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"[...] acho que s6 ha um caminho para a ciéncia — ou para a filosofia:
encontrar um problema, ver a sua beleza e apaixonarmo-nos por ele;
casarmo-nos com ele, até que a morte nos separe — a nao ser que
obtenhamos uma solucdo. Mas ainda que encontremos uma solucéo
poderemos descobrir, para nossa satisfacéo, a existéncia de toda uma
familia de encantadores, se bem que talvez dificeis, problemas-filhos,
para cujo bem-estar poderemos trabalhar, com uma finalidade em
vista, até ao fim dos nossos dias”.

- Karl Popper

“A coisa mais bela que o homem pode experimentar é o mistério. E
essa emocdo fundamental que esta na raiz de toda ciéncia e toda
arte”.

- Albert Einstein

“A maturidade do homem consiste em haver reencontrado a seriedade
gue tinha nas brincadeiras de quando era crianga”.
- Friedrich Nietzsche



RESUMO

O Toll-like receptor 2 (TLR2) € um receptor de reconhecimento de
microorganismos que identifica um amplo repertério de padrbes moleculares
associados a patdgenos. Entre os polimorfismos ja descobertos no gene que
codifica para o TLR2, dois SNPs (single nucleotide polimorphism) (supposed-
2029C>T e 2258G>A) podem estar relacionados com a reducao da ativacdo do NF-
kB e, consequentemente, com o aumento do risco as doengas infecciosas. O
objetivo deste estudo foi investigar os SNPs supposed-2029C>T e 2258G>A do
TLR2 em 422 pacientes criticamente doentes oriundos de uma populac¢do do sul do
Brasil (295 com sepse e 127 sem sepse), e realizar uma reviséo sistematizada de 33
trabalhos publicados sobre esses SNPs conduzindo um estudo de avaliacdo de
qualidade com um sistema de escores. Entre os pacientes admitidos no estudo foi
encontrado apenas um heterozigoto (0,2%; 1/422) para o0 SNP supposed-2029C>T e
nenhum para o SNP 2258G>A (0%; 0/422). Assim, ndo foi possivel identificar
qualquer aplicabilidade clinica entre esses SNPs do TLR2 nos pacientes criticos do
sul do Brasil. A revisdo sistematizada detectou que os atuais trabalhos com tais
SNPs do TLR2 apresentam conclusdes controversas e contraditrias resultantes de
estudos com uma ampla variedade de critérios de qualidade. Os resultados sugerem
que, quando analisados individualmente, os SNPs supposed-2029C>T e 2258G>A
ndo sdo bons candidatos para os trabalhos que buscam por aplicacdes clinicas
diretas entre genadtipo e fendtipo. Esforcos futuros para aumentar o conhecimento e
para realizar andlises simultaneas com outros polimorfismos poderédo revelar efeitos

mais efetivos do TLR2 na susceptibilidade as doencas infeciosas.

Palavras Chave: TLR2; 2029C>T; 2258G>A; Arg677Trp; Arg753GIn



ABSTRACT

Toll-like receptor 2 (TLR2) is a recognition receptor for the widest repertoire of
pathogen-associated molecular patterns. Two polymorphisms of TLR2 could be
linked to reduced NF-kB activation and to increased risk of infection (supposed-
2029C>T and 2258G>A). We investigated the supposed-2029C>T and 2258G>A
TLR2 polymorphisms in 422 critically ill patients with European origin from southern
Brazil (295 with sepsis and 127 without sepsis), and we reviewed of 33 studies with
these polymorphisms conducting a quality assessment with a score system. Among
our patients we found only one heterozygote (1/422) for the supposed-2029C>T and
none of 2258G>A (0/422) SNP. We have failed to find a clinical application of
supposed-2029T and 2258A allele analysis in our southern Brazilian population. Our
review detected that current TLR2 SNP assays had very controversial and
contradictory results derivate from reports with a variety of quality criteria of
investigation. We suggest that, if analyzed alone, the supposed-2029C>T and
2258G>A TLR2 SNP are not good candidates for genetic markers in studies that
search for direct or indirect clinical applications between genotype and phenotype.
Future efforts to improve the knowledge and to provide other simultaneous genetic
markers might reveal a more effective TLR2 effect on the susceptibility to infections

diseases.

Key Words: TLR2; 2029C>T; 2258G>A; Arg677Trp; Arg753GIn



LISTA DE ILUSTRACOES

Figura 1: PatOgENESE da SEPSE ....ceeeviiiiii i e ettt e e e e et e e e e e et e e eaaees 11
Figura 2: Inter-relacdo entre SIRS, sepse € INfECCAOD ..........coeeveeeiiiiiiieeeeee e 13

Figura 3: Hipdtese da conformacédo tridimensional do lipidio A do LPS, permitindo sua

[T = Tor=Tol oo ] o ¢ e 1 (=T £=T 01 (=TI I B 2 €T 17
Figura 4: Cascata de sinalizagdo realizada pelo TLR2...........cooooieieiiiiie 18
Figura 5: Mapa do cromossomo 4 que contém o locus génico para o TLR2. ...................... 19
Figura 6: Principais variantes polimérficas do gene do TLR2...........oooiiiiiiiieinivceiiiieee e, 20

Figura 7: Caracterizacao dos principais polimorfismos do TLR2. ..., 20



LISTA DE ABREVIATURAS E SIGLAS

°C: Graus Celsius

A: Adenina

APACHE II: Acute Phsysoilogy and Chronic Health Evaluation
APS: Acute Physiology Score

bpm: batimentos por minuto

C: Citosina

CD14: Cluster of Differenciation 14

cels/mms3: células por milimetro cubico

CMV: Citomegalovirus.

DNA: Deoxyribonucleic Acid.

G: Guanina

IKK: Inhibitor of nuclear factor-kB.

IL: Interleucina

IRAK: IL-1R-associated kinase

irpm: impulso respiratorio por minuto

LPS: Lipopolissacarideos

MAP Kinases: Mitogen activated protein

mmHg: milimetros de Mercurio

MODS: Multiple Organ Dysfunction Syndrome

MOF: Multiple Organ Failure

MyD88: Myeloid Differentiation Factor

NEMO: NF-kB essential modulator.

NF-kB: Nuclear factor kB.

PaCO2: presséo parcial de Diéxido de Carbono
PAMP: Pathogen-associated molecular patterns
PRR: Pattern Recognition Receptor

SIRS: Sindrome da Resposta Inflamatdéria Sistémica
SNP: Single Nucleotide Polymorphism.

SOFA: Sequential Organ Failure Assessment

T: Timina

TAB: TAK1-binding protein

TAKZ1: Transforming-growth factor-g-activated kinase
TIR: Toll Interleucine Receptor

TLR: Toll-like Receptor

TNF-a: Tumor Necrosis Factor alpha

TRAF6: Tumor-necrosis-factor receptor-associated factor 6
UBC13: Ubiquitin conjugating enzyme 13

UEV1A: ubiquitin conjugating enzyme E2 variant 1
UTI: Unidade de Terapia Intensiva
UTIG-HSL-PUCRS: Unidade de Terapia Intensiva Geral do Hospital S&o Lucas da Pontificia
Universidade Catolica do Rio Grande do Sul.



SUMARIO

1  FUNDAMETACAO TEORICA E OBJIETIVOS.....coiveeeeeeeee et 10
1.1 FUNDAMENTAGCAO TEORICA ......ceiieeieeeeeee ettt sae e 10
1.1.1 Pacientes criticos internados NA UTI .....oeeeeniee e 10
1.1.2 YT 0L PSPPSR 11
1.1.3 T8 aT[o F=To [T [ =\ - TP 14
1.1.4  Receptores TOll-LiKe (TLR).....uuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiieeeiineee 15
1.1.5  TOl-lIKE RECEPION 2... ettt 16
1.1.6 O GNE TR ..o e et e e e 19

AN 10 L I =T (OF N I Y TP 23
(X O] =T ] LY/ O 1 TP 23

2 ARTIGO CIENTIFICO ..ottt e et e et e e et e e e e e e e e e riees 24
TITLE OF THE PAPER ...t 25

S O LY YA = A 2T 26
INTRODUCTION . ..t 27
MATERIAL AND METHODS ... e 29
RE S UL T S it e e e et 32
DI S CUS SION ..ttt e e et 35
ACKN OW LED G EMEN T S . ..ot 39
REFEREN CES . ... 39
TABLES LEGENDS ... ettt 48
FIGURES ... e 54

3 CONSIDERAQOES FIN A LS e 61
REFERENCIAS ...ttt ettt ettt e e e ettt e et e et e et e e e e et e et e e e eneees 63
AN X O S oo 72

ANEXO A — APROVACAO PELO COMITE DE ETICAEM PESQUISA DA PUCRS.... 73
ANEXO B — COMPROVANTE DE SUBMISSAO AO PERIODICO: INTERNATIONAL
JOURNAL OF IMMUNOGENETICS. ...ttt e e 74



10

1 FUNDAMETACAO TEORICA E OBJETIVOS

1.1 FUNDAMENTACAO TEORICA

1.1.1 Pacientes criticos internados na UTI

Os pacientes admitidos nas Unidades de Terapia Intensiva (UTI) representam
entre 5% e 15% de todos os pacientes hospitalizados, mas o custo do tratamento
destes pacientes € seis vezes maior do que os dos demais [Martin et al., 2005;
Ylipalosaari et al., 2006]. Os pacientes internados nas UTIs sdo caracterizados por
apresentarem um quadro patoldgico critico e complexo decorrente de fragilidades
fisiolégicas graves e um risco de infecgdo de cinco a 10 vezes maior do que 0sS
pacientes de outras alas hospitalares [Vincent et al., 2002; Vosylius et al., 2003]. A
alta incidéncia de infeccdo na UTI tem sido associada com a permanéncia
prolongada destes pacientes na unidade, com a evolucdo da severidade da
disfuncéo organica e com o aumento da taxa de mortalidade [Vosylius et al., 2003].

Nos ultimos 20 anos, varios instrumentos de medida de predicdo de risco tém
sido aplicados aos pacientes criticos de UTIs na tentativa de reconhecer as
melhores estratégias terapéuticas. A avaliacdo do quadro critico, nos dias de hoje, é
principalmente realizada através de instrumentos que analisam a disfuncdo de
orgéos e sistemas através do monitoramento diario de seu estado fisiolégico. O
escore SOFA (Sequentical Organ Failure Assessment) avalia diariamente a condi¢c&o
de seis sistemas organicos (respiratorio, renal, hepatico, hematopoiético,
cardiovascular e neuroldgico), independentemente da terapia a qual o paciente esta
sendo submetido [Vincent et al., 1998]. Outro escore utilizado é o APACHE Il (Acute
Physiology and Chronic Health Evaluation), um sistema de classificagdo que usa
pontuacao baseada em 12 medidas fisiologicas, idade e mais as doengas anteriores
para prover uma medida geral da severidade do quadro clinico do paciente. O
APACHE Il € um sistema util e de confianca para classificar os pacientes da UTI: o

aumento do APS (Acute Physiology Score), que é o escore fisioldgico, é associado
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ao aumento do risco de morte. Este sistema é indicado para ser usado nos primeiros
momentos, como ha emergéncia ou ho momento de admisséo na UTI [Knaus et al.,
1985].

