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RESUMO

O diabetes mellitus tipo 1 (DM1) é causado pela destruicao autoimune das células-
beta pancreaticas, levando a auséncia total de producéo de insulina e fazendo com que 0s
pacientes necessitem de insulina exdgena para a sobrevivéncia. Essa doenca é causada
por uma complexa interacdo entre fatores ambientais e genéticos. Polimorfismos de troca
Unica (SNPs) em mais de 60 genes estdo associados ao desenvolvimento de DM1, sendo
que SNPs no locus HLA de classe Il (HLA DR/DQ) possuem 0 maior impacto na
suscetibilidade & doenca. SNPs em loci ndo-HLA parecem interagir com o HLA,
aumentando ou diminuindo o risco de DM1. Em geral, estes genes ndo-HLA associados
com a suscetibilidade ao DM1 estéo expressos tanto no sistema imune quanto nas células-

beta pancreaticas.

Neste contexto, o gene tirosina quinase 2 (TYK2) é um novo gene candidato para
0 DM1, pois parece possuir um papel importante na regulacdo da apoptose das células-
beta e na inflamagdo induzidas por citocinas, via modula¢do da rota do interferon-a
(IFNo). Além disso, diversos SNPs no gene TYK2 ja foram associados com outras
doencas autoimunes, tais como lUpus eritematoso sistémico, esclerose maltipla e artrite
reumatoide. Entretanto, pouco se sabe em relacdo a associacdo de SNPs nesse gene e 0
DML1. O SNP rs2304256 tem sido associado com protecdo para estas doencas autoimunes
e, até 0 momento, somente dois estudos avaliaram a associacdo desse SNP e o DM1,
sendo os resultados inconclusivos. Sendo assim, este trabalho teve como principal
objetivo investigar a associagédo entre 0 SNP rs2304256 (C/A) no gene TYK2 e 0 DM1

em uma populacgéo do Brasil.



Este estudo de caso-controle incluiu 478 pacientes com DML (casos) e 518
individuos sem DM1 (controles) do Hospital de Clinicas de Porto Alegre. O SNP
rs2304256 (C/A) foi genotipado usando-se ensaio de discriminagéo alélica por PCR em
tempo real, com sondas TagMan MGB (Thermo Fisher Scientific). Além disso, 0s
genotipos DR/DQ do HLA de classe Il que s&o associados com maior risco para 0 DM1
foram usados para se controlar uma possivel associa¢do do SNP rs2304256 com o0 DM1

por esse locus.

Os resultados deste trabalho mostram que as frequéncias genotipicas do SNP
rs2304256 diferiram significativamente entre casos e controles (DM1: C/C 60,0%, C/A
33,7%, AIA 6,3% vs. controles: C/C 54,4%, C/A 31,9%, A/A 13,7%; p <0,0001). A
frequéncia do alelo A foi de 23,1% entre os pacientes com DM1 e de 29,6% no grupo
controle (p = 0,001). O gendtipo A/A se manteve associado com protecdo contra 0 DM1
nos modelos de heranca recessivo (RC = 0,482, IC 95% 0,288 — 0,806) e aditivo (RC =
0,470, IC 95% 0,278 — 0,794) ap0s ajuste para os genotipos de HLA (HLA DR/DQ -

DR4/DQ8, DR3/DR4-DQ8 ou DR3/DR) de alto risco para DM1, sexo e etnia.

Portanto, nossos resultados demonstram que o genétipo A/A do SNP rs2304256
(C/A) esta associado com protecdo para 0 DM1 em uma populacdo do Sul do Brasil.

Nenhum estudo anterior avaliou este polimorfismo no Brasil.



ABSTRACT

Type 1 diabetes mellitus (TIDM) is caused by an autoimmune destruction of
pancreatic beta-cells, which leads to total absence of insulin production, rendering
patients insulin-dependent for life. The disease arises from a complex interaction among
genetic and environmental factors. Single nucleotide polymorphisms (SNPs) in more than
60 genes have been associated with TLDM, with HLA class Il SNPs (HLA DR/DQ) having
the greatest impact on disease susceptibility. Non-HLA SNPs seem to interact with the
HLA, increasing or decreasing the risk for TLDM. In general, these non-HLA genes
associated with susceptibility for TIDM are expressed both in immune cells and in beta-

cells.

In this context, tyrosine kinase 2 (TYK2) is a new candidate gene for TIDM since
it seems to play an important role in regulating cytokine induced-apoptotic and pro-
inflammatory pathways in beta-cells through modulation of interferon-a (IFNa)
signaling. Moreover, SNPs in TYK2 gene have been associated with other autoimmune
diseases, such as systemic lupus erythematosus, multiple sclerosis, and rheumatoid
arthritis. However, the association of SNPs in TYK2 and T1DM remains inconclusive.
The rs2304256 SNP has been associated with protection against these autoimmune
diseases and, to date, only two studies evaluated the association of this SNP and T1DM,
with inconclusive results. Thus, the aim of the present study was to investigate the
association between the rs2304256 SNP in TYK2 gene and T1DM in a Brazilian

population.



This case-control study comprised 478 patients with TIDM (cases) and 518 non-
diabetic subjects (controls) from Hospital de Clinicas de Porto Alegre. The rs2304256
(C/A) SNP was genotyped by allele discrimination-real time PCR technique using
TagMan MGB probes (Thermo Fisher Scientific). In addition, HLA class Il DR/DQ
genotypes associated with high risk for TLDM were genotyped to control a possible

association of the TYK2 rs2304256 SNP with T1IDM for these HLA genotypes.

Our results demonstrate that the genotype frequencies of the rs2304256 SNP
differed significantly between T1DM patients and non-diabetic subjects (T1DM: C/C
60.0%, C/A 33.7%, A/A 6.3% vs. Controls: C/C 54.4%, C/A 31.9%, A/A 13.7%; P =<
0.0001). The A allele frequency was 23.1% in patients with TIDM and 29.6% in the
control group (P =0.001). The A/A genotype remained associated with protection against
T1DM under recessive (OR = 0.482, 95% CI 0.288 — 0.806) and additive (OR = 0.470,
95% C10.278 — 0.794) inheritance models, after adjustment for HLA high-risk genotypes

(HLA DR/DQ — DR4/DQ8, DR3/DR4-DQ8 or DR3/DR), gender and ethnicity.

Thus, our results demonstrate that the TYK2 rs2304256 A/A genotype is
associated with protection for TIDM in a Brazilian population. No previous study has

evaluated this SNP in Brazil.



