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Abstract: Cystathionine beta synthase (CBS) and Methionine synthase (MS) maintains the level of
homocysteine in blood. Our objective was to study the genetic association of CBS 844ins68 and MS
D919G polymorphism with early pregnancy loss (EPL) and Recurrent pregnancy loss (RPL). We
investigated 174 EPL patients in which 130 were RPL patients and 180 healthy controls. Genotyping was
done through PCR-RFLP for MS D919G polymorphism whereas that for CBS 844ins68 was performed in
duplex PCR reaction. Age adjusted odds ratios (AORs) were calculated by logistic regression analysis. The
CBS 844ins68 was found to have protective effect rather than having risk for RPL (AORs = 0.49, 95%
Cl=0.22-1.08, p=0.07). The MS D919G polymorphism also did not differ significantly between patients and
controls. This is the first study to see the association of CBS and MS with EPL and more study in ethically
different population is needed to confirm its association with EPL.
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INTRODUCTION

Folate deficiency increases the risk of fetal loss
through defective chorionic villi vascularization'.
Hyperhomocysteniemia in plasma is caused either by
genetic defect in the enzyme involved in homocysteine
metabolism or by nutritional deficiency’.
Hyperhomocystenemia leads to autooxidation and
hydrogen peroxide generation which damages the
endothelium and causes vascular injury and is

considered as risk factor for recurrent pregnancy loss "
35

Homocysteine is a sulfydril amino formed by the
catabolism of methionine. Homocysteine can either be
converted to cystathionine by the enzyme CBS (the
transulfuration pathway), or it can be methylated to
form methionine by the enzyme MS (the remethylation
pathway), using 5, methyltetrahydrofolate as a methyl
donor, which is converted from 5, 10 methylene
tetrahydrofolate by the enzyme 5, 10 methylene
tetrahydrofolate reductase (MTHFR). Transulfuration
of homocysteine catalyzed by C(BS lead to the
production of cystathione.

The CBS 844ins68 polymorphism was firstly
reported as a novel mutation in an Italian patient with
classic homocystinuria due to CBS deficiency®. The
patient was heterozygous (I/N) for the mutation.
Insertion (I allele) previously thought to cause
premature termination codon in the CBS mRNA, is now
known to have normal size mMRNA®. Moreover, | allele
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is found to be associated with reduced level of plasma
homocysteine and subsequently lowered risk of
developing  atherosclerotic  andfor  thrombotic
diseases®®. MS maintain the adequate intracellular
methionine and normal homocysteine concentration by
remethylating homocysteine to methionine. D919G a
missense mutation in the MS gene is found to be
common in the general population and leads to mild
hyperhomocysteinaemia'®. Folate metabolizing genes
play an imperative role in early pregnancy
establishment and  maintenance. Hence we
hypothesized that nucleotide variations in CBS and MS
may affect the outcome in pregnant women,
particularly the risk of miscarriage.

We had previously studied the effect of the MTHFR
C677T polymorphisms in an Indian cohort and found
that the homozygosity for the MTHFR C677T
polymorphism confers a 6.3-fold increased risk of
idiopathic RPL". In the present study we investigated
CBS 844ins68 and MS D919G polymorphisms of folate
metabolic pathway both alone and in combination to
see its association with early pregnancy loss.

MATERIALS AND METHODS
Early pregnancy loss is defined as miscarriage
before twelve weeks of gestation and recurrent
pregnancy loss is defined as three or more consecutive
early pregnancy losses (before 12 weeks’ gestation)
after conceiving from the same partner. In a hospital
based case-control study, we recruited 191 EPL women
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who had miscarriages before 12 weeks of gestation as
cases and 180 healthy fertile women with successful
pregnancy outcome and no history of pregnancy
related complications as controls. The patients were
enrolled between July 2009 and March 2012. Patients
and controls were recruited from Out Patient
Department of the University Hospital, Department of
Obstetrics and Gynaecology, Institute of Medical
Sciences, Banaras Hindu University (BHU), Varanasi,
India. Questionnaire was filled up for each patient to
record details of their lifestyle, habits and family
history. Informed consent was obtained from all
participants before their enrollment in the study.
Women having prior miscarriage were investigated by
a routine work up, including testing for chromosomal
aberrations, uterine abnormalities, hormonal status,
positive  lupus anticoagulant or anticardiolipin
antibodies or TORCH. Patients who experienced
miscarriage for first time were analyzed only for
chromosomal abnormality. 17 patients due to
anatomic, hormonal, chromosomal, infectious,
autoimmune, or thrombotic causes were excluded
after standardized clinical and laboratory evaluation.
Among seventeen patients, four represented
polycystic ovaries, three were anticardiolipin antibodies
positive, one was both lupus anticoagulant and
anticardiolipin antibodies positive, four were TORCH
positive, one with arcuate uterus, one with septate
uterus and one had hypothyroidism. Karyotype analysis
revealed two patients with abnormal numerical
chromosome complement. Two patients had Mosaic
(46, XX and 45, XO) karyotype. After exclusion of 17
patients with above mentioned known causes of
abnormality, genotype analysis was conducted on
remaining 174 patients and all 180 controls. Among 174
cases thus selected, 130 had at least three prior
miscarriages (RPL group), 33 had two prior miscarriage
and 11 experienced miscarriage for the first time. All the
subjects included in this study belong to the eastern
Uttar Pradesh province of North India and fall within
the same ethnic group. Characteristic of patients and
controls are presented in Table.1. Approval of the
University’s Ethical Committee for research on human
material was obtained.

