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Abstract

Introduction
Synucleins are a family of small proteins consisting of 3 known
members, SNCA,3 SNCB, and SNCG. Synucleins has been specifically implicated in neurodegenerative diseases such as AD and PD.
Mutations in SNCA are genetically linked to several independent
familial cases of PD (1). More importantly, wild-type SNCA is the
major component of Lewy bodies in sporadic PD and in a subtype of
AD known as Lewy body variant AD (2, 3). SNCA peptide known as
nonamyloid component of plaques has been implicated in amyloidogenesis in AD (4, 5). SNCB and SNCG have also been recognized to
play a role in the pathogenesis of PD and Lewy body cases (6, 7).
Although synucleins are highly expressed in neuronal cells and are
abundant in presynaptic terminals, synucleins have also been impliReceived 11/19/02; accepted 6/2/03.
The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.
1
This study was supported in part by Grant 99-028-04-CCE from American Cancer
Society, Grants DAMD17-98-1-8118 and DAMD17-01-1-0352 from the United States
Army Medical Research and Development Command, Grant from the Department of
Veterans Affairs (Office of Research and Development, Medical Research Service), and
by Grant 1RO1CA83648-01 from National Cancer Institute.
2
To whom requests for reprints should be addressed, at Department of Radiation
Oncology, Long Island Jewish Medical Center, New Hyde Park, NY 11040. Phone:
(718) 470-3086; Fax: (718) 470-9756; E-mail: shi@lij.edu.
3
The abbreviations used are: SNCA, ␣ synuclein; AD, Alzheimer’s disease; BCSG1,
breast cancer specific gene 1; ER, estrogen receptor; Cat-D, cathepsin D; Hsp, heat shock
protein; PD, Parkinson’s disease; PR, progesterone receptor; SNCB, ␤ synuclein; SNCG,
␥ synuclein; ERE, estrogen response element; RT-PCR, reverse transcription-PCR; E2,
17␤-estradiol; TGF, transforming growth factor; ERE4-Luc, ERE4-Luciferase; ICI, ICI
182,780.

Materials and Methods

Conditioned Cell Culture. All of the cell lines used in this study (MCF-7,
T47-D, and MDA-MB-435) were originally obtained from the American Type
Culture Collection. Proliferating subconfluent human breast cancer cells were
harvested and cultured in the phenol red-free IMEM containing 5% charcoalstripped FCS for 4 days before addition of indicated dose of E2. Cells in the
absence or presence of E2 were collected 24 h after addition of E2 and were
subjected to the assays for ER-␣ transcriptional activity.
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Synucleins are emerging as central player in the fundamental neural
processes and in the formation of pathologically insoluble deposits characteristic of Alzheimer’s disease and Parkinson’s disease. However, ␥
Synuclein (SNCG) is also highly associated with breast cancer and ovarian
cancer progression. Whereas most studies of this group of proteins have
been directed to the elucidation of their role in the formation of depositions in brain tissue, the normal cellular function of this highly conserved
synuclein family remains largely unknown. A notable finding in this study
is that SNCG, identified previously as a breast cancer-specific gene 1,
strongly stimulated the ligand-dependent transcriptional activity of estrogen receptor-␣ (ER-␣) in breast cancer cells. Augmentation of SNCG
expression stimulated transcriptional activity of ER-␣, whereas compromising endogenous SNCG expression suppressed ER-␣ signaling. The
SNCG-stimulated ER-␣ signaling was demonstrated in three different cell
systems including ER-␣-positive and SNCG-negative MCF-7 cells, ER-␣positive and SNCG-positive T47D cells, and SNCG-negative and
ER-␣-negative MDA-MB-435 cells. The SNCG-mediated stimulation of
ER-␣ transcriptional activity is consistent with its stimulation of the
ligand-dependent cell growth. Whereas overexpression of SNCG stimulated the ligand-dependent cell proliferation, suppression of endogenous
SNCG expression significantly inhibited cell growth in response to estrogen. The stimulatory effect of SNCG on ER␣-regulated gene expression
and cell growth can be effectively inhibited by antiestrogens. These data
indicate that SNCG is required for efficient ER-␣ signaling and, thus,
stimulated hormone-responsive mammary tumors.