CAPITULO 1: REFERENCIAL TEORICO



1. INTRODUCAO

1.1 Epidemiologia do Diabetes Mellitus

O diabetes mellitus (DM) é um grupo de desordens metaboélicas de etiologia
multipla, caracterizado pela hiperglicemia cronica resultante de defeitos na secre¢éo e/ou
acdo da insulina (1). O DM vem se tornando, cada vez mais, um sério problema de satde
publica devido ao aumento de sua prevaléncia na populagdo. De acordo com o atlas 2017
da Federacdo Internacional de Diabetes (International Diabetes Federation - IDF),
atualmente 424,9 milhdes de adultos em todo 0 mundo apresentam algum tipo de DM e
a estimativa é que esse numero aumente para 628,6 milhdes de individuos afetados por
essa doenca em 2045 (2). No brasil, atualmente existem mais de 12 milhdes de pessoas
vivendo com algum tipo de DM, correspondendo a 8,7% da populacéo (2). Com relacéo
ao DM tipo 1 (DML1), atualmente existem 1.106.500 criangas e adolescentes (<20 anos de
idade) com essa doenca, com cerca de 130 mil novos casos por ano. O Brasil é o 3° pais
com maior incidéncia desse tipo de DM em todo o mundo, com 7.600 novos casos por

ano (em criangas com <20 anos de idade) (2).

1.2 Diabetes Mellitus Tipo 1 (DM1)

O DM1 ¢é uma doenca autoimune complexa causada pela interacdo entre fatores
geneéticos e ambientais, que acarreta na hiperglicemia crénica (1, 3, 4). O DM1 acomete
principalmente criancgas e individuos jovens e é causado pelo ataque autoimune contra as

células-beta pancreaticas, caracterizando a insulite, o que leva a uma deficiéncia total na



secrecdo de insulina (1, 3, 4). Como consequéncia, os individuos afetados necessitam de
tratamento com insulina exdgena para a sobrevivéncia (1, 3, 4). A insulite ocorre em
consequéncia da invasdo de células imunes no pancreas e o encontro destas com as
células-beta pancreaticas que apresentam o antigeno leucocitadrio humano (Human
Leukocyte Antigen - HLA) de classe | superexpressado. Além disso, células do sistema
imune, bem com as células-beta secretam citocinas e quimiocinas pré-inflamatorias, o
que exacerba a insulite e desencadeia a morte das células-beta (5, 6).

O estagio inicial do DM1 é, portanto, caracterizado pela infiltracdo de células do
sistema imune inato, incluindo macrofagos e células dendriticas (CD), que fazem o
recrutamento de linfécitos para o interior das ilhotas, além da apresentacdo de
autoantigenos de células-beta (3, 7). Em principio, o sistema imune é capaz de regular os
mecanismos inflamatorios desencadeados. No entanto, quando ocorre uma falha nesta
regulacdo, se inicia a fase de destruicdo das células-beta, caracterizada por um importante
infiltrado inflamatorio de linfdcitos T ativados (3, 7). Neste sentido, conforme descrito
por Eisenbarth (8), a destruicdo de células-beta por apoptose é decorrente, em parte, da
interacdo entre as proteinas Fas expressas na superficie das células-beta com as proteinas
FasL encontradas na superficie celular das células mononucleares do infiltrado
inflamatorio nas ilhotas de Langerhans (8, 9).

Marcadores do ataque autoimune contra as células-beta incluem os autoanticorpos
contra insulina, ilhotas de Langerhans, descarboxilase do acido glutdmico (GADG65),
fosfatases de tirosinas (IA-2 e 1A2-B) e transportador de zinco especifico para as celulas-
beta (ZnT8) (6, 10-12). Um, mas geralmente mais destes autoanticorpos estio presentes
em 85-90% dos pacientes no momento do diagndstico, podendo estar presentes na

circulagcdo meses ou anos antes do diagnostico (6, 11, 12).



Com relag&o aos engatilhadores ambientais do ataque autoimune contra as células-
beta, os principais sdo: algumas infecgdes virais, exposicdo a alguns componentes da dieta
durante a inféncia (por exemplo, compostos do leite de vaca) e toxinas (13, 14). Em uma
revisdo sistematica de estudos da literatura, llonen et al. (4) relataram que organismos
comensais presentes na microbiota intestinal sdo importantes fatores para a regulagéo do
sistema imune, podendo afetar negativamente esta regulagdo, acarretando no
desenvolvimento de doencas autoimunes. Lipopolissacarideos (LPS) produzidos por
espécies de bactérias do género Bacteroides sdo encontrados em popula¢Ges com alta
incidéncia de DML1 e estes LPS tém sido associados com menor toleréncia do sistema
imune aos autoantigenos (4, 15).

Dados epidemioldgicos, clinicos e patolgicos demonstram que infecgdes virais,
especialmente as causadas por enteroviroses (como coxsackievirus), podem ser um
importante fator ambiental desencadeador de DM1, pois a resposta antiviral nestas
infecgBes poderia exacerbar a secrecdo de citocinas pro-inflamatorias, contribuindo na
insulite e, consequentemente, acarretando na apoptose de células-beta (14). Na fase aguda
das infecgdes por virus que tém tropismo pelas células-beta, a apoptose destas células
ocorre em consequéncia da liberacdo de produtos da amplificacdo viral. Devido a sua
baixa capacidade de proliferacdo, a destruicdo de células-beta pode ser particularmente
deletéria, visto que a taxa de amplificacdo viral € muito mais elevada que a de replicacdo
de células-beta, acarretando em um processo acelerado de apoptose (14, 16). Além disso,
a perda progressiva de células-beta pode ser secundéria a ativacdo de células T CD8"
autorreativas (14, 16). A superexpressdao do HLA classe | encontrada nas células-beta
nestes casos pode ocorrer devido a producéo local de interferon tipo I (IFN-I), que leva a
ativacdo de tirosina quinase 2 (TYK?2), o que a longo prazo pode ativar a autoimunidade

(14). Estudos em camundongos Non Obese Diabetic (NOD) demonstraram que a



presenca de sorotipos de coxsakievirus CVB1, CVB3 ou CVB4 aceleraram o
desenvolvimento de DM1 dependendo da quantidade de células T autorreativas presentes

nas ilhotas (17-19).

