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RESUMO

Variantes nos genes CRISPLD2 (cysteine-rich secretory protein LCCL domain
containing 2) e JARID2 (jumoniji, AT-rich interaction domain 2) foram associadas com
um risco aumentado para o desenvolvimento de fissuras do labio e/ou palato néo-
sindrobmica (FL/PNS). Neste estudo caso-controle nos analisamos a possivel
associacao de polimorfismos de nucleotideo Unico (SNPs) nos genes CRISPDL2 e
JARID2 na populacéo brasileira com FL/PNS. Como a predisposicdo genética para
as FL/PNS é dependente da composi¢cdo étnica, nos realizamos uma analise
estruturada levando em conta a variagdo da ancestralidade genbmica de cada
individuo. Quatro polimorfismos no gene CRISPDL2 (rs1546124, rs8061351,
rs2326398 e rs4783099) e 4 no gene JARID2 (rs6915344, rs2299043, rs2237138 e
rs2076056), previamente associados com FL/PNS, foram genotipados em 785
pacientes brasileiros com FL/PNS (549 com fissura labial com ou sem fissura
palatina-FL+PNS e 236 com fissura palatina isolada-FPNS) e 693 individuos
clinicamente normais. A distribuicdo genotipica de todos os SNPs no grupo controle
respeitou o equilibrio de Hardy-Weinberg, exceto o SNP rs6915344 no gene JARID2
que foi excluido das andlises posteriores. Ap0s 0 ajuste para as diferencas na
ancestralidade genbémica, associacfes alélicas entre o polimorfismo rs2237138 no
gene JARID2 e uma diminui¢do no risco para FL+PNS (OR: 0,80; 95% IC: 0,67-0,97;
p=0,02) e entre o alelo T do polimorfismo rs4783099 no gene CRISPDL2 e um
aumento no risco para FPNS (OR: 1,31; 95% IC: 1,05-1,62; p=0,01) foram
observadas. Os SNPs no gene CRISPDL2 ndo demonstraram desequilibrio de
ligagcdo, enquanto que os SNPs no gene JARID2 revelaram um forte desequilibrio de
ligacdo entre eles. Nossos resultados sugerem que o SNP rs2237138 no gene
JARID2 apresenta um efeito protetor contra FL:PNS, enquanto que o SNP
rs4783099 no gene CRISPLD2 representa um fator de risco para FPNS na

populacéo brasileira.

Palavras-chave: Fissura labial e/ou palatina nao-sindrémica; polimorfismo de
nucleotideo Unico; CRISPDL2; JARID2.



ABSTRACT

Variants in the cysteine-rich secretory protein LCCL domain containing 2 gene
(CRISPLD2) and in the jumoniji, AT-rich interaction domain 2 gene (JARID2) were
previously shown to influence nonsyndromic oral cleft susceptibility. Herein, we
performed a case-control study to examine the potential association of single
nucleotide polymorphisms (SNPs) in CRISPLD2 and JARID2 with nonsyndromic cleft
lip and/or palate (NSCL/P) in the Brazilian population. Given the ethnicity-dependent
genetic predisposition to NSCL/P, we performed a structured analysis taking into
account the genomic ancestry variation of each individual. Four SNPs in CRISPLD2
(rs1546124, rs8061351, rs2326398 and rs4783099) and 4 in JARID2 (rs6915344,
rs2299043, rs2237138 and rs2076056), that were previously reported to be
associated with NSCL/P, were genotyped in 785 Brazilian patients with NSCL/P (549
with cleft lip with or without cleft palate-NSCL+P, and 236 with cleft palate only-
NSCPO) and 693 unaffected Brazilian controls. Genomic ancestry was assessed
with a set of 40 biallelic short insertion/deletion variants previously validated as
ancestry informative markers of the Brazilian population. After adjustment of ancestry
variations, allelic analysis revealed marginal associations between the CRISPLD2
rs4783099 T allele and increased risk for NSCPO (OR: 1.31, 95% CI: 1.05-1.62,
p=0.01) and between JARID2 rs2237138 and decreased NSCL£P risk (OR: 0.80,
95% CI: 0.67-0.97, p=0.02). No linkage disequilibrium was found between CRISPLD2
SNPs, while JARID2 SNPs were in complete linkage disequilibrium. Our results
suggest that CRISPLD2 rs4783099 may represent a risk factor for NSCPO while
JARID2 rs2237138 shows a protective effect against NSCL+P in the Brazilian

population.

Keywords: Cleft lip and/or palate; single nucleotide polymorphism; CRISPDLZ,;
JARID2.
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1 INTRODUGCAO

A fissura do labio e/ou palato (FL/P) € um dos defeitos congénitos mais
comuns em humanos, sendo caracterizado por areas de descontinuidade no labio
e/ou palato (Lidral et al., 2008, Dixon et al., 2011; Marazita, 2012). Geneticamente,
as fissuras séo divididas em dois grupos distintos: sindrémicas e ndo-sindrémicas
(Cobourne, 2004). Cerca de 70% dos casos de FL/P ocorrem de maneira nao-
sindromica (FL/PNS), ou seja, sem malformacdes adicionais, e os demais 30%
referem-se as associacbes, com padrées mendelianos, cromossémicos ou
condi¢cdes esporadicas. Existem mais de 500 sindromes relacionadas com FL/P
como caracteristica fenotipica (Meng et al., 2009; Mangold et al., 2011). As FL/P séao
as deformidades faciais mais comuns em todas as racas e Qrupos étnicos,
provavelmente devido a grande complexidade dos eventos envolvidos na formacao
da face (Prescott & Malcolm, 2002; Stanier & Moore, 2004; Mirfazeli et al., 2012) e
representam uma das principais causas de mortalidade infantii nos paises
subdesenvolvidos (Dixon, 2011; Murray et al., 2012; Rahimov et al., 2012; Falagan-
Lotsh et al., 2015). Em geral, as popula¢bes asiaticas e amerindias possuem uma
alta prevaléncia (1:500), as populagbes europeias possuem prevaléncia
intermediaria (1:1000) e as menores taxas de prevaléncia sdo observadas em
africanos e descendentes de africanos (1:2500) (Mossey & Little, 2002; Murthy &
Bhaskar, 2009; Mossey & Little, 2009). No Brasil, a prevaléncia das FL/PNS tem sido
relatada entre 0,36 e 1,54 para cada 1000 nascidos vivos, com aproximadamente
4000 novos casos anuais (Martelli-Junior et al., 2007; Rodrigues et al.,2009).

As fissuras orofaciais podem ser classificadas com base nas estruturas
anatbmicas afetadas em fissuras pré-forame incisivo ou fissuras labiais (FL), fissuras
pos-forame incisivo ou fissuras palatinas (FP), fissuras transforame incisivo ou
fissuras labio-palatinas (FLP) e fissuras raras da face (Spina et al., 1972). Baseado
em evidéncias embrioldgicas e epidemiolégicas, as FLs e FLPs sdo consideradas
variantes do mesmo defeito e classificadas como um unico grupo, designado FL+P
(fissura labial com ou sem fissura palatina), enquanto que as FPs s&o classificadas
como uma entidade distinta (Mitchell et al., 2002). A frequéncia de FL/PNS difere de
acordo com o género. FLP e FL sdo mais frequentes no género masculino e a FP &
mais comum no género feminino (Mossey & Little, 2002; Martelli et al.,2008; Mossey
& Little, 2009).
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FL/P séo associadas a significativa morbidade, com complicacdes associadas
a estética, fala, audicdo e funcdes orais, resultando em condi¢cfes adversas para a
salude e integracdo social (Mossey et al.,, 2009; Leslie & Marazita 2013). Os
individuos afetados necessitam de reabilitacdo bem sucedida que abrangem
abordagens multidisciplinares desde o nascimento até a vida adulta (Wehby &
Cassell, 2010). Embora a reabilitacdo seja possivel com o atendimento de boa
gualidade, as FL/P inevitavelmente representam despesa elevada para o individuo,
para a familia e para a sociedade, com um custo substancial em termos de salude e
servicos relacionados (Dixon et al., 2011).