cated in non-neural diseases, particularly in the hormone-responsive
cancers of breast and ovary (8 –13).
We have reported previously the isolation of differentially expressed genes in the cDNA libraries from normal breast and infiltrating breast cancer using differential cDNA sequencing approach (8,
14). Of many putative differentially expressed genes, a breast cancerspecific gene, BCSG1, was identified as a putative breast cancerspecific gene, which was highly expressed in a breast cancer cDNA
library but scarcely in a normal breast cDNA library (8). Interestingly,
BCSG1 revealed no homology to any other known growth factors or
oncogenes; rather, BCSG1 revealed extensive sequence homology to
neural protein synuclein, having 54% and 56% sequence identity with
SNCA and SNCB, respectively. Subsequent to the isolation of
BCSG1, synuclein ␥ (13) and persyn (15) were cloned independently
from a brain genomic library and a brain cDNA library. In fact,
BCSG1, SNCG, and persyn appear to be the same protein. Thus, the
previously identified BCSG1, which is also highly expressed in brain,
has been renamed as SNCG (16).
Although synucleins are abundant proteins expressed in presynaptic terminals and tightly associated with amyloid plaque in AD
and Lewy body in PD, the normal cellular function of this highly
conserved synuclein family remains largely unknown. Being identified as a breast cancer-specific gene, SNCG expression in breast
follows a stage-specific manner: SNCG was undetectable in normal or benign breast lesions, showed partial expression in ductal
carcinoma in situ, but expressed at an extremely high level in
advanced infiltrating breast cancer (8, 11). Overexpression of
SNCG in cancer cells led to significant increase in cell motility and
invasiveness in vitro, profound augmentation of metastasis in vivo
(9), and resistance to chemotherapeutic drug-induced apoptosis
(17). Overexpression of synucleins, especially SNCG and SNCB,
also correlated with ovarian cancer development (11, 13). Whereas
synuclein (␣, ␤, and ␥) expression was not detectable in normal
ovarian epithelium, 87% (39 of 45) of ovarian carcinomas were
found to express either SNCG or SNCB, and 42% (19 of 45)
expressed all three of the synucleins (␣, ␤, and ␥) simultaneously
(11). The involvement of SNCG in hormone-responsive cancers of
breast and ovary prompted us to explore the potential role of
SNCG in cellular response to estrogen. In the present study, we
evaluated the biological functions of SNCG on regulation of
estrogen-receptor transcriptional activity in human breast cancer
cells. The results suggest that one of the critical functions of SNCG
on breast cancer pathogenesis is to stimulate ER-␣ transcriptional
activity.
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Gene Transfection. Subconfluent proliferating cells in 12-well plate were Results
incubated with 2 g of expression vectors in 1 ml of serum-free IMEM
Overexpression of SNCG Stimulated Transcriptional Activity
containing LipofectAMINE for 5 h. Culture was washed to remove the excess
vector and LipofecTAMINE, and then postincubated for 24 h in fresh culture of ER-␣. Estrogen response is mediated by two closely related members of the nuclear receptor family of transcription factors, ER-␣ and
medium to allow the expression of transfected gene.
Assays for the Transcriptional Activity of ER-␣. Cells were transiently ER-␤ (21, 22). Because ER-␣ is the major ER in mammary epithelia,
transfected with a firefly luciferase reporter construct (pERE4-Luc) containing we measured the effect of SNCG on modulating the transcriptional
four copies of the ERE (18). For the cotransfection experiments, the plasmid activity of ER-␣ in human breast cancer cells. We first selected
DNA ratio of pERE4Luc to expression vectors of ER-␣ or SNCG was 2:1. A ER␣-positive and SNCG-negative MCF-7 cells as recipients for
renilla luciferase reporter, pRL-SV40-Luc, was used as an internal control for SNCG transfection (Fig. 1, A and B). MCF-7 cells were transiently
transfection efficiency. Luciferase activities in total cell lysate were measured transfected with either the pCI-SNCG expression plasmid or control
using the Promega Dual Luciferase Assay System. Absolute ERE promoter pCI-neo plasmid. Transfection of the SNCG gene into the SNCGfirefly luciferase activity was normalized against renilla luciferase activity to negative MCF-7 cells did not affect ER-␣ expression under the
correct for transfection efficiency. Triplicate wells were assayed for each conditions both with and without E (Fig. 1A). In the absence of E ,
2
2
transfection condition, and at least three independent transfection assays were the basal levels of ER-␣ on control and SNCG-transfected cells are
performed.
