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RESUMO

A expressdo de aromatase no endométrio eutopico é desencadeada pela constante
exposicdo a mediadores inflamatorios, que sdo produzidos durante o periodo menstrual e
proliferativo do ciclo menstrual. A presenca de aromatase nas células endometriais € um dos
fatores desencadeantes de endometriose na cavidade peritonial, miomas submucosos e intra-
murais, polipos endometriais e adenomiose. Diante disso, esta tese tem como objetivo
investigar os efeitos da expressao de aromatase no endométrio, compreendendo a acdo desta e

como se evitar o desenvolvimento das patologias endometriais.

Para isso, foram analisados resultados de biopsias de pacientes submetidas a
histerectomia e laparoscopia, no periodo de janeiro de 2007 a marco de 2009 de dois centros
de tratamento da cidade de Salvador- Bahia, as quais apresentavam algumas das patologias

citadas, seguindo os critérios da American Sciety of Reproductive Medicine.

Por fim concluiu-se que a diminuicdo da expressdo de aromatase induzida por
progestinicos foi acompanhada por uma reducdo na expressdo de enzimas como
ciclooxigenase-2 (Cox-2) ou de fatores angiogénicos como VEGF no endométrio. A
inflamacdo no endométrio também foi reduzida pela progesterona ou por progestinicos e este
mecanismo envolveu a inibicdo da ativacdo do NF-kappa B. Estes achados sustentam a
hipétese do papel que teriam o0s progestinicos como agentes anti-aromatase e anti-
inflamatdrios no manejo atual da endometriose e de outras patologias ginecoldgicas. E que o
uso continuo de contraceptivos orais combinados contendo gestodeno ou 0 uso de sistemas
intra-uterinos liberadores de levonorgetsrel sdo efetivos na prevencéo tanto da recorréncia de

endometriose, quanto da menorragia associada a miomas.

Palavras-chaves: Aromatase, Endometriose, Endométrio, Mioma, Cox-2.



ABSTRACT

Aromatase expression in the eutopic endometrium is triggered by constant exposure to
inflammatory mediators such as prostaglandins, which are produced during menstruation and
in the proliferative phase of the menstrual cycle. The presence of aromatase in the endometrial
cells is a prerequisite for the development of endometriosis in the peritoneal cavity,
submucous and intramural myomas, endometrial polyps and adenomyosis. With this in mind,
the objective of this thesis was to investigate the effects of aromatase expression in the
endometrium, understand its mechanism of action and how to prevent the development of

endometrial pathology.

To do so, the results of biopsies of patients undergoing laparoscopy or hysterectomy
between January 2007 and March 2009 in two treatment centers in Salvador, Bahia, were
analyzed. Patients found to have at least one of the aforementioned diseases, in accordance
with the criteria established by the American Society of Reproductive Medicine, were

enrolled to a study.

Results showed that the progestin-induced reduction in aromatase expression was
accompanied by a decrease in the expression of enzymes such as cyclooxygenase-2 (Cox-2)
or angiogenic factors such as VEGF in the endometrium. Inflammation in the endometrium
was also reduced by progesterone or progestins and this mechanism involved the inhibition of
NF-kappa.B activation. These findings support the role of progestins as anti-aromatase and
antiinflammatory agents in the current management of endometriosis and other gynecological
pathologies. In fact, the continuous use of combined oral contraceptives containing gestodene
or the use of levonorgestrel-releasing intrauterine systems was found to be effective in
preventing not only the recurrence of endometriosis but also of myoma-related menorrhagia,
thereby supporting the hypothesis of a causal relationship between aberrant aromatase

expression in the endometrium, inflammation and the development of pathology.

Keywords: Aromatase, Endometrium, Endometriosis, Myoma, Cox-2.
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1 INTRODUCAO

O papel da aromatase e da producdo local de estrogénio sempre foi um topico que
despertou um grande interesse. O conceito moderno da intracrinologia, no qual os horménios
podem ser produzidos localmente em tecidos, que ndo sdo necessariamente as tradicionais
glandulas enddcrinas, veio explicar muitas das doencas estrogénios dependentes. Nos ultimos
6 anos, publicamos na literatura médica internacional 15 trabalhos de pesquisa sobre 0s varios
aspectos da producéo local de estrogénios nos tecidos e o seu papel tanto na fisiologia da
menopausa tardia como no desenvolvimento de patologias ginecoldgicas. Neste estudo
mostramos que pacientes que desenvolvem patologias como endometriose, por exemplo, tém

um endométrio funcionalmente diferente daquelas pacientes que sdo normais.

Esta diferenca ndo estava na histologia, mas sim no padrdo enzimético do tecido. O
atual estudo permitiu que verificassemos que estes endométrios expressavam a enzima
aromatase p450, responsavel pela sintese de estradiol, e aumento da Cox-2 e do NF-Kappa.b,
ocasionavam um maior grau de inflamacdo. Esta inflamacdo endometrial induzia como
sugerimos numa publicagdo contendo os trabalhos apresentados no World Congresso of
Gynecological Endocrinology em Florenca em marco de 2012, a ativacdo do gene da

aromatase no endométrio.

Nesse mesmo estudo analisamos o efeito dos progestagénios sobre a expressdo da
aromatase no endométrio de pacientes com adenomiose, mioma e endometriose. Em que
mostramos pela primeira vez que esta expressdo enzimatica aberrante no endométrio era
inibida pelo gestodeno, progestagénio presente na composicdo de Vvarios anticoncepcionais
orais. Em uma publicacdo em 2004, publicada em um suplemento do European Journal of
Contraception and Reproductive Health relatamos que pilulas contendo gestodeno quando
usados de maneira continua eram eficazes para tratar endometriose e impedir a recorréncia
desta patologia em pacientes submetidas a um tratamento cirargico por laparoscopia.
Escrevemos entre 2007-12 vérios artigos para a classe médica brasileira e que foram
publicados pela industria farmacéutica responsavel pela fabricacdo deste anticoncepcional de
uso continuo, onde o conceito de utilizacdo da contracepcdo hormonal continua para o

tratamento de patologias foi divulgado. Alguns destes artigos estdo no anexo desta tese.

Fizemos também em 2008- 11 pesquisas mostrando que progestagénios como o

gestodeno e a drospirenona, quando usados de maneira continua inibiam a inflamacao
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endometrial através do bloqueia da enzima Cox-2 e do NF-Kappa.b. A parada do seu uso por
sete dias como nas pilulas anticoncepcionais usadas em regime 21/7 era associada com a
ativagdo da inflamacdo no endométrio e o aparecimento dos sintomas menstruais. Estes
achados serviram de base para o langamento de contraceptivos orais a base de drospirenona,
que quando dados de maneira continua ou estendida eram eficazes para o tratamento de
sintomas menstruais. Estes estudos clinicos do qual participei foram utilizados para a

aprovacao pela ANVISA do Elani28 e foram publicados na revista Contraception.

Mostramos também pela primeira vez que DIUs medicados com levo-norgestrel
(Mirena) e utilizados no tratamento de patologias endometriais inibiam a enzima aromatase
no endométrio, explicando assim sua eficacia terapéutica. Estes achados foram inicialmente
apresentados e publicados nos anais do World Congress on Menopause em Roma em 2011 e

aceito para publicagdo recentemente no International Journal of Women’s Health.

Também faz parte desta tese o papel da aromatase no desenvolvimento das patologias
estrogénios dependentes em pacientes que fazem reposicdo hormonal na menopausa usando
tibolona. Ao contrario do modelo aceito para a acdo deste esterdide, ndés observamos que 0
principal efeito da tibolona era aumentar os niveis de testosterona livre através da reducdo da
sintese hepéatica do SHBG (sex hormone binding globulin). A testosterona livre, por sua vez
ao passar para 0s tecidos, agiria através da ativacdo do receptor androgénico ou como
estrogénio apds sua conversdo a nivel tecidual pela acdo da aromatase. Assim os efeitos da
tibolona nos tecidos seriam dependentes da atividade da aromatase e com isto pudemos
explicar seus efeitos endometriais e na mama. Estes estudos foram divulgados no Brasil
através de artigos patrocinados por dois das maiores industrias farmacéuticas responsaveis

pela fabricacdo da tibolona no Brasil.

Para finalizar gostaria de afirmar que esta tese representa um resumo dos estudos que
fizemos sobre o papel da aromatase na producéo tecidual de estrogénios e o seu papel no
desenvolvimento de patologias como endometriose, adenomiose, polipos endometriais e
miomas. A maior parte destas observagdes sobre o papel da aromatase no desenvolvimento
destas doencas ja foi confirmado por outros investigadores. Nossos achados pioneiros de que
0s progestagénios inibem a Cox-2 e a aromatase no endomeétrio ja foram também confirmados
em muitos estudos posteriores feitos na Europa e Japao nos ultimos 2 anos e servem de base

para explicar a acdo terapéutica dos progestagénios do tratamento da endometriose.
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Artigon° 1

Effect of a hormone-releasing intrauterine system (Mirena®) on aromatase and Cox-2
expression in patients with adenomyosis submitted or not, to endometrial resection.
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Effect of a hormone-releasing intrauterine system
(Mirena®) on aromatase and Cox-2 expression

in patients with adenomyosis submitted

or not, to endometrial resection

Hugo Maia |r"*
Clarice Haddad'
Julic Casoy'

Rebeca Maia'
Mathanael Finheiro®
Elsirmar M Coutinho'
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Obyectiva: To mwestigaie the effect of 2 levonorgestrel-mieasing imbrtenine sypstem (M)
on aromatese and cycloorygensse-2 (Cox-2) expression im the endometrium of patients with
adenommyosis who were submifted o0 endometrial resection at the time of insertion, compared
to 2 group not submitted to endometrial resection and a groep of controls with adesomyosis
mot submitted &o any previous hormonal reatment.

Fatients amnd mathods: Patients with adenomyosis (n = B¥) were imcluded in this stdy.
Twenty-twn patients had been msing Mirem® for 5 years bt had not been sshmited o endometral
resactiom prior to inserion of the device. Twenty-foamr patiznts were submitted to endometrial
resaction at the time of Mirem® insertion. The remaining 43 patients with adenomyosis kad
midergome no previous ormomal treatment and served as a control group. Cox-I znd aromatase
expression were determined in the endometriom by immunchistochemistry

Rasshts: Usz of Mirena® for § years reduced aroematase expression in the endometriom; however,
thiz reduction was significantly greater imthe uten previously ssbmitted 1o endometrial esedtion.
The redection in Cox-2 expression was significant only im the wen submmitied to endometrial
resaction followed by the insertion of Miresa™,

Comndusion: Endometriz] resaction fol lowed by e insertion of Mirna® was associated with
greater e of amenorhea im patients with adenomyusis, which in turm were associaled with
mere effective inkibition of aromatase and Cox-2 expression im the endometrium.
Kaywords: ammatase, Miresa®, adencmynsis, Cox-2, endometsium, levonorgestre]
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Introduction

Adenommyosis is a frequent casse of abnormal wlerine bleeding and pain in women
af meproductive age. Although hystereciomy has always boom advocaled as an
cffective treatment., less imvasive procedures sixch 2s endometnal resection have been
proposed as an alienative; kowever, these procedures may be associated with lower
SUCOESS rales.

Mmwertheless, the poor rates of amenoerhea may be due more to the intrinsic
capacity of the endometriem o regeneraie rather than io any fawlt in the achsal
technique.! Several recent studies have shoan the presence of amomatase expression
inthe endometrium of patients with adenomyosis, mycmas, and endometrial polyps. ™
Lacally produced estragens upregulate several angiogenic and inflammatory factors
in thee endamsetrium, thus enabling this tissue to regenerate more e ffectively fllowing

18 o
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hystercscopic surgery. This would explain the resamption
of bleeding and the kow rates of amenorrhea achieved with
endometrial ablation. [tis therefore important that aromeatass
expression be suppressed in order to achieve better rates
of amenorthea following emdometrial resection. Several
different progestins have been shown to mbibit aromatase,
vascular endothelial growth factor, and cyclooxypenase-2
(o -2) expression in the endometrivm ™ * This effact may
help improve the surgical efficacy of endometrial resection
for the treatment of menorrhagia by creating 2 kong-lasting
suppressive effect on the activity of these encymes and growth
factors in the endometrium. This can be achieved by mestting
a levonorgpestrel-releasing intrauterine system (Mirena™)
immediately following endometrial resection. The insertion
of Mirena® would aleo provide effective contraception for
patients undergoing endometrial resection.

In the present study, the effect of Mirena® on aromatase
and Cox-2 expression in the endomedrium was evaluaied
in the fifth year of use of this device by patients previously
submitted in endometrial resaction at the time of msertion.
These patients were compared with another group of women
with adenomyaosis i the fifth year of use of Mirena® who had
not been submitted (o endometrial ablation and to 3 contral
group of women who had undergone endometrial resection
for ademomyosis but who hed not been submitted to any
hormonzl treatment in the 3 months preceding the study.

Patients and methods
Patients (m = B9) aged 30-48 vears with a history of
mencrrhagia and adenomyosis were included in this
observational, case-control study. Enrolled patients
had already completed their families and were seeking,
an altemative to hysterectomy. For the parpose of anakysis,
the patienis incladed im the study were separated imko
three groups.

CGroup A consisted of 22 patients who had completed
5 years of Mirena® wse. The device was oniginally inseried
in the women in this group as an outpatient procedure to treat
excessive menstrual bleeding due to adenommyesis. In this
group, hysteroscopy mcluding an endomyometrial biopsy was
carmied out to estzblish the dagnosis of adenomyosis 3t the
time off kirena® insertion. The myometrial biopsy was camied
out using 2 5 mm forceps usad in laparcscopy for cvarian
biop=y, which was inserted through the cervix immediately
pricT o Mirena® insertion. The use of this forceps permits a
sufficiently large frapment of the myometrium to be obtained
it emable & histelogical dizpnesis of adenomyosis to be
made. Eighteen of the patienis in this group were sabmitted

to an emdometrial resection at the time of insertion of the
replacement device. The procedare was carmied out using the
bipolar ressctoscope {Versapoint™ Gynecare, Ethicon, Inc,
Somerville, M1 under paracervical block. associated with
intravenous propofod & previeusly described ® Im brief, the
surgical techmique consisied of dilsting the cervix to 9 mm
it allow the infroduction of a bipolar resectoscope. A 0.9
sodution of isoionic saling was used as the distention medium
for the uterine cavity. The endometmiom was removed daring,
surgery together with approximately 5 mm of the underlying
myometrium. This procedure was camied out in a private
hiospital setting amd the patients were dischargsd & hoars
after its completion. In the remaining four patients in this
group, a replacement Mirenz® was inserted ot endometrial
ablation was not performed; however, an endomyometrial
bicpay was taken 2t the time of the procedure to establish
whether or nod adenonmyosis was present.

Group B consisted of 24 patiemts with histologically
proveen adenomryosis n whom Mirena® was inserted at the time
of endometrial resection for the trestment of menorrhagia.
All the women i this group had been using, the device for
at least 5 years when they retumed to this center to have it
replaced. Outpatient hystercscopy was performed using 2
Bettocchi bystercscope (Karl Store, Tuttlmgen, Germany )
under paracervical block established with 10 mL of lidocaine
1% prioT to reinsertion of a replacement Mirema®. The
previous device was easily removed and an endomyometrial
bicipay was performed by inserting a 5-mm forceps mta the
ulerus as described previously. A replacement Mirena® was
then mserted without amy difficulty.

Ciroup O consisted of 43 patients submitted to endometrial
resaction between March 2009 and Seplember 2001 in whom
pathology revealed ademomyosis. Simce they had mot been
submitted to any hormoenal reatment for menormhapes in the
3 momths preceding hysteroscopic sungery, these patients ware
imcluded as untreated controls to determine the prevalence of
aromziaze mnd positive Cioo- 2 expresson in the endometrium.
This group was necessary becanse when Mirena® was
inserted in growps A and B the pathology [aboratory was not
equipped to perform immunohistochemistry.

All surgical proceduares were carmed out by the same
group of sargeons. Pathobogy and immunohistochemical
analysis of the endometriom and myometriam were
performed by the same pathologist.

Data on the menstrual-related symptoms sach as
mennmhagia, dysmenorthea, and the premenstrual syndroms
reporied by these patients prior to treatment were obtained
from their medical records.

s e ream—— 0 =
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Efect of Mirwra® oo sromoiaze and Cox-I sxzrsazics 1n sdwnomrsals

During hysteroscopy performed using the Versapoint™
resecioscope, the endometrium and approcimately 0.5 cm
of the myomeiriom were removed 35 described on
previcus page, fixed in 4% formalin, and sent to pathology
for histological and immunchistochemical evaluation.
Immunchistochemistry was performed following antipen
retrieval to detect the presence of aromatsse p450 and Cox-2
ENprEsEion. Aromalase expression was investigated using a
commercially available monoclonal antibody, MOAZDTT,
clone H4 (Serotech, Raleigh, NC), while Cox-2 expression
was assessed using CX-294, Antipen refrieval was performed
using the Tris-EDOTA buffer 2t pH 2.0, The reaction was
revealed using the streptavidin-bictin method The presence
of aromatase expression wae rated either as positive if
there was amy detectzble simining reaction in the glandular
epithelium or nepative when mo reaction was cbserved.
Cox-2 expression was graded as 0 when no expression was
detected. +1 when there was a light staining in more than
10% of the glands, +2 when staining was moderate, and +3
when there was stromg expression m the endometriam. In
all cases, slides were evaluated by a pathelogist. Placental
tiszue and a sample of the atrophic emdometrium wera
used x5 positive and negative comtrols, respectively, in all
immunostaining reactions for aromatase p430. Statistical
amalysis was performed using the chi-square test to detect
differemces in percentages and Student’s (-test for comparison
of means. Significance was established at # < 0,05, All
patients gave their written informed consent authorizing
the immumokistochemical shadies io be performed on the
endometrial tissue, as determinad by the hospitz] s internal
review board. The insertion of Mirena® following endometrial
resection has been the standard mestment for menormhagia in
this day hospital for a decade and all patients were adequately
counszled prior to the procedure, A previous study conducted
by our group had shown that endometrial resection without
the concomitant use of Mirema®™ was associated with much
lower amenorrhea rates than when this device was insaried
a1 the time of sarpery.* For this reason, patients submitied to
an endometrial resection for the treatment of adenonmyosis-
related menorrhapis were always adaquately counseled o
have a Mirenz® device inserted right after completion of the
procedure.

Resules

Histology and hysteroscopy findings

In the growp of untrested patients with a histological
diagnosis of adenomyosis, the endometriom was in the
proliferative phase in 28 cases and in the secretory phase

in the reminimg 15. Om the other hand in patients wsing
lirena® the most common higelogical pattern reporied
consiged of an eutopic endometriom with atrophic glands in
the presemce of stroma with & decidual rezction or atrophic
chamges (Figure | and Z). These resalis are summanzed
in Table 1.

In eight patients of group B who had adenommyosis 3t
the time of emdometrial resection and Mirema® insertion,
examimation of the myometrium failed to detect the presence
of actopic endometrizl tissue when the device was replaced
5 years later.

The uterine cavity appearad normal at hysteroscopy in
80% of the patients in the untreated control group: however,
im 20% of cases an endometrizl polyp was abso detectad.

In patients using Mirema® who had mot previcasly been
submitted to emdometrial resection, the endometriom was
thin; bowever, the presence of dilated blood vessels was
detecied, a finding that was not present in the groap of
woamen who had an endometrial resection at the time of
imsertion |Figure 3}

Menstrual symptoms in Mirena® users
The incidence of amenoarhea at the fifth vear of use was 84%
in the group of patients who had an endometrial resection
2 the time of Mirena® insertion and only 19% in the group
niot sabmitted to this procedare (P < 0.0001). Complete
resolution of dysmemorthea was reported by 91% of the
patients who had undergone endometrial resection followed
by Mirena® insertion, while in the groap nod submitied o
resection, only 202 of patients reporied complete disappear-
ance of this sympiom at the fifth year of wse (P = 0.0005).
The occurrence of dysmencrthea was consistendly associated
with the presence of wlerme bleading.

hl“mhlﬁlﬂnﬂhd‘ﬂn‘h!m
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Flgure I Secrecorr endometrium In 3 cathnt with sdescrcss not Srevicwzlr trested with hormose:. (A) Hrmercacoor; (81 A

rdometram.

Aromatase expression

The staining reaction for aromatase was detected using
immunohistochemistry not only in the glandular epithelium
of the eutopic endometrium but also in the ectopic
glands embedded in the myometrium in the untreated
controls with adenomyosis (Figure 4). In all cases there

cax; O 3 ”

was agreement between the positive staining in both the
eutopic and ectopic endometrium. In the untreated group.
aromatase expression was present in 23/28 cases during the
proliferative phase and in 915 cases in the luteal phase of
the menstrual cycle, a difference that was not statistically
significant (£ = 0.2). For this reason, the results were
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Table | Endometrial histology in patients with adenomyosts
according to growp

Group A Grouwp B Growp C
(») (n) ()

Proiferative endometrium [ [ i)
Secretcry endometrium o [ H
Azrochic shands + decidusl zzroma 16 IS 0
Aszrochic dands + atrookic stroma & 3 0

Abbreviation: 3, number of satees

pooled together and analyzed as a single group of untreated
control patients (group C).

In contrast, in patients with adenomyosis using Mirena®,
there were significantly fewer cases in which a positive
staining reaction for aromatase coald stll be detected m both
the eutopic endometrium and in the ectopic glands embedded
in the myometrium at the end of the fifth year of use when
compared to the untreated patients with adenomyosis
(group C) (Figure 5). Although this decrease in the number
of cases was statistically significant in both group A and
group B, it was significantly greater in the group previously
submitted to an endometnial resaction when compared to the
group of women who had not undergone resection, being
detected in only 1/24 of cases in the former. The difference
between groups A and B was statistically significant
(P < 0.01). These results are summarized in Table 2.

Cox-2 expression

The mean intensity of Cox-2 expression did not vary
significantly between the proliferative and luteal phases of the
menstrual cycle in the untreated patients with adenomyosis,
and for this reason the results were analyzed together
(group C) (Figures 6 and 7). However, in the patients who
had been using Mirena® for S years. a significant reduction

Pigure 3 frecence of diatec wamex v De exdomerium of 3 catient wity
sdeaomootl wha 2ad been szing 3 Mirens” cevice for 3 searz.

Figure 4 Aromatice eacreszion In the ghndolir ecitelam of 3 oadest wih
Adenzerrsaz daring e orolferative chace.

occarred i the mean mtensity of Cox-2 expression only in
the group of patients who had been submitted to endome-
trial resection at the time of Mirena® insertion (group B)
(Figure 8). Conversely, in patients not submitted to this
procedure, the mean intensity scores for Cox-2 in the glan-
dular epithellum were not significantly different from those
found in the untreated controls and significantly higher
than those found in group B. These results are summarized
in Table 3.