A etiologia das fissuras orais € complexa, multifatorial e atribuida a fatores
genéticos e ambientais (Dixon et al., 2011). Apesar dos esforcos, a compreensao da
etiologia acerca das variantes nao-sindromicas ainda permanece desconhecida.
Muitos estudos genéticos utilizando diferentes estratégias, incluindo estudos de
ligacdo, caso-controle ou com trios, sequenciamento direto do DNA e mais
recentemente, estudos de associacdo de larga escala gendmica (do inglés genome-
wide assocation study, GWAS), baseados na comparacdo de varios polimorfismos
comuns entre casos e controles, identificaram varios genes e regides
cromossObmicas candidatos a etiologia das FL/PNS, mas apenas 2 destes foram
reproduzidos em diferentes populacdes, os quais estdo localizados no gene IRF6
(interferon regulatory factor 6) (Birnbaum et al., 2009) e em uma regido intergénica
na regido 8924 (Grant et al., 2009). Estudos confirmaram a associa¢do do lécus
8924 na populacdo brasileira com ancestralidade Europeia (Brito et al., 2012a;
Bagordakis et al.,, 2013), mas nao nos individuos com elevada ancestralidade
Africana (Borges et al., 2015), e a participacdo do gene IRF6 é discutida (Paranaiba
et al., 2010; Brito et al., 2012b; Borges et al., 2015; de Souza et al., 2015). Depois de
cinco séculos de miscigenacdo entre Amerindios, Europeus e Africanos
Subsaarianos, a alta variabilidade da ancestralidade genb6mica da populacdo
brasileira afeta tanto a suscetibilidade genética para o desenvolvimento das fissuras
orais (de Aquino et al., 2014b) como as associa¢des especificas identificadas em
outras populacdes (Bagordakis et al., 2013; Filézio et al., 2013; Paranaiba et al.,
2013; de Aquino et al., 2014; Machado et al.,2015).

Durante a embriogénese, a formacdo da face baseia-se na interacdo de
muitos eventos coordenados que envolvem os processos de diferenciacdo e

crescimento celular, proliferacao, transicao epitélio-mesenquimal, apoptose, adesao
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celular e sinalizacdo inter e intracelular (Stanier & Moore, 2004), e variacbes
polimorficas em genes que controlam estes eventos podem afetar o
desenvolvimento normal dos l4bios e palato, resultando nas FL/PNS (Butali et al.,
2011).

O inicio da formacao do labio se da na quarta semana de gestacédo quando os
primordios faciais sédo originados a partir da migracdo das células da crista neural
provenientes do tubo neural anterior. Dela surge o processo nasal medial e lateral,
gue se fusionam ao processo maxilar para formar a parte central do labio superior, 0
palato primario e o nariz. O palato secundario comeca a ser formado durante a sexta
semana. Inicialmente, as placas palatinas do palato secundario aparecem como
duas extensdes no lado interno da maxila, ao longo da superficie lateral da lingua.
Na nona semana gestacional, ambas as placas palatinas sofrem uma rapida
transformacéo horizontal, movendo-se sobre a lingua e fusionando-se uma com a
outra e com o0 septo nasal. Em seguida, o mesénquima palatino se diferencia em
elementos musculares e 6sseos que correlacionam com a posi¢cado do palato mole e
duro, respectivamente. Na décima semana da embriogénese, 0S Pprocessos
fusionados provenientes do palato primario e secundéario e do septo nasal estao
completos. Assim, o desenvolvimento do palato secundario em mamiferos divide o
espaco oronasal em cavidades oral e nasal, permitindo que a mastigacdo e a
respiracdo sejam realizadas simultaneamente (Sperber, 2002). Em razdo da alta
complexidade no desenvolvimento do labio e palato, ainda ndo se conhece todos os
mecanismos relacionados a falha na coalescéncia dos processos que dao origem a
essas estruturas, assim, a fissura pode ser decorrente de qualquer distarbio nos
mecanismos biolégicos que regulam esses processos durante a embriogénese seja
ela intrinseca (genética) ou extrinseca (ambiental). Neste contexto, a busca por
variantes genéticas em genes com participacdo nestes eventos durante a
morfogénese normal do labio e palato tem sido objeto de intensa investigagéo (Dixon
et al., 2011; Kohli e Kohli, 2012; Rahimov et al., 2012; Butali et al., 2014).

Estudos prévios relatam o envolvimento dos genes CRISPLD2 (cysteine-rich
secretory protein LCCL domain containing 2) e JARID2 (jumoniji, AT-rich interaction
domain 2) na etiologia das FL/PNS (Scapoli et al., 2010; Chiquet et al., 2011). A
funcé@o biolégica do gene CRISPLD2, localizado no cromossomo 16.g24.1, ainda
permanece incerta (Chiquet et al., 2011). Este gene pertence a superfamilia CAP

(cysteine-rich secretory proteins, antigen 5, and pathogenesis-related 1 protein)
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envolvida na mediacédo dos eventos intracelulares de apoptose (Girardi et al., 2011).
Alguns estudos relatam a expressédo deste gene na regido mandibular, palatina e
nasofaringea de camundongos durante o desenvolvimento craniofacial (Chiquet et
al., 2007). O dominio LCCT é comum a outros genes conhecidos como COCH
(coagulation factor C homolog), Akhirin e CLCP1 (LCCL-homology coagulation factor
V/VIIl homology domains protein) (Trexler et al., 2000 e Ahsan et al., 2005) e
estudos sugerem que tais dominios sdo do tipo estrutural ou imunologicos
envolvidos na motilidade celular (Trexler et al., 2000; Ahsan et al., 2005; Liepinsh et
al., 2001; Nagai et al., 2007), que em conjunto com a apoptose, representam 0s
mecanismos celulares responsaveis pela eliminacdo das células epiteliais da borda
medial antes da fusdo dos processo palatinos (Chai & Maxson, 2006). Um estudo
realizado por Kent e colaboradores em 2002 observou a existéncia que um segundo
gene, o CRISPLD1, que é homologo ao gene CRISPLD2 (70% em nivel de
nucleotideos e 58% em nivel de peptideos). Embora a funcdo exata do gene
CRISPDL1 também permaneca desconhecida, especula-se que ambos contenham
mais residuos de cisteina (Law et al., 2006), aminoacido sintetizado na via de folato
(Aguilar et al., 2004) e essencial para a sintese proteica, divisdo celular, crescimento
tecidual e metilacdo do DNA (Boyles et al., 2006). Existem relatos de que genes
relacionados direta ou indiretamente com a via metabdlica do folato parecem
desempenhar um papel importante na etiologia das malformacdes congénitas como
as FL/PNS (Mills et al., 2008; Bufalino et al., 2010). Dessa forma, especula-se que
alteracfes na via do folato poderiam afetar a producédo de cisteina, resultando em
defeitos sobre a sintese e/ou funcédo dos genes CRISPDL (Chiquet et al.,2011).
Poucos estudos avaliaram a associacdo entre o gene CRISPLD2 e FL/PNS e
os resultados conflitantes sdo baseados nas diferencas populacionais. Evidencias
para um envolvimento do l6cus 16q.24, no qual CRISPLD2 esta contido, na etiologia
das FL/PNS foi relatada por Chiquet e colaboradores (2007) em um estudo de larga
escala incluindo populagbes caucasianas e hispanicas. No entanto, um estudo de
validacdo subsequente realizado por Letra e colaboradores (2011) ndo observou
associacdo entre FL/PNS em populacbes asiaticas e miscigenadas, enquanto
relatou evidencias de associacdo entre CRISPLD2 e FL/PNS em uma populacao
caucasiana brasileira e americana. Adicionalmente, um estudo realizado com uma
populacéo chinesa reforcou a hipétese de associacdo entre o gene CRISPLD2 e as

FL/PNS (Shi et al., 2010). Ao contrario, um estudo com uma populacao italiana nao
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encontrou associacao entre polimorfismos no gene CRISPLD2 e FL/PNS (Girardi et
al.,, 2011). Os resultados conflitantes entre a associacdo do gene CRISPLD2 e
FL/PNS podem ser dependentes das estruturas étnicas das populacoes.

