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RESUMO

Introdugédo: O cancer do colo do utero (CC) € o quarto tipo de cancer mais comum
em mulheres e para o ano de 2023 foram estimados 17.010 casos novos no Brasil, o
que representa um risco considerado de 13,25 casos a cada 100 mil mulheres. O
cancer é uma doenga multifatorial e que envolve diferentes mecanismos celulares.
Determinar perfis genéticos de suscetibilidade sdao de grande relevancia para
definigbes de tratamentos, diagnosticos e acompanhamento dos pacientes. A
expressao diferencial das proteinas altamente expressas no colo uterino normal ou
suprimidos em tecidos tumorais, como MASP-1 e MASP-3, respectivamente, pode
ocorrer devido a interferéncia de nucleotideos de polimorfismo uUnico (SNPs)
localizados em regides regulatérias do gene MASP1, levando a alteragdes na taxa de
expressao de transcritos e consequentemente na progressédo do cancer. Objetivos:
O objetivo desse estudo foi analisar a influéncia de SNPs presentes nas regides
reguladoras do gene MASP1 em CC, lesdes intraepiteliais cervicais de alto grau (NIC)
e a progressao dessas NIC de alto grau para CC, bem como avaliar a quantificagéo
da MASP-3 no tecido tumoral do CC. Metodologias: Nove polimorfismos das regides
reguladoras do gene MASP1 (rs13064994, rs13094773, rs7609662, rs698105,
rs3864098, rs1108450, rs72549262, rs1109452 e rs85031) foram genotipados em 99
pacientes CC, 219 NIC de alto grau, 121 controles saudaveis e 129 doadoes de
sangue, pela técnica de PCR-SSP multiplex. A imunohistoquimica foi realizada pela
técnica tissue microarray (TMA) em amostras de colo uterino obtidas por biépsia de
histerectomia embebida em parafina usando anticorpo primario anti-MASP-3.
Resultados: Foi verificada uma associacao significativa dos haploétipos de MASP1
GTG_CCC_CCA (CC-O0R:2,42, Cl:1,14-5,14; NIC de alto grau — OR:18,66, I1C:3,51-
23,91)e GTG_CCA_CCG (CC-0R:4,39, ClI:1,92- 9,99; NIC de alto grau — OR:30.24,
IC:4.88-58.29) com CC e NIC de alto grau. A associagdo positiva do haplétipo
GCG_CCC _CCG (OR:13,50, Cl:4,92-26,71) com a progressao da NIC de alto grau
para CC. O nivel de expressao tecidual de MASP-3 no tecido tumoral foi
significativamente menor que o tecido normal adjacente (p=0,0013). Conclusao: Os
dados genéticos deste estudo sugerem que os mecanismos celulares afetados pelos
haplétipos das regides reguladoras de MASP1 e do exon 12 podem ser considerados

possiveis fatores para compreendermos a supressao da expressdao de MASP-3 no



tecido tumoral de CC. As analises haplotipicas deste trabalho podem ser fatores de

suscetibilidade para o CC e NIC de alto grau ou a progresséao da NIC de alto grau para
o CC.

Palavras-chave: Serina proteases associadas a lectina de ligagdo a manose. Via das

lectinas. Supressor tumoral. Cancer ginecoldgico. Sistema Complemento.



ABSTRACT

Introduction: Introduction: Cervical cancer (CC) is the fourth most common type of
cancer in women and for the year 2023, were estimated 17,010 new cases in Brazil,
which represents a considered risk of 13.25 cases per 100,000 women. Cancer is a
multifactorial disease that involves different cellular mechanisms. Determining genetic
susceptibility profiles is of great relevance for defining treatments, diagnoses and
patient follow-up. Differential expression of highly expressed proteins in normal uterine
cervix or suppressed in tumor tissues, such as MASP-1 and MASP-3, respectively,
may occur due to interference of single polymorphism nucleotides (SNPs) located in
regulatory regions of the MASP1 gene, leading to to alterations in the expression rate
of transcripts and consequently in the progression of cancer. Objectives: The aim of
this study was to analyze the influence of SNPs present in the regulatory regions of
the MASP1 gene in CC, high-grade cervical intraepithelial lesions (CIN) and the
progression of these high-grade CIN to CC, as well as to evaluate the quantification of
MASP-3 in the CC tumor tissue. Methodologies: Nine Polymorphisms of the
regulatory regions of the MASP1 gene were genotyped in 99 CC patients, 219 high
grade NIC, 121 healthy controls and 129 blood donations (rs13064994, rs13094773,
rs7609662, rs698105, rs3864098, rs1108450, rs72549262, rs1109452 e rs85031) , by
the PCR-SSP multiplex technique. Was performed the tissue microarray
immunohistochemistry (TMA) technique on cervical specimens provided by paraffin-
embedded hysterectomy biopsy using anti-MASP-3 primary antibody. Results: A
significant association of MASP1 GTG_CCC_CCA haplotypes (CC — OR:2.42,
Cl:1.14-5.14; high-grade CIN — OR:18.66, Cl:3.51-23.91) and GTG_CCA_CCG (CC -
OR:4.39, CI:1.92-9.99; high-grade CIN — OR:30.24, CI:4.88-58.29) with CC and high-
grade CIN. The positive association of the GCG_CCC_CCG haplotype (OR:13.50,
Cl:4.92-26.71) with progression from high-grade CIN to CC. The level of tissue
expression of MASP-3 in tumor tissue was significantly lower than in adjacent normal
tissue (p=0.0013). Conclusion: The genetic data of this study suggest that the cellular
mechanisms affected by the haplotypes of the regulatory regions of MASP1 and exon
12 can be considered possible factors for understanding the suppression of MASP-3
expression in CC tumor tissue. The haplotype analyzes of this work may be
susceptibility factors for CC and high-grade CIN or the progression of high-grade CIN
to CC.

Keywords: Mannose-binding lectin-associated serine proteases. Lectin pathway.

Tumor supressor. Ginecological cancer. Complemente System.
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1 INTRODUGAO

O céancer de colo de utero ou cervical (CC) é o quarto tipo de cancer mais
frequente em mulheres no mundo (WHO, 2022), e no Brasil, excluidos os de tumores
de pele ndo melanoma, o cancer do colo do utero € o terceiro tipo de cancer mais
incidente entre mulheres (INCA, 2022). Para o ano de 2023 foram estimados 17.010
casos novos, o que representa um risco considerado de 13,25 casos a cada 100 mil
mulheres (INCA, 2022). A infeccdo persistente por gendtipos oncogénicos de
Papilomavirus humano (HPV) esta associada ao desenvolvimento de lesbes
neoplasicas intraepiteliais cervicais (NICs), que sao precursoras do CC (DERBI et al.,
2020; ONYANGO et al., 2020). A inabilidade de criar uma resposta imune eficiente
frente ao HPV resulta em uma infecgao viral persistente, que leva ao desenvolvimento
de uma inflamacgao crénica no local, e, como consequéncia, a probabilidade da
progressdo das NICs a carcinomas € aumentada. Somados a esses eventos 0s
mecanismos de escape do virus ao sistema imune do hospedeiro envolvem processos
de supressao de vias imunoldgica e modulagao génica essenciais a sobrevivéncia e
replicacao viral, conferindo, desta maneira, a infecgdo por HPV um papel crucial na
criacao de um microambiente favoravel ao desenvolvimento tumoral (BOSCH et al.,
2013; COSTA et al., 2017; DOORBAR et al., 2012; MAESTRI et al., 2018).

A evolucédo e o estabelecimento de um tumor sdo marcados pela aquisicdo de
alteragcdes genéticas (mutagdes no DNA) e epigenéticas (metilacdo de DNA e
a acetilacao de histonas), gerando uma assinatura antigénica diferencial entre as
células malignas e as células normais. Durante esse processo de desenvolvimento
tumoral, ocorre uma pressao seletiva no microambiente tumoral, em que o sistema
imune do hospedeiro seleciona as células tumorais com maior resisténcia e que
possibilita as células cancerigenas se evadirem dos mecanismos do sistema
complemento (SC). Esta pressao seletiva leva a uma superexpressao de proteinas
reguladoras do SC, como parte do mecanismo de escape do organismo ao tumor (F.
QUAIL; J. TAYLOR; POSTOVIT, 2012; PIO; AJONA; LAMBRIS, 2013; REIS et al.,
2017; SPURGEON; LAMBERT, 2017).

As serinas proteases associadas a lectina ligante de manose (MASPs) sao
proteinas que tém papel crucial na via das lectinas (VL). A VL é uma das trés vias de
ativacédo do SC, ativada por receptores de reconhecimento padrao (PRRs) que estao

associadas as MASPs, culminando na formacgao da C3 convertase, enzima comum as
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trés vias do SC (BOLDT et al., 2018; DEGN et al., 2010; DEGN; JENSENIUS; THIEL,
2011; DEGN; THIEL; JENSENIUS, 2007; DOBO et al., 2016a; THIEL; JENSEN;
DEGN, 2012).

MASP-1 inicia a VL através da formac&o de complexos com a lectina ligante de
manose (MBL), ficolinas e colectinas, que se ligam a padrdes moleculares associados
a patogenos (PAMPs), padrdes moleculares associados a dano celular (DAMPs) e/ou
padrdées moleculares associados a células alteradas (ACAMPs). Apds a formagéo do
complexo o homodimero de MASP-1 se ativa e transativa a MASP-2 iniciando a
cascata proteolitica (ANDRADE et al., 2017; BOLDT et al., 2018).

Em contrapartida , a MASP-3 tem papel de regulagéo da VL, pois compete com
as proteinas MASP-1 e MASP-2 por sitios de ligagao em colectinas e/ou ficolinas .Esta
proteina também possui fungdes fora da VL, tais como a clivagem do pro-fator D em
fator D na via alternativa (VA) (OROSZLAN et al., 2016) e a clivagem da proteina 5
de ligacdo ao fator de crescimento semelhante a insulina (IGFBP-5), a qual possui
papel crucial no controle, sobrevivéncia, diferenciagcdo celular e apoptose
(CORTESIO; JIANG, 2006).

As proteinas MASP-1 e MASP-3 sao codificadas pelo gene MASP1
(ENSG000000127241) por splicing alternativo (BOLDT et al., 2018). O mRNA de
MASP-1 e MASP-3 sao altamente expressos pela cérvix uterina e (The Human Protein
Altas, 2022; DEGN et al., 2009; GTEx Portal, 2022). Elevados niveis séricos de MASP-
1 foram associados com a progressao do cancer cervical e pior prognostico (MAESTRI
et al., 2018). Polimorfismos de nucleotideo unico (SNP) podem alterar a taxa de
expressao das MASPs bem como a composigao proteica dos dominios de MASP-1 e
MASP-3, causando alteragdes nos papéis destas proteinas. Todavia, poucos
polimorfismos em MASP1 foram investigados até a presente data, e, nenhum SNP foi
ainda avaliado com CC e NICs (MENDES et al., 2020; BUMILLER-BINI et al., 2018;
CAVALCANTI et al., 2022; GAJEK; SWIERZKO; CEDZYNSKI, 2020)

Espera-se por meio desse estudo, ampliar o conhecimento sobre a progressao
do céncer cervical, avaliando a associagdo de polimorfismos deste gene com a
expressao dessas isoformas em amostras coletadas de mulheres com diagndstico
confirmado de cancer cervical e neoplasias intraepiteliais cervical de alto grau, bem
como detectar possiveis biomarcadores dentre os produtos de MASP1, para avaliar o
risco, diagnostico e/ou progndstico da doenga. Estudos de associagao entre fatores

imunoldgicos e virais poderiam fornecer informagbes importantes para o
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desenvolvimento de imuno terapéuticos e/ou imunomoduladores, que visam aumentar

a resposta imune contra o HPV e melhorar a qualidade de vida das pacientes.

1.1 JUSTIFICATIVA

Embora o CC ja tenha sido exaustivamente estudado, o exato mecanismo
envolvido na fisiopatologia, progressdo tumoral e desenvolvimento das NICs, ainda
nao foram completamente elucidados. Além disso, até o momento, ndo existe um
marcador laboratorial capaz de identificar quais pacientes irdo progredir para um CC
e quais permanecerao apenas com as NICs. Portanto, é imprescindivel a definicao de
grupos de riscos, passiveis de intervencdo terapéutica precoce, bem como a
identificacdo de elementos prognosticos e novas medidas terapéuticas em beneficio
dos milhdes de pacientes com cancer cervical.

Considerando que o Brasil ja conta com diretrizes de seguimento de mulheres
em idades férteis (INCA, 2020), ter mais ferramentas que corroboram nesse
diagndstico precoce, seria de grande importancia para a saude publica, especialmente
se apresentar grande acessibilidade as pacientes. Até a presente data, muito pouco
se sabe sobre o papel das MASP-1 e MASP-3 na fisiopatologia e manutengao do
cancer cervical e das lesdes cervicais de alto grau. Diante disso, € importante um
estudo que avalie a associagao entre polimorfismos de nucleotideo uUnico no gene
MASP1 e a expressao da MASP-3 frente a diversidade genética e imunoldgica das

pacientes.
1.2 OBJETIVOS
1.2.1 Objetivo geral
Avaliar a associagdo de polimorfismos de nucleotideo unico (SNP) e os
haplotipos do gene MASP1 (ENSG000000127241) no desenvolvimento de lesdes

intraepiteliais cervicais (NIC) de alto grau e do cancer cervical, bem como a expressao

da proteina MASP-3 no tecido tumoral de pacientes com cancer cervical (CC).
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1.2.2 Objetivos especificos

e Padronizar uma reacdo de PCR-SSP multiplex para os SNPs rs13094773,
rs698105, rs1108450 e o rs3864098, todos localizados em regides intrbnicas
regulatorias de MASPT,

e Determinar as frequéncias alélicas e haplotipicas de 9 SNPs no gene MASP1 e
Investigar possiveis associagdes desses SNPs em mulheres com NIC de alto grau
e com;

e Avaliar a expressdao da MASP-3 no tecido tumoral de pegas cirurgicas de
pacientes com cancer cervical e comparar com a expressao no tecido normal;

e Associar os dados funcionais dos SNPs alvos do gene, e sua implicagdo no

desenvolvimento das NIC de alto grau e do cancer cervical.
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2 REVISAO DE LITERATURA

2.1 NEOPLASIA INTRAEPITELIAL CERVICAL (NIC)

As NIC sao lesdes precursoras do CC que se caracterizam por serem lesdes
anormais, proliferativas e atipias de graus variaveis que tém origem na zona de
transformacao da cérvix (BEDEL et al., 2020), e sdo frequentemente assintomaticas.
Essas lesbes precursoras foram inicialmente descritas no inicio dos anos 1900 por
Cullen e Rubin como achados histopatolégicos casuais que tinham aspectos
morfolégicos semelhantes aos do tumor infiltrante, e que estavam contidas dentro do
epitélio anormal (FONSECA, 2016). Entre 1925 e 1940 devido a dois novos
procedimentos propedéuticos, a colposcopia e colpocitologia oncdtica, essas lesdes
foram melhores caracterizadas (QUEIROZ et al., 2006).

George Nicholas Papanicolaou, em 1920, ao estudar células do tecido vaginal
e do colo uterino através da técnica de citologia esfoliativa, propds uma classificagéo
citologica dividida em cinco classes, que eram numeradas de | a IV, sendo a classe Il
sugestiva de malignidade mas nao conclusiva para este diagnostico, e a classe V
como conclusiva para malignidade, esta classificagdo ndo considerava a possibilidade
de lesbGes precursoras apenas a presenga ou auséncia de malignidade n&do sendo
possivel fazer correlagdo com dados histopatolégicos (PAPANICOLAOU, 1954;
RICHART, 1967). Em 1967 Ralph Richart ao estudar evolugado natural do cancer
cervical somado a dados de novos estudos prospectivos de ploidia de DNA, os quais
mostravam que as classes de carcinoma in situ e displasia acentuada apresentavam
relagcéo histologica; sugeriu que as duas ultimas classes propostas por Papanicolaou
e Reagan, displasia acentuada e carcinoma in situ, fossem agrupadas em uma unica
classe e também mudou o termo displasias para NIC (FONSECA, 2016; REAGAN;
HICKS, 1953; REAGAN; SEIDEMANN; SARACUSA, 1953; RICHART, 1973, 1990).

Posteriormente, com referéncia a intensidade dos disturbios morfoldgicos
celulares relacionados principalmente com a proliferacéo, atipia celular e mitoses, e o
nivel que alcangam na verticalidade do epitélio, as NIC foram histologicamente
divididas em trés graus: NIC |, NIC Il e NIC Il (AIDE et al., 2009; QUEIROZ et al.,
2006). Em NIC | encontram-se atipias celulares, localizadas no terco inferior do epitélio
escamoso do colo uterino, ja a NIC Il ocorre nos dois tercos inferiores e em NIC Il ha
comprometimento de trés tercos do epitélio escamoso (AIDE et al., 2009; QUEIROZ
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et al., 2006). As NIC I, NIC Il e NIC Il por vezes podem ser consideradas como
processos distintos, onde NIC | é autolimitada e evidencia a infecgdo pelo HPV
(Papilomavirus Humano), enquanto NIC Il e NIC lll sdo consideradas lesbes pré-
malignas (QUEIROZ et al., 2006).

Nos anos 80, um novo critério de classificagao citolégica cervical com uma
terminologia uniforme surge para facilitar o manejo clinico das NICs, a nomenclatura
de Bethesda, a qual sugere que a doenca intraepitelial cervical ndo € um processo
continuo, mas sim um sistema de duas doengas descontinuas, criando o conceito de
lesdo intraepitelial escamosa que se divide em 2 grupos, o primeiro grupo € o de
lesdes intraepiteliais de baixo grau, LIEBG (lesao intraepitelial de baixo grau) ou LSIL
(do inglés low-grade intraepithelial lesion) e o segundo de LEAG lesdes intraepiteliais
de alto grau ou HSIL (do inglés high-grade squamous intraepithelial lesion) (CARNS;
FADARE, 2008; LUNDBERG, 1989; SOLOMON et al., 2002).

Esta nova nomenclatura englobou no conceito de LIEBG dois grupos de
alteracgdes do colo uterino, as displasias de células escamosas atipicas de significado
indeterminado (ASC-US - do inglés atypical squamous cells of undetermined
significance) e a NIC |, tendo em comum a associagao a infecgao pelo HPV. Além
disso, os graus de NIC Il e lll foram agrupados em outro grupo chamado de lesdes
intraepiteliais escamosas de alto grau ou HSIL (High Grade Squamous Intra-epithelial
Lesion) e as de células escamosas atipicas ndo podendo se excluir lesdo de alto grau
(ASC-H - do Atypical Squamous Cells, Cannot Rule Out High Grade Squamous
Intraepithelial Lesion) (INCA, 2020; SOLOMON et al., 2002; KAMAL et al., 2022). As
células escamosas atipicas (ASC) sdo células com anormalidades celulares e
alteracbes reativas que nao atendem aos critérios para neoplasia intraepitelial
escamosa ou NIC (MARTINEZ, 2011; KAMAL et al. 2020).

A correlagao entre lesdes precursoras e cancer cervical (CC) foi realizada por
Ostdr em 1993 (OSTOR, 1993). Ostér estudou a histéria natural de desenvolvimento
de CC e achados laboratoriais que observavam os seguintes pontos: as NIC
geralmente eram diagnosticadas uma década antes em pacientes de CC, mulheres
com essas lesbes desenvolviam cancer com maior frequéncia comparadas a
mulheres sem elas, e os carcinomas em estagios precoces se desenvolviam na
periferia da NIC ou na cripta das glandulas (FONSECA, 2016; OSTOR, 1993). Por
anos acreditava-se que havia uma linearidade na progressao das NIC, surgindo

inicialmente como lesdes iniciais classificadas como NIC | e ao evoluir chegavam ao
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grau da NIC lll, sendo possivel ainda a evolugao deste quadro para CC. Contudo,
evidéncias indicam que nao necessariamente o curso natural de progressao dos NIC
e CC ocorra desta maneira, e em alguns casos o surgimento de NIC IIl ocorre sem
relatos prévios de lesdes de baixo grau (FONSECA, 2016; OSTOR, 1993).

A infecgao por gendtipos de HPV de alto risco € um dos fatores de risco mais
importantes associados ao desenvolvimento das NICs (CAUSIN et al., 2021). Apesar
da alta prevaléncia de HPV em mulheres sexualmente ativas, somente uma parte
delas ira desenvolver NIC de alto grau, levantando a hipotese de que além da
presenca da infeccdo por HPV outros cofatores sdo pecas chave para o
desenvolvimento das NIC (AIDE et al., 2009; CAUSIN et al., 2021). Tais cofatores
envolvem uma dinamica equilibrada entre ambiente, caracteristicas do HPV e a
resposta imunolégica desenvolvida pelo hospedeiro (AIDE et al., 2009; FONSECA,
2016).

2.1.1 Fatores associados ao desenvolvimento da Neoplasia Intraepitelial

Cervical

As lesdes da NIC originam-se em células metaplasicas imaturas que sofrem
alteracdes devido a uma multiplicidade de fatores, como os agentes oncogénicos.
Dentre esses agentes estdo, os subtipos de alto risco do HPV, as alteragdes
fisioloégicas, os fatores imunologicos e genéticos da paciente. Outros agentes
oncogénicos considerados importantes sao: a infeccdo por Chlamydia trachomatis,
relacdo sexual precoce, multiplos parceiros sexuais, multiparidade, uso prolongado de
anticoncepcionais orais, tabagismo, baixo nivel socioeconémico, abortos, deficiéncia
de micronutrientes, dieta deficiente em vegetais e frutas (IARC, 1995; AIDE et al.,
2009).

A infeccdo por certos subtipos de HPV é apontada como agente etiologico das
NIC e CC, estudos moleculares atribuiram o conceito de HPV de baixo risco
oncogénico a lesdes benignas, e HPV alto risco oncogénico a subtipos associados a
lesbes e cancer, o HPV 16 é o mais frequente na populacéo afetando 50% das
mulheres sexualmente ativas, além disso o HPV 16 é encontrado em 6,8% das
mulheres com NIC 1, em 15,0% em NIC 2, e 44,5% em NIC 3, e os gendtipos dos
HPV 16, 31, 33 e 58 sdo os mais comuns em NIC 2/3 e cancer, e os HPV 39, 51, 53,
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56, 66 e 68 foram mais comuns em NIC 1 e mulheres sem lesao, evidenciando que
diferentes subtipos de HPV podem infectar uma mulher sexualmente ativa em

diferentes momentos da sua vida (OSO et al., 2019).

2.1.2 Progressao das Neoplasias Intraepiteliais Cervicais para Cancer Cervical

De modo geral, as lesbes precursoras tém curso evolutivo desigual e lento,
podendo progredir, permanecer inalteradas ou regredir, e nesses contextos a
presenca de infeccdo por HPV ocorre de maneira transitoria nas NIC, e possui uma
resolucado espontanea em mais de 80% das mulheres infectadas dentro de até 2 anos
(FRANCESCHI; HERRERO; CLIFFORD, 2006; RICHART, 2001). Contudo, em
mulheres que nao possuem uma resposta imune efetiva contra o HPV e desenvolvem
NIC, o grau de severidade é distinto de acordo com o tipo de lesdo, mulheres que
apresentam NIC | tem 57% de chance de sofrerem regressao espontanea, 32% de
chance de persisténcia, 11% de chance de progressao para NIC Il e somente 1% de
chance para desenvolver CC; ja em relagéo a NIC Il ha 43% de chance de regressao
espontanea, 35% de chance de persisténcia, 22% de progressao para NIC Ill e de 3
a 5% de chance de progressdo para o CC; e mulheres com NIC Ill apresentam
somente 32% de chance de regressao espontanea, 56% de chance de persisténcia e
mais de 12% de chance de evoluir para o cancer (FONSECA, 2016).

Além disso, observa-se risco elevado de progressédo das lesbes precursoras
para CC em mulheres ja tratadas. A taxa de incidéncia de CC apés o tratamento de
NIC é de 39 por 100.000 mulheres, tendo um risco trés vezes maior quando
comparadas as mulheres sem histérico de lesdes precursoras e, um risco 10 vezes
maior em mulheres com mais de 50 anos que possuem histérico de tratamento de NIC
ha pelo menos 20 anos (KALLIALA et al., 2020).

2.1.3 Prevaléncia e Incidéncia de Neoplasia Intraepitelial Cervical

Pouco é discutido na literatura sobre a incidéncia e prevaléncia das NICs no
Brasil. Dados do periodo de 1998 a 1999 indicaram que a prevaléncia de NIC | era
de 354/100.000 mulheres, de NIC Il 255/100.000, NIC Il 141/100.000 e para
carcinoma invasivo de 24/100.000 (INCA, 2016). Além disso, de acordo com o
Sistema de Informagado do Controle do Cancer de Colo de Utero (SISCOLO) em 2009
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no Brasil somente 0,2% dos exames de rastreamento indicaram HSLI, e neste mesmo
periodo 1,4% do total de exames realizados indicou que 53,5% de todos os exames
alterados indicaram ASC-H (INCA, 2016, BRASIL/MS/SISCOLO, 2010). Entretanto, a
existéncia prévia ASC-H representa de 12,2% a 68% da ocorréncia das lesdes de alto
grau e, de 1,3% a 3% de CC (INCA, 2016).

2.1.4 Diagnéstico e classificagao da NIC pela citologia

O diagndstico citologico das NIC chamada de colpocitologia oncoética ainda € o
principal método de diagnéstico, e € realizado por exame microscopico das células
cervicais em esfregaco citologico corado pela técnica de coloragcdo Papanicolau. A
avaliacao citolégica se baseia nas alteragcbes nucleares e citoplasmaticas e
frequentemente é de dificil leitura, pois o esfregago cervical contém células com
variedade de alteragbes, implicando em consideraveis desafios e subjetividade na
leitura, e na demanda de pessoal altamente treinado (INCA, 2020).

