CHAPTER II

REVIEW OF RELATED LITRATURE

1. Down syndrome

Down syndrome (OMIM 190685)is the commonest chromosomal anomaly with

an incidence of ~1/600 - 1,000 live ! S Miog syndrome cases result from total

trisomy 21 (95%), translocaiions i i 1 (4%) and with trisomy 21

Down syndrome wa8 ficgt des ivedb 66 , includes a phenotype

N demonstrable chromosomal

aberration; characteristic' faci€s With Oblicue i fissure, epicanthus, flat nasal bridge,

protruding tongue; short b oadfha .;‘fims W '€ between first and second toes,
AYaidias - 2

hypotonia and other associated congeaiiat-ant es and development disorders.

Individual with, Dewh Syndrome ; scific major congenital

malformation such as, 68 AE Jstudies), particularly the

atrioventricular canal, a :i of the gastr atract, sh as duodenal stenosis or

atresia, imperforate anus, @nd Hirschsprung gisease. ** In addition, 90% of all Down
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Inv@lving total trisomy 21 results from nondisjunction, usually in formation of the
€ggs or sperm, where a gamete ends up with an extra chromosome 21. Non disjunction
may occur in the first meiotic stage (MI) or second meiotic stage (MII).“S'19

The extra chromosome 21 is of maternal origin in 80-93% of the cases and
paternal origin in 7-20 percent of the cases.' " Plausible biological explanation for the
predominance of maternal non disjunction is in the human male, meiosis begins with

pubefty and the important events are sequential; in adult testis, cells progress from

prophase to metaphase | and on to metaphase Il without an interventing delays. By



contrast, the meiotic process in the human female: all oocytes enter meiosis | during
fetal development, undergo DNA replication and homologous recombination and then
remain arrested in prophase | (diplotene stage) for several decades until initiation of

oocyte maturation and ovulation in the adult female.”

Among trisomy 21 cases of maternal origin, approximately 75 percent result from

nondisjunction in Ml and 25 percen 40 percent of trisomy 21 cases of
paternal origin occur from nondisj

16-19
MiILI.

ercent from nondisjunction in

The only well establis iSlffactor 1 r“Dow drome is advanced maternal

age. The association b Down syndrome was

recognized as early as 193; as determined that Down

syndrome was caused by tri ve been well documented.

One study found that women ovarian complement (congenital

absence or removal of an ovary of having an infant with Down

syndrome. *** This me est that the increased ris! _own syndrome with
SIS LAINNILE AN, X

increased maternal age 2 «ﬁ;:' us of the ovaries or the

eggs. Other potential expldfiations for the association betwe Down syndrome risk and

¢ o/
advanced matern ﬂlﬂ.lﬁ ﬁﬂﬂ?ﬂﬂa&rﬂ ?rmone levels, and
“relaxed selection” il

In eﬁgje ag eﬁzﬂf\ﬂ (}jﬁﬂﬁ e ciated with
increaseda( f Do ra/n Ije e ﬁis foradv :1 )at’age has not

been large, and is considerably diminish with the appropriate adjustment for maternal
age. A large number of studies have failed to find evidence of the effect. #5255 Moreover,
some studies found an association between risk of Down syndrome and age of the
maternal grandmother at the mother’s birth. **° Female meiosis start in fetal life and
nondisjunction in the first meiotic division of female might be induced during the fetal

period, especially if her mother is order.
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Prevalence of Down syndrome is known to vary by race/ethnicity. Hispanic
infants exhibit higher rates of Down syndrome than other infants, even after differences
in maternal age was considered. *® Another studies also found Down syndrome rates to

be highest in Hispanics, followed by Asians, white, Native American, and African-

. 57
America.

Environmental factors

A recent investigationmsfeperied that ris wamrecognized Down syndrome

conceptus was reduced with T

Smoking did not appear tg £ Yavin gnized Down syndrome

conceptus.”™ The authdfs suogfidifihat ¢ 0ffee sumption may reduce the

S . R .

viability of a conceptus with" Do drome 1t the ¢ ptus may be lost in early
pregnancy. Other environméntal'| *'— s eS| ding parental irradiation 60,
oral contraceptives and ferti ;_ y Hihiyoid Jantivodie i seasonally %, parity > |

i 65 ! .
maternal diabetes ™, consanguir e of certain types of chromosome

5 67 S
polymorphism.™ However, none of.# ociation have been proven.
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Genetic factors e

Many studies haves eported that women who had infants or fetuses with Down
syndrome were ﬂﬂti ﬂmﬁﬂﬁtm:g and mutations in
methylenetetrahyé@l u II , methi S s€ reductase (MTRR)
R ASHE AR AR

9
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Table 1. Results of previous studies that found the association between SNPs of MTHFR, MTRR and

MTR and the risk for having children with Down syndrome.