1.2.1 Genética do Diabetes Mellitus Tipo 1

Estudos recentes de varredura do genoma (Genome wide association studies —
GWAS) tém associado o DM1 a mais de 60 loci genéticos, explicando aproximadamente
80% da herdabilidade desta doenca (11, 20-24). Entre esses loci, o locus do HLA de classe
I1 é, sem davida, o principal fator de risco genético para 0 DM1, explicando cerca de 60%
do risco, com uma Razdo de Chances (RC) > 6,5 (3, 11, 23, 25). Outros genes estao
associados com um menor risco (RC < 2,0) para 0 DM1 quando comparados ao HLA,
como, por exemplo, os genes GLIS3 (24, 26) e ERBB3 (24, 27), conforme demonstrado
na Figura 1. Entretanto, alguns estudos indicam que a combinacdo de gendtipos HLA e
polimorfismos de troca Unica (single nucleotide polymorphisms - SNPs) em genes ndo-
HLA parece melhorar a predicdo da doenca (3, 11, 20, 28, 29). A investigacdo de SNPs
em genes que regulam o sistema imune tem uma grande importancia para uma melhor
compreensdo da genética do DM1, uma vez que estes genes possuem um papel essencial
na patogénese desta doenca (3, 4, 10, 11).

Pociot et al. (20) utilizaram dados do estudo “Type 1 Diabetes Genetics
Consortium” (T1DGC) em calculos de predigao do DM 1, demonstrando um aumento de
8% na acuracia da predicdo ao utilizar dados de genotipos de SNPs do loci HLA
concomitantemente a dados de gendtipos em SNPs ndo-HLA. Interessantemente, a
maioria dos genes candidatos identificados na literatura estdo relacionados com a

regulagdo imune ou com a regulagdo das fungdes das células-beta (3, 4). Neste contexto,



diversos estudos tém sido focados na identificagdo de SNPs em genes ndo-HLA, como

por exemplo, SNPs no gene que codifica a TYK2 (10, 21, 30-37).
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Figura 1. Genes candidatos para o DM1. A figura demonstra os principais genes
candidatos para 0 DM1, de acordo com a expressdo génica respectiva a cada gene e a
razdo de chances apresentada. Genes expressos no pancreas sao apresentados em barras
na cor azul (RPKM > 0,5 - 1, indicando expresséo baixa) ou vermelho (RPKM > 1,
indicando expressdo média ou alta); as barras pretas representam genes ndo expressos no
pancreas. Retirado e adaptado de Santin et al. (24).
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1.3 Tirosina Quinase 2 (TYK2)

O gene TYK2 contém 25 éxons distribuidos em 27,9 kb no cromossomo 19p13.2
(33) e é diferencialmente expresso em varios tipos celulares, como células do sistema
imune, células renais, células-beta pancreaticas e da medula 6ssea (38). A enzima TYK2
possui um papel fundamental em diversas células do sistema imune, incluindo células
natural killer (NK), CD e células T auxiliares, pois é capaz de modular diversos tipos de
respostas, incluindo respostas antivirais (7, 14, 35). O estudo Immunologic Genome

Project (39) teve como objetivo avaliar a expressao de genes relacionados a regulagéo do



sistema imune em células do sistema imune de ratos, incluindo a linhagem de CD. Com
relagdo & expressdo de Tyk2 em CD de ratos, foi verificado um aumento na sua expressao
em todos os precursores e nas proprias CD (7). Além disso, as células que apresentaram
a expressao mais aumentada de Tyk2 foram os linfdcitos T CD8", sendo estas importantes
mediadoras da apoptose de células-beta, mediando também respostas antivirais (7, 39).

A TYK2 é uma enzima pertencente a familia das Janus quinases (JAKSs) (40) e
possui um papel fundamental nas vias de sinalizagcdo de diversas citocinas, como por
exemplo o IFN-I e interleucinas, além de horménios como hemopoetina, hormonio do
crescimento e leptina, controlando assim diversas funcgdes bioldgicas (40-42). As enzimas
da familia JAK funcionam como sinalizadores de componentes citoplasmaticos, uma vez
que se encontram associados & subunidade intracelular dos receptores de citocinas de
classe | e Il (43). A associagdo da TYK2 aos receptores € facilitada devido aos dominios
conservados FERM e SH2, os quais sdo mediadores de interacdes peptidicas (43). Além
disso, o dominio C-terminal da enzima garante a especificidade da fosforilagdo, pois é
responsavel pela atividade de transferéncia de grupamento fosfato entre as moléculas
(40).

Conforme a Figura 2, quando ocorre a interacdo de IFNo com 0 seu receptor
(IFNAR1), a TYK2 sofre transautofosforilacéo, sendo ativada (44-46). Uma vez ativada,
a TYK2 promove a fosforilacdo de fatores de transcricdo Sinais de Transducéo e
Ativadores de Transcricdo (signal transducers and activators of transcription - STATS)
(44-46). Os homodimeros ou heterodimeros de STATSs sofrem translocagéo para o interior
do nuacleo, induzindo a transcricao de genes alvo, elevando a expressédo de diversos tipos
de citocinas, como IFNa e CXCL10 (44-46). Sendo assim, o TYK2 pode ser um
importante gene alvo para 0 DM1, pois é um gene importante na regulacdo de respostas

antivirais e apoptaticas (14).



Além disso, a TYK2 é uma enzima associada a varias doenc¢as autoimunes, como
lUpus eritematoso sistémico (LES), esclerose multipla (EM), artrite reumatoide (AR),
além do DM1, uma vez que sinalizacbes mediadas via TYK2 podem acarretar na
producdo de componentes associados a autoimunidade, implicando na patogénese destas
doencgas (14, 33, 35, 38, 47, 48). No contexto da EM, Mazdeh et al. (41) realizaram
tratamentos em pacientes com esta doenga com interferon- (IFN-B) e inibidores de
TYK2, demonstrando que a inibi¢cdo da TYK2 promoveu uma diminuigdo de respostas

inflamatorias em pacientes com EM.
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Figura 2. Mecanismo de ativacdo da TYK2 na célula-beta pancreatica.
Adaptado de Marroqui et al. (45) e Marroqui et al. (46).

Além disso, Marroqui et al. (45) demostraram que a inibicdo de TYK2 em células-
beta expostas ao acido polyinosinicpolycitidic (PIC), um mimico sintético de DNA dupla
fita gerado durante a replicagdo viral, diminuiu a sinalizagdo do IFN-I/STAT. Células

com TYK2 bloqueado tiveram menos expressdo de HLA-I, um marcador precoce de



inflamacdo nas células-beta. Além disso, a inibicdo de TYK2 preveniu a apoptose das
células-beta, sugerindo que o TYK2 regula rotas apoptoticas e pro-inflamatdrias nessas
células via modulagdo de quimiocinas, tais como a CXCL10, que sdo importantes para o
recrutamento dos linfécitos T as ilhotas pancreaticas (45). Outro estudo que mostra o
importante papel da TYK2 na regulacéo do sistema imune é o de Izumi et al. (49), o qual
demonstrou que a diminuicdo da expressao de Tyk2 em células-beta de camundongos
C57BL6, devido a uma mutacdo natural, foi responsavel pela suscetibilidade ao

desenvolvimento de DM1 induzido por infecgéo viral.

