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RESUMO

A endometriose € uma doenca ginecoldgica cronica que afeta pelo menos 10% das mulheres
em idade reprodutiva. E caracterizada pelo crescimento de tecido endometrial fora da
cavidade uterina. Embora sua etiologia permaneca controversa, estudos propdem que
alteragBes imunoldgicas e inflamatdrias estdo correlacionadas com a causa da endometriose e
podem contribuir para o crescimento e sobrevida de implantes ectopicos. Como parte
integrante desse processo, um microambiente peritoneal anormal pode ser constituido por
niveis aumentados de células imunoldgicas. Dentre estas, a elevacdo de citocinas pro-
inflamatérias no ambiente peritoneal e sistémico participariam desse processo. Citocinas
incluindo a interleucina-6 (IL-6), uma glicoproteina com atuacdo na resposta imune e
considerada como um marcador de inflamacdo tem sido proposta na patogénese da
endometriose. Recentemente, demonstramos que as concentracdes de IL-6 no fluido
peritoneal (FP) apresentam-se elevadas em mulheres com endometriose em comparagdo com
mulheres higidas (Andrade et al., 2017, in press). No entanto, a fonte do aumento de IL-6 no
FP ainda ndo foi totalmente elucidada e seu potencial envolvimento com a endometriose
merece maior investigacdo. No presente estudo, avaliamos a expresséo proteica de IL-6 no
tecido endometrial e sua concentracdo no FP de mulheres com endometriose pélvica e
comparamos com mulheres higidas. Um total de 18 pacientes com endometriose e 12
mulheres com pelve normal foram incluidas neste estudo caso-controle. Foram realizadas
avaliacdes clinicas e laboratoriais. Os niveis de IL-6 no FP e a expressdo proteica no tecido
endometrial foram determinados utilizando ensaio imunoenzimético (ELISA) e imuno-
histoquimica respectivamente. A concentracdo de IL-6 no FP foi significativamente mais
elevada no grupo endometriose em compara¢do com o grupo controle [48,2 (36,7 - 89,9)
ng/ml versus 23,1 (11,8 - 35,3) ng/ml, P = 0,002]. A expressao proteica de IL-6 foi positiva
na maior parte das amostras de ambos os grupos sendo significativamente mais intensa no
tecido endometridtico em comparagdo com a expressdo no endométrio de mulheres com pelve
normal (P < 0,05). Os resultados do presente estudo sugerem que a fonte da IL6 no FP de
pacientes com endometriose possa ser, pelo menos em parte, proveniente dos focos

endometrioticos.

Palavras-chave: endometriose, interleucina-6, tecido endometrial, fluido peritoneal.



ABSTRACT

Endometriosis is a chronic gynecological disease that affects at least 10% of women of
reproductive age. It is characterized by growth of endometrial tissue outside the uterine
cavity. Although its etiology remains controversial, studies suggest that immunological and
inflammatory changes are associated with endometriosis and may contribute to the growth
and survival of ectopic implants. As part of this process, an abnormal peritoneal
microenvironment may be constituted by increased levels of immune cells. Among these, the
elevation of proinflammatory cytokines in the peritoneal and systemic environment would
participate in this process. Cytokines including interleukin-6 (IL-6), a glycoprotein that acts
on the immune response and is considered as a marker of inflammation has been proposed to
play a role in the pathogenesis of endometriosis. Recently, we have shown that IL-6
concentrations in the peritoneal fluid (PF) were higher in women with endometriosis
compared to healthy women (Andrade et al., 2017, in press). However, the source of IL-6 in
PF has not yet been fully elucidated and its potential involvement with endometriosis
warrants further investigation. In the present study, we evaluated the protein expression of IL-
6 in endometrial tissue and its concentration in PF of women with pelvic endometriosis and
compared them with healthy women. A total of 18 patients with endometriosis and 12 women
with normal pelvis were included in this case-control study. Clinical and laboratory
evaluations were performed. IL-6 levels in PF and protein expression in endometrial tissue
were determined using enzyme-linked immunosorbent assay (ELISA) and
immunohistochemistry respectively. The concentrations of IL-6 in PF were significantly
higher in the endometriosis group compared to the control group [48.2 (36.7-89.9) ng / ml
versus 23.1 (11.8-35, 3) ng / ml, P = 0.002]. Protein expression of IL-6 was positive in most
samples from both groups being significantly more intense in the endometriotic tissue of
patients with endometriosis compared to the endometrial expression in women with normal
pelvis (P < 0.05). The results of the present study suggest that the source of IL6 in the PF of

patients with endometriosis may come, at least in part, from the endometriotic focus.