Discussion

The findings of the present study show that the use of Mirena®
following endometrial resection in uteri with adenomyusis is
associated with higher rates of amenorrhea and lower rates
of dysmencrrhea comparad to a group of women who had
Mirena® inserted but who were not submitted to endometrial
resection. Althoagh this was not a prospective clinical trial
designed specifically to address the question of whether endo-
metrial resection improves rates of amenorrhea i Mirena®
users. the amenorrhea rates reported here are similar to thosa
cited in the literature for patients with adencinyosis who
had not been submitted to prior endometrial ablation” The
presence of Mirena® mhibited the expression of aromatase
and p450. thus exerting a local anti-estrogensc effect on
the endometrium, which is beneficial i the treatment of
adenomyosis. The suppression of aromatase in this tissue may
explam the efficacy of Mirena® m halting the progression of
endometriosis, since the seeding of aromatase-positive cells
through retrograde menstruation may play an important role
in the development of this disease.*
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Aromatase expression in the endometrium is activated by
exposure to prostaglandin £2. thus establishing 2 link between
inflammation and the development of this pathology.* The
greater Cox-2 expression in the endometrium of women
using Mirena® who had not been submitted previously to
ablation correlates positively with the occurrence of uterine
bleeding, which is consistent with the role of prostagiandins
and the ensuing nflammation in the pathogenesis of both
menomrhagia and breakthrough bleeding during the use of
oral contraceptives and the progestin-enly pill '* #

Therate of amenorrhea reported here during the fifth vear
of Mirena® use also compares favorably with rates reported
previously by our group | year afier insertion of this device.*
These rates are also far superior to those achieved with the
msertion of Mirens* zlone in patients with adenomyosts,
myomas, o menorrhagia. ™

The presence of adenomyosis specimens removed
at hysterectomy from patients with persistent bleading
following the insertion of Mirena® or microwave endometrial
ablation'* " is noteworthy and suggests that the presence of

l.. S Pt a—— e
Daves on
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Tabla I Tha sffect of Miren® amd endometrial resection on

aromatse axprussion 0 tha ghndubr eprhebem of adenomyosis
lasioins

Group Peitive
wndormet Fusm

erows A Miem® akas @21 36

erowe B: Mirena® sftar sndomeirial ressciion 1724 4%

erows G untrested sdwrcmroals AL43 TN

Mot Chicousrs tet Sflerence Sebessn proes: & and &P < 030 cfreace
btwman proam & ard T F = QU3 cFference betwean groacs @ and O F < 00300,

adenomyvosis increasas the risk of failure of both forms of
treatment dug io the resumption of menorrhagia, probebly
caused by persistent Cox-2 activation and the less effective
inhibition of aromatase in patients mot submitted to
endometrial resection. Another factor which may conmbute
to the high incidence of amenorrhea in patients using
Mirena® after endometrial resection would be the direct
exposure of the ectopic glands in ibe myometrium io levals
of levomorgestrel higher than those achieved when the
endometrium is intact. This would lead to a more effective
inhibition of both aromatase and Cox-2 in the eciopic glands
deeply embeddad inm the myometriam, resalting in better
rates of amenorrhea. This is in agreement with the fndings
of a previous stady showing that the levonorgestre] levels in
the endometrium of patients usng Mirena® are many times
higher than levels in the nyometmum, which are similar to
those foamd in extrawterine tissue ™ This supgests that the
imtzct endometrium may act 85 3 barrier, preventing the
diffusion of levonorgestre] to the underlyving nmyometrim,
which receives levonorgestrel only throagh the syvstemic
circulation. This may explain why the raies of amenorrhea
in the present study were far higher in the groap of women

with ademomyosis submitied to endometrial resection
comparad to those using Mirena® zlone. In the latier, because
the endometriom remams intact, the levonorgestrel levels
in the myometrium may mot be high enough to effectively
suppress both aromatase and Cox-2 expression in the
deeply embedded ectopic glamds. This would explain the
increasad efficacy of Mirenz® m inhibiting these enzymes in
uteri with adenomvosis when the endometrium is removed
priot to insertion of the device. Althowgh this was not a
subject of the present stady, o is likely that endometrial
resaction may improve the diffusion of levonomgestra] imto
the myometrium; however, for the presemt moment this
hypothesiz has to be considered speculative. This meay also
explain the reduction in breakthrowgh or irmegalar Meading
with this combined method compared to rates reporied m the
literature when Mirena® is used without prior endometrial
resection im patients with adenomyosis or myomas.
The decrease in aromatase expression in adenomyosis
uteri bearing a Mirema® device seems o ocour even when
Cox-2 expression is not sappressed by the treatment. Since
prostaglandins are an important inductor for the activation
of the aromatase gens in the endometrium, 2 direct effect
of the progestin inhibiting gene transcription woald be the
likely mechamism "

The combination of Mirena® with endometrial resection
represents 2 viable and effective allernative therapy to
hystereciomy for the management of menorrhagia and
dysmencarhea in patients with adencmvosis and menormhagia.
In patienis mndergoing endometrial resection akone or Mirena®
insertion alone for the trestment of menorhagia, it isimportant
to remember that success rates are lower than when both
methads are nzed together. This has been shown in 2 previous
study conducted by our group to compare the amenarrhea and
success rabes of the combination of Mirena® and endometrial
resection versus endometrial ressction alone for the trestment
of adenoomyosis-related menorrhagia * Simikar resulis were also
reporied more recently by another proup @

In conclusion, Mirena® is an effective option for the
suppression of aromatase and Cox-2 expression in the
endometriam of patients with ademomyosis; however,
inhibition appears to be greater when this device is inserted
immediately following endometrial resection. Mevertheless,
it should be noted that endometnial resection is an aliema-
tive to hysierectomy and is not an option for women who
still want to preserve their fertility. In this case, particularly
whien used to treat adenomyvosis-related menorthagia. the
insertion of Mirena® alone is a viable option, since fertility
retams promptly after removal of the device™
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Becamse of the negative impact om quality of life causad

tpy the pam amd excessive bleeding associzied with ademo-
miyosts, hysiereciomy remams the standard Teatment for this
pathodopy® Development of aliemative methods of reatment
capable of offering effective relief of these symiptoms without
constituting a major surgical procedure would be desimble. In
this aspedt, the combination of Mirena® with endomeinal resec-
tion fulfills these requisites, since it is a less invasive procedure
cormpaned to bysterecioomy and its seccess rale & high. However,
further prospective shadies must be condocied before changes
in standard medical practice can be conbermplated.
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Otbjiective: To investigate whether aromatase expression in the eutopic endometrium correlates
with the presence and sevenity of endometricss in patients with imfertility andfor dysmenomhea
undergning laparoscopy and hysternscopy.

Patisnis: The sody invobesd 106 patients of reproductive age with symptoms of dysmenorrhea
and infertility. %ixteen endometriosis-free asymptomatic patients were msed 2= @ comtrol
e

Mathods: Concomitant laparoscopy and hystzroscopy was carried cut in 2l cases. An
endometrial biopsy was @ken fo determine aromatse pd 50 expression by immumchisiochemistry.
Endometricsis was staged according to the American Society of Reproductive Medicine
claszfication.

Results: Endometricsis wes disgnosed by laparoscopy in 52/106 symptomabic patients. In
this group, momabse expresson was detecled i the eutopic endometrium of 6692 patients
with endometriosis {T1%:) and in 1 114 (95%) pabients m the symplomatic, sndometricesis-free
groap | F'= 0.0, Aromatase expression was not detscted in any patients from the control growp.
Ini the endometricsis group, somatse axpression was detscted in the evopic endometrium of
545 patiemts (62%) with Amencan Society of Reproductive Medicine clssfimbion stage
1 of the disease, in 11714 patients [ 7E%) with stage 11, 14720 patients (70%) with sage [11, and
in 1213 patients (%2% ) with stage IV, however, the difference was only sabistically significnt
between stages [ and I'V (P= 0.0d).

Condusion: Aromatas: expression in the endometium weas associated with the presmoee of
dvamencarhea and infertility imespective of the presence of endometricesis. When endometriceis
was present, hiwever, there was 2 tendency for aromatzse expression to be positively correlated
with dysmenormhea severity.

Koywonds: sromamse, endometrinm, endometniosis, Cox-2, dysmenormhea

Cormazondance: Huoo Mah
Canire de Pranulo & Enimwnch
»m Recredugis Humara (CERARHE,
Rus Cawsares: Meowm, 35, 8021 0-34|
Sahador, Bahi, Brazi

Tul 455 71 3247 E21&

Fax 455 71 F13E-3442

Intreduction

The emset of clinical sympioms assocmied wath endometnoss may predaie clinscal
dizgnoss by many years." Alkough this may simply reflect a lack of sensitve, non-
mvasive methods capahle of dingnosing thas pathology @i an eardy sige, it 15 also
possble thai the ensymatic and inflammaiory changes that signal the development of
endometriosis may be nitiabed in the endometriam before the disease 15 established m
the pelvis. These functional chamges may myvolve the upregulation of enzymes related
i estrogen synthesis that are overexpressed m the eutopic end ometmum of patients with
endometriosis, whene ibey may play a prvotal role not only 1 the implantation failure

Emall cazachifjusl.cam e associated with this pathology but also m the onset of menstrual sympioms.*
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It 1= knoan that both endometrniotic lesions and the
cutopic endometrium are shle to express aromatase, a key
enzyme m the tmnsformation of androgens into estrogens.
The release of these errymes 15 simmulsied by mflammatory
mediiors sach as the prostaglandins produced by the sction
of cyclooxypenase-2 (Cox-2)."* The agpressivencss of
endometriosis appears to comelate with the intensity of the
expression of this encyme m lesions, with the most agares-
srve oocurring in red pernitoneal lesions ? A correlation was
also found between the seventy of endomemosis and the
imtensiy of Cox-2 expression m both lessons and the ewiopsc
endometrnium, thus suggesting a role of locally produced
estrogens in the wpregalation of this ereyme.™*

Mevertheless, the role played by aromatase and
Cox-2 expression m ihe ewiopic endometnium in relation
to the development of endometnicsis and m the miensty of
menstrual-relaied symptoms 15 not tomlly endersiood. [t was
recenily suggested that endometnosis may commence as an
endometnal disease provoked by the sherrant expression of
aromatase in thas tissse, as thes appears to play a prvotal role
im s survival in ectopic locations * Gene array shadies have
shown that the expresson profiles of endometnoss besions
and the sutopic endometrum are smular, whach supponis
thee hypothesis that endommetriosis 15 an endometnal disease
It 1= becdomically plansble that ike presence of aromatase
activity in the endometrium is pivotal for the development
mophages and may also be responsible for the exacerbaton
of menstrual sympioms whose onset predates the diagnosis
of this pathology."4” In this hypothess, endometniosis woald
be a kie consequence of enzymabic changes that ocour in the
endometrium prior to iis establishment outssde the uteras,
which could explain the bag that is often reporied between the
orset of symptoms and dixgnoses of the disense.

Thas hypothesais could be tested by exammmg patienis
wiih severe dysmenorrhea or mifertility to determine whether
laparoscopy reveals endometriosis despite aromatose
expression already being positive in the endometnum. In
the present study, aromainse expression was determaned in
the ewtopss endometriom of patsents with severe menstrual
symptoms and/or infertlity whe underwent laparescopy and
hysteroscopy as @ part of their dingnostic wark-up.

Methods

Aol of 106 pagents of reproductree age (range= 1847 years)
received 2 baparcscopy and hysieroscopy wath endometmal
baopsy that was carmed out using 2 4 mm Karman curette
attached to a 10 ml. syminge to produce 2 vacoum, whach 1s

the siamdard procedurs for the evaluation of menomhama,
severe dysmencrrhea, or infertlaty in the day hosprial where
the current study was camed cat All pabents inchuded in
thes growp had reported ai least two of these three sympicms
for peniods mngimg from 2 to & years. The conrol growp
consisted of mxieen patients who receved a laparoscopy
for reasons unrelated o nferalsty or severe dysmenorthea
and who were found io be endometriosis-free dunng the
exzmanation. The indications for laparcscopy in thes group
were ertber benign non-endometnotic ovanan cysts {seven
paisents ) or tobal ligation (mime paisents). In these patienis,
an endometnal bopsy was performed at the time of the
laparcscopy using a 4 mm Karman curette.

The patients enrolled in the study gave wrstten informed
comsent for immunchistochenmical stedies io be carmed out
on the endometnal biopsy specimens obtamed as part of
therr standard medical care. Thes study was approved by the
mnsisiuison’s inbemal review board.

Laparoscopies were performed either dunng the prokif-
emtrve phase (n = 72) or in the secretory or menstrual phiase
{m= 34}, smce the tmmang of the procedure depended on the
availahilsiy of the surgical theater and the specifics of the
mmages were retmned inthe patsends” files for further evalustion
team ascertmmed the presence of endometnosnis and gmded
the stage of the disease m accondance with the Amencan
Socety of Reproductve Medicine (ASEM) dassification
Using laparcscopic classthoation criena, the pateents wath
endometnoss were divided i four groups acoordmg to
the seventy of ther lessons, using the ASRM clasafication
of miramal {stage [}, mild (stage 1], modersie (stage 01} or
severe (stage [V ). The seversty of menstrual sympioms suchas
dysmenorthen, the presence or absence of infertility, and the
reascn for laparvscopy were recorded m the patients® files.

Endometrial samples were fized im 10724 formalm before
beimg assessed . Immunchistochemistry was performed fiol-
lowing antigen retnieval to detect the presence of aromatase
pd50. Aromatase expression was investigated using the
commercially avalzble monoclonal anbibody MCA2077
clome H4 (Seorotech, Ralagh, NC). Antigen retnieval was
performed using Trs-EDTA buffer (pH &0; Sigma-Aldnch,
5o Paulo, Branl). The reaction was revealed using the
streptavidin-biotin method. The presence of aromatase
expression was mied as postve if there was any detect-
able staiming reacton 1m the glandular eprthelum or nega-
tive when mo resction was chserved. Plucental tissoe and
an atrophic endometnal sample were used as positive

N

63
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and megative controls, respectively, m all immunostaning
reactions for sromatase pd50. Statistical analysis was per-
formed usmg ike cne-taaled chr-square iest for defferences
percentages, using an uneameed online iteractee calcalabon
tool far chi-square tests of goodness of At and independence,
which iz hosted a1 hitp~/'quantpsy org. Results were consid-
ered statsstically signaficant at F* < 0.05.

Results

In the group of patients with severe dysmenorrhea,
endometnosis was dizgnosed o %0106 pabents. In the
remairang 16 cases, the pelvis was found to be nonmal duning
the baparoscopy.

Aromatase expression m the sutopsc endometmum was
detected by mmmurokbasichemistry mainly i the glandular
epathelium (Figure 1). The staming reaction was positive
in 6602 patients | 72%) with endometriosis and symptoms
of dysmenorthea and/or infertihty, and there were no
sigmificant differences between the phases of the patsent's
menstrual cycle. In symptomabic patients who were foand
to have normal pelvic resulis dunng the laparoscopy,
aromatase expression was still pesitve in the endometnum in
13/04 cases (95%), though thes difference was not statstically
sigmificant (* = 0.09). In the asymptomatic contral group
without endometniosis, however, aromatase expressson was
negatrve in the entopsc endometriam in all cases.

In the subset of symptomatic patsents with a laparoscopic
diagnosis of endomeinosis, the percentage of endometnal
samples positively expressing aromatase in the plandular
epithelium showed a trend toward greater positmvity as
the sevenity of the disease increased i accordance with
the ASEM crbena. Aromaiase expression was deiecied
in the cutopic endometnum of 2845 patients with singe |

endometriosis (62%), 11/14 patients with stage 11 {75%),
14/20 patients with stage 111 {70°%) and 12/13 patients with
stzge ['V endometnoss (%2%). However, only the difference
between stages | and IV of the disease was statistcally
signaficant (P = 0.04) { Table 1).

Discussion

The preseni shady mot only showed an assoczation between the
presence of arcmatase expression in the eutopic endometnum
and the seventy of endometnoss lessons ai laparoscopy bt
alzo supgests thot ibs expressson was already present in
symiptomatic patients m whom pelvic endometriosis was
not found. These findings agree with the hypotheses ikt
endometnons may commence as an endometnal disease
resubimg from fumctional changes in the endemectriam before
the disease establishes outside the uterus.

The presence of simalar epigenetic changes in the sutopic
endometrium and the endometriotic lesions farther carrohe-
raies the hypothesis that endometriosis is an endometmal
dizease. ® The postinve comelation between mEMNA kevels m
the eutopic endometrium and the seventy of endometnoss
and ademomycses also supports this hypothess* Whedher
endometnosis siarts s an endometral disease before estab-
lisheng s=elf elsewhere in the pebvis™ canmet be proven by
the present study. bai previous work shows that the onset
of symptoms associated wath this pathology may com-
memce many years prior to its diagnosis, which support thas
hypothess! The cocourrence of severe dysmenorthea for
many years prior io a diagnosis of endometnoss may reflect
these mitial endometnal changes favonng the upregubstion of
both estradiol and prostaglandin prodwction in thas tissee 257
The occurrence of such symptoms i patsents with a normal
pehvis at laparoscopy, s shown in the present study, may
sugpest that these functional changes m the endometriam are
not only associated wiih the anset of endometriosis-related
symploms bt that they may oocur pror o the degnosis of
any pelvic pathology by laparoscopy. Functicnal endometnial
changes leading to an increass m aromatase expression

Tabla | Aromatass @oprassion in the sutopic endomsitrium and
tha hparcsropic dassfication of endomatriotic lesiors acmording
to Amarican Soclaty of Reproductive Medione dassfication

Typs of leiton Aroimalas positive
Starw | T BT
S 1l 11714 THD
Simew [ 14780 I
S IV 12713 BT
Figurs | Aromuces smresden b1 B secok sdomatren debeoed o Hima: Chiacwars St ripss | and [V, F < 305 The ot differencs wans rat
I P ST surdsial e agniftiane
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may therefore predate the development of endometmos:s,
mtially provokimg dysmencothea and possibly inferaliy
before tnggenng the development of the disease cuizde the
uterus.! It shll remains i be determmed whether this group
of symptomatc patienits represents 2 higb-nsk population
for the development of endometnoss. In patients wath an
established diagnosis of endometriosas, however, endometrial
postmvity for aromatase tends to mcrease with the seversty
of the disease. This may be due io the greater possbility of
sponianeons regression of early stape endometniosis, whach
may occar becanse of reduced aromatse actvaty in the
:l.iup:il: endometrum.

Although aromatase expression inthe eutopsc endometriam
may be prvotal for the onset and progression of endometmoss,
it bzs yet o be clanfied how thes enzyme affects the devel-
opment of endomeinosis. The role played by estrogens in
inhibiting mmmeme surveallance by actvaied macrophages has
been sugpested as one of the hkely mechanisms by whach
aromatase affects the course of endometrios s 4 Thas local
estrogen production in the endometnal cells shed to the pelvis
in retrograde menstraation may favor thear survival in these
ectopic locatsons by directly prevenbimg their destruction
by activated immune cells through the inhibition of the
phagocytosis mechanism 1

The presence of aromatase 1m the eutopic endometrum
may therefore represent the imtial step m the development
of emdometriosis and could ke necessary for the develap-
meni of lesions outnide the wierus.” The simlar genetic
alierations found between endometnobc lesions and the
respective eutopic endometrium also mdicate 2 commaon
hastological onigin.”

The current study’s finding that aromatase expression
is detectable by immunohistochemesiry in the endometniam
of sympiomatic, endometnoss-free patienis agrees with the
or causes infertility prior to facilsabing the development of
endometnoss elzwhere m the pebas. Neverthebess. a fempo-
ral relaticnship canmot be established salely from these data.
A previous study has shown that aromaiase expression in the
endometrum reduces implantation rates in patients undergo-
ireg in vitro fertilizanon, however, which may help to explain
the lower fertility rate of women with endometriosis."*

The presence of aromatase and other ercrymmes relased io
estrogen metaholism in the eutapic endometnum wall ulzmately
creaie a hyperestrogensc milien, resalimg in moreased
prostaglandin production, partcularly because Cox-2 expression
is upregulsied by estradiol m thes Bissuwe * =17 This would
explam why the pelvis of a pabent with severe dysmenorrbea

or mfertthty may be mormal, as was reported 10 the current
study — arcmatse expression im the eutopic endometrizm may
be suffcent i provoke these sympioms by enhancing the
production of promflammatory prostaglandins m this fssue.
patients have adenomyyosis cannot be completely excluded m
thiz study, despate the fact that myometnal findings were normal
at transvaginal somography.

Estrogens produced locally in the endometnobe besions
and ewtopic endometrium result in the mechanism of
decreased immune survetllance and enhanced tolerance found
m endometniosis, " which may explam the inverse relaonship
between estrogen levels and impasned WE -cell fanction found
as a function of the sevenity of the disease " Local estrogen
production would also steoulaste the production of VEGF,
growth factors, and inflammatory cyiokines by mmune
cellz, thus favormg the progression of endometnosis 251
The blackzde of phagocyicses by the bocal producoion of
estrogens and the concomutant stmalation of grewth and
inflammatary factors would explan the paradeical effects
of macrophages in endometnoss, which seem 1o interact
wath rather than destroy these ectopic endometral cells, thus
echancing thewr growth and angpiogenesis. >

In conclusion, a vicious cycle of enhanced inflammation
and local estrogen production medsated by Cox-2 and aro-
matase expressicnin the ewiopic endometnum of endometnio-
sis patienis may play a prvotal role mot cnly in determizang
the climcal cowrse of this disease but also m defining the
miensty of ss debdlsating symptoms. In the pelvic cavty,
the ensuing inflammatory reaction provoked by the armmval
of endometnzl cells wll farther exacerbate thewr preesisting
aromatass actnvity, thus augmenting local estrogen production
ard haliting phagecytoss by actvated macrophages 7
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Artigo n® 3

Activation of NF-kappaB and COX-2 expression is associated with breakthrough bleeding in
patients using oral contraceptives in extended regimens.
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Activadon of NF-kB and COX-2 expression is associated with
breakthrough bleeding in patients using oral contraceptives in extended
regimens
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Alwtract

The ohjectw of e presenr study was to dewrmine wherher thers i anincrase in endomemial nflammarion associarsd wit
the aoonrrence of hrealrhrongh hlseding in patients nsing an aral contraceprve in eyended regimens. The presence of
nundear facror MP-xH and Cox-2 expression was determined by immunohss mohemisoy in endomemial samples removed by
hysers mpy from pates wit brealnhrongh blesding during conrimons nse of an oral conmaceprive coMmanng gestodsns.
All parierms had 2 history of mennrregia sssocimed or nor with ge presence of nreine mtology. The pacemmage of
endomerria showing @ positve smining reacton for WNPaB in cdl mcls was signifiendy higher in paiems wih
breaktivough bleeding than in those ®iT anenorrhes, Cox-2 expression i the endometrium was abo significanly more

frequent in paients with hregkrhrough hleeding. The accurene of brealahrongh bleading in patens with wenne pahology
inflammarion

nsing comhined ord cmraepoves k& asodasd with the aowaton of endomerrial

pathaay.

through the NEaB

Keywords: NFacl, breabdiruph bleding, inmfammanson, emeded repimen, Cay=3

Ini rosd e ion

Infiammation appears to play an important mle in the
mechanism of breakthmagh blesding during the wse
of progesting. For instance, the levek of inflammamry
mediators such = inedeukdn 13 and 15 are elevated
in the endometrium of levimorgssire]l implant wsers
who develop breakthrough blesding [1). In fact, the
enhamced endometrial mbammation ohsened in
these patients with breakthmagh bleeding seems to
play a crecial rae i the mechansms responsble for
geneTating abnommal angiogeness and the enswing
wterine blesding [2]. The triggering event for the
onset of breakthmasgh blesding at endometrial level
may be the downregulation of progestemne receptors
imduwoed by the constant exposunre to progestins [3].
The mingonsm of progestemne action at meceptor
level & known to result in an upregulaton of key
local mffammatory mediators inchuding NEF-xB,

interfleukin-§ (IL-§), monocyte chemomchc peptide-
1 (MOCP-1) amad cychemogenase-2 [(COX-2) among
others in the decidua [4)]. Progesterone and progesta-
tioma] compaounds,, on the other hand, may attenusts
the expre=sion of inflimmatory medistors axch =
IL-E by reducing THNF-z-induced NF-xB actvation
in endomemiotic stroamal cells [5]. NF-xB & an
imporant mmsoipton Scor for the acthaton of
genes relaed o the regulation of the inflammamey
cascade, & 1is tansloecabion to cell nuds Fom the
cytoplamn reervoir and the bind g to DMNA mggers
the transcription of these genes, [6,7]. In the endome-
trium, the acthvation of NF-xB and i subsedquent
migration & cell necle is inhibited by progstemne,
which behaves = an ant-inflammatory hoeomone
exhibiting a mechankm of action that beams 2 great
similarity & cortisone [5,8). The sctivation of mro-
gestemne receptens i the endometnum i, thensfons,
imporant in curtailng the infiammatory resction in
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the wberns, a mechansm that days an imgeoertant
mile in pregrmamcy | B]. The obse rvation that progestins
mre mble to diminish the expresson of ndismmatory
mediaters in the endometrium thmouegh mechanians
mvelving the supprsson of ME-xB acbivabon sug-
gesis that sctvabon of this tamripton oo may
play @ mole i the mec e nism of brealdhros gh bleeding
in patients wsng aral contmoe pives.

