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Abstract

Introduction: Estrogen receptor B (ERB) always lacks expression in estro-
gen-dependent tumors, which may result from gene inactivation by meth-
ylation. In this study, we aimed to determine whether aberrant methylation
of the ERP promoter is associated with decreased ERB gene expression in
breast cancer.

Material and methods: ERB methylation status was determined for 132
pairs of breast cancer and adjacent normal tissues via the MethyLight meth-
od. Additionally, mRNA relative expression was quantified by real-time poly-
merase chain reaction (RT-PCR) to determine whether aberrant methylation
had a negative correlation with expression. The correlation of ERp promoter
methylation and clinical parameters is also discussed.

Results: Methylation was observed in 96 (72.7%) breast cancer samples, and
the median percentage of fully methylated reference (PMR) among meth-
ylated tissues was 0.83. Meanwhile, 94 (71.2%) adjacent normal tissues
were methylated and the median PMR was 0.48. Compared to adjacent nor-
mal tissues, the methylation level of breast cancer was significantly higher
(p < 0.001) and mRNA expression was much lower (p < 0.001). There was
a significant correlation between ERB methylation and mRNA expression in
adjacent normal breast tissues (p = 0.004). In addition, the methylation rate
of cancer tissues whose maximum diameter < 3 cm was significantly higher
than those > 3 cm (p = 0.025).

Conclusions: ERP promoter methylation level varies between cancerous and
adjacent normal breast tissues. There was significant downregulation of ERf
methylation expression in pre-cancerous stages of breast cancer. Therefore,
demethylation drugs may offer a potential strategy for preventing the devel-
opment of pre-cancerous cells.
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Introduction

Estrogen receptor B (ERB) has been recognized
as a member of the nuclear receptor superfamily,
which has also included the traditional estrogen
receptor a since 1996 [1]. These estrogen recep-
tors have common structural features but play dif-
ferent biological roles that are mediated via their
DNA-binding domains, which interact with specif-
ic DNA elements, such as the estrogen-response
element, to activate downstream target genes [2].
ERB has, unlike estrogen receptor alpha, different
functions and a wider distribution among a vari-
ety of tissues, including breast, colon, esophagus,
stomach, brain, lung, prostate, testis, pancreas
and blood vessels [3]. In breast tissues, ERB is
expressed in luminal epithelium, myoepithelium,
fibroblasts and lymphocytes in stromal cells [4].
The ERP expression level is down-regulated in ma-
lignant breast tissue [5]. Although the final con-
clusion is still inconsistent about the relationship
of ERB expression level and prognosis as well as
treatment response, ERB has been accepted as a
tumor suppressor gradually [6]. Recent research
strongly supported that loss of ERB could be one
of the key elements leading to breast epithelial
cell malignancy. It suggested that ERP has a signif-
icant role in inhibition of invasion, stimulation of
apoptosis, and prevention of oncogenic transfor-
mation in rapid differentiating prostatic epithelial
cells [7].

DNA epigenetic alternation including gene-spe-
cific hypermethylation and hypomethylation has
a significant influence on neoplastic transforma-
tion [5, 7]. Gene silencing due to DNA hypermeth-
ylation of CpG islands in the promoter regions
is @ common mechanism of gene regulation in
breast carcinogenesis [8, 9]. Aberrant DNA meth-
ylation is regarded as one of the most common
molecular abnormalities in breast cancer, and hy-
permethylation of CpG islands results in the loss
of expression of some crucial genes [9]. Studies in
vitro show that ERJ methylation probably partici-
pates in the epigenetic regulation of ERP expres-
sion [10-15], and methylation of the ERB promot-
er is an early event in malignant transformation
of breast tissue [15]. Different methylation models
in cancer cell lines and breast cancer tissues have
been classified for two ERPB promoters, exon OK
and ON, which could generate different ERP iso-
forms with diverse splicing sites [10]. However,
few studies of ERB methylation have been con-
ducted on paired cancerous and normal tissues
from a single patient.

In this study, we aimed to investigate the re-
lationship and consistency between promoter
methylation status and ERB expression levels,
along with clinical parameters, of paired cancer-
ous and normal tissues in breast cancer patients.