1.1.2 Sepse

A sepse € uma condi¢do bastante freqiente em UTIs com um alto indice de
mortalidade. Nos Estados Unidos foram estimados aproximadamente 750.000 casos
de sepse por ano com a mortalidade em torno de 28,6% [Angus et al., 2001; O’Brien
et al., 2007]. Na Europa, mais de 35% dos pacientes da UTI tiveram sepse com a
mortalidade chegando aos 27% [Vincent et al., 2006]. No Brasil, um estudo de Silva
e colaboradores [Silva et al., 2004] mostrou que a incidéncia de sepse é de 61.4 a
cada 1.000 paciente por dia com a mortalidade chegando a 33.9%.

A sepse € atualmente vista como uma complexa desregulacdo da inflamacéo
que surge quando o hospedeiro é incapaz de conter a infeccao. Esta desregulacéo
afeta multiplos 6rgdos através de efeitos em células endoteliais, epiteliais e imunes

gue levam a um dano irreversivel (Figura 1) [Buras et al., 2005].

* [mimune suppression: /—\
[ reduced infection
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l ¢ Epithelial dysfunction:
bamier dysfunction \_/ 1
Successful
containment Imerversible
changes
l Host death
Resclution
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Figura 1: Patogénese da sepse. Extraido de Buras et al, 2005.

No ano de 1992, foram estabelecidos conceitos que podem ser aplicados em
pacientes nos diferentes estagios da sepse. O conceito de SIRS (Systemic
Inflammatory Response Syndrome) (Figura 2) foi postulado como Sindrome da
Resposta Inflamatoria Sistémica. A SIRS é diagnosticada quando sdo manifestados

dois ou mais dos critérios a seguir: (I) Febre, temperatura corporal >38°C ou
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hipotermia, temperatura corporal <36°C; (ll) Taquicardia, frequéncia cardiaca >90
bpm; (Ill) Taquipnéia, frequéncia respiratoria >20 irpm ou PaCO, <32 mmHg; (IV)
Leucocitose ou leucopenia, Leucécitos >12.000 cels/mm? ou <4.000 cels/mm?, ou
presenca de >10% de neutrdéfilos de formas jovens (bastbes) [Bone et al., 1992] .

A resposta inflamatoria sistémica esta associada a um grande numero de
condi¢cdes clinicas. Além das infeccdes que podem produzir a SIRS, causas
patolégicas nao infecciosas podem incluir pancreatites, isquemia, traumas multiplos
e lesdo nos tecidos, choque hemorragico e administracdo exdgena de alguns
mediadores do processo inflamatério como o fator de necrose tumoral e outras
citocinas. Uma frequente complicacdo da SIRS é o desenvolvimento de uma
disfuncéo sistémica dos 6rgaos, incluindo condic¢des clinicas como lesdo aguda nos
pulmdes, choque, falha renal e Sindrome da Disfuncéo Mdltipla dos Orgéos (MODS;
Multiple Organ Dysfunction Syndrome) [Bone et al., 1992].

A sepse é definida como a SIRS com um processo infeccioso confirmado. A
infeccdo se origina pela presenca de microorganismos ou pela invasdo destes
organismos normalmente em tecidos estéreis do hospedeiro [Bone et al., 1992]. A
ocorréncia de sepse por bactérias Gram-positivas é estimada em 30% a 50%, por
Gram-negativa em 25% a 30%, por fungos e parasitas em 1% a 3% e virus em 2% a
4% [Annane et al., 2005]. A sepse severa é conceituada como sepse associada a
disfuncdo organica, hipoperfusdo tecidual que inclui acidose latica, oliguria e
alteracdo aguda do nivel mental [Bone et al., 1992]. O choque séptico € uma
complicagcdo da sepse caracterizado por uma hipotensao refrataria, a qual é a
principal causa dos obitos. Se a hipotensédo ou hipoperfusédo induzidas pela sepse
sdo refratarias a ressuscitacdo volémica adequada e, se h& necessidade
subsequente de administracdo de agentes vasopressores, as complicacdes
circulatérias podem levar & Faléncia de Multiplos Orgdos (MOF; Multiple Organ
Failure) ou a MODS. A faléncia de multiplos 6rgdos é uma alteragédo tdo severa na
funcdo organica que sua homeostasia ndo pode ser mantida sem intervencéo

terapéutica artificial [Levy et al., 2003].
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Figura 2: Inter-relagéo entre SIRS, sepse e infecgcdo. Extraido de Bone et al, 1992.

No quadro de choque séptico, a vasodilatacdo periférica é evidenciada e ha
excessiva presenca de agentes pré-inflamatérios que, juntos, acentuam ainda mais a
disfuncdo e a faléncia de mdultiplos érgaos. Detectam-se evidéncias de disfuncdo
muito antes da faléncia de 6rgaos, resultado da reacdo inflamatéria pela massiva
liberacdo de citocinas. A resposta sistémica a infeccdo € mediada através das
citocinas derivadas de macrofagos que alvejam os receptores da extremidade-6rgéo
em resposta a ferimento ou infeccao [Bone et al., 1997]. Tal resposta inflamatéria a
infeccdo ou ao ferimento € uma reacdo altamente conservada e regulada do
organismo. A liberacdo concomitante de agentes pro-inflamatérios e anti-
inflamatorios mantém a homeostasia do organismo. A reacdo anti-inflamatoria pode
ser maior e algumas vezes mais longa que a pro-inflamatéria; o objetivo disto é
diminuir a sintese de agentes pro-inflamatoérios, conservando o equilibrio
homeostatico [Bone et al., 1997].

Sendo a sepse uma condi¢ao freqliente no ambito da terapia intensiva, que
cursa com elevada mortalidade e com tratamento com custo econdmico elevado,
sua abordagem é de interesse direto do sistema de saude. O estudo da sepse deve
contribuir para os levantamentos epidemioldégicos e pautar-se numa abordagem
direcionada para o conhecimento dos mecanismos moleculares e celulares que
desencadeiam as variacdes fisiopatologicas. Este conhecimento béasico podera

contribuir para a modulagdo da sequéncia de eventos que culmina nos desfechos
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desfavoraveis. Conhecer as bases genéticas de tais eventos €, portanto,

fundamental.

1.1.3 Imunidade Inata

A primeira linha de defesa contra infeccdo € provida pelo sistema imune inato,
o qual reconhece classes genéricas de moléculas produzidas por varios
microorganismos patogénicos [Hollingsworth et al., 2007]. A imunidade inata, ao
contrario da imunidade adaptativa que se molda ao agente infeccioso, desempenha
um papel fundamental nos processos infecciosos e inflamatérios uma vez que
provoca uma resposta inflamatéria generalista, na qual certas células (macréfagos,
mondcitos, granuldcitos e células dendriticas) detém o agente invasor impedindo que
ele se espalhe [Zweigner et al., 2001].

Uma funcéo importante para a resposta imune inata é de recrutar mais células
fagocitarias e moléculas efetoras para o local da infeccdo, através da liberacdo de
uma bateria de citocinas e de outros mediadores inflamatérios que tém profundos
efeitos sobre os fatos subseqlientes. As citocinas, cuja sintese também é estimulada
guando os macréfagos reconhecem constituintes microbianos, sdo chamadas
freqientemente de monocinas, uma vez que sao elaboradas principalmente por
células da linhagem mondcito-macréfago; as monocinas compreendem um grupo
estruturalmente diferenciado de moléculas e incluem as interleucinas IL-1 (interleukin
1 receptor), IL-6 (interleukin 6 receptor), IL-8 (interleukin 8 receptor), IL-12
(interleukin 12 receptor) e o fator de necrose tumoral (TNF-a), todos apresentam
importantes efeitos locais e sistémicos. Os efeitos combinados desses mediadores
contribuem para as reacbes locais contra a infeccdo na forma de resposta
inflamatoria [Bevilacqua, 1993; Downey, 1994; Springer, 1994].

As respostas inflamatorias sdo caracterizadas pela dor, rubor, calor e pelo
tumor no sitio de uma infeccdo. A primeira dessas alteracdes reside num aumento
do didametro vascular, levando a um aumento do volume sanguineo local. Uma vez
que a infeccdo se dissemine para a corrente circulatéria, 0S mesmos mecanismos
através dos quais o TNF-a continha a infecgao local com tanta eficiéncia, tornam-se

ineficazes. A sepse €, portanto, acompanhada pela liberacdo de TNF-a pelos
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macréfagos no figado, no baco e em outros érgaos. A liberacao sistémica de TNF-a
causa vaso-dilatacdo e perda do volume plasmético, devido a um aumento da
permeabilidade vascular, conduzindo ao choque [Cohen J, 2002].

No choque séptico, a coagulacdo intravascular disseminada € igualmente
deflagrada pelo TNF-a, levando a formacdo de microtrombos e ao consumo de
proteinas de coagulacéo, de modo que o paciente perde a capacidade de coagular o
sangue de maneira apropriada. Tal condicdo leva com frequéncia a faléncia de
orgaos vitais tais como os rins, o figado, o coracdo e os pulmdes, que sao
rapidamente comprometidos pela insuficiéncia da perfusdo normal (formagéo de
microtrombos) [Cohen J, 2002; O’Shea et al., 2002; Matsuda et al., 2006].

O reconhecimento de padrdes moleculares associados a patégenos
(Pathogen-associated molecular patterns; PAMPS) por receptores de
reconhecimento padrdo (pattern recognition receptor; PRR), e a subsequente
ativacdo de citocinas, sao caracteristicas importantes envolvidas durante o quadro
séptico. Este reconhecimento de componentes de bactérias pelo sistema imune
inato € um evento chave para o inicio da resposta inflamatdria, a qual € necessaria
para deter os microorganismos invasores. No entanto, uma resposta inflamatéria
incontrolada pode ser a causa de disfuncdes orgéanicas, hipotensdo ou choque
séptico [Zweigner et al., 2001; Werling et al., 2003; Nakada et al., 2005].

1.1.4 Receptores Toll-Like (TLR)

Os TLRs, também conhecidos como PRR, tém um papel essencial no inicio
da imunidade inata reconhecendo uma grande variedade de PAMPs de bactérias,
protozoarios, virus e fungos, tornando-se indispensavel na ligacdo da imunidade
inata com a imunidade adquirida [Texereau et al., 2005].