1.3.1 Polimorfismos no Gene Tirosina Quinase 2

O SNP no gene TYK2 mais associado a doencgas autoimunes, incluindo o DM1, é o
rs2304256 (C/A) (32-34, 36, 37, 50). Este SNP esta localizado no éxon 8 (Figura 3) do
gene TYK2 e é causado por uma mutagdo missense que causa a substituicdo de uma valina
por uma fenilalanina na posicdo 362 da regido JAK-homdloga 4 (JH4) do gene (33, 48).
Essaregido é critica para a interacdo entre a TYK2 e 0 IFNAR1, bem como para preservar
a expressao do IFNAR1 nas membranas celulares (51, 52). Para avaliar a associagéo do
SNP rs2304256 e o DM1, Wallace et al. (48) genotiparam o SNP rs2304256 em 8290
pacientes com DM1 e 10061 controles sem essa doenca de uma populacdo Inglesa,
demonstrando a associagdo do alelo A com protecéo para o DM1 (RC 0,86; 95% IC 0,82
—0,90; p = 1,43x10719) (48). No entanto, um estudo realizado em uma populagio Japonesa

obteve resultados inconclusivos (53).



TYK2 (Tirosina quinase 2)

Cromossomo 19p13.2

Figura 3. Localizacdo do SNP rs2304256 (C/A) no gene TYK2. Este SNP ocorre
no sentido anti-senso da fita de DNA no cromossomo 19p13.2. Elaborado pelo autor.

Com relacédo a outras doencas autoimunes, Tao et al. (33) realizaram uma meta-
analise que incluiu um total de 21497 casos e 22647 controles de 11 estudos que avaliaram
a associacdo do SNP rs2304256 com doencas como LES, AR, doenca de Crohn (DoC) e
colite ulcerativa (CoU). Os dados da meta-analise mostraram uma associacdo do alelo A
deste SNP com protecdo para todas as doencas autoimunes investigadas. Essa associa¢do
se manteve em todos 0os modelos de heranca genética testados, sendo que o modelo alélico
foi o mais significativo (RC 0,78; 95% IC 0,70 — 0,87), conforme mostrado na Figura 4
(33). Os dados dessa meta-analise corroboram com os dados obtidos em outra meta-
andlise realizada por Lee et al. (54). Este estudo incluiu 12 estudos e um total de 16335
casos e 30065 controles, sendo que os casos apresentavam alguma doenca reumatica,
como LES e AR. O alelo A do SNP rs2304256 foi associado com protecdo para as
doencgas reumaticas estudadas (RC= 0,88, IC 95% 0,80 — 0,98) (54). Além disso, Can et
al. (55) identificaram uma associacdo entre o genotipo C/C do SNP rs2304256 com risco
para DoC e CoU em pacientes turcos. Em contraste, o alelo A foi associado com protegéo

contra essas doengas (55).
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Figura 4. Forest Plot mostrando o resultado da meta-anélise que investigou a
associacdo entre doencas autoimunes e o alelo A do SNP rs2304256 (C/A) no gene TYK2.
Retirado e adaptado de Tao et al. (33).

Utilizando variaveis do banco de dados Genotype-Tissue Expression, Nyaga et al.
(56) realizaram analises de bioinformatica integrando dados de variantes genéticas,
organizacdo do genoma e andlises funcionais. As analises de predicdo mostraram que o
SNP rs2304256 no gene TYK2 poderia contribuir na patogénese do DM1 através da cis-
regulacao de genes da rota de sinaliza¢do do IFN-I (56). Marroqui et al. (45) cultivaram
células B linfoblastoides de amostras de 12 individuos oriundos do projeto International
HapMap Project. Destas 12 amostras, 7 individuos apresentavam o geno6tipo C/C do SNP
rs2304256 e 5 individuos apresentavam o genotipo A/A. Apos tratamento com IFNa, as
células B linfoblastéides de individuos que possuiam o gendtipo A/A deste SNP
apresentaram menor fosforilagdo do STAT1 comparado as células de individuos com
gendtipo C/C (45). Assim, 0s autores sugerem que o genotipo A/A do SNP rs2304256
possui um papel na reducdo da atividade da enzima TYK2, levando a uma reducdo da
resposta inflamatoria, consequentemente podendo causar um efeito de protecdo para o

DM1 (45).



Alguns estudos tém demonstrado a associacdo de outros SNPs no gene TYK2 e 0
DML1 (34, 42, 53, 57). Onengut-Gumuscu et al. (57) customizaram um chip para a técnica
de ImmunoChip high-density genotyping assay, no qual genotiparam 9271 pacientes com
DML1 e 12262 controles oriundos de consoércios da Unido Europeia com o objetivo de
identificaram potenciais loci de suscetibilidade ao DM1. Os autores demonstraram que
0s SNPs rs34536443 (G/C) (RC = 0,67; p = 4,4x10™) e rs12720356 (A/C) (RC = 0,82;
p = 3,7x107) foram associados com protecdo para 0 DM1 (57). Os SNPs rs34536446 e
rs12720356 também foram associados com protecdo para DM1 e AR em uma populagdo
da Unido Europeia (34).

Com relagdo ao DM1, Nagafuchi et al. (53) mostraram a associacdo de um
hapldtipo na regido promotora do TYK2 constituido por dois SNPs (-930G > A e -929G
> T ) comrisco para DM1 (RC =2,4,95% IC 1,2 —4,6; P = 0,010) em 302 pacientes com
DM1 e 331 controles de uma populacdo Japonesa. Além disso, este haplétipo foi
associado com uma menor atividade da regido promotora e um risco elevado para 0 DM1
em pacientes que apresentavam infecgdes virais (“flu-like syndrome”) (RC = 3,6, IC 95%
1,5 - 8,5), sugerindo que este hapl6tipo € um potencial candidato para 0 DM1 induzido
por infeccdes virais (53). (53).

Neste contexto, os estudos demonstram que o alelo A do SNP rs2304256 tem sido
associado com protecdo para algumas doencas autoimunes (33, 55); no entanto, até o
momento, apenas dois estudos, com dados inconclusivos, investigaram a associacdo deste
SNP com o0 DML (48). Assim, considerando-se a importancia do gene TYK2 na regulagéo
do sistema imune, mais estudos sdo necessarios para avaliar a associacdo do SNP

rs2304256 e 0 DM1 em outras populagdes.