Reference Number Study population SNPs OR (95 %Cl)
of Case

Jame etal., 1999 57 North American 1. MTHFR 677C->T 2.6 (1.2-5.8)
Hobbs et al., 2000 * 157 North America 1. MTHFR 677C->T 1.91(1.19-3.05)
TRR 66A->G 2.57 (1.33-4.99)

mbined MTHFR

6A->G) | 4.08 (1.94-8.56)

O'Leary et al.,2002 ** 48 >T 1.13(0.6-2.2)
G 10.47 (1.4-78.6)

inedMVITHFR
i

Az + 66A->G) 2.98 (1.19-7.46)

Paolo et al., 2003 63 Sighy* = A k1. M 77C->T No significant*

' i R 1298A->C No significant

e, RR 66A->G No significant

3.5(1.2-10.9)

RR
MTR
= (66A->G+2756A->G) 5.0 (1.1-24.1)
* No significant meaniib|s i iffe 0

9 GRAJEF 3B cose an como
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However, Contradictory findings have been published as shown in table 2.

Table 2. Results of previous study that failed to find the association between MTHFR, MTRR and

MTR as the risk for having children with Down syndrome.

Reference Number Study SNPs OR (95 %Cl)

of Case )
Chadefaux etal., 2002 " 85 ///,' PIATHFR 677C->T No significant*
O'Leary et al. 2002 * g s AR 677C>T 113 (06-22)

Stuppia et al., 2002 "’

No significant*

Paolo et al., 2003 *

No significant*

No significant

No significant

L e
* No significant mean no significant@ifigrefces in ¢ ? 3 freque between case and control

2. MTHFR Gene and Geng'pri dﬁj—ﬂ -
The MTHFR gene is locatéd J?&.—‘EE“ I! at1p36.3. The cDNA sequence

. . — . 72 5
is 2.2 kilobases long and appears '5-'-?}"-'? -:; s.” The major product of the

MTHFR gene in humans 8 i, L

MTHER or 5,10%thyle EXSMIM 236250) acts at a

- .
critical metabolic juncture ,' the regulation of cellular methyiétion reactions, catalyzing
the conversion of 5,10- eﬁeﬁ: tr, ﬁﬁai(ﬂrgj tef;irfrofolate, the methyl
donor for the rem lﬂ h % t thi (Figure 19.
n‘idumﬁwmé’a
q
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Figure 1. Simplified folic acid pathwe ,‘ ing HFR, MTRR and MTR

This reaction is important for=i of S-adenosylmethionine (SAM), the
maijor intracellular methyl de ipigh. methylation reactions.
Reduced MTHFR activ '; 1 .*"lf r folic acid to maintain
normal homocysteine remethylationto'r g w ce of sufficient folic acid,
intracellular homocysteine I‘;cﬂjmulated, mew‘ipnine resynthesis is reduced, and

essential methylaﬂ % Hw’} %q Hﬂus%:w E’r’é}ﬂ iomocysteine and a

decrease in methlomne results in a decrgased ration of SAM to s- aden&sylhomocysteme
e @ RAEIAGRIRRAINY G 8

MTHFR Gene Variants

677C->T Allele

The C to T transition mutation at position 677 within the MTHFR gene (677C->T)
causes an alanine to valine substitution in the MTHFR protein and The 677 TT genotype
of the MTHFR gene is associated with reduced in vitro enzyme activity. "7 Relative to

the normal C/C genotype, the specific activity of the MTHFR is reduced approximately
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35 % with the heterozygous C/T genotype and approximately 70% with the homozygous
T genotype.75

Moreover, reduced MTHFR activity has been associated with mild

hyperhomocysteinemia under conditions of impaired folate status %7 and may increase

: 39,76-78 27,68 2 s 79

risk for neural tube defects , Down's Syndrome “ ", cardiovascular disease , and
80-85 ! g i .

some cancers . However, the 677 of: i Ofype s also associated with decreased

. . 8687 \ \\ 1)’

risk of colorectal neoplasias = cute leukemiadi .r- S and malignant Iymphoma

The protective effect of the 6

20 .. wers may be related to the

increased availability of 5,105 B petetrahydro hich is required for normal

DNA synthesis and repair. §
1298A->C Allele
The A to C transitio e MTHFR gene (1298 A->