Os TLRs compreendem uma familia de, pelo menos, 12 proteinas de
membrana do tipo | com um dominio extracelular rico em repeticdes de leucina (Leu)
e um dominio citoplasmatico homélogo ao receptor da interleucina | (interleukin 1
receptor; IL-1R) chamado de Toll-interleucina-1 (toll interleucine receptor; TIR) [Akira
et al., 2001; Sandor et al., 2005; Trinchieri et al., 2007].
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A familia dos TLRs € expressa em varias células imunes, incluindo
macréfagos, células dendriticas, células B, tipos especificos de células T e até
mesmo em células ndo imunes como fibroblastos e células epiteliais [30]. Nestas
células, alguns TLRs estdo expressos na superficie celular (TLRs 1, 2, 4, 5, e 6),
enquanto outros sao expressos nha membrana de vesiculas ou organelas
intracelulares (TLRs 3, 7, 8, e 9) [Akira et al., 2006; Trinchieri et al., 2007].

O nome Toll é derivado de uma sequéncia homologa da Drosophilla spp., o
gene toll, descoberto em 1996. Este gene seria relacionado com a formacao do eixo
ventral dorsal, assim como com a resposta imune a infec¢do fungal. A similaridade
do dominio citoplasmatico do toll de Drosophila e o receptor IL-1 de mamiferos
impeliram a bisca por receptores ortélogos, subseqgientemente levando a descoberta
do Toll humano [Akira et al., 2001; Takeda et al., 2003; Sandor et al., 2005; O’Neill,
2005; Pandey et al., 2006].

1.1.5 Toll-like Receptor 2

Cada TLRs tém a capacidade de reconhecer tipos especificos de PAMPs. O
TLR2 possui um lugar especial entre os membros da familia de TLRs humanos,
sendo o receptor capaz de reconhecer o maior repertorio de PAMPs de uma grande
variedade de patdégenos. Estes incluem lipoproteinas de patdgenos tais como,
bactérias Gram-negativas, Micoplasma e espiroquetas, peptideoglicanos e acido
lipoteicdico de bactérias Gram-positivas, lipoarabinomannan de micobactérias,
glicoinositolfosfolipidios de Trypanosoma Cruzi, “phenol-soluble modulin” de
Staphylococcus epidermidis, zimosano de fungos, glicolipideos de Treponema
maltophilum e porinas que constituem outras membranas de Neisseria [Takeda et
al., 2003; Texereau et al., 2005].

Este largo repertorio de reconhecimento € principalmente o resultado da
habilidade do TLR2 em se ligar a outros membros da familia TLRs, em particular
com TLR1 e TLR6, o que confere discriminacdo entre os diferentes tipos de
componentes microbianos. TLR1 e TLR2 se heterodimerizam, resultando em
dimeros que sensibilizam lipopeptideos bacterianos triacilados. TLR2 heterodimeriza
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com TLR6 que reconhece lipopeptideos bacterianos diacilados [Takeda et al., 2003;
Texereau et al., 2005; O’Neill et al., 2007].

Tem sido demonstrado que o TLR2 é um receptor para LPS [Kirschning et al.,
1998; Yang et al., 1998] e para CD14 [Schwandner et al., 1999; Muta et al., 2001,
Iwaki et al., 2005]. O TLR2 pode reconhecer diferentes tipos de LPS como
Leptospira interrogan [Werts et al., 2001] e Porphyromonas gingivalis [Hirschfeld et
al., 2001]. Entretanto, o TLR2 liga-se ao LPS com baixa afinidade, assim o TLR2
requer CD14 a fim de aumentar a sensibilidade ao LPS [Kirschning et al., 1998; Muta
et al., 2001]. Além disso, o reconhecimento do LPS pelo TLR2 pode se diferir do
reconhecimento do LPS feito pelo TLR4 (Toll-like Receptor 4). A explicacdo desta
diferenciacdo no reconhecimento feito pelo TLR2 e TLR4 esta na variacdo da
composicdo molecular e da conformacéao tridimensional do Lipidio A (componente do
LPS). Quando o lipidio A na molécula do LPS assume uma forma cb6nica, o TLR4
pode ser ligado. Uma conformacéo cilindrica do lipidio A causa indugéo de citocinas
através do TLR2. Se o LPS assumir uma conformacao intermediéaria, a estimulacéo
pode ocorrer através do TLR4 ou TLR2-TLR1 (Figura 3) [Netea et al., 2002].

N. meningitidis LPS |
\'i‘/
E coliLPS | | Pgin gr valis LPS |R‘ sphaeroides LPS|
v ﬂ || TLR1?
R4 conu 2 L—',i .' TLR4 TLR2
_ pBb
1-0 |p Tolp
C5 r\.’IyDBB @—
TIRA TIRAP
444 TNF and IL-1 4 TNF and IL-1 Mo cytokines
AIFN-yand IL-12p40 Mo IFN-yor IL-12 p40

Figura 3: Hipotese da conformacéo tridimensional do lipidio A do LPS, permitindo sua ligagcdo com
diferentes TLRs. Extraido de Netea et al, 2002.

A sinalizacdo do TLR2 (Figura 4) é feita por uma via dependente de MyD88
(Myeloid Differentiation Factor). A estimulacdo do TLR causa a associacdo do
MyD88, o qual por sua vez recruta IRAK4 (IL-1R-associated kinase 4), assim

permitindo a associacdo do IRAK1, o qual € fosforilado. TRAF6 (tumour-necrosis-
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factor receptor- associated factor 6) também € recrutado para o complexo do
receptor pela associagdo com o IRAK1 fosforilado. IRAK1 e TRAF6, entdo se
dissociam do receptor e formam um complexo com TAK1 (transforming-growth
factor-B-activated kinase), TAB1 (TAK1-binding protein 1) e TAB2 na membrana
plasmética, o que induz a fosforilagdo do TAB2 e TAK1. O IRAK1 é degradado na
membrana plasmatica e o complexo remanescente (consistindo de TRAF6, TAK1,
TAB1 e TAB2) desloca-se para o citosol, onde este se associa com ubiquitinas
ligases UBC13 (ubiquitin-conjugating enzyme 13) e UEV1A (ubiquitin-conjugating
enzyme E2 variant 1). Este processo, leva a ubiquitinacdo de TRAF6, o que induz a
ativacdo de TAK1l que, em resposta, fosforila “mitogen-activated protein (MAP)
kinases” e o complexo IKK (inhibitor of nuclear factor-kB (IkB)-kinase complex), o
gue consiste de IKK-a, IKK-B e IKK-y (também conhecidos como IKK1, IKK2 e o
modulador essencial “nuclear factor kB’ (NF-kB), NEMO, respectivamente). O
complexo IKK entdo fosforila kB, que leva a sua ubiquitinizacdo e subsequente
degradacéo. Isto permite o NF-kB translocar para o ndcleo e induzir a expresséo de

genes alvo [Akira et al., 2004].

% NF-x8B-binding motif &

Nuclear membrane

Figura 4: Cascata de sinalizacao realizada pelo TLR2. Extraido de Akira et al, 2004.
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1.1.6 O Gene TLR2

O gene que codifica para o TLR2 foi mapeado no cromossomo 4 (Figura 5),
locus 4g31.3-32. Este gene € composto por 3 éxons, sendo que o primeiro € 0
segundo éxons sdo ndo-codificantes e a regido aberta de leitura € localizada no
éxon 3. (GenBank — NM_003264 — em anexo) [Chaudhary et al., 1998; Rock et al.,
1998; Texereau et al., 2005].
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1333
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Figura 5: Mapa do cromossomo 4 que contém o locus génico para o TLR2. A seta indica o I6cus
estudado. [NCBI: Map Viewer, em http://www.ncbi.nlm.nih.gov,acessado em 28 de setembro de
2007].

Texereau e colaboradores [2005] indicaram as principais alteracdes
polimorficas descritas no gene do TLR2 (Figura 6). Mais tarde, Merx et al [2007]

também caracterizaram alguns polimorfismos importantes (Figura 7).
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Figure 2.  Coding variants of toll-like receptor 2 (TLR2). Position: amino acid number in 7LA2 sequence, followed by the amino acid change. rs,
Reference source. Adapted with permission from Bell et al. [28].

Figura 6: Principais variantes polimérficas do gene do TLR2 ilustradas por Texereau et al, 2005. Em
destaque nos quadros estdo 0s SNPs estudados neste trabalho.

I'able 1. Database results of investigated SNPs in the human TLR2 gene

Database results

cDNA (nt position) gDNA (nt position) refSNP_ID SNP (amino acid position) Heterozygosity frequency
BITT=C rs3B04059 Asnl9%Asn 0486
859G =C 1537436498 Leu2lileu 0.021
145 1337436499 Thrdl 1lle 0.008
1570 rs3B04100 Serdilser 0.239
154! 135743700 Phe541 Phe 0,044
1846 i 153743701 Leus42leu 0.044
1887T =C 135743702 les56Thr na.
19560 = A 135743703 Arg5T9His 0.008
2112C= A 33743704 Pro631His 0.035
1537437035 Phe707 Phe n.a,
33743707 Tyr713stop 0.004
na. Twr7l5Lvs CHIP + innate_immunity
2258G = A 3743708 Arg753GIn 0.028
LTS P | IVAGET I3 1aU4500 UL f0BAsSD na.
1330C =T 1559C=T Argd4Tstop n.a.

SNP information about human TLR2 obtained from human genetic datsbase research. cDNA, coding DNA; gDNA, genomic DNA; het.frequency,

heterozygosity frequency; Het, heterozygote; Hom, homozygote; n.a., not available.

Figura 7: Caracterizacéo dos principais polimorfismos do TLR2 segundo Merx et al, 2007. Em
destaque no quadro estd um dos SNPs estudados neste trabalho.

Este mesmo estudo identificou uma nova muta¢do do TLR2 no aminoacido de
posicdo 447 (Arg447stop) que resulta da substituicdo de um nucleotideo (SNP), de
uma citosina (C) para uma timina (T) na base 1339 (1339C>T) formando um stop
codon prematuro. Os doadores heterozigotos para este novo polimorfismo exibiram
reduzida expressdo de citocinas pré-inflamatérias IL-6 e TNF-alfa. Segundo os
autores, sdo necessarias mais investigagdes para elucidar o papel desta mutacdo na
suscetibilidade a inflamacdes e doencgas infecciosas, assim como a sua frequéncia
em outras populagdes [Merx et al, 2007].

Yim, et al [2004] encontraram uma repeticdo polimérfica de dinucleotideos
(GT)n de cerca de 100pb apos o sitio de inicio da tradugdo no intron 2 do TLR2. O
namero de repeticbes GT nos individuos variou de 12 para 28, e a distribuicdo da
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extensdo do alelo foi significativamente diferente entre os grupos raciais. De acordo
com os autores, este microsatélite polimoérfico funcional pode ser importante na
patologia de doencas infecciosas e inflamatérias. Este mesmo polimorfismo ja foi
associado com Cancer Colorretal [2006] e Artrite Reumatoide [2006].

