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Abstract: Purpose: The purpose of this study was to investigate the effect of transmembrane-4-I-six-family-1
(TM4SF1) on breast cancer cell line MDA-MB-231 invasion and apoptosis and its mechanism through PI3K/AKT/
mTOR pathway. Methods: siRNA-TM4SF1 and pcDNA-TM4SF1 plasma were constructed and then transfected into
MDA-MB-231 cells respectively. Real time (RT)-PCR was used to measure the mRNA expression of TM4SF1 in each
group. Also, matrigel method and Annexin V-FITC were used to detect the effect of TM4SF1 expression on MDA-
MB-231 cell migration and apoptosis respectively. Besides, western blotting analyze was used to assay the effects
of TM4SF1 expression on PISK/AKT/mTOR pathway associated proteins expressions. Results: The results showed
that after being transfected with siRNA-TM4SF1, TM4SF1 expression was significantly declined, while it was signifi-
cantly increased after cells were transfected with pcDNA-TM4SF1 (P<0.05). Compared with the controls, TM4SF1
overexpression significantly contributed MDA-MB-231 cell migration but decreased apoptotic cells (P<0.05), which
were opposite to the results when TM4SF1 was sliced in cells. Moreover, TM4SF1 slicing significantly decreased the
expressions of phosphorylated (p)-AKT, p-mTOR, and p-P70 (P<0.05). Conclusion: Our study suggested that TM4SF1
may be a therapeutic target for breast cancer treatment and may loan insight into the mechanisms behind the de-
velopment and metastasis of advanced breast cancer.

Keywords: Breast cancer, transmembrane-4-I-six-family-1 (TM4SF1), cell apoptosis, cell migration, PI3K/AKT/
mTOR pathway

Introduction Transmembrane4 L six family protein (TM4SF)

are widely distribute in human cells and tis-

Breast cancer is a worldwide female malignan-
cy, which arises about 18% among female
malignancies. Statistics data refers that about
1.2 million women are diagnosed as breast
cancer and the 5-year survival rate is approxi-
mately to 50%-60% [1]. Traditional methods on
breast cancer treatment are surgery, chemo-
therapy, radiotherapy and medicine for differ-
ent subtypes [2, 3]. Papers report that invasion
and metastasis are the main challenges for
breast cancer treatment in clinical [4, 5].
However, mechanism of breast cancer invasion
and metastasis still remain incompletely
described. Thus, it is necessary to explore the
deep mechanism for breast cancer invasion
and metastasis and several target genes for
the disease treatment.

sues, and have homologous sequences which
are composed by four highly conserved hydro-
photic transmembrane domain (TM) [6]. The
four TM lead to the cell membrane glycoprotein
family of TM4FS proteins involving in cell
growth, proliferation, adhesion, migration and
invasion in many tumors such as hepatocytes,
endothelial cell, colon cancer, and ovarian can-
cer [7-10]. Lee and his colleagues reported that
TM4FS5 was associated with migration and
invasion of hepatocytes metastasis and might
be a therapeutic target during dealing with
TMA4FS5-mediated hepatocellular cancers [11].
TMA4SF member 1 (TM4SF1) is a member of the
transmembrane4 superfamily protein, which is
firstly discovered as an antigen for the immuno-
therapy in lung cancer [12]. Previous studies
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refer that TM4SF1 is pivotal for endothelial cell
function and tumor angiogenesis, including
combined with colon epithelial cells adhesion
and E-cadherin, ovarian cancer, and hepatoma
carcinoma metastasis [13-15]. Recent evidenc-
es prove that TM4SF1 is involved in tumor cell
migration, invasion and apoptosis. For instance,
Gao and Ramachandran refer that TM4SF1
could stimulate prostate cancer cell migration
and invasion during its metastasis [16]. Varma
reports that TM4SF1 differently expressed in
ovarian cancer cell line A2780/C10 and may be
a potential target gene for ovarian cancer
A2780/C10 [17, 18]. However, role of TM4SF1
in female breast cancer has not been
reported.

