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ANEXO A - TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO
TERMO DE CONSENTIMENTO LIVRE, APOS ESCLARECIMENTO.
TITULO DO PROJETO: “Avaliacdo de parametros da resposta inflamatoria em

neoplasias ovarianas”

Eu,

........ , Registro Hospitalar n° ............................., li e/ou ouvi o esclarecimento acima e
compreendi para que serve o estudo e qual procedimento a que serei submetido. A
explicagdo que recebi esclarece os riscos e beneficios do estudo. Eu entendi que sou
livre para interromper minha participacdo a qualquer momento, sem justificar minha
decisdo e que isso ndo afetara meu tratamento. Sei que meu nome nao sera divulgado,
que nao terei despesas e ndo receberei dinheiro por participar do estudo. Eu concordo
em participar do estudo e autorizo a publicacdo em forma de artigo cientifico sobre

minha doenca.

Uberaba, ............. [, Lo,
Assinatura do voluntério ou seu responsavel legal Documento de identidade
Assinatura do pesquisador responsavel Assinatura do pesquisador orientador

Telefone de contato da paciente:

Telefone de contato dos pesquisadores: 34-3318-5326
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Apresentagio do Projeto:

O cancer de ovario

O cancer de ovario & uma causa comum de morte entre as neoplasias malignas ginecologicas. Cerca de
trés quartos dos tumores malignos de ovario apresenta-se em estadiamentos avangados no momento do
diagnéstico inicial. E o cincer ginecoldgico de maior letalidade [1,2].

A maioria das pacientes se encontra em estadiamentos [l e IV (FIGO) no momento do diagnostico [3].
Messes casos, a principal estratégia terapéutica € a cirurgia de citorredugdo, seguida de quimioterapia [4].
Apesar dos esquemas quimicterapicos derivados do platinum e, mais recentemente, dos taxanos, os
resultados do tratamento nio t8m obtido melhora importante nas dltimas décadas [5]. nos estadiamentos | e
I, a sobrevida em 5 anos varia de 50 a 95%, enguanto que nos estadiamentos Il e [V, essa percentagem &
de apenas 5 a 15% [5-T].

Os marcadores tumorais s8o substancias relacionadas & presenga ou 3 progressao de um tumor. O CA —
125 (camcer antigen 125) & um biomarcador ndo especifico para o cancer de ovario, podendo estar elevado
no primeiro trimestre da gestagio, endometriose, infecgies pélvicas e outros tipos de cdncer [8]. Mas se
associado a outros como o CA - 15.3, CA-T24 e CA- 109, pode ter aplicagio no manejo de massas
anexiais [B]. O CA - 18.9 pode estar elevado no subtipo mucinoso, o beta-hCG pode estar aumentado nos
tumores de origem germinativa & também no
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cororcarcinoma [10]. Murta et al. (2004) demonstraram a validade da assocciagdo de ultrassonografia e
marcadores tumorais na identificagdo de neoplasias ovarianas, melhorando a sensibilidade e a
especificidade como fator preditor de malignidade e conduzindo o cirurgido ao melhor tratamento [11].
Assim, a ufilizagio de marcadores tumorais tem validade na diferenciagio de massas ovarianas benignas &
mialignas, além de sugerir o subtipo histologico [12].

Reossi et al. (2004) estudaram o CA 125 como fator prognastico (estudo retrospective de 82 pacientes), e
demonsiraram gque esse marcador commelacionou com o estadiamento da FIGO, mas ndo com a idade, o
grau, a doenga residual apas cirurgia, e intervalo livre de doenga [13]. Santillan et al. (2005) avaliaram o
risco de recidiva de cancer epitelial de ovario em pacientes com niveis séricos de CA125 menor que 35m
W'ml, e demonstraram que um aumento progressivo de seus valores, mesmo ainda em niveis normais,
poderia ser indicativo de recorréncia da doenga [14]. Paramasivam et al. (2005) mostraram que o
estadiamento cirirgico completo, o grau histopatoldgico e os niveis pré-operatorios de CA125 sdo fatores
prognosticos independentes e poderiam ser incluidos como fatores de decisio da realizagdo de
quimioterapia [15]. Muramatsu et al. (2005) demonstraram gue na avaliagio de CA 125 e CA 10.0 séricos e
do dismetro tumoral em pacientes com estadio 1A e IC, houve diferengas significativas entre os estadios
[16].

Uma oufra altemativa em estudo & a avaliagSo do microambiente tumoral infracistico. CA - 15.3, CA - 125,
CA - 19.9 & CEA apresentam alta positividade tanto no soro quanto no fluido intracistico de pacientes com
tumores epitelizis malignos de ovario [17,18].

Estudos mostram que outros marcadores podem ser usados nos diagnosticos das neoplasias ovarianas:
HE4. GDF-15, Ca 72.4, Octamer-4, Mectin4, progranulina. O GDF-15 atua como biomarcador de
prognostico potencialmente Ofil no carcinoma do ovario. O GDF-15 é induzido por citocinas inflamatorias,
tais como intereucina-1 e fator de necrose tumoral. Seu aumento esta associado a situagdes patologicas
relacionadas 3 inflamag3o, lesdo tecidual aguda, & malignidade [18]. O GDF-15 & membro da familia TGF-
beta, tambem chamada de citocina-1 inibidora de macrofages (MIC-1), sendo orginalmente identificado em
linhagens celulares ativados por macrofagos. O GDF-15 regula uma grande variedade de procesos
fisiologicos, como indugéo de apoptose e invasividade tumoral [20]. Concentrages elevadas também tém
sido associadas a com um aumento do risco de eventos cardiovasculares em mulheres de idade avangada
[21].

A progranulina € encontrada no cromossomo 17g, que pode promover a angiogénese e invasio tumoral.
Pode existir uma relagio entre os niveis sérices de progranulina e a sobrevida global e livre de doenga em
cancer epitelial de ovario [22]. Progranulina & um fator de crescimento que pode mediar a progressao do
ciclo celular & a motilidade celular. Ela regula a inflamagao; pode ter
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agS0 anfi-inflamatoria, inibindo algumas agies do fator de necrose tumoral [23].
Citocinas

As citocinas s3o proteinas expressas pelo sistema imunoldgico determinantes na regulagio da fungdo,
crescimento e diferenciagio deste, apresentando fungies-chave na defesa do hospedeiro. Interleucinas
compdem um grande grupo das citocinas produzidas principalmente por células T, embora algumas sejam
sintetizadas também por macrofagos e células teciduais. Possuem grande variedade de fungbes, mas a
maioria delas esta envelvida na indugdo da divisio de outras células. As interleucinas s8o citocinas
importantes no estudo da interagio tumor-hospedeiro, possuindo propriedades pro ou antitumorais [24].
A inflamagio crdnica & associada a varias etapas da tumorigénese, incluindo a transformagdo, profiferagio e
invasdo celular, angiogénese e metastase [25]. As citocinas podem estimular o crescimento celular
contribuir para a metastase. Se permanentemente sintetizadas, estas substancias podem ser utilizadas
como marcadores de ativagio do sistema imune. A paricipagio das citocinas na oncogénese revela suas
atuagdes (isolada ou em conjunto com outras citocinas) em atividades imunomeduladoras da resposta
imunologica contra neoplasias e, consequentements, na sinalizagio entre células inflamatorias e o tecido
neoplasico. Essa sinalizagSo poderia inferir ou nSo em vantagens seletivas ao crescimento das células
malignas [28.27].

