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FRAS1 knockdown reduces A549 cells migration and
invasion through downregulation of FAK signaling
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Abstract: Distal metastasis is the major cause of death for the vast majority of lung cancer patients. Many extracel-
lular matrix (ECM)-related molecules are proposed to be associated with the migration and invasion of cancer cells.
FRAS1 encodes an ECM protein, however, little is known about its function on tumorigenesis and metastasis of lung
cancer. In this work, FRAS1 was silenced by shRNA in non-small cell lung cancer (NSCLC) A549 cell line. The capaci-
ties of A549 cells to migrate and invade were decreased markedly after FRAS1 knockdown. The shRNA knockdown
of FRAS1 was found to be specific and had no effect on A549 cells proliferation. Western blot experiments demon-
strated that FRAS1 knockdown inhibited FAK signaling but not Src signaling. Overall, we found that FRAS1 knock-
down reduces A549 cells migration and invasion ability through downregulation of FAK signaling.
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Introduction

FRAS1 encodes an extracellular matrix (ECM)
protein that appears to function in the regula-
tion of epidermal-basement membrane adhe-
sion and organogenesis during development.
Mutations in this gene cause Fraser syndrome,
a multisystem malformation that can include
craniofacial, urogenital and respiratory system
abnormalities [1, 2]. However, the roles of FRA-
S1 on tumorigenesis and metastasis remain
unknown.

Lung cancer is the leading cause of cancer
death in men and women worldwide. Patients
with lung adenocarcinoma are often diagnosed
with metastasizing symptoms and die of early
and distal metastasis [3]. Metastasis is made
up of a cascade of interrelated and sequential
steps, including cell adhesion, ECM degrada-
tion, cell movement, and invasion. ECM-related
molecules have been associated with the
migration and invasion of lung cancer cells in
vitro and in vivo, such as FBLN3 [4], Integrin B1
[5-71, LAMB3 [6], MMP2 [8], CD44s [9], COL6A1
[10], fibronectin [11], and Tissue Factor Pathway
Inhibitor-2 (TFPI-2) [12]. Furthermore, FRAS1

was proposed to be a biomarker for human
endometrial carcinoma [13]. These reports
demonstrated the possibility that FRAS1 is
involved in lung cancer metastasis. It is of great
interest to address this hypothesis in lung can-
cer cells.

In present work, FRAS1 was silenced by shRNA
in Non-small cell lung cancer (NSCLC) A549
cells, the migration and invasion capacities
were investigated by transwell assay. The
results demonstrated that FRAS1 actually regu-
lates A549 cells migration and invasion rather
than proliferation via mediating the FAK
signaling.

Materials and methods
Cell culture

The human NSCLC cell line A549 was pur-
chased from the American Type Culture
Collection (ATCC, Manassas, VA) and main-
tained in DMEM medium (Gibco) supplemen-
ted with 10% FBS (Hyclone), penicillin (100 U/
ml) and Streptomycin (100 pg/ml) (Life
Technologies) in a humidified atmosphere
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Figure 1. FRAS1 knockdown
repressed A549 cells migra-
tion. A: Transwell migration
assay for shCtr or shFRAS1
transfected A549 cells. B:
Histogram represented the
relative migration ability cal-
culated from 4-5 fields under
a light microscope. *, p <
0.05.
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containing 5% CO, at 37°C. Cells in the expo-
nential growth phase were used for all the
experiments.

Construction and infection of sShFRAS1 lentivi-
rus

A customized lentiviral shRNA targeting FRAS1
was constructed into lentivirus vector (Invi-
trogen, BLOCK-IT™ Lentiviral RNAi Expression
System, K4944-00), shFRAS1 lentivirus was
packaged and titered in HEK293T cells accord-
ing to the manufacturer’s protocol. A549 cells
were infected by shRNA lentivirus at MOl of 5 in
the presence of polybrene (8 pg/ml).

Cell migration and invasion assay

Migration assays were performed in Transwells
(Corning Inc., 8.0-um pore size). For migration
assay, 96 h post transduction of shFRAS1 or
shCtr (control shRNA, shRNA with empty vec-
tor), 2.5 x 10% cells in serum-free medium were
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added to the upper wells. Media containing
10% FBS were added to the lower wells. Cells
that migrated through the filter after 24 h were
stained with 0.2% crystal violet and counted by
phase microscopy.