Key words: endometriosis, interleukin-6, endometrial tissue, peritoneal fluid.
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PARTE I

Fundamentacéo Teorica:

1. ENDOMETRIOSE

A endometriose € uma patologia ginecologica caracterizada pela presenca de tecido
endometrial funcional (glandulas e/ou estroma) (Nacul e Spritzer, 2010; Néacul et al., 2013),
localizados em sitios extrauterinos (Burns e Schenken, 1999), mais comumente no peritdnio
pélvico e ovarios e, mais raramente no pericardio, pleura e sistema nervoso central (Abrao et
al., 2010; Néacul e Spritzer, 2010).

Trés formas de endometriose sdo clinicamente descritas: implantes endometriéticos na
superficie do peritonio pélvico e ovarios (endometriose peritoneal), cistos ovarianos alinhados
pela mucosa endometrioide (endometriomas) e uma massa sélida mista composta de tecido
endometrial, tecido adiposo e fibromuscular, residente entre o reto e a vagina (nédulo
endometridtico retovaginal). Suas caracteristicas histoldgicas comuns sdo a presenca de
estroma endometrial ou células epiteliais, sangramento cronico e sinais de inflamagéo. Estas
lesdes podem ocorrer isoladamente ou em combinagdo e estdo associadas a um risco
aumentado de infertilidade e/ou dor pélvica cronica (Bulun, 2009).

Estudos apontam uma prevaléncia de até 20% das mulheres em idade reprodutiva
(Matarese et al., 2003; Bricou et al., 2008; Carvalho et al., 2012) e que de 30 a 50% das
mulheres com infertilidade apresentam a patologia (Jacobson et al., 2002; Lasmar et al.,
2012).

A etiopatogenia da endometriose ainda ndo se encontra bem estabelecida (Nacul e
Spritzer, 2010; Sourial et al., 2014). Muitas hipGteses tém sido propostas a fim de esclarecer o
mecanismo etiopatogénico (Giudice, 2010; Carvalho et al., 2011), com evidéncias indicando
que uma combinacdo de fatores genéticos, hormonais e imunologicos poderia contribuir para
a formacdo e desenvolvimento dos focos endometriais ectopicos (Kennedy et al., 2005;
Christodoulakos et al., 2007).

A endometriose ndo era reconhecida como entidade patologica até o seéculo XVIII.
Porém, desde sua descricdo por Sampson em 1927, passou a ter sua teoria como a mais aceita

para explicar a origem da endometriose. De acordo com esse autor, ocorreria 0 refluxo de
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endométrio uterino durante a menstruagdo através das trompas de faldpio, com subsequente
implantagcdo e crescimento no peritbnio e ovario (Sampson, 1927). Em contrapartida a
respeito dessa teoria, € discutido que, embora 70 a 90% das mulheres apresentem menstruacéo
retrograda, apenas uma minoria (Bricou et al., 2008) correspondendo de 6 a 10% ira
desenvolver a patologia (Giudice e Kao, 2004; Groothuis et al., 2005) sugerindo assim, que
outros fatores envolvidos poderiam determinar uma maior suscetibilidade para desenvolver a
doenca (Nap, Groothuis, et al., 2004; Morsch et al., 2009; Nacul e Spritzer, 2010).

Outras duas teorias também foram consideradas na tentativa de explicar a
endometriose: a da metaplasia celdmica, sugerindo que o endométrio ectopico se desenvolve
nos tecidos locais, incluindo o epitélio germinativo ovariano ou remanescente dos ductos de
Wolf e de Muller; e, por fim, a teoria da inducdo, englobando as outras duas (implantes e
metaplasia celémica) e sugerindo que substancias enddgenas secretadas pelo endométrio
menstrual degenerado induziriam a metaplasia do epitélio seroso dos ovérios e células
peritoneais do mesotélio em tecido endometrial (Levander e Normann, 1955; Ohtake et al.,
1999).

A implantacdo de células endometriais ectdpicas tem sido relacionada a varios fatores,
tais como um ambiente receptivo que permitiria a adeséo, proliferacdo e sobrevida dessas
células e uma resposta alterada do sistema imunolégico as mesmas (Christodoulakos et al.,
2007). Assim, especula-se cada vez mais que a endometriose seja uma patologia crénica de
origem imunoldgica e/ou inflamatéria (Gazvani e Templeton, 2002; Matarese et al., 2003;
Burney, 2013).

Muitos autores tém demonstrado interesse em tentar esclarecer o papel do sistema
imunologico na endometriose onde varias anormalidades tém sido detectadas nessa
associacdo. Podemos citar alguns fatores ja conhecidos, provavelmente correlacionados a
sobrevivéncia do tecido endometrial na cavidade peritoneal como: maior capacidade
proliferativa, maior atividade da atomatase resultando em aumento das concentragfes locais
de estrogénio, resisténcia a acdo da progesterona e alteracdo da relacdo local estrogénio-
progesterona (Christodoulakos et al., 2007; Sharma et al., 2010).