Table.1: Characteristic of RPL patients and Controls

group

S.No Parameters Patients Controls

1 Mean age 26.52(*4.177)  30.64 (*4.56)

2 Ethnicity North Indian ~ North Indian

3 Previous miscarriages Mean 4 (3-7) N.A

4 No. of live births 0 2

5 Smokers None None

6 Alcohol consumers None None
Genotyping for CBS844ins68, D919G MS

polymorphisms:
Genotyping of MS D919G was done using
polymerase chain reaction (PCR) for amplification
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followed by restriction fragment length polymorphism
(RFLP) whereas of CBS 844ins68 was performed in
duplex PCR reaction systems. In each reaction, 50 ng of
genomic DNA was amplified in 1X of PCR buffer
containing 200uM dNTPs and their respective forward
and reverse primers containing 0.5U of Tag DNA
polymerase. All reactions were conducted in an oil-free
thermal cycler (Thermal Cyclers, BioRad Inc.) The
amplified products were electrophoresed on 2%
agarose gels containing ethidium bromide and the
product bands were visualized under ultraviolet light.
The presence of functional CBS 844ins68 gene was
determined by a band of the expected size. Variant
allele of MS was characterized by a gain of restriction
site upon digestion with Haelll. (Figure.1).
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Figure.1. Genotype patterns of the four polymorphisms
displayed by agarose gel electrophoresis. M -
pUC/Hinfimarker for A, 100 bp DNA ladder for B (A)
Genotype patterns of the CBS 844ins68 polymorphism.
Lane 2, 3, 7 &8, I/N genotype; lanes 4 to 7, N/N genotype.
(B) Genotype patterns of the MSD919G SNP. Lane 3 & 7,
A/A genotype; lane 5 & 6, A/G genotype; and lane 2 & 4,
G/G genotype.

Statistical analysis:

Statistical significance of the differences in the
frequency of genotypes using the chi-square test,
crude odds ratio (ORs) at 95% confidence interval (95 %
Cl) were calculated to assess the relative risk conferred
by the mutant genotype. In addition, unconditional
logistic regression was done to done to calculate age
adjusted odds ratios (AORs). Logistic regression
analysis and calculation of confidence intervals was
done using logistic regression online statistical
calculator (www.statpages.org/logistic.ntml). Power of
study was calculated using G* power™. All statistical
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tests were two-sided, and P < 0.05 was considered
statistically significant. The allele frequencies of all
genotypes were in Hardy-Weinberg equilibrium.

RESULT
Association of CBS 844ins68, MS
polymorphism with RPL:

For 68 base pair insertion CBS polymorphisms,
Insertion allele was found to be more in controls
compared to cases however no significant association
was found with EPL or RPL group. There was no
homozygous state of the insertion allele (I/I genotype)
for the CBS 844ins68 polymorphism in the 354
individuals tested. As the study population groups
differed in age, AORs was calculated. The calculated
AORs of the CBS 844ins68 versus the wild NN

D919G,
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genotypes is given in Table 2. In contrast, MS D919G
the frequency of homozygote GG were 6.9% and 7.22%,
and that of heterozygote was 42.53% and 38.89% in
patients and controls respectively in EPL group. The
comparison of genotype distribution and allele
frequencies showed no significant difference between
EPL & RPL patients and the controls (Table 2). The
genotype frequencies for all the polymorphisms were
in agreement with the Hardy-Weinberg equilibrium in
patients as well in controls. Combined analysis of CBS
844ins68 and MS D919G also found no significant
association with EPL & RPL. No statistically significant
interaction of genotype with the confounding factors
age was observed (data not shown).

