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ABSTRACT
Haplotype analysis is the study of the origin of linked alleles set occurring on the same chromosome.
Linkage disequilibrium (LD) is a population-based parameter that determines the inheritance or correla-
tion between alleles of nearby genetic variants within a given population. The measurement of LD is
important for biomedical research and is used in a wide range of applications. The study aimed to detect
the true genetic effects of MTHFR polymorphisms that require a specific allele at several single nucleotide
polymorphisms (SNPs) by using haplotype-based methods for analyzing all SNPs associated with recur-
rent thrombosis concurrently. This prospective case-control trial included 58 Iraqi patients (43 males and
15 females) aged between 20 and 64 years who suffered from different cardiovascular and thromboem-
bolic disorders. The control group included 52 subjects composed of 41 males and 11 females without any

thrombotic event history. The biochemical analysis of baseline homocysteine level, vitamin B12, and folic
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acid level and the genetic polymorphism of MTHFR for two specific variants C677T and A1298C were
performed. The haplotype block CA was more frequent among the control group than in the patient group
(55.77% versus 35.34%) with a significant difference (OR [odds ratio] = 0.32, 95%CI [confidence inter-
vals] = 0.17-0.61, p < 0.001). In contrast, the haplotype block CC was more common in the patient group
(41.38%) than in the control group (20.19%) with a significant difference (OR = 3.11, 95%CI = 1.63-5.93,
p < 0.001). The SNP C677T was in a strong LD (the measure D’ was 0.83) with A1298C. Seven haplog-
enotypes were identified: MIM1, MIM2, MIM3, M1M4, M2M2, M3M3, and M2M4. The most common
haplogenotype was M1IM2 (CC/AC) representing 24.55% of the total participants and was considered as
the wild genotype. The haplogenotype M1M1 (CC/AA) was more frequent in the control group than in the
patient group (32.69% vs. 6.9%) with a significant difference (OR = 0.14, 95%CI = 0.89-27.6, p = 0.004). In
contrast, the haplogenotype M2M?2 (CC/CC) was more frequent among the patient group (10.34%) than in
the control group (3.85%) with a significant difference (OR = 3.82, 95%CI = 1.26—-14.5, p = 0.018).

The homozygous mutant genotype (CC) of the A1298C polymorphism was more common in patients with
recurrent thrombosis than in those without recurrent thrombosis (33.33% vs. 12.9%) with a significant dif-
ference (OR = 3.8, 95%CI = 1.04-17.034). The most common recurrent thrombosis frequency for MTHFR
combined genotypes was CC/CC and CT/AA (66.66%) from all cases, despite two-thirds of these cases
being treated with aspirin or clopidogrel for secondary prevention of myocardial infarction and ischemic
stroke. Other cases included were CC/AC (18.51%) and TT/A A (7.41%), as well as one case (3.71%) for each
of CT/AC and CC/AA. The total percentage of CC/AC, TT/AA, CT/AC, and CC/AA for recurrent thrombo-
sis cases was 33.34%, although 77.8% of these cases used aspirin or clopidogrel for secondary prevention of
myocardial infarction and ischemic stroke. The median homocysteine in patients with recurrent thrombosis
was higher than in those with no such disorder (75.5 umol/L vs. 35.75 umol/L), with a significant difference.
The presence of C allele from the first SNP (CT) and A allele from the second SNP (AC) and the presence
of CC/A A genotypes for two variants in individuals are considered as protective factors for exposure risk of
ischemic heart disease, ischemic stroke, and venous thromboembolism. The individuals carrying C allele
from the first SNP and C allele from the second SNP and those carrying CC/CC genotypes for two variants
are at 3.11- and 3.82-fold risk of disease exposure respectively, compared to those carrying CC/AA geno-
types. The SNP C677T was in a strong LD (the measure D’ was 0.83) with A1298C. Individuals carrying

CC homozygous genotype of A1298C are at a 3.8-fold risk of recurrent thrombosis than those with AA wild
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genotype of the same SNPs due to high levels of homocysteine. This highlighted the role of homocysteine

in atherogenic process, indicating that moderate-to-severe level of homocysteine is a potential risk factor

for hypertension, cardiovascular disease, and stroke.

