MOLECULAR MEDICINE REPORTS 12: 5538-5544, 2015

HAND2-mediated proteolysis negatively regulates
the function of estrogen receptor o

TOMOHIKO FUKUDA", AKIRA SHIRANE®, OSAMU WADA-HIRAIKE, KATSUTOSHI ODA,
MICHIHIRO TANIKAWA, AYAKO SAKUABASHI, MANA HIRANO, HOUJU FU, YOSHIHIRO MORITA,
YUICHIRO MIYAMOTO, KANAKO INABA, KEI KAWANA, YUTAKA OSUGA and TOMOYUKI FUJII

Department of Obstetrics and Gynecology, Graduate School of Medicine, The University of Tokyo, Tokyo 113-8655, Japan

Received October 2,2014; Accepted June 11,2015

DOI: 10.3892/mmr.2015.4070

Abstract. A previous study demonstrated that the
progesterone-inducible HAND2 gene product is a basic
helix-loop-helix transcription factor and prevents mitogenic
effects of estrogen receptor a (ERa) by inhibiting fibroblast
growth factor signalling in mouse uteri. However, whether
HAND?2 directly affects the transcriptional activation func-
tion of ERa remains to be elucidated. In the present study,
the physical interaction between HAND?2 and ERa was
investigating by performing an immunoprecipitation assay
and an in vitro pull-down assay. The results demonstrated that
HAND?2 and ERa interacted in a ligand-independent manner.
The in vitro pull-down assays revealed a direct interaction
between HAND?2 and the amino-terminus of ERa, termed
the activation function-1 domain. To determine the physi-
ological significance of this interaction, the role of HAND2
as a cofactor of ERa was investigated, which revealed that
HAND?2 inhibited the ligand-dependent transcriptional activa-
tion function of ERa. This result was further confirmed and
the mRNA expression of vascular endothelial growth factor,
an ERa-downstream factor, was decreased by the overex-
pression of HAND?2. This inhibition of ligand-dependent
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transcriptional activation function of ERa was possibly attrib-
uted to the proteasomic degradation of ERa by HAND?2. These
results indicate a novel anti-tumorigenic function of HAND?2
in regulating ERa-dependent gene expression. Considering
that HAND?2 is commonly hypermethylated and silenced in
endometrial cancer, it is hypothesized that HAND2 may serve
as a possible tumor suppressor, particularly in uterine tissue.

Introduction

Endometrial cancer is one of the most common types of
gynecologic malignancy, increasing each year (1). Based on
a pathological view, endometrial cancer can be divided into
two subtypes (2). Type 1 endometrial cancer includes highly
differentiated endometrioid adenocarcinoma, which is char-
acterized by stepwise carcinogenesis through endometrial
hyperplasia to endometrial cancer. Type 2 endometrial cancer,
including poorly differentiated, serous and clear cell adeno-
carcinoma, is reported to occur alongside de novo mutation of
TP53 (3). The principal cause of type 1 endometrial cancer is
considered to be the prolonged exposure to estrogens without
antagonistic effect of progesterone, and this pathophysiology
is closely associated with first grade amenorrhea, polycystic
ovary syndrome, obesity and hormonal supplementation
therapy (3). Estrogen replacement therapy is utilized to control
menopausal symptoms, however, it is known to increase the
risk of developing endometrial cancer between 2- and 20-fold
for females possessing uteri (4), and the increment of risk is
well correlated with the duration of its use. In order to reduce
the risk of endometrial cancer, it is recommended that post-
menopausal females possessing uteri use progestin together
with estrogens (4). A representative progestin, medroxypro-
gesterone acetate (MPA) is used for fertility-sparing treatment
in type 1 endometrial cancer (5). The way in which MPA
maintains quiescence of the endometrium remains to be eluci-
dated, although MPA is known to possess detrimental effects
on breast tissue, and MPA marginally increases the risk of
developing breast cancer (6). Therefore, analysis of the physi-
ological role of estrogens for the prevention of endometrial
cancer is urgently required.