Table.2: Genotype and allele frequencies of the CBS 844ins68 and MS D919G polymorphisms among the cases and

controls and their associations with risk of EPL & RPL

Adjusted Odds Ratio

Cases Controls Crude Odds Ratio (95%Cl) p-value (95%C1) p-value
EPL CBS 844ins68
NN 154/174 154/180 1.0
0.77 0.78
NI 20/174 26/180 (0.41-1.43) 0.40 (0.411.48) 0.45
CBS 844ins68
RPL NN 120/130 154/180 1.0
0.51 0.49
NI 10/130 26/180 (0.25-1.04) 0.06 (0.221.08) 0.07
EPL MS D919G
DD 88/174 97180 1.0
1.16 1.18
DG 1 0/180 0. 0.
741174 70/ (0.751.79) 49 (0.751.85) 45
1.01 1.09
GG 12/1 13/180 0.96 0.8
h74 3 (0.44-2.34) 9 (0.46-2.57) 3
RPL MS D919G
DD 64/130 97/180 1.0
1.17 1.21
DG 57/130 70/180 (0.73.88) 0.38 (0.741.96) 0.43
1.00 1.07
GG 9/130 13/180 (0.40-2.47) 0.91 (0.42-2.69) 0.87

The difference in frequencies between the case and control groups was analyzed for statistical significance at the
95% confidence interval using chi square test. Odds ratios (ORs) were calculated and reported within the 95%
confidence limits. Unconditional logistic regression was done to adjust for age *Adjusted for age groups,

*statistically significant (P <0.05).

DISCUSSION AND CONCLUSION
Hyperhomocysteinemia is an independent risk
factor for recurrent pregnancy loss'. Hyperhomo
cysteinaemia leads to the generation of reactive
oxygen species and damages the vascular endothelium
resulting in placental vasculopathy and endothelial
dysfunction™™. Studies both in vivo and in vitro have
found alter activity of many clotting proteins on the
endothelial cell surface’™". In our previous study, we
found significant association of MTHFR 677 T mutant
allele with RPL ", which is supported by several
others'®" including a meta-analysis®. In the present
study, we investigated case-control association of CBS
844ins68, MS D919G, gene polymorphism and risk of

pregnancy loss. This is the first study to see the
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association of CBS 844ins68 and MS D919G with
pregnancy loss.

CBS and MS act in concert with MTHFR and are the
key enzymes regulating plasma homocysteine level. In
the present study, the | allele for the CBS 844ins68
polymorphism was only present as the I/N
heterozygous genotype in the 474 individuals. A
previous study showed that the insertion was found to
be more in controls compared to patients in Portland
population”. However, the difference was not
statistically significant hence no association with the
coronary artery disease was found. Since CBS | allele is
found to have reduced level of plasma homocysteine
level it might be having protective effect rather than
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having risk®?%. As previously studied in both American
and Japanese population MS D919G mutation was
found to be common and in our population also it
seems to be prevalent'®?. Thus apparently it seems to
be unaffected by ethnic differences.

CONCLUSION
The present study signifies the CBS 844ins68 as
protective effect for RPL however the difference was
statistically non-significant. This is the first study to see
the association of CBS and MS with pregnancy loss risk
and further studies in ethnically different population is
needed to validate its role with EPL.

REFERENCE
1. Nelen WL, Bulten J, Steegers EA, Blom HJ, Hanselaar AG, Eskes
TK, Maternal homocysteine and chorionic vascularization in
recurrent early pregnancy loss Hum Reprod, 2000, 15, 954-60.

2. Stover JP, Nutritional Genomics Physiol Genomics, 2004, 16, 161-
165.

3. Dimitrova KR, Degroot KW, Myers AK, Kim YD, Estrogen and
homocysteine cardiovascular research Cardiovasc Res, 2002, 53,
577-588.

4. Dimitrova KR, DeGroot KW, Pacquing AM, Suyderhoud JP,
Pirovic EA, Munro TJ Wieneke JA, Myers AK, Kim YD, Estradiol
prevents homocysteine-induced endothelial injury in male rats
Cardiovasc Res, 2002, 53, 589-96.

5.  Dimitrova KR, DeGroot KW, Suyderhoud JP, Pirovic EA, Munro
TJ, Wieneke Myers AK, Kim YD, 17-beta estradiol preserves
endothelial cell viability in an in vitro model of homocysteine-
induced oxidative stress J Cardiovasc Pharmacol, 2002, 39, 347-
53.