Além da atividade tradicional da IL-2 na promocgio do crescimento dos linfocitos T, ela também participa da
ativagdo, crescimento e estimulo da fungdo tumoricida das células MK [28]. Altos niveis de IL-2 significam
aumento dos componentes do sistema imune no ataque confra as células cancerosas. Assim, a IL-2 &
utilizada no fratamento de alguns cinceres [28,30]. A IL-6 influencia a fungdo ovariana e no processo de
ovulagdo, fertilizagdo e implantagio [31]. Pode estar associada 3 progress3o tumoral através da apoptose
de células malignas [32]. E relatada como fator prognéstico do cincer ovariano [33]. Produzidas par
macrofagos, monocitos e linfocitos, as interleucinas 8 (IL-2) & 10 {IL-10) podem exercer varios efeitos sobre
o sistema imune e estdo relacionadas a angiogénese, crescimento e proliferagSo das células cancerosas
[24].

A IL-8 & uma citocina pro-inflamatdria, orginalmente identificada como quimicatrativa de neutrofilos, esta
citocina & produzida por celulas epiteliais, fibroblastos e tumorais, as quais também possuem receptores
para esta interfeucina [35]. Sua expressio em células do melanoma humane e do cincer ovariano esta

comelacicnada ao potencial metastatico do tumeor [24,37,38].
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A IL-10 & uma citocina multifuncional, produzidas pelos linfocitos Th2, pode inibir a resposta imune do fipo
celular e as fungdes das células Thi (CD4+) imunocompetentes, pelo blogueio da fungSo de apresentagdo
de antigenos por estas células [30], as quais sdo capazes de produzir IL-8, acametando a progressio da
malignidade [34,40]. Estudo realizado por Llanes-Femandez et al. (2008) evidenciou associagio inversa
entre a IL-10 & a p53, o que reflete o efeito supressor da IL-10 no microambiente do tumor, e sua
associag8o inversa com um marcador de apoptose foi sugerido como indicativo do aumento da
agressividade do tumor. Uma possivel explicagio para o resultado encontrado é o blogqueio da expressSo de
algumas citocinas pela p53, todavia a regulagio negativa destas moléculas pode ser perdida quando ha
uma deficiéncia da pS3 ocasionada, por exemplo, por mutagies [38].

Enquanto algumas citocinas estimulam a proliferagio e a invasio do cancer, outras, como os interferons,
inibem este processo. O interferon gama (IFM-) € produzido principalmente pelas células Thi CO4+, CDE+ e
MK. Seu efeito antiproliferativo provavelmente & devido ao aumento da morte celular por estimular a
atividade de algumas enzimas caspases & exercer atividade antiangicgénica [40] & antitumoral [33].
O THF- além de ser um dos principais mediadores da inflamagde, também & produzido por tumeres. Seu
papel na tumorigénese inclui transformagdo e proliferagdo celular na invas3o, angiogénese e metastase
[41.42].

Estroma em carcinoma epitelial de ovario

Um grande progresso tem ocomido no entendimento do papel do sistema imune na progressio tumoral nos
lltimos anos. A presenca de células mononucleares tumor-infiltrantes consiste em linfacitos T auxiliares &
citotdxicas, células natural - killer, linfocitos B e macrofagos, demonstrando uma resposta imune ativa
possivelments direcicnada confra os antigenos tumorais. A maioria das células T infilkrantes 530 linfocitos T
CDA+ gue poderiam mediar uma citotoxicicidade especifica contra células tumorais. Por outro lado, os
macrofagos (celulas CDE8) sio importantes no recrutamento e afivagdo de linfocitos na presenga desses
antigenos. Porém, ha uma heterogeneidade de macrofagos, podendo resultar em fungies antagonistas,
podendo inibir ou estimular a proliferagio de células tumorais [43.44]. A presenga de linfocitos-T infitrantes
(TIL} pode se comelacionar com melhor prognastico em varios tumores, mas ha resultados conflitantes da
significincia prognostica de TIL em neoplasia maligna epitelial de ovario [45,48]

Ma literatura, tem sido demonstrado que grande ndmen de células T CD3+ sio indicativas de uma
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mielhor sobrevida em neoplasia maligna de ovario [46,.47), e que os linfocitos T CO-8+ s3o responsaveis por
esse efeito [45.48,48]. Por outro lado, a presencga de linfdcitos T CD4+ regulatorios parecem reduzir a
imunidade especifica contra tumores, resultando em pobre sobrevida [S0]. A localizagSo de TILs nos
tumores tem-se mostrado por ser importante fator prognastico em cincer de ovario [45,51].

A infiltrag3o de células imunes peri e infratumorais podem ser fatores preditores de resposta & quimicterapia
[47.40]. Bosmidller et al. (2011) mostraram que a densidade de células T CD3+ & CDE+ no estroma tumoral
pode ser um fator preditor da resposta & terapia baseada em platinum [52].

Linfacites T G044+ regulatarios (Treg) podem induzir a uma tolerdncia e suprimir a resposta imune, o que &
feito através da secregio de TGF- e interleucina 10 (IL-10), ou por contato direto célula-célula [50]. Os
estudos demonstram uma propenséo a localizagdo dessas células na regido peritumoral [53,54].

E bem estudado que o microambiente tumoral desempenha um papel importante no comportamento do
tumor. O estroma pode controlar o crescimento de tumores e invasSo. Este compartimento tem uma grande
influéncia relacionada com a resposta imune. A infiltragde de células imunes em tumores pode até mesmo
determinar a evolugio & o progndstico da doenga, € a interagdo entre as células neoplasicas e o estroma &
umi fator critico para o crescimento do tumor [55]. Por isso, o compariimento que sera avaliado nesse estudo
na imuno-histoquimica para TiLs sera o estromal.

Recentemente, estudos demonstraram que fibroblastos associados a carcinoma (CAFs) podem promover
diretamente tumorigénese através de miltiplos mecanismos, incluindo a angicgénese, proliferagio, invasio
& supressao imune [56, 57]. Esses efeitos sdo mediados através da expressio e secrecio de varios fatores
de crescimento, como o TGF-, VEGF e interleucina-8 (ILB) [58]. Esses efeitos s3o também estabelecidos
pela modulagdo & status de difeenciagio de células inflamatdrias mo microambiente tumoral [59]. Além
disso, CAFs poderiam afetar a sensibilidade das células do fumor & quimioterapia e 4 radicterapia [60]. FAP
& SMA s3o considerados marcadores para CAFs em varios tipos de tumores. A eliminacio de CAFs in vivo
afravés de uma vacina de DMA cujo alvo & a proteina alfa de ativagio dos fibroblastos (FAF) resultou em
uma mudanga do microambiente imune do padrio Th2 para Th1, melhorando os efeitos antimetastaticos da
quimioterapia com doxomubicina em um modele murino de cancer de mama [81]. FAP exercem um papel
importante na predigio da agressividade tumoral em pacientes com carcinoma epitelial de ovario apos
terapia necadjuvante. CAFs podem exercer um importante papel
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também na progress3o do cincer e metastases, podendo ser alvo para novas estratégias terapéuticas [62,
63].

Dessa forma, parece existir um estreita relagio entre CAFs e resposta imune tumaral, o que justifica o
estudo dessa relagio em neoplasias malignas epiteliais de ovaro.

Objetivo da Pesquisa:

1.Investigar a expressao imunohistoguimica de dois marcadores de fibroblastos associados a carcinoma
(CAFs), a alfa actina de misculo liso (SMA) e a proteina alfa de ativagio dos fibroblastos (FAF), no
compartimento estromal de neocplasias benignas e malignas epiteliais de ovario.

