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RESUMO

OLIVEIRA, Janaina Nicolau de. Analise das variantes rs1800896, rs1800871
e rs1800872 e haplétipos do gene IL10, e sua associagdao com a gravidade
e desfecho da COVID-19. 2025. 95 f. Tese (Pés-Graduagdo em Patologia
Experimental) — Centro de Ciéncias Bioldgicas, Universidade Estadual de
Londrina, Londrina, 2025.

Gravidade e letalidade sao manifestacdes observadas em parte dos casos de
doenga do coronavirus-19 (COVID-19), e estdo ligadas a fatores como
hipercitocinemia, linfopenia e Sindrome Respiratéria Aguda Grave (SRAG).
Nesse contexto, a IL-10, uma citocina com fungdo imunorreguladora, surgiu
como um potencial marcador de gravidade da doencga, sendo observada em
concentragdes elevadas em pacientes com COVID-19. Variagdes genéticas na
regido proximal do gene, particularmente variantes de nucleotideo unico (SNVs)
como rs1800896 (—1082A>G), rs1800871 (-819C>T) e rs1800872 (—592C>A),
juntamente com seus haplétipos GCC, ACC e ATA, estdo associadas a
diferencas em niveis de IL-10 e suscetibilidade a doengas virais. Embora
diversos estudos tenham explorado a relagéo entre essas variagdes genéticas e
doencgas virais, incluindo a COVID-19, os resultados sao contraditérios. Desta
forma, parte deste estudo foi dedicado a revisar dados da literatura afim de
compreender de forma mais abrangente os efeitos destas SNVs e seus
haplétipos na produgéo de IL-10 e em associagdo com doengas virais. E ainda,
este estudo teve como objetivo avaliar a associacdo desses SNVs e seus
haplétipos em pacientes com diagndstico de COVID-19 em Londrina, Parana,
com a gravidade e os desfechos da doenca, visto que nenhum estudo investigou
tais associacdes entre as SNVs e a COVID-19 na populacéo brasileira. Desta
forma, este estudo envolveu 367 pacientes selecionados do Hospital
Universitario da Universidade Estadual de Londrina (HU-UEL). Os pacientes
foram categorizados em grupos denominados leve (n=165), moderado (n=72) e
grave (n=130), de acordo com as diretrizes da Organizacdo Mundial da Saude
(OMS). O grupo grave foi ainda classificado nos subgrupos recuperado (n=64) e
obito (n=66). A genotipagem dos SNVs foi feita por reacdo em cadeia da
polimerase (PCR) em tempo real com sondas TagMan. Os haplétipos foram
inferidos pelo software PHASE e as analises de associagdo foram realizadas
com teste Qui-quadrado ou regressao logistica multinomial. O gendtipo GG
(1082 A>G) foi independentemente associado aos casos graves de COVID-19
(P=0,038, OR= 2,522, IC 95% 1,053 — 6,038), enquanto o haplétipo GCC em
homozigose também foi associado aos casos graves (P=0,037, OR 2,767, IC
95% 1,065 — 7,191). Portanto, este estudo demonstrou que a presenga do
gendtipo GG da SNV 1082 A>G (rs1800896) ou do haplétipo GCC esta
associada a gravidade da COVID-19 em uma amostragem brasileira.

Palavras-chave: Coronavirus Relacionado a Sindrome Respiratoria Aguda
Grave; Polimorfismo de Nucleotideo Unico; Interleucina-10; Hapldtipos;
Suscetibilidade a infecgao viral.



ABSTRACT

OLIVEIRA, Janaina Nicolau de. Analysis of IL10 gene polymorphisms and
haplotypes and its association with the severity and outcome of COVID-19.
2025. 95 p. Thesis (Postgraduate in Experimental Pathology) — Center for
Biological Sciences, State University of Londrina, Londrina, 2025.

Severity and lethality are manifestations observed in some cases of coronavirus
disease-19 (COVID-19), and are linked to factors such as hypercytokinemia,
lymphopenia and Severe Acute Respiratory Syndrome (SARS). In this context,
IL-10, a cytokine with immunoregulatory function, has emerged as a potential
marker of disease severity, being observed in high concentrations in patients with
COVID-19. Genetic variations in the proximal region of the gene, particularly
single nucleotide variants (SNVs) such as rs1800896 (—1082A>G), rs1800871 (—
819C>T) and rs1800872 (-592C>A), together with their haplotypes GCC, ACC
and ATA, are associated with differences in IL-10 levels and susceptibility to viral
diseases. Although several studies have explored the relationship between these
genetic variations and viral diseases, including COVID-19, the results are
contradictory. Therefore, part of this study was dedicated to reviewing data from
the literature in order to more comprehensively understand the effects of these
SNVs and their haplotypes on IL-10 production and in association with viral
diseases. Furthermore, this study aimed to evaluate the association of these
SNVs and their haplotypes in patients diagnosed with COVID-19 in Londrina,
Parana, with the severity and outcomes of the disease, since no study has
investigated such associations between SNVs and COVID-19 in the Brazilian
population. Thus, the study involved 367 patients selected from the University
Hospital of the State University of Londrina (HU-UEL). Patients were categorized
into groups called mild (n=165), moderate (n=72) and severe (n=130), according
to the guidelines of the World Health Organization (WHO). The severe group was
further classified into the recovered (n=64) and death (n=66) subgroups. SNV
genotyping was performed by real-time polymerase chain reaction (PCR) with
TagMan probes. Haplotypes were inferred by PHASE software and association
analyses were performed using the chi-square test or multinomial logistic
regression. Demographic factors such as male sex (p=0.002), advanced age
(p<0.001) and comorbidities such as systemic arterial hypertension, diabetes
mellitus, chronic kidney disease, heart disease (p<0.001) and chronic obstructive
pulmonary disease (p=0.007) were associated with COVID-19 severity.
Additionally, the GG genotype (1082 A>G) was independently associated with
severe cases of COVID-19 (P=0.038, OR 2.522, 95% CI 1.053-6.038). In
agreement, the GCC haplotype in homozygosity was also associated with severe
cases (P=0.037, OR 2.767, 95% CI 1.065-7.191). Therefore, this study
demonstrated that the presence of the GG genotype of SNV 1082 A>G
(rs1800896) or the GCC haplotype is associated with the severity of COVID-19
in a Brazilian sample.



Key-words: Severe acute respiratory syndrome-related coronavirus;
Polymorphism, Single Nucleotide; Interleukin-10; Haplotype; Viral infection
susceptibility.


https://www.ncbi.nlm.nih.gov/mesh/68045473
https://www.ncbi.nlm.nih.gov/mesh/68016753

LISTA DE ABREVIATURAS E SIGLAS

AP-1 Activator protein-1

APC Antigen- presenting cell

Blimp-1 B-lymphocyte-induced maturation protein 1

BMI Body mass index

c-MAF Cellular musculoaponeurotic fibrosarcoma

COVID-19 Coronavirus disease-19

CSIF Cytokine synthesis inhibitor factor

CTL CD8* Cytotoxic T lymphocyte

DM Diabetes Mellitus

DNA Deoxyribonucleic acid

dsRNA Double-strand RNA

E Proteina E (envelope viral do SARS-CoV-2)

ECA2 Enzima conversora de angiotensina - 2

EDTA Ethylenediamine tetraacetic acid

FP Fusion peptide (SARS-CoV-2)

GATA-3 GATA binding protein 3

HAS Hipertensao Arterial Sistémica

HU-UEL Hospital Universitario da Universidade Estadual de Londrina

HWE Hardy-Weinberg Equilibrium

ICTV International Committee on Taxonomy of Viruses

[FN-I Interferon do tipo |

IFN-III Interferon do tipo Il

IFN-a Interferon-alfa

IFN-B Interferon-beta

IFN-y Interferon-gama

IFN-A Interferon-lambda

IL10 Gene da interleucina-10

IL-6 Interleucina-6

IL-10 Interleucina-10

IL-10Ra Subunidade alfa do receptor de interleucina-10

IL-10RB Subunidade beta do receptor de interleucina-10

JAK1 Janus kinase 1

LES Lupus Eritematoso Sistémico

M Proteina M de membrana (SARS-CoV-2)

MERS Middle East Respiratory Syndrome

MHC Major Histocompatibility Complex

N Proteina N do nucleocapsideo (SARS-CoV-2)

NCBI National Center for Biotechnology Information

NFkB Nuclear factor kappa-light-chain-enhancer of activated B
cells

NK Natural killer cells

NSP Non-structural proteins (SARS-CoV-2)

NTC No template control

OMS Organizagao Mundial da Saude

OR Odds Ratio

PCR Polymerase Chain Reaction



PKR

RBD

RIG-I

RNA

S
SARS-CoV
SARS-CoV-2
SNV
STAT3
SRAG

Th1

Th2

TLR4
TMRPSS2
TNF-a

X2

Protein kinase R

Receptor binding domain

Retinoic acid-inducible gene 1

Ribonucleic acid

Spike protein (SARS-CoV-2)

Severe acute respiratory syndrome associated coronavirus
Severe acute respiratory syndrome coronavirus 2
Single nucleotide variant

Signal transducer and activator of transcription
Sindrome Respiratéria Aguda Grave

T helper cell 1

T helper cell 2

Toll-like receptor 4

Transmembrane serine protease 2

Tumor necrosis factor

Teste do Qui-quadrado



SUMARIO

TINTRODUGAO ..ot ne s 14
2 DOENGA DO CORONAVIRUS (COVID=19).........ceoviieiieceeeeeee e 15
2.1 EPIDEMIOLOGIA. ...ttt e e e e e e e e e e e e e e eeeeeeeeeeees 15
2.2 ETIOLOGIA: INFECTIVIDADE E TRANSMISSAO DO SARS-CoV-2.....17
2.3 FISIOPATOLOGIA. ... .ttt e e 19
SINTERLEUCINA-TOD ...ttt e e e e e e e e e 22
B ADESCRICAO ...t 22
3.2 INTERLEUCINA-10 NA COVID-19 ...oiiiiiiiiiieee ettt 25
3.3 POLIMORFISMOS DE IL-10...cccieiiiiiiiiiiiiee e 26
G OBUETIVOS ...ttt e e e e e e e s eeeaeeeeeanns 31
g B ] o R 31
4.2 ESPECIFICOS ...ttt 31
5 PRODUGAO CIENTIFICA ........ooooeieeieeeeeeeeee e, 32
B CONCLUSAD ...t 78
7 CONSIDERAGOES FINAIS ........ooiieiieieece e, 80
ANEXO A Termo De Consentimento Livre e Esclarecido ..............ccceevevvinnnnnn. 89

ANEXO B Copia do parecer do Comité De Etica Em Pesquisa Envolvendo Seres
HUmManos da UEL ... e 91



Introducao



1 INTRODUGAO

Doenga do Coronavirus (COVID-19, do inglés coronavirus disease -19)
foi a denominagéo determinada pela Organizagdo Mundial da Saude (OMS) em
margo de 2020 para a doenga causada pelo novo coronavirus, SARS-CoV-2 (do
inglés Severe Acute Respiratory Syndrome coronavirus-2), inicialmente
observada como casos de pneumonia de origem desconhecida, em dezembro
de 2019 (Li, J. Y et al., 2020; OMS, 2020a). Com a ampla transmiss&o do virus,
observou-se que a sintomatologia da doenga pode ser numerosa, podendo
abranger manifestagdes de anosmia, ageusia, cefaleia, febre, tosse, dispneia e
sintomas gastrointestinais (Huang et al., 2020; Li, L-q. et al., 2020).

Diferentes quadros clinicos decorrentes da COVID-19 foram observados,
incluindo casos assintomaticos, de gravidade leve e casos moderados que juntos
normalmente contabilizam 81% dos casos, e quadros graves e criticos, que
podem atingir 14% e 5% dos individuos infectados, respectivamente (Wu,
McGoogan, 2020). Os casos de maior gravidade foram associados a idade
elevada, ao sexo masculino e a presencga de determinadas comorbidades, em
especial a hipertensao arterial sistémica (HAS) e a diabetes mellitus (DM) que
parecem predispor o individuo ao pior prognéstico (Richardson, et al., 2020).

Nos casos graves e criticos pode haver o desenvolvimento de Sindrome
Respiratoria Aguda Grave (SRAG), choque séptico, disfungcdo coagulatéria e
faléncia multipla dos érgaos, o que eventualmente culmina no ébito do paciente
(Chinese Clinical Guidance for COVID-19 Pneumonia Diagnosis and Treatment,
2020). Uma resposta imune equilibrada e eficaz na eliminagao viral parece ser
de suma importancia para a resolucdo do quadro. Dentre as alteragdes
observadas nos casos graves da COVID-19, a progressdao para SRAG é
associada ao quadro de hipercitocinemia ou “tempestade de citocinas” (Ye et al.,
2020). Em pacientes com COVID-19, Diao et al. (2020) observaram uma alta
concentracdo plasmatica de citocinas como interferon-gama (IFN-y),
interleucina-6 (IL-6), fator de necrose tumoral-alfa (TNF-a) e interleucina-10 (IL-
10) em pacientes com progressao severa da doenga. Neste contexto, Han et al.
(2020) e Zhao et al. (2020) sugerem que IL-6 e IL-10 podem servir como
marcadores de prognéstico de gravidade, pois seus niveis plasmaticos estao
elevados ja nos estagios iniciais da doencga, indicando sua relevancia como

preditores de progressao da enfermidade.
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A interleucina-10 possui atividade imunorregulatéria, promovendo, por
exemplo, a redugcdo na sintese de citocinas pro-inflamatérias. Pode, ainda,
apresentar funcdo imunoestimuladora, principalmente de linfécitos T CD8*
(Saxton et al., 2021; Saraiva et al., 2020). Porém, na fisiopatologia da COVID-
19, o papel da IL-10 ainda nao esta completamente elucidado. A variabilidade
nos niveis de IL-10 ja foi associada a suscetibilidade as doencgas virais e ao
desenvolvimento de alguns tipos de cancer, tornando essencial a compreensao
desta variabilidade (Torres-Poveda et al., 2012; Helminem et al., 2001; Berti et
al., 2017).

A variabilidade genética entre individuos pode influenciar a produgao da
IL-10. A presenca de variantes de nucleotideo unico (SNV, do inglés single
nucleotide variants) como rs1800896 (g.—1082A>G), rs1800871 (c.—819C>T) e
rs1800872 (c.—592C>A) na regidao a montante do gene ja foi associada a
alteragbes nos niveis sistémicos, cervicais e in vitro da citocina, bem como a
suscetibilidade a infec¢des virais (Torres-Poveda et al., 2012; Turner et al., 1997).

Desta forma, em acordo com a importancia epidemiolégica do SARS-CoV-
2 e a necessidade de maior compreensao de possiveis fatores de risco para
maior gravidade da doencga, torna-se importante considerar a avaliagcdo da

associagao de SNVs do gene IL10 aos casos agravados da COVID-19.

2 DOENGA DO CORONAVIRUS (COVID-19)
2.1 EPIDEMIOLOGIA

Os coronavirus sao virus pertencentes a familia Coronaviridae. Sao
constituidos de RNA (acido ribonucleico, do inglés ribonucleic acid) de senso-
positivo, envelopados e esféricos (Burrel, Howard & Murphy, 2017) sendo assim
nomeados devido a presenga de proteinas spike em sua superficie, cuja forma
assemelha-se a uma coroa (Yang et al., 2020). Podem causar doengas em
animais domésticos, selvagens e em seres humanos, sendo que nestes ultimos,
normalmente manifesta-se como uma gripe comum (Weiss & Leibowitz, 2011).
Recentemente, porém, alguns destes virus vém causando grande preocupagao
para a saude publica global. Em 2002, o coronavirus associado a Sindrome

Respiratéria Aguda Grave (SARS-CoV, do inglés Severe Acute Respiratory
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Syndrome associated coronavirus) foi o agente causador de surtos de infec¢ao
em 32 paises, com 8.422 casos confirmados da doencga, no periodo de novembro
de 2002 a agosto de 2003. Ja em 2012, um novo coronavirus foi observado como
agente causador da Sindrome Respiratéria do Oriente Médio (MERS, do inglés
Middle East Respiratory Syndrome), sendo responsavel por 2.494 casos da
doenca em 27 estados do Oriente Médio, deixando 868 mortes, contabilizadas
entre 2012 e 2019 (Meo, et al., 2020). Em 31 de dezembro de 2019, o primeiro
novo caso de pneumonia de agente etiologico desconhecido foi relatado na
cidade de Wuhan, China (Li, J. Y. et al., 2020), sendo posteriormente identificado
e nomeado como Sindrome Respiratéria Aguda Grave do coronavirus-2 ou
SARS-CoV-2 pelo Comité Internacional de Taxonomia de Virus (ICTV, do inglés
International Committee on Taxonomy of Viruses), no dia 11 de fevereiro de 2020.
Neste mesmo dia, a Organizagao Mundial de Saude divulgou como doenga do
coronavirus (COVID-19), a denominagao para a doenga causada pelo SARS-
CoV-2 (OMS, 2020a). Com a disseminagao acelerada da doenga, no dia 11 de
marc¢o de 2020, mais de 118.000 casos em 114 paises ja haviam sido relatados,
levando a declaragéo pela OMS (2020b), de que a COVID-19 caracterizava-se
como uma pandemia. Atualmente, em meados de 2025, ja sao contabilizados
771.720.205 casos da doenca, com 7.094.447 sendo fatais, distribuidos em 216
paises (OMS, 2025c).

Em um esforgo admiravel da comunidade cientifica mundial, diversas
vacinas foram disponibilizadas para uso e, atualmente, mais de 120 ja foram ou
estdo sendo testadas em ensaios clinicos em diferentes paises (OMS, 2023d).
Segundo dados da Organizagdo Mundial da Saude (2023c) mais de 13 bilhdes
de doses ja foram administradas ao redor do mundo, posicionando a vacinagao
como uma estratégia essencial para reduzir a carga mundial da COVID-19
(Shao, et al., 2022). Em confirmacao, diversos estudos foram delineados para
avaliar a efetividade desta estratégia. Um estudo realizado ainda em 2021, nos
Estados Unidos, permitiu observar que a taxa de infeccéo foi 4,9 vezes maior
nos pacientes que nao se vacinaram, e a taxa de hospitalizagao foi 29,2 vezes
maior do que nos individuos vacinados (Griffin, et al., 2021). Em estudos
subsequentes foi relatada e confirmada a segurancga e efetividade da vacinagéo
em prevenir quadros graves da doenga, hospitalizagdo e morte frente as

variantes virais Alpha, Beta, Gamma e Delta (Fiolet, et al., 2022). E, por fim, Gao
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e colaboradores (2022) demonstram também que individuos vacinados
apresentam um risco 29% menor de desenvolver a sindrome da “COVID-19
Longa”, uma condigdo na qual sintomas da infecgdo persistem por um longo
periodo mesmo apos resolugdo da doencga.