Dentre todos os polimorfismos relacionados ao gene que codifica para o
TLR2, somente dois deles tém sido mais estudados nos ultimos anos e tém sido
supostamente relacionados a reducdo da ativacdo do NF-kB e ao aumento do risco
de infeccdo, confirmando modelos animais que sugerem que uma sinalizacao
defeituosa do TLR2 é um fator causal para o aumento na susceptibilidade a doencas
bacterianas [Texereau et al., 2005].

O primeiro polimorfismo consiste em uma substituicdo de uma citosina (C) por
uma timina (T) no nucleotideo 2029 (2029C>T) do gene humano do TLR2, o qual
resulta na modificacdo protéica de uma Arginina por um Triptofano no aminoacido
677 (Arg677Trp). Foi primeiramente relacionado com pacientes com Lepra
Lepromatosa [Kang et al., 2001; Kang et al.,, 2004] e posteriormente com a
suscetibilidade a Tuberculose [Ben-Ali et al., 2004].

O segundo polimorfismo foi descrito como a substituicdo de uma guanina (G)
para uma adenina (A) no nucleotideo 2258 (2258G>A) gerando a substituicdo de
uma Arginina por uma Glutamina no residuo 753 (Arg753GIn) da proteina TLR2.
Este SNP foi primeiramente descrito por Lorenz et al [2000], que identificaram que
esta mutacao ocorria em 3% da populacao testada. O estudo de Lorenz et al [2000],
afirma que, in vitro o polimorfismo 2258G>A nao afeta a habilidade do TLR2 em
responder ao LPS, mas afeta na habilidade do TLR2 em responder a peptideos
bacterianos. Além disso, este mesmo estudo verificou se a ocorréncia da mutagéo
em pacientes com choque séptico infectados com bactérias Gram-positivas era mais
frequente do que em pacientes infectados por bactérias Gram-negativas. Foram
encontrados, em 91 casos e 73 controles estudados, 22 pacientes com choque
séptico causado por bactérias Gram-positivas. Destes, dois pacientes carregavam a
mutacdo 2258G>A e também apresentavam infec¢do por estafilococos. Assim, de
acordo com o estudo, a mutacao 2258G>A pode ser um fator de risco para o
desenvolvimento de choque séptico apos a infeccdo por bactérias Gram-positivas
sendo que uma das sugestbes apresentadas pelos autores € a necessidade de

ampliar o numero de amostras [Lorenz et al., 2000].
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Schréder et al [2003] publicaram que o alelo 2258A ocorria em 9,4% da
populacdo estudada (caucasoide), o que era uma porcentagem significativamente
maior do que a encontrada anteriormente por Lorenz et al [2000]. Os autores ainda
salientam que o fato de o alelo 2258A estar presente em uma maior frequéncia em
caucasoides faz deste um alvo para estudos que correlacionem este polimorfismo
com a incidéncia de doencas infecciosas [Schroder et al., 2003].

Além de ter sido primariamente identificado como um possivel risco para o
desenvolvimento de choque séptico por bactéria Gram-positiva, o polimorfismo
2258G>A do TLR2 tém sido estudado ao longo dos anos sendo relacionado a outras
doencas: Ogus et al [2004] sugeriram que o alelo 2258A pode ter influéncia no
aumento da suscetibilidade para o desenvolvimento e severidade da Tuberculose.
Hamann et al [2005] relataram que um significativo aumento da frequiéncia do alelo
2258A foi encontrado em pacientes que desenvolveram Reestenose. Ainda,
Schréder et al [2005] indicaram que o alelo 2258A do TLR2 pode proteger do
desenvolvimento do estado tardio da Doenca de Lyme e Berdeli et al [2005]
verificaram que avaliacdo do polimorfismo 2258G>A contribui para o diagndéstico da
patogénese da Febre Reumatica Aguda em criancas.

Ja Kijpittayarit et al [2007] mencionam que 2258A possivelmente é associado
com a replicacdo e a doenca do citomegalovirus (CMV) ap06s transplante de figado.
Eid e colaboradores [2007] demonstraram haver relacdo entre o alelo 2258A e a
necessidade de transplante de figado decorrente de infeccao pelo virus da Hepatite
C (HCV). Este mesmo alelo também foi associado a infecc6es bacterianas
recorrentes por Kutukculer e colegas [2007]. Outro estudo ainda evidenciou a
ligacdo do alelo 2258A e o alto risco de infeccdo do trato urinario por bactérias
Grame-positivas [Tabel et al., 2007].

A literatura cientifica tras certos estudos com associacoes significaticas para
0S SNPs 2029C>T e 2258G>A do TLR2. Mas, h4 um numero ainda maior de
estudos sem associagao. Alguns autores como Moore et al [2004], Sanchez et al
[2004], Emingil et al [2007] e Berdeli et al [2007], entre outros que estudaram o SNP
2258G>A e nao obtiveram associacdo, ainda apresentam uma baixa freqiiéncia do
alelo mutante em suas populagbes. Outros autores como Mockenhaup et al [2006],
Ryu et al [2006], Yoon et al [2006], Cheng et al [2007] e Zafra et al [2008]
demonstram a total auséncia dos alelos mutantes. A maioria dos estudos do

polimorfismo 2029C>T também né&o apresenta o alelo mutante em suas amostras.
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1.2 JUSTIFICATIVA

Em razéo destas inconsisténcias nos resultados dos estudos destes SNPs do
TLR2, buscamos verificar a presenca destes polimorfismos do gene que codifica
para o TLR2 em individuos do Sul do Brasil. Nossa amostra € composta por sujeitos
com alto grau de risco para infeccdo, dado que estdo criticamente doentes e
internados em uma Unidade de Terapia Intensiva. Caso as variantes alélicas do
TLR2 sejam responsaveis por conferir maior susceptibilidade aos quadros
infecciosos, sera possivel identifica-las na amostra escolhida para estudo. Nosso
foco foi investigar se ha associacdes com a susceptibilidade a sepse, choque séptico
e/ou mortalidade. Havendo ou n&o associacao positiva, nossa intengdo com esse
trabalho € realizar um estudo aprofundado com a literatura disponivel para
compreender a real aplicacdo clinica da avaliacdo genética dos SNPs 2029C>T e
2258G>A do gene TLR2.

1.3 OBJETIVOS

1. Investigar a ocorréncia dos polimorfismos 2029C>T e 2258G>A em uma
populacao do sul do Brasil.

2. Realizar um estudo associativo entre os alelos 2029T e 2258A do gene do TLR2
e a suscetibilidade a sepse e/ou aos desfechos criticos a partir da sepse.

3. Realizar uma revisao sistemética dos trabalhos que estudaram os polimorfismos
2029C>T e 2258G>A do gene do TLR2 em diferentes populacbes e com
diferentes desfechos fenotipicos.
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Very low frequencies of TLR2 supposed-2029T and 2258A (rs5743708) mutant
alleles in southern Brazilian critically ill patients: would it be a lack of worldwide
accepted clinical applications of TLR2 variants?
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SUMMARY

Toll-like receptor 2 (TLR2) is a recognition receptor for the widest repertoire of
pathogen-associated molecular patterns. Two polymorphisms of TLR2 could be
linked to reduced NF-kB activation and to increased risk of infection (supposed-
2029C>T and 2258G>A). We investigated the supposed-2029C>T and 2258G>A
TLR2 polymorphisms in 422 critically ill patients with European origin from southern
Brazil (295 with sepsis and 127 without sepsis), and we reviewed of 33 studies with
these polymorphisms conducting a quality assessment with a score system. Among
our patients we found only one heterozygote (1/422) for the supposed-2029C>T and
none of 2258G>A (0/422) SNP. We have failed to find a clinical application of
supposed-2029T and 2258A allele analysis in our southern Brazilian population. Our
review detected that current TLR2 SNP assays had very controversial and
contradictory results derivate from reports with a variety of quality criteria of
investigation. We suggest that, if analyzed alone, the supposed-2029C>T and
2258G>A TLR2 SNP are not good candidates for genetic markers in studies that
search for direct or indirect clinical applications between genotype and phenotype.
Future efforts to improve the knowledge and to provide other simultaneous genetic
markers might reveal a more effective TLR2 effect on the susceptibility to infections

diseases.
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INTRODUCTION

Toll-like receptors (TLRs) are key regulators of both innate and adaptive
immunity based on their function as recognition receptors for pathogen-associated
molecular patterns (PAMPSs) which are unique to microbes and essential for their
survival (Akira et al., 2006; Carpenter & O’Neill, 2007). TLRs are expressed on
immune cells such as macrophages, dendritic, B, and T cells and on some non-
immune cells, such as epithelial (skin, respiratory, intestinal and genitourinary tracts),
endothelial, and smooth muscle cells. Different TLRs have variable expression: TLRs
1, 2,4,5, 6, and 10 are expressed on the cell surface, while TLRs 3, 7, 8, and 9 are
expressed intracellularly (Becker & O’Neill, 2007). The cell surface TLRs are
characterized by the presence of an extracellular leucine-rich repeat (LRR) and an
intracellular Toll/IL-1 receptor (TIR) domain. The LRR is found on a diverse number
of proteins with ligand recognition and signal transduction properties, and is
separated from the trans-membrane region by a LRR C-terminal domain. The TIR
domain is required for intracellular signaling and spans about 200 amino acids with
varying degrees of sequence similarity among TLR family members. Three particular
boxes are highly conserved among TLR family members: box 1 being the signature
sequence of the family whereas boxes 2 and 3 containing amino acids critical for
signaling (Akira & Takeda, 2004; Carpenter & O’Neill, 2007; Trinchieri & Sher, 2007).

TLR2 (Reactome-UniProt: O60603) has a special place among the 10
members of the human TR family. Of all of the mammalian TLRs and, perhaps, of all
pathogen recognition receptors, TLR2 is capable of detecting the widest repertoire of
pathogen-associated molecular patterns (Texereau et al., 2005). The variety of
microorganisms that TLR2 recognizes are lipoproteins from Gram-negative bacteria,
Mycoplasma and spirochetes, peptidoglycan and lipoteichoic acid from Gram-positive
bacteria, lipoarabinomannan from mycobacteria, glycoinositolphospholipids from
Trypanosoma cruzi, modulin from Staphylococcus epidermidis, zymosan from fungi,
glycolipids from Treponema maltophilum, and porins that constitute the outer
membrane of Neisseria (Takeda et al., 2003). One aspect of TLR2 ligand recognition
involves cooperation with other TLR family members, particularly with TLR6 and
TLR1 for discrimination among different microbial components (Takeda et al., 2003).