Keywords: Haplotype, linkage disequilibrium, haplogenotype, recurrent thrombosis

INTRODUCTION

A haplotype is the combination of alleles for
different polymorphisms that occur on the same
chromosome and for any given extent of chromo-
somal DNA in individuals. Haplotype analysis is
the study of the origin of linked alleles set occurring
on the same chromosome.!

Linkage disequilibrium (LD) is a population-
based parameter that determines the inheritance or
correlation between alleles of nearby genetic vari-
ants within a given population. The measurement of
LD is important for biomedical research and is used
in a wide range of applications.?

Methods based on single nucleotide polymor-
phisms (SNPs) have low power for detecting a true
genetic effect that requires a specific allele at several
SNPs. This can be detected by using haplotype-based
methods for analyzing all SNPs concurrently.

OBJECTIVE

The study aimed to detect the true genetic
effects of MTHFR polymorphisms that require
a specific allele at several SNPs by using haplo-
type-based methods for analyzing all SNPs associ-
ated with recurrent thrombosis concurrently.

SUBJECTS AND METHOD
Study design
This prospective case-control trial con-

ducted from September 2020 to September 2021
included 58 Iraqi patients (43 males and 15 females,

forming the patient group) aged between 20 and
64 years with different cardiovascular and throm-
boembolic disorders at different wards in Ibn
Al-Bitar Specialized Center for Cardiac Surgery,
Al-Imamein Al-Kadhimaein Medical City, and
Dr. Saad Al-Watri Hospital for Neurosciences. The
control group included 52 subjects (41 males and 11
females) without any thrombotic event history.

The biochemical analysis of baseline homo-
cysteine level, vitamin B12, and folic acid level and
the genetic polymorphism of MTHFR for two spe-
cific variants C677T and A1298C were performed
in the pioneer molecular pathology laboratory. This
study obtained approval from the scientific commit-
tee in the College of Pharmacy at the University of
Mustansiriyah and the scientific and administrative
committee in the Ministry of Health. All partici-
pants submitted written consent.

Inclusion criteria

The patients were screened and selected based
on the following inclusion criteria: (1) patients with
ischemic heart disease and myocardial infarction, who
were diagnosed under the supervision of cardiologist
subspecialties; (2) transient ischemic attack or ischemic
stroke patients under the supervision of neurologist sub-
specialties; and (3) patients with venous thromboembo-
lism (deep vein thrombosis and pulmonary embolism)
under the supervision of cardiologist subspecialties.

Exclusion criteria
The patients with any condition that may
interfere with the study protocol were excluded,
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including: (1) patients with venous thromboembo-
lisms having a history of risk factors of previous
surgical procedure, bone fracture, and malignancy;
(2) patients with chronic renal failure; and (3) patients
of Alzheimer or Parkinson disease.

MATERIALS

Table 1 lists the kits used in this study.

METHOD

EDTA anti-coagulated blood (2-mL sample)
samples were obtained from participants and the
whole blood sample was used for the analysis. The
allele-specific real-time PCR technique (quan-
titative real-time PCR) was used for detecting
MTHFR genetic polymorphism (wild, heterozy-
gous, homozygous) in two specific variants (C677T
and A1298C) as SNP to assess allele frequency or
genotype distribution (CC,TT,CT and AA,CC,AC
respectively).

Detection of SNPs

DNA purification was required to remove the
blood constituents such as hemoglobin that could
interfere with the acquisition of the fluorescence
signals. SNPs were detected in untreated whole

blood and serum by using a real-time PCR assay
applied to MTHFR C677T and MTHFR A1298C
polymorphisms.>~ Table 2 shows the primers and
probes for genotyping of SNPs to MTHFR.3

Statistical analysis

Statistical analyses were performed using SPSS
software version 25.0 (SPSS, Chicago). Data with
non-normal distribution were presented as median
and range and analyzed using the Kruskal-Wallis
test (for three groups’ comparison). Categorical
variables were expressed as number and percent-
ages, and analyzed with Chi-square test.