Met hod =
Caollraion af huean endowernal oo
This & mm ohservabional stdy comed ot parafim-
emhbedided timue samples obtamed from 53 patients
submitted to endometrial resection or biopsy W
our msfitute between oy 20T and Mach
200%. These patients had a history of menorhagia
ad weTe mmng an oml ocontraceptive contaming
3 meg of ethimlestradio]l and 75 mog of gestodene
(Gestina;, Libks Farmacéutica, Bral) in @ contin-
wrs megmen, == presTibed by their attending
physcian to reduce blesding and thin the endome-
trum prior to hysteroscopy. This spechc frmule-
tion of om] contraceptive has been approved by the
Brazilian regulstory sgency (ANVISA) to be wsed
oontmuesly to suppress menstruation. All patients
were premenopausal and were in the 3 to 52-year
age -brac ket. Endometrial resection was carted out
these patients using the bipolar rsectoscope (Vesa-
point Ciynecare, NJ, USA), as previmsly descrbed,
to contmy] bleeding (9. Using this teclmigue, it is
possible to remove mot only submecos myomas
but alse, when indicated, the summunding endome-
trum and approdmaiely 5 mm of the myometrnem,
alowing the pathologist to make a disgmss of
adenomynsis. There were mo statstically sign it
differenices. in the frequency of mpomas, adenomyo-
w5 md endometrial polyps between the gmoup of
woimen with amenorthes and the gmoup with boeak-
thmugh Heesding the perosniage of women with
these patholegies being, respectively, 17, 42 and
175 m the amenorrhea growp amd 22, 37 and 15% m
the breakihmasgh blesding group. The penoenisge
of women with a2 normal wiens in the amenarrthea
goup we 5% compared ®© 2T% in the gmoup of
The medical reonmds of these patiends pevesled
that prior to the mitation of oml cmtreceptive use
progesterome levels were compatible with ovulatory
cycles anad thymid fumction wes normal. The dum-
tion of use of (eestinn] 28 varied from 2 to 6 months.
At the time of hysteroscopy, 4] patients were W
amemyrhea while the emEinng 12 weme sxperi-
encing breakthrough bleeding. All surgical pmosce-
dures were comiad out = day-hospitl] procedures
umder propofol sedation and pamcenvical blck.
The tE=we =mples were fmed in fomalin 10%

befire being sent to m@ihology. The patents gave
ther indbrmed ocomsent for the owmechdshe-
chemical shadies to be camied out n order W
determine WF-xB and Cox-2 @ the mpmfin-
embedded endometnial tssue mmpls  rEmoved
dhuming the hystemsonpic proce dure.

Iremumalrizrochane oanmg

mntigen reineval to detect the prsence of Cox-2
mmd MNF-cB. Commendally avalable momnaoclomnal
amvtibsocties mamnrfactured by Wovocssira (N ewceastle,
TED, (Clome 4F-12) were mmed for Cox-2 stinimg.
Antigen retrieval wes carmed out sing the Trs-
EDTA buffer ot pH 8.0 For NF-xB immmahisto-
chemical stmning; the primary smdibaody was obiximed
from Zymed (San Framciscn, USA) (Clone PGS) amad
ws wmed at @ dilution of 1:450in a atmte budfer pH
0. The reaction was reveal ed using the streptavid in-
bictn methad, The presence of nuclear NE-xB
expresion was rated either = positive if there were
cel]l msclei showing any detectable staining reschion
or megative when no reaction was observed, The
presence of Cox-2 staming resction in the glmdular
epithelivm was rated = positive if more than 109 of
the glamds were positive.

Srariereal anafveis

Staistical anahss was cormed owt wming the Sts-
Direct software progmm, vemion 2,38 (StatsDirect
Lid, Cheshre, UK, 204} The y* test was umed m
oommpare propartons of pestive Cox-2 and naeclear
NF-xB endometria betwesn the group of women
with amen<rthea and the goup with breakthmegh
bleeding. Signihcance wis esiabshed &= g < 0005,

Reulix

Histolorical -

Endomeirial histology . pabenis using oral oomwir-
oeprhive s, comimnd g T3 mog of gestodene mmd 3 mog
of ethinylestradiad revealed a pattern chamcterized
by the presence of atrophic glands with stoma show-
g either @ decdum] or quisscent pattern. In all the
patients with breakthmowgh bleeding ot the time of
hysteroscopy;, histolegy of the ensdometriom was
chamacterizzd by the presence of @ decidhm) reschion
m the sitoma while the glmduler epithelum wos
mtmphic. The same histological pattern was akao
fumd in ¥ 4] amencartheic oml contraceptive wmers
(T3%:) ot the tme of hystemscopy. In the remaming
patients (11541, 27%); the endometriom was quoes-
oent, showing atmophic glmds and no histological
evidence of decidual rescton in the stroma, which
was cellular and compact.
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NF«xB aowagon

In this sample of patients with gynecological mthol-
ogies and in continuous use of an oral contraceptive,
there was an amociation between the presence of
positive endometnia for nuclear NFxB and the
occurrence of breakthrough bleeding. Nuclear
NF-xB was detected simultaneoudy in the decikdual
stroma and atrophic glandular epitelum of a
significantly higher perventage of patients with
breakthrough bleeding compared © the group of
patients with amencrrhea, frespective of whether a
deckiual reaction was present or not in the stroma
(p < 0.0001) (Fgure 1). In the group with amenar-
thea, the percentage of endometria positive for
nuclear NF-x was Jow and there wene no statistically
signiicant differences between patients with a
decidual stroma and those with a quiescent strama.
These results are shown in Table L. NF-xB staining

Fopuz 1. Proesce of sudew NF-4B sunng & S docidad
swonr of 2 putes with Brol@roug ooy duricg G we of
a0 ardl contmcrpive contiiiny e aiodon: = an caendad roginen
{A). Noxe tir abscoce of soclor stiisseg madtin &= ihe
cadomctrium of 2 paticyl win doebped ancnoaba Slbwisg
the wee of thix aral comtraccpiive sroginen (B).

Table 1. Frogocscy of positive srode ot NF-«B in S cadosncria of
msScuts with bralfrogg blcding during e we of & ord
cotraeptve i o= ctnded rqpimen acconding o Reselogacd
e

Acncmordca Beolny
= % = %
Deosdan] streen ateropiae X0 7 wi2
el
Neo-deoesdud 14} 10" ao (1]
Sooerm wropkae ghend
7 1ot

*p < 00000 when cotparad to docidud ameordes.
e Q0] when comtprarad to docad wal blecding,

NF-kappa B and breakshrowgh bleedng 267

reaction in the cytoplasm, on the other hand, was
always present in the stroma and glands of the
endometrium and was unaffected by the presence of
breakthrough bleeding.

Cox-2 expression

The presence of breakthrough bleeding was amo-
cated with a higher percentage of positive staining
for Cox-2 in the glindular epithelium of endometria
showing a decdual reaction when compared with
the amenomheic group with the same histology
(#=0.004) (Figure 2). In patients with an atrophic
endometrium and amenorrhea, on the other hand,
this difference did not reach statistical significance
(#=0.09) although the percentages of Cox-2-positive
glaxis were lower in the amenorthea group com-
pared to the breakthrough bleeding group. These
results are summanized in Table II.

TR T g
o (e dr‘m

LN »
A{.:‘, A P ‘...‘1’537*.“.
gl p] N

Fagare 2. Proesce of poitive Cox-2 suning & @ eadomnewrid
whiedy of 2 pusc o wath e 2 b bile g duting the we of &
ordl comtaicptive antaminy gdalore I an aknded rqggmen
{A). Note the dacae of Con-2 cxpesscon & 1he andosne trium of
2 puScmt who dovdopad mmenordin wislle oty @ seuc
comtrace ptive Somzra b Son (B)

Table II. Frgumicy of postive raaction for Cox-l &= the

cadkencri of pascsy with beadtbevgh bicSay duriag the
e of an orul comtrace piive i an cxeadad xgemen acoeding o

£ toackopal patizn

Asmordica By
= % x %
Decdad waem w7 33 iz % Aad
Noa-docsdual stronm 410 40%* a0
l’ L 3 8

*Not &iffer st foen soar-deGdud sncnarrboy p~ 099,
*rSigaficanty pars Sun decdud smmorrhog p~ 0004
PPNt sigzafice ly Efcrent Soen dasdu s hles ding p~ 000,
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Diecussion

The present stdy shows that brealthmugh blesding
during the contineows wse of oml coviracepdives
contaming gestodene is emocated with a significant
mwTeme m positve nuclear sminng of NF-xB n
the endometrium. This suggests that a Hae-up of
mffarmation ot endometnial level is esocated with
the indtiation of breakthmugh blesding in these
patiens,; although not all the mechanisms mwo ved
in this preces are @ yet fully umdemstood. Ohr
fmdings showing the pr=ence of MF-xB m the
cytoplmm of endomeinal cells during the wse of oral
oonimaceptives suggest that the man effect of a
pregestin & to keep the reservodr of this tnsorip-
tional factor dormant in the endomeetrium, only to be
activabed when this mhibitory acbon & somewhat
diminished. This is what oooumns when the effect of
progestin wanes off ather o a result of it removal
from arculation or by the downregulaton o s
meceptir in the endometrivm [3,10,11]. Whenever
this comms, NEcB is sctvaied mmd the ensng
stimulation of Cox-2 expresion mnd other mdiam-
matry cyipkines [10,12]. Ths hypothesis & o
pgresment with previows reports showing that pooe-
g=temne withdmwal trigges the tamskeation of
ME-xB to cell neclei where, following its Timding
to the response elemens m the DNA, there is
m increased franschpton of indismme tonere lrbed
genes such & Cox-2 [10].

Cix-2 will, in tum, shimmlates the smthesis of
prostaglhnding which then affect the intensity of
mensirml fiow md pam [13]. Anodver prostamoedd
ko produced by Cix-2 engmmatic sction is prosta-
cycdin (FGEY), which & a poeEnt vesodilator md am
mhibitor of platelet aggregation [14). As o result of
MNF-xB scivaton in the endometmum, Cox-2 amd
ather genes are turned om, thus reselting m enhanced
mfiarmmation, endometmial breakdown md hileeding.
The enhamced sxpremion of other prondammatery
mediators such as niedeukin 13 and 15 olserved
breakthmagh blesdng during the wme of levonorges-
trel irrplamis i alse in sgreement with tee hypothesis
that an incremed inflammatory resction is the cawse
of irregular wherine blesdmg [1].

The fmdings reported here are ako in agresment
with recent reviews showing thet nonsbemadal amdi-
inflammatory dnegs (MNSAID) are more effective than
plhcetws for the reaiment of hemy menstrm] fow
[15]. The presence of oregular Heeding in depot-
medmxy progestemne e ws alse mone effectively
contmlled with valdecoxib, a Cox-2 inhibitor, than
with paceha | 16]. Prostcpclinisa potent vasodilator
manly prodeced by Cox-2 and the blockade of
it symthesis by selective Cox-2 inhibibors. will cause
vimocomsiTichon md a meducton in endometnial

bleeding [14,16]. The presence of inereased Cox-2
m women; who bleed while in wme of oral contm-
ceptives, & reported here; confrmes previows obser-
vations [17] and abo conders hiological pmsibdiy
frr the use of these inhibittrs I the treatment of
uterine  breakthmugh bleeding durmg  proegestin
thempy [ 16]. The enhancement of the inflammatory
reaction in the endometrum and the sommmence of
breakithmasgh blesding in oml contmceptive users
ame, therefore, two intercmmmnected evends iggensd
by the deese in the mtinflammamnry efec of
the progestin on the uens. Becnme nflammatory
cytokines and prostaglhmdins conshitwbe the umnder-
ling mechaniEm in mggering endometrial Heeding
[13]; the present fmdings thet N B was detected in
the nuclei of endometrial celk in patients with
breakthmusgh hHeeding but ot n the amenorrheic
winen suggesi tat inflammation & constiotve by
activated umnder these cmeumsimees, cnsing bleed-
ing an<d pain smilar to symptoms found in patients
with endometrioss | 18].

Dhring mensmmotion, endometrial bleeding is
inggered by the fall in progesterme  posdaction
mmocmbed with the regression of the corpus Iebemmn.
In B¢t when endometrial stromal celb weme m-
cubated with MO3132; a potent nhibitor of NEF-xB
activation, the imremes in both POF2 2 production
md COX-2 mENA epresion during =stogen-
progesterone  withdrawal failed to oooer [10]. This
supparts the conchsion that esmgenr—proges bemme
withdrawal stmulates COX-2 apresion thrugh
NF-xB acthvabion, thus ssggesting that proges bemme
withdrawal induces the tmnsfommation of the decid-
mlimation-asmocisted hemmsimss of the endometrium
in the hrteal phase to the hemuorrthagic miliew of men-
struation through inflammatory mediabors [10;19].
However, when progestins are wsed in @ oomtinsous
fshion as n extended regimen oml oomimoe phion,
the triggering factor fr NE«B transkecation & naot
homime withdrawal bt protebly the downregula-
ton of progeseEmne reospiom in the endometrium
mduced by the contimeme exposure o poegestin
present i these formulatons [3]. In fact, short-term
Eexposune to mikprsone in mew sartes of DMPA
wis found to nremse the sxpresion of endometrial
mecepinTs v strogms ad progesterme amnd  pro-
mavte cell prokiEmbon, thus segee shing @ suppoess e
mecepinr medinted effect of a progestin on = own
mecepinr [11]. Liewise, n patients wsing a mondae-
phasic oml contraceptive, stromal PR staining was
i g Fcmmyt ]y e woed wheen compamed o e secoetory
phase [20]. In levonorgesine] implamt wsers, the levels
of prrgesterome recephor m BN A in the endometrium
of patients with amenamhea were sgnificantly higher
in subjects experiencing amenairhea than in those
with breakthmugh Hesding [3]. This smuppers the
idea that the depletion of progestemme recephbors m
endometrial cells imdhsce d by the constamd exposume i
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prigestin leads to an enhancement of inflammation
and blesding thmugh the activabon of the NF-cB
pathway. However, although immunchistochemistry

is mn adequat method fbr svahuoating proten sxpres-
sion; valdation by more precke technigues &
regquired belvre a fmal concusion can be reached,

Decleration of imfevest: Huge Maa Jr. declars
that he is a speaker on extended contmception for
Libbs Farmacéutica Lida. The other suthors report
ne conflicts of iterest. The mrthom alme are
responsible for the content and writing of the paper.
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Albstract

Background: The study wes conducied to evaluste vaoulsr endothehal gowth mcor (VEGF), Cox-2 and anomestease expressaon i the
endometrum ol wien with myomes and other assocmted paihologmes

Study Designi Hysemsoopy was performedin 1 18 women o reproduch ve zge with myomes and menorhagma, 40 of whom were wsmyg amll
comizming 75 mog gpesindensi3) mop ethmyledradiol. Ammatase pdS), VEGF and Cox2 expresim was deleced wsmy
immumotndochemmstry. Fuher's Exact Test and the Mann—"Whilney fesi were used m the stuintical salyas, with agnibicance edahlihed
al e,

Resulis: Inpatienis with myomes and menomhaga, sssocmied pihokges such & adenomyss, endometnal polyps and endometnoss were
foumd m 32%, 12% and 17% ol caies, respecively. Ammetse, Co-2 and VEGF expresion wes grester durmyg the prolibersive phese
compamed (o the lulea] phase ol the oycle or followmng ol contraceptve use.

Conclusion: Endogenous progedenme or cominned oral contracepiives are polent minkiors of VEGF, aromatese and Cox-2 expresson m

ithe endometrum ol patenis with m yomes and menorhag,
0 2008 Elsevier Inc. All nghts reserved.

Keyworde  (esindene; VEGF, Ammatsse; Cox-2; Myoma; Mencrrhagia

1. Intreducton

Oiral contraceptives decrease wterine bleeding associaed
with myomas withowt stimmlating their growth [1]. Their
mechanism of action is complex and may involve ot only
the blockade of ovulation but also suppression of lecal
estrogen production throwgh a direct inhibitory effect of the
progesting component on ammatase expression in the
endometrium [2]. This effect was originally repored in
studies camied out with gestodens; however, the suppressive

* Comegponding aothor Centro de Pesgoiss ¢ Asdiséncia em
Reprodociy Homaa {CEPARHL, Bm Ceetino Moora, 35, Sahador
Bahia 4021034 |, Brazl Tel: 455 71 3247 £216; fx +38 71 3238 442

E-omail addvens - ceparhiZoo Loom. br §H. Maia).

00 10-TEX4SS - nee fromt matier © 3008 Eleevier Inc. All rights reserved.
doi: 11014 aontrace prtion B00E (7 (i:

effect in the endometrium has also been observed with other
progesting such as medrosyprogesterone acetabe and dydno-
gesierone [1], Swdies usang human endometrium implanted
in the peribneum of noede mice have shown that the
inhibitory effect of progestiins on aomatase expression
oocurs at gene transcription level, decreasing the synthosis
of mBNA for this enzyme [3] When used in the form of a
levonorgesel-releasing intravkerine device, progesting can
ke efficacions in the treatment of myoma-sssociated menmor-
rhagia, mainly throwgh a local endometrial effect since this
intrauiering system seldom blocks ovulation [4], In this case,
the decrease in the amount of menstneal bleading was
asspciated with a meduction in tve expression of vascular
endothelial growth factor (VEGF) in the endometrium of
these patients [3]. However, it remains to be established
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whethera similar inhibitory effect on VEGF & alko shared by
ofher progesting such as gestodene that are effective when
wsed i combined oral contraceptive pills & treat menor-
rhagia in patients with myomas [1,6]. The ohaervation thet
VEGF mBK A levels in the endometrial sooma were higher
during the proliferative phase than duning the secretory phase
sugpests that endogenous progesterone may have an
inhihitory effect similar to that of levenorgestrel on VEGF
gene transeription [5,7]. In witre stedies camied out using
cultures of endometrial stromal celk revealed that the
addition of medroxyprogesterone acetate to the medium
had an inhibitory e ffect on the release of VEGF from stromsal
cells [R]. Progesterone withdrawal, on the other hand, has
been found to up-regulae VEGF mENA in stroma cells in
the premenstreal phase in the nonhuman primate [9].
Because oral contraceptives are effective in decreasing
menemhagia asseciated with myomas [§], it is impaortant to
determine their effocts on VEGF opression in te endome-
rium, since increased levels of this angiogenic factor are
detected in the endometrium of patients with menorhagia,
thies sugoesting its pivotal mle in the etioko gy of abnommeal
wizring bleeding [10]. However, other factors such as Cox-2
expression may alse influence the inensity of utering
bleeding, since gene transcription for this enzyme comelates
positively with the seventy of menomhagia [11]. In oral
contracepiive wsers, Cox-2 expression in the endometrium is
lower in comparizon with the proliferative phase but not with
the luteal phase of the menstreal cycle, thus sugoesting an
inhibitory rolke for progesimone and progesting in Cox-2
expreszion [12]. Since VEGF expression is also triggerad by
inflammatory modistors and since both estrogens and
prostaglanding may exacerbate inflammation in the wiens
while progesterone exers a confrary effect [2,13-13], it is
imporant i evahmie whether the we of comhined ol
contracepiives interfenres with the expression of angiogenic
factors such as VEGF and Cox-2. In this article, the effects of
an oral confraceptive containing gestodene on aromatase,
VEGF and Cox-2 expression were investigated in the
endometrium of patients with menorthagia cased by the
presence of myomas alone of in asspciaion with other
gynecol gical pathologies, The aim of te present study was
in evalmte the changes in the expression of angiogenic
facirs in the endometrium of oral contraceptive wsers amd
their comelation with the noncontraceptive benefie in the
treatmen t of menomhagia caused by myomas [ 6],

2, Materials and methods

This is a retrespective observational study camried out in
paraffin-cmbodded endometrial tissue samples obtained
from 118 women of reproductive age {mnge, 3549 years)
with symptoms of menorrhagia and an ultrmsonographic
diagnosis of myomas or other asociated pathologics. The
present study doss not involve any direct intervention in
patients or any change i the standard treatment for

menemhagia, and it was approved by the [nstitutional
Review Board, Endometrial resection was performed in
these patients as an altemative to hysierectomy wsing the
hipolar resectoscope (Versapoint, Gy necare, Somerville, NI,
1J8A), & previously described [ 14]. The use of the bipolar
lsoip permits the resection not only of te endometrium but
also of 5 to 10 mm of the underying myometrivm,
Whenever submucous myomas or endometrial polyps wene
present, they were removed during the procedure. Since
mare than § mm of myometrivm is wuwally present in the
endometrial sections removed with the resectoscope, this
allows the pathologist to make te diagnosis of adenomyosis,
In 20 patients, laparoscopy was camied out simmu kaneously to
excie endometriotic lesions after preoperative vaginal
soine graphy revealed the presence o f ovarian endometrioma,
Mo attempts were made to either remove or coagulate deep
intramural nyyomas during lapamscopy or endometrial
resection however, patients with subserous mevomas but o
abnormal uterine bleeding were not included in the present
stidy since only patients with symptoms of menomhagia ane
submitted to endometrial resection in this nstitwion. The
concomitant presence of other patholo gies such as endome-
trial polyps, endometriosis or adenonmy osis in these patients
with myomaimes wien did wot constitwte ¢xclusion critenia for
this shedy. All patients inchsded in the present sudy had a
history of progesterone levels compatible with ovolbiory
cycles and normal thymid function a5 nferred by their
medical reconds, The patients gave their infomed consent to
carry out immunoh stochemical studies for e measune ment
of VEGE, aromatsse, pd30 and Cox-2 expression in the
pamfiin-embedded endometrial isswe removed during tee
hystemacopic procedure,

