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EXPRESSION OF STEROID HORMONE RECEPTORS IN THE TISSUE OF
ENDOMETRIOMAS IN FIRST-TIME AND RELAPSING PATIENTS
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A molecular marker for the risk of endometriosis recurrence can help to customize a post-operative treatment plan for an
individual patient. The aim of this study was to compare the expression of genes coding for estradiol (MER, ER , ERﬁ) and
progesterone (PGRmMGC,, mPR, PR-A, PR-B) receptors in first-time and relapsing patients with ovarian endometriosis. Our study
included 94 women of reproductive age with ovarian endometriosis: 82 first-time and 12 relapsing patients. The expression of
genes coding for steroid receptors was measured using reverse transcription polymerase chain reaction. Recurrent conditions
were characterized by a change in the expression of estrogen receptors and unchanged expression of progesterone receptors.
Expression of mER in the tissue of patients with first-time endometriosis was 15.09 + 1.18. Patients undergoing recurrence
demonstrated a 3-fold increase in mER expression (from 15.09 + 1.18 to 44.45 + 9.1). Also, in such patients ER, expression
was 5 times higher increasing from 11.71 + 0.22, which is an average value for first-time patients, to 10.02 + 3.81, while ER_
expression surged 7-fold from 10.47 + 1.05t0 1.68 + 0.55 (p < 0.05). Transcription of the studied receptors in the pathological
tissue depended on the stage of the disease: in relapsing patients expression of estradiol receptors underwent some changes,
while expression profile of progesterone receptors remained unchanged. Sensitivity of endometrial tissue to gestogens is
clinically important and serves as a basis for a successful hormone-based relapse prevention.
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OCOBEHHOCTW 3KCINPECCUN T’EHOB PELENMTOPOB CTEPONOHbIX
FTOPMOHOB B TKAHSAX NMEPBUYHbIX N PELLWONBUPYOLLIAX
9HAOMETPUOOHbIX OBEPASOBAHNN ANYHUKOB

1. C. bynaTtoBa' = A. A. ConomatuHa', E. H. Kapesa?, H. A. KoLito6uHckas?
" Kacbegpa akyLlepcTsa v MMHEKONorW, NeamaTpnyYeckuin chakynsTer,
Poccuinckmin HaumoHanbHbIN MCCAEA0BATENBCKUA MEQULMHCKIA YHUBEPCUTET MMenn H. V. Tuporoea,