Embora haja um grande impacto da colpocitologia em programas de
rastreamento, esses métodos possuem muitas limitacdes, tais como, altas taxas de
falsos-negativos, subjetividade no teste e a ampla variacdo de sensibilidade e
especificidade entre diferentes laboratorios (FONSECA, 2016). As displasias
observadas sao caracterizadas pelo aumento do volume nuclear com variagdes no
tamanho e forma celular. Nucleos anormais em células superficiais e intermediarias
indicam uma NIC de baixo grau (NIC |), enquanto que anomalias em nucleos de
células basais e parabasais indicam NIC de alto grau (NIC Il e Ill). Além disso, a
quantidade de citoplasma com relagdo ao tamanho do nucleo € uma caracteristica
importante para avaliar o grau das NICs (SELLORS; SANKARANARAYANAN, 2003).

2.1.5 Diagndstico e classificagdo da NIC pela histologia

O diagnéstico final da NIC ¢é estabelecido por meio do exame
anatomopatolégico de uma bidpsia cervical, sdo consideradas as caracteristicas
histologicas relativas a diferenciagdo, maturacdo e estratificagdo das células, e
anomalias nucleares. Desta maneira, a propor¢cao da espessura das células do epitélio

cervical com células maduras e diferenciadas € usada para classificar as NIC. Para o
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diagnostico histopatoldgico sdo consideradas anomalias nucleares, maior razao
nucleo-citoplasma, hipercromasia (aumento no volume da cromatina no nucleo),
polimorfismo nuclear e anisocariose (variagdo do tamanho e da forma do nucleo).
Frequentemente, pode-se observar uma correlagao entre a proporcao do epitélio com
maturagao e o grau de anomalia nuclear (SELLORS; SANKARANARAYANAN, 2003).

Em NIC | observa-se uma maturacdo com anomalias minimas e pouca mitose,
as células indiferenciadas ficam limitadas as camadas mais profundas do epitélio, e
as alteracoes citopaticas devido a infeccédo pelo HPV sdo observadas na espessura
total do epitélio. NIC Il é caracterizada por alteragdes celulares displasicas,
principalmente restritas a metade inferior ou os dois tergos inferiores do epitélio, com
anomalias nucleares mais acentuadas que na NIC I. E em NIC Il as anomalias
nucleares estendem-se por toda a espessura do epitélio, as mitoses tém formas
anormais e a diferenciacdo e estratificacdo podem estar totalmente ausentes ou
estarem presentes somente no quarto superficial do epitélio (SELLORS;
SANKARANARAYANAN, 2003).

2.1.6 Rastreamento das NICs

O método atual de rastreamento do cancer do colo do utero no Brasil € o exame
citopatoldgico, que deve ser oferecido as mulheres na faixa etaria de 25 a 64 anos,
que ja tiveram atividade sexual. A priorizagdo dessa faixa etaria como a populagao-
alvo do rastreamento justifica-se por ser a de maior ocorréncia das lesbes de alto grau
(INSTITUTO NACIONAL DE CANCER JOSE ALENCAR GOMES DA SILVA, 2018 -
https://www.inca.gov.br/sites/ufu.sti.inca.local/files/media/document/deteccao-
precoce-do-cancer.pdf)

No Brasil as mulheres s&o responsaveis por procurarem nos servigos de saude
0 exame Papanicolaou, com a periodicidade indicada a cada 3 anos, contudo ainda
nao ha um sistema de controle unificado para estes testes. Entretanto, de 20% a 25%
dos exames realizados no pais tém sido por mulheres fora do grupo etéario
recomendado e quase metade desses exames possuem intervalo menor de um ano,
gerando dois grupos distintos, um de mulheres super rastreadas e outro de mulheres
sem rastreamento (INCA, 2014).

O rastreamento correto da populacédo alvo € um componente importante na

atencdo primaria a saude para se alcancgar redugao significativa na incidéncia e
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mortalidade por CC. Contudo, devido ao desconforto fisico e tabus envolvidos na
realizagao deste exame, uma grande parte das mulheres sexualmente ativas deixam
de realiza-lo dentro do periodo recomendado. Outro ponto a ser considerado, € o fato
de que as mulheres que vivem em regides menos povoadas e/ou menos
desenvolvidas no Brasil possuem pouco ou nenhum acesso ao exame periodico, e
quando raramente tém a chance de realiza-lo ndo o fazem, pois ha questdes pessoais
e religiosas envolvidas. No Brasil, por meio do SUS, ndo ha disponivel ainda exames
capazes de substituir o teste de Papanicolau ou a colposcopia, gerando uma demanda
altamente relevante de novas metodologias ou técnicas eficazes no diagndstico
precoce das lesdes precursoras e do CC, que possam ser amplamente adotadas
como formas de rastreamento (FONSECA, 2016).

A rede publica de saude somente oferece como exame de rastreamento o teste
de Papanicolau. O teste de HPV oncogénico € um exame com potencial para contribuir
na avaliacdo de mulheres com colposcopia insatisfatéria sem alteracbes ou com
achados colposcopicos menores, uma vez que a auséncia de HPV oncogénico
assegura a inexisténcia das NIC e CC, porém o sistema publico de saude nao cobre
a realizacao deste exame (BANDYOPADHYAY, 2008).

2.1.7 Tratamento das Neoplasias Intraepiteliais Cervicais

O tratamento das lesdes precursoras pode prevenir a maioria dos canceres do
colo do utero, porisso, as mulheres sem acesso aos servicos efetivos de rastreamento
e tratamento sdo as mais atingidas pela doenga invasiva (INCA, 2021).

Para mulheres diagnosticadas com NIC | ou lesdo de baixo grau, a
recomendacgao é a repeticdo do exame citopatolégico em seis meses, se a citologia
de repeticao for negativa em dois exames consecutivos, a paciente deve retornar a
rotina de rastreamento citoldgico trienal, mas se uma das citologias subsequentes no
periodo de um ano for positiva, essa paciente deve ser encaminhadas a unidade de
referéncia para colposcopia, caso essa colposcopia indicar achados anormais do colo
do utero deve-se realizar a biopsia. Se o resultado da bidpsia indicar NIC II/lll ou
cancer, deve-se seguir uma conduta especifica, porém se for NIC | a paciente devera
ser mantida em seguimento citolégico. Devido a elevada taxa de resolugéo de NIC | a
conduta meédica recomendada é apenas de seguimento e observagéo, sem qualquer

intervencgao terapéutica (INCA, 2016).
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O manejo adequado de pacientes com NIC Il/lll ou lesées de alto grau é de
extrema importancia devido ao risco envolvido de progressao dessas lesdes para o
cancer cervical, mas além disto ha também uma grande preocupagdo com o
tratamento envolvido para nao aumentar riscos ao futuro reprodutivo destas pacientes.
No Brasil, os métodos para a abordagem dessas lesbes sdo 0s excisionais, pois
permitem ao mesmo tempo diagnosticar os casos de invasao nao detectados pela
citologia ou pela colposcopia, e também servem de tratamento (INCA, 2016). A
exérese da zona de transformacado ou EZT (em inglés LLETZ — Large loop excision of
the transformation zone ou LEEP — Loop electrosurgical excision procedure) ou
cirurgia de alta frequéncia (CAF) esta indicado para doencga ectocervical. Entretanto,
a decisao sobre qual método terapéutico a ser utilizado deve levar em conta a idade
e paridade da paciente, desejo gestacional futuro, histérico de tratamento prévios,
avaliac&o de risco e experiéncia meédica (FONSECA, 2016).

As diretrizes brasileiras preconizam que jovens menores de 20 anos portadoras
de NIC Il e colposcopia satisfatéria possam ser tratadas apenas de maneira
observacional, ja para pacientes com NIC Il deve ser uma conduta ativa e néao
observacional dando-se preferéncia aos métodos excisionais como terapia primaria
(THOMAS et al., 2016).

2.2 CANCER CERVICAL (CC)

O cancer de colo do utero ou cancer cervical (CC) pode ser caracterizado por
uma replicacdo desordenada do epitélio de revestimento do colo uterino,
comprometendo o estroma e podendo invadir estruturas anexas (INCA, 2022).
Fisiologicamente, o colo do utero atua como uma barreira seletiva entre a cavidade
endometrial estéril e a vagina carregada de patégenos, impedindo a passagem deles.
Como consequéncia de seu papel funcional na reproducédo, a grande maioria das
patologias do colo do utero € uma consequéncia direta de doengas sexualmente
transmissiveis. As infec¢des por diferentes patdgenos sao responsaveis pela maioria
das lesoes inflamatodrias e do cancer do colo do utero (FELIX; WRIGHT; AMEZCUA,
2009).

O colo do utero é formado por duas partes e € coberto por dois tipos diferentes
de células, a endocérvice e a exocérvice ou ectocérvice. A endocérvice € a abertura

do colo que leva ao utero, esta regido € coberta por células glandulares, ja a
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ectocérvice € a parte mais externa do colo e, € coberta por células escamosas
(AMERICAN CANCER SOCIETY, 2020). O local onde esses dois tipos celulares se
encontram no colo é chamado de zona de transformacgao, o local exato desta zona
pode mudar de acordo com a idade da mulher e/ou numero de partos, e a maioria dos
CC comegam nas células da zona de transformagédo (AMERICAN CANCER
SOCIETY, 2020).

O CC tem inicio com o desenvolvimento de uma lesdo anormal na zona de
transformacao da cérvix a qual pode demorar de 10 a 20 anos para progredir para o
cancer, contudo, devido a fatores imunoldgicos, genéticos e socioambientais da
paciente o cancer pode ter uma progressdo mais rapida (AINA et al., 2021). Esta
doenca possui desenvolvimento lento, podendo n&o causar sintomas na fase inicial e
evoluir para quadros de sangramento vaginal intermitente ou apos a relagdo sexual,
secrec¢ao vaginal anormal e dor abdominal associada a queixas urinarias ou intestinais

em casos mais avangados (INCA, 2021).

A histéria natural do cancer cervical, compreende um periodo de
desenvolvimento de 10 a 20 anos e envolve multiplos passos cruciais, incluindo as
infeccdes persistentes por gendtipos de HPV de alto risco, a contribuicdo de fatores
sociocomportamentais, a predisposicdo genética e a resposta imune da paciente
(INCA, 2021). Ainfecgéo pelo HPV ocorre em torno dos 15 a 20 anos, porém as lesdes
precursoras de cancer tém o pico em torno dos 30 anos e a incidéncia do CC aumenta
nas mulheres a partir dos 35 anos e atinge seu pico na quinta ou sexta décadas de
vida. Assim, antes dos 25 anos, prevalecem as infec¢oes por HPV e lesdes de baixo
grau que regredirdo espontaneamente na maioria dos casos, ou lesdes de alto grau
que apresentam significativa taxa de regressdo espontdnea nesse grupo etario.
(INSTITUTO NACIONAL DE CANCER JOSE ALENCAR GOMES DA SILVA, 2016)
(FIGURA 1).
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FIGURA 1. HISTORIA NATURAL DO CANCER CERVICAL.
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FONTE: INCA, 2021.

LEGENDA: Mulheres entre 15 e 20 anos ao entrarem em contato com HPV de alto
risco (linha azul) desenvolve uma infecgao local na cérvix uterina. Contudo, esta
infeccdo pode sofrer regressao espontanea e a cérvix volta a ser normal. Ja as
precursoras de cancer (linha amarela) tém o pico em torno dos 30 anos e a incidéncia
desse cancer aumenta nas mulheres a partir dos 35 anos. A maioria das lesdes de
baixo grau resolve-se espontaneamente, entretanto, algumas lesées pode progredir

para lesdes de alto grau e/ou cancer cervical (linha rosa) com o passar dos anos.

2.2.1 Prevaléncia e Incidéncia do Cancer Cervical

O CC é o quarto cancer mais frequente em mulheres no mundo, com estimativa
de 847.000 novos casos até 2040 e de 524.000 mortes (WHO, 2022; IARC, 2023).
Devido a pandemia de COVID-19 em 2020-2021 os dados de estimativas de CC para
2023 ainda nao foram atualizados e disponibilizados pela Organizagdo Mundial da
Saude (OMS). (STELZLE et al., 2021). Segundo a International Agency for Research
in Cancer (IARC) para o periodo de 2022 a 2040 sao estimados 24,5 milhdes de novos
casos e de 13.600 mortes por CC no Brasil (WHO, 2022; IARC, 2023).
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No Brasil, excluidos os tumores de pele ndo melanoma, o cancer do colo do
utero é o terceiro tipo de cancer mais incidente entre as mulheres. Para o ano de 2023
foram estimados 17.010 casos novos, o que representa uma taxa ajustada de
incidéncia de 13,25 casos a cada 100.000 mulheres (INCA, 2022). Na analise regional,
o cancer do colo do utero é o segundo mais incidente nas regides Norte
(20,48/100.000) e Nordeste (17,59/100.000) e o terceiro na Centro-Oeste
(16,66/100.000). Ja na regiao Sul (14,55/100.000) ocupa a quarta posi¢ao e, na regiao
Sudeste (12,93/100.000), a quinta posi¢ao (INCA, 2022). A taxa de mortalidade por
cancer do colo do utero, ajustada pela populagdo mundial, foi de 4,60 6ébitos/100.000
mulheres, em 2020 (INCA, 2020).

2.2.2 Classificagao histolégica do CC

O cancer cervical € classificado de acordo com sua caracterizacao
histopatoldégica ao microscopio em dois grupos principais, carcinoma de células
escamosas (CCE) e o adenocarcinoma seguindo a classificagdao de 2014 da OMS
para tumores dos 6rgaos reprodutivos femininos. De maneira geral, as lesbdes do
adenocarcinoma nao sao tao facilmente detectadas no exame citolégico como sao as
lesbes escamosas (FELIX; WRIGHT; AMEZCUA, 2009).

O CCE é o tipo mais frequente, chegando a 75% dos casos, esse tipo
histolégico se desenvolve a partir do epitélio metaplasico da ectocérvice, e geralmente
se inicia na zona de transformacao. O adenocarcinoma € o menos comum, perfaz de
20-25% do CC, e se desenvolve a partir de células glandulares produtoras de muco
da endocérvice (AMERICAN CANCER SOCIETY, 2020; AYEN; MARTINEZ;
BOULAIZ, 2020; INCA, 2022). Ainda podem existir canceres cervicais que apresentam
caracteristicas tanto de células escamosas como de adenocarcinomas, porém eles
sao muito raros, e sdo chamados de carcinomas adenoescamosos ou carcinomas

mistos.



27

2.2.3 Etiologia e fatores de risco do Céancer Cervical

Estima-se que 99,7% dos CC tém seu gatilho com esta infec¢ao viral, sendo
que 70-75% dos casos de CC sdo causados por infec¢des por gendtipos de HPV de
alto risco, que sdo HPV-16 e HPV-18 (ALEMANY et al., 2010; CROSBIE et al., 2013;
WHO, 2022). A maioria das mulheres infectadas pelo HPV nao desenvolvem CC
devido ao éxito no controle imunoldgico da resposta ao virus, em média 10% das
lesdes precursoras relacionadas a infecgao pelo HPV no colo uterino progridem para
carcinoma in situ e 1% para carcinoma invasor (FONSECA et al, 2016;
SHULZHENKO et al., 2014). Contudo, uma menor propor¢ao de mulheres com CC é
negativa para os genétipos oncogénicos de HPV, sinalizando que fatores genéticos e
imunoldgicos também contribuem para o desenvolvimento do CC. Estima-se que de
5,5% a 11% dos CC em todo o mundo sejam HPV-negativos (XING et al., 2021),
porém apenas alguns tipos de CC sao realmente HPV-negativos (BURK et al., 2017;
PIROG et al., 2014, 2018; STOLNICU et al., 2017).

O carcinoma de células escamosas € raramente HPV-negativo (PIROG, 2017),
ja de 15 a 38% dos adenocarcinomas cervicais sao HPV-negativos (ALEMANY et al.,
2010; CLIFFORD et al., 2003; HOLL et al., 2015), e a positividade para HPV em
carcinoma in situ variam de acordo com suas caracteristicas histologicas (JENKINS
et al., 2020). Um estudo recente na Espanha mostrou que 10% dos tumores cervicais
sdo negativos para HPV, sendo do tipo ndo escamoso e com coloragao p16 negativa,
outro achado relevante é que os tumores HPV-negativos encontram-se nos estagios
mais avancados da classificacdo da Federagao Internacional de Ginecologia e
Obstetricia (FIGO), apresentam metastases linfonodais levando a uma pior sobrevida
dessas pacientes, sugerindo que uma baixa porcentagem dos CC tem origem em vias
independentes do HPV (OLAWAIYE et al., 2021). Todavia, esses dados devem ser
considerados com cautela, devido a influéncia de outros fatores que atuam na
identificacdo correta de HPV em alguns casos de CC, como por exemplo, em
pacientes com CC e idade avangada a negatividade ao HPV (JENKINS et al., 2020;
XING et al., 2021), ou a técnica utilizada para identificar o HPV, falsos negativos
podem ser devido a diferencga significativa entre os métodos de deteccédo de HPV,
além disso, qualidade da amostra coletada também podem levar a resultados falso-
negativos (TJALMA; DEPUYDT, 2013; XING et al., 2021). Nesse sentido, o
mecanismo exato do CC independente da infec¢do por HPV ainda n&o esta claro, mas
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€ possivel que o CC nesses casos seja causado por mutagdes em genes associados
ao tumor ou envolva a participagao de outras vias celulares, tais como PI3K-AKT, p-
AKT e p-mTOR as quais ja foram identificadas em outros tipos de céanceres
ginecoldgicos (PIROG, 2017; UENO et al., 2013; XING et al., 2021).

Outros fatores de risco associados ao desenvolvimento do CC incluem
contribuintes comportamentais também, além do infeccioso ja mencionado. A
atividade sexual e o estilo de vida influenciam no risco de CC, o inicio da atividade
sexual muito jovem ou proximo a menarca aumenta o risco de CC, a primeira relagao
sexual antes dos 18 anos aumenta o risco de CC em duas vezes, e multiplos parceiros
sexuais triplica esses riscos (FRUMOVITZ et al., 2005).

A paridade é outro fator de risco significante, gravidez antes dos 18 anos e/ou
a multiparidade elevam os riscos de infecgcao por HPV e desenvolvimento do CC
(MCGRAW; FERRANTE, 2014; VESCO et al., 2011). O tabagismo dobra o risco de
ocorréncia de CC quando comparados a ndo fumantes, pois os subprodutos do tabaco
destroem o DNA de células do colo uterino (COLLINS et al., 2010). O uso prolongado
de contraceptivos orais aumenta o risco em 1,9 vezes para cada 5 anos de uso do
medicamento (VESCO et al., 2011). Doengas sexualmente transmissiveis como
clamidia, herpes e HIV contribuem para o desenvolvimento do CC (VESCO et al.,,
2011). Além disso, mulheres ja tratadas com NICs tém risco de 2 a 3 vezes maiores
de desenvolver cancer cervical (FONSECA, 2016; KALLIALA et al., 2020).

2.2.4 Fisiopatologia do Cancer Cervical pelo HPV

A patogénese da infecgdo pelo HPV envolve a superexpressdao de
oncoproteinas virais (E6 e E7), que visam inibir uma variedade de proteinas celulares
supressoras de tumor (p53 e retinoblastona-pRb) e afetam processos biologicos
celulares essenciais, como os mecanismos de reparo do DNA e apoptose, ativando
os principais hallmarks do cancer, levando as alteragdes celulares do hospedeiro que
induzem a carcinogénese na cérvix uterina (BALASUBRAMANIAM et al., 2019).

Aproximadamente 12% dos canceres humanos no mundo sado causados por
infecgbes virais, sendo o HPV responsavel por 5% deles (MESRI; FEITELSON;
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MUNGER, 2014). A oncogénese viral humana apresenta tracos comuns: as
oncoviroses sao necessarias, mas nao suficientes para o desenvolvimento de
tumores, o cancer viral aparece no contexto de infecgao persistente e ocorre muitos
anos apos a infecgdo aguda, e o sistema imune pode desempenhar papel deletério
ou protetor, pois alguns tumores associados aos virus progridem com a
imunossupressao e outros se desenvolvem no contexto da inflamagéao crénica
(HANAHAN; WEINBERG, 2000, 2011).

O HPV pertence a familia Papillomaviridae a qual possui virus epiteliotropicos
nao envelopados com genomas de DNA circular de fita dupla de 8 kB
(SZYMONOWICZ, 2020). O grupo de HPVs de alto risco infectam especificamente
células epiteliais da mucosa do colo uterino e dentro deste grupo os gendtipos mais
comuns associados ao cancer cervical sdo HPV 16 e HPV 18, em contrapartida os
HPVs de baixo risco causam lesdes genitais benignas sendo os mais frequentes os
HPV 6 e HPV 11 as células epiteliais basais infectados por HPV apresentam
epissomas de baixo numero de copia, e a amplificagdo do genoma viral, a expressao
génica tardia e a sintese da progénie viral estdo confinadas as camadas diferenciadas
terminais do epitélio infectado(HANAHAN; WEINBERG, 2011; MCLAUGHLIN-
DRUBIN; MEYERS; MUNGER, 2012; MOODY; LAIMINS, 2010).

2.2.5 Estadiamento clinico do carcinoma invasivo do colo uterino

O carcinoma do colo do utero € um tumor clinicamente estadiado. A
Classificagao da Federacao Internacional de Ginecologistas e Obstetras (FIGO) divide
os tumores invasivos em quatro estagios: I, Il, Ill e IV (OLAWAIYE et al., 2021). Este
critério foi revisado em 2018 e agora permite incluir achados de imagem e patolégicos,
quando disponiveis, para atribuir o estagio. O estagio | inclui todos os tumores
confinados ao colo do utero e é subdividido em estagios I1A1, IA2, e IB. Os tumores de
estagio Il se estendem além do colo do utero até os dois tergcos superiores da vagina
(estagio IIA) ou no paramétrio, mas ndo na parede lateral pélvica (estagio 11B). Estagio
[Il tumores se estendem para o tergo inferior da vagina (estagio IllIA) ou envolver a

parede lateral pélvica ou causa hidronefrose ou rim nao funcionante (estagio IlIB).
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Tumores de estagio IV se estendem além da pelve verdadeira ou envolvem a mucosa
da bexiga ou reto (OLAWAIYE et al., 2021).

2.2.6 Tratamentos para o cancer cervical

O adequado tratamento para o CC inclui cirurgia ou radioterapia ou a
combinagdo de ambos, além disso ele ira variar de acordo com o grau de
estadiamento, tamanho do tumor e fatores pessoais, como idade e desejo de
preservagao da fertilidade (INCA, 2020). Nos estadios iniciais do cancer, os
tratamentos cirdrgicos conservadores, como a conizagao, podem ser considerados.
Para lesdes invasivas pequenas, menores do que 2 cm, devem ser consideradas as
cirurgias mais conservadoras, evitando-se assim as complicagdes e morbidades

provocadas por cirurgias mais radicais (INCA, 2020).

Para o diagndstico de carcinoma microinvasor no estadio IA1 a histerectomia é
considerada o procedimento padrao, mas ha possibilidade de conizagcdo se houver
desejo futuro gestacional (INCA, 2016). No estadiamento IA2, existe consenso de que
a histerectomia radical modificada com linfadenectomia pélvica € o tratamento mais
adequado, pois as metastases para linfonodos, contudo, quando ha o desejo de
engravidar € recomendado a traquelectomia radical com linfadenectomia pélvica. Para
os estadios IB2 e IlA volumosos (lesbes maiores do que 4cm), 1B, IlIA, 1lIB e IVA, as
evidéncias cientificas atuais orientam para tratamento combinado de radioterapia com

quimioterapia, e posterior braquiterapia (INCA, 2020).

2.3 SISTEMA COMPLEMENTO

2.3.1 Vis&o geral do sistema complemento

O sistema complemento (SC) compreende um diversificado conjunto de
proteinas soluveis e ligadas a membrana, cofatores, e proteinas reguladoras que se
engajam em diferentes mecanismos bioldgicos da imunidade inata, para fornecer ao
organismo uma linha primaria de defesa imune (ANDRADE et al., 2017; REIS et al.,
2017). O SC foi descrito pela primeira vez nos anos de 1890 como uma proteina que

complementava a agao dos anticorpos contra infecgdo bacteriana, e durante muitos
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anos acreditava-se que ele era um sistema da imunidade inata que nao apresentava
especificidade imunoldgica, porém atualmente ja esta bem estabelecido na literatura
que o mesmo apresenta especificidade imunoldgica pois possui diversas moléculas
capazes de reconhecer e discriminar com alta eficiéncia diferentes patégenos e o que
€ proprio do nao proprio (FUJITA, 2002; FUJITA; ENDO; NONAKA, 2004; FUJITA;
MATSUSHITA; ENDO, 2004). (FIGURA 2).

A rede de proteinas do SC desempenha um papel na inflamacao, regeneragao
tecidual, angiogénese, tumorigénese, vigilancia imunoldgica, opsonizagao e lise
celular, citotoxicidade mediada por células, recrutamento de células imunes, ativacao
da cascata de coagulacdo e regulagdo de vias intracelulares (as vias nao
convencionais do SC) (ANDRADE et al., 2017; REIS et al., 2017). Além disso, o SC
conecta a resposta imune inata e adaptativa, atuando como uma ponte de
informagdes e/ou sinalizagbes para varios outros eventos imunologicos
(DUNKELBERGER; SONG, 2010; MERLE et al., 2015a, 2015b).



FIGURA 2. VISAO GERAL DAS VIAS DO SISTEMA COMPLEMENTO.

Via Cldssica Via da Lectina Via Alternativa
» - G
@@% > D (oo
302
& 4
& MBLFCN/ ca @ @b

CL-MASP-2

FB| | «—— ) [Properdina

-_ [FD|  [Pro-FD]

s B ——

Convertase

C3aR /\‘ Opsonizacio
+ T Fagocitose

T Inflamagio

1 Quimiotaxia de células Imunes

= T
o ee
.

