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Abstract

Purpose The nuclear hormone receptor estrogen receptor o
(ERo) is pivotal for numerous processes in the cell. As a
transcription factor, it regulates eukaryotic gene expression
and affects cellular proliferation and differentiation in
target tissues. Moreover, ERa is known for its influence on
various gynecological diseases and carcinogenesis. Since
its expression is often altered in diseased tissues and this
alteration was found to be caused by hypermethylation of
the ESR1 promotor region in cancer, including breast and
colorectal cancer, the aim of this study is to elucidate if the
expression of ERo is also regulated epigenetically in
endometriosis and endometrial cancer.

Methods Using real-time methylation-specific PCR (rt-
MSP), we examined endometrial and endometriotic tissues
as well as five endometrial cancer cell lines and compared
the methylation status with the actual expression of ERo.
Results The results of our study indicate that, though its
expression is altered in endometrial and endometriotic
tissue, ERa is not regulated by methylation of the promotor
region in endometriosis. In contrast, three of the five
endometrial cancer cell lines are methylated in the pro-
motor region of ESR1.
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Conclusions Thus, further investigation of the connection
between ERa and endometrial cancer will be the next step.
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Introduction

The expression of ERa plays a diverse and not fully
understood role in different types of gynecological cancer
like breast cancer and ovarian cancer. Previous studies
revealed that patients with ER expression have a lower risk
of recurrence and a better overall chance of survival
leading to the clinical routine of ER expression analysis
[2, 22]. In contrary, several studies pointed out that ER
promoting proliferation increases the risk of tumorigenesis
[13, 25, 34]. In case of estrogen sensitive breast cancer,
Ellegde et al. showed that a positive ER expression sup-
ports a hormone therapy with tamoxifen which is an anti-
estrogen hormone and binds to ER impairing the func-
tionality of the receptor [8]. Nevertheless, the exact
mechanisms of ER and its regulation in cancer remain
unresolved. Additionally, it is necessary to differentiate the
role of estrogen and its receptor regarding expression and
abundance in non sex-specific tissues compared to gyne-
cological tissues and with that in gynecological cancer. In
1994, ER expression was first described to be regulated by
methylation of its promotor region in colorectal cancer
which resulted in examination of the methylation status of
several malignant und non-malignant tumors [16]. This
revealed that the promotor of the estrogen receptor gene
(ESR) is not methylated in non-malignant tissues from
thyroid, breast, lung, bronchial epithelium, cervix and
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prostate and, consequently, the ERa expression is positive
in these tumors [10]. In contrast, ESR promotor methyla-
tion seems to play a role in early carcinogenesis of lym-
phoma, esophageal and colorectal cancer. Eventually,
Lapidus et al. characterized breast cancer cell lines which
are positive (MDA-MB-231 and MDA-MB-435) and neg-
ative (MCF-7) regarding their ESR promotor methylation
status. This was the first step to establish a methylation-
specific real-time PCR (rt-MSP) for the ESR locus which
was also used in this study [6, 11, 17, 23, 24].

Since endometriosis is another estrogen influenced
gynecological disease and it was suggested that the ERa
expression is altered in ectopic endometrium compared to
eutopic endometrium, this study shall elucidate if ESR1
promotor methylation plays a role in this disease as well
[9]. Endometriosis is one of the most common diseases in
premenopausal women and it is estimated that around 10%
of all women in their reproductive years suffer from this
illness [31]. It is characterized by the growth, adhesion and
progression of endometrial glands and stroma outside the
uterine cavity which can lead to dysmenorrhea, pelvic pain
and infertility [3].

Ectopic endometrium behaves similarly to eutopic
endometrium due to the influence of estrogen and pro-
gesterone. If the interaction of these hormones is not
tuned accurately, the result is a phase delay or a so-
called luteal phase defect (LPD). A common symptom of
LPD is the failure of implantation of the blastocyst
caused by the endometrium not being prepared for this
step due to the hormonal phase delay. LPD is often
associated with endometriosis and thus may be a cause
of endometriosis related infertility [4, 5, 27, 28]. To
reveal a potential correlation between these estrogen
influenced processes and a promotor methylation of
ESR1, DNA of different tissues, namely proliferative,
early secretory and ectopic endometrium, was analyzed
regarding their methylation status of ERoa. Only few
samples were examined because the results should help
to decide if an examination on a grand scale was worth
doing. In addition, the promotor methylation status was
compared to actual ERa expression in the tissues by
immunohistochemical staining.