2 Imvestigar a expressdo imunchistoquimica citocinas (IL-2, IL-8, IL-10 & THF-alfa) e de linfocitos tumor-
infilrantes - TILs (CD3, CD4 e CD8) no estroma de neoplasias benignas & malignas epiteliais de ovario.
3.Relacionar a expressioc de SMA e FAP com a expressio de citocinas e TiLs no estroma de neoplasias
malignas de ovaric & com a dosagem dessas mesmas citocinas no soro e liguido intracistico.

4 Relacionar a expressio de SMA e FAP, e a expressio de citocinas e TILs no compartimento estromal com
fatores prognosticos em carcinoma epitelial de ovario.

Avaliagdo dos Riscos e Beneficios:

M&o ha riscos inerentes & pesquisa, ja que os protocolos clinicos e cinirgicos serdo mantidos, o lavado
peritoneal ja far parte da rotina do procedimento ciningico, & a pungio do ciste de ovario serd realizada apds
a exérese do mesmo, ndo prolongando em nada o tempo ciringico e nem interferindo no procedimento. O
Unico desconforto devido & pesquisa podera ser causado pela coleta de sangue, o gue sera minimizado por
ser realizado por profissional habilitado e com as explicagies perinentes oferecidas as pacientes. O risco da
perda de confidencialidade serd prevenido pela utilizagio de nimeros efou letras para identificacSo dos
casos.

Os beneficios s30 consequéncia da melhor compreensao da fisiopatologia da doenga e identificagio de
fatores relacionados ao prognostico. Considerando que a avaliagio clinica e os elementos utilizados para o
estudo s30 parte do diagnostico e condutas terapéuticas de rotina,
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nao ha riscos adicionais s pacientes referentes & pesquisa. Os beneficios s8o0 consequéncia da melhor
compreensio da fisicpatologia da doenga e identificagdo de fatores relacionados ao progndstico.

Comentarios e Consideragtes sobre a Pesquisa:

pendéncias atendidas

Consideragtes sobre os Termos de apresentagio obrigatoria:
pendéncias atendidas

Recomendagies:

pendéncias atendidas

Conclustes ou Pendéncias e Lista de Inadequagtes:
pendéncias atendidas

Situagdo do Parecer:
Aprovado

Mecessita Apreciag3o da CONEP:
M&o
Consideragies Finais a critério do CEP:

UBERABA, 10 de Movembro de 2014

Assinado por:
ANA PALMIRA SOARES DOS SANTOS
[Coordenadaor)
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PARECER CONSUBSTANCIADO DO CEP

DADDS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagio do esiroma em neoplasia epitelial de ovario e sua relagio com fatores

prognosticos
Pesquisador: Rosekeila Simbes Nomelini
Area Tematica:
Versdo: 4

CAAE: 34770014.4.0000.5154
Instituigdo Proponente: Universidade Federal do Triangulo Mineiro

Patrocinador Principal: Financiamento Proprio
FUNDACAD DE AMPARD A PESQUISA DO ESTADD DE MIMAS GERAIS

DADOS DO PARECER

Numero do Parecer: 1.258.085

Apresentagio do Projeto:

pesquisador solicita emenda ao projeto comas seguintes justificativas:

1. No projeto inicial, a proposta era avaliar as citocinas no soro & no liquido intracistico de pacientes com
tumaores de ovario. Estamos propondo estudar tambem as citocinas no lavado peritoneal dessas pacientes,
ampliando, dessa forma, a avaliagio da producdo local de citocinas em neoplasias de ovario. Reforcamos
que, no termo de

consentimento, ja era informado o ato da coleta do liguido peritoneal, entao este naoc

precisara ser modificado.

2. Mo projeto inicial, a propesta era avaliar as seguintes citocinas no tecido, no sero & no liguide infracistico:
IL-2, IL-8, IL-10 & THF-alfa. Estamos propondo ampliar as citocinas avaliadas nesses locais e também no
liguido peritoneal, acrescentando IL-5, IL-B, IL-12, IL-17 e receptores | & Il de THF. Isso se justifica pela
importancia das mesmas na resposta imune das neoplasias de ovario, e avaliando-se um painel maior de
citocinas, pode-se tragar um melhor perfil de fatores associados ao progndstico em cincer de ovario.

3. Reforgo, ainda, que os procedimentos para a coleta do material ndo serdo

significativamente alterados, e gque no termo de consentimento inicial ja estava previsto a coleta do lavado
peritoneal, que & um procedimento ja padronizado para qualguer cirurgia de tumor de
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ovario, ndo aumentando nem o rsco & nem o tempo cinlrgico para a paciente.

Objetivo da Pesquisa:

acrescentado:

avaliagio das citocinas no lavado peritoneal e avaliagio da enzima oxido nitrico sintase reduzida.
Avaliagio dos Riscos e Beneficios:

o5 mesmos apresentados no projeto original

Comentarios e Consideragbes sobre a Pesquisa:

os mesmos apresentados no projeto original

Consideragtes sobre os Termos de apresentagio obrigatoria:

apresentados

Recomendagbes:

Conclustes ou Pendéncias e Lista de Inadequagbes:

De acordo com a Resclugdo CHNS n® 488 de 2012 e a Norma Operacional n® 001 de 2013 do CNS, o
colegiado do CEP em reunifo de 02M10V2015 aprova a emenda do projeto.

Conforme orientagdes da CONEP, apds a aprovag3o do projeto pelo CEP, o pesquisador deve notificar na
plataformia Brasil o inicio da pesguisa, bem como apresentar relatorios parciais (semestrais) & final

Consideragtes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situagdo

Ourtros: Justificativa_pdf 30/082015 (Maria José Fermeira Aceito
08:17:08 |de Sousa Cowvre

Informagdes Basicas | PE_INFORMACOES_BASICAS 600237 Z8/082015 Aceito

do Projeto E2 pdf 14:51:58

Ourtros: Emenda.pdf 03072015 Aceito
12:24:20

Outros GEF autorizagao_proj_de pesquisa.pdf | 25102014 Aceito
171823

Projeto Detalhado /| Projeto CEP.doc 25102014 Aceito

Brochura 171842

Investigador
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n+15out pdf 17:08:58
TCLE{ Termos de | TERMO DE COMSENTIMENTO.doc 251072014 Acaitn
Assentimento / 17:07:24
Justificativa de
Auséncia
Folha de Rosto folha de rosto escaneada. pdf 13/06/2014 Aceitn
02:36:25
Situagdo do Parecer:
Aprovado

Mecessita Apreciagdo da CONEP:

Mao

UBERABA, 02 de Outubro de 2015

Assinado por:

Marly Aparecida Spadotto Balarin

[Coordenador)
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DESCRICAO DOS ANTICORPOS UTILIZADOS NA

IMUNOHISTOQUIMICA DO ESTUDO

Anticorpo Especificacao Diluicao Tampéao/Ph Controle
positivo
Santa Cruz Biotechnology,
Inc. Tris-EDTA/
TNFa (52B83): sc-52746 pH 9.0 Tecido de cancer
TNF 1:400
Antibody humano
Lote BO509
Rabbit policlonal 1gG
100pg/ml
Santa Cruz Biotechnology,
Inc.
1:100
p-TNFR1 (ser 274) Tris-EDTA/ | Tecido de cancer
TNFR1
Antibody pH 9.0 humano
Lote BO509
sc-130220

Rabbit policlonal 1gG

100ug/ml
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TNFR2

Santa Cruz Biotechnology,
Inc.
p-TNFR2 (D-2) Antibody
sc-8041
Rabbit policlonal 1gG

100pg/ml

1:50

Tris-EDTA/

pH 9.0

Tecido de cancer

humano

Fonte: O Autor.
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Word count: 3,194 words.

Abstract
Background: The aim of the study was to evaluate stromal immunostaining of
malignant ovarian neoplasms, comparing it with benign ovarian neoplasms and non-

neoplastic ovarian lesions.