6. Sebastio G, Sperandeo MP, Panico M, de Franchis R, Krans JP,
Andria G, The molecular basis of homocystinuria due to
cystathionine synthase deficiency in Italian families, and report
of four novel mutations Am J Hum Genet, 1995, 56, 1324-1333.

7. Tsai M.Y, Bignell M, Schiwichtenberg K, Hanson IV, High
prevalence of a mutation in thecystathionine synthase gene
Am J Hum Genet, 1996, 59, 1262-1267.

8.  Tsai MY, Bignell M., Yang F, Welge BG, Graham KJ, Hanson NQ,
Polygenic influence on plasma homocysteine: association of
two prevalent mutations, the 844ins68 of cystathionine
synthase and A2756G of methionine synthase, with lowered
plasma homocysteine levels Atherosclerosis, 2000, 149, 131-137.

9. Tsai MY, Yang F, Bignell M, Aras O, Hanson NQ, Relation
between plasma homocysteine concentration, the 844ins68
variant of the cystathionine synthase gene, and pyridoxals’
phosphate concentration Mol Genet Metab, 1999, 67, 352-356.

International Journal of Bioassays, 2013, 02 (03), 503-505

20.

21.

22.

23.

Leclerc D, Campeau E, Goyette P, Adjalla CE, Christensen B, Ross
M Eydoux P, Rosenblatt DS, Rozen R, Gravel RA, Human
methionine synthase: <DNA cloning and identification
ofmutations in patients of the cblG complementation group of
folate/cobalamin disorders Hum Mol Genet, 1996, 5, 1867-1874.

Nair RR, Khanna A, Singh K, MTHFR C677T polymorphism and
recurrent early pregnancy loss risk in North Indian Population
Reprod Sci, 2010, 19, 210-215.

Faul F, Erdfelder E, Buchner A, Lang AG, Statistical power
analyses using G*Power 3.1: Tests for correlation and regression
analyses Behav Res Methods, 2009, 41, 1149-1160.

van der Molen EF, Arends GE, Nelen WL, van der Put NJ, Heil SG,
Eskes TK, Blom HJ, A common mutation in the 5,10-
methylenetetrahydrofolate reductase gene as a new risk
factorfor placental vasculopathy Am J Obstet Gynecol, 2000,
182, 1258-1263.

Herrmann W, Knapp JP, Hyperhomocysteinemia: a new risk
factor for degenerative diseases Clin Lab 2002, 48, 471-481.

Geisel J, Jodden V, Obeid R, Knapp JP, Bodis M, Herrmann W,
Stimulatory effect of homocysteine on interleukin-8 expression
in human endothelial cells Clin Chem Lab Med, 2003, 41, 1045-
1048.

Lawrence de Koning AB, Werstuck GH, Zhou J,
Hyperhomocysteinemia and its role in the development of
atherosclerosis Clin Biochem, 2003, 36, 431-441.

Austin  RC, Lentz SR, Werstuck GH, Role of
hyperhomocysteinemia in endothelial dysfunction and
atherothrombotic disease Cell Death Differ, 2004, 11, S56-S64.

Nelen WL, Steegers EA, Eskes TK, Blom HJ, Genetic risk factor
for unexplained recurrent early pregnancy loss Lancet, 1997,
350, 861.

Unfried G, Griesmacher A, Weismuller W, Nagele F, Huber JC,
Tempfer CB, The C677T polymorphism of the
methylenetetrahydrofolate reductase gene and idiopathic
recurrent miscarriage Obstet Gynecol, 2002, 99,614-9.

Ren A, Wang J, Methylenetetrahydrofolate reductase C677T
polymorphism and the risk of unexplained recurrent pregnancy
loss: A meta-analysis Fertil Steril, 2006, 86(6), 1716-22.

Kruger WD, Evans AA, Wang L, Malinow MR, Duell PB, Anderson
PH Block PC, Hess DL, Graf EE, Upson B, Polymorphism in the
CBS gene associated with the decreased risk of coronary
disease and increased responsiveness to total homocysteine
lowering by folic acid Mol Genet Metab, 2000, 70, 53-60.

Hayes JD, Strange RC, Glutathione S-transferase polymorphisms
and their biological consequences Pharmacol, 2000, 61, 154-166.

Morita H, Kurihara H, Sugiyama T, Hamada C, Kurihara Y, Shindo
T Oh-hashi Y, Yazaki Y, Polymorphism of the methionine
synthase gene, Association with homocysteine metabolism and
lateonset vascular diseases in the Japanese population
Arterioscl Throm Vas, 1999, 19, 298-302.

Source of support: Nil
Conflict of interest: None Declared

www.ijbio.com 506