O gene JARID2 esta localizado no cromossomo 6p e € responsavel por
codificar uma proteina com funcdo de fator de transcricdo (Berge-Lefrank et al.,
1996). A proteina ARID codificada pelo gene JARID2 tem diferentes nomenclaturas
na literatura, ou seja, a proteina é também conhecida como Jumoji ou JMJ e possui
um dominio de ligagdo ao DNA (ARID) e dois dominios Jmj conservados (JmjC e
JmjN), essenciais para o desenvolvimento embrionario (Takeuchi et al., 1995; Berge-
Lefrank et al., 1996; Pasini et al., 1999; Topping et al., 2002), formacdo de células
tronco embrionérias (Passini et al., 2010), formacao do tubo neural (Takeuchi et al.,
1995; Berge-Lefrank et al., 1996), desenvolvimento do figado e hematopoiese (Jung
et al., 2005). O dominio de ligacdo ao DNA chamado de ARID (AT-rich interaction
domain) € essencial para a regulacdo da atividade transcricional. Existem relatos de
proteinas que contém este dominio participarem de processos biolégicos
importantes, embora a funcéo fisiolégica da maioria dessas proteinas permaneca
desconhecida (Toyoda et al., 2000). Toyoda e colaboradores (2000) relataram a
localizacéo nuclear de Jmj e seu papel na regulacédo negativa do crescimento celular
durante o desenvolvimento embrionario de camundongos. A expressdo de JARID2
foi detectada em diferentes estruturas craniofaciais de embrides humanos como
palato e labio entre a quarta e oitava semanas de gestacao (Park et al., 2006). Uma
elevada expressdo de JARID2 foi também detectada em células epiteliais da
cavidade nasal e do processo palatino destacando seu possivel papel na etiologia
das FL/PNS (Scapoli et al., 2010). A funcdo do gene JARID2 nado esta totalmente
esclarecida, no entanto, Takahashi e colaboradores (2004) demonstraram que a
mutagdo em JARID2 é associada com a ocorréncia de anormalidades morfoldgicas
no tubo neural e defeitos cardiacos, incluindo via dupla de saida do ventriculo direito
e defeitos no septo interventricular e letalidade embrionaria em camundongos. E
importante ressaltar que o septo ventricular cresce e se funde com o endocardio
inferior, dividindo assim, o ventriculo em duas camaras, processo o qual compartilha
algumas homologias com o desenvolvimento do palato (Olson, 2004). Isso refor¢a a
hipotese da participacdo de JARID2 na etiologia das FL/PNS. Além disso, trabalhos
recentes demonstraram que JARID2 interage com o gene PRC2 (Polycomb-

Repressive Complex 2) que regula padrdes de expressao que influenciam o estado
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da cromatina através da metilacdo da histona H3. O complexo JARID2/PRC2
promove seletivamente a ligacdo ao DNA e regula negativamente a metilagdo das
histonas (Peng et al., 2009; Pasini et al., 2010). Além disso, JARID2 é capaz de se
ligar a diferentes sequéncias de DNA e tem sido proposto que seus efeitos podem
estar associados com a combinacdo com outros fatores de transcricdo (Kim et al.,
2003; Pasini et al., 2010). Um estudo de desequilibrio de ligacdo de base familiar
revelou que haplotipos formados por variagdes polimoérficas no gene JARID2 estdo
associadas a etiopatogenia das FL/PNS (Scapoli et al., 2010). No entanto, uma fraca
associacao entre polimorfismos do gene JARID2 e FL/PNS foi detectada em uma
populacédo chinesa (Hao et al., 2015), sugerindo possiveis influéncias da composicao

étnica da populacao na influéncia do gene no desenvolvimento das FL/PNS.
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PROPOSICAO

Determinar a associacdo dos polimorfismos rs4783099, rs2326398,

rs1546124 e rs8061351 no gene CRISPLD2 e rs6915344,rs2299043, rs2237138 e

rs2076056 no gene JARID2 com a suscetibilidade para o desenvolvimento das

FL/PNS na populacédo brasileira, apos correcdo das diferencas na ancestralidade
gendmica.
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BACKGROUND: Variants in the cysteine-rich secretory protein LCCL domain
containing 2 gene (CRISPLD2) and in the jumoniji, AT-rich interaction domain 2 gene
(JARID2) were previously shown to influence nonsyndromic oral cleft susceptibility.
Herein, we performed a case-control study to examine the potential association of
single nucleotide polymorphisms (SNPs) in CRISPLD2 and JARID2 with
nonsyndromic cleft lip and/or palate (NSCL/P) in the Brazilian population. Given the
ethnicity-dependent genetic predisposition to NSCL/P, we performed a structured
analysis taking into account the genomic ancestry variation of each individual.
METHODS: Four SNPs in CRISPLD2 (rs1546124, rs8061351, rs2326398 and
rs4783099) and 4 in JARID2 (rs915344, rs2299043, rs2237138 and rs2076056), that
were previously reported to be associated with NSCL/P, were genotyped in 785
Brazilian patients with NSCL/P (549 with cleft lip with or without cleft palate-NSCL+P,
and 236 with cleft palate only-NSCPO) and 693 unaffected Brazilian controls.
Genomic ancestry was assessed with a set of 40 biallelic short insertion/deletion
variants previously validated as ancestry informative markers of the Brazilian
population. RESULTS: After adjustment of ancestry variations, allelic analysis
revealed marginal associations between the CRISPLD2 rs4783099 T allele and
increased risk for NSCPO (OR: 1.31, 95% CI: 1.05-1.62, p=0.01) and between
JARID2 rs2237138 and decreased NSCL+P risk (OR: 0.80, 95% CI: 0.67-0.97,
p=0.02). Haplotype analysis indicated a lack of association between JARID2
haplotypes and nonsyndromic oral cleft risk. CONCLUSIONS: Our results suggest
that CRISPLD2 rs4783099 may represent a risk factor for NSCPO while JARID2

rs2237138 shows a protective effect against NSCL+P in the Brazilian population.

Keywords: Cleft lip and/or palate; single nucleotide polymorphism; CRISPLD?2;
JARID2.
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Introduction

Nonsyndromic oral clefts are among the most common birth defects worldwide with a
prevalence of 1.43:1000 live births (1). Among Brazilian newborns, the prevalence
has been reported between 0.36 to 1.54:1000 live births, with approximately 4,000
new cases every year (2, 3). Based on epidemiologic features and embryologic
timing, nonsyndromic oral clefts are divided in two distinct entities, nonsyndromic cleft
lip with or without cleft palate (NSCL+P) and nonsyndromic cleft palate only
(NSCPO). The etiology of nonsyndromic oral clefts is attributed to interplay of genetic

and environmental factors, but the exact interactions are poorly known (1).

Previous studies have described an association between nonsyndromic oral
clefts and genetic variations in the cysteine-rich secretory protein LCCL domain
containing 2 gene (CRISPLD2) (4) and in the jumonji, AT-rich interaction domain 2
gene (JARID2) (5). The biological functions of CRISPLD2 remain uncertain, though
belonging to the CAP (cysteine-rich secretory proteins, antigen 5, and pathogenesis-
related 1 protein) superfamily, which is involved in mediating cell adhesion and
motility, apoptosis and regulating the extracellular matrix during morphogenesis (6), it
is suggested that CRISPLD2 is essential for normal craniofacial development (4).
Indeed, zebrafish studies revealed that CRISPLD2 is important for normal migration,
differentiation and survival of neural crest cells during early craniofacial development,
and alterations in CRISPLD2 protein levels disturb palate and jaw development (7,
8). The JARID2 gene encodes an ARID transcription factor, with essential functions
during embryogenesis (9), maintenance of stem cells (10) and hematopoiesis (11).
JARID2 expression has been detected in different human craniofacial structures
including the lip and palate between the fourth and eighth weeks of gestation (12).
High expression levels of JARID2 have been also detected in the epithelial cells of

the palatine processes, highlighting its possible role in the etiology of oral clefts (5).

Although there is strong evidence for a participation of both CRISPLD2 and
JARID2 in the pathogenesis of nonsyndromic oral clefts, few studies have explored
this association and the results are conflicting based on population differences (4, 5,
13-19). Brazilian individuals have a highly variable genomic ancestry (20), which
affects genetic susceptibility to nonsyndromic oral clefts (21-23). For example, while

the involvement of interferon regulatory factor 6 (IRF6) and other nonsyndromic oral
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cleft loci identified in other populations remains uncertain in the Brazilian population
(21-25), previous studies confirmed the association of the 8924 with NSCL%P in
groups with high European backgrounds (21, 26) but not in a group of Brazilians with
NSCL+P carrying a high genetic proportion of African ancestry (23). An additional
study in a Brazilian population found significant association between IRF6 rs2235371
and complete left cleft lip and palate, and the rs2073487, an intronic marker in IRF6,
showed a trend for association with complete left cleft lip and palate (27). Therefore,
the aim of the current study was to investigate potential associations of
nonsyndromic oral cleft susceptibility signals previously identified in CRISPLD2 and
JARID2 in a Brazilian population through a case-control structured analysis in which

the genetic ancestry variation of each individual was taken into account.