HANDI and HAND?2 constitute the HAND subclass of
the basic helix-loop-helix (bHLH) family, and were indepen-
dently identified during analyses to identify candidate E-box
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binding transcription factors in yeast two-hybrid screens (7).
HAND?2 is known as a critical regulator of morphogenesis in
a variety of tissues, as HAND?2 is expressed in the heart and
neural crest-derived tissues, and is essential for the forma-
tion of the brachial arch, cardiovasculature and limbs (8).
It has been reported that HAND?2 interacts with GATA4,
Nkx2.5, MEF2C, Phox2 and Mashl (9-12). GATA4, Nkx2.5
and MEF2C are associated with cardiogenesis, whereas
Phox2 and Mashl are associated with the development of the
autonomic nervous system (9-12). It has been demonstrated
that HAND?2 forms homo- or heterodimers with other bHLH
proteins, and activates transcription by binding to the E-box
elements (13,14). However, the downstream factors of HAND2
and the associations between HAND?2 and nuclear receptors
remain to be fully elucidated. A previous study revealed
that HAND? is localized exclusively in the uteri of stromal
tissue, and progesterone-induced expression of HAND2
in the murine uterine stroma suppresses the production of
fibroblast growth factors (FGFs), which act as paracrine
mediators of the mitogenic effects of estrogen on the uterine
epithelium (15). Whether HAND?2 affects the transcriptional
activation function of ERa as a transcriptional factor remains
to be elucidated.

Considering previous data, demonstrating that the expres-
sion of HAND?2 is impaired in endometrial cancer, compared
with normal endometrium and endometrial hyperplasia, as
determined using DNA methylation analysis (16), the present
study aimed to investigate the interaction between HAND?2
and ERa, and aimed to identify the physiological function of
HAND?2, particularly associated with endometrial cancer. The
results of this investigation may prove to be useful in identi-
fying novel molecular-targeted therapies for the treatment of
endometrial cancer.

Materials and methods

Chemicals and antibodies. The MG132 proteasome inhibitor,,
17p-estradiol (E,) and anti-Flag M2 agarose were purchased
from Sigma-Aldrich (St. Louis, MO, USA). The ERa selective
ligand, propylpyrazole triol (PPT), was obtained from Tocris
Bioscience (Ellisville, MO, USA). Mouse monoclonal anti-
bodies used were anti-ERa (D-12; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA), anti-p-Actin (cat no. sc-47778;
Santa Cruz Biotechnology, Inc.) and anti-HA (cat. no. 12CAS;
Roche Applied Science, Basel, Switzerland). Rabbit
polyclonal antibodies included anti-ERa (MC-20; Santa
Cruz Biotechnology, Inc.), anti-ERp (H-150; Santa Cruz
Biotechnology, Inc.), anti-DYKDDDDK Tag (cat. no. #2368
Cell Signaling Technology, Inc., Danvers, MA, USA), and
anti-HAND?2 (cat. .no. PAB4702; Abnova, Taipei, Taiwan).

Cell culture. The ERa-positive MCF-7 (cat. no. HTB-22) and
ERp positive MDA-MB-231 (cat. no. HTB-26) human breast
cancer cell lines, and the AN3CA human endometrial cancer
cell line (cat. no. HTB-111) were purchased from American
Type Culture Collection (Manassas, VA, USA). These cells
were maintained in Dulbecco's modified Eagle's medium
(Wako Pure Chemical Industries, Ltd., Osaka, Japan) supple-
mented with 10% fetal bovine serum (Sigma-Aldrich) at 37°C
in a humidified 5% CO, incubator.
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Expression vectors. Human ERa vectors and the ERE-tk-Luc
and 17M8-AdMLP-Luc reporter constructs were used, as
described previously (17,18).

Immunoprecipitation, western blot analysis and ubiqutina-
tion assay. The formation of endogenous HAND2-ERa and
HAND2-ERf complexes were analysed by co-immunoprecip-
itation using specific antibodies raised against human ERa and
ERp, followed by immunoblotting using anti-human HAND?2
antibody, as described previously (17,18).

For evaluating the HAND2-mediated degradation of ERa,
2x10° AN3CA cells were transfected with 0.2 pg/ml pcDNA
FLAG ERa and/or pcDNA Myc HAND?2 in 6 cm dishes. The
cells were treated with or without MG132 (10 M), and were
harvested 24 h following the addition of MG132.