In this study, we investigated the effect of
TM4SF1 expression on breast cancer cell
migration and invasion based on MDA-MB-231
cell line. Comprehensive experimental meth-
ods were used to analyze the effects of TM4SF1
expression on MDA-MB-231 cell proliferation,
apoptosis and invasion. The purpose of this
study was to investigate the effect of TM4SF1
expression on breast cancer cell apoptosis and
invasion, and to illustrate the mechanism of
TMA4SF1 in breast cancer metastasis.

Materials and methods
Cell culture and plasma transfection

The human breast cancer cell line MDA-MB-231
(purchased from Basic medical cell center,
Peking Union medical college) were cultured in
Dulbecco’s modified Eagle’s medium (Sigma,
USA) supplemented with 10% fetal bovine
serum (FBS), 1% streptomycin, and 1% gluta-
MAX (Sigma, USA) at 37°C in an atmosphere of
5% CO,,.

The full length TM4SF1 coding sequence was
transfected into the pcDNA3.1 plasma
(Invitrogen, USA) to produce a TM4SF1 expres-
sion vector of pcDNA-TM4SF1 and then con-
firmed by sequencing. Also, the empty
pcDNA3.1 was transfected into MDA-MB-231
cells as a control group. In addition, target
sequence of TMA4SF1 that synthesized by
Sangon Biotech (Shanghai, China) was linked
onto the siRNA plasma to produce siRNA-
TMA4SF1, as well as the control siRNA (no slicing
sequence) was transfected into cells as control
group. G418 (Sigma, USA) was used for the
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stable TM4SF1 transfectants selection accord-
ing to previously described [19]. Cell transfec-
tion was conducted with Lipofectamine 2000
reagent (Invitrogen, USA) based on the manu-
facture’s protocol.

Real time (RT)-PCR

MRNA expression of TMASF1 in each group
was detected using the RT-PCR analysis as pre-
viously described [20]. The main steps were as
follows: MDA-MB-231 cells in different group
collected at 24 h were grinded in liquid nitrogen
and washed with PBS buffer for 3 times. Total
RNA from MDA-MB-231 cells was isolated using
the Trizol extraction reagent (Invitrogen, USA)
according to the manufacturer’s protocol [21],
followed by the addition of RNase-free Dnase |
(Promega, Biotech) to remove the DNA. Con-
centration and purity for isolated RNA were
measured with SMA4000 UV-VIS (Merinton,
Shanghai, China) at 260 nm. Then 0.5 pg/uL
purified RNA was used for cDNA synthesis using
the Primer Script 1st Strand cDNA Synthesis
Kit (Invitrogen, USA). Expression of mRNA was
measured with SYBR green-based quantitative
RT-PCR (Sangon, Shanghai, China). The total
reaction system of 20 pL volume containing 1
puL cDNA from the above PCR, 10 uL SYBR
Premix EX Taq, 1 pL each of the primers (10
uM), and 7 pL ddH,0. PCR reaction was carried
out at 50°C for 2 min, 95°C for 10 min followed
by 40 cycles of 95°C for 15 s and 60°C for 1
min. Melting curve analysis of amplification
products was performed at the end of each
PCR to confirm that only one product was am-
plified and detected. Phosphoglyceraldehyde
dehydrogenase (GAPDH, Sigma, USA) was ch-
osen as the internal control. Primers used for
target gene amplification were shown as
follows: sense primer: sense primer: 5-ACC-
ACTATGTCTTGATTCCCTC-3’, anti-sense primer:
5-ATTGTGGCTCTGTCCTGGGT-3. GAPDH sense
primer: 5-GGGTGGAGCCAAACGGGTC-3’, anti-
sense primer: 5-GGAGTTGCTGTTGAAGTCGCA-
3.

Cell migration assay

For effect of TM4SF1 expression on MDA-
MB-231 cells migration ability, Matrigel method
was used as previously described [22]. Cells in
each group cultured at 48 h were incubated
with serum-free DMEM medium containing
0.01% serum albumin (BSA, Sigma, USA) for 24
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Figure 1. Expression of TM4SF1 in MDA-MB-231 breast cancer cells. A. TM4SF1 was up-regulated in MDA-MB-231
cells after being transfected with pcDNA-TM4SF1 plasma; B. TM4ASF1 was down-regulated in MDA-MB-231 cells
after being transfected with siRNA-TM4SF1 plasma. *P<0.05, compared with the control cells.