Cells transfected with shFRAS1 or shCtr were
cultured separately until 80% confluence. The
cells were then washed three times with phos-
phate-buffered saline (PBS) and cultured in
serum-free media overnight before being sub-
jected to an ECM invasion assay in vitro. The
invasion assay was conducted using BioCoat
Matrigel Invasion Chambers with 8 um pores
(BD Biosciences, Bedford, MA) according to the
manufacturer’s instructions. Briefly, 2.5 x 104
cells were resuspended in fresh serum-free
media and seeded into the upper chamber of a
24-well transwell plate, while the lower cham-
ber contained fresh culture media with 20%
FBS. The cells were allowed to invade for 22
hours (37°C, 5% CO, atmosphere), and the
chambers were then washed with PBS. Those
cells that did not invade through the membrane
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Figure 2. FRAS1 knockdown
inhibited A549 cells invasion.
A: Transwell invasion assay for
shCtr or shFRAS1 transfected
A549 cells. B: Histogram rep-
resented the relative invasion
ability calculated from 4-5 fields
under a light microscope. **, p
< 0.01.
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were removed. The invading cells on the lower
surface of the membrane were fixed with cold
methanol, stained with 0.2% crystal violet and
examined. The cells on each membrane were
counted in no less than five fields under a light
microscope.

Quantitative real-time PCR (qPCR)

Total RNA was synthesized to cDNA using
PrimeScript RT reagent kit with gDNA Eraser
(Takara, RRO74A) for RT-PCR with mixture of
oligo-dT and Random Primer (9 mer). Real-time
qPCR was performed on CFX-96 (Bio-lab), with
endogenous control hActb. Gene expression
was calculated relative to expression of hActb
endogenous control and adjusted relative to
expression in A549 transfected with shCtr. The
primers for gPCR validation were list as below:
hActb: forward: 5-GCATCCCCCAAAGTTCACAA-
3’, Reverse: 5-GGACTTCCTGTAACAAC GCATCT-
3’; FRAS1: forward: 5’-AATAGCTGCCAACCAATG-
CTG-3’, Reverse: 5-CAAGAGC ACACACTACATGG-
AG-3.
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MTS cell proliferation assay

The tetrazolium compound (MTS) cell prolifera-
tion assay is a quantitative colorimetric assay
for mammalian cell survival and proliferation.
A549 cells (4 x 10%) were grown in 100 ul of
culture medium containing serum per well in a
96-well plate. After 24 h, the cells were treated
by shFRAS1 or shCtr lentivirus for 96 h. Every
treatment for each cell line was triplicate in the
same experiment. Then 20 ul of MTS (CellTiter
96 AQueous One Solution Reagent; Promega)
was added to each well for 2 h at 37°C. After
incubation, the absorbance was read at a wave-
length of 490 nm according to the manufac-
turer’s protocol.

Protein isolation and western blotting

Cell pellets were resuspended in 1 x SDS load-
ing buffer (1 mmol-L* Na,VO,, 10 mmol-L* NaF,
1 mmol-L'* PMSF) containing protease inhibi-
tors. Lysates (20 ug each lane) were applied to
SDS-PAGE. Immunoblotting of Abs specific for
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Figure 3. FRAS1 does not influence the proliferation of A549 cells. A: gPCR assay for FRAS1 knockdown efficacy. B:
Silencing of FRAS1 had no effect on A549 cell proliferation. The cell viability was examined by MTS assay.

GAPDH (Abmart, 080922), AKT (Santa Cruz,
sc-8312), p-AKT (Santa Cruz, SC-7985-R), Src
(Epitomics, 3795-S), p-Src (Epitomics, 5595-1,
pY418), FAK (Epitomics, 1700S), p-FAK (Epi-
tomics, 2211-1, pY397) were detected using
HRP-conjugated anti-mouse (Promega) or anti-
rabbit (Promega) and visualized by chemilumi-
nescence detection system (Millipore, WBKL-
S0500).

