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Abstract

cells.

in the expression of HBO1 increased by E2.

Background: HBO1 (histone acetyltransferase binding to ORC1) is a histone acetyltransferase (HAT) which could
exert oncogenic function in breast cancer. However, the biological role and underlying mechanism of HBO1 in
breast cancer remains largely unknown. In the current study, we aimed to investigate the role of HBO1 in breast
cancer and uncover the underlying molecular mechanism.

Methods: Immunohistochemistry was applied to detect HBO1 protein expression in breast cancer specimens

(n = 112). The expression of protein level was scored by integral optical density (I0OD) for further statistical analyses
using SPSS. Real-time PCR was used to simultaneously measure mRNA levels of HBO1. The HBO1 protein
expression in breast cancer cells was confirmed by western blot.

Results: HBO1 was highly expressed in breast cancer tissues and significantly correlated with estrogen receptor a
(ERat) (p < 0.001) and progestational hormone (PR) (p = 0.002). HBO1 protein level also correlated positively with
histology grade in ERa positive tumors (p = 0.016) rather than ERa. negative tumors. 17B-estradiol (E2) could
upregulate HBO1 gene expression which was significantly inhibited by ICl 182,780 or ERa. RNAI. E2-increased HBO1
protein expression was significantly suppressed by treatment with inhibitor of MEK1/2 (U0126) in T47 D and MCF-7

Conclusions: HBO1 was an important downstream molecule of ERa, and ERK1/2 signaling pathway may involved

Background
Breast cancer is a major public health issue, with more
than one million new cases observed around the world in
2002 [1]. The pathogenesis of breast cancer is quite com-
plex. Lifetime exposure to estrogen is reported to be asso-
ciated with women’s risk for breast cancer and the
biological actions of estrogens are mediated primarily by
ERa which belongs to the nuclear receptor superfamily, a
family of ligand-regulated transcription factors [2-4]. ERa,
which promotes cell growth, metastasis and also mediates
resistance to apoptosis, plays a key role in progression of
breast cancer [5,6].

HBOL1 (histone acetyltransferase binding to ORC1), also
named MYST2, belongs to the MYST family which is
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characterized by a highly conserved C2HC zinc finger and
a putative histone acetyltransferase domain. The role of
HBO1 in cancer remains unclear, although its expression
has been reported in testicular germ cell tumors, breast
adenocarcinomas, and ovarian serous carcinomas [7].
Recent investigations have revealed that over-expression
of HBO1 dramatically enhances the anchorage-indepen-
dent growth of both MCF7 and SKBR3 breast cancer cells
[8]. Furthermore, it also functions as a transcriptional
coactivator for hormone receptors including ERa. and PR
[9], leading to consideration of this protein as a carcinoge-
netic factor.

To elucidate the role of HBO1 in breast cancer, 112
breast cancer specimens were investigated using immu-
nohistochemistry with an anti-HBO1 antibody. We
found that HBO1 was notably increased in breast cancer.
E2-upregulated HBO1 expression could be inhibited by
ICI 182,780 or ERoc RNAIi in breast cancer cells.
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Furthermore, we also showed that ERK1/2 signaling
pathway was involved in the expression of HBO1
increased by E2.

Methods

Materials

Dulbecco’s modified Eagle’s medium (DMEM), phenol red-
free DMEM (PR-free DMEM), U0126 and 17 -estradiol
(E2) were purchased from Sigma. Lipofectamine 2000, Tri-
zol Reagent and fetal bovine serum (FBS) were purchased
from Invitrogen. Charcoal-stripped fetal bovine serum
(CS-FBS) was purchased from Biowest. PVDF membrane,
leupeptin, aprotinin, phenylmethylsulfonyl fluoride (PMSF)
and X-tremeGENE siRNA Transfection Reagent were pur-
chased from Roche. RNA PCR Kit (AMYV) Ver.3.0 was pur-
chased from TaKaRa. Polinl-2-plus kit was a product of
GBI. Anti-phospho-ERK1/2 (Thr202/Tyr204) and anti-
ERK1/2 antibodies were purchased from Cell Signaling
Technology. ERa siRNA, mouse monoclonal anti-ERa,
anti-GAPDH, horseradish peroxidase (HRP)-conjugated
goat anti-rabbit and HRP-conjugated goat anti-mouse IgG
secondary antibodies were from Santa Cruz Biotechnology.
Rabbit polyclonal anti-HBO1 antibody (Catalog No: 13751-
1-AP) was purchased from Protein Tech Group, Inc. The
enhanced chemiluminescence (ECL) assay kit was pur-
chased from Tiangen. Dual-luciferase reporter assay system
was bought from Promega. ICI 182,780 was purchased
from Tocris Bioscience.