Methods: Patients treated at the Pelvic Mass Outpatient Clinic were surgically treated
according to pre-established criteria. Patients with benign (n=37) or malignant (n=43)
ovarian epithelial neoplasia, and non-neoplastic ovarian lesion (n=15) were included in
the study. Immunohistochemical study was performed to evaluate stromal TNF-alpha,
TNFR1 and TNFR2. The comparison between the groups was performed by the Chi-

Square test, with a significance level lower than 0.05.

Results: TNF-alpha stromal immunostaining was more intense (2/3) comparing benign
(p<0.0001) and malignant (p<0.0001) ovarian neoplasms with non-neoplastic tumors.
TNFR1 immunostaining was stronger (2/3) in the stroma of malignant neoplasms
compared with benign neoplasms (p<0.0001), and stronger (2/3) when comparing
benign neoplasms with non-neoplastic ovarian lesions (p=0.0002). For TNFR2, stromal
immunostaining was stronger (2/3) in malignant neoplasms compared to benign
neoplasms (p=0.0091), and stronger in malignant neoplasms compared to non-

neoplastic lesions (p=0.0004).
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Conclusion: A stronger immunostaining for TNF-alpha e its receptors was found in
ovarian cancer, suggesting that they may be targets of further studies to verify their role

in carcinogenesis and the progression of ovarian neoplasms.

Key words: TNF-alpha, TNFR1, TNFRZ2, ovarian tumors.

Main Text Introduction

Ovarian epithelial cancer has a high lethality among gynecological malignancies
(Henley et al., 2020). Cytoreductive surgery followed by chemotherapy is still the main
treatment (Randall & Rubin, 2021). The American Cancer Society estimates that about
19,880 women will receive a new diagnosis of ovarian cancer for ovarian cancer and

12,810 women will die from ovarian cancer in the United States for 2022 (American
Cancer Society, 2022). In Brazil, there were 3,921 deaths from ovarian cancer in 2020

(INCA, 2022).

Tumor stroma plays an important role in ovarian cancer (Davidson et al., 2014;
Silva et al., 2020). Ovarian cancer has, in the peritumoral stroma, multiple cell types
besides cancer cells, which coordinate tumor survival, growth, invasion and progression
(Silva et al., 2020). The tumor microenvironment has molecules that can be potential
targets for new cancer therapies. In ovarian cancer, the stroma contains myofibroblasts,
endothelial cells, and leukocytes, which may contribute to disease progression. A
network consisting of angiogenic factors, proteases, growth factors, immune response-
modulating proteins, anti-apoptotic proteins, and signaling molecules to promote tumor

cell invasion and metastasis (Davidson et al., 2014).
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The chronic production of TNF-alpha in the tumor microenvironment may
increase myeloid cell recruitment in an IL-17-dependent manner. This can lead to the
tumor-promoting action of this cytokine (Charles et al., 2009). Ovarian cancer has
immune-suppression capabilities, and regulatory T cells (Tregs) may contribute to this
Immune-suppression. Patients with ovarian cancer may have high levels of TNF and
Tregs expressing TNFR2, which is associated with suppressive capacity (Kampan et al.,
2017). There is increasingly evidence that TNFR2 expression in cancer
microenvironment has significant implications in cancer progression, metastasis and
immune evasion (Al-Hatamleh et al., 2019). TNFR2+ Tregs were evaluated in patients
with ovarian cancer, and TNFR2+ Tregs from tumor-associated ascites were the most
potent suppressor T cell fraction. They were more suppressive than peripheral blood

TNFR2+ Tregs (Govindaraj et al., 2013).

The aim of the study was to evaluate stromal immunostaining of malignant
ovarian neoplasms, comparing it with benign ovarian neoplasms and non-neoplastic

ovarian lesions.

Materials and Methods

Patients treated at the Pelvic Mass Outpatient Clinic of the Department of
Gynecology and Obstetrics / Oncology Research Institute (IPON) of the Federal
University of Triangulo Mineiro — UFTM who were surgically treated according to pre-
established criteria (Murta et al., 2004; Murta & Nomelini, 2006). After confirmation of
the histopathological diagnosis, patients with benign or malignant ovarian epithelial

neoplasia, and non-neoplastic ovarian lesion were included in the study. Exclusion
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criteria were torsion of the adnexal pedicle, secondary malignant ovarian neoplasm
(metastasis), previous antineoplastic treatment; immunosuppressive diseases and

relapse. Borderline ovarian tumors were included in the group of malignant neoplasms.

The following data from the medical records were recorded in a specific
database for the study: age, parity, hormonal status, histological type, histological grade,

staging (FIGO), immunohistochemistry results for TNF-alpha, TNFR1 and TNFR2.

Informed consent was obtained from all patients included in the study. The study

was approved by the UFTM Research Ethics Committee.

Anatomopathological study

It was performed by the Surgical Pathology Service of the UFTM in paraffin
sections, and the cases will be reviewed by an observer from the Surgical Pathology
Service, to choose the best sections for the immunohistochemical study. The
anatomopathological evaluation and staging of cases was performed according to the
criteria of the International Federation of Gynecology and Obstetrics — FIGO

(Zeppernick et al., 2014).

Immunohistochemistry Study

Specimens obtained by surgical resection were processed in paraffin and
reviewed by an experienced pathologist. The selected cases were submitted to new cuts
(4 pm) on silanized slides (ATPS - Silane, Sigma® A3648), using the streptoavidin-

biotin-peroxidase technique, according to the manufacturer's recommendations. The
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specific primary anti-TNF-alpha, anti-TNFR1, anti-TNFR2 antibodies were used in the
study.

Positive and negative controls were used. Two observers evaluated the slides,
and the interobserver agreement was calculated by kappa. The intensity of
Immunostaining in the peritumoral stroma was subjectively assessed using 0 to 3: 0 (no
staining), 1 (weak staining), 2 (moderate staining), 3 (strong staining). In the
immunohistochemical study, the agreement between the two observers was performed
using the kappa: « <0.4: weak agreement; 0.4< k <0.8: moderate agreement; 0.8< k
<1.0: strong agreement; k =1.0: perfect agreement. All discordant cases were re-

evaluated and the result was defined by consensus (figure 1).

Statistical analysis

Data were analyzed by GraphPad Prism software. The comparison between non-
neoplastic tumors, benign and malignant neoplasms was performed by the Fisher exact

test, with a significance level lower than 0.05.

Results

The study included 95 patients divided into 3 groups (37 benign neoplasms, 43
malignant neoplasms and 15 non-neoplastic lesions). In the malignant neoplasm group,
the median age was 56 years (17-81 years), the median parity was 2 deliveries (0-12
deliveries), the median age at menarche was 13 years (10-16 years), the median age at

menopause was 49 years (33-57 years).
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In the benign neoplasm group, the median age was 48 years (18-69 years), the
median parity was 2 deliveries (0-7 deliveries), the median age at menarche was 13
years (11-17 years), the median age at menopause was 49 years (29-55 years)

In the non-neoplastic lesion group, median age was 46 years (35-82 years),
median parity was 2 deliveries (0-5 deliveries), median age at menarche was 13 years
(11-15 years) , the median age at menopause was 47 years (38-50 years).

According to the International Federation of Gynecology and Obstetrics (FIGO),
the stages of malignant neoplasms were: 20 (46.5%) patients 1A, 1 (2.3%) patient IB, 3
(7.0%) patients 1C2, 1 (2.3%) patient I1C3, 1 (2.3%) patient 1IB, 2 (4.7%) patients
IIAL(), 11 (2.3%) patient 11A2, 3 (7.0%) patients I1IB, 9 (27.9%) 1IC patients and 2
(4.7%) 1VB patients. Regarding the degree of histological differentiation of malignant
tumors, 14 patients (32.6%) had grade 1, 14 patients (32.6%) had grade 2 and 15
(34.9%) patients had grade 3.