the same. Although treatment of the control cells with E2 resulted in
RT-PCR Analysis. MCF-7-derived cells were cultured in ligand-free me- a significant decrease in ER-␣ level, overexpression of SNCG did not
dium for at least 5 days, and treated with 10⫺9 M E2 for 4 h as indicated. Total
affect E2-mediated degradation of ER-␣. Transfection of SNCG sigRNA from cells were isolated using RNeasy Kit (Qiagen Inc.). Approximately
nificantly stimulated E2-mediated activation of ER-␣ (Fig. 1B). Treat4 g of total RNA was subjected to semiquantitative RT-PCR analysis folment of wild-type and SNCG-transfected MCF-7 cells with E2 relowing a procedure described previously for estrogen-responsive genes (19,
sulted in a significantly differential increase in estrogen-responsive
20). The primer sequences (5⬘-3⬘) are as follows: TGF-␣, sense CGCCCTGTTCGCTCTGGGTAT, antisense AGGAGGTCCGCATGCTCACAG (240-bp reporter ERE4-Luc activity relative to basal levels in untreated cells.
product); cathepsin-D, sense CCAGCCCCCAATCCCAACCCCACCTC- Overexpression of the SNCG gene in MCF-7 cells increased E2CAG, antisense ACTGAAGCTGGGAGGCAAAGGCTACAAGC (842-bp stimulated reporter activity 3.2-fold over the SNCG-negative control
product); and PS2, sense CATGGAGAACAAGGTGATCTG, antisense CA- cells. The SNCG-stimulated transcriptional activity of ER-␣ was
ligand-dependent, because SNCG had no significant effect on the
GAAGCGTGTCTGAGGTGTC (336-bp product).
Stable Expression of SNCG Antisense mRNA in T47D Cells. A 285-bp transcriptional activity of ER-␣ in the absence of E2.
Consistent with the increased transcriptional activity of ER-␣,
DNA fragment corresponding to the exon 1 region (⫺169 to ⫹116) of SNCG
gene was amplified from the plasmid pBS-SNCG759 and was cloned into the
EcoRI site of the expression vector pcDNA3.1. The antisense or sense orientation of the exon 1 in the pcDNA3.1 vector was determined by restriction
enzyme digestion and was verified by DNA sequencing. Vectors expressing
SNCG antisense mRNA (pcDNA-SNCG-As) or SNCG sense mRNA
(pcDNA-SNCG-S) were transfected separately into T47D cells by Effectin
reagent. Isolated clones were picked up after G418 selection. The expression
of SNCG antisense and sense mRNAs (285 bp) in the individual clones was
confirmed by RT-PCR reaction. For antisense mRNA, the primer sets are: T7
as the forward primer, 5⬘ TAATACGACTCACTATAGGG 3⬘ and SNCG-Wf
as the reverse primer, ACGCAGGGCTGGCTGGGCTCCA. The primer sets
for detection of sense mRNA are: T7 as the forward primer, 5⬘ TAATACGACTCACTATAGGG 3⬘ and SNCG-Wr as the reverse primer, 5⬘ CCTGCTTGGTCTTTTCCACC 3⬘.
Cell Proliferation Assay. For [3H]thymidine incorporation, cells were
cultured and synchronized in the conditioned medium for 4 days as described
in “Conditioned Cell Culture.” Cells were treated with or without 1 nM of E2
for 24 h. [3H]Thymidine was added 12 h before harvesting. [3H]Thymidine
incorporation was determined by precipitation with 10% trichloroacetic acid
followed by liquid scintillation counting. Triplicate wells were assayed for
each cellular proliferation condition, and at least three independent assays were
performed. Cell growth was also measured using a cell proliferation kit
(2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide inner salt; Roche Molecular Biochemicals, Indianapolis, IN). Briefly, exponentially growing cells were seeded in quadruplicate at 1500 cells per well
(96-well plate) in the conditioned medium. Cells were treated with indicated
chemicals for 6 days before harvesting.
