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Abstract

Background: Very few studies have evaluated the expression of homeobox AI0 (HOXAI0) and steroid (estrogen and
progesterone) receptors exclusively in deep endometriosis. Conclusions drawn from studies evaluating peritoneal and ovarian
endometriosis are usually generalized to explain the pathogenesis of the disease as a whole. We aimed to evaluate the
expression of HOXAI0, estrogen receptor o (ER-a), progesterone receptor (PR), and PR-B in rectosigmoid endometriosis
(RE), a typical model of deep disease. Methods: We used RE samples from |8 consecutive patients to construct tissue
microarray blocks. Nine patients each were operated during the proliferative and secretory phases of the menstrual cycle. We
quantified the expressions of proteins by immunohistochemistry using the modified Allred score. Result: The HOXAI0 was
expressed in the stroma of nodules during the secretory phase in 5 of the |8 patients. Expression of ER-a (in 16 of 18 patients), PR
(in 17 of 18 patients), and PR-B (17 of |8 patients) was moderate to strong in the glands and stroma of nodules during both phases.
Expression of both PR (P = .023) and PR-B (P = .024) was significantly greater during the secretory phase. Conclusion: The
HOXAI0 is expressed in RE, where it likely imparts the de novo identity of endometriotic lesions. The ER-a, PR, and PR-B are
strongly expressed in RE, which differs from previous studies investigating peritoneal and ovarian lesions. This suggests different
routes of pathogenesis for each of the 3 types of endometriosis.

Keywords
HOXAI0, estrogen receptor, progesterone receptor, rectosigmoid endometriosis, deep endometriosis pathogenesis

Introduction

Endometriosis is defined as the presence of a tissue that is
histologically similar to the endometrium (glandular and/or
stromal tissue) at ectopic sites.! Peritoneal, ovarian, and deep
adenomyotic rectovaginal lesions represent the 3 distinct clin-
ical forms of the disease.” Deep endometriosis (DE) is present
in 5% to 10% of women.® It is the most significant form of
endometriosis and is responsible for pain and infertility associ-
ated with endometriosis.*> Despite its clinical importance,
there are few studies that focused on DE lesions exclusively
when investigating the pathogenesis of the disease.®’ Most
research has focused on peritoneal and ovarian endometriosis,
and the conclusions drawn from those studies were generalized
to explain the pathogenesis of the disease as a whole.*'" To
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further investigate DE specifically, rectosigmoid endometriosis
(RE) is an acceptable model because it has many characteristics
of DE lesions, such as being composed of scanty glands and
stroma among smooth muscle exhibiting extensive hyperplasia
and metaplasia.

The homeobox (Hox in nonhuman vertebrates, HOX in
humans) genes are master regulators of anteroposterior cor-
poral segmentation in animals'? and are related to the patho-
genesis of endometriosis.'*'* The HOX genes are responsible
for imparting identity to undifferentiated tissues and have
well-organized spatiotemporal expression patterns during
embryogenesis and adult life. For example, the posterior HOX
genes HOXA9, HOXA10, HOXA11, and HOXA13 regulate
morphogenesis of the oviduct, uterus, lower uterine seg-
ment/cervix, and upper vagina, respectively.'> The HOXA10
gene, specifically, is expressed in the space between the ovi-
duct—uterine transition and the uterine isthmus in both
embryos and adults.' It plays an important role in endome-
trial differentiation and uterine receptivity.'>'” For unknown
reasons, the HOXA10 gene is abnormally expressed outside
its spatial domain in different types of endometriotic lesions,
such as ovarian endometriosis, peritoneal endometriosis, pul-
monary endometriosis, and DE.'*'* Interestingly, van Lan-
gendonckt et al'* demonstrated different expression patterns
of HOXA10 and HOXA13 in DE nodules compared to perito-
neal endometriosis, suggesting that each lesion has a unique
etiology. It is possible that HOXA10 is necessary for de novo
endometrial development at sites of endometriosis,'* but its
role in the pathogenesis of DE needs to be further evaluated.
It is also unknown whether HOXA10 is expressed in RE,
which would represent another instance of spatially abnormal
expression.

