll) of apoptosis, which plays an essential
part in regulating cell apoptosis [5]. Akt medi-
ates the interaction of 14-3-3 proteins and
phosphorylated BAD, and thereby regulating
the anti-apoptotic function of Bcl2 and Bcl-xl
[6]. Furthermore, emerging evidence indicate
that AKT associated signaling pathway contrib-
utes to the motility and invasion of malignant

Gastric cancer (GC), one of the most common
malignant tumors, is a leading cause of cancer-
related mortality, especially in China [1, 2]. Des-
pite the improvement in the current diagnosis
and therapeutics, a low 5-year survival rate of
GC patients at an advanced stage, owing to late
presentation, high recurrence and metastasis
rate, remains a challenge [3]. Therefore, it is
critical to unveil the molecular mechanisms of
GC and find a specific biomarker for diagnosis
and prognosis to improve the clinical manage-

ment of advanced GC.

AKT, a serine and threonine kinase, plays a piv-
otal role in cancer formation and progression.
Upon its activation, AKT can regulate numerous
downstream targets, such as the Bcl2 family,
FAK and snail, with various functions including

cells. The activation of AKT-FAK signaling is
responsible for cancer metastasis via regulat-
ing the adhesion of epithelial cancer cells to
extracellular matrix proteins [7]. AKT-snail path-
way mediated epithelial to mesenchymal transi-
tion also regulates migration of tumor cells [8].
However, the key upstream factor that links AKT
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signaling and GC malignant progression remain
largely unknown.

Follistatin-like protein 1 (FSTL1), also named as
transforming growth factor (TGF)-B-induced
clone 36 (TSC36) or follistatin-related protein
(FRP), is a 308 amino acid secreted glycopro-
tein belonging to the osteonectin (SPARC) fam-
ily. It contains a pair of EF-hand domains, a fol-
listatin-like domain, and a VMFC domain [9].
Studies have shown that FSTL1 is mainly
involved in systemic autoimmune disease, de-
velopmental processes, and cardiovascular
diseases [10-12]. Although emerging evidence
suggests a close association between FSTL1
and the development and progression of vari-
ous cancer, it is controversial [11]. FSTL1 was
reported to suppress tumor growth, migration,
and invasiveness in ovarian, lung, endometrial,
and nasopharyngeal carcinoma [13-17]. On the
other hand, FSTL1 was upregulated in hepato-
cellular carcinoma (HCC), esophageal squa-
mous cell carcinoma (ESCC), breast cancer,
and colon cancer. Yang W et al. showed that
overexpression of FSTL1 in HCC promoted pro-
liferation and inhibited apoptosis by activating
the AKT/GSK-3p pathway [18]. Similarly, FSTL1
promoted chemoresistance and metastasis via
NF-kB-BMP crosstalk in ESCC [19]. To date,
only one study showed that the expression of
FSTL1 was upregulated in GC cell lines and
FSTL-1 knockdown may promoted GC cell apop-
tosis via the STAT6 signaling pathway [20]. The
clinical significance of FSTL1 and its associat-
ed molecular mechanism in GC development
and progression require further in-depth study.

In this study, the expression profile and clinical
significance of FSTL1 and its correlations with
GC patient survival were investigated by analyz-
ing multiple public databases and clinical sam-
ples. We demonstrated that FSTL1 contributed
to the growth and metastasis of GC in vivo and
in vitro. Importantly, FSTL1 promoted prolifera-
tion, migration, and invasion in GC, at least par-
tially, by activating AKT via regulating TLR4/
CD14, which provided novel insights into the
molecular mechanism of FSTL1 in GC patho-
genesis.

Materials and methods
Clinical samples

A total of primary GC and matched non-tumor
tissue samples (Zhejiang cohort 1 N = 108 for
gPCR; Zhejiang cohort 2 N = 30 for western
blot; Zhejiang cohort 3 N = 106 for IHC) were
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collected from patients referred to the Zhejiang
University, who provided written informed con-
sent prior to surgical resection. Patients were
diagnosed with GC based on histopathology
and had not received adjuvant treatment be-
fore surgery. Tumor staging was determined
according to the American Joint Committee on
Cancer (eighth edition).

Cell lines and transfection

Five human GC cell lines (HGC27, SGC7901,
BGC823, MKN45, and MKN28) were cultured
in RPMI 1640 (Gibco, Rockville, MD, USA) sup-
plemented with 10% fetal bovine serum (FBS;
Gibco). All cell lines were purchased from the
Shanghai Cell Bank of Chinese Academy of
Sciences (Shanghai, China).

Human FSTL1 expression was knocked down
using a specific FSTL1 siRNA (siFSTL1) or short-
hairpin plasmids (shFSTL1), which were pur-
chased from Sigma (Shanghai, China). These
two siRNAs sequences were: siFSTL1-1, sense,
GAAGAGCUAAGGAGCAAAUTT, antisense, AUUU-
GCUCCUUAGCUCUUCTT; siFSTL1-2, sense, GA-
GCAAUGCAAACCUCACATT, antisense, UGUGAG-
GUUUGCAUUGCUCTT. Plasmids and sequences
of shRNAs were: shFSTL1-1 (pGpU6/Neo, GCC-
TGTGTGTGGCAGTAATGG), shFSTL1-2 (pGpU6/
Neo, GCTGGAAGCTGAGATCATTCC). Expression
of human FSTL1 was upregulated using a plas-
mid (pEX-3) for cell assays (Sigma, Shanghai,
China) or a lentiviral vector (GV492, FSTL1
(NM_007085)) for animal assays (ov-FSTL1
and ov-NC) (Gene, Shanghai, China). siRNA and
plasmids were transfected with Lipofectamine
3000 transfection reagent (Invitrogen, Carls-
bad, California, USA) in Opti-MEM medium (Gi-
bco, Carlsbad, California, USA) according to the
manufacturer’s instructions.

Quantitative real-time PCR (qQRT-PCR)

Detailed method for RT-qPCR is given in the
Supplementary Methods.

Immunohistochemistry (IHC)

Detailed method for IHC assay is in the Supple-
mentary Methods.

Cell proliferation, apoptosis, and transwell as-
say

Detailed methods for cell proliferation, apopto-
sis and transwell assay are given in the Supple-
mentary Method.

Am J Cancer Res 2021;11(3):712-728



The role of FSTL1 in gastric cancer

Co-immunoprecipitation (co-ip)

Co-ip experiments were performed using the
Crosslink Magnetic IP/Co-IP Kit (Thermo Sci-
entific, America). Briefly, FSTL1 antibody (5 ug,
Proteintech) was bound to Protein A/G magnet-
ic beads for 15 minutes, crosslink antibody to
beads with DSS for 30 minutes, and then in-
cubate cell lysate with prepared beads over-
night at 4°C. Finally, immunoprecipitated pro-
teins were separated by SDS-PAGE, and visual-
ized by Western blot.

Immunofluorescence

Cells were seeded on glass coverslips and cul-
tured for 24 hours and fixed with 4% Polyo-
xymethylene for 15 minutes at room tempera-
ture. After permeabilization with 0.1% Triton
X-100 for 25 minutes at room temperature,
cells were blocked in 10% normal blocking
serum at 37°C for 30 min, and incubated with
primary antibodies against FSTL1 (10 ug/ml,
AF1694, R&D) and TLR4 (1:50, ab13556,
Abcam), and CD14 (1:50, ab181470, abcam)
overnight at 4°C, followed by incubation with
557-conjugated Anti-Goat IgG Secondary Anti-
body (1:1000, NLOO1, R&D) or 488-conjugated
anti-Rabbit 1gG secondary antibodies (1:1000,
#4412, CST) or 647-conjugated anti-mouse IgG
secondary antibodies (1:1000, ab6563, Ab-
cam) for 1 hour at room temperature. To visual-
ize the nuclei, cells were stained with 6-dia-
midino-2-phenylindole (DAPI; 1 ug/ml; Sigma-Al-
drich, USA).