Apesar da importante contribuicao da vacinagao para reduzir a gravidade
epidemioldgica da COVID-19, existem ainda lacunas a respeito da compreensao
de mecanismos patolégicos da doenga, mantendo assim a necessidade de
desenvolvimento de novos estudos, a fim de amplificar o conhecimento acerca
da COVID-19.

2.2 ETIOLOGIA, INFECTIVIDADE E TRANSMISSAO DO SARS-CoV-2

O agente etiolégico da COVID-19, o SARS-CoV-2, é um virus envelopado
e constituido de RNA de senso-positivo. Possui quatro proteinas estruturais,
denominadas de proteina spike (S), proteina de envelope (E), de membrana (M)
e de nucleocapsideo (N), bem como dezesseis proteinas ndo-estruturais (NSP 1
— 16, do inglés non-structural protein) (Jackson, et al., 2023; Wang, M. et al.,
2020). A proteina N participa do encapsulamento do virus, e juntamente das
proteinas NSP, contribui com os processos de replicagao e transcricado, bem
como montagem do genoma viral. A proteina M auxilia na manutencdo da
morfologia viral, enquanto a proteina E desempenha papel na montagem do
virus. A proteina S, uma glicoproteina que se configura como um homotrimero,
€ subdividida em subunidade S1 e subunidade S2, e participa da entrada do
virus nas células-alvo (Samavati, et al., 2020; Marcink, et al., 2022).

Para que o virus possa infectar a célula-alvo, a presenga do receptor
denominado enzima conversora de angiotensina 2 (ECA2) é essencial, visto que
a proteina viral S possui um dominio de ligagdo ao receptor (RBD, do inglés
receptor binding domain) com afinidade para ECA2, permitindo a interacdo do
virus com a célula-alvo (Samavati, et al., 2020; Wang, M. et al., 2020; Letko, et
al., 2020). Esta enzima esta presente especialmente na membrana de células
epiteliais alveolares do tipo Il nos pulmdes, células epiteliais da mucosa oral,
nasal e nasofaringe, enterdécitos no intestino delgado e células endoteliais dos
vasos sanguineos (Hamming, et al., 2004). Ela participa do sistema renina-

angiotensina-aldosterona, convertendo angiotensina Il, que em células epiteliais
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pulmonares é pro-apoptotica, em angiotensina 1-7, que possui efeitos protetores
pois antagoniza a angiotensina Il (Samavati, et al., 2020). Além da presenca da
ECA2, também é necessario que a proteina S sofra clivagens promovendo
mudancas conformacionais na subunidade S2, o que permite a exposi¢cao do
peptideo de fusdo de membrana (FP, do inglés fusion peptid) que, por sua vez,
atua na fusdo das membranas virais e celulares e permite a consequente
liberagdo do RNA viral no citoplasma celular. A primeira clivagem ocorre ainda
durante a maturagao do virus na célula hospedeira, enquanto a segunda ocorre
na superficie da célula-alvo mediante a presenca de serina protease
transmembrana 2 (TMRPSS2) ou na via endossomal mediante atividade de
catepsinas endossomais (Jackson, et al., 2023). Desta forma, de acordo com a
disponibilidade de TMRPSS2 ou clatrina na membrana das células-alvo e o
encontro destas com o complexo ECA2-proteina S viral, a entrada do virus na
célula pode ocorrer por duas vias distintas. Inicialmente, a interagao da proteina
S com o receptor ECA2 provoca a mudancga conformacional da subunidade S1,
expondo o sitio de clivagem S2’. Em presenga da TMRPSS2, ha a clivagem do
sitio S2’ ainda na superficie celular, e a exposicdo do FP e consequente
propulsdo deste na membrana alvo, promovendo a formagao de um poro pelo
qual o RNA viral é liberado no citoplasma da célula. Caso n&o haja o encontro
do complexo proteina S- ECA2 com TMRPSS2, o complexo ¢é internalizado por
endocitose mediada por clatrina e, nos endolisossomos, o sitio S2’ é clivado por
catepsinas, com consequente exposi¢cao do peptideo de fusao e liberagdo do
RNA viral da via endossomal para o citoplasma. Em ambos os casos o
nucleocapsideo é entdo desconstituido, e o processo de replicacéo viral pode
ser iniciado (Jackson, et al., 2023; Takeda, 2022).

A infeccdo de células epiteliais da mucosa das vias respiratorias e
consequente replicagdo viral promove a liberacdo de virions no liquido
extracelular do trato respiratério superior favorecendo a secreg¢ao de goticulas e
aerossois através de espirros, tosse ou mesmo da fala de individuos infectados,
levando a transmissao do virus (Geng, et al., 2023). De fato, observou-se que a
principal via de transmissdo do SARS-CoV-2 ocorre por aerossoéis ou por
goticulas provenientes das vias respiratorias de individuos contaminados que,
apos liberadas no meio, permanecem suspensas no ar, permitindo que outros

individuos entrem em contato direto com essas particulas. Adicionalmente, a
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transmissao por contato direto também foi observada, na qual um aperto de mao,
por exemplo, poderia transmitir goticulas presentes na pele do individuo
infectado, provenientes das vias respiratorias, a outro individuo (Zhang, et al.,
2020). No entanto, a transmissdo indireta, ou seja, através de fOmites e
superficies contaminadas, permanece em discussao (Lewis, 2021).

Aliberagao de virions do SARS-CoV-2 através das vias respiratérias pode
ter inicio ainda na fase assintomatica, com pico observado na primeira semana
da doenca (He, et al., 2020; Cevik, et al., 2021), o que provavelmente contribuiu
para a rapida disseminacdo da COVID-19, visto que individuos em fase
assintomatica sao dificeis de serem identificados (Johansson, et al., 2021; Geng,
et al., 2023).

2.3 FISIOPATOLOGIA

As manifestagdes clinicas da COVID-19 vém sendo descritas por diversos
autores que relatam majoritariamente febre, tosse e dispneia como os principais
sinais observados (Wang, F. et al., 2020; LI, L-q. et al., 2020). Porém, a doenca
na populacao pode se manifestar desde casos assintomaticos (Kim et al., 2020)
a casos graves e criticos que, de acordo com o Guia de Orientagdes Clinicas
Chinesa para Diagnéstico e Tratamento da COVID-19 (Chinese Clinical
Guidance for COVID-19 Pneumonia Diagnosis and Treatment, 2020) pode
manifestar-se com o desenvolvimento de SRAG, choque séptico, disfungao da
coagulagao e faléncia multipla dos 6rgaos. Diversos fatores de risco para pior
gravidade da COVID-19 ja foram descritos como, idade avancada e presenca de
determinadas comorbidades, em destaque para HAS e DM (Richardson et al.,
2020). No entanto, os mecanismos moleculares que induzem a progressao para
casos agravados da doenga em parte dos individuos infectados por SARS-CoV-
2 ainda estdo sendo elucidados e podem incluir fatores predisponentes
individuais e uma resposta imune ineficaz na eliminagao do virus, concomitante
a expressao exacerbada de citocinas, que culmina em lesao tecidual (Perico et
al., 2021).

Nos casos leves e assintomaticos, o controle inicial da infeccao é
possivelmente efetuado pelo sistema imune inato que atua prontamente ao

desafio imunoldgico sem depender do contato prévio com o virus (Boechat et al.,
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2021). Esta resposta € normalmente caracterizada pelo reconhecimento de RNA
viral por sensores citoplasmaticos, como por exemplo, RIG-I (do inglés, retinoic
acid-inducible gene 1), no citoplasma de células infectadas. Quando engajados,
estes sensores induzem a sintese e liberacdo de interferons do tipo | (IFN-I),
como IFN-a ou IFN-B, que atuam de modo autécrino ou paracrino, contribuindo
para o estabelecimento do “estado antiviral” (Abbas et al., 2019). Este estado &
assim denominado pois as células sinalizadas por IFN-I sintetizam enzimas que
bloqueiam a replicacdo viral, reduzindo a capacidade proliferativa do virus.
Ademais, estimulam a expressido de MHC de classe | (complexo de
histocompatibilidade principal de classe |, do inglés major histocompatibility
complex) em todas as células, o que favorece o reconhecimento das células
infectadas por linfocitos citotoxicos (CTLs CD8*, do inglés cytotoxic T
lymphocyte), um importante componente da resposta imune adaptativa contra
infecgbes virais. No entanto, no inicio da infecgao, a célula NK (célula natural
killer), também favorecida por moléculas de IFN do tipo |, atua de forma
importante no killing das células infectadas. E, por fim, além de promover efetiva
resposta antiviral, o sistema imune inato também atua na ativagdo da resposta
adaptativa, que pode reforcar a eliminagdo viral e gerar componentes de
memoria imunoldgica (Murphy, 2008). No contexto da COVID-19, pacientes
assintomaticos ou que desenvolveram quadros leves apresentaram reducido no
numero de células NK, porém esta reducao foi ainda mais significativa nos
pacientes que desenvolveram o quadro grave, sendo que a maior prevaléncia de
células NK demonstrou-se associada as infec¢oes assintomaticas (Carsetti et
al., 2020). Adicionalmente, o perfil de expressao génica de bidpsias pulmonares
post-mortem de pacientes infectados por SARS-CoV-2 demonstrou o aumento
na expressao de citocinas e quimiocinas proé-inflamatérias, porém com baixa
expressao de interferons antivirais como IFN-I e IFN-III (interferon do tipo IllI)
(Blanco-Melo et al., 2020). Nos casos leves, além de maior prevaléncia de
células NK, também foi observada menor frequéncia de mondécitos, e a razao
monocito/NK foi menor do que nos pacientes agravados (Carsetti et al., 2020).
Na imunidade adaptativa, numero mais elevados de linfécitos T foram
observados neste grupo quando comparados aos pacientes agravados (Yin et
al., 2021). E, ainda, Rodda e colaboradores (2021) demonstraram que pacientes

com quadros leves da doenga foram capazes de desenvolver e manter resposta
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imune de memoaria por pelo menos trés meses apods recuperagao. Desta forma,
estas evidéncias contribuem para a compreensao de que uma resposta imune
eficaz no inicio do quadro seja essencial para a resolucéo da infecgao.

Nos casos graves da doenca, diversas alteragdes no perfil de resposta
imunoldgica foram observadas, como redugdo na frequéncia de células NK,
aumento de mondcitos e neutrdfilos circulantes (Carsetti et al., 2020) e intensa e
persistente linfopenia (Yin et al., 2021). De acordo com Soy e colaboradores
(2020), a linfopenia grave € um sinal precoce da doenga, que tende a normalizar
com a recuperagao do paciente, sendo, portanto, um dos critérios diagnosticos
utilizados na China. Liu et al. (2020) relataram observar a presencga de linfopenia
em 44,4% dos casos leves da doenga, e em 84,6% dos casos graves. Resultado
semelhante foi relatado por Wang et al. (2020), que observaram uma redugéo
significativa na contagem de linfocitos de pacientes com quadro critico em
relagdo aos casos moderados, e uma redugao gradual no numero absoluto de
linfécitos T CD3*, T CD4*, T CD8* e linfocitos B com a progressédo grave da
doenca. Evidéncias sugerem que a linfopenia seja decorrente de apoptose
devido a verificacao da atividade de caspases em linfécitos T (André et al., 2022).
Como discutido por Wang e colaboradores (2022) estudos sugerem que o virus
SARS-CoV-2 seja capaz de invadir estas células, causando lesdo direta, e,
ainda, o excesso de citocinas e mediadores pro-inflamatérios com estimulagcao
intensa da resposta imune possa ser uma explicagao para suprimir a expansao
e a resposta de linfécitos T (Wang et al., 2022; Pontelli et al., 2022; Shen et al.,
2022).

A gravidade da doenga COVID-19 e progressdo para SRAG é
principalmente associada ao quadro de hipercitocinemia ou “tempestade de
citocinas” (Ye et al., 2020). A liberagao exacerbada de citocinas pro-inflamatoérias
em infeccbes pulmonares virais, pode causar, além de SRAG, apoptose de
células endoteliais, com consequente edema tecidual e hipdxia, desregulagao na
homeostase tecidual, e ainda, prejuizo da resposta imune de linfocitos T (Lucena
et al., 2020). Neste contexto, Diao e colaboradores (2020) observaram aumento
expressivo de citocinas como IFN-y, IL-6, TNF-a e IL-10 em pacientes com
quadro moderado, e um aumento ainda maior nos niveis destas citocinas em
pacientes com progressao grave da doenca. Desta forma, segundo Kuppalli &

Rasmussen (2020), a elevada concentracao de IL-6 e IL-10 com concomitante
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linfopenia, podem indicar que a hipercitocinemia aliada a supressao de células T
sao fatores envolvidos na patogenia da COVID-19.

Como revisado por Meyer e colaboradores (2021), de modo geral, o
excesso de citocinas, a persisténcia da inflamacao e a propria lesédo tecidual
pulmonar podem constituir estimulos capazes de promover a ativagao endotelial
local resultando no aumento de permeabilidade e edema. Este edema pulmonar
bilateral decorrente do aumento da permeabilidade dos capilares alveolares
caracteriza a SRAG, observada nos casos de COVID-19. E, ainda, a les&o
endotelial contribui para exposicdo de fatores pré-coagulantes que podem
direcionar a ativagado da cascata da coagulagao levando a eventos de trombose
microvascular, como observado em pacientes com COVID-19 (Perico et al.,
2021).

3 INTERLEUCINA-10
3.1 DESCRICAO

Citocinas sdo moléculas do sistema imune que permeiam a sinalizagao
entre células imunologicas e que podem, por exemplo, mediar o recrutamento e
ativacado celular, estimular a sintese de mediadores imunoldgicos ou ainda
causar supressao da resposta (Abbas et al., 2019). A interleucina-10 € uma
citocina que classicamente atua de forma imunorregulatéria, compondo um
mecanismo de contrabalancear a resposta imune, para que o desenvolvimento
de possiveis lesdes resultantes da resposta seja minimo, enquanto se mantém
uma resposta efetiva (Saraiva, Vieira, O’Garra, 2020).

A IL-10 foi descrita por Fiorentino e colaboradores (1989), sendo
inicialmente denominada de Fator Inibidor da Sintese de Citocinas (CSIF do
inglés, cytokine synthesis inhibitor factor) devido a observagdo de que esta
proteina era capaz de inibir a sintese de citocinas de perfil Th1 (do inglés, T
helper 1), especialmente IFN-y, sendo liberada por linfocitos de perfil Th2 (do
inglés, T helper 2) (Fiorentino, Bond, Mosmann, 1989). E constituida por 178
residuos de aminoacidos formando um homodimero (Saxton et al., 2021) e,
como revisado por Ouyang e O’Garra (2019), faz parte de uma familia de
citocinas que s&o agrupadas devido a semelhanga em sua estrutura e em vias

de transducgao de sinal utilizadas, que inclui as interleucinas -19, IL-20, IL-22, IL-
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24, IL-26 e interleucinas interferon do tipo Ill, denominadas IFN-A1, IFN-A2, IFN-
Asou IL-29, IL-28A e IL-28B, respectivamente (Ouyang, O’Garra, 2019).

Apesar de sua sintese ter sido inicialmente associada aos linfocitos de
perfil Th2 (Fiorentino, Bond, Mosmann, 1989), sua liberagdo por outras células
do sistema imune foi sendo detectada em trabalhos subsequentes, nos quais se
observou que as células produtoras desta citocina podem ser de origem mieloide
e linfoide como neutréfilos, eosindfilos, mastocitos, células dendriticas,
monaocitos e macrofagos, incluindo os residentes teciduais, linfécitos CD4",
CD8*, células B e ainda células ndo imunes, como as células epiteliais (Saraiva,
O’Garra, 2010; Ouyang, O’Garra, 2019). Sua sintese pode ser modulada por
diferentes vias a depender da célula a ser estimulada. Em macrofagos e células
dendriticas, o engajamento de receptores de reconhecimento de padrdo como
TLR4 (do inglés, Toll-like receptor 4) resulta na ativagao de fatores de transcricéo
da familia NFkB (fator nuclear kB, do inglés nuclear fator kB) capazes de interagir
com a regido génica da IL-10 promovendo sua transcricdo. Em macrofagos
derivados do bago, a proteina quinase R (PKR, protein kinase R) capaz de
reconhecer RNA dupla fita (dsRNA, double-strand RNA) também demonstrou
mediar a transcricdo de IL-10 através da ativacao de NFkB (Chakrabarti et al.,
2008). Em linfocitos, a IL-10 pode ser sintetizada por qualquer subtipo celular. O
engajamento do receptor de célula T (TCR, do inglés T cell receptor), por
exemplo, culmina na ativagao do fator de transcricao AP-1 (proteina ativadora,
do inglés activator protein-1), capaz de ativar a transcri¢gao de IL-10, no entanto,
outros fatores de transcricdo também podem atuar modulando a transcricdo
desta citocina em linfocitos, como Blimp-1 (proteina 1 de maturagao induzida por
linfécitos B, do inglés B-lymphocyte-induced maturation protein 1) e c-MAF (fator
de transcricdo fibrossarcoma musculo-aponeuroético celular, do inglés cellular
musculoaponeurotic fibrosarcoma) (Jones, Flavell, 2005; Saraiva, Vieira,
O’Garra, 2020; Neumann et al., 2014).

Apos secretada, a interleucina-10 pode atuar em macrofagos, células
dendriticas, linfocitos e em células ndo imunes, como adipdcitos (Rajbhandari et
al. 2018; Saraiva, Vieira, O’Garra, 2020). Seu receptor & formado por uma
subunidade IL10Ra, de alta afinidade, e uma subunidade IL10RB, comum a
outras citocinas da mesma familia. Apés a ligagao da IL-10 ao seu receptor, este

se torna oligomerizado, aproximando as enzimas JAK1 (do inglés, Janus kinase)
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e TyK2 (Tyrosine kinase) presentes proximas as caudas citoplasmaticas de
respectivas subunidades, IL10Ra e IL10R[B. Apds fosforilagdo se tornam ativas,
sendo capazes de recrutar a proteina transdutora de sinal e ativadora de
transcrigcdo 3 (STAT3, do inglés signal transducer and activator of transcription).
Este fator se transloca para o nucleo e leva a expressao de genes envolvidos
nas funcdes da IL-10, estimulando a expressdo de moléculas que inibem a
sintese de proteinas pré-inflamatérias (Saxton et al., 2021), e, desta forma,
contribuindo para amenizar os efeitos da inflamagé&o. De fato, foi demonstrado
que em camundongos knock-out para o gene IL10 (IL107), observou-se o
desenvolvimento de doenca inflamatéria intestinal cronica visto que a reacéo
inflamatdria a microbiota ndo era efetivamente controlada na auséncia de IL-10
(Kuhn et al., 1993).

Além de reduzir a transcrigdo e producgao de citocinas proé-inflamatérias
em células como neutréfilos e macréfagos, a IL-10 pode modular a apresentagao
de antigenos. Em mondcitos, a IL-10 pode suprimir a maturagcéo e capacidade
de apresentar antigenos as células do sistema imune adaptativo, pois provoca
reducao da expressao de moléculas de MHCII e moléculas coestimuladoras (de
Waal Malefyt et al., 1991). Em células TCD4", foi observado que a IL-10 atua
diretamente causando anergia (Groux et al., 1996).