There are few known regulators of HOXA10.'® Estrogens
and progesterone are known contributors to the development
of endometriosis.'>'® Binding of these hormones to their
nuclear receptors activates HOXA10 transcription. Different
isoforms of each receptor give rise to different responses for
each of the hormones.'? The estrogen receptor o (ER-o) and
the progesterone receptor B (PR-B) have been shown to be
potent activators of gene transcription.>’! There are at least
2 estrogen responsive elements in the HOXA10 gene that are
equally activated by the estrogen receptor isoforms ER-o and
ER-P.?* Also, genital tract morphogenesis during embryogen-
esis is driven by ER-o-activating HOXA10 expression.?
Regarding progesterone regulation of HOXA10, the porcine
homolog to HOXA10 contains a promoter region that can
be bound by the PR.** Additionally, maximal expression of
HOXA10 occurs during the window of implantation that coin-
cides with high progesterone levels.'® Therefore, HOXA10,
estrogens, and progesterones are fundamentally linked, and
many of the hormonal effects in the female genital tract are
dependent on activation of HOXA10.

Despite the importance of estrogen and PR isoforms in the
pathogenesis of endometriosis, there are few studies that
focus on them in DE. Most of what is known about the roles
of each receptor isoform in endometriosis is derived from

studies of peritoneal and ovarian lesions. Based on these
studies, it is suggested that PR-B is weakly expressed in endo-
metriosis due to hypermethylation of its promoter region.'®
However, the role of PR-B in DE has not been thoroughly
evaluated and remains largely unknown. It is also suggested
that the reduced expression of ER-a and lower ER-0—ER-[3
ratio demonstrated in ovarian endometriosis would be respon-
sible for PR suppression and the subsequent progesterone
resistance observed in the disease. Contrary to these studies,
Samartzis et al*> found variable levels of ER-o. and PR
expression in peritoneal, ovarian, and adenomyotic nodules
of endometriosis. This study demonstrated high expression
of ER-a in DE, which further suggests pathogenesis for each
type of endometriosis is different. In the present study, we
evaluated the protein expression of HOXA10 gene products,
ER-a, PR, and PR-B in RE by immunohistochemistry (IHC)
using tissue microarray (TMA).

Materials and Methods

We obtained surgical specimens from 18 consecutive patients
who attended a private fertility center in Sao Paulo, Brazil,
and had been treated for RE by laparoscopic rectosigmoidect-
omy. Surgeries took place between June 2003 and July 2007.
All patients were infertile and had clear indications for sur-
gery based on pain and/or infertility. Patients gave informed
consent to participate in the study, which was approved by the
local ethics committee. None of the patients received any hor-
monal treatment for at least 90 days preceding surgery.
Patients were classified as having surgery during the prolif-
erative or secretory phase of the menstrual cycle based on
medical records. This was further confirmed by endometrial
histological analyses according to the criteria of Noyes et al.*®

Tissue Microarray Construction

A pathologist identified areas of RE on hematoxylin/eosin-
stained sections, and the corresponding regions in the par-
affin blocks were dissected for TMA analysis as described
previously.?”-*® Briefly, we used a precision instrument
(Beecher Instrument, Sun Prairie, Wisconsin) to create cir-
cular perforations in donor blocks and extracted cylindrical
cores that were 0.6 mm in diameter. We then inserted the
cores into recipient blocks and sliced TMA sections that
were 2.5-um thick and placed onto slides for IHC analysis.

Immunohistochemistry

We used monoclonal antibodies against the following anti-
gens for IHC: HOXA10 (1:200 dilution, clone sc-17159;
Santa Cruz Biotechnology, Santa Cruz, California), ER-a
(1:200 dilution, Product No. M3634; Dako, Glostrup, Den-
mark), PR (1:50 dilution, Product No. M3569; Dako), and
PR-B (1:100 dilution, clone hPRa7; Neomarkers, Fremont,
California). Normal endometrial tissue was used as a positive
control for expression of HOXA10, while normal breast tissue
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and breast cancer tissue were used as positive controls for
expression of ER and PR. Staining without primary antibodies
was performed as the negative control for all groups.

Immunohistochemistry for HOXA10, ER-a, PR, and PR-B
was performed on TMA blocks. Antigen retrieval was per-
formed by incubating slides in 0.21% citric acid (pH 6.0) in
a pressure cooker for 8§ minutes. After 20 minutes of cooling
at room temperature, the slides were washed in distilled water
before blocking endogenous peroxidase and immersed them
in phosphate-buffered saline (PBS). All slides were incubated
with primary antibodies diluted in PBS. Staining was visua-
lized by incubating in a chromogen substrate solution, diami-
nobenzine (Sigma-Aldrich, Saint Louis, Missouri), protected
from light, and counterstained with Harris hematoxylin
(Merck, Whitehouse Station, New Jersey).

