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| Abstract: Fibronectin 1 (FN1) is a glycoprotein molecule widely distributed in cell structures such as smooth muscle cell layer, vascular cell membrane and

nerve cell layer. It participates in cell adhesion, migration and movement of various cells. In recent years, FN1 has been shown to play an important role in the
regulation of various malignant tumors such as lung cancer, colorectal cancer, and ovarian cancer. However, its regulation and mechanism of action in gastric
cancer have been rarely reported, and these are also associated with some controversy. The aim of this study was to investigate the clinical significance of FN1 in
gastric cancer, to study the effects of FN1 on proliferation, apoptosis, migration and invasion of GC cells, and the mechanisms involved. The expression of FN1 in
gastric cancer tissues was determined using immunohistochemistry staining. The comparative expression levels of FN1 were assayed with RT-PCR and Western
blotting. The correlation amongst FN1 expression, clinicopathological parameters and prognosis of gastric cancer patients was determined. Cell transfection was
used to silenceFN1 expression in gastric cancer cells. Plate cloning and CCK-8 assays were used to determine cell proliferation, while apoptosis was assayed with
flow cytometry. Cell migration and invasion was measured with transwell assay. The expressions of EMT-related proteins were assayed using western blotting.
The results showed that FN1 was upregulated in GC tissues and cell lines, and its expression level was closely related to tumor invasion, TNM stage, lymph node
metastasis and survival. Inhibition of FN1 expression significantly reduced proliferation, migration, invasion and EMT processes of GC cells, and enhanced cell

apoptosis. These results confirm that FN1 is up-regulated in GC, thereby functioning as an oncogenic gene. The high expression of FN1 might affect the clinicopa-

thological parameters and prognosis of gastric cancer patients.

((ey words: Gastric cancer; FN1; Clinical pathological parameters; EMT.

/

Introduction

Gastric cancer (GC), one of the most common mali-
gnant gastrointestinal tumors, is associated with high
morbidity and mortality worldwide, thereby seriously
affecting human health. With advancements in medical
technology, the incidence of GC in developed countries
has declined, but in developing countries, the annual
growth of new cases of GC is still increasing annually.
The prognosis of GC patients is poor (1). At present,
the preferred treatment for GC is surgical resection, fol-
lowed by chemotherapy. Improvements in endoscopic
and bio-diagnostic techniques have enhanced early dia-
gnosis of GC. However, the symptoms of GC are not
obvious at the early stage. Thus, most patients are dia-
gnosed at an advanced stage of metastasis, thereby mis-
sing the best period for surgical intervention. In effect,
the prognosis of GC patients is poor. Therefore, studies
on the pathogenesis of GC and the search for new early
diagnostic markers and therapeutic targets, are of great
significance for improving not only the 5-year survi-
val of GC patients, but also their quality of life. The
pathogenesis, infiltration and metastasis of GC are pro-

cesses involving dysregulation of multiple genes. In re-
cent years, developments in molecular biology and gene
technology have provided new ideas and opportunities
for the study of the molecular mechanisms involved in
GC. Studies on GC have focused mainly on gene expres-
sions, inhibition of tumor growth, and targeted therapy.

Fibronectin 1 (FN1) is an extracellular matrix gly-
coprotein with a molecular weight of 440 kDa. It is
widely distributed in smooth muscle cell layer, vascu-
lar cell membrane and nerve cell layer, and is involved
in cell adhesion, cell migration, and cell movement (2,
3). It is expressed in plasma and in a variety of cells.
While FN1 produced by hepatocytes is plasma-soluble,
cellular FN1 is insoluble in plasma, but soluble in cells
(4). Since all FN1s are involved in opsonization, puri-
fied FN1 has been used clinically as an alternative treat-
ment for sepsis, trauma, shock and other fields (5, 6). A
number of studies have confirmed that FN1 is involved
in the pathogenesis of a variety of malignant tumors.
However, the regulatory role and clinical significance
of FN1 in GC are still unclear and controversial. The-
refore, this study was aimed at investigating the clinical
significance and regulatory effects of FN1 expression
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on GC, and underlying mechanism(s).
Materials and Methods