TABLE 1. Kits used in the study.
Kits Manufacturer | Origin
Bosphore Anatolia Turkey
thrombophilia Genework
detection kit
Homocysteine Elabscience China
colorimetric assay kit
Human folic acid Bioassay China
ELISA kit Technology
Human vitamin B12 Bioassay China
ELISA kit Technology

Bosphore thrombophilia detection kit used in this study
consisted of real-time polymerase chain reaction (PCR)
reagents.

TABLE 2. Primers and probes for genotyping of SNPs to MTHFR.
Gene and genotype | Primer/Probe Reporter Sequences
MTHFR Primer forward TGACCTGAAGCACTTGAAGGAGAA
Primer reverse GGAAGAATGTGTCAGCCTCAAAGA
C677T Probe C FAM ATGAAATCGGCTCCCG
Probe T TET ATGAAATCGACTCCCG
MTHFR Primer forward GGAGGAGCTGCTGAAGATGTG
Primer reverse TCTCCCGAGAGGTAAAGAACAAA
A1298C Probe A FAM AAAGACACTTICTTCACTG
Probe C TET AGACACTTGCTTCACTG

FAM is 6-carboxyfluorescein whereas TET is 6-carboxy-4,7,29,79 tetra-chloro-fluorescein. The variant base in underlined.

The sequence is 5’ to 3.
SNP, single nucleotide polymorphism.
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The Hardy-Weinberg Equilibrium (HWE)
was used for calculating the genetic variation of a
population at equilibrium. The deviation of differ-
ent genotypes from HWE was calculated online
(https://www.easycalculation.com/health/hardy-
weinberg-equilibrium-calculator.php). If there is no
deviation between observed genotype frequencies
in a population and the frequencies predicted by the
equation, the genotype frequencies in a population
are in good accordance with HWE.®

Haplotype analysis was performed utilizing
structural and functional genomic information for
improving the accuracy of genomic prediction. LD
analysis was done by calculating Lewontin’s D’ for
the association of genetic polymorphisms using
SHEsis software platform.’

The association of different genotypes and
alleles frequency with the diseases was evaluated
using the odds ratio (OR), for determining the risks
of genetic mutation, and binary logistic regression
for calculating the corresponding 95% confidence
intervals (CI). A p-value less than 0.05 indicated a
statistically significant difference.

RESULTS AND DISCUSSION

Haplotype analysis of MTHFR
As the two polymorphisms are located on the
same gene, haplotype blocks were formed by com-
bining each allele in the first SNP (C677T) with
another allele from the second SNP (A1298C).
These haplotype blocks were constructed using
SHEsis software. Table 3 shows the most frequent

TABLE 3. Most frequent haplotype blocks.

haplotypes in the patient and control groups. The
haplotype block CA was more frequent among the
control group than in the patient group (55.77% vs.
35.34%) with a significant difference (OR = 0.32,
95%CI = 0.17-0.61, p < 0.001). In contrast, the hap-
lotype block CC was more common in the patient
group (41.38%) than in the control group (20.19%)
with a significant difference (OR = 3.11, 95%CI =
1.63-5.93, p < 0.001). Although the haplotype block
TA was more common among the control group
than in the patient group (27.88% vs. 18.1%), the
difference was not statistically significant.

The presence of C allele from the first SNP
(CT) and A allele from the second SNP (AC) in
individuals is considered a protective factor against
exposure risk of ischemic heart disease, ischemic
stroke, and venous thromboembolism. The indi-
viduals carrying C allele from the first SNP and C
allele from the second SNP are at a 3.11-fold risk
of disease exposure than those carrying CC/AA
genotypes.