In the second part of this study, we performed rt-MSP of
the ESRI locus of five endometrial cancer cell lines.
Endometrial cancer is one of the most common cancers of
the reproductive system in industrialized countries [18]. Ali
et al. state that ERa has a similar effect on carcinogenesis
of endometrial carcinoma as on breast cancer, since an
overexpression of ER inhibits the cell growth [1]. More-
over, treatment of endometrial cancer with tamoxifen,
which obtains good results in breast cancer, has a very
limited effect [21, 29, 30, 33]. This emphasizes once more
the complexity and diversity of the effect of the estrogen
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receptor in the different diseases. Nonetheless, the impor-
tance of ERa is unchallenged. Therefore, more information
has to be obtained about both function and regulation. To
contribute to this aim, we examined the methylation status
of the CpG islands in the promotor region of ESR1 in all
five cell lines and compare the result to the mRNA level of
ERa in the same cell population.

Materials and methods

Examination of endometrial and endometriotic
tissue

All in all, four endometrial tissues, two proliferative and
two early secretory, and three endometriotic ovarian tissues
were analyzed regarding their ERa expression and ESRI1
promotor methylation.

Immunhistochemical staining

Serial sections of surgically resected and archived endo-
metrium and endometriosis tissue were prepared after
having been completely processed by formalin fixation and
paraffin embedding. For examination, two staining meth-
ods were used. Hematoxylin and eosin stain (HE stain)
helps to localize the relevant areas, whereas the immuno-
histological avidin—biotin-complex staining method (ABC
stain) was used to reveal the expression of ERa in the areas
previously identified. The pretreatment is identical and
consists of deparaffinizing by incubating in xylene, sub-
sequently blocking of endogenous peroxidase by incubat-
ing in 3% hydrogen peroxide (H,O,) and demasking of
antigenes by cooking in citrate buffer. For HE stain, one
section of each sample was rehydrated using ethanol in
decreasing concentrations and incubated for 8 min in
hematoxylin for staining of the nuclei. After the plasma
had been stained by eosin, the sections were analyzed by
light microscopy and the endometriosis lesions were
marked. The primary antibody for the ABC staining was
diluted 1:400 (Abcam) and dripped on the sections which
then were incubated for 16 h at 4 °C. Subsequently, the
biotinylated secondary antibody was applied for 30 min.
By addition of 3,3-diaminobenzidine (DAB), the peroxi-
dase coupled to the ABC-complex starts an enzymatic
reaction which results in coloration of the spot the complex
is binding. Uterine tissue served as positive control
whereas the negative control was an isotype control, i.e.,
the primary antibody was replaced by immunoglobulins
that do not bind to human tissue. The staining of nuclei and
plasma was examined separately and valued with an
immunoreactive score (IRS) which allowed a comparison
of the receptor expression in the different tissues and
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considers the staining intensity (proportionate to receptor
expression) and the percentage of positively stained cells.

DNA extraction and bisulfite treatment

After immunohistochemical analysis, the samples of
eutopic endometrium and the identified endometriotic
lesions were processed molecular-biologically. To reveal a
DNA methylation of ERo, a methylation-specific poly-
merase chain reaction (MSP) was performed. Bisulfite
treatment of isolated DNA results in conversion of
unmethylated cytosine to uracil, whereas methylated
cytosine (5-methylcytosine) remains unmodified. This way,
after bisulfite treatment the DNA sequence is changed due
to its methylation status and can now be used for MSP.
Therefore, special primer pairs are needed which are
themselves methylation specific, i.e., they are only
hybridizing with unconverted 5-methylcytosine but not
with DNA containing uracil. Hence, there is an amplifi-
cation product only if the DNA segment in question is
actually methylated.

