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RESUMO

Introducdo: A sindrome de Down (SD) é uma doenca genética complexa
resultante, principalmente, da presenca de trés copias do cromossomo 21. E a
cromossomopatia humana mais frequente e, na maioria dos casos (cerca de 95%),
decorrente da ndo disjungdo cromossdmica materna, ocorridas durante a meiose I.
Recentes estudos sugerem que a etiologia do risco materno para a SD em maes jovens
esté relacionada com polimorfismos em genes do metabolismo do folato/homocisteina
(Hcy). O funcionamento adequado do metabolismo do folato é essencial para a sintese
de grupos metil necessarios para a metilagdo do DNA. A deficiéncia deste metabdlito
tem como resultado, a hipometilacdo do DNA, quebras cromossémicas e aneuploidias.
Objetivos: Avaliar a influéncia do polimorfismo C1420T do gene serina
hidroximetiltransferase (SHMT) no risco materno para a SD e nas concentragdes de
folato sérico, Hcy e acido metilmaldénico (MMA) plasmaticos ; investigar o impacto dos
polimorfismos de delegdo de 19 pares de base (pb) do gene dihidrofolato redutase
(DHFR) e de transicdo C1420T do gene SHMT nas concentragdes de folato sérico, Hcy
e MMA plasmaticos em individuos com SD. Casuistica e métodos: Foram incluidas
no estudo 105 mées de individuos com trissomia livre do cromossomo 21 e 185 mées de
individuos sem a sindrome (sem historia prévia de aborto esponténeo), e 85 individuos
com trissomia livre do cromossomo 21. O polimorfismo do gene DHFR foi avaliado por
meio da Reagdo em Cadeia da Polimerase (PCR) por diferenca de tamanho de
fragmentos, e o polimorfismo SHMT C1420T foi analisado por PCR em tempo real.
Resultados: Os genotipos CC e CT do polimorfismo SHMT C1420T foram associados
a reducdo do risco materno para SD (CC: P = 0,0002; 95% IC: 0,20 — 0,60; OR: 0,35.

CT: P < 0,0001; 95% IC: 0,11 - 0,39; OR: 0,21). Os diferentes genotipos néo
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influenciaram as concentrages dos metabdlitos estudados. No grupo de individuos com
SD, os genotipos combinados DHFR 1I/SHMT TT e DHFR DD/SHMT TT foram
associados, respectivamente, com concentragdes aumentadas de Hcy (P < 0,001) e de
folato (P < 0,001). Além disso, individuos com os genétipos DHFR IlI/SHMT CT
apresentaram concentracdo reduzida de folato (P = 0,01). Conclusdo: Os gen6tipos CC
e CT do polimorfismo SHMT C1420T conferem um efeito materno protetor para SD.
Este polimorfismo parece ndo influenciar as concentragdes de folato, Hcy e MMA. Os
polimorfismos del 19pb DHFR e C1420T SHMT apresentam um efeito sinérgico na

modulacéo das concentra¢des de folato e Hcy de individuos com SD.

Palavras chave: Sindrome de Down; Trissomia do 21; Polimorfismo genético;

Homocisteina
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ABSTRACT

Introduction: Down syndrome (DS) is a complex genetic disease resulting
mainly from the presence of three copies of chromosome 21. It is the most frequent
human chromosomal abnormality and, in most cases (about 95%) results from maternal
chromosome nondisjunction, which occurs during meiosis I. Recent studies suggest that
the etiology of maternal risk for DS in young mothers is associated with polymorphisms
in genes of folate/homocysteine metabolism. The proper function of folate metabolism
is essential for the synthesis of methyl groups necessary for DNA methylation. The
deficiency of this metabolite has resulted in DNA hypomethylation, chromosomal
breakage and aneuploidies. Objectives: Evaluate the influence of the C1420T
polymorphism in serine hidroximetiltransferase (SHMT) gene on the maternal risk for
DS, and investigate the association between this polymorphism and variation in the
concentration of serum folate, plasma Hcy and methylmalonic acid (MMA); investigate
the impact of 19 base pairs (pb) deletion polymorphism of the dihydrofolate reductase
(DHFR) gene and the C1420T polymorphism of the SHMT gene on serum folate
concentrations, plasma Hcy and MMA in individuals with DS. Material and methods:
105 mothers of individuals with free trisomy of chromosome 21 and 185 mothers of
individuals without the syndrome (no history of miscarriage), and 85 individuals with
free trisomy of 21 chromosome were included in this study. The polymorphism of
DHFR gene was evaluated by Polymerase Chain Reaction (PCR) by fragment size
difference, and the polymorphism of SHMT gene was analyzed by real-time PCR allelic
discrimination. Results: The SHMT CC and CT genotypes were associated with
decreased maternal risk for DS (CC: P= 0.0002; 95% CI: 0.20 — 0.60; OR: 0.35. CT: P

< 0.0001; 95% IC: 0.11 - 0.39; OR: 0.21). The different genotypes did not influence the
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concentrations of metabolites studied. In individuals with DS, the combined genotypes
DHFR 11/ SHMT TT and DHFR DD/ SHMT TT were associated, respectively, with
increased concentrations of Hcy (P<0.001) and folate (P<0.001). Moreover, individuals
with DHFR 11/ SHMT CT genotypes presented a reduction of folate concentration (P=
0.01). Conclusion: The CC and CT genotypes of SHMT C1020T polymorphism has a
protector effect for maternal risk for DS. This polymorphism does not seem to influence
the folate, Hcy and MMA concentrations. The del 19pb DHFR and SHMT C1420T
polymorphisms present a synergic effect in modulating folate and Hcy concentrations in

individuals with DS.

Keys words: Down Syndrome; Trisomy of 21; genetic polymorphism; homocystein;

folate
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1. INTRODUCAO

A sindrome de Down (SD) é uma cromossomopatia caracterizada, na maioria
dos casos, por uma copia extra do cromossomo 21.%) A origem desta ndo disjuncéo é
materna em 95% dos casos e ocorre principalmente durante a meiose 1.

Esta condigcdo genética, nomeada ap6s a descricdo clinica realizada pelo médico
inglés John Langdon Haydon Down em 1866, é a aneuploidia humana mais frequente,
com incidéncia aproximada de 1 a 660 nascidos vivos.”) No Brasil, a estimativa da
populacéo foi de cerca de 300.000 individuos com SD, de acordo com o censo realizado
pelo Instituto Brasileiro de Geografia e Estatistica (IBGE) em 2000.®

Desde a identificagdo da trissomia do cromossomo 21 como a principal causa
para o desenvolvimento da SD, o unico fator de risco bem estabelecido é idade materna

16)

avancada.™® Entretanto, os mecanismos que relacionam a idade materna com o

surgimento de aneuploidias sdo pouco compreendidos e, provavelmente, associados
com a degradacéo do processo mei6tico. "% 9

Apesar da idade materna ser um importante fator de risco para a SD, a ocorréncia
da sindrome independente da idade sugere a influéncia de outros fatores etioldgicos. Em
1999, James e colaboradores % propuseram que alteracdo no metabolismo do folato
observado em maes jovens de individuos com SD, secundéria a presenca do alelo
variante 677T do gene metilenotetrahidrofolato reductase (MTHFR), pode resultar em
modificagdes no padrdo de metilagdo do DNA e, consequentemente em ndo disjungéo
cromossdmica. De fato, estudos mostram que a hipometilagdo do DNA prejudica a

formacgdo de heterocromatina e o estabelecimento do cinetocoro, complexo DNA-

proteina que garante a divisdo precisa de cromossomos entre as células filhas por meio



da ligacéo do centrdmero aos microtubulos do fuso mitético e, portanto, esta associada a
instabilidade genética e & ocorréncia de aneuploidias.®?