TNF-alpha stromal immunostaining was more intense (2/3) comparing benign
(p=0.0016) and malignant (p<0.0001) ovarian neoplasms with non-neoplastic tumors.
On the other hand, there was no significant difference comparing benign and malignant
neoplasms (p=0.2969).

Regarding the TNFR1 immunostaining, it was stronger (2/3) in the stroma of
malignant neoplasms compared with benign neoplasms (p<0.0001), and stronger (2/3)
when comparing benign neoplasms with non-neoplastic ovarian lesions (p=0.0002).
There was no difference comparing stromal TNFR1 between ovarian cancer and non-

neoplastic lesions (p=0.231).

For TNFR2, stromal immunostaining was stronger (2/3) in malignant neoplasms

compared to benign neoplasms (p=0.0091), and stronger in malignant neoplasms



39

compared to non-neoplastic lesions (p=0.0004). However, there was no difference
comparing stromal immunostaining of benign neoplasms and non-neoplastic lesions

(p=0.0933).

Table 1 shows the results of immunostaining between the groups (non-

neoplastic lesions, benign neoplasms and malignant ovarian neoplasms).

Discussion

Studies suggest the role of TNF-a and its receptors (TNFR1 and TNFR2) in
biology of ovarian cancer and in tumor pathogenesis (Hassan et al., 1999; Piura et al.,

2014), and relationship with prognostic factors (Martins-Filho et al., 2014).

TNF-alpha levels were measured in serum and cytosolic fractions of ovarian
cancer patients and control patients, demonstrating increased TNF-alpha levels in the
cancer patient group. TNF-alpha immunostaining was positive in malignant lesions and
negative for normal ovarian tissue (Hassan et al., 1999). One study evaluated by
immunohistochemistry the expression of IL-1, IL-6, TGF-B, TNF-a, COX-2, iNOS, and
NF-kB in serous and mucinous ovarian cancers, and demonstrated that the expression of
IL-1, TNF-a and COX-2 increased with the stage of the disease in serous and mucinous
tumors (Plewka et al. 2014). Serum levels of IL-6, IL-8, and TNF-a were assessed by
ELISA; serum IL-8 and TNF-a levels were higher in patients with ovarian cancer
compared with benign ovarian cystic lesions. The cutoff level of IL-8 and TNF-a was
4.09 ng/mL and 2.63 ng/mL, respectively (sensitivity and specificity of 70% and 96%

for IL-8 and 85.7% and 79.3% for TNF-a) (Pawlik et al. 2021). Another study evaluated
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the involvement of T-helper cells and regulatory T cells in epithelial ovarian cancer, and
examined the percentages of Th22, Th17, Thl, and regulatory T cells in the peripheral
blood of epithelial ovarian cancer, benign ovarian epithelial neoplasm, and healthy
control by flow cytometry. The plasma concentrations of IL-22 and TNF-o were
significantly elevated in epithelial ovarian cancer patients compared with the other 2
groups. In addition, in patients with ovarian cancer, there was an increased trend of
Th22, IL-22, and TNF-a in stage III-1V patients compared with stage I-11 patients, and a
positive correlation between Th22, Th17, and Thl cells (Wang et al., 2017). In our
study, TNF-alpha stromal immunostaining was more intense comparing benign and
malignant ovarian neoplasms with non-neoplastic tumors. On the other hand, there was

no significant difference comparing benign and malignant neoplasms.

Piura et al. (2014) extracted total RNA from normal and malignant ovarian
tissues and mMRNA was analyzed with semi-quantitative reverse transcriptase-
polymerase chain reaction (RT-PCR). Immunohistochemical study was performed for
TNFR1 and TNFR2. TNF-o mRNA and TNFR2 mRNA levels were higher in
carcinomas compared with normal ovarian tissues, and TNFR1 mRNA levels were
similar. TNFR1 and TNFR2 were mainly localized in the epithelial neoplastic cells of
the tumor (Piura et al., 2014). Another study showed that TNFR1 was over-expressed in
ovarian cancer, playing an important role in ovarian cancer, with the potential to be a
prognostic molecule in ovarian cancer (Peng et al., 2015). In the present study, TNFR1
immunostaining was stronger in the stroma of malignant neoplasms compared to benign
neoplasms, and stronger when comparing benign neoplasms with non-neoplastic
ovarian lesions. There was no difference comparing TNF R1 stromal between ovarian

cancer and non-neoplastic lesions.
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Serum TNFR2 levels may have an association with prognostic factors in ovarian
cancer (Nomelini et al., 2018). In the evaluation of ascites in patients with ovarian
cancer, high levels of immunosuppressive (STNFR2, IL-10, and TGF-B) and pro-
inflammatory cytokines (IL-6 and TNF) were found in this fluid. TNFR2 expression on
all T cell subsets was higher on CD4+CD25hiFoxP3+ Tregs (Kampan et al., 2017). On
the other hand, a meta-analysis was performed evaluating the associations between
circulating levels of C-reactive protein, IL-6, TNF-alpha, and soluble TNFa receptor 2
(TNFR2), and the risk of ovarian cancer, and demonstrated that that elevated levels of
C-reactive protein, but not circulating IL6, TNF-alpha, or soluble TNFR2, are
associated with an increased risk of ovarian cancer (Zeng et al., 2016). Our data
demonstrated that TNFR2 stromal immunostaining was stronger in malignant
neoplasms compared to benign neoplasms, and stronger in malignant neoplasms
compared to non-neoplastic lesions. But there was no difference comparing stromal

immunostaining of benign neoplasms and non-neoplastic lesions.

The main limitation of the study is the heterogeneity of the histological types of
ovarian lesions and neoplasms. But this work has many strengths. To our knowledge, it
is the first study in the literature that evaluated stromal TNF-alpha and its receptors in 3
groups of ovarian tumors: non-neoplastic lesions, benign neoplasms and malignant
neoplasms. And the results demonstrate a stronger immunostaining in ovarian cancer,
suggesting that TNF-alpha and its receptors may be targets of further studies to verify

their role in carcinogenesis and the progression of ovarian neoplasms.

In conclusion, TNF-alpha stromal immunostaining was more intense comparing

benign and malignant ovarian neoplasms with non-neoplastic tumors. TNFR1
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Immunostaining was stronger in the stroma of malignant neoplasms compared to benign
neoplasms, and stronger when comparing benign neoplasms with non-neoplastic
ovarian lesions. TNFR2 stromal immunostaining was stronger in malignant neoplasms
compared to benign neoplasms, and stronger in malignant neoplasms compared to non-

neoplastic lesions.
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Legend of figure

Figure 1 - Immunohistochemical staining. Histological sections of ovarian lesions.
A: Stromal immunostaining (2/3) of TNF-a in Mucinous Adenocarcinoma (100x).
B: Stromal immunostaining (0/1) of TNF-a in Non-neoplastic tumor (100x).

C: Stromal immunostaining (2/3) of TNFR1 in Adenocarcinoma (100x).
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D: Stromal immunostaining (0/1) of TNFR1 in Serous Cystadenoma (100x).
E: Stromal immunostaining (2/3) of TNFR2 in Serous Adenocarcinoma (100x).

F: Stromal immunostaining (0/1) of TNFR2 in Mucinous Cystadenoma (100x).
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Table 1: Differences in stromal immunostaining of TNF-alpha, TNFR1 and TNFR2 between malignant, benign and non-neoplastic ovarian tumors.