Considera-se também que a expressdo aumentada de genes envolvidos com o
mecanismo de apoptose celular pode aumentar a sobrevida dessas células dentro da cavidade
peritoneal que, interagindo com moléculas de adesdo, poderdo aderir a superficie peritoneal

(Morsch et al., 2009). A ativacdo de quantidades elevadas de macrofagos no liquido
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peritoneal pode também estar associada a secrecdo de diversas citocinas inflamatdrias, fatores
de crescimento e de angiogénese, que desencadeiam a implantacdo e invasdo desse tecido

endometrial ectopico (Nacul e Spritzer, 2010).

2. DIAGNOSTICO E BIOMARCADORES

Tradicionalmente a suspeita clinica de endometriose recai especialmente em pacientes
com queixa de dor pélvica e/ou infertilidade por serem essas as manifestacfes mais
frequentes. Contudo, o quadro clinico pode ser bastante variavel, podendo a paciente ser
assintomatica, referindo apenas infertilidade ou apesentar sintomas como dismenorreia severa,
dispareunia profunda, graus varidveis de dor pélvica (até dor cronica), dor ovulatoria,
irregularidade menstrual, alteracdes intestinais e urinarias durante o periodo menstrual e
fadiga cronica (Kennedy et al., 2005; Abréo et al., 2010).

A histéria clinica, a avaliagdo ginecologica completa associada aos exames
laboratoriais complementares, como dosagem de CA-125 e métodos de imagem como ultra-
sonografia transvaginal, sdo passos basicos para se iniciar 0 mapeamento da suspeita da
patologia. (Abréo et al., 1999; Ramos et al., 2012).

O diagnéstico confirmatério e padrdo ouro da patologia, porém, s6 ocorre por
videolaparoscopia combinada com a confirmacdo histoldgica pelo exame anatomopatol6gico
da bidpsia da lesdo para constatacdo da presenca do tecido endometrial ectopico (Kennedy,
1999). Este pode ser feito através de cirurgia, laparotomia, ou preferencialmente,
laparoscopia. A laparoscopia € um procedimento cirdrgico, realizado com anestesia geral,
onde é realizada a inspecdo e manipulacdo da cavidade abdominal e pélvica através de
instrumentos de Otica e video, bem como de instrumentos cirdrgicos especificos que sao
introduzidos através de pequenos orificios no abdémen (Scarselli et al., 2005; Guzel et al.,
2014).

Apos a realizacdo da videolaparoscopia, a endometriose pode ser classificada de
acordo com o tipo histolégico dos implantes, com a localizacdo anatdbmica ou sobre a
extensdo da doenca sobre o0s 6rgédos pélvicos. A classificagdo mais utilizada atualmente é a da
American Society of Reproductive Medicine - revisada em 1996, que gradua a endometriose
em estadios de | a IV sendo eles, endometriose minima (I), leve (11), moderada (I11) ou grave

(IV) de acordo com a extenséo da doenca no peritdnio e ovarios, bem como pela presenca de
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aderéncias tubo-ovarianas e bloqueio do fundo de saco de Douglas (Revised American
Society for Reproductive Medicine classification of endometriosis: 1996, 1997).

Entretanto, existe uma fraca correlacdo entre a gravidade da doenca e os sintomas
clinicos apresentados pelas pacientes. Esta heterogeneidade na apresentacdo clinica tem
dificultado a identificacdo de marcadores de diagnosticos. Alguns possiveis marcadores
bioguimicos séricos, como citocinas, hormonios e fatores de crescimento tém sido investigados
como parte da abordagem diagnostica da endometriose. A resposta inflamatéria associada com a
doenca poderia fornecer outros marcadores bioquimicos. O tecido endometrial poderia ser a
origem dos niveis circulantes de tais substancias que estariam aumentadas na corrente sanguinea
(Vercellini et al., 2009; Somigliana et al., 2010). Relatos tém proposto que marcadores séricos,
teciduais e do fluido peritoneal estejam potencialmente associados a endometriose (Yang et
al., 2004). Niveis elevados de CA-125, por exemplo, podem ser sugestivos, mas ndo indicativo de
endometriose devido as diversas condicdes fisioldgicas e patologicas que podem ser responsaveis
por esse aumento, como por exemplo, outros cistos benignos de ovario. Por outro lado, valores
normais de CA-125 apresentam baixo valor preditivo negativo, pois ndo excluem a presenca de
endometriose (Mol et al., 1998). Mais recentemente, algumas citocinas vém sendo estudadas
por estarem envolvidas na patogénese da endometriose bem como possiveis novos
marcadores ndo cirlrgicos para a doenga, j& que até o momento, nenhum marcador
bioguimico isolado pdde ser considerado como fidedigno para o diagnéstico (Kennedy et al.,
2005; May et al., 2010).