Desde entdo, varios estudos sdo realizados em busca de maior compreensao sobre
o impacto do metabolismo anormal do folato no risco materno para SD.(* 11 12 13.14.15
16) AlteragBes nessa via metabélica podem levar & reducdo da concentracdo de S-
adenosilmetionina (SAM), o principal doador de grupos metil para as reagbes de
metilagdo de DNA. 7

Algumas enzimas desempenham fungfes importantes na manutencdo das
concentragbes de SAM. A enzima MTHFR catalisa a converséo do 5,10
metilenotetraidrofolato (5,10-MeTHF) para 5-metiltetrahidrofolato (5-mTHF) (Figura
1), a principal forma circulante de folato, exigida para a remetilacdo da homocisteina
(Hcy) para metionina, a partir da qual é sintetizada SAM. Polimorfismos no gene
MTHFR estdo relacionados com a reducdo da atividade enzimatica e,
consequentemente, hipometilagio do DNA.®? Estudos demonstram que o polimorfismo

MTHFR 677C>T esta associado com o risco materno aumentado para SD. 0 13 1819, 20.

21, 22)

Outra enzima importante para o metabolismo do folato é a metionina sintase
(MTR), que tem sua atividade modulada pela vitamina B12, representada no plasma
pelas concentracdes de 4cido metilmalonico (MMA).?® Esta enzima atua na
remetilacdo da Hcy para metionina e seu estado ativo é mantido pela enzima metionina
sintase reductase (MTRR).®? Alguns estudos demonstraram associacdo entre as

variantes MTR A2756G e MTRR A66G com o risco aumentado para a SD. (18 25.26.27.28)
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Figura 1. Metabolismo do folato com as principais enzimas envolvidas. CBS = Cistationina f3-

sintase, DHFR = Dihidrofolato redutase, SHMT = Serina hidroximetiltransferase, BHMT

Betaina -homocisteina metiltransferase, MAT = Metionina adenosyltransferase, MTHFR
Metilenotetrahidrofolato redutase, MTHFD1= Metilenotetrahidrofolato desidrogenase 1, MTCH
= 5,10-Metilenotetrahidrofolato ciclohidrolase, 10f-THF = 10-formiltetrahidrofolato, RFC1 =
Carregador de folato reduzido 1, MTR = Metionina sintase, MTRR = Metionina sintase
reductase, DNMTs = DNA metiltransferases, DHF = Dihidrofolato, THF = Tetrahidrofolato, TS
= Timidilato sintase, 5,10-MeTHF = 5,10-metilenotetrahidrofolato, 5,10-CH-THF = 5,10-
meteniltetrahidrofolato ,5-mTHF = 5-metiltetrahidrofolato, B., = Vitamina B,, SAM = S-
adenosilmetionina, SAH = S-adenosilhomocisteina, SAHH = S-adenosilhomocisteina hidrolase

dUMP = Deoxiuridina monofosfato, dTMP = Deoxitimidina monofosfato.



Os estudos que avaliam a contribuicdo de polimorfismos isolados em genes
envolvidos na via metabdlica do folato no risco materno para a SD sdo conflitantes
(Tabela 1) e, possivelmente influenciados pelas variagbes geogréficas nas frequéncias
alélicas entre populagdes, diferengas do nimero amostral avaliado e fatores ambientais,
como a condi¢do nutricional. Todavia, a combinacdo de genotipos de risco pode
modificar o efeito de genes individuais no risco materno para SD (Tabela 2). Além
disso, ha evidéncias de que polimorfismos envolvidos nessa via possam modular as
concentragdes de Hcy, folato e vitamina Bi; outros estudos mostram ainda a associagao
entre Hcy e risco materno para SD (Tabela 3).

E possivel que polimorfismo no gene SHMT (Serina hydroxymethyltransferase),
que foi associado & modulag&o do risco materno para defeitos de tubo neural (DTN) @9
possa também modular o risco materno para SD, uma vez que ambas as afeccbes séo
influenciadas pelos mesmos determinantes genéticos do metabolismo do folato.®?
Reforcando esta hipotese, ha evidéncias de frequéncia elevada de casos com SD em
familias com risco para DTN e vice-versa.®"

O gene Serina hydroxymethyltransferase (SHMT), localizado no cromossomo
17g11.2, apresenta-se polimdrfico no nucleotideo 1420 (C>T), e codifica uma enzima
altamente conservada do metabolismo do folato. A sequéncia da isoenzima humana

) ¢ catalisa a

apresenta 43% de semelhanca com a proteina da Escherichia coli ¢
converso reversivel de serina e tetrahidrofolato (THF) para glicina e 5,10-MeTHF ©?
(Figura 1). A enzima SHMT media a competicdo de grupos metil entre as enzimas
metilenotetrahidrofolato redutase (MTHFR) e timidilato sintase (TS), modulando a

concentracdo de 5,10-MeTHF para o timidilato e para a sintese de 5-mTHF (Figura 1).

O timidilato é importante para evitar rupturas na molécula de DNA resultante da
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Tabela 1. Estudos sobre associagdo entre polimorfismos em genes do metabolismo do folato no risco materno para a SD (tabela
modificada segundo Coppede, 2009).

Referéncia Pais MSD/C MTHFR  MTHFR MTRR MTR RFC-1 CBS 844 Outros
N 677C>T 1208A>C  66A>G  2756A>G  80G>A ins68
James et al., 19997 USA 57/50 s - - - - -
Hobbs et al., 2000 USA/ 157/144 s - s - - -
Canada

O’Leary et al., 2002 Irlanda 48/192 n - s - - -

Grillo et al., 2002¢% Brasil 36/200 s s - - - -

Stuppia et al., 2002¥ Italia 64/112 n - - - - -

Bosco et al., 2003*) Italia 63/72 s n n s

Japéo 31/60 n - - - - -

Takamura et al., 2004G%

Boduroglu et al., 2004 Turquia 152/91 n n - - - -

da Silva et al., 2005*" Brasil 154/158 s n n n - n

Chango et al., 2005 Franga 119/119 n n n n n n

Acacio et al., 2005¢" Brasil 70/88 n n - - - -

Coppedg et al., 2006" Italia 80/111 n n - - n

Rai et al., 2006 india 149/165 s s - - - -

Scala et al., 2006 Italia 94/264 n s n n s n n
MTHFD1
1958G >A

Martinez-Frias Espanha 91/90 n S S - - -

et al., 2006”

Wang et al., 2007“" China 100/100 s - - - - -

Meguid et al., 2008 Egito 42/48 s s - - - -

Wang et al., 2008“? China 64/70 s - s - - -

Biselli et al., 2008 Brasil 72/194 s n - n n -

Kohli et al., 2008 india 104/109 n - - - - -

Santos-Rebougas et al., Brasil 103/108 n n n - - -

20082

Biselli et al., 2008+ Brasil 67/113 - - - - n - n

TC776C > G

Coppedg et al., 2009 Italia 94/113 n n n n - - n

TS 28bp/
v 1494 del6

Pozzi et al., 2009 Italia 74/184 n - s - - - -

Fintelman-Rodrigues et al., Brasil 114/110 - - - n n n n

2009 “9 TC776C>T

Kokotas et al., 2009%® Dinamarca  181/1084 n - - - - -

Brandalize et al., 2010“" Brasil 239/197 - - n n n n -

Mendes et al., 2010 * Brasil 105/184 - - - - - - n

DHFR19-bp
deletion

Neagos et al., 2010“¥ Roménia 26/46 - - - - n -

Neagos et al., 2010 Roménia 26/46 - - - - - - n
MTHFD1

_ 1958G>A

Marucci et al., 201149 Brasil 105/185 - - - - - - s

SHMT1420
N c>T
Sadiq et al., 2011%? Jordania 53/29 s n - - - - -

N° individuos avaliados; s = associagdo entre o polimorfismo e risco para a SD; n = auséncia de associagéo entre o polimorfismo e risco para a SD;
polimorfismo nédo avaliado; SD = maes de individuos com SD; C = maes controle.
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Tabela 2. Combinacdo de polimorfismos em genes do metabolismo do folato e risco materno para a SD (tabela
modificada segundo Coppedg, 2009).