Material and Methods
Sample study

This study included 1,478 individuals of which 549 had NSCL+P, 236 had NSCPO
and 693 were unrelated healthy controls. The samples were collected in 4 different
centers for rehabilitation of craniofacial anomalies in Brazil: the Association of Carrier
of Cleft Lip and Palate-APOFILAB, Cascavel-PR (located in the South of Brazil), the
Center for Rehabilitation of Craniofacial Anomalies, University of José Rosério
Vellano, Alfenas-MG (located in the Southeastern region of Brazil), the University
Hospital of Lauro Wanderley-HULW, Jodo Pessoa-PB and the Santo Antonio
Hospital, Salvador-BA, which are located in the Northeastern region. All patients with
orofacial cleft were carefully evaluated by experts of each center, diagnosed
independently and screened for the presence of anomalies and associated
syndromes. Only patients with nonsyndromic forms of oral clefts were included in this
study. The nonsyndromic oral clefts were classified with the incisive foramen as
reference. The control group was composed of healthy individuals with no physical
illness, psychiatric, birth defects or with a family history of orofacial clefts. The control
group consisted of samples from the same geographic areas (Table 1). The study
was approved by the ethics review board of each of the centers or hospitals affiliated
with the collaborative study. Written informed consent was obtained from the parents

or guardians and/or the participants.



Table 1. Characteristics of study controls and patients.

Control NSCL+P NSCPO
(n=693) (n=549) (n=236)
Age (years) 25.8+11.1 21.4+14.6 14.5+11.7
Gender
Male 372 (53.7%) 247 (45%) 146 (61.9%)
Female 321 (46.3%) 302 (55%) 90 (38.1%)
Ancestry
European 84.3% 82.0% 76.4%
African 14.0% 16.2% 21.4%
Amerindian 1.7% 1.8% 2.2%
DNA isolation

23

The genomic DNA was isolated from buccal mucosa cells obtained by mouthwash

with a 3% sucrose solution, using a salting-out protocol previously described (28).

Single-nucleotide polymorphism (SNP) selection and Genotyping

Four SNPs (rs1546124, rs8061351, rs2326398 and rs4783099) in
located at 16g24.1, and 4 SNPs (rs6915344, rs2299043, rs2237138 and rs2076056)

CRISPLDZ,

in JARID2, which is located at 6p24-p23, were included in this study. These SNPs

were selected because they were previously identified as susceptibility signals for

orofacial clefts in other populations (4, 5) and show a minor allele frequency (MAF)

>0.2. The main features of each SNP, including localization within gene, identification

of the major and minor alleles and MAF, are described in Table 2.

The SNPs were genotyped with TagMan-exonuclease allelic discrimination

assays, which were obtained from Applied Biosystems (Foster City, CA, USA)
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through their Assay-on-Demand service. For quality control purposes, reactions were
randomly repeated in 10% of the samples for each SNP, and the concordance rate
was 100%. All samples were successfully genotyped, with a genotype call rate of
100%.

Table 2. Characteristics of single-nucleotide polymorphisms (SNPs) included in this

study.
Gene SNP Position Allele MAF
CRISPLD2 rs1546124 84838445 Alg 0.340
rs8061351 84849496 Tlc 0.406
rs2326398 84869111 Alg 0.448
rs4783099 84907723 Cht 0.390
JARID2 rs6915344 15240213 Cht 0.468
rs2299043 15456939 Tla 0.264
rs2237138 15463164 Alg 0.207
rs2076056 15487551 Clg 0.201

MAF: minor allele frequency. Minor allele in lower case. Source:

http://www.ncbi.nlm.nih.gov/pubmed/

Estimation of the genomic ancestry

To characterize the European, African and Amerindian ancestry contributions,
samples were genotyped with a panel of 40 biallelic short insertion/deletion
polymorphisms (INDELs) previously validated as discriminative markers of the
Brazilian colonizers (29). A FAM-labeled M13 tail was incorporated in the forward
primers, allowing multiplex PCR, with 5 to 6 markers per reaction. PCR products
were mixed with the GeneScan 600 LIZ size standard (Applied Biosystems, Foster

City, CA, USA), denatured and subjected to capillary electrophoresis using the ABI


http://www.ncbi.nlm.nih.gov/pubmed/
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Prism 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Fragment
analysis was performed with GeneMapper software version 4.1.

Statistical analysis

The genomic ancestry of each subject of this study was determined with the aid of
Structure software version 2.3.4 (30), assuming the tri-hybrid origin of the Brazilian
population. Samples with a prespecified population of origin (Amerindian, European,
and sub-Saharan African reference populations from the Marshfield Clinic Collection)
were incorporated to assist the software in the ancestry estimation. Following
ancestry assessment, STRAT was used to test the association based on the

individual ancestry proportions (31).

Deviation from Hardy-Weinberg equilibrium was assessed through chi-square
test, and p value <0.05 was considered significant for derivation. The odds ratio (OR)
associated with a 95% confidence interval (95% CI) was calculated, and the
genotypes were analyzed under unrestricted, dominant, and recessive genetic
models. Haplotype frequencies and pair-wise linkage disequilibrium (D’ and r?) were
estimated using the HaploView software. The Bonferroni correction for multiple
comparisons was applied, and the corrected p value of <0.007 (0.05/7 polymorphic
markers) was considered statistically significant. Power for detecting a p value <0.05
for each SNP was estimated using the QUANTO software assuming a prevalence of
NSCL/P in Brazil of 0.00146 (2).

Results

The average ancestry contributions in the control group were estimated at 84.3% of
European, 14.0% of African and 1.7% of Amerindian, those in the NSCL+P group
were 82.0% of European, 16.2% of African and 1.8% of Amerindian, and those in the
NSCPO group were 76.4% of European, 21.4% of African and 2.2% of Amerindian
(Table 1). There were no significant differences in the ancestry proportions between
control and NSCL+P (p=0.32) and between NSCL+P and NSCPO (p=0.18), but the
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proportion of African ancestry was significantly higher in the NSCPO group in

comparison with control group (p=0.02).

For all SNPs, the distributions of genotypes in the control group were
consistent with those predicted by the Hardy-Weinberg equilibrium (Tables 3 and 4),
except for rs6915344 which was excluded from further analysis. The frequencies of
the alleles and genotypes structured by genomic ancestry are presented in Tables 3
and 4.

Associations between the rs4783099 T allele and TT genotype of CRISPLD2
were detected. The T allele was identified in 36.5% of the control sample and in
42.9% of the NSCPO sample, revealing an increased risk to NSCPO (OR: 1.31, 95%
Cl: 1.05-1.62, p=0.01). The rs4783099 TT genotype was also more frequent in the
NSCPO group than in the control group (p=0.04). Homozygosis for the CRISPLD2
rs4783099 SNP demonstrated an OR of 1.51 (95% CI: 1.00-2.27). However, after
Bonferroni correction for the number of variants tested, any association remained.
The allele and genotype distribution of other CRISPLD2 SNPs did not show any
significant association with NSCL£P risk, except for rs8061351 at homozygosis,
which was more frequent in NSCL£P than in the control group (OR: 1.34, 95% CI:
1.01-1.79, p=0.04).

The G allele of rs2237138 in JARID2 was more frequent in the control group
than in NSCL+P patients, showing a tendency towards association (OR: 0.80, 95%
Cl: 0.67-0.97, p=0.02). Similarly, the genotype GG was more frequent in the control
group, with OR 0.61 (95% CI: 0.37-1.01, p=0.05). However, in both situations the p-

value did not withstand Bonferroni correction for multiple tests.
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Table 3. Association of the single-nucleotide polymorphisms with nonsyndromic cleft lip with or without cleft palate (NSCL+P) after

correction for ancestry.