<

Ccs
Convertase

v

Perturbacio da membrana celular
Poro Litico

Formagio do w /
7 L

C5b-9 - Complexo de
| Ataque 2 Membrana (MAC)

MAC

FONTE: AUTOR (2023)



33

No cenario evolutivo, o SC surge nos metazoarios como um combinado de
proteinas que ainda ndao desempenhavam funcbes efetoras, primitivamente o SC
contava com C3, fator B, uma lectina e uma serina protease associada a lectina. Ja
do grupo dos deuterostémios até vertebrados com mandibula foram estabelecidas a
maioria das combinag¢des dos dominios proteicos especificos do complemento,
surgindo as fun¢des efetoras de cada componente individual, e apds o surgimento dos
vertebrados com maxilares ocorre aquisicdo de novos componentes do complemento
devido, provavelmente, a duplicagao de genes preexistentes do complemento, dando
inicio ao SC moderno como conhecemos hoje em dia (FIGURA 3) (FUJITA, 2002;
FUJITA; ENDO; NONAKA, 2004; NONAKA, 2014).

FIGURA 3. PERSPECTIVA EVOLUTIVA DO SISTEMA COMPLEMENTO
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LEGENDA: O sistema complemento surge no estagio inicial da evolugdo dos
vertebrados com mandibula, os estudos evolutivos revelaram que os tubardes e
vertebrados superiores tém um sistema complemento bem desenvolvido com as trés
vias, embora nem todos os componentes de cada via tenham sido identificados. MBL.:

lectina ligante de manose, MASP: serinas proteases associadas a MBL, Lectin
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pathway: Via das lectinas, Classical pathway: Via classica, Ficolins: ficolinas, Factor

B: fator B, C3: componente C3.

Sendo um mediador crucial da imunovigilancia tecidual, o SC responde
rapidamente aos sinais de estresse molecular por meio de uma cascata de reagoes
proteoliticas sequenciais, iniciadas através da ligagdo de moléculas de
reconhecimento de padrées (PRMs) a estruturas distintas em células danificadas,
superficies de biomateriais ou patégenos. As moléculas C1q, lectina ligante a manose
(MBL), as serinas proteases associadas a MBL (MASPs), ficolinas, colectinas e a
properdina (também conhecido como Fator P) s&o as principais PRMs do SC. Na
literatura ha trés vias de ativacdo do complemento bem estudadas e descritas, sao
elas a vias classica (VC), alternativa (VA) e a das lectinas (VL), entretanto, crescentes
evidéncias indicam que o complemento pode ser ativado por outras vias dependendo
dos gatilhos de iniciagdo e do microambiente ou contexto fisiopatologico (REIS et al.,
2018).

Embora a ativacdo do complemento se inicie por diferentes gatilhos, todas as
trés vias convergem na formacao da C3 convertase, uma enzima central da cascata
proteolitica. A ativagdo da VC ocorre por meio da ligagdo do complexo C1q-C1r/C1s
a anticorpos soluveis ou ligados a superficie celular, essa ligagao leva a clivagem das
moléculas soluveis do complemento C2 e C4 pelas serinas proteases C1r e C1s
gerando os fragmentos C2a e C2b, C4a e C4b, respectivamente (ANDRADE et al.,
2017; REIS et al., 2017). A VL é ativada quando um dos seus PRMs (MBL, ficolinas
e/ou colectinas) reconhecem padrdes moleculares associados a patégenos (PAMPSs),
associados a danos (DAMPs) ou padrées moleculares associados a células alteradas
(ACAMPs).

A ligacado das MASP-1 e MASP-2 ao MBL, ficolina ou colectinas ocorre apos
esse reconhecimento inicial e culmina na clivagem de C2 e C4 nos seus fragmentos.
Essas duas vias formam o complexo C2aC4b que é a C3 convertase. A VA é
continuamente ativada em baixos niveis pela hidrélise espontdnea do C3H20) uma
proteina abundante no soro, gerando os fragmentos C3a e C3b, o fragmento C3b se
liga ao Fator B (FB) e formam C3bFB ao qual a properdina se liga dando maior
estabilidade ao complexo, pois fornece um ponto focal para a ancoragem do C3bBb
as membranas celulares (RICKLIN et al., 2016) (FIGURA 2). A por¢céo do FB do
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complexo C3bFB é clivado, em Ba e Bb pelo Fator D (FD), e o fragmento Bb
permanece ligado ao C3b e formam a C3 convertase da via alternativa (C3bBb)
(ANDRADE et al., 2017; REIS et al., 2017).

Apos a formagdo da C3 convertase (C2aC4b ou C3bBb), que cliva C3
circulante em C3a e C3b, a cascata proteolitica converge para a via litica final. O
fragmento C3a é uma anafilatoxina que pode se ligar ao seu receptor celular C3aR,
influenciando diversos processos imunoldgicos pro-inflamatorios e a quimiotaxia de
células imunes. O fragmento C3b da continuidade a cascata ao ligar as C3
convertases geradas pelas vias do complemento, levando a formacéo de C5
convertase que cliva a molécula de C5 em C5a e C5b. C5a é uma potente
anafilatoxina com varios papéis biolégicos, assim como o fragmento C3a. Por outro
lado o fragmento C5b liga-se as moléculas de C6, C7, C8 e C9 formando o complexo
de ataque a membrana C5b-9 (MAC), que desempenha um importante papel nas
membranas celulares causando poros liticos (ANDRADE et al., 2017; REIS et al.,
2017).

Uma vez que o complemento é ativado nao ha um ponto de retorno, portanto,
os reguladores do complemento soluveis e associados a membrana desempenham
papéis cruciais inibindo ou retardando a cascata proteolitica. Entre os reguladores de
complemento destacamos as moléculas MASP-3 e MAp44 as quais inibem a ativacao
de VL; as proteinas de membrana CD46 e CD55 e o fator | (FI) que terdo agao
inibitéria na formagao da C3 convertase da VA; a proteina reguladora de membrana
CD59 que atua impedindo o estagio final de polimerizacdo do MAC, e o fator H (FH)
que se liga ao fragmento C3b e facilita a sua degradagdo enzimatica atuando de
maneira importante para impedir a formacao da via final do complemento (REIS et al.,
2017).

2.3.2 Via das Lectinas

A iniciacdo da VL depende do reconhecimento especifico de PAMPs, DAMPs
ou ACAMPs pelo complexo formado por PRMs evolutivamente antigos e as MASPs.
Os PRMs da VL tém capacidade de reconhecer de maneira especifica diferentes

carboidratos ou residuos acetilados da superficie celular (ALI et al., 2012; BELTRAME
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et al., 2015). Os PRMs da VL sao estruturalmente semelhantes e podem ser
classificados em duas familias: a familia das colectinas que incluem a lectina ligante
de manose (MBL), colectina 10 (CL-10 ou CL-L1) e a colectina 11 (CL-11 ou CL-K1),
e familia das ficolinas que € composta pelas ficolina 1, ficolina 2 e a ficolina 3
(SWIERZKO; CEDZYNSKI, 2020).

Tanto as colectinas como as ficolinas apds sua ligagdo aos seus alvos nas
superficies celulares possuem capacidade de se associarem as MASP-1 e MASP-2
levando a ativagdo da VL. Os complexos MBL/ficolinas/CL-11-MASPs possuem
capacidade proteolitica conhecida por trés fragmentos do complemento: C2, C4 e C3.
O complexo de MBL/ficolinas/CL-11-MASP-1 possui capacidade de clivar as
moléculas C2 e C3, enquanto que o MBL/ficolinas/CL-11-MASP-2 cliva tanto C2 como
C4 (RICKLIN et al, 2016). Entretanto, a ligagado da MASP-3 a MBL/ficolinas/CL-11 leva
a regulacdo negativa da VL através da competicdo pelo sitio de ligagdo aos PRMs
com as MASP-1 e MASP-2, de maneira analoga a ligagdo das MBL/ficolinas/CL-11 a
proteinas truncada, sem a capacidade proteolitica, MAp44 também regula a ativagao
da VL (BOLDT et al, 2018). A clivagem de C2 e C4 pelos diferentes complexos da VL
geram os fragmentos C2a, C2b, C4a e C4b, respectivamente, 0os quais se combinam
e formam a C3 convertase (C4bC2a) dessa via do complemento. A C3 convertase
cliva o componente C3 em C3a e C3b, como foi discutido no tdpico anterior, o
fragmento C3b dara continuidade a cascata do complemento ao formar a C5
convertase e assim iniciara a via terminal do complemento; ja o C3a participa de
processo inflamatérios e quimiotaxia de células imunes. A clivagem de C3 pelo
complexo lectinas/MASP-1 n&o pode ser considerada como ativagéo da VL, uma vez
que esse processo nao € exclusivo da VL, mas um processo central do complemento

para o qual as trés vias convergem independente do seu gatilho de ativagao.

Os complexos formados pelas lectinas e as MASPs é composto por
homodimeros de MASPs, lectinas/MASP-1/MASP-1 ou lectinas/MASP-2/MASP-2 ou
lectinas/MASP-3/MASP-3. Heterodimeros de MASPs nesses complexos, até o
momento, somente foram observados in vitro (BELTRAME et al., 2015; DEGN;
JENSENIUS; THIEL, 2014). Além da maneira usual de ativar a VL, comentada acima,
a cascata proteolitica pode se iniciar através da ativagdo cruzada entre MASP-
1/MASP-2, que ocorre dentro de co-complexos compostos por homodimero aMASP-

1, homodimero aMASP-2 e um pentamero ou oligbmero de lectinas, ou por
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agrupamento e justaposicdo de complexos lectinas/MASP-1 e lectinas/MASP-2 em
superficies de ligantes, onde as lectinas podem nao ser idénticas (DEGN;
JENSENIUS; THIEL, 2014)

A VL pode ser considerada a via original do SC do ponto de vista evolutivo, pois
esta via nao requer a participagdo da imunidade adquirida, além disso evidéncias
indicam que o SC se originou como um sistema de opsonizagao por lectinas (FUJITA;
MATSUSHITA; ENDO, 2004). A VL surge no filo Urochordata, nas ascidias, com as
lectinas Ficolinas e GBL, uma molécula homoéloga ao MBL, e com a MASP-1. A MASP-
3 surge no filo Chordata, nas lampreias, e a MASP-2 é a ultima das MASPs a surgir
na filogenia, aparecendo somente nos anfibios (FUJITA, 2002; FUJITA; ENDO;
NONAKA, 2004; FUJITA; MATSUSHITA; ENDO, 2004) (FIGURA 3).

2.3.3 MASPs as enzimas chave da via das lectinas

Os componentes da VL foram descritos a pouco tempo na histéria da ciéncia,
desta maneira novas funcdes e papéis ainda estdo sendo descobertos. A primeira
observacao das MASPs foi realizada em 1987 onde essa proteina foi descrita como
um componente de ativagao do fator reativo Ra bactericida de camundongo (RaRF)
(IKEDA et al., 1987). Em 1992, cinco anos apds a primeira observagao, Matsushita e
Fujita (1992) identificaram a MASP-1 complexada com o MBL no soro humano
(MATSUSHITA; FUJITA, 1992), e em 1997 a segunda MASP, a MASP-2, foi
identificada por Thiel (1997) (THIEL, 1997). Ha 21 anos a MASP-3 foi identificada
como a terceira serina protease (DAHL et al., 2001). Na VL as lectinas ficam
responsaveis por reconhecer os padroes conservados em superficies celulares e as
MASPs sao as responsaveis por ativar enzimaticamente outros componentes da

cascata do complemento.

Ha alguns anos pensava-se que a MASP-2 fosse a enzima central da VL, mas
dados mais recentes colocam a MASP-1 como a principal (BOLDT et al., 2016).
Evidéncias de que a VL é ativada através da autoativagdo da MASP-1 alterou a
maneira de olhar o papel desta enzima dentro do complemento. Além disso, a MASP-
1 € uma proteina com muitas fungdes fisiolégicas importantes fora do complemento,

as quais serao discutidas no topico seguinte (BOLDT et al., 2016).
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As MASPs sao proteinas membros da superfamilia das serina-proteases cuja
funcao fisiolégica principal € atuar como enzimas proteoliticas responsaveis pela
ativagcédo da VL, exceto as MASP-3 e MAp-44 (FUJITA, 2002). Dados de alinhamento
de sequéncias indicam que as MASPs e as serinas proteases C1r e C1s da VC séao
da mesma familia (YONGQING et al., 2013). Proteinas dessas familias possuem uma
triade His/Ser/Asp conservadas e compartilham a mesma ordem dos primeiros 5
dominios, CUB1-EGF-CUB2-CCP1-CCP2 formando a cadeia A, ligados ao dominio
SP (cadeia B) por uma pequena regiao de ligacdo (YONGQING et al., 2013). As
proteinas MAp19 e MAp44 nao possuem essa mesma sequéncia de dominios
proteicos, a MAp19 possui somente os dominios CUB1 e EGF, e a MAp44 possui
CUB1-EGF-CUB2-CCP1 (BOLDT et al., 2016) (FIGURA 4). As MASPs podem ser
encontradas com diferentes concentragdes no soro ou plasma, niveis normais de
MASP-1 & em torno de 11 microg/mL, o que € 20 vezes maior que a MASP-2 (THIEL,;
JENSEN; DEGN, 2012), ja de MASP-2 é de 400-500 ng/mL (MBLLER-KRISTENSEN
et al., 2003; YTTING, 2008), e os niveis de MASP-3 sao intermediarios, com
concentragdo meédia de 5,2-6,4 microg/mL (DEGN et al., 2010; SKJOEDT et al,,
2010b).

FIGURA 4. DOMINIO DAS PROTEINAS MASP-1, MASP-3 E MAp44.
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FONTE: O Autor (2022).

LEGENDA: As proteinas MASPs representadas nas figuras sao produtos do gene

MASP1. As cores dos exons sao correspondentes as cores dos dominios proteicos
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que codificam em cada proteina. O transcrito ENST00000337774.9 corresponde a
proteinas MASP-1, o ENST0000029280.1 corresponde a proteina MASP-3 e o
ENST00000169293.1 a proteina MAp44.

As MASPs séricas circulam em uma forma inativa da enzima, os zimdégenos ou
proenzimas, 0s quais somente sao ativados apds formarem complexos com as
lectinas (ANDRADE et al., 2017; BOLDT et al., 2018). MASP-1 possui capacidade de
se autoativar, e uma vez que esta proteina é ativada ela pode ativar a MASP-2 e
possivelmente a MASP-3 (DOBO et al., 2016A, BOLDT et al., 2016).

A MASP-2 possui igualmente capacidade de auto ativagdo, contudo, a taxa de
autoativacao de MASP-1 é 300 vezes maior quando comparado a taxa da MASP-2 e
€ 140 vezes mais rapida (MEGYERI et al., 2013). A ativagdo dos zimogenos das
MASPs parece ocorrer através da ativagao cruzada que provavelmente acontece
devido ao agrupamento e justaposi¢cao de complexos lectina/MASP-1 e lectina/MASP-
2 nas superficies celulares (DEGN; JENSENIUS; THIEL, 2014). A MASP-1 ativada
gera 60% de todo C2a necessario para a formagao da C3 (C2aC4b) convertase da VL
(BOLDT et al., 2016). Uma vez que a MASP-2 ja se encontra ativada ela se torna um
potente ativador tanto de outros zimégenos de MASP-2 como de MASP-1 (DEGN;
JENSENIUS; THIEL, 2014).

2.3.4 Estrutura proteica das MASP-1 e MASP-3 e o0 gene MASP1

As proteinas MASP-1 e MASP-3 sao secretadas como cadeias simples de
proenzimas (zimégenos), e se tornam ativadas através da clivagem do peptideo de
ativacao (ligacéo Arg/lle), levando a mudancgas conformacionais e gerando duas
cadeias polipeptidicas, cadeia A e B, ligadas por pontes de dissulfeto (THIEL, 2007).
A cadeia A (cadeia pesada) compreende os 5 primeiros dominios que sdo o N-terminal
CUB1 (C1r/C1s/Uefg/bone morphogenetic protein 1), o dominio EGF (epidermal
growth factor), o CUB2 e dois dominios CCP (control complement protein), CCP1 e
CCP2, respectivamente (BOLDT et al., 2016). Ja a cadeia B (cadeia leve), é formada
somente pelo dominio SP (serine protease) (BOLDT et al., 2016) (FIGURA 4). Os
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dominios CUB1-EFG-CUB2 sao os responsaveis pela dimerizagado e formagao dos
complexos com as lectinas (GAL et al., 2009), e os dominios CUB1-EGF s&o
responsaveis pela homodimerizacdo de duas cadeias de MASPs (GAL et al., 2009),
tanto a homodimerizacdo das MASPs como o processo de formagao dos complexos
lectina/MASPs ocorrem de maneira dependente de Ca2* (GAL et al., 2009).

O gene MASP1 (ENSG00000127241) codifica por splicing alternativo as
proteinas ja descritas MASP-1 e a MASP-3, e a MAp44 que é uma proteina truncada
(proteina que nao possui o dominio serina protease) (ENSEMBL, 2022; SAITO et al.,
2019; TAKADA et al., 1995). Esse gene esta localizado na fita reversa no brago longo
do cromossomo humano 3, 3g27-928 e possui uma fita com 5276 nucleotideos e 18
exons. O gene codifica 15 transcritos primarios através de sitios de splicing
mutuamente exclusivos localizados entre os exons 8 e 13 (DEGN et al., 2009), e dos
15 transcritos somente 8 corresponde a proteinas traduzidas (ENSEMBL, 2022; GTEXx
Portal, 2022; The Human Protein Atlas, 2022).

Os exons de 1 ao 9 codificam os dominios CUB1-EGF-CUB2-CCP1-CCP2,
porém o dominio SP é unico para cada uma das MASPs, e é codificado pelo exon 12
na MASP-3, e pelos exons de 13 ao 18 na MASP-1 (FIGURA 5). Ao contrario das
MASP-1 e MASP-3 a MAp44 nao apresenta os dominios CCP2 nem o SP, mas tem
um dominio C-terminal codificado pelo exon 9 (DAHL et al., 2001; DEGN et al., 2009;
SKJOEDT et al., 2010a).

Ha 8 transcritos que correspondem as proteinas MASPs geradas por este gene,
dentre esses, destacamos 4 que correspondem as MASP-1, MASP-3, MAp44 e uma

outra proteina MASP, ainda pouco conhecida.

O transcrito ENST00000337774.9 corresponde a isoforma 3 ou 203 ou MASP-
1 tem 4994 pb e 16 exons, sua proteina apresenta 699 aminoacidos e 79.2 kDa
(P484740-1), o transcrito ENST00000296280.11 corresponde a isoforma 2 ou 202 ou
MASP-3 tem 3894 pb e 11 exons, sua proteina apresenta 728 aminoacidos e 81.9
kDa (P484740-2) , e o transcrito ENST00000169293.10 corresponde a isoforma 1 ou
201 ou MAp44 tem 2440 pb e 9 exons, a sua proteina 380 aminoacidos e 43.6 kDa
(P484740-3) (BOLDT et al., 2016;ENSEMBL, 2022; GTEx Portal, 2022; The Human
Protein Atlas, 2022).



41

O transcrito ENST00000392472.6 corresponde a isoforma 5 ou 205 com 3900
pb e sua proteina com 615 aminoacidos e 68.9 kDa (P48740-4) e até o momento nao
temos dados sobre sua fungéo fisiologica (ENSEMBL, 2022; UNIPROT, 2022).

FIGURA 5. EXONS DO GENE MASP1 E SEUS RESPECTIVOS DOMINIOS
PROTEICOS EXPRESSOS.
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FONTE: O Autor (2023).

Degn (2011) sugeriram que este transcrito ndo fosse um mRNA funcional, pois
seria degradado pela via de decaimento de mMRNA mediada por mutagdes sem sentido
(NMD), e seu papel poderia ser de um produto regulador de splicing ou apenas um
produto residual gerado (DEGN; JENSENIUS; THIEL, 2011). Entretanto, dados mais
recentes de bancos de dados nos indicam que esse transcrito pode apresentar papel
importante em células tumorais (GTEx Portal, 2022; The Human Protein Atlas,
2022).Essa isoforma é idéntica ao mRNA da MASP-3, exceto pela exclusdo do exon
2 (FIGURAS 6 e 7), levando a auséncia do dominio CUB1 na proteina e de 113
aminoacidos referentes a sequéncia codificadora do peptideo sinal da proteina,
portanto, ao contrario da MASP-3 ja descrita, esta nova proteina pode ser predita

como uma proteina intracelular (The Human Protein Atlas, 2022) (FIGURA 7). No
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presente trabalho, este transcrito sera denominado “MASP-3 intracelular’, como

descrito pelo The Human Protein Atlas (2022).

FIGURA 6. EXPRESSAO DOS EXONS NOS TRANSCRITOS DE MASP1.
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FONTE: Adaptado do GTEx dataset (2022).

LEGENDA: A figura mostra quais exons sao expressos em cada um dos transcritos
de MASP1. O ENST337774.9 corresponde a proteina MASP-1, o ENST296280.1 a
proteina MASP-3 classica e 0 ENST ao transcrito da MASP-3 ainda nao caracterizada.

Disponivel em: < https://gtexportal.org/home/gene/MASP 1#gene-transcript-browser-

block>.

Até o momento, a MASP-3 intracelular ainda nao foi observada pelos
pesquisadores, pois ela ndo formar homodimeros e nem de formar complexos com as
lectinas, dado que as técnicas usadas para isolar as MASPs o fazem devido a estas

propriedades.
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FIGURA 7. DOMINIOS PROTEICOS DOS TRANSCRITOS ENST392472.6 E
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FONTE: Adaptado de Ensembl Gene Browser (2022).

Expresséo das proteinas MASP-1 e MASP-3 em tecidos normais e

tumorais

Como comentado no tépico anterior, as MASP-1 e MASP-3 sao proteinas

séricas, entretanto € possivel encontrar as MASPs no citoplasma e no nucleo (The
Human Protein Atlas, 2022) (FIGURA 8). Uma vez que a MASP-3 e a MASP-1

possuem como destino final uma via secretora, é improvavel que estas proteinas

retornem ao nucleo da célula e sejam elas as identificadas na Figura 8. Dentro desta

linha de raciocinio, é possivel que a MASP encontrada no nucleo possa ser a MASP-
3 intracelular. (FIGURA 8)
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FIGURA 8. PRINCIPAIS LOCAIS ONDE SE ENCONTRAM AS PROTEINAS
MASP-1 E A MASP-3 NA CELULA.
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FONTE: Adaptado de The Human Protein Atlas.

Em relagdo a expressdao de mRNA de MASP1 nos tecidos, encontramos o
figado sendo o local de maior expressao, seguido pela cérvix uterina e pelo musculo
cardiaco (The Human Protein Atlas, 2022), além disso, essas proteinas podem ser

encontradas no soro/plasma em concentragdes especificas.

Quando analisamos a expressdo de mRNA dos diferentes transcritos de
MASP1, observamos que o mMRNA da MASP-1 possui expressao detectavel somente
no figado e nos tecidos reprodutivos femininos, sendo sua maior expressdo nos
hepatdcitos (TPM=12,8) e, uma menor expressao em tecidos reprodutivos femininos
(GTEx Portal, 2022). O mRNA da MASP-3 esta expresso em mais tecidos que o

mMmRNA da MASP-1, apresentando alta expressao nos tecidos reprodutivos femininos,
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sendo a maior taxa na cérvix uterina (TPM=71,0). Similarmente, o mMRNA da MASP-3
intranuclear encontra-se expresso em diversos tecidos com maior expressao na cérvix
uterina (TPM=21,8) (GTEx Portal, 2022) (FIGURA 9).

FIGURA 9. EXPRESSAO DOS TRANSCRITOS DA MASP-3 CLASSICA E DA
MASP-3 INTRACELULAR NO TECIDO DA CERVIX UTERINA.,
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FONTE: Adaptado do GTEx dataset (2022).

LEGENDA: Os transcritos da MASP-3 classica e da MASP-3 intracelular sao
altamente expressos no tecido da cérvix uterina (marcado em vermelho). Disponivel

em: < https://gtexportal.org/home/gene/MASP1#gene-transcript-browser-block>.

2.3.6 Papeis desempenhados pelas proteinas MASP-1 e MASP-3 fora da via

das lectinas.

As proteinas MASP-1 e MASP-3 desempenham fungdes que envolvem outras
vias celulares fora da VL. Embora as MASPs e C1r/C1s pertencem a mesma familia
proteica, a MASP-1 difere filogeneticamente e estruturalmente dessas outras
proteases. Ha duas linhagens filogenéticas das MASPs: (1) inclui o cédon do tipo TCN
(onde o “N” significa qualquer uma das bases nitrogenadas) para o dominio SP, essa

regido génica apresenta exons divididos por introns, além disso a proteina transcrita,
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a MASP-1, possui alga de histidina e ponte de bissulfetos, caracteristica relacionadas
as tripsinas serina proteases (BOLDT et al.,2016); (2) inclui o cédon do tipo AGY
(onde oY pode ser C ou T) com regido génica do dominio SP n&o dividida, (um unico
exon) e também ndo apresentam alga de histidina, as proteinas MASP-2, MASP-3,
C1r e C1s derivam desta segunda linhagem (FUJITA, 2002; JI et al., 1997; KIMURA,
SAKAGUCHI; NONAKA, 2009; NONAKA; MIYAZAWA, 2001)

Dentro do complemento a MASP-1 possui papel central na ativagéo da VL, no
entanto, seus substratos nao se restringem ao SC, ela também cliva substratos da
cascata de coagulagédo, como fator Xl (FXIIl), cininogénio, receptor 4 ativado por
protease (PAR4) em células endoteliais, protrombina e o fator antifibrinolitico inibidor
de fibrindlise ativado por trombina (TAFI) (DOBO et al., 2014; DOBO; KOCSIS; GAL,
2018; JENNY et al., 2018; KRARUP et al., 2007, 2008; Megyeri et al. 2009; Jenny et
al. 2019).