Scoring

Two independent pathologists were blinded and selected
glandular and stromal samples for analysis. The [HC staining
was quantified according to the modified Allred score.?’ The
intensity of protein expression was scored as follows: 0 (nega-
tive), 1 (weak), 2 (moderate), or 3 (strong). Then, the frequency
of expression was measured and scored as follows: 0 (<1%), 1
(1%-10%), 2 (11%-50%), 3 (51%-90%), or 4 (>90%). A final
score ranging from 0 to 12 was calculated for each sample. The
final score was the product of intensity and frequency scores.
Final expression scores were categorized as follows: negative
(0-1), weak (2-4), moderate (5-8), and strong (9-12).

Statistical Analyses

Means and standard deviations were calculated for each pro-
tein during each phase of the menstrual cycle. Poisson distri-
bution tests were used to identify patterns of expression for
each protein, and Bonferroni tests were used to compare
means between the phases. The Spearman rank correlation
test was used for correlation calculations. A P value of <.05
was considered statistically significant.

Results

The clinical characteristics of patients enrolled in the study
are listed in Table 1. All patients had stage IV DE according
to the revised classification of endometriosis by the American
Society for Reproductive Medicine.*® Of the 18 patients, 14
achieved 17 gestations after surgery, including 9 spontaneous
pregnancies.

Of the 18 patients in the study, 5 had samples positive for
expression of HOXA10, 16 for expression of ER-a, 17 for
expression of PR, and 17 for expression of PR-B. All patients
had representative samples for at least 1 of the analyses. We
found weak expression of HOXA10 in the stroma of RE during
the secretory phase of the menstrual cycle. There was moderate
to strong expression of ER-a, PR, and PR-B in both the glands
and the stroma of RE during both phases of the menstrual cycle

Table I. Characteristics of Patients Who Underwent Laparoscopic
Resection of DE, Including Rectosigmoidectomy.

Proliferative Secretory P

Phase Phase  Value

N* 9 9
Age, years 32 +25 337 +39 3
Previous surgeries for 1.2 + 0.8 09 + I.1 A

endometriosis
Previous IVF attempts 124+17 06+ 1.1 .3
Nodules per patient 14 + 05 1.3 +05 7
Nodule size, cm 22 + 09 23 + 08 4
Symptoms

Dysmenorrhea 8 9

Deep dyspareunia 4 6

Chronic pelvic pain 4 6

Constipation 2 4

| I

Cyclic intestinal bleeding

Abbreviations: DE, deep endometriosis; IVF, in vitro fertilization.
*Number of patients.

(Figures 1 and 2). Positive IHC staining was restricted to the
nuclei of glandular and stromal cells for all proteins.

Expression of both PR (P = .023) and PR-B (P = .024)
was significantly increased in RE during the secretory phase
of the menstrual cycle. HOXA10 was not expressed during
the proliferative phase, and there was no difference in the
expression of ER-a between the proliferative and the secre-
tory phases.

Direct and inverse relationships between expression pat-
terns of the proteins are shown in Table 2. There were direct
correlations between the expression of ER-a in the glands
and ER-a in the stroma (r = .447; P = .003), PR and PR-B
in the glands (r = .6; P = .001), and PR and PR-B in the
stroma (r = .32; P = .036). Inverse relationships were found
for the expression of ER-a in the glands and PR in the stroma
(r=—.402; P =.028) as well as ER-a in the stroma and PR in
the glands (r = —.373; P = .032).

Discussion

This is the first study to profile the expression of HOXA10 in
conjunction with ER and PR exclusively in RE, a represen-
tative model of DE. Peritoneal, ovarian, and adenomyotic
nodules are suggested to be different clinical manifestations
of endometriosis.”> However, studies typically investigate a
single type of lesion®'” and generalize conclusions to all
types of endometriosis, despite the fact that histological
features and expression of genes and proteins are strikingly
different in each.'**=! There are few studies that have inves-
tigated steroid receptors in DE lesions exclusively,®” and this
is the first study to report on expression of HOXA10 in RE.