Os tratamentos para endometriose envolvem a administracdo de androgénios,
agonistas do GnRH, progestinas e/ou contraceptivos orais. Entretanto, os medicamentos para
diminuir as concentragdes circulantes de estrogénios ndo podem ser usados continuamente
devido aos possiveis efeitos adversos (como osteosporose e risco a doenca cardiovascular) ou
a pretensdo de gravidez. Para o tratamento da dor, as pacientes sdo submetidas a cirurgias
frequentes, embora sejam desaconselhadas por aumentarem a chance de aderéncias
peritoniais. Para Giudice e Kao (2004), cerca de 75% das pacientes apresentam recidiva dos
sintomas dois anos apo0s a cirurgia. Quanto mais avancado o0 estagio da endometriose ao
primeiro diagndstico, maior a recorréncia da deteccdo clinica da doenca(Giudice e Kao,
2004).
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3. ASPECTOS IMUNOLOGICOS E INFLAMATORIOS
3.1 Citocinas e Interleucina-6

Um conceito geral importante € que a endometriose € um processo inflamatorio
pélvico local crénico com fungdo alterada das células imuno-correlacionadas no ambiente
peritoneal. Acredita-se que as alteracBes imunolodgicas e inflamat6rias nos niveis celular e
molecular na endometriose podem contribuir para a sobrevivéncia e crescimento dos
implantes endometridticos, podendo afetar a fertilidade e causar dor crénica com o inicio da
reacdo inflamatdria (Harada et al., 1997).

Quando o corpo é afetado na sua integridade sdo desencadeados mecanismos de
restauracdo através de um processo de reacdes bioguimicas, nas quais os fluidos e os
leucdcitos (células de defesa) circulantes se acumulam no tecido extravascular em resposta as
lesbes e infecgbes. Com isso, ocorrem efeitos locais, como hiperemia, edema e infiltracdo
leucocitaria desencadeando a resposta inflamatdria. Esse processo de resposta é extremamente
complexo, envolve numerosos tipos de células e mediadores humorais, além de inGmeras
substancias, sendo o grupo das citocinas o mais importante (Dandona et al., 2007).

E provavel que um ambiente imune alterado na cavidade peritoneal com uma
variedade de citocinas e fatores de crescimento derivados de macrofagos ativados, células de
endometriose e células mesoteliais na cavidade abdominal de mulheres com endometriose
possam desempenhar um papel inicial para o desenvolvimento da doenca, embora sua
etiologia ainda permaneca desconhecida (Bedaiwy et al., 2002; Khan et al., 2004; Kalu et al.,
2007). Por sua vez, a proliferagdo e/ou diferenciacdo celular do endométrio séo
acompanhadas da indugdo de inimeras proteinas e/ou citocinas (fatores de crescimento, de
angiogénese, interleucinas, interferons) (Salmassi et al., 2008).

Evidéncias apontam que indmeras células do sistema imune residem no tecido
endometrial, respondendo por parte da fisiopatologia da endometriose, a medida que induzem
uma série de eventos inerentes a inflamacéo, tais como proliferacdo, invasdo e angiogénese
(Lebovic et al., 2001).

Existem diversos marcadores associados com a inflamagdo como, por exemplo, as
citocinas pro-inflamatorias, citocinas anti-inflamatorias, adipocinas, marcadores de
inflamacéo derivados de hepatocitos, marcadores de consequéncia da inflamacéo, enzimas,

entre outros. Além disso, segundo alguns estudos, as doengas cronicas sdo acompanhadas
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pelos processos inflamatérios e a presenca de inflamacdo pode preceder o futuro
desenvolvimento destas doengas (Wu e Wu, 2006).

Apoiando essa nocdo estudos recentes sugerem que ha localmente, uma reacdo imune
em conjunto com os implantes ectdpicos dentro da cavidade peritoneal de pacientes com
endometriose em que o fluido peritoneal dessas mulheres contém um aumento no nimero de
macrofagos ativados que segregam Vvarios produtos locais, tais como citocinas, fatores de
crescimento e substancias angiogénicas (Harada et al., 2001)

Citocinas sdo peptideos reguladores produzidos por varios tipos de células nucleadas
no organismo e atuam como reguladores pleiotropicos em muitos tipos celulares.
Desempenham um papel importante na iniciagdo, propagagédo, e regulacdo de respostas
imunes e inflamatdrias. Em mulheres com endometriose, as citocinas atraem e recrutam mais
células imunes e assim, promovem a implantacdo e o crescimento de células endometriais
ectopicas atraves da inducgdo da proliferacdo e angiogénese, que desta forma, pode contribuir
para a fixacdo de células do endométrio na cavidade peritoneal e ajudar a invasdo destas
células no mesoteélio (Verit e Ayas, 2010; Barcz et al., 2012).