Cell culture and transfection

Human MCEF-7, T47 D, MDA-MB-453 and MDA-MB-
435 breast cancer cells were obtained from the Cell Bank
of Type Culture Collection of Chinese Academy of
Sciences. MCF-7 cells were cultured in DMEM supple-
mented with 10% fetal calf serum (FBS), 10 ug/ml of insu-
lin, 100 U/ml of penicillin and 50 ug/ml of streptomycin.
T47 D cells were maintained in DMEM supplemented
with 10% FBS, 100 U/ml of penicillin and 50 ug/ml strep-
tomycin. SiRNA was transfected with X-tremeGENE
siRNA Transfection Reagent according to the manufac-
ture’s instructions.

Western blot analyses

Proteins were detected by western blot analysis as
described previously [10]. The cells were lysed by lysis buf-
fer, separated in 10% SDS-PAGE and then transferred to a
PVDF membrane. The membrane was incubated with pri-
mary antibody followed by incubation with horseradish
peroxidase-conjugated secondary antibody. Then the
membrane was developed using the ECL detection system.

Tissue samples
112 primary breast cancer specimens were consecutively
obtained from pathological archives of Huashan Hospital,
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Fudan University from 2005 to 2008. There was no any
bias for selection. Tissues were formalin-fixed and paraf-
fin-embedded for histopathologic diagnosis and immuno-
histochemical study. The malignancy degree of tumor
was scored according to the Scarff-Bloom-Richardson
system.

Immunohistochemistry (IHC)

Serial sections (5 um thick) were mounted on glass
slides coated with 10% polylysine. Sections were
dewaxed in xylene and rehydrated in graded ethanol.
Endogenous peroxidase activity was blocked by immer-
sion in 0.3% methanolic peroxide for 30 minutes. Next,
sections were microwaved in citrate buffer for antigen
retrieval. Rabbit polyclonal anti-HBO1 (1:100 dilutions)
was used as primary antibodies. Staining was com-
pleted with Polink-2-plus kit, in accordance with the
manufacturer’s instructions. Color reaction product
was developed with diaminobenzidine. All sections
were counterstained with hematoxylin. Two patholo-
gists separately blinded to the clinical outcome of the
patients evaluated all samples. The immunoreactivity
intensity was evaluated as 0 (absent); 1 (weak nuclear
staining); 2 (moderate nuclear staining of intermediate
level); 3 (more coarse nuclear staining). Positive cells
were quantified as a percentage of the total number of
tumor cells with observation of 1000 cells in 5 high
power field (x400), and assigned to one of five cate-
gories: 0: < 5%, 1: 5-25%, 2: 26-50%, 3: 51-75% and 4:
> 75%. HBO1 expression was scored semi-quantita-
tively using the Remmele-score (immunoreactive score
(IS) = score of percentage of positive tumor cells x
score of staining intensity). Then the slide of IS > 3
was classified as a positive case [11]. Reproducibility
of the scoring method used by both observers was
greater than 95%.

Total RNA extraction and real-time PCR

Total mRNA samples of T47 D and MCF-7 breast cancer
cells were extracted using trizol reagent according to the
manufacturer’s instructions. One microgram of total
RNA extracted from the cells was subjected to reverse
transcription (RT). The RT and real-time PCR were per-
formed by using TaKaRa RNA PCR Kit (AMV) Ver.3.0
and SYBR Premix Ex Taq II according to the manual
respectively. Primers used for real-time PCR were as fol-
lows: HBO1-F 5-GATGCCCACTGTATCATAACC-3’
and HBO1-R 5-TTCTTCCTGAGTTCAGCCACT-3’;
GAPDH-F 5-GGCTGAGAACGGGAAGCTTGTCAT-3
and GAPDH-R 5-CAGCCTTCTCCATGGTGGT-
GAAGA-3’. Real-time PCR was performed using 7500
multicolor real-time PCR detection system (ABI) with
the following cycling conditions: (i) 30s at 95°C and (ii)
40 cycles, with 1 cycle consisting of 5s at 95°C, 34s at
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60°C. GAPDH was employed as an internal control under
the same experimental conditions. Data were analyzed by
using 7500 software (ABI). The values were obtained
through normalizing to GAPDH copies.