To enable the innate system to recognize numerous structures of lipopeptides in
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various pathogens, distinct acylation patterns are recognized by either TLR2/TLR1
and TLR2/TLR6, the former heterodimer only recognizes triacylated lipopeptides
whereas the latter, diacylated lipopeptides. There is evidence that the charge of the
amino acids, especially the charge of the C-terminal amino acids, may determine the
signaling through TLR2/TLR1 or TLR2/TLR6 (Buwitt-Beckmann et al., 2006).
Reactome data base (http://www.reactome.org/) demonstrates that these two triggers
release the same activation cascade through MyD88.

Only two of the nonsynonymous nucleotide polymorphisms (SNPs) (one of
these is just a supposed polymorphism) of the cytoplasmic domain of TLR2 have
been linked to reduced NF-kB activation and to increased infection risk, confirming
animal models that suggest that defective TLR2 signaling is a causative factor for
increased susceptibility to bacterial disease (Texereau et al., 2005). The first is the
suggested C>T substitution at position 2029 from the start codon. Located in exon 3,
this 2029C>T SNP results in replacement of a conserved arginine residue by
tryptophan at position 677 (Arg677Trp protein mutation). As this arginine residue is
highly conserved at the C-terminal of TLR family, its mutation is likely to affect the
signaling function of the molecule (Kang & Chae, 2001). Nevertheless, Malhotra et al
(2005) proposes that it is not a true polymorphism because a C is fixed at the
authentic (functional) TLR2 exon 3 sequence, but a T occupies the same position in
a pseudo-exon 3 upstream to the TLR2 gene. Both regions (exon 3 and pseudo-exon
3) are simultaneously recognized by primers, and the double amplification is
suggestive of an erroneous 2029C>T SNP suggestion and an apparent
heterozygosis in the populations.

The second, and more proper, SNP is a G>A change at 2258 from the start
codon of the TLR2 gene (2258G>A; rs5743708) which causes an arginine to
glutamine substitution at residue 753 (Arg753GIn). Since this arginine is conserved
between mice and humans and is part of a highly conserved stretch of amino acids at
the C-terminus of TLR2, its change would have important phenotypical effects
(Lorenz et al., 2000). The HapMap (http://www.hapmap.org/) shows the 2258G>A
nucleotide substitution as polymorphic just in the European Caucasian population,
with a frequency of the 2258A allele is 5%, being 2258G fixed in the oriental and
black populations.
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Based on the above, it would be expected that polymorphic alterations on
TLR2 codifying sequence could cause a hyporesponsive TLR2 pathway and affect
the susceptibility to severe infections. Thus, we tested whether the supposed-2029T
and 2258A rare alleles of TLR2 would be outnumbered in patients with sepsis when
compared to matching individuals without sepsis in a well-characterized population of
422 white critically ill patients. We also performed a refined review on TLR2 and a
discussion about the controversial nature of these mutations on different diseases
and populations so to analyze whether the supposed-2029T and 2258A rare alleles

identification would have clinical applications.

MATERIAL AND METHODS

The Patients' Study

The patients' study was an observational, hospital-based cohort study of
subjects admitted to the medical and surgical Intensive Care Unit (ICU) of the S&o
Lucas Hospital, of the Pontificia Universidade Catolica do Rio Grande do Sul
(PUCRS), Brazil, between January 1%, 2004, and December 31%, 2006. Patients
were not eligible if they were diagnosed with HIV-infection, taking
immunosuppressive drugs, pregnant or lactating, or from non-European ancestry.
The Research Ethics Committee of the institution (protocols #03-01732, and #07-
1500; REC Tel.: 55 51 3320 3345) approved this study. A total of 422 white critically
ill adult patients from southern Brazil (225 males and 197 females) admitted to the
ICU were included in this study. The organ dysfunction and failure were evaluated
using the Sequential Organ Failure Assessment (SOFA) score (Vincent et al., 1998)
obtained during the first seven days from the ICU admission and also on days 15 and
29. The patients' follow-up was extended up to the total time they stayed in the
hospital from the ICU admission to a maximum of 242 days. We monitored the
patients daily during their entire ICU and post-ICU (hospital) stay, measuring sepsis
and septic shock occurrences until the discharge of the hospital or death. For
diagnosis of sepsis and septic shock we used the American College of Chest
Physicians/Society of Critical Care Medicine Consensus Conference Criteria
(ACCP/SCCM, 1992). For iliness severity evaluation we used the Acute Physiology
and Chronic Health Evaluation Il (APACHE-II) score obtained on the ICU admission
day (Knaus et al., 1985). Clinical endpoints of the study were discharge from the
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hospital (survivors) or death (non-survivors). Mortality was measured in days until
death. For those patients with multiple ICU admission during the study period, only
data from the first entrance was considered.

Genomic DNA were isolated from leucocytes by standard procedures and
maintained at -20°C (Lahiri & Nurnberger, 1991). A 340 bp PCR product was
designed to encompass both SNPs under study using forward primer TLR2-F 5'-
GCC-TAC-TGG-GTG-GAG-AAC-CT-3' and reverse primer TLR2-R 5-GGC-CAC-
TCC-AGG-TAG-GTC-TT-3' (Invitrogen-Life Technologies, Sdo Paulo, SP, Brazil). In
this genotyping, we applied primers described by Schréder et al (2003) that are
different of the PP1-primer reported by Malhotra et al (2005) which amplified both
exon 3 and pseudo-exon 3 identifying in 100% of individuals the presence of
supposed-2029T nucleotide. Each reaction was performed in 25ul containing 10-50
ng DNA, 0,12 uyM each primer, 0,2 mM dNTP, 1,5 mM MgCl, and 1 U Tag
polymerase in Taq 1x Buffer (LGC Biotecnologia, Cotia, SP, Brazil). The reactions
were carried in a TC-412__thermocycler (Barloworld Scientific Ltd, Stone,
Staffordshire, United Kingdom) as follows: 95°C for 10 minutes; 35 cycles of 95°C for
30 s, 58°C for 30 s and 72°C for 30 s; and 72°C for 5 minutes for final extension. The
amplified PCR products were genotyped by the method of direct sequencing (BigDye
TerminatorCycle Sequencing Kit and ABI PRISM 3100 Avant Genetic Analyzer,
Perkin-Elmer, Foster City, Calif., USA) using the forward primer, and the results were
confirmed by sequencing with reverse primer. At least 10% of the samples were
subjected to a second, independent PCR-sequencing re-analysis analysis cycle to
confirm the genotypes. In order to confirm that the 340bp PCR amplified product
really represented the targeted product, we performed a latest sequence analysis in
MegaBase 1000 capillary DNA sequencer (Amersham Biosciences UK Ltd, Chalfont
St Giles, Bucks, UK); also using the designed primers (forward and reverse). Each
sequence obtained was submitted to an online BLASTn alignment (at
http://www.ncbi.nlm.nih.gov/BLAST/), and we found consensus with the Homo
sapiens toll-like receptor 2 (TLR2) gene, promoter region (GenBank accession NM_
003264) and the sequence exported from chromatogram file. The alignment view
was performed in ClustalX program (version 1.8, as described in Thompson et al
(1997) in multiple alignment modes, with sequences loaded in FASTA format. Blank
control wells were always used to test contamination of the PCR reagents. All the
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personnel involved in patient care were blind to the selection process and genotyping

results.

The Review Assessment
Search Strategy

A review of the literature was performed in the PubMed database covering all
papers published from 1998 to 2008. Terms used for search were a combination of
the following keywords: TLR2, polymorphism, 2029C>T, 2258G>A, Arg677Trp,
and/or Arg753GlIn. Additionally, the reference lists of the selected papers were used
to identify studies that were not be collected in the database. We included articles
that were available in English and studies that reported disease and/or association
with the TLR2 polymorphisms were also included (Clark & Baudoin, 2006; Geng et
al., 2008; Shi et al., 2008; Flores et al., 2008).

Study Quality Assessment

We used a 5-point scoring classes based on previous criteria adopted from
published recommendations on the assessment of the quality of genetic association
studies. The criteria and scores are described in detail below; we scored as 1 if
present or O if absent (Clark & Baudoin, 2006). These independent criteria were
included in the Figure 1 (Results section), and the total score (0 to 5) were applied in

Tables 1 and 2 (Results section).

Control Group: Score 1: When the Control Group was fully described and/or the work
was clear if more than one group was used or if control data was reused from a
previous study (Bird et al., 2001; Clark & Baudoin, 2006). Score 0: When the Control

Group was absent.

Hardy-Weinberg Equilibrium: Score 1: When the Hardy-Weinberg equilibrium was
tested (the Hardy-Weinberg equilibrium is a state in which allele frequencies in a
population tend to remain the same from generation to generation unless acted on by
outside influences) (Hattersley & McCarthy, 2005; Clark & Baudoin, 2006). In this
category we also discriminated studies which the sample was in Hardy-Weinberg
equilibrium or not. Score 0: When the Hardy-Weinberg equilibrium test was not cited.



32

Blinding: Score 1: When the study had cited that genotyping was blind to the clinical
status of the patient (Clark & Baudoin, 2006). Score 0: When the blinding strategy

was not cited.

Control for Confounders: Score 1: When the study tests were adjusted to
confounding variables and/or it was executed multiple comparisons to test for more
than one association in this study and/or it repeated in an independent group of
cases and controls (Vitali & Randolph, 2005). Score 0: When the control for

confounders was not used.

Duplicated Genotyping: Score 1. When duplicate genotyping were performed on the
same assay or on another assay (Hattersley & McCarthy, 2005). Score 0: When the

duplicate genotyping was not performed.

Frequency Calculation

The allelic frequencies of both SNPs studied were calculated based on the
following formula: the number of rare allele divided for the total number of alleles, for
each polymorphism.

Presence of Association
We considered as statistically significant the association between
genotype/allele and phenotype when the study presented a P<0.05 in, at least, a

non-adjusted analysis.

RESULTS

The Patients' Study

Table 1 show clinical and the demographic data of our sample of critically ill
patients. Four hundred and twenty two patients were investigated: data about age,
gender, APACHE-II and SOFA scores, length of stay in ICU and ICU plus hospital,
septic shock occurrence, cause of admission, and mortality rates are shown in
patients with or without sepsis. The incidence of sepsis in ICU patients was 69.9%
(295/422) from whom 71.5% of them had septic shock (211/295). The frequency of
septic shock in ICU patients was 50.0% (211/422). Sepsis was positively associated
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with older age, higher APACHE-II and SOFA-1 scores, longer ICU stay, and medical
admission causes (all P<0.01). Accordingly, mortality rates were higher in septic than
non-septic patients (P<0.001).