For evaluating the HAND2-mediated degradation of
ERa, 0.2 ug/ml HA-tagged ubiquitin (HA-Ub), pcDNA
FLAG ERa and pcDNA Myc HAND2 were transfected
into 4x10* HEK293T cells, in the presence or absence of E,
(10®* M). The cell lysates were subjected to anti-Flag M2
agarose (1:100; Sigma-Aldrich) and the level of Ub-bound
ERa protein was evaluated using western blotting, as previ-
ously described (17,18).

The antibodies used for western blotting were as follows:
Anti-ERa (1:1,000; mouse monoclonal and rabbit polyclonal),
anti-B-actin (1:10,000), anti-HA (1:1,000), anti-ERp (1:1,000),
anti-DYKDDDDK Tag (1:1,000) and anti-HAND2 (1:1,000).
These primary antibodies were incubated overnight at 4°C and
the results were visualized by ImageQuant™ LAS-3000 (GE
Healthcare Life Sciences, Chalfont, UK).

In vitro glutathione S-transferase (GST)-pull down
assay. The GST fusion proteins, GST-ERa activation
function (AF)-1/AF-2, or GST alone were expressed in
Escherichia coli (Takara Bio, Inc., Otsu, Japan) and bound
to glutathione-sepharose 4B beads (GE Healthcare Life
Sciences). The expression levels of GST-ERa AF-1 and AF-2
were confirmed using Coomassie Brilliant Blue (Thermo
Fisher Scientific, Waltham, MA, USA) staining (17,18). The
immobilized GST-ERa AF-2 fusion proteins were preincu-
bated for 30 min in GST binding buffer, containing 20 mM
Tris-HCI (pH 7.5), 200 mM NaCl and 1 mM EDTA, with or
without E, (10 M). The GST proteins were incubated at 4°C
with the indicated [*>S] methionine-labeled proteins. After 1 h
incubation, unbound proteins were removed by washing the
beads in GST binding buffer containing 0.5% Nonidet P-40
(Wako Pure Chemical Industries, Ltd.) and protease inhibitor
cocktail (Roche Applied Science). The specifically-bound
proteins were eluted by boiling in SDS sample buffer and anal-
ysed using 10% SDS polyacrylamide gel electrophoresis and
autoradiography (ImageQuant™ LAS-3000; GE Healthcare
Life Sciences).

Luciferase reporter assay. For the luciferase assay,
4x10* HEK293T cells were transfected with 0.2 pg/ml
pcDNA, pcDNA FLAG ERa, pcDNA, pM ERa AF-2 and
0.2-0.6 pg/ml pcDNA Myc HAND?2 vectors using Effectene
reagent (Qiagen, Hilden, Germany), according to the manu-
facturer's instructions. As an internal control to equalize the
transfection efficiency, a phRL CMV-Luc vector (Promega
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Corporation, Madison, WI, USA) was also transfected in all
the experiments. Individual transfections, each consisting of
triplicate wells, were repeated at least three times (17,18).

Reverse transcription-semi-quantitative polymerase chain
reaction (RT-gPCR). The AN3CA cells were transfected with
either pcDNA3 (control; Invitrogen, Carlsbad, CA, USA) or
pcDNA Myc HAND?2. These cells were then treated with
vehicle, E, or PPT for 24 h. Total RNA was extracted from
the cells using an RNeasy Mini kit (Qiagen), and cDNA was
synthesized using ReverTra Ace (Toyboyo, Co, Ltd., Tokyo,
Japan). The expression of each mRNA was normalised for
RNA loading in each sample using glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH). The primers and conditions
for the amplification of GAPDH were as described previ-
ously (19). The PCR primers for GAPDH VEGF and ERa
were as follows: GAPDH, forward 5-TGCACCACCAAC
TGCTTAGC-3' and reverse 5-GGCATGGACTGTGGTCAT
GAG-3; VEGF, forward 5-CCAGCAGAAAGAGGAAAG
AGGTAG-3' and reverse 5'-CCCCAAAAGCAGGTCACT
CAC-3; and ERa, forward 5"TGTGCAATGACTATGCTT
CA-3'and reverse 5'-GCTCTTCCTCCTGTTTTTA-3". Firstly,
250 ng cDNA, 0.1 pl Ex Taq Polymerase (Takara Bio, Inc.) and
0.2 uM primers were mixed. Thereafter each PCR regimen
involved a 2 min initial denaturation step (94°C), which was
followed by 15-30 cycles at 94°C for 30 sec, then at 55°C for
30 sec and finally at 72°C for 30 sec using a Thermal Cycler
Gene Atlas instrument (ASTEC Co., Ltd., Kasuya, Japan).