Endometrial resection using the bipolar resectoscope is
standand procedure for the treatment of menorthagia in our
minimally invasive surgical wnit, and the use of contimsous
oral confraceptives is an accepiable medical indication for
the treatment of menomhagia in Brazl, i was, therefone,
possible to identify 40 patients from their modical reconds
wha, at te time of endometrial resection or myomectomy,
wene using an oral contraceptve pill conmining 30 meg of
cthiny lestradiol and 75 meg of gestodene (Gestinol, Libbs
Farmacéutica, Brazil) in a continwoes regimen, as prescribed
by their atending physician for the rodwction of hleeding and
treatment of dysmenomhea, This specific formulation of oral
contraceptive & the only one approved by the Brazlian
regulatory agency (ANVISA) to be wsed continwously for te
suppression of menstnaton. The time of wse of gestodene’
cthiny kestradiol prior © hysierescopy varied from | to
24 months. The emaining patients had regular menstral
cycles of 2532 days and o history of previous homone
use in the 3 months preceding surgery. The comcomitant
presence of other associated pathologies such as end ometrial
polyps, adenomyosis and endometricsis was confimed
histologically in all cases Adenomyosis was defined as the
presence of endometrial glands in the myometrium af least
2.5 mm from the basal layer, sumounded by hy pertrophicd
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and hyperplastic smooth muscle celk. In patients with
endometriosis, diagnosis made during bpamscopy was
confirmed by biopsies taken at the tme of the procodure.
The endometrium was dated according to histological
criteria Early luteal phase was arbitrarily defined as the
first four posovulaiory days when mitotic figures could still
b seen inthe glandular epithelium, and the late luteal phase
was chamacterized by any endometrium displaying full
secretory changes in the glands andior decidual changes in
the stroma

Alltisswe samples were foved in formalin before they wene
sent to patwlogy. Immunchistochemisgry for pd30, VEGF
and Cox-2 was camied out following antigen retrieval
Arpmatase expression was investicated in 108 endometrial
samples using a commercially available monoclonal anti-
body manufactured by Serotech (Burlington, Ontario,
Canada), clone H4. The presence of Cox-2 and VEGF
immunchistochemical staining in the endometrium was
investigated in |18 cases wsing commercially available
monoelonal antibodies purchased from Nowocastra, Mew-
castle-upon-Tyne, UK (clone 4H12), and Iny itrogen (Carls-
bad, CA, USA), mspectively. Antigen retrieval was camied
out wang Tris-EDTA buffer at pH 9.0 for ammatase and
WEGF and citrate buffer at pH 6.0 for Cox-2. A fier washing
in Tween 20-0.1% phosphate-buffered saline, tissues
sections were incubated overnight with the primary anti-
bodies at 4°C in a humidifier chamber. Blockade of te
endogenows penoyidase was accomplished wing 3% Ho(,
fior 10 min at ropm temperature, The staining reaction was
obtained wsing 3,3-diaminobenzidine tetrahy drochlonde
{Dako, Carpinteria, CA, UUSA). Endometrial sections were
counterstained with Harns hematoxylin for 2 min, dehy-
drated and mounted with Permount mounting medium
{Fisher Scientific, Waltham, MA, USA). Negative contml
sections inwhich the primary antibody was either omitted or
replaced by nomal mowse serum were wsed in all staining
reactions, The presence of armatase expression was raied
cither as posiive ifthere was any detectahle staining reaction
or as negative when no reaction was observed. Placental
tisspe and an atrophic endometrial sample were wed =
postive and negative controk, respectively, inall immunos-
taining reactions for aromatase pd30, For Cox-2 reaction, the
positive controls consisted of samples of lieal phase
endometrium previewsly known & be Cox-2 positive in the
surface epithelium and negative in the glands, For VEGE
tissue samples of a glichlsioma brain wmor were wed as
postive controk, VEGF expression in the endometrial
stooma was rated as diffusely positive, focal or negative,
Con-2 and amomatase expression, on the other hand, was
rated in the endometrial glands or stooma as eiter positive or
negative, Statistical analysis was camed owt wsing the
StatsDirect software program, vesion 23§ (StatsDirect
Lid., Cheshire, UK, X4}, The chi-square test and Fisher's
Exact Test were wsed to compare proportions of positive
cxpression between the various groups. Significance was
csthlished at pe 05,

3. Results

In patients with myosmas and symptoms of menorrhag ia
asspciated with varying degrees of pelvic pain, other
asspcigted patwlogies were diagnosed in a greater number
of cases, In the present group of patients with sympiomatic
intramural or submucous myomas, edometriosis was
present in V1R cases (17%), adenonmyosis in 3TV11R
cases (32%) and endometrial polyps in 14118 cases {12%)

In the endometrium of patients with myomas, anmatase
expression was detecied by mmunchistochemistry in both
the glandulbar epithelivm and stroma, althowsh it was present
more frequentdy in the stroma (73%) than in the glands
{2T%) (Fig. 1) The pecentage of endometrial samples in
which aromatase expression was positive, however, vaned
during the menstrual cycle, During the proliferative phase,
T of the endometrial samples wene positive for ammatase
cxpression, however, this number decreased @ only 1%
during the late hteal phase The peroentages of aromatase-
positive endometria were significanty higher during the
proliferative phase than during e late luteal phase (p00l)
bt not durin g the carly hieal phase (p=.66). In the group of
patients who were using a combined pill containing
gestodene, there was a significant reduction in the
percentage of endometrial samples showing positive ano-
matse expression when comparned to either the proliferative
(P 001} or carly luteal phase (p=.018) of the cycle but not
to the late luteal phase (p=0.99) These nesults ane
summarized in Table 1.

Coo-2 epression was detectod by immunoh istochemistry
in endometrial glands and inthe surface epithelivm and was
negative in the stroma dunng the menstrual cycle, The
percentage of Cox-2-positive glands was significantly higher
during the proliferaive phase of te menstrual cycle than
during either the carly proliferative phase (p=024) or the

Fig. 1. Aromais e exprssion in the endomednal stmma of a patient with an
mmmral myoma and admomyesis. Boen saming i mdiesive of
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Tk 1
Percentyge of powitive ammiznse s saon n e sdametrm | soms-plnd)
doring e menstmal cycle and ©illowing aal comtracepdive e in patients with

Mo man
Ciroips Aromatse positve

' %
Profifrsve phse M T
Farly o] phose 41 o
Tt hoten] phase n 1
(ra] comracepit ve marst® 540

w, b o of cases; N, todl momber of patends.

* Signifimrdy higher thon lse lmem] and oral contracepiive mers
(= 000 {Fisher's Exa Tosst).

8 Sigfimndy lowsr fan prolifeatve phose (pOil) md ealy
Iieal phase (p0) Fisher's Exact Tesi)

luteal phase (p001). However, in the surface epithelium,
Co-2 expression remained positive throughowt the men-
drual eyele with no decrease in smining intensity during the
luteal phase. In the goup of patients who weme using
gestodene/'cthinylestradiol and had no break trough bleed-
g (r=31), Cox-2 expression in the glndular ¢pithe ium
was significantly lower compared to the proliferative phase
(D01 ) bt neot i the carly or late luteal phase (p=32 and
=6, mspectively). However, in patients with break throwgh
bleeding duning oral contraceptive wae, Cox-2 positivity was
detecied i either the glands or decidial stroma in all nine
patients, The percentage of endometrial samples that were
positive for Cox-2 expression in oral contracepiive users
with imegular hleed ng {10074 ) was significantly higher dan
theat in the amenomhea growp (p<001). When compared to
the menstsal cycle, this percentage was significantly higher
than that during the carly (p={¥) and late luical phase
group {01 but similar to that found in the proliferative
phase (p=31). These result are summarnized in Table 2,

Table 2
Cog=2 expression in endomedrial glnds donng the mersimal oyde and
fllvwing oral coniracept ve e I patents with myomaioes ohan

Circeaps i3 positrve Compamsors |
aN %
Prolifersive phase i1} 3037 21 Gl=GE il
Farly hotea] phase (GiZ) i T Gl=G3 <t
Tate hoten] phase ({2 T o GileGe <t
{Cra] comtracepti v nsas 3 W Gl=G 3t
i amencarhea i)
{lra] comiracepti v nees 99 0 GGl e
with breakthrongh
Eikeding i)
Gdnled kv
Gleles i g
GidnGd i
Gdnled <
Cebeid <0

w, mimmib o of cases; N, tofll womber of patents.
* Fisher's Fxact Test was meed.
" Chi-aquar i was med

YEGF expression was detected by immunah istochemis-
try principally in the endometrial stroma, with three patems
of smining reaction being observed duning the menstrual
cycle, During the proliferative phase, VEGF staining was
diffuse, being detected throughout the entire endometnial
stroma in 92% of cases, while in the remaning 8%, the
patiem of expression was either focal (3%) or entirely
negative (3%) (Fig. 2). Following cvulation or the use of oral
contraceptives, there was a progressive decrease in VEGF
expression in the endometrium When compared to the
proliferative phase, the percentage of samples with a diffuse
positive patiern of VEGF expression in stroma was
significantly lower following ovulation, being detected in
anly 33% of the cases during the lake lwteal phase & defined
by histolegical critenia On the other hand, the percentage of
endometria in which o VEGF expression was detected in
the sroma increased o 42% in the late luteal phase. In
patients wsing a combined contraceptive pill containing
geatndene, there was a significant decrease in the percentage
of endometria with a positive diffise expression for VEGF
when compared to nonusers during either the proliferative
phase (p=001) or the lae luteal phase (p={46) of the
menstrual cycle, while the percentage of endometria
showing no VEGF expression in the stroma increased to
S8% (Fig. 3). These results are summarnized in Table 3.

4. Discussion

The present findings suggest that homonally de pend ent
fluctuations in VEGF expression ocour in the endometrial
stroma during the menstreal cyele. Our results show that
VEGF increases dunng the proliferative phase of the cycle
when compared i the luteal phase, and this is probably a
consequence of the wmopposed effect of cither kecally or

Fig. 2. Diffiase VEGF exprassionin the endametrial stmma of o patient with
an intramral myoma. Tiesne sample was obtained doring the pobiatve
plhesseoif e oy le. Borarm st mingg 5 i i tive of poeitive: imommmoneactivity.
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Fig. 3. Negative VEGF expession in the decidna| endometrial siroma of 2
patient with & sobmpooms myoma who had been wxing o onl contmeptve
contining gastodme continoog sy for 2 monge.

o anian-produced estrogens since these homones are known
o up-re gulate VEGF expression in the wiens [15]. Tt may be
speculsted that the increase in VEGF expression indwced by
estropens may have a simulating effect on angiogenesis in
the endometrium, fus explaning te menorthagia asso-
ciated with te presence of myomss, In fact, e presence of
ammatase expression in the endometrivm shows a positive
comelation with the soccumence of menorthagia in patients
with nepomas, In wien affected solely by subserous myosmas,
which are known to attain considerable sizes without
provoking extensive blood loss during menstruation, amo-
matse expression is mot found inthe endometrium, whernsas
it has been detcted in 2 sgnificant number of patients with
intramural/submucous neyomas and sympioms of menor-
rhagia [2]. This is in agreement with the hypothesis that
estrogen probably promotes angiogenesis in te endome-
trium by up-regulating VEGF eopression in both glandular
epithelial and stromal cells [16]. Altwough VEGF expression
was assessed only semiquantitatively in the present study
and no comparnisons were made with respoct to the levels of
expression in pathology-free wien dunng the mensirsl
cycle, previows studies have already shown that VEGF
expression is greater in the endometrium of myoms-hearing
wter than in the nomal wieres [1T]. This is in agreement with
the hypothesis that aberrant amomamse expresson in the
endometrium of myomsa-beanng wteri will further stinmulat
angipgenesis in this tiswe during the proliferative phase,
since local estrogens may poicntiate the effect of the
systemically produced homones, further stimulating
YVEGF expression in the endometrial stroma However, this
remaing poculatve and further stdies are necessary to
confirm this hypothesis, Animal studies have shown that the
promating effects of estrogens on endometrial angiogenesis
are moedisted by the increase in VEGF expression, thus
suggesting that the blockade of VEGF action may curb the

stimulatory effects of estrogens on angiogenesis [1E].
Angiogenesis, increased utering inflammeation and shnormal
aromatase expression in the endometrium are freguently
associted conditions that support the pivotal mle of
estropens in the development of variows wienine pathologies
asapciabed with abnommal menstreal bleeding, pain and
increased inflammation [13]. The clinical association
between VEGF expression and abnormal wterine bloeding
became evident in a2 recent stedy, the resuls of which
showed that when there was ahigh prevalence of myomas in
familics, both the sevenity of menomhagia and te intensity
of VEGF expression detected in these tumaors werne greater
than when these tmors were found in families n which their
occurrence was sporadic [19]. Likewise, in patients with
adenomyosis and menomhagia, YEGF expression in the
endometrium was stronger than that ohserved in paticnts
with asymptomatic myomas [ 10]. Since aromatase expres
sinn is absent in the endometria of patients with asympio-
matic subsemows myomss [1], these findings support the
concept that excessive exposure of the endometrivm to
esrppens probably plays a pivotal mle in up-regulating
YEGF production and angiogenesis during the proliferative
phase, thus exacerbating uterine bleeding during menses,
Previous reponts have shown tat aromatase expression is
detected in the endometrium of patients with adenonmy osis,
endometriesis and endometrial polyps, this supporting the
caal relationship betwoen local estrogen in the wiens and
the development of these pathologies [220-24). Local
estrogen production will up-regulate both VEGF and Cox-2
expresgion in the endometrivm, theeby exacerbating the
symptoms of pain and bleeding during menses, Based on the
resul of the present study and previous reports [ 2,230,223, 23],
it iz, therefiore, plasible from the biok gical point of view to
conclude that menomhagia ssseciated with the presence of
myomas and other wierine pathologics may arise & a
consoquence of this local increase in estrogen synthesis
caed by aberrant aromatase expression in the endome-
trium, although this remains to be confimed. Howewer,
tissue levels of prostaglandin Fa, were found to be

Takile 3

Driffizs e VERP- proesiti ve statimi mog, i endomesial 5&oma doring the menstnml
cyde and folkwing the we of oml conmacepiives I patiers with
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Snmg
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significantly higher in the nodule and comesponding
endometriom of women with suboueows and intramural
myomas compared to cases of subsermous myomas or
pathology-free wter [25]. Since Cox-1 expression is wp-
regulated by estrogens, these results are in agroement with
thee fimdinegs previowsly reportad by our group that ammatase
expression is deected in the endometrium of wteri affectod
by indramural and submecous myosmas but not asymptomatic
Abaemows ones [2,25], The association of myomas with other
pathologies in which ammatase is also detected in the
endome frivm, a5 reportod here, further supports the concept
theat thiese patholegies kave commaon pathogenic mechanisms
[2,20,22]. Ammatase expression in the endometrium will
create a hyperesrogenic miliew in the wens during the
proliferative phase of the menstneal cycle, leading to further
enhancement of he expression of angiogenic and inflam-
meatory factors such & YV EGF and Cos-2, which will trigger a
comstant sake of inflammation that will predispose o the
development of pathology [13,26]. The brief exposure to
progestemne in nonfertile cyeles may mot suffice to abate all
these changes caused by this local hyperestrogenism,
although aomatase, VEGF and Cox-2 expression is lower
during the hteal phase in response & the nsing levels of
progestemine, a5 reporied in this article and inother previows
papers [2,12. 23], However, a longer time of exposure to the
anti-inflammatory effects of progesterone may be required in
onder to cawse regression of these changes in uten affecied by
pathologies, since progesierone withdrawal prior to the onset
of menstruation will trigger the activation of these
nflammatory mediators, including the up-regulation of
mENA levek for VEGF [9,27). One practical way of
achieving thiz is through the continwows wse of oral
contraceptives. Our ohservation that there was a significant
reduction in VEGE, aromatase and Cox-2 expression in the
endometrium of patent previously treated with combined
oral contraceptives may explain some of heir noncontra-
ceptive health benefits in the treatment of menomhagia
associated with myomas and other uterine pathologies [6].
Studies using cultured leiomyoma cells have shown that the
blockade of aromatase expression with letrozole i effective
i inhibiting esrogen 2y nthesis nduced by prostaglandin E,,
thus awgmenting myoma cell death in viro [28]. This
agpests wot only that asmatse expression plays a pivotal
role in the survival of myoma cells but alo that tere is a
need for further investigation of the wse of ammatase
mhibitors a5 a therapeutic option for $e teatment of
kiomyomas, In this spect, it should be emphasized that
progesting present in e formulaton of combined ol
contraceptives ane potent inhibitors of ammatase expression
i the endometriom as shown in this article and in previos
reports [1,3,23]. The inhibitry effect of progestinsg on
ammatise expresson may provide the basis for their wse in
the treatment of menomhagia asseciated with myomas and
ofher wierine pathologics [6].

The results reported in this aricle suggest that these
noneontraceptive health benefit associated with the wse of

oral contraceptives may be a consequence of their suppres-
sive effoct on the exqpression of angiogenic and inflamma-
tory factors in steroid target tiswes such as the endometrium.
This provides a rationalke forthe wse of oral contraceptiives in
the management of menstnslly related symptoms simoe
many of the health benefits of oml confraceptives on
menomhagia and pelvic pain are a consoquence of their
curtailing effects on inflammation at te endometrial level
thus explaining their frequent wse in the treatment of vanoes
gynecolegical conditions asseciated with increased inflam-
mation [6],
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Is aromatase expression in the endometrium the cause
of endometriosis and related infertility?
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Alwtract

Aromargse sppression in the endomerrom sssms oo play o pronad nolein the devsbopmenr of snd ometronc lsms. Beranss
inflammarary mediarors such as prostaglandin B2 appear to actwmne aomanass in the cellks of the endomemial smoma, i was
hypothessad T fie emung sdammain qused by fie amval of aromamse posnre celk mothe permonesl ey would
sumulae loca eswogen production, which would in rum Salirae the derelopmenn of endomernionic lesions by suppressing
macrophage phagoopross. Ao marass expression in the emopic sndomermm will akeo hamper awm nidaion, fie cmsing
indarility. Progesming, such as gestodens and danaznl, are porent inbdhitors of aromanse expression in the endometrinm, and
the we of vaginal rings with damawal in deses thar do not Black svnlton & ssociaed with the acowmence of pregnancy in

patens with sewere sndomemioss withour the nesd for

. A loral et on the endomeminm suppressing aromanse

expresion has bem suggested a5 a possible mechanizm of acion for the danazal ring.

Keywords: Aromacre, sdowemii, sdovemion, ey, dmars)

Int rod e tom

Endometricss & defmed = the presence of endome-
trinl glomds omed stoma owiside the wierns, most
commaondy within the pehvic cavity [1,2]. The curment
clnical defmition of the dieme mvolves a wide
spectnem of sympoms mnging from dysmenaorthes,
memnvrthaga and chmonic pelvic pain to infertlity,
although @ cerain percentage of women may be
asymptomatic [3]. However, fom a medical paint of
view, disemes are only diagnosed when they provoke
symptoms resulting in motidity; there fore, ncdence
rather tham prevalence should be wsed in the evalua-
tim of endomeirioss, becmme ths will exclude
women with m symptomatic frm of the diseme in
whom the condition was detected during unmelated
surgery. A bmad defmition of endometrios® should
thus be wmed, comprising not only the presence of
ectopic endometnial tswe within the pehic canvity but
akoevidence that the lesions are active and provoeking
symptoms [4]. The medical or surgical treatment of
endomerioss md s related symptoms present
several umme solved challenges, becmse, despite hemg
effwmcious in the short temm,, they are ssoced with

high mtes of reoumence following dscm tinuation of
therapy [5-8]. There are several explanations for the
long-term falure of endometrioss tempy, but one
likely mionalsation & the renmpbion of menstmm-
tim. An inmgung spect of this problem is that
retmgrade mensinotion & o sk acnr for endome-
triods e certain group of patents, bt not inothers
Y. Although retmgrade menstruation seers to e a
rather umiversal phenomenon that affects almost S5
of women during menstnuation; endometrimsis oo
in a much smaller proportion of casss [10;11]. This
discrepancy may provide important cues to the
eticlogy of endomeirioss, which may affect mamege-
mment strabegies. (e fimd ome sl issee relaied o the
trestment of endomeirioss & whether this disesse
consits of one single pathdogical svent in the
repmwductive life of a woman that can be resoheed
with a specific form of trestment or whether it is 2
chromic, recumrent condibon that may be contmelad
but never completely cured [12,13]. The answer o
this fndamental question may lie in undesandng
the pathogeness of endomeiriosss; md ths brings us
back to the importnt ssee of retmgrade men st -
tiom [2,14,15].
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The amswer to the guestion of why retmograde
menstrustion does not result noendomeriesis m all
patients may provide cwes i explain not only the
etivlogy of this disesse but ako the high recorence
mtes Blowing both medical and sergical modes of
treatment. The explmation fir this may lie in the
endomeirium fself. One mportant spect of the
pathogenesis of endometriomis is whether or not thene
are differences with m=pect to gene expresion
hetween the artopic endometrium of these patients
andd the endome trium . of disease-free women | 16,17].
This guestim is fundamental not only i umder-
stamsd ineg thee bamic aspects of the disesme prooss, bt it
may ks be phvotal for the design of bhetter thera pewtic
appmaches. The main dmwhack in the trestment of
endometrios & that is long-term eficacy has ot
yvet been established, becnme most of the mets-
amalyses camied ot so Br indicae high reoomences
mtes following the dscontmmtion of both medical
anad surgical trextment modalities. [6.8,18,1%9]. Never-
theless, mther than ek of ety of the varios
surgical amed medical appmoaches for the treatment
of this disease, these high recummen ce s may reflect
mure subtle differences. between the endometmium
of women with endometnisis and that of disese -fres
patents, redsposing the former to recorence
[14,15]. Ther=fore, the Achilles heel of endometrioss
trestment may lie m the end ometrium isell and n the
widespread oonurrence of retmgrade menstrustion.

Ammarree expression (8 oz aoopl srdonmernim

What, then, would he the diferences betwesn the
ewtopic endometrium o patents with endometrioss
mnd that of disese-free pabients that could predis-
pose the former to trestment Gilure amd the
oonsegquent retumn of the condition? The answer bo
this gquestion may ke in the abnommal expresion of
the ammmatase encyme, which may be detecied in the
ewtopic endometrium of patients with endometriess
but mot in disease-free wimen [14,16,20], althoegh
this has mot been reported in all stodies [21]. These
discrep ancies, however, may be explaimed either by
ciffieren oes. in the senstivity of the tec hnigques used or
by the stage of the menstruaml cycle in which the
endomeirial sampes were chimned, becnse amma-
tase expression & detected less fregquently during the
heteal phase [22,23]. Besides endometrioss, amma-
tame expremion mthe endometriom is abo detected
m mtfients with adenomyoss, endometnial polyps
and myanas [ 2-27].

The abmrmal expression of aromatse o the
endometrium & provbably main@ined by the oonstamnt
exposune of this tssee to ndlammatory mediators
[28], becmme E-type prostag andins may activate the
gene for aromatase [27]. However, pristaglmdin E2

45

only stimulates aromatse n the endometruom o
which basal levek of this encryme al ready exdst, having
me effect on the ammatese-negative endome rium of
diseme-free women [17,27]. I & not kmown which
Bctors, tnigger actvation of the ammatese gene in the
emdometrun, however, the cocuwrmence of incessant
menstruation may be a risk factor [3,16].

