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Abstract

Down syndrome (DS) individuals present abnormalitis in folate-homocysteine metabolism
that is attributed to the additional copy of the Cystathionine g-synthase (S) gene located

on chromosome 21. Therefore, the aim of the studyas to estimate the plasma levels of
folate and homocysteine (Hcy) and compare it withge and sex matched healthy controls.
The results showed a significant decrease in Hcyvels in DS. Moreover, cases affected with
congenital heart defects presented statistically gificant increase in Hey levels but the same
was not observed with folate. Decreased levels @li€ acid and homocysteine were observed
in cases with neural tube defects but found insigficant. Decreased Hcy concentration leads
to functional folate deficiency contributing to the metabolic pathology in DS. The study rec-

ommends folinic acid supplementation for DS individals.
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Introduction Simultaneously, the hyperactivity of the Hcy trans-

Down syndrome (OMIM-190685) or Trisomy 21 is the sulfuration pathway leads to an accumulation of 5-
most common and one of the best known autosomal an@ethyltetrahydrofolate (5-MTHF) and a reductiontfie
uploidy disorders among children. It is associatith ~ conversion of 5-MTHF to Tetrahydrofolate (THF). THF
more than 80 clinical traits including mental ref@ion, is the metabolically active form of folate and ésjuired
congenital heart diseases, neural tube defectsimnd for de novo synthesis of nucleotides required fotAD
creased risk of childhood leukaemia [1].Oxidatieess ~and RNA synthesis (Figure 2) [5]. Congenital heset
induced DNA damage plays a major role in the chhic fects (CHD) and Neural tube defects (NTD) have been
manifestations of Down syndrome (DS) due to over exassociated with dietary folate deficiency and distd
pression of Superoxide dismutase 1 (SOD 1), amxinti folate/homocysteine metabolism [7,8]. Thereforeg th
dant enzyme based in chromosome 21q 22.1 [2]. Foligrimary aim of the present study is to estimateplasma
acid functions primarily as one carbon unit donor i levels of folic acid and homocysteine in DS cased a
volved in many important body processes includingzompare with that of normal controls. Also, invgate
DNA/RNA synthesis and repair. Homocysteine (Hcyais the role of folate/homocysteine metabolism in thele
non-protein-forming, sulphur amino acid situated an ©0gy of CHD and NTD in DS

critical regulatory branch point between trans-mjlkettion

and trans-sulphuration pathways (Figure 2) [3kltevi- Material and Methods

dent that defective folate and homocysteine meistnol

leads to DNA strand breaks, chromosomal instabilitySubjects in the current study consisted of 108iaaity
impaired DNA repair capability, DNA hypomethylation diagnosed children with Down syndrome belonging to
and abnormal gene expression [3, 4]. DS individpaés  South Indian population. The mean + SD age of ttik ¢
sent abnormalities in folate metabolism that isiaited dren was 3.03 + 4.1 which included 64 males ande44
to the additional copy of the Cystathionifesynthase males. The control group was formed by 110 genddr a
(CBS) gene located on chromosome 21 [5, 6]. Thus,-ovenrge matched healthy normal children belonging ® th
expression of the €5 gene leads to an increase in thesame geographical area as cases. Based on ags, case
activity of trans-sulphuration pathway leading &mluic- were subdivided into five groups; Neonates (n=12)2
tion in the concentration of Hcy that is availabie the  months (n=29), 1-3 years (n=31), 3-5 years (n=4B8pve
remethylation reaction catalysed by methioninelsgs¢. 5 years (n=18). Prior to the study, clearance vidagined
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from Institute Human Ethics Committee, JIPMER hespi Results

tal, Puducherry. Written consent was also obtainech

the parents/guardians of both case and controlpgidli  Conventional lymphocyte cell culture and Interphase
relevant clinical data regarding congenital anoesain-  FISH confirmed the presence of pure trisomy 211in a
volving cardiovascular and nervous system in cag®s hundred and eight (108) clinically diagnosed cleitdr
recorded. Peripheral venous blood was collected &t Other variants of Down syndrome like partial trigom
sterile tube with EDTA as anticoagulant under &eept translocation and mosaicism were not observedta &6
precautions by venipuncture. Clinical diagnosiDafvn 42 cases had CHD consisting of atrial/ventricukgptal
syndrome was followed by conventional lymphocyt# ce defect, Tetralogy/ Pentalogy of Fallot, patent dacarte-
culture for karyotyping and confirmation of the saty  riosus etc and 18 cases had NTD. The results ofp@tim
interphase-FISH using Olympus BX-51 epifluorescenceive immunoassay showed no significant differencéhie
microscope, Japan and automated karyotyping workzalues of folic acid between cases and controlst, Bu
station, Ikaros/IsisMetasystem, Carl Zeiss-Gernf@hy  plasma levels of Homocysteine revealed 40% decriease
Plasma levels of Folic acid and Homocysteine wste e DS individuals compared to controls which was stati
mated based on the principle of Competitive immisRoa cally significant (Table -1). At the level of inddual age
say employing AVIDA centaur folate assay kit andgroups, folic acid was found to exhibit a graduatréase
AVIDA centaur HCY assay kit respectively utilisinge  in its levels with advancement in age and the leves$
services of the auto analyser - ADVIA Centaur CR Im conversely observed with Homocysteine (Figure 13. D
munoassay System, Siemens-Germany. Appropriate pgases affected with congenital heart defects pteden
rametric (independent students t test) or non-patden statistically significant increase in Homocysteileeels
test (Mann Whitney U) was used for comparing the-co put the same was not observed with folate (Tahld®2)
tinuous data between the two groups. All statiacmly-  creased levels of folic acid and homocysteine ware
sis was carried out at 5% level of significance pndlue  served in cases with neural tube defects and there w
< 0.05 was considered significant. Analysis was edonstatistically insignificant (Table 3).

using SPSS (Version 19) software.