Western blot

Detailed methods for western blotting is
described in the Supplementary Methods. For
collection of conditioned medium from GC cell
lines, cells were first serum-starved for 24
hours and conditioned medium was subse-
quently collected.

In vivo xenograft models

Male athymic nude mice (BALB/C, 3-4 weeks)
aged 3-4 weeks were purchased from Nanjing
Provincial Center for Disease Control and Pre-
vention. All animal experiments were approved
by the Institutional Animal Care and Use Com-
mittee at the Zhejiang University. For xenograft
models, 7 x 108 HGC-27 or BGC823 cells stably
transfected with ov-FSTL1 vector or ov-NC we-
re injected subcutaneously in the right flank of
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mice (five mice per group). Tumor size in mice
was measured every 7 days. Tumor volumes
were calculated using the formula: V (mm?3) =
0.5 x a x b? (V, volume; a, longitudinal diame-
ter; b, latitudinal diameter). After 5 weeks, the-
se mice were sacrificed, tumors were weighed,
and processed for hematoxylin and eosin sta-
ining.

2 x 10° BGC823 cells transfected with ov-
FSTL1 or ov-NC were intravenously injected
through tail vein into nude mice to study tumor
metastasis in vivo. After 6 weeks, mice were
sacrificed and lungs and livers were harvested
for tumor nodules and IHC.

Bioinformatics

mMRNA expression of FSTL1 in GC and clinical
information of GC patients was analyzed by
using data from the Cancer Genome Atlas
(TCGA) (https://cancergenome.nih.gov) and
Oncomine database (https://www.oncomine.
org). The gene expression data and patients
clinicopathological information was download
from the TCGA via cBioPortal (https://www.
cbioportal.org/) (on 4 November 2018).

The HKaplan-Meier (K-M) plotter database
(http://kmplot.com/analysis/) was investigated
to validate the prognostic value of FSTL1. GC
patients were divided into two cohorts based
on FSTL1 expression (high vs. low expression).
The overall survival (0S) and progression-free
survival (PFS) of GC patients were analyzed in
K-M plotter database. Log rank p-value and
samples counts were calculated.

Genes co-expressing with FSTL1 in GC were
identified in the cBioPortal for Cancer Genomics
(http://www.cbioportal.org/) and the Coexpe-
dia (http://www.coexpedia.org/index.php). Co-
expressed genes in cBioPortal were extracted
basedona |Pearson’sr| 20.4and |Spearman’s
r| = 0.4. Genes overlapping both in cBioPortal
and Coexpedia were used for gene ontology
(GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis in David
v6.7 (http://david.abcc.ncifcrf.gov/) to elucida-
te enrichment in biological processes and sig-
naling pathways.

Statistical analysis
Data were presented as mean + standard devi-

ation. Two or multiple groups were compared
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using t-test and one-way ANOVA, respectively. P
value < 0.05 was considered statistically signi-
ficant (*P < 0.05, **P < 0.01, ***P < 0.001).
Chi-square and Yates’ continuity corrected chi-
square tests were used to analyze categorical
data. Survival rates were calculated using the
Kaplan-Meier method, and the difference be-
tween curves was analyzed using Log-rank
test. Univariate and multivariate analysis were
performed using the Cox regression model.
Variables with P < 0.05 were included in the
multivariate analysis to identify independent
factor. Western blot band intensity was ana-
lyzed by Image J. RNA fluorescence in situ
hybridization images were analyzed by FV10-
ASW software. Statistical analysis was per-
formed using GraphPad Prism 8 software.

Results

FSTL1 is upregulated and correlated with poor
prognosis in GC

FSTL1 expression in GC was firstly extracted
from the TCGA, Oncomine databases and
results showed FSTL1 mRNA in GC was upregu-
lated and its expression was higher in stage
II-IV samples than stage | (Figures 1A and S1A).
This was validated in Zhejiang cohort 1 (108 GC
tissues and paired normal tissues) (Figure 1B).
Then the expression of FSTL1 protein was next
analyzed by western blot and IHC in paired
tumor tissues and corresponding normal tis-
sues of Zhejiang cohort 2 and 3. Results
showed that FSTL1 level was elevated in GC
and its expression was higher in stage Ill-IV
than stage I-Il (Figures 1C-F and S1B). In addi-
tion, upregulation of FSTL1 was significantly
correlated with the infiltrating depth, lymph
node metastasis, and unfavorable tumor stage
of GC in TCGA database and Zhejiang cohorts 1
and 3 (Tables 1 and S1, S2). As shown in Figure
2A, GC patients with overexpressing FSTL1 in
K-M plotter, TCGA databases and Zhejiang
cohort 3 had remarkably shorter overall surviv-
al (OS) compared to patients with low FSTL1
expression. Meanwhile, high FSTL1 level in GC
was correlated with poor prognosis of PFS in
K-M plotter (Figure S2A). Further stratification
according to the clinical characteristics of GC
patients in K-M plotter showed that high expres-
sion of FSTL1 was significantly associated with
poor OS and PFS in TNM stage lll and IV patients
and patients with lymph node metastasis (sta-
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ge N1-3), but not in stage | and Il or stage NO,
indicating FSTL1 was prognostic in advanced
stages and lymph node metastasis (Figures
2B-E, S2B-D and Table S3). Also, multivariate
analysis in Zhejiang cohort 3 showed that
FSTL1 expression was an independent prog-
nostic factors for OS (Figure 2F). Collectively,
these data suggested that FSTL1 was aberrant-
ly upregulated and associated with poor prog-
nosis in GC, especially in the advanced stages.

FSTL1 promotes GC cells proliferation, migra-
tion and invasion in vitro

Previously, Marco et al. reported that FSTL1, as
a secretory protein, was detected in condition
medium of ESCC cells. Therefore, endogenous
MRNA expression of FSTL1, and protein levels
of five GC cell lines (SGC7901, BGC823, HGC27,
MKN28 and MKN45) were measured (Figure
S3A). To investigate the role of FSTL1 on the
biological behavior of GC cells, we silenced
FSTL1 expression using siRNA or shRNA in GC
cells: SGC7901 cells were transfected with siF-
STL1-1/siFSTL1-2 and normal control (siNC);
HGC27 cells were transfected with shFSTL1-1/
shFSTL1-2 and control (shNC). Successful
knockdown of FSTL1 in GC cells was confirmed
by qRT-PCR and western blotting (Figure S3B,
S3C). Silencing FSTL1 by siRNA or shRNA
decreased the rate of proliferation in GC cells
(Figure 3A). Colony formation capacity was
decreased in both siFSTL1 and shFSTL1 trans-
fected GC cell lines compared to the respective
controls (Figures 3B and S3D). Furthermore,
silencing FSTL1 increased the proportion of
apoptotic cells compared with NC groups
(Figure 3C) indicating that down-regulation of
FSTL1 promoted apoptosis, and thus inhibition
of cell proliferation. Moreover, suppression of
FSTL1 attenuated migration and invasiveness
of SGC7901 and HGC27 cells (Figure 3D, 3E).

In addition, we also analyzed the effect of
FSTL1 overexpression on the growth and motil-
ity of GC cells. Over-expression of FSTL1 expres-
sion in HGC27 and BGC823 cells was con-
firmed by western blotting (Figure S3E, S3F).
Over-expression of FSTL1 enhanced prolifera-
tion, colony formation, migration and invasive-
ness of HGC27 and BGC823 cells, and signifi-
cantly reduced apoptosis of the GC cells (Fi-
gures 4A-E and S3G-l). Expression apoptosis
related inhibited proteins (Mcll, Bcl2, Bcl-xl)

Am J Cancer Res 2021;11(3):712-728
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Figure 1. FSTL1 is overexpressed in GC. A. FSTL1 mRNA levels in GC and normal gastric tissue in TCGA database
(Data from GEPIA: http://gepia.cancer-pku.cn; Match TCGA normal and GTEx data) and the mRNA expression of
FSTL1 at stage I-IV of GC in TCGA database. B. FSTL1 mRNA levels in GC and normal gastric tissue and the mRNA
expression of FSTL1 at stage I-Il and llI-IV of GC in Zhejiang cohort 1. C. Representative images of FSTL1 proteins
level in Zhejiang cohort 2 (Sample 1-10). D, E. IHC analysis of FSTL1 in Zhejiang cohort 3 (SP, x 200). F. The percent-
age of FSTL1 at stage I-Il and stage IlI-IV of GC in Zhejiang cohort 3. Data are shown as mean * standard deviation.