Fig. 1. SNCG stimulated ER-␣ transcriptional activity in MCF-7 human breast cancer
Soft Agar Colony Formation Assay. The anchorage-independent growth cells. Cells were first transiently transfected with pCI-SNCG or the control vector
pCI-neo. The transfected cells were selected with G418 and then transfected with
was carried out in 12-well plates as we described previously (10). The bottom pERE4-Luc, as well as control reporter pRL-SV40-Luc. After transfection, cells were
layer consists of 0.5 ml of 5% charcoal-striped calf serum/IMEM containing cultured in the ligand-free medium for 4 days as described in the “Conditioned Cell
0.6% agar. The top layer consists of 0.25 ml of 5% charcoal-striped calf Culture” of “Materials and Methods,” treated with or without 1 nM E2 for 24 h before the
serum/IMEM containing 0.4% agar and ⬃2000 cells. In the E2-treated groups, promoter activities were determined by measuring the dual luciferase activity (A). Western
analysis of ER-␣ and SNCG in MCF-7 cells transfected with pCI-SNCG or the control
the top layer also contains 1 nM of E2. Cells were cultured under high humidity vector pCI-neo. Expression of SNCG did not affect the ER-␣ expression in the conditions
both with and without 24-h E2 treatment. SNCG stimulated ER-␣ signaling in MCF-7
condition. Cells were fed with 0.1 ml of culture medium with or without E2
every 4 days. After 2 weeks, the number of colonies in each well was counted cells (B). The ERE reporter luciferase activity was normalized against the control renilla
luciferase activity to correct for transfection efficiency. All values were presented as the
under a Nikon microscope at ⫻100 amplification. Triplicate wells were as- fold induction over the control luciferase activity in the nontreated SNCG-negative cells,
sayed for each condition.
which was taken as 1. The numbers represent means of three cultures; bars, ⫾SD.
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Fig. 3. SNCG stimulated ER-␣ transcriptional activity in MDA-MB-435 human breast
cancer cells. SNCG-negative and ER-␣-negative MDA-MB-435 cells were cotransfected
with SNCG and ER-␣ constructs. Cells were cultured in the ligand-free medium for 4 days
as described in the “Conditioned Cell Culture” of “Materials and Methods,” treated with
or without 1 nM E2 for 24 h before the promoter activities were determined by measuring
the luciferase activity. The ERE reporter luciferase activity was normalized against the
control renilla luciferase activity to correct for transfection efficiency. All values were
presented as the fold induction over the control luciferase activity in the nontreated
SNCG-negative cells, which was taken as 1. The SNCG-induced slight increase in the
ligand-independent reporter activity over control was not statistically significant
(P ⬎ 0.05); bars, ⫾SD.

Fig. 4. Inhibition of SNCG expression reduced the transcriptional activity of ER-␣. A,
Western analysis of SNCG expression in control T47D and SNCG antisense transfected
AS-1 and AS-3 cells. B, ERE-Luc reporter activity in control and antisense transfected
T47D cells. Cells were cultured in the ligand-free conditioned medium for 4 days, treated
with or without 10⫺11 M of E2 for 24 h before harvesting. All values were normalized to
the reporter activity of the nontreated T47D cells, which was set to 1. The numbers
represent means of three cultures; bars, ⫾SD.

Fig. 2. SNCG stimulated estrogen-regulated gene transcription in MCF-7 cells. Cells
were transiently transfected with pCI-SNCG or the control vector pCI-neo. After G418
selection, cells were cultured in the ligand-free medium for 4 days as described in the
“Conditioned Cell Culture” of “Materials and Methods.” A, RT-PCR. Cells were treated
with or without 1 nM of E2 for 8 h before the isolation of total RNA. Expressions of
mRNA of Cat-D, PS2, and TGF-␣ were studied in SNCG transiently transfected cells
versus control cells by RT-PCR analyses. A, an 842-bp product of Cat-D, a 336-bp product
of PS2, and a 240-bp product of TGF-␣, were amplified by RT-PCR and normalized with
actin. B, inhibition of SNCG-stimulated PR protein expression by antiestrogen ICI. Cells
were treated with or without 1 nM of E2 and 1 M of ICI for 32 h. Total proteins were
isolated, normalized, and subjected to Western analysis using anti-PR antibody.