HWE Control Grup NSCL*P Group ORjele (95% CI) ORuer (95% CI) ORuom (95% CI) ORpom (95% CI) ORRec (95% CI)
(p value) (%) (%) p value p value p value p value p value

rs1546124
Allele (A/G) 0.57 67.8/32.2 67.4/32.6 1.02 (0.86-1.21) 0.94 (0.77-1.16) 1.14 (0.81-1.62) 0.99 (0.87-1.13) 1.01 (0.86-1.19)
Genotype (AA/AG/GG) 46.4/42.7/10.9 47.2/40.4/12.4 0.83 0.59 0.45 0.93 0.88
rs8061351
Allele (T/C) 0.34 59.2/40.8 57.5/42.5 1.07 (0.91-1.26) 0.85 (0.69-1.04) 1.34 (1.01-1.79) 0.97 (0.85-1.11) 1.04 (0.89-1.20)
Genotype (TT/TC/CC) 34.1/50.1/15.8 36.2/42.6/21.2 0.39 0.11 0.04 0.66 0.58
rs2326398
Allele (A/G) 0.54 62.3/37.7 63.8/36.2 0.93 (0.79-1.11) 0.96 (0.78-1.17) 0.96 (0.70-1.32) 1.02 (0.90-1.16) 0.96 (0.82-1.12)
Genotype (AA/AG/GG) 39.4/45.9/14.7 41.8/44.0/14.2 0.45 0.68 0.82 0.72 0.61
rs4783099
Allele (CIT) 0.07 63.5/36.5 64.4/35.6 0.96 (0.81-1.13) 1.00 (0.82-1.22) 0.92 (0.64-1.31) 1.01 (0.89-1.15) 0.97 (0.83-1.14)
Genotype (CC/CT/TT) 38.8/49.5/11.7 39.7/49.5/10.8 0.64 0.99 0.64 0.83 0.74
rs2299043
Allele (T/A) 0.69 70.8/29.2 72.8/27.2 0.90 (0.75-1.08) 1.03 (0.83-1.26) 0.70 (0.45-1.08) 1.03 (0.91-1.16) 0.93 (0.78-1.10)
Genotype (TT/TA/AA) 50.4/40.7/8.9 51.9/41.9/6.2 0.26 0.79 0.11 0.64 0.39
rs2237138
Allele (A/G) 0.81 72.7127.3 76.9/23.1 0.80 (0.67-0.97) 0.93 (0.75-1.16) 0.61 (0.37-1.01) 1.05 (0.93-1.19) 0.85 (0.71-1.02)
Genotype (AA/AG/GG) 52.8/40.0/7.2 58.2/37.4/4.4 0.02 0.54 0.05 0.38 0.07
rs2076056
Allele (C/G) 0.75 73.8/26.2 75.1/24.9 0.93 (0.77-1.12) 1.05 (0.85-1.30) 0.67 (0.41-1.10) 1.02 (0.90-1.15) 0.94 (0.79-1.13)

Genotype (CC/CG/GG)

54.7/38.2/7.1

55.0/40.2/4.8

0.45

0.64

0.11

0.77

0.56
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Table 4. Association of the single-nucleotide polymorphisms with nonsyndromic cleft palate only (NSCPO) after correction for

ancestry.

HWE Control Grup NSCPO Group ORjiele (95% CI) ORuer (95% CI) ORuom (95% CI) ORpom (95% CI) ORRec (95% CI)

(p value) (%) (%) p value p value p value p value p value

rs1546124
Allele (A/G) 0.57 67.8/32.2 71.5/28.5 0.83 (0.66-1.05) 0.92 (0.70-1.22) 0.80 (0.48-1.34) 1.05 (0.89-1.24) 0.88 (0.71-1.10)
Genotype (AA/AG/IGG) 46.4/42.7/10.9 51.7/39.6/8.7 0.13 0.58 0.39 0.52 0.27
rs8061351
Allele (T/C) 0.34 59.2/40.8 63.2/36.8 0.84 (0.68-1.05) 0.92 (0.71-1.20) 0.86 (0.56-1.33) 1.07 (0.89-1.27) 0.90 (0.73-1.10)
Genotype (TT/TC/CC) 34.1/50.1/15.8 40.1/46.3/13.6 0.13 0.56 0.51 0.45 0.31
rs2326398
Allele (A/G) 0.54 62.3/37.7 65.5/34.5 0.87 (0.69-1.09) 0.78 (0.58-1.04) 1.12 (0.75-1.68) 1.05 (0.88-1.24) 0.91 (0.74-1.13)
Genotype (AA/AG/IGG) 39.4/45.9/14.7 47.6/35.8/16.6 0.22 0.08 0.57 0.56 0.40
rs4783099
Allele (C/T) 0.07 63.5/36.5 57.1/42.9 1.31 (1.05-1.62) 1.02 (0.78-1.32) 1.51 (1.00-2.27) 0.89 (0.75-1.07) 1.17 (0.96-1.43)
Genotype (CC/CT/TT) 38.8/49.5/11.7 31.9/50.4/17.7 0.01 0.88 0.04 0.22 0.10
1s2299043
Allele (T/A) 0.69 70.8/29.2 73.5/26.5 0.87 (0.69-1.11) 0.98 (0.74-1.29) 0.74 (0.41-1.33) 1.04 (0.88-1.22) 0.91 (0.72-1.14)
Genotype (TT/TA/AA) 50.4/40.7/8.9 53.5/39.9/6.6 0.27 0.89 0.32 0.66 0.41
rs2237138
Allele (A/G) 0.81 72.7127.3 76.0/24.0 0.84 (0.66-1.08) 0.96 (0.72-1.27) 0.67 (0.34-1.31) 1.04 (0.88-1.23) 0.88 (0.69-1.12)
Genotype (AA/AG/IGG) 52.8/40.0/7.2 56.8/38.3/4.9 0.17 0.77 0.24 0.59 0.29
rs2076056
Allele (C/G) 0.75 73.8/26.2 76.1/23.9 0.88 (0.69-1.13) 0.99 (0.75-1.33) 0.68 (0.35-1.34) 1.03 (0.88-1.21) 0.91 (0.72-1.16)

Genotype (CC/CG/GG)

54.7/38.2/7.1

57.1/38.0/4.9

0.33

0.98

0.27

0.71

0.45
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As the proportion of African genomic ancestry of the Brazilian population
affects the genetic susceptibility to nonsyndromic oral clefts (22, 23), and previous
studies have mainly associated CRISPLD2 and JARID2 with nonsyndromic oral cleft
risk in Caucasians (4, 5, 14-16), we performed similar analyses in the subgroups of
samples showing high European ancestry and high African ancestry. In the subgroup
with high European ancestry, the average of European ancestry ranged from 86.4%
to 93.1% (Supplementary Table 1), and the subgroup with high African ancestry
showed an average African ancestry of 44.2% in the control group, 48.9% in
NSCL+P and 45.8%% in the NSCPO group (Supplementary Table 2). In the
subgroup with high European ancestry, the CRISPLD2 rs8061351 in homozygosis
showed OR 1.41 (95% CI 1.00-1.99) and p-value 0.04, which did not withstand
Bonferroni correction for multiple tests (Supplementary Table 3). Similarly, the
frequency of the JARID2 rs2237138 G allele was significantly higher in the control
group versus the NSCL£P group (28.6% vs. 24.2%, p=0.03), with the OR 0.80 (95%
Cl: 0.64-0.98). The allele and genotype frequencies were not associated with an
increased risk of nonsyndromic oral clefts in the subgroups with high African ancestry

(Supplementary Table 4).

Haplotype analysis was performed to investigate whether the haplotypes in the
genes were associated with nonsyndromic oral clefts (Supplementary Fig. 1 and
Table 5). Our data revealed that JARID2 SNPs were in complete linkage
disequilibrium (rs2299043 and rs2237138: D’=0.94 and r’=0.80, rs2299043 and
rs2076056: D’'=0.91 and r°=0.74, rs2237138 and rs207656: D’=0.86 and r’=0.74)
(Supplementary Fig. 1A). The highest frequencies of haplotypes in all groups were C-
A-G and T-G-C, whereas other haplotypes were found in less than 3%. The
frequencies of haplotypes were quite similar among groups. No linkage
disequilibrium was found between CRISPLD2 SNPs (Supplementary Fig. 1B), and no

further analysis was performed.

Since the effects of the selected SNPs are unclear and contradictory to
previous findings, we performed power analysis assuming our current sample and
different effect sizes varying the OR from 1.0 to 2.0 (Supplementary Fig. 2). This
predictive analysis revealed a good statistical power to detect association at OR =2 1.3
for NSCLxP, whereas with the current NSCPO sample size, a power of 80% is found

in effects 2 1.4.



Supplementary Table 1. Ancestral distribution of patients with high European origin.

European African Amerindian
Control (n=531) 91.3% 7.2% 1.5%
NSCL+P (n=401) 93.1% 5.1% 1.8%
NSCPO (n=141) 86.4% 12.1% 1.5%

Supplementary Table 2. Ancestral distribution of patients with high African origin.