The mole of aomatase in the deoelopamon

af ardomemosi

Dring retmograde menstruation, endometrial o=lls
maybe carried to the pelvis, which upon their armival
there would trigger an intense india mmatory resction,
brngng an efhx of immumelogically active c=ls
meclwding macmphages amd nofural killer (NED) cells
tor clear the menstnual debris [ 16,29-34). However,
this intense inflammamry resction would generate
great amounts of prostaglandins and other mfiam-
mamry mediators that cmld stmulate aromatse
epresion exponentially n endometrial cells that
alresdy hove bamal levelk of encyme expresion, but
mot m megative celk [27]. The ree m aromatse
activity will trigger a local prodwchbon of estmgen,
which will firther enhance prostag andin synthess by
activating the cycksoxygenose I enmyme. This will
ultimately create a vicous copcde of augmented
mifammation amd amomateses expression, amd the
mesulting excesive local estrogen production would
Bdliate the mplmaton of edometrial ek o
the peritmeum [16,17,3] by sparing them fom
desiruction by actvaied maroplmge md NE oelk.
The wheevations that estrogens are known to inhdbiat
the mechanisms of phagecytosi by macrophages amd
MK cells are i agreement with this hypothess [28-
Y. One common example of this effect of estmgens
& the welbknown decrease in bone psorphon
indsced by estmvgen, becmme mteoclasts are mod-
ihed mmmphages that respnd to estogens by
decresming phagecyisi in the edmeslular matnix
of the one. Ammatess -negative endome trial cells,
on the other hand;, would be elminated fom the
pehvic cavity in the doys llwing menstruation by
activated maomphages and NE cells;, beomse pha-
gooytosEs woukl not be mhibited by the local
production of estrogens [28,31,32]. The high recur-
rence mates of endometnioss even afer sxeosssful
me dical or surgical treatment may alse be explained
by the mplmistion of newly amved;, aromstese-
postive cells follvwing the resumption of mens -
tion, becmme the underdying cmme in the endome-
triem ws mavt onrrected | T8,19].

This makes endometrimisa chmondc condition that
may he contmlled but not cured unless aromatase
expresion in the sutopic endometrium & suppressed
[33,16,17]. Thi suggess that the comiml of
endometrioss may iy be achieved by suppressing
e st ation.



Medical rrearmenr of endomarniogis

Dimegs that suppres ammatese axpresion or msd-
ulate immmumaelogical actvity would be expected o
play an mportant mle n endometnesis therapye [34).
It was recent]y reported thatamma @mse inhibitors may
he effective in the trestment of tnuswally agEressve
forms of endome rios & mspcated with high level of
ammatese expresson [35]. Ammatese &, thenefone,
crecial not only in defining predispositon to the
development of enddometriosis, but also m determin-
ing the aggressivenes of is cinical coumnse [34-36).
However, the use of cumrent aromatase inhibimrs in
premenepaesa ] patients may lead to high FSH levels,
which may revoke the inhibitory effect on ovarian
stemidogenesis, cmsing @ mhound mreme in
cimulsting estmogen kevek. This may diminsh some
of the adhvantags of wng ths medicabon. (One
possible solution & the use of combined oral contra-
ceptive plls, not ondy to suppress elevated FSH bt
ako to prevent the onset of osteopomsis, which may
impede the lmg-term wme of this drug n young
women [37]. In addition, the cost of these medica-
tisms e presents another drawback

one and progestins are ale to suppres aromatse
expression i the endometrium and i penpheral
il e ooy [ 38 ] by cheecne v neg e e tramser iption
for this enyme [2,39]. The mhibitory efiect of
combined oral contmoeptives on ammatase expres-
sion may be one of the mechanisms rsponsible for
their therapeutic efects on endometriosis. The
eficacy and the kvw incidence of side effects with the
wme of oral contraceptives rendder them an ideal
medication for the suppresion of menstruation amed
amTEtEse expressen in pabtent with & ndometnoss
[22]. Short-term trextment with CmBEH amalegs will
halt the disease proosss only Empomrly;, becase
their poknged wse is contrmindicated mot only
become of the msls msociaed with the resuling
hypoestrgenisam bt ako m view of the high cost of
trestment Becmme GNEH -mdhwe ed by poes trogendsm.
will alsy wltimately lead to suppression of aromatse
expression in the endometrium, the blocksde of local
estmygen production i, therefore, one the mechamismes
of action of this dmeg in addition to ovelaton
suppression [ 24]. Becmme oral contraceptives. are able
oy mooorplish the some feat ot @ much lower oost amed
with sube tamiially fewer side effiects, they should be the
furst lime of therapy for the contra of recurmences of
endometmioss. In fact, thee is oo evidence that
GnFH oolwygs o any more effective than oml
cimiraceptives m the trextment of endometrimis-
related sympiovms [ 4] . Combined oml contraceptives
cimtminmg gesixdens and ethymylestadiol, when
given contimssly, are efiective m preventing the
recumence of endometrios followng  lapamsoopic
surgery when compared to o trestment [41]. The
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presence of ammatese-positive cells o the swtopic
endimetnum, rather than the folure o emxdicate all
leions, may be the main culprit for the recurmenice of
endomettioss [42] follmsving swocesfil surgcal treat-
ment, becmme the resumption of menstrdion will
camy these cells mck inte the pelvic covity I a
retmgrade fashion [ 16,20,24].

Trearmant of srdomearrions i il farimn

In mfertile patients, the ideal medical trextment
would consit of the mhibiton of aomatese expres-
sion in the endometrium without the conoomtant
suppresson of ovulation; however, this is a reguine-
ment not fillilled by mist of the medical treaments
wming currently mailable progesting [43].

Danazol is very eflective m contralling endome-
triesis sympinms swch s paing however, its amdro-
genic side eflects swch =& ody sking hrasbism and
weight @ain may aflect patent compliamce with
trestment [4—-48]. The delicaie mlmos between
efficacy md side effecs may be achieved by ming
other mutes of administmtion. Although damaeol &
able to suppress ovulation, there is evidence that it
may have a kecal effect on endometrioss and in the
endometrium by suppresing the aromatase encyme.
In adenomyis, the use of daneero] was effective in
inhibiting ammatese activity both ot gene tmnsonip-
tion amd encrymatic levels [ 34].

The vagimal wse of damasal

One of the benefris of the we of the vaginal roste for
the adminisiratin of danam] is avweddam ce of the frst
pasage thraegh the liver. Because the vaginal marte &
lem effective in bowering 5 HECE level compared i the
oral marte, free testosterone level s amd the meidenes of
mdmrgenic side eflecis will be ower. Another
is that the concentmation of the dreg reaching the
uterus may be higher than that achieved by the oml
riwe, althouwgh systemic level will be lower. This
theoretically would result in smilar or even greater
efficacy in the contml of the sympoms of endome-
tricsls withmuch fewer side effecs. The vaginal u=e= of
daneed may alse allsw ovulation o oooer, becnsme
lower cimulating levels of the drgg may be msufh-
cently high to prowvoke amovulation [49). Initial trials
using dameenn] ot a dose of 1500 mg n a vagnal nng to
e replaced every 2 months showed that it wes mdeed
possible to treat endometrios s-related pain without
blocking ovulation. In additon, sgnibicmily fewer
side effects were meported compared with thise
observed when the oml marte was used [4549. Most
imprtant]y; becmme ovilation was not Hocked, over
half the mfients hecame pregnant while wing the
danasal-loaded vagmal rng with no uniowand «flecs
on the ongning pregnamcy [49. Alhough the effecs
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expresion in the endometrivm wene ot et gated
m this prelminary cinical shedy, it & poesble to
msume that the benehcial effecs on both ity amd
om the sympooms of end ometmios s may be the result of
adirect inhibitory effect of dameed on ammartese gene
tmmsaiphom a5 shown mevimsly im oo [24].
However, danaeoe] may alse hove other effects o
endometriotic lesions n additon to inhibiting aromna-
tase; because kecal danan] thempy may alse reduce
endometnioss by direc y suppressing [DNA synthess
or mduc g apoptosis in endometriotic cell [$6,47).
The inhibition of aromatese expressim in the en-
dome triom may alse be one of the mechani=ms of the
pain-reducing efiecs of danomlconteining vaginal
rimgs in patents with endomeiniosis of the ovary amd
vaginal sephum [24,4%9]. The report of the eoomrence
of mgning pregnancies in these patients is ako m
agreement with the hypothesis that daneea exerts a
local eflect on the endometrium cosEtng of both
ammatase inhibition amd the consegquent improve-
ment m ovum implmtation mates. Hecently, the
pr=ence of ammatase was reported to decremse
endometrial receptvity to implantation n oo o
fertilmation cycles [50. Because domarn] suppreses
amvmatese expression at geve msoiphon kevel, it is
possible that this may have oocurmed in those patients
uming vaginal rings kaded with this dreg, therehy
mwrexing endometrial receptivity to implhn@ton of
the fertilised ovem [24,50]. The mmdigm of en-
dometrioss and inkrility may be explaned by the
presence of amatess egresson o the endome-
trium, which fovours the sundval of the shed
emiometrial celk i the peritmeuwm while simuba-
el y o neg suhdertil ity by dece ssing the mplan-
tation mbes of the fertilised ovum in the whenes [50.
Muaost importantly, in patients und ergoing IVEF treat-
ment, the wme «of danoed befire the indtation of
ovarian shimulation almest douhed the raie of clndcal
pregnandcies, and this effect may be atribited tobetter
endometrial receptivity schieved with the prior wse of
damares] [51). In this aspect, inhibition of amomatse
expresion in the endometrivm woukd be 3 plnsible
biclogical explmation for the fertility enhancing
effecE of vaginal dmero] in endomeinioss patends.

Comnclhesion
Endometriosis may an endometrial diseass;, because
the expression of the ammatwe ewryme o the
ewtopic endometrium may be pivotal inoestablishing
the disease process. Local estmogen produchon in the
endometriotic fisd may suppres their phagooytoss
by perimneal macmophages ond MK cells, therehy
fadlitating ther mplmtation snd development m
ectopic locations m the pelvis [32].

Danazd and prgesting, suwch o gestodens, ane
able to suppres smmatse activity in the emdome-
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trum,;, thus explaning their efficacy in the treatment
of endometriosis [ 22-26]; however, all these medica-
tions alse suppres ovulation at the dosss curmrently
umed, and are ther=fore umsuiable for the treatment
of endometnims-related inderhlity; althowgh they ame
eflective in treating pam. The initial reulis obimned
with vagnally administered danaee] suggest that it is
poemible todesign formulations that ewert kecal effecs
on the wberus and on the symptoms of endometrioss
without blocking ovulation.

The pesshility of treating endometnoss by sup-
Pressing amvmatese expression ot endometrial level
withouwt blocking ovulabion may represent @ e
adhancement in the management of endometnioss;
particularly in the mfrtile patient, becnme this frm
of management would comect the primary defect m
the endometriom withowt comprmising fertility by
blocking ovalation.

Decloration of indevest: The suthars meport nao
condtics of mErest. The murthors alone are respon-
sihle for the content and writing of the paper.
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The effect of oral contraceptives on aromatase expression in the eutopic endometrium of
patiens with endometriosis.
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The effect of oral contraceptives on aromatase expression in the eutopic
endometrium of patdents with endometriosis
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Alwtract
Chpeersme.  Tio determine the sfiscrof oral oo traceprives anrreining gestod sne on aromamse sxpresgnn n the sdomemmm
of panenms di Wi e e s

and satieds.  Pndomerrial bopes were mhen ar the time of hparosopy in 40 padents ah endomertriosds, 16 of
wham wae usang an oral conTIcg e CONmInng gastadens ar the nme of hparesoopy. The remaming 24 s were
recefving na form of trearmens forendomernios i, End omemial biopsies mhen fram 235 patens with normal echographic signs
and mo symgroms wers ussd & oonmols. Aromarase expresion was salumsd in sdomemial samples using
1 ook ch e sy
Fauln, In the unmeaed, sprpmmaic sndomemioss (aniams, A0MaEss Sprs s was detecnad during the prol deratee
phase in #2% of canes, while in the spmpmmefres mnmral patienrs aromares s wan cxpressed in only 9% of cases. In paniems
with endnmenrios i who wene nsing orad conoraceprves , thene were i grificanthy e mess of posimive snd omemia comparsd
with the nnmeared patens with sndomemioss (6%
Concluman.  Oral contraceprives conmining gmmdens are effactive in decreming aromarase srpression in the sumpc

endamerrnm of patens with and e o

Keywords: Endomernion, aromaranz, gerradene, sadomemiaes, meneneal oyl

Imtrod uetion

The sutopic endometrium of patents with endome-
trisis i capable of abermmt]y expresing the encyme
ammatese, which stmulates the tamsfrmation of
andrrgen precuwrsers ntoe esirogens [1]. In the
endometrion, the momatwe geme B sctvabed by
inflammatory mediators sxh = postaglmdin By,
thus establshing a vidous cide betwesn inflamma-
tiomn and local esimogen production. This mechani=n
is greafly enlanced durmg menstnmtion when en-
dometrial celk capable of expresing ammatese are
transported e retmogTade fmhion indoe the perboneal
cavity, thersby triggering an mvtense inflammamry
response that will vhimaely sugment amomatse
mctivity exponentially [1,2]. The mdwcmg efecs of
pristaglanctin E; on the pomoter of the ammatase

gene B ohserved only n endomeinial cell foom
patients with endoemetrioss, being absent m the
endometrium of disesse- bee women [3]. This locally
inremmed esirogen preduction & thoweght to play a
pivetal mle in the mechanizm of mplmtation and in
the development of endometmiotic lesions, sSnoe a
hypersirogenic milien & known to be o Bol ixbng
fxctor fr the development of endometriosis [1].
However, the relationship between amomatase expres-
sion in ewtopc endometnial cells owd the capacty of
these celk to mplant in the perioneal cavity, thus
smoaping the smvellmos of the immunaelegical
sysiEm, & mot yet ful by undemstond [4). The ormonal
and inflammamry facters that regulate ammatase
expression in the endometriem. are thersfore impor-
tant for the smvival of endometnal celk o the
peritomeal cavity, ther subsequent implantation amd
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the frmation of endometriotic lesions [5]. In patients
with myomas, ammatese expresion in the endome-
trium is kower during the hrieal plase, thus suggesting
mn inhibimry effect of progesterone [6]. Smmilady n
periphenl macrophages, ammatese expression ws
ko fund to dimnsh signibcantly durmg the lute=al
phase compared with the other phases of the
menstrual opcle 7], Oral contaceptives [((Cs) and
damare]l are able to mimic this mhibitory efect of
et PIEESTETE O AMNTARESE EXrESSK
when med in patents with sdenomyoss [B9.
Aromatae inhibiters, ether alone or in combination
with (s, are ako efectve for the trextment of
endometriotic lesons nclwding these with aggre sive
climical behavior | 10,1 1) . Morsover, when (s were
med m an extended regmen in patents with
endometrioss wha had been sucosshelly treated by
lapamscopic surgery; they were foumd to be mone
efecte for the trestment of pain recumence than
when the msme contraceptives. were wsed oyclically
[12,13]. These non-contraceptive health bene fits of
the pill in the treatment of endometniosis-related pain
are probably a conse gquence of mhibition of o keox-
yEename-2 (I X-2) expression in the endometrium
and the oomsequent meduchon in prostglandn
prodection m this tssee, although other mechani=ams
may aka work synergistically, mehwding the suppres-
son of menstnestion isel [14,15].

In the present obsemational, cse-oontral stedy,
amvmatese expression was nvestigated wsing immu-
nohismchemical methods in embometrial hiopsies
ohtined from patients with a laparsoopically proven
dizgmoss of endome trios &, wha were ather untreated
or lad been wng OCs containing gestodens m an
exte nadled regimen prior to surgery.

Potent amd methods

This was a retmspe chive, ohservationa) shed y carried
out in paafm-embedded endometrial tsse to
detect aromatse sxpression in both untreated amd
OC-treated patients with endometmioss. Endome-
trial hiopsies were perfvrmed wing 2 4 mm Kammam
catheter (IFS, USA) m 4 patients submitted to
bpamscopy and hysteromcopy for the treatment of
endometrioss m our instteie betwesn Janmry 20405
med Janumary 2007. All patienits submited to ths
procedurs had a history of pehic pain ssecated or
it with abnormal whrsonaegraphic fmdings. In this
group 17 mtents lad a hisory of pelvic pain and @
previos. disgnoss of ovarian endometrioma made
following ransvaginal sonography (TVS) and con-
frrmed by lapamscopy. In the remaming patients
(n=213) preoperative TVS fmdings were normal bart
peritmeal foci of end ametrioss were detected in the
Dougle powch; bladder, pertoneum and booad
lizament dunng lapamscepy. Patients with nommal
wten @t somgraphy bt who were refermed to our umdt
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for hystereoopic svaluation of the werme ondty,
mcluding endometrial biopsy, as mrt of the diag-
nostic work-up mrior @ o piro ferbltation poece-
dures because of male-factor indertiy, served o=
smptem-free contmb (r=213). These patients had
ner hisiory of pelvic pamn or abnormal wierine
bleedimg; and the uwterine oty was normal at
hysteroscopy. Laparmoopy was camied out moall 40
patients mat only to confom the diagnosis of
endometriosi bart also to coagulate perioneal lesions
or to dran and excise vanan endometriotic oysts.
Fhysterms copy and endometrial biopsies were comied
out conoomr tandly. All patients were inchsded n the
present study retrspectively and had proges temme
level compatible with ovielatory cycles and normal
thymid hmction = infemed by ther admision
medical recomds. At the time of lapamscopy and
emdovmetrial biopsy; 16 patients with endometrioss
were mmg an (0 contmming 30 g of ethimd
estradio]l and 75 g of gestodene (Gestinel ®; Libbs
Farmacéutica, Sac Pauky, Braedl) n a oontinsoss
regimen & prescribed by their athen ding physician &
ameliorate pelvic pain amed wienne bleeding. The
dumtion of OC trestment varied between 2 and &
months in 15 pabents, while e patient with an
ovanan endomettioma had been using the palls for 24
manths, In the untreated patents with endome trio-
s, laparascopy was carned out in the prolifemtive
phase of the menstnml cycle. All pabenis wers

premenapansal and were in the 22- to dd-year age
bmacket

The emdometrial sampes were feed In frmalin
1% before being sent to patholegy. Immunehis-
tochemisiry was camed ouwt follwimg antigen
reimieval to deect the presemce of amomatese pd 5.
Aromatmse expression ws nvestigated wming a
oomomercially mailbble € mmockoal | anbibody
(MCAITT, done HEg Semtech, Ralegh, NG,
USA). Antigen retrieval was carned out using the
Trs—ethylenediaminetetrascetic acd bufler ot pH
B0, The resction was revealed 1ming the stvepravi-
din—hiotin methed. The prsence of sTomatse
expresion wis rated either = positive i there was
any detectable staining reaction o negtive when no
exion wm deeved Phomtal tisuve md am
atmphic endometnal sample were wmed = positive
and megative contmls,; repectively, in all mmumses-
taning mactions for ammatase pdS0. Statistcal
mnalyss was camed ot wming the Stats[Mrect
software pogram, vemsion 238 (StasDirect Ltd,
Cheshire, UK, 2088). The 3* and Fiher's exact
testx with significance established ot p < 005 wene
wmed to ovmpare proportions of aTMARse EXpres-
sion i the endometriom among the three gowps:
unireated, symptomatic ewdometnioss  patients
(m=24); O wmems with endometmioss (n= 16);
and mympiomatic mtents with nommal fmdngs at
TVWE (rn=13). Patients inchadied in the present shsdy



gave ther informed consent for the immunohisto-
chemmcal shudies to be perfrmed on the biopsy
SPECiTIETS.

Resulix

The pmporben of pabents with pertoneal amd
ovanan forms of endometrioss was the same in both
O rireated and umivexted mtients, == shown in
Tahle I. However, n all patienis previously e abed
with gestodene there was a vishle reduction in
inflammation and leson veodanmton, which wes
observed during the lapamscopic proceduns. Endo-
meinial hiopsies taken of the tme of hystermmoopy
showed proiferative endometrium in the untreated
patients with end ometrioss. In patients wsing am (2
containing T3 g of gestodene with 30 pg of ethiny]
estradiol, the most common histokygical fEeature of
the e ndome trivm wa s & ther de adual stroma m 12716
[(TT%) of the biopsies «r atmophy in the emainng
(o

Ammatwee expresion wis detected by mmumo-
histochemitry in the eutopc endometnum of
untrested, symptomatic patients with endometrios
im 2224 o, (92%:) d uring the prol ifer the phase of
the mensinm] cpcle; bt was seldom detected in the
endometrium of symptom-free contm] women (2723,
9%). This difference was statistically =gnificant
(p<0001) In endometrios pabents not wsig
Ok, aromatase expresion n the ewtopic endome-
trium was present solelyin the stromainm 1724 (71%:)
of endometrial biopsies, while the glmdular epithe-
Im wes pewitive m 324 (13%) (Figure 1) In the
TEMEMnG CEe, aromatase expresion was either
detected m both ghmd and stroma or the endome-
trivm was negative (Table ). The difference
between sioma and glmds in the perceniage of
positive  aromatese  expression was  sgnibcant
[ g = D] )

In endometniosis patients weing an (M oomt ning
gesindene ot the time of lapamscopy, ammatse
expr=sion in the swbopic endometriom wes de e ched
in only one came (1716) (6%), being negative n the
rest of the patients. Th aromatese-paositive patient
had wmed Ols for 4 weeks and ot the tme of
lapamscopy she had a 7 on hemomrhagic functional
ovarian <yst and multiple scattered endometriobic
lemions in her pelvis. Thers were alse thick adhesions
between the oolon and the posterior part of the

Tasle T Pfabe | i o v o 21 ¢ snconincd S &5 i sk e ke ol ot
sl walh ol cosiras o a (D)
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uterus, obliterating the Dougles powch. The differ-
enoe in endometrial aromatase expression between
untreated and (C-trested patients with endome-
mioss was shtstclly sSgnificmt (g 00010
However, there was i sign ificant difTeremnce betwe en
OC mem aned sympinm-free contmls dunng the
proliferative phase. These results are summartoed in
Tahle L

=g ussiom

The present study condfirmed previous. observations
that aromatse sexpresion is present in tee ewbopic
endometriom of endomemies patents, while it &
ahsent m the endometrim of disese-free
women. These resuls are in agreement with recent
obsenations that aromatee expresxion & debected
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by mmmohistechemisty in endomemote  tssee
anad that it corelates positively with the severity of
the disease [16]. Ouwr fmdngs that ammatse
exprexion is detected mainly in the stroma of the
Ewtopic endomettum is n agreement with prevous
shudies showing a direct relationship between the
amount of stmmma present i endometriotic lesions
mesponsveness, [ 17]. Similar to the sutopc endome-
trum, aromaiss expremion in the endometriotic
focd is ako present mosdy in the stroma amd is
greatly stmulated by prostaglmdin E, [1,2). The
stimuilation of ammatese expresion by inflamma-
tory medistors is one of the key mechemims that
lead to the enhanoed eimogen production o
endometrioss, Snoe aTomalEse EXprESm B
mentially noresmed i endometrial cells upon their
arrival I the peritoneal convity and ther exposume to
the ensuing nflammation and its mediatoms [18].
Ume of the miniguing fextures of the pathogeness of
medometriss & why macmphages. have an impained
scavenger capacty te phageovte  these  celk,
althouwgh they oontinee to posdoce ook,
prostagandms md gowth factors that will ult-
mately promote more estogen producton amd
angivgeness in the endometriotic lesons [ 19,20.
It is posgible that excesmne local estrogen poosduoc-
tion may play a piwial role i suppressing the
phagooytoss of endometrial celk by activated
macrophagess [20]. Despite the impaired scavenger
capacity to stimulate endomemal stromal o=l
pmoliEmtion ; om [21]. The sxponential ns= n
ammatase expression in the endometrial cells when
they reach the perimeal cavity thmegh retrograde
mensiruation will greatly stmulste ssitmgen produec-
tion i these oells, thensby inhibiting the scnenger
function of the macrophages [1,2:4,19,20].