Genomic DNA was isolated using a commercially
available DNA extraction kit (Qiagen; DNA FFPE Tissue)
which is used for purification of DNA from formalin-fixed
and paraffin-embedded tissues. The endometrial sections
were used as a whole, whereas the marked endometriotic
lesions were scraped off with a scalpel whilst keeping the
contamination of ovarian DNA as low as possible. Con-
sequently, the amount of DNA in these samples was lower.

ESR1 promotor analysis

To reveal the methylation status of the ESR1 promotor
region, a real-time methylation-specific PCR (rt-MSP) was
performed. The following oligonucleotides were used:
forward primer, 5'-ggcgttcgttttgggattg-3'; reverse primer,
5'-gccgacacgegaactctaa-3’; TagMans probe, FAM 5'-
cgataaaaccgaacgacccgacga-3’ TAMRA (custom synthe-
sized by Applied Biosystems, Foster City, USA). The
concentration of primer and probe was 30 mM. Two
microliters of the eluate containing 6 ng of bisulfite-treated
DNA were used for each MSP reaction. Amplifications
were carried out in a 96-well plate in a 7500 Tagman real-
time PCR cycler (Applied Biosystems) in two replicates
using Universal Mastermix (Applied Biosystems). The
reaction volume was 20 pl. Thermal cycling was initiated
by denaturation at 95 °C for 20 s. The PCR profile was
95 °C for 3 s and 60 °C for 30 s for a total of 40 cycles.

Moreover, water blanks as well as positive (MDA-MB-
231 cell line) and negative (MCF-7 cell line) controls were
used. The quality of the isolated DNA was checked by
amplifying keratin 19 (CK 19, located on chromosome
17—36937606—36938071).

ESR1 promotor analysis of endometrial cancer cell
lines

Five human endometrial cancer cell lines were examined
regarding their ESR1 methylation status. The Ishikawa™
cell line is known to be positive for the estrogen receptors
(ER) which are also the case for the cell line RL95-2,
whereas Ishikawa™ and HEC-1-A have a lower expression
of ER. Moreover, HEC-1-A is known to be positive for the
receptor platelet activating factor (PAF) which increases
the expression of the oncogene c-fos. HEC-1-B is a sub-
strain of HEC-1-A which exhibited a stationary growth
period between day 135 and 190 of culturing and appeared
on recovery to be flattened and more pavements patterned
than the parent line.

The cells were cultured in RPMI-1640 media (Ther-
moFisher Scientific, Invitrogen, Cat. No. 61870-010) con-
taining glutamax and 10% FCS (FBS South American
ThermoFisher Scientific, Invitrogen, Cat. No. 10270-106)
without antibiotics. For passaging, the cells were treated with
Trypsin/EDTA (Biochrom, Cat. No. L2143). After having
been counted using a hemocytometer, the cells were diluted
to a final cell number of 5 million cells in 200 ul PBS.
Subsequently, a commercially available DNA extraction kit
(QIAamp DNA mini and blood mini, Qiagen, Cat. No.
51304) was used to isolate the DNA of the cells. The DNA
concentration was measured by photometer in pg/pl. Fur-
ther, 500 ng DNA was used for the sodium bisulfite treat-
ment (Epitect Fast DNA Bisulfite Kit, Qiagen) to convert
unmethylated cytosine to uracil. 2 pl of each sample con-
taining 50 ng converted DNA was analyzed via rt-MSP
using the same methylation-specific primer and probe as
mentioned above (Applied Biosystems, TaqMan®) in a final
concentration of 30 mM, TagMan Universal PCR Master
Mix 2x and DEPC-treated DI water. DNA of the breast
cancer cell lines MDA-MB-231 and MCF7 served as posi-
tive and negative control, respectively. The amplification
reaction was performed using an ABI PRISM 7500 Fast
Real-Time PCR machine. To compare the methylation status
of the ESR1 promotor region to the actual expression of ERa,
RNA was extracted using a commercially available kit
(RNeasy mini, Qiagen). Extracted RNA was converted to
cDNA (MMLV-Kit Biozym, Cat. No. 150772) of which
350 ng was analyzed via rt-PCR.

