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Synuclein-y promotes migration of MCF7 breast
cancer cells by activating extracellular-signal regulated
kinase pathway and breaking cell-cell junctions
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Abstract. Synuclein-y (SNCG), a synuclein family member,
promotes migration, invasion and metastasis of tumor cells;
however, the mechanism remains unclear. The present study
investigated the effect of SNCG on malignant phenotypes of
MCFT7 cells using cell proliferation analysis, cell migration
assays and wound healing assays, and verified its effects on
extracellular-signal regulated kinase (Erk) activation and
epithelial to mesenchymal transition-related markers using
western blotting. The results indicated that SNCG increased
migration (P<0.05) but not proliferation (P=0.711) of MCF7
cells. It was also demonstrated that SNCG activated the Erk
pathway and an inhibitor of Erk signaling significantly coun-
teracted SNCG-induced migration. Furthermore, it was shown
that SNCG downregulated levels of tight junctions-associated
factors E-cadherin and ZO-1, while inhibiting the Erk pathway
did not affect their levels. In conclusion, SNCG may promote
MCFT7 cell migration through activating the Erk pathway and
breaking cell-cell junctions.

Introduction

The synuclein family consists of synuclein-a (SNCA),
synuclein-p (SNCB) and synuclein-y (SNCG). SNCA has
been widely investigated due to its role in pathogenesis of
neurodegenerative diseases, such as Alzheimer's disease and
Parkinson's disease (1,2). SNCB assumes a neuroprotective
role by inhibiting SNCA expression and aggregation (3,4).
SNCG was initially termed breast cancer specific gene 1
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on account of its high levels in advanced infiltrating breast
carcinoma, compared with those in normal or benign breast
lesions (5).

Elevated level of SNCG is detected in a wide range of
cancer types, including gastric, lung, liver, colon, ovarian,
cervical and esophageal cancer, and glioma (6-10). In addition,
it correlates with adverse outcomes in breast cancer (11,12) and
colon cancer (10). Downregulation of SNCG by small inter-
fering (si)RNA decreased migration and invasion of HCT116
colorectal cancer cells (13). A moderate elevation of matrix
metalloproteinase (MMP)2 and significant upregulation of
MMP9 occurred in Y79 retinoblastoma cells overexpressing
SNCG (14). SNCG was shown to promote migration of
MDA-MB-435 breast cancer, and A2780 and OVCARS5
ovarian cancer cells by modulating RHO and Erk pathways.
Inhibition of the RHO pathway by C. difficile Toxin B or of
the Erk pathway by U0126 blocked cell migration in cells
overexpressing SNCG (15). However, the exact mechanism of
how SNCG promotes cell motility remains unclear.

A previous study showed that SNCA promoted the phos-
phorylation of Akt (16). Since SNCA shares homologous
sequences and similar functions with SNCG, it was proposed
that there is a correlation between SNCG and the Akt pathway.
Epithelial to mesenchymal transition (EMT), is currently the
focus of cancer cell migration, invasion and metastasis investi-
gation (17). During EMT, non-motile, polarized epithelial cells
dissolve their cell-cell junctions and convert into individual,
non-polarized, motile and invasive mesenchymal cells (17).
Considering the role of SNCG in promoting cell invasiveness
(13-15), it would be interesting to evaluate the correlation
between SNCG and EMT. Based on the fact that EMT is
prompted by various signaling pathways, including Erk (18)
and Akt (19), while SNCG activated Erk pathway (15,20), we
explored the possible connection between SNCG and EMT in
this study.

Materials and methods

Materials and cell lines. The stable cell line MCF7-green
fluorescent protein (GFP)-SNCG, which stably overex-
presses GFP-SNCG, and the MCF7-GFP control cell line
were constructed by respectively transfecting MCF7 cells
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(American Type Culture Collection, Manassas, VA, USA)
with pEGFP-SNCG (kindly provided by Dr. Erich Shi;
Albert Einstein College of Medicine, Bronx, NY, USA) and
pEGFP-N1 (Promega Corporation, Madison, WI, USA).
MCF7-GFP-SNCG and MCF7-GFP were cultured in
RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS) (all from Bioroc Pharmaceutical & Biotec
Co., Ltd., Tianjin, China). Transwell chambers with 8 ym
polycarbonate membranes in 24-well dishes were purchased
from Corning Inc. (Corning, NY, USA). Anti-E-cadherin
(cat. no. R868) was purchased from Bioworld (Nanjing,
China). Anti-p-Erk (cat. no. 9101), anti-Erk (cat. no. 9107),
anti-p-Akt (cat. no. 12694), anti-Akt (cat. no. 2920), anti-ZO-1
(cat. no. 8193), anti-Vimentin (cat. no. 3390), anti-p-catenin
(cat. no. 2698) and anti-TCF8/ZEBI (cat. no. 3396) antibodies,
and U0126, a MEK inhibitor, were purchased from Cell
Signaling Technology Inc. (Danvers, MA, USA).