No entanto, alguns autores discutem que pode nao ser adequado
classificar a IL-10 como citocina imunorreguladora em vista de sua atuacéao
também em funcdes estimuladoras (Mocellin et al., 2003). Em células NK, a IL-
10 parece estimular sua atividade induzindo a expressao de receptores de
ativagao (Lauw et al., 2000; Parato et al., 2002) contribuindo para a eliminagéo
do patégeno. Adicionalmente, a administragcdo de IL-10 intravenosa foi capaz de
aumentar a producao de IFN-y, granzimas e atividade de CTLs CD8+ (Saraiva
et al., 2020; Lauw et al., 2000). Desta forma, esta citocina parece apresentar um
efeito ambiguo, contribuindo para a atividade de células NK e CTLs CD8* que
cumprem mecanismos efetores na eliminagdo de patégenos. E, ainda, pode
suprimir a inflamacgao através do estimulo a reducéo da sintese de citocinas pro-
inflamatdrias, bem como reducdo da atividade de apresentacado de antigenos
das APCs (célula apresentadora de antigeno, do inglés antigen-presenting cell),

potencialmente reduzindo a ativacao de linfécitos e imunidade adaptativa.
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3.2 INTERLEUCINA-10 NA COVID-19

A SRAG, juntamente com a tempestade de citocinas, s&o caracteristicas
comuns nos casos graves de COVID-19 bem como de infecgdes por outros
coronavirus. No entanto, a elevagao dos niveis de IL-10 nos quadros agravados
€ um aspecto especial aos casos de infecgao por SARS-CoV-2, ndo tendo sido
observado em infecgbes por SARS-CoV-1 (Han et al., 2020; Huang et al., 2005).

Diversos autores relataram um aumento sustentado no nivel sérico desta
citocina, bem como da IL-6 nos casos graves em relagdo aos casos moderados
da doencga (Liu et al., 2020; Chen et al., 2020; Wang et al., 2020). Han et al.
(2020) e Zhao et al. (2020), por sua vez, apontam que as citocinas IL-6 e IL-10,
poderiam ser utilizadas como marcadores prognosticos de gravidade, visto que
suas concentracdes plasmaticas se encontram elevadas ja nos estagios iniciais
da doenca. Enquanto a IL-6 atua como uma citocina pré-inflamatéria no processo
imunoldgico, promovendo por exemplo, a diferenciagdo de mondcitos em
macréfagos (Gubernatorova et al., 2020), a IL-10 constitui importante citocina
imunorregulatéria, contribuindo para a inibicdo da apresentagcdo de antigenos
por macréfagos e supressado de células T (Pestka et al.,, 2004). Porém, na
fisiopatologia da COVID-19, o papel da IL-10 ainda nao esta completamente
elucidado.

Considerando seu papel regulatério canbnico, uma das hipdteses
sugeridas na literatura é a de que a IL-10 ¢ liberada no inicio do quadro clinico,
em estimulo a inflamacdo que comega a ser estabelecida, e, portanto, aos
mediadores inflamatérios presentes, como um mecanismo de contrabalancear o
processo inflamatério que se estabelece, e suprimir eventuais lesdes teciduais
causadas pela resposta imune (Carlini et al., 2023). No entanto, o persistente
aumento de sua concentragdo nos casos graves foi observado
concomitantemente a presenca de marcadores de exaustdo de células T,
sugerindo que esta citocina inibitéria possa estar envolvida nesta alteragao (Diao
etal., 2020). Além disto, o nivel elevado de IL-10, como ja discutido, foi associado
aos casos graves e a tempestade de citocinas com aumento de citocinas pré-
inflamatdrias, o que indica que possivelmente a IL-10 falha em regular a
producao destes mediadores (Carlini et al., 2023; Islam et al., 2021). Esta falha,

em tese, € descrita como uma possivel resisténcia a IL-10 em mondcitos e
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macrofagos, reduzindo sua capacidade de inibir a produgédo de citocinas pro-
inflamatdrias por estas células da imunidade inata (Carlini et al., 2023; Islam et
al., 2021). Esta resisténcia foi observada em condigdes de hiperglicemia in vitro
e in vivo em pacientes com diabetes mellitus tipo 2 (Barry et al., 2016), sendo
que esta condigao clinica foi associada com os casos graves da COVID-19.

Alternativamente, elaborou-se a hipotese de que a IL-10, normalmente
regulatoria, pode, na verdade, assumir papéis pro-inflamatorios no contexto da
tempestade de citocinas (Islam et al., 2021). Como discutido por Islam e
colaboradores (2021), o balango entre a atuagao regulatéria ou pré-inflamatéria
da IL-10 parece ser dependente de contexto. Atividade pro-inflamatéria ja foi
observada mediante a administracdo de IL-10 recombinante em voluntarios
saudaveis e, em outro estudo, em pacientes oncogénicos, nos quais foram
detectados niveis elevados de IFN-y e ativacao de linfocitos CD8* (Lauw et al.,
2000; Naing et al., 2018). Desta forma, o aumento sustentado na concentragcéo
da IL-10 poderia contribuir para manutencdo do estado hiperinflamatdrio
observado nos casos graves de COVID-19, levando a hiperativacédo de células
T CD8", o que poderia contribuir para a exaustao destes linfécitos observada nos
pacientes agravados (Islam et al., 2021).

Contudo, o papel exato desempenhado por esta citocina na patogenia da
COVID-19 continua em discussdo. No entanto, a elevagao nos niveis de IL-10
observado desde o inicio do quadro nos pacientes que tendem a desenvolver
COVID-19 compde, em parte, o desequilibrio na resposta imune e inflamatéria
observada na tempestade de citocinas, sendo, portanto, importante

compreender a variabilidade interindividual na expresséo de IL-10.

3.3 POLIMORFISMOS DE IL-10

A producéao de IL-10 ocorre de forma diferencial entre individuos e pode
ser influenciada por fatores ambientais e genéticos, sendo estes ultimos
associados as variagoes presentes no gene /L10. Com a finalidade de avaliar a
extensdo da influéncia genética na producdo desta citocina, Westendorp e
colaboradores (1997) analisaram e compararam amostras de irmaos gémeos. A
partir deste delineamento experimental puderam observar que esta variabilidade
esta predominantemente associada a fatores genéticos, sendo este fator,
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responsavel por até 75% das diferengas individuais na producéo de IL-10. Neste
mesmo esfor¢o, Reuss e colaboradores (2002) investigaram a expressao génica
de IL10 em linhagem celular monocitica e células totais do sangue de gémeos
homozigadticos e dizigoticos. Adicionalmente, fatores ambientais foram avaliados
como possiveis fontes de influéncia para producédo de IL-10. Desta forma, em
parcial concordancia com os dados de Westendorp e colaboradores (1997), os
autores puderam observar que ao menos 50% da variabilidade entre individuos
na producao de IL-10 pode ser explicada pela composigao genética individual, e
ainda que, fatores ambientais também podem influenciar esta variabilidade. Além
da variabilidade genética, fatores como, sexo masculino e maiores indices de
massa corporal foram associados a maior produgao de IL-10 e o habito tabagista
a menor produgéo (Reuss et al., 2002).

Considerando que ao menos 50% da variabilidade na produgéo de IL-10
pode ser influenciada pela composigao genética, torna-se importante salientar
que a regido génica da IL-10 é considerada altamente polimorfica. Desta forma,
ja foram identificados microssatélites (IL-10.R/IL-10.G) no gene IL10 (Eskdale et
al., 1995; Eskdale et al., 1996) e SNVs. Dentre as SNVs identificadas, destacam-
se -3575 T>A, -2849 G>A, -2763 C>A na regiao 5’ distal do gene (Gibson et al.,
2001) e rs1800896 (g.—1082A>G), rs1800871 (c.—819C>T) e rs1800872 (c.—
592C>A) na regido proximal do gene (Turner et al., 1997). As SNVs localizadas
na regiao proximal do gene sao mais frequentemente estudadas (Hedrich et al.,
2011), e formam blocos de haplétipos, sendo os mais comuns descritos por
Turner et al. (1997) como GCC, ACC e ATA. A presencga destes polimorfismos e
seus haplétipos esta associada a diferengas nos niveis sistémicos (Torres-
Poveda et al., 2012; Helminem et al., 2001), cervicais (Berti et al., 2017) e in vitro
de IL-10 (Turner et al., 1997).

A substituigdo da base C (citosina) por uma A (adenina) na posigao -
592C>A (rs1800872) esta associada com a produgéo diferencial de IL-10. Torres-
Poveda et al. (2012) observaram aumento nos niveis plasmaticos de IL-10 e
maior suscetibilidade ao desenvolvimento de lesdo cervical pelo papilomavirus
humano em mulheres portadoras do alelo A, enquanto Helminen et al. (2001),
Pereira et al. (2015) e Temple et al. (2003) observaram niveis elevados de IL-10
em portadores do haplétipo ATA (rs1800896, rs1800871 e rs1800872). No

entanto, outros autores apontam dados nos quais observa-se efeito contraditério,
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principalmente quando este SNV é avaliado conjuntamente as SNVs rs1800871
(C>T) e rs1800896 (A>G) formando haploétipos.

Neste contexto, o haplétipo completo ATA ou haplétipo AA, formado
apenas pelos SNVs rs1800872 e rs1800896, encontram-se normalmente
associados a baixos niveis de IL-10 enquanto o haplétipo GCC, que inclui o alelo
C do SNV rs1800872 e o alelo G de rs1800896, associa-se a niveis mais
elevados de IL-10 (Crawley et al., 1999; Hulkkonen et al., 2001; Chen et al.,
2012). Adicionalmente, Reuss (2002) e Turner (1997) descrevem ter observado
in vitro que o haplétipo GCC associa-se a maior produgao de IL-10 enquanto os
haplétipos ACC e ATA demonstram reducéo na atividade transcricional. Neste
contexto observa-se também, que apenas o alelo Ado SNV rs1800896 tem efeito
independentemente significativo em reduzir a produg¢do da citocina, enquanto o
alelo G associa-se ao aumento (Reuss et al., 2002). A presenca do alelo A
(rs1800896) confere maior afinidade de ligagao do fator de transcricao PU.1 a
regido promotora do gene IL10. Este fator atua reduzindo a transcrigdo génica,
e, desta forma, em presenca do alelo A, liga-se com mais afinidade a regido
promotora contribuindo para a redugdo da atividade transcricional do gene
(Reuss et al., 2002; Capasso et al., 2007).

Além de serem encontradas associagdes destas SNVs a producédo
diferencial de IL-10, também sio relatadas associacdes destes polimorfismos a
diversos contextos patoldgicos, incluindo quadros infecciosos (Alagarasu et al.,
2021), autoimunes (Mohammadi et al., 2019; Braga et al, 2021) e de
desenvolvimento tumoral (Bai et al., 2016; Dhouioui et al., 2024). No contexto de
Lupus Eritematoso Sistémico (LES) em iranianos, o gendtipo AA (rs1800872) foi
mais frequentemente observado nos individuos do grupo controle, sendo
também associado a menores niveis de IL-10 em relagdo ao genotipo CC, e,
portanto, foi associado ao risco reduzido de LES. O gendtipo CC (rs1800871)
demonstrou-se associado ao grupo de casos, porém sem associar-se aos niveis
da citocina. O gendtipo heterozigoto GA (rs1800896) também foi associado com
um maior risco de LES, enquanto o alelo G foi observado em associacao a niveis
elevados de IL-10 (Mohammadi et al., 2019). Em uma populagao brasileira, a
espondilite anquilosante foi associada ao alelo G e modelo dominante (AG+GG)
da SNV rs1800896, e, apesar de nao se apresentar associada aos niveis de IL-

10, os pacientes do grupo caso apresentaram niveis elevados desta citocina
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(Braga et al., 2021). No contexto das infecgdes virais, Alagarasu e colaboradores
(2021) relataram que o haplétipo GA (rs1800896 e rs1800872) foi observado em
associagao com casos fatais de influenza A (H1N1) em populagdo indiana,
apesar de nao detectarem associagao dos genotipos com os niveis da citocina.

Recentemente, alguns grupos de pesquisa avaliaram a possivel
associagao dos genotipos das SNVs rs1800872, rs1800871 e rs1800896 com a
gravidade e ou desfecho da COVID-19 em diferentes grupos étnicos, incluindo a
populagdo mexicana (Avendano-Félix et al., 2021), cazaque (Yessenbayeva et
al., 2023), italiana (Balzanelli et al., 2022), indiana (Rizvi et al., 2022) e iraniana
(Abbood et al., 2023). Dentre esses grupos populacionais, observou-se a
associagao dos genétipos AA, CC e GG (rs1800872, rs1800871 e rs1800896,
respectivamente) com o desfecho ébito em decorréncia da COVID-19 apenas na
populagao iraniana, a qual nao foi avaliada quanto a associagdo com a gravidade
da doenca. Considerando as diferengas entre estes achados, torna-se
importante que novos estudos avaliem esta associacdo para melhor
compreender o efeito destes polimorfismos da regido promotora do gene IL710 na
gravidade da COVID-19.

Até o presente momento, nao existem estudos direcionados a avaliar se
a presenca destes polimorfismos (rs1800896, A>G, rs1800871, C>T e
rs1800872, C>A) e seus haplétipos GCC, ACC e ATA esta relacionada a
gravidade da doenga COVID-19 na populacgao brasileira. Portanto, considerando
a importancia epidemiolégica do SARS-CoV-2 e a escassez de informacgdes

quanto a esta associagao, torna-se importante esta avaliacao.
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4 OBJETIVOS
4.1 GERAL

Avaliar o efeito da presenga dos SNVs g.—1082A>G (rs1800896), c.—
819C>T (rs1800871), c.-592C>A (rs1800872), e seus haplétipos (GCC, ACC e
ATA) no contexto da COVID-19 por meio da revisao de literatura e da condugao
de estudo observacional. Analisar a possivel associacdo destas SNVs com as
manifestagdes de quadro leve, moderado e grave da doenga, bem como com o
desfecho 6bito em pacientes diagnosticados com COVID-19, na cidade de

Londrina, no Parana.

4.2 ESPECIFICOS

e Realizar uma revisao narrativa acerca do efeito das SNVs localizadas na
regiao proximal do gene IL10 em infecgdes virais, com énfase na infecgcao
por SARS-CoV-2;

e Determinar o perfil sociodemografico (idade, sexo, etnia e habito
tabagista) e clinico (presenca de comorbidades) dos participantes do
estudo observacional;

e Avaliar a frequéncia dos SNVs g.—1082A>G (rs1800896), c.—819C>T
(rs1800871) e c.-592C>A (rs1800872), em pacientes com detecgéo
positiva para SARS-CoV-2;

e Realizar a inferéncia da frequéncia dos haplétipos encontrados na
populacdo amostrada;

e Verificar se ha associacao dos gendtipos, alelos e haplétipos das SNVs
investigadas aos quadros leve, moderado e grave da COVID-19;

e Verificar se ha associacdo dos genotipos, alelos e haplétipos das SNVs
investigadas ao desfecho ébito dentre os pacientes classificados como

grupo grave.
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ABSTRACT

Background: Elevated concentrations of IL-10 have been detected in coronavirus disease (COVID-19) patients
and are a possible disease severity marker. Single nucleotide variants (SNVs) and their haplotypes can be asso-
ciated with differences in IL-10 levels and with viral disease susceptibility.

Aim: Evaluate the associations of SNVs and their haplotypes in Brazilian patients with COVID-19 severity and
outcome.

Methods: In this cross-sectional and case-control study, the patients were selected from the University Hospital
of State University of Londrina (HU-UEL) (n = 367) and were subdivided into mild (n = 165), moderate
(n = 72) and severe (n = 130) groups. The DNA samples of the participants were subjected to real-time
PCR for the detection of rs1800896 (A >G), rs1800871 (C>T) and rs1800872 (C>A) genotypes. The haplo-
types were inferred with PHASE v2.1.1.

Results: The severe cases of COVID-19 were independently associated with the GG genotype (rs1800896)
(P = 0.038, OR 2.522, 95 % CI 1.053-6.038) as well as with the GCC haplotype in homozygosity
(P = 0.037, OR 2.767, 95 % CI 1.065-7.191).

Conclusion: These results showed that the GG genotype of rs1800896 or the GCC haplotype are associated with
COVID-19 severity in Brazilian patients.

1. Introduction

erbated release of cytokines and can contribute to the pathophysiology
of the disease, resulting in an impaired immune response and progres-

The clinical manifestations of coronavirus disease (COVID-19), a
pandemic disease caused by severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2), are diverse, ranging from asymptomatic to crit-
ical [1]. Severe progression is marked by the presence of
hypercytokinaemia, or a “cytokine storm”, which consists of an exac-

sion to severe acute respiratory syndrome (SARS) [2]. In this context,
high plasma concentrations of cytokines such as interferon-gamma
(IFN-y), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a) and
interleukin-10 (IL-10) are consistently observed in patients with severe
disease [3]. Additionally, it is suggested that IL-10 could be used as a
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prognostic severity marker since high levels of this cytokine are
observed in early days post-admission in patients who progress to sev-
ere disease [4-6].

Interleukin-10, a pleiotropic cytokine, is released by several cells of
the immune system and acts by reducing the immune response. IL-10
causes the suppression of monocyte and macrophage functions related
to the antigen presentation and consequently adaptive immunity acti-
vation and stimulates the reduction of the expression of pro-
inflammatory cytokines [7,8]. However, a possible pro-inflammatory
effect of IL-10 was also observed, in which the administration of
recombinant IL-10 was shown to stimulate cytotoxic lymphocyte func-
tion (T CD8 + ) [9,10].

In this context, altered and high levels of IL-10 have previously
been associated with susceptibility to certain viral diseases [11], such
as viral hepatitis [12] and fatal cases of influenza A (H1N1) infection
[13]. In COVID-19, the role of IL-10 is not yet established. One of the
hypotheses discussed by Islam and collaborators [14] and Lu and col-
leagues [15] is the possibility that the early elevation of IL-10 periph-
eral levels could be an attempt to regulate the immune response in a
negative feedback loop but the persistent exacerbated levels ends up
resulting in an opposite direction, where IL-10 can lead to a pro-
inflammatory role through the hyperactivation of CD8 + T lympho-
cytes, which could provoke an increase in IFN-y levels, worsening
the inflammatory state. This overstimulation of CD8 + T lymphocytes
over time could even contribute to the exhaustion of these cells and
impairment of antiviral response. Therefore, Lu and colleagues [15]
indicate that IL-10 contributes to COVID-19 pathophysiology and that
perhaps it could be beneficial to inhibit IL-10 activity while also regu-
lating other pro-inflammatory cytokines activity in patients.