Referéncia

Alelos ou Gen6tipos combinados

Associagcdo com o risco

materno

Hobbs et al., 2000“?
O’Leary et al., 2002

Grillo et al., 2002¢?
Bosco et al., 2003?®

da Silva et al. 2005

Acacio et al. 2005¢"

Rai et al., 2006%®

Scala et al. 2006©?

Coppede et al. 2006

Wang et al., 2008

Biselli et al., 2008

Coppede et al., 2009“*

Brandalize et al.,2009"%

Brandalize et al.,2010“"

MTHFR 677T + MTRR 66G
MTHFR 677T + MTRR 66G

MTHFR 677CT + MTHFR 1298AC

MTR 2756AG + MTRR 66AG

CBS 8441+MTHFR 677T +MTHFR 1298C
+MTR 2756G +MTRR 66G*

MTHFR 677CT + MTHFR 1298AC

MTHFR 677CC + MTHFR 1298CC

MTHFR 677TT + MTHFR 1298CC/CA
RFC1 80 GG/GA + MTHFR 1298CC/CA

RFC1 80 GG + MTHFD1 1958 AA

RFC1 80GG + MTHFR 677TT

RFC1 80GA/AA + MTHFR 1298AA

MTHFR 677TT/CT + MTRR 66GG

MTHFR 677T + MTHFR 1298C + RFC1 80G +
MTR 2756G *

TS 2R/2R + MTHFR 1298AC

MTHFR 677TT/CT + MTHFR1298AA

MTR 2756 AG+GG e/ou MTRR 66 AG+GG
e/ou RFC180 AG+GG e/ou CBS 844 1/D + 1/1)

—> > — — —>—> —>

f

OR =4,1(1,9-8,6)
OR =29 (1,2-7,5)

OR = N.A.
OR=5,0(1,1-24,1)

OR =1,2 (1,0-1,6)

OR =57 (1,7-18,8)

OR = 4,0 (1,2-13,6)

OR =7,2 (1,4-47,2)
OR =26 (1,1-6,3)

OR =44 (1,2-17,9)

OR = 6,0 (1,0-35,9)

OR =0,4 (0,1-0,9)

OR = 6,0 (2,0-17,5)

OR =17 (1,0-3,0)

OR = 0,11 (0,1-0,5)
OR =1,99(1,1-3,5)*
OR = 4,62 (1,2-17,5)"

OR = 5,02 (1,4-18,5)°
OR = 4,25 (1,1-16,2)°

f = Risco Materno aumentado para a SD; ¢ = Risco Materno reduzido para a SD; OR = Odds ratio (95% - IC);
N.A. = Ndo avaliado; I = Insercdo; D=delegdo.
* Odds ratio ajustado para idade.

% Maes de individuos com SD mostraram um niimero significativamente aumentado de alelos mutantes em relacdo as maes

controle.

b presenca de um gendtipo de risco; * presenca de dois genétipos de risco; d presenca de trés gendtipos de risco.



Tabela 3. Associagdo das concentragdes Hcy e polimorfismos em genes do metabolismo do folato e
concentragcdes de Hcy, folato e vitamina B;,; em maes de individuos com Sindrome de Down (tabela
modificada sequndo Coppedé, 2009).

Referéncia Pais Hcy plasmatica Outros nutrientes

James et al. ;19997 USA  MTHFR677C>T <+—> Hcy -
Aumento de Hcy em MSD

O’Leary et al., 2002 Irlanda MTHFR 677C>T <—> Hcy Folato plasmatico e vitamina By, -

preditores para Hcy

Bosco et al., 2003%®) Italia Aumento de Hcy em MSD -

Sheth and Sheth, india Aumento de Hcy em MSD -

2003¢7

Takamura et al. Japéo Aumento de Hcy em MSD Reducéo de folato sérico em MSD
20044

daSilvaetal.,2005”  Brasii  MTHFR677C>T <+ Hcy -
Aumento de Hcy em MSD

Martinez-Frias et al., Espanha MTHFR 1298A > C -

<«—» Hcy

2006“" MTRR 66A > G
Aumento de Hcy em MSD

Wang et al. ,2007“" China  MTHFR677C>T <> Hcy -
Aumento de Hcy em MSD

Biselli et al. 2008™? Brasii  MTHFR 1298A > C <+—> Hcy -
Aumento de Hcy em MSD

Kohli et al., 2008“Y india Reducdo de Hcy em MSD -

Meguid et al., 2010 ©” Egito Aumento de Hcy em MSD Reduc&o de folato sérico e vitamina

B> sérico em MSD

<«— = Interacdo; MSD = Mées de filhos com Sindrome de Down.



incorporacéo erronea de uracila,®® e o 5-mTHF esta diretamente relacionado com as

(3,54

reagBes de metilacdo celulares.®>* Portanto, 0 gene SHMT tem um papel indireto na

manutencdo da estrutura do genoma e na metilagdo do DNA, o que explica seu estudo

(55,5657 como a leucemia aguda linfocitica,®® doenca

em diferentes tipos de cancer,
comum em individuos SD. %

Embora ndo ha estudos que avaliem a influéncia do polimorfismo SHMT C1420T
no risco materno para SD, dois estudos sobre DTN associaram a presenga do alelo

2. 60 Na literatura, a

polimérfico T com a redugdo do risco materno para DTN ¢
distribuicdo da concentracdo de metabdlitos da via do folato em relacdo aos genétipos
do polimorfismo SHMT C1420T é contraditoria. Alguns estudos ndo encontraram
associacdo entre os gendtipos do polimorfismo SHMT C1420T com as concentragdes de
folato (sérico ou eritrocitario) e de Hcy plasméatica em mées de individuos com DTN e

2961 No entanto, Heil et al. ®? relataram que a

em pacientes com cancer colorretal (
concentracdo de Hcy foi significantemente maior em mées de individuos com DTN com
gendtipo SHMT 1420 CC em relagdo aquelas com o gen6tipo SHMT 1420 CT. Portanto,
outros estudos sdo necessarios para melhor avaliacdo da relacdo entre o polimorfismo
SHMT C1420T com os metabdlitos da via do folato.

Embora estudos sejam necessérios para confirmar o efeito do polimorfismo
SHMT C1420T na modulacdo do metabolismo do folato, a evidéncia de associa¢édo do

mesmo com o risco materno para DNT reforga a necessidade de avaliacdo dos efeitos

dessa variante no risco de mées gerarem filhos com SD.
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Metabolismo do folato em individuos com SD
A SD resulta principalmente da presenca e expressdo em triplicata dos genes do

63,64 e alteragdes no metabolismo do folato em individuos com SD

cromossomo 21 ¢
pode ser decorre de uma copia extra do gene Cistationina g-sintase (CfS), localizado no
cromossomo 21 (21922.3). O gene CpS é responsavel pela conversdo da Hcy em

cistationina ¢

e se apresenta com expressao elevada em individuos com SD.