C) causes a glutamine to anfalafine substi

i he THFR protein and results in
e o M 5 .
decreased in vitro MTHFR activity £Ré! ormal A/A genotype, the specific

activity of the MTHFR is reduced=approxie % with the heterozygous A/C

genotype and approx| Ar.jyrm-m—.—.\_‘ type

In contrast to '.I 6 1288C polymorphism is not

or lower blood folate

concentrations. ﬁugﬁwﬁmﬂ E’frrﬂx?gsc and C677T

polymorphisms, ho@gver, is associated W|th reduced in vitro enzyme actuwty (~40% to

oW TR mum’mmaﬁm .

folate Ievelq in some Preliminary data suggest that the

associated with mcreaseg plasma homocysteme *

A1298C polymorphism and/or combined heterozygosity for the two MTHFR variants may

74,76,

modulate risk for early onset coronary artery disease ¥ neural tube defects * other

. . . 99,100 101 88,89,102
obstetric complications , CL/P " and some cancers.
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3. MTR gene (MS) and Gene product

The MTR gene was mapped to 1942.3-1 q44.'°3 The MTR cDNA probes detected
7.5 and 10-kb transcripts in a range of different human tissues and encodes 1,265

amino acids of protein.

Methionine synthase, a vitamin B12-dependent enzyme catalyzes the

serves as an intermediate methyh & AVE , the cob(l)alamin cofactor of

methionine synthase become 1ze0 to : b(l '. sendering the enzyme inactive.

Regeneration of functional at|on via a reaction in which

S-adenosylmethionine is utilizg

Methionine is an esséhtig \ \\ It is required for protein

synthesis and is a centrl playe f“ \ \ ism. In its activated form, S-
adenosylmethionine, it is gfhe feihy é_ a\ f biologic transmethylation

reactions and the donor of pfopyle ( ine \ esis. The eventual product of

the demethylation of methioniné'is fic

MTR Gene Variants

2756A->G Alle Y ’

: Tl
lu mutation at position 2756 withi ¢ e MTR gene (2756 A->G)

:z:if;;:ﬁi:'@mjﬁm%‘w ki e Rl
- o RSSO

homocysteme. They noted also that defects in MTR activity may play a role in

The A to G transi

tumorigenesis, since approximately 50% of tumor cells require the addition of
exogenous methionine for growth and homocysteine and folate cannot replace
methionine. He concluded that since methionine can only be synthesized by methylation
of homocysteine, the inability of tumor cells to grow on homocysteine suggests that they
have a defect in methionine synthase. In addition, patients of the cbl E complementation

group of disorders of folate/cobalamin metabolism who are defective in reductive
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activation of methionine synthase exhibit megaloblastic anemia, developmental delay,
hyperhomocysteinemia, and hypomethioninemia.

The A2756G polymorphism is associated with decrease activity of methionine
synthase (the specific activity of the MTR was not determine), increase plasma

homocysteine or lower blood folate and methionine concentration.* In addition, Jacques

ith frequent polymorphism that alter the

primary structure of the proteins. and have ubject to extensive analysis of

. . ——
metabolic and disease a 1S ﬁa and premature coronary
; 104 : h =
disease.

4. MTRR gene and

In 1998, Lecler ' \o > the 'methionine synthase

reductase'. Northern bl ene, symbolized MTRR, is

expressed as a predomina ed protein, a novel member of

the FNR family of electron t amino acids with a predicted

molecular mass of 77,700. Thei-MERR ‘ge mapped to 5p15.3-p15.2 by a

combination of somati 1l hybrid analysis and flucrescence ; situ hybridization.
T I\,
| quired for maintenance of

Methionine syn .;:.‘ .
I iy

a functional state. '

oo JHE INENTHENT
A HA A AT B VLA e

66A-G'

the methionine synthase™

The A to G transition mutation at position 66 within the MTRR gene (66 A->G)
causes a isoleucine to methionine substitution in the MTRR protein but results of MTR
activity from this substitution still unknown as same as MTR 2756A->G.

In addition, Jacques et al * suggested that this enzyme had frequent

polymorphism that alter the primary structure of the proteins and have been subject to
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extensive analysis of metabolic and disease associations such as spina bifida’ and

. 104
premature coronary disease.