General information on patients

A total of 56 GC patients who were treated in our
hospital from 2012 to 2014 were chosen. They com-
prised 34 males and 22 females, aged 38-72 years, with
an average age of 56.19+10.24 years. All patients unde-
rwent radical resection. Fresh tumor tissue and adjacent
normal tissue specimens (greater than 5 cm) were obtai-
ned for analysis. The specimens were immediately pre-
served in liquid nitrogen. The patients did not undergo
any anti-tumor treatment before surgery, and the GC
specimens were confirmed by two senior pathologists.
The patients and their families signed informed consent.
The study was approved by the Medical Ethics Com-
mittee of our hospital. All patients were followed up
through their regular return visits to the hospital.

Cell line and cell culture

Four gastric cancer cell lines (AGS, SGC-7901,
MGC-803 and BGC-823), and human normal gastric
mucosal cells (GES-1) were purchased from the Insti-
tute of Basic Medical Sciences of the Chinese Academy
of Medical Sciences. All cells were cultured in DMEM
medium containing streptomycin (100 mg/mL), penicil-
lin (100 U/mL) and 10% FBS) at 37 °C in a cell incu-
bator containing 5% CO,. An FNI silencing expression
vector was constructed. The cells were stably transfec-
ted with the vector when the cells were grown to 90%
confluence, and cells that stably expressed FN1 were
established.

Immunohistochemistry staining

Paraffin tissue sections were prepared, routinely
dewaxed, washed with distilled water and PBS buffer;
placed in antigen repair solution for antigen retrieval,
and heated for 10 min. The sections were cooled at
room temperature, and 3% hydrogen peroxide solution
was added dropwise, followed by incubation for 15 min
to block endogenous peroxidase. Then, goat serum was
added and incubated for 15 min. After the treatment, the
serum was removed, and the sections were incubated
overnight with FN1 primary antibody (1:1000 dilution)
at 4 °C overnight. Then, secondary antibody was added,
followed by incubation at 37 °C for 30 min. Color deve-
lopment was done using DAB, followed by counters-
taining with hematoxylin, dehydration and transparen-
tizing, and sealing with neutral gum. The sections were
dried, observed under a x400 microscope, and recorded.
Positive staining was judged and scored independently
by two pathologists. The FN1 positive cells appeared as
light yellow, brownish yellow or brown particles in the
cytoplasm. The positive cells accounted for tumor cells.
They were divided into 4 grades, based on the degree
of positive staining: <5%, 5-30%, 31-50%, 51-70% and
>71%, which were scored 0, 1, 2, 3 and 4 points, respec-
tively. For staining intensity of the positive cells, light
yellow, brown and tan were scored 1, 2 and 3, respec-
tively. The products of these two scoring results were
used as the final evaluation result, and was defined as
negative by 0 < IS < 3, and 3 <IS < 12 was defined as
positive. For each slice, three sites were observed for

analysis, and the scores were averaged.

RT-PCRs

Total RNA was extracted from various tissues and
cells with total RNA extraction kit, and cDNA was ob-
tained through reverse transcription using reverse trans-
cription kit. The cDNA was used as a template for RT-
PCR, with GAPDH as an internal reference gene. The
FN1 mRNA level was determined with RT-PCR, and
the corresponding primers were designed using Primer
Premier 5.0 software. The upstream primer sequence
of FN1 was 5'-TAC CAT CAG GTA GGC GTC ATG
CAT A-3', while the downstream primer sequence was
5'-AAG AAC TGC AAG CTG GTC TGC G-3'. The
upstream of primer sequence of GAPDH was 5'-GTC
ACC CTG AGC GGT CCATGT CTG TA-3', while the
downstream primer sequence was 5'-GTC CAG CCA
CCT GTA TTG CTG CAC GT-3". The expression of
the target gene mRNA was calculated using the 2-2A¢T
method.