1.4 Justificativa

O DML1 é uma doenga autoimune complexa que caracteriza um grave problema de
salde publica, uma vez que possui acentuada morbidade e mortalidade. As repercussdes
econdmicas e sociais decorrentes do impacto de suas complicacdes cronicas sdo altas e
comprometem a qualidade de vida e a produtividade dos individuos afetados, além de
possuir elevados custos para seu tratamento. Sendo assim, a elucidagdo das bases
genéticas e moleculares do DM1 poderé levar a identificacdo de pacientes que apresentam
maior predisposicdo para o seu desenvolvimento ou um pior prognoéstico. Alguns estudos
demonstram a importancia da execucdo de estudos que avaliem a interacdo entre SNPs
do loci HLA com SNPs ndo-HLA em pacientes com DM1, pois podem melhorar a
predicdo da doenca.

A super-expressdo de HLA classe |, concomitante ao estresse do reticulo
endoplasmatico (RE) e a apoptose de células-beta pancreéticas sdo caracteristicas do
inicio do desenvolvimento de DM1. Sabe-se que o IFNa esta diretamente associado a
ativacdo de todos esses mecanismos. A TYK2 tem um papel importante na modulacéo da
resposta ao IFNa e ativacdo de STATS, levando a uma maior resposta autoimune apds
infeccdo viral e, consequentemente, podendo estar envolvida na suscetibilidade ao DM1.
O SNP rs2304256 parece diminuir a funcdo do gene TYK2 por estar envolvido em uma
regido critica para a interacao entre a TYK2 e o IFNAR1 e ja foi associado com protecao
para outras doencas autoimunes. Entretanto, at¢ o momento, apenas dois estudos
avaliaram a associagéo entre esse polimorfismo e suscetibilidade ao DM1 e os resultados

ainda séo inconclusivos.



2. OBJETIVOS

- Objetivo geral:

e Avaliar a associacdo entre 0 SNP rs2304256 no gene TYK2 e 0o DM1.

- Objetivos especificos:

e Comparar a frequéncia do SNP rs2304256 no gene TYK2 entre pacientes com
DML (casos) e individuos sem DM1 (controles) doadores do banco de sangue,

ajustando-se para a presenca de haplotipos HLA-DR/DQ de alto risco para o DML1.

e Avaliar se 0 SNP rs2304256 esta associado a alguma caracteristica clinica e

laboratorial do DM1, como idade de diagndéstico e niveis glicémicos.
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ABSTRACT

Introduction: Tyrosine kinase 2 (TYK2) is a putative candidate gene for type 1 diabetes
mellitus (T1DM) since it plays an important role in regulating apoptotic and pro-
inflammatory pathways in pancreatic beta-cells through modulation of the type |
interferon signaling pathway. Accordingly, the rs2304256 single nucleotide
polymorphism (SNP) in the TYK2 gene has been associated with protection for different
autoimmune diseases. However, to date, only two studies have evaluated the association
between this polymorphism and T1DM, with discordant results.

Aim: To investigate the association between the rs2304256 SNP in the TYK2 gene and
T1DM in a Brazilian population of mixed ethnicity.

Methods: This case-control study comprised 478 patients with TAIDM and 518 non-
diabetic subjects from Southern Brazil. The rs2304256 (C/A) SNP was genotyped by
allele discrimination-real time PCR technique using TagMan MGB probes.

Results: Genotype and allele frequencies of the rs2304256 SNP differed between TIDM
patients and non-diabetic subjects (P < 0.0001 and P = 0.001, respectively). Furthermore,
the A allele was associated with protection against TLDM under both recessive (OR =
0.482, 95% CI 0.288 — 0.806) and additive (0.470, 95% CI 0.278 — 0.794) inheritance
models, and adjusting for HLA DR/DQ genotypes associated with high-risk for TIDM,
gender, and ethnicity.

Conclusions: Our results demonstrated that the A/A genotype of TYK2 rs2304256 SNP

is associated with protection for TIDM in a Brazilian population.



INTRODUCTION

Chronic hyperglycemia in type 1 diabetes mellitus (T1DM) is caused by the severe
autoimmune destruction of pancreatic beta-cells by macrophages and T lymphocytes,
which renders subjects insulin-dependent for life (1). The autoimmunity against beta-cells
occurs in the context of a dialog between invading immune cells and the target beta-cells,
and it is triggered by a multifaceted interaction between several genetic and
environmental risk factors (1-3). To date, genome wide association studies (GWAS) have
identified more than 60 loci associated with TIDM, with the human leukocyte antigen
(HLA) class 11 (DR/DQ) region showing the greatest impact on T1DM susceptibility with
an odds ratio (OR) > 7 (2, 4, 5). Although single nucleotide polymorphisms (SNPs) in
other loci confer modest risks (OR < 2) for T1DM, studies have suggested that the
combination of HLA genotypes with non-HLA SNPs may help disease prediction (5-7).

Beta-cells express 80% of T1DM candidate genes (8-10), which may contribute
to T1LDM pathogenesis by regulating important pathways in these cells, such as activation
of apoptosis, antiviral activity and innate immunity, involving RIG-like receptors and
regulators of type I interferons (IFN-I) (8, 11). Tyrosine kinase 2 (TYK2) is a TIDM
candidate gene that encodes a member of the Janus Kinase (JAK) family of tyrosine
kinases, which play a key role in the intracellular signaling of several cytokines and IFN-
l.

TYK2 is bound to the IFN-I receptor (IFNAR1) on cell surface in its inactive
form. After IFN-a binding to the IFNAR1, TYK2 and JAK1 are activated, leading to
recruitment and phosphorylation of signal transducers and activators of transcription
(STAT) 1 and 2. STATL1/2 heterodimers translocate to the nucleus, where they regulate

the expression of IFN-stimulated genes (8, 11-13). In beta-cells, TYK2 seems to activate



apoptotic and pro-inflammatory pathways via modulation of IFN-I signaling after a viral
infection (8). Interestingly, the study performed by Izumi et al., 2015 (14) in C57BL/6
mice carrying a mutant promoter haplotype (containing 11 mutations) in Tyk2 gene
demonstrated that this haplotype was associated with the susceptibility for TLDM induced
by viral infection (14).