The variability of IL-10 expression may be associated with the pres-
ence of genetic variants in regulatory regions of the gene distributed
throughout the population [16], and, in hypothesis, the presence of
certain variants could be associated with the susceptibility to
COVID-19 worse prognostics. To date, progression to severe disease
is known to be associated with factors such as advanced age and the
presence of certain preexisting comorbidities. However, considering
the role of cytokine storm in severe cases of this disease, other individ-
ual factors such as genetic variability in immune system genes, could
contribute to the diverse clinical manifestations observed in COVID-
19 patients.

Many polymorphisms have been identified in the interleukin-10
gene (IL10) flanking region, including the microsatellites IL10.R and
IL10.G [17,18] and the single nucleotide variants (SNVs) 3575
(T > A), —2849 (G > A), —2763 (C > A) [19] but the most fre-
quently studied of those polymorphisms are three SNVs in the proxi-
mal region of the gene, rs1800896 (A > G), rs1800871 (C > T) and
rs1800872 (C > A). The presence of these proximal SNVs and their
haplotypes has already been associated with differences in IL-10
levels, especially the GCC haplotype and G allele, which were associ-
ated with increased levels of this cytokine in the majority of the
research already published [16,20-27]. Additionally, these SNVs were
also associated with susceptibility to viral infections [13,28], which
strengthens the need to evaluate its possible association with
COVID-19 clinical context, a viral disease whose severe cases have
been associated with increased levels of IL-10. Therefore, recently,
research groups [29-33] have set out to evaluate whether these SNVs
are associated with severity, or the outcome of death caused by
COVID-19; however, only one study, carried out with a population
from Iran, detected this association [30].

Considering that such work [29-33] was carried out in different
ethnicities and possibly different population genetic architectures
and that, to date, there are no studies aimed at evaluating this associ-
ation in the Brazilian population, the objective of this work was to
evaluate and confirm whether the presence of these SNVs,
rs1800896 (—1082 A > G), rs1800871 (—819C > T), rs1800872
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(—592C > A) and their most frequent haplotypes, could be related
to the severity or worse outcome of COVID-19 in this population.

In this scenario, the detection of SNVs that could associate with
COVID-19 severe progression could strengthen the prognostic value
of IL-10 peripheral dosage and reinforce its potential as a biomarker
for disease worsening progression.

2. Materials and methods
2.1. Sample characterization

This cross-sectional and case-control study was approved by the
Human Research Ethics Committee of Londrina State University, pro-
tocol n° 4.204.004, CAAE: 36247920.1.0000.5231, and was carried
out in accordance with the Declaration of Helsinki.

Unrelated patients (n = 367) diagnosed with COVID-19 were
selected from the University Hospital of the State University of Lon-
drina (HU-UEL), Parand, Brazil. The selection and inclusion criteria
consisted of the detection of SARS-CoV-2 viral RNA via RT-PCR
(reverse-transcriptase polymerase chain reaction), using the Allplex™
SARS-CoV-2 Assay (Seegene Inc., Taewon Bldg., 91 Ogeum-ro,
Songpa-gu, Seoul, Republic of Korea), and the CFX96™ Real-time
PCR detection system, the availability of sociodemographic, diagnostic
and clinical data in medical record; age > 18 years; and the availability
to participate by signing of an informed consent form. Ethnicity was
self-declared.

The classification of disease severity as mild (n = 165), moderate
(n = 72) or severe (n = 130) was determined by health professionals
based on the definitions of the World Health Organization [34]. Mild
conditions were defined as patients who presented mild clinical symp-
toms without evidence of pneumonia or hypoxia. Patients in moderate
condition presented signs of nonsevere pneumonia, including cough,
fever, dyspnea and oxygen saturation > 90 % on room air. Severe con-
ditions included patients who developed severe pneumonia character-
ized by O, saturation less than 90 % in room air or a respiratory rate
greater than 30 breaths per minute, in addition to symptoms such as
cough, dyspnea and fever. Critical patients characterized by worsening
severe pneumonia and the presence of SARS were included in the sev-
ere group.

The mild group was considered as the control group, whereas the
moderate and severe groups were defined as the case groups. A second
classification was carried out exclusively for patients in the severe
group, which considered the outcome, death (n = 66) as the case
group and recovery (n = 64) as the control group.

2.2. Sample collection and DNA extraction

Peripheral blood samples were collected in sterile syringes contain-
ing EDTA between March and October 2020 and subjected to extrac-
tion of genetic material using a resin column (Biopur, Biometrix,
Curitiba, Brazil) according to the manufacturer's instructions. The
DNA concentration was measured by spectrophotometry using a Nano-
Drop 2000c® instrument (Thermo Fisher Scientific) at 260 nm, and the
purity was assessed using the 260/280 ratio; the DNA was stored at
—20 °C until use. Genotyping and haplotype analysis were performed
between 2022 and 2023 as described below.

2.3. IL10 SNVs genotyping and haplotype inference and inheritance models
definition

Genotyping of IL10 SNVs was performed by real-time PCR using
on-demand assays with TaqMan probes (C_1747363_10,
C_1747362_10 and C_1747360_10) and MasterMix from Applied
Biosystems, Thermo Fisher Scientific, using StepOne equipment from
the same company. PCR was performed as described in the manufac-
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turer's manual. Allele calling for the SNV rs1800896 (NG_012088.1:
g.3943 A > G), rs1800871 (NG_012088.1: g.4206 T > C) and
rs1800872 (NG_012088.1: g.4433 A > C) was performed automati-
cally, plate by plate, using Step-One software version 2.1. No template
control (NTC) was used in all the reactions. Throughout the analysis,
randomly chosen samples were subjected to repeated genotyping to
verify the reproducibility of the assay.

The inference of haplotypes formed between the alleles of IL10
SNVs was performed using PHASE software version 2.1.1 [35,36].
The linkage disequilibrium (LD) analysis between IL10 SNVs was per-
formed using Haploview software version 4.2 [37], calculating D', r2,
and LOD scores to quantify the strength of LD. The definition of the
inheritance models for statistical analysis was done considering the
variant allele of each SNV. The allele considered in rs1800896
(A > G) was the G allele, whereas the T and A alleles of rs1800871
(C > T) and rs1800872 (C > A), respectively, were used for analysis.

2.4. Statistical analysis

The Hardy—Weinberg equilibrium (HWE) of all groups was assessed
using Pearson's chi-square test. The Pearson chi-square test (x2) was
also performed to verify differences in the distribution of frequencies
of genotypes, haplotypes and sociodemographic characteristics
between the groups and to evaluate possible associations between
variables and the severity or outcome of COVID-19. When the
expected frequency was less than 5, Fisher's exact test was used instead
of Pearson's chi-square test. The Bonferroni correction was used as a
post hoc test to avoid false-positive findings (type I error) resulting
from multiple comparisons.

Multivariate logistic regression (forced entry method) was then
used to control confounding factors and to predict independent associ-
ations between genotype or haplotype models (explanatory variables)
and groups of cases (dependent variables) through the estimation of
adjusted odds ratios (ORs) and 95 % confidence intervals (Cls). Using
the “common cause” method of selection of covariates, sociodemo-
graphic and clinical data previously associated in the scientific litera-
ture with COVID-19 severity such as age, sex and presence of
comorbidities (systemic arterial hypertension, diabetes mellitus,
chronic obstructive pulmonary disease, chronic kidney disease and
heart disease) [38,39] were considered as a possible source of bias
and therefore treated as confounder factors in logistic regression
analysis.

Categorical variables are expressed as the absolute number (n) and
percentage (%), and all tests were two-tailed, with a p value
(P) < 0.05 considered to indicate statistical significance. All the above
statistical analyses were performed using SPSS Statistics 22.0 software
(SPSS, Inc., Chicago, IL, USA).

The statistical power of the genetic associations evaluated was cal-
culated using the online Genetic Association Study (GAS) Power Calcu-
lator (Sponsored by University of Michigan School of Public Health
Department of Biostatistics Center for Statistical Genetics), considering
number of cases and controls, significance level (0.05), disease model
(dominant or recessive), disease prevalence of 0.03 for Brazilian pop-
ulation of Parana State at 2020 [40], disease allele frequency of the
SNV evaluated and genotype relative risk.

The reporting of this study was based on the guideline STrengthen-
ing the REporting of Genetic Association studies (STREGA) [41].

3. Results
3.1. Sociodemographic and clinical characteristics of COVID-19 patients

The 367 study participants were classified into three groups,
namely, mild (n = 165), moderate (n = 72) or severe (n = 130),
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according to the clinical condition of the disease. In this study, the fre-
quency of male participants (51 %) was similar to that of female par-
ticipants (49 %). Patients who declared themselves to be Caucasian
were the most common participants in the present study (77.8 %),
while the other declared ethnicities accounted for 22.2 % of the partic-
ipants. When evaluating the distribution of participants among the dif-
ferent clinical conditions, no significant difference was observed
(p > 0.05), indicating a homogeneous distribution of different ethnic-
ities among the groups. There was no significant difference in the fre-
quency of smokers or ex-smokers between the groups evaluated
(p > 0.05) (Supplementary Table 1).

To assess whether the factors mentioned above are independently
associated with severe cases of the disease, the adjusted odds ratio
was calculated for confounding factors, including sex, age and the
presence of comorbidities such as systemic arterial hypertension, dia-
betes mellitus, chronic obstructive pulmonary disease, chronic kidney
disease and heart disease. The results in Supplementary Table 2
demonstrate that the chances of developing severe COVID-19 increase,
independent of other factors, with increasing age. In the population
evaluated, patients aged between 50 and 59 years and individuals
aged 80 years old or higher are approximately 6.65 times and 35.33
times, respectively, more likely to develop severe COVID-19 than indi-
viduals aged up to 39 years (p < 0.001). Male patients were 2.02
times more likely to suffer from the moderate form of the disease than
female patients were (p = 0.030); however, when the odds were
adjusted, the regression analysis did not reveal a significant difference
in the group of severe patients, despite demonstrating this tendency
(p = 0.055). Among the comorbidities associated with severe cases
in this study, diabetes mellitus was independently associated with
severity (p = 0.006), as was chronic kidney disease (p = 0.046). How-
ever, the presence of systemic arterial hypertension was not found to
be an independent factor (p > 0.05).

3.2. IL10 SNVs and COVID-19 severity

The genotyping of the evaluated loci was successful in 99.45 %
(n = 365) of the samples. Considering this number of samples, a sta-
tistical power of 80 % was observed for the inheritance models tested
for rs1800872 (C > A) and rs1800871 (C > T). Regarding rs1800896
(A > G), a number of samples of approximately 370 would reach 80 %
of statistical power for the models tested.

The distributions of the frequencies of the IL10 SNVs rs1800896
(A > G), rs1800871 (C > T) and rs1800872 (C > A) followed the
Hardy-Weinberg equilibrium (HWE) in all groups (p > 0.05), as can
be seen in Supplementary Table 3. The rs1800872 (C > A) and
rs1800871 (C > T) SNVs presented an identical frequency distribution
of alleles and genotypes, which is consistent with the results of linkage
disequilibrium analysis (D’ = 1.0, r2 = 1.0, LOD = 159.38; Table S4,
Fig. S1), indicating 100 % linkage disequilibrium.

The distributions of the frequencies of the alleles and genotypes are
shown in Supplementary Table 5, and when compared between
groups, no association with disease severity was found (p > 0.05)
for any of the SNVs evaluated. However, adjustment for confounding
factors was performed to evaluate the independent effect of genotype
on the severity and outcome of the disease, since other factors inherent
to the sample could interfere with the visualization of this effect. The
factors considered for adjustment were age, sex and the presence of
comorbidities such as systemic arterial hypertension, diabetes melli-
tus, chronic kidney disease, chronic obstructive pulmonary disease
and heart disease. As shown in Table 1, with the adjusted data, the
GG genotype, in the recessive model of the SNV rs1800896 (A > G),
was shown to be associated with the group of individuals who devel-
oped severe COVID-19 and may contribute to increasing the chance of
developing severe disease by 2.5 times on average (P = 0.038, OR
2.522, 95 % CI 1.053-6.038).
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Table 1
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Association of IL10 rs1800896 (A > G), rs1800871 (C > T) and rs1800872 (C > A) models and genotypes with COVID-19 severity through adjusted multinomial

logistic regression.

COVID-19
Moderate Severe

Genotypes IL10 Adj OR (CI95 %) Adj P-value Adj OR (CI95 %) Adj P-value
rs1800896

Additive

AA Reference Reference

AG 1.039 (0.526-2.054) 0.912 0.895 (0.479-1.671) 0.727

GG 1.684 (0.603-4.703) 0.320 2.374 (0.929-6.064) 0.071
Dominant

AA Reference Reference

AG + GG 1.142 (0.596-2.189) 0.689 1.099 (0.609-1.985) 0.753
Recessive

AA + AG Reference Reference

GG 1.648 (0.637-4.267) 0.303 2.522 (1.053-6.038) 0.038
rs1800871

Additive

CcC Reference reference

CT 1.215 (0.617-2.390) 0.573 1.241 (0.667-2.310) 0.496

TT 1.349 (0.500-3.639) 0.554 1.386 (0.565-3.400) 0.475
Dominant

CcC Reference reference

CT + TT 1.243 (0.653-2.364) 0.507 1.272 (0.706-2.293) 0.423
Recessive

CC + CT Reference reference

TT 1.213 (0.484-3.038) 0.681 1.230 (0.538-2.814) 0.623
151800872

Additive

CcC Reference reference

CA 1.239 (0.630-2.435) 0.535 1.261 (0.678-2.345) 0.464

AA 1.377 (0.511-3.713) 0.527 1.410 (0.575-3.457) 0.453
Dominant

cc Reference reference

CA + AA 1.268 (0.667-2.409) 0.469 1.293 (0.718-2.329) 0.392
Recessive

CC + CA Reference reference

AA 1.225 (0.489-3.071) 0.665 1.241 (0.542-2.840) 0.610

Adjusted multinomial logistic regression analysis for: age, sex, systemic arterial hypertension, diabetes mellitus, chronic obstructive pulmonary disease, chronic
kidney disease and heart disease. Reference: mild group. Significance level adopted of p < 0.05. OR= Odds Ratio; CI = confidence interval; adj = adjusted. (SPSS

Inc., Chicago, Illinois, USA).

3.3. IL10 SNVs haplotype and COVID-19 severity

Haplotype information was inferred from the observed genotypes
of the SNVs rs1800896 (—1082 A > G), rs1800871 (—819C > T)
and rs1800872 (—592C > A), resulting in three haplotypes common
to this population, ATA, GCC and ACC, as can be seen in Supplemen-
tary Table 5. When comparing the distribution of haplotype frequen-
cies between case and control groups, no significant association was
found (p > 0.05).

However, Table 2 demonstrates that when evaluating possible
models of haplotype inheritance in the multinomial regression
adjusted for confounding factors, the GCC haplotype, in homozygosity,
was shown to be associated with aggravated cases of the disease and
may contribute to increase the chance of developing severe COVID-
19 by approximately 2.8 times compared to haplotype combinations
formed only by ATA or ACC (P = 0.037, OR 2.767, 95 % CI 1.065—
7.191).

3.4. Association of IL10 SNVs genotypes and haplotypes and COVID-19
outcome

The associations of the SNVs were also evaluated with disease out-
come including patients with severe disease who were subdivided
according to the occurrence of death (n = 66) or recovery
(n = 64); the latter subgroup included those patients who were

discharged and therefore was used as the reference group in logistic
regression analysis (Table 3). Tables 3 and Supplementary Table 5
show that none of the IL10 SNVs analyzed regarding the distribution
of alleles, genotypes or haplotypes were associated with the outcome
of death in patients with COVID-19 (p > 0.05), even when adjusted
analysis was performed.

4, Discussion

We proposed to evaluate whether the single nucleotide variants
rs1800896 (A > G), rs1800871 (C > T) and rs1800872 (C > A) of
IL10 are associated with severe cases of COVID-19 or the worst out-
come, death, in the Parana population, south of Brazil. An admixture
population is found in Brazil, being the south region composed pre-
dominantly of European genomic ancestry [42]. To the best of our
knowledge, this is the first study to investigate this association in a
Brazilian sample, and we observed that the GG genotype of
rs1800896 (1082 A > G) and the GCC haplotype are independently
associated with severe cases of this disease.

In this work, the observed frequency of alleles and genotypes of
both SNVs rs1800872 (C > A) and rs1800871 (C > T) were identical,
indicating complete linkage disequilibrium between these loci, which
was confirmed by the linkage disequilibrium analysis. This disequilib-
rium was also found in other clinical contexts in Caucasian populations
from different countries [43]. Therefore, these SNVs together with
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Table 2
Association of haplotype models of IL10 rs1800896 (A > G), rs1800871 (C > T) and rs1800872 (C > A) SNVs with COVID-19 severity.
COVID-19
Mild Moderate Severe
Haplotypes IL10 N % N % Adj OR Adj P-value N % Adj OR Adj P-value
(CI95 %) (CI95 %)
ATA
Others 71 43.3 28 38.9 Reference 47 36.4 Reference
ATA/ATA 23 14 10 14.1 1.377 (0.511-3.713) 0.527 20 15.5 1.410 (0.575-3.457) 0.453
ATA/GCC + ACC 70 42.7 34 47.2 1.239 (0.630-2.435) 0.535 62 48.1 1.261 (0.678-2.345) 0.464
GCC
Others 68 41.2 27 38 Reference 55 42.3 Reference
GCC/GCC 15 9.1 10 14.1 1.879 (0.664-5.315) 0.234 21 16.2 2.767 (1.065-7.191) 0.037
GCC/ACC + ATA 82 49.7 34 47.9 1.022 (0.517-2.020) 0.950 54 41.5 0.883 (0.472-1.651) 0.697
ACC
Others 78 47.3 41 56.9 Reference 78 60.0 Reference
ACC/ACC 15 9.1 5 6.9 0.378 (0.109-1.303) 0.123 11 8.5 0.392 (0.137-1.122) 0.081
ACC/GCC + ATA 72 43.6 26 36.1 0.690 (0.354-1.343) 0.274 41 31.5 0.515 (0.276-0.960) 0.037

Adjusted multinomial logistic regression analysis for: age, sex, systemic arterial hypertension, diabetes mellitus, chronic obstructive pulmonary disease, chronic
kidney disease and heart disease. Reference: mild group. Significance level adopted of p < 0.05, represented by values in bold. OR = Odds Ratio; CI = confidence

interval; adj = adjusted. (SPSS Inc., Chicago, Illinois, USA).

rs1800896 (A > G) form three main haplotypes in the Caucasian pop-
ulation, which were predominant in this study: GCC, ACC and ATA
[16].

The frequency of the A allele of SNV rs1800872 (C > A) and the T
allele of rs1800871 (C > T) was 37.1 %, which agrees with the fre-
quency reported for the Latin American population 2 in the National
Center for Biotechnology Information database (NCBI, A = 0.36 and
T = 0.37). No significant associations were found between alleles or
genotypes of either SNV and severe cases of COVID-19 or the worst
outcome of the disease. This result is consistent with the findings of
Avendafio-Felix and collaborators [33], who evaluated the association
between the rs1800872 (C > A) and rs1800871 (C > T) SNVs and the
severity or outcome of COVID-19 in the Mexican population (Latin
American) and did not observe statistical significance for either of
the SNVs.