Cell Proliferation assay

Cells at logarithmic growth phase in each transfec-
tion group were digested with trypsin so as to prepare
a cell suspension. The cells were seeded at a density of
5x10% cells/well in a 96-well plate (100ul/well), and
10ul CCK-8 reagent was added to each well. The cells
were placed in a carbon dioxide incubator for 2 hours.
The absorbance of each well was read at450 nm at dif-
ferent times, in a microplate reader, and three replicates
were set for each sample. Cells in good growth state
were inoculated into a 6-well plate at a density of 1 x
10° cells/well, and the cells were evenly distributed by
gently shaking the 6-well plate. After 14 days of culture
in a carbon dioxide incubator, the cells were washed
with pre-cooled PBS buffer, and fixed with appropriate
amount of 4% paraformaldehyde for 30 min, and washed
3 times with PBS buffer. Then, 2 ml of 0.1% crystal
violet was added. After 2 hours of staining, cell images
were obtained through photographing, and the number
of clones was calculated and statistically analyzed.

Apoptosis assay

The transfected cells were made into single cell sus-
pensions, and the cell density was adjusted to 1x10%/ml.
After centrifugation, the supernatant was discarded, 1
ml of pre-cooled 75% ethanol was added, mixed, and
then fixed on ice overnight. The fixed cells were washed
with PBS buffer, centrifuged at 1000 °C for 5 min at 4
° C, and the supernatant was discarded. The cells were
resuspended in 100ul of PBS buffer, and Sul of An-
nexin-V-FITC and 10pl of PI were added. After careful
mixing and incubation for 30 min in the dark, the cells
were subjected to flow cytometric analysis. There were
3 replicates in each group.

Migration and invasion assay
Cell migration assay

The cells were starved for 24 h, trypsinized and see-
ded into a single cell suspension, and the cell concen-
tration was adjusted to 5x10° cells/ml. Then, 600ul of
RPMI-1640 medium containing 10% FBS was added to
a 24-well plate, and the Transwell chamber was placed
directly into a 24-well plate. Then, 200pl of the cell sus-
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pension was added to the upper chamber, and placed in a
5% CO, incubator 37 ° C for 18 h. After the incubation,
formaldehyde was added, followed by fixing at room
temperature for 30 min. The cells were washed thrice
with PBS buffer, and cells that did not pass through
the surface of the upper chamber were wiped off. After
drying, 5 fields of view were randomly selected, photo-
graphed and counted under a microscope.

Cell invasion assay

Matrigel was pre-cooled with serum-free RPMI-
1640 medium at a ratio of 1:8. Then, 100ul of Matri-
gel was evenly added to the upper Transwell chamber,
and incubated at 37 ° C for 1 h to achieve a solid state.
The cells were seeded at a density of 5 x 105 cells/ml.
The other steps were consistent with those in the cell
migration experiments. The number of cells that passed
through the Transwell Matrigel and the membrane into
the lower chamber reflected the invasive ability of the
cells.

Western blotting

The total protein in each tissue sample and cell sample
was extracted using RIPA lysis solution, and the pro-
tein concentration was determined with BCA method.
Then, 40 pg of the protein sample was subjected to
SDS-polyacrylamide gel electrophoresis, and transfer-
red to a PVDF membrane. The membrane was blocked
with 5% non-fat milk powder solution, after which it
was incubated with FN1 primary antibody (1:500) over-
night at 4°C. After rinsing, the membrane was incuba-
ted with secondary antibody (goat anti-rabbit, 1:10000)
for 1 h at room temperature. Thereafter, the membrane
was washed three times with PBST (10 min for each
wash), and chemiluminescent substance and chromoge-
nic reagent were added. The membrane was then sub-
jected to DAB color development in the dark. Image
acquisition was performed using a gel imaging system,
while grayscale analysis was done with Quantity One
software.

Statistical analysis

This was done using SPSS19.0 software. All data
are presented as mean + standard deviation (SD). The
results were statistically compared between 2 groups
using z-test, while analysis of variance was used for
comparison of multiple groups. Values of p <0.05 were
considered as indicative of statistical significance of dif-
ferences.