h. The upper Transwell was enveloped with
serum-free DMEM medium containing 50 mg/L
Matrigel and then air-dried at 4°C. After being
sucked out the medium, 50 yL fresh serum-
free medium containing 10 g/L BSA was added
and then cultured for at 37°C 30 min. Then
Transwell was put into the 24-well plates and
cultured with DMEM medium supplemented
with 10% FBS. Cells in Transwell were suspend-
ed with serum-free DMEM medium. Transwell
in control group was treated without Matrigel.
After being cultured for 12 h, Transwell in each
group was washed with PBS buffer to remove
the upper cells on microporous membrane, fol-
lowed with fixed in ice-cold alcohol. Finally,
Transwell from each group was stained with
0.1% crystal violet for 30 min, and then decol-
orated with 33% acetic acid. The absorbance of
eluents was observed at OD 570 nm using a
microplate reader (Biotech, USA). Total experi-
ments were conducted independently for three
times.

Apoptosis assay

Influence of TM4SF1 expression on MDA-
MB-231 cells apoptosis was assessed with the
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flow cytometry Annexin V-FITC cell apoptosis kit
(Roche, USA) according to the manufacturer’s
instructions [23]. Briefly, MDA-MB-231 cells
were treated with siRNA-TM4SF1 and pcDNA-
TM4SF1 plasma for 24 h, followed by the
replacement of serum-free cell culture medium.
Total cells were harvested and then washed
with PBS buffer with 3 times for 5 min. Then
cells were resuspended in the staining buffer.
Consequently, 5 uL of annexin-V-FITC and 5 pL
of propidium iodide (Pl) were added with the
cells. After being cultivated at room tempera-
ture for 10 min, cells in each group were ana-
lyzed using the FACScan flow cytometry.
Annexin V-positive and propidium iodide-nega-
tive cells were considered to be apoptotic cells.
The experiments were conducted three times
independently.

Western blotting analysis

MDA-MB-231 breast cancer cells transfected
with siRNA-TM4SF1 or pcDNA-TM4SF1 plasma
cultured at 48 h in each group were lapped with
radioimmunoprecipitation (RIPA) assay (Sangon
Biotech, China) lysate containing phenylmeth-
anesufonyl fluoride (PMSF, Sigma, USA), and
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Figure 2. Effects of TM4SF1 expression on MDA-MB-231 breast cancer cell
migration. A. Overexpression of TM4SF1 significantly increased MDA-MB-231
breast cancer cell migration; B. TM4SF1 slicing significantly decreased MDA-
MB-231 breast cancer cell migration. **P<0.01, compared with the control

cells.
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ondary antibody (1:1000
dilution) at room tempera-
ture for 1 h. Finally, PVDF
membrane was washed
with 1 x TBST buffer with 3
times for 10 min. Detection
was conducted using the
development of X-ray after
chromogenic substrate wi-
th an enhanced chemilumi-
nescence (CEL) method.
Additionally, GAPDH served
as the internal control.

T
siTM4SF1

Statistical analysis

All the data were presented
as the mean + standard
deviation (SD). Statistical
analyses were performed
using SPSS 19.0 statistic-
al software (Armonk, NY,
USA). The P-values were
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Figure 3. Influences of TM4ASF1 expression on MDA-MB-231 breast cancer
cell apoptosis. A. Overexpression of TM4SF1 decreased MDA-MB-231 breast
cancer cell apoptosis; B. TM4SF1 slicing significantly increased MDA-MB-231

T
Control

calculated using a one-way
analysis of variance (AN-
OVA). The P<0.05 was con-
sidered to be statistically
significant.