European African Amerindian
Control (n=162) 53.4% 44.2% 2.4%
NSCL+P (n=148) 49.4% 48.9% 1.7%

NSCPO (n=95) 51.3% 45.8% 2.9%
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Supplementary Table 3. Association of the single-nucleotide polymorphisms with nonsyndromic cleft lip with or without cleft palate (NSCL+P) and nonsyndromic cleft palate only (NSCPO) in the
group with high European ancestry.

HWE Control Group NSCL+P Group OR el (95% Cl) ORet (95% CI) ORyom (95% CI) NSCPO Group OR el (95% Cl) ORyet (95% CI) ORpom (95% CI)
p value (%) (%) p value p value p value (%) p value p value p value

rs1546124

Alelo (A/G) 0.95 66.7/33.3 66.2/33.8 1.02 (0.84-1.24) 0.94 (0.74-1.19) 1.16 (0.78-1.73) 70.1/29.9 0.89 (0.67-1.20) 0.93 (0.64-1.34) 0.84 (0.43-1.65)

Gendtipo (AA/AGIGG) 44.5/44.3/11.2 45.4/41.6/13.0 0.82 0.60 0.44 49.6/41.0/9.4 0.47 0.68 0.61
rs8061351

Alelo (T/C) 0.39 61.4/38.6 59.8/40.2 1.07 (0.89-1.29) 0.83 (0.66-1.05) 1.41 (1.00-1.99) 63.1/36.9 0.96 (0.73-1.26) 0.97 (0.68-1.38) 0.93 (0.51-1.68)

Gendtipo (TT/TC/CC) 36.9/49.1/14.0 39.2/41.0/19.8 0.46 0.13 0.04 39.2/47.8/13.0 0.76 0.88 0.81
52326398

Alelo (A/G) 0.69 62.4/37.6 63.5/36.5 0.95 (0.79-1.15) 0.95 (0.75-1.20) 0.99 (0.69-1.43) 64.1/35.9 0.95 (0.72-1.25) 0.93(0.64-1.33) 0.99 (0.57-1.75)

Genétipo (AA/AG/IGG) 39.3/46.1/14.6 41.5/44.0/14.5 0.62 0.69 0.98 42.7/142.7/114.6 0.74 0.68 0.99
rs4783099

Alelo (C/T) 0.07 63.4/36.6 64.2/35.8 0.97 (0.80-1.17) 0.98 (0.78-1.23) 0.98 (0.65-1.47) 59.6/40.4 1.10 (0.84-1.44) 1.05 (0.74-1.48) 1.22 (0.68-2.18)

Genétipo (CC/CT/TT) 38.4/50.1/11.5 39.6/49.1/11.3 0.74 0.86 0.91 33.3/52.6/14.1 0.47 0.78 0.51
152299043

Alelo (T/A) 0.74 69.4/30.6 72.8/27.2 0.85 (0.69-1.04) 0.95 (0.75-1.21) 0.75 (0.47-1.21) 72.6127.4 0.89 (0.66-1.21) 0.85 (0.58-1.26) 0.99 (0.50-1.96)

Genotipo (TT/TA/AA) 48.5/41.9/9.6 52.9/39.8/7.3 0.11 0.69 0.24 54.8/35.7/9.5 0.48 0.42 0.98
rs2237138

Alelo (A/G) 0.80 71.4/28.6 75.8/24.2 0.80 (0.64-0.98) 0.89 (0.70-1.15) 0.70 (0.41-1.20) 74.3/25.7 0.89 (0.65-1.23) 0.90 (0.62-1.33) 0.87 (0.39-1.91)

Genotipo (AA/AG/IGG) 50.8/41.3/7.9 57.2/37.2/5.6 0.03 0.40 0.19 55.6/37.4/7.0 0.49 0.61 0.73
rs2076056

Alelo (C/G) 0.74 72.7/127.3 75.0/25.0 0.89 (0.72-1.09) 1.01 (0.79-1.29) 0.68 (0.39-1.17) 74.6/25.4 0.93 (0.68-1.27) 0.86 (0.58-1.28) 1.11 (0.54-2.28)

Gendtipo (CC/CG/GG)

53.1/39.1/7.8

55.3/39.4/5.3

0.26

0.94

0.16

57.8/33.6/8.6

0.65

0.45

0.77
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Supplementary Table 4. Association of the single-nucleotide polymorphisms with nonsyndromic cleft lip with or without cleft palate (NSCL+P) and nonsyndromic cleft palate only

(NSCPO) in the group with high African ancestry.

NSCL+P Group

(%)

OR_ere (95% Cl)

p value

OR; 1 (95% CI)

p value

ORp1om (95% CI)

p value

NSCPO Group

(%)

ORajele (95% CI)

p value

ORpe (95% CI)

p value

ORniom (95% CI)

p value

HWE Control Group
p value (%)
rs1546124
Allele (A/G) 0.31 71.3/28.7

Genotype (AA/AG/GG)
rs8061351

Allele (T/C)

Genotype (TT/TC/CC)
rs2326398

Allele (A/G)

Genotype (AA/AG/GG)
rs4783099

Allele (C/T)

Genotype (CC/CT/TT)
1s2299043

Allele (T/A)

Genotype (TT/TA/AA)
rs2237138

Allele (A/G)

Genotype (AA/AG/GG)
rs2076056

Allele (C/G)

Genotype (CC/CG/GG)

0.84

0.92

52.5/37.6/9.9

51.9/48.1

25.3/53.1/21.6

62.0/38.0

39.5/45.1/15.4

63.9/36.1

40.1/47.5/12.4

75.3/124.7

56.8/37.0/6.2

77.2/122.8

59.3/35.8/4.9

77.5/22.5

59.9/35.2/4.9

70.6/29.4

52.0/37.2/10.8

51.4/48.6

27.9/46.9/25.2

64.5/35.5

42.6/43.9/13.5

65.2/34.8

39.6/49.1/11.3

73.0/27.0

49.3/47.3/3.4

79.6/20.4

60.5/38.1/1.4

75.5/24.5

54.4/42.2/3.4

1.03 (0.73-1.46)

0.85

1.02 (0.74-1.40)

0.90

0.89 (0.65-1.24)

0.52

0.94 (0.68-1.31)

0.73

1.13 (0.79-1.62)

0.51

0.87 (0.59-1.27)

0.46

1.11 (0.77-1.62)

0.57

0.99 (0.64-1.51)

0.95

0.88 (0.60-1.30)

0.53

0.97 (0.65-1.46)

0.90

1.07 (0.72-1.57)

0.75

1.28 (0.85-1.93)

0.24

1.06 (0.69-1.63)

0.78

1.20 (0.78-1.83)

0.40

1.10 (0.53-2.27)

0.81

1.16 (0.69-1.95)

0.56

0.87 (0.47-1.64)

0.68

0.77 (0.37-1.57)

0.47

0.55 (0.18-1.64)

0.27

0.27 (0.06-1.32)

0.08

0.69 (0.22-2.15)

0.52

73.0/127.0

54.0/38.0/8.0

63.4/36.6

41.1/44.6/14.3

67.0/33.0

52.7/28.6/18.7

54.5/45.5

30.4/48.2/21.4

74.3/25.7

52.2/44.2/3.6

77.7/122.3

58.0/39.3/2.7

77.7/122.3

56.4/42.7/0.9

0.94 (0.65-1.35)

0.74

0.76 (0.55-1.04)

0.08

0.87 (0.62-1.22)

0.41

1.26 (0.92-1.73)

0.15

1.04 (0.71-1.52)

0.84

0.97 (0.66-1.45)

0.91

0.98 (0.66-1.47)

0.95

1.01 (0.64-1.60)

0.96

0.84 (0.55-1.28)

0.42

0.63 (0.39-1.02)

0.06

1.01 (0.66-1.55)

0.94

1.28 (0.76-2.17)

0.34

1.09 (0.69-1.74)

0.69

1.21(0.77-1.92)

0.40

0.80 (0.34-1.89)

0.62

0.66 (0.34-1.25)

0.20

1.21 (0.64-2.27)

0.54

1.73 (0.91-3.29)

0.08

0.74 (0.53-5.70)

0.35

0.54 (0.14-2.09)

0.36

0.18 (0.02-1.49)

0.07




Table 5. Distribution of JARID2 risk haplotypes.