Results

FRAS1 knockdown inhibits the migration and
invasion of A549 cells

To investigate the roles of FRAS1 on the migra-
tion and invasion of A549 cells, FRAS1 was
silenced by shRNA in A549 cells and the migra-
tion and invasion of A549 cells was examined
by transwell migration and invasion assay. The
results showed that following FRAS1 knock-
down the migration ability of A549 cells
decreased by 61% (Figure 1) and the invasion
ability decreased by 50% (Figure 2), suggesting
that FRAS1 is vital for A549 cells to exert the
capacities of migration and invasion and hence
might play roles in lung cancer metastasis.

FRAS1 does not influence the proliferation of
A549 cells

To rule out the off-target effect and the influ-
ence on cell proliferation of shRNA knockdown,
the gene-silencing efficacy and the cell viability
were detected respectively by gPCR and MTS
assay. The knockdown efficacy of FRAS1 by
shRNA was 66% (Figure 3A), suggesting the
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shRNA knockdown is specific and the effects
on A549 cells migration and invasion after
FRAS1 knockdown is not possibly caused by
off-target effect. Meanwhile, FRAS1 knockdown
did not influence the proliferation of A549 cells
(Figure 3B), indicating that FRAS1 is really
associated with the migration and invasion abil-
ity other than proliferation of A549 cells.

FRAS1 regulates the migration and invasion of
A549 cells via mediating the FAK signaling

And then the underlying mechanisms by which
FRAS1 plays roles on A549 cells migration and
invasion were investigated by immunoblotting
assay (Figure 4). The results demonstrated that
the AKT and Src signaling were not altered sig-
nificantly, while FAK signaling was dramatically
downregulated by FRAS1 knockdown, propos-
ing that FRAS1 regulates the migration and
invasion of A549 cells via mediating the FAK
signaling.

Discussion

Distal metastasis is the major cause of death
for the vast majority of lung cancer patients.
Many ECM-related molecules are proposed to
be associated with the migration and invasion
of cancer cells. FRAS1 encodes an ECM pro-
tein, however, little is known about its function
on tumorigenesis and metastasis of lung
cancer.

In this work, FRAS1 was silenced by shRNA in
NSCLC A549 cell line. The capacities of A549
cells to migrate and invade were examined by
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Figure 4. Western blot for several signaling mole-
cules. The total and phosphorylation levels of AKT,
Src and FAK proteins were detected for A549 cells
infected with shCtr or shFRAS1, GAPDH served as an
input control.

FAK

transwell assay. The underlying mechanisms
were investigated by western blot. We found
that FRAS1 knockdown reduces A549 cells
migration and invasion through downregulation
of FAK signaling.

Previous studies have suggested some possi-
ble signaling pathways by which ECM-related
molecules regulate migration and invasion of
cancer cells, such as IGF1R/PISK/AKT/GSK3[3
signaling [4], Src signaling [14], ERK1/2 signal-
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ing [5, 14], p38MAPK signaling [15], epithelial-
mesenchymal transition [7], NF-kB and STAT3
signaling [16]. Interestingly, our western blot
results demonstrated that it is the FAK signal-
ing but not Src and AKT signaling that is
repressed following FRAS1 knockdown. Src
and FAK proteins are both non-receptor pro-
tein-tyrosine kinases implicated in cancer inva-
sion and metastasis [17-21]. Both kinases are
involved in focal adhesion and adjacent adhe-
sion to mediate the transmission of extracellu-
lar signaling to intracellular downstream mole-
cules. The activation of Src and FAK requires
the release of auto-inhibitory protein conforma-
tions that result in increased kinase activity.
The full catalytic activation of FAK needs the
Src-mediated phosphorylation of tyrosine resi-
dues in the kinase loop of FAK [22, 23]. Our
results demonstrated that FRAS1 knockdown
suppressed FAK signaling but not Src signaling,
suggesting that FRAS1 is specific and neces-
sary for FAK but not Src activation. Therefore, it
deserves further investigation of FRAS1 expres-
sion plus FAK activation status in lung cancer
metastasis tissue samples. On the other hand,
the status of ERK1/2 signaling, p38MAPK sig-
naling, NF-kB and STAT3 signaling after FRAS1
knockdown may also present clues for the
underlying mechanisms and hence warrant fur-
ther examination.

Taken together, FRAS1 knockdown reduces
A549 cells migration and invasion through
downregulation of FAK signaling.
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