Une may hypothesine that under thess cmum-
stances the ensuing mdl ommatory respanse i grened
by the presence of mensimual debris in the periton eal
cavity, matesd of beng detrimental to the shed of
endometnial celk, will promaote their sundval by
stimuilating an exponential rise in ammatese achvity
[1]. However, this will enly ocowr o endometrial
el aleady displyving aromamss sxprssom, simoe
prstaghndn By an mitammatory mediator, does
mit stimulae ammanse sxprs=son in nommal en-
divmetrial cells [2]. It is important to emphasize that
mdomeirimss & 8 disesse with high reqomenos rates
following both medical and surgical trestment; amd
this may not only be due to the resctivation of pre-
existing lesions [22]. One xiditional explanation fbr
this may lie in the fact that the swtopic endometnium
of thess patients & somewhst different fom the
madometnivm of diseme-free women, since it con-
st tivel y expresses the encyme aromatse as demon-
strated in this and other previous shdies [ 1-3]. The

pre=ence of ammamse will faclitete te implandston
of new celk in the peritonewn = soon as mensirs-
tion rsumes, this Ditiatng @ mew opce of ndiam-
maton and 4 mowo formation of endometriotc
I=ioms [1,2]. This expains the discrepamcy befwesn
the almst umiversal cocumence of remgmde men-
struation and the development of endometriss na
much smaller proportion of cases [23]. The ndiam-
mation in the peritoneum triggened by the presence
of menstrual debrs will sxscerbate oMot ex-
pressmn solely in endometrial celk already expres-
sing this enzyme, snce prostagandm B, & devoid of
any effect i the negrtive endometrial stoomma [2).
Therfore, the epresion of momatwe will deter-
mine whether endomeirial celk will be spared or
destroved m the pelvis by the mmunalogical sysem
i the dos follmving menstrustion. Thie is
agreement with our present fmdings that there is a
high mcidence of posiive ammatese sxpr=son o
the ewtopic endometria of symptomatic women with
active exdometrioss lesons that is naot umd i the
endometrium of diseme-free women.

The =imgen concenimtion mside the endome-
motic fed comelates positively with the sevenity of
the disease, smoe high level of aromatase expresion
are fmumd in particulady aggresmive firms of the
disesse [10,11,16]. The enhanced estrogen posdhec-
tion may faclimte the progr=sim of endometriosis
thmuegh several mechanisms, although mterference
with macmphage phagocytess & probably one of the
most imporant [4,18-20]. In patients with endome-
inoss, there 1s indesd an moresse in the nember of
activated non-adhe rnt macmphages with a redwced
surface expresion of scavenger receptomns and dimin-
shed copacty to desoy ectopic  endometrial
cells [19.

I this explmation is oomect; then sromaise
activity in the ewtopic endometnium may be a maor
risk Gctor fir the development of endomettiosis,
since lcally prsdeced sstmygens may play @ pivetal
ml mat only in preventing maoophages fom
destroving these cells in the perioneal cavity, but
gke in alkwing ter mplmtaton and senaval
[1,35]). In this respect, the rde of stroma in the
development of endometrioss is cwcial [17], sinoe
mmmaise expresion wis manly detected i fhis
tissue naot only m the ewinpic endometrium bt ako
i the endomemotic kesms [2]. Beonse aromatse
was marely fund in ewtopic endometrial gamds, itis
possible that simoma oells are the omes that achlly
implant m the penmnewm, inducn g the brmation of
ganciular-like epithelimm in the perioneal messthe-
lium by metaplsia. This may explyin the mportant
differenoes. in histological features md  hoomonal
rponsiveness befween the imderdeveloped glamds
m endometniontic lesions and the fully fumncti onal ones
in the ectopic endometrium [17,.23]. However, this
mxumption cannat be poved or refited by the
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present data since this a clindcal observabional stndy
that ws not desigmed to test this hypothesis.

Our fmdings that (Mis contaming gestodens are
ahble to suppre=s aromatse sxpressm in the ewtopic
endometriom of patients with endomemioss may
explain their effectivenes m the trestment of
endometriosis [24]. Progestins may inhi bit ammatase
expr=sion through seveml mechansms o uding
suppression of ovanan steroidegenesis, alkhough a
local effect on the ewtopic endometrium di minds hing
ammatEs gene tmmsTipton may be the most
important one [B,25]. The abiity of povgestins amd
daneze]l to sUppress aomaiwe epremion oo the
endometriom  suggests  that they may play mn
impertant mle in the prevention and treatment of
endomeriosis [B,925]. I abemmt ammatese ex-
presion mthe euinpic endometriem plays a key rae
in the progressim of endometrios s, then Ok shoold
he an mmportant live of thempy to prevent the
recorence of endometnosis [12,13,25]. OLs, when
med continowsly, ame e fiechive in preven ting meour-
renoes. pllowing surgical trestment. Fpidemiokegical
studies have also shown that the risk of developing
endometriosis is wer during (0L use; however, this
of trestment [25]. This sugmests that = long == 0k
are taken contimeously, ammatese expresson will be
suppressed in the endometrinm, and this may be the
mechanism by which these compoumds are efective
in preventing the progresion or reooTence of
endometriosis. (s combining gestodens alo in-
hibit (I¥X-2 expression i the endometriom o @
similar fashion to that of endogenous rogestemne,
and this constitwtes an add thonal facir contribartng
towands a reduction in infammation and oo ated
pain [1415]. Endometrioss & an inflammatory
diseame and the blwckade of both COX-2  and
amvratese expreszion by (OCs may explam the
effectiveness of these compounds in conirolling the
diseame [25].

Ome possible explmation for the falure of both
medical and surgical treatments of endometriogs in
the long term may be the rsumption of menstrus-
tim, which m a rerogmde fahion will oy
amvmateme-positive cells to the pentonewm. If the
prives to be oomect, then patents with endo-
metness shouk not be allowed to menstruste,
and one of the most cost-effective ways of accom-
plishing this is through the wse of s in extended
TESmens.
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4 CONCLUSOES

4.1 PAPEL DA AROMATASE P450 NO SANGRAMENTO UTERINO ANORMAL

O sangramento uterino anormal € definido como qualquer sangramento cujo volume
exceda 80 ml durante a menstruacdo ou que ocorra fora deste periodo. Embora seja um
sintoma muito comum na pratica ginecoldgica, até alguns anos atras pouco se sabia sobre a
sua etiologia. Os avangos nos metodos de diagndstico tanto por imagem com por
histeroscopia permitiram um melhor conhecimento das causas organicas e funcionais do
sangramento uterino. Embora do ponto de vista didatico se fizesse uma distin¢do entre estas
diferencas causas, evidéncias recentes tém mostrado que 0s mecanismos responsaveis pelo
sangramento uterino anormal seriam os mesmos e envolveriam alteracGes funcionais que
ocorrem localmente no endométrio afetando tanto o metabolismo dos estrogénios como o
aumento de mediadores ligados a inflamacdo. Esta inflamacdo endometrial que é ativada pela
gueda da progesterona atuaria através de uma cascata de mediadores, sendo que destes um dos
mais estudados é a ciclooxigenase 2 (Cox-2). Esta enzima teria um papel importante na
formagdo de vérias prostaglandinas pré-inflamatdrias no endométrio como a PGE2, que teria
um papel importante na regulacdo ndo s6 da quantidade de fluxo menstrual mas também da
intensidade da dismenorréia. A atividade desta enzima no endométrio é diminuida pela acéo
da progesterona e dos progestagénios, como a drospirenona, o dienogeste e 0 gestodeno. Um
aumento da atividade da Cox-2, por outro lado estd associado como a presenca de
sangramento uterino aumentado, indicando que uma maior transcri¢cdo do gene que codifica
esta enzima leva ao desenvolvimento da menorragia. Por este motivo, o controle da atividade
da Cox-2 no endométrio teria um papel importante no tratamento clinico do sangramento
uterino anormal. O gene promotor de aromatase no endométrio pode ser ativado pelas
prostaglandinas e isto cria um circulo vicioso de inflamacédo e de acentuada producéo local de
estrogeno 1°. A interacdo entre inflamagdo e expressdo de aromatase pode ser fundamental
para o desenvolvimento de patologias como endometriose, adenomiose, pélipos endometriais
e miomas, ja que esta enzima esta presente no endométrio uterino de pacientes portadoras
destas doencas. No entanto, os estimulos que desencadeiam a ativagdo desta enzima podem
residir na constante exposicdo do endométrio aos mediadores inflamatorios que séo ativados
neste tecido apds queda da producio de progesterona que antecede o inicio da menstruagdo 2.
Esta queda ativa a proteina NF-kappa B, que desempenha um importante papel na ativacdo da
inflamacdo, na proliferacdo celular, apoptose, e angiogénese. A ativacao persistente NF-kappa
B é provavelmente um dos fatores responsaveis pelo desenvolvimento de ndo s6 de patologias

estrégeno dependentes, mas também pelo sangramento uterino anormal associado com estas.
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A ligacdo entre inflamacdo endometrial, sangramento uterino anormal e desenvolvimento de
patologias se da através da aromatase. Esta enzima, importante para a conversdo da
testosterona em estradiol, pode ser ativada em Vvarios tecidos aléem do ovario, utilizando outros
promotores génicos que ndo o FSH. Assim por exemplo no endométrio a expressédo da
aromatase € ativada pela prostaglandina E2 produzida pela Cox-2. Como a transcri¢cdo do
gene da ciclooxigenase-2 é ativada pelo NF-kappa B, isto estabelece uma ligacdo entre a
exposicdo constante do endométrio a mediadores inflamatdrios, o aparecimento da
aromatase, 0 sangramento uterino anormal e o resultante desenvolvimento de varias

patologias ginecologicas estrogeno- dependentes 3.

Varios estudos confirmaram a capacidade do endométrio de produzir estrégenos
localmente, ndo somente em casos de endometriose, mas também na presenca de outras
patologias como adenomiose, polipos endometriais e miomas, que produzem sintomas
clinicos como menorragia e dismenorreia ©7#°1° Especula-se que a producdo local de
estrégenos no endomeétrio poderia ser responsavel ndo somente pelo desenvolvimento destas
patologias, mas também pela ocorréncia dos sintomas associados que podem anteceder o
diagndstico clinico 3. Isto esta de acordo com achados em primatas de que a exposicao cronica
do endométrio aos estrogenos locais da cavidade uterina leva ao desenvolvimento de varias
patologias uterinas, incluindo adenomiose, polipos endometriais e miomas, que estdo

associadas & expressio de aromatase no endométrio humano 2.

A presenca aberrante de aromatases no endométrio pode aumentar a expressao de
Cox-2 neste tecido, resultando desta forma em niveis mais elevados de prostaglandinas e
estimulo adicional & aromatase, criando um circuito de retroalimentagdo positiva 18213 ¢ uma
exacerbacdo de sintomas como dor e sangramento uterino. Estudos epidemiol6gicos
mostraram que as pacientes que mais tarde desenvolvem endometriose, freqiientemente
relatam uma longa histdria de sintomas que é anterior ao diagnéstico clinico desta patologia 8.
Isto esta de acordo com a hipotese de que o desenvolvimento da patologia é o resultado de
uma exposicdo prolongada do Utero ao hiperestrogenismo local, que é consequéncia do
aumento da sintese endometrial de estrégeno e de prostaglandinas pré-inflamatérias como a
E2, No inicio estas alteracbes funcionais podem apenas causar uma exacerbacdo destes
sintomas menstruais, porem a exposicdo freqiente do endometrio a este estado de inflamagéo
aumentada pode servir de estimulo para o desenvolvimento de patologias estrogénio

dependentes como a adenomiose , endometriose , miomas e pdlipos endometriais 3.
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4.2 PAPEL DA INFLAMAGCAO NO DESENVOLVIMENTO DA ADENOMIOSE

A adenomiose ou endometriose interna do Utero é uma patologia frequente, associada
com sintomas como dor e sangramento excessivo durante a menstruacdo. Nesta patologia, o
defeito basico é a expressdo andmala de aromatase no endomeétrio eutdpico, que mantém uma
retroalimentagdo estrogénica positiva neste tecido, resultando em uma expressdo de
persistente da Cox-2 durante a fase litea, quando no endométrio normal a atividade desta
enzima estd diminuida pela acdo da progesterona 5. A producio local de estrogénios
exacerbaria a inflamacao endometrial e provocaria uma resisténcia a acao antiinflamatoria da
progesterona no endométrio das pacientes com adenomiose, levando assim a uma producéo
aumentada de prostaglandinas nestas lesdes °. No Gtero normal, por outro lado, a expressdo de
Cox-2 torna-se negativa na maior parte das glandulas endometriais durante a fase lGtea tardia,
embora alguma expressdo possa persistir no epitélio superficial . A expressdo de aromatase
no endométrio eutopico destas pacientes com adenomiose seria, portanto, a causa e a
consequéncia deste aumento da inflamagdo endometrial devido a retroalimentagdo positiva
que os estrogénios tém sobre a Cox-2 %6, No endométrio, portanto, o aumento da inflamag&o
crbnica estimula a producdo local de estrogénios, que por sua vez ativa mais ainda a Cox-2,

levando ao sangramento uterino anormal e a dismenorréia.

Uma vez que os mediadores inflamatdrios, tais como as prostaglandinas E2, sdo o
estimulo desencadeador para a expressdo de aromatase na adenomiose e outras patologias
estrogénio dependente, isto criard no endométrio um circulo vicioso de aumento de
inflamacdo uterina e de producdo estrogénica local, que poderd também exercer um efeito
deletério sobre a fertilidade 1’. A expressdo aumentada de Cox-2 na adenomiose durante a
fase lutea pode ter um papel na patogénese da dismenorreia e menorragia associada a esta
doenca, ja que a intensidade destes sintomas se correlaciona positivamente com os niveis de

producéo de prostaglandina 4.

Sabe-se que uma parte dos efeitos estimulantes que os estrogenos tém sobre o
crescimento uterino é mediada pelas prostaglandinas e pelo aumento da inflamacéo, ja que
eles sdo bloqueados parcialmente pela indometacina e dexametasona . O papel estimulante
das prostaglandinas e da inflamag&o sobre o crescimento uterino pode explicar parcialmente a
miohipertrofia observada na adenomiose, j& que Cox-2 e aromatase sdo expressadas
continuamente nesta patologia . A progesterona exerce um efeito anti-inflamatorio sobre o

endometrio, agindo através da supressdo dos genes ligados a inflamacgdo que sdo induzidos
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pela ativacdo do NF-kappa B. A diminuicdo da producdo da progesterona antes do inicio da
menstruacdo levaria a ativacdo do NF-kappa B no endométrio que é seguida pelo aumento da
producdo de citocinas inflamatdrias e de prostaglandinas neste tecido 2*°. Na adenomiose, é
possivel que a excessiva producdo estrogénica local induzida pela expressdo aberrante de
aromatase, no endométrio eutopico, possa parcialmente contrabalancar os efeitos anti-
inflamatdrios da progesterona, resultando assim na expressao persistentemente elevada da
Cox-2 e do NF-kappa B, tanto nas glandulas endometriais eutdpicas como nas ectdpicas
durante a fase latea, enquanto no endométrio livre de doenca, a inflamacéo é mantida a um
nivel minimo, devido ao efeito anti-inflamatério da progesterona 2%, Estas alteracdes
inflamatdrias e no metabolismo local dos estrogénios explicariam o sangramento uterino
anormal, a dismenorréia e a miohipertrofia associada com a adenomiose %. No entanto toda
esta cascata de eventos é iniciada pela ativacdo do NF-kappa e o seu posterior deslocamento
do citoplasma para o nudcleo celular, onde ele se liga ao DNA,e inicia a transcri¢do dos genes
ligados & cascata inflamatéria 2. A progesterona parece agir inibindo este mecanismo, ja que a
gueda nos niveis de progesterona, que antecede o inicio do sangramento menstrual, leva a
inativacdo da proteina inibitdria NF-kappa B no citoplasma e a liberacdo de NF-kappa B ativo
que migra para os nucleos celulares 21°. Por isso, a deteccdo de FN-kappa pelos métodos
imunohistoquimicos nos ndcleos das células fornece evidéncia de que os genes relacionados a
inflamacéo estdo sendo ativados naquele tecido. No endométrio, a presenca de elevacbes em
NF-kappa nuclear durante a fase proliferativa e lutea tardia do ciclo menstrual é mais
frequentemente detectada nas pacientes com patologias uterinas como a adenomiose, do que
em controles normais 2*. A maior freqiiéncia de NF-kappa B nuclear positivo nos (teros com
patologia sugere uma associacdo positiva entre inflamacdo aumentada e o desenvolvimento
ndo so destas condigdes clinicas, mas também dos sintomas menstruais associados. Por causa
dos efeitos antagdnicos dos estrogénios e da progesterona no endométrio, tanto o predominio
estrogénico como uma diminuicdo da acdo da progesterona podem exercer um efeito
estimulante sobre o mecanismo moleculares que ativam o NF-Kappa.b resultando assim no
aumento da inflamacdo endometrial 2. No nosso estudo, as patologias uterinas mais
frequentemente associadas com a presenca aumentada de NF-kappa B nuclear positivo antes
do inicio da menstruacio foram adenomiose, p6lipos e miomas submucosos e intramurais. E
importante destacar que sdo nessas patologias que a expressdo de aromatase é detectada
freqiientemente, ou no endométrio ou nas lesdes 5°. A inflamagdo aumentada na adenomiose
pode assim refletir a producdo aumentada dos estrogenos, que por si SO aumentaria a

inflamacdo e a producédo de prostaglandina no endométrio através da ativacdo de Cox-2 e de
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NF-kappa B 212, Esta ativacdo da inflamacio endometrial seria também responsavel pelo

sangramento uterino anormal e a dismenorréia.

Os contraceptivos orais, por outro lado, devido ao seu forte efeito progestacional sobre
0 endométrio e seu efeito supressivo sobre a esteroidogénese ovariana, podem interromper
este circulo vicioso da expressdo aumentada de Cox-2 e de aromatase no endométrio,
diminuindo tanto a sintese estrogénica como a inflamagdo. O mecanismo pelo qual o0s
contraceptivos orais exercem um efeito supressivo sobre a expressdo de aromatase no
endomeétrio € direto e ocorre na transcri¢do do gene para esta enzima, conforme sugerido pelo
nosso grupo em uma publicacdo anterior e confirmado por estudos de biologia molecular
62223 O fato desta enzima ndo ser detectavel através de imunohistoquimica no endométrio de
pacientes em uso de contraceptivos orais contendo gestodeno poderia ser explicado pela
inibicdo da transcricdo génica por este horménio 2. Da mesma forma, uma reducdo na
inflamacdo é também observada no endométrio com o uso de contraceptivos orais, e 0
mecanismo responsavel por estes efeitos € a inibicdo da Cox-2 e do NF-Kappa.b. Em
pacientes com patologias uterinas e sintomas de menorragia e dismenorreia, 0 uso continuo de
contraceptivos orais contendo gestodeno diminuiu significantemente a frequéncia de NF-
kappa B ativado no endométrio. Este efeito foi observado somente em pacientes que ficaram
em amenorréia, ja que a presenca de sangramento irregular durante o uso do contraceptivo
oral esta associada com a exacerbagdo da inflamag¢do com a ativacdo em seqiiéncia do NF-
Kappa.b e da Cox-2 %. Estes resultados sugerem que os efeitos anti-inflamatorios do
gestodeno sobre o endométrio sdo mediados pela supressdo da ativacdo do NF-kappa B, que
por sua leva a inibicdo da Cox-2 ao mesmo tempo que suprime diretamente a transcricdo do
gene da aromatase. Esta agdo combinada explicaria a resolucdo de dor e sangramento uterino
anormal associados com as patologias uterinas durante o uso continuo dos contraceptivos

orais %225,

Os efeitos do gestodeno sobre a aromatase sdo similares aqueles alcangcados com o uso
do danazol, que também inibe a expressdo de aromatase no endomeétrio eutopico de pacientes
com adenomiose, atraves de uma agdo direta supressora sobre a transcricdo genética,
reduzindo assim os niveis de RNA mensageiro 2°. Nossos achados de que contraceptivos orais
contendo gestodeno sdo capazes de reduzir a expressdo de aromatase no endomeétrio eutopico
de pacientes com adenomiose, endometriose e miomas, podem explicar a sua eficacia quando
usados para prevenir ndo somente recorréncias em pacientes com endometriose tratadas

cirurgicamente, mas também o sangramento uterino anormal e a dor associados com estas
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patologias 22227, Em pacientes com adenomiose e outras patologias associadas, 0 uso de um
dispositivo intrauterino liberador de levonorgestrel também foi eficaz em suprimir a expressao
de aromatase e da Cox-2 no endométrio e nas glandulas ectépicas presentes no miométrio 22,
Isto poderia explicar a sua eficacia no tratamento da menorragia causada pela adenomiose %°.
Entretanto a eficacia do sistema uterino liberador de levonorgestrel (Mirena) aumenta quando
0 endométrio é removido através de um a cirurgia histeroscopica no momento da insercao
do dispositivo. Em 2003 publicamos um estudo que foi confirmado posteriormente,
mostrando que o uso do Mirena em pacientes com adenomiose submetidas a ablacéo
endometrial, os indices de amenorréia eram significativamente maiores do que quando estes
métodos eram utilizados isoladamente 2°. Uma das razdes para a maior eficacia do Mirena
nestas pacientes era de que a ablagdo do endométrio permitiria uma melhor difusdo do levo-
norgestrel para o miométrio, fazendo com o0s niveis miometriais deste esterdide fossem
maiores do que quando o endométrio estava intacto. Isto estaria de acordo com um estudo
feito anteriormente sobre os niveis de levonorgestrel no sangue, endométrio, miométrio e
trompas em usuarias de Mirena submetidas a uma histerectomia. Como era de se esperar 0s
niveis no endométrio foram extremamente elevados, porém no miométrio, sangue e outros
tecidos estes eram muito mais baixos e da mesma magnitude 3. Isto sugeriria que o
endomeétrio intacto poderia funcionar como uma barreira impedindo a difusdo de grande parte
do levonorgestel para miométrio subjacente. Com isto as glandulas endometriais presentes no
miomeétrio ficariam expostas a niveis de levonorgestrel muito inferiores a aqueles obtidos caso
0 endométrio fosse removido, permitindo assim um contato direto do Mirena com o
miométrio. Niveis mais elevados de levonorgestrel no miométrio levariam a uma maior
supressdo da Cox-2 e da aromatase nestas glandulas endometriais ectopicas , tornando assim

mais eficaz a agdo do Mirena na adenomiose.

Recentes mostramos que em pacientes com adenomiose utilizando o Mirena a inibicéo
da Aromatase e da Cox-2 nas glandulas endometriais era significativamente maior quando o
Mirena era inserido apds uma ressecgdo endometrial por via histeroscopica 2. A maior
supressdo destas enzimas nestas pacientes explicaria também o0s maiores indices de
amenorréia obtidos. Estes resultados mostraram que a ressec¢do endometrial seguida da
insercdo do Mirena era uma alternativa eficaz e segura a histerectomia no tratamento do

sangramento uterino anormal causado pela adenomiose.