Haplotype* Control Group NSCL+P Group OR (95%Cl) NSCPO OR (95%Cl)
p value p value
C-A-G 69.1% 70.9% Reference 70.8% Reference
T-G-C 23.9% 21.0% 1.17 (0.89-1.54) 21.2% 1.16 (0.81-1.66)
0.25 0.43
T-G-G 2.6% 1.6% 1.62 (0.72-3.65) 1.7% 1.57 (0.52-4.70)
0.23 0.42
T-A-G 1.6% 2.7% 0.59 (0.27-1.31) 3.8% 0.42 (0.17-1.05)
0.19 0.05
T-A-C 1.3% 2.2% 0.61 (0.25-1.46) 0.8% 1.57 (0.33-7.34)
0.26 0.56
C-A-C 1.5% 1.6% 0.90 (0.36-2.24) 1.7% 0.87 (0.27-2.82)
0.82 0.82

*Sequence: rs2299043, rs2237138 and rs2076056.
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Supplementary Figure 1. Linkage disequilibrium plots with the SNPs within
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JARID2

(A) and CRISPLD2 (B). The plots were generated using the HaploView software. The

numbers in the squares indicate the percentage linkage disequilibrium between a
given pair of polymorphisms (D’ value). Only for JARID2 a clear block formed by
rs2299043, rs2237138 and rs2076056 polymorphisms was identified.
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Supplementary Figure 2. Statistical power of the study. If odds of NSCL+P is = 1.3

and of NSCPO is = 1.4, assuming the current sample, the statistical power of 80% is
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reached. Curves for CRISPLD2 SNPs related to NSCL+P (A) and NSCPO (B), and
for JARID2 regarding NSCL+P (C) and NSCPO (D).

Discussion

In this case-control study with a structured Brazilian population, we investigated the
association between polymorphic variants in CRISPLD2 and JARID2 and
susceptibility to nonsyndromic oral clefts. We found that the presence of the T allele
of CRISPLD2 rs4783099 increased the risk for NSCPO, and rs2237138 in JARID2
was associated with a decreased risk for NSCL£P. In the subgroup of patients with
high European ancestry, CRISPLD2 rs8061351 CC genotype was associated with
risk for NSCL+P and JARID2 rs2237168 G allele was associated with decreased risk
for NSCLzP. In the subgroup of patients with high African ancestry (average higher
than 40%), no significant associations were observed, though the reduction in the
number of samples drove a decreased statistical power. While no linkage
disequilibrium was found between CRISPLD2 SNPs in our dataset, linkage
disequilibrium between JARID2 markers was strong, however no differences in the
haplotype frequencies between control and oral cleft groups were observed. The
JARID2 rs6915344 SNP did not respect the Hardy-Weinberg equilibrium, and was
excluded of analysis. Under Hardy-Weinberg assumptions, allele and genotype
frequencies can be estimated from one generation to the next, and departure from
this equilibrium can be indicative of potential genotyping errors or population

stratification.

Based on a study revealing that CRISPLD2 is expressed in the craniofacial
region during critical time points of palatal fusion and that genetic variations could
predispose orofacial clefting development (4), several association and linkage
studies have been undertaken to verify the potential association between CRISPLD2
and NSCL/P susceptibility (13-17, 19). However, discordant results are reported
depending on ethnicity of the population. One of these previous studies included 328
samples from Brazilian patients with nonsyndromic oral clefts (4 cleft lip only and 324
cleft lip and palate). Although none of the studied polymorphisms withstood
Bonferroni-adjustment for multiple comparisons, the SNPs rs1546124 and rs8061351

were nominally significant at p value <0.05 (16). The study also revealed no
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association between nonsyndomic oral clefts and rs4783099. The SNP rs4783099 is
located in the 3'-UTR region of the CRISPLD2 gene. The haplotype between
rs1546124 and rs4783099 was significantly associated with the risk of NSCL+P in the
Caucasian population from USA but not in the Columbian population (4). A study with
a NSCL/P population from Northwestern China revealed that the T allele of
rs4783099 is associated with a decreased risk for NSCPO (17), whereas in a Han
Chinese population, the rs4783099 T allele was associated with increased odds of
NSCL+P and NSCLO (13). Nevertheless, some studies failed to demonstrate
significant associations between CRISPLD2 rs4783099 and oral clefts (13, 14).
These conflicting results could be explained by the studies focusing on different
ethnicities with different genetic backgrounds, use of small sample sizes, inadequate
adjustment for confounding factors, mainly environmental variations, or differences in
gene-gene and gene-environmental interactions. Indeed, Chiquet et al. (32)
demonstrated that CRISPLD2 may play important roles in nonsyndromic oral clefts

through interactions with CRISPLD1 and genes involved in folate metabolism.

Although the functional roles of JARID2 remain unknown, high expression
levels of JARID2 were reported in the epithelial cells at the medial edge of the palatal
shelves, which disappear immediately after fusion (5). Furthermore, JARID2
interactsith polycomb-repressive complex 2 (PRC2), regulating selective DNA binding
of many genes associated with nonsyndromic oral cleft, and negative histone
methylation activity (10, 33). In a family-based study with 218 Italian families, several
SNPs and haplotypes were significantly over or undertransmitted to patients with
NSCL£P, including rs6915344, rs2299043, rs2237138 and rs2076056 (5). A
replication study with a Chinese population did not confirm the association of
nonsyndromic oral clefts and those JARID2 SNPs as single-markers or haplotypes
(18). The rs2237138 SNP, an intronic variant, showed the only significant association
with NSCL+P in the present study. Possible explanations for this discrepancy reside
on size of the sample, gene with very modest or no effect on oral cleft risk in different

population or that distinct populations may have different risk alleles.

Although our study possesses statistical power, has high geographic coverage
by including 4 different Centers in 4 Brazilian states and assesses the ancestry
contribution of each patient, correcting for specific effects that the population

stratification may have, some limitations should be mentioned. The subgroup
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analysis clearly reduced the power, and an analysis of cleft subtype-specific
significant variants in the patients with cleft lip only or cleft lip and palate was not
performed due to the relatively small sample size of our participants. Second, we
investigated individual SNPs and haplotypes without considering an interaction
between them and environmental factors, especially folate undertaken during the first
trimester of gestation. Finally, patients with oral clefts were recruited in four reference
Centers for orofacial cleft treatment, whereas healthy controls were obtained from
patients admitted into the associated Dental Schools for regular dental treatment, so

selection bias may not have been avoided.

In conclusion, our results suggest that the SNP rs4783099 in CRISPLD2 may
contribute to an increased risk of NSCPO, and the SNP rs2237138 in JARID2 may
hold a protective effect against NSCL+P development in the Brazilian population.
However, larger studies are required to validate our findings, and gene-gene and

gene-environment interactions should be considered in future investigations.
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3 DISCUSSAO

Neste espaco, dentro de um cenario de consideracdes finais, reforcamos os
principais achados do estudo, confrontamos com os dados existentes na literatura e

destacamos as perspectivas futuras para o estudo das FL/PNS.

As FL/PNS estéo entre os defeitos congénitos mais comuns e representam
um problema de saude publica complexo e oneroso. A despeito do 6nus econémico,
0 paciente deve ser submetido a um prolongado processo de reabilitacdo,
geralmente multidisciplinar, envolvendo diversas éareas como odontologia,
fonoaudiologia, medicina e psicologia (Marazita et al., 2012, Murray, 2012). Além de
corrigir ou minimizar as alteragdes relacionadas ao comprometimento estético, a fala
e a posicédo dos dentes (Mossey et al., 2009), o tratamento visa a minimizagdo da

estigmatizacéo de seus portadores (Wehby & Cassell, 2010).

Embora com uma incidéncia significativa, os mecanismos relacionados a
patogénese das FL/PNS permanecem parcialmente conhecidos. Neste contexto,
alguns estudos tém atribuido sua ocorréncia a interacdo de fatores genéticos e
ambientais atuando sobre o embrido geneticamente predisposto (Scheller et al.,
2016). Em nosso estudo, essa associacdo nao foi possivel, uma vez que os fatores
de risco ambiental ndo foram nosso objetivo, além disso, ndo foram avaliados os
pais dos pacientes afetados, pois realizamos analise caso-controle o que dispensa

esta analise.