O aumento das concentragbes da enzima CBS promove a reducdo da
concentragdo de Hcy, e, consequentemente, de metionina, S-adenosilhomocisteina
(SAH) e SAM © 89 Com a reducéo da Hey, a atuacéo da enzima MTR, responsével
pela conversdo da Hcy em metionina, também sofre reducéo em sua atividade, o que
resulta em acimulo de 5-mTHF e, consequentemente, na reducéo na formacéo de THF,
requerido para a sintese de DNA e RNA. Estudos mostram que criangcas com SD

65, 67)

apresentam baixa concentragdo de Hcy e folato, ¢ e a expressdo aumentada do gene

CpS pode alterar as concentracdes desses metabdlitos. ©°

Algumas variantes genéticas localizadas em genes que ndo estdo presentes no
cromossomo 21 também podem modular as concentragdes de folato/Hcy em individuos
com SD. %979 Estydos mostram que os gendtipos MTHFR 677TT,” MTR2756 AG e
MTR2756GG ©® s&o mais frequentes em individuos com SD em relacdo aqueles sem a
sindrome, e o gendtipo MTHFR 677TT foi associado com o aumento da Hcy plasmética
em individuos com SD. ™

Até o presente, o efeito funcional das variantes de transicdo C1420T do gene
SHMT e de delecdo de 19 pares de base (pb) no intron do gene Dihidrofolato redutase

(DHFR) ndo foram avaliadas em individuos com SD. O gene DHFR codifica uma

enzima que catalisa a conversdo de dihidrofolato (DHF) em THF (Figura 1) e h&
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evidéncias da presenca de um elemento inibitério de transcricdo na sequéncia
polimoérfica, que ao ser deletado pode resultar em expressdo aumentada do alelo
variante, (7279

Estudos mostram que o polimorfismo de delecéo de 19pb DHFR esté associado
com alteragbes nas concentracdes de Hcy e folato em individuos saudaveis @ ™ 7).
Gellekink et al. " relataram que o genétipo DHFR homozigoto para a delecdo (DD)
estd associado com concentragdo reduzida de Hcy plasméatica em individuos
caucasianos, porém nenhuma associacdo entre este gen6tipo com as concentragdes de
folato foi observada. Outro estudo ndo encontrou efeito desse polimorfismo na
concentracdo de Hcy em adultos, mas o gendtipo DD foi associado com aumento das
concentragdes de folato sérico e o gendtipo homozigoto selvagem (11) com o de folato
eritrocitario . Kalmbach et al. “® também n&o observaram associagdes entre 0s
gendtipos DHFR com as concentragdes de folato ou Hecy plasmética em adultos jovens;
no entanto o genodtipo DHFR DD foi associado com menor concentracdo de folato
eritrocitario em relacdo aos genotipos ID e .

Em relagdo ao polimorfismo C1420T SHMT Heil et al. ®® encontraram uma
reducdo significante nas concentragdes de folato sérico e eritrocitario em individuos
com gendtipo homozigoto selvagem (SHMT 1420 CC), esses autores incluiram na
andlise mées de individuos com DTN, pacientes com espinha bifida e individuos
saudaveis. Nesse estudo também foi observado maior concentragdo de Hcy em maes de
individuos com DTN com gen6tipo SHMT 1420 CC em relagdo aquelas com o gendtipo
SHMT 1420 CT, como anteriormente citado.

Assim, considerando a influéncia dos polimorfismos SHMT C1420T e del 19pb

DHFR nas concentragdes dos metabolitos da via do folato/Hcy, a andlise desses
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polimorfismos na modulagdo dos produtos resultantes deste metabolismo em individuos

com SD torna-se relevante.
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1.1 OBJETIVOS

1. Awvaliar a influéncia do polimorfismo SHMT C1420T como fator de risco materno
para a SD e a distribuicdo das concentracbes dos metabdlitos para os diferentes
gendtipos nos grupos caso e controle.

2. Investigar o impacto dos polimorfismos DHFR del 19 pb e SHMT C1420T nas

concentragdes de folato sérico, Hcy plasmatica e MMA em individuos com SD.
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Abstract

Recent researches have investigated the factors that determine the maternal risk
for Down syndrome (DS) in young woman. In this context, some studies have
demonstrated the association between polymorphisms in genes involved on folate
metabolism and the maternal risk for DS. These polymorphisms may result in abnormal
folate metabolism and methyl deficiency, which is associated with aberrant
chromosome segregation leading to trisomy 21. In this study, we analyzed the influence
of the polymorphism C1420T in Serine hydroxymethyltransferase (SHMT) gene on
maternal risk for DS and on metabolites concentrations of the folate pathway (serum
folate and plasma homocysteine and methylmalonic acid). The study group was
composed by 105 mothers with DS children (case group) and 185 mothers who had no

children with DS (control group). The genotype distribution didn’t show significant
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statistical difference between case and control mothers (p = 0.24) however a protective
effect between genotypes CC (P = 0.0002) and CT (P < 0.0001) and maternal risk for
DS was observed. Furthermore, the SHMT C1420T polymorphism (rs1979277) does not
affect the concentration of metabolites of folate pathway in our DS mothers.

In conclusion, our data showed a protective role for the genotypes SHMT CC and
CT on maternal risk for DS. The concentrations of metabolites of folate pathway did not
differ significantly between the genotypes SHMT.

Keywords: Down syndrome, Serine hydroxymethyltransferase, genetic

polymorphism, folate metabolism.

Introduction

Down syndrome (DS) or trisomy 21 is resultant, in most cases, from errors during
maternal meiotic division [1, 2]. The advanced maternal age is the only well-established
risk factor for DS [3, 4] and the risk increases exponentially after 35 years-old [5].
However, the factors that predispose young woman to give birth to children with DS are
still unknown, suggesting the influence of others factors on DS etiology.

In 1999, Jill James [6] and colleagues proposed that the abnormal folate
metabolism observed in young mothers of DS individuals, secondary to a
polymorphism of the Methylenetetrahydrofolate gene, may result in DNA
hypomethylation in centromeric and pericentromeric regions, increasing the risk for
chromosomal nondisjunction. Since then, several studies have been made aiming to
associate functional polymorphisms of genes involved on folate metabolism with the

maternal risk for DS [7 — 13].
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The principal function of folate pathway is synthesis of S-adenosylmethionine
(SAM), the main donor of methyl groups for cellular methylation reactions [14].
Abnormal folate metabolism results in decrease of SAM concentration and DNA
hypomethylation [15,16]. Chronic folate/methyl deficiency has been associated, beyond
DNA hypomethylation, with DNA strand breaks [17], abnormal gene expression [18]
and aberrant chromosome segregation [19].

The Serine hydroxymethyltransferase (SHMT) gene encodes a highly conserved
enzyme from folate metabolism. The human isoenzyme retaining about 43% sequence
identity with Escherichia coli protein [20] and catalyzes the reversible conversion of
serine and tetrahydrofolate (THF) to glycine and 5,10-methylene THF (5,10-MeTHF)
(Figure 1) [21]. The enzyme SHMT mediates the competition for methyl groups
between the enzymes methylenetetrahydrofolate reductase (MTHFR) and thymidylate
synthase (TS), modulating the concentration of 5,10-MeTHF for thymidylate and 5-
methyl tetrahydrofolate (5-mTHF) synthesis. Thymidilate is important to prevent uracil
misincorporations into DNA, which can lead to DNA strand breaks [22], and 5-mTHF
is the main form of circulating folate, which is direct linked to cellular methylation
reactions [23]. Therefore, SHMT has an indirect role in the maintenance of genome
structure and of correct DNA methylation, which explains studies concerning this
enzyme in different types of cancer [24-26] inclusive acute lymphocytic leukemia [27]
that is a common disease in DS individuals [28]. Skibola et al. [27] found that SHMT
C1420T polimorphism was associated with risk of adult acute lymphocytic leukemia,
however, Lightfoot et al. [29] not found association between SHMT C1420T and
childhood leukemia. According to our present knowledge, there are no studies that have

investigated the influence of SHMT C1420T polymorphism (rs1979277) on maternal
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risk for DS, although association between this variant and neural tube defect (NTD),
which is influenced by the same determinants of the folate metabolism, has been

observed [30].

Objective
The aim of this work was to analyze the influence of polymorphism SHMT
C1420T on maternal risk for DS and analyze the distribution of metabolites

concentrations between de genotypes for both groups.