Os niveis de citocinas néo refletem diretamente o estado imune, mas demonstram a
ativacdo do sistema imune adjacente. A principal fonte de citocinas sdo os macréfagos, que se
originam na medula 6ssea, circulam para diversas cavidades do corpo. Niveis aumentados de
citocinas no fluido peritoneal (FP) de mulheres com endometriose podem refletir o aumento
da sintese de citocinas por macrofagos peritoneais, linfocitos, implantes endometriais
ectdpicos, ou por células do mesotélio no peritdnio (Verit e Ayas, 2010; Barcz et al., 2012).

A resposta inflamatéria estd associada a liberacdo de citocinas pro-inflamatorias,
dentre elas a IL-6, que se apresenta como um dos maiores mediadores de resposta de fase
aguda. A IL-6 normalmente é expressa em niveis baixos, exceto durante infec¢do, trauma ou
outros fatores estressantes. Esta citocina desempenha inimeras funcdes nos efeitos imunes
celulares e relacionados a inflamacdo e defesa do hospedeiro (Salmassi et al., 2008).

O papel da IL-6 na patogénese da Endometriose vem sendo amplamente estudado,
porém a fonte de seus niveis aumentados, tanto no FP como no soro de pacientes ainda nao
foi esclarecida (Bedaiwy e Falcone, 2004; Agic et al., 2006). No entanto, a expresséo proteica

de IL-6 no tecido endometriotico, tem sido pouco explorada.
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4. OBJETIVO

Avaliar a expressao proteica de IL-6 no tecido endometrial e sua concentracao no FP

de mulheres com endometriose pélvica e compara-las com mulheres higidas.
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ABSTRACT

Introduction: Endometriosis is a chronic gynecological disease that affects at least 10% of
women of reproductive age. It is characterized by growth of endometrial tissue outside the
uterine cavity. Although its etiology remains controversial, studies suggest that
immunological and inflammatory changes are associated with endometriosis and may
contribute to the growth and survival of ectopic implants. As part of this process, an abnormal
peritoneal microenvironment may be constituted by increased levels of immune cells. Among
these, the elevation of proinflammatory cytokines in the peritoneal and systemic environment
would participate in this process. Cytokines including interleukin-6 (IL-6), a glycoprotein that
acts on the immune response and is considered as a marker of inflammation has been
proposed to play a role in the pathogenesis of endometriosis. Recently, we have shown that
IL-6 concentrations in the peritoneal fluid (PF) were higher in women with endometriosis
compared to healthy women (Andrade et al., 2017, in press). However, the source of IL-6 in
PF has not yet been fully elucidated and its potential involvement with endometriosis
warrants further investigation. Objective: To compare the protein expression of IL-6 in
endometrial tissue and its concentrations in the PF between women with pelvic endometriosis
and to healthy women. Methods: A total of 18 patients with endometriosis and 12 women
with normal pelvis were included in this case-control study. Clinical and laboratory
evaluations were performed. IL-6 levels in PF and protein expression in endometrial tissue
were  determined using enzyme-linked immunosorbent assay (ELISA) and
immunohistochemistry respectively. Results: The concentrations of IL-6 in PF were
significantly higher in the endometriosis group compared to the control group [48.2 (36.7-
89.9) ng / ml versus 23.1 (11.8-35, 3) ng / ml, P = 0.002]. Protein expression of IL-6 was
positive in most samples from both groups being significantly more intense in the
endometriotic tissue of patients with endometriosis compared to the endometrial expression in
women with normal pelvis (P < 0.05). CONCLUSION: The results of the present study
suggest that the source of IL6 in the PF of patients with endometriosis may come, at least in
part, from the endometriotic focus.

Key words: endometriosis, interleukin-6, endometrial tissue, peritoneal fluid.
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INTRODUCTION

Endometriosis is a chronic gynecological disease that affects at least 10% of women
of childbearing age (Sampson, 1927; Maathuis et al., 1978; Matarese et al., 2003; Malutan et
al., 2015). It is characterized by the growth of endometrial tissue (active endometrial glands
and stroma), outside the uterine cavity, more frequently in the ovaries and peritoneum
(Hornung et al., 2001; Giudice e Kao, 2004; Dovey e Sanfilippo, 2010). Although its etiology
remains controversial (Starzinski-Powitz et al., 2001), the most accepted theory proposes that
a retrograde menstruation flow would generate endometriotic implants along the reproductive
tract (Sampson, 1927; Solnik, 2006; Dovey e Sanfilippo, 2010). However, this theory does
not fully explain the pathogenesis of endometriosis and additional yet unknown mechanisms
should contribute to the implantation, proliferation and survival of the endometrium outside
the uterine cavity (Braun e Dmowski, 1998; D'hooghe e Debrock, 2002).