Statistical analysis. Data are presented as the mean + stan-
dard error of the mean from at least three independent
determinations. Multiple comparisons between more than
two groups were analysed using one-way analysis of variance
and post-hoc tests using GraphPad Prism version 6.0 with
the Bonferoni/Dunn post hoc tests (GraphPad Software, San
Diego, CA, USA). P<0.05 were considered to indicate a statis-
tically significant difference.

Results

HAND?2 directly binds to the AF-1 region of ERa in a
ligand-independent manner. To assess the hypothesis that ERa
interacts with HAND?2 protein, the present study performed
immunoprecipitation assays using antibodies raised against
ERa. The immunoblotting revealed the existence of HAND2
protein in the cell lysates of the ERa-proficient MCF-7 cells
(Fig. 1A). The present study also performed immunopre-
cipitation assays using antibodies raised against ERf, and the
immunoblotting revealed the existence of HAND?2 protein
in the cell lysates of the ERp-proficient MDA-MB-231 cell
(Fig. 1B), which indicated that HAND2 was physically asso-
ciated with ERa and ERf. Subsequently, the present study
examined the function of HAND?2 in association with ERa to
determine the physiological function of HAND2 in endome-
trial cancer.

The results, described above, were further confirmed
using in vitro pull-down assays to demonstrate the functional
importance of the HAND2-ERa interaction. To map the
region of ERa that interacts with HAND?2 as a transcrip-
tion factor, GST-fused ERa activation function (AF)-1 or
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Figure 1. HAND?2 forms an endogenous complex with ERa/f. (A) Formation
of the HAND2-ERa complex in MCF-7 cells was analysed by IP with
the antibodies against ERa or preimmune IgG, followed by IB using the
anti-HAND?2 antibody. (B) Formation of the HAND2 and ERf} complex in
MDA-MB-231 cells, analysed by IP with the antibodies to ERf or preim-
mune IgG, followed by IB using the anti-HAND?2 antibody. Input denotes the
whole cell lysate used for IP. IP, co-immunoprecipitation; IB, immunoblot-
ting; ERa, estrogen receptor a.

AF-2 (Fig. 2A) and [*S] methionine-labelled HAND?2 were
incubated and their interactions were assessed. As shown
in Fig. 2B, the GST-fused ERa AF-1 protein possessed the
ability to retain HAND2 on the column. The GST ERa AF-2
column exhibited weak interaction with HAND2, compared
with the GST ERa AF-1 column and the interaction between
HAND?2, and GST ERa AF-2 was unchanged, regardless
of the presence of E, (Fig. 2C). These data indicated that
HAND?2 interacted directly with ERa AF-1 in a ligand-inde-
pendent manner.

HAND? represses the transcriptional activation function
of ERa. To examine the cofactor activity of HAND?2 in the
transcriptional activation function of ERa, the present study
performed transient transfection assays using a luciferase
reporter plasmid, driven by a thymidine kinase promoter
containing three tandem repeats of the canonical estrogen
responsive element (AGGTCAnnnTGACCT). Although ERa
exhibited a ligand-dependent transactivation function in the
HEK?293T cells (Fig. 3A, lane 4), the transient expression of
HAND? led to a significant decrease in luciferase activity of
ERa, and this downregulation increased as the quantity of
HAND? expression vector increased (Fig. 3A, lanes 5-7).