The main causes of admission to ICU were Medical Sepsis (35%; 147/420),
followed by Medical Respiratory (24.5%; 103/420), and Surgical Abdominal (11.4%;
48/420). Microbiological results from blood sample of patients with sepsis (n=295)
were as follows: 55.1% (162/295) with no focus identified, 21.8% (64/295) with only
Gram-negative bacteria; 6.8% (20/295) with only Gram-positive bacteria; 9.9%
(29/295) with both Gram-negative and Gram-positive bacteria; 1.4% (4/295) with
fungal infection; and 5.1% (15/295) with fungal and bacterial infection. The
anatomical distribution of the primary site of infection in septic patients was as
follows: 65.7% (194/295) pulmonary; 22.8% (67/295) abdominal; 4.1% (12/295)
urinary; 1.7% (5/295) central nervous system; 1.7% (5/295) skin; and 2% (6/295)
from another site.

The genotypic and allelic frequencies in our sample to supposed-2029C>T
and 2258G>T SNPs were: 2029CC=0.998 (421/422), 2029CT=0.002 (1/422), and
2029TT=0; 2029C=0.99 (843/844) and 2029T=0.01 (1/844); 2258GG=1 (422/422),
2258GA and 2258AA=0; 2258G=1 (844/844); 2258A=0. The phenotypes (sepsis,
shock septic, organ dysfunction, or mortality) were not related to genotypes because
the very low frequency of the supposed-2029T allele and null frequency of 2258A
allele. The frequencies apparently did not differ from the values expected by the
Hardy-Weinberg model. As only one mutant allele was identified to supposed-
2029C>T SNP in our sample, we show the amplified sequences to subsequent

potential analysis (Fig. 1).

The Review Assessment

We have compiled 33 reports published from 1998 to 2008 regarding the
supposed-2029C>T and/or 2258G>A TLR2 SNPs. The TLR2 SNP investigations
have grown up in the last ten years (Fig. 2) especially in 2007 when it was published
27.8% (5/18) and 39.3 (11/28) of the reports on the supposed-2029C>T and
2258G>A SNPs. Tables 2 and 3 present our compilation with the main characteristics
and findings of each study, as follows: methods, population, and number of cases
and controls, frequencies of genotypes and alleles, the study quality scores. In the



34

last columns, it was noticed the end points and the statistical data of association tests
(when applicable).

The majority of TLR2 SNP studies was concentrated in three regions of the
world: Europe (45.4%; 15/33) (mainly in Germany); Turkey (24.2%; 8/33), and South
Korea (12.1%; 4/33). Other few reports are originated from US (6.0%; 2/33),
Colombia, India, Tunisia, and Taiwan (all 3.0%; 1/33 each).

The supposed-2029T allele was null (0%) on Europe, but in Tunisia it was
found in 47% of case and 15% of control subjects (Ben-Ali et al., 2004), and in
Korea, it was observed in 6%, and later, in 17% of case individuals (Kang & Chae,
2001; Kang et al., 2004). The frequency of 2258A allele was from 1% to 9% in
Europe and it was higher in three reports from Turkey [14% (Ogus et al., 2004), 23%
(Kutukculer et al., 2007) and 46% (Berdeli et al., 2005)]. In the two studies from the
US, 2258A allele frequency was reported as 9% (Eid et al., 2007; Kijpittayarit et al.,
2007) and in a report from Colombia both mutant alleles are null (Zafra et al., 2008).
In order to better visualize the TLR2 mutant allele frequencies around the word, we
showed it in the maps on Figure 3.

Most reports revealed no statistically significant associations between mutant
alleles and phenotypes: 16.7% (3/18) to supposed-2029C>T and 42.8% (12/28) to
2258G>A SNP. All studies (100%; 3/3) to supposed-2029C>T and 41.7% (5/12) to
2258G>A SNP were performed with less than 200 subjects (Fig. 4). We detected four
works (1/3 to supposed-2029C>T and 3/12 to 2258G>A SNPs) that report a
statistically significant association but did not cite the P value (Tables 2 and 3).

None of the set of 33 TLR2 SNP reports covered the five points to scoring
classes; only 11.1% (2/18) to supposed-2029C>T and 6.9% (2/28) to 2258G>A SNP
comprised four points, (i.e., in these works four of five points were present), but
majorly the reports enclosed two of the 5-point scoring classes (Fig. 5). In Figure 6
there was a detailed comparison among all studies according the 5-point scoring
classes to quality assessment. A control group was included in 94.4% (17/18) of the
studies concerning the supposed-2029C>T and 78.6% (22/28) to 2258G>A SNP
studies. Around 22% (4/18) to supposed-2029C>T and 35% (10/28) to 2258G>A of
investigations mentioned the Hardy—Weinberg equilibrium testing. The blinding
strategy was reported in just three of studies (9.1%; 3/33). Only 11.1% (2/18) to
supposed-2029C>T and 28.6% (8/28) to 2258G>A performed the adjusted analysis
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to confounding variables, and around 60% (11/18) to supposed-2029C>T and 40%
(11/28) to 2258G>A achieved the standard for reproducibility with a second
confirmatory assay (Fig. 6).

In both SNP analyses the most used laboratory method for genotyping
(around 65%) was PCR followed by restriction fragment length polymorphism (RFLP)
examination (Fig. 7). When this PCR-RFLP technique is used it is recommended to
perform duplicate assays (with the same or other method) to detect discrepancy
between results (Hattersley & McCarthy, 2005), and ideally, when >10% of samples
genotyped are inconsistent the assays should be redone. We showed that the
duplicate strategy was employed in 75% (to supposed-2029C>T SNP) and 52.6% (to
2258G>A SNP) of the PCR+RFLP assays performed (Fig. 7).

DISCUSSION

It is well known that TLR2 is an important cellular receptor responsible for the
recognition of a large range of pathogens and activation of inflammatory cytokines
production, having an essential role in the innate and acquired immunity.
Polymorphic mutations on its codifying sequence could produce a hyporesponsive
TLR2 pathway and affect susceptibility to infections. Thus, investigations about TLR2
mutant alleles have a biological plausibility, due to a possible causal effect for TLR2
in the pathogenesis of the infectious diseases. Since the most studied TLR2 SNPs
have been the supposed-2029C>T and the 2258G>A, we investigated these two
polymorphisms in 422 critically ill patients to test whether the mutant alleles would
affect the critically ill patients’ susceptibility or outcome and we found that these
alleles are rare (supposed-2029T) or null (2258A) in our population.

To discuss our results and to inquire about their potential clinical applications,
we performed a review with 33 reports. We observed that TLR2 SNP investigations
have grown up especially in 2007 and they were basically distributed in three regions
around the world: Europe, Turkey, and South Korea, with the American and African
continents with just a few studies. In face of these few reports, we assume that the
literature do not expose the actual repertoire of TLR2 genotyping performed
worldwide since assays concerning null or rare alleles are more likely to remain
unpublished. Additionally, failure in detecting significant association may have

inhibited new investigations.
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Initial studies usually yield suggestive rather conclusive results since they are
likely to overestimate the true effect size (Hattersley & McCarthy, 2005). Although an
adequate sample size and power calculations are necessary to assure conclusions
and exclude false negative results, this was a rare finding among the TLR2 reports
analyzed: the TLR2 SNP studies did not mention the power calculation to establish
the sample size. The concept of power is closely related to the two types of statistical
errors: the Type | error, named a (i.e. the probability of rejecting a true hypothesis),
and the Type Il error, named B (i.e., the probability of accepting a false hypothesis).
Power is defined as 1 - B, i.e., the probability of rejecting a false hypothesis, or the
probability of not making a Type Il error (Sluis et al., 2008). The basic aim of a power
study is to determine the sample size "N", which is required to achieve adequate
power, given a chosen a and a particular effect size. Regarding a hypothetic very
high frequency of mutant TLR2 alleles (case: mutant allele=0.20; control: mutant
allele=0.01) in a case-control study, we calculated that at least 10,000 subjects would
be necessary to achieve 80% power to obtain a P-value of 0.05 in studies involving
infectious diseases. Therefore, due to the impossibility of obtaining such a large
sample, we recognize the importance of small sample size investigations since they
are pioneer and because further systematic meta-analysis could be evaluating the
impact of these individual reports.

Approximately 35% of the 33 TLR2 papers had less than 200 subjects and
among this group was observed around 50% of cases with positive associations
between mutant allele and phenotype. All studies with supposed-2029C>T SNP and
more than 200 subjects (61%; 11/18) had no statistically association. And, even that
43% (12/28) of 2258G>A studies had met significant association, in the largest study
(with >600 subjects) was not found any association. A study with more than 600
subjects tend to be more robust than one with less, and an inefficiency sampling
strategy can be compensated for an increases in sample size. Although there are
some possible problems with very large samples (as the misclassification of outcome
or the population heterogeneity), we would like alarm for the risk of these studies with
<200 that found association have incurred in type Il error.

Altogether, it is noteworthy that most studies (83%; 15/18) did not find any
association between the supposed-2029C>T TLR2 SNP and illnesses, probably due

to the concurrence of sample size or the rarity of this allele Nonetheless, Ben-Ali et al
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(2004) exposed a strong positive association with Tuberculosis (P<0.0001), and
Kang et al (2001) with Lepromatous Leprosy (without P value). As Kang et al (2001),
three other reports assured significant association despite not showing statistical
parameters (Lorenz et al., 2000; Kang & Chae, 2001; Merx et al., 2007; Woehrle et
al., 2008) that would be essential information in association studies since it confirms
results and warrants credibility to the data. Statistical imprecision as the absence of
the P-value and power calculation, lack of Hardy-Weinberg equilibrium testing, or
multiple statistical analyses, make a pool of inaccurate TLR2 SNP studies.

Although the supposed-2029T allele is rare in many world populations (0% in
Europe), in Tunisia, Ben-Ali et al (2004) found this allele to be present in 47% of
cases and 15% of controls, and in Korea, Kang et al found it in 6%, and later, in 17%
of their cases (Kang & Chae, 2001; Kang et al.,, 2004) It is possible that the
frequency of this SNP will be altered in small populations or in subgroups of particular
populations (small, culturally isolated communities that are mostly closed breeding
groups) that have been exposed to founder effect (that occurs when a small amount
of people have many descendants surviving after a number of generations) or to
specific environmental or lifestyle factor pressures. Interbreeding causes a random
change in genotypic frequencies, particularly if the population is very small (if the
population is small, Hardy-Weinberg may be violated). In such cases, the frequency
of an allele may begin to drift toward higher or lower values. The result for a
population is often high frequencies of specific alleles inherited from the few common
ancestors who first had them. Genetic drift produces changes, but there is no
guarantee that the novel population will be more fit than the original one. Changes by
drift are aimless and not adaptive, and thus a possible explanation why the
supposed-2029T allele, which cause susceptibility to infectious diseases, is
increased in Tunisia and Korea. Additionally, if supposed-2029T allele was a
protective allele, its higher frequency would reflect selective pressures having favored
the transmission of this allele in their antecedents, and would be expected to be more
common in specific populations. Although this possible explanation, we can not
discard the likelihood of laboratorial inaccuracy. Clark et al (2006) showed that a
combination of methodological and analytical problems is likely to explain the failure
to replicate results: technical troubles with the methods of identifying the mutant

allele, for example, may lead to false-positive and inconsistent conclusions.
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The most used laboratory method to TLR2 genotyping was the non-
automatized PCR-RFLP technique which has some advantages such as being cheap
and do not require sophisticate equipments. However, when compared to other
methods, it needs intensive work and the results can be delayed and inexact (Table
4). Automated sequencing and Real-Time PCR have elevated cost and require highly
trained technicians and support, but provide advanced precision and sensitivity, and
smaller contamination risk because they have minimized manipulation. Even so,
automated sequencing and Real-Time PCR were used on fewer instances.