Statistical analysis

Statistical data analyses were performed using SPSS 11.5
statistical software package. The relationship between pro-
tein levels and different clinical and pathological features
were explored using cross tabulation and Pearson’s x>.
P values less than 0.05 were selected.

Results

HBO1 protein level correlates positively with ERou

In order to explore the biological role of HBO1 in human
breast cancer in vivo, we examined the expression of
HBO1 in tumor samples of primary breast cancer (n =
112) by IHC analysis. We found that HBO1 which was
predominantly detected in nucleus (Figure 1B-C) was
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highly expressed in breast cancer tissues (Table 1) and sig-
nificantly correlated with ERa (p < 0.001) and PR (p =
0.002) (Table 2). Further statistical analysis revealed HBO1
protein level correlated positively with histology grade in
ERa positive tumors (p = 0.016) rather than ERa negative
tumors (Table 2). For benign breast tissues, low HBO1
immunoreactivity was observed and epithelial cells dis-
played a minimal granular staining (Figure 1A). Moder-
ately and poorly differentiated breast cancer tissues
showed intense HBO1 staining (Figure 1B-C). To further
study the relationship between HBO1 and ERa, we exam-
ined HBO1 expression level in several breast cancer cell
lines by western blot, which showed that ERa positive
breast cancer cell lines exhibited higher HBO1 protein
than ERo negative breast cancer cell lines (Figure 1D).

E2 induces HBO1 expression in breast cancer cells
In order to further investigate the relationship between
ERa and HBO1, we treated breast cancer cells with

Figure 1 Expression of HBO1 in human breast cancer. (A) Immunohistochemical staining for HBO1 in benign breast epithelial tissues
(magnification: A, 400x). (B) Moderately differentiated breast cancer tissues (brown staining) (magnification: B, 400x). (C) Poorly differentiated
breast cancer tissues (brown staining) (magnification: C, 400x). (D) HBO1 protein level in several breast cancer cell lines based on the western

blot results.
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Table 1 Clinical and pathological characteristics of
patients
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Table 2 Expression of HBO1 in relation to the clinical and
pathological characteristics of patients

characteristic value clinical feature total HBO1 expression P-value
Tumor grade (n[%]) negative positive
I 45 [40.2%] Tumor grade
117111 67 [59.8%)] | 45 21 24 0610
Ki67 status (n[%]) 11711 67 28 39
negative 50 [44.6%)] Kie7
positive 62 [55.4%)] negative 50 23 27 0.550
Estrogen receptor o status (n[%]) positive 62 25 37
negative 39 [34.8%] Estrogen receptor
positive 73 [65.2%] negative 39 26 13 < 0.001**
Progesterone receptor status (n[%]) positive 73 22 51
negative 60 [53.6%)] Progesterone receptor
positive 52 [46.4%)] negative 60 34 26 0.002**
P53 status (n[%]) positive 52 14 38
Negative 62 [55.4%)] P53
Positive 50 [44.6%] negative 62 23 39 0.170
HBO1 status (n[%]) positive 50 25 25
negative 48 [42.9%] Histology Grade
positive 64 [57.1%] G1 32 17 15 0.165
Histology Grade (n[%]) G2/G3 80 31 49
G1 32 [28.6%] among ER positive tumors
G/G3 80 [71.4%] Histology Grade
G1 25 12 13 0.016*
G2/G3 48 10 38
17B-estradiol (E2). Quantitative real-time PCR was used  among ER negative tumors
to determine the effect of E2 on the mRNA level of  Histology Grade
HBO1. With the dose of E2 increasing from 10” to 107  Gi 8 5 3 0.779
M, the mRNA level of HBO1 gradually increased and  G/G3 3] 21 10

reached a plateau at 10® M in T47 D cells (Figure 2A).
Hereby, 10® M of E2 was applied for all subsequent
experiments. Western blot was also performed to con-
firm that E2 could upregulate HBO1 protein expression
in T47 D (Figure 2B) and MCF-7 cells (Figure 2C).
Taken together, these results demonstrated that E2
increased expression of HBO1 at transcriptional level.