Accordingly, SNPs in the TYK2 gene have been associated with protection against
autoimmune diseases, including systemic lupus erythematosus (SLE), ulcerative colitis
(UC), Crohn’s disease (CD), multiple sclerosis (MS), and rheumatic arthritis (RA) (15-
17). The minor A allele of the rs2304256 SNP in the TYK2 gene was also associated with
protection against TLDM (18). Importantly, this missense SNP (C/A; Val362Phe) in exon
8 of the TYK2 seems to be functional since B lymphoblastoid cells (BLCLs) obtained
from subjects with the A/A genotype showed less marked IFN-o-induced STAT1
phosphorylation compared to cells from subjects with the C/C genotype (8). Another
study performed in a Japanese population was not able to confirm this association (19).
To our knowledge, no other study has evaluated the association between this SNP and
T1DM susceptibility. Thus, here, we investigated the association between the rs2304256

SNP in the TYK2 gene and T1DM in a Southern Brazilian population of mixed ethnicity.

MATERIALS AND METHODS

Case and control samples, phenotype measurements and laboratory analyses

This case-control study was designed and performed following the STROBE and
STREGA guidelines (20, 21). The case group consisted of 478 T1DM patients recruited
from the outpatient clinic at the Hospital de Clinicas de Porto Alegre (Rio Grande do Sul,

Brazil). TIDM was diagnosed accordingly to the American Diabetes Association



guidelines (1). The control group comprised 518 non-diabetic blood donors recruited
from the same Hospital. Subjects with glycated hemoglobin (HbALc) levels > 5.7% (1)
and/or a familial history of diabetes were excluded from the control sample. The ethnic
group was defined based on self-classification.

For the case group, a standard questionnaire was used to collect information
regarding age, age at T1IDM diagnosis, drug treatment, and ethnicity. All patients
underwent complete physical examination and laboratory tests, as previously described
by our research group (22, 23). For the control group, we applied a simplified
questionnaire to collect information on age, familial history of diabetes or other diseases,
current drug treatment, and presence of arterial hypertension. Their weight and height
were measured for body mass index (BMI) calculation and serum was collected for
HbAlc measurement. From both T1DM and control subjects, peripheral blood was
collected for DNA extraction. All patients and non-diabetic subjects gave assent and
written informed consent prior to inclusion in the study, and the Ethic Committee in

Research at Hospital de Clinicas de Porto Alegre approved the study protocol.

Genotyping of the rs2304256 SNP in the TYK2 gene

DNA was extracted from peripheral blood leukocytes using a standardized salting-out
technique (24). The rs2304256 (C/A) SNP in TYK2 gene was genotyped by allele
discrimination-real time PCR technique using a TagMan SNP Genotyping Assay
(Thermo Fisher Scientific, Foster City, CA, USA) specific for this SNP. Real-time PCR
reactions were performed in 384-well plates, in a total of 5 pl volume, using 2 ng of DNA,
Mastermix TagPath ProAmp 1x (Thermo Fischer Scientific) and TagMan SNP

Genotyping Assay 1x. The plates were then placed in the ViiA7 Real-Time PCR System



(Thermo Fischer Scientific) and heated for 10 min at 95 °C, followed by 50 cycles of 95
°C for 15 s and 62 °C for 1 min, accordingly to the manufacturer’s suggestion.
Considering that HLA DR/DQ genotypes may affect the association between the
rs2304256 SNP and T1DM, we also analyzed frequencies of HLA high-risk genotypes in
all subjects in order to control for a possible association between the TYK2 SNP and
T1DM for the HLA genotypes. For this purpose, 3 SNPs (rs3104413, rs2854275, and
rs9273363) adjacent to the HLA class Il DR/DQ region were genotyped in all samples
using specific Custom TagMan Genotyping Assays 40x (Thermo Fischer Scientific), as
previously described (25). This method was used considering that Nguyen et al. (26)
showed that these SNPs can predict HLA DR/DQ genotypes associated with T1IDM
susceptibility with an accuracy higher than 99%. Thus, using this method, we calculated
predicted frequencies of the following HLA DR/DQ genotypes: high-risk genotypes
(DR4/DQ8 or DR3/DR4-DQ-8 or DR3/DR3), intermediate-risk genotype (DR3/DRXx), and

low-risk genotypes (DRx/DRx or D4/DQ7), where x can be different non-risk alleles (26).

Statistical analyses
Allele frequencies were calculated by gene counting and deviations from Hardy-
Weinberg equilibrium (HWE) were analyzed using y? tests. Allele and genotype
frequencies were compared between case and control groups with x2 tests. Moreover,
genotypes were compared between groups under additive, recessive, and dominant
inheritance models (27, 28).

Normal distribution of variables was checked using Kolmogorov-Smirnov and
Shapiro-Wilk tests. Quantitative variables are shown as mean + SD while categorical
variables are shown as percentage. Clinical and laboratory characteristics were compared

between groups using unpaired Student’s t tests or 2 tests, as appropriate. Logistic



regression analyses were used to estimate the OR with 95% CI and P values for the effects
of rs2304256 genotypes on T1DM susceptibility, both for genotype frequencies and the
different inheritance models, and adjusting for covariates.

The power calculation was performed in the OpenEpi site (www.openepi.com).
This study has a power of = 80% (a =0.05) to detect an OR lower than 0.65 (considering
that the A allele frequency in controls is 30%). Statistical analyses were performed using
the SPSS 18.0 software (SPSS, Chicago, IL, USA), and P values < 0.05 were considered

significant.

RESULTS

Sample description

Clinical and laboratory characteristics of TIDM patients and nondiabetic subjects
included in this study are shown in Table 1. Body mass index (BMI) and the percentage
of males were higher in the control group compared with TIDM patients. Non-white
subjects comprised 9.3% of the TLDM group and 11.8% of the control sample (P = 0.233).
As expected, mean HbAlc levels and frequency of high-risk HLA DR/DQ haplotypes
were higher in TLDM patients compared with controls. Mean age at TLDM diagnosis was
17.4 £ 9.7 years. Moreover, 59.8% of TLDM patients had diabetic retinopathy (DR) while

40.4% had diabetic kidney disease (DKD). Mean age did not differ between the groups.

Genotype and allele distributions
Table 2 shows genotype and allele frequencies of TYK2 rs2304256 (C/A) polymorphism
in T1DM patients and non-diabetic subjects. Genotypes frequencies of this SNP were not

in accordance with those predicted by the Hardy-Weinberg Equilibrium in controls (P <



0.001), and were significantly different between T1DM and control groups (P = 0.001)
(Table 2). Accordingly, the A allele frequency was lower in TIDM patients compared
with the control group (23.1% vs. 29.6%; P = 0.001). Moreover, the A allele was
associated with protection for TIDM under recessive (P < 0.0001) and additive (P <
0.0001) inheritance models. After adjustment for the presence of high-risk HLA DR/DQ
genotypes, gender and ethnicity, the A/A genotype remained independently associated
with protection for TLDM in both inheritance models (recessive: OR = 0.482, 95% CI
0.288 — 0.806; P = 0.005; additive: OR = 0.470, 95% CI 0.278 — 0.794; P = 0.005).