Results
Immunohistochemical staining
The H&E stained sections were analyzed via a light-

microscope attached to a digital camera, so micrographs
of typical endometrial and endometriotic tissue could be
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Fig. 1 Hematoxylin and eosin stain of eutopic (a, b) and ectopic
(c) endometrium. a Proliferative endometrium with tubular glands

(arrowhead) and dense stroma (asterisk), x 10 magnification. b Early
secretory endometrium with less dense stroma, x25 magnification.

taken which are presented in Fig. 1. In Fig. la, tubular
glands of a proliferative endometrium are shown; the
characteristic dense stroma is well recognizable. In
contrast, early secretory endometrium consists of less
dense stroma and prominent sub-nuclear vacuoles appear
in the cells forming the glands (Fig. 1b). Figure lc
finally shows ovarian endometriotic lesions which were
marked with a pencil and scraped off for DNA extrac-
tion and bisulfite treatment.

The immunohistochemical stained sections were ana-
lyzed by microscoping and images were taken of which
some characteristic ones are shown below (Fig. 2). In
Fig. 2a, b, we show uterine tissue which served as positive
and negative control. Figure 2c, d shows images of pro-
liferative and early secretory endometrium, respectively. It
is noticeable that the proliferative endometrial tissue is
mainly stained in the nuclei, whereas the secretory
endometrial tissue is primarily stained in the cytoplasm.
ERo is a nuclear receptor protein which acts as a tran-
scription factor and has its main influence during the pro-
liferative phase and thus is found in the nuclei at this stage.
Moreover, it is built in the cytoplasm during early secretory
phase and, thus, accumulates in this cell part. The staining
was analyzed by scoring the IRS which is summarized in
the box plot graphs (Fig. 2g, h).

ESR1 promotor analysis

rt-MSP of bisulfite-treated DNA of all tissue samples
showed that only the positive control MDA-MB-231 is
methylated in the promotor region of ESR1 (Fig. 3). The
remaining samples of endometrial and endometriotic tissue
as well as the negative control MCF-7 yielded no product
which is demonstrated by the unsteady graphs beneath the
threshold. The quality of the extracted DNA was tested by
amplifying the CK19 locus. Here, a product could be
detected for all samples except the negative control.

@ Springer

¢ Ovarian endometriosis characterized by its epithelium (arrowhead)
surrounding a cyst like area as well as the accumulation of nuclei
around it (asterisk), x 10 magnification

The analysis of rt-MSP of the endometrial cancer cell
lines indicates that three of five of the examined cell lines
are methylated in the promotor region of ERa. Ishikawa™,
HEC-1-A as well as RL95-2 yielded a product in the
methylation-specific amplification which was not the case
for Ishikawa™ and HEC-1-B. The extracted mRNA which
was converted to cDNA was analyzed using rt-PCR. The
amplification plots show that no product could be detected
for HEC-1-A, whereas the amplification of the ESR1 locus
in both Ishikawa™ and RL95-2 yielded a product in a late
cycle (34th and 32th cycle, respectively). In contrast,
amplification of ESR1 in Ishikawa™ and HEC-1-B yielded
a product in an earlier cycle.

Discussion

The positive and negative control of uterine tissue indicates
that the immunohistological staining of ERa was success-
ful (Fig. 2a, b). The sections were analyzed by scoring the
IRS for nuclei and cytoplasm in several relevant areas
(glands in endometrium, lesions in endometriotic tissue).
The box plots shown in Fig. 2 summarize the results which
were then used for statistical tests to reveal significant
differences in ERa expression in various tissues. Since this
is a matter of independent samples, a non-parametric
Mann—Whitney U ranked test was performed using statis-
tics software program (SPSS). All three types of tissues
were compared with each other. The null hypothesis was
that there is no difference in IRS, and was rejected for all
three cases on a high level of significance (p < 0.001). This
indicates that ERa is indeed expressed on a different level
in endometriotic tissue compared to endometrial tissue,
which is consistent with previous studies. Nevertheless,
these results should rather be interpreted as a hint in the
same direction than a confirmation since the amount of
samples was small.
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Fig. 2 ERa antibody staining of a uterine tissue as positive control,
high percentage of stained nuclei is well recognizable, x 10 magni-
fication a positive control, high intensity of stained nuclei, x25
magnification, b uterine tissue as isotope control, x 10 magnification,
¢ characteristic gland of proliferative endometrium, x10