MASP-1 e trombina compartilham a conformacéo dos sitios cataliticos e alguns
substratos (DOBO et al., 2009; Jenny et al. 2019). Ambas as proteases possuem um
sitio amplo com ligagdo aberta ao substrato, o que |lhes permite ter uma alta
capacidade de clivar diferentes substratos (DOBO et al., 2014). No entanto, a
atividade catalitica da MASP-1 em substratos de coagulagdo é muito menor do que a
da trombina (JENNY et al., 2015). O dominio SP da MASP-1 possui quatro pontes
disulfeto com auséncia da alca de histidina, o que o torna conformacionalmente mais
relacionado & trombina (DEGN et al., 2013; DOBO et al., 2014; DOBO; KOCSIS; GAL,
2018; ERIKSSON et al., 2020).

Jenny e colaboradores demonstraram que, no soro, MASP-1 poderia clivar a
pro trombina em pelo menos trés locais: R393, R155 e R271 (JENNY et al., 2015). O
local de clivagem da pro trombina R155 é outra semelhanga entre MASP-1 e a
trombina, enquanto o local R271 é compartilhado com o fator Xa (FXa). No entanto, o
sitio R393 é exclusivo da MASP-1 (DOBO; KOCSIS; GAL, 2018; JENNY et al., 2015).

A clivagem da subunidade A do fator Xlll e da cadeia B-fibrinogénio ocorre no
mesmo sitio proteolitico para MASP-1 e trombina. No entanto, o sitio de clivagem da
cadeia do a-fibrinogénio é especifico para cada protease, que apresenta diferentes
potenciais para a formagao de fibrina (HESS et al., 2012; KRARUP et al., 2008).



47

Embora MASP-1 e trombina paregam ter um efeito aditivo na coagulagcado sanguinea
(JENNY et al., 2015), eles diferem quanto ao modo e tempo de formagao do coagulo
(JENNY et al. 2019). Os coagulos formados na presenca de MASP-1 sérico tém uma
estrutura de fibrina diferente (HESS et al., 2012). Outros pontos importantes sdo o
envolvimento dos complexos MBL e MASP-1/MASP-3 com hemostasia in vivo
(TAKAHASHI et al., 2011), e a ativagao de MASP-1 complexado com ficolinas ou MBL
esta diretamente associada com a geragdo de coagulos de fibrina (GULLA et al.,
2010). A MASP-1 atua na fase tardia da coagulacdo, acelerando o tempo de
coagulagao e a formagao de coagulos no sangue total e plasma pobre em plaquetas,
condigdes fisioldgicas que podem ser encontradas em muitas patologias e doengas
infecciosas, incluindo COVID-19 (JENNY et al., 2015; JENNY et al. 2019). Assim,
MASP-1 desempenha papéis importantes - e ainda pouco conhecidos - na ativagao

direta de vias pré-coagulantes.

A MASP-1 e a trombina também ativam as células endoteliais de maneiras
distintas. MASP-1 liga-se ao PAR4 com maior preferéncia do que ao PAR1 e PAR2,
enquanto a trombina tem preferéncia pelo PAR1 (MEGYERI et al., 2009). Assim, a
MASP-1 ativa as células endoteliais com a geracdo de um padrédo especifico de
resposta imune, que promove a quimiotaxia dos neutrofilos e estimula a produgao de
citocinas pré-inflamatérias, como IL-6 e IL-8 (JANI et al., 2014). Além disso, a clivagem
do PAR4 pela MASP-1 induz sinalizagédo de Ca?* e as vias NF kappaB e p38 MAPK,
vias intracelulares importantes no processo de (MEGYERI et al.,2009). Desta forma,
nota-se que a MASP-1 tem um papel que vai além daquelas que se assemelham
funcionalmente a trombina na coagulagéo, sendo de grande importancia ndo sé na
ativagdo do VL, mas também como componente chave da ligagado entre o processo

inflamatorio e a cascata de coagulagao.

A MASP-3 é uma proteina pouco caracterizada, sendo assim, ainda ha muito
para se entender sobre suas fungodes fisioldgicas. Entretanto, o fator de crescimento
semelhante a insulina 5 (IGFBP-5) e o fator D (FD) séo substratos conhecidos dessa
protease (CORTESIO; JIANG, 2006; DOBO et al., 2016b). Acredita-se que a MASP-
3 contribua positivamente para a ativagao da via alternativa através da clivagem do
pro-fator D em FD (DOBO et al., 2016a). MASP-3 cliva IGFBP-5, que se liga aos
fatores de crescimento semelhantes a insulina (IGFs) e modula as a¢des do IGF na

proliferagéo, diferenciagao, sobrevivéncia e motilidade celular (CORTESIO; JIANG,
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2006). A IGFBP-5 também regula esses eventos celulares por meio de mecanismos
independentes de IGF (MATSUSHITA; ENDO; FUJITA, 2013). Os trés sitios em
IGFBP-5 clivados por MASP-3 contém todos um residuo Lys/Arg na posi¢ao P1 e um
residuo Pro na posicao P2, desta maneira a especificidade do substrato de MASP-3
€ Pro-Arg/Lys-X (CORTESIO; JIANG, 2006). Se considerarmos as ag¢des citadas da
IGFBP-5 e sua relacdo com a MASP-3, é possivel que a proteina MASP-3 possa

desempenhar papéis importantes nas células tumorais via IGFBP-5.

Além disso, uma deficiéncia de MASP-3 devido a muta¢des no gene MASP-1
estd associada a sindrome 3MC um grupo de disturbios do desenvolvimento
(ROORYCK et al., 2011; SIRMACI et al., 2010), sugerindo que MASP-3 tem um papel
crucial nos estagios iniciais do desenvolvimento embrionario humano e na migracao
de neurbnios durante o desenvolvimento cerebral (GORELIK et al, 2017,
MATSUSHITA; ENDO; FUJITA, 2013).

2.3.7 Polimorfismos no gene MASP1 e associagdo com doengas

O gene MASP1 possui uma regido reguladora com sitios CpG nao metilados,
estendendo-se desde o promotor até o intron 2, que abriga um forte intensificador com
sitios reconhecidos por fatores CEBP (proteinas de ligagdo de intensificador de
CAAT). Essa regidao também apresenta altos niveis de lisina 27 acetilada da histona 3
(H3K27), uma modificagado de histona tipica de genes expressos (BOLDT et al., 2016).
Existem varios sitios de ligacado de CTCF (CCCTC-binding factor) distribuidos a partir
dos exons 6 até o 8 que possuem capacidade de regulagdo génica (BOLDT et al,,
2016).

Desta maneira, polimorfismos de nucleotideo unico (SNP) tem capacidade de
alterar a taxa de expressdao das MASPs bem como a composi¢cao proteica dos
dominios de MASP-1 e MASP-3. Todavia, poucos polimorfismos em MASP1 foram
investigados até a presente data, e esse numero € ainda menor em relagdo a
associagao deles com doencas. SNPs em MASP1 ja foram associados com
hanseniase (MENDES et al., 2020), pénfigo foliaceo (BUMILLER-BINI et al., 2018),
com a doenca de Chagas (CAVALCANTI et al., 2022), Lupus (dados ainda nao
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publicados) e com a sindrome Malpuech, Michels, Mingarelli e Carnevale (3MC)
(GAJEK; SWIERZKO; CEDZYNSKI, 2020).

Ammiztbol (2016) investigou 15 SNPs em MASP1, e observou que 7 deles
causam alteragdes nas concentragoes das proteinas MASP-1, MASP-3 e MAp-44 em
individuos saudaveis (doadores de sangue). Trés SNPs analisados levam ao aumento
de MASP-1 mas diminuicao da MASP-3, sao eles o rs3774275 localizado no intron 8,
local de regulagao génica e também de splicing (rs3774275*AG: aumento de 10% da
MASP-1 e diminuicado de 8% da MASP-3, rs3774275*GG: aumento de 13% de MASP-
1 e diminuicdo de 26% de MASP-3), o0 rs67143992 no exon 12 (rs67143992*GA:
aumento de 12% de MASP-1 e diminuicdo de 16% de MASP-3, e o gendtipo
rs67143992*AA: aumento de 15% de MASP-1 e diminuigdo de 31% MASP-2), e o
rs698090 na regido 3’'UTR do exon 9 ( rs698090*CC: aumento de 11% de MASP-1 e
diminuicao de 23% MASP-3).

Ao contrario, o rs72549154 no exon 12 leva ao a diminuicdo de MASP-1 e
aumento e MASP-3 (rs72549154*GT: diminuicdo de 14% de MASP-1 e aumento de
13% na MASP-3). Alguns polimorfismos possuem influéncia em somente uma das
MASPs, os rs19050338 e rs35089177, ambos na regiao promotora, influenciam na
concentracdao de MASP-1, enquanto que os rs7284004 e rs72549254 influenciam as
concentragdes séricas somente da MASP-3 (AMMITZBJLL et al., 2013).

Os disturbios da sindrome 3MC sdo causados por mutagdes nos genes
MASP1, COLEC11 ou COLEC10, A sindrome 3MC é uma doencga rara, autossémica
recessiva, caracterizada por um amplo espectro de anormalidades de
desenvolvimento que podem incluir sobrancelhas arqueadas, fissura labiopalatina,
perda auditiva, baixa estatura, hérnia umbilical/onfalocele e anormalidades urogenitais
(GAJEK; SWIERZKO; CEDZYNSKI, 2020).

Essas mutacbes abortam ou prejudicam a funcdo de suas proteinas
correspondentes, resultando em controle defeituoso da migragao celular em um
estagio inicial do desenvolvimento embrionario, interferindo na ontogénese de tecidos
e orgaos. No total sdo 20 polimorfismos em MASP1 associados a 3MC, a MASP-3 é
a proteina que esta mais alterada nessa sindrome, sendo 13 mutagdes no exon 12

(exon exclusivo da MASP-3), 2 no exon 6, uma em cada um dos exons 2 € 4, e
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somente trés polimorfismos nos introns 6 e 7 (ATIK et al., 2015; ROORYCK et al.,
2011; SIRMACI et al., 2010; URQUHART et al., 2016). Esses dados nos indicam que
a MASP-3 desempenham papel fundamental no desenvolvimento embrionario

humano.

Recentemente, nosso grupo mostrou que os polimorfismos rs13064994,
rs1109452 e rs850314 em MASP1 estdo associados tanto a suscetibilidade a
hanseniase como com a alteragao nas concentragoes séricas de MASP-1, MASP-3 e
MAp44 (MENDES, 2020), os quais também serao investigados neste trabalho na
suscetibilidade ao cancer cervical. Dois SNPs que estdo localizados na regido 3'UTR
do exon 12, rs1109452 e rs850314, parecem influenciar a taxa de expressao do
transcrito de MASP-3, onde os alelos 711098452*T e rs850314*A aumentam a
concentracdo sérica de MASP-1 e MASP-3, em contrapartida os haplétipos
r11098452 rs850314*CA ou r11098452 rs850314*CG levam a diminuicao de MASP-
3 sérica, provavelmente devido a afinidade de microRNAs a este local, o miR-3181
tem alta afinidade por CG e o miR-2861 pelo CA (MENDES et al., 2020).

Estes dois SNPs estéo localizados no gene adjacentes um do outro e estdo em
completo desequilibrio de ligagdo, a combinacao ancestral CG mantém o sitio 5’CpG3’
fosforilado ja a combinacéo TA leva a quebra do radical fosfato deste sitio de controle
génico (MENDES et al., 2020). Além disso, ha um controle epigenético da regiao
3'UTR do exon 12 que influencia a producdo de MASP-3 em tecidos especificos, no
cérebro a citosina do sitio CpG encontra-se metilada e a expressao de mRNA de
MASP1 é baixa, contudo em linhagens celulares de tecidos reprodutivos femininos e
do figado este sitio nao estd metilado, mas possui alta produgédo de MASP-3
(MENDES et al., 2020). Os SNPs rs13064994 e rs7609662 estao localizados no intron
1, uma regido reguladora importante do gene. Porém somente o rs13064994 foi
associado com o aumento da MASP-3 (rs1306994*T e rs1306994*CC), e 0 rs7609662

ndo foi associado neste estudo com hanseniase (MENDES et al., 2020).

Outro estudo recente, mas com modelo de doenga autoimune, o pénfigo
foliaceo, também observou associacdo com polimorfismos de MASP1 (BUMILLER-
BINI et al., 2018). Os autores observaram um papel protetivo para os rs13094773,
rs850309 e rs72549154, por outro lado, dois SNPs foram associados a

suscetibilidade, rs3864098 e rs698104, ambos localizados em regides intronicas
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regulatorias (BUMILLER-BINI et al., 2018). Além disso, o gendtipo rs3864098*C foi
associado a diminuicdo dos niveis de MASP-3, e 0 rs72549154*TT ao aumento dos
niveis  de MASP-3 e diminuicdo da MASP-1. Os haplétipos
rs1309477 _rs3864098 AC, rs1309477 _rs698104_AT e rs3864098 rs698104 _CT
foram associados tanto a suscetibilidade ao pénfigo como com aumento da MASP-1
(BUMILLER-BINI et al., 2018).

2.3.8 Isoformas do gene MASP1 no cancer

As trés vias classicas e as vias nao classicas do complemento podem ser
ativadas de maneira independente (HANAHAN; WEINBERG, 2011), e desta forma, os
efeitos do complemento no microambiente tumoral podem variar desde uma
inflamacao local e crénica que pode desempenhar um papel pré ou antitumoral, a
inibicdo de respostas linfociticas antitumorais, levando ao aumento do crescimento e
invasao de células tumorais (BULLA et al., 2016; REVEL et al., 2020; ZHANG et al.,
2019).

A evolugao e o estabelecimento de um tumor sdo marcados pela aquisicao de
alteracdes genéticas e epigenéticas, gerando uma assinatura antigénica diferencial
entre as células malignas e as células normais. De acordo com a hip6tese da vigilancia
imunoldgica, células tumorais sdo eficientemente eliminadas pelas respostas
imunoldgicas inata e adaptativa, através da identificagdo de moléculas associadas aos
tumores (PIO; AJONA; LAMBRIS, 2013; REIS et al., 2017). Entretanto, as células
tumorais sao capazes de escapar da fase inicial do ataque imunoldgico (processo de
eliminacao) e se mantém em equilibrio durante periodos onde elas estdo em divisao,
sofrendo alteragbes das assinaturas genéticas e epigenéticas (PIO; AJONA,;
LAMBRIS, 2013). O perfil de proteases apresentados pelos tumores tem grande
relevancia, devido a sua habilidade de clivar a matriz celular, facilitando o processo
de invasao tumoral e metastase. Contudo, o seu papel ndo esta completamente
elucidado, devido ao elevado numero de genes das proteases que apresentam

diversos tipos de mutagdes, em diferentes tipos de canceres (FRAILE et al., 2013).

A alta expressdo do gene MASP1 em céancer foi relatada por trés estudos
(KANG et al., 2009; KONG et al., 2020; KURAYA et al., 2003). No carcinoma de
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células escamosas do pulmdo foi observado um aumento de 18% de mRNA de
MASP1, e os autores sugerem que MASP1 possa ser um novo candidato a gene-alvo
pode estar associado a propriedades fenotipicas que diferenciam os estagios iniciais
desse cancer (KONG et al., 2009). Em céancer cervical Kong (2020) e colaboradores
relatam aumento da expressdo de MASP1 no tecido tumoral de maneira dependente
do estagio, porém nao houve associagao significativa entre altas taxas de MASP7 e a
taxa de sobrevida das pacientes (KONG et al., 2020). Maestri (2018) observou a
ativacdo da VL em CC, com altos niveis de MASP-1 sérica, mas sem diferenca
significativa nos niveis de MASP-3 e MAp44 (MAESTRI et al., 2018).

Kuraya (2003) observaram altos niveis de mRNA de MASP-1 e MASP-3 em
linhagens celulares T98G de glioma, além disso, houve aumento significativo na
secrecdo de MASP-1 e MASP-3 pela cultura de células. Esse estudo também
observou aumento da expressao da ficolina-2, sugerindo uma ativagcado exacerbada
da via das lectinas (KURAYA et al., 2003). Dados do banco de dados Human Protein
Atlas corroboram com esses achados, podemos observar uma alta expresséo tanto
de mRNA de MASP-1 como da proteina MASP-1 em glioma, é importante destacar
que o glioma é o unico tecido tumoral com expressdo de MASP-1, todos os outros

tipos de canceres nao expressam a proteina (The Human Protein Atlas, 2022).

Ao contrario dos estudos discutidos acima, observamos dados de baixa
expressao de MASP1 no cancer em diferentes bancos de dados e em um estudo com
cancer de colo retal (2013) (FRAILE et al., 2013). No cancer de colon retal a MASP-3
€ uma proteina com importante acdo antitumoral, os autores observaram a que a
expressao da mRNA de MASP-3 estava diminuida em 2000 vezes nos tumores, além
disso, a expressao de ectopica de MASP-3 bloqueia a formacgao de novos tumores, e
in vitro a expressao dessas proteinas € capaz de diminuir a proliferagcdo tumoral
(FRAILE et al., 2013). Outras proteinas do complemento ndo foram significativas neste
estudo, sugerindo que a MASP-3 neste tipo de cancer ndao desempenham somente o
papel no complemento. Da mesma forma, a alta expressdao de mRNA de MASP1 é
um prognostico para o cancer de figado, a elevada expressdo aumenta em 56% a
taxa de sobrevida em 5 anos das pacientes, e a baixa expressao diminui em 30% (The
Human Protein Atlas, 2022).
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De maneira geral, os tecidos tumorais ndo expressam a proteina MASP-3 e
nem a MASP-1 (com excecdo do glioma) (The Human Protein Atlas, 2022), e
destacamos a diminuigao significativa que ocorre no CC, onde no tecido normal ha
elevadas taxas de mMRNA MASP1 (120.0 nTPM) e no tecido tumoral essa taxa diminui
muito (0,2 FPKM) (The Human Protein Atlas, 2022) (FIGURA 10).

FIGURA 10. EXPRESSAO DAS PROTEINAS MASP-1 E MASP-3 EM
TECIDOS TUMORAIS.
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3 MATERIAL E METODOS

3.1 CASUISTICA

Esse estudo foi realizado com mulheres com diagndstico confirmado de NIC I,
NIC 1l e cancer do cervical residentes de Curitiba-PR e regides metropolitanas,
assistidas pelo Sistema Unico de Satude (SUS) no Hospital Erasto Gaertner durante o
periodo de 2017 a 2019, por meio de uma colaboragao estabelecida com a Doutora
Fernanda Villar Fonseca e o Doutor José Clemente Linhares, chefes dos servigos no
hospital. Nao incluimos pacientes com NIC |, nem mulheres da populagao indigena,
dadas as suas particularidades contempladas na Resolugdo Complementar do
Conselho Nacional de Saude/CNS.

Utilizamos dois grupos para realizar as andlises de comparagdo com as
pacientes neste trabalho, e buscamos agrupa-las seguindo algumas caracteristicas
preconizadas como sendo as ideais para um estudo caso-controle com NIC e CC,
contudo, consideramos que houveram limitacbes neste processo que n&o nos
permitiram seguir todos os critérios estabelecidos. O primeiro grupo que consideramos
como grupo controle, é formado por mulheres saudaveis sem alteragdes
ginecologicas, negativas para os gendtipos de HPV oncogénicos, as quais foram
atendidas no Hospital Universitario de Londrina - PR, e cedidos a nossa pesquisa por
meio de uma colaboracdo com o servico do Laboratério de Genética Molecular e
Imunologia — UEL. O segundo grupo, considerado como grupos de comparacgao, foi
formado por mulheres doadoras voluntarias de sangue do banco de sangue do nosso
laboratério, Laboratorio de Imunopatologia Molecular do Hospital de Clinicas da
Universidade Federal do Parana.

As pacientes foram submetidas a um questionario autodeclarado que buscou
avaliar caracteristicas étnicas, sociais e fatores de risco ja associados as doencas.
Além disso, para o grupo com CC, informagbes clinicas, como estadiamento,
ocorréncias de NICs prévios e cirurgias foram buscados nos prontuarios eletrénicos
do Hospital Erasto Gaertner no periodo de agosto de 2021. Nao foram feitas restricbes
quanto a orientagdo sexual, escolaridade, classes e grupos sociais das participantes
do estudo, entretanto mulheres de descendéncia asiatica e indigenas n&o foram
incluidas nas analises genéticas devido a sua diversidade genética. A caracterizagéo

clinicas das pacientes incluidas nos grupos estédo na tabela 1.
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TABELA 1. DESCRICAO CLINICA DOS GRUPOS DE PACIENTES DE
CANCER CERVICAL E LESAO INTRAEPITELIAL DE ALTO GRAU, E OS GRUPOS
CONTROLE E COMPARAGCAO.

Grupo Grupo Cancer NIC de alto grau Valor de p
controle comparagao cervical n=219
n=121 n=129 n=99
Média de idade + 48 £12.79 35.80+8.12 52.26+13.52 33.74 £ 6.91 0.0012 CvcCC
DP (anos) 0.002 CpvsCC
0.0038 CC vs CIN
[Min-Max] 18-70 22-58 28-88 22-46
Grupos étnicos
n (%)
Euro-Brasileiros 105 (86.77) 114 (88.37) 85 (85.86) 189 (86.30) 0.068 CvcCC
0.097 Cpvs CC
0.083 CC vs CIN
Afrodescendentes 16 (13.22) 15 (11.63) 14 (14.14) 30 (13.69)
Histoérico familiar 19 (15.70) n.a. 72 (72.83) 82 (37.44)
de cancer
n (%)
Historico de lesao
intraepitelial
cervical n (%)
NIC | 0 n.a. 6 (0.06) 22 (10.04)
NIC Il ou NIC Ill 0 n.a. 34 (0.34) n.ap.

NIC: neoplasia intraepitelial; DP: desvio padréo; %: porcentagem correspondente;
n.ap: nao aplicavel; Min: minimo; Max: maximo.

Fonte: O autor, (2023).

3.1.1 Pacientes com NIC de alto grau

As amostras de pacientes do grupo NIC de alto grau (n = 219) foram
provenientes do Laboratério de Imunogenética e Histocompatibilidade da
Universidade Federal do Parana (LIGH-UFPR). As pacientes eram atendidas pelo
Hospital Erasto Gaertner (Curitiba, PR) e foram convidadas nesse local para
participarem do estudo. O projeto de pesquisa para a coleta dessas amostras foi
aprovado pelo Comité de Etica do Hospital Erasto Gaertner (CEP: 815200600,
protocolo 1943. Todas as mulheres assinaram o Termo de Consentimento Livre e
Esclarecido (TCLE).

Foram incluidas apenas pacientes com diagnostico confirmado para NIC Il ou
NIC Ill, maiores de 18 anos e que aceitaram participar da pesquisa. Nao foram

incluidas mulheres que tiveram relagao sexual em até 24 horas antes da coleta, que
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apresentaram algum exame de citologia cervical alterado previamente, ou que ja

haviam sido submetidas ao procedimento de cauterizagao no colo do utero.

3.1.2 Pacientes com Cancer Cervical

O grupo CC é composto por mulheres com/ou que tiveram cancer do colo do
utero. A maioria das pacientes ja havia passado pelo tratamento do cancer e, no
momento da coleta, estava aguardando consulta médica para seguimento da doencga
no Hospital Erasto Gaertner. O projeto deste estudo foi aprovado pelo Comité de Etica
do Hospital Erasto Gaertner (CAAE: 62542616.7.3001.0096), numero do protocolo:
125417/2016. Todas as mulheres assinaram o TCLE.

Foram incluidas 99 mulheres que tém ou tiveram carcinoma in situ, carcinoma
microinvasor, carcinoma invasor, adenocarcinoma ou carcinoma de células
escamosas, com idade igual ou superior a 18 anos no momento da coleta. Foi
realizada uma entrevista, seguindo um modelo de questionario, e coleta de sangue
para posterior extragcao de DNA.

Desse grupo foram coletados dois tipos de materiais biolégicos usados para
analise neste trabalho. Sangue periférico para extragdo de DNA e genotipagem dos
SNPs de MASP1, e amostras parafinadas dos tumores retirados durante cirurgias ou
procedimentos para analise da imunohistoquimica. Tanto o sangue como as amostras

parafinadas sao das mesmas pacientes (quando disponivel a coleta deste ultimo).

TABELA 2. CARACTERIZAGAO CLINICA DOS PACIENTES COM CANCER
CERVICAL E LESAO INTRAEPITELIAL DE ALTO GRAU.

Cancer Cervical NIC de alto grau
n=99 n=219
Historico de doengas sexualmente 5(0.05) 43 (19.63)

transmissiveis n (%)

Idade na primeira relagao sexual
média + DP ( em anos) 17.49 £ 3.62 16.16 £ 2.72

Numero de gravidez

média + DP ( em anos) 344 +2.6 6.96 + 1.96

Numero de abortos espontaneos




Média = DP (em anos) 1.68+1.25 1.48 +0.76
Idade no diagnéstico
Média = DP (em anos) 4532 £ 13.16 18.39 £ 5.88
Morte durante o estudo n (%) 13 (0.13) n.a.
Histérico de tabagismo
Fumante ativo n (%) 20 (0.20) 167 (76.25)
Ex-fumante n (%) 2(0.02) 33 (15.07)
Tipo histolégico de CC
Adenocarcinoma n (%) 14 (0.14) n.ap.
Carcinoma de células escamosas n (%) 85 (0.86) n.ap.
Classificagdao FIGO*
|
1 A1 n (%) 5(0.05) n.ap.
1 A2 n (%) 3(0.03) n.ap.
1 B1 n (%) 6 (0.06) n.ap.
1 B2 n (%) 5 (0.05) n.ap.
]
I An (%) 3(0.03) n.ap.
11 B n (%) 25 (0.25) n.ap.
[}
A n (%) 3(0.03) n.ap.
Il B n (%) 14 (0.14) n.ap.
I C n (%) 0 n.ap.
v
IV An (%) 1(0.01) n.ap.
IV B n (%) 2 (0.02) n.ap.
Tratamento*
Conizacgao n (%) 55 (0.55) 0
Cauterizagao cervical n(%) 3(0.03) 100 (45.66)
Histerectomia n(%) 14 (0.14) 0

57

n.ap.: nao aplicavel; Classificacdo FIGO*: 32 pacientes com CC nao tém a
classificagao FIGO disponivel no registo meédico eletrénico; Tratamento*: 27 pacientes
nao tém informagdes de tratamento disponiveis no registo médico eletrénico; n.a.: nao

disponivel.