These SNVs, rs1800872 (C > A) and rs1800871 (C > T), were
already associated with other viral diseases as fatal cases of influenza
A (H1N1) virus (GC haplotype p = 0.041; GA haplotype p = 0.005)
[13], HPV infection (rs1800872 A allele, p < 0.001) [28] and even
with a greater risk of death in Iranian COVID-19 patients
(rs1800872 AA genotype and rs1800871 CC genotype, p < 0.0001)
[30]. However, this association with severity or outcome was not
found in our work.

This contradiction, especially when comparing our results with Ira-
nian COVID-19 patients [30], may arise from factors such as differ-
ences in the experimental design of each analysis, in the definition
of groups, in the sample size and in the presence of differences in
the genetic architecture existing between populations of diverse eth-
nicities and, consequently, from differences in the allelic distribution
of these loci [44].

Additionally, it is known that the IL10 gene expression is a complex
regulated process which involves different pathways and transcription
factors according to the IL-10 producing cell type and stimulus [45]
and the detection of the effects of these SNVs, especially regarding
its association with lower or higher gene transcription, can vary
according to the cell type evaluated and even the stimulus used
[46]. Although we did not measure IL10 expression in this research,
it could be possible to hypothesize that this variation in the observed
effects of the SNVs in IL10 gene could also be seen in different clinical
contexts, with different etiological agents and pathophysiological
background.

Results of in vitro studies with monocytic cells, designed to investi-
gate the influence of the SNVs rs1800896 (A > G), rs1800871 (C > T)
and rs1800872 (C > A) on the IL-10 production, demonstrated a sig-

nificant effect on altering gene expression only by rs1800896 (A > G),
when the presence of the G allele in the haplotype GCC increased the
transcription activity of the gene compared with ACC (p = 0.042) and
ATA (p = 0.0026) haplotypes [16]. In agreement, the presence of the
GCC haplotype and G allele was observed to be associated with high
levels of IL-10 in most of the research that analyzed these SNVs
[16,20-27].

Considering the rs1800896 (A > G) SNV, it was expected that the
homozygous GG genotype or G allele would be associated with severe
cases of COVID-19 disease. In line with this expectation, in this study,
the GG genotype was observed more frequently in the severe and mod-
erate groups than in the mild group, with 16.2 %, 13.9 % and 9.2 %,
respectively. However, no significant differences were initially found
using the chi-square test when the alleles and genotypes in the differ-
ent additive, dominant and recessive models were evaluated for their
association with severe cases of the disease or outcome. In contrast,
when possible confounding factors were considered and adjusted,
through multinomial logistic regression, it was possible to observe
an association of the GG genotype in the recessive model with the sev-
ere group of the disease, whose presence could contribute to an aver-
age increase of 2.5 times the chance of this genotype carriers
developing severe COVID-19.

Although the haplotype frequency distribution analysis did not
reveal a significant difference between the groups, when evaluated
for possible inheritance models adjusted for confounding factors, indi-
viduals with the GCC haplotype in homozygosity, that is, in the pres-
ence of two G alleles, were more strongly associated with severe
cases than those who do not had any GCC haplotype. In the same
direction as our findings, in the Iranian population, it was observed
that among all patients with COVID-19 evaluated, those carrying the
GG genotype had a greater risk of death [30]. In this sense, it is possi-
ble to explain these results considering the work of Reuss and collab-
orators [16], who observed an association between the GCC haplotype
and a higher transcriptional level of IL-10, in detriment of the ACC and
ATA haplotypes. Importantly, the authors detected that environmental
factors such as sex, smoking habit and body mass index (BMI) also
affect the production of IL-10, demonstrating that the effect of
rs1800896 (A > G) may be camouflaged or superimposed by other
environmental factors that may also influence cytokine levels.
Although we did not measure cytokine levels, we could observe that
the association between the GG genotype and the GCC haplotype for
severe cases of COVID-19 was observed in this work only after statis-
tical corrections were made for possible confounding environmental
factors, such as sex, age and comorbidities.
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Table 3

Association of IL10 models and genotypes of rs1800896 (A > G), rs1800871
(C > T) and rs1800872 (C > A) with the outcome of COVID-19 using adjusted
binary logistic regression.

Outcome
Death

Genotypes IL10 Adj OR (CI95 %) Adj P-value
151800896
Additive

AA Reference

AG 0.958 (0.409-2.243) 0.922

GG 0.666 (0.192-2.309) 0.522
Dominant

AA Reference

AG + GG 0.883 (0.394-1.978) 0.762
Recessive

AA + AG Reference

GG 0.685 (0.214-2.166) 0.516
rs1800871

Additive

CcC Reference

CT 1.712 (0.728-4.028) 0.218

TT 1.179 (0.358-3.885) 0.787
Dominant

CcC Reference

CT + TT 1.564 (0.699-3.501) 0.277
Recessive

CC + CT Reference

TT 0.875 (0.293-2.616) 0.811
rs1800872
Additive

CcC Reference

CA 1.712 (0.728-4.028) 0.218

AA 1.179 (0.358-3.885) 0.787
Dominant

CC Reference

CA + AA 1.564 (0.699-3.501) 0.277
Recessive

CC + CA Reference

AA 0.875 (0.293-2.616) 0.811

Haplotype IL10
ATA

Others Reference

ATA/ATA 1.179 (0.358-3.885) 0.787

ATA/GCC + ACC 1.712 (0.728-4.028) 0.218
GCC

Others Reference

GCC/GCC 0.681 (0.196-2.361) 0.544

GCC/ACC + ATA 0.997 (0.424-2.342) 0.994
ACC

Others Reference

ACC/ACC 0.330 (0.070-1.547) 0.159

ACC/GCC + ATA 2.254 (0.922-5.510) 0.075

Adjusted binary logistic regression analysis for: age, sex, systemic arterial
hypertension, diabetes mellitus, chronic obstructive pulmonary disease, chronic
kidney disease and heart disease. Reference: recovered group. Significance level
adopted of p < 0.05, represented by values in bold. OR= 0dds Ratio;
CI = confidence interval; adj = adjusted. (SPSS Inc., Chicago, Illinois, USA).

IL-10 production is normally stimulated after immune system acti-
vation by infective agents in a regulatory effort to prevent tissue
lesions derived from the immune response [8]. However, in severe
cases of COVID-19, this release is exacerbated and accompanied by a
cytokine storm, likely contributing to an impaired immune response,
as it is known that IL-10 can reduce the activity of antigen-
presenting cells (APCs) by downregulating the expression of costimu-
latory proteins and MHC, both of which are important components of
lymphocyte activation and the adaptive immune response [47]. As dis-
cussed above, the G allele of rs1800896 (—1082 A > G) SNV was pre-
viously established to increase the expression of IL-10. This could
explain the association between the GG genotype of the rs1800896
(—1082 A > G) SNV and the GCC haplotype and the severe cases of
COVID-19 found in this work.

Human Immunology 86 (2025) 111261

This research has limitations such as the lack of cytokine dosage
and lack of a healthy uninfected group. Regarding the first issue,
although the IL-10 protein levels could potentially enhance under-
standing of the functional impact of the variants evaluated here, the
findings presented provide valuable insights into the genetic predispo-
sition to severe COVID-19 and complement the broader understanding
of its role in COVID-19 pathophysiology. It is important to note that
elevated IL-10 levels in COVID-19 patients and their association with
disease severity have already been reported in the literature
[5,48,49]. However, correlating IL-10 levels with SNVs and disease
severity would be an important addition to the scientific literature
and should be considered in future studies. The lack of a healthy unin-
fected or exposure-resistant control group is explained considering our
study's focus on disease severity rather than infection susceptibility.
Our reference group consisted of infected individuals with mild symp-
toms, compared to those who developed moderate or severe disease.
The inclusion of an exposure-resistant control group would not align
with our study's primary aim and would require a different research
design.

Nevertheless, the present study has several strengths, such as the
haplotype analysis including three important SNVs from the proximal
flanking region, a statistical power of 80 % and a robust statistical
analysis adjusted for confounding factors, which allowed us to observe
rs1800896 (A > G) GG and the GCC effect. Furthermore, to the best of
our knowledge, this is the first reported work evaluating these SNVs in
a Brazilian sample. Therefore, considering the prominence of IL-10,
which is a prognostic marker for the severity of COVID-19, this work
is important because of the influence of variants in the proximal flank-
ing region of the IL10 gene, rs1800896 (A > G), rs1800871 (C > T)
and rs1800872 (C > A), as well as their haplotypes, on the severity
and outcome of COVID-19.

Overall, the results of this study demonstrated that, in the Brazilian
population, the IL-10 SNVs rs1800872 (C > A) and rs1800871
(C > T) are not associated with severe cases or death from COVID-
19. However, the GG genotype of rs1800896 (A > G) and the homozy-
gous GCC haplotype were associated with severe cases of the disease
after confounding factors such as sex, age and the presence of comor-
bidities were considered in the analysis. These results could reinforce
the use of IL-10 as a prognostic marker for disease worsening progres-
sion in COVID-19 patients, enabling the detection of rs1800896
(A > G) SNV together with IL-10 cytokine dosage to a more accurate
prognostic.
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Supplementary material

Supplementary Table 1. Sociodemographic parameters and smoking habits of patients with COVID-19

COVID-19 Outcome
Mild Moderat Severe p- Recovere Death p-
e value d value
Variable
(n=165) (n=72) (n=130) (n=64) (n=66)
% N % N % N % N %
N
Sex Female 98 594 28 389 54 41. 28 438 2 39.
6 4
0.002 0.614
Male 67 406 44 611 76 58. 36 563 4 60.
5 0 6
18t039 82 497 8 111 7 5.4 7 115 0 0.0
Age 40t049 27 164 16 222 11 85 9 148 2 30
50to59 26 158 14 194 22 16. 1 18.0 1 15.
9 0
60to69 13 7.9 11 153 25 19. 13 213 1 18.
2 <0.00 0.001
2 2
1
70to 79 10 6.1 11 153 29 22. 12 197 1 25.
3 7 8
280 7 4.2 12 16.7 36 27. 9 148 2 37.
7 5 9
Ethnicity Caucasi 13 794 56 80.0 96 74. 0525 48 75 4 74, 0.921
an 1 4 9 2
No 34 206 14 20.0 33 25 16 25 1 25.
caucasia 6 7 8

n

Yes 3 1.8 6 83 4 3.1 0.054* 4 63 0 00 0.056

) No 16 98.2 66 917 12 96. 60 938 6 100
Smokin 2 6 9 6
g habit
Ex- 8 4.8 7 9.7 12 9.2 0.249 7 109 5 76 0.508
smoker

Analysis using the two-tailed Chi-square test (X?) or Fisher's Exact Test*. P<0.05 was adopted as the level
of significance, represented by values in bold (SPSS Inc., Chicago, lllinois, USA).

Supplementary Table 2. Strength of association of demographic parameters and presence of comorbidities with
COVID-19 severity
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Demographic
characteristics

Moderate

COVID-19

Severe

and comorbidities Wald adj OR (CI95%) adj p- Wald adj OR (CI95%) adj p-
value value
Age (years)
18 to 39 Reference reference
40to 49 9.964  5.053 (1.848 — 13.818)  0.002 5.818 3.795 (1.284 — 11.215) 0.016
50 to 59 6.424  3.796 (1.353 — 10.650)  0.011 13.714 6.654 (2.440 — 18.142)  <0.001
60 to 69 6.817  4.831(1.481-15.757) 0.009 20.592 12.521 (4.203 — 37.299) <0.001
70t0 79 8.020 5.899 (1.727 —20.148) 0.005 26.692 19.060 (6.230 — 58.313)  <0.001
280 11.574 9.554 (2.603 — 35.069) 0.001 33.914 35.327 (10.643 — <0.001
117.254)
Sex
Female Reference reference
Male 4.684 2.024 (1.069 — 3.833)  0.030 3.671 1.765 (0.987 — 3.156) 0.055
Comorbidities
SAH
No Reference reference
Yes 3.684 2.081(0.985-4.399) 0.055 0.502 1.280 (0.647 — 2.534) 0.479
DM
No Reference reference
Yes 1.052 1.581 (0.659 —3.796)  0.305 7.572 2.964 (1.367 — 6.426) 0.006
COPD
No Reference reference
Yes - - - - - -
CKD
No Reference reference
Yes 6.879  6.330 (1.594 — 25.136) 0.009 3.974 3.932 (1.023 - 15.107) 0.046
Heart Diseases
No Reference reference
Yes 3.867 0.336 (0.114 —0.996)  0.049 0.005 0.970 (0.427 — 2.207) 0.943

Adjusted multinomial logistic regression analysis for: age, sex, systemic arterial hypertension, diabetes mellitus, chronic
obstructive pulmonary disease, chronic kidney disease and heart disease. Reference: mild group. Significance level
adopted of p<0.05, represented by values in bold. OR= Odds Ratio; Cl= confidence interval; adj=adjusted. (SPSS Inc.,
Chicago, lllinois, USA). SAH= Systemic Arterial Hypertension; DM= Diabetes Mellitus; COPD= Chronic Obstructive
Pulmonary Disease; CKD= Chronic Kidney Disease.
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Supplementary Table 3. Hardy-Weinberg Equilibrium analysis of the SNVs rs1800896 (A>G), rs1800871
(C>T) and rs1800872 (C>A) of /IL10 according with the severity and outcome of COVID-19

COVID-19 Outcome
SNV IL10 Mild Moderate Severe Recovered Death
X2 P- X P- Xz P- X2 P - X2 P-
value 2 value value value value
rs1800896 0,856 0,651 O 1 0,812 0,666 1,19 0,550 0,033 0,983
rs1800871 0,327 0,849 ©0 1 0 1 0,582 0,748 0,512 0,774
rs1800872 0,327 0,849 O 1 0 1 0,582 0,748 0,512 0,774

Analysis using the two-tailed Chi-square test (X?). P<0.05 was adopted as the level of significance,
represented by values in bold (SPSS Inc., Chicago, lllinois, USA).

Supplementary Table 4. Summary of linkage disequilibrium (LD) metrics.

L1 L2 D' LOD r? Cl-low Cl-high Dist (bp) T-int
rs1800872 rs1800871 1.0 159.38 1.0 0.99 1.0 227 200.34
rs1800872 1800896 1.0 40.96 0.327 0.95 1.0 490 -
rs1800871 51800896 1.0 40.53 0.327 0.95 1.0 263 81.49

Analysis of linkage disequilibrium (LD). D' (measure of LD completeness), LOD score (logarithm of odds for
LD significance), r? (correlation measure), Cl-low and Cl-high (lower and upper bounds of the confidence
intervals for D', physical distance between SNPs (in base pairs), and transmission intensity (T-int).

—

rs1800872
rs1800871
s1800896

Block 1 {0 kb)
1 2

Figure S1. Linkage disequilibrium (LD) plot among the three SNPs analyzed (rs1800872, rs1800871, and
rs1800896). The plot was generated using Haploview (Barrett ef al., 2005). SNPs are represented at the
top, and the red diamonds indicate LD metrics between pairs of loci. High D' values and strong LD are
indicated by darker red shades.
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Supplementary Table 5. Association of genotypes and haplotypes of the SNVs rs1800896 (A>G), rs1800871 (C>T) and

rs1800872 (C>A) of /IL10 with the severity and outcome of COVID-19

COVID-19 Outcome
Genotype IL10 Mild Moderate Severe P- Recovered Death P-
value value
(n=163) (n=72) (n=130) (n=64) (n=66)
N % N % N % N % N %
rs1800896
Codominant AA 68 417 28 389 56 431 0.377 25 391 31 470
AG 80 491 34 472 53 40.8 25 391 28 424 021
GG 15 92 10 139 21 16.2 14 219 7 103
Dominant AA 68 417 28 387 56  43.1 0.846 25 391 31 47.0 0.363
GG+AG 95 583 44 613 74  56.9 39 609 35 53.0
Recessive AA+AG 148 90.8 62 86.1 109 83.8 0.191 50 781 59 894 0.081
GG 15 9.2 10 139 21 16.2 14 219 7 106
Alleles A 216 663 90 625 165 63.5 0.665 75 58.6 90 682 0.108
G 110 337 54 375 95 36.5 53 414 42 318
rs1800871
Codominant cCc 70 429 28 389 48 369 0.877 28 438 20 303 0.233
CT 70 429 34 472 62 477 26 406 36 545
TT 23 141 10 139 20 154 10 156 10 15.2
Dominant cC 70 429 28 389 48 369 0.566 28 438 20 303 0.112
CT+TT 93 571 44 611 82  63.1 36 56.3 46 69.7
Recessive CC+CT 140 859 62 86.1 110 84.6 0.940 54 844 56 84.8 0.940
TT 23 141 10 139 20 154 10 156 10 152
Alleles C 214 649 90 625 158 60.8 0.590 82 640 76 576 0.284
T 116 351 54 375 102 39.2 46 36.0 56 424
rs1800872
Codominant cC 70 429 28 389 48 369 0.877 28 438 20 303 0.233
CA 70 429 34 472 62 477 26 406 36 545
AA 23 141 10 139 20 154 10 156 10 15.2
Dominant cC 70 429 28 389 48 369 0.566 28 438 20 303 0.112
AA+CA 93 571 44 611 82  63.1 36 56.3 46 69.7
Recessive CC+CA 140 859 62 86.1 110 84.6 0.940 54 844 56 84.8 0.940
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AA 23 141 10 139 20 154 10 156 10 15.2
Alleles 214 649 90 625 158 60.8 0.590 82 640 76 576 0.284
A 116 351 54 375 102 392 46 36.0 56 424
Haplotypes
IL10
GCC 13 342 54 375 95  36.3 53 414 42 318
ACC 101 30.6 36 250 64 244 0.488 29 227 34 258 0.273
ATA 116 352 54 375 103 393 46 359 56 424

Analysis carried out using the two-tailed Chi-square test (X?), with p<0.05 being adopted as the level of significance (SPSS Inc.,

Chicago, lllinois, USA).
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Abstract

Interleukin-10 (IL-10) is considered a regulatory cytokine because it can suppress
or stimulate the activity of several types of immune cells. In this context,
disturbances in the regulation of this cytokine may be related to several
pathological contexts. Thus, genetic variants that regulate the expression of this
gene may also be associated with various clinical conditions. SNVs rs1800896
(A>G), rs1800871 (C>T) and rs1800872 (C>A), of the upstream region of the
IL10 gene have been extensively studied regarding their possible contribution
and association with viral diseases. However, some results in genetic association
studies have proven contradictory in the literature, making it necessary to
synthesize the knowledge generated to date in this field of knowledge. Although
promising, the use of these SNVs as biomarkers should be preceded by further
studies, including larger haplotypes and systematic reviews, deepening the
understanding about its effects in each viral disease, including COVID-19.