Table 1. Plasma levels of Folate and Homocysteine in DSscasd controls

Groups Plasma levels - Mean * Standarceliation
Folic acid (ng/ml) Homocysteine (umol/L)

DS Cases (n=108) 8.12+2.42 5.66 £ 2.49

Healthy Controls (n=110) 8.48 £2.24 9.21+4.24

p value NS <0.001

NS — Not significant

Table 2. Plasma levels of Folate and Homocysteine in DSscadth and without CHD

Groups Congenital heart defects

Present (n=42) Absent (n=66) p value
Folic acid (ng/ml) 7.99 £ 2.59 8.20£2.33 NS
Homocysteine (umol/L) 6.43+2.73 5.17 +£2.20 0.009

NS — Not significant

Table 3. Plasma levels of Folate and Homocysteine in DScadh and without NTD

Groups Neural Tube Defects

Present (n=18) Absent (n=90) p value
Folic acid (ng/ml) 7.82+2.36 8.15+£2.39 NS
Homocysteine (umol/L) 4,76 +2.17 5.28+£2.44 NS

NS — Not significant
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Figure 1. Plasma levels of Folate and Homocysteine amongd38scin relation to age.
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Figure 2. Overview of Folate and Hcy pathway showing theceffef over-expression offS enzyme in DS individuals.

Discussion expected, our results showed a significant decreatiee
plasma Hcy levels in cases with DS which is in agrent
Disturbed/defective folate and homocysteine metatyol With previous reports [5, 11-13]. A nearly two fot-
in DS has been put forward by several studies #léar crease in Hcy concentration in cases comparedrivais
from reports that over-expression op&in DS leads to presented in the current series is by far the lowes
functional folate deficiency. But, the data avaléabn its ~ ported. From this point of view, hypohomocysteingmi
effect on cardiovascular and nervous system in ©S jobserved here might be due to the increase inréms-t
scanty. Moreover, there are no studies which have asulfuration pathway of Hcy, which results from ineer-
tempted to probe the folate pathway in Indian ckitd expression of cystathioning-synthase on chromosome
with Down syndrome. Hence, the objective of thesprg  21. It may promote a “folate trap” by decreasing &
study is to estimate the plasma levels of folaté Hoy, Methyl-THF and remethylation of homocysteine to me-
study the influence of age on the said parametads athionine and the subsequent cellular availabilitytedra-

highlight the association between folate deficiemmd hydrofolate(THF) and S-adenosylmethionine (SAM)
CHD and NTD in DS. (Figure 2). Ultimately, 5-Methyl-THF is increasiygl

trapped because it can neither be converted toridfigo
Folic acid level in DS has been reported inconitamth ~ back to Methylene-THF. Moreover, polymorphisms in
some authors suggesting normal [10,14] and some dblethylenetetrahydrofolate reductase (MTHFR) enzyme
creased levels [11,12]. Plasma folate in the ctisardy ~ causing decrease in the conversion of 5-Methyl-TitF
was found to be in biological range and no statistsig- ther leads to non-availability of THF and SAM foiob
nificance was observed between cases and confsls. synthesis reactions. It has therefore been sugbeisée
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this gene-nutrient interactions affecting the oaghon 6.
metabolism leads to “functional folate deficienaydn-
tributing to the metabolic pathology in DS.

Influence of age on folate and homocysteine comaent -
tion in our study showed a decreasing and incrgasin
trend respectively with advancement in age. Thiddcbe
explained by high folate requirement in initial pba of
growth and development in infants. Both folate &y
levels were decreased in cases with NTD. Although t
decrease was statistically insignificant, the rofefolate
pathway in NTD cannot be ignored. No link between™

folate and CHD in DS could be established. But loa t 10.

other hand, there was a very significant associaii
Hcy concentration among cases with and without CHD.
Genetic polymorphism in MTHFR enzyme carrying 677

TT and 1298 AA mutant allele is associated withéase 11.

in homocysteine [15,16] levels and increased riski8D
[17]. Hence, significantly increased levels of Hyght
have a genetic background which may play a rolthén

incidence of CHD in DS. 12.

In conclusion, our study involving Indian childraevith

DS, proves functional folate deficiency inspitenafrmal 13

plasma levels of folic acid. Elevated Hcy conceiura
was observed with cases CHD but the exact mechanism
for its association and the underlying genetic jsf@ubi-
tion needs to be further studied. Supplementatiath w
high doses of folic acid and B12 in patients witinio-
cysteinemia has proved to be a successful in iegtor
normal homocysteine levels [18]). Since the studg-s

gests that DS patients have low homocysteine larasa 15

high probability of a folate trap, we recommendeinen-
tion with folinic acid (5-formyltetrahydrofolate) hich
has several advantages. It is more efficiently diesb as

the reduced metabolite, rapidly polyglutamated #d 16

more readily available for folate-dependent reaxtithan
folic acid in DS subjects.
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