Results

Immunohistochemical assay of FN1 expression in
gastric cancer

The expression levels of FN1 in GC tissues and their
matched normal tissues were assayed with immunohis-
tochemical staining. The results showed that 34 out of
56 GC tissue samples were positive for FN1 expression,
while 9 cases were positive in adjacent normal tissues.
Therefore, the degree of positive expression of FN1 in
tumor tissues (60.7%) was significantly higher than that
in adjacent tissues (16.1%) (p<0.05). These results are
shown in Fig. 1.

Expression of FN1 mRNA and protein in gastric can-
cer

The expression of FN1 mRNA in 56 cases of GC
tissues and adjacent normal tissues was determined with
RT-PCR. The results showed that the average compara-
tive expression level of FNI mRNA in GC tissues was
1.68+0.11, which was significantly higher than that in
adjacent normal tissues (1.00+0.03) (»p<0.05). Western
blotting results showed that the protein expression level
of FN1 in tumor tissues was significantly lower than that
in normal tissues, which was consistent with RT-PCR
results, indicating that the expression level of FN1was
up-regulated in GC. These results are shown in Fig. 2.

Correlation between FN1 expression and clinicopa-
thological parameters in patients with GC

Results showed that FN1 expression was closely re-
lated to TNM stage, depth of invasion, and lymph node
metastasis(p<0.05). However, FN1 expression was not
significantly correlated with gender, age, degree of dif-
ferentiation and tumor size (p >0.05), as shown in Table
1. These results indicate that the expression of FNI
affects the degree of tumor progression in GC patients.

Correlation between FN1 expression and prognosis
in GC patients

As shown in Fig. 3, FNI1 expression was signifi-
cantly correlated with patient's overall survival (OS)

Figure 1. Immunohistochemical detection of FN1 expression in
GC tissues and adjacent normal tissues .56 GC tissues and adja-
cent normal tissues were stained by FN1 antibodies. Represen-
tative images with magnification (%200 )of IHC staining were
shown. (A) Representative images of positive FN1 expression in
GC tissues, (B) Representative images of negative FN1 expression
in adjacent normal tissues.
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Figure 2. FN1 expression in GC tissues and adjacent normal tis-
sues. A. Expression of FNI mRNA in GC tissues and adjacent
normal tissues; B. Expression of FN1 protein in GC tissues and
adjacent normal tissues.
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Table 1. Correlation between FN1 expression and clinicopathological parameters in patients with GC.