Linkage disequilibrium

Figure 1 displays the results of LD analysis. LD
plot was constructed using combined genotype data
from all individuals (patient and control group). The
SNP C677T was in a strong LD (the measure D’ was
0.83) with A1298C.

Haplogenotypes for two variants of MTHFR
Different haplogenotypes are formed by com-

bining each allele in the first SNP (C677T) with

another allele from the second SNP (A1298C).

Haplotype blocks Patient group Control group P OR (95%CTI)
(n =116) (n =104)

CA 41 (35.34%) 58 (55.77%) <0.001* 0.32 (0.17-0.61)

CC 48 (41.38%) 21 (20.19%) <0.001* 3.11 (1.63-5.93)

TA 21 (18.1%) 29 (27.88%) 0.860 0.57 (0.30-1.08)

Data presented as number of patients (n) and percentage (%) for categorical variables.

Binary logistic regression for categorical variables.

P >0.05 is considered nonsignificant, *P < 0.05 is considered significant.
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Accordingly, CA was represented and proposed as
M1 and CC was represented and proposed as M2,
whereas TA and TC were elucidated as M3 and M4,
respectively. This study identified seven haplog-
enotypes, namely M1IM1, MIM2, MIM3, M1M4,
M2M2, M3M3, and M2M4. The most common
haplogenotype was MIM2 (CC/AC) representing
24.55% of the total participants and was considered
as the wild genotype. Table 4 presents the haplogen-
otypes distribution.

C677T
N A1298C

FIGURE 1. Linkage disequilibrium pattern in the
MTHFR gene. The red area indicates strong linkage
disequilibrium. The maximum D’ value is 1.

The haplogenotype MIM1 (CC/AA) was more
frequent in the control group than the patient group
(32.69% vs. 6.9%) with a significant difference (OR
=0.14, 95%CI = 0.89-27.6, p = 0.004). In contrast,
the haplogenotype M2M2 (CC/CC) was more fre-
quent among the patient group (10.34%) than the
control group (3.85%) with a significant difference
(OR =3.82, 95%CI = 1.26-14.5, p = 0.018).

The presence of CC/A A genotypes for two vari-
ants in individuals is considered a protective factor
against exposure risk of ischemic heart disease,
ischemic stroke, and venous thromboembolism. The
individuals carrying CC/CC genotypes for two vari-
ants are at a 3.82-fold risk of disease exposure than
those carrying CC/AA genotypes.

Association of gene polymorphisms with recurrent
thrombosis

This study investigated two SNPs of the
MTHFR gene (C677T and A1298C) for their asso-
ciation with recurrent thrombosis incidence for dif-
ferent diseases.

For the C677T variant, the distribution of dif-
ferent genotypes and alleles frequencies was com-
pared between patients with and without recurrent
thrombosis. As Table 5 shows, there are no signifi-
cant difference.

However, the homozygous mutant genotype (CC)
of the A1298C polymorphism was more common in

TABLE 4. The frequency of MTHFR haplogenotypes in the patient and control groups.

Haplogenotypes Patients group Control group P OR (95%CI)
(n =58) (n=152)

MI1M2 (CC/AC) 17 (29.31%) 10 (19.23%) 0.014* 1.0
MI1M1 (CC/AA) 4 (6.9%) 17 (32.69%) 0.004* 0.14 (0.89-27.6)
MIM3 (CT/AA) 13 (22.41%) 12 (30.06%) 0.425 0.64 (0.52—4.74)
M1M4 (CT/AC) 6 (10.34%) 6 (11.54%) 0.449 0.59 (0.43-6.72)
M2M2 (CC/CC) 13 (22.41%) 2 (3.85%) 0.018* 3.82 (1.26-14.5)
M3M3 (TT/AA) 5 (8.62%) 2 (3.8%) 0.865 1.31 (0.13-5.51)
M2M4 (CT/CC) 0 (0%) 3 (5.77%) 0.182 0.2 (0.46-55.8)

Data presented as number of patients (n) and percentage (%) for categorical variables.