Key-words: COVID-19; rs1800890; IL10.G; IL10.R; viral infections

1. Introduction
Genetic variants are modifications in the deoxyribonucleic acid (DNA)
sequence compared to a reference sequence (Den Dunnen et al., 2016) Among
the types of existing variants, the single nucleotide variations (SNV) are the most
frequent in the human genome. Depending on where this change occurs, different
molecular consequences are triggered. The presence of variants in coding
regions of the gene can lead to changes in the codon in the transcribed

messenger ribonucleic acid (MRNA) molecule, resulting in the exchange of an
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amino acid in the peptide chain (missense variant), or in the maintenance of the
same amino acid (synonymous variant), in the premature stop of protein
synthesis (nonsense variant) or in the alteration of the codon reading frame
(frameshift variant). Variants in regulatory /oci or promoter regions do not lead to
changes in the peptide chain sequence but can lead to increased or reduced
gene expression and therefore, possibly, the amount of protein synthesized
(Marian, 2020).

Several variants have been identified in the IL70 gene, including variants
in intronic regions and in the 3' untranslated region (3'UTR). Other variants have
been identified upstream of the gene, in potentially regulatory regions, which
could therefore interfere with the binding of transcription factors (TF) to DNA, and
consequently, with gene expression (Lambert et al., 2018; Marian, 2020).

Interleukin-10 (IL-10) is considered a regulatory cytokine because it can
suppress or stimulate the activity of several types of immune cells. It can be
secreted by almost all cells of the immune system (Ouyang; O’Garra, 2019), and
can act on dendritic cells and macrophages by reducing the expression of major
histocompatibility complex (MHC) molecules, costimulatory molecules and pro-
inflammatory cytokines, generally reducing the activation of the adaptive immune
system and the inflammatory response (Saraiva; Vieira; O’Garra, 2020).

On the other hand, this cytokine can stimulate the activity of CD8+ T cells
and Natural Killer (NK) cells, essential components of the antiviral immune
response (Saraiva; Vieira; O’Garra, 2020). Given the importance of this cytokine
in the immune response, changes in the levels of this protein have already been
associated with several clinical contexts (Alagarasu et al., 2015; Berti et al., 2017;
Freitas et al., 2024; Helminen; Lahdenpohja; Hurme, 1999; Li et al., 2013; Naicker
et al., 2012; Nedelkopoulou et al., 2021; Schuurhof et al., 2011; Singhal et al.,
2015; Torres-Poveda et al., 2012; Wu et al., 2015; Zhang et al., 2018; Zhao et al.,
2017).

Similarly, variants located upstream of the gene have also been the target
of extensive scientific research, in which, mainly the SNVs rs1800896 (A>G),
rs1800871 (C>T) and rs1800872 (C>A), were associated with several clinical
contexts such as cancers, sepsis, spontaneous abortion, autoimmune diseases,
infections by protozoa, bacteria and several viruses (Bai et al., 2016; Berti et al.,
2017; Dhouioui et al., 2024; Mohammadi et al., 2019; Schotte et al., 2015; Singhal
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et al., 2015; Torres-Poveda et al., 2012; Vakili et al., 2024; Yu et al., 2013).
However, some results in genetic association studies have proven contradictory
in the literature (Eskdale et al., 1999; Reuss et al., 2002), making it necessary to
synthesize the knowledge generated to date in this field of knowledge, to enable
the design of new studies aimed at understanding the role of variants located

upstream of the gene in viral diseases.

2. Gene structure and regulation of IL70 transcription

The interleukin-10 gene (/IL10) is located on chromosome 1, in the 1932.1
region (Eskdale et al., 1997). It extends for approximately 5kb and is composed
of five exons and four introns (Figure 1). It is preceded by a 5" flanking region,
characterized as proximal. This region contains the promoter (141/+27), which
includes the transcription start site (+1), a TATA-box segment (-77) and the
upstream sequence containing approximately 80 to 140 bases. In the proximal
region of the gene, positive (-1000/-800) and negative (-750/-350) regulatory
regions were also identified (Eskdale et al., 1997; Kube et al., 1995). Located
between bases -9296 and -4021 upstream of the proximal region, potentially
functional and regulatory motifs were also identified, including a TATA-box region
at position -4021 (Kube et al., 2001). Among the potentially functional motifs
identified upstream of the gene, several regions were detected that could allow
the binding of transcription factors, such as AP-1, EBNA2-like, PEA1, Pu-box,
ETS-1, ETS-1, SP1, YY1, NF-kB, NFAT, CREB, among others (Kube et al., 1995,
2001). Although the regulation of IL70 gene transcription has not yet been
completely elucidated, it is known that this process can vary according to the cell
type involved and the stimulus received.

It was reviewed that in myeloid lineage cells such as macrophages and
conventional dendritic cells, the main pathways and transcription factors involved
are ERK, NF-kB, mTOR and p38, resulting from the engagement of pattern
recognition receptors (PRR) such as toll-like receptors (TLR), and also interferon
type | (IFN 1) receptor. In CD4* T lymphocytes, T-cell receptor (TCR) activation
induces IL10 transcription via the nuclear factor of activated T cells (NFAT),
nuclear factor kappa B (NF-kB) and extracellular signal-regulated kinase (ERK)

pathways, while cytokine receptors engage GATA binding protein 3 (GATA-3) and
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signal transducer and activator of transcription (STAT1, STAT3 and STAT4),
which in turn positively regulates IL10 expression (Gabrysova et al., 2014,
Mackenzie; Pattinson; Arthur, 2014).

In addition to the transcriptional regulation of /L 10, protein levels are also
regulated through chromatin remodeling and post-transcriptional control
mechanisms, as reviewed in other studies (Gabrysova et al., 2014; Zhang;
Kuchroo, 2019). In this complex regulatory network, it is known that IL-10 levels
can still vary substantially between different individuals, with this intervariability
being associated with certain environmental factors such as sex, body mass
index and smoking habits and, mainly, with the presence of genetic variants in
the IL10 gene region, which can contribute up to 50% of the variability found
between individuals (Reuss et al., 2002; Westendorp et al., 1997).

Figure 1. /L70 gene and main upstream variants

2849 G>A
AGG deletion 3575 T>A 2763 G2A 592 C>A

I -819 C>T Essential
I \ Hreralat
i \ i e
— wm o e
IL-10.6
9 IL10.R = ;
5 1082 A>G 3
1 1 I L 1L ]
I T T T 1F 1
-8000 bp -6000 bp 4000 bp 2000 bp 1+ +5000 bp
- Exons Introns

Source: the author himself.

3. IL10 gene proximal and distal variants

Traditionally, genetic polymorphisms were defined as the presence of two
or more allelic forms at a given DNA /ocus in at least 1% of the population (Karki
et al., 2015). Currently, however, it is proposed to call “variants” instead of
polymorphisms the alterations in a gene sequence that differ from the reference
sequence (Den Dunnen et al., 2016). Variants that involve only one nucleotide,
such as substitutions and occasionally insertions, deletions and duplications, are
called single nucleotide variants (SNV), as recommended by the Human Genome
Variation Society (HGVS) Nomenclature. Variants positioned contiguously on the
same chromosome can form blocks or haplotypes, and those in linkage
disequilibrium (LD) tend to be inherited together (Salim; Xavier, 2014).
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The IL10 gene has a 5’ flanking region in which several variants have been
identified, which can be accessed through the National Center for Biotechnology
Information (NCBI) dbSNP platform (Phan et al., 2025) and in GenBank under
code X78437. In the proximal 5 region, the biallelic SNVs rs1800896 (-1082
A>G), rs1800871 (-819 C>T), rs1800872 (-592 C>A) and the microsatellite
IL10.G (-1.1 kb), stand out. This microsatellite has 16 possible alleles which were
identified in a European population and are characterized by the presence of the
CA dinucleotide, repeated 16 to 28 times in tandem (Crawley et al., 1999;
Eskdale; Gallagher, 1995; Kube et al., 1995; Turner et al., 1997). Among the
variants identified in the distal 5’ flanking region, the following stands out: SNVs
rs1800890 (-3575 T>A), rs6703630 (-2849 G>A), rs6693899 (-2763 C>A), a 3-
bp deletion (AGG) at position -7400, 4 Alu-repetitive regions and the
microsatellite IL10.R (-4.0kb), which consists of the repetition of the CA
dinucleotide, in five different alleles (Eskdale; Kube; Gallagher, 1996; Gibson et
al., 2001; Kube et al., 2001) (Figure 1).

The SNVs of the proximal 5’ flanking region mainly form the GCC, ACC
and ATA haplotypes in Caucasian populations, in which the -819C and -592C
alleles are in strong linkage disequilibrium and can form blocks with the -1082G
or -1082A alleles (Oliveira et al., 2025). The GTA haplotype, rarely found in
Caucasians (Chiu Mok et al., 1998; Minnicelli, 2009), was found in Chinese
individuals. Larger haplotypes, formed by alleles of the IL10.R and GCC, ACC
and ATA haplotypes, were also identified, allowing the characterization of four
haplotype families in European individuals. The families IL10.01, R3-(IL10.G)-G-
C-C, and 1L10.04, R2/IL10.G/A-T-A, were most frequently found in association
with the G9 allele of the IL10.G, while the families I1L10.02, R2-(IL10.G)-A-C-C,
and 1L10.03, R2-(IL10.G)-G-C-C, were most frequently associated with the
IL10.G13 allele (Eskdale et al., 1999).

The presence of these genetic variants and their haplotypes has been
associated with differential production of the IL-10 protein and with different
diseases, such as autoimmune diseases, cancer, and infections. However, the
effect or association of the variants with the expression of /IL10 is not yet
completely established and presents controversies in the literature, according to

different factors such as the cell type evaluated and molecular stimulus used in
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in vitro studies, population ethnicity and pathological context, suggesting the

need for a thorough look at such associations.

4. Variants contribution to /IL70 gene expression

IL10 gene expression is a complex process that appears to involve several
transcription factors depending on the cell type and triggering stimulus (Mérmann
et al., 2004; Rees et al., 2002). These transcription factors fulfill their function by
stimulating or repressing gene expression through their interaction with specific
DNA segments to which they have chemical affinity, and which are in promoter
and regulatory regions. In the presence of genetic variants in these regions, this
molecular interaction may have increased or decreased affinity, resulting in an
increase or reduction in the function of a given transcription factor at a given
locus, reflecting changes in gene expression (Duttke et al., 2024).

It is also useful to investigate the presence of haplotypes formed by the
variants, since the individual effect of these may be overlapped or overshadowed
by other nearby variants. In this way, haplotype analysis can add a new
perspective on the combined effect of all variants that can be inherited together
and perhaps provide a new understanding of genetic variation over large regions
(Carlson et al., 2004; Rao et al., 2007).

4.1 rs1800871 (-819 C>T) and rs1800872 (-592 C>A)

The proximal 5’ flanking region contains potentially regulatory segments,
such as a possibly positive regulatory region (-1000/-800), in which SNV
rs1800871 (-819 C>T) is inserted, and a negative regulatory region (-750/-350),
in which SNV rs1800872 (-592 C>A) is observed (Eskdale et al., 1997; Kube et
al., 1995). In Caucasians, these SNVs presents complete linkage disequilibrium,
and the variant alleles are inherited together (TA) (Oliveira et al., 2025; Reuss et
al., 2002; Vilkeviciute et al., 2021).

In cultures of cells isolated from the peripheral blood of individuals
homozygous for the C allele or the A allele (rs1800872), it was observed that after
stimulation mediated by lipopolysaccharide (LPS), a molecule commonly found

in the cell wall of gram-negative bacteria, B lymphocytes and monocytes carrying
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the CC genotype secreted higher levels of IL-10 than those with the AA genotype.
In the same study, the total population of CD4* T lymphocytes and regulatory
CD4%25* T lymphocytes cell cultures did not show differences in IL-10 levels after
stimulation with concanavalin A (Con A) or with PMA/ionomycin (Steinke; Culp,
2007).

When evaluated in the serum of Chinese patients, the A allele was also
associated with the reduction of IL-10 levels (Zhao et al., 2017). In contrast, no
association was observed between serum IL-10 levels and the SNV rs1800872
(-592 C>A) in the studies of Alagarasu et al., (2015) and Schuurhof et al., (2011).
The A allele was associated with elevated levels of protein in serum and cervical
secretion in other clinical contexts (Berti et al., 2017; Torres-Poveda et al., 2012;
Wu et al., 2015). Considering the apparently contradictory results, it is possible
that the -592 (C>A) region contributes to the increase and decrease of IL10
transcription, depending on the cell type and stimulus present.

This SNV is flanked upstream by a binding site for the Sp1/Sp3 TFs, and
the binding of these molecules to the DNA results in the repression of IL10 gene
expression. In B lymphocytes, it was observed that rs1800872 reduces the
binding capacity of Sp1/Sp3, which therefore stops the suppression effect on
gene expression, resulting in increased gene transcription and protein production
in the presence of the A allele (Steinke et al., 2004).

Although Sp1/Sp3 has been identified as a transcription factor capable of
binding to the proximal region of the IL70 gene, and in B lymphocytes its chemical
affinity has been influenced by the SNV rs1800872 (-592 C>A), it is not
guaranteed that these same TFs are essential for gene expression in other cell
types. Depending on the stimulus received by the cell, it is possible that a different
molecular signal transduction pathway is activated, culminating in the activation
of different transcription factors, which may also have the capacity to regulate the

expression of the IL710 gene.

4.2 rs1800896 (-1082 A>G)

Among the variants already associated with changes in IL10 expression,
SNV rs1800896 (-1082 A>G) is one of the most studied. This SNV consists of the
substitution of an adenine (A) for a guanine (G) at position c.-1082 of the proximal
5' flanking region, resulting in increased gene expression (Reuss et al., 2002).
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In vitro studies have associated the presence of the G allele with increased
production of IL-10 from monocytic lineage (THP1) (Reuss et al., 2002), B
lymphocytes (Larsson et al., 2009) and peripheral blood mononuclear cells
(PBMC) (Mormann et al., 2004), resulting from stimulation with LPS. This same
association was observed in T lymphocytes, after stimulation with Con A (Turner
etal., 1997).

In contrast, the evaluation of B cells transformed by Epstein-Baar virus
(EBV) in another study, demonstrated the association of the G allele with low
levels of IL-10, while the A allele was associated with high levels of the protein
(Rees et al., 2002). In patients with food allergy, the AA genotype was associated
with high serum levels of IL-10 (Nedelkopoulou et al., 2021). No association with
changes in gene expression was observed after molecular stimulation with db-
cAMP (Mdérmann et al., 2004), indicating that the observable effect of the
presence of this variant also seems to change according to the stimulus applied
or cell type evaluated, as happens with SNV rs1800872 (C>A).

However, in most published studies, the G allele of this variant was
associated with higher gene expression, while the A allele was associated with
lower expression (Assis et al., 2014; Chen et al., 2012; Dhaouadi et al., 2024;
Hernandez-Bello et al., 2017; Matsumoto et al., 2010; Miteva; Stanilova, 2008;
Reuss et al., 2002; Swiatek-Koscielna et al., 2017; Tesse et al., 2012). The
contribution of SNV rs1800896 (-1082 A>G) to increased gene expression may
occur due to its location in a locus that binds to the transcription factors PU.1,
Spi-B and Sp1 (Larsson et al., 2009).

In B lymphocytes, the nuclear factor Spi-B can interact with both the A and
G alleles, possibly undergoing little or no functional change upon the presence of
SNV -1082 A>G. The transcription factor PU.1, in turn, has a repressor function
and, when interacting with the flanking region of the gene, suppresses its
expression. Despite interacting with DNA containing both the A and G alleles, the
PU.1 factor was described as having a higher binding affinity to the A allele. Thus,
in the presence of the A allele, the PU.1 factor would bind with greater affinity,
suppressing gene expression (Capasso et al., 2007; Reuss et al., 2002). In
contrast, the Sp1 factor acts by stimulating gene expression and interacts with
greater affinity to the proximal region in the presence of the G allele, thus

stimulating gene transcription (Larsson et al., 2009).
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Although Sp1 was observed to have a repressive function in the
expression of the IL710 gene in the study of Steinke et al., (2004) in Larsson and
colleagues’ study (Larsson et al., 2009), also done with B lymphocytes, it was
observed that the binding of Sp1 to position -1082bp, instead of -592bp,
stimulated its transcription. Sp1 is ubiquitously expressed in most cells of the
organism, and it is known to be one of the first TF to bind to DNA allowing the
transcription machinery to function, activating gene expression. Sp1 can also
suppress it, through the interaction with epigenetic modifiers (O’Connor; Gilmour;
Bonifer, 2016).

It is also important to consider that TFs can interact and bind together to
activate or suppress the transcription machinery and a group of molecules are
necessary for this biological process (Lambert et al., 2018). Therefore,
considering that the cell type, stimulus used and even the pathological context
could influence the TFs activated in the cell (Lambert et al.,, 2018), these
differences, which underlies these genetic associations studies, could perhaps
explain, at least in part, the contradictions found in the SNVs association with
IL10 expression. A summary of the studies found in literature which evaluated

single variants effects on IL-10 levels are described in Table 1.

Table 1. Association of /IL10 variants with changes in IL-10 levels

Changes in gene expression and IL-10  Country Reference
levels

rs1800896, -1082 A>G

G allele 1 production of IL-10 Finland HELMINEN;
LAHDENPOHJA; HURME,
1999
South Africa NAICKER et al., 2012
AA genotype 1 levels of IL-10 Greece NEDELKOPOULOU et al.,
2021
No association Mexico TORRES- POVEDA et al.,
2012
India ALAGARASU et al., 2021

rs1800872, -592 C>A
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Aallele 1 levels of IL-10 China WU et al., 2015

Brazil BERTI et al., 2017
Mexico TORRES- POVEDA et al.,
2012

Aallele | levels of IL-10 China ZHAO et al., 2017

No association The Netherlands SCHUURHOF et al., 2011
South Africa NAICKER et al., 2012
India ALAGARASU et al., 2021

rs1800890, -3575 T>A

No association China (ZHANG et al., 2018)

TT genotype 1 levels of IL-10 Brazil (FREITAS et al., 2024)

Source: the author himself.

4.3 Haplotypes contribution to IL10 expression

Haplotypes are neighboring segments of DNA, on the same chromosome,
that form blocks inherited together and that, therefore, do not undergo
independent segregation. Thus, these DNA Joci are said to be in linkage
disequilibrium (LD) (Crawford; Nickerson, 2005; Zhao; Pfeiffer; Gail, 2003). As an
example, hypothetically, a variant allele T could be frequently inherited together
with a variant allele, A, of another closely located SNV, thus integrating the
haplotype TA.