Fonte: O autor, (2023).
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3.1.3 Grupo comparagao

A coleta das amostras de sangue foi realizada apos a aprovagao de um projeto
de pesquisa pelo Comité de Etica do Hospital de Clinicas da UFPR, com o nimero
CEP/HC 1409.074/2007-04. Todas as mulheres desse grupo assinaram o TCLE.

Neste grupo foram incluidas 129 mulheres saudaveis doadoras voluntarias de
sangue em um banco de sangue de Curitiba (PR) (BOLDT et al., 2011), as quais foram
pareadas aos grupos de pacientes em idade e etnia. Consideramos este grupo como
comparagao devido ao fato de que nao tinhamos acesso a dados ginecoldgicos
dessas mulheres, contudo entendemos que como elas sdo doadoras de sangue
encontram-se saudaveis no momento da coleta de sangue. As mulheres desse grupo
tinham idade igual ou superior a 18 anos no momento da coleta. Nao foram feitas

restricbes quanto a orientagcdo sexual, escolaridade, classes e grupos sociais.

3.1.4 Grupo controle

Este grupo € composto por 121 mulheres negativas para os gendtipos de HPV
oncogénicos atendidas no Hospital Universitario de Londrina — Universidade Estadual
de Londrina (UEL) e foram pareadas com os grupos de pacientes pela idade e etnia.
As amostras de DNA foram cedidas pela Professora Doutora Karen Brajao da UEL e
genotipadas para os 9 SNPs de MASP1.

3.2 COLETA DE SANGUE

Foi realizada coleta de sangue de pacientes no Hospital Erasto Gaertner, no
periodo de 2017, pelas pesquisadoras Tatiane da Piedade Batista Godoy e Stefanie
Epp Bosh. Foram coletados de 12 a 15 mL de sangue periférico: 4-5 mL em tubos
contendo EDTA e 8-10 mL em tubos sem anticoagulante. As amostras foram levadas
ao Laboratorio de Imunopatologia Molecular do Hospital de Clinicas - UFPR para
separacgao do buffy-coat, do soro e do plasma. O buffy-coat foi utilizado para extragéo
de DNA, enquanto que o soro e plasma foram armazenados a -80°C para a analise

de proteinas.
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3.3 EXTRAGAO DE DNA

As amostras de DNA gendémico foram extraidas do buffy-coat, obtidas apds a
centrifugagcéo das amostras de sangue. A extracdo de DNA compreende o processo
de lise celular, precipitacdo de proteinas, lise nuclear e ressuspensao do DNA. As
técnicas utilizadas foram: salting-out, para as amostras das mulheres com NIC Il e II;
para as amostras das mulheres com céancer cervical uso do kit de extragcao QlAamp
DNA Blood Mini Kit (Qiagen) e do equipamento QlAcube (Qiagen), seguindo o manual
de uso; para as amostras do grupo de comparagao uso do kit Wizard Genomic da
Promega (Madison, WI - USA), seguindo as instru¢des de uso.

Apo6s a extragao de DNA, as amostras foram hidratadas com agua ou tampao
(do kit QIAmp) e armazenadas em um congelador a temperatura de -20°C, prontas
para uso. A quantificacdo e analise da pureza do DNA foram realizadas

pelo espectrofotdmetro NanoDrop.

3.4 SNPS DO GENE MASP1

Quatro SNPs do gene MASP1 (ENSG127241) foram avaliados pelo método de
reacdo em cadeia da polimerase sequéncia especifica multiplex (PCR-SSP
Multiplex): rs13094773 (A> G) localizado no intron 1, e rs698105 (T> C), rs3864098
(T> C) e rs1108450 (A> C) localizados no intron 2. A técnica de PCR-SSP Multiplex
nos permite identificar ndo somente a presenga de um alelo, mas também permite
montar combinacdo haplotipica de cada paciente, contribuindo para uma
haplotipagem mais segura e eficaz.

Neste PCR-SSP multiplex foram gerados dois fragmentos de amplificagao
especificos, um com 731bp: para os rs13094447 + rs698105, e outro com 607bp: para
0s rs3864098 + rs1108450. Um fragmento de controle de amplificacdo de 500bp do
gene FCNZ2 foi gerado simultaneamente na reacao. As sequéncias dos primers estao
presentes na Tabela 3. A PCR foi realizada com 100 ng/uL de DNA, 25mM de cada
dNTP, 10 mM de cada primer, 50 mM de MgCl2, 10 pyL de tampao de PCR Coral Load
10x com 2 corantes de rastreamento de gel e 5 U Tag DNA polimerase (Invitrogen),
em um volume final de 15 L. O protocolo de amplificagdo inicia com uma etapa de
desnaturagao de 5 minutos a 95°C, seguido por 30 ciclos de 30 segundos a 94°C, 30

segundos na temperatura especifica de hibridizagdo e 30 segundos a 72°C, e



60

concluindo com 5 minutos a 72°C na etapa final de extensdo do DNA. O resultado das
amplificagbes foi observado em transiluminador sob luz azul apds corrida
eletroforética em gel de agarose 1,0%, contendo 2,5ul de corante fluorescente
Sybersafe para 100 mL de agarose. Os padroes de amplificagdo da PCR estédo
mostrados na FIGURA 10.

A genotipagem dos outros cinco SNPS de MASP1 (rs7609662 e rs13064994
localizados no intron 1, e 0s rs72549262, rs1109452 e localizados no exon 12) foram
previamente padronizadas em nosso laboratério por Mendes (2020), e o protocolo de
amplificagdo nao foi alterado (MENDES et al., 2020)

FIGURA 10 - PADRAO ELETROFORETICO DA PCR-SSP MULTIPLEX REALIZADA
PARA O GENE MASP1

PCR-SSP MULTIPLEX MASP1

MIX 1 MIX 2 MIX 3 MIX 4
rs 13094773 rs 698105 rs 3864098 rs 1108450
intron 1 Intron 2 Intron 2 Intron 2

731pb 607pb Haplétipo
MIX 1 AC TA ACIAT
MIX 2 AT TC AT/TC*
MIX 3 GC CA GCI/CA*
MIX 4 GT cC GT/CC

Fonte: O Autor (2022).
LEGENDA: A, B e C: amostras do grupo comparagao (doadores de sangue); Citr:
controle endogeno, primer da FCN2ex8: 500pb; *: haplotipos que ndo ocorrem.
Interpretacao dos haplétipos: Interpretagcdo dos hapaétipos: 1 = GC/GT (731pb) / TA/ITA
(607pb); 2 = GC/GT (731pb) / TA/TA (607pb); 3 = AC/AC (731pb) / TA/ICC (607pb);



61

C+=AC/AT (731pb) / TA/CC (607pb). O protocolo completo desta PRC-SPP multiplex
esta no APENDICE A.
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3.4.1 TESTE DE HOMOGENEIDADE DAS AMOSTRAS

O teste exato de Markov de diferenciacdo populacional foi aplicado para
verificar se haveriam diferencgas na distribuicdo das frequéncias alélicas e genotipicas
de MASP1 entre as pacientes NIC Il e Ill, e entre o grupo comparagéo e o controle,
realizado pelo software Arlequin v.3.5.. A diferenca entre todos os grupos foi
significativa (NIC Il vs NIC Il - p<0,00001; Grupo comparagéao vs controle - p<0,0001),

nao sendo possivel o agrupamento das populag¢des para analise estatistica.

3.5 IMUNOHISTOQUIMICA DA PROTEINA MASP-3

Este estudo incluiu 17 bidpsias de histerectomia em parafina de pacientes com
cancer de colo do utero, fornecidas pelo Ambulatorio de Ginecologia do Hospital
Erasto Gaertner (Curitiba, Brasil). Todos os pacientes foram atendidos pelo sistema
publico de saude, a amostragem foi por conveniéncia e a busca no banco de dados
de bidpsias foi realizada em pacientes que deram entrada neste hospital no periodo
de 2017 a 2019 e aceitaram participar deste estudo.

Uma analise histologica prévia dos blocos de parafina de cada amostra foi
realizada por um médico patologista e, em seguida, foram marcadas duas regides:
tumor e tecido normal adjacente, ambos do mesmo paciente, que foram utilizados na
Tissue Microarrays (TMA). As regides normais adjacentes as regides tumorais foram
consideradas como controles.

A imunohistoquimica pela técnica TMA foi realizada em espécimes de colo
uterino fornecidos por bidpsia de histerectomia embebida em parafina usando
anticorpo primario anti-MASP-3 (#HM2216, HyCult Biotech). A validagao do anticorpo
e a diluicao ideal foi realizada de acordo com as instrugdes do fabricante, usando o
controle positivo recomendado, nestes casos, amostra humana normal do colo do
utero. A TMA foi realizada com 17 amostras. Todos os ensaios imuno-histoquimicos
incluiram um controle negativo e um controle positivo

As laminas imunocoradas foram escaneadas. Para cada amostra foram obtidas
aproximadamente 300 imagens com objetiva de 40x e, destas, aproximadamente 250

foram excluidas, gerando aproximadamente 50 imagens satisfatorias para analise, as
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quais ndo possuem partes em branco da borda dos cortes, ou dobras do tecido, ou
fotos com baixa qualidade. O controle positivo foi usado para a montagem da
"mascara" (padrdo de positividade), que continha niveis adequados de
imunoexpressao tecidual. A mascara foi entdo sobreposta as imagens da amostra e
o software Image-Pro Plus identificou as areas positivas e transformou os resultados
em areas de imunoexpressdo positivas por micrometro quadrado. A area em um?
obtida por este método foi dividida pela area total do campo observado, gerando
assim um valor percentual para cada imagem. Posteriormente, 30 campos de alta
poténcia por caso (30 campos de cada regido marcada por paciente) foram
selecionados e o biomarcador foi medido. A analise da imagem foi realizada e a

porcentagem de presenca tecidual de MASP-3 por HPF foi obtida em cada amostra.

3.6 ANALISE ESTATISTICA

Para os dados de genotipagem dos SNPs de MASP1 as frequéncias de alelos,
gendtipos e haplétipos foram estimadas e comparadas por tabelas de distribuicao de
qui-quadrado com correcao de Fisher usando os softwares STATA 9.0 e SNPStats
(https:/lwww.snpstats.net/start.htm). O equilibrio de Hardy-Weinberg foi testado com
o Arlequin v.3.5.. A analise do desequilibrio de ligagcéo (DL) entre os SNPs de MASP1
foi calculada pelo software SNPStats.

A combinagao de fase gamética e haplotipica foi realizada manualmente pelo
Excel apds a leitura dos géis, pois a multiplex nos permite essa montagem, contudo,
em seguida ela foi confirmada através da reconstru¢cado baseada em algoritmo pseudo
Baesyano com o pacote de programas Arlequin v.3.5. Além disso, foi realizado o teste
do equilibrio de Hardy-Weinberg para cada hapldtipo gerado. A ordem dos alelos em
cada um dos haploétipos segue a ordem de aparecimento dos polimorfismos no gene.
Foram montados haplétipos distintos com os alelos do intron 1, do intron 2 e exon 12,
e também foram montados os haplétipos gerais contendo todos dos alelos
investigados no gene.

A escolha do melhor modelo de heranca foi realizada utilizando as informacgdes
de Akaike (AIC) para minimizar a entropia esperada. A analise do desequilibrio de
ligacao (A') entre os SNPs MASP1 foi calculada pelo software SNPStats. O algoritmo
EM ou o método Markov Chain Monte Carlo foi utilizado para a estimagao dos

haplétipos. Todos os testes foram realizados com nivel de significancia de 5%.
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3.6.1 Teste de regressao logistica binaria

O teste de regressao logistica binaria foi realizado para verificar se haveria
associagao entre as frequéncias genotipicas e haplotipicas de MASP1 e o diagndstico
das pacientes (NIC de alto grau e cancer cervical), corrigindo os valores para as
variaveis independentes idade e etnia, que foram associadas com o diagndstico das
pacientes na analise univariada (valor de P < 0.20). Testamos os efeitos dominante,
recessivo e aditivo de cada SNP nessa analise. A associagcdo de significancia
estatistica foi valores de p <0,05. Foram analisadas como variaveis nos grupos de
NIC de alto grau, controle e pacientes: uso de contraceptivo oral, tabagismo, idade da
primeira relagdo sexual, idade no primeiro parto, numero de partos, numero de
abortos, historico familiar de cancer e histérico de NIC. Essas informagdes nao foram

coletadas do grupo de comparagao, pois ndo constam no prontuario.

3.6.2. Analise do TMA

Para os dados gerados pelo TMA a analise estatistica foi realizada usando
software Graphpad Prism 5.01. Os resultados foram expressos em médias, medianas,
desvios-padrao, frequéncias e/ou porcentagens. O teste nao paramétrico de Wilcoxon
para amostras pareadas foi realizado para comparar as variaveis quantitativas entre

0S grupos.

4 APRESENTAGAO DOS RESULTADOS

Os resultados e discussao serdao apresentados em trés artigos produzidos
como resultados desta tese, seguindo o modelo de formatagcdo do Programa de Pos-
graduacao em Medicina Interna e Ciéncias da Saude. O primeiro, € um artigo original
com os resultados das analises genéticas dos SNPs do gene MASP1, e o segundo
artigo € uma short communication com os dados do TMA no cancer cervical. O
terceiro artigo faz uma revisdo sobre o papel ndo canénico de componentes do SC

em diferentes tipos de canceres (ANEXO B)
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41 ARTIGO 1- POLIMORFISMOS DO GENE MASP1

MASP1 polymorphisms associated with cervical cancer and high-grade
intraepithelial lesions
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Abstract

Introduction: Cervical cancer (CC) is the fourth most common type of cancer in
women, whose development depends on the ability of cancer cells to multiply and
evade the immune response. Mannose-binding lectin-associated serine proteases
(MASPs) are proteins that play a crucial role in the lectin pathway in the complement
system. MASP-1 and MASP-3 are encoded by the MASP1 gene, and the mRNA of
MASP-1 and MASP-3 are highly expressed in the uterine cervix. The aim of this study
was to analyze the influence of important single polymorphism nucleotides present in
the regulatory regions of the MASP1 gene of CC, high-grade cervical intraepithelial
lesions (CIN) and the progression from these high-grade CIN to CC.

Methods: PCR-SSP multiplex was wused to genotype nine SNPs:
rs13094773, rs7609662, rs13064994 in intron 1, rs698105, rs3864098, rs1108450 in
intron 2 and rs72549262, rs1109452, rs850314 in exon 12, of the MASP1 gene from
99 CC patients, 219 high-grade CIN, 121 healthy controls and 129 healthy blood
donors.

Results: A significant association was observed in CC and high-grade CIN patients
with the following MASP1 haplotypes GTG_CCC _CCA (CC — OR:2.42, Cl:1.14-5.14;
high-grade CIN — OR:18.66, CI:3.51-23.91) and GTG_CCC_GCG (CC — OR:4.39,
Cl1:1.92-9.99; high-grade CIN — OR:30.24, Cl:4.88-58.29). In patients with progression
of high-grade CIN into CC a significant association was seen for the haplotype
GCG_CCC_GCG (OR:13.50; Cl:4.92-26.71).

Conclusion: Our findings suggest a possible role for intron 1, intron 2 e exon 12
haplotypes of MASP1 in susceptibility to the development of CC, high-grade CIN, as
well as the progression of these lesions to CC.

Keywords: mannose-binding lectin-associated serine proteases, gynecological
cancer, genetic polymorphism, complement system,cancer progression.
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1. Introduction

Cervical cancer (CC) is the fourth most common type of cancer in women
worldwide (1), and in Brazil, excluding non-melanoma skin tumors, cervical cancer is
the third most common type of cancer among women (2). The evolution and
establishment of a tumor are marked by the acquisition of genetic and epigenetic
alterations, generating a differential antigenic signature between malignant cells and
normal cells. During this process of tumor development, there is a selective pressure
on the tumor microenvironment, which allows cancer cells to evade the effects of the
Complement System (CS) (3-6).

The protease profile presented by tumors is highly relevant, due to its ability to
cleave the cellular matrix, facilitating the process of tumor invasion and metastasis.
However, its role is not fully elucidated, due to the high number of protease genes that
present different types of mutations in different types of cancers (7). Mannose-binding
lectin-associated serine proteases (MASPs) are proteins that play a crucial role in the
Lectin Pathway (LP). The LP is one of the three CS activation pathways, activated by
pattern recognition receptors (PRRs) that are associated with MASPs, culminating in
the formation of C3 convertase, an enzyme common to the three CS pathways (8).

The MASP1 gene (ENSG00000127241) encodes by alternative splicing three
soluble proteins, MASP-1, MASP-3 and MAp44 (4). MASP-1 and MASP-3 mRNAs are
highly expressed in the liver and uterine cervix (9, 10). There is still not enough
evidence that MASP1 polymorphisms are involved in the pathophysiology and
maintenance of CC and high-grade cervical intraepithelial lesions (high-grade CIN),
due to the genetic and immune system diversity of patients. In light of these, the aim
of this study was to analyze the influence of important single polymorphism

nucleotides (SNPs) present in the regulatory regions of the MASP1 gene on the
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pathophysiology of CC, high-grade CIN and the progression of these high-grade
lesions. We chose the 9 SNPs located in MASP1 regulatory regions, such as the intron
1, intron 2 and 3’'UTR of exon 12, because they can interfere with the expression rates
of both MASP-1 and MASP-3 proteins. Furthermore, were chosen the three SNPs in
exon 12 because they are binding targets for miRNAs and can only change the
expression rate of MASP-3, and these polymorphisms have been previously

associated with Chagas disease (14) and Leprosy (15).

2. Materials and Methods

2.1. Ethics Statement

The Human Research Ethics Committee of the Erasto Gaertner Hospital
protocol number 125417/2016 approved the presented study, and all participants
signed the informed consent term. The authors confirm that all methods were carried

out following guidelines and regulations.

2.2. Clinical Characterization

In this case-control study, 568 women residing in southern Brazil were included.
The patient group is composed of 99 unrelated individuals diagnosed with CC by
expert gynecologists. The CC stage was diagnosed by the FIGO classification (16).
The group of women with high-grade CIN consists of 219 women; the diagnosis was
made by specialists using a technique to distinguish between CIN Il and Ill. Both
groups were treated at Hospital Erasto Gaertner (Curitiba, Parana - Brazil), by the

public healthcare system (Sistema Unico de Saude - SUS). Human papillomavirus
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(HPV) genotyping was not performed for the group of patients or high-grade CIN
because this test is not performed free by SUS.

The control group was composed of 121 healthy unrelated women that
undergoes gynecological checkups at the University Hospital of Londrina (Londrina-
Parana, Brazil). This group did not present cervical intraepithelial lesions and/or CC
and is negative for infection by oncogenic HPV genotypes. A second control group
was included in this study, we call it the comparison group, because the 129 women
are voluntary blood donors and self-reported to have no CC, confirmatory tests for
high-grade lesions and/or HPV were not performed.

The patients in the groups are not related, they come from the same
geographical region, and all the groups have been matched by ethnicity. It was not
possible to perform age matching between the groups due to the already expected
age difference between the CC group, high-grade CIN and the groups used as

controls; however, the data were corrected with appropriate statistical analyses.

2.3 Genotyping of MASP1 gene

Nine MASP1 SNPs were evaluated by the multiplex sequence specific
amplification method (Multiplex PCR-SSP) through two different reactions. The first
genotyping was performed following the reaction already standardized by Mendes (15)
and evaluated five polymorphisms: rs7609662 (G>A) and rs13064994 (C>T) located
in intron 1, and the rs72549262 (G>C), rs1109452 (C>T) and rs850314 (G>A) located
in exon 12 (15).

The second genotyping evaluated four polymorphisms, rs13094773 (A>G)
located in intron 1, and rs698105 (T>C), rs3864098 (T>C) and rs1108450 (A>C)

located in intron 2. Two specific amplification fragments were generated, one with
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731bp: for the rs13094773 + rs698105, and another with 607bp: for the rs3864098 +
rs1108450. An amplification control fragment of 500bp of FCN2 gene was
simultaneously generated. The primers sequences are presented in Table 01. The
PCR was carried out with 100 ng/uL DNA, 25mM of each dNTP , 10 mM of each
primer, 50 mM of MgCI2, 10 uL 10x Coral Load PCR buffer with 2 gel-tracking dyes
(Qiagen®), and 5 U Taq DNA polymerase (GoTag® DNA Polymerase, Promega,
USA), in a final volume of 15 yL. The amplification protocol starts with a 5-minutes
denaturation step at 95°C, followed by 30 cycles of 30 seconds at 94°C, 30 seconds
at the specific annealing temperature, and 30 seconds at 72°C, and 5 minutes at 72°C
for a final DNA extension step. . The result of the amplifications was observed in
transilluminated under blue light after electrophoretic run in a 1.0% agarose gel,
containing 2.5ul of Sybersafe fluorescent dye (Invitrogen Life Technologies, Carlsbad,

USA) in 100 mL of agarose (see agarose gel in Supplementary Figure 1).
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2.4 Statistical Analysis

The allele, genotype and haplotype frequencies were estimated and compared
by Chi-Square Distribution Tables with Fisher’s corrections using the STATA 9.0 and
the SNPStats software (https://www.snpstats.net/start.htm). The Hardy—Weinberg
equilibrium was tested using the Arlequin v.3.1. The haplotypes were assembled using
Excel and these data were confirmed by Arlequin v.3.1, the multiplex SSP PCRs
performed allowed a safe assembly of the MASP1 haplotypes.

The multivariate logistic regression test was performed between the genotype
and haplotype frequencies of MASP1 in all groups for the independent variables age
and ethnicity. The choice of the best inheritance model was performed using the
Akaike information (AIC) in order to minimize the expected entropy. Analysis of the
linkage disequilibrium (A') between the MASP1 SNPs was calculated by the SNPStats
software. The EM algorithm or the Markov Chain Monte Carlo method was used for

the estimation of haplotypes. All tests were performed at a significance level of 5%.

3. Results

The clinical and demographic description of patients with cervical cancer and
high-grade CIN are presented in Table 2. The variable age at diagnosis was
significantly different between CC and high-grade CIN (p<0.0000001) (Table 2).
Previous history of low-grade CIN was 6% in patients with CC and 10.04% in high-

grade CIN (Supplementary Table 2).
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Table 2. Clinical and demographic description of groups.

Parameters Control Comparison Cervical Cancer High-grade CIN Exact p-value
n 121 129 99 219
Age average * SD 48 £ 12.79 35.89 £8.12 52.26 £ 13.52 33.74 £ 6.91 0.0012 CvcCC

0.002 CpvsCC
0.0038 CCvs CIN

Min-Max 18-70 22-58 28-88 22-46
Ethical
background n (%)
Euro-Brazilian 105 (86.77) 114 (88.37) 85 (85.86) 189 (86.30) 0.068 CvcCC
0.097 Cpvs CC
0.083 CC vs CIN
Afro-descendant 16 (13.22) 15 (11.63) 14 (14.14) 30 (13.69)
Family history of 19 (15.70) n.a. 72 (72.83) 82 (37.44)

cancer n (%)

History of
previous cervical
intraepithelial

lesions n (%)

CINI 0 n.a. 6 (0.06) 22 (10.04)

CIN Il ou CIN I 0 n.a. 34 (0.34) n.ap.

CIN: cervical intraepithelial lesion; C: control group; Cp: comparison group; SD:
standard deviation; %: percentage; Min: minimum age; Max: maximum age; n.a.: not
available; n.ap.: not applicable

The genotypic frequency distribution of all SNPs and haplotypes were in the
Hardy—Weinberg equilibrium in all analyzed groups. The allelic and genotypic
frequencies are in Supplementary Table 1. No association was observed among the
history of cancer in the family (p=0.634), previous presence of high-grade CIN
(p=0.687), FIGO stages (p=0.457), smoker history (p=0.571) and adenocarcinoma or

squamous cell carcinoma (p=0.873) with MASP1 SNPs.
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The susceptibility analysis of the investigated alleles showed five positive
associations with CC development. Two SNPs located in intron 1, rs13094773*G
and rs13064994*T, and tree in the exon12, rs72549262*C, rs1109452*C and the
rs850314*A (Table 3). Three alleles indicated susceptibility to high-grade CIN
development, two in intron 1, rs13094773*G and rs13064994*T and one allele in
exon 12, rs72549262*C (Table 3). Association between alleles and progression
from high-grade CIN to CC indicated three susceptibility alleles, the
rs13064994*T, rs1109452*C and the rs850314*A (Supplementary table 1).

The rs1109452*C and rs850314*A alleles of exon 12 are in complete
linkage disequilibrium (LD=1.00; p<0.05). In intron 1, rs13094773, rs7609662
and rs13064994 showed high linkage disequilibrium: rs13094773 _rs7609662
(LD=0.897; p<0.05), between rs13094773 rs13064994 (LD=0.825; p<0.05).
Similarly, in intron 2 the SNPs rs698105 rs3864098 (LD=0.882; p<0.05),
rs698105_rs1108450 (LD=0.838; p<0.05), and between rs1108450_rs3864098

(LD=0.926; p<0.05).