Methods

Two hundred and ninety individuals were included in this study: 105 mothers of
individuals with free trisomy 21 (case group) and 185 mothers who had no children with
DS and no history of miscarriage (control group). The case group was recruited from
the Genetics Outpatient Service of Hospital de Base (HB) of the Sdo José do Rio Preto
Medical School (FAMERP), Séo Paulo, Brazil. Mothers of children with chromosomal
translocation or mosaicism were excluded from the case group. Control mothers were
enrolled at the FAMERP Campus and at the HB Clinical Analysis Laboratory. The
methodology for this study was approved by Research Ethics Committee of the Sé&o
José do Rio Preto Medical School (CEP-FAMERP, 165/2004), in the State of Sé&o
Paulo, and by the National Research Commission (CONEP), Brazil. Informed consent
for participation in the study was obtained from all participants. Genomic DNA was
extracted from mononuclear blood cells [31]. Alternatively, was used a commercial kit
for DNA extraction (GFXTM Genomic Blood DNA Purification Kit, GE Healthcare),

according to the manufacture instructions. The SHMT C1420T polymorphism was
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determined by fluorogenic 3’-minor groove binding probes in a real-time polymerase
chain reaction (PCR) assay for allelic discrimination. The primers and probes used were
as follow: forward primer 5’-CAG AGC CAC CCT GAA AGA GTT C-3’, reverse
primer, 5°-AGT GGG CCC GCT CCT TTA-3’; probe for wild-type allele (5’-FAM-
CGC CTC TCT CTT C-MGB-3’) and mutant allele (5’-VIC-CGC CTC TTT CTT C-
MGB-3’) [27].

Concentrations of plasma homocysteine (Hcy) and methylmalonic acid (MMA)
were determined as previously described [32-34] and folate by quimioluminescence
(Immulite Kit, DPC Medlab, Brazil), in overnight fasted mothers. These data were
determinated in a previous study (unpublished data).

The Hardy-Weinberg (HW) equilibrium was tested by chi-square, using the
BioEstat program (Release 5.0). The chi-squared test was performed to investigate
differences on SHMT genotype frequencies between case and control mothers. Mood’s
median test was used to investigate the distribution of biochemical parameters of the
folate pathaway between the SHMT genotypes in each group. Both chi-squared and
Mood’s median tests were performed using the Minitab software (Release 12.22).

To evaluate if the SHMT C1420T polymorphism modulate the maternal risk for
DS, multiple logistic regressions were performed by three models: considering the three
possible SHMT genotypes; the dominant model (wild-type homozygous versus
heterozygous and mutant homozygous), assuming that the polymorphism exert its
impact on DS risk as in homozygosis as in heterozygosis; and the recessive model
(wild-type homozygous and heterozygous versus mutant homozygous), assuming that
the polymorphism exert its influence only in homozygosis. In the three models

considered, in addition to the genotypes, the maternal age and the concentrations of
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serum folate and plasma Hcy and MMA were included in the analysis. Multiple logistic
regressions were performed by StatsDirect software (Release 14.0.0.223) and P values <

0.05 were considered statistically significant.

Results

The mean maternal ages of DS mothers was 31.1 + 8.2 (Range: 13-46) and the
control group it was 26.9 = 5.3 (Range: 15-57). Genotype distribution is in agreement
with the HW equilibrium in case (X2 = 1.5983; GL = 1; P = 0.2061) and control groups
(X2 =1.0994; GL = 1; P = 0.2944). The frequency of SHMT 1420 T allele was 0.27 in
the case mothers and 0.28 in the control mothers. The genotype distribution between the
groups and the chi-squared test are presented on Table 1. There was no statistical
difference for genotypes frequencies between case and control groups (P = 0.24). No
difference between distribution of Hcy, folate and MMA concentration in SHMT
genotypes was detected in both groups (Table 2).

The results of the multiple logistic regression analyses showed no association
between the polymorphism SHMT C1420T and the maternal risk for DS in the dominant
model (CT and TT: P = 0.34; 95% CI: 0.42 to 1.35) and recessive model (CC and CT: P
= 0.10; 95% CI: 0.85 to 6.60; OR: 2.36). When the three genotypes was analyzed
independently, we found that genotype CC and CT reduces the maternal risk for DS
(CC: P = 0.0002; 95% CI: 0.20 to 0.60; OR: 0.35. CT: P < 0.0001; 95% CI: 0.11 to
0.39; OR: 0.21). The genotype TT showed no association for maternal risk for DS (P =

0.31; 95% CI: 0.31 to 1.45; OR: 0.67).
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Discussion

The folate is an important metabolite obtained by diet, and the principal circulate
form (5-mTHF) is important to DNA synthesis and conversion of Hcy to SAM, the
most important DNA methyl donor [14]. Hcy and MMA concentration are modulated
by B12 vitamin [35], that acts as a cofactor for MTR enzyme [36], promoting the
conversion of Hcy to methionine. Deficiency of B12 vitamin reduces the MTR activity
and results in Hcy accumulation and reduction of methyl groups for DNA methylation.
The level of B12 vitamin is usually marker by MMA status, the most sensitive marker
for diagnostic vitamin B12 deficiency in adults [37]. Studies have suggested that the
impaired folate / Hcy metabolism in mothers of DS individuals can lead to DNA
hypomethylation, mainly in pericentromeric region, and can promote abnormal
chromosome segregation [6, 38,39].

Advanced maternal age is the only well-established risk factor for DS [40- 42, 4]
and our results confirm this literatures dates. However, studies have been made to
determine the maternal risk factors for DS in young mothers. Several studies have
associated the abnormal folate metabolism with the etiology of the DS [2,7,8,10-12,43-
49], and it is likely that some polymorphisms in this pathway might impair DNA
methylation with consequences on chromosome segregation and on DS risk [2].

Several polymorphisms of folate pathway have been associated with increased
maternal risk for DS, such as MTHFR C667T and A1298C [12, 43, 44, 47] ,
Methionine synthase A2756G (MTR A2756G) and MTRR A66G [11,45,50]. Combined
genotypes of genes involved in folate metabolism were also associated with the

modulation of the maternal risk for DS in several studies [2,44, 48, 51].
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According to our knowledge, this study is the first one to investigate the influence
of SHMT C1420T polymorphism on maternal risk for DS. We observed that the
presence of allele C (CC and CT) confers a protective effect for maternal risk for DS.
This result can be associated with studies about NTD, since that Barkai et al. [52]
provided a direct evidence of a relation between DS and NDT, suggesting that the same
factors influence both diseases. They observed that families with pregnancies affected
by DS have higher incidence of NTD cases and vice-versa. Two studies about NTD
related that the presence of the polymorphic allele T confers positive values of folate in
the bloodstream and a protective role for NTD [30,53], in contrast with our study, in
which the presence of allele C confers a protector factor for maternal risk for DS. These
results show that is necessary others studies for evaluation the role of polymorphism
C1420T of SHMT gene in maternal risk for DS and NTD.

In addition, there was no observed difference in the distribution of metabolites
concentrations between the genotypes. In the literature, the distribution of metabolites
concentrations of folate metabolism between SHMT C1420T genotypes is contradictory.
Previous studies didn’t associate the SHMT C1420T genotypes with folate (erythrocyte
or serum) and plasma Hcy concentration in individuals with colorectal cancer and NTD
mothers [30,54]. However, Heil et al.[53] found a significantly higher Hcy
concentration in individuals with SHMT 1420 CC genotype compared to SHMT 1420
CT genotype in NTD mothers. They also found a significantly decrease in plasma and
red blood cell folate concentration in individuals with the wild-type genotype (SHMT
1420 CC). Therefore, others studies are necessary for the better evaluation of the
relationship between SHMT C1420T polymorphism and the metabolites of folate

pathway.
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Conclusion
We conclude that CC and CT genotype for SHMT C1420T polymorphism confers
a protective effect for maternal risk for DS. The polymorphism SHMT C1420T seems to

have no influence on folate, homocysteine and MMA concentrations.
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Table 1. Genotype distribution of the SHMT C1420T between case (n = 105) and
control group (185).