49

(n=43/15)

Non-Neoplastic Lesions

9/15 (60.0%)

6/15 (40.0%)

0/1 2/3 p
TNF Benign Neoplasms 11/37 (29.7%) 26/37 (70.3%) 0.2969
(n=37/43) Malignant Neoplasms 8/43 (18.6%) 35/43 (81.4%) '
TNFR1 Benign Neoplasms 37/37 (100.0%) 0/37 (0%) <0.0001
(n=37/43) Malignant Neoplasms 17/43 (39.5%) 26/43 (60.5%) '
_ Benign Neoplasms 30/37 (81.1%) 7/37 (18.9%)
TNFR2 (n=37/43) Malignant Neoplasms 22/43 (51.2%) 21/43 (48.8%) 0.0091
_ Benign Neoplasms 11/37 (29.7%) 26/37 (70.3%)
TNF (n=37/15) Non-Neoplastic Lesions 12/15 (80.0%) 3/15 (20.0%) 0.0016
TNFR1 Benign Neoplasms 37/37 (100.0%) 0/37 (0%) 0.0002
(n=37/15) Non-Neoplastic Lesions 9/15 (60.0%) 6/15 (40.0%) '
TNFR2 Benign Neoplasms 30/37 (81.1%) 7/37 (18.9%) 0.0933
(n=37/15) Non-Neoplastic Lesions 15/15 (100.0%) 0/15 (0%) '
TNF Malignant Neoplasms 8/43 (18.6%) 35/43 (81.4%) <0.0001
(n=43/15) Non-Neoplastic Lesions 12/15 (80.0%) 3/15 (97.3%) '
TNFR1 Malignant Neoplasms 17/43 (39.5%) 26/43 (60.5%) 0231
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TNFR2 Malignant Neoplasms 22/43 (51.2%) 21/43 (48.8%)

(n=43/15) Non-Neoplastic Lesions 15/15 (100.0%) 0/15 (0%) 0.0004

Fisher's exact test. with a significance level of p<0.05
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Abstract
Objective: The objective of this study was to evaluate the relationship of
immunostaining of TNF and its receptors (TNFR1 and TNFR2) in the stroma of

malignant ovarian neoplasm with hemogram parameters and tumor markers.

Methods: Women with a confirmed diagnosis of malignant or borderline ovarian
neoplasm were included in the study. The following data from the medical records were
recorded in a specific database for the study: age, hormonal status, histological type,
histological grade, staging (FIGO), type of carcinogenesis (type | and type II), blood
count parameters and immunohistochemistry results for TNF-alpha, TNFR1 and
TNFR2. For the immunohistochemical study, it was utilized streptoavidin-biotin-
peroxidase technique, and TNF-alpha and its receptors was evaluated in peritumoral
stroma. The values of tumor markers and blood count parameters were compared by
Mann-Whitney test. For parameters that were statistically significant, the receiver
operating characteristic (ROC) curve was used to obtain the area under the curve (AUC)
and to determine the best cutoff values between the weak (0/1) and strong (2/3)
immunostaining groups. 3). For data with statistical significance, multivariate analysis
was performed. The level of significance was less than 0.05.

Results: For TNF-alpha, analyzing the ROC curves, there was statistical significance
for basophils (cut-off value > 0) and neutrophils (cut-off value < 3900) between strong
(2/3) and weak (0/1) immunostaining. In relation to TNFR1, a cut-off value of
monocytes > 312/mm3 was found. Regarding TNFR2, the cut-off value of CA-125 was
< 95.16U/ml. Still in relation to TNFR2, the cut-off value for the absolute number of
platelets was < 298000/mm3. There was no statistical significance with the other
parameters of the blood count and tumor markers evaluated. After establishing the cut-
off values by the ROC curves, a multivariate analysis was performed, which showed
that an absolute monocyte count > 312/mm3 is associated with strong stromal
immunostaining (2/3) of TNFR1, and a platelet value < 298,000/mm3 is associated with
strong (2/3) stromal immunostaining of TNFR2.

Conclusion: Absolute monocyte count > 312/mm?® is associated with strong (2/3)

3

stromal immunostaining of TNFR1, and platelet count < 298,000/mm® is associated

with strong (2/3) stromal immunostaining of TNFR2.
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Introduction

Ovarian malignant neoplasm comprises several subtypes, but all are still treated
as a single disease. This heterogeneity can be a cause of treatment failure (Kossai et al.,
2017). Abdominal and pelvic symptoms are non-specific, diagnosis is basically based
on transvaginal ultrasound and tumor markers such as CA-125, and treatment is
basically surgery followed by chemotherapy (Murta & Nomelini,2006; Roett MA &
Evans, 2009).

Ovarian cancer has an unknown pathogenesis, and cytokines may play an
important role in the etiology and as prognostic factors. Tumor necrosis factor (TNF)
alpha is a cytokine released by monocytes and macrophages and is involved in
biological processes such as immunoregulation, growth modulation and cell
differentiation. TNF-alpha expression plays a role in ovarian tumor pathogenesis,
increasing with disease stage in serous and mucinous tumors (Plewka D. et al., 2014).
Soluble TNF-alpha receptor 2 (TNFR2) levels were significantly higher in ovarian
carcinoma tissues, while soluble TNF-alpha receptor 1 (TNFR1) mRNA levels were
similar in tumor and normal ovarian tissues (Piura B. et al., 2014). TNFR2 stimulates
the activation and proliferation of Tregs, which promote cancer cell survival and ensure
tumor growth. Tregs that express TNFR2 are associated with maximal
immunosuppression capacity (Govindaraj C. et al.), thus TNFR2 levels may represent a

higher risk of tumor progression and a poor prognosis factor in ovarian cancer.

Several studies have shown association of TNF-alpha and its receptors with
prognosis in ovarian cancer may be targets for new treatment strategies. TNFR2
expression in cancer microenvironment is associated with cancer progression,
metastasis and immune evasion. Thus, new therapeutic strategies targeting TNFR2 can

improve the management of patients with ovarian cancer (Torrey et al., 2017; Al-
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Hatamleh et al., 2019). Furthermore, tumor microenvironment levels of sTNF-R2
(soluble TNF receptor I1) had an association with tumor differentiation grades 2 and 3

in ovarian cancer (Nomelini et al., 2018).

Studies show that blood count parameters, such as lymphocyte-to-monocyte
ratio, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, platelet count and
tumor marker levels are also associated with prognosis in ovarian cancer (Nomelini et
al., 2017; Gong et al., 2019; Nomelini et al., 2019; Jammal et al., 2020; Soibi-Harry et
al., 2021; Tang et al., 2021). In healthy patients, monocytes are divided into three
populations: classical, intermediate, and non-classical, and intermediate monocytes have
great expansion in ovarian cancer, with a positive correlation between the proportion of
monocytes and peritoneal tumor burden (Mélissa Prat, et al.). The role of systemic
inflammation markers has also been demonstrated as biomarkers of poor prognosis in
ovarian cancer. A meta-analysis showed that low levels of the pretreatment lymphocyte-
monocyte ratio were correlated with high histological grade and advanced stage 111 and
IV tumors (FIGO), being a potential prognostic marker in patients with ovarian cancer

(Jun Gong et al. al.).

The objective of this study was to evaluate the relationship of immunostaining of
TNF and its receptors (TNFR1 and TNFR2) in the stroma of malignant ovarian

neoplasm with hemogram parameters and tumor markers.

Materials and Methods

Women with a confirmed diagnosis of malignant or borderline ovarian neoplasm
from the Department of Gynecology and Obstetrics of the Federal University of
Triangulo Mineiro — UFTM were included in the study. Exclusion criteria were torsion
of the adnexal pedicle, secondary malignant ovarian neoplasm (metastasis), previous

antineoplastic treatment; immunosuppressive diseases, infections and relapses.