3.1. Association between MASP1 haplotypes

In order to analyze the influence of MASP7 polymorphisms on
susceptibility/protection in the development of cervical cancer, high-grade CIN
and on the progression of these lesions to cancer the studied SNPs were
assembled to form haplotypes. We analyzed the haplotypes with a frequency =
5% and significant p-value (p<0.05), and for the assembly of the haplotypes we
followed the order of location of the SNPs in the MASP1 gene. We analyzed

possible associations between the SNPs present in the same intron or exon, as



77

shown in the Table 4. The p-values were adjusted for age and ethnicity by logistic
regression.

For the assembly of intron 1 polymorphisms, seven haplotypes were
generated, AAC, AGC, AGT, GAC, GGC, GAT, and GGT (data shown only for
haplotypes with frequency >5% or p-value significant). For the intron 2
polymorphisms, there were six haplotypes, CCA, CCC, CTA, TTA, TTCand TCC
(data shown only for haplotypes with frequency >5% or p-value significant). In
addition, for exon 12 polymorphisms four haplotypes were generated, CCA, CTG,
CCG and GTG (Table 3). The combinations of the most frequent MASP1 SNPs
in the all groups are named in table 3. The association data of the most frequent

and statistically significant haplotypes are showed in table 4.
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3.1.1 Intron 1 haplotype associations

The Int1_3 is a protection factor for CC (Table 4), and for the development of
high-grade CIN (Table 4). The Int1_1 is only a protective factor against the progression
of high-grade CIN (Table 4). Int1_4 and Int1_2 were significantly associated with both
CC and high-grade CIN (Table 4).
A significant association was observed in CC and high-grade CIN patients with the
following MASP1 haplotypes GTG_CCC_CCA (CC - OR:2.42, Cl:1.14-5.14; high-
grade CIN — OR:18.66, CI:3.51-23.91) and GTG_CCC_GCG (CC — OR:4.39, Cl:1.92-
9.99; high-grade CIN — OR:30.24, Cl:4.88-58.29). In patients with progression of high-

grade CIN into CC a significant association was seen for the haplotype
GCG_CCC_GCG (OR:13.50; Cl:4.92-26.71).

Table 4. Haplotype association for the MASP1 gene polymorphism in cervical cancer
and high-grade cervical epithelial neoplasia.

CvsCC C vs high-grade CIN Progression
p-value’ p-value’ CC vs High-grade CIN
OR [95%CI] OR [95%CI] p-value’
OR [95%CI]
Intron 1
Int1_1 n.s. n.s. 0.001
0.10 [0.04-0.41]
Int1_2 n.s. 0.0096 n.s.
1.73 [1.14-2.59]
Int1_3 0.0001 0.0001 n.s.
0.10 [0.04-0.25] 0.120.07-0.19]
Int1_4 <0.0001 0.0022 n.s.
7.81[3.63-16-79] 2.30 [1.35-3.91]
Intron 2
Int2_1 n.s. 0.0001 n.s.
0.1510.13-0.60]
Int2_2 n.s. <0.0001 n.s.
4.44 [2.39-8.60]
Exon 12
Ex12_4 0.002 n.s 0.0001
0.24 [0.10-0.60] 0.17 [0.13-0.37]
Ex12_3 0.002 n.s. 0.009
2.67 [1.43-4.99] 2.85[1.16-5.18]
Ex12_1 0.0001 0.002 n.s.
3.25[1.70-6.18] 2.07 [1.30-3.10]
Intron1_Intron2_Exon12
Int1_1_Int2_1_Ex12 4 n.s 0.0001 n.s
0.02[0.01-0.16]
Int1_1_Int2_1_Ex12_2 n.s 0.0001 n.s
0.20[0.11-0.34]
Int1_4_Int2_2 Ex12_1 n.s. n.s. 0.01

13.5[4.92-26.71
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In1_3 Int2_1_Ex12_2 0.0001 0.012 n.s.
0.20[0.10-0.43] 0.07 [0.02-055]

Int1_4_Int2_ 2 Ex12_1 n.s 0.007 n.s.
15.67 [3.09-27.26]

Int1_4_Int2_2 Ex12 2 n.s 0.019 n.s.
11.40 [1.51-36.48]

Int1_2_Int2_2 Ex12_3 0.021 0.004 n.s.
2.42 [1.14-5.14] 18.66 [3.51-23.91]

Int1_2 Int2_2 Ex12_1 0.0001 0.0001 n.s.
4.39 [1.92-9.99] 30.24 [4.88-58.29]

*: p-value adjusted by age and ethnicity; C: control group; CC: cervical cancer; CIN: cervical
intraepithelial neoplasia; n.s.: not significant; OR: odds ratio; Cl: confidencial interval.

3.1.2 Intron 2 haplotype associations

Of the intron 2 haplotypes, two were associated with susceptibility to high-grade
CIN, the Int2_3 and Int2_2 (Table 4). Only the Int2_1 is a protective factor for the
development of high-grade CIN (Table 4). Haplotypes from this gene region were not

associated with the development of cervical cancer or lesion progression (p>0.05).

3.1.3 Association of exon 12 haplotypes

The Ex12_3 confers susceptibility to the development of CC; as well as
contributes to the progression of high-grade cervical lesions to cancer. The Ex12_1is
a susceptibility factor for both high-grade CIN and CC. The Ex712_4 confers protection

for the development of CC and the progression of lesions to the CC (Table 4).

3.1.4 Intron1_intron2_exon 12 haplotype associations

The haplotype analysis showed is Int1_1 _Int2_1_Ex12 2 as a protector factor
only for the he development of high-grade CIN (Table 4). In addition,
Int1_1_Int2_1_Ex12_2 was protection for both CC and high-grade CIN. On the other
hand, Int1_4 Int2 2 Ex12 1 confer susceptibility to high-grade CIN, while
Int1_2 Int2 2 Ex12 3 and Int1_2 Int2 2 Ex12 1 to high-grade CIN and CC,

respectively. The haplotypes Int1_4 Int2 2 Ex12 3 and Int1_4 Int2 2 Ex12 1
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confer patients with a high-grade CIN high susceptibility to progression to CC (Table
4).

4. Discussion

To the best of our knowledge, this is the first study evaluating MASP1 gene
polymorphisms in the immunopathogenesis of high-grade cervical intraepithelial
lesions and cervical cancer. Polymorphisms in the regulatory regions of MASP1 may
significantly contribute to the development of cervical cancer, high-grade CIN, and the
progression of these lesions to CC, through an epigenetic mechanism of alteration in
the affinity of miRNAs 381 and 261 for the 3' region UTR of exon 12 of MASP1 mRNA.

The MASP1 gene generates 18 transcripts, of which only two correspond to
two functional proteins with central roles in the proteolytic cascade of the CS (9,17—
19). Thus, MASP-1 contributes to the exacerbation of complement activation and
MASP-3 exhibits two distinct roles, it may downregulate the LP (9,20-22) and in the
alternative pathway MASP-3 regulates positively, cleaving the pro-factor-D (23).
However, these proteins have roles in pathways outside the complement, such as the
coagulation cascade and intracellular pathways (15,24-27). To ensure genetic
conservation, the MASP1 gene has a low number of genetic polymorphisms, in
addition, the gene has a regulatory region with unmethylated CpG sites that extend
from the gene promoter to intron 2 (15). This regulatory region also has high levels of
histone 3 acetylated lysine27 (H3K27), a histone modification typical of expressed
genes (26). The alterations in transcription factor binding sites, in acetylated histone
regions, considerably alter the transcription rate of the gene and/or which transcript to
be expressed, in this way, the analysis of SNPs in regulatory regions of this gene may

provide important information on the expression profile of MASPs isoforms in CC (27).
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The normal uterine cervix shows high levels of expression of MASP-1 and
MASP-3 transcripts; however, these levels are extremely low in tumor tissues (32).
Our genetic data suggest that changes in the expression profile of MASPs mRNA and
MASPs levels are associated with susceptibility to the development of CC, high-grade
CIN, as well as the progression of these lesions to CC. As susceptibility factors, the
Int1_2 Int2 2 Ex12 3 and Int1_2 Int2_3 Ex12_1 for both CC and high-grade CIN ,
while the Int1_4 Int2 2 Ex12 1is susceptibility factors increasing the chances of
developing only high-grade CIN by more than 10 times.

The intron1 Int1_2 increases the chances of a healthy woman developing CC
and high-grade CIN, which may be due to an increase in MASP-1 and a decrease in
MASP-3. The rs13064994*T alleles have already been associated with higher levels
of MASP1 mRNA in several normal tissues (15), while the rs13094773*G with lower
serum MASP-3 concentrations (15,28). In addition, these SNPs are at high LD.

SNPs located in intron 1 may influence the high expression of MASP-1 and the
low expression of MASP-3 in CC and high-grade CIN. In agreement with our data,
alterations in the MASP1 mRNA expression rates (29) and serum levels of MASP-1
and MASP-3 (30) have already been described. Maestri and colleagues (30) observed
LP activation in CC, with high levels of serum MASP-1, but no significant difference in
the levels of MASP-3 and MAp44 (30). Kong and colleagues report increased
expression of MASP1 mRNA levels in CC tumor tissue when compared to adjacent
normal tissue, but there was no significant association between high rates of MASP1
and patient survival rate (29).

In female tissues, MASP-3 is the most expressed transcript (31). The increase
in MASP1 mRNA observed by Kong may only be relative to the MASP-1 transcript

(ENST337774.10) (29), since high MASP-1 serum, concentrations have already been



83

associated with CC (30) and there is a decrease in MASP-3 mRNA rates at the tumor
site in CC (32). Therefore, our data show that the intron1 Int1_2 may influence the
differential expression between MASP1 transcripts, which MASP-1 is overexpressed
and MASP-3 is poorly expressed.

High-grade CIN has a high probability of progression to CC; their treatment
contributes to a reproductive risk to the patient and increases the chances of
progression to cervical cancer by three times compared to women with a history of
high-grade CIN. Infection with high-risk HPV genotypes is one of the most important
risk factors associated with the CIN (33). However, even in sexually active women,
some of them will not develop high-grade CIN (34), highlighting other cofactors
involved in the development of CIN. Such cofactors involve a balanced dynamic
between environment, HPV characteristics, immunological response and the genetic
profile.

The intron2 Int2_2 increases the risk of developing high-grade CIN almost 5-
fold, the rs698105*C and rs3864098*C alleles lead to a decrease in MASP-3 levels,
but increase the levels of MASP1 mRNA (GTex Portal). Interestingly, this haplotype
was associated only with the development of high-grade CIN; our hypothesis is that
women who carry this haplotype have high levels of MASP-1 and low levels of MASP-
3, generating a hyperactive activation of the complement system in response to
persistent infection by HPV.

The increase in MASP-1 mRNA has been described in other types of cancer,
high level of the MASP1 gene was reported in lung squamous cell carcinoma, and
they suggest that MASP1 may be a new candidate for a target gene and may be
associated with phenotypic properties that differentiate the early stages of this cancer

(35). This increase in MASP1 mRNA in lung cancer tissue can be explained in part by
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the broad role of MASP-1 in complement and in the coagulation cascade (35,36),
where both contribute to the maintenance of the intense inflammatory process of the
tumor microenvironment (37). In the same way, Kuraya and colleagues observed high
levels of MASP-1 and MASP-3 mRNAs in T98G glioma cell lines, and a significant
increase in the secretion of MASP-1 and MASP-3 by cell culture (39). However, the
significant increase in the expression of Ficolin-2 observed by Kuraya shows that an
exacerbated activation of the lectin pathway is occurring in vitro (39). Furthermore, the
glioma is the only cancer tissue that shows high expression of MASP1 mRNA (10,32)

Although there is no pathophysiological correlation between progressions from
high-grade CIN to CC, the positively associated blocks of intron1_intron2 haplotypes
are not the same for patients with CC and high-grade CIN, nor for the progression of
these lesions to CC, showing that there is a distinct genetic profile among these
diseases. In this way, the investigation of these polymorphisms in women can
contribute to a more effective diagnosis and follow-up.

The MASP1 gene has 18 exons, exons 1 to 9 are shared between MASP-1 and
MASP-3 proteins, but the serine protease (SP) domain of each of them is transcribed
by different exons, exon 12 is exclusive to the domain SP of MASP-3 (19,21). The
rs72549262, rs1109452 and rs850314 are polymorphisms of the 3'UTR region of exon
12 of MASP1, and in this study, the exon12 Ex712_1 and Ex12_3 were associated with
susceptibility to CC, high-grade CIN and the progression of these lesions to CC.

The rs1109452 and rs850314 are adjacent to each other in the gene and in a
region with the CpG site downstream of exon 12 (15). The rs1109452 rs850314*CG
combination represents the ancestral combination and maintains genetic stability,
while the minor and rs71109452 rs850314*TA alleles cause disruption of 5'CpG3’ site

(15). The cytosine of this CpG site was methylated in the brain, but not in the cell lines
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of the liver and female reproductive tissue, where it has high production of MASP-3
mRNA (15). In the epigenetic mechanism, DNA methylation in alternatively spliced
exons can modulate the inclusion of exons, causing increased mRNA expression of
the MASP1 isoforms (15).

In cervix normal tissue the MASP-3 are higher expressed, nevertheless are
poorly expressed in CC tissue (32). The associated exon 12 Ex12_3 and Ex712_1 may
play important roles in MASP-3 mRNA expression levels, leading to high susceptibility
to CC. The biological mechanism involved in this susceptibility may be an epigenetic
control through the regulation of MASP1 of miRNAs. As predicted in silico using
targetScan 7.1, combinations of CA and CG are targets for miRNA and may reduce
MASP-3 translation rates (15). Among the miRNAs predicted to recognize these
3JUTR polymorphic  sites, miR-3181 preferentially recognizes the
rs1109452 rs850314*CG combination, and miR-2861 binds to
rs1109452 rs850314*CA (15).

The miR-2861 has been already associated with diagnosis of the CC and CIN,
which shows that CC patients have a decrease in miR-2861 in serum (38). The
rs1109452 rs850314*CA haplotype appears to influence down regulates expression
of MASP-3 mRNA (15), however further investigation is necessary to confirm these
alterations in CC. The miR-318 has as target the MET oncogene leading to
dysregulation of intracellular pathways such as PI3K and RAS, favoring cell survival,
cell migration and invasion (41). Downregulation of MASP1 transcripts - in specific
MASP-3 - due to miR-318 may affect these intracellular pathways contributing to the
development of CC.

Fraile et al. Observed a tumor suppressor role of MASP-3 in colon cancer, in

which the expression of MASP-3 mRNA was reduced by 2000-fold in tumor tissues
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(7). Moreover, the re-expression of this protein in animal models caused a decrease
in tumor proliferation (7). Other CS proteases were not significant (7), suggesting that
MASP-3 may play other roles beyond those already described in CS.

Hence, our data suggest that MASP1 Ex12_1 and Ex12_3 associated with CC
susceptibility, high-grade CIN, and progression of these lesions, have MASP-3 mRNA
suppression effects. The MASP-3 supression in CC may be due to its proteolytic
activity towards insulin-like growth factor binding protein 5 (IGFBP-5) (40), since
IGFBP-5 plays a crucial role in pathways cells important for the establishment of a
viable tumor microenvironment, such as cell survival, cell differentiation and apoptosis
(40).

The susceptibility haplotypes of intron 1, intron 2 and exon 12 may imply
significant alterations when analyzed in a single block combination of these three
genetic positions. Our findings showed that the haplotypes associated with CC are not
those associated with high-grade CIN or the progression of CC lesions, suggesting
that there is a distinct genetic pattern of SNPs in the MASP1 gene that confers
susceptibility. The susceptibility observed in the analyzed haplotypes may be due to
the increased expression of MASP-1 and decreased of MASP-3 caused by the
accumulative effects of the SNPs of intron 1 and intron 2 with the epigenetic regulation
that occurs in the 3'UTR region of exon 12 by miRNAs.

Our study has some limitations, which include the small sample size of patients
with CC, control and comparison groups, in this way, adequate static tests were
performed for corrections in the sample size. Future studies including investigation of
MASP-1 and MASP-3 mRNA levels are needed about the role of intron 1, intron 2 and
exon 12 polymorphisms of the MASP1 gene in the development of CC and high-grade

CIN.
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In summary, our findings suggest a role for haplotypes Int1_2 Int2 2 Ex12_3,
Int1_2 Int2 2 Ex12 _1and Int1_4 Int2_2 Ex12_1the MASP1 gene in susceptibility to
CC and high-grade CIN, possibly by affecting the expression of MASP-1 and MASP-
3. These results can contribute to a better understanding of the immune mechanism
associated with a complex interaction of pathways in the establishment of cervical

cancer, high-grade cervical lesions and the evolution of these lesions into cancer.
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Supplementary Table 2. Clinical and demographic description of cervical cancer

patients and high-grade CIN groups.

Cervical Cancer

High-grade CIN

n=99 n=219
Sexually transmitted disease history n (%) 5(0.05) 43 (19.63)
Age of first sexual intercourse averageSD 17.49 + 3.62 16.16 £2.72
Number of pregnancies average+SD 344 +26 6.96 £ 1.96
Number of spontaneous abortions 1.68 +1.25 148 £0.76
averagezSD
Age at diagnosis average+SD 4532 £ 13.16 18.39 £ 5.88
Deaths during the study n(%) 13 (0.13) n.a.
Smoker history
Active smoker n (%) 20 (0.20) 167 (76.25)
Former smoker n (%) 2 (0.02) 33 (15.07)
Type of cervical cancer
Adenocarcinoma n (%) 14 (0.14) n.ap.
Squamous cell carcinoma n (%) 85 (0.86) n.ap.
FIGO classification*
|
1 A1 n (%) 5 (0.05) n.ap.
1 A2 n (%) 3(0.03) n.ap.
1 B1 n (%) 6 (0.06) n.ap.
1 B2 n (%) 5(0.05) n.ap.
]
I An (%) 3(0.03) n.ap.
I B n (%) 25 (0.25) n.ap.
[}
Il A n (%) 3(0.03) n.ap.
Il B n (%) 14 (0.14) n.ap.
Il C n (%) 0 n.ap.
v
IV A n (%) 1(0.01) n.ap.
IV B n (%) 2 (0.02) n.ap.
Treatment*
Cold knife cone n (%) 55 (0.55) 0
Cervical cauterization n(%) 3(0.03) 100 (45.66)
Hysterectomy n(%) 14 (0.14) 0
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n.ap.: not applicable; FIGO classification*:32 CC patients do not have FIGO
classification available in the electronic medical record; Treatment*: 27 CC patients
do not have treatment available in the electronic medical record; n.a.:not available

PCR-SSP MULTIPLEX MASP1

MIX 1 MIX 2 MIX 3 MIX 4
rs 13094773 rs 698105 rs 3864098 rs 1108450
intron 1 Intron 2 Intron 2 Intron 2

731pb 607pb Haplétipo
MIX 1 AC TA ACIAT
MIX 2 AT TC AT/TC*
MIX 3 GC CA GCI/CA*
MIX 4 GT cC GT/CC

Supplementary figure 1. Electrophoretic pattern of PCR-SSP multiplex performed
for the MASP1 gene. For each sample, the four primer combinations were tested in
PCR. The combination between the MASP1-rs13094773*G_For or MASP1-
rs13094773*A For primers and the MASP1- rs698105*T Rev or MASP1-
rs698105*C_Rev primers generates a MASP1 fragment with 731bp. The combination
of primers MASP1-rs3864098*C For or MASP1-rs3864098*T For and primers
MASP1-rs1108450*A_Rev or MASP1-rs1108450*G_Rev generates a MASP1
fragment with 607bp. simultaneously, a 500bp control fragment of the FCN2_Ex8 gene
was amplified, as a PCR efficiency control. All PCRs a negative control (PCR mix
without DNA: Ctr-) as a PCR precision control. Interpretation of genotypes: 1 = GC/GT
(731bp) / TA/TA (607bp); 2 = GC/GT (731bp) / TA/TA (607bp); 3 = AC/AC (731bp) /
TA/CC (607bp); C+ = AC/AT (731bp) / TA/CC (607bp).



97

4.2 ARTIGO 2- IMUNOHISTOQUIMICA DA PROTEINA MASP-3 NO TECIDO
TUMORAL DE CC

A novel role for MASP-3 protein as a tumor suppressor?

Camila F. Oliveira-Toré', Helena Musetti B. S. Placido, Angelica Beate Winter Boldt?,
lara de Messias-Reason '

Affiliations

' Postgraduate Program in Internal Medicine and Health sciences, Molecular
Immunopathology Laboratory, Federal University of Parana (UFPR), Curitiba, PR,

Brazil.

2 Postgraduate Program in Genetics, Department of Genetics, Human Molecular

Genetics Laboratory, Federal University of Parana, Curitiba, Brazil.
Abstract

Introduction: Cervical or cervical cancer (CC) is the fourth most common type of
cancer in women, the evolution and establishment and this process of tumor
development, there is a selective pressure on the tumor microenvironment, which
allows cancer cells to evade the effects of the Complement System. Mannose-binding
lectin-associated serine proteases (MASPs) are proteins that play a crucial role in the
Lectin Pathway (LP), the MASP-1 and MASP-3 are enconded by the MASP1 gene by
alternative splicing, and the mRNA MASP-1 and MASP-3 are highly expressed in
uterine cervix, while the MASP-3 mRNA is highly expressed in the liver and cervix. The
aim of this study was to evaluate the presence of MASP-3 in the tumor tissue of cervical
cancer.

Methods: Tissue microarray immunohistochemistry (TMA) technique was performed
on uterine cervix specimens provided by paraffin-embedded hysterectomy biopsy
using anti-MASP-3 primary antibody.

Results: Tissue expression levels of MASP-3 from normal adjacent tissue compared
to tumor tissue had significantly higher tissue expression in normal tissue and tumor
tissue showed a higher expression of MASP-3 (p=.0.0013).

Conclusion: Our findings suggest that MASP-3 is suppressed protein in cervical
cancer tumor cells, and may be a new tumor marker protein. Furthermore, there is an
isoform of MASP-3 located in the nucleus of normal uterine cervix cells, which we
suggest is the isoform ENST392472.6, with a tumor suppressor role in cervical cancer

Keywords: mannose-binding lectin-associated serine proteases, cervical cancer,
immunohistochemistry, complement system.
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1. Introduction

Cervical or cervical cancer (CC) is characterized by persistent infection with
human papillomavirus (HPV), which is the most common type of sexually transmitted
virus, and has a high prevalence in young women (1-3). The inability to create an
efficient immune response against HPV results in a persistent viral infection, which
leads to the development of a chronic inflammation, as a consequence, the
development of carcinomas (4,5).

The protease profile presented by tumors is relevant due to its ability to cleave
the cellular matrix, facilitating the process of tumor invasion and metastasis (8).
However, its role is not fully elucidated, due to the high number of protease genes that
present different types of mutations in different types of cancers (8). Mannose-binding
lectin-associated serine proteases (MASPs) are proteases that has a crucial role in the
Lectin Pathway (LP). LP is one of the three Complement System (SC) activation
pathways, activated by pattern recognition receptors (PRRs) that are associated with
MASPs, culminating in the formation of C3 convertase, an enzyme common to the
three complement pathways (9-14).

Eight proteins are predicted resulting from alternative splicing of the pre-mRNA
of the MASP1 gene (14), this gene is highly pleiotropic, has 18 exons which result in
15 transcripts, of which two encode two serine proteases, MASP-1 and MASP-3
(11,15-17). The MASP1 mRNA are highly expressed in female reproductive tissue,
but their expression is suppressed in tumor tissues (8,20). Therefore, the objective of
this article was to evaluate the presence of MASP-3 in the tumor tissue of cervical

cancer.

2. Materials and Methods

The present study was approved by the Human Research Ethics Committee of
the Erasto Gaertner Hospital ethics and research committee, protocol number
4.712.123, and all volunteer participants signed the informed consent term. The
authors confirm that all methods were carried out following relevant guidelines and

regulations.
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2.1 Clinical Characterization

This study included 17 paraffin-embedded hysterectomy biopsies from CC
patients, provided by the Gynecology Outpatient Clinic of the Erasto Gaertner Hospital
(Curitiba, Brazil). All patients were assisted by the public health systems. Sampling
was for convenience, and paraffin blocks of biopsies were collected from 2017 to 2019.
CC staging was performed using the FIGO system. A previous histological analysis of
the paraffin blocks of each sample was performed by an expert pathologist, and two
regions were marked: tumor and adjacent normal tissue, both from the same patient.

Normal regions adjacent to tumor regions were considered as controls.

2.2 Histological and Immunohistochemistry Analysis

Tissue microarray immunohistochemistry (TMA) technique was performed on
paraffin-embedded hysterectomy biopsy using anti-MASP-3 primary antibody
(#HM2216, HyCult Biotech). The validation of the antibody and the optimal dilution was
performed according to the manufacturer’s instructions, using the recommended
positive control (normal cervix human sample). The TMA was performed with 17
samples. All immunohistochemistry assay included both a negative control and
positive control.

The immunostained slides were scanned and for each sample 50 satisfactory
images were generated for analysis using a 40x objective. The positive control was
used as a "mask", which contained adequate levels of immunoexpression and tissue
MASP-3. The mask was superimposed on the sample images and, using the Image-
Pro Plus software, the identified positive areas were transformed into positive
immunoexpression areas per square micrometer (um?). The area in um? obtained by
this method was divided by the total area of the observed field, thus generating a
percentage value for each image. Afterward, 30 high power fields per case (30 fields
from each labeled region per patient) were selected and the biomarker was measured.
The image analysis was performed and the percentage of MASP-3 tissue expression

per HPF was obtained in each sample.
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2.4 Statistical analysis

Statistical analysis was performed using GraphPad Prism 5.01. The results are
expressed as the average, standard deviations, frequencies, or percentages. The
Wilcoxon non-parametric test was performed to compare the quantitative variables

between groups.