The present study subsequently aimed to determine the
role of HAND?2 in the transactivation function of GAL4-fused
ERa AF-2. For this purpose, transient transfection assays
were performed in HEK293T cells using a 17M8-AdMLP-luc
luciferase reporter plasmid (20). The ligand-induced trans-
activation function of ERa AF-2 (Fig. 3B, lane 4) was not
significantly affected by the exogenous expression of HAND?2
(Fig. 3B, lane 6).
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Figure 2. HAND?2 physically associates with ERa/B. (A) Schematic domain
structures of ERo and HAND?2. (B) Mapping of the HAND2-interaction
region of ERa using GST-ERa AF-1, GST-ERa AF-2 and HAND?2.
(C) Analysis of the ligand-dependent association between HAND?2 and the
AF-2 region of ERa. Bacterially expressed GST fusion proteins, immobi-
lized on beads, were used for in vitro pull-down assays. Full-length HAND2
(amino acids 1-217) was translated in the presence of [**S] methionine using a
TNT-Coupled In Vitro Translation system. Labelled HAND2 was incubated
with GST-ERa. AF-1 or AF-2 with (+) or without (-) 10°°M E,. The fragments
of GST-ERa AF-1 and AF-2 were detected and the mixture was washed and
subjected to SDS-polyacrylamide gel electrophoresis. Polyacrylamide gels
were stained briefly with Coomassie Brilliant Blue to verify the loading of
equal quantities of fusion proteins prior to drying and autoradiography. Input
denotes in vitro translated protein. ERa, estrogen receptor o; AF, activation
function; DBD, DNA binding domain; GST, glutathione S-transferase.

To evaluate the effect of HAND2 on endogenous gene
expression, the mRNA expression of VEGF was examined in
AN3CA endometrial cancer cells, as expression of the VEGF
gene is driven by estrogen (21). As expected, treatment of
the AN3CA cells with E, led to a significant increase in the
mRNA expression of VEGF, and overexpression of HAND2
suppressed the mRNA expression of VEGEF, in the presence
or absence of ERa agonists. However, suppression was most
prominent in the presence of PPT, an ERa specific agonist
(Fig. 3C). Therefore, these results indicated that HAND?2
suppressed the transcriptional activation function of ERa via
its AF-1 domain, and the suppression was specific for ERa.
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Figure 3. HAND? attenuates the ligand-independent transcriptional activa-
tion function of ERa. (A) Transient transfection assays were performed to
examine the activity of HAND?2 in the transcriptional activation function of
ERo. Indicated plasmids were cotransfected into the HEK293T cells in the
presence or absence of E, (10 M). The cells were harvested 24 h after trans-
fection with the expression vectors and reporter constructs (ERE-tk-Luc),
and the transfected whole cell lysates were assayed for luciferase activity,
produced from the reporter plasmid. HAND?2 exhibited specific repression
of the ligand-dependent transactivation function of ERa in the HEK293T
cells, in a dose-dependent manner. Individual transfections, each consisting
of triplicate wells, were repeated at least three times. "P<0.05 vs. lane 4.
(B) Transient transfection assays were performed to examine the activity of
HAND? in the transcriptional activation function of ERa AF-2. The cells
were harvested 24 h after transfection with the expression vectors and reporter
constructs (17M8-AdMLP-Luc), and the transfected whole cell lysates were
assayed for luciferase activity, produced from the reporter plasmid. HAND2
exhibited no significant effect on the ligand-dependent transactivation
function of ERa AF-2 in the HEK293T cells. Individual transfections, each
consisting of triplicate wells, were repeated at least three times. (C) mRNA
expression of VEGF was analysed as the representative downstream gene of
ERo. The exogenous expression of HAND2 in the AN3CA cells decreased
the mRNA level of VEGF, particuarly in the presence of PPT. mRNA levels
were normalized by GAPDH. "P<0.05. Mock denotes transfection of empty
(pcDNA) vector, and vehicle denotes solvent. ERa, estrogen receptor a; AF,
activation function; PPT, propylpyrazole triol; VEGF, vascular endothelial
growth factor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 4. HAND?2 decreases the expression of ERa by proteasomal deg-
radation. (A) AN3CA cells were transfected with the expression vector of
HAND2, in the absence or presence of MG132 (10~ M) following transient
transfection. The cells were harvested 48 h after transfection, and the whole
cell lysates were subsequently extracted. The protein levels were analysed
using western blotting with the indicated antibodies. The protein expression
of ERa was significantly attenuated by the forced expression of HAND2,
while the attenuation of expression of ERa expression by HAND2 was
reversed in the presence of MG132. (B) AN3CA cells were transfected with
the expression vector of HAND2 in the absence of E,, and the cells were
harvested 48 h after transfection, followed by mRNA extraction. The forced
expression of HAND?2 had no significant effect on the mRNA expression
of ERa. (C) ERa was degraded via the ubiquitin-proteasome pathway. The
HEK?293T cells were cultured with the indicated vectors in the presence or
absence of E, (108 M). Flag-tagged ERa. was immunoprecipitated (IP) using
anti-Flag M2 antibody. The ubiquitination status of ERa was analysed using
anti-HA antibody. The lower panel denotes the quantity of immunoprecipi-
tated ERa detected by western blotting on probing with anti-Flag antibody.
Mock denotes transfection of empty (pcDNA) vector. ERa, estrogen receptor
a; IB, immunoblotting; HA-Ub, HA-tagged ubiquitin; GAPDH, glyceralde-
hyde 3-phosphate dehydrogenase.