FN1 expression

Clinical features low expression (n=22) high expression (n=34) P
Gender 0.558
Male 16 23
Female 6 11
Age 0.492
<50 8 15
>50 14 19
Degree of differentiation 0.206
Middle and low differentiation 15 21
Highly differentiated 7 13
Infiltration depth 0.015%*
T1~T2 16 16
T3~T4 6 18
Tumor size 0.034
<4cm 12 19
>4cm 10 15
TNM staging 0.002*
I~ 14 11
~1v 8 23
Lymph node metastasis 0.001*
Yes 15 13
No 7 21
in low FN1 expression were significantly higher than P _
those of FN1(p< 0.05), implying that patients with low - L
expression of FN1 had longer OS and DFS. Thus, high 3w £
FN1 expression of FNI affects the prognosis of GC [ R £ :: —tow e
patients. E - -'):03‘:15"@!\ ------- E " ;;I[)Z;‘Ehigh a.___u-' .
& - o F .
Expression level of FN1 in GC cell lines =V A
The expression of FN1 mRNA in cells was deter- Figure 3. Correlation of FN1 expression with overall survival (OS)
mined with RT-PCR. The results showed signiﬁcantly and disease-free survival (DFS) in GC patients. A. Relationship
increased expression of FN1 mRNA in four GC cell between FN1 expression and patient OS; B. Relationship between
lines (p<0.05). Furthermore, results from Western blot- FNI expression and patient DFS.
ting showed that the expression level of FN1 protein in
each GC cell line was consistent with the mRNA ex- AS, B
pression level. Therefore, FN1 was highly expressed in E )
the various cell lines. There were significant differences e . e — I — —
in GES-lamongnormal gastric mucosal cells (»p<0.05), g:“ ﬂ L[] cavon | ————
with FN1 having the highest degree of up-regulation £ - ’J_‘ H S & P P
in SGC-7901. Thus, SGC-7901 was selected for use in Eo 1 m Al & &S
subsequent functional studies. These results are pres- A A P 4
ented in Fig. 4. T %8
Figure 4. Expression of FN1 mRNA and protein in gastric cancer
Establishment of a stable silencing FN1 SGC-7901 cell lines.
cell line
In a previous study, siRNAs that stably inhibited FN1 Moreover, the expression vector did not cause cytotoxi-
expression were successfully designed and screened, city to GC cell SGC-7901, as shown in Fig. 5.
and siRNA-FN1 and its negative control siRNA-con
were transfected into GC cell SGC-7901. Blank control Effect of FN1 on proliferation of GC cells
was set as NC group. To verify the transfection efficien- After transfection for 48 hours in GC cell line SGC-
cy, the comparative expression levels of FNI mRNA 7901, cell proliferation in each group was determined
and protein in the three groups were determined with with CCK-8 assay. The results showed that the pro-
RT-PCR and Western blotting after 48 h of transfection. liferation capacity of siRNA-FN1 group was signi-
The results showed that the comparative FN1 mRNA ficantly lower than that of siRNA-con group and NC
and protein expression levels in siRNA-FN1 cells were group(p<0.05). The results of plate cloning experiments
significantly lower than those in siRNA-con group showed that the number of cloning cells in the siRNA-
(p<0.05), while the expression levels of FN1 mRNA FNI group was 194.5+6.8, which was significantly
and protein in siRNA-con group were comparable with lower than that in the negative control siRNA-con group
those in NC group, indicating successful transfection. (399.745) and the blank control NC group (411.6£15.3),
Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 5 194
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Figure 5. Expression of FN1 mRNA and protein in different SGC-
7901 cells.
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Figure 6. FN1 inhibited proliferation of gastric cancer cells.

indicating that inhibition of FN1 expression reduced the
proliferation of GC cells (Fig 6).

Effect of FN1 on apoptosis of GC cells

As shown in Fig. 7, GC cell apoptosis in siRNA-FN1
group was significantly higher than that in siRNA-con
group and NC group (p<0.05). Thus, inhibition of FN1
expression promoted apoptosis of GC cells.

Effect of FN1 on cell migration and invasion of GC
cells

The results of Transwell migration assay showed
that the migration capacity of SGC-7901 cells was
significantly decreased after silencing FN1 (p<0.05),
indicating that FN1 promoted the migration capacity
of GC cells. Similar results were seen in the Transwell
invasion assay. The average number of invasive cells in
the siRNA-FN1 group was significantly lower than that
in the siRNA-con and NC groups(p<0.05), indicating
that FN1 promoted the cell migration and invasion in
GC cells.

FN1 inhibited gastric cancer EMT

To determine whether FN1 is involved in the EMT
of GC, Western blotting was used to determine the
expression of EMT-related markers in GC cells. The
results showed that the expression levels of N-cad and
Vimentin proteins were significantly decreased after
overexpression of FN1. The expression level of E-cad
was significantly increased (Fig 9), indicating that FN1
promoted the EMT of GC.

Discussion

The optimal treatment for GC is radical surgery.
However, early symptoms of GC are not usually ob-
vious. Moreover, there are certain shortcomings in early
clinical screening methods, which result in majority of
GC patients missing the best operation period at the
time of diagnosis. For GC patients unable to undergo
surgical resection, drug therapy is the main treatment.
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Figure 7. Comparison of cell apoptosis in three groups of GC cells.
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Figure 8. omparison of cell migration and invasion of three groups

of GC cells. A. Data of cell migration in three groups of cells. B.
Data of cell invasion assay for the three groups of cells.