3. Results
3.1 Patients’ Baseline and Pathological Features

Clinical characteristics and the pathological features of the CC patients are
shown in Table 1. The CC patients have a mean age of 45.68+12.27 years, 88.24%
(15/17) are from the euro-Brazilians ethnic group, most of them have a history of
previous CIN (58.82%) and of these 57.14% are CIN 2, and 88.23% have a family
history of cancer. When we analyze smoking, we observe that 23.53% (4/17) of them
are smokers, with a mean smoking time of 25 + 22.07 years, a mean of 16 + 20.65
cigarettes/day, and 41.17% (7/ 17) are ex-smokers. The average age at the first sexual
intercourse was 16.56+2.06 years, only five patient use condoms regularly (29.41%;
4/17), none of the patients have a history of sexually transmitted disease, and the
number of abortions was 1.33+0.57 (4/17).

Table 1. Baseline characteristics and pathological features of cervical cancer patients.

cC SCC Adenocarcinoma p-value
n=17 n=11 n=6 SCCyvs
Adeno
_Age (average+SD) 45.68+12.27 46.88+14.03 46.86+£11.09 0.6297
Year of diagnosis (average+SD) 8.68+7.00 8.69+7.00 9.54+7.54 0.9164
Previous CIN n (%)
Yes 10 (58.82) 8 (72.72) 2 (33.33)
No 7 (41.18) 3(27.28) 4 (66.67)
CIN 1 1(7.14) 1(9.09) 0
CIN 2 8 (57.14) 3 (27.28) 2 (33.33)
CIN 3 5(35.72) 4 (36.36) 0

FIGO staging n (%)*
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A1 5(29.41) 5(45.4) 0
IA2 3 (17.65) 3(27.28) 0
IB1 3 (17.65) 2(18.18) 1(16.67)
IB2 1(5.88) 1(9.09) 0
1B 3(17.65) 0 3 (50.00)
CKC previous n (%)
Yes 4 (23.53) 2(18.18) 2(33.33)
No 13(76.47)) 9 (81.82) 4 (66.67)
Family history of cancer n (%)
Yes  15(88.23) 10 (90.91) 5(83.33)
No 2 (11.77) 1(9.09) 1(16.67)
Number of pregnancies 3.35£1.93 3.36+1.93 3.42+2.02 0.9816
(average+SD; min-max) 1-8 1-8 1-4

CC: cervical cancer; SCC: Squamous cell carcinoma; CIN: cervical intraepithelial

neoplasia ; FIGO: International Federation of Gynecology and Obstetrics; CKC: cold

knife cone; *: two patients with endometrioid adenocarcinoma without FIGO staging;

SD: standard deviation.

3.1 Immunohistochemical Results

Tissue expression levels of MASP-3 from adjacent normal tissue were

significantly higher compared to expression in tumor tissue (p=.0.0013). The results

are shown in the table 2 (Figure 1).

Table 2. Tissue expression levels of MASP-3 in tumor tissue and adjacent normal

tissue of the uterine cervix.

cC SccC Adenocarcinoma cCc SccC Adenocarcinoma
N=17 n=11 n=6 Normal  Normal Normal vs
vs vs Tumor
Tumor Tumor p-value [CI]
p-value p-value
[ci [ci
MASP-3 expression
level® (average+SD;
min-max)
Tumor tissue  8.19+2.75  8.10+1.96 8.84+4 .56 0.0013 0.0064 0.0313[2.37-
3.22-13.86 3.22-9.69 4.05-13.86 [3.35- [1.88- 8.31]
11.42] 7.95]
Adjacent normal tissue 15.03+9.45 14.58+6.51 20.00+12.00
5.25-39.27 8.37-29.05 6.91-39.28

CC: cervical cancer; SCC: Squamous cell carcinoma; = : in percentage per high
power fields (HPF); Cl: confidential interval; SD: standard deviation.
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The analysis of the adenocarcinoma and SCC patients showed a significant
difference in the MASP-3 expression levels, they showed low expression in the tumor
tissue (p=0.0313 and p=0.0064, respectively) (Table 2). However, no significant
difference was found between MASP-3 expression in the adenocarcinoma and SCC
(p=0.2122) (Table 2) (Figure 1). In the normal uterine cervix tissue there was a higher
staining of MASP-3 in epithelial cells, besides that, MASP-3 is present in the cellular

nucleus of some cells. (Figure 2)
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Figure 2. MASP-3 staining in normal uterine cervix tissue. A: Intense staining of MASP-3 in epithelial cells of the uterine cervix. B: intense

staining in the epithelial cells, there is a positive reaction in the nucleus of some cells (black arrow).



106

4. Discussion

To the best of our knowledge, this is the first study evaluating MASP-3 protein
quantification in CC tumors. Our findings show the suppression of MASP-3 in the CC
tumor tissue, and contrary to what was expected MASP-3 was observed in the nucleus
of normal cells of the uterine cervix.

MASP-3 has already been shown to be a tumor marker in colon cancer, with
MASP-3 expression reduced by up to a thousand fold in tumor tissue (8). In animal
models, the authors observed that MASP-3 expression in tumor tissue leads to a
decrease in tumor size (8). Fraile et al. (8) suggest that MASP-3 is an important tumor
marker in colon cancer. In the agreement, our findings show that in CC tumors the
MASP-3 had a significantly lower expression, almost two times lower than the adjacent
normal tissue. Interestingly, this low expression was not observed systemically in
patients with CC. Maestri et al did not observe changes in MASP-3 serological levels,
conversely, serum MASP-1 showed elevated levels in CC patients (7). Kong et al. report
increased secretion of MASP-1 in CC tumor tissue when compared to adjacent normal
tissue in HPV+ patients, but there was no significant association between high MASP-1
rates and patient survival (21). This increase in MASP-1 may occur as a LP immune
response to viral infection, since this increase was significantly higher among HPV+
patients (21).

The MASP-3 protein is expressed by the MASP1 gene, which also encondes the
MASP-1 and MAp44 isoforms by alternative splicing (11,14-17). The MASP1 gene has
already been found upregulated in lung cancer and glioma (20-24). Kuraya et al.
observed high levels of MASP-1 and MASP-3 mRNAs in glioma cell lines, in addition,
the culture supernatants showed a significant increase in the secretion of MASP-1 and
MASP-3 (24). High mRNA expression of other CS components was also detected, such
as C1r, C1s, C2, C3, C4, C5 and C6, leading to the hypothesis that SC is widely activated
in glioma cells (24). In databases, the only tumor tissue that shows high expression of
MASP1 mRNA is glioma (20), other tumor types show suppression of MASP1 mRNA
(20).

Our findings of MASP-3 in the nucleus of uterine cervix cells indicate that there is
an isoform of MASP1 gene present in the cell nucleus, not corresponding to the MASP-
1 (ENST337774.10) or MASP-3 (ENST296280.1) isoforms which are serum proteins.
There is an isoform of MASP-3 (ENST392472.6) lacking exon 2, which lacks the signal
peptide and the CUB1 domain, leading a protein retained in the cell (20, Ensembl). Our
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data suggest that the MASP-3 observed in the nucleus may be this isoform not yet
functionally characterized. This isoform is highly expressed in the female reproductive
system (18,19 and 20), but was observed in this work to be supressed in the CC tumor
tissue. The intranuclear isoform of MASP-3 may have an important epigenetic role as a
tumor suppressor due to its interaction with the histone variant H2AFX, which is part of
a chromatin regulatory complex (25-28). However, future investigations are needed to
elucidate the biological mechanism that encompasses this isoform in cancer.

Since the biological role of classical MASP-3 (ENST296280.1) has not yet been
fully elucidated, we cannot rule out that MASP-3 may also play an important role in the
tumor suppressor mechanism. MASP-3 may act on tumor cells through the cleavage of
insulin-like growth factor 5 (IGFBP-5), modulating the actions of growth factors in profile
reaction, differentiation and cell motility (29).

In conclusion, MASP-3 is significantly suppressed in cervical cancer tumor tissue,
and may be a new tumor marker protein. Furthermore, there is an isoform of MASP-3
located in the nucleus of normal uterine cervix cells, which we suggest is the isoform

ENST392472.6, with a tumor suppressor role in cervical cancer.
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5 CONSIDERAGOES FINAIS

A avaliagdo dos polimorfismos do gene MASP1 em mulheres com cancer
cervical, neoplasias intraepiteliais cervical de alto grau e controles, realizada neste

estudo controlado, conduziu as seguintes conclusoes:

o A padronizacao da reagao de uma reagcdo de PCR-SSP multiplex para os SNPs
rs13094773, rs698105, rs1108450 e o rs3864098 localizados em regides intrénicas e
regulatérias de MASP1 foi realizada, e a técnica nos permite uma genotipagem confiavel

e de baixo custo;

o As frequéncias alélicas e genotipicas encontram-se conforme o estimado em
bancos de dados genéticos, Ensembl databaset e GTEx Portal, além disso as

distribui¢cdes genotipicas e haplotipicas estdo em equilibrio de Hardy-Weinberg;

o Como fatores genéticos de suscetibilidade para o CC e NIC de alto grau temos
os haplétipos de MASP1_intron1_intron2_exon12: GTG_CCC_CCA e
GTG_CCC_CCgG;

o Os haplétipos de MASP1 intron1_intron2 exon12 GCG _CCC CCA e
GCG_CCC_CCG foram associadas a progressao da NIC de alto grau para o CC;

o O haplétipo intron1_GTG aumenta significativamente as chances de uma mulher

saudavel desenvolver CC e NIC de alto grau;

o Os SNPs do exon 12 podem estar envolvidos na suscetibilidade ao CC, a NIC de

alto grau e a progressao destas lesées ao CC observadas neste trabalho.

o Os haplétipos com associacédo positiva, exon12 CCC e _CCA associados a
susceptibilidade ao CC, NIC de alto grau e a progressao destas lesbes ao CC podem
desempenhar papéis importantes na diminuicdo dos niveis de expressao do mRNA da
MASP-3.
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o As combinagdes associadas positivamente com CC rs1109452 rs850314*CG e
rs1109452 rs850314*CA do exon 12 sao regides génicas alvo de miRNAs os quais

podem influenciar na reducao das taxas de tradugao de MASP-3

o Os dados da imunohistoquimica sugere papel de supressor tumoral para a
MASP-3 no desenvolvimento do CC. O tecido tumoral de CC apresenta uma expressao

média de MASP-3 quase duas vezes menor que o tecido normal adjacente;

o Foi também observado a expressao da MASP-3 no nucleo de células normais da
cérvix uterina. Sugerimos que esta proteina MASP-3 observadas seja uma nova
isoforma de MASP-3, a qual chamamos de MASP-3 intranuclear ou intracelular. Em
bancos de dados ha uma isoforma de MASP-3 sem o exon 2 (ENST00000392472.6)
que nao possui o peptideo sinal e nem o dominio CUB1, inferimos que esta seja a
MASP-3 observada neste trabalho;

o Nossos dados genéticos corroboram com nossos achados na analise de TMA.
Sendo assim, os mecanismos celulares afetados pelos haplétipos das regides
reguladoras de MASP1 e do exon 12 podem ser considerados possiveis mecanismos

para compreendermos a supressao da expressao de MASP-3 no tecido tumoral de CC.

51 RECOMENDACOES PARA TRABALHOS FUTUROS

Como perspectivas futuras para a tese, experimentos de PCR tempo real foram
planejadas com o objetivo de investigar a expressdo dos mRNAs de MASP-1, MASP-3
e MASP-3 intranuclear em tecidos de biopsias de cancer cervical. As coletas de biopsias
ja foram iniciadas em 2020, mas devido a pandemia do Coronavirus as coletas foram
interrompidas. Este experimento auxiliara na confirmagao da hipétese levantada nesta
tese.

A identificacao e caracterizagao da nova MASP-3, a intranuclear, foi pensada e
planejada em parceria com a Universidade de AArhus na Dinamarca sob orientagéo do
Dr. Sttefen Thiel, pesquisador da area que indentificou a isoforma MASP-2, o qual ja

forneceu o aceite para a realizacdo dos experimentos em seu laboratério.
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7 ANEXOS
ANEXO A
Multiplex 2 MASP1 -
Reagentes [Inicial] |[Final] Int1+Int2 |Int2
Tamp3ao (x) - 15mM MgCI2 10| 1,000|| Mix 1:] 18+20 | 14+85
Glicerol (%) 10| 2,250|| Mix 2:| 17+20 |13+84
MgClI2 (mM) 50| 0,075|| Mix 3:| 17+19 |13+85
dNTP (mM) 25| 0,150|| Mix4:| 18+19 |14+84
Primer FCN2Ex8f 10 0,09
Primer FCN2Ex8r 10 0,09
In1 rs13094773 Gf/Af (17,18) 10| 0,405
In2 rs698105 Tr/Cr (19,20) 10| 0,405
In2 rs3864098 CfITf (13,14) 10 0,3
In2 rs 1108450 Ar/Cr (84,85) 10 0,3
Taq Invitrogen(5U/ul) 5/ 0,050
DNA 1/ 1,000
H20
Total
Produtos esperados:
FCN2 ex8 500 pb
Int 1+Int2 731pb
Int2 607 pb
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ANEXO B

Title: Non-canonical complement roles in cancer: a forgotten but crucial connection

Running Title: Non-canonical complement and cancer

ABSTRACT: The complement system (CS) within the tumor microenvironment (TME)
play roles that go far beyond the activation and regulation of canonical pathways.
Crosstalk between TME elements and tumor cells modifies the local immune response,
inducing tumor progression. This scoping review includes 32 articles on the non-
canonical functions of CS in carcinogenesis. Literature search was performed in
PubMed and Web of Science. The C1q component has a dual role in cancer. C1q
interaction with hyaluronic acid and disordin domain receptors has a protumor function
leading to adhesion, migration, angiogenesis and metastasis. Also, C1q has an
antitumor role, generating overexpression of the WWOX tumor suppressor gene. C3a,
Cb5a, and their cell surface receptors have protumor actions, activating intracellular
pathways, such as the PI3/AKT, JAK2/STAT3, ERK pathways, In addition, C5a
induces expression of immunomodulators and immunoregulators in the TME, leading
to overexpression of the RGCC gene and suppression of CD8 and CD4 T cells.
Membrane attack complex and C7 components of the final pathway; CD59, CD46, and
CD55 regulators; and factor H have protumor roles. Properdin is the only component to
be tumor suppressor. The review highlights the important, and yet unclear, roles ofCS

components in cancer through pathways outside the CS.
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Highlights

In breast and colon cancers C1q an antitumoral role by activating an
oncosuppressive pathway through overexpression of the WWOX oncogene.
The C3a-C3aR and C5a-C5aR axes activate the PISK/AKT and ERK/MEK1-2
pathways, affecting the cell cycle, cell proliferation, synaptic plasticity, p53
phosphorylation, and apoptosis.

C3 activation at the tumor site acts as a negative regulator of the Her2oncogene
and, in gastric tumor tissue, can lead to activation of the JAK2/STAT 3pathway.
Cb5a promotes overexpression of the RGCC gene, which controls cell cycle
progression.

Properdin has an antitumor function by regulating TES transcription, which
subsequently leads to increased expression of the DDIT3 proapoptotic

transcription factor.
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1 INTRODUCTION

Once either canonical or non-canonical pathways activate the complement
system (CS) in the tumor microenvironment (TME), the initiated inflammatory process
promotes tumor development (1). Thus, the role of the CS in the development and
progression of cancer appears to be a double-edged sword. The TME composition
has an essential role in complement performance, whose effects can range from
sustained local and chronic inflammation and destruction of tumor cells coated with
antibodies to inhibition of lymphocyte anti-tumor responses, leading to increased
growth and invasiveness of cancer cells (2—4).

Cancer is one of the most common health problems worldwide. In 2020, 19.3
million new cases and almost 10 million deaths due to cancer were reported globally.
According to the GLOBOCAN online database, an increase of 28.4 million cases of
cancer by 2040 is predicted (5-8). Breast (n=1,948,321), lung (n=1,587,642), and
colorectum (n=1,354,134) cancers rank highest in the predicted prevalence, with lung
cancer having the highest predicted global mortality rate (n=1,235,588) (5,6).

The mechanisms underlying cancer development and progression are not
completely understood. The TME is considered a key promoter of carcinogenesis,
along with genetic and epigenetic factors (9—13). Alterations of these factors trigger
and support local processes of inflammation, angiogenesis, and metastasis.
Crosstalkbetween TME elements, tumor cells, and the CS can induce local
inflammation andthe consequent suppressed antitumor response, which facilitates
tumor proliferationand invasion (14—-17). The hypothesis that chronic inflammation is
closely related to malignant tumor transformation and progression has been
substantiated by humanepidemiological data and genetic experiments in mice.
However, the molecular andcellular factors involved in these processes have not yet
been well characterized (18).

CS comprises a set of soluble, membrane-bound, and regulatory proteins with
roles in inflammation, tissue regeneration, angiogenesis, tumorigenesis, immune
surveillance, opsonization, and cell lysis. In addition, CS triggers an immune response
through antibody-dependent and cell-mediated cytotoxicity, recruitment of immune

cells, activation of the coagulation cascade, and regulation of intracellular pathways
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(19). Moreover, CS connects the innate and adaptive immune responses, leading to
several other biological events (19-21).

Complement activation causes proteolytic cleavage of key molecules via the
classical pathway (CP), lectin pathway (LP), and alternative pathway (AP). CP
activation occurs via antibody binding to the C1g-C1r/C1s complex. C1r and C1s
serine protease cleaves C2 to C2a and C2b. The C1s serine protease cleaves C4 to
C4a and C4b fragments (22,23). LP is activated by pattern-recognition receptors
(PRRs) that recognize pathogen-associated molecular patterns (PAMPs), damage-
associated molecular patterns (DAMPs), and altered cell-associated molecular
patterns (ACAMPs). Mannose-binding lectin (MBL), ficolins, and collectins are PRRs
that are complexed with mannan-binding lectin serine protease 1 (MASP-1) or MASP-
2, which can cleave C2 (MASP-2 only) and C4 (both MASPs). These two pathways
produce the same C2aC4b C3 convertase. The AP is continuously activated at low
levels by spontaneous hydrolysis of native C3(H20). Its interaction with factor B (FB)
generates the C3FB complex, leading to FB cleavage to Ba and Bb by factor D (FD).
Bb remains linked to C3, forming C3Bb, which is an AP C3 convertase. Properdin
stabilizes C3bBb, providing a focal point for the anchoring of C3bBb to membranes,
and is the only known positive regulator of complement (24) (Fig.1A).

After the formation of C3 convertase (C2aC4b or C3bBb), which cleaves C3 to
C3a and C3b, the proteolytic cascade converges as the final lytic pathway. The C3a
fragment is an anaphylatoxin that may bind to its cell receptor, C3aR. This binding
influences several immunological processes. C3b provides continuity to the cascade,
leading to the formation of C5 convertase, which cleaves C5 to C5a and C5b. C5a is
a potent anaphylatoxin with several biological functions. C5b binds to C6, C7, C8, and
C9 to form the membrane attack complex (MAC) C5b-9, which may disrupt cell
membranes by causing lytic pores (24) (Fig. 1A).

Activation of complement is irreversible. Thus, regulators that are soluble or
membrane-associated regulators play crucial roles by inhibiting or slowing down the
complement proteolytic cascade. Among the CS regulators, MASP-3 and MAp44
inhibit LP activation; CD46 or membrane cofactor protein (MCP), factor | (Fl), and
CD55 inhibit the formation of AP C3 convertase; and factor H (FH) binds to C3b and
facilitates its enzymatic degradation. CD59 protein is a membrane-associated
regulator that acts by preventing the final stage of MAC polymerization (23) (Fig. 1A).

The effects of complement on the TME can range from local and chronic inflammation
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that can have a pro/antitumor effect to the inhibition of antitumor lymphocytic
responses, leading to increased growth and invasion of tumor cells (2-4).

Within TME cells, intracellular cleavage of C3 and C5 involves cathepsin L,
renin, thrombin, and plasmin in a noncanonical intracellular pathways (Fig. 1B)
(3,23,25). Thus, complement may play important intracellular roles in addition to
canonical extracellular complement pathways (4), which are still poorly explored. It is
essential and medical relevance to understand the action of complement components
in the different cellular pathways, many of which are immunosuppressive and may
determine/influence the clinical outcome. In light of available evidence, in this scoping
review, we focused on understanding the relationship between CS components in a

non-canonical CS pathway with tumor cells at TME.
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2 METHODS

2.1 Data sources and literature search strategy

For this scoping review, we followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews Checklist (26). A systematic
search of the role of the CS in the TME was performed using two main databases:
PubMed and Web of Science. For the descriptors search, we used
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Mesh Terms in PubMed (“neoplasms"[MeSH Terms]) AND ("complement
system proteins"[MeSH Terms]) and topic (Ts) in Web of Science (cancer AND
(Complementsystem)) AND (OPEN ACCESS) AND (ARTICLE). A total of 550 articles
were retrievedfrom PubMed and 69 from Web of Science. Thirty-two duplicated

articles wereidentified using Excel software.
A. STUDY ELIGIBILITY — INCLUSION AND EXCLUSION CRITERIA

Two independent researchers (CFO-T and AGM) read the titles and abstracts.
At this initial stage, of the 619 articles analyzed, 484 were excluded. The remaining
135 article listed in Supplementary Table 1 were evaluated in the second stage. The
inclusion criteria included the following: articles in English with available abstracts;
open access; inclusion of human or animal models; in vivo, in vitro, or in silico studies;
and published from 26 November 2010 to 26 November 2020 (Fig. 2). The exclusion
criteria were articles whose subjects were not components of CS and cancer; studies
classified either as review, commentary, editorial, letter, systematic review and/or
meta-analysis, news, guideline, clinical trials/controlled trials, articles whose subjects
were only, and patents. Articles with an exclusive focus on treatment strategies or
drugs that inhibit CS components and/or that focused only on conventional
complement pathways were also excluded. A total of 135 articles fulfilled the inclusion

criteria and were analyzed (Fig. 2).
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s
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g Studies included in the Scoping review
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Figure 2. Flowchart of the study eligibility based on PRISMA-ScR.

Next, the all authors analyzed the full text of the 135 selected articles. The
articles included at this stage are listed in Supplementary Tables S1 and S2. Doubts
were discussed and resolved by consensus. Of the 135 articles, 103 articles were
excluded at this stage as they did not meet the inclusion criteria. Finally, 32 studies
were included in the analysis (Fig. 2). All the articles included first author’s name, year
of publication, title, experimental model, cancer type, methods, complement proteins
involved, and antitumor/protumor tumoral role of the complement components in the
context of cancer (Supplementary Table S2). All articles included in this review were
classified according to their protumor and antitumor focus activities (Supplementary
Table S3).

Additional expression and correlation information was obtained from the Protein

Atlas (https://www.proteinatlas.org) for all complement components and cancer types
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included in this scoping review (27). The data on mRNA expression and survival
ratesare shown in Supplementary Fig S1 to S2.



143

3 RESULTS AND DISCUSSION
C1 COMPLEX

Starting in the mid-1920s, the first four CS elements were described and
sequentially designated C1 to C4 (28,29). The C1 complex is composed of three
proteins, C1q, C1r, and C1s. C1q is the recognition unit that the C1r and C1s serine
proteases bind to (28,29). C1q has a structural protein configuration composed of a
globular region and collagen-like domain. The globular region has three different
subunits, A, B, and C encoded by three distinct genes located on human chromosome

1. The subunits form a trimer capable of recognizing a wide range of ligands.
The collagen-like domain is the binding region for C1r and C1s serine proteases (30).
Activation of the C1g-C1r2-C1s2 complex triggers CP, leading to the cleavage of C2
and C4 components, generating C3 convertase (31).

Beyond CP activation, C1q is a versatile molecule with many other activities. It
interacts with complement receptor 1 (CR1), promotes phagocytosis of opsonized
elements by mononuclear phagocytes, and regulates their cytokine profile (31). C1qg-
stimulated macrophages upregulate pro-phagocytic genes, increase their phagocytic
activity, alter the anti-inflammatory cytokine profile. These activities result in
suppressed expression of interleukin (IL-1) alpha and beta, and increased secretion
of IL-10 (interleukin 10), IL-1 receptor antagonist, monocyte chemoattractant protein-
1, and interleukin-6 (IL-6) (32,33). Moreover, C1q has a relevant anti-inflammatory role
in maintaining homeostasis by binding and promoting clearance of immune complexes
by monocytes/macrophages and erythrocytes (34,35). However, local TME production
of C1q, mainly by tumor-associated macrophages (TAMSs), is associated with poor
cancer prognosis (36). TAMs exhibit an M2-like profile and contribute to high local
concentrations of C1q, which can lead to CP activation, exacerbation of inflammation,
and activation of complement-independent pathways (36,37). The various roles of the
C1 complex in non-canonical complement pathways are discussed below

(Supplementary Table 3).

NON-CANONICAL ROLE OF C1Q AND C1R/C1S IN CANCER

Different TME cells, including monocytes, TAMs, and monocytoid B cells, produce
high levels of C1q (2,36,38) (Fig. 1B). The expression of C1q by monocytic cells in the TME
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was confirmed through tissue colocalization of C1q with the CD68 surface marker of the

macrophage lineage. The findings suggest that TAMs with an

M2-like profile are the likely source of C1q (38). Moreover, C1q deposition has been
observed in different types of cancers, including cervical adenocarcinoma, melanoma,lung
adenocarcinoma, and breast and pancreatic adenocarcinoma. However, whether the
deposition has a pro- or antitumor role is still unclear. In addition, C1gA chain deficiency
results in prolonged survival and smaller tumors in vivo (2). Interestingly, deposition of other
CS components does not seem to occur in most tumors, suggestingthat C1q is expressed by
tumor or TME cells, and acts independent of complement activation (2). Expression mRNA
profiles for the A, B, and C chains of C1q differ according to the tumor type (Supplementary
Fig. S1). In the context of renal cancer, high C1QA, C1QB, and C71QC expression is
unfavorable for patient survival (Supplementary Fig. S1) (27).