Folic acid

Folic acid, also as folate, is a B-vitamin that can be found in some enriched

foods and vitamin pills. Excellent so olic acid include nutritional yeast, rice or
wheat germ, legumes and liver dark green leafy vegetables and
nuts.

Moreover, folic & enti vo synthesis of nucleotide
precursors for normal DNR syaffe€is AAd is Al SSE - normal cellular methylation

reactions. Chronic folat 0 has been associated with

abnormal DNA met -

a , altered chromosome
recombination 34'37'106'107, d &b ran '*"du 'M\ gregation. SM1%% On the basic
evidence, Jame et al (1999 , % lHe pos! i ¥ that gene-nutrient interactions
associated with abnormal folate r.—f D hypomethylation might increase

risk of chromosome nondISJunct e
SN

5. Candidate "' ;
-n i
Associa '~ studies with candidate genes e

ave been widely used for the

study of complex dise zi 5’@ a population-based

case-control stn%j i)i |§ ﬂﬁ n ﬁslﬁ %atlstlcal methods. This

approach can be defined as the study of the genefie influences o mplex trait by:
¥

oenray N 6b 0 i i e

the aetnology of the disease; identifying variants in or near those genes that might either

have a role in,

cause a change in the protein or its expression, or be in linkage disequilibrium (LD) with
functional changes; genotyping the variants in a population; and by using statistical
methods to determine whether there is a correlation between those variants and the
phenotype.

Sampling strategies for case-control study, by necessary, identify ethnic

and matching ethnic between cases and controls are performed. Because allele
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frequency differences between cases and controls can appear as disease association,
even if they only reflect the results of evolutionary or migratory history, gender
111

differences, mating practices or other independent processes.

For selection candidate genes, investigators must choose, from a very

large number of potential factors, those factors that are most likely to be involved in the

phenotype. The first step is usually \“ , / @ published studies of the phenotype of
interest for suggestions about \_ﬁ S ang ber of risk factors, or candidate
sdlition, i ge@ht provide information about
genomic regions that can hes@®Xpltred! further. \ studies can be evaluated from

stics, the phenotypic definition

genes, that are involved.

several perspectives, incluyg / Japulz i()

}"“\!

and the number and densif'o =Y \ \ ce can also be evaluated for
the involvement of speéffic géngs gle >\ eCessary to consider carefully

the genes and variants #hat @rafsele ... d 1

dies and the reasons for their

i \
selection. Until recently, a#t might r..f € a gene solely because of the
existence of an easily geno -J;- norph he >fore, it is important to determine

whether any of the variantst 2 ..',_:f_-.ggl._._-_-@.i.gs,-_; 2.3 functional consequence. Finally,

there might be biolg -:-='..-'-'-“'-'r‘=‘—-—T_-ﬁ=1~ dels of the disease of

interest. Expression stueie omatlon about the tissues and

cells that are involved in'tr e disease

ﬁ]ency of at least 1% in
a population. Trﬁ re several types ofnymorphlmre genome single nucleotide
polymor, s Most of the
DNA seiﬁjaﬁnﬁm mﬂi? ﬂlPs ﬁzrmatlon about the

location and type of the sequence variants in a gene can be used to prioritize
polymorphisms. For some polymorphisms, it might be obvious that a DNA variation
changes the function of a protein — for instance, a non-synonymous (missense) variant
that alters an amino acid in a protein, or a nonsense change that results in a premature
stop codon. These types of polymorphism account for most known disease
associations, and therefore they should be given the highest priority for genotyping in

candidate-gene studies.
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6. The association study112

The association for SNPs and diseases is determined by the statistical
methods. Relative risk or odds ratios for is used for determine SNPs is a risk factor for

diseases. This association is described with:

1) Natural selection; people who have disease might be more likely to

survive and havech hey also have A allele.

2) Direct ca ' markers you susceptible to
diseasewhuateie-i er @or sufficient for individuals to

develop disgaSarbu “m’fl 0od. Also, A allele is expected

to assocjafe Isedselin any. ._\* ions unless the causes of
the diseg

3) Linkafe diSe /hu; Al q sociation is the association
of clgged . 3. ,' 156 | thesisl that most disease-bearing

chromogbmé in the:population & escended from one or a few
et

ancestor | he cause of association, there

should be a generne A locus that has mutation in people

. A

i disease. The particular all ele=at4A) locus (A, A,,...) that is
'. )
a Fn ed different population. -

.,I
il
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