Studies suggest that immunological and inflammatory changes at the cellular and
molecular levels are possibly correlated with the cause of endometriosis and may contribute to
the growth and survival of ectopic implants (Nap, Groothuis, et al., 2004; Ohata et al., 2008;
Ponce et al., 2009). As an integral part of this process, an abnormal peritoneal
microenvironment may consist of increased levels of immunological cells (Nap, Groothuis, et
al., 2004; Ohata et al., 2008) which play an important role in cellular adhesion, growth,
angiogenesis and inflammation (Senturk e Arici, 1999; Gazvani e Templeton, 2002; Kats et
al., 2002; Nap, Griffioen, et al., 2004; Ponce et al., 2009; Edwards et al., 2013). Among
these, the elevation of proinflammatory cytokines concentration and growth factors in the
peritoneal and systemic environment would participate in this process (Akoum, Lemay,
Mcecoll, et al., 1996; Harada et al., 2001; Kats et al., 2002).

Cytokines including interleukin-6 (IL-6) have been proposed in the pathogenesis of
endometriosis. IL-6 is a glycoprotein with activity in the immune response and is considered a
marker of inflammation (Smith et al., 1997). It is derived from T cells and is secreted by
endometrial cells among other cell types and mainly by macrophages (Laird et al., 1993;
Keenan et al., 1994). Peritoneal fluid (PF) levels of this cytokine seem to be elevated in
women with endometriosis compared to healthy women (Andrade et al., 2017, in press).
These findings suggest that endometriotic implants are also a source of cytokines (Akoum,
Lemay, Paradis, et al., 1996; Tsudo et al., 2000; Bedaiwy e Falcone, 2004). Evidence

indicates a potential involvement of IL-6 in the pathogenesis of endometriosis, which
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warrants further investigation. Thus, the present study aimed to compare the protein
expression of IL-6 in endometrial tissue and its concentrations in the PF between women with

pelvic endometriosis and healthy women.

METHODOLOGY

A total of 30 patients submitted to gynecological laparoscopy at the Reproductive Unit
of the Hospital Fémina - GHC between September 2007 and March 2009 were included in the
present study. Of these, 18 women with endometriosis, confirmed during the procedure by
visualization of endometriotic implants or by histopathological examination of sites
suggestive of active endometriosis and 12 healthy women with no evidence of endometrial
disease according to histopathological examination submitted to laparoscopy for tubal ligation
were included as endometriosis and control group (normal pelvis), respectively. The inclusion
criteria were: 1) pre-menopausal women aging between 21 and 50 years and Il) not using
contraceptive pills or hormonal therapy for at least 3 months before the laparoscopy.
Exclusion criteria were body mass index (BMI) > 35, or presenting other pelvic diseases than
endometriosis.

This study was approved by the Ethics Committee of the Hospital Fémina - GHC and
the study protocol was approved by the Ethics Committee of the Hospital de Clinicas de Porto
Alegre. All participants signed a free and informed consent.

Study Protocol:

Participants from both groups were submitted to clinical evaluation and the same
surgeon performed the laparoscopies, who also confirmed the diagnosis and classified
endometriosis according to the revised American Society for Reproductive Medicine
classification (Revised American Society for Reproductive Medicine classification of
endometriosis: 1996, 1997).

Immediately prior to laparoscopy, peripheral venous blood samples were collected,
and PF was collected immediately following the beginning of the procedure. PF samples were

centrifuged and supernatants were stored at -80 C until be processed.
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Serum hormone measurements: Serum estradiol and progesterone were assayed by
electrochemiluminescence (Roche Diagnostics GmbH, Mannheim, Germany). Intra and

interassay coefficients of variation (CVs) were > 5%.

PF IL-6 dosages: IL-6 levels were determined using a human enzyme-linked immunosorbent
assay with a detection limit of 3.10 pg/ml (Assay Designs, Inc., Ann Arbor, MI, USA.
Analyses were performed in duplicate in accordance with the manufacturer’s instructions and
two quality control samples were used. Intra and interassay CVs were 5.3 and 12.4%,

respectively.

Tissue collection: Biopsies of endometriotic and endometrial samples from cases and
controls, respectively, were collected before the end of the video laparoscopy procedure.
Samples were immediately placed in formalin and transported to the laboratory for further
preparation for the immunohistochemistry technique.