*P <0.05, **P < 0.01, ***P < 0.001.

and metastasis associated proteins (p-FAK,
FAK, EGFR, Snaill) were distinctly increased in
response to FSTL1 overexpression in HGC27
and BGC823 cells, while the pro-apoptosis
related proteins (Bax, Bim) were dramatically
decreased compared with control vector groups
(Figure 4D and 4F). Overall, these data demon-
strated that FSTL1 expression promoted GC
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cells proliferation, migration and invasion in vi-
tro.

FSTL1 promotes gastric cancer cell tumorigen-
esis and metastasis in vivo

To examined whether FSTL1 could promote GC
cells tumorigenesis and/or metastasis in vivo,

Am J Cancer Res 2021;11(3):712-728
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Table 1. Association between FSTL1 expression and clinico- Secretory FSTL1 promotes GC
pathological features of GC in Zhejiang cohort 3 growth and metastasis by AKT acti-
No. Low expression High expression Pvalue vation
patients (n=53) (n=53)

Gender

Male 83 (78.3%) 41(38.7%) 42 (39.6%)
Female 23 (21.7%) 12 (11.3%) 11 (10.4%)

Age

<60 44 (41.5%) 20 (18.9%) 24 (22.6%)
> 60 62 (58.5%) 33 (31.1%) 29 (27.4%)

Grade
G1-2 9 (8.5%) 6 (5.7%) 3(2.8%)
G3 97 (91.5%) 47 (44.3%) 50 (47.2%)
T stage
T1-2 15 (14.2%) 12 (11.3%) 3 (2.8%)
13-4 91 (85.8%) 41 (38.7%) 50 (47.2%)
N stage
NO 21(19.8%) 15 (14.1%) 6 (5.7%)
N1-3 85 (80.2%) 38 (35.8%) 47 (44.3%)
M stage
MO 89 (84%) 48 (45.2%) 41 (38.7%)
M1 17 (16%) 5 (4.7%) 12 (11.3%)
Tumor size

<5cm 60(56.6%) 34 (32.1%) 26 (24.5%)
>5cm 46 (43.4%) 19 (17.9%) 27 (25.5%)

To better explore the molecular
mechanisms of FSTL1-driven GC
growth and progression, we selected
the overlapping genes between cBio-
Portal and Coexpedia for GO and
0.43042 KEGG analyses in David v6.7 (http://
david.abcc.ncifcrf.gov/) (Figure S5
and Tables S4, S5, S6). Signaling
0.4895° pathway analysis showed that FSTL1
was involved in AKT-associated sig-
naling pathway (Figure 6A). Interes-
tingly, FSTL1 knockdown reduced
0.0258°  ,0sphorylation of AKT, while FSTL1
overexpression resulted in the acti-
vation of AKT (Figure 6B). As FSTL1
0.0283% is a secretory glycoprotein, treating
BGC823 cells with 1 ug/ml recF-
STL1 protein (R&D Systems, 1694-
0.0639° FN-050) for 24 or 48 hours signifi-
cantly increased the expression of
phosphorylation of AKT, apoptosis
related inhibited proteins (Mcll,
Bcl2, Bcel-xl), and metastasis associ-
ated proteins (p-FAK, EGFR, Snaill),

0.81377

0.1169°

AJCC stage decreased the expression of pro-
-l 30 (28.3%) 20 (18.9%) 10 (9.4%) 0.0311# apoptosis related proteins (Bax,
-V 76 (71.7%) 33 (31.1%) 43 (40.6%) Bim), indicating secretory FSTL1

2Chi-square test, “Yates’ continuity corrected chi-square test. may also play an important role in

HGC27 and BGC823 cells stably transfected
with FSTL1 overexpression lentivirus vector (ov-
FSTL1/0v-NC) (Figure S4) were implanted in
nude mice. Five weeks after injection, tumor
weights and volumes in the ov-FSTL1 group
were significantly higher than the ov-NC group
(Figure 5A-F). Importantly, consistent with
these finding, HE staining showed histological
feature of GC and IHC revealed that enhanced
Ki-67 staining in ov-FSTL1 group than the ov-NC
group, further supporting the notion that FSTL1
aids the proliferation and tumorigenicity of GC
cells (Figure 5G). In addition, six weeks after
intravenous injection of BGC823 cells through
tail vein into nude mice, higher number of tumor
nodules in the lungs and liver were found in ov-
FSTL1 group compared with the ov-NC group,
indicating FSTL1 induced GC cells metastasis
(Figure 5H, 5I). Taken together, these data
revealed that FSTL1 promoted GC cell prolifera-
tion and metastasis in vivo.
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the progression of GC (Figure 6C).

Inhibition of AKT by MK2206 (Se-
lleck, USA) decreased phosphorylation of AKT
and metastasis associated proteins, and res-
cued pro-apoptosis associated proteins result-
ing from elevated FSTL1 in BGC823 cells
(Figure 6D). These results further confirmed
that secretory FSTL1 enhanced GC cells growth
and metastasis via regulating AKT-related sig-
naling pathway.

FSTL1 activates AKT by partially regulating
TLR4/CD14

Previous studies have shown that FSTL1 could
bind to TLR4, CD14, Follistatin, or disco-inter-
action protein 2 homolog A (DIP2A) [21-23]. We
found that in GC FSTL1 was tightly correlated
with TLR4, CD14 and Follistatin expression, but
not with DIP2A in TCGA (Figure 7A). A co-ip
assay verified the interaction between TLR4,
CD14 and FSTL1 in GC (Figure 7B). Meanwhile,
correlation studies in 30 fresh frozen GC tis-

Am J Cancer Res 2021;11(3):712-728
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survival (0S) in GC patients assessed by K-M plotter, TCGA databases and Zhejiang cohort 3. B, C. Kaplan-Meier
curves for OS and progression-free survival (PFS) of GC patients with stage Ill/IV using K-M plotter database. D,
E. OS and PFS for GC patients with N1+2+3 disease. F. Univariable and multivariable analyses were performed in
Zhejiang cohort 3. All the bars correspond to 95% confidence intervals.
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Invasion assay in SGC7901 and HGC27 cells transfected with siRNA/NC or shRNA/NC (SP, x 200). Representative
images and the statistical analyses (mean * standard deviation) were shown. *P < 0.05, **P < 0.01, ***P < 0.001.
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with stably OV-FSTL1/0V-NC. G. HE staining and Ki-67 staining with anti-Ki67 antibody in xenografted HGC27 and
BGC823 tumors overexpressing FSTL1. H, |. Representative images and HE staining of lung and liver metastases
in nude mice by intravenous injection of BGC823 cells through tail vein. Data were expressed as mean * standard
deviation. *P < 0.05, **P < 0.01, ***P < 0.001. C-H. Based on Student’s t-test. |. Based on Fisher’s exact test.
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Figure 6. Secretory FSTL1 promotes GC growth and metastasis by AKT activation. A. KEGG pathway analysis of
the genes significantly correlated with the FSTL1 expression in GC from cBioPortal and Coexpedia. KEGG, Kyoto
Encyclopedia of Genes and Genomes. B. The protein expression levels of FSTL1, Secretory FSTL1, p-AKT and AKT
in GC cell lines after FSTL1 silencing or overexpressing. C. The protein expression levels of p-AKT, AKT, apoptosis
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presence of recombinant FSTL1. D. The protein expression levels of p-AKT, AKT, apoptosis associated proteins (Bim
bands: 23 KD; 15 KD; 12 KD) and metastasis related proteins in GC cell lines after the presence of recombinant
FSTL1 and MK2206.

sues showed that FSTL1 mRNA expression was sults were received in the protein levels of 10
correlated positively correlated with TLR4, freshly GC tissues (Figures 7D and S6). Pervious
CD14 expression (Figure 7C). And similar re- study showed that TLR4 and CD14 complex is
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Figure 8. Schematic model of FSTL1-TLR4/CD14-AKT axis in GC. (Left) The integrative analytic strategy in this study.
(Right) FSTL1 promotes growth and metastasis in GC by activating AKT via regulating TLR4/CD14.

necessary for signaling in cancer cells [24, 25].
In addition, immunofluorescence showed that
FSTL1 and TLR4/CD14 have extensive co-local-
ization in GC cells (Figures 7E and S7). Hence,
FSTL1 interacted with TLR4/CD14 in GC. To fur-
ther verify our hypothesis that TLR4 contributes
to optimal activation of AKT by FSTL1, we found
that inhibition of TLR4 by TAK-242 (Medche-
mexpress, USA) reduced the activation of AKT
in BGC823 cells overexpressing FSTL1 and
abrogated the recFSTL1 induced phosphoryla-
tion of AKT (Figure 7F, 7G). Overall, FSTL1 pro-
motes activation of AKT partially dependent on
TLR4 signaling.