Considering that the A allele frequency was increased in white subjects compared
with non-white subjects (27.7% vs. 16.6%; P = 0.0008), we excluded non-white subjects
from the samples in order to confirm that ethnicity was not influenced our results.
Considering only white subjects, the A allele frequency remained significantly decreased
in TLDM patients compared to control subjects (24.1% vs. 31.2%, P <0.0001).

Table 3 depicts clinical and laboratory characteristics of TLDM patients broken
down by the presence of the A/A genotype of the rs2304256 SNP (recessive model: C/C
+ C/A vs. A/A). Frequencies of gender, high-risk HLA DR/DQ genotypes, ethnicity,
hypertension, DR and DKD, and mean age, age at diagnosis, HbAlc, and BMI were not
significantly different between T1DM patients with A/A genotype and patients carrying
the C allele (all P values > 0.05). Of note, the same variables were not significantly
different between T1DM patients carrying the A allele (C/A + A/A) and patients with the

C/C genotype (data not shown).



DISCUSSION

TYK2 plays an important role in immunity because it encodes a nonreceptor tyrosine
kinase that is constitutively expressed across different immune cells and activates
dendritic cells to present self-antigens to autoreactive T cells (15, 29). Moreover, TYK2
has a key role in regulating the intracellular signaling of several cytokines and IFN-I and
seems to be involved in beta-cells apoptosis, which are key mechanisms related to TADM
pathogenesis (8). Thus, TYK2 is a candidate gene for TIDM. Even though the TYK2
rs2304256 (C/A) SNP has been associated with other autoimmune diseases in different
populations (15, 17-19, 30-34), only two studies have evaluated its association with
T1DM (18). Thus, here, for the first time, we replicated the association of TYK2
rs2304256 SNP with T1IDM in a Brazilian population of mixed ethnicity, showing that
the A/A genotype of this SNP is protective for TLDM.

Our results are in accordance with the study by Wallace et al. (18), who evaluated
the rs2304256 SNP in 2,686 patients with TIDM and 4,794 non-diabetic controls of
European ancestry, showing that the A allele was associated with protection for TLDM
(OR =10.87, 95% CI 0.81 — 0.94). In contrast, a small study that included 244 T1DM
patients and 254 non-diabetic controls from a Japanese population was not able to confirm
this association (19), which can be explained by different ethnic backgrounds or lack of
statistical power. Besides T1DM, the rs2304256 A allele has also been associated with
protection for other autoimmune diseases. Tao et al. (17) performed a meta-analysis of
11 studies (21,497 cases and 22,647 controls) to confirm the association of a number of
TYK2 SNPs with some autoimmune and inflammatory diseases (SLE, RA, UC, and CD).

Their data showed that rs2304256 A allele was associated with protection for these



diseases (OR = 0.69, 95% CI 0.59 — 0.81 for the dominant model of inheritance) (17).
The authors speculated that the rs2304256 A allele may reduce TYK?2 function, resulting
in a decreased susceptibility to autoimmune diseases (17). Another meta-analysis
including 12 studies, totalizing 16,335 cases with SLE or RA and 30,065 controls,
confirmed that the rs2304256 A allele confers protection against these rheumatic diseases
(OR =0.88, 95% CI 0.80 — 0.98) (16).

TYK2 rs2304256 SNP causes a valine to phenylalanine change at position 362 in
the Jak-homology 4 (JH4) region, which is a critical region for interaction with IFNAR1
(8, 35). Although the functional significance of this SNP remains unclear, it may be
related to the abnormal downstream regulation of IFN-I pathway (16). Accordingly,
Nyaga et al. (35) analyzing T1DM-associated SNP-gene pairs using the Genotype-Tissue
Expression (GTEx) database and bioinformatics analyses, predicted that the TYK2
rs2304256 SNP may contribute to TIDM pathogenesis by cis-regulating a number of
genes within the IFN-I signaling pathway.

Moreover, Marroqui et al. (8) demonstrated that TYK2 silencing in human beta-
cells exposed to polyinosinicpolycitidilic acid (PIC, a mimic of double-stranded RNA
produced during viral infection) decreased the IFN-1 pathway activation and expression
of CXCL10 and MHC class | proteins, a hallmark of early beta-cell inflammation in
T1DM. Consequently, TYK2 inhibition also prevented PIC-induced beta-cell apoptosis
(8). Importantly, these authors showed that BLCLs isolated from subjects with the
rs2304256 A/A genotype showed a trend for less marked IFN-o-induced STAT1
phosphorylation compared with subjects carrying the C/C genotype (3.5-fold STAT1
phosphorylation vs. 5.7-fold increase compared to the basal condition, respectively) (8).

Therefore, the authors concluded that protective effect of the A allele against TADM is



mediated via downregulation of the IFN-a signaling, which will decrease the production
of proinflammatory cytokines and inflammation (8).

Besides the rs2304256 SNP, other SNPS in the TYK2 gene have been associated
with TIDM (19, 32, 33). The minor alleles of the rs34536443 (G/C) and rs12720356
(A/C) SNPs were associated with protection against TIDM (OR = 0.67, P = 4.4x10°%,
and OR =0.82, P = 3.7x107, respectively) in samples from different locations in Europe
(32). In addition, Nagafuchi et al. (19) evaluated different SNPs at the promoter region
and exons of the TYK2 gene in 302 T1DM patients and 331 non-diabetic controls from a
Japanese population, and showed that a haplotype constituted by two rare SNPs at the
promoter region (-930G/A and -929G/T) conferred risk for TLDM (OR = 2.4, 95% CI1 1.2
—4.6). Interestingly, the TYK2 haplotype was associated with decreased promoter activity
and conferred higher risk for TLDM in those patients with a flu-like syndrome (OR = 3.6,
95% CI 1.5 -8.5), suggesting that this haplotype is a putative candidate as a virus-induced
diabetes susceptibility region in humans (19).

Our results should be interpreted under a few limitations. First, genotype
frequencies of the rs2304256 SNP were not in agreement with those predicated by the
HWE in the control group. Even though genotyping by real time PCR technique is a
reliable technique (36), we checked all genotype data manually to exclude the possibility
of genotyping errors and also genotyped 10% of the samples twice. Thus, the possible
explanation for the deviation of HWE is that this SNP is associated with protection against
T1DM with lower OR and, therefore, could be under selective forces. Second, we cannot
exclude the possibility of population stratification bias when analyzing our data, despite
the fact that frequencies of the rs2304256 SNP were not statistically different between

white and non-white subjects. To exclude this bias, the results were adjusted for ethnicity,



and the exclusion of non-white subjects from the whole sample did not change the
observed associations.