E2-induced HBO1 expression is inhibited by ICI 182,780
or ERot RNAi

To further study the role of ERa in HBO1 expression,
ICI 182,780 was further applied in T47 D cells (Figure
3A) and MCF-7 cells (Figure 3B) to block the effect of
E2. As shown in Figure 3A, E2 increased HBO1 protein
expression (lane 2), which was significantly reduced by
ICI 182,780 (lane 4). Similar results were obtained in
MCEF-7 cells (Figure 3B). ICI 182,780 was reported to
act by binding ERa,, causing disassociation of ERa asso-
ciated proteins and resulting in impaired receptor
dimerisation and increased receptor degradation [12,13].
As expected, ERa expression was decreased by ICI
182,780 (Figure 3A and 3B). These results indicated that

*P < 0.05 **P < 0.01

E2-induced HBO1 upregulation could be inhibited by
ICI 182,780. In order to figure out the role of ERa in
E2-induced HBO1 upregulation, ERa. siRNA was trans-
fected into T47 D and MCF7 cells to knockdown ERa.
We observed that E2-induced HBO1 upregulation was
inhibited by ERa. siRNA (lane 4), indicating that HBO1
might be a downstream signaling molecule for ERa.

ERK1/2 signaling pathway was involved in the expression
of HBO1 increased by E2

Using TRSEARCH software based on the sequence data-
base, the promoter region of the HBO1 gene has no
putative binding sites for ERa (data not shown). And
previous studies have shown that steroidal estrogens are
able to rapidly and transiently activate the ERK1/2 path-
way [13], so we examined whether the ERK1/2 pathway
was involved in the effect of E2 on HBO1 expression in
breast cancer cells. As shown in Figure 4, E2-increased
HBO1 protein expression was significantly suppressed
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Figure 2 E2 induces HBO1 expression in breast cancer Cells. (A)
T47 D Cells were treated with E2 (107, 10% 107 M) for 24 hours
and mRNA level was quantified by real-time PCR analysis. (B) T47 D
cell were treated with E2 (107, 10%, 107 M) for 24 hours and
western blot. Results quantitated by densitometric analysis were
representative of three repeated experiments. (C) MCF-7 cells were
treated with E2 (107, 10°®, 107 M) for 24 hours and western blot.
Results quantitated by densitometric analysis were representative of
three repeated experiments.
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by treatment with inhibitor of MEK1/2 (U0126) in T47
D (Figure 4A) and MCF-7 (Figure 4B) cells as analyzed
by western blot. These results indicated that ERK1/2
signaling pathway was involved in the E2-induced
HBO1 upregulation in breast cancer cells.

Discussion
HBOL1 is a potential oncogene which maps to17q21.3, a
region where frequent allelic gains are found in breast
cancers and this amplification is associated with a poor
prognosis of clinical outcome [14-16]. Previous studies
demonstrated over-expression of HBO1 dramatically
enhanced the anchorage-independent growth of both
MCEF7 and SKBR3 breast cancer cells while depletion of
HBOL1 reduced the rate of DNA synthesis, the amount
of MCM complex bound to chromatin, and progression
through S phase. HBOL1 has also been shown to enhance
transcription mediated by steroid receptors including
ERa and PR [9]. However, little is known about the role
of HBOL1 in breast cancer and the underlying molecular
mechanism.

In this study, we first investigated the HBO1 protein
expression in large numbers of tumor samples of

A B
ERo e ERa S
E2 - + - + E2 - + - +
ICl - -+ + ICl - -+ +

c D
E2 - -+ o+ E2 - -+ 4+

siCon + -+ - siCon + - 4 =
siERa - + -+ siERa - + -+

Figure 3 E2-induced HBO1 expression is inhibited by ICI
182,780 or ERa. RNAI. (A) T47 D cells were treated with E2 (10®
M), ICI 182,780 (1 uM), or E2 (10°® M) plus ICI 182,780 (1 uM) for

24 hours. Then total cell lysates were processed for western blot
analysis as described in Methods. GAPDH was used as an internal
control. (B) MCF-7 cells were treated with E2 (10° M), ICI 182,780

(1 uM), or E2 (10 M) plus ICI 182,780 (1 uM) for 24 hours. Then
total cell lysates were processed for western blot analysis as
described in Methods. GAPDH was used as an internal control.