The following data from the medical records were recorded in a specific
database for the study: age, hormonal status, histological type, histological grade,
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staging (FIGO), type of carcinogenesis (type | and type 1), blood count parameters and
immunohistochemistry results for TNF-alpha, TNFR1 and TNFR2.

The blood count and tumor markers were collected in the preoperative period.
The hemogram parameters evaluated were hemoglobin, absolute value of neutrophils,
band neutrophils, segmented neutrophils, eosinophils, basophils, lymphocytes, monocytes
and platelets. RDW, neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio
(PLR) values were also evaluated. NLR was calculated by dividing the absolute number
of neutrophils by the absolute number of lymphocytes. PLR was calculated by dividing
the absolute number of platelets by the absolute number of lymphocytes. The tumor
markers evaluated were CA-125, CA 15.3 and CA19.9.

A single experienced pathologist reviewed all anatomopathological results and
chose the best sections, with sufficient sampling of tumor epithelium and stroma, for the
immunohistochemical study. Staging was revised according to the criteria of the
International Federation of Gynecology and Obstetrics — FIGO (Zeppernick et al.,
2014).

For the immunohistochemical study, the best sections chosen by an experienced
pathologist were subjected to the streptoavidin-biotin-peroxidase technique, according
to the manufacturer's recommendations. The study used primary antibodies anti-TNF-
alpha, anti-TNFR1, anti-TNFR2, with positive and negative controls. Two observers
read the blades. The intensity of immunostaining was evaluated in the peritumoral
stroma. The score used was: 0 (no staining), 1 (weak staining), 2 (moderate staining), 3
(strong staining). The interobserver agreement was calculated by kappa (k <0.4: weak
agreement; 0.4< k <0.8: moderate agreement; 0.8< k <1.0: strong agreement; « =1.0:

perfect agreement). Discordant cases were defined by the most experienced researcher.

Informed consent was obtained from all patients included in the study. The study
was approved by the UFTM Research Ethics Committee.

Data were analyzed by GraphPad Prism software 6, MedCalc 19.0.4, and IBM
SPSS Statistics 20. The values of tumor markers and blood count parameters were
compared between the weak (0/1) and strong (2/3) immunostaining groups by Mann-

Whitney test. For parameters that were statistically significant, the receiver operating
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characteristic (ROC) curve was used to obtain the area under the curve (AUC) and to
determine the best cutoff values between the weak (0/1) and strong (2/3)
immunostaining groups. 3). For data with statistical significance, multivariate analysis

was performed. The level of significance was less than 0.05.

Results

The study included 43 patients with ovarian malignancy. Median age was 56
years (17-81 years). According to the International Federation of Gynecology and
Obstetrics (FIGO), the staging of malignant neoplasms was: 20 (46.5%) IA, 1 (2.3%)
IB, 3 (7.0%) patients 1C2, 1 (2.3%) IC3, 1 (2.3%) 1IB, 2 (4.7%) IIAL(i), 1 (2.3%), 3
(7.0%) 111B, 9 (27.9%) IIIC, and 2 (4.7%) 1VB. Regarding the grade of histological
differentiation of malignant tumors, 14 patients (32.6%) had grade 1, 14 patients
(32.6%) had grade 2 and 15 (34.9%) patients had grade 3. The molecular subtypes of
malignant neoplasms were: type | 19 patients (44.2%) and type 11 24 (55.8%) patients.

For TNF-alpha, analyzing the ROC curves, there was statistical significance for
basophils (cut-off value > 0; sensitivity = 14.3%; specificity = 100%; AUC = 0.571; p =
0.017) and neutrophils (cut-off value < 3900; sensitivity = 54.3; specificity = 100%;
AUC = 0.663; p = 0.04) between strong (2/3) and weak (0/1) immunostaining. In
relation to TNFR1, using the ROC curve, a cut-off value of monocytes > 312/mm3 was
found between strong (2/3) and weak (0/1) immunostaining, with a sensitivity of 92.3%
and specificity of 47 .1% and AUC = 0.708 (p=0.013). Regarding TNFR2, the cut-off
value of CA-125 was < 95.16U/ml between strong (2/3) and weak (0/1)
immunostaining, with a sensitivity of 89.5% and specificity of 52.4 % and AUC = 0.704
(p=0.017). Still in relation to TNFR2, the cut-off value for the absolute number of
platelets was < 298000/mm3 between strong and weak immunostaining, with sensitivity
of 81% and specificity of 54.5% and AUC = 0.672 (p=0.04) (figure 1). There was no
statistical significance with the other parameters of the blood count and tumor markers
evaluated.

After establishing the cut-off values by the ROC curves, a multivariate analysis

was performed, which showed that an absolute monocyte count > 312/mm3 is
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associated with strong stromal immunostaining (2/3) of TNFR1, and a platelet value <
298,000/mm3 is associated with strong (2/3) stromal immunostaining of TNFR2
(Tables 1 and 2). Figure 2 shows the differences in the medians of the absolute
monocyte count in the weak and strong immunostaining TNFR1 groups, and the
differences in the medians of the absolute platelet count in the weak and strong

immunostaining groups of TNFR2.

Discussion

The inflammatory response is involved in almost all stages of tumor
development. TNF-a is a key mediator in inflammation, is expressed in the ovarian
cancer microenvironment, and appears to promote tumor progression by inducing
cytokines (Hanahan et al, 2011; Krockenberger et al 2008). Its expression may vary
according to the subtype of ovarian neoplasm, which contributes to diagnostic and
prognostic factors (Kobel et al, 2008; Gilks et al, 2008). Immune function is
compromised by mediators of the systemic inflammatory response, which increase
leukocytes, neutrophils, platelets, C-reactive protein, and fibrinogen and decrease
lymphocyte concentrations (Zhang et al, 2015). Therefore, carcinogenesis may result

from a failure of the immune response.

Several studies show the relationship of TNF-alpha and its receptors with
prognostic factors in ovarian cancer (Martins-Filho et al., 2014; Silva et al., 2021)
cancer progression (Dobrzycka et al., 2009). Stronger TNF-alpha immunohistochemical
satining was associated with histological grade 1 and early stages in ovarian cancer in a
study that performed immunohistochemistry for I1L2, IL5, IL6, IL8, 1L10, TNF-alpha
and iINOS (Martins-Filho et al., 2014). One study evaluated the protein expression level
of TNFR2 and signal transducer and activator of transcription 3 (STATS3) in high-grade
serous ovarian cancer tissues in relation to the platinum-based chemotherapy response
and the prognosis outcome. Patients with strong TNFR2 and STAT3 expression had
significantly longer progression-free survival interval in the platinum-sensitive group
(Silva et al., 2021). The gene and protein expression of HMGB1, TLR4, NF kB and

TNF - alfa was significantly increased in the advanced tumor stage and poorly
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differentiated group in malignant epithelial ovarian cancer (Jiang et al., 2018). In
another study, in patients with ovarian cancer, there was an increased trend of Th22, IL-
22, and TNF-a in stage III-1V patients compared with stage I-11 patients, evaluated by
flow cytometry. (Wang et al., 2017). On the other hand, no differences were observed
comparing TNF-alpha in serum and cytosolic fractions in ovarian cancer patients in
relation to the histological types (serous, mucinous, and endometrioid carcinomas) and

the disease stage (Hassan et al., 1999).