Immunohistochemistry: The technique was performed on specimens of endometrial and
ectopic lesions obtained by biopsy, fixed in 10% buffered formalin, processed and included in
paraffin, which were submitted to histological cut in a microtome regulated to a thickness of 4
um. The sections were positioned on previously flagged slides. In order to proceed with the
immunohistochemical technique by the peroxidase reaction, the slides were heated in an oven
at 80°C for 30 minutes, followed by dewaxing in xylol, rehydration in ethyl alcohol and then
in distilled water. Antigenic recovery was performed in a water bath at 95° C for 20 minutes
in citrate buffer pH 6.0. Endogenous peroxidase activity was blocked with 5% hydrogen
peroxide solution in methanol for 20 minutes. The sections were then incubated overnight in a
refrigerator at 2 to 8°C with the primary mouse Anti-IL6 monoclonal Mouse (Santa Cruz
Biotechnology, USA) Clone: IL-6 at 1:50 dilution. After incubation, the Goat anti-mouse 1gG
HRP Conjugated Secondary Antibody - cod: sc-2005 (Santa Cruz Biotechnology, USA)
detection system was applied at 1: 200 dilution and incubated again for 1h and 30 minutes.
The visualization of the reaction was obtained with Liquid Dab (Dako, K3468), according to
the manufacturer's recommendations. After visualization, the slides were counterstained in
Harris hematoxylin for 10 seconds, and differentiated into 2% ammoniacal water for 30

seconds. The slices were dehydrated in absolute alcohol and placed in xylol for the assembly
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of the blades in Entellan type resin. All samples were analyzed together, including negative
control in which the primary antibody was replaced with phosphate buffered saline (PBS)
cod: 590338 (Laborclin). A positive reaction was characterized by the presence of brown
granular staining in the epithelium and / or stroma. The intensity of immunostaining was
assessed by two independent observers and classified as absent, weak, moderate or intense
and converted into arbitrary units on a semi-quantitative scale of 0 to 3 for subsequent

statistical analysis.

Statistical analysis: Results are presented as mean * standard deviation or median and
interquartile range (25-75%). Comparisons between means were analyzed using the unpaired
two-tailed Student’s t-test or Mann-Whitney U test. The y*> test was used to compare
qualitative variables. Pearson’s or Spearman’s rank correlation coefficients were calculated
between variables using a two-tailed test for significance. Log,, transformation was used to
normalize the distribution of non-Gaussian variables and mean values were back-transformed
for presentation. P<0.05 was considered to indicate a statically significant difference. The
Statistical Package for the Social Sciences version 18 (SPSS, Inc., Chicago, IL, USA) was
used to perform analyses.

RESULTS
Table 1 shows the clinical and hormonal profile of the participants. Women with

normal pelvis and endometriosis presented similar age and BMI (31.7 + 6.0 vs 31.1 £ 5.8
years, P = 0.78) and (24.9 + 4.6 vs 24.2 £ 5.7 kg / m?, P = 0.72). The groups did not differ
regarding circulating levels of estradiol and progesterone (P > 0.05). Endometriosis was
classified as minimal or mild (grade I or 1) in 10 (55.6%) patients and moderate or severe
(grade 111 or 1V) in 8 (44.4%) patients (Table 1).

IL-6 levels were detected in the PF of all patients in both groups. The concentration of
IL-6 was significantly higher in the endometriosis group [48.2 (36.7-89.9) ng/ml] compared
to the control group [23.1 (11.8-35.3 ng/ml ml, P = 0.002] (Table 1).

Protein expression of IL-6 in endometrial tissue was detected in all samples evaluated
from the endometriosis and control groups. IL-6 expression was significantly more intense in

ectopic lesions than in the endometrium of women with normal pelvis (P = 0.028) (Table 2).
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Figure 1 shows IL-6 weak positive immunostaining in endometrial tissue of control
women (A). A strong positivity was observed in ectopic implants from patients with

endometrisis (B and C).

DISCUSSION

In the present study, a more intense IL-6 immunostaining was found endometriotic
implants in comparison with the eutopic endometrium of women with normal pelvis. These
results are in agreement with the findings described by Tsudo et al. (2000) where 1L-6 protein
expression was investigated in endometriotic stromal cells in culture and demonstrated
increased significant expression when compared to normal endometrial tissue. Tseng et al.
(1996) also demonstrated in vitro that stromal cells have a higher level of cytokine expressed
in isolated cells from endometriosis implants when compared to isolated cells from normal
endometrial tissue.

Studies on the pathogenesis of endometriosis point to innumerable suggestions
covering a range of possible mechanisms involved (Starzinski-Powitz et al., 2001; Bulun,
2009). Indeed, the combination of immune and inflammatory factors have been described for
decades as well established mechanisms linked to endometriosis (Senturk e Arici, 1999;
Taylor, 2010; Batt, 2011). As an integral part of this process, an increase in activated
macrophages and lymphocytes has been reported in endometriosis, triggering an
inflammatory peritoneal environment associated with the overproduction of prostaglandins,
cytokines and growth factors, thus favoring the survival and proliferation of endometriotic
lesions (Lebovic et al., 2001; Taylor et al., 2015).