Samples of endometrial and endometriotic DNA yielded
no methylation-specific amplification product which sug-
gests contrarily that the analyzed promotor region is not
methylated either in endometrial tissue or endometriosis,
that is to say the expression of ERa seems not to be reg-
ulated by DNA methylation. Since the positive and nega-
tive controls were successful, it can be assumed that the
concentrations chosen were appropriate for the experiment.
Moreover, the quality check of the isolated unconverted
DNA using CK19 primers yielded products in all samples
except the water control so the success of DNA isolation is
highly probable. Only the success of bisulfite conversion
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magnification, d early secretory endometrium, x25 magnification,
e and f endometriosis lesion, x 10 magnification, g results of IRS
regarding several characteristic spots of proliferative, early secretory
and endometriotic tissue, box plots of IRS of stained plasma, h box
plots of IRS of stained nuclei

cannot be ensured completely, but since there is no
amplification product of converted DNA in combination
with CK19-primers (not methylated-specific) this is quite
probable. The only alternative is that the DNA was mostly
destroyed during the conversion process which is, on the
other hand, not very likely.

Ishikawa™ is known to have a low expression of ESR1
so the result of our study supports the assumption that the
expression pattern is caused by epigenetic modification.
The methylation status is compatible with the result of
cDNA-PCR which pointed out a C, value of approximately
33, i.e., in the 34th cycle of 40 an amplification product
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Fig. 3 rt-MSP amplification
plots of all samples after
bisulfite conversion, only the

'; 7500 Fast System SDS Software - [ERalpha_12.04.16 (Absolute Quantification)]
File View Tools Instrument Analysis Window Help

U ER(EEHE -2

Instrument ¥ Results

positive control MDA-MB-231

Plate ¥ Spectra ¥ Component Y. ification Plot

Standard Curve ¥ Dissociation ¥ Report

yielded a product (graph similar
to log function), all other
samples were negative (graphs
unsteady); in green: threshold,
automatically set, The crossing
of a positive amplification plot

1.0e+000

1.0e-001

Delta Rn vs Cycle

Data: ’W
Detector: [ |
Line Color: [well Color v

A8: pos. MDAMB

1.0e-002

and the threshold states the C;
value. This is the cycle in which
the product was amplified
enough to be detected. The
lower the C, value, the more
DNA with the gene of interest
was in the reaction sample. Here
negligible since this is a

1.0e-003

Delta Rn

1.0e-004

1.0e-005

ERPromotor, Unknown|f Analysis Seltings

& Auto Ct
€ Manual Ct
/\ Threshold: [0.0143093
o
o)

Statt [cycle): [Buto

End (cycle): [Auto

qualitative experiment

1.0e-006
12345678 91011121314151617 18192021 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Help
Cycle Number
[ | s |« | s 6 | 7 8 | 9 | 1w | n | w
ilUI U] U U] T | U] U | UJ U] I I ]

B

[N

Disconnected

could be measured which is comparatively late. The C,
value is indirectly proportional to the amount of transcripts.
In the case of HEC-1-A, the examination of cDNA indi-
cates that the amount of the ESR1 transcript is very small
in this cell line, since no product could be detected in 40
cycles of amplification. Again, this matches the results of
MSP which is also the case for the results of cDNA-PCR
and MSP of the RL95-2 cell line (C;-value 32). In contrast,
the examination of the cDNA revealed that the expression
of ERa is definitely higher in the Ishikawa® and HEC-1-B
cell lines compared to the remaining three cell lines, which
can be concluded by a C; value of 23 and 25.