Material and methods
Patients and samples

The study protocol was approved by the Insti-
tutional Review Board and all participants signed
a written consent form. Tissues of 132 breast can-
cer objects were collected from September 2010
to October 2011 at the Anyang Cancer Hospital in
the Henan province of China. All participants were
Chinese Han women, mean age 50.91 +9.88 years,
and baseline characteristics are shown in Table I.
None of them had received preoperative hormon-
al therapy. Cancerous and adjacent normal tissues
were collected from each patient during surgery.
Normal breast tissues were obtained at least 1 cm
distant to the edge of cancerous breast tissue.
Subsamples of tissues were removed prior to DNA
extraction for conventional fixed, embedded and
H + E staining. Histopathological categories in-
cluding benign and malignant characterizations
were verified by two experienced pathologists.
Each tissue was divided into two parts, and one
was placed in RNA Stabilization Reagent (Qiagen,
Valencia, CA), while the other was stored at —80°C
until extraction.

DNA extraction and bisulfite modification

Genomic DNA was extracted from tissues by
the standard method of proteinase K digestion
and phenol-chloroform extraction [16]. In brief,
fresh tissues were diced and DNA was extracted
after the tissue pieces were digested overnight.
The purity and concentration of extracted DNA
were determined from its optical density by use
of a Nano-Drop spectrophotometer (NanoDrop
Technologies, Wilmington, Delaware, USA). Sodi-
um bisulfite conversion of approximately 800 ng
of extracted genomic DNA was performed for the
EZ DNA Methylation Gold Kit (Zymo Research, Or-
ange, CA, USA) and diluted to a final concentra-
tion of 25 ng/ul.

PCR and Sanger sequencing for promoter 0K

After sodium bisulfite conversion, genom-
ic DNA methylation status of promoter OK was
verified according to PCR-based sequencing on
20 pairs of cancerous and adjacent normal tis-
sues. Hot Start Tag DNA polymerase mixture (Qia-
gen, Valencia, CA) was used to amplify the pro-
moter OK fragment (295 bp) on bisulfite converted
DNA. Primers for promoter OK are listed in Table II.
PCR products were purified using a PCR clean-up
gel extraction column (Macherey-Nagel GmbH &
Co, Diiren, Germany). The sequences were de-
termined using a capillary sequencer (ABI Prism
3100).
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Methylation assay for promoter ON
<
Methylation analysis of promoter ON was per- <
formed by the MethyLight method [17]. Three sets <
of primers and probes designed specifically for bi- § g
sulfite-converted DNA were used, and an ACTB set 2|
was used to normalize for input DNA. The sequenc- g % 9
es of primers and probes are shown in Table II. § |9
Specificity of the reactions for methylated DNA = 5 E
were confirmed separately by a control human o % |3
genomic DNA which had been treated with DNA %D é %
methyltransferase Sssl (New England Biolabs, 2 S
Beverly, MA). The percentage of fully methylated 2 § §
molecules at a specific locus was calculated by di- IS |Q
viding the promoter ON: ACTB ratio of a sample é %
by the promoter ON: ACTB ratio of Sssl-treated g|°
control DNA and multiplying by 100. Percentages =
of fully methylated reference (PMR) values were ©
used to quantity the methylation level of each
sample. PMR > 0 means that the measurement
and gene are methylation positive. = g
glElS |3 8|8
RNA extraction and real-time RT-PCR g §g § < § E
o | U O
Total RNA was isolated from tissues that § ;{ E E E Q
were stored in RNA stabilization reagent (Qia- g2 g 2|83
gen, Valencia, CA) using TRIzol reagent (Invitro- s EE( p § g 2
gen, Carlshad, CA) after a quick liquid nitrogen R § 518 |2
grind. The quality and quantity of RNA were de- s § % § 2 é
termined from its optical density in an ethidium s |* |5 |2 | < 3 E
bromide-stained 1% agarose gel, and 2 ug of RNA % C < O
was subsequently used to generate cDNA with g
the M-MLV reverse transcription kit (Invitrogen, 2
Carlsbad, CA). Real-time quantitative PCR was & REE:
performed with a LightCycler 480 System (Roche £ g |G |2 g < §
Diagnostics GmbH, Mannheim, Germany). The & |§ |5 |2 |2 & |2
LightCycler 480 SYBR Green | Master (Roche Di- S [ & |3 |E |3 |2 |E
agnostics GmbH, Mannheim, Germany) assaywas < [+ |3 |3 o |2 §
used for total ERp amplification and GAPDH was 5 E E 5 § § =
used as a reference gene. The 20 ul reaction sys- g _EL 2 % E 3 E
tem contained 10 pl of SybGreen mix, 10 pmolof % |5 [3 |9 |E S |2
each primer, and 50-100 ng of cDNA template. % § S5 % E §
The primers used are listed in Table Il. Relative ug = E g E 2o
expression levels of total ERP were calculated by g ok
N = 27acteaPoH - ER9) [18], where N is the relative T
quantity of mRNA expression. kS
8 S g
Statistical analysis |2 g £ g é @
Non-parametric statistics were used because § ° E = % &
the distribution of PMR and N value were not & = ~
normal. The Spearman correlation coefficient and 5
paired rank sum test were adopted for analysis of _g
methylation and expression levels in cancerous § -
and adjacent normal tissues. Pearson y2 and Wil- g & g
= Q| g | O
coxon rank sum tests were used to analyze there- £ (@ |C | = o
lationship between methylation levels and clinical = g g g &
parameters. All statistical analyses were conduct- = |2 |3 | 8 3
ed using SPSS 17.0 software, and p < 0.05 was = < E é z
considered as statistically significant. il Rl °
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Results
Histopathology