2 Kadhenpa mMonekynspHo hapmakonorin 1 paanobronorim, Meauko-o1onorniecknii pakynsTeT,

Poccuiickuin HaumoHanbHbIN MCCRenoBaTenbCKUn MEQVLIMHCKNI YHUBEPCUTET UMeHn H. . Mporosa
[na pa3paboTku MHAVBMAYabHOrO NaHa NOCAeonepaLioOHHOrO BEASHMS MALMEHTOK HEOOXOAMM MOUCK MONEKYNAPHO-dap-
MaKOJOrM4eCKOro MapKkepa npuHaaNeXHOCT NaLUMEHTOK K FPymnne pUcKa PeLManBMpOBaHNS SHOOMETPNO3a SNHHUKOB. Lle-
b0 UCCNEA0BaHNA GblNIo MPOBECTY CPABHUTESbHbIV 8HaNM3 SKCMPECCUN MeHOB PELIENTOPOB acTpaavorna (MER, ER , ERB) %
nporectepoHa (PGRMC,, mPR, PR-A, PR-B) B TKaH1 NepBr4HOro 9HI0METPYONAHOMO 00pa3oBaHmns ANYHVKOB 1 Mpw peLmsau-
Be 3abonesaHus. B nccnegosanve BOLLNM 94 NaLmMeHTK PENPOAYKTUBHOIO BO3pacTa C 3HAOMETPVONAHbIMI 06pa30BaHNSMN
ANYHNKOB: 82 MaLMNEHTKIN C NEPBUYHBIM 3HOOMETPNO30M 1 12 ¢ peunanBoM 3abonesanus. [nsa onpeaenenHms akcnpeccum
FEHOB CTEPOWAHBIX PELENTOPOB MCMOMb30BaIV METOA, MOMMMEPA3HOM LIEMHOV peakUmm ¢ obpaTHom TpaHckpunumen (OT-
MUP). Mpu peunanee 3aboneBaHns B SHAOMETPUOWOHON TKaHN ANYHUKA BbIIBIEH COBWUI CMeKTpa SCTPOreHOBbIX peLier-
TOPOB, a YPOBEHb PELENTOPOB MPOreCTEPOHa OCTaBanCsa HEN3MEHEHHbIM. YPOBEHb aKcnpeccu MER B TkaHn NepBrUYHOrO
3HOomeTproda coctasmn 15,09 + 1,18. ObHapy»xeHo yBennyeHne akcnpeccu mER B 3 paza (¢ 15,09 + 1,18 B nepBrYHON
3HOOMETPUONOHOM TKaHn 0o 44,45 + 9,1 B TKaHu C peumaBoM aHOoMeTpro3a), ER, B 5 pa3 (c 11,71 + 0,22 oo 10,02 + 3,81),
a TaKKe CHIKeHVie akenpeccumn peuentopa ER B 7 pas (¢ 10,47 + 1,05 go 1,68 + 0,55) N0 CpaBHEHMIO C 3HAOMETPUONAHOW
TKaHbIO SNYHKA MPY NepBUYHOM 3abonesaHun (p < 0,05). TpaHCKpUNUMS PELEnTOPOB 3HAOMETPUONAHON TKaHW AUHHMKA
3aBUCUT OT CcTagun 3abofieBaHNs: NPU PELMAMBUPOBaHNM HABMIOOAETCA UBMEHEHME CMEKTPa PELENTOPOB SCTpaamona Ha
(hOHE NHTAKTHOIO PELIENTOPHOro anmnapaTta a/1s NPorecTepoHa. KnMHMYeckoe 3Ha4YeHne MMEET COXPAaHHOCTb YyBCTBUTESb-
HOCTW TKaHW K rectareHam Kak OCHOBa YCMELIHOM NPOTMBOPELIVANBHON MOPMOHaNBEHOW Tepanmu.
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Endometriosis is a chronic benign estrogen-dependent
condition [1, 2]. A tendency to recur and a negative impact
on a woman'’s general health, quality of life and ability to work
make endometriosis a clinically and socially significant disease.
In patients receiving surgical treatment for endometriosis,
cumulative recurrence rates are 6.4%, 10%, 19.9%, and 30.9%
at 2, 3, 5, and 6 years after the surgery, respectively [3]. There
is no consensus in the medical community on what triggers the
recurrence of the disease, which complicates the search for
biochemical markers that could be used to monitor the effect of
treatment in first-time and relapsing patients [4].

Among the possible causes of the recurrence proposed
in the literature is incomplete excision of endometriotic lesions
during the surgery; it is still debatable, though, whether it
is a true recurrence or a new primary disease. Hormone
prevention therapy can alter the status of steroid receptors
in the endometrium and affect the sensitivity of lesions to
further treatment. Therefore, transcription profiles of steroid
receptors can differ in first-time and relapsing patients. The aim
of this work was to compare the expression levels of genes
coding for membrane and nuclear estrogen (mER, ER , ERB,)
and progesterone (PGRMC1, mPR, PR-A, PR-B) receptors
in the endometriotic tissue of first-time patients with ovarian
endometriomas and patients with recurrences. This will help us
understand whether progestins are a rational treatment choice
for recurrent endometriosis.

METHODS

The study included 94 women of reproductive age diagnosed
with endometriosis: 82 were first-time patients and 12 had a
relapse. All patients gave informed consent to participate.

The patients diagnosed with endometriosis for the first time
were included in the study if they were of reproductive age,
their ultrasound scans suggested ovarian endometriomas, and
the diagnosis was confirmed laparoscopically and histologically.

For relapsing patients, inclusion criteria were as follows:
reproductive age, prior surgery for endometriosis, ultrasound
scans suggestive of endometriomas that were later confirmed
laparoscopically and histologically.

Patients with extragenital and genital comorbidities (uterine
myoma, adenomyosis, ovarian tumors) and those who had
undergone a hormone therapy before were excluded from the
study.

All tests were carried out in the proliferative phase of the
menstrual cycle.

Based on the histologically verified diagnosis, the women
were divided into 2 groups: group | included 82 patients with
ovarian endometriomas, group Il consisted of 12 relapsing
patients. The age of the participants varied from 18 to 44 years,
averaging 31.4 + 5.2 years. The age of the patients included
in group | varied from 22 to 41 years, the mean age was
34.2 + 5.3 years. In group Il the mean age was 33.4 + 6.9
years, implying that the groups were comparable in terms of
age. Disease duration ranged from 1.5 to 5 years in group |
and from 2 months to 1.5 years in group Il. The most common
complaint in both groups was pelvic pain (35 cases or 53% in
group | and 6 cases or 67.4% in group |I).