A presenca da enzima aromatase nas glandulas basais no endométrio eutdpico de

pacientes com adenomiose aponta para um papel crucial desta camada na patogénese da
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adenomiose ©. O meio hiperestrogénico causado pela expressdo aberrante de aromatase pode
ser importante ndo s6 para 0 mecanismo de invaginacdo da camada basal para dentro do
miomeétrio, mas também para a exacerbacdo da inflamacdo associada com esta patologia. A
remocdo de grande parte da camada basal por histeroscopia seguida da inser¢édo do Mirena
levaria a uma inibicdo mais eficaz destas enzimas, resultando assim em melhores indices de
amenorréia. Uma observacdo clinica interessante € que nestas pacientes com adenomiose
submetidas a ablacdo endometrial e inser¢cdo do Mirena é que a presenca da amenorréia esta
associada ao desaparecimento dos sintomas de tensdo pré-menstrual nestas 3*. Como o Mirena
ndo bloqueia a ovulacdo nem as flutuagcGes hormonais associadas com esta € provavel que da
mesma maneira que o0 sangramento uterino anormal, a TPM seja também conseqtiéncia do
aumento da inflamacdo endometrial. Em pacientes com maior grau ativagdo da inflamacao
endometrial é plausivel do ponto de vista biolégico supor a queda da progesterona que
comeca a ocorrer nos dias que antecedem a menstruacdo levaria a uma exacerbacdo deste
processo inflamatdrio. A producdo de aumentada dos mediadores inflamatérios no endométrio
destas pacientes ndo sO provocaria 0s sintomas menstruais locais, mas também com a
passagem destes para a circulacdo sangiinea haveria uma interferéncia com o transporte de
serotonina nas sinapses neuronais, provocando assim a TPM. Sabe-se, por exemplo, que as
interleucinas diminuem os niveis deste neurotransmissor no cérebro através do aumento de
seu transporte nas sinapses. Existem também estudos clinicos que corroboram esta nossa
sugestdo para o papel da inflamacdo endometrial na tensdo pré-menstrual. Pacientes com
TPM, por exemplo, tém maiores niveis sanglineos ndo s6 da PGE2, mas também de
marcadores inflamatdrios sistémicos como a proteina C reativa (PCR). Isto indica um maior
grau de inflamac&o nestas pacientes 3!. Em pacientes submetidas a ablacio endometrial sem o
uso do concomitante do Mirena, a resolucdo da TPM s6 ocorreu naquelas que permaneceram
em amenorréia, ja que a regeneracdo endometrial e retorno das menstruacfes trouxe de volta
também estes sintomas. Do ponto de vista clinico se sabia também que ndo existem diferencas
nos niveis sanglineos de estradiol, testosterona e progesterona entre pacientes com ou sem
TPM, indicando que ndo séo as flutuagcdes hormonais per se a causa da TPM, mas diferencas
individuais na resposta a estas mudancas hormonais. O problema € que nunca se olhou o
endométrio e a inflamacdo associada com a menstruacdo como a causa destes sintomas
ciclicos, mesmo quando se havia evidéncias que a inflamacéo sub-clinica est4 associada com
a depressdo, devido aos efeitos que tém as citocinas inflamatorias sobre os niveis de
serotonina no cérebro 3L. A maior incidéncia de TPM em pacientes com sintomas fisicos
ligados & menstruacdo € também outra evidéncia ligando o endométrio e a inflamagéo

associada com a menstruacdo aos sintomas da TPM.
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4.3 EXPRESSAO DE AROMATASE E MIOMAS

No endométrio de pacientes com miomas submucosos e intramurais, a expressdo de
aromatase é detectada mais freqlientemente durante a fase proliferativa do que na fase lutea
do ciclo menstrual 2. A presenca da expressdo de aromatase no endométrio de pacientes com
miomas mostra, como esperado, uma associacdo com a presenca de sangramento uterino
anormal. Nas pacientes com miomas subserosos, mas sem menorragia, a expressao de
aromatase esteve ausente no endométrio, enquanto nas pacientes com miomas submucosos, a
expressdo de aromatase foi freqiientemente detectada 2. Isto esta de acordo com a hip6tese de
que a expressdo de aromatase exerce um papel de causalidade no desenvolvimento de
sintomas como sangramento uterino anormal ou dor, que estdo freqientemente associados
com miomas. O aumento na producdo local de estrogénio no endométrio de pacientes com
Uteros miomatosos exacerba a inflamacdo e a ativacdo de NF-kappa B, como descrito
previamente 2. Na verdade, um aumento na producio de prostaglandina e inflamagéo foi
observado em Uteros com miomas submucosos e intramurais, mas ndo naqueles com miomas
subserosos. Isto corrobora a hipdtese de que o aumento da producdo local de estrogénio
aumentara a inflamac&o e criard um circulo vicioso que por fim levara ao sangramento uterino
anormal. Embora seja inconclusivo se a expressao de aromatase no endométrio poderia ou
ndo contribuir para a presenca de sangramento menstrual anormal em pacientes com Uteros
miomatosos, a expressdo aberrante de aromatase foi detectada na presenca de outras
patologias uterinas associadas com sangramento uterino anormal e dismenorréia, como

adenomiose, endometriose e pdlipos endometriais 61232,

A associacdo fregliente de miomas sintomaticos com endometriose, adenomiose e
polipos endometriais também sugerem que estas patologias compartilham a mesma
patogénese. Também ha evidéncia de que a producdo local de estrogeno em miomas ou no
endomeétrio eutdpico é mais importante que estrogenos sistémicos em relacdo ao estimulo de
crescimento, ja que o crescimento de miomas ndo pode ser completamente restabelecido
atraveés de estrogenos exogenos em pacientes usando analogos de GnRH, devido aos efeitos
supressivos dos analogos de GnRH sobre a expressdo de aromatase em Uteros miomatosos .
Estes achados estdo de acordo com a hipdtese de que estrégenos produzidos localmente,
atuando de modo intracrino, ou no endométrio ou no mioma, podem ter um papel crucial tanto

na patogénese do sangramento menstrual anormal como no crescimento desta neoplasma
7,16,20,22
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No entanto, a taxa e a velocidade de crescimento do fibroide podem envolver outros
fatores além de estimulos estrogénicos. Nos casos de miomas subserosos, que podem atingir
tamanhos muito grandes sem provocar sangramentos uterinos anormais, a taxa de crescimento
rapido € mais dependente de reorganizacgéo citogenética do que de fatores hormonais, porque
a expressdo de aromatase é negativa nesta neoplasma 22343, Além de estimular a inflamagao,
0s estrogénios locais irdo estimular a sintese dos fatores angiogénicos, tais como VEGF, no
endométrio, levando finalmente a menorragia associada com a presenca de miomas "¢, E
possivel que as alteracdes endometriais, como 0 aumento da inflamacgéo e da vascularizacao
resultantes da producéo estrogénica endometrial, sejam a causa da menorragia relacionada a
miomas e ndo o tumor propriamente dito. Isto estd de acordo com o achado de que a
menorragia estd positivamente relacionada com a presenga de expressdo de aromatase no
endométrio e ndo com o tamanho do mioma 32, Seria uma simplificacdo exagerada considerar
esta producdo estrogénica local como sendo o U(nico mecanismo patogénico no
desenvolvimento de miomas e do sangramento uterino anormal; outros fatores podem agir
sinergicamente, incluindo anormalidades citogenéticas que podem afetar as taxas de

crescimento independentemente da intensidade dos sintomas menstruais *2-3,

O uso dos analogos de GnRH ou de danazol esta associado ndo somente com a
reducdo de sangramento utermo anormal em pacientes com miomas mas também com a
inibicdo da expressdo de aromatase no endométrio . Outro beneficio do uso de
progestagenios € a reducdo do risco relativo de desenvolvimento de miomas em mulheres
usando contraceptivos orais, 0 que poderia, da mesma forma, ser uma consequéncia
semelhante a inibicdo da expressdo de aromatase no endométrio de Uteros contendo miomas
37 A supressdo da expressdo de aromatase p450 no endométrio também reduzird em ultima
instancia a formac&o de fatores angiogénicos como VEGF 213, O bloqueio da inflamac&o e da
angiogénese pode, desta forma, ser o mecanismo inicial pelo qual os contraceptivos orais
atuam efetivamente, ndo sO inibindo a taxa de crescimento de miomas, mas também

reduzindo o volume de sangramento uterino associado com a presenca destes tumores 2.

4.4 EXPRESSAO DE AROMATASE E O DESENVOLVIMENTO DA ENDOMETRIOSE

A patogénese da endometriose ainda ndo estd completamente esclarecida, ja que
permanecem as controvérsias relacionadas a varios aspectos da doenca, que impedem a

eficdcia do tratamento em longo prazo. Clinicamente, a endometriose é uma doenca
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inflamatdria cronica, debilitante e recorrente, e ndo um evento patologico isolado durante a
vida reprodutiva de uma mulher que pudesse ser resolvido com uma forma especifica de
tratamento 134, Por isso, é uma condicdo patoldgica que pode ser controlada, mas nunca
completamente curada, uma vez que novas células endometriais sdo descamadas para dentro
da cavidade pélvica apOs sucessivas menstruagdes °. Estas sucessivas de ondas de células
endometriais que chegam a cavidade uterina através da menstruacdo retrogradam séo

responsaveis pela progresséo e persisténcia da doenca 3.

A implantacdo e o desenvolvimento de lesGes endometridticas dependem, portanto de
varios mecanismos, a comecar pela ocorréncia repetitiva de menstruagao retrograda . No
entanto, uma questdo importante que permanece sem uma explicacdo adequada na teoria da
implantacdo inicialmente proposta por Sampson em 1925 é como a menstruagdo retrograda
que € um fendmeno quase universal ndo leva ao desenvolvimento da endometriose em todas
as mulheres. ModificacBes endometriais que sO ocorreriam nas pacientes que viessem a
desenvolver endometriose poderiam explicar estas observagdes. Sob esta 6tica a endometriose
seria considerada uma doenca inicialmente endometrial e que dependeria da ocorréncia da
menstruacao retrograda para que estas células fossem transportadas da cavidade uterina para a
pélvis. Varias alteracbes na expressao génica ocorrem no endométrio das pacientes com
endometriose e estas podem resultar estas alteracGes funcionais locais que favoreceriam a
implantacdo e o desenvolvimento destas células fora da cavidade uterina. Uma destas
modificacOes € a capacidade que o endométrio das pacientes com endometriose adquire de
produzir estrogénios localmente 3, Estas alteracdes no metabolismo local dos estrogénios
seriam resultantes da capacidade do endométrio adquirir a expressar a enzima aromatase
tanto no epitélio glandular como também no estroma. A presenca desta enzima estimularia a
esteroidogénese local através da conversdo dos androgénios presentes em estrogénios. Estes
por sua vez teriam um papel importante na progressdo e no agravamento das lesbes
endometrioticas, cuja evolucdo clinica pode variar consideravelmente de paciente para
paciente “°. O inicio e o desenvolvimento e a agressividade clinica da endometriose podem
depender da nos niveis de expressdo da enzima aromatase no endométrio eutdpico, e esta
pode ser uma das diferencas importantes com relagdo a expressao génica e enzimatica entre o
endométrio eutdpico das pacientes com endometriose e 0 das que ndo sdo portadoras desta
enfermidade #1%2, Estas alterages endometriais podem realmente anteceder o estabelecimento
da endometriose como uma condi¢do patoldgica clinicamente reconhecivel na pelve, e serem
responsaveis pelos sintomas menstruais associados com esta enfermidade. Recentemente

mostramos que em pacientes com sintomas de dismenorréia e infertilidade, mas que a pelve
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ainda era normal na laparoscopia, era possivel detectar no endométrio desta a expressdo da
enzima aromatase “3. Em vez de significar um dado negativo sobre o papel da aromatase na
génese da endometriose , estes achados pelo contrario, seriam evidéncias de que as alteracGes
na expressao desta enzima no endométrio poderiam anteceder o aparecimento das lesdes,
explicando assim o longo periodo relatado em estudos epidemiologicos entre o inicio dos
sintomas e o diagnostico final da endometriose “°. Estes achados sugerem que a endometriose
comecaria como uma doenca endometrial envolvendo alteragcBes epigenética que se
manteriam estaveis no curso da vida da paciente e que se ndo corrigidas levariam ao
aparecimento das leses de endometriose na pelve 3. A paciente com endometriose teria um
endomeétrio do ponto de vista de atividade génica diferente daquele das pacientes normais, 0
que permitiria a sua sobrevivéncia fora do Utero. A endometriose seria, portanto uma
patologia que dependeria da ocorréncia de menstruacdes que levariam de uma maneira
retrograda células aromatase positiva para a pelve, onde estas se implantariam e formariam as
lesBes caracteristicas desta doenca 343, Estas mesmas alteracdes que ocorrem no endométrio
eutopico poderiam também ocorrer nos restos do canal de Muller presentes no septo reto
vaginal, explicando assim o desenvolvimento das lesdes profundas da endometriose. Isto
levanta uma questdo clinica importante para o tratamento da endometriose que seria se as
terapéuticas disponiveis atualmente sdo realmente efetiva na cura da doenca a longo prazo, ja
gue a maioria das meta-analises realizadas indicou elevadas taxas de recorréncia apds
tratamento cirirgico ou apds a descontinuacio de medicamentos ** 44 O reinicio das
menstruacOes parece ser um fator de risco importante para a recorréncia da endometriose, pois
estas alteracfes funcionais podem persistir ou reaparecer no endométrio ap6s o termino do
tratamento. Isto favoreceria o retorno desta doenca tdo logo os ciclos menstruais se
restabelecam e novas células endometriais expressando a enzima aromatase cheguem a pelve
343, Por este motivo a recorréncia desta patologia ndo deveria ser encarada como evidéncia da
falta de eficacia das varias abordagens cirlrgicas e farmacologicas para o tratamento desta
doenca mas como conseqiiéncia da persisténcia do defeito endometrial funcional que foi
responsavel pelo desenvolvimento da endometriose em primeiro lugar. Na verdade as altas
taxas de recorréncia mostram que se a producdo local de estrogénios ndo for inibida a
endometriose ndo pode ser controlada. Isto leva a um importante dilema clinico, pois a
paciente com endometriose ndo poderia menstruar. A amenorréia prolongada seria a Unica
maneira eficaz de controlar esta patologia, pois o defeito endometrial que levou ao
aparecimento da aromatase no endométrio pode envolver alteracdes epigenéticas que néo
seriam facilmente reversiveis mantendo-se como alteragbes génicas estaveis 31047 A

expressao de aromatase no endométrio eutdpico seria, portanto um importante fator de risco
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importante para o desenvolvimento de endometriose podendo inclusive influenciar o
comportamento clinico destas lesGes. A ativacdo da inflamacdo no endométrio durante a
menstruacdo seria também um importante estimulo para a ativacdo do gene da aromatase,
devido as grandes quantidades de prostaglandinas pro inflamatorias produzidas neste tecido
pela Cox-2 3. Existem evidéncias de a expressdo da enzima aromatase ¢ maior tanto no tecido
endometrial como nas lesdes endometridticas mais ativas e com um curso clinico mais
agressivo 134748 Estes achados estdo também de acordo com observag@es de que a expressio
de aromatase ndo é detectavel no endométrio de mulheres que ndo tém a doenca, mas estd
presente no endométrio de pacientes com endometriose e outras patologias como adenomiose,
polipos endometriais e miomas 313490 Recentemente relatamos que a intensidade de
expressdo da aromatase no endométrio eutdpico detectada através de métodos
imunohistoquimicos tinha uma relacéo positiva com a severidade da endometriose, sugerindo
assim que o comportamento clinico da doenca seria determinado por estas alteracGes
endometriais 343, Entretanto para melhor entendermos como a presenca da aromatase no
endométrio afeta de uma maneira positiva a progressdo e o agravamento das lesdes de
endometriose, temos que rever qual seria o papel dos estrogénios para a sobrevivéncia das
celulas endometriais nestes sitios extra-uterinos, e como a inflamacdo contribui para a
perpetuacdo deste processo permitindo a sobrevivéncia destas lesbes na pélvis. A relacao
entre inflamacdo e a producdo local de estrogénios de estrogénios se da através das
protaglandinas pré inflamatdrias, como a E2 produzida a partir do acido araquiddnico por
acdo da ciclooxigenase 2 (Cox-2) °1°2, Em pacientes com endometriose e outras patologias
estrogénios dependentes existe um aumento deste estado inflamatério que ndo s6 poderia
levar pela repeticao frequente das menstruagdes a ativacdo da enzima aromatase mas também
a uma amplificacdo deste processo causado pela efeito estimulante que os estrogénios tem
sobre a Cox-2 3490 |sto criaria um ciclo vicioso de aumento de inflamagdo e da producéo
local de estrogénios que permitiria ndo s6 a sobrevivéncia destas células endometriais na

pelve mas também explicarias os sintomas de dor provocado por esta patologia *.

A transcricdo do gene da aromatase no endométrio das pacientes com endometriose
depende de um promotor que € ativado pelas prostaglandinas, principalmente a prostaglandina
E2, embora possivelmente outros mediadores inflamatérios possam também ativa-lo 1.
Entretanto foi observado que a prostaglandina E2 somente aumenta a transcrigdo do gene da
aromatase nos endométrios que ja tém niveis basais detectaveis desta enzima, ndo tendo
qualquer efeito sobre os endométrios de pacientes normais que ndo tém nenhuma expressao

basal da aromatase 349051 |sto indica que estas alteracbes epigenéticas exacerbam a
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resposta endometrial a inflamacéo, levando a producdo local de estrogénios. A expressdao da
enzima aromatase no endométrio e a sua ativacdo pelos mediadores inflamatorios como a
prostaglandina E2, parece portanto desempenhar um papel fundamental no desenvolvimento
das lesGes de endometriose na cavidade abdominal e na exacerbagdo da inflamacéo associada
com estas lesdes ***. A menstruacdo teria também um papel importante na génese da
endometriose ndo sé por que transportaria de uma maneira retrograda estas células
endometriais para a pelve, mas também por que grandes quantidades de prostaglandinas sao
produzidas durante este processo o que estimularia a ativagdo do gene da aromatrase. A
chegada na pelve do sangue menstrual e das células endometriais vai desencadear uma reagédo
inflamatdria intensa, trazendo um influxo de células imunologicamente ativas, incluindo
macrdfagos e células natural killer com a finalidade de destruir estas células recém chegadas.
Em pacientes normais com células aromatase negativa este mecanismo funcionaria de
maneira adequada impedindo a implantacdo destas no peritbneo. No entanto, como esta
intensa reacdo inflamatdéria gera grandes quantidades de prostaglandinas e de outros
mediadores inflamatorios, em células endometriais que ja expressam a aromatase isto ird
estimular exponencialmente a transcricdo desta enzima por causas destas alteragdes
epigenéticas pré existentes neste tecido %349, O aumento na atividade de aromatase nestas
células em resposta a inflamacao desencadearia uma producéo local de estrogeno, que por sua
vez aumentaria ainda mais a sintese de prostaglandina atraveés da ativacdo da enzima
ciclooxigenase-2 . Isto provocaria um circulo vicioso de aumento da inflamagdo e da
expressdo de aromatase fazendo com que a excessiva producdo local de estrogeno facilite a
implantacdo destas células endometriais no peritonio %*°8, No entanto, este meio hiper-
estrogeneizado localizado na cavidade pélvica somente ocorrerd se as células endometriais
que chegaram recentemente ja tiverem niveis basais de expressdo de aromatase, jd que
somente elas tém a capacidade de responder a prostaglandina E2 com o aumento da expressao

de aromatase 132349,

As quantidades excessivas de estrégenos produzidas por estas células evitardo que elas
sejam destruidas pelo refluxo de macrdfagos ativados e de células natural killer, ja que os
mecanismos de fagocitose sdo bloqueados pelos estrégenos °"%8. Um exemplo comum deste
efeito dos estrogenos é a bem conhecida diminuicdo de reabsor¢do 0ssea induzida durante a
menopausa, j& que os osteoclastos sdo macrofagos modificados que respondem aos estrégenos
reduzindo a fagocitose na matriz extracelular do osso. A inibigdo da fagocitose pelos niveis
locais elevados de estrogeno nas células endometriais provavelmente constitui 0 mecanismo

através do qual estas células sdo poupadas na cavidade peritonial, desta forma implantando-se
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e dando origem as lesGes endometriais, enquanto as células aromatase-negativas sdo
eliminadas da cavidade pélvica nos dias que se seguem & menstruacio 48, Isto indica que
a tanto a apresentacdo como a evolucéo clinica da endometriose vai depender da quantidade
de aromatase que esta expressa nas lesdes, e que por sua vez depende dos niveis basais da
enzima presente no endométrio eutdpico. Portanto, a presenca de um endométrio eutopico
aromatase-positivo desempenha um papel fundamental no desenvolvimento das lesdes
endometridticas e pode explicar ndo somente a ocorréncia de altas taxas de recorréncia da
doenca mesmo ap6s um bem-sucedido tratamento farmacoldgico ou cirdrgico, mas também
explicar porque algumas lesGes podem regredir espontaneamente sem qualquer forma de

tratamento  %°.

Esta hipotese esta também de acordo com as observaces relatadas
anteriormente de que a agressividade da endometriose se correlaciona de uma maneira
positiva com a intensidade da expressdo da aromatase tanto no endométrio eutépico como nas

lesdes.

A hipotese de que a endometriose é uma doenga cronica que depende da quantidade de
expressdo de aromatase no endométrio eutdpico para progredir, prediz que a evolugdo clinica
da doenca pode depender do grau de inflamacdo ao qual o endométrio eutdpico € exposto
durante o ciclo menstrual, j& que o gene promotor para esta enzima responde as
prostaglandinas 3. Se esta hipdtese esta correta, isto também poderia explicar as altas taxas
de insucesso em longo prazo de todas as formas de tratamento de endometriose, ja que o
defeito primério € a expressdo aberrante de aromatase no endométrio eutdpico, o que pode
retornar mediante a suspensdo do tratamento e o reinicio da menstruacdo e seu fluxo

retrégrado.

A expressdo de aromatase no endométrio eutopico € desta forma, fundamental ndo
somente para 0 desenvolvimento da endometriose, mas também para determinar o grau de
agressividade da sua evolugdo clinica 3. Neste aspecto, medicamentos que suprimam a
expressdo de aromatase ou modulem a atividade imunolégica terdo um papel importante na
terapia da endometriose 0. PublicacBes recentes mostraram a eficicia de inibidores de
aromatase no tratamento de formas freqlientemente agressivas de endometriose associadas a
niveis elevados de expressdo de aromatase 522, A expressdo de aromatase no endométrio
eutopico &, portanto, crucial para determinar a evolugédo clinica desta doenga, incluindo a
propensdo que algumas lesdes tém para regredir espontaneamente * Isto pode ser verificado
pela correlacdo da agressividade da lesdo endometriotica com a presenca da expressao de

aromatase no endométrio eutopico, porém, esta associacdo pode ndo se comprovar cComo uma
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relacdo de causalidade. Estudos prévios ja demonstraram que a quantidade de RNAm

transcritos para aromatase é significantemente mais alta nas lesdes mais agressivas *'.