High C1q levels represent a favorable prognosis for human epidermal growth factor
receptor 2 positive (Her2+) and basal-type breast cancer patients, but are pro-tumoral for
lung and kidney cancer (38). In vitro studies have shown that C1q binds to high-molecular-
weight hyaluronan (HMW-HA) (39). This binding induces adhesion and proliferation of
mesothelioma cells through increased phosphorylation of extracellular signal-regulated
kinase 1 (ERK1)ERK2, stress- activated protein kinase/Jun amino-terminal kinase
(SAPK/JNK), and p38, regardlessof complement activation (39). SAPK/JNK are members of
the mitogen-activated protein kinase (MAPK) family that have important roles in the
regulation of cell death,survival, growth, and proliferation (40). In normal cells, sustained
activation of ERK1/ERK2 is required for progression from G1 to the S phase, and is
associated with the induction of positive cell cycle regulators and inactivation of
antiproliferative genes (41). Thus, activation of these two pathways by C1q-HWM-HA binding
is expected to favor tumor development. Further studies are needed to confirm this
hypothesis.

In hepatocellular carcinoma (HCC), C1q binding to disordin domain receptors (DDRs)
promotes tumor cell migration and tissue invasion (42). The C1g-DDR interaction also affects
MAPKSs, similar to the interaction observed in C1g-HWM-HA (39). C1g-DDR interacts with
matrix metalloproteinase 2 (MMP2) and MMP9 (42). These data support the idea that C1q
increases the aggressiveness of liver cancer byinteracting with the DDR. However, in breast
and prostate cancers, C1qg recognition launches an intracellular signaling pathway that
activates the expression of the WW domain-containing oxidoreductase (WWOX) tumor
suppressor gene. In these tumors,low C1q deposition causes cell proliferation and prevents
cell apoptosis (43,44) (Fig.3).
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In contrast to the former examples, cutaneous squamous cell carcinoma(cSCC) lines
express high mRNA and protein levels of C1r and C1s, but not C1q (45).These cell lines
secrete C1s and C1r, leading to their activation in a C1g-independent manner. Subsequently,
the activation of latent MMP9 occurs with the inhibition of ERK1/2 and Akt activation,
indicating a possible role of C1s in tumor promotion, growth, angiogenesis, and metastasis.
Thus, both C1r and C1s may contribute to cSCC tumor progression (45).

The collective findings presented in this subsection indicate that non-canonical C1-
dependent functions appear to play a dual role in tumors. C1q may stimulate the
development of different tumors, such as cSCC, breast, prostate, and HCC, probablythrough
the association of C1q with other molecules, such as hyaluronic acid and DDRs, promoting
adhesion, migration, angiogenesis, and metastasis. In contrast, C1gmay play an oncogenic
role by activating the WWOX tumor suppressor in breast andprostate cancer cells. Finally,
C1qg-associated serine proteases C1r and C1s may playa pro-tumoral role in cSCC tumors
independent of C1q (2,36,38—40,42—45).

C3 component in cancer

Under physiological conditions, C3 is continuously activated in plasma due to its
spontaneous hydrolysis, which occurs at a medium rate of 1% of the total C3 per hour. This
may lead to AP activation, contributing to up to 80% of the general complement response,
even after CP and LP are activated. These three complementpathways converge in the
formation of C3 convertase, leading to the cleavage of C3,the central component of the
cascade. C3 is a 185 kDa glycoprotein encoded by the C3 gene on chromosome 19 (locus
p13.3). Cleavage of C3 by C3 convertases resultsin two products: C3a and C3b. The AP C3
convertase further creates an amplificationloop for C3b deposition on cell membranes (24)
(Fig. 1A).

C3a acts as an anaphylatoxin and induces various effects upon binding to the C3aR
receptor on myeloid cells. These effects include chemotaxis, cell activation, andinflammatory
processes (46). The cleavage of C3 to C3b exposes previously hidden thioester bonds, which
enable covalent binding to several cell surface molecules andimmune complexes. The
interaction of C3b with either the CR1/CD35 or CD46complement regulator leads to the
degradation of C3b to iC3b, following removal of the C3f peptide and/or C3dg. These
fragments interact with various complement receptors and mediate immune adhesion,

phagocytosis, and adaptive stimulation (24).
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ACTIVATION OF NON-CANONICAL COMPLEMENT PATHWAYS BY C3, C3A, C3AR
AND IC3B

ERK/MAPK kinase 1 (MEK1) and MEK2 are widely expressed intracellular signaling
molecules involved in the cell cycle. These kinases regulate cell proliferation, synaptic
plasticity, p53 phosphorylation, and apoptosis (41). In human bone osteosarcoma epithelial
cells (U2-0OS) exposed to normal serum with C3, ERK phosphorylation was higher than that
in U2-OS cells treated with heat-inactivated serum. This increased phosphorylation was
associated with AP complement-mediatedproduction of vascular endothelial growth factor A
(VEGF-A) and fibroblast growth factor angiogenic growth factors, which may indicate a

mechanism for AP-mediated tumor angiogenesis (47).

C3 plays a pro-tumoral role in cancer. Higher C3 mRNA levels are unfavorablefor the
survival of patients with renal cancer (Supplementary Fig. S2) (27). Although high C3 plasma
levels are associated with increased survival of patients with HCC, this may simply reflect

normal C3 production by differentiated hepatocytes (27).

In prostate cancer, in vitro inactivation of iC3b by prostate fluid with prostate- specific
antigen generates a new 37 kDa fragment, which was smaller than the C3b fragment derived
from the canonical CP. This cleavage is independent of FH and Fl, supporting the hypothesis
that complement components do not participate in the generation of this iC3b fragment. The
iC3b fragments generated in the prostatic fluid appear to confer an immunosuppressive
profile to the tumor. However, further investigation of the biological function of this iC3b

molecule in prostate cancer is required (48).

In NeuT mouse models of breast cancer, C3 cleavage provided evidence that the early
stages of CS activation occur at the tumor site. C3 deposition and accumulation was
observed in the vessels and stroma undergoing tumorigenesis in the mammary gland, but
not in the surrounding tissue. Whether this process results inMAC assembly on NeuT tumor
cells is unclear, since cancer cells with high expressionof Her2 also have higher expression
of the complement regulator CD55 (49). Since asharp increase in the carcinoma growth rate
was accompanied by an increase in Her2expression, it was suggested that C3 activation at
the tumor site might positively regulate this gene (49) (Fig. 3). In Her2" breast cancer, C3 is
involved in tumor immunosurveillance, probably through interactions with FOXP3* T (Treg)
cells, whichare essential for the maintenance of immune tolerance and immune homeostasis
(50)(Fig. 3).

In contrast, in lung cancer, C3 signaling inhibits the production of multiple
cytokines by CD4* T cells, independent of FOXP3* Tregs. In this case, CD4* T cells

can produce and cleave C3 intracellularly via cathepsin, thereby increasing the
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production of interferon-gamma (IFNy) (51,52) (Fig. 4). Thus, intracellular complement
activation sustains T cell homeostasis and mediates effector differentiation, which is
likely the main pathway of C3 action involved in the growth and development of lung
cancer.

The deposition of C3 fragments on gastric cancer cells leads to the activation
of the Janus kinase 2/Signal transducer and transcription protein activator 3
(JAK2/STAT3) pathway, which increases the levels of phosphorylated STAT3 (p-
STAT3) and IL-6. Since p-STATS3 protein acts as a transcription factor, promoting cell
proliferation and migration, C3 may act as an upstream regulator of JAK2/STAT3
activation in gastric cancer, with both C3 activation and deposition playing a role in

gastric tumor growth and metastasis (53).
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In ovarian cancer cells, C3a binding to C3a receptor (C3aR) increases the
activity of the PISBK/AKT/mTOR intracellular pathway, promoting protein synthesis, cell
proliferation, survival, and motility by inducing AKT mRNA levels and phosphorylation
of p85 (a regulatory subunit of PI3K) and AKT protein. Similarly, in an animal model of
ovarian cancer, the interaction of C3a and C3aR in ovarian cancer cells induced
activation of the PI3K/AKT intracellular pathway, thereby increasing C3 secretion, as

well as tumor growth and proliferation through a C3-dependent autocrine effect (54)
(Fig. 5).

Similarly, C3a-C3aR signaling promoted lung metastases of breast cancer in a
murine model, leading to increased secretion of pro-metastatic cytokines and
expression of extracellular matrix components through PI3K-AKT signaling in
carcinoma-associated fibroblasts (55) (Fig. 2B and Fig. 3). Activation of the PI3K/AKT
pathway contributes to the definition of the tumor profile, as its exacerbated activation
is a hallmark of cancer (55).

In summary, non-canonical C3 functions play a protumor role in cancer. The
PI3K/AKT intracellular pathway is often activated by the interaction of C3a-C3aR in
different types of cancer cells. In addition, the JAK2/STAT3 and ERK pathways are
also activated by C3 fragments and together may lead to pro-tumoral cellular changes,

creating a tumor immune microenvironment favorable for tumor development.
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3.2. C5 COMPONENT IN CANCER

The final phase of the CS cascade involves C5 convertase, which catalyzes
cleavage of the C5 molecule into C5a and C5b fragments. The C5b fragment forms a
complex with C6, C7, and C8 molecules (C5b-8), which bind to the cell membrane and
attract multiple C9 molecules with subsequent MAC formation (C5b-C9) (56). MAC
assembly promotes the formation of pores in target cells, causing disruption, cell lysis,and
death (23). C5a is a potent anaphylatoxin that acts as a chemoattractant for neutrophils,
monocytes, and macrophages (56). In addition, C5a can modulate cytokine expression
of several cell types with roles in the activation of coagulation pathways and the formation
of neutrophil extracellular traps. C5aR1 and C5aR2 are specific cell receptors for C5a
that belong to the rhodopsin family of receptors coupledto the G protein. C5aR1 and
C5aR2 are mainly expressed by myeloid lung and liver cells, and their activation
promotes a variety of local responses depending on the celltype. Its relevance in cancer
is related to the generation/modulation of anti-apoptotic responses (57) (Fig. 1A). The

C5 protumor role is discussed below.

3.2.1. NON-CANONICAL ROLE OF C5A AND C5AR IN CANCER

Similar to C3, C5 also plays a pro-tumoral role, which results from the activationof
non-canonical complement pathways. Some types of cancer cells, such as lung, colon,
ovarian, and bile duct, secrete C5a into the TME. The secreted C5a initiates theautocrine
loop that increases cell proliferation and promotes metastasis, characterizing a C5a
protumor profile (58—60). Although C5 positive liver cancer is associated with increased
patient survival, as previously discussed for C3, its higher expression reflects preserved
liver function (27).

In lung cancer cell lines and tissues, C5a contributes to an immunosuppressive

microenvironment by creating a TME favorable to cancer progression through
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recruitment of myeloid-derived suppressor cells and induction of expression
of different immunomodulators, including arginase 1 (ARG1), proteins associated
with cytotoxic T lymphocyte 4 (CTLA-4), IL-6, IL-10, lymphocyte activation 3 (LAG3)
and programmed cell death 1 ligand 1 (CD274, PD-L1or B7H1) (58) (Fig. 4).
Similarly, in ovarian cancer, high expression of Cba affects the levels of
immunoregulators such as arginase, nitric oxide synthase, vascular endothelial
growth factor, and tumor necrosis factor-alpha (TNF-a) in the TME, which decreases
the infiltration of CD4+ and CD8+ T cells, and stimulates tumor growth (18) (Fig. 5).

In lung, colon, ovarian, and bile duct cancers, C5a does not seem to be
produced by the activation of CP and AP. Rather, C5a production may be the result
ofthe LP pathway, which has not yet been evaluated (58-60). In vitro, lung cancer
cellsproduce C5a, but not factor B, properdin, C1q, C1r, C1s, C1, or C4. However,
Cbha expression was reportedly affected by the local production of trypsin-like
serineprotease inhibitors, which may inhibit MASP-1, the only complement serine
protease with trypsin-like activity and a crucial role in LP activation. Thus, LP
activation may beinvolved in C5a tumor production. This remains speculative, since

assays with LP serine proteases have not been performed.

In human breast cancer cell lines, C5a promotes overexpression of the RGCC
gene (a response gene to complement 32 protein), which is induced by the C5b-9
complement component and plays a role in controlling the progression of the cell
cycle(61). Moreover, activation of the Akt pathway is required for C5a-induced
expression of RGCC and breast cancer cell proliferation (61) (Fig. 3). In addition,
Cb5a-ChaR signaling induces lung metastasis, a common event in breast cancer, by
suppressingCD8+ and CD4+ T cell responses in situ and generating T regulatory
cells (Tregs) (62)(Fig. 4). The mechanism of C5aR-mediated suppression of T cells
in the metastatic target involves the recruitment of immature myeloid cells and
increased production oftransforming growth factor beta (TGF-$) and IL-10, favoring
the generation of Tregs and Th2-oriented responses that render CD8+ T cells

dysfunctional (62).

In gastric cancer, C5a-C5aR interaction regulates the expression of p21, an
inhibitor of cyclin-dependent kinase, through the PI3K/AKT axis (63). Moreover, high
C5aR expression in gastric cancer tumor cells increases their invasiveness and

facilitates liver metastasis, which is associated with poor prognosis. Specifically,
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Cb5a-Cb5aR signaling increases the conversion of RhoA-guanosine diphosphate to
RhoA- guanosine triphosphate in the cytosol, inducing cytoskeletal rearrangement
and invasiveness (64). In renal carcinoma cells, activation of the C5a-C5aR axis
was associated with worse prognosis, with C5a triggering ERK and PI3K-dependent

invasion of renal carcinoma cells expressing C5aR (65,66).

In metastatic pancreatic invasive ductal adenocarcinoma (PDAC),
podocalyxin-like protein 1 (PODXL1) interacts with C5aR on the cell membrane.
Activation of the receptor increases cellular motility, thereby conferring invasive and
metastatic properties to PDAC cells (67). C5aR1 signaling in melanoma cells acts
directly and indirectly in the induction of chemokines, such as chemokine C-C motif
ligand 2. The induction attracts immunosuppressive populations of myeloid cells,
thereby promotinginfiltration of leukocytes with an immunosuppressive profile in the
TME. In contrast, C5aR2 has a more restricted but beneficial role in limiting tumor

growth (suppressionof tumor growth) (68).

In summary, C5a and its cellular receptor, C5aR, have important pro-tumoral
functions in different tumor types via non-canonical complement pathways. C5a-
C5aRbinding to tumor cells is associated with low overall survival and recurrence-
free survival, and increased incidence of microvascular invasion and metastasis
(65,66) (Fig. 1B, 3, and 4).

FINAL COMPLEMENT LYTIC PATHWAY IN CANCER

The final complement lytic complex is the common intersection between the
three complement pathways, which damages the plasma membranes of target cells
or microorganisms and leads to osmotic lysis (69). The sequentially activated C5
convertases C4bC2bC3b in the CP and LP pathways and C3bBbC3b in the AP split
C5into the C5a and C5b fragments. C5b, together with C6, C7, C8, and C9, constitute
the MAC, which is inserted into the cell membrane as transmembrane lytic pores on
target cells (cancer cells, infected cells) or microorganisms, eventually leading to cell
death (70,71) (Fig.1B). MAC activity is essential for maintaining cell and tissue
homeostasis, promoting protection against infections, and clearing immune
complexes. Although the expression of complement regulators in most tumors restricts
CS activation, sublytic MAC deposition on cancer cells increases intracellular calcium

ion (Ca?*) levels, modifies cellular functionality, and causes cell damage (72,73). MAC
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also maintains tumor-associated inflammatory signaling and plays a dual role in
cancer (69,74,75).

Non-canonical complement activities by MAC and C7 in cancer

Exposure of cancer cells to sublytic levels of MAC changes the expression of G
protein and Ca?* signal transduction factors (inositol 1,4,5-trisphosphate receptor
interacting protein and regulator of G protein signaling 16), transcription factors (early
growth response 1 and 2), and inflammatory response genes (interferon regulatory
factor 1), as well as of four other extracellular protein-related genes (amphiregulin, C-
X-C motif chemokine ligand 1, MMP3, and MMP13), affecting cell proliferation and
survival. Thus, sublytic MAC deposition on cancer cells is a potent tumor modulator

that stimulates tumor progression (73).

Component 7 (C7) is an essential part of MAC. C7 overexpression in HCC cell
lines promotes cell growth in vivo, increases late simian virus SV40 factor (LSF-1 or
TFCPZ2 gene) protein levels and expression of stemness factors, such as POU Class5
homeobox 1 (Oct4), SRY-box transcription factor 2 (Sox2), and MYC proto- oncogene
transcription factor (c-Myc). These changes in gene expression sustain thereplication
capacity in liver tumor-initiating cells, whereas C7 suppression inhibits tumor
formation in vivo (76). Furthermore, high levels of C7 mRNA in liver cancer leadto
shorter patient survival (27). In contrast, C7 overexpression can suppress colony
formation of non-small cell lung cancer cells (NSCLC) in vitro, whereas lower C7
expression has been associated with worse outcome, clinical stage, and grade, as
well as higher chances of relapse and death (77). Thus, the type of cancer and TME

are decisive role in the anti- or pro-tumorigenic activity of C7.

Taken together, the evidence suggests distinct functions for MAC and C7 in
cancer. The available evidence support the idea that components of the lytic pathway
are individual driving factors in the tumor immune response and surveillance.
However, further investigation is required to elucidate their in vivo effects on

carcinogenesis and tumor progression.
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CS REGULATORS IN CANCER

Complement activation results in several biological processes that go beyond their
protective role and can even be harmful. Thus, the protection of self-tissues from
complement-mediated damage is performed by several soluble or membrane-bound
regulators. Each cell type relies on a combination of complement regulatory proteins
(CRP) that bind at different points in the cascade. In tumors, well-known membrane-
bound CRPs are cluster of differentiation (CD)46, CD55, and CD59 (78). Soluble CRPs
are FI, FH, and properdin. CD46 or MCP protects autologous cells from
complement attack by acting as a cofactor for Fl-mediated proteolytic cleavage of C3b
and C4b (79,80) (Fig. 1A).

Although CD46, CD55, and CD59 are important complement regulators expressed
in almost all cell types and tumor cells, they each have opposing roles. Although they
prevent complement-mediated autologous lysis in normal cells, their abnormal
overexpression hinders complement effectiveness, favoring tumor cell survival and
development. Thus, membrane-bound CRPs (mCRPs) may function as biomarkers of
malignant transformation (79,81-84). CDS59 is expressed in most tumorcells. CD59
consists of a glycosylphosphatidylinositol anchored membrane protein that prevents
both C9 polymerization and connection of the C9 units to the C5b-8 complex and MAC
through its physical incorporation into the complex (82). CD55 is known as a
complement decay-accelerating factor (DAF) that accelerates the decay of C3 and C5
convertases through rapid dissociation of the catalytic subunit C2a or Bb present on the
cell surface. This dissociation prevents the formation of anaphylatoxins, opsonins, and
MAC. In addition, CD55 can recognize the C4b and C3b fragments created during C4
or C3 activation (80,81,85). Thus, these CRPs canmodulate complementary action and
can be decisive in tumor progression (86,87).

Among the soluble CRPs, FH is a plasma glycoprotein that regulates AP by
blocking the assembly of C3 convertase (C3Bb) or accelerating the decay of C3Bb
through its interaction with C3b. Furthermore, this interaction allows the regulation of C5

convertase activation (88-92). FH-like 1 (FHL-1) is an FH isoform that can also regulate
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AP in a manner similar to FH (93). In contrast to FH, properdin or complementfactor P
(CFP) is a positive AP regulator whose main role is to stabilize surface-boundC3 and C5
alternative pathway convertases and inhibit the FH-mediated cleavage of C3b by FI. The
CFP gene is located on the X chromosome. CFP deficiency can seriously impair AP

activation and increase susceptibility to infections (94).

CD59, CD55, AND CD46 OVEREXPRESSION IN CANCER

Head and neck cancer tumor cells feature high expression of mCRPs, such as
CD46, CD55, and CD59 (79). Interestingly, in human ovarian cancer cells, IL-6 and IL-
8 play important roles in the overexpression of CD55 and CD59 (95). Both have a pro-
tumorigenic function in this type of cancer, with CD59 detected in up to 50% of tumors
and in border areas of normal to malignant ovarian tissues (96). Their increased
expression on cell membranes also occurs in the fluid phase in ovarian and uterine
cancer (83) (Fig. 5). Moreover, stromal CD55 overexpression is an indicator of poor
survival in colorectal cancer (81).

In addition to inhibiting the action of complement in the TME, CD59 can block the
apoptosis of breast cancer cells, contributing to tumor development (82). Low
expression of CD59 mRNA favors patient survival in head and neck, cervical, pancreatic,
and stomach cancers. In contrast, higher expression of CD59 is associatedwith greater
survival of renal cancer patients, highlighting the opposing roles of this regulator (27).

Increased CD46 expression is associated with worse overall and relapse-free
survival of breast cancer patients (97). In addition, in breast and prostate cancers, the
promoter of the CD46 gene, which has two binding sites for STAT3, is induced by STAT3
and IL-6, and protects cancer cells from complement lysis, generating a protumor profile
(98). However, CD46 mRNA expression in cancer cells may result indifferent clinical
outcomes (27). Low CD46 expression has been associated with increased patient
survival in cervical cancer, while the same outcome has been associated with higher
CD46 expression in stomach cancer patients (27). In stomach cancer, high CD46
expression seems to occur in both normal and tumor cells, probablydue to the protective
role of this regulator against the action of complement in the TME(27).

In conclusion, low expression of membrane-bound CRPs is generally associated
with poor outcomes, but more investigations are still needed to understandtheir impact

on the development and progression of different types of tumors.
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NON-CANONICAL ROLE OF COMPLEMENT FH AND PROPERDIN IN CANCER

Higher CFH gene expression plays a pro-tumoral role in hepatocellular carcinoma
cell lines and is associated with the upregulation of stemness factors in livercancer (76).
FH plays a role in the late SV40 factor (LSF-1) pathway and is associatedwith increased
LSF1 gene expression. Nuclear LSF-1 binds to the stemness factor promoters Nanog,
Oct4, Sox2, and c-Myc, resulting in increased expression, tumor formation, and growth
in vivo (76) (Fig. 1). Moreover, the increased expression of FH,especially in the nucleus
of tumor cells, indicates that this molecule plays a role in livercancer cells [76). Likewise,
in ¢cSCC, FH and its isoform FHL-1 act on other intracellular pathways beyond the
complement pathway, being negatively regulated by the inhibition of the ERK1/2, p38,
and MAPK pathways. However, they are upregulated by IFNy, IL-1b, TGF-a, TGF-, and
TNF-a. As expected, other complement components,including C1s, C1r, and iC3b, were
also found to be overexpressed in cSCC, indicatingthat secreted components and
complement activation probably occurred in situ.Moreover, higher expression of CFH
MRNA is associated with lower survival in patients with renal cancer (27). In summary,
the expression of FH and FHL-1 is specifically induced during cutaneous
carcinogenesis, probably by blocking the complement and intracellular pathways (99).

Properdin acts as a novel tumor suppressor in breast cancer. High expressionof
intracellular properdin, both in vitro and in vivo, induces the transcription of testin LIM
domain protein (TES), leading to increased expression of the pro-apoptotictranscription
factor DDIT3 (DNA-damage-inducible transcript 3). Thus, increased properdin
expression modulates cell apoptosis and plays an antitumor role in breast cancer (100).
The antitumor role of properdin was corroborated by an in vitro study using bone
marrow-derived macrophages from properdin-deficient mice, which stimulated the
growth of melanoma cell lines. This properdin deficiency results in lowlevels of IL1
mRNA and higher levels of arginase-1, monocyte chemotactic protein-1,and IL10
mRNAs, suggesting that a properdin-deficient TME may induce an influx of M2
macrophages with pro-tumoral activity (101).

Although no significant relationship between properdin expression and cancer
prognosis has been reported so far (27), this regulator has an important antitumor role(in
non-canonical complement pathways) in breast cancer (27,101). In summary, FH has a
pro-tumoral effect in HCC, while properdin suppresses breast and melanoma cancer
tumors. These two CRPs may represent non-canonical complement pathways and play

a key role in tumor formation and growth.
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4. CONCLUDING REMARKS

Components of the CS are increasingly being recognized as potential
biomarkers and therapeutic targets for various types of cancer. However, activation
ofnon-canonical pathways of the CS is still poorly explored, both in homeostasis and
cancer pathophysiology scenarios. Complement activation influences several tumor
processes, including angiogenesis, invasion, metastasis, immunomodulation, and
metabolic remodeling, thereby favoring the TME, proliferation, and altered cellular
responses. Although regular activation of complement is evident in many of these
instances, increasing evidence points to a role for complement components in
variouscellular events in the TME, independent of regular activation of CP, AP, and
LP. In this scoping review, we compile extensive evidence on the anti- or pro-
tumoral role of non-canonical complement pathways in various types of cancer,
including breast, lung, liver, ovarian, stomach/gastric, renal, and prostate cancers.
The complement components C1q, C3a-C3aR, C5a-C5aR, FH, and properdin play
crucial roles in the intracellular pathways that control cell growth and proliferation.
Specific pro- or anti-tumoral roles seem to depend on the type of tumor cell, except
CRPs, C3a-C3aR, and Cb5a-C5aR, which are immunosuppressive and promote
tumorgrowth in all types of cancers addressed in this review. Considering the
relevance of CS in non-canonical complement pathways in different types of tumors,
the knowledgegap highlighted in this scoping review needs to be addressed in future
studies. Components of the CS have actions in cancer that go beyond the proteolytic

cascade,with essential roles in intracellular pathways.
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