Discussion

GC, a global threat to human health, represents
one of the most malignant tumors. Although a
focus of extensive research, detailed mecha-
nisms of GC carcinogenesis and development
remain elusive. Therefore, discovery of lurking
effective biomarkers that can predict the pro-
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gression and prognosis of GC to provide clinical
significance is urgently needed. In this study,
we used a straightforward approach to reveal
the expression pattern and clinicopathological
features of FSTL1 in GC and its association
with prognosis by integrative analysis of multi-
ple cancer databases and clinical samples.
Furthermore, functional and mechanism explo-
ration revealed that overexpression of FSTL1
significantly inhibited the apoptosis and pro-
moted metastatic ability of GC cells by trigger-
ing AKT-associated signaling pathway via regu-
lating TLR4/CD14. Our results indicated that
FSTL1 functions as an oncogene to drive GC
and therefore is a promising therapeutic target
for the intervention of GC (Figure 8).

Identification of proteins with diagnostic and
prognostic value may contribute to tumor clas-
sification and the development of novel thera-
pies against human cancers. The clinical rele-
vance of FSTL1 has been well reported in va-
rious cancers, but it is highly variable with
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respect to its expression and prognostic value
in different tumors. Compared to normal tis-
sues, reduced expression of FSTL1 was report-
ed in many types of cancers, such as lung ade-
nocarcinoma, ovarian and nasopharyngeal car-
cinoma.

Low expression of FSTL1 is predictive of poor
prognosis in lung adenocarcinoma, endometri-
al, and ovarian tumors. On the other hand,
FSTL1 is higher in breast cancer cells, in most
cases of HCC, in cancer-associated-fibroblasts
of colon cancer, in ESCC cells than healthy tis-
sues [13, 18, 19, 26-28]. Yang W et al. also sug-
gested that overexpressed FSTL1 in HCC was
associated with larger tumors, advanced TNM
stages and metastasis [18]. An J reported that
FSTL1 was elevated in brain metastatic sites
compared to primary breast cancer [13].
Moreover, several studies have reported a cor-
relation between upregulated FSTL1 and poor
prognosis in head and neck squamous cell car-
cinoma in HCC and ESCC patients [18, 19, 29].
In this study, we found that both mRNA and pro-
tein expression of FSTL1 was frequently upreg-
ulated in GC tissues in TCGA, Oncomine data-
bases and three independent cohorts of 244
GC patients. Furthermore, FSTL1 expression
was higher in the stages lll and IV samples
compared with stages | and I, indicating pa-
tients with high FSTL1 in GC are at an increased
risk of tumor relapse. Higher FSTL1 was corre-
lated with unfavorable clinical parameters,
including the infiltrating depth, unfavorable
tumor stage of GC and lymph node metastasis.
Besides, patients with a high level of FSTL1
were accompanied by poor survival in K-M plot-
ter, TCGA databases and GC samples. These
findings suggested a potentially important role
of FSTL1 in the underlying mechanisms of GC.

Considering these findings, it was logical to
hypothesize that FSTL1 is involved in the patho-
genesis of GC tumorigenicity and/or progres-
sion. Previous reports have shown that FSTL1
plays an important role in cancer cell prolifera-
tion and malignancy. Yang Y et al. found that
FSTL1 not only accelerated breast cancer cell
proliferation but also promoted angiogenesis
[30]. Sundaram et al. reported that FSTL1
enabled the production of MMP9 by blocking
Wnt7a-mediated repression of extracellular
signal-regulated kinase phosphorylation toward
metastasis [29]. To test this hypothesis, we
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investigated the role of FSTL1 in the regulation
of GC cell proliferation and metastasis using
gain- and loss-of function approaches. Our find-
ings indicated that FSTL1 depletion inhibited
proliferation by regulating cell apoptosis, migra-
tion and invasion of GC cells, while opposite
results were observed in GC cells with FSTL1
overexpression in vivo and in vitro. Additionally,
upregulated FSTL1 inhibited the expression of
apoptosis-associated proteins (BCL2 family)
and increased the expression of metastatic
proteins (p-FAK, EGFR, snail). These data sup-
ported the hypothesis that FSTL1 is an impor-
tant contributor to GC progression and multiple
oncogenic processes.

To investigate the molecular mechanisms of
FSTL1 in proliferation and metastasis of GC, we
found that FSTL1 may be involved in AKT-
associated pathways in GC. The AKT pathway
controls basic cellular processes, including cell
survival, growth, proliferation, apoptosis, and
cell repair, and functions as an oncogene in
many types of tumors, including GC [31, 32].
Recent studies reported that FSTL1 activated
the AKT pathway in various biological process-
es, including apoptosis of HCC, and myocardial
infarction [18, 33-35]. Yang W et al. reported
that FSTL1 repressed cells apoptosis via AKT/
GSK-3B pathway in HCC [18]. Liang et al.
showed that FSTL1 repressed neuronal apopto-
sis and improved neurological deficits via
FSTL1-DIP2A-AKT pathway [36]. In this study,
we showed that FSTL1 regulated the phosphor-
ylation of AKT. At the same time, exogenous
FSTL1 enhanced the phosphorylation of AKT
and regulated the apoptosis-associated pro-
teins (BCL2 family) and metastasis-correlated
proteins (p-FAK, snail, and EGFR). These chang-
es were verified by rescue assays in BGC823
cells. Therefore, FSTL1 promoted the prolifera-
tion and metastasis in GC cells via the AKT
associated signaling pathway.

Previous studies identified that FSTL1 is a
secreted protein that can bind to TLR4, CD14,
Follistatin, or DIP2A, which act as membrane
receptors [21-23]. Murakami et al. found that
FSTL1, interacting with CD14, can evoke an
innate immune response via TLR4 signaling.
Ouchi et al. showed that DIP2A, as an FSTL1
receptor, regulated the cardiovascular protec-
tive roles of FSTL1. In this study, we found that
FSTL1 expression positively correlated with the
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expression of TLR4 and CD14 in TCGA and GC
tissues. Furthermore, FSTL1 in GC regulated
TLR4 and CD14, but not DIP2A, and Follistatin.
Previous studies showed that TLR4/CD14
(CD14 is a co-Receptor for TLR4) could trigger
pro-inflammatory cytokines and contribute to
the tumor progression [24, 25]. Meanwhile we
found FSTL1 and TLR4, CD14 was extensive
co-located in GC cells by Immunofluorescence
assays. Based on previous reports and our
results, we hypothesized that FSTL1 regulates
AKT signaling partially via TLR4/CD14. In the
present study, inhibition of TLR4/CD14 in by a
TLR4 signaling inhibitor (TAK-242) reduced
phosphorylated in FSTL1 overexpressing BGC-
823 cells or in response to recFSTL1. Thus,
these findings indicated partially dependent on
TLR4 signaling. While we were preparing the
manuscript, Peng X published their work on
FSTL1, and showed that FSTL1 might inhibit GC
cell apoptosis via the STAT6 signaling pathway,
which also gave evidence for the critical roles of
FSTL1 in the development of GC [20].