The frequency of menstrual disorders was significantly
lower in group | than in group II: 25.6% vs. 14.7%, respectively.
In group I, 35 (62.4%) women had a history of pregnancy; in
group Il such women made 45.5% (4 individuals). Infertility was
diagnosed in 8 (65.7%) relapsing and 32 (25.9%) first-time
patients. The percentage of women with somatic pathology in
both groups was almost equal: 35.5% and 34.9% respectively.

Apart from general and pelvic examinations, the patients
underwent a 2D Doppler ultrasound scan on VOLUSON-730
Expert (GEKretz, Zipf, Austria). The procedure was performed
using the standard technique and an endovaginal probe
(8.3-10.0 MHz). All patients underwent a laparoscopic surgery
(equipment by Karl Storz, Germany). The excised tissue was
subjected to the histological analysis. Expression of steroid
receptors was also analyzed.

The endometriotic tissue samples were tested for the
expression of genes coding for membrane (MER) and nuclear
(ER, n ERB) estrogen receptors and membrane (MPR n
PGRMC-1) and nuclear (PR-A n PR-B) progesterone receptors.
Briefly, mRNA was extracted from the tissue samples using
the RIBO-prep kit (AmpliSens, Russia) according to the
manufacturer’s protocol. cDNA was synthesized from an
mRNA template through reverse transcription using the set of
reagents REVERTA-L (AmpliSens, Russia). Real-time PCR was
performed in iCycler iQ5 (BioRad, Germany) using the reagent
kit 2.5x for RT-PCR with SYBR Green | detection. Genes coding
for GAPDH (glyceraldehyde-3- phosphate-dehydrogenase)
were used as control (see the Table).

Gene expression was measured using the values of 0.54¢
(to assess the differences between the groups) and 244¢ (to
calculate relative quantities), where ACt = Ct (target gene) —
Ct (GAPDH) and AACt = ACt (first-time patients) — ACt (relapsing
patients).

All data were processed in GraphPadPrism 5.0. Normality
of distribution was tested using the Kolmogorov-Smirnov test.
Independent variables were compared using the nonparametric
Mann-Whitney U test. Differences were considered significant
at p < 0.05.

RESULTS

Estrogen and progesterone are major regulators of proliferation
of the endometrium or tissues related to it in the reproductive
female tract. Each steroid hormone regulates expression of
hundreds of genes at different stages of the menstrual cycle
[5]. Relative mRNA qguantities for estrogen (MER, ER, ERB)
and progesterone (PGRmC1, mPR, PR-A, PR-B) receptors
expressed in the endometriotic ovarian tissue obtained from
first-time and relapsing patients are shown in Fig. 1.

The comparative analysis demonstrates that in relapsing
patients estrogen expression levels in the endometriotic tissue
are different from those in first-time patients: a 3-fold increase
is observed for mER (p = 0.0016), a 5-fold increase — for EF%B
(p = 0.0024), and a 7-fold drop — for ER  (p = 0.0001).

Table. The sequence of synthetic oligonucleotides used to study expression of
steroid receptors and GAPDH by RT-PCR [http://www.ncbi.nim.nih.gov/protein/].

Up Low
GAPDH gaa-ggt-gaa-ggt-cgg-agt gaa-gat-ggt-gat-ggg-att-tcc
mER agg-gac-aag-ctg-agg-ctg-ta | gtc-tac-acg-gca-ctg-ctg-aa
ER, tgc-caa-gga-gac-tcg-cta-ct | ctg-gcg-ctt-gtg-ttt-caa-c
ER, tca-gct-tgt-gac-cte-tgt-gg tgt-atg-acc-tge-tgc-tgg-ac
PR-A aaa-tca-ttg-cca-ggt-ttt-cg tac-agc-atc-tgc-cca-ctg-ac
PR-B gac-tga-gct-gaa-ggc-aaa-gg | cga-aac-tcc-agg-caa-ggt-gt
mPR tgc-cct-get-gtg-tga-tet-ta gat-agc-tga-ggc-tce-tgg-at
PGRmC1 | tgc-cct-get-gtg-tga-tet-ta gat-agc-tga-ggc-tce-tgg-at

Note: GAPDH — glyceraldehyde-3-phosphate-dehydrogenase, mER — membrane
estrogen receptor, ER , ERB — nuclear estrogen receptors, PR-A, PR-B — nuclear
progesterone receptors, mPR, PGRmMC1 — membrane progesterone receptors.
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Fig 1. Expression of sex steroid receptors in the endometriotic tissue of patients with first-time diagnosed and recurrent endometriomas

Note: p — significance of differences (Mann-Whitney U); [NRNA] — expression of the target gene relative to GAPDH (0.5 ACte100)

DISCUSSION

Estrogen and progesterone effects are largely mediated by the
nuclear receptors of these hormones (ER and PR). Estrogen
and progesterone interact with their receptors and activate
them. Unlike ER and PR, membrane receptors of steroid
hormones are understudied but still known to have an auxiliary
role in modulating the expression of nuclear receptors [6].