SiITM4SF1

breast cancer cell apoptosis. *P<0.05, compared with the control cells.

then were centrifuged at 12,000 rpm for 10
min at 4°C. Supertanant was collected for the
measurement of protein concentrations using
bicinchoninic acid (BCA) protein assay kit
(Pierce, Rochford, IL) [24]. For western blotting,
20 ug protein per cell lysate was subjected to
a 12% sodium dodecylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), followed with
transferred onto a polyvinylidencefluoride
(PVDF) membrane (Mippore). Then the PVDF
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Results

Expression of TM4SF1 in MDA-MB-231 breast
cancer cells

After being transfected with pcDNA-TM4SF1
plasma, TM4SF1 level in MDA-MB-231 cells
was significantly increased compared with that
in normal cells (P<0.05, Figure 1A). Besides,
when cells were transfected with siRNA-
TM4SF1 plasma, TM4SF1 expression in MDA-
MB-231 cells was significantly declined com-
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Figure 4. Influence of TMASF1 expression on PI3K/AKT/mTOR pathway associated proteins expressions. A. Effects
of TM4SF1 overexpression on expressions of p-mTOR, p-AKT, and p-P70 in MDA-MB-231 breast cancer cells; B. Ef-
fects of TM4SF1 slicing on expressions of p-mTOR, p-AKT, and p-P70 in MDA-MB-231 breast cancer cells; C. Effects
of siRNA-TM4SF1 inhibitor on expressions of p-mTOR, p-AKT, and p-P70; D. Migrate MDA-MB-231 breast cancer
cells in different group. *P<0.05, **P<0.01, compared with the control cells.

pared with its control (P<0.05, Figure 1B). The
results were coincidence with the western
blotting analysis (Figure 1).

Cell migration assay

Effect of TM4ASF1 expression on MDA-MB-231
breast cancer cells was detected using the
Matrigel method (Figure 2). After being trans-
fected with siRNA-TM4SF1 plasma, TM4SF1
expression in MDA-MB-231 breast cancer cells
was declined but migrate cells were significant-
ly decreased compared with the control
(P<0.01, Figure 2B). Besides, when MDA-
MB-231 breast cancer cells were transfected
with pcDNA-TM4SF1, TM4SF1 expression was
up-regulated and migrate breast cells were
increased compared that in control group
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(P<0.01, Figure 2A), indicating that MDA-
MB-231 breast cancer cells migrate ability may
be positive correlated with TM4SF1 expr-
ession.

Cell apoptosis assay

Flow cytometry was used to assess whether
TMA4SF1 expression was correlated to MDA-
MB-231 breast cancer cell apoptosis or not
(Figure 3). Our results showed that when MDA-
MB-231 cells were transfected with siRNA-
TMA4SF1, apoptotic cells in the siRNA-TM4SF1
group were significantly increased compared
with the control group (P<0.05, Figure 3B).
Besides, when MDA-MB-231 cells were trans-
fected with pcDNA-TM4SF1, apoptotic cells
were significantly decreased compared with its
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control (P<0.05), indicating that overexpres-
sion of TM4SF1 was negatively correlated with
MDA-MB-231 cell apoptosis (Figure 3A).

Analysis of TM4SF1 expression and PI3K/
AKT/mTOR pathway

Western blotting analysis was used to assess
the effect of TMASF1 expression on PI3K/AKT/
mTOR pathway associated proteins expression
(Figure 4). The results showed that when
TM4SF1 was up-regulated in MDA-MB-231
cells, expressions of p-mTOR (mammalian tar-
get of rapamycin), P-P70, and p-phosphoinosit-
ide-3-kinase (PI3K) were all increased com-
pared with the control group (Figure 4A). Our
data showed that when MDA-MB-231 cells
were transfected with siRNA-TM4SF1 plasma,
expressions of p-mTOR, P-P70, and p-AKT were
all decreased compared with the controls
(Figure 4B). In addition, the results also per-
formed that migrate cells in TM4SF1 slicing
group was significantly decreased compared
with the control group (P<0.05), which was the
same tendency as migrate cells in inhibitor
group (P<0.05). However, when MDA-MB-231
cells were transfected with siRNA-TM4SF1
plasma and with addition of inhibitor, the path-
way associated proteins expression such as
p-mTOR, P-P70, and p-AKT were all significantly
decreased compared with the inhibitor group or
TM4SF1 group, suggesting that TM4SF1 func-
tioned as a cell migration inhibitor in breast
cells (Figure 4C and 4D).