Regarding technical inconsistencies, in 2005 Malhotra et al (2005) advised
that 2029-C>T is not a true polymorphism because the authentic TLR2 exon 3
sequence and a mutant pseudo-exon 3 upstrean of TLR2 gene are simultaneously
recognized by primers, and the double amplification generate the erroneous
2029C>T SNP suggesting an apparent heterozygosis in the populations. In our
genotyping, we applied primers described by Schroder et al (2003) that are different
of the PP1-primer reported by Malhotra et al (2005) which amplified both exon 3 and
pseudo-exon 3 identifying in 100% of individuals the presence of supposed-2029T
nucleotide. With our primers we tried not to amplify the pseudo-exon 3, but we found
(confirming by two different sequencing systems) one supposed-2029T allele in a
unique heterozygote patient (Fig. 1). This could reveal that either the Schréder et al
(2003) primer sequences' recognized the pseudo-exon 3 or that the supposed-
2029C>T SNP really exists. It is important to note that we studied a population with
European origin (Caucasian), and the sample of Malhotra et al (2005) was from India.

In a unique previous study from Colombia both mutant alleles are null (Zafra
et al., 2008). In Europe the 2258A allele frequency ranged from 1% to 9% but,
interestingly, it was higher in three singular reports from Turkey [14% (Ogus et al.,
2004), 23% (Kutukculer et al., 2007) and 46% (Berdeli et al., 2005)]. Once more,
apart from experimental or statistics inaccuracy, it would be possible due to different
genetic background in these populations or singular patterns of lifestyle risk factors.
Other flaws were also detected in 2258G>A TLR2 SNP reports. In one paper a
mistake about the 2258G>A SNP (Arg753GIn) description: it changed the G allele to
T allele (as 2258T>A) and in a following moment it changed the A allele to C (as
2258C>T) (Labrum et al.,, 2007). It was a small error but it can be a source of

additional technical and interpretation mistakes.
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In general, the set of 33 TLR2 reports examined presented some limitations
such as the lack of well-designed strategies for analysis, which precluded precise
significant final conclusions.

In summary, our genotyping results do not support a clinical application for the
supposed-2029T and 2258A alleles in the southern Brazilian population. Our review
detected that current TLR2 SNP assays had very controversial and contradictory
results derivate from reports with a variety of quality criteria of investigation. We
suggest that, if analyzed alone, the supposed-2029C>T and 2258G>A TLR2 SNP
are not good candidate for genetic markers in studies that search for direct clinical
applications. Future efforts to improve the knowledge and to provide other
simultaneous genetic markers might reveal a more effective TLR2 effect on the

susceptibility to infectious diseases.
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FIGURE LEGENDS

Figure 1: Genotyping analysis of the supposed-2029C>T TLR2 SNP (into the box)
via sequencing in an ABI PRISM 3100 Avant Genetic Analyzer, Perkin-Elmer, USA
(A) and in a MegaBase 1000 capillary DNA sequencer, Amersham Biosciences, UK
(B). Both were sequenced by forward and reverse primers.

Figure 2: Distribution of TLR2 studies by the time: from 1998 to 2008. Number of
studies with supposed-f 2029C>T (gray line) and with 2258G>A (black line) SNP.

Figure 3: Distribution and frequencies of TLR2 supposed-2029C>T (A) and
2258G>A (B) studies around the World.

Figure 4: Sample size in TLR2 2029C>T (gray bars) and 2258G>A (black bars)
reports. Inside each bar is a striped box that represents the percents of studies that
observed positive association with mutant alleles, where there is no striped box the

percents is zero.

Figure 5: Quality criterion points in TLR2 2029C>T (gray bars) and 2258G>A (black
bars) reports. For description of quality criterion points and scores see Materials and

Methods section.

Figure 6: Quality criterion categories in TLR2 2029C>T (gray bars) and 2258G>A
(black bars) reports. For description of quality criterion categories and scores see

Materials and Methods section.

Figure 7: Methods used to perform TLR2 2029C>T (gray bars) and 2258G>A (black
bars) genotyping. Inside each bar is a striped box that represents the percents of
studies that have duplicated analysis, where there is no striped box the percents is
zero. PCR: Polymerase Chain Reaction; RFLP: Restriction fragment length
polymorphism; SSCP: Single Strand Conformation Polymorphism; Seq.: Automatic

Sequencing by Sanger or Enzymatic Method (pyrosequencing); Real-Time: Real-
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Time PCR; ARMS: Amplification Refractory Mutation System; SSP: Sequence
Specific Primer.

TABLES LEGENDS

Table 1: Clinical and demographic data of critically ill patients.

Table 2: Characteristics of 2029C>T TLR2 studies.

Table 3: Characteristics of 2258G>A TLR2 studies.

Table 4: Some characteristics of the main methods used on TLR2 previously

published reports.
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Variables All Patients With sepsis Withqut P-value*
sepsis
Frequency' 422 (100) 295 (69.9) 127 (30.1) -
Age (years)* 57 (38.5-71.5) 60 (42-72) 53 (32.5-69.5) 0.056™"
Male' 225 (53.3) 151 (51.2) 72 (57.6) 0.229MV¥
APACHE Il Score® 19.37(7.7) 20.73 (7.1) 16.12 (7.9) 0.000°7
SOFA-1 Score? 6 (4-9) 8 (5-10) 4 (3-6) 0.000™"
SOFA-2 Score* 6 (4-9) 7 (5-10) 4 (3-7) 0.000™"
SOFA-3 Score* 6 (3-9) 7 (4-9) 4 (3-7) 0.000™"
SOFA-4 Score? 6 (4-8) 6 (4-9) 4 (2-7) 0.000™"
SOFA-5 Score? 5 (3-8) 6 (4-9) 3.5(3-6) 0.000™"
SOFA-6 Score* 5 (3-7) 6 (3-8) 4(2-6) 0.000"%
SOFA-7 Score* 5 (3-8) 6 (3-8) 4 (2-6) 0.000™"
SOFA-15 Score* 5 (3-8) 6 (3-8) 3(1.25-5) 0.002™"
SOFA-29 Score* 5 (3-8) 6 (3-8.75) 3 (3-4.25) 0.014"W
ICU LOS (days)* 14 (8-24) 15 (8-27) 11 (5.5-17) 0.000™"
MW
ICU+H LOS (days)* 37 (22-58) 3;952%2 35 (19-53) 0.177
Medical Admission 352 (83.8) 255 (86.7) 96 (76.8) 0.000%
Surgical Admission 68 (16.2) 39 (13.3) 29 (23.2) '
Septic Shock? 212 (50.6) 211 (71.5) 1(0.8) 0.000""W
ICU mortality" 131 (31.0) 117 (39.7) 13 (10.4) 0.000™"
ICU+H mortality” 185 (44.2) 154 (52.4) 30 (24.2) 0.000"W
Supposed-2029T TLR2 allele 1(0.2) 0 (0.0) 1(0.8) -
2258A TLR2 allele 0 (0.0) 0 (0.0) 0 (0.0)

T: n (%); ¥ median (IQR); § mean (SD); SD: Standard Deviation of the mean; IQR:
Interquartile Range; ST: Student’'s t-test; MW: Mann-Whitney U-test; X2: Pearson Chi-

Square test; *: P-value describes a comparison between patients with sepsis and without

sepsis; LOS: length of stay; HW: Pearson Chi-Square test for Hardy-Weinberg equilibrium.
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Table 2. Characteristics of 2029C>T TLR2 SNP studies.

. Cases 2029 2029 2029 2029 Controls 2029 2029 2029 2029 . 2029T qnd OR
Ref Met Population N CcC CT TT T N CC CT TT T S HWEq End Point end pomt P (95%CI)
N N N N N N N N association

Occident
1 1 Netherlands 7 7 0 0 0 200 200 0 0 0 1 No Chroniccl\alllﬁgic:j(i::;%neous No ns ns
2 1 Germany - - - - - 319 319 0 0 0 2 No * * ns ns
3 1 Germany 122 122 0 122 122 0 0 0 2 No Periodontal Disease No ns ns
4 1 Spain 346 346 0 199 199 0 0 0 2 No RA/SLE No ns ns
5 3 Tunisia 33 2 31 0 0.47 33 23 10 0 0.15 2 Yes Tuberculosis Yes <0.0001 NI
6 1 Germany 290 290 0 0 0 290 290 0 0 0 2 No Malaria No ns ns
7 3 Germany 325 325 0 o o0 - - - - -0 No Different %aet;;’;é“icmbia' No ns ns

Orient
8 2 Korea 86 76 10 0 0.06 45 45 0 0 0 1 No Lepromatous Leprosy yes NI NI
9 2 Korea 15 10 5 0 017 10 10 o0 0 0 1 No Aleraton r‘:{ﬁgfﬁ%"g‘:ﬁé Poor Yes 005 NI
10 1 Turkey 61 61 0 0 0 207 207 0 0 0 2 No Rheumatic fever No ns ns
11 3 India 286 286 0 0 0 183 183 0 0 0 2 No * * ns ns
12 1 Korea 80 80 0 0 0 84 84 0 0 0 2 No NTM Lung Diseases No ns ns
13 1 Korea 154 154 0 0 0 179 179 0 0 0 2 No Bacteremia No ns ns
14 1 Turkey 90 90 0 0 0 155 155 0 0 0 4 Yes Aggressive Periodontitis No ns ns
15 1 Turkey 83 83 0 0 0 106 106 0 0 0 4 Yes Chronic Periodontitis No ns ns
16 1 Turkey 85 85 0 0 0 141 141 0 0 0 1 No Rheumatic Heart Disease No ns ns
17 4 Taiwan 200 200 0 0 0 - - - - - 3 Yes Viral infection No ns ns
18 1 Turkey 52 52 0 0 0 91 91 0 0 0 2 No Recurrent Febrile Infections No ns ns

Ref: References = 1: Graaf et al., 2003; 2: Schréder et al., 2003; 3: Folwaczny et al., 2004; 4: Sanchez et al., 2004; 5: Ben-Ali et al., 2004; 6: Mockenhaupt et al., 2006; 7: Woehrle et al.,
2008; 8: Kang & Chae, 2001; 9: Kang et al., 2004; 10: Berdeli et al., 2005; 11: Malhotra et al., 2005; 12: Ryu et al., 2006; 13: Yoon et al., 2006; 14: Emingil et al., 2007; 15: Berdeli et al.,
2007; 16: Duzgun et al., 2007; 17: Cheng et al., 2007; 18: Kutukculer et al., 2007. Met: Laboratorial Method = 1: RFLP; 2: SSCP; 3: Sequencing; 4: Real-Time; 5: ARMS or SSP-PCR; S: 5-
point Scoring Classes; HW Eq: Hardy-Weinberg Equilibrium; P: P value; OR: Odds Ration; * No association study; ns: Not Significant; NI: Not informed; RA: Rheumatoid Arthritis; SLE:

Systemic Lupus Erythematosus; NTM: Nontuberculous Mycobacterial.
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Table 3: Characteristics of 2258G>A TLR2 SNP studies.