Case Control

n (%) n (%) s i
Genotypes
cC 59 (56.2) 92 (49.7)
CT 36 (34.3) 81 (43.8) 2.85! 0.24
TT 10 (9.5) 12 (6.5)

'Pearson Chi-Square with two degrees of freedom.
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Table 2. Mood median test for Hcy, folate and MMA concentrations versus genotypes by the three

models of analysis.

35

Homocysteine Folate Methylmalonic acid
Polymorphism Median Range P-value Median Range P-value Median Range P-value
(umol/L) (ng/mL) (umol/L)
Case group
3 genotypes
cc 6.06 24-141 11.80 3.7-214 0.17 01-15
CT 7.49 40-21.3 0.40 13.80 6.0-36.5 0.36 0.19 0.1-15 0.25
TT 5.68 3.1-8.6 12.45 10.0-20.6 0.18 0.1-04
Dominant Model
cc 6.06 24-141 11.80 3.7-214 0.17 01-15
CTor TT 681 31-213 04 1350  6.0-365 0.13 018 o01-15 o1
Recessive Model
CCorCT 6.34 24-21.3 12.20 3.7-36.5 0.17 0.1-15
T 568 31-86 00 1245 100-206 091 018 01-04 008
Control group
3 genotypes
CcC 8.25 1.1-36.2 14.50 5.0-50.0 0.15 0.1-0.8
CT 8.34 1.7-36.6 0.97 15.00 6.7-57.0 0.82 0.13 0.1-0.5 0.16
TT 8.39 48-12.8 13.85 7.7-74.0 0.17 0.1-0.3
Dominant Model
CcC 8.25 1.1-36.2 14.50 5.0-50.0 0.15 0.1-0.8
CTor TT 834 17-366 082 1470 6.7-740 0.94 014 01-05 088
Recessive Model
CCorCT 8.32 1.1-36.6 14.70 5.0-57.0 0.14 0.1-0.8
TT 8.39 48-12.8 0.98 13.85 7.7-74.0 0.56 0.17 0.1-0.3 0.07
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Figure 1. Simplified scheme of folate metabolism. MTHFR: methylenetetrahydrofolate
reductase; MTR: methionine synthase; MTRR: methionine synthase reductase; cSHMT:
cytosolic serine hydroxymethyltransferase; RFC1: reduced folate carrier 1; TC2:
transcobalamin 2; TS: thymidylate synthase; DHFR: dihydrofolate reductase; 5,1-
MeTHF:  5,10-methylenetetrahydrofolate; THF: tetrahydrofolate; 5mTHF:  5-
methyltetrahydrofolate; DHF: dihydrofolate; Hcy: Homocysteine; Met: Metionine; SAM:
S-adenosylmethionine; SAH: S-adenosylhomocysteine.
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Abstract

Down syndrome (DS) results from the presence and expression of three copies of
the genes located on chromosome 21. Studies have shown that, in addition to over-
expression of Cystathionine [-synthase (CBS) gene, polymorphisms in genes involved
in folate/homocysteine (Hcy) metabolism may also influence the concentrations of
metabolites of this pathway. Thus, this study evaluated the influence of the
Dihydrofolate reductase (DHFR) 19-base pair (bp) deletion and Serine
hydroxymethyltransferase (SHMT) C1420T polymorphisms on serum folate and plasma
Hcy and methylmalonic acid (MMA) concentrations in eighty-five individuals with DS.
Genotyping of DHFR 19-bp deletion and SHMT C1420T polymorphisms were
performed by polymerase chain reaction (PCR) by difference in the size of fragments

and real-time PCR allelic discrimination, respectively. Serum folate was quantified by
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chemiluminescence and plasma Hcy and MMA by liquid chromatography-tandem mass
spectrometry. The single polymorphisms of DHFR and SHMT genes showed no
association with folate, Hcy and MMA concentrations. However, the analysis of
combined genotypes showed that individuals with DHFR 1l / SHMT TT combined
genotypes presented higher concentrations of Hcy (P < 0.001) in relation to the others
genotypes. Moreover, DHFR DD / SHMT TT combined genotypes presented higher
concentrations of folate (P < 0.001) and the DHFR 1l / SHMT CT genotypes presented
lower concentrations of folate (P = 0.01). There was no association between MMA
concentrations and genotypes. These results demonstrate a synergistic effect of
polymorphisms of DHFR and SHMT genes on the modulation of folate/Hcy pathway in

individuals with DS.

Key words: Down syndrome, genetic polymorphism, homocysteine, folate.

Introduction

Down syndrome (DS) results from the presence and expression of three copies
of the genes located on chromosome 21 [1,2]. Cystathionine p-synthase (CAS) gene,
located on chromosome 21, is responsible for the condensation of homocysteine (Hcy)
and serine to cystathionine and is over-expressed in individuals with DS [2]. Increased
concentrations of CBS enzyme results in lower concentrations of Hcy, methionine, S-
adenosylhomocysteine, and S-adenosylmethionine [3-5], substrates of folate

metabolism.
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Studies have shown that, in addition to over-expression of CAS gene,
polymorphisms in genes involved in folate/Hcy metabolism may also influence
metabolites concentrations of this pathway [6-9]. A 19-base pair (bp) deletion
polymorphism in intron-1 of the Dihydrofolate reductase (DHFR) gene, located on
chromosome 5g11.2, has been identified [10] and Kalmbach et al. [11] demonstrated
that this is a functional polymorphism. Study shows that 19-bp deletion polymorphism
is associated with increased expression of DHFR gene, responsible for the conversion of
dihydrofolate (DHF) in tetrahydrofolate (THF) [12], and changes on the folate/Hcy
metabolism [11,13,14].

Other polymorphism, C1420T, which results in the substitution of the amino
acid leucine by phenylalanine, was identified in Serine hydroxymethyltransferase
(SHMT) gene, located on chromosome 17p11.2 [15]. This gene encodes the enzyme that
catalyzes the reversible conversion of serine and THF to glycine and 5,10-
methyleneTHF [16] and Fu et al. [17] showed that the SHMT C1420T polymorphism
may compromise the formation of the SHMT enzyme.

Both, DHFR 19-bp deletion and SHMT C1420T polymorphisms involved in
folate/Hcy metabolism, have been associated with variations in the concentrations of
Hcy and folate in several populations [11,13-15,18,19]. Thus, the aim of the present
study was to evaluate the influence of DHFR 19-bp deletion and SHMT C1420T
polymorphisms on serum folate and plasma Hcy and methylmalonic acid (MMA)

concentrations in individuals with DS.
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Subjects and methods

This study was composed by eighty-five individuals with full trisomy 21
confirmed by karyotype (median age 1.36, range 0.07-30.35 years-old; 47 male and 38
female) recruited at the General Genetics Outpatient Service of Hospital de Base, S&o
José do Rio Preto, SP, Brazil. The study protocol was approved by the Research Ethics
Committee of Sdo José do Rio Preto Medical School (CEP-FAMERP, 165/2004), in
Sé&o Paulo state, and informed consent was obtained for all family.

Fasting blood samples were collected for molecular and biochemical analysis
(serum folate and plasma Hcy and MMA). DNA extraction was performed as
previously described by Miller et al. [20] and polymorphisms in DHFR and SHMT
genes were analyzed by polymerase chain reaction (PCR) using difference in the size of
fragments and real-time PCR allelic discrimination, respectively. The 19-bp deletion
polymorphism in DHFR gene was detected using primer sequences described by
Dulucq et al. [21] and SHMT C1420T was detected using TagMan® probes and primer
sequences described by Skibola et al. [22]. Serum folate was quantified by
chemiluminescence (Immulite Kit, DPC Medlab, Brazil) and liquid chromatography-
tandem mass spectrometry was used to determine concentrations of plasma Hcy and
MMA, as previously described [23-25].