[ siRMA-con
Hl siRMNAFNT
vimentin %
:
N-cadherin .5 2
A
y-catenin E
x
w1
E-cadharin E H rl H
-
: i l
GAPDH L
& 3
p
& dg}"ﬁé <€
Q

Figure 8. Effect of FN1 on the expression of EMT-related proteins
in GC cells.
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Conventional chemotherapy regimens such as cis-
platin, fluorouracil combination or combination with
paclitaxel have improved GC patient survival in recent
years. However, multi-drug resistance, tumor metastasis
and other factors result in poor therapeutic outcomes in
some patients, thereby decreasing their overall 5-year
survival (7). The occurrence of GC is the result of long-
term effects of various carcinogenic factors. Activation
of proto-oncogenes and inactivation of tumor suppres-
sor genes are closely related to the pathogenesis of GC.
Fibronectin lis an extracellular matrix with multiple
functions, and it is a macromolecular glycoprotein. It
acts as a ligand for the integrin receptor family, and it is
involved in cell adhesion and cell migration (8).

In recent years, the regulation of FN1 in the develop-
ment of malignant tumors has attracted much research
attention. With respect to local infiltration and invasion
of tumors, FN1 binds to integrin transmembrane recep-
tors on the surface of various malignant tumor cells, re-
gulates the adhesion of tumor cells to ECM, and affects
the removal of tumor cells and ECM proteins. In other
words, tumor cells can pass through the basement mem-
brane and induce tumor cell migration under the induc-
tion of matrix degradation products and insulin-like
growth factors (9, 10). Studies have reported that FN1
expression is significantly up-regulated in colorectal
cancer tissues and cell lines. Through gene knockout of
FN1, the inhibition of cell proliferation, migration and
invasion of colorectal cancer cells SW116 and LOVO
cells were observed(11). Wang et al. used RT-PCR to
assay the expression of FNI mRNA in 109 renal cell
carcinoma tissue samples. The results showed that the
comparative expression of FN1 in tumor tissues was
nearly 7 times that of kidney tissue, and its expression
level was significantly correlated with clinical stage
(12). Another study reported that high expression of
FNI1 was seen in invasive human bladder cancer T24
cells, and that inhibition of FN1 expression reduce the
migration capacity of T24 cells through a mechanism
related to targeted of pKC signaling pathway (13). In
cervical cancer, high expression of FNI1 activates the
expression of pro-MMP-9, resulting in a signaling cas-
cade (14). Thant et al reported that FN1 activated MMP-
2 promoter, thereby increasing the expression of MMP-
2 in ovarian cancer cell OVCA, while high expression
of MMP-2 further enhanced the combination of OVCA
cells and fibronectin which is broken down into small
segments and cleavage receptor integrin. Thus, it pro-
motes peritoneal adhesion in ovarian cancer cells (15).

In this study, immunohistochemistry was first used
to measure the expression level of FN1 in 56 GC tissues
and corresponding adjacent normal tissues. It was found
that the degree of positive expression of FN1 in gas-
tric cancer tissues was significantly higher than that in
adjacent normal tissues. Furthermore, the level of FNI
mRNA in tumor tissues was determined with RT-PCR.
The results were consistent with those of immunohisto-
chemical staining. Therefore, FN1 was up-regulated in
GC tissues. Furthermore, FN1 expression was closely
related to TNM stage, depth of invasion and lymph node
metastasis. Therefore, patients with high FN1 expres-
sion had higher TNM stage and depth of invasion than
those with low expression of FN1, and those with high
FNI1 expression were more likely to have lymph node

metastasis, suggesting that FN1 may promote local in-
vasion and distant metastasis of GC cells through cer-
tain molecular mechanisms. Some clinical studies have
found that some gastric cancers that grow into the cavity
have large tumors but only infiltrate to the submuco-
sa, while some GCs that grow out of the cavity have
small tumors but can infiltrate into the serosa layer (15).
These are consistent with the findings in this study, in
that FN1 expression was significantly associated with
invasive depth, and had no significant correlation with
tumor size. Kaplan-Meier survival curve was used to
analyze the prognosis of GC patients. It was found that
the overall survival and disease-free survival of patients
with low FN1 expression were significantly higher than
those with high FN1 expression. Therefore, the patients
with high FN1 expression had shorter survival cycle,
suggesting that FN1 expression affects the prognosis of
GC patients. Our results were consistent with previous
report that the expression of FN1 in GC tissues is upre-
gulated compared with adjacent normal tissues, and it is
a potential biomarker of poor prognosis in patients with
GC[16].