Estudos recentes com abordagens diferenciadas tém sido realizados com o
objetivo de identificar os genes envolvidos com a etiologia das FL/PNS. As
abordagens mais recentes sdo baseadas em estudos de associacdo de larga escala
genbmica (GWAS), no qual polimorfismos distribuidos pelo genoma sdo analisados
simultaneamente em pacientes afetados ou ndo pelas FL/PNS. Estes estudos
identificaram a maior parte dos genes e regibes cromossOmicas associadas a
etiologia das FL/PNS conhecidas at¢é o momento, como o IRF6 e em uma regido
intergénica na regido 8924 (Mostowska et al., 2010; Rojas-Martinez et al., 2010;
Murray et al., 2012), ambos reproduzidos em diferentes populagdes, mas nao
identificaram os genes JARID2 e CRISPLD2 como genes candidatos a associacao
com desenvolvimento das FL/PNS. Limitagbes associadas ao reduzido tamanho da

amostra ou a presenca de diferentes genes de susceptibilidade em diferentes
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amostras, além dos critérios de exclusdo na técnica de GWAS, podem justificar
estes resultados. Embora o GWAS seja capaz de caracterizar milhares de
polimorfismos em todo o genoma, ndo se pode desconsiderar limitacdes associadas
a esta técnica como a identificacdo de falsos-positivos. Também pode haver a perda
do sinal das variantes de risco verdadeiros junto ao ruido estatistico, a partir do
grande numero de marcadores que ndo sao associados com a doenca. Para separar
sinais de ruidos verdadeiros, 0os pesquisadores precisam definir além de um limite
alto, marcadores precisos, antes de aceitd-lo como um candidato causal da doenca.
Este limiar elevado reduz o problema de falsos-positivos, mas também pode
ocasionar a perda de marcadores verdadeiros de doengca com pequeno efeito junto
ao ruido de fundo. Por exemplo, cerca de 2% das fissuras orais sdo atribuidas a
defeitos no gene MSX1, mas, até agora, nenhum GWAS em FL/PNS identificou
polimorfismos neste gene como possiveis marcadores de suscetibilidade. Assim, os
resultados negativos em um GWAS (assim como positivos) ndo devem excluir um

gene ou lécus.

Em funcdo de sua importancia genética na embriogénese, os polimorfismos
em genes relacionados ao desenvolvimento craniofacial tornam-se candidatos
naturais para o desenvolvimento de FL/PNS. Os polimorfismos bem como suas
correlagcdes com as FL/PNS variam amplamente entre as diferentes populagodes,
fazendo com que estudos de validacdo de suscetibilidade e associacdo de
polimorfismos genéticos sejam essenciais para aumentar a compreensdo da
complexidade desta anomalia de origem multifatorial (Paranaiba et al., 2013; Aquino
et al., 2014b). Neste contexto, torna-se interessante avaliar o papel dos JARID2 e
CRISPLD2 que representam alvos promissores apesar de pouco explorados
(Scapolli et al., 2010; Hao et al., 2015; Chiquet et al., 2007; Letra et al.2011; Girardi
et al.,, 2011). O gene JARID estd associado com o desenvolvimento do palato
(Takahashi et al., 2004), além de apresentar-se altamente expresso em diferentes
estruturas craniofaciais envolvidas no desenvolvimento do ladbio e palato em
embrides humanos (Park et al., 2006). Chiquet e colaboradores (2007) relataram o
envolvimento do I6cus 16q.24, no qual CRISPLD2 est& localizado, na etiologia das
FL/PNS. Neste estudo incluindo populagbes caucasianas e hispanicas, os autores
revelaram que CRISPLD2 é expresso na regido craniofacial durante a fusdo do

palato e, que variacbes genéticas poderiam predispor ao desenvolvimento de
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fissuras orais nao-sindrébmicas (Chiquet et al., 2007). No entanto, além de
apresentarem resultados conflitantes, estes estudos abordaram grupos
populacionais heterogéneos ou entdo nao consideraram o tamanho da amostra
analisada (Chiquet et al., 2007; Letra et al., 2011). Assim sendo, estes estudos nos
motivaram a busca pelo esclarecimento do papel dos genes JARID2 e CRISPDL2 e
os polimorfismos como possiveis marcadores para FL/PNS. Em concordancia com
nossos resultados, recentes estudos realizados entre polimorfismos comuns entre
grupos de pacientes afetados e controle, também identificaram uma fraca
associacao entre JARID2 e CRISPDL2 como genes candidatos a associacdo com
desenvolvimento das FL/PNS (Chiquet et al., 2007; Mijiti et al.,, 2015; Hao et al.,
2015). Da mesma forma, como em nosso estudo, limitagdes associadas ao reduzido
tamanho da amostra além e diferencas nos critérios de exclusdo adotados podem

justificar estes resultados.

Diferentemente dos estudos supracitados que avaliaram a associacdo dos
genes JARID2 e CRISPDL2 com a ocorréncia de FL/PNS, nés realizamos esta
analise pela primeira vez na populacao brasileira. Por diversas razdes, o Brasil
fornece um cenério Unico para este tipo de estudo. Além de ser o maior pais na
Ameérica do Sul, o pais € constituido por uma das populacdes mais diversificadas em
termos de ancestralidade, tornando-se particularmente adequado para estudos
genéticos com base em mapeamento por miscigenacado, que afeta a suscetibilidade
genética para fissuras orais ndo sindromicas (Pena et al., 2011; Bagordakis et al.,
2013; de Aquino et al., 2014; Borges et al., 2015). Adicionalmente, com a finalidade
de evitar possivel estratificacdo populacional da amostra, coletamos amostras de
individuos provenientes de diferentes regides do pais, sem deixar de levar em

consideracao a variabilidade da ancestralidade de cada individuo avaliado.

Em nosso estudo, a prevaléncia europeia seguida da africana e amerindia foi
obtida tanto no grupo caso quanto no grupo controle, confirmando outros estudos
realizados em populagdes brasileiras (Pena et al., 2011; Filezio et al., 2013; Aquino
et al.,, 2014b). Por outro lado, a auséncia de fortes associacbes entre 0s
polimorfismos génicos e a ocorréncia de FL/PNS pode decorrer justamente desta
intensa miscigenacao étnica da populacdo, além do nimero de individuos avaliados.
O numero limitado de amostras também inviabilizou as analises relativas aos

polimorfismos e os subtipos de fissuras FLNS e FPNS. Além disso, ndo podemos
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desconsiderar o fato de que individuos portadores de fissuras em tratamento e
acompanhamento em centros especializados foram comparados a uma populagéo
controle composta por individuos saudaveis. Um dos vieses de selecdo deste e de
outros estudos sobre fissuras orais geralmente decorre do fato de que as
informacdes sobre as anomalias geralmente s&o oriundas de bancos de dados
pertencentes a instituicdes de saude, universidades, hospitais ou clinicas, onde nem
sempre é feito um registro de informacdes adequado. Desta maneira, ressaltamos a
necessidade da realizacdo da otimizacdo dos sistemas de coleta de dados e da

adequada triagem genética familiar dos individuos portadores desta malformacao.

Dessa forma, podemos concluir que os resultados do presente estudo
sugerem uma correlacdo entre o polimorfismo rs4783099 no gene CRISPDL2 e do
polimorfismo rs2237138 no gene JARID2 com desenvolvimento de FL/PNS na
populacdo brasileira. Estes achados nos permite especular que a utlizacdo de
amostras mais robustas, técnicas diferentes e interagcbes gene-gene ou gene-
ambiente devem ser explorados em investigacdes futuras com o intuito de
comprovarem-se estas correlacdes. A comprovacao destes resultados proporcionara
a ampliacdo da compreensdo e conhecimento acerca dos eventos genéticos
responsaveis pelo desenvolvimento de FL/PNS e talvez, permita até a otimizacéo de

medidas preventivas.
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4 CONCLUSOES

1-

O alelo T e o gendtipo TT do polimorfismo rs4783099 no gene CRISPLD2
revelaram uma tendéncia de associacdo com um risco aumentado para o
desenvolvimento de FPNS.

As frequéncias do alelo G e do gendtipo em homozigose (GG) do
polimorfismo rs2237138 no gene JARID2 sugerem uma tendéncia de
associagcao com FL+PNS.

Embora os polimorfismos rs2299043, rs2237138 e rs2076056 no gene
JARID2 apresentem completo desequilibrio de ligacéo, formando um bloco
de haplotipo, ndo houve diferenca nas distribuicdes entre 0s grupos.

A analise no subgrupo de individuos com elevada ancestralidade Africana

nao revelou uma associacao significante.
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