Recentemente, nosso grupo conduziu um estudo clinico observacional para investigar
se formas mais agressivas de endometriose estavam associadas com expressdes mais elevadas
de aromatase no endométrio eutopico “3. A presenca desta enzima foi detectada através de
métodos imunohistoquimicos. Bidpsias do endométrio foram realizadas durante a
laparoscopia em pacientes com endometriose, para determinar a expressao de aromatase neste
tecido. A severidade, tipo, e extensdo da endometriose foram registradas e comparadas com a
presenca de expressdo de aromatase no endométrio eutdpico. Os resultados publicados
mostraram que a presenca da expressdo de aromatase no endomeétrio eutopico das pacientes
teve uma correlagio positiva com a agressividade clinica das lesdes endometridticas 34,
Quando estes dados sdo analisados em funcdo da classificagdo da American Society of
Reproductive Medicine (ASRM) nas quais a severidade da endometriose é dividida em 4
tipos, do | ao IV, a depender das extensdes das lesdes, foi possivel observar que a expressdo
de aromatase no endométrio eutdpico ocorria com uma freqiiéncia significativamente maior
nas pacientes que apresentavam lesbes mais severas (estagio IV) do que naquelas que
apresentavam lesdes menos extensas na pelve (estagio 1) 3. Um estudo similar medindo a
guantidade de mRNA para a aromatase mostrou que no endométrio a transcricdo do gene se

correlacionava de uma maneira positiva com a severidade da endometriose e da adenomiose
48

Estes resultados, embora ndo estabelecam uma relacdo de causalidade entre expressao
de aromatase no endométrio eutdpico e a progressdo da endometriose, sugerem uma forte
associacao entre a presenca desta enzima no endométrio eutdpico e a deteccdo de lesdes ativas
na pelve 48 As regressbes da endometriose e dos seus sintomas com 0 uso continuam de
contraceptivos orais, por outro lado, foi associada com o desaparecimento da expressdo de
aromatase no endométrio eutopico destas pacientes 3. A evolugéo clinica desta doenca pode,
desta forma, ser ditada pela presenca de aromatase no endométrio. Todos os fatores que
possam interferir direta ou indiretamente com a atividade de aromatase no endométrio ou nas
lesbes endometridticas, incluindo ai a modulagdo da inflamacéo, podem aumentar ou diminuir
a agressividade das lesdes, afetando assim a evolugdo da doenca 3. As observacdes clinicas
sobre a eficacia do uso continuo dos contraceptivos orais no tratamento da endometriose
podem ser explicadas também pelos efeitos supressivo que 0s progestagénios tém sobre a

atividade da aromatase 32131632 Qutras agentes farmacoldgicos usados no tratamento da
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endometriose como o danazol ou mais recentemente o dienogeste sdo também inibidores da
expressdo da aromatase e da Cox-2 5. Estes dados estdo de acordo com a nossa hipétese de
que a progressdo da endometriose depende da repeti¢cdo dos ciclos menstruais em pacientes

cujo endométrio expressa a enzima aromatase.

5 CONSIDERACOES FINAIS

A presenca da expressdo de aromatase no endométrio é um fator de risco para o
desenvolvimento de patologias, uma vez que a producdo local de estrégenos estimulara a
inflamacdo. Este mecanismo é complexo e envolve um circulo vicioso de producdo
aumentada de prostaglandina E2 através da ativacdo de Cox-2 em resposta aos niveis
aumentados de estrdégenos. A ocorréncia de inflamacgéo sub-clinica no endométrio na presenca
de vérias patologias estrogeno dependentes também pode ser inferida pela existéncia da
expressao de FN-kappa B nos nucleos celulares, um fator de transcricdo importante na cascata
inflamatoria. A ativacdo do FN-kappa B nuclear é estimulada pela exposic¢do ao estrogeno ou
pela supressao de progesterona, ja que a constante exposi¢do do endométrio aos progestinicos
suprime a inflamacdo e inibe a translocacdo de FN-kappa B para os nucleos celulares. Os
progestinicos, portanto sdo importantes hormdnios anti-inflamatérios cujas aces sobre o
endométrio sdo capazes de suprimir a ativacdo de FN-kappa e de reduzir a expressdo de
enzimas como aromatase e Cox-2. Estes efeitos sdo de importdncia fundamental para a
aplicacdo clinica dos progestinicos no tratamento de patologias causadas pela inflamacao
cronica e expressdo aberrante de aromatase como a endometriose. A producdo aumentada de
estrogenos locais, que € catalizada pela presenca de aromatase no endométrio através do
aumento da inflamacdo, e a consequente formacdo excessiva de prostaglandina, também é
responsavel pela exacerbacdo de sintomas associados a menstruacdo como dismenorreia e

menorragia.

Acredita-se que a producdo local de estrogénio seja 0 mecanismo de supressdo dos
macrofagos e células NK por células fagociticas. O grau de severidade da endometriose
correlaciona-se positivamente com a intensidade da expressdo de aromatase no endométrio
eutopico, corroborando desta forma a hipotese de que a progressdo da endometriose depende
da descamacéo constante das células aromatase-positivas através da menstruacdo retrograda.
A coexisténcia de outras patologias como a endometriose também esta associada com a

presenca da expressdo de aromatase no endométrio. Isto tem sido observado em casos de
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miomas submucosos/intramurais, polipos endometriais e adenomiose. Em todos estes casos, a
presenca de aromatase esteve associada com um aumento de inflamacdo no endométrio
conforme determinado pela presenga de NF-kappa B nos nucleos celulares. O namero de
ndcleos positivos para NF-kappa B foi significantemente maior no endométrio de (teros
portadores de patologia em comparacdo aos controles normais. Isto foi observado tanto
durante a fase proliferativa quanto antes do inicio da menstruacdo, sugerindo assim um papel
pro-inflamatorio para os estrogenos e um efeito anti-inflamatério da progesterona sobre o
endométrio. A progesterona enddgena ou 0s progestinicos, como gestodeno ou levonorgestrel
qguando usados oralmente ou liberados localmente na cavidade uterina, séo inibidores potentes
da expressdo de aromatase no endométrio e este efeito provavelmente envolve o
silenciamento de genes através da inibicdo de transcricdo. Na verdade, o uso continuo de
contraceptivos orais combinados contendo gestodeno ou 0 uso de sistemas intrauterinos
liberadores de levonorgetsrel se mostraram efetivos na prevencdo ndo s6 da recorréncia de
endometriose mas também da menorragia associada a miomas, reforcando assim a relacéo de
causalidade entre a expressdo aberrante de aromatase no endométrio, inflamacdo, e o

desenvolvimento de patologias.

Esta diferenca ndo estava na histologia, mas sim no padrdo enzimatico do tecido.
Verificamos que estes endométrios ndo s6 expressavam a enzima aromatase p450 responsavel
pela sintese de estradiol, mas também apresentavam um maior grau de inflamacdo, mediada
através da expressao aumentada da Cox-2 e do NF-Kappa.b . A inflamacdo endometrial seria
o fator causal que induzia a ativacdo do gene da aromatase no endométrio conforme
sugerimos numa publicacdo contendo os trabalhos apresentados no World Congresso of
Gynecological Endocrinology em Florenca em margo de 2012. . Verificamos também que
estas pacientes com miomas poderiam ter outras patologias associadas, como miomas,
adenomiose e polipos endometriais, € que em todas estas patologias a enzima aromatase
estava também expressa no endométrio na maioria dos casos. Sugerimos nesta ocasido que a
expressao da aromatase no endométrio eutopico das pacientes com endometriose era crucial
para a implantagdo destas celulas fora da cavidade uterina, pois 0s estrogénios assim
produzidos inibiriam a fagocitose destas células pelos macrofagos ativados. Outro achado
importante observado por nos foi de que a expressdo da aromatase do endométrio ja podia ser
detectada no endométrio de pacientes com sintomas menstruais, mas que ainda nao
apresentavam endometriose ou outras patologias. Estes achados sugeriam que a presenca da
aromatase neste tecido poderia anteceder o aparecimento da endometriose, 0 que explicaria o

longo intervalo entre o aparecimento dos primeiros sintomas menstruais e o diagnostico
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definitivo desta patologia. Na verdade a interacdo entre a inflamacdo endometrial e a
producdo local de estrogénios parece ter um papel importante na patogénese dos sintomas
menstruais e das patologias estrogénio dependentes, e esta € uma area de pesquisa que nos
interessa bastante. Este estudo piloto foi amplamente confirmados por inimeros trabalhos
feitos na Europa e Asia. Estes estudos serviram de base para o lancamento no Brasil de
anticoncepcionais orais contendo gestodeno, dados de maneira continua para o tratamento

destas patologias estrogénio dependente.

6 REFERENCIAS

1. Acien P, Velasco I, Gutierrez M, Martinez-Beltran M. Aromatase expression in
endometriotic tissues and its relationship to clinical and analytical findings. Fertil
Steril. 2007;88(1):32-8.

2. Amsterdam LL, Gentry W, Jobanputra S, Wolf M, Rubin SD, Bulun SE. Anastrazole
and oral contraceptives: a novel treatment for endometriosis. Fertil Steril. 2005; 84
(2):300-4.

3. Attar E. Aromatase and other steroidogenic genes in endometriosis. Translational
aspects. Human Reproduction Update 2006; 12:49-56.

4. Baskin GB, Smith SM, Marx PA. Endometrial hyperplasia, polyps and adenomyosis
associated with unopposed estrogens in rhesus monkey (Macaca mulata). Vet Pathol
2002; 39:572-75.

5. Brosens I, Deprest J, Dal Cin P, Van den Berghe H. Clinical significance of cytogenetic
abnormalities in uterine myomas. Fertil.Steril. 1998;69:232-5.

6. Bulun SE et al. Mechanisms of excessive estrogen formation in endometriosis.
Journal of Reproductive Immunology 2002;55:21-33.

7. Bulun SE, Zeitoun K, Takayana K, Noble L et al. Oestrogen production in
endometriosis and use of aromatase inhibitors to treat endometriosis. Endocrine Rel.
Cancer 1999; 6:293-301.

8. Capellino S, Montagna P, Villaggio B, Sulli A, Soldano S, Ferrero S, Remorgida V,
Cutolo M. Role of estrogens in inflammatory response: expression of estrogen
receptors in peritoneal fluid macrophages from endometriosis. Ann N Y Acad Sci.
2006 Jun; 1069:263-67.

9. Carlstein H. Immune responses and bone loss: the estrogen connection. Immunol Rev.
2005; Dec 2008: 194-206. Review.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Amsterdam+LL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Gentry+W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Jobanputra+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Wolf+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rubin+SD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bulun+SE%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Fertil%20Steril.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16855153&query_hl=13&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16855153&query_hl=13&itool=pubmed_docsum

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

74

Critchley HO, Kelly RW, Brenne RM, Baird DT. The endocrinology of menstruation.
A role for the immune system. Clin Endocrinol 2001; 55: 701-10.

D’Hooghe TM. Immunomodulators and aromatase inhibitors: are they the next
generation of treatment for endometriosis? Curr Opin Obstet Gynecol 2003; 15:243-9.
Ebert AD et al. Aromatase inhibitors and cyclooxygenase-2 (Cox-2) inhibitors in
endometriosis. New questions old answers? European Journal Obstetrics Gynecology
& Reproductive Biology 2005;122:144-50.

Exacoustos C, Zupi E, Amadio A, Amoroso C, Szabolcs B, Romanini ME, Arduini D.
Recurrence of endometriomas after laparoscopic removal: sonographic and clinical
follow-up and indication for second surgery. J Minim Invasive Gynecol. 2006 Jul-Aug;
13(4): 281-8.

Fatemi HM, Al-Turki HA, Papanikolaou EG, Kosmas L, De Sutter P, Devroey P.
Successful treatment of an aggressive recurrent post-menopausal endometriosis
with an aromatase inhibitor. Reproductive BioMedicine Online, Volume 11, Number 4,
October 2005, pp. 455-457(3).

Fechner S, Husen B, Thole H, Schmidt M, Gashaw I, Kimmig R, Winterhager E,
Grummer R. Expression and regulation of estrogen-converting enzymes in ectopic
human endometrial tissue. Fertil Steril 2007; 88(4 Suppl):1029-38.

Ferenczy A. Pathophysiology of adenomyosis. Hum Reprod Update 1998; 4:312-322.
Fraser 1 S, Kovacs GT. The efficacy of non-contraceptive uses for hormonal
contraceptives. MJA 2003; 178:621-3.

Guo SW. Nuclear factor-kappa.B (NF-kappaB): an unsuspected major culprit in the
pathogenesis of endometriosis that is still at large?  Gynecol Obstet Invest.
2007;63(2):71-97.

Hadfield R, Mardon H, Barlow DH, Kennedy S. Delay in diagnosis of endometriosis: a
survey of women from the USA and the UK. Human Reprod. 1996; 11:878-80.

Hatok J , Zubor P, Galo S, et al. Endometrial aromatase mRNA as a possible
screening tool for advanced endometriosis and adenomyosis. Gynecol Endocrinol
2011:27(5):331-6

Hozu M, Sumitani H et al. Overexpression of aromatase P-450 in leiomyoma tissue is
driven through the promoter 1.4 of aromatase p-450. J Clin Endocrinol Metab 87:
2540-48, 2002.

Hozu M, Sumitani H et al. Overexpression of aromatase P-450 in leiomyoma tissue is
driven through the promoter 1.4 of aromatase p-450. J Clin Endocrinol Metab 87:
2540-48, 2002


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Fatemi+HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Al%2DTurki+HA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Papanikolaou+EG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kosmas+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22De+Sutter+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Devroey+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17316633&query_hl=1&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17316633&query_hl=1&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/pubmed/17028437?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

75

Ishihara H, Kitawaki J, Kado N, Koshiba H, Fushiki S, Honjo H. Gonadotrophin-
releasing hormone agonist and danazol normalize aromatase cytochrome p450
expression in eutopic endometrium from women with endometriosis, adenomyosis
or leiomyomas. Fertil Steril 2003, 79 suppl 1:735-42.

Jones KD, Haines P, Sutton CJ. Long term follow-up of controlled trial of laser
laparoscopy for pelvic pain. JSLS 2001; 5:111-5.

Kataoka S, Yamada H, Hoshi N, Kudo M, Hareyama H, Sakuragi N, Fugimoto S.
Cytogenetic analysis of uterine leiomyoma: the size, histopathology and GnRH a
response in relation to chromosome Kkaryotype. Eur J Obstet Gyecol Reprod Biol
2003;110(1):58-62.

Kataoka S, Yamada H, Hoshi N, Kudo M, Hareyama H, Sakuragi N, Fugimoto S.
Cytogenetic analysis of uterine leiomyoma: the size, histopathology and GnRH a
response in relation to chromosome karyotype. Eur J Obstet Gyecol Reprod Biol
2003;110(1):58-62.

Kitawaki J, Kado N, Ishihara H, Koshiba H, Kitaoka Y, Honjo H. Endometriosis: the
pathophysiology as estrogen dependent diseases. J. Steroid Biochem. Mol. Biol. 2002;
83:149-55.

Lebovic DI, Muller MD, Taylor RN. Immunobiology of endometriosis. Fertil Steril
2001; 75:1.

Leyendecker G, Herbertz M, Kunz G, Mall G. Endometriosis results from dislocation
of basal endometrium. Hum Reprod 2003; 18: 1130-1.

Maia h jr , Haddad C ,Maia R ,Casoy J. Nuclear factor —-Kappa B (NF-Kappa
B)expression in the endometrium of normal and pathological uterus.
2012Giorn.It.Ost.Gin 34(1):236-238

Maia h jr ,Casoy ,J,Correia T et al. Activation of NF-Kappa.b and Cox-2 expression is
associated with breakthrough bleeding in patients using oral contraceptives in
extended regimens. Gynecol .Endocrinol. 2010;26:265-9

Maia H Jr ,Casoy J, Correia T, Freitas LA, Pimentel K, Athayde C. The effect of oral
contraceptives on aromatase expression in the eutopic endometrium of patients with
endometriosis. Gynecologic Endocrinol 2008 24(3);123-8.

Maia H Jr ,Casoy J, Correia T, Freitas LA, Pimentel K, Athayde C. The effect of oral
contraceptives on aromatase expression in the eutopic endometrium of patients with

endometriosis. Gynecologic Endocrinol 2008 24(3);123-8.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

76

Maia H Jr ,Haddad C, CasoylJ. Correlation between aromatase expression in the
eutopic endometrium and the presence of endometriosis. Int.J.Womens health
2012:4:61-5

Maia H jr ,Haddad C,Casoy J et.al. Effect of a hormone releasing intrauterine system
on aromatase and Cox-2 expression in patients with adenomyosis submitted or not
to endometrial resection. Int, J,Womens Health 2012;4 :175-83

Maia H jr Haddad C , Casoy J et al. Effect of a levonorgestrel releasing intrauterine
system insertion on bleeding patterns and endometrial markers in perimenopausal
patients. In Menopause State of Art, CIC edizioni Internazzionali,366-68,2011

Maia H Jr, Casoy J, Correia T, Freitas A, Pimentel K, Coutinho EM. Effect of the
menstrual cycle and oral contraceptives on aromatase and Cox-2 expression in
adenomyosis. Gynecological Endocrinology 2006; 22:1-5.

Maia H Jr, Casoy J, Pimentel K, Correia T, Athayde C, Cruz T, Coutinho EM. Effect of
oral contraceptives on vascular endothelial growth factor, Cox-2 and aromatase
expression in endometrium of uteri affected by myomas and associated pathologies.
Contraception 2008 78(6):479-85.

Maia H Jr, Casoy J, Valente J. Is aromatase expression in the endometrium the cause
of endometriosis and its related infertility? Gynecol.Endocrinol 2010;26(4):253-7.
Maia H Jr, Pimentel K , Casoy J, Correia T, Freitas LA, Zausner B, Athayde C, Coutinho
EM. Aromatase expression in the eutopic endometrium of myomatous uteri: the
influence of menstrual cycle and oral contraceptives. Gynecol Endocrinol 2007
Jun;23(6):320-4.

Maia H Jr. and Casoy J. Non-contraceptive health benefits of oral contraceptives. Eur
J Contracept Reprod Health Care 2008 Mar 13(1):17-24.

Maia Jr H, Maltez A, Coelho G et al. Insertion of Mirena after endometrial resection
in patients with adenomyosis. J Am Assoc Gynecol Laparosc 2003; 10: 512-6.

Maia Jr. H, Coelho G, Valente Filho J, Athayde C, Barbosa IC, Coutinho EM.
Prevention of endometriotic cyst recurrence with continuous oral contraceptives.
Journal of Contraception and Reproductive Health 2004; v9:p152.

Metzger DA, Szpak CA, Haney AF. Histologic features associated with hormonal
responsiveness of ectopic endometrium. Fertil Steril 1993; 59:83-8

Modugno F, Ness RB, Chen C et al. Inflammation and endometrial cancer: a
hypothesis. Cancer Epidemiol Biomarkers Prev 2005; 14: 2840-7.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

77

Nieto A, Jacuri C, Serra M, Keller J, Cortes-Prieto J. Long term follow-up of
endometriosis after two different therapies (gestrinone and buserelin). Clin. Exp
Obstet Gynecol. 1996; 23:198-204.

Nilsson CG et al. Tissue concentrations of levonorgestrel in women using a
levonorgestrel releasing 1UD. Clin.Endocrinol,1982;17;529-36

Noble LS. Prostaglandin E2 stimulates aromatase activity in endometriosis derived
stromal cells. Journal Clinical Endocrinology Metabolism 1997; 82:600-606.

Olive DL, Montoya I, Riehl RM, Schenken RS. Macrophage conditioned media
enhance endometrial stroma proliferation in vitro. Am J Obstet Gynecol 1991,
164(4): 953-8.

Orsini G, Laricchia L, Fanelli M. Low dose combination oral contraceptive use in
women with uterine leiomyomas. Minerva Ginecol 2002;54:253-61.

Otsuka H, Shinohara M et al. A comparative study of the estrogen receptor ratio in
myometrium and uterine leiomyomas. Int.J Gynecol Obstet. 1989;29:189-94.

Otsuka H, Shinohara M et al. A comparative study of the estrogen receptor ratio in
myometrium and uterine leiomyomas. Int.J Gynecol Obstet. 1989;29:189-94.

Portelli M, Pollaco J Sacco K,etal. Endometrial seedlings. A survival
instinct?immnunomulation and its role in the pathophysiology of endometriosis. Minerva
Ginecol.2011;63(6);563-70

Sacco K, Portelli M Pollaco J et al. The role of prostaglandin E2 in endometriosis.
Gynecol.Endocrinol.2012;28(2):134-8

Shimizu Y, Fukuda J, Kumasawa Y, Tanaka T. Pregnancy complicated by
adenomyosis resulted in miscarriage in three cases of in-vitro fertilization - embryo
transfer. Reprod. Med Biol 2004; 3: 95-98.

Sidell N, Han SW, Parthasarathy S. Regulation and modulation of abnormal immune
responses in endometriosis. Ann N'Y Acad Sci. 2002; 955:159-73.

Stewart PJ, Zaloudeck CT, Imman MM, Webster RA. Effect of dexamethasone and
indomethacin on estrogen induced uterine growth. Life Sci 1983; 33:2349-56.

Sugino N, Karube-Harada A, Taketani T, Sakata A, Nakamura Y. Withdrawal of
ovarian steroids stimulates prostaglandin F2alpha production through nuclear
factor-kappaB activation via oxygen radicals in human endometrial stromal cells:
potential relevance to menstruation. J Reprod Dev. 2004 Apr;50(2):215-25.

Sugino N, Kashida S, Karube-Harada A, Takiquchi S, Kato H. Expression of Vascular
Endothelial Growth Factor and its receptor in human endometrium throughout the

menstrual cycle and early pregnancy. Reproduction 2002;123:379-89.


http://www.ncbi.nlm.nih.gov/pubmed/15118249?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

60.

61.

62.

63.

78

Sugino N, Kashida S, Karube-Harada A, Takiquchi S, Kato H. Expression of Vascular
Endothelial Growth Factor and its receptor in human endometrium throughout the
menstrual cycle and early pregnancy. Reproduction 2002;123:379-89.

Ulukus M, Cakmak H, Arici A. The role of endometrium in endometriosis. J Soc
Gynecol. Investig 2006; 13(7):467-76.

Ulukus M, Cakmak H, Arici A. The role of endometrium in endometriosis. J Soc
Gynecol. Investig 2006; 13(7):467-76.

Yamanaka K,Xu B, Suganuma | et al. Dienogest inhibits aromatase and
cycloooxigenase-2 expression and prostaglandin  E2 production in human

endometriotic stroma cells in spheroid culture. Fertil.Steril.2012;97(2);477-82.



ANEXO

hl&['_/_\i\l/(i? %\EQA
: _:E . 1\]%\:13—;; Termo de Consentimento Livre e Esclarecido
g
Hosxririt Dt

PACIENTE: / .

RG N°: C.P.F.

ENDEREGO: '

PROCEDIMENTO Y . skl (clobR
ATENDIMENTO: ¢ - PRONTUARIO:

Declaro conforme dados acima que estou de acordo com 0s seguinies termos:

1) Autorizo a utilizagao dos dados clinicos em trabalnos cientificos, publicagdes em congressos ou outras ativida
de cunho cientifico.

2) A presente autorizagao & conhecida a titulo gratuito, abrangendo seu uso em todo territorio nacional &
internacional.

3) Dessa forma, declaro ser esta expressao da minha vontade, autorizando 0 USO acima descrito
4) Antes de Assinar este documento, eu fui suficientemente informado(a) sobre @ procedimento anestésico e cil

a ser realizado e conversei diretamente com meu médico e ele respondeu todas as perguntas que fiz sem deix:
duvidas. Participo voluntariamente obedecendo a resolugao196/96 do Conselho Nacional de Saude.

Salvador (BA),

79