The levels of TNF alpha and its soluble type | (STNF-R1) and type Il (STNF-R2)
receptors were studied in intracystic liquid and serum from benign and malignant
ovarian neoplasms. Concentration of STNF-R2 in the intracystic samples from ovarian
cancer was higher than that of the benign neoplasms, and higher intracystic levels of
STNF-R2 associated with grades 2 and 3 tumors (Nomelini et al., 2018). TNFR2 is an
important protein target for further studies on the treatment of ovarian cancer because it
is present in immunosuppressive Tregs and in human tumors (Chen et al., 2013;
Govindaraj et al., 2013). One study suggests that antagonistic TNFR2 antibodies may be
a new treatment for TNFR-positive ovarian cancer, by targeting tumor cells and
immunosuppressive tumor-associated Tregs (Torrey et al., 2017).

Lymphocytes have relevance in the cellular and humoral antitumor immune
response, since their activation and proliferation play a role in cytotoxic cell death and
inhibit tumor cells (Zhao et al, 2020). In the same line of reasoning, macrophages
originate mainly from monocytes and seem to promote proliferation, invasion and
metastasis of tumor cells, by stimulating angiogenesis and inhibiting the antitumor
immune response mediated by T cells. A high monocyte count is therefore indirectly

associated to tumor progression (Pollard, 2004).

Monocytes are circulating mononuclear phagocytes, ready to extravasate to sites
of inflammation and differentiate into monocyte-derived macrophages and dendritic
cells. (Geissmann et al., 2003). TNF has pleiotropic actions and can induce both cell
death and apoptosis resistance (Karin and Lin, 2002). Tumor necrosis factor (TNF) and
its receptors are upregulated during monopoiesis and expressed by circulating

monocytes as well as effector monocytes that infiltrate certain sites of inflammation.
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Autonomic monocyte TNF may be critical to the function of these cells (Wolf et al.,
2017).

Macrophages and endothelial cells infiltrate the peritoneum near epithelial
ovarian cancer tumor implants. One study investigated whether the interaction of
ovarian cancer cells and tumor-associated macrophages could promote endothelial cell
involvement in angiogenesis. The results suggested that the interaction of ovarian
cancer cells and tumor-associated macrophages enhances the ability of endothelial cells
to promote ovarian cancer progression (Wang et al., 2013). Another study linked the
level of blood intermediate monocytes with immunosuppression and tumor burden in
the peritoneum, demonstrating that blood intermediate monocytes could be a potential
predictive signature of the immune status of ascites and a biomarker of ovarian and
ovarian cancer development. response to treatment (Prat et al., 2020). Hopkins et al.
(2021) used a murine model to investigate changes in tumor ascites that occur after
administration of platinum chemotherapy. Treatment with cisplatin resulted in a
significant increase in monocytes in the ascites of tumor-bearing mice. This finding
suggests that treatment with this chemotherapeutic agent leads to an increase in
antitumor activity in ascites related to changes in ascitic monocytes (Hopkins et al.,
2021). Another study demonstrated that the production of TGFa in high-grade serous
ovarian carcinoma leads monocytes to differentiate into macrophages. This suggests an
important role in the mechanism by which alternatively activated macrophages are
generated in the tumor microenvironment (Fogg et al., 2020). Three subpopulations of
monocytes can be distinguished in human blood: classical (CD14++CD16-),
intermediate (CD14++CD16+), and nonclassical (CD14+CD16++).Monocytes can
show the highest expression level of TNFR1 among monocyte subpopulations and
nonclassical monocytes can have the highest expression level of TNFR2 (Hijdra et al.,
2012). Our study demonstrated that an absolute monocyte count > 312/mm3 is

associated with strong stromal immunostaining (2/3) of TNFR1.

Platelets have been recognized as inflammatory cells, but the effects of TNF-
alpha and its receptors on the platelet activity is not yet well understood. Tumor
necrosis factor-alpha plays an important role in the inflammatory response and acts
through two receptors, TNFR1 and TNFR2. One study demonstrated that TNF-o
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negatively modulates ADP-induced platelet aggregation via TNFR1/TNFR2 receptors
by reducing cytosolic Ca++ levels and by inhibiting c-Src and fibrinogen receptor
activation, which take place through cAMP- and cGMP-independent (Bonfitto et al.,
2018). Tacchini-Cottier et al. (1998) demonstrated that TNF can induce platelet
consumption by acting not on platelets directly but on the TNFR1 of other cells,
probably by increasing the release of factors with agonist activity for platelets
(Tacchini-Cottier et al., 1998). TNF can induce thrombocytopenia due to reduced
platelet lifespan. TNF activates platelet caspases via TNFR1, which results in platelet
fragmentation and thrombocytopenia (Piguet et al., 2002). Our study demonstrated an
association of lower platelet levels with TNFR2, which was confirmed after

multivariate analysis.

The main limitation of our study was the use of a heterogeneous sample of
histological types of ovarian cancer. On the other hand, to our knowledge, there are no
studies in the literature comparing TNF-alpha and its receptors in the stroma of ovarian
cancer with the systemic inflammatory response, represented here by the blood count
parameters. Thus, our study is important so that further research on the subject can
establish more clearly about the immunological and inflammatory mechanisms that
govern the systemic response from the tissue response. The study of these interactions
between local and systemic tumor response will also be important in the discovery of
new prognostic factors and new targets for the treatment of ovarian cancer, which today
is basically performed with surgery and chemotherapy.

Conclusion

Absolute monocyte count > 312/mm?® is associated with strong (2/3) stromal
immunostaining of TNFR1, and platelet count < 298,000/mm? is associated with strong

(2/3) stromal immunostaining of TNFR2.
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Figure legend:

Figure 1: ROC curves relating strong (2/3) and weak (0/1) stromal immunostaining of TNF-
alpha with absolute basophil and neutrophil count, TNFR1 with absolute monocyte count and
CA 125 value, and TNFR2 with absolute platelet count.

Figure 2: Differences in the medians of absolute monocyte counts in the weak and strong
immunostaining groups of TNFR1, and the differences of the medians of the absolute platelet
counts in the groups of weak (0/1) and strong (2/3) immunostaining of TNFR2 (p= 0.0266 and
p=0.0321, respectively).
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Table 1: Multivariate analysis of the variables age, hormonal status, histological grade, ovarian
cancer type, staging and absolute monocyte count considering stromal TNFR1 immunostaining.

Variable Multivariate analysis

OR (95% CI) p-value
Age (> 50y vs < 50y) 0.318 (0.028-3.591) 0.354
Hormonal status (menopausa vs menacme) 3.904 (0.302-50.5) 0.297
Histological grade (2/3 vs 1) 0.376 (0.025-5.623) 0.479
Type (11 vs 1) 4.581 (0.326-64.363) 0.259
Staging (111/1V vs I/11) 0.357 (0.052-2.438) 0.294
Monocytes count (> 312/mm?® vs < 312/mm®) 11.365 (1.485-86.956) 0.019

Table 2: Multivariate analysis of the variables age, hormonal statuts, histological grade, ovarian
cancer type, staging, serum Ca-125 and absolute platelets count considering stromal TNFR2

immunostaining.

Variable Multivariate analysis
OR (95% CI) p-value

Age (> 50y vs < 50y) 5.9 (0.584-59.643) 0.133
Hormonal status (menopausa vs menacme) 0.153 (0.014-1.664) 0.123
Histological grade (2/3 vs 1) 2.117 (0.184-24.324) 0.547
Type (11 vs 1) 0.354 (0.031-4.034) 0.403
Staging (I11/IV vs 1/11) 0.703 (0.131-3.780) 0.681
Ca-125 (< 65.16U/mL vs > 95.16 U/mL) 2.457 (0.552-10.948) 0.238
Platelets count (< 298,000/mm?® vs > 298.000/mm?) 6.739 (1.398-32.483) 0.017




68