Although weakly expressed, the demonstration that HOXA10
protein is expressed in RE is significant because it confirms
that HOXA10 is ubiquitously expressed in different types of
endometriotic lesions.'*!'* Expression of HOXA10 in RE and
other endometriotic lesions is noteworthy because it occurs
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Figure |. Expression of homeobox A10 (HOXAI0), estrogen receptor (ER)-a, progesterone receptor (PR), and PR-B proteins in the glands
and stroma of rectosigmoid endometriosis during the proliferative and secretory phases of the menstrual cycle. All values are represented as the

mean + standard deviation (SD).

outside its normal spatial domain, namely the endometrium
and myometrium.'> The HOXA10 gene is not known to be
involved in the development or differentiation of the rectosig-
moid or other portions of the gastrointestinal tract.*> Therefore,
its expression in the rectosigmoid would not be expected.

In mice, expression of HOXA10 was observed in the distal
intestine, a segment that corresponds to the rectosigmoid in
humans.'® It is also interesting to note that ectopic endome-
trium has been found in the rectal muscular wall during
human development as early as 18 weeks of gestation.”
Taken together, it is plausible that HOXA10 plays a key role
in the pathogenesis of RE and possibly other DE lesions.
HOXA10 could function to differentiate embryonic tissues
to endometrial tissue during development, as Hox/HOX genes
primarily function to regulate cell differentiation and impart
tissue identity.

This hypothesis is reinforced by the fact that endometriosis
in the large intestine is spatially well defined. Endometriosis of
the bowel occurs in rectosigmoid, appendix, terminal ileum,
and cecum. This strict localization might resemble the typical
spatial expression of Hox/HOX genes observed at the female
genital tract. This is exemplified by the action of the teratogen
diethylbestrol (DES) in the embryo. The DES causes a poster-
ior shift in the expression of Hox/HOX genes in the developing
Miillerian system. After DES exposure, HOXA9 is expressed
in the uterus instead of the Fallopian tubes, expression of
HOXA10 is decreased in the uterine fundus, and expression
of HOXA11 is decreased in the entire uterus.** These changes
in expression cause the characteristic “T”’-shaped uterus and
other uterine malformations commonly associated with DES.

Ectopic expression of HOXA10 and HOXAI11 could also
explain the related cases of vaginal adenosis, a situation
where endometrial glands are found ectopically in the vagina.
Therefore, it would be interesting to investigate whether
Hoxal0O/HOXAI10 is expressed at other ectopic sites in the
pelvis and intestine during embryogenesis. If so, it would be
possible to correlate intestinal and other extrauterine sites of
HOXA10 expression during development with sites of endo-
metriosis in adulthood.

In our study, expression of HOXA10 was restricted to the
stromal tissue of RE, which agrees with previous studies of
HOXA10 in other DE lesions.'* We suggest 2 hypotheses to
explain this finding. First, HOX genes are expressed in differ-
ent populations of stromal stem cells, including those from
bone marrow, dental pulp, and the colon itself.*® In these loca-
tions, HOX genes regulate the differentiation of stromal cells.
It is possible that HOXA10 plays the same role in RE, regulat-
ing the differentiation of stromal cells. A second explanation
concerns embryogenesis. There is a clear shift of HOXA10
expression over time in the endometrium during embryogen-
esis. It is initially expressed in the glands but later is exclu-
sively expressed in the stroma. Therefore, it is possible that
stromal expression of HOXA10 in RE during adulthood
would mirror the pattern of expression that occurs during
early development.

Another important finding of our study was the strong
expression of ER-a in the glands and stroma of RE during
both phases of the menstrual cycle. Samartzis et al*> also
found strong expression of ER-a in the glands and stroma
of DE in 22 of the 23 samples. This is the only study we were
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Figure 2. Tissue microarray (TMA) samples demonstrating the
expressions of (A) homeobox AI0 (HOXAIO0), (B) estrogen recep-
tor(ER)-a, (C) progesterone receptor (PR), and (D) PR-B proteins
in rectosigmoid endometriosis. Samples in the right column magnified
200 times. gl indicates gland; st, stroma; sm, smooth muscle.

able to find which evaluated expression of ER-o in DE lesions
specifically. Those findings®> and ours contradict previous
findings that expression of ER-o is weak or absent in endome-
triosis, based on studies of ovarian and peritoneal lesions.®"' !¢
A possible explanation is that hormones and their receptors may
have different actions in different cellular environments, '’
and this reinforces the possibility that pathogenesis in each
of the 3 clinical forms of endometriosis is different.