Studies indicate that in women with endometriosis cytokines may regulate PF content
or may act directly on the ectopic endometrium, where they may play several roles in the
pathogenesis and pathophysiology of endometriosis (Harada et al., 2001). Clinical and
experimental evidence also suggests that IL-6 reacts on the local inflammatory and immune
response in endometriosis (Paul Dmowski e Braun, 2004), but the mechanisms by which this
occurs have not been explored yet.

Previous studies of our group have demonstrated that peritoneal IL-6 levels are
increased in endometriosis and, correlate positively with the greater severity of the disease
(Andrade, et al.,2017, in press). Our data are in accordance with reports by Kalu et al. (2007)
e Mosbah et al. (2016) that identified significantly higher levels of IL-6 in the PF of patients
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with endometriosis when compared with the control group and also showed a correlation of
IL-6 with the stage of endometriosis. Kocbek et al. (2015) showed the same significance for
increased cytokine levels in PF, but in cases of ovarian endometriosis. These results from
different authors regarding the increase of IL-6 levels in the PF of women with endometriosis
confirm a local immunoinflammatory reaction in which active immune cells produce larger
amounts of proinflammatory cytokines.

The origin of high level production of IL-6 in endometriosis has not yet been fully
elucidated. Laird et al. (1993), Keenan et al. (1994) and Berkkanoglu and Arici (2003)
reported the presence of macrophages and leukocytes in peritoneal environment as sources of
IL-6. However, this does not exclude other sources of IL-6 in pathological conditions and
other factors that could contribute to the process. In this sense, the adipose tissue is a well-
known source of cytokines production. We have previously studied the IL-6 gene expression
in adipose tissue, of women with endometriosis versus control women. However, no
difference was found on IL-6 gene expression of both visceral and subcutaneous adipose
tissue between endometriosis and normal pelvis groups (Andrade et al., 2017, in press). In
turn, it is worth noting, that once the ectopic lesion has been established, high levels of
proinflammatory molecules, including the 1L-6 cytokine may reflect not only their increased
synthesis by peritoneal macrophages but also the own endometriotic lesion derived
production, in addition to other immune cells signaling the inflammatory process (Lebovic et
al., 2001; Giudice e Kao, 2004).

One limitation of the present study is the small number of participants and the
endometrial samples had been mainly collected if follicular phase, which did not allow us to
test some complementary analyzes, such as classifying the participants in the different phases
of the menstrual cycle.

In conclusion, the present study suggests a possible role of the endometriotic cell itself
in maintaining the inflammatory environment of endometriosis and indicates that increased
IL-6 protein expression in ectopic tissue could contribute to the elevated levels of this
cytokine in PF.
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LEGEND OF FIGURES

Figure 1: Positive immunostaining of IL-6 in endometrial tissue. Positive staining is
indicated by brown color in the cytoplasm of stromal and glandular epithelial cells. (A)
Expression of weak positivity in the endometrium of women with normal pelvis (control
group). (B,C) Expression of strong positivity in endometriotic tissue. Original magnification:
40X, 100X.
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Table 1: Clinical and hormonal characteristics of patients with endometriosis and normal
pelvis (control group).

Control Endometriosis
n (12) n (18) P

Age (years) 31.7 +6.0 31.1+£58 0.78
BMI (kg/m2) 24.9+ 4.6 24.2+57 0.72
Estradiol (ng/ml) 75.2 (53,3 - 111.4) 132.5 (67.7 — 185.0) 0.06
Progesterone (ng/ml) 1.1(0,3-8.7) 2.8 (0.5-9.8) 0.63
IL-6 in Peritoneal fluid (ng/ml) 23.1 (11.8-35.3) 48.2 (36.7 — 89.9) 0.002
Stage of Endometriosis % (n)

Normal Pelvis 100 (12) 0(0)

Minimal or Light 0 (0) 55.6 (10)

Moderate or Severe 0(0) 44.4 (8)
BMI (kg/m?) % (n)

<25 = Normal 66.7 (8) 62.5 (10)

25 t0 29.9 = Overweight 16.7 (2) 18.8 (3) 0.974

>30 = Obesity 16.7 (2) 18.8 (3)

Data presented as mean * standard deviation (Student t test), median and interquartile range (25-75) (Mann- Whitney)
or percentage and absolute number (Chi-square or Fisher's exact).
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Table 2: Intensity of IL-6 protein expression by immunohistochemistry in patients with
endometriosis and normal pelvis (control group) (P <0.05).

Control Endometriosis
P
IL-6 positivity % (n)
Weak 9.1(1) 0 (0)
Moderate 54.5 (6) 9.1 (1) 0.028
Intense 36.4 (4) 90.9 (10)

Data presented as percentage and absolute number (Chi-square).
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