Discussion

Breast cancer is a worldwide female malignan-
¢y, which has increasing morbidity [1, 4, 5].
TMA4SF1 has been reported to be associated
with many tumors invasion and metastasis, but
has not been reported in breast cancer. In this
study, we used human breast cancer cell line
MDA-MB-231 to analyze the effect of TM4SF1
expression on breast cancer cell invasion and
apoptosis. The results presented in this study
showed that TM4SF1 overexpression signifi-
cantly enhanced MDA-MB-231 cells migration
but decreased cell apoptosis (P<0.05), which
are opposite to the results when TM4SF1 slic-
ing. Moreover, TM4SF1 overexpression signifi-
cantly increased PISK/AKT/mTOR pathway
associated proteins expressions including
p-mTOR, p-AKT, and p-P70, indicating that
TM4SF1 may be correlated with breast cancer
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invasion and migration through PI3K/AKT/
mTOR pathway.

Previous papers have shown that cell migra-
tion, apoptosis, and invasion were associated
with malignancies metastasis and progression
[25, 26]. Roles of TM4SF1 in breast cancer
migration and invasion have not been fully illus-
trated except for in other tumors. Zukauskas
and his colleagues proved that the endothelial
cell selectively expressed TM4SF1 was neces-
sary for endothelial cells migration and nanopo-
dia formation [27], and TM4SF1 was overex-
pressed in prostate cancer and was involved in
cell migration [28]. The same functions of
TMA4SF1 in cell migration and invasion have
been reported in pancreatic cancer from Cao’s
study [16]. Coincidence with former studies,
our results showed that TM4SF1 overexpres-
sion could contribute breast cancer cell migra-
tion, suggesting that TM4SF1 may be a contrib-
utor in breast cancer metastasis. On the other
hand, our data showed that TM4SF1 overex-
pression could inhibit breast cancer cell apop-
tosis. In Gordon’s study, TM4SF1 was a nega-
tive regulator of mesothelioma cell apoptosis,
which indicated its potential of therapeutic
target for tumor treatment [29]. Thus, we spec-
ulated that TM4SF1 may be a negative regula-
tor for breast cancer cell apoptosis and over-
expression of TMASF1 may contribute breast
cancer progression through inhibiting cell
apoptosis.

Meanwhile, AKT family proteins are involved in
many processes including metabolism, prolif-
eration, cell survival, growth and angiogenesis
[30], while PI3K family proteins regulate PIP3,
which is pivotal in recruiting PH domain-con-
taining proteins to membrane including AKT,
and then activating signaling cascades involved
in cell growth, migration and function [31]. PI3K
signaling pathway is involved in cell growth, sur-
vival and movement, and p-AKT of the apoptot-
ic-inducing protein Bad creates a binding site
for proteins and prevents Bad from binding to
Bcl-2 family, therefore resulting a cell survival
response [32]. It has been proved that TM4SF1
could activating the Ras signal and then induc-
ing the downstream activation of PI3K for epi-
thelial mesenchmal transition (EMT) in colon
cancers [33]. In Morgensztern’s paper, PI3K/
AKT/mTOR pathway has been proved to be cor-
related to regulate several normal cellular func-
tions that are critical for tumorigenesis, and
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components in this pathway are frequently
abnormal in a variety of tumors, making them
an attractive target for cancer therapy [34]. In
this study, overexpression of TM4SF1 signifi-
cantly enhanced p-PI3K, p-AKT, and p-mTOR
expressions in MDA-MB-231 cells which were
contrary to the results when TM4SF1 was
sliced, indicating that TM4SF1 overexpression
may be associated with breast cancer migra-
tion and metastasis through influencing PI3K/
AKT/mTOR signal pathway.

In conclusion, the data presented in this study
performed that TM4SF1 expression was
involved in breast cancer MDA-MB-231 cell
migration and apoptosis through down-regulat-
ing the PI3BK/AKT/mTOR pathway. TM4SF1 slic-
ing inhibits MDA-MB-231 cell migration, pro-
motes cell apoptosis, and down-regulates
PI3BK/AKT/mTOR pathway associated proteins
expressions including p-PI3K, p-AKT, and
p-mTOR. Our study suggests that TM4SF1 may
be a therapeutic target for breast cancer treat-
ment and may loan insight into the mecha-
nisms behind the development and metastasis
of advanced breast cancer. However, further
investigate studies are still needed to explore
the deep mechanism for the clinical application
of TM4SF1 in breast cancer.
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