2258 2258 2258 2258 2258 2258 2258 2258
Ref Met Population Cases GG GA AA A Cor,‘\fro's GG GA AA A S ';W End Point gizftsfsgggizggn p (95?’/%!)
N N N N N N N N q- P °
Occident
1 3 France 91 89 2 0 0.02 73 73 0 0 0 2 No Septic Shock Yes NI NI
2 1 Germany - - - - - 319 289 30 0 0.05 2 No * * 0.022 NI
3 1 UK 420 400 20 0 0.02 696 664 32 0 0.02 2 No Disease by S. aureus No ns ns
4 1 Germany 122 - - - 0.02 122 - - - 0.04 2 No Periodontal Disease No ns ns
5 1 Spain 346 340 6 0 0.01 199 197 2 0 0.01 2 No RA/SLE No ns ns
6 1 Germany 1398 - - - 0.03 - - - - - 3 Yes Preterm Delivery No ns ns
PTCA Patients with and without 3.093
7 4 Germany 104 90 13 1 0.07 102 97 5 0 0.02 2 No Restenosis Yes 0.014 (1.103-8.676)
8 4 Germany 388 359 27 2 0.04 189 173 15 1 0.04 2 No Astherosclerosis No ns ns
9 1 Germany 155 146 9 0 0.03 349 307 42 0 0.06 3 Yes Lyme Disease Yes 0.0369 © 2'1‘{2995)
10 1 Croatia 89 - - - o 88 - - - *» 2 Yes Céancer Colorretal No ns ns
11 1 Germany 290 290 0 0 290 290 0 0 0 1 No Malaria No ns ns
Outcome of liver Transplantation 5.20
124 USA 92 80 7 5 0.09 ) ) ) i - 1 No for Chronic Hepatitis C Virus Yes 0.007 (1.65-13.9)
Citomegalovirus Disease after 1.91
34 USA 92 80 7 5 009 ) ) ) i - 1 No Liver Transplantation Yes 0.08 (0.91-3.40)
14 3 Germany 106 96 10 0 0.05 - - - - - 0 No Hypo-responsiveness Yes NI NI
15 5 Netherlands 524 - - - 0.03 - - - - - 1 Yes Preterm Birth Yes <0.02 NI
16 3 UK 2955 - - - 0.48 - - - - - 3 Yes CAIMT No ns ns
17 1 Colombia 275 275 0 0 0 200 200 0 0 0 1 No Chagas Disease No ns ns
18 3 Germany 325 308 17 0 0.03 - - - - - 0 No DPMD Yes NI NI
Orient
19 5 Turkey 151 124 13 14 0.14 116 107 2 0.05 2 Yes Tuberculosis Yes 0.022 @ 0615'_% 08)
20 1 Turkey 61 5 56 0 0.46 207 186 21 0 0.05 2 No Rheumatic fever Yes 0.0001 100 (32-320)
21 1 Turkey 83 82 1 0 0.01 95 93 2 0 001 1 No Behcet's disease No ns ns
22 1 Korea 80 80 0 0 0 84 84 0 0 0 2 No NTM Lung Diseases No ns ns
23 1 Korea 154 154 0 0 0 179 179 0 0 0 2 No Bacteremia No ns ns
24 1 Turkey 90 83 7 0 0.04 155 136 19 0 0.06 4 Yes Aggressive Periodontitis No ns ns
25 1 Turkey 83 72 11 0 0.07 106 92 14 0 0.07 4 Yes Chronic Periodontitis No ns ns
26 1 Turkey 85 85 0 0 0 141 138 3 0 001 1 No Rheumatic Heart Disease No ns ns
27 4 Taiwan 200 200 0 0 0 - - - - - 3 Yes Viral infection No ns ns
28 1 Turkey 52 34 12 6 023 91 82 9 0 005 2 No Recurrent Febrile Infections Yes 0.007 1 3:?_'29 8)
29 1 Turkey 124 91 33 o 116 104 12 *» 3 Yes Urinary Tract Infection Yes 0.001 3.14

(1.53-6.44)
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Ref: Reference = 1: Lorenz et al., 2000; 2: Schrdder et al., 2003; 3: Moore et al., 2004; 4: Folwaczny et al., 2004; 5: Sanchez et al., 2004; 6: Hartel et al., 2004; 7: Hamann et al., 2005; 8:

Hamann et al., 2005; 9: Schroder et al., 2005; 10: Jelavi¢ et al., 2006; 11: Mockenhaupt et al., 2006; 12: Eid et al., 2007; 13: Kijpittayarit et al, 2007; 14: Merx et al., 2007; 15: Krediet et al.,
2007; 16: Labrum et al., 2007; 17: Zafra et al., 2008; 18: Woehrle et al., 2008; 19: Ogus et al., 2004; 20: Berdeli et al., 2005; 21: Bacanli et al., 2006; 22: Ryu et al., 2006; 23: Yoon et al.,
2006; 24: Emingil et al., 2007; 25: Berdeli et al., 2007; 26: Diizgin et al., 2007; 27: Cheng et al., 2007; 28: Kutukculer et al., 2007; 29: Tabel et al., 2007. Met: Laboratorial Method = 1: RFLP;
2: SSCP; 3: Sequencing; 4: Real-Time; 5: ARMS or SSP-PCR; S: 5-point Scoring Classes; HW Eq: Hardy-Weinberg Equilibrium; P: P value; OR: Odds Ration; * No association study; **
Calculate was not possible; ns: Not Significant; NI: Not informed; UK: United Kingdom, USA: United States of America; RA: Rheumatoid Arthritis; SLE: Systemic Lupus Erythematosus; NTM:

Nontuberculous Mycobacterial; CAIMT: Carotid Artery Intima-Media Thickness; DPMD: Different pattern microbial defense; PTCA: Percutaneous Transluminal Coronary Angioplasty
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Table 4: Some characteristics of the main methods used on TLR2 previously

published reports.

Method Positive Points Negative Points

PCR-RFLP Low cost Intensive work
Multiple analysis at the same
time Delayed process
Large application Low sensitivity
Detects small portions of the .
DNA Not automatized process
Universal equipments Intensive manipulation
Universal reagents
Easy routine to operators

Real Time PCR Faster and Precise High cost
High sensitivity Specific equipments
High production Specific reagents
Quantifies the product highly training operators
Automatized process Specific support necessary
Reduced manipulation Contamination risk with
MRNA

Reduced contamination
Real time results

Automatized Specific and precise High cost

Sequencing High precision and sensitivity; Delayed process

Reduced manipulation
Reduced contamination
High sensitivity

High production
Automatized process

Specific equipments
Specific reagents

Highly training operators
Specific support necessary
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3 CONSIDERACOES FINAIS

7

A identificacdo de genoétipos ndo é capaz isoladamente de predizer um
fendtipo final dado que as caracteristicas complexas, como a sepse, sdo sempre
reguladas pela acdo conjunta das caracteristicas genéticas individuais sob as
influéncias ambientais externas. Além destas influéncias ambientais externas, é
fundamental ressaltar também a importancia da relacdo parasito-hospedeiro e as
caracteristicas genéticas dos préprios microrganismos.

Ao longo deste trabalho buscamos verificar se a presenca dos alelos raros de
dois polimorfismos do TLR2 poderia acorrer com maior freqiéncia em pacientes com
sepse do que em pacientes sem sepse. ApOs nossas analises, constatamos que
estes polimorfismos do TLR2 ocorrem com uma freqiéncia muito baixa ou nula em
nossa populacdo ndo possuindo efeito determinante na sepse. Inicialmente,
haviamos confirmado que o HapMap mostrava uma frequéncia de 5% do alelo A do
SNP 2258G>A na populacdo de caucasianos europeus, sendo o alelo G fixado na
populacao oriental e negra. Levando em consideracao a origem étnica, a populagéo
do sul do Brasil é composta por caracteristicas genéticas particulares, com a maioria
de individuos de origem Européia (com ancestralidade portuguesa, italiana,
espanhola e alemd) e uma pequena parte da populacdo de origem africana
contribuindo com seu patriménio genético.

Estudos de associacdo genética sdo importantes para identificar e analisar
variantes que podem ser um forte fator de suscetibilidade a doencas. No entanto,
realizando uma avaliacéo da qualidade dos estudos dos polimorfismos do TLR2, nés
encontramos algumas deficiéncias em relacdo a caracteristicas importantes de
trabalhos associativos como: falta de informacdo quanto ao equilibrio de Hardy-
Weinberg, ao estudo cego, as andlises estatisticas e quanto a duplicagcdo dos
estudos. O método utilizado na genotipagem e o tamanho da amostragem, os quais
sdo também importantes na confiabilidade do resultado, foram, na maioria dos
estudos, realizados por técnicas menos precisas (PCR-RFLP) e com nimero néo
muito alto de individuos (<400). Tais fatores conjuntamente devem ser a explicagdo

para inconsisténcias encontradas em relacdo aos resultados: enquanto muitos
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artigos ndo apresentam associagdo nenhuma entre alelos raros e fenétipos em suas
populacdes, outros encontram fortes associagoes.

Analisando nossos resultados e levando em consideracdo nossa revisado e
analise dos estudos com variantes alélicas no TLR2, sugerimos que os SNPs
2029C>T e 2258G>A nédo sao bons candidatos a estudos de associacao genética
qgquando estudados isoladamente. Esforcos futuros na busca de marcadores
genéticos com aplicacbes clinicas deveriam ser direcionados a estudar
simultaneamente outros SNPs a fim de identificar seus efeitos modificantes na

susceptibilidade as doencas infecciosas.
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