In this study, the allele with 19-bp deletion in DHFR gene was denominated D

and the allele without the deletion was named 1.

Statistical analysis
Hardy-Weinberg equilibrium was tested by chi-square test, using the BioEstat

program (version 5.0). Folate and Hcy data presented normal distribution after
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logarithmic transformation and were analyzed as mean values in the logarithmic scale.
MMA data was not normal, even after Log-transformation, and was analyzed median
values in the natural scale. To evaluate the association of DHFR 19-bp deletion and
SHMT C1420T polymorphisms with biochemical parameters, the t-test was used for
Hcy and folate data and the Mood’s median test was used for MMA data. The Mood’s
median was also used to evaluate the distribution of age in relation to combined
genotypes. For multiple logistic regression, the folate concentrations were categorized
considering values below or equal/above the percentile 25 (reference: > percentile 25)
and Hcy and MMA data were categorized considering values above or equal/below the
percentile 75 (reference: < percentile 75). In addition, the genetics data were included in
the model considering number of uncommon alleles (0-4 polymorphic alleles). The
correlation analysis among folate, Hcy and MMA concentrations and age was
performed using the Pearson correlation test. The computer-assisted statistical analyses
were carried out using the Minitab for Windows program (Release 14). Values of P <

0.05 were considered significant.

Results

Table 1 presents genotype frequencies of DHFR 19-bp deletion and SHMT
C1420T polymorphisms in individuals with DS and both the genotype distributions
were in Hardy-Weinberg equilibrium (x2 = 2.079; P = 0.15; y2 = 0.004; P = 0.95,
respectively). The mean concentrations of folate and Hcy observed in the individuals
were 19.69 + 11.87 ng/mL and 5.83 + 3.30 umol/L, respectively, and the median MMA

concentration was 0,25 umol/L (range: 0.09-4.77 pmol/L).
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We evaluated the influence of DHFR 19-bp deletion and SHMT C1420T
polymorphisms on folate, Hcy and MMA concentrations in individuals with DS, both
alone and in combination with other. The analysis showed no association between
genotypes and folate, Hcy and MMA concentrations. However, when we proceed the
analysis of combined genotypes, the results showed that individuals with DHFR 11 /
SHMT TT genotypes presented higher concentrations of Hcy (P < 0.001) in relation to
the others combined genotypes. In another way, individuals with DHFR DD / SHMT TT
combined genotypes presented higher concentrations of folate (P < 0.001) and the
DHFR Il / SHMT CT genotypes presented lower concentrations of folate (P = 0.01) in
relation to the others combined genotypes. The distribution of MMA concentrations and
age showed no significant difference between the genotypes. The distribution of the
Hcy, folate and MMA concentrations and age according to the combined genotypes are
presented in Table 2.

In the logistic regression analysis, was observed no relation between genetics
and biochemical parameters. The correlation analysis showed that folate concentrations
were negatively correlated with age (r = -0.223; P = 0.05) and a negative correlation
was also observed between MMA concentrations and age (r = -0.257; P = 0.02). In
addition, Hcy concentrations were positively correlated with MMA concentrations (r =

0.252; P = 0.03).

Discussion
The overexpression of genes results in biochemical alterations that affect the
multiple interacting metabolic pathways culminating in cellular dysfunction and

contributing to the pathogenesis of DS [3]. The presence of three copies of the CRS
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gene, located on chromosome 21, and of the polymorphisms Methylenetetrahydrofolate
reductase (MTHFR) C677T and Methionine synthase (MTR) A2756G, involved in the
folate/Hcy metabolism, have been associated with variations on the concentrations of
metabolites of this pathway [3-9].

Guéant et al. [7] observed that individuals with DS that present MTHFR 677T
allele and elevated Hcy concentration had low intelligence quotient and Licastro et al.
[8] found that the MTHFR 677TT genotype increases the concentrations of Hcy in these
individuals. However, Fillon-Emery et al. [6] found no difference in Hcy
concentrations according to the MTHFR C677T genotype in adults with DS. In another
study, the heterozygous genotype MTR 2756AG was associated with increased in
plasma Hcy concentrations in individuals with DS [9].

To the best of our knowledge, there is no published study that has evaluated the
influence of the DHFR 19-bp deletion and SHMT C1420T polymorphisms on the
metabolites concentrations of folate/Hcy pathway in individuals with DS. In the present
study, the single DHFR 19-bp deletion and SHMT C1420T polymorphisms were not
associated with the folate, Hcy and MMA concentrations. However, considering that
some polymorphisms may interact to produce a synergistic effect, the contribution of
the combined genotypes to folate, Hcy and MMA concentrations was evaluated and,
although the sample is relatively small, the results show that DHFR Il / SHMT CT
combined genotypes were associated with lower folate concentrations and DHFR DD /
SHMT TT genotypes were associated with higher concentration of folate. Moreover, an
association between the DHFR Il / SHMT TT combined genotypes and higher Hcy

concentration was observed. The sample studied is represented by few individuals with
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DHFR 1l / SHMT TT combined genotypes and because of this, further studies are
needed to confirm this association.

DHFR is an important folate-metabolizing enzyme responsible for reduction of
folic acid into THF [14]. A common polymorphism in this gene, a 19-bp deletion
polymorphism in intron-1, was associated with alterations on the concentration of
metabolites involved in the folate/Hcy pathway [11,17,18]. Gellekink et al. [13]
reported that the DHFR DD genotype is associated with lower concentration of plasma
Hcy in Caucasian individuals, but no association between this genotype and
concentrations of serum and erythrocyte folate was observed. Other study found no
effect of this polymorphism on Hcy concentration in healthy adults, but the DD
genotype was associated with increased concentrations of serum and erythrocyte folate
relative to the Il genotype in women [14]. Kalmbach et al. [11] also observed no
association between genotypes and plasma Hcy or plasma total folate in young adults,
however DHFR DD genotype was associated with lower concentration of erythrocyte
folate compared to DHFR ID and 1l genotypes.

SHMT enzyme plays a pivotal role in folate/Hcy metabolism by carrying out the
reversible conversion of serine and glycine with THF and 5,10-methyleneTHF [16].
Heil et al. [15] identified the SHMT C1420T polymorphism and reported that
individuals with neural tube defects and SHMT CC genotype had decreased
concentrations of erythrocyte and plasma folate and increased Hcy concentration. In
study involving men with cardiovascular disease, the SHMT TT genotype was
associated with lower Hcy concentration [19]; yet another study found no significant
association between SHMT C1420T and plasma folate and Hcy concentrations in

colorectal cancer [18].
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We also observed a positive correlation between Hcy and MMA concentrations
and this association is in accord with results of earlier investigations [26,27] and could
be explained by the fact that the vitamin B12 deficiency increases the Hcy
concentrations [28,29]. The decrease of the MMA concentrations with age is in contrast
with previous studies in healthy elderly people [26,27,30,31] and, although Wolters et
al. [27] have observed no association between folate concentrations and age, ours
results show a negatively correlation between these parameters.

Our study suggests that there is a synergistic effect of DHFR and SHMT genes
polymorphisms on the modulation of the concentrations of folate/Hcy pathway
metabolites in individuals with DS. However, further studies are needed to confirm this

effect on the folate/Hcy metabolism.
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Table 1. Allele frequencies of 19-base pair (bp) deletion in intron-1 of Dihydrofolate
reductase (DHFR) gene and Serine hydroxymethyltransferase (SHMT) C1420T

polymorphisms in individuals with Down syndrome.