Cell proliferation analysis. Cells were seeded in 96-well plates
in triplicate with RPMI-1640 and 10% FBS. The confluence
values were measured using the CloneSelect Imager system
(Molecular Devices Ltd., New Milton, UK) at 0, 24, 48, 72 and
96 h. The confluence values were positively correlated with cell
numbers. Experiments were repeated twice.

Cell migration assay. Cells (4x10%) were suspended in
serum-free RPMI-1640 and added to the upper chamber. RPMI-
1640 (700 ul) with 10% FBS was added to the lower chamber
at the same time. Chambers were incubated at 37°C in the 5%
CO, incubator for 24 h. Following incubation, the chambers
were fixed with pre-cooled methanol for 30 min and stained
with 0.1% crystal violet (Sigma-Aldrich, St. Louis, MO, USA)
for 30 min. Non-migrated cells on the upper surface of filters
were removed with cotton swabs. Cell numbers were counted in
five random fields using light microscopy (Eclipse 80i; Nikon
Corporation, Tokyo, Japan). Experiments were repeated twice.

Wound healing assay. Cells were grown to 95% confluency
in a 24-well plate in RPMI-1640 medium with 10% FBS. A
wound was created by scratching monolayer cells with a sterile
200 pl pipette tip. Cells were washed three times with phos-
phate-buffered saline to remove non-adherent cells. RPMI-1640
medium with 2% fetal bovine serum were added. Images of
the wound were captured at different time points. The recovery
rate of the wound was measured and quantified using Image
Pro Plus version 7.0 software (Media Cybernetics, Warrendale,
PA, USA) and calculated using the equation: % Cell migration
= [1-(scratch area at T,)/scratch area at T,]. Where the T, is
the respective time point and T is the time after the scratch.
Experiments were repeated twice.

Western blot analysis. For western blot analysis, cells were
harvested with 2X sodium dodecyl sulfate and boiled for
10 min, then loaded on 12% polyacrylamide gels. After elec-
trophoresis, proteins were transferred onto a nitrocellulose
membrane (Bio-Rad Laboratories, Inc., Hercules, CA, USA),
blocked for 2 h in 5% skimmed milk. Subsequently, membranes
were probed with primary antibodies diluted in 5% bovine
serum albumin (Sigma-Aldrich) overnight at 4°C, followed
by incubation with secondary antibodies for 45 min at room
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temperature. The enhanced chemiluminesence system (Pierce
Biotechnology, Inc., Rockford, IL, USA) was used for analysis.
GAPDH was used as a loading control.

Statistical analysis. SPSS software, version 17.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis. The
two-sided t-test method was used for analyzing the difference
between the experimental group and the control group. P<0.05
was considered to indicate a statistically significant difference.

Results

SNCG has no effect on the proliferation of MCF7 breast cancer
cells. To investigate the function of SNCG, MCF7-GFP-SNCG
breast cancer cells and MCF7-GFP control cells were selected
for the study. As detected by SNCG monoclonal antibodies,
which weres prepared by our lab in a previous study (21),
endogenous SNCG was undetectable in MCF7-GFP-SNCG
and MCF7-GFP cells, while the fusion protein GFP-SNCG
was strongly expressed in MCF7-GFP-SNCG cells (Fig. 1A).
In the proliferation assay, no significant difference between
MCF7-GFP-SNCG and MCF7-GFP cells was found (P=0.711),
suggesting that SNCG has a minimal effect on the proliferation
of MCF7 breast cancer cells (Fig. 1B).