Conclusions

In summary, this study reports an altered FSTL1
expression pattern in GC and demonstrates its
clinical relevance. Furthermore, functional and
mechanistic studies suggested a crucial func-
tion of FSTL1 in cell proliferation and metasta-
sis through the AKT signaling pathway partially
via regulating TLR4/CD14. Therefore, targeting
the FSTL1-TLR4/CD14-AKT pathway might be a
new therapeutic method to improve the treat-
ment and survival of patients with GC.
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Supplementary Methods
Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from the tissue samples and cells using TRIzol reagent (Invitrogen, Carlsbad,
California, USA) according to the manufacturer’s instructions. One microgram RNA per sample was
reverse transcribed to cDNA using the PrimeScript RT reagent kit (Takara, Kyoto, Japan), and amplified
by gRT-PCR using SYBR Green reaction system (Takara, Kyoto, Japan). Relative expression of FSTL1 was
calculated by the 2-AACt method, with GAPDH as the internal control. All primer sequences were as fol-
lowings: FSTL1, forward: 5’-GAGCAATGCAAACCTCACAAG-3’ and reverse: 5'-CAGTGTCCATCGTAATCAACC-
TG-3’; TLR4, forward: 5-AGACCTGTCCCTGAACCCTAT-3’ and reverse: 5-CGATGGACTTCTAAACCAGCCA-3’;
CD14, forward: 5-GACCTAAAGATAACCGGCACC-3' and reverse: 5-GCAATGCTCAGTACCTTGAGG-3’;
GAPDH, forward: 5-GGAGCGAGATCCCTCCAAAAT-3’ and reverse: 5-GGCTGTTGTCATACTTCTCATGG-3'.

Immunohistochemistry (IHC)

Paraffin-embedded GC sections were deparaffinized in xylene, dehydrated through an ethanol gradient,
and blocked with 3% H,0, for 10 min. The slides were then heated in citrate buffer (pH 6) at 95°C for
15-20 min for antigen retrieval. The tissue sections were incubated overnight with anti-FSTL1 antibody
(1:200 diluted, Proteintech, USA), or anti-ki67 antibody (1:200 diluted, Proteintech, USA) at 4°C, fol-
lowed by a 30 min incubation with HRP-conjugated secondary antibody (ZSGB-bio, Beijing, China) at
37°C. After washing three times with PBS, color was developed using DAB Chromogen (ZSGB-bio,
Beijing, China). Slides were then rinsed in tap water and counterstained with hematoxylin. Five random
fields per section were viewed under a light microscope, and FSTL1 expression was scored for intensity
of staining and percentage of positive-stained area. The positive rate was scored on a scale from O to 5
(O - no staining, 1- < 20%, 2- < 40%, 3- < 60%, 4- < 80%, and 5- > 80%), and the staining intensity was
graded as 0 (negative), 1 (weak), 2 (moderate) or 3 (strong).

Cell proliferation assay

Cell viability and proliferation was assessed using CCK-8 assay, and colony formation assay. For CCK-8
assay, cells were seeded in 96-well plates. After cell growth, culture medium was removed and 10 pl
CCK8 in 100 ul culture medium was added to each well, followed by 2 hours incubation. Absorbance
was measured at 450 nm for proliferation.

For colony formation assay, GC cells were seeded in 6-well plates, and incubated at 37°C for 10 days.
Colonies containing at least 50 cells were scored.

Cell apoptosis assay

Cells treated for 48 hours were harvested, washed twice by PBS, and stained with FITC-AnnexinV and
Pl. Cell cycle and apoptosis were analyzed by flow cytometry (BD FACS Calibur, Becton Dickinson, San
Jose, CA, USA).

Cell migration and invasion assay

Cell migration and invasion assay were performed in Transwell chambers (24-well format, 8.0 um pore
size, Millipore, Washington, DC, USA). 3 x 10* cells in serum-free media were seeded in uncoated upper
chamber for migration assay, and 8 x 10* cells in serum-free media were cultured in Matrigel (BD
Biosciences, Lake Franklin, NJ, USA)-coated chamber for cell invasion assays. Culture medium with 10%
FBS was added in the lower chamber. After 24 hours of incubation, cells that had moved from the upper
surface of membrane to the lower side were washed twice by PBS, fixed in 4% paraformaldehyde and
stained in Giemsa. Number of migrated cells was counted in five random fields (200 x) under a light
microscope.
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Western blot

Total proteins from tissues or cells were extracted with RIPA lysis buffer (Beyotime Inc., China), contain-
ing with phenylmethanesulfonyl fluoride (Beyotime Inc., China) and protease inhibitor cocktail (Beyotime
Inc., China). 20 ug protein per sample was separated by SDS-PAGE and transferred to a PVDF mem-
brane (Millipore Inc., USA). Membranes were incubated with primary antibody at 4°C overnight followed
by an HRP-conjugated secondary antibody (Cell Signaling Technology, USA). Anti-GAPDH antibody (Cell
Signaling Technology, USA) was used as an internal control. Protein bands were detected with ECL chro-
mogenic substrate (Beyotime Inc., China) and the relative protein expression was quantified by Image J.
The primary antibodies are as following: FSTL1 (1 ug/ml, AF1694, R&D); TLR4 (1:1000, ab13556,
Abcam); CD14 (1:1000, ab181470, Abcam); Mcl1 (1:1000, ab32087, Abcam); Bcl2 (1:1000, ab182858,
Abcam); Bcel-xl (1:1000, 2764S, CST); Bim (1:1000, 2933T, CST); Bax (1:1000, 5023S, CST); EGFR
(1:12000, ab52894, Abcam); p-FAK (1:500, ab76120, Abcam); FAK (1:1000, ab40794, Abcam); Snail
(1:100, 3879S, CST); p-AKT (1:1000, 9271S, CST); AKT (1:1000, 9272S, CST); Follistain (1:500,
ab157471, Abcam) and DIP2A (1:150, sc-293390, Santa sruz).
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Figure S1. The expression level of FSTL1 in GC. A. FSTL1 mRNA levels in GC and normal gastric tissue in Oncomine
database. Shown are fold changes, associated p values, and overexpression gene rank, based on Oncomine 4.5
analysis. B. Representative images of FSTL1 proteins level in Zhejiang cohort 2 (Sample 11-30).
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Table S1. Association between FSTL1 expression and clinicopathological features of GC in TCGA

database
. High expression Low expression
No. patients P value
(n=191) (n=190)
Gender
male 245 (64.3%) 121 (31.8%) 124 (32.5%) 0.69692
female 136 (35.7%) 70 (18.4%) 66 (17.3%)
Age
<60 124 (32.5%) 67 (17.6%) 57 (15.0%) 0.2901°
> 60 257 (67.5%) 124 (32.5%) 133 (34.9%)
T stage
T1 19 (5.0%) 3(0.8%) 16 (4.2%) 0.0011°
T2 79 (20.7%) 34 (8.9%) 45 (11.8%)
T3 173 (45.4%) 91 (23.9%) 82 (21.5%)
T4 110 (28.9%) 63 (16.5%) 47 (12.3%)
N stage
NO 119 (31.2%) 57 (15.0%) 62 (16.3%) 0.2294°
N1 100 (26.2%) 48 (12.6%) 52 (13.6%)
N2 76 (19.9%) 38 (10.0%) 38 (10.0%)
N3 81 (21.3%) 46 (12.1%) 35 (9.2%)
NX 5 (1.3%)
M stage
MO 340 (89.2%) 168 (44.1%) 172 (45.1%) 0.3246°
M1 27 (7.1%) 16 (44.1%) 11 (2.9%)
MX 14 (3.7%)
AJCC stage
I 54 (14.2%) 18 (4.7%) 36 (9.4%) 0.0252°
Il 120 (31.5%) 62 (16.3%) 58 (15.2%)
11 166 (43.6%) 88 (23.1%) 78 (20.5%)
v 39 (10.2%) 22 (5.8%) 17 (4.5%)
Missing 2 (0.5%)

a: chi-square test; b: Yates’ continuity corrected chi-square test.
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Table S2. Association between FSTL1 expression and clinicopathological features of GC in Zhejiang
cohort 1