Furthermore, the effect of FN1 on the biological
function of GC cells was studied at the cellular level.
It was found that the expression levels of FN1 mRNA
and protein in GC cell lines were significantly higher
than those in normal gastric mucosal cells, and the
comparative expression levels of FN1 mRNA differed
amongst different GC cell lines. The SGC-7901 with
the highest comparative expression level was chosen as
research target. Various molecular technologies such as
small RNA interference (siRNA) and gene cloning have
played important roles in the study of the mechanisms
involved in the pathogenesis of GC. It is known that
siRNA is a chemically modified double-stranded RNA
which can inhibit the expression of specific genes after
induction of transcription, and has high interference
efficiency. It can be recognized by dicer enzyme after
entering the cells through transient transfection. It also
binds to intracellular RISC and degrades homologous
mRNA, thereby silencing the expression of specific
genes (18, 19). Therefore, in order to study the effect of
FNI expression on GC, the expression of FN1 in SGC-
7901 cells was silenced with transfection, and the trans-
fection efficiency was determined with RT-PCR. After
successfully establishing silenced expression of FN1 in
GC cell lines, cell proliferation of each group was deter-
mined using CCK-8 method and plate cloning assay. It
was found that the proliferation of SGC-7901 cells was
significantly lower than those of the negative control
group and NC group after silencing FN1 expression,
indicating that FN1 promoted the proliferation of GC
cells. Results from flow cytometry showed that apopto-
sis of SGC-7901 cells was significantly increased after
silencing FN1 expression. Therefore, FN1 promoted the
apoptosis of GC cells.

Clinically, tumor invasion and metastasis are major
difficulties in the treatment of GC, and they are also
important factors in tumor recurrence. A variety of en-
zymes and protein factors are involved in the regulation
of tumor invasion and metastasis. These include matrix
metalloproteinase which promote the formation of blood
vessels around the tumor by degrading the extracellular
matrix, thereby enhancing the ability of the tumor to in-
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vade the surrounding tissues (20). Therefore, cell matrix
degradation and cancer cell detachment are among the
major factors involved in tumor invasion and metasta-
sis. Generally, tumor cells undergo secondary invasion
through endothelial target and basement membrane. To
determine the effect of FN1 on migration and invasion
of gastric cancer cells, Transwell assay was used to ana-
lyze GC cell migration and invasion. The results of cell
migration assay showed that after silencing FN1 expres-
sion, the number of cells passing through the membrane
of SGC-7901 cells was significantly lower than that of
the control group, indicating marked weakening of the
migration ability of the cells. Similar results were obtai-
ned in the Transwell invasion assay: cell invasion in the
siRNA-FNI1 group was significantly lower than that in
the siRNA-con and NC groups, indicating that FN1 pro-
moted the migration and invasion capacity of GC cells.
Epithelial-mesenchymal transition (EMT) is generally
considered a hallmark of tumor migration and invasion.
It refers essentially the transformation of epithelial-
derived tumor cells from an epithelial phenotype to a
mesenchymal phenotype (21-23). Results from western
blotting showed that after overexpression of FN1, the
expression levels of N-cad and Vimentin proteins in GC
cells were significantly decreased, while the expression
levels of E-cad were significantly increased, indicating
that FN1 promoted EMT in GC.

In summary, this study confirmed that FN1 is up-re-
gulated in GC, and that high expression of FN1 might
affect the degree of progression and prognosis of GC
patients. These findings indicate that FN1 has impor-
tant clinical significance. It promotes cell proliferation,
migration, invasion and EMT of GC cells, and inhibits
their apoptosis. Thus, FN1 is a cancer-promoting gene.
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