All cancerous tissue samples were correctly clas-
sified and benign samples included normal and pro-
liferative breast cells. All procedures were confirmed
by two experienced pathologists independently.

Promoter 0K methylation

Twenty participants were selected by a random
number table (accounting for 15% of all patients), and
their paired cancerous and adjacent normal tissues
were used for promoter OK methylation assay. No
methylation was observed from the sequencing chart.

Promoter ON methylation and mRNA
expression

The DNA Methylight Q-PCR assay was con-
ducted on 132 pairs of breast cancer and adja-

cent normal tissues. Methylation positive breast
cancer tissues (n = 96) had a median PMR val-
ue of 0.83, while adjacent normal breast tissues
(n = 94) which were methylation positive had
a median PMR value of 0.48 (p < 0.001) (Fig-
ure 1 A). The median mRNA relative expression
level value (N*1000) of cancerous tissues was
0.18 compared with 7.30 of adjacent normal tis-
sues (p < 0.001) (Figure 1 B). However, several cas-
es presented an opposite change of PMR or mRNA
levels (e.g. cancer tissue with a high mRNA level or
low methylation).

One hundred and eleven pairs of breast tissues
were included for the analysis due to the lack of
21 samples for mRNA expression level. From the
results, there was no significant correlation be-
tween promoter ON methylation PMR and mRNA
expression levels in the breast cancer group
(p = 0.899), but there was a significant correlation
in normal breast tissue (p = 0.004).

A B
200 — 1000
800
150 —
S
(=]
2
£ 600 —
]
2
Q.J c
3 K=l
S 100 — a
o &
£ 5
2
E 400 —
e
<
=
o
£
50 =
200 —
0 0 —
Normal tissues Cancer tissues Normal tissues Cancer tissues
Figure 1. Estrogen receptor beta methylation PMR values and mRNA relative expression levels. Each line stands for
a participant. The start point (adjacent normal breast tissues) and end point (breast cancerous tissues) mean PMR
value (A) or mRNA relative expression levels (N*1000) (B)
PMR — percentages of fully methylated reference.
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Methylation and clinical parameters

The rate and PMR median values of methylat-
ed tissues were calculated for associations with
clinical parameters. The rate of ERB methyla-
tion in cancer tissues with maximum diameters
< 3 cm was significantly higher than those > 3 cm
(p = 0.025). However, the PMR median values in
both groups showed no statistical significance
(p = 0.493). Also, the PMR of left breast cancer
was relatively higher than the other side (p < 0.01),
although the rate of methylation did show signif-
icance (p » 0.01).