(O) T47 D cells were transiently transfected with scrambled siRNA or
ERa SiRNA. 48 h later, total cell lysates were processed for western
blot analysis as described in Methods. (D) MCF-7 cells were
transiently transfected with scrambled siRNA or ERa SiRNA. 48 h
later, total cell lysates were processed for western blot analysis as
described in Methods.

A B
E2 - + + E2 - + +
uo126 - - + uo126 - -+

Figure 4 E2 enhances HBO1 expression through ERK1/2
signaling pathways. (A) Serum-starved T47 D cells were treated
with E2 (108 M), or U0126 (10 uM) plus E2 (10 M) for 24 hours.
Then equal amounts of protein (lysates) were subjected to SDS-
PAGE. Western blot was performed using the Anti-phospho-ERK1/2
(Thr202/Tyr204), anti-HBO1 and anti-ERK1/2 antibodies. GAPDH was
used as an internal control. (B) Serum-starved MCF-7 cells were
treated with E2 (10® M), or U0126 (10 uM) plus E2 (10 M) for 24
hours. Western blot was performed as described in (A).
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primary breast cancer (n = 112) by IHC analysis, and
showed that HBO1 was highly expressed in breast can-
cer (Table 1) and positively correlated with ERa (p <
0.001) and PR (p = 0.002). Moreover, HBO1 protein
level correlated positively with histology grade in ER
positive tumors (p = 0.016) rather than ERa negative
tumors through statistical analysis. As a coactivator of
the replication licensing factor Cdtl [17], HBO1 belongs
to one component of the Replication Initiation Proteins
known as prereplicative complex (pre-RC) proteins. Sev-
eral pre-RC proteins are over-expressed in cancer and
serve as good tumor markers. And some of them, such
as Cdc6 and Cdtl, are elevated by E2 treatment in
breast cancer. To determine whether HBO1 was also
affected by E2, quantitative real-time PCR and western
blot were performed. The results suggested HBO1 was
elevated after E2 treatment. Further study demonstrated
the E2-induced HBO1 upregulation could be inhibited
by ICI 182,780 as well as ERa siRNA.

Estrogen receptor (ER) signaling is involved in many
human diseases such as breast cancer [18], lung cancer
[19,20] and cardiovascular diseases [21,22]. It was
reported that E2 activated the signal-transducing ERK1/2
pathway, which were critical for cell proliferation [23-25],
in human mammary cancer-derived cell lines, MCF-7
and T47 D [26-28]. We explored whether ERK1/2 signal-
ing pathway was involved in the expression of HBO1
increased by E2. The MEK1/2 inhibitor U0126 signifi-
cantly inhibited the expression of HBO1 in T47 D and
MCE-7 cells, suggesting that E2 increased the expression
of HBO1 through the ERK1/2 signaling pathway. Since
previous studies have shown that progesterone receptor
activates the Src/p21ras/ERK pathway via cross-talk with
estrogen receptor in breast cancer [29], the positive cor-
relation between HBO1 protein levels and PR which we
obtained in statistical analysis was reasonable.

Estrogen exposure has been regarded as high risk factor
of breast cancer. It has been reported that HBO1 strongly
enhanced ER-mediated transcription [9], which indicated
that HBO1 might play a role in the progress of breast
cancer. In this study, we proved E2 could upregulate the
mRNA and protein level of HBO1. Meanwhile, knock-
down of ERa with siRNA significantly inhibited the upre-
gulation of HBOI, indicating that cross-talking was
happening between ERo. and HBOL1 in breast cancer, the
biological functions of which need to be further studied.

Conclusion

Our data have demonstrated that the HBO1 protein
levels correlated positively with ERa (p < 0.001) and PR
(p = 0.002) expression in breast cancer. Further more,
HBO1 protein levels correlated positively with histology
grade in ERa positive tumors (p = 0.016). We also
showed that the ERK1/2 signaling pathway was involved
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in the expression of HBO1 increased by E2. These find-
ings suggested a potential for targeting HBOL1 as a novel
means of breast cancer therapy as well as a potential
diagnosis marker for ERo positive breast cancer.