21% and 13% of that in control T47D cells, respectively (Fig. 4B).
Treatment of T47D cells with E2 resulted in a 25-fold increase over
the nontreated cells. However, only 3.3- and 5.2-fold increase was
observed in the AS-3 and AS-1 cells, respectively. Taken together, the
increased estrogen-responsive reporter activity in SNCG-transfected
MCF-7 and MDA-MB-435 cells, as well as the increased estrogenregulated gene transcription and the compromised transcriptional activity of ER-␣ in SNCG antisense-transfected T47D cells indicated
that SNCG stimulated ligand-dependent transcriptional activity
of ER-␣.
Stimulation of Cell Proliferation by SNCG. To determine the
biological relevance of SNCG-stimulated ligand-dependent ER-␣ signaling, we analyzed the effect of SNCG overexpression on the growth
of breast cancer cells. To determine whether SNCG overexpression
affects ligand-dependent or ligand-independent cell growth, the cellular proliferation of the previously established two stable SNCGtransfected MCF-7 cell clones, MCF-SNCG2 and MCF-SNCG6, were
compared with that of SNCG-negative cells, MCF-neo1 and MCFneo2 (10). Data in Fig. 5A shows that whereas SNCG had no signif-
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SNCG also stimulated E2-regulated genes in MCF-7 cells (Fig. 2).
Whereas SNCG had no effect on the transcription of Cat-D, PS2, and
TGF-␣ in the absence of E2, transcription of Cat-D, PS2, and TGF-␣
were increased 3.9-fold, 3.2-fold, and 4.2-fold in SNCG transfected
cells versus control cells in the presence of E2, respectively (Fig. 2A).
To evaluate the effect of antiestrogen on SNCG-stimulated ER-␣regulated genes, we treated the cells with an antiestrogen ICI. As
demonstrated in Fig. 2B, the basal levels of PR were very weak in
both SNCG-transfected and control cells, but were increased significantly by E2 treatment. Treatment of the cells with E2 stimulated a
3.5-fold PR protein expression in SNCG-transfected cells compared
with control cells. Although ICI slightly stimulated basal levels of PR,
treatment of the SNCG-transfected MCF-7 cells with ICI significantly
blocked E2-stimulated PR expression, indicating that SNCG-stimulated gene expression in E2-treated cells is mediated by ER-␣.
We also investigated the effect of SNCG on the transcriptional
activity of ER-␣ in ER␣-negative and SNCG-negative MDA-MB435 breast cancer cells (Fig. 3). Treatment of ER-␣-transfected
MDA-MB-435 cells with E2 activated reporter activity, indicating the
functional transcriptional activity of the transfected ER-␣ gene. A
significant stimulation of ER-␣ signaling by SNCG was observed in
MDA-MB-435 cells when the cells were cotransfected with ER-␣ and
SNCG constructs. SNCG increased ligand-dependent transcriptional
activity 3.7-fold over the control cells.
Reduced Levels of SNCG Compromised Transcriptional Activity of ER-␣. The effect of SNCG expression on ER-␣ transactivation
was additionally demonstrated by inhibiting endogenous SNCG expression with SNCG antisense mRNA in T47D cells that express high
levels of SNCG (8). Stable transfection of the SNCG antisense construct into T47D cells significantly reduced SNCG expression to 25%
of that in control T47D cells (Fig. 4A). Whereas E2 significantly
stimulated the reporter activity in the control T47D cells, inhibition of
SNCG expression reduced E2-responsive luciferase activity in two
stable antisense-transfected T47D cell lines, AS-1 and AS-3 cells, to
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Discussion

icant effect on the proliferation of SNCG-transfected cells compared
with MCF-neo cells in the absence of E2, overexpression of SNCG
significantly stimulated the ligand-dependent proliferation. Treatment
of neo clones with E2 stimulated an average cell proliferation 2.4-fold
over controls. However, E2 treatment of SNCG clones resulted in an
average of 5.4-fold increase in the proliferation versus controls, suggesting that SNCG expression renders the cells more responsive to
E2-stimulated cell proliferation. To address whether the stimulatory
effect of SNCG on cell growth is mediated by ER-␣, we investigated
the effect of the antiestrogen tamoxifen and ICI. As shown in Fig. 5B,
E2-stimulated growth in both MCF-neo1 and SNCG-MCF6 cells was
significantly blocked by tamoxifen and ICI. These data indicate that
SNCG-stimulated cell growth is mediated by ER-␣.