No. patients Low(sx:n;az)smn H|gh(r¢]ex=pgzs)smn P value

Gender
Male 84 (77.8%) 45 (41.7%) 39 (36.1%) 0.1649
Female 24 (22.2%) 9 (8.3%) 15 (13.9%)

Age
<60 40 (37.0%) 20 (18.5%) 20 (18.5%) 1.0000
> 60 68 (63.0%) 34 (31.5%) 34 (31.5%)

Grade
G1-2 87 (80.6%) 42 (38.9%) 45 (41.7%) 0.4658
G3 21 (19.4%) 12 (11.1%) 9 (8.3%)

T stage
T1-2 31 (28.7%) 23 (21.3%) 8 (7.4%) 0.0014"
13-4 77 (71.3%) 31 (28.7%) 46 (42.6%)

N stage
NO 27 (25.0%) 21 (19.4%) 6 (5.6%) 0.0009"
N1-3 81 (75%) 33 (30.6%) 48 (44.4%)

M stage
MO 90 (83.3%) 46 (43.6%) 44 (40.7%) 0.6056
M1 18 (16.7%) 8 (7.4%) 10 (9.3%)

Tumor size
<5cm 62 (57.4%) 33 (30.6%) 29 (26.8%) 0.4363
>5cm 46 (42.6%) 21 (19.4%) 25 (23.2%)

AJCC stage
-l 36 (33.3%) 25 (23.1%) 11 (10.2%) 0.0043"
-1v 72 (66.7%) 29 (26.9%) 43 (39.8%)

“chi-square test.
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Figure S2. FSTL1 is associated with poor prognosis in GC. A. Kaplan-Meier curves for PFS of GC patients using K-M
plotter database. B, C. Kaplan-Meier curves for OS and PFS of GC patients with stage I/1l using K-M plotter data-
base. D. OS and PFS for GC patients with NO disease.
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Table S3. Correlation of FSTL1 mRNA expression and clinical prognosis in GC with different clinico-
pathological factors by K-M plotter

Overal Survival (n = 882)

Progression-free Survival (n = 646)

N Hazard Rate P-Value N Hazard Rate P-Value

Sex

Female 236 1.89 (1.33-2.70) 0.00035 201 1.97(1.35-2.87) 0.00036

Male 545 1.62 (1.31-2.01) 7.9e-06 438 1.60 (1.26-2.03) 9.2e-05
Stage

1 67 1.87 (0.69-5.07) 0.21 60 0.47 (0.14-1.57) 0.21

2 140 1.71 (0.94-3.12) 0.075 131 1.60(0.82-3.12) 0.17

3 305 1.75(1.31-2.34) 0.00012 186 1.94(1.34-2.81) 0.00036

4 148 1.89 (1.28-2.81) 0.0013 141 1.58(1.05-2.37) 0.026
Stage T

2 241 2.14 (1.40-3.27) 3e-04 239 1.85(1.23-2.80) 0.0029

3 204 1.72 (1.21-2.45) 0.0022 204  1.60 (1.14-2.26) 0.0063

4 38 3.17 (1.30-7.71) 0.0074 39 4.67(1.87-11.66) 0.00035
Stage N

0 74 1.75 (0.76-4.06) 0.19 72 1.78 (0.78-4.08) 0.17

1 223 2.34 (1.55-3.53) 3.1e-05 222  2.35(1.59-3.48) 9.1e-06

2 121 1.91 (1.22-2.99) 0.0043 125 2.06(1.33-3.18)  0.00088

3 76 2.40 (1.40-4.12) 0.0011 76 1.96 (1.15-3.34) 0.012

1+2+3 422 2.15 (1.66-2.80) 5e-09 423 219 (1.70-2.82) 5.4e-10
Stage M

0 444 2.04 (1.55-2.70) 2.9e-07 443  2.08 (1.59-2.71) 3.3e-08

1 56 2.05 (1.12-3.75) 0.018 56 1.57 (0.85-2.89) 0.14
Lauren classification

Diffuse 241 2.05 (1.45-2.89) 3.5e-05 231  2.07 (1.46-2.93) 2.6e-05

Intestinal 320 2.32(1.69-3.19) 1e-07 263 2.01(1.39-2.89) 0.00014

Mixed 32 2.29 (0.82-6.35) 0.1 28 2.71 (0.76-9.64) 0.11
Differentiation

Poorly 165 1.37 (0.92-2.05) 0.12 121 1.42(0.90-2.25) 0.13

Moderately 67 1.95 (0.99-3.86) 0.051 67 2,32 (1.19-4.52) 0.011

Well 32 13.34(3.03-58.81) 1.8e-05 / / /
HER2 status

Positive 344 1.67 (1.27-2.19) 0.00019 233 1.75(1.20-2.55) 0.0034

Negative 532 1.63 (1.30-2.04) 1.7e-05 408 1.75(1.35-2.27) 1.5e-05
Treatment

Surgery alone 380 1.77 (1.32-2.37) 0.00011 375 1.76(1.33-2.33) 6.7e-05

5-FU based adjuvant 153 0.80 (0.56-1.15) 0.23 153 0.86(0.61-1.21) 0.38

Other adjuvant 76 3.37 (1.40-8.10) 0.004 80 3.95 (1.65-9.46) 9e-04
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Figure S3. The role of FSTL1 in GC. A. The mRNA, endogenous and secretory protein expression levels of FSTL1 were
checked in a panel of five human GC cell lines using RT-gPCR and western blot. B, C. mRNA and protein expression
level of FSTL1 were efficiently inhibited by siFSTL1/siNC or shFSTL1/NC in SGC7901 and HGC27 cells. D. Represen-
tative images of colony formation assay in SGC7901 and HGC27 cells transfected with siRNA/NC or shRNA/NC. E,
F. mMRNA and protein expression level of FSTL1 were efficiently upregulated in HGC27 and BGC823 cells transfected
with OV-FSTL1/NC. G. Representative images of colony formation assay in HGC27 and BGC823 cells transfected
with OV-FSTL1/NC. H, I. Representative images of migration and invasion assay in HGC27 and BGC823 cells trans-
fected with OV-FSTL1/NC (SP, x 200).
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Table S5. GO analysis of FSTL1 co-expressed genes in GC

Number Associated

Category coIb of genes Genes (%)

Term P
Value

Term
FDR

Associated Genes Found

MF G0:0005178 31 7.451923

MF G0:0005201 26 6.25

MF G0:0005518 19 4.567308

MF G0:0050840 14 3.365385
MF G0:0008201 26 6.25

MF G0:0005509 50 12.01923

MF G0:0048407 8 1.923077
MF G0:0001968 10 2.403846
MF G0:0005161 6 1.442308
MF G0:0002020 12 2.884615
cC G0:0031012 81 19.47115

cc G0:0005578 64 15.38462

cc G0:0005615 107 25.72115

cC G0:0005576 114 27.40385

2.50522E-25

1.34851E-24

4.15366E-16

1.97895E-15
1.44278E-14

2.00354E-12

7.57661E-10
2.61734E-09
1.29967E-05
1.45607E-05
4.54398E-64

3.56721E-46

2.20258E-31

3.76939E-29

3.57E-22

1.92E-21

6.33E-13

2.84E-12
2.05E-11

2.85E-09

1.08E-06
3.72E-06
0.018495

0.02072
6.11E-61

4.79E-43

2.96E-28

5.06E-26

TSPAN4, COL3A1, TIMP2, ITGB1, VCAM1, S1PR3, WISP1, LAMB2, CTGF, FAP, TGFBI, THBS1, FN1, CYR61, TNXB, FBN1,
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EFEMP2, FBN1, HSPG2, CCDC80, NID1, NID2, SPARC, COL5A1, LAMA2, LAMA4, FBLN1, SERPINF1, ADAMTS1, LAMC1