Discussion

The ERP promoter region has been cloned with
an increased CG content [19], and further investi-
gation showed 2 exons (ON and OK) existing in the
ERB promoter region [11]. The methylation pattern
for exon ON differs in cancerous and normal breast
tissues, in contrast to exon OK [10, 15]. A previous
study verified that promoter OK did not methylate
either in benign or malignant breast cells [10]. As
a scattered CG dinucleotide distribution in the pro-
moter OK, a PCR-based sequencing method was
designed to depict the GC methylation status in
the promoter OK region. After scanning, no meth-
ylation occurred in any of the 20 paired tissues in
our study, and this was consistent with the former
results [10]. Promoter OK and ON could transcribe
different mRNA isoforms which diverge in their
5’-untranslated regions, and the isoform change
in carcinogenesis might be caused by a different
methylation pattern [20]. We quantified promoter
ON methylation to evaluate the DNA methylation
status of CpG islands with the MethyLight meth-
od, and used established probes and primers in
the promoter ON region [21, 22]. Widschwendter
et al. demonstrated that 79% of breast cancer tis-
sues were methylated with a median PMR value
of 0.1 [22]. In our study, similar results with an ERJ
methylation rate for breast cancer tissue of 72.3%
and a median PMR value 0.17 were proved, which
confirmed the reliability for the further analyses.

Recent studies indicated that ERp mRNA ex-
pression levels were down-regulated by promoter
methylation, and re-expression occurred with the
addition of DNA methyltransferase inhibitors [10,
12]. Transcriptional silencing of ERB is necessary
for cancer progression in breast cancer and other
hormone-sensitive cancers [13]. Promoter methyl-
ation in cancerous and pre-cancerous tissues re-
sults in transcriptional silencing of ERB, whereas
no methylation occurs in normal breast tissue [14,
15]. Therefore, ERB is increasingly believed to act
as a tumor suppressor gene [12]. Rody et al. spec-
ulated that methylation of the ERP promoter is an
uncommon focal event, based on the absence of
methylation in benign breast tissue from breast

cancer patients [15]. However, we found that there
was no difference in methylation rate between
cancerous and adjacent normal breast tissues.
This inconsistency could have resulted from dif-
ferent methods, patient sources, or differences in
sample size. We can deduce that the surrounding
tissue of breast cancer differs from normal breast
tissues without ERB promoter methylation [23].
Therefore, adjacent normal breast tissues may be
in a pre-cancer stage and ERP methylation may be
an early indicator of pre-malignant changes.

Compared with adjacent normal tissue, a sig-
nificant decline of ERP expression in breast can-
cer tissue was proved in our study (Figure 1 B),
which was also reported previously [24, 25]. Ac-
cording to the correlation analysis, there was a re-
lationship between methylation level and mRNA
expression in adjacent normal breast tissue. The
possible explanations might be as follows: first,
compared with normal breast tissues, cancerous
tissues included more complicated cell types, not
only cancer cells in different differentiation stag-
es but also normal duct cells, glandular cells and
stromal cells. The ERB expression level varies sig-
nificantly in different cells. Second, the extracted
tissues were not micro-dissected, which may re-
sult in an uncontrolled proportion of malignant
cells. As a result, the kind of relationship in can-
cerous tissues might be not obvious. Finally, DNA
methylation occurs in early carcinogenesis [26,
27]; therefore, the push power from methylation
might decline during the tumor progression due
to multiple uncontrollable factors. In our study, the
rate of promoter ON methylation in cancer tissues
with maximum diameter < 3 cm was significantly
higher than those > 3 cm. It may result from the
smaller tumors always being in the early stage of
tumor development. Unlike DNA genetics, epigen-
etic changes are reversible and ERp re-expression
is evident in the presence of DNA methyltransfer-
ase inhibitors [10, 12, 28]. Therefore, demethyla-
tion drugs may be a potential means for altering
the development of pre-cancerous cells.

In conclusion, a relationship between methyl-
ation level and mRNA expression in adjacent nor-
mal breast tissue was observed in the study. Also,
the level of ERB promoter methylation varied be-
tween breast cancerous and adjacent normal tis-
sues. The reversion of ERB methylation in pre-can-
cerous stages may suggest a significant role in the
prevention of breast cancer.
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