The causes of endometriosis related infertility are still
unresolved. In cases of severe endometriosis including
extensive cysts in the pelvic cavity, there might be a
mechanical impairment of folliculogenesis and ovulation
or occlusion of the fallopian tubes. But infertility does not
seem to correlate with the severity of the disease, since
women with little anatomic distortion can also suffer from
infertility. Apparently, it is not even certain that
endometriosis actually causes infertility, or if there is a so
far unknown dysfunction that causes both endometriosis
and infertility. But since endometriosis, infertility and LPD
are moderately or even highly correlated it is extremely
promising to examine the hormonal conditions and alter-
ations in affected patients in comparison to healthy per-
sons. In doing so, the regulatory mechanisms are of
particular interest. The expression of ERa is altered in
various diseases, for example in breast and ovarian cancer
but also in endometriosis and endometriotic cancer. It is
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well known that this alteration can occur due to epigenetic
modifications like promotor methylation in cancer cells
[20]. Since our study did not suggest a regulation of ERa
expression via methylation either in proliferative and early
secretory endometrium or in endometriotic tissue, the next
step would be to examine other regulatory mechanisms
such as histone modifications. Moreover, it will be inter-
esting to focus on patients with a high correlation between
LPD, endometriosis and infertility and compare tissues
from patients with severe symptoms with those of patients
with mild symptoms since the link between all this could
be the alteration of ERa expression. This was not consid-
ered in this study, since it should reveal differences
between the tissues and their expression pattern in general.
Moreover, there is no difference in the methylation status
of the ESRI promotor in proliferative and early secretory
endometrial tissue. These two phases are regulated by
different sex steroid hormones that are estrogen in prolif-
erative and progesterone in secretory tissue. The histolog-
ical differences are attributed to the associated hormonal
receptors (estrogen receptors and progesterone receptors).
Their expression differs in the various phases of the
endometrium as it is shown in immunohistological staining
of the tissue sections, but this, again, seems not to be
regulated by DNA methylation.

The revelation of three endometrial cancer cell lines
which are methylated in the CpG islands of the ESR1 pro-
motor region is highly promising. Several studies suggest
that a high content of ERa in primary endometrial carcino-
mas affects prognosis favorably [19]. The overexpression of
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ERa in the Ishikawa cell line leads to inhibition of cell
growth in culture as well as in the chicken chorioallantoic
membrane (CAM) model which confirms the previously
reported significance of ERa in carcinogenesis. Knowing
that ERs promote proliferation and thus are seen as cancer
risk factors, this seems surprising. Furthermore, contradic-
tory studies exist about the effect of hormonal therapy in
endometrial cancer. Tamoxifen therapy of breast cancer
patients even seems to increase the risk of endometrial
cancer. This emphasizes the diverse and critical role of
estrogen receptors and how poorly we understand its com-
plex activity patterns. The results of our study suggest that
promotor methylation is an important regulation mechanism
of ERa in endometrial cancer and should be examined fur-
ther. It is important to reveal the mechanisms by which ERa
acts in the different stages of endometrial cancer as well as in
other gynecological diseases, especially in comparison to
non-sex-related diseases. The same applies to the diverse
regulatory mechanisms which determine the ERa content in
the cell. While ESR1 is regulated by DNA methylation in
non-malignant tissues and several cases of tumors, it can be
regulated positively or negatively by circulating estrogen
levels depending on sex, type of tissue and developing stage
and this regulation can occur on mRNA or protein level since
not every transcript is translated into a protein [26]. For
example, it was shown that the expression of ERa is regu-
lated in a coordinated fashion by numerous transcription
factors including retinoic acid receptor-o, PAX2, GATA3,
NKX3.1, LEF1 and FOXAT1 which turned out to be of par-
ticular interest in the attempt to increase tamoxifen response
in cells with low ERa amount [7, 12, 14, 15, 32]. However,
the knowledge about these processes is superficial and the
mechanisms are poorly understood. Hence, future exami-
nation of both function and regulation of ERo will eventually
lead to an improved understanding of cancer and epigenetics
and hopefully reveal new ways of fighting endometrial
cancer.
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