SNCG increases the migration of MCF7 breast cancer cells
in vitro. To investigate whether SNCG promoted migration
of MCF7 cells, Transwell and wound healing assays were
performed. In the Transwell assay, the number of migrated
MCEF7-GFP-SNCG cells was almost twice that of MCF7-GFP,
and the difference between them was statistically significant
(P<0.05, Fig. 2A). In addition, MCF7-GFP-SNCG cells also
migrated faster than MCF7-GFP cells in the wound healing
assay (Fig. 2B). Therefore, SNCG significantly promoted the
mobility of MCF7 breast cancer cells.

Erk pathway mediates SNCG-promoted migration. SNCG had
been demonstrated to be associated with Erk and constitutively
activated Erk (15,20). The Akt pathway was also shown to be
activated by SNCA (16). Considering that Erk and Akt pathways
have essential roles in regulating pathways related to cancer
malignant phenotypes, it was hypothesized that SNCG may
enhance the mobility of MCF7 cells via Erk or Akt pathways.
To test this hypothesis, western blotting was performed to detect
the expression of p-Erk and p-Akt. As shown in Fig. 3A, SNCG
upregulated p-Erk and had no effect on p-Akt, which indicated
SNCG activated the Erk pathway rather than the Akt pathway
in MCF7 cells. To further investigate whether the Erk pathway
contributes to SNCG-induced mobility in MCF7 cells, U0126, a
MEK inhibitor, was used. Cells were cultured in 10 M U0126
1 h prior to performing Transwell and wound healing assays.
The results revealed that U0126 significantly reduced migra-
tion and healing of MCF7-GFP-SNCG and MCF7-GFP cells
(P<0.05, Fig. 3B and C). Therefore, SNCG promoted migration
of MCF7 by activating downstream Erk pathway.

SNCG promotes migration by breaking cell adherens junctions
and tight junctions, which is not triggered by the Erk pathway.
EMT is key in cancer cell metastasis, and is regulated by various
pathways, including Erk and Akt (18,19). According to the fact
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Figure 1. SNCG has no effect on the proliferation of MCF7 cells. (A) GFP-SNCG was highly expressed in MCF7-GFP-SNCG cells while endogenous SNCG
was not detected in MCF7-GFP-SNCG or MCF7-GFP cells. (B) Proliferation of MCF7-GFP-SNCG and MCF7-GFP cells analyzed every 24 h. Results are
shown as the mean + standard deviation. SNGC, synuclein-y; GFP, green fluorescent protein.
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Figure 2. SNCG promotes migration of MCF7 cells. (A) SNCG promoted migration of MCF7 cells in a Transwell assay. Magnification, x100. Data are
expressed as the mean + standard deviation. "P<0.05 compared with the MCF7-GFP cells. (B) SNCG promoted migration of MCF7 cells in a wound healing

assay. Results were presented as the mean + standard deviation of two different experiments, "P<0.05 compared with MCF7-GFP cells. SNGC, synuclein-y;
GFP, green fluorescent protein.

that SNCG may promote cancer cell migration by activating the
Erk pathway, the correlation between SNCG and EMT was then
examined. To identify whether SNCG had an impact on EMT,
western blotting was conducted to check the relevant protein

expression levels in MCF7-GFP-SNCG and MCF7-GFP cells.
The data revealed that SNCG downregulated EMT-related
proteins, such as E-cadherin and ZO-1 (Fig. 4A). E-cadherin is
the major component of epithelial adherens junctions (22), while
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Figure 3. SNCG promotes migration by activating the Erk pathway. (A) SNCG increased levels of phospho-Erk. (B) U0126 inhibited migration of
MCF7-GFP-SNCG and MCF7-GFP cells in a Transwell assay. Magnification, x100. Results are presented as the mean + standard deviation. “P<0.05 compared
with DMSO-treated cells. (C) U0126 inhibited migration of both MCF7-GFP-SNCG and MCF7-GFP cells in a wound healing assay. Results are presented
as the mean + standard deviation of two different experiments, 'P<0.05 compared with DMSO-treated cells. SNGC, synuclein-y; Erk, extracellular-signal

regulated kinase; GFP, green fluorescent protein; DMSO, dimethyl sulfoxide.