The effect of SNCG expression on cell growth was also demonstrated in the SNCG antisense construct-transfected T47D cells.
SNCG antisense mRNA expression reduced SNCG protein expression
to the level of 25% of that in control T47D cells (Fig. 4A). Soft agar
colony assays demonstrated that the anchorage-independent growth of
T47D cells expressing SNCG antisense mRNA was suppressed significantly. When cells were cultured in soft agar without E2, there
were very few colonies formed in both the T47D group and T47DSNCG antisense group. Treatment of T47D cells with E2 resulted in
a 19-fold increase of colonies over the nontreated cells. However,
treatment of T47D cells expressing SNCG antisense mRNA with E2
resulted in only 3-fold increase over the nontreated cells (Fig. 6).
These data demonstrated that inhibition of endogenous SNCG expression dramatically diminished the cell growth in response to estrogen.
Consistent with its stimulatory effect on ligand-dependent cell proliferation, overexpression of SNCG did not affect the proliferation of
ER-␣-negative MDA-MB-435 cells (9).

Fig. 6. Effect of inhibiting endogenous SNCG expression on soft agar colonies
formation capability of T47D cells. T47D and SNCG antisense stably transfected AS-3
clone were cultured into the top layer soft agar and treated with or without 1 nM of E2 as
described in “Materials and Methods.” The number of colonies was counted after 2 weeks
of plating using a Nikon microscope at ⫻100 amplification. Triplicate wells were assayed
for each condition; bars, ⫾SD.
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Fig. 5. SNCG stimulated ligand-dependent cell proliferation. For all experiments, cells
were cultured and synchronized in the ligand-free conditioned cell culture medium for 4
days before the hormone treatments. A, stimulation of cell proliferation by SNCG
overexpression. Cells were treated with or without 1 nM E2 for 24 h. Cell proliferation was
measured by [3H]thymidine incorporation. Data are means of three cultures. B, effect of
antiestrogens on SNCG-stimulated cell growth. Cells were treated with or without 1 nM of
E2, 1 M of tamoxifen, or 1 M of ICI for 6 days before harvesting. Media were changed
every 2 days with fresh estrogen and antiestrogens. Cell growth was measured using a cell
proliferation kit (2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide inner salt). Data are the mean of quadruplicate cultures. 䡺 represents MCF-neo1
cells; f represents MCF-SNCG6 cells; bars, ⫾SD.

Synucleins are small proteins expressed predominately in neurons,
and have been specifically implicated in the neurodegenerative disorders such as AD and PD. Most studies of this group of proteins have
been directed to the elucidation of their role in the formation of
depositions in brain tissue. However, studies also indicated the potential role of synucleins, particularly SNCG, in the pathogenesis of
steroid-responsive tumors of breast and ovary. SNCG was first identified and cloned as a breast cancer-specific gene, which is highly
expressed in advanced infiltrating breast carcinomas but not in normal
or benign breast tissues (8). Aberrant expression of SNCG was also
associated with ovary cancer progression (11). What role SNCG has
in breast and ovary, and how it is implicated in breast and ovary
cancer remains a mystery. The association between SNCG expression
and the progression of steroid-dependent cancers of breast and ovary
led us to investigate the role of SNCG in the regulation of ER-␣. Here
we reported that SNCG strongly stimulated the ligand-dependent
transcriptional activity of ER-␣. Whereas SNCG overexpression stimulated transcriptional activity of ER-␣, compromising SNCG expression suppressed ER-␣ signaling. The SNCG-stimulated ER-␣ signaling was demonstrated in three different cell systems including: (a)
overexpression of SNCG in ER-␣-positive and SNCG-negative
MCF-7 cells; (b) antisense blocking SNCG expression in ER-␣positive and SNCG-positive T47D cells; and (c) cotransfection of
SNCG and ER-␣ into SNCG-negative and ER-␣-negative MDA-MB435 cells. The results shown in this report demonstrated that human
ER-␣ requires SNCG for efficient transcriptional activity.