We were unable to determine whether there is a direct rela-
tionship between ER-oo and HOXA10 in RE because of the
low number of samples that were positive for HOXAT10.
Estradiol regulates Miillerian morphogenesis in the embryo
through ER-0* and activates expression of HOXA10 in the
adult endometrium.'® We hoped to evaluate this relationship
in RE, but further studies measuring a greater number of
samples are necessary. Strong expression of ER-a in RE,

Table 2. Correlation Between Expression of HOXA0, ER-a, PR, and
PR-B Proteins in Rectosigmoid Endometriosis.

HOXAIO ER-a ER-a PR PR PR-B
Correlation  Stroma  Gland Stroma Gland Stroma Gland
ER-a gland
P _
P —
N® 2
ER-o stroma
r - 447
P - .003
N 2 41
PR gland
r | —-.092 -373
P - .634 .032
N 4 29 33
PR stroma
r 0.395 —.402 —.022 -—.28I
P 0.510 .028 .902 .051
N 5 30 35 49
PR-B gland
r - —.184 —.333 600 —.052
P - —.496 192 .001 777
N 2 16 17 27 32
PR-B stroma
r .544 16 —.085 —.162 320 —.077
P 456 .606 .692 351 .036 663
N 4 22 24 35 43 34

Note. Significant values (p <.05) are in bold.

Abbreviations: ER-0, estrogen receptor o; HOX, homeobox; PR, progesterone
receptor.

?Estimate of correlation.

PNumber of samples.

however, confirms estrogen is the most important mitogen
also in DE.

We found that both PR and PR-B were strongly expressed
in the glands and stroma of RE. The greatest expression
occurred during the secretory phase of the menstrual cycle.
As with ER-a, we were unable to establish a relationship
between expression of PR, PR-B, and HOXA10 in RE due
to the low number of HOXA10-positive samples. Expression
of PR and PR-B was greatest during the secretory phase in
RE, which reflects the known cyclical action of progesterone
in DE.

To our knowledge, this is the first study to evaluate the
expression of the PR-B isoform in DE lesions specifically. Its
expression was strong and clearly evident in RE as opposed
to peritoneal and ovarian lesions, where its expression is weak
or absent.”'® The PR-B isoform is the most potent inducer of
gene transcription,®® and its strong expression in RE contra-
dicts previous findings that PR-B could be repressed in
endometriosis.”'°

It has been suggested that PR-B repression in endometrio-
sis could explain the clinically observed resistance of the
disease to progesterone.'® However, our finding of a strong
expression of PR-B in RE contradicts this hypothesis, most
likely because peritoneal and ovarian lesions were evaluated
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in other studies.”!® In fact, dienogest, which is a progestin, is
gaining worldwide acceptance for the control of painful
symptoms related to endometriosis. Probably, the positive
effect of the drug observed in some patients could be related
to the reduction in inflammatory substances in the lesion,
caused by an agonist (and more specific) response mediated
by both PR-A and PR-B. The smooth muscle metaplasia of
DE lesions, however, is not modified by progesterone. There-
fore, DE lesions could not be completely “resistant” to pro-
gesterone, although the drug cannot eradicate them.

Discrepancies between studies could also be due to different
methodologies. Attia et al® used Western blot analyses, while
Wu et al'® used laser capture microdissection and polymerase
chain reaction to measure receptor RNA levels. We used IHC
following TMA to evaluate receptor protein expression. Cer-
tainly, future studies on expression of PR-B RNA in DE should
be performed to corroborate our findings of PR-B protein
expression. Tissue microarray is a relatively new technique
employed in endometriosis research and in need of improve-
ments. Although it is a well-established tool in cancer research,
there are few instances where TMA has been used to study ster-
oid receptors in endometriosis,**>'*? and no studies have used
it to measure HOXA10. Despite this, the technique has been
validated to study ER and PR in peritoneal and ovarian endo-
metriosis®® and we were able to obtain representative samples
from all of the patients for at least 1 of the analyses. Therefore,
we understand our results are valid.

In conclusion, we provide evidence that HOXA10, ER-a,
PR, and PR-B are expressed in RE, a typical model of DE.
Demonstrating expression of HOXA10 in RE and other types
of endometriotic lesions suggests that HOXA10 might be
necessary for de novo endometrial development in endome-
triosis, which may occur during embryonic development
when HOXA10 is critical for cellular differentiation. Strong
expression of ER-o and PR-B contradicts previous findings
from studies that investigated peritoneal and ovarian endome-
triosis. This reinforces the hypothesis that different types of
endometriotic lesions represent different diseases and should
be evaluated separately in research.
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