RARRES2, A2M, LTBP2, CXCL12, MMRN2, PRKAR2B, OGN, DAB2, HMCN1, HTRA1, PLOD2, TGFBI, CFH, COL12A1, PDGFC,
CFD, SPON2, CRYAB, SPARCL1, ACTN1, MGP, SERPING1, MRGPRF, COLEC12, MFGES8, PRELP, THY1, SERPINF1, COL1A2,
PDGFRB, LAMC1, MFAP4, PAM, ITGB3, TIMP2, TIMP3, ITGB1, TIMP1, P3H1, LAMB2, ITGAV, ENTPD1, LAMB1, ANGPTL2,
FN1, COL18A1, PLAT, BHMT2, CACNA2D1, EFEMP2, LGALS1, EFEMP1, EMILIN1, LAMA2, OMD, LAMA4, COL14A1,
ANTXR1, DNAJB4, MYLK, RHOJ, CYB5R3, PXDN, AEBP1, IGFBP7, GJA1, RHOQ, DDR2, SEMA3C, TUBB6, MSN, FAM129A,
TUBA1A, AHNAK, CLMP, ACTA2, CILP, WLS, SLIT2, FLNA, BGN, CLIC4, PLXDC2, CYBRD1, GNB4, C3, LUM, CD248, CPQ,
VIM, C1S, PCOLCE, VCAM1, ANXAG, ISLR, CRISPLD2, COL6A3, PKD2, COL6A2, COL6A1, COL8A1, THBS1, EHD2, DPT,
FLRT2, COL4A2, TNXB, FBN1, HSPG2, COL15A1, AXL, NID1, MXRAS8, NID2, DPYSL2, FZD4, COL5A1, VWF, SH3BGRL,
FBLN1, PLSCR4, CLEC3B, FBLN2, FBLN5, PECAM1, C1RL, FCGR2A, PRSS23, CDH11

FKBP7, COL3A1, P3H1, KDELC1, FMO1, P4HA3, COL6A3, COL6A2, COL6A1, COL12A1, GPX8, PDGFC, COL8A1, THBS1,
COL8A2, SPON1, COL18A1, COL4A2, COL4A1, COL15A1, COL16A1, COL5A2, COL5A1, COL14A1, COL1A2, FKBP14,
COL1A1, RCN3, ADAMTS5

DLC1, NRP1, CNN3, FHL1, TNC, TSPAN4, VIM, PEAK1, FERMT2, ITGA11, AKAP12, GJA1, ITGB3, DDR2, ITGB1, ANXAG,
DAB2, FAP, ITGAV, MSN, AHNAK, NOX4, FLRT2, MRC2, HSPG2, ACTN1, CSRP2, NEXN, MMP14, PALLD, FLNA, THY1, LRP1,
TNS1, LAYN, ITGA5, PDGFRB, TGFB111, PARVA

COL18A1, CTHRC1, COL3A1, COL15A1, COLEC12, COL5A2, COL5A1, PCOLCE, TIMP1, EMILIN1, COL14A1, C1QTNF1,
COL6A3, COL1A2, COL6A2, COL12A1, COL6A1, COL1A1, LOX, COL8A2

PAM, IL1R1, NRP1, ACVRL1, ADGRF5, FERMT2, TGFB3, ITGB3, LPAR1, GREM1, TIMP2, ITGB1, SDC2, VCAM1, SRPX,
CD93, ITGAV, FAP, PDGFC, THBS1, CSF1R, PLAT, CLMP, CRYAB, LGALS1, AXL, MXRAS8, SPARC, FZD4, SLIT2, NOTCH2, TNS1,
THBD, BGN, SRPX2, LAYN, ITGA5, CLIC4, SFRP4, SULF1, PDGFRB, ANTXR1, ADGRA2, SCARAS, F2R

PXDN, POSTN, DDR2, FOXF1, TGFBI, LOX, LOXL1, CYR61, RECK, OLFML2B, BGN, COL1A2, VCAN, LAMC1, COL1A1, JAM2,
JAM3, MFAP5, TNC, LUM, COL3A1, ELN, ITGA11, DCN, ITGB3, ITGB1, ABI3BP, VCAM1, LAMB2, CRISPLD2, ITGAV, COL6A3,
COLGA2, COLGA1L, LAMB1, THBS1, COL8A1, COL8A2, FN1, COL18A1, COL4A2, COL4A1, FBN1, CCDC80, HSPG2, NID1,
NID2, SPARC, COL16A1, ECM2, COL5A2, COL5A1, EMILIN1, LAMA2, VWF, LAMA4, FBLN1, COL14A1, ITGA5, FBLN5,
PECAM1

NUAK1, IGFBP7, POSTN, DDR2, CXCL12, WISP1, SRPX, S1PR1, CTGF, FAP, TGFBI, COL12A1, SPON2, LOXL2, SPON1,
CYR61, MPDZ, MFGES, SSPN, THY1, VCAN, LAMC1, TGFB1I1, COL1A1, MFAP4, ADAM12, PARVA, PLXNC1, CYP1B1, TNC,
ITGA11, SPOCK1, ITGB3, ITGBL1, VCAM1, ISLR, LAMB2, ITGAV, COL6A3, COL6A2, COL6A1, COL8A1, THBS1, ENTPD1,
LAMB1, THBS2, DPT, FN1, COL18A1, TNXB, SVEP1, COL15A1, NID2, PCDH17, COL16A1, COL5A1, PCDH18, EPHA3, EMI-
LIN1, LAMA2, VWF, LAMA4, OMD, ITGA5, PECAM1, FEZ1, CDH11

CYP1B1, ACVRL1, NRP1, LEPR, ELK3, MMP2, MEIS1, MMRN2, S1PR1, CTGF, ITGAV, FAP, TGFBI, TMEM100, COL8A1,
COL8A2, FN1, COL18A1, PTPRB, COL4A2, EPAS1, MMP19, HSPG2, COL15A1, MFGE8, MMP14, THY1, PRKD1, SRPX2,
MEOX2, ITGA5, CLIC4, PLXDC1, PECAM1, JAM3

COL18A1, COL4A2, COL4A1, COL3A1, MMP19, MRC2, COL15A1, MMP14, COL5A2, MMP2, COL5A1, CTSK, COL6A3,
COL1A2, COL6A2, COL12A1, COL6A1L, COL1A1, COL8AL, ADAMTS2, COL8A2

TNXB, CYP1B1, LUM, COL3A1, GREM1, DDR2, COL5A2, COL5A1, COL14A1, SFRP2, COL1A2, COL12A1, COL1A1, LOX,
LOXL2, ADAMTS2, DPT

A2M, BMP1, FBN1, ELN, MMP19, HSPG2, NID1, DCN, TIMP2, MMP14, MMP2, TIMP1, CTSK, HTRA1, LAMC1, ADAMTS5,
FN1

RARRES2, A2M, F13A1, TGFB3, IGF1, ACTN1, SERPING1, SPARC, ITGB3, TIMP3, FLNA, TIMP1, ISLR, VWF, CLEC3B,
PECAM1, THBS1, CFD, FN1

TNC, COL3A1, TGFBR2, TGFB3, SPARC, ELK3, DCN, ITGB3, TPM1, TIMP1, PECAM1, PDGFRA, PDGFRB, LOX, FN1
COL4A2, ITGAS, ITGAV, COL12A1, COL6A1, MMP14, COL8A1, LAMB1, MMP2, FN1
ITGAV, FERMT2, PEAK1, AXL, LAMC1, ITGB3, ANTXR1, LAMB1, FZD4, FN1, PARVA

10



The role of FSTL1 in gastric cancer

Table S6. KEGG pathway analysis of FSTL1 co-expressed genes in GC

Number Associated Term Term
GO Term Associated Genes Found
of genes Genes (%) P Value FDR
hsa04512:ECM-receptor interaction 27 6.490384615 2.91E-22 3.54E-19 TNC, COL3A1, ITGA11, ITGB3, ITGB1, LAMB2, ITGAV, COL6A3, COL6A2, COL6AL, THBS1,