The SNCG-mediated stimulation of ER-␣ transcriptional activity is
consistent with its stimulation of the ligand-dependent cell growth. It
has been demonstrated in different systems that the interaction between SNCG and ER-␣ stimulated cell growth. First, whereas expression of SNCG in MCF-7 cells had no effect on the cell growth in the
absence of E2, SNCG significantly stimulated the ligand-dependent
cell growth, which can be blocked by antiestrogens. This growth
stimulation was also demonstrated previously in the anchorage-independent growth assay (10). Second, when endogenous SNCG expression in T47D cells was blocked by expressing SNCG antisense
mRNA, the anchorage-independent growth in response to E2 was
significantly suppressed in the cells expressing antisense SNCG.
Third, although the alternation of SNCG expression affected the cell
growth of ER-␣-positive MCF-7 and T47D cells, it had no effect on
the cell growth of ER-␣-negative MDA-MB-435 cells (9). Consistent
with the requirement of E2 for SNCG-stimulated cell growth, we also
demonstrated previously that SNCG has no significant effect on tumor
growth of ER-␣-negative MDA-MB-435 cells (9).
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To acquire the ability to bind hormone, steroid hormone receptors
undergo a series of transformation steps in which they are brought into
the correct conformation by molecular chaperones and cochaperones.
The most extensively studied chaperones for steroid receptors are a
multiprotein Hsp70- and Hsp90-based chaperone system, which includes Hsp90, Hsp70, Hop, Hsp40, and p23 (21–23). Hsp70 and
Hsp90 associate with the unliganded steroid hormone receptors,
and maintain the conformational state for efficient ligand binding and
receptor activation (21, 23). Interestingly, the chaperone-like activity
has been suggested for synucleins based on the cell-free system (24).
However, the molecular targets for synuclein-mediated chaperone
activity remain to be identified. It is likely that SNCG is a new
member of molecular chaperone proteins that participate in Hsp-based
chaperone complex for regulating ER-␣ activity. Studies are under
way to investigate the mechanism by which SNCG regulates ER-␣
signaling.
Like SNCA of which the mutations have been detected in several
cases of familial PD (1), mutations of SNCG could be linked to the
development of breast carcinomas. However, after analysis of a number of breast tumors and breast cancer cell lines, it was found that the
malignant phenotype correlated with the high level expression of
wild-type SNCG protein (8, 11, 15). Moreover, in addition to the
absence of mutation, SNCG gene amplification was also not detected
in breast tumors (15). To elucidate the molecular mechanisms underlying the abnormal transcription of SNCG in breast cancer cells, we
isolated a 2195-bp promoter fragment of human SNCG gene and
demonstrated that demethylation of exon 1 region of SNCG gene is an
important factor responsible for the aberrant expression of SNCG in
breast carcinomas (12). However, the molecular targets of SNCG
aberrant expression for breast cancer have not been identified. Here
we demonstrated ER-␣ as one of the critical target molecules for the
action of SNCG in breast cancer pathogenesis. Thus, aberrant expression of SNCG stimulates breast cancer growth and progression, at
least in part, by enhancing the transcriptional activity of ER-␣. The
role of SNCG in breast cancer progression may also be involved in
non-ER-mediated functions such as stimulation of tumor motility and
metastasis as we described previously in hormone-independent breast
cancer cells (9).
The preventive effect of estrogen on AD has become clear with
epidemiological data, suggesting that estrogen may act as a neuroprotectant against the neurodegenerative diseases (25–28). The cellular
functions of synucleins remain elusive. The demonstration of ER-␣ as
the critical target for SNCG may indicate a new direction of normal
cellular function of synucleins. In this regard, SNCG-mediated stimulation of ER-␣ signaling not only supports its pathological role in the
growth of steroid-responsive tumors, but may also shed some light on
the cellular functions of synucleins in brain cells and their complex
roles in the development of neurodegenerative disorders.