Acknowledgements

This work is supported by grants from National Natural Science Funds:
30770426, 30930025, 30900266 and 31000348; State Key Project Specialized
for Infectious Diseases: 2008ZX10002-015, 2008ZX10002-021, 2008ZX10001-02
and 20087X10004-014; National Basic Research Program of China (973
Program): 2010CB912100 (2010CB912104); National Fundamental Fund
Project: J0730860; Shanghai Leading Academic Discipline Project: B110.

Author details

'Department of Biochemistry and Molecular Biology, Shanghai Medical
College of Fudan University, Shanghai, 200032, China. ?Institutes of
Biomedical Science of Fudan University, Shanghai, 200032, China. ’Institute
of Nautical Medicine, Nantong University, Nantong, 226001, China.

Authors’ contributions

WWZ carried out the design of the study, performed IHC, real-time PCR,
drafted the manuscript. LHO performed the western blot. WYH participated
in SPSS Statistical Analysis. LYH participated in IHC and 10D scoring. WWB
participated in real-time PCR and cell culture. ZL performed SPSS Statistical
Analysis. HY and YJW participated in IHC. SLL participated in collection of
breast cancer specimens. XJJ participated in the design of the study, drafted
the figure. YXJ performed the design of the study, and helped drafting the
manuscript. GJX performed the collection of breast cancer specimens. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 29 July 2010 Accepted: 1 November 2010
Published: 1 November 2010

References

1. Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics, 2002. CA
Cancer J Clin 2005, 55:74-108.

2. Liao DZ, Pantazis CG, Hou X, Li SA: Promotion of estrogen-induced
mammary gland carcinogenesis by androgen in the male Noble rat:
probable mediation by steroid receptors. Carcinogenesis 1998, 19:2173-80.

3. Pettersson K, Gustafsson JA: Role of estrogen receptor beta in estrogen
action. Annu Rev Physiol 2001, 63:165-92.

4. Hilakivi-Clarke L, Cho E, Cabanes A, et al: Dietary modulation of pregnancy
estrogen levels and breast cancer risk among female rat offspring. Clin
Cancer Res 2002, 8:3601-10.

5. Clarke R, Liu MC, Bouker KB, et al: Antiestrogen resistance in breast cancer
and the role of estrogen receptor signaling. Oncogene 2003, 22:7316-39.

6. O'Llone R, Frith MC, Karlsson EK, Hansen U: Genomic targets of nuclear
estrogen receptors. Mol Endocrinol 2004, 18:1859-75.

7. lizuka M, Takahashi Y, Mizzen CA, et al: Histone acetyltransferase Hbo1:
catalytic activity, cellular abundance, and links to primary cancers. Gene
2009, 436:108-14.

8. Hu X, Stern HM, Ge L, et al Genetic alterations and oncogenic pathways
associated with breast cancer subtypes. Mol Cancer Res 2009, 7:511-22.

9. Georgiakaki M, Chabbert-Buffet N, Dasen B, et al: Ligand-controlled
interaction of histone acetyltransferase binding to ORC-1 (HBO1) with
the N-terminal transactivating domain of progesterone receptor induces
steroid receptor coactivator 1-dependent coactivation of transcription.
Mol Endocrinol 2006, 20:2122-40.

10. Wang Y, Zong H, Chi Y, et al: Repression of estrogen receptor alpha by
CDK11p58 through promoting its ubiquitin-proteasome degradation. J
Biochem 2009, 145:331-43.

11, Remmele W, Stegner HE: Recommendation for uniform definition of an
immunoreactive score (IRS) for immunohistochemical estrogen receptor
detection (ER-ICA) in breast cancer tissue. Pathologe 1987, 8:138-40.

12, MacGregor JI, Jordan VC: Basic guide to the mechanisms of antiestrogen
action. Pharmacol Rev 1998, 50:151-96.


http://www.ncbi.nlm.nih.gov/pubmed/15761078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9886575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9886575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9886575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11181953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11181953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12429652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12429652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15031323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15031323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16645042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16645042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16645042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16645042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19122208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19122208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3303008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3303008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3303008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9647865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9647865?dopt=Abstract

Wang et al. Journal of Experimental & Clinical Cancer Research 2010, 29:140

http://www.jeccr.com/content/29/1/140

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Wakeling AE: Similarities and distinctions in the mode of action of
different classes of antioestrogens. Endocr Relat Cancer 2000, 7:17-28.
Clark J, Edwards S, John M, et al: Identification of amplified and expressed
genes in breast cancer by comparative hybridization onto microarrays
of randomly selected cDNA clones. Genes Chromosomes Cancer 2002,
34:104-14.