Stimulation of proteasomal degradation by HAND?2
decreases the expression level of ERa. To elucidate the
mechanism underlying the HAND2-induced decrease in
the ligand-dependent transcriptional activation function
of ERa, the present study investigated the possibility of
post-transcriptional modification of ERa by HAND?2. The
protein expression of ERa was significantly reduced by exog-
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enous expression of HAND2 in the AN3CA cells (Fig. 4A),
although the mRNA level of ERa was unaffected by forced
expression of HAND?2 (Fig. 4B). In addition, the decreased
protein expression of ERa was reversed by the addition of the
MG132 proteasome inhibitor (Fig. 4A). Thus, it was hypoth-
esized that HAND?2 protein may stimulate degradation of the
ERa protein, and this degradation of ERa protein results in
the downregulation of transcriptional activation of ERa. To
confirm this hypothesis, HA-Ub and Flag-tagged ERa were
transfected into the HEK293T cells, and the protein level of
ERa and ubiqutination status of ERa were determined using
western blotting with anti-Flag M2 agarose and anti-HA
antibody. The ubiquitination assays demonstrated the polyu-
biquitinated status of ERa (Fig. 4C), indicating that ERa was
degraded via the ubiquitin-proteasome pathway, irrespective
of the presence or absence of E,.

Discussion

Although it has been reported that HAND?2 belongs to the
bHLH transcription factor, which binds to the E-box domain,
its transcriptional function on ERa remained to be fully
elucidated. The present study demonstrated that HAND?2
functioned as a modifier of ERa. Representative transcription
factors that contain the bHLH domain include hypoxia-induc-
ible factor (HIF), Myc, aryl hydrocarbon receptor (AhR),
aryl hydrocarbon receptor nuclear translocator (ARNT) and
TWIST1/2 (22), and the characterization of the bHLH family
as a factor that affects the nuclear receptor superfamily has
been investigated substantially. Originally, the interaction
between AhR and ERa was identified through the investiga-
tion of 2,3,7,8-tetrachlorodibenzo-[p]-dioxin (TCDD) (23),
and AhR was identified as a ligand-dependent ubiquitin E3
ligase (24,25). AhR also belongs to the nuclear receptor super-
family, and the AhR/ARNT heterodimer inhibits ERa activity
by binding to the AF-1 lesion of ERa (26), similar to HAND?2
in the present study (Fig. 2B). In the present study, exogenous
expression of HAND2 repressed the transcriptional activity
of ERa (Fig. 3A and B). This mechanism is similar to that of
AhR. Therefore, it is not surprising that HAND2 repressed the
ligand-dependent transcriptional activation function of ERa.