Estradiol is a key regulator of endometrial tissue growth and
survival; it also has a crucial role in inflammation and endometrial
pain. Estradiol exerts its steroid growth-promoting effect on
the endometrium when produced locally or transported to
the endometrial tissue with blood. ER subtypes (ER, 1 ERB)
are proteins with high affinity to estradiol and are coded for
by separate genes. Although ER_and ER[3 are both present
in the endometrium, ERa seems to be the major mediator of
estrogen effect [7]. Elevated levels of ER_ are associated with
the activation of target tissue proliferation, whereas ERB limits
transcriptional activity of ER , exerting an antiproliferative effect
[8, 9l.

Endometriotic tissue differs from the eutopic endometrium
in terms of expression of steroid receptors. The literature
reports (though scarcely) higher levels of ERB, lower levels
of ER_, and very low levels of both PR isoforms, in particular
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PR-B, in the endometriotic tissue in comparison with the
eutopic endometrium [10, 11]. In this study we employed RT-PC
to quantify mRNA of nuclear receptors in primary endometrial
and endometriotic stromal cells. For ER , mRNA levels were 7
times lower in the endometriotic stroma than in the endometrial
stromal cells. For ERB, mMRNA levels were dramatically higher
(~34 times) in the endometriotic stromal cells in comparison
with the normal endometrial stroma where ER[3 demonstrated
a very low expression or the absence of it. For PR and PR-B,
total MRBNA levels were significantly lower in the endometriotic
stroma than in the endometrial stromal cells [12]. Recently,
there have been reports of elevated PR-A in patients with
endometriosis regardless of the menstrual cycle phase [13]. Itis
known that ERB activation leads to the transcription of a number
of genes in the stromal cells of endometriotic lesions, such as
the SGK1 kinase gene which maintains viability of stromal cells
by inhibiting proapoptotic factors and through phosphorylation
and inactivation of FOXO3a [14].

It our previous study we have demonstrated that
endometriotic lesions are characterized by the increased
expression of nuclear ERB, in comparison with healthy ovarian
tissue. Those findings are consistent with the literature [14].
Elevated ER; levels inhibit ER expression in the endometriotic

B
lesions, and the increased ER; to ER ratio observed in
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endometriotic stromal cells is proportionate to the degree of
inhibition of progesterone receptor expression and the increase
in cyclooxygenase-2 mRNA levels.

Inthe present study, we do not discriminate between different
histological subtypes of the endometriotic tissue in relapsing
patients. These conditions can lead to local inflammation and
resistance to progestins [15]. We have not found any changes
in the expression of genes coding for membrane and nuclear
progesterone receptors that could accompany changes in the
expression profiles of estrogen receptors.

QOur study demonstrates that EF%B mRNA levels (perhaps
owing to the abnormal hypomethylation of its promoter) are
significantly higher in the endometriotic tissue in relapsing than in
first-time patients. At the same time, ER_ mRNA concentrations
are lower in relapsing patients. No reliable reduction in the
expression of progesterone receptor genes has been observed
in our study accompanying the changing estrogen receptor
profiles, therefore, sensitivity of the endometriotic tissue to
exogenous progestins is retained in relapsing patients.

Considering the above, changes in the expression profiles of
estrogen receptors in patients with recurrent endometriosis can
be reflective of the aggravating estrogen-dependent processes
in the endometrium. It is known that the endometriotic stromal
cell contains a full pack of genes involved in a steroidogenic
cascade sufficient for converting cholesterol to estradiol [16].
Besides, the endometriotic tissueis characterized by the aberrant
expression of aromatase, which stimulates local synthesis of
estrogens, some cytokines and metalloproteinases. Moreover,
deficiency of type 2 17B-hydroxysteroid dehydrogenases
converting 17-estradiol to a not so active estrone contributes
to the accumulation of active estrogens in the tissue [17].
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