The haplotypes identified in the upstream region of the IL10 gene, GCC,
ACC and ATA, formed by the proximal SNVs (rs1800896, rs1800871 and
rs1800872), appear to have a similar effect to that observed by the individual
SNVs. In whole blood cell cultures stimulated with LPS, ATA in homozygosity
reduced production of IL-10, compared with haplotypes containing GCC or ACC
(Crawley et al., 1999). In lymphocytes stimulated with concanavalin A, anti-CD3+
and anti-CD28+, the haplotypes GCC/GCC were identified as high producers of
IL-10, GCC/ATA and GCC/ACC as intermediate producers and those haplotypes
without the presence of the G allele of SNV rs1800896 (A>G), ACC/ACC and
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ATA/ATA, as low producers (Hoffmann et al., 2001). Furthermore, in monocytic
lineage, the GCC haplotype was also associated with high levels of IL-10 after
LPS (Reuss et al.,, 2002). However, in other studies, no effect of any of the
haplotypes on IL10 expression or protein dosage was observed, either in memory
T cells (Kremer; Kumar; Hedin, 2007) or in whole blood (Reuss et al., 2002).

When considering SNV rs1800896 (A>G) in haplotype with the IL10.G
microsatellite, it was identified that the presence of the G allele of the SNV,
together with the IL10.G10, IL10.G12 and IL10.G14 alleles contributed to greater
protein production, after stimulation with LPS (Moérmann et al., 2004). In
confirmation, when evaluating the functionality of the microsatellites, the
IL10.G14 allele was associated with increased IL-10 levels both independently
and forming a haplotype with the IL10.R2 microsatellite. In contrast, the IL10.G7
and IL10.R13 alleles, individually and in haplotype, were associated with reduced
protein levels (Eskdale et al., 1998).

Haplotype families were delineated in a European population, in which the
microsatellites IL10.R and IL10.G were considered, as well as the three main
proximal SNVs, rs1800896 (A>G), rs1800871 (C>T) and rs1800872 (C>A). The
family called IL10.01, associated with low IL-10 production, consists of the R3
allele, any IL10.G alleles, with G9 being the most frequent, and the proximal
haplotype GCC, represented as R3-(IL10.G)-G-C-C. The IL10.02 family, R2-
(IL10.G, frequently G13)-A-C-C, was associated with high production. The
remaining haplotype families were delineated as family 1L10.03, R2-(IL10.G,
frequently containing the G13 allele)-G-C-C, and family IL10.04, R2-(IL10.G)-A-
T-A, which is characterized by containing, more frequently, the G9 allele (Eskdale
et al., 1999).

In expanded haplotypes, additionally containing the proximal SNV
rs1800893 (-1330 G>A) and three common distal SNVs, rs1800890 (-3575 T>A),
rs6703630 (-2849 G>A), rs6693899 (-2763 C>A), profiles of low and high IL-10
production were traced according to mRNA expression and protein secretion.
Constitutive mRNA production did not differ between groups, however, upon
inflammatory stimulation with LPS, individuals carrying the distal haplotype TGC,
regardless of the proximal haplotype, were associated with high IL-10 production,

while the distal haplotypes AAA and AGA, inherited together with the proximal
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haplotype GCC, were associated with low protein levels (Gibson et al., 2001)
(Table 2).

Table 2. Identified haplotypes and IL-10 production profile

IL-10 Haplotypes Reference
production
IL10.R, IL10.G, rs1800896 (A>G), rs1800871 (C>T) and rs1800872 (C>A)
! R3- (IL10.G9) — GCC ESKDALE et
0 R2- (IL10.G13) — ACC al., 1999

rs1800890 (T>A), rs6703630 (G>A), rs6693899 (C>A), rs1800893 (G>A),
rs1800896 (A>G), rs1800871 (C>T) and rs1800872 (C>A)

! AAA — AGCC
! AGA - AGCC
1 TGC - GIBSON et
TGC - GATA al., 2001
No diference TGC - GACC
TGC - AGCC
IL10.G and rs1800896 (A>G)
G10-G
1 G12-G MORMANN
G14-G et al., 2004
rs1800896 (A>G), rs1800871 (C>T) and rs1800872 (C>A)
1 GTC SINGHAL et
al., 2015
! ATA CRAWLEY et
al., 1999
0 GCC in homozigozity
£ GCC in heterozigozity HOFFMAN et
! ACC or ATA in homozigozity al., 2001
1 GCC REUSS et al.,
2002

Source: the author himself.
5. IL10 upstream variants and viral diseases

In viral infections IL-10 plays an essential role in the balance between
suppressing the exacerbated immune response without, however, in the
beginning, reduce the activity of CD8* T cells, important components of the
adaptive antiviral response. It was also identified that this cytokine could stimulate
these cells activity. However, changes in the levels of this cytokine may contribute
to viral persistence and stimulate early suppression of the immune response
reviewed by Rojas et al. (2017).

As variants upstream of the gene appear to influence protein production,

many authors have sought to evaluate its effect on viral diseases as well, given
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the importance of this cytokine in the balance between an adequate or
inadequate antiviral response. SNVs rs1800896 (A>G), rs1800871 (C>T) and
rs1800872 (C>A), have been extensively studied regarding their possible

contribution and association with viral diseases, as shown in Table 3.

Besides the contradictory results between the different research groups

analyzing the same diseases, the C allele of rs1800871 (C>T) seems to be

associated with increased infection risk to hepatitis B virus (HBV) (Ren; Zhang;
Hu, 2015; Ye et al., 2020) and the AA genotype of rs1800896 (A>G) in

Caucasians and AA genotype of rs1800872 (C>A) were associated with human

immunodeficiency virus (HIV-1) infection risk (Fu et al., 2020).

Table 3. Studies on the association between /L 10 variants and haplotypes with

viral diseases

Disease/Virus Variant Sample size  Association Country Reference
Respiratory infections
-1082 A>G Cases
rs1800896
SARS-CoV gnd 592 ) (n=476) and No China (CHONG et al.,
C>A controls association 2006)
(1800872)  (N=449)
Cases
RSV -592 C>A (n=235) and No The (SCHUURHOF et
(rs1800872)  controls association Netherlands al., 2011)
(n=1,008)
Influenza G allele was
21/:'56'\;2 associated
influenza like mct:r:ezge d
-592 C>A illness . (ROGO et al.,
AVIHN2 (rs1800872)  (n=114) and Irr'f%gc‘;fon b Iran 2016)
asymptomatic inf Y
healthy the influenza
A/H3N2
contacts virus
(n=147)
-1082A>G  Mild disease (cff‘o%ezngiyé’f
(rs1800896) (n=129) and
was . (CHOUDHARY et
and -592 severe . India
C>A disease associated al., 2018)
with a fatal
(rs1800872) (n=117)
outcome
GC
) - haplotype (-
IAV/HINA (338820’32%) '(\:']":dzggs)e:fg 1082G and -
592C) . (ALAGARASU et
and -592 severe India
C>A disease protgcted al., 2021)
(rs1800872)  (n=86) against fatal
outcomes,
while the GA
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IAV/IBV

Rhinovirus
bronchiolitis

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-592 C>A
(rs1800872)

-3575 A>T
(rs1800890),
-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

Hepatitis viral infections

HBV

-1082 A>G
(rs1800896)

-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

819 C>T
(rs1800871)

Cases (n=49)
and controls
(n=44)

Influenza A
(n=50),
influenza B
(n=30) and
influenza-like
illness (n=96)

Cases
(n=135) and
controls
(n=378)

Chronic
cases
(n=224) and
recovery
controls
(n=389)

Cases
(n=115) and
controls
(n=110)

Patients
(n=2.306) and
controls
(n=1.376)

haplotype (-
1082G and -
592A) was a
risk factor

No
association

No
association

G (-1082
A>G)and T
alleles (-
3575 A>T)
were
considered
protective
factors

No
association

No
association

CC+CT of
the -819
C>T SNV
increased
HBYV risk of
infection and
ATA and
ACC
haplotypes
were
associated
with disease
progression

C allele and
CC
genotype
were
associated
with risk of

Iran

Iran

Finland

United
States

Japan

Asians

Various
ethnicities
(subgroups)

(MEHRBOD et al.,
2021)

(KESHAVARZ et
al., 2019)

(HOLSTER et al.,
2018)

(TRUELOVE et
al., 2008)

(KOMATSU et al.,
2014)

(REN; ZHANG;
HU, 2015)

(YE et al., 2020)
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HCV

-1082 A>G
(rs1800896)
and -592
C>A
(rs1800872)

1082 A>G
(rs1800896)
and 592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-592 C>A
(rs1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-592 C>A
(1800872)

-1082 A>G
(rs1800896)
and -819
C>T
(rs1800871)

IL-10.G and
IL-10.R

HBV+
(n=287)

Cases (n=75)
and controls
(n=50)

HCYV infected

group
(n=196)

Cases
(n=202) and
controls
(n=100)

Cases
(n=144) and
controls
(n=221)

Cases
(n=198) and
controls
(n=142)

HCV+
(n=384)

Cases (n=76)
and controls
(n=40)

HCV+
(n=659)

infection

No
association

No
association

C allele (-
592 C>A)
was
associated
with mild
liver
inflammation

Significant
difference in
the
distribution
of genotypes
of -1082
A>G

AA genotype
was
associated
with
susceptibility

No
association

No
association

Significant
differences
in the
frequencies
of the -819
C>T
genotypes
and -1082
A>G alleles

IL-10R.2
conferred
susceptibility
to the
disease,
whereas IL-
10R.3 and
IL-10.G13
were

Indonesia

Turkey

Poland

Pakistan

Russia

China

Pakistan

Malaysia

United
Kingdom
and
European
countries

(TURYADI et al.,
2022)

(TEMEL et al.,
2023)

(SWIATEK-
KOSCIELNA et
al., 2017)

(NAEEMI et al.,
2018)

(BARKHASH et
al., 2018)

(JING et al., 2020)

(JUNAID et al.,

2021)

(NOH et al., 2021)

(KNAPP et al.,
2003)
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-1082 A>G
(rs1800896)

Human immunodeficiency virus

Other infections

Dengue

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and 592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

-1082 A>G
(rs1800896),
-819 C>T
(rs1800871)
and -592
C>A
(1800872)

Chronic HCV

(n=50) and

resolved HCV
patients
(n=50)

-1082 A>G
(1,278 cases
and 1,858); -
819 (440
cases and
565 controls)
-592 C>A
(1,405 cases
and 1,842
controls)

Sero-
prevalent
(n=968),
sero-negative
(n=449), and
sero-
prevalent
patients
(n=745)

Cases
(n=298) and
controls
(n=288)

Cases (n=71)
and controls
(n=88)

Controls
(n=120),
dengue fever
(n=86), and
dengue
hemorrhagic
fever (DHF)
and dengue
shock
syndrome
(DSS)
patients
(n=196).

protective

No
association

AA genotype
of -1082
(A>G) and
AA genotype
of -592
(C>A) were
associated
with HIV-1
infection risk

ATA
haplotype (-
1082A, -
819T and -
592A) was
associated
with
accelerated
progression
to AIDS

G allele (-
1082 A>G)
was a
protective
factor

No
association

GTA and
GCC
haplotypes
(-1082 A>G,
-819 C>T
and -592
C>A) were
associated
with reduced
risk of
DHF/DSS.

Egypt

Caucasian
and global
(various
ethnicities),
respectively

United
States

Poland

Mali

Malaysia,
China,
India, and
others

(HELAL et al.,
2014)

(FU et al., 2020)

(OLEKSYK et al.,
2009)

(BRATOSIEWICZ-
WASIK; WASIK,
2024)

(DABITAO et al.,
2021)

(SAM et al., 2015)
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CT genotype

was
Cases considered
-819 C>T (n=132) and protective India (ALAGARASU et
(rs1800871)  controls against al., 2015)
(n=108) dengue
hemorrhagic
fever
-1082 A>G
(rs1800896),
-819 C>T
czSs (rs1800871)  CZS+ (n=76) O Brazii ~ (SANTOSetal,
association 2023)
and -592
C>A
(1800872)
-592 C>A Prophylaxis
(1800872) ~ (n=57)and Germany  (MAZZOLA et al.,

Ccmv and -819 preemptive
C>T patients
(rs1800871)  (n=59)

AIDS (acquired immunodeficiency syndrome); HIV (Human immunodeficiency virus); HBV (hepatitis B
virus); HCV (hepatitis C virus); CZS (congenital Zika syndrome); CMV (cytomegalovirus); RSV (respiratory
syncytial virus); EBV (Epstein-Baar virus); HDV (hepatitis D virus).

association and Austria  2021)

5.1 Association of IL10 variants and haplotypes with COVID-19
Coronavirus disease 2019 (COVID-19) is caused by the etiological agent

SARS-CoV-2 and is characterized by a clinical condition that varies in quantity
and severity of symptoms. While cases considered mild include flu-like and
gastrointestinal symptoms, severe cases may include severe acute respiratory
syndrome (SARS), shock, coagulation disorders, multiple organ failure, and
death (Huang et al., 2020; Li et al., 2020).

The cytokine IL-10 has been indicated as a possible early biomarker of
disease severity, as elevated levels are observed in the first days following
hospitalization in those patients who tend to progress to severe outcomes,
indicating a poorer prognosis (Han et al., 2020; Zhao et al., 2020).

The early increase in IL-10 levels, as well as its role in the pathophysiology
of COVID-19, are still unclear. It is argued that, in principle, its release would have
a physiological role in reducing tissue damage resulting from the inflammatory
response. However, in this hypothesis, in which patients IL-10 levels are
exacerbated and sustained, this cytokine could cause hyperactivation of CD8+ T
lymphocytes, exhaustion of these cells and impairment of the antiviral response
(Islam et al., 2021; Lu et al., 2021).

In this context, the variants upstream of the IL70 gene have been tested

for their association with the severity and mortality of COVID-19, in the search for
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prognostic biomarkers. To date, as can be seen in Table 4, research has been
developed in several ethnicities, but using only the proximal SNVs, rs1800896
(A>G), rs1800871 (C>T) and rs1800872 (C>A). Most results suggest that the G
allele or GG genotype of rs1800896 (A>G) are associated with infection, severity
or mortality in COVID-19 cases (Abbood; Anvari; Fateh, 2023; Alsayed et al.,
2024; Oliveira et al., 2025; Eldesouki et al., 2024). The A allele of SNV rs1800872
(C>A) is also associated with aggravated cases (Abbood; Avari; Fateh, 2023;
Eldesouki et al., 2024; Yessenbayeva et al., 2023). However, some authors did
not observe any association or had contradictory results compared to those
described above (Avendafo-Félix et al., 2021; Azadinejad et al., 2024; Balzanelli
et al., 2022; Rizvi et al., 2022).

Table 4. Studies on the association between /L 10 single nucleotide variants and
haplotypes with COVID-19

Variant Sample size Country Reference

No association

1800871 and (“ggﬁgf;;gn . Voxico (AVENDARO-FELIX et al.,
1800872 _ 2021)
severe (N=86)
rs1800896, Mild (n=150) and
rs1800871 and severe COVID- Iran (AZADINEJAD et al., 2024)
1800872 19 (n=143)
Protection against
disease severity
AG genotype Cases (n=41)
and controls Italy (BALZANELLI et al., 2022)
(rs1800896) (n=43)
160 patients with
CC genotype mild (n=85) and :
(1800872) severe (n=75) India (RIZVI et al., 2022)
conditions
Mild (n=159) and (YESSENBAYEVA et al.,
C allele (1800872) severe (n=142) Kazakhstan 2023)

Risk of infection or
severity progression
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Cases (n=110)
A allele (rs1800872) and controls Egypt (ELDESOQUKI et al., 2024)
(n=110)

Cases (n=41)

AA genotype and controls ltaly (BALZANELLI et al., 2022)
(rs1800896) _
(n=43)
Mild (n=159) and (YESSENBAYEVA et al.,
A allele (1800872) severe (n=142) Kazakhstan 2023)
AG and GG Cases (n=115)
genotypes and controls Saudi Arabia (ALSAYED et al., 2024)
(rs1800896) (n=115)
Cases (n=110)
G allele (rs1800896) and controls Egypt (ELDESOQUKI et al., 2024)
(n=110)
GG genotype and Mild (n=163),
GCC haplotype moderate (n=72)
(rs1800896, and severe Brazil (DE OLIVEIRA et al., 2025)
rs1800871 and (n=130) COVID-
rs1800872) 19
Risk of outcome
mortality
Recovered
G (rs1800896), C (n=1,734) and . )
(rs1800871) and A deceased Iran (2%32)00[) ANVARI; FATEH,
allele (1800872) patients
(n=1,450)

Source: the author himself.

6 CONCLUSION

Most of the studies available in the literature sought to analyze the effect
of variants located upstream of the IL10 gene, both in relation to their effect on
gene expression and their association with viral diseases, focused on the
proximal SNVs -1082 A>G (rs1800896), -819 C>T (rs1800871) and -592 C>A
(1800872). Although these SNVs are associated with differences in gene
expression and protein levels, as well as with several viral diseases and clinical
conditions, these results are often contradictory. This fact may demonstrate the

low penetrance of these variants and demand increasingly complete studies,
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including a larger DNA region, considering the expanded haplotype with others
SNVs in the 5' flanking region.

Furthermore, it is important to ensure that each research reached a
sufficient sample size for analysis, as well as reported the statistical power
achieved. The execution of systematic reviews could also better elucidate the
viability of this marker, considering separately, the different ethnic populations in
the meta-analysis.

Although promising, the use of these SNVs as biomarkers should be
preceded by further studies, deepening the understanding about its effects in

each viral disease, including COVID-19.
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6 CONCLUSAO

o A genotipagem das SNVs -1082A>G (rs1800896), —819C>T
(rs1800871) e -592C>A (rs1800872), foi realizada com amostras de pacientes
com detecgao positiva para SARS-CoV-2 do HU-UEL,;

o Nesta populagdo ndo foi detectada associagdo dos genotipos ou
alelos dos SNVs rs1800872 (-592C>A) e rs1800871 (-819C>T) com os
diferentes quadros clinicos da COVID-19 ou com o pior desfecho, ébito (p>0,05);

o Nao foi encontrada associagao entre os haplotipos inferidos desta
populagao (GCC, ACC ou ATA) com os desfechos da COVID-19;

o O gendtipo GG do SNV rs1800896 (—1082A>G) foi observado em
associagao aos casos graves da COVID-19 quando o modelo recessivo foi
analisado em regressdo logistica multinomial ajustada para fatores
confundidores, apresentando 2,5 vezes mais chance de ser observado nestes
pacientes do que nos pacientes de quadro leve (OR:2,5; IC: 1,053 — 6,038;
p=0,038);

o O haplétipo GCC, em homozigose, foi observado em associagao
ao quadro grave da COVID-19 quando comparado a auséncia deste haplotipo
(OR: 2,767; 1C: 1,065 — 7,191; p=0,037);

o A presenga do haplétipo ACC em heterozigose reduz a chance de
gravidade, quando comparado a n&o ter nenhum haplétipo ACC (OR: 0,515; IC:
0,276 — 0,960; p=0,037);

o A revisao narrativa apontou que a maior parte dos estudos de
associagao genética que buscam avaliar as variantes a montante do gene IL10
consideram apenas as SNVs proximais, -1082 A>G (rs1800896), -819 C>T
(rs1800871) e -592 C>A (1800872), no entanto, outras variantes desta regiao
também foram associadas com diferengas na expressdao do gene ou em
associagao com doengas virais, 0 que justificaria a demanda por estudos cada
vez mais completos, incluindo outras variantes e uma maior regiao 5

flanqueadora do gene.
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7 CONSIDERAGOES FINAIS

Variagdes em genes de proteinas do sistema imune, como citocinas, que
Sao essenciais na comunicagao e coordenacgao da resposta imunoldgica, podem
desempenhar um papel importante na determinagdo da suscetibilidade ou
gravidade de doencgas, sendo que a identificacdo de individuos portadores
destas variantes pode auxiliar no reconhecimento de suscetibilidade a
determinadas enfermidades.