Z0-1 is important in cell tight junctions (23). Thus, the results
implied that SNCG may promote the migration of MCF7 by
breaking cell adherens junctions and tight junctions. Certain
studies reported that Erk pathway could induce EMT (18).
However, although it was demonstrated that U0126 did block
the Erk pathway, the expression levels of E-cadherin and ZO-1
were not changed (Fig. 4B), implying that SNCG-activated Erk
had no effect on E-cadherin or ZO-1 in MCF7 cells.

Discussion

SNCG shares the conserved N-terminal domain with
SNGA and SNGB, and the homologous identities are 54
and 56%, respectively. Their main differences are in their
acidic C-terminal domain, which is presumably where their

functional differences arise (24). Various studies have shown
that SNCG promoted migration, invasion and metastasis of
cancer cells (13-15,25), and SNCG was associated with recur-
rence and poor prognosis of multiple types of cancer. Our
previous results also indicated that SNCG is an independent
predictor for poor prognosis in patients with breast cancer and
colon adenocarcinoma (8,11).

In order to evaluate the function of SNCG on cancer cells, a
stable MCF7-GFP-SNCG cell line overexpressing SNCG and
MCF7-GFP controls were constructed. A proliferation assay
was conducted and determined that SNCG had no effect on the
proliferative ability of MCF7 cells, which was in accordance
with the results of a previous study (26), but was contradictory
to the results of others (13,27). It was speculated that these
differences were due to the different type of cells used for
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Figure 4. SNCG promotes migration by breaking cell adherens junctions and tight junctions, which is not triggered by the Erk pathway. (A) SNCG decreased
levels of E-cadherin and ZO-1. (B) U0126 had no effect on E-cadherin and ZO-1. SNGC, synuclein-v; p, phosphorylated; Erk, extracellular-signal regulated

kinase; GFP, green fluorescent protein.

experiments. Transwell and wound healing assays were also
performed to test the effect of SNCG on migration. The results
revealed that SNCG accelerated migration of MCF7 breast
cancer cells, which coincided with the results of numerous
studies (13,15,28). Taking the results of the proliferation assay
into consideration, the significant difference in the migration
experiment was not caused by the difference in proliferation.
Thus, SNCG indeed promoted the motility of MCF7 cells.
Next, the mechanism of how SNCG promote motility of
MCFT7 cells was explored. It was found that SNCG activated
the Erk pathway but not the Akt pathway, suggesting that
SNCG has functional difference with its homologous proteins.
Furthermore, it was demonstrated that U0126 blocked migra-
tion of MCF7-GFP-SNCG and MCF7-GFP cells, which
further identified the role of the Erk pathway in enhancing the
motility of MCF7 cells. Recently, several studies have shown
that EMT is involved in the development and progression of
cancer (17,29). EMT is an essential way for cancer cells to
gain migratory and invasive properties (29). The correlation
between SNCG and EMT has not been reported previously.
According to the fact that SNCG modulated the Erk pathway
and the Erk pathway promotes EMT (18), this correlation was
explored. Western blotting was performed to detect the expres-
sion levels of EMT-associated proteins, such as E-cadherin,
Z0-1 and Vimentin. It was demonstrated that SNCG down-
regulated E-cadherin and ZO-1, while had no impact on
other EMT-related proteins, such as Vimentin, 3-catenin or
TCF8/ZEBI. E-cadherin and ZO-1 are all essential factors
in cell adherens junctions and tight junctions. The results
indicated that SNCG may break these junctions. Considering
that EMT could be modulated by the Erk pathway, it was
assumed that SNCG may downregulate the expression level
of E-cadherin and ZO-1 by activating the Erk pathway. U0126
was used again to confirm this hypothesis; however, the results
indicated that the expression levels of E-cadherin and ZO-1

were not regulated by Erk pathway. Due to the complex
signaling pathways existing in the cells, it was assumed that
SNCG utilizes other pathways to downregulate E-cadherin
and ZO-1, which requires further investigation in the future.

In conclusion, overexpression of SNCG promoted migra-
tion of MCF7 breast cancer cells; however, had no effect
on proliferation. The data also demonstrated that SNCG
promoted migration by upregulating the Erk pathway and
downregulating E-cadherin and ZO-1 in manner independent
of Erk. The results provided novel evidence of a correlation
between SNCG and cancer, and confirmed the association
between SNCG and the EMT-associated proteins E-cadherin
and ZO-1, thus highlighting the effects of SNCG on the malig-
nant phenotype of cancer cells. .
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