Allele frequencies P-value*
DHFR
I 0.52
0.15
D 0.48
SHMT
C 0.68
0.95
T 0.32

* Chi-square test.
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Table 2. Distribution of serum folate and plasma homocysteine (Hcy) and
methylmalonic acid (MMA) concentrations according to combined genotypes of the
19-base pair (bp) deletion in intron-1 of Dihydrofolate reductase (DHFR) gene and
Serine hydroxymethyltransferase (SHMT) C1420T polymorphisms in individuals with

Down syndrome.

Genotypes
Folate (ng/mL) Hcy (umol/L) MMA (umol/L)
DHFR / SHMT

ID/CT 24.12 + 16.87 552 +2.63 0.32 (0.14-4.26)
ID/TT 18.00 + 11.69 6.63 £ 3.78 0.26 (0.13-0.68)
ID/CC 18.18 + 8.89 6.74 £4.28 0.23 (0.10-3.21)
I/CT 11.88 £5.20* 5.06 £ 2.37 0.22 (0.15-1.56)
n/TT 1350+ 1.70 8.14 + 0.25* 2.50 (0.23-4.77)
I1/CC 2495+ 11.74 436+154 0.25 (0.09-0.32)
DD/CT 16.02 + 4.93 5.33+2.99 0.23 (0.14-1.21)
DD/TT 4425 £ 1.77* 248 £1.72 0.12 (0.11-0.13)
DD/CC 19.46 £ 12.70 6.95+4.45 0.30 (0.12-2.26)

Folate and Hcy data are reported as means + SD; MMA data are reported as median and
range.

* Statistically significant.
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3. CONCLUSOES

1. Os geno6tipos CC e CT do polimorfismo SHMT C1420T conferem um efeito
materno protetor para SD e este polimorfismo ndo esti associado com variacbes nas
concentragdes de folato, Hcy e MMA.

2. Os polimorfismos del 19pb DHFR e C1420T SHMT apresentam um efeito

sinérgico na modulacdo das concentracdes de folato e Hcy em individuos com SD.
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5. ANEXOS

De acordo com Normas Regulamentares de Pesquisa em Seres Humanos, Resolu-
a0 196/96 do Ministério da Sadde, esse projeto foi aprovado pelo Comité de Etica em
Pesquisa da Faculdade de Medicina de Séo José do Rio Preto/SP, CEP-FAMERP (A-
nexo 1) e pela Comissdo Nacional em Pesquisa de Brasilia/DF — CONEP (Anexo 2).
Para a realizacéo da andlise molecular dos polimorfismos dos genes Dihidrofolato redu-
tase (DHFR) e Serina hidroximetiltransferase (SHMT), foi aprovada pelo CEP-
FAMERP uma extensdo na data de 19 de maio de 2008 (Anexo 3).

Esclareco também que foram utilizadas amostras de material bioldgico provenientes
do banco de material bioldgico aprovado pela CONEP (Anexo 2) e regularizado junto ao

CEP-FAMERP.
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FACULDADE DE MEDICINA DE SAO JOSE DO RIO PRETO
AUTARQUIA ESTADUAL - LEI N° 8899 ,de 27/09/94

(Reconhecida pelo Decreto Federal n® 74.179, de 14/06/74 )

Parecer n.° 165/2004

COMITE DE ETICA EM PESQUISA

O Protocolo n.° 3340/2004 sob a responsabilidade de Erika Cristina
Pavarino Bertelli com o titulo “"Avaliagtio Genético-Clinica e Molecular em Sindrome
d Down" estd de acordo com a Resolugdo CNS 196/96 e foi aprovado por esse
CEP. Sujerimos limitar o grupo de mdes ds mais jovens, a baixo de 35 anos;
verificar o hdbito alimentar pré-gravidez seria o ideal pois este hdbito muda com
o tempo. Aguardar aprovagdo da CONEP para inicio do estudo.

Lembramos ao senhor(a) pesquisador(a) que, no cumprimento da
Resolugdo 251/97, o Comité de Etica em Pesquisa (CEP) deverd receber relatdrios
semestrais sobre o andamento do Estudo, bem como a qualquer tempo e a critério
do pesquisador nos casos de relevdncia, além do envio dos relatos de eventos
adversos, para conhecimento deste Comité. Salientamos ainda, a necessidade de
relatério completo ao final do Estudo.

Sdo José do Rio Preto, 12 de julho de 2004.

Prof.® Dr.? Patricja Maluf Cury
Coordenadora do €CEP/FAMERP

Av. Brigadeiro Faria Lima, 5416 - Cep 15.090-000 Fone: (017) 210 - 5700
Taw - 227-6201- K30 laké do Rin Pretn - S3n Pauln - Rrasil
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MINISTERIO DA SAUDE
) Conseihc Necional de Saude
Comisebo Nacional de tica em Pesquisa - CONEP

PARECER N°2400/2004

fneqistro CONEP: 10618 (Esie n° deve ser citudo nas correspondcencias referentes a aste projeto)

;Rtgiutro CEP: 3340/04 Processo n° 25000.106488/2004-41
:Projeto de Pesquisa: "Avaliagdo genético clinica e molecutar em Sindrome de
Down. "

| Pesquisador Responsével: Dra. Erika Cristina Pavarino Berteff
;Instltuigéu: Faculdade de Madicina de Sdo José do Rio Preto - FAMERP
'Area Tematice Especlal: Genética Humana

on se proceder a andlise das respostas ao parecer CONEP n® 2001/2004, reiativo ao
projeto em questao, considerou-se que:

1) tendo em vista a afirmagdc da pesquisadora responsével que serd
estabelecido um banco de material bioldgico, solicita-$e que sgja feno um
banco de dados junto ao CEP da insttuigdo, informando: quem sora 0
responsavel pslo banco, condighes de armazenamento, sequranca do banco,
como serd o acesso pelos pesquisadores a esse banco, de que forma sera
garantida a confidencialidade dos individuos que doarsm o material para a
formagéo desse banco;

2) as informagdes enviadas atendem aos aspectos fundamentais da Res. CNS
196/96 sobre diretrizes & normas regulamentadoras de pesquisas envolvendo
seres humanos,

‘ 3) o projeto foi aprovado pelo Comité de Etica em Pesquise — CEP da instituicac
i supracitada.

] Diante do exposto, a Comissao Nacional de Etica em Pesquisa - CONEP, de
| acordo com as atribuigbes detinidas na Resolugio CNS 196/98, manifesta-se
1 pela aprovagdo do projeto de pesquisa proposto com a recomendagao 1. actma
cltads, devendo esta ser acompanhada pelo CEP, para posterior inicio da
pesquisa,

Situaclo: Projeto aprovado com recomendagac
Braslia, 29 de Novembpro de 2004

S Hoed e

WILLIAM SAAD HOSSNE
Coordenader de CONEP/CNS/MS
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E MEDICINA DE SAO JOSE DO RIO PRETO
Autarquia Estadual - Lei n.® 8899 de 27/09/94
(Reconhecida pelo Decreto Federal n.” 74.179 de 14/06/74)

COMITE DE ETICA EM PESQUISA

O Comité de Etica em Pesquisa em Seres Humanos da Faculdade
de Medicina de S0 José do Rio Preto fomou ciéncia e aprovou a prorrogagao
para agosto de 2009 para extensdo da metodologia e tomou ciéncia do
relatério parcial: referente ao projeto n° 3340/2004 sob a
responsabilidade de Erika Cristina Pavarino Bertelli com o titulo "Avaliagdo
Genético-Clinica e Molecular em Sindrome de Down”.

Sdo José do Rio Preto, 19 de maio de 2008.

Prof. Dr. AntoRi los Pires
Coordenador do CEP/FAMERP

Av. Brigadeiro Faria Lima, 5416 - 15090-000 - S0 José do Rio Preto - SP - Brasil
Tel. (17) 3201-5700 - Fax (17) 3229-1777 - www.famerp.br
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