Nos casos graves de COVID-19 a interleucina-10 é observada em niveis
elevados desde o inicio da doenca, e, apesar da contribuicdo da IL-10 na
fisiopatologia da doenga nao estar esclarecida, esta citocina vem sendo indicada
como possivel marcador de gravidade e pior progndstico.

Neste estudo, o gendtipo GG da SNV rs1800896 de /L1710 foi associada
aos casos graves da COVID-19, bem como o haplétipo GCC em homozigose
(rs1800896, rs1800871 e rs1800872). Adicionalmente, o haplétipo ACC em
heterozigose foi associado aos casos leves. Estes resultados remetem a um
possivel aumento nas chances de pior progndstico para individuos portadores
da SNV rs1800896.

Em uma pesquisa de revisdo subsequente, a qual abrangeu outras
doencas virais além da COVID-19, observou-se que a maior parte dos estudos
buscam avaliar majoritariamente o efeito das SNVs rs1800896 (A>G), rs1800871
(C>T) e rs1800872 (C>A), seja na produgéo de IL-10 ou no risco e protegéo a
determinadas condi¢des clinicas. No entanto, outras variantes presentes a
montante do gene, pouco avaliadas, similarmente foram associadas a expressao
génica diferencial. Este fato justificaria a demanda por estudos cada vez mais
completos, incluindo outras variantes e uma maior regido 5’ flanqueadora do
gene.

A associagdo aqui observada do genédtipo GG e haplétipo GCC a
gravidade da COVID-19, associada a estudos futuros incluindo outras variantes
a montante do gene IL10, podera auxiliar na identificagdo de um perfil de
suscetibilidade de individuos contaminados com o SARS-CoV-2, o que poderia

permitir um manejo e acompanhamento diferencial nestes casos.
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ANEXO A
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

“Investigacao de fatores imunogenéticos relacionados a resposta imune
regulatéria na infecgcao por SARS-CoV-2: associagdao com o prognéstico,
morbidade e mortalidade.”

Prezado(a) Senhor(a):

Gostariamos de convida-lo para participar da pesquisa “Investigagcao de fatores
imunogenéticos relacionados a resposta imune regulatéria na infecgao por SARS-
CoV-2: associagao com o progndstico, morbidade e mortalidade.”, a ser realizada
“‘no Laboratério de genética molecular e Imunologia da UEL”. O objetivo da
pesquisa é avaliar se varia¢des genéticas existentes na populagdo podem influenciar na
progressao da COVID-19. Sua participacdo € muito importante e ela se daria da
seguinte forma: 1) vocé responderd a um questionario sobre dados como idade,
escolaridade, renda familiar, habito tabagista, e presengca de comorbidades; 2) vocé
doara 5mL de sangue periférico, que serao coletados por equipe capacitada; 4) permitira
a consulta de dados de seu prontuario médico para analise do quadro clinico e
acompanhamento da doenca;

Esclarecemos que sua participagdo é totalmente voluntaria, podendo o (a)
senhor (a): recusar-se a participar, ou mesmo desistir a qualquer momento, sem
que isto acarrete qualquer 6nus ou prejuizo a sua pessoa. Esclarecemos,
também, que suas informacgodes serao utilizadas somente para os fins desta
pesquisa e para pesquisas futuras e serdo tratadas com o mais absoluto sigilo
e confidencialidade, de modo a preservar a sua identidade. Os materiais
bioldgicos serdao armazenados no laboratério de genética molecular e imunologia
da UEL, e serdo mantidos codificados, de modo a nao permitir a sua
identificacdo, e serdao armazenados por 10 anos para a realizacdo desta
pesquisa e de pesquisas futuras, que serdo submetidas ao comité de ética em
pesquisa antes de sua realizacao.

Esclarecemos ainda, que vocé nao pagara e nem sera remunerado por sua participagao.
Garantimos, no entanto, que todas as despesas decorrentes da pesquisa serdo
ressarcidas, quando devidas e decorrentes especificamente de sua participacao.

Os beneficios esperados sao indiretos, uma vez que este estudo permitirda um maior
entendimento da imunopatologia da COVID-19, fornecendo subsidios para a
identificacdo de pacientes com pior progndstico e desfecho clinico, possibilitando a
implantacdo de tratamento personalizado com impacto direto na morbidade e
mortalidade dos pacientes.

Quanto aos riscos desta pesquisa sdo minimos, pois 0s unicos procedimentos extras
aos quais vocé sera submetida sao: 1) a realizagao de questionario sociodemografico,
que sera aplicado em local reservado, a fim de garantir a sua privacidade e vocé podera
se recusar a responder as perguntas caso nao se sinta confortavel; 2) a realizagao de
coleta de sangue que podera gerar algum desconforto, dor, hematoma no local, e
raramente desmaios, contudo serdo realizadas por profissionais capacitados a fim de
minimizar estes possiveis riscos, e serao realizadas em ambiente hospitalar. Em relagao
a coleta de secrec¢ao nasal, ndo ha riscos diretos da participagao nesta pesquisa, tendo
em vista que vocé ja seria submetido aos procedimentos descritos, para seu diagndstico
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e tratamento, independentemente de sua participacdo neste estudo. Contudo caso
ocorra algum tipo de desconforto vocé sera prontamente atendido e amparado por mim
(pesquisadora responsavel) e / ou pela equipe de trabalho deste projeto.

Caso vocé tenha duvidas ou necessite de maiores esclarecimentos podera nos contatar
Karen Brajao de Oliveira (Telefone (43) 3371-5728/ (43) 3336-9948,
karen.brajao@uel.br), ou procurar o Comité de Etica em Pesquisa Envolvendo Seres
Humanos da Universidade Estadual de Londrina, situado junto ao LABESC -
Laboratério Escola, no Campus Universitario, telefone 3371-5455, e-mail:
cep268@uel.br.

Este termo devera ser preenchido em duas vias de igual teor, sendo uma delas
devidamente preenchida, assinada e entregue a vocé.

Londrina, de de 202_.

Pesquisador Responsavel Karen Brajao de Oliveira

RG::_6.538.742-5

), tendo sido devidamente esclarecido sobre os
procedimentos da pesquisa, concordo em participar voluntariamente da
pesquisa descrita acima.

Assinatura (ou impressao dactiloscépica):

*Termo de Consentimento Livre Esclarecido apresentado, atendendo, conforme normas da
Resolugao 466/2012 de 12 de dezembro de 2012.
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ANEXO B

SERES HUMANOS DA UEL

e i i UNIVERSIDADE ESTADUAL DE
- ) = LONDRINA - UEL

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Investigagao de fatores imunoganéticos relacionados & resposta imune regulatdna na
infeccio por SARS-CoV-2: associacdo com o progndstico, morbédade & mortalidads.

Pesguisador: Haren Braizo de Glvelra

Area Tematica:

Verséo: 1

CAAE: 36247820.1.0000.5231

Instituigéo Proponente: CCH - Departsmenio oe Cigncas Patoldgicss
Patrocinadaor Principal: Financaments Propno

DADOS DO PARECER
Mimero do Parecer; 4,204 004

Apresentacio do Projeto:
O acordo com o gocumenta PE_informectes Basices g 06/0813030
Desanho:

Trata-se de astudo caso-controle, seguido de estwdo longitudinal de scompanhaments dos pacientes por 30
das.

Este & um subprojeio de um projeto malor (& aprovado pelo CEP. intitulado “Investigagio de fatores
gengticos & Imunolégicos na Infecgio por SARSCoV-2: associagio com o progndstico, morbidade e
mortalidade®, cuja CAAE & 31656420.0.0000. 5231, parecer n” 4.053.033.

O ervolvimento da resposta imunolégica na fisiopatologis e progndstico da infecglo pelo SARS-CoV-2
ginda ndo esta toialmente estabetecida. Tém sido demonsirado intenso desequilibno na produgio de
citocines prd & anti-inflamatérias em paclentas com doenca pulmonar grave | ‘tempestads de citocinas®), &
parece ser diferenciada dequala apresenlada por outras infecgdes respiratdnas. Embora fatores como dads
& comorbidades préexistentes aatejam diretamente associsdas a0 pior progndstico e desfecho clinico de

pacientes com COVID-19, casos graves a alta mortalidade também tem ocormido na auséncia destes fatores.

\ariagdea nos genas de citocinas podem alterar 8 sua expressdo proteica exercendo assim um papel
imporiante tanto na suscepbbilidade como na progresaso da COVID-19. Aseim o objstivo deste estudo &
aveliar a sssociapio de blomarcadores imunogenéticos da resposta antli-inflamaidna com o progndatico e

Endareco: LABESLE - Sala 14

Bairro: Campiis LinkersRsnn CEP: BOOGT-BTD
UF: FR Municiplo:  LONORING,
Talofons:  (43)3371-5458 E-mail: 208§ br

Friginm 11 de (8

COPIA DO PARECER DO COMITE DE ETICA EM PESQUISA ENVOLVENDO
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desfecho clinco em pacientes com COVID-18. Trata-se de estudo

cREc-controle, prospectivo em que serSo seleclonedos 300 participanies alocados em dole grupes: Controde
{n=150 individuns sem comorbidetes.

gem eviddncias clinicas e lBboraiorisis de doengas infecciosss agudas elou crdnicas); COVIO-18 (n=150,
pacientes Infectados pelo SARS-CoV-2).

U= participantes serdo provemsentes do Hospital Universiténo de Londring - PR. Todos os partcipantes
gerdo avalisdos no inlci do estudo para

obengEoe dos dados clinkcos, coleta de amosirs eoldgica & determinagio dos Indicedores de progndstico.
0= pacientes do grupo COVID-19 serfio

reavallados apds ¥, 14 e 30 diss para obien;io de dados clinicos: duragBo de hospilalzagho, necessidads
de LTI, dias em uso de ventilagso

mecénica, infecgiies secundarias, sucesso teraplutico ao tratamento convencional instituldo, desfecho
clinico {&bito/sobrevivéncia). Sord realizada a

genclipagem dos seguintes polimorfismos dos genes, TGFBR2 (rs308465), TGFB1 (ra 1800468, re 1800468,
re 1800470, re1800471), IL10 (rs1000808, 1800671, rs1800872) e FOXPI(re2232365 & m3761546) Os
nivels plasmaticos de citocings {IL-10 & TGF-) serfo determinades por imunofluorimetria. Espera-se com
gete esiudo evidenclar a influéncia destes polimorfismos no desenvolvimento da COVID-19, colaborando
assim

para o enlendimento da Imunopatologla desta doenga, fornecendo subeidios pars a identificacio de
pacientas com pior prognistico e desfecha clinico, possibilitando a implantagio de tratamento personalizedo
com impecto direto na mortetade & monalidade dos pacentes.

Coritério de Inclesdo:

Serao inchuidos no estudo individecs com dagnistico confirmado pela técnica de RT-PCR., de SARS-Cov-2
gAntomatcos & sssintomaticos atendidos no HU-UEL.

Grupn Controde: serd constituldo por doadores de sangue controdados quanio ao sexo, dade & raga (cor).
Apresenlario sorologia nao reagents para

todos os lestes sonnddgicos realizados na triagem de dosdores de sangue, assim como deverBo Bprasentar
sofologla negative pars Dengue.

Critério de Excheso:

Serfo excluldos das andllses individuos com sorologla positiva para outros wines, como vis da
imunodaficiéncia humana (HIV), vina da hepatite C

{HEW|, virus da hepatite B (HBY), vins Infolrdpico de células T humanas tipos § e || (HTLY K1), vines da
Dengue & Chikungunya, assim como amostras reagenies para o Trypanosoma cruzi @ para

Endoroga: LABESC - Sala 14

Bairro:  Campus Uniersedno CEP: B5.057-570
UF: PR “.nil’.lpb: LOSIORIMNA
Tolafone: (43300715455 E-mail: cep3G8ue br

Pigrald e B
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o teste ndo treponémico para sifilis (VORL).

Objetivo da Pesquisa:

De acordo com o documento PB_Informacdes Basicas de 06/08/2020

Objetivo Primano:

Avallar biomarcadores genéticos e imunologicos da resposta imune anti-inflamatéria associados ao
prognoéstico, morbidade e mortalidade da doenga

causada por SARS-CoV-2

Avallagao dos Riscos e Beneficlos:

De acordo com o documento PB_Informacdes Basicas de 06/08/2020

Riscos:

Os riscos da pesquisa s8o relacionados a coleta de sangue periférico, uma vez que a coleta de secrego
nasal para diagnéstico de COVID-19 sera realizada independentemente do envolvimento do participante na
pesquisa.

Assim, ha um pegueno nsco de hematoma na regido da coleta de sangue, bem como de queda de pressao
e desmalo. Para minimizar os riscos a coleta sera realizada em ambiente hospitalar por profissionais
capacitados, e quaisquer riscos que venham a ocorrer, 0s participantes serdo prontamente amparados pela
equipe do projeto.

Beneficios:

Os beneficios serfo indiretos, uma vez que este estudo permitird um maior entendimento da imunopatologia
da COVID-19, fornecendo subsidios

para a |dentfficacio de pacientes com pior prognostico e desfecho clinico, possibilitando a implantacio de
tratamento personalzado com impacto

direto na morbidade e mortalidade dos pacientes.

Comentarios e Consideragdes sobre a Pesquisa:

Pesquisa relevante para drea e temética de COVID-19.

Conslderagbes sobre os Termos de apresentagao obrigatéria:

Apresentou folha de rosto devidamente preenchida e assinada. Apresentou autorizagéo do HU para coleta
de dados. Apresentou TCLE em acordo com a resolugdo. Apresentou declaragdo de blorrepositério
assinado. A coleta de dados esta prevista para 08/09, o orgamento & de R$ 13.900,00 custeado pela prépria
pesquisadora que destaca que 0s reagentes |a foram adquiridos com recursos de projetos antenores.

Enderego: LABESC - Sala 14

Balrro: Campus Unheersiiano CEP: 85.057.870
UF: PR Municiplo:  LONDRINA
Telefone: (43)3371.5455 E-mall: cep268@&usl.br

Pigina 31 de 05
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Conclusdes ou Pendéncias e Lista de Inadequagbes:

A pesquisadora faz parte da equipe do projeto "Investigacao de fatores genéticos e imunoldgicos na
Infecglo por SARSCoV-2: assoclag8o com o prognéstico, morbldade e mortalidade®, cuja CAAE &
31656420.0.0000.5231 e que foi avaliado e aprovado por este CEP (parecer n® 4.053.033). A coleta de
dados dos prontudrios, gquestionario e de sangue sera executado pelo projeto maior, sendo que neste

projeto a pesquisadora receberd as amostras de sangue para fazer as avaliagdes dos biomarcadores.

Portanto, recomenda-se aprovagao.

Conslideracgbes Finals a critério do CEP:

Prezado(a) Pesquisador(a),

Este é seu parecer final de aprovacao, vinculado ao Comité de Etica em Pesquisas Envolvendo Seres
Humanos da Universidade Estadual de Londrina. E sua responsabilidade apresenta-Lo aos drgaos elou
Instituigdes pertinentes.

Ressaltamos, para inicio da pesquisa, as seguintes atribuigdes do pesquisador, conforme Resolugdo CNS
466/2012 e 510/2016:

A responsabilidade do pesquisador é indelegavel e indeclindvel e compreende os aspectos éticos e legais,

cabendo-ihe:

- conduzir o processo de Consentimento e de Assentimento Livre e Esclarecido;

- apresentar dados solicitados pelo sistema CEP/CONEP a qualquer momento;

- desenvolver o projeto conforme delineado, justificando, quando ocorridas, a sua mudanga ou interrupgao;

- elaborar e apresentar os relaténios parciais e final;

- manter os dados da pesquisa em arquivo, fisico ou digital, sob sua guarda e responsabilidade, por um
periodo minimo de 5 (cinco) anos apdés o término da pesquisa;

- encaminhar os resultados da pesquisa para publicacio, com os devidos créditos aos pesquisadores e
pessoal técnico integrante do projeto;

- justificar fundamentadamente, perante o sistema CEP/CONEP, interrupg¢ao do projeto ou a ndo publicagio
dos resultados.

Coordenacio CEP/UEL.

Endereco: LABESC - Sala 14

Bairro: Campus Universitano CEP: 85057970
UF: PR Municiplo: LONDRINA
Telofone: (43)3371.5455 E-mall: cop268@Eus br
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Este parecer fol elaborado baseado nos documentos abalxo relacionados:

Tipo Docismanio Arquivo Postagem Aasiop S-Jlunﬁh
Informagoes Basicas | PE_INFORMACOES _BASICAS DO F | 06082020 Acaito
| do Progeto ROJETO 1608048 pdf 145728
Foiha de Rosto FolhaDeRostoAssmnada pdf O6/0E/2020 | Karen Braggo de Acaito

14,5650 1 Oliveira
Daclaracio de declaracan_Biomeposdono COVID _poli | 06/08/2020 |Karen Braibo de Acalto
Manuseio Matenial |morfismos. pdf 14:56:38  [Oliveira
EBioidgico /
Biorepositdria /
Biobanco
[TCLE / Termos de | TLLE.doc OS/0G 2020 |Faren Bra@o ae Acein
Assentimento | 20041:53  [Dliveira
Justificativa de
Auséncia
Clutros AutonzacacHU _projeto_maior. paf 0S/08/2020 |Haren Braido de Acalto
1 203040 |Oliveira
Parecer Antenior FB_PARECER_COMSUBSTANCIADD | 05082020 |Karen Braf@o de Acaiio
CEP 4053033 projeto maior paf 2030033 | Olivisira
Frojeto Detalhado /| Progeto_de Pesguisza COVID produtived)  D5/0872020 [Karen Brajéo de Acalto
Erochura ade CEP pdf 200208 | Dliveira
invesligador
Situacio do Parecer:
ApIovsto
Mecessita Apreciacio da COMER:
MNED

LONDRENA, 10 de Agosto de 2020

Assinado por:
Adriana Lourenco Soares Russo
{Coordenador{a))
Endorego:  LABESC - Sala 14
Balrro: Campus Universidno CEP: BH.OST-870
UF: PR Municipio:  LOMBRIMG,
Tolofona: (£3)3371-5455 E-mail:  cep2G8ifuel br

Frigiroe &3 dm 055
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