In conclusion, the present study indicates that the A/A genotype of rs2304256
SNP in TYK2 gene is associated with protection against TIDM in a Brazilian population
of mixed ethnicity. This association is biologically plausible considering the involvement
of TYK2 in immune system function and in the regulation of inflammation and apoptosis

of beta-cells.
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Table 1. Clinical and laboratory characteristics of TLDM patients (cases) and non-

diabetic subjects (controls).

Controls Cases
Characteristics P*

(n =518) (n=478)
Age (years) 39.1+£10.0 38.3+12.6 0.296
Gender (% male) 59.1 51.5 0.019
Ethnicity (% non-white) 11.8 9.3 0.233
HbAlc (%) 53+0.3 8.7+2.0 <0.0001
High-risk  HLA  DR/DQ 17.5 58.0 <0.0001
genotypes (%)
BMI (kg/m?) 27.1+45 24.4 £ 3.7 <0.0001
Hypertension (%) - 46.4 -
Age at T1DM diagnosis

- 17.4+£9.7 -

(years)
Diabetic kidney disease (%) - 40.4 -
Diabetic retinopathy (%) - 59.8 -

Data are shown as mean £ SD or %. BMI, body mass index; HbAlc, glycated

hemoglobin; High-risk HLA DR/DQ genotypes: DR4/DQ8, DR3/DR4-DQ8 or DR3/DR3.

*P values were obtained using y? tests or t-tests, as appropriate.



Table 2. Genotype and allele frequencies of TYK2 rs2304256 polymorphism in T1LDM patients and non-diabetic subjects

Controls (n=518) T1DM (n =478) *P Adjusted OR (95% IC) /* P
Genotype
C/C 282 (54.4) 287 (60.0) 0.001 1
C/IA 165 (31.9) 161 (33.7) 0.921 (0.660 — 1.285) / 0.627
A/A 71 (13.7) 30 (6.3) 0.467 (0.275 —0.794) / 0.005
Allele
C 0.704 0.769 0.001 -
A 0.296 0.231
Recessive model
C/C +CIA 447 (86.3) 448 (93.7) <0.0001 1
A/A 71 (13.7) 30 (6.3) 0.482 (0.288 — 0.806) / 0.005
Aditive model
C/C 282 (79.9) 287 (90.5) <0.0001 1
A/A 71 (20.1) 30 (9.5) 0.470 (0.278 — 0.794) / 0.005
Dominant model
C/C 282 (54.4) 287 (60.0) 0.074 1
C/IA + AIA 236 (45.6) 191 (40.0) 0.782 (0.575-1.063) / 0.116

Data are shown as number or proportion. *P-value calculated by y2- test. T P-value after adjustment for high-risk HLA DR-DQ haplotypes,

gender and ethnicity.



Table 3. Clinical and laboratory characteristics of TLDM patients by the presence of the

AJA genotype of the rs2304256 SNP in TYK2 gene (recessive model).

C/IC + C/IA A/A
Characteristics p*
(n =448) (n=30)

Age (years) 38.4+£12.7 376+11.2 0.768

Age at diagnosis (years) 17.3+9.8 185+9.9 0.557

Gender (% male) 51.4 53.3 0.983

Ethnicity (% nonwhite) 9.7 3.3 0.405

HbAlc (%) 8.7+20 8.6+2.2 0.772
Jéﬁ)“g T}f{;;:;gg '(‘(2) 57.8 59.3 > 0.999

BMI (kg/m?) 24.4 +3.7 24.6 + 3.6 0.843

Hypertension (%) 46.1 50.0 0.876

Diabetic Retinopathy (%) 60.2 53.6 0.623

Diabetic Kidney Disease 392 56.5 0.254

(%)

Data are shown by mean + standard deviation or % for all characteristics. BMI, body
mass index; HbAlc, glycated hemoglobin; Risk HLA: (DR4/DQ8 - DR3/DR4-DQ8 -
DR3/DR3) TIDM, type 1 diabetes mellitus. *P values are according to x2 test or t-test as

appropriate.



CONCLUSAO

As principais conclusdes deste estudo sao:

e A frequéncia do geno6tipo A/A, bem como o alelo A do SNP rs2304256 no gene

TYK2 foi diminuida em pacientes com DM1 quando comparado aos controles.

e O gendtipo A/A se manteve independentemente associado com protecdo contra
DM1 nos modelos de heranca recessivo e aditivo, ajustando-se para HLA de alto-
risco para 0 DM1 (HLA DR/DQ - DR4/DQ8, DR3/DR4-DQ8 ou DR3/DR), sexo

e etnia.

e Caracteristicas clinicas e laboratoriais dos pacientes com DM1 ndo diferiram entre

0s genotipos do polimorfismo de interesse nos diferentes modelos de heranca.

e Embora mais estudos sejam necessarios para avaliar tanto o efeito do gene TYK2
quanto do SNP rs2304256 na patogénese do DM1, hipotetizamos que durante
infeccbes virais com tropismo pelas células-beta, uma atividade atenuada da
enzima TYK2, como parece ocorrer na presenca do genoétipo A/A do SNP
rs2304256, pode levar a uma resposta inflamatéria via INF-I reduzida,

consequentemente causando um efeito de protecdo para 0 DM1.

Desta forma, a presente dissertacdo demonstrou que o genotipo A/A do SNP
rs2304256 no gene TYK2 esta independentemente associado com protecdo para 0 DML1.

Este foi o primeiro estudo a avaliar esta associa¢cdo em uma populacéo Brasileira.



OUTRAS PRODUCOES BIBLIOGRAFICAS NO PERIODO DE

REALIZACAO DO MESTRADO

Além do artigo que faz parte desta dissertacéo, ao longo do periodo de mestrado

foram desenvolvidos os seguintes manuscritos que estdo em fase de finalizag&o:

1. Pellenz FM, Dieter C, Lemos NE, Bauer AC, Souza BM, Crispim D. The
influence of TYK2 gene polymorphisms in autoimmune diseases: a systematic

review and meta-analysis.

2. Massignam ET, Dieter C, Pellenz FM, Assmann TS, Canani LH, Crispim D.
rs4636297 (G/A) polymorphism in the miR-126 gene is associated with

protection for diabetic retinopathy in patients with type 1 diabetes mellitus.
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