Hyman E, Kauraniemi P, Hautaniemi S, et al: Impact of DNA amplification
on gene expression patterns in breast cancer. Cancer Res 2002, 62:6240-5.
Pollack JR, Sorlie T, Perou CM, et al: Microarray analysis reveals a major
direct role of DNA copy number alteration in the transcriptional
program of human breast tumors. Proc Natl Acad Sci USA 2002,
99:12963-8.

Miotto B, Struhl K: HBO1 histone acetylase is a coactivator of the
replication licensing factor Cdt1. Genes Dev 2008, 22:2633-8.

Yager JD, Davidson NE: Estrogen carcinogenesis in breast cancer. N £ngl J
Med 2006, 354:270-82.

Stabile LP, Siegfried JM: Estrogen receptor pathways in lung cancer. Curr
Oncol Rep 2004, 6:259-67.

Marquez-Garban DC, Chen HW, Fishbein MC, Goodglick L, Pietras RJ:
Estrogen receptor signaling pathways in human non-small cell lung
cancer. Steroids 2007, 72:135-43.

Huss JM, Kelly DP: Nuclear receptor signaling and cardiac energetics. Circ
Res 2004, 95:568-78.

Meyer MR, Haas E, Barton M: Gender differences of cardiovascular
disease: new perspectives for estrogen receptor signaling. Hypertension
2006, 47:1019-26.

Atanaskova N, Keshamouni VG, Krueger JS, Schwartz JA, Miller F, Reddy KB:
MAP kinase/estrogen receptor cross-talk enhances estrogen-mediated
signaling and tumor growth but does not confer tamoxifen resistance.
Oncogene 2002, 21:4000-8.

Martin LA, Farmer |, Johnston SR, Ali S, Dowsett M: Elevated ERK1/ERK2/
estrogen receptor cross-talk enhances estrogen-mediated signaling
during long-term estrogen deprivation. Endocr Relat Cancer 2005,
12(Suppl 1):S75-84.

Santen RJ, Song RX, McPherson R, et al: The role of mitogen-activated
protein (MAP) kinase in breast cancer. J Steroid Biochem Mol Biol 2002,
80:239-56.

Migliaccio A, Pagano M, Auricchio F: Immediate and transient stimulation
of protein tyrosine phosphorylation by estradiol in MCF-7 cells.
Oncogene 1993, 8:2183-91.

Auricchio A, di Domenico M, Castoria G, Bilancio A, Migliaccio A: Epidermal
growth factor induces protein tyrosine phosphorylation and association
of p190 with ras-GTP-ase activating protein in Caco-2 cells. FEBS Lett
1994, 353:16-20.

Auricchio F, Migliaccio A, Castoria G, Di Domenico M, Bilancio A, Rotondi A:
Protein tyrosine phosphorylation and estradiol action. Ann N Y Acad Sci
1996, 784:149-72.

Migliaccio A, Piccolo D, Castoria G, et al: Activation of the Src/p21ras/Erk
pathway by progesterone receptor via cross-talk with estrogen receptor.
EMBO J 1998, 17:2008-18.

doi:10.1186/1756-9966-29-140

Cite this article as: Wang et al: Estrogen receptor o (ERa.) mediates
17B-estradiol (E2)-activated expression of HBO1. Journal of Experimental
& Clinical Cancer Research 2010 29:140.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/10808193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10808193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11921288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11921288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11921288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12414653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12414653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12297621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12297621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12297621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18832067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18832067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16421368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15161576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17276470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17276470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15375023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16651458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16651458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12037682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12037682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16113101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16113101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16113101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11897507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11897507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7687761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7687761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7926013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7926013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7926013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8651566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9524123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9524123?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Materials
	Cell culture and transfection
	Western blot analyses
	Tissue samples
	Immunohistochemistry (IHC)
	Total RNA extraction and real-time PCR
	Statistical analysis

	Results
	HBO1 protein level correlates positively with ERα
	E2 induces HBO1 expression in breast cancer cells
	E2-induced HBO1 expression is inhibited by ICI 182,780 or ERα RNAi
	ERK1/2 signaling pathway was involved in the expression of HBO1 increased by E2

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