It has been accepted that the function of ERa is regu-
lated at transcriptional and post-transcriptional levels. The
latter includes phosphorylation, acetylation, sumoylation,
methylation, palmitoylation, modulation by microRNA and
ubiquitination (27). For recognition by ubiquitin ligases, a
substrate protein requires phosphorylation or methylation.
The sequential administration of ubiquitin activating enzyme
(E1), ubiquitin conjugating enzyme (E2) and ubiquitin ligase
(E3) is followed by 26S proteasomal degradation (27). Several
ubiquitin proteasome pathway components, including E6AP,
MDM?2, BRCA1 and SCF®%?? are considered to be ERa
cofactors (28). Among these, BRCAI, a breast and ovarian
cancer-susceptible gene product, is known to form a complex
with BARDI, and this complex decreases the ligand-dependent
transcriptional activation function of ERa (29). The observa-
tion that HAND?2 functioned as a co-repressor of ERa in the
present study resembled the function of BRCAI, and this inhi-
bition leads to the continuous suppression of transcriptional
activity of ERa, regardless of the presence of ligands.
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Although the expression of HAND?2 is regulated by
progesterone (15), a previous report suggested that increased
calcineurin/Nfat signalling and decreased expression of
miR-25 integrated to re-express HAND2 (30), and others
have reported that the expression of HAND?2 is silenced
by methylation of the promoter lesion of HAND?2 (16). The
present study investigated whether the expression of HAND2
was manipulated by a DNA de-methylation chemical using
5-Aza-2'-deoxycytidine (AZA). However, the protein level
of HAND?2 remained unchanged following treatment of the
AN3CA cells with AZA (data not shown). Therefore, another
possible mechanism requires consideration to fully elucidate
how the expression of HAND2 may be modulated. Although
it has been demonstrated that the expression of HAND2
correlates with the ubiquitin fusion degradation 1L (UFDIL)
ubiquitin-conjugating protein (31), the effects of HAND2 on
the expression of UFDI1 L were not examined in the present
study. Clarification of the mechanism underlying how
HAND?2 recruits ubiquitin-proteasome machinery is required,
as HAND? itself is not an ubiquitin-conjugating enzyme.

The findings of the present study suggested that HAND2
may contribute to the suppression of tumorigenesis, as ERa
generally contributes to tumorigenic function by stimulating
cellular proliferation (32) and E, may have a principal role
in homeostasis of the uterine endometria, as continuous and
unopposed stimulation of the uterine epithelia by E, results in
the increased frequency of endometrial cancer (33). Consistent
with this hypothesis, the expression of HAND2 was attenuated
in the epithelia of endometrial cancer, compared with those in
the normal endometrium and in endometrial hyperplasia (16),
and the expression of VEGF was abrogated by concomitant
overexpression of HAND?2 particularly in the presence of
the ERa-specific ligand, PPT (Fig. 3C). It was suggested that
HAND? is involved in maintaining the quiescence of uterine
endometria, however, determining the detailed mechanism
underlying the effects on ERa by HAND2 requires further
investigation. The present study also revealed the interaction
between HAND?2 and ERp. VEGF is a downstream factor of
ERp, as well as ERa, and E, stimulates ERa and ERf (34),
however, the role of ERf in endometrial cancer remains to be
fully elucidated. The present study suggested that HAND2, a
transcription factor for morphogenesis, may have a function in
suppressing estrogen-dependent cancer. Breast cancer is known
to be an estrogen-associated cancer, and the role of HAND?2 in
breast cancer remains to be elucidated. HAND?2 may provide
an important molecular target for these hormone-dependent
types of cancer, and identification of the regulating mechanism
of HAND2 may improve the control of these types of cancer.

In conclusion, the present study demonstrated the role of
HAND?2 as a negative transcriptional regulator of ERa. HAND2
was involved in the inactivation of ERa by associating with the
amino-terminus of ERa, and exerted degradation of ERa by
stimulating the ubiquitin-proteasome pathway. Therefore, in
addition to inhibition of FGF signalling in the uterine tissue,
HAND? directly affected the mitogenic effects of ERa, and
these results suggested that inactivation of HAND2 may be
detrimental in the regulation of cellular proliferation. Consistent
with this hypothesis, hypermethylation and silencing of HAND?2
is commonly found in endometrial cancer (16). Taken together,
it can be hypothesized that HAND2 may serve as a possible
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tumor suppressor, particularly in uterine tissue. However,
further investigations are required to confirm the physiological
implications of HAND?2 in the uterus.
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