LAMB1, THBS2, FN1, COL4A2, COL4A1, TNXB, HSPG2, COL5A2, COL5A1, LAMA2, VWF,
LAMAA4, ITGA5, COL1A2, COL1A1, LAMC1

hsa04510:Focal adhesion 37 8.894230769 6.61E-22 8.05E-19 TNC, COL3A1, ITGA11, ITGB3, ITGB1, MYL9, LAMB2, ITGAV, COL6A3, COL6A2, COL6A1,
PDGFC, THBS1, LAMB1, THBS2, AKT3, FN1, COL4A2, TNXB, COL4A1, IGF1, ACTN1,
COL5A2, COL5A1, FLNA, LAMA2, VWF, LAMA4, FYN, ITGA5, COL1A2, PDGFRA, PDGFRB,
COL1A1, LAMC1, MYLK, PARVA

hsa04151:PI3K-Akt signaling pathway 36 8.653846154 1.32E-13 1.61E-10 TNC, COL3A1, ITGA11, GNG11, LPAR1, ITGB3, ITGB1, LAMB2, ITGAV, COL6A3, COL6A2,
COL6A1, PDGFC, THBS1, LAMB1, THBS2, AKT3, CSF1R, FN1, COL4A2, TNXB, COL4A1,
IGF1, COL5A2, COL5A1, LAMA2, VWF, LAMA4, ITGA5, COL1A2, PDGFRA, PDGFRB, GNB4,
COL1A1, LAMC1, F2R

hsa04974:Protein digestion and absorption 15 3.605769231 1.66E-08 2.02E-05 COL18A1, COL4A2, COL4A1, COL3A1L, ELN, COL15A1, COL5A2, COL5A1, COL14A1,
COLGA3, COL6A2, COL1A2, COL12A1, COL6A1, COL1A1

hsa05146:Amoebiasis 16 3.846153846 2.59E-08 3.15E-05 COL4A2,IL1R1, COL4A1, COL3A1, TGFB3, ACTN1, COL5A2, COL5A1, LAMA2, LAMA4,
LAMB2, COL1A2, COL1A1, LAMC1, LAMB1, FN1

hsa05200:Pathways in cancer 28 6.730769231 5.45E-07 6.63E-04 TGFB3, GNG11, LPAR1, MMP2, ITGB1, CXCL12, EDNRA, LAMB2, ITGAV, LAMB1, AKT3,

CSF1R, FN1, COL4A2, COL4A1, EPAS1, TGFBR2, RUNX1T1, IGF1, FZD4, LAMA2, LAMA4,
ETS1, PDGFRA, PDGFRB, GNB4, LAMC1, F2R

hsa05410:Hypertrophic cardiomyopathy (HCM) 12 2.884615385 2.10E-06 0.002556 CACNA2D1, ITGAS, ITGAV, TGFB3, ITGA11, SGCD, IGF1, ITGB3, TPM2, TPM1, ITGB1, SGCB

hsa05414:Dilated cardiomyopathy 12 2.884615385 4.43E-06 0.00539 CACNA2D1, ITGA5, ITGAV, TGFB3, ITGA11, SGCD, IGF1, ITGB3, TPM2, TPM1, ITGB1, SGCB

hsa04610:Complement and coagulation cascades 11 2.644230769 4.82E-06 0.005866 PLAT, VWF, A2M, THBD, C3, F13A1, CFH, SERPING1, C1S, CFD, F2R

hsa04611:Platelet activation 14 3.365384615 1.24E-05 0.015151 COL3A1, ITGB3, COL5A2, ITGB1, COL5A1, VWF, PTGIR, FYN, COL1A2, FCGR2A, COL1A1,
AKT3, MYLK, F2R

hsa05205:Proteoglycans in cancer 17 4.086538462 2.14E-05 0.026097 LUM, HSPG2, IGF1, DCN, ITGB3, FZD4, TIMP3, ITGB1, MMP2, FLNA, SDC2, ITGA5, ITGAV,
MSN, THBS1, AKT3, FN1

hsa05222:Small cell lung cancer 11 2.644230769 3.19E-05 0.038797 LAMA2, COL4A2, LAMA4, COL4A1, LAMB2, ITGAV, LAMC1, LAMB1, ITGB1, AKT3, FN1

hsa05412:Arrhythmogenic right ventricular cardiomyopathy (ARVC) 9 2.163461538 1.81E-04 0.220065 CACNA2D1, ITGAS, ITGAV, ITGA11, SGCD, GJAL, ITGB3, ITGB1, SGCB

hsa04670:Leukocyte transendothelial migration 11 2.644230769 4.09E-04 0.497219 VCAM1, PECAM1, ACTN1, MSN, JAM2, CXCL12, MMP2, JAM3, ITGB1, MYL9, THY1

hsa04810:Regulation of actin cytoskeleton 15 3.605769231 4.87E-04 0.591233 FGD1, ITGA11, ACTN1, ITGB3, ITGB1, MYL9, ITGA5, ITGAV, PDGFRA, PDGFRB, PDGFC,
MSN, MYLK, FN1, F2R

hsa04145:Phagosome 12 2.884615385 9.07E-04 1.098218 ITGAS5, C3, ITGAV, MRC2, TUBB6, COLEC12, FCGR2A, ITGB3, THBS1, TUBA1A, THBS2,
ITGB1

hsa05144:Malaria 7 1.682692308 0.001035 1.252832 VCAM1, LRP1, PECAM1, TGFB3, THBS1, THBS2, SDC2

hsa05206:MicroRNAs in cancer 17 4.086538462 0.00132 1.595565 RECK, TNXB, CYP1B1, TNC, VIM, ZEB2, ITGB3, ZEB1, TPM1, TIMP3, NOTCH3, NOTCH2,
ITGA5, PDGFRA, PDGFRB, ZFPM2, THBS1

hsa04360:Axon guidance 10 2.403846154 0.003333 3.983649 PLXNC1, NRP1, FYN, SEMA3C, DPYSL2, CXCL12, ITGB1, SLIT2, EPHA3, SLIT3

hsa04015:Rap1 signaling pathway 12 2.884615385 0.011938 13.60367 PRKD1, PDGFRA, PDGFRB, IGF1, PDGFC, LPAR1, ITGB3, THBS1, ITGB1, AKT3, CSF1R, F2R

hsa05145:Toxoplasmosis 1.923076923 0.016227 18.06032 LAMA2, LAMA4, LAMB2, TGFB3, LAMC1, LAMB1, ITGB1, AKT3

8
hsa04540:Gap junction 7 1.682692308 0.01869 20.52343 PDGFRA, PDGFRB, GJA1, TUBB6, PDGFC, LPAR1, TUBA1A
hsa04514:Cell adhesion molecules (CAMs) 9 2.163461538 0.020532 22.32163 VCAM1, PTPRM, ITGAV, PECAM1, VCAN, JAM2, JAM3, ITGB1, SDC2
hsa04520:Adherens junction 6 1.442307692 0.027304 28.61325 PTPRB, PTPRM, FYN, TGFBR2, ACTN1, SNAI2
hsa04380:0steoclast differentiation 8 1.923076923 0.037658 37.33436 CTSK, IL1R1, FYN, TGFBR2, FCGR2A, ITGB3, AKT3, CSF1R
hsa05150:Staphylococcus aureus infection 5 1.201923077 0.039915 39.10101 C3, CFH, FCGR2A, C1S, CFD

9

hsa05202:Transcriptional misregulation in cancer 2.163461538 0.047102 44.4251 MAF, PLAT, MEF2C, TGFBR2, RUNX1T1, IGF1, PBX1, MEIS1, CSF1R
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Figure S6. Correlation analysis between TLR4, CD14 expression and FSTL1 level in 10 freshly GC tissues.
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Figure S7. Immunofluorescence images of TLR4, CD14, FSTL1 expression in HGC27 and BGC823 cells.
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