Binary logistic regression for categorical variables.

P v>0.05 is considered non-significant, *P < 0.05 is considered significant.
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TABLE 5. The frequency of different genotypes and alleles of C677T polymorphism in patients with

and without recurrent thrombosis.

Co677T No recurrent thrombosis | Recurrent thrombosis P OR (95%CI)
(m=31) m=27)

Genotypes

CcC 19 (61.29%) 15 (55.56%) 0.800 1.0

CT 9 (29.03%) 10 (37.04%) 0.862 1.18 (0.17-8.02)

TT 3 (9.68%) 2 (7.4%) 0.617 1.67 (0.23-12.35)
Dominant model

CC+CT 28 (90.32%) 25 (92.59%) 0.759 1.0

TT 3 (9.68%) 2 (7.4%) 0.568 0.75 (0.12-4.84)
Recessive model

CC 19 (61.29%) 15 (55.56%) 1.0

CT+TT 12 (38.71%) 12 (44.44%) 1.27 (0.44-3.61)
Alleles

C 47 (75.81%) 40 (74.07%) 0.830 1.0

T 15 (24.19%) 14 (25.93%) 1.1 (0.47-2.54)

Data presented as number of patients (n) and percentage (%) for categorical variables.

Binary logistic regression for categorical variables.

P >0.05 is considered nonsignificant, *P < 0.05 is considered significant.

patients with recurrent thrombosis than in those with-
out recurrent thrombosis (33.33% vs. 12.9%) with
a significant difference (OR = 3.8, 95%CI = 1.04—
17.034). Neither the dominant nor the recessive model
showed significant association indicating a co-domi-
nant inheritance as shown in Table 6.

The individuals carrying CC homozygous gen-
otype of A1298C are at a 3.8-fold risk of recurrent
thrombosis than those carrying AA wild genotype
of the same SNPs. A recent study discussed modi-
fiable risk factors and combination of genetic fac-
tors for recurrent ischemic stroke, concluding that
cumulative effect of both risk factors and genetic
factors were associated with recurrent ischemic
stroke.® Another study revealed that patients with
genetic predisposition had a significantly increased
risk of recurrence of thrombotic events.” A case
report by Alexandru Bostan described a 29-year-
old female patient, who developed thrombophlebi-
tis during the 17th week of her second pregnancy,
which later complicated to right deep vein thrombo-
sis in her 24th week of pregnancy and was treated
with enoxaparin. After delivery, the patient suffered

from cerebral vein thrombosis after third day post-
partum. Upon investigation, the patient carried het-
erozygous mutation of MTHFR A1298C genotype."°

Observation of combined genotypes with recur-
rent thrombosis and history of anti-platelets

Of the participants, 27 cases from the patient
group recorded for recurrent thrombosis with dif-
ferent diseases. Table 7 lists these cases as com-
bined genotypes.

The most common recurrent thrombosis fre-
quency for MTHFR combined genotypes was CC/
CC and CT/AA (66.66%) from all cases, despite
two-thirds of these cases being treated with aspi-
rin or clopidogrel for secondary prevention of myo-
cardial infarction and ischemic stroke. Other cases
included were CC/AC (18.51%) and TT/AA (7.41%)),
as well as one case (3.71%) for each of CT/AC and
CC/AA. The total percentage of CC/AC, TT/AA, CT/
AC, and CC/AA for recurrent thrombosis cases was
33.34%, although 77.8% of these cases used aspirin
or clopidogrel for secondary prevention of myocar-
dial infarction and ischemic stroke. A recent study
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TABLE 6. The frequency of different genotypes and alleles of A1298 polymorphism in patients with
and without recurrent thrombosis.

A1298C No recurrent thrombosis Recurrent thrombosis P OR (95%CI)
(n=31) n=27)

Genotypes

AA 10 (32.26%) 12 (44.44%) 0.036* 1.0

AC 17 (54.84%) 6 (22.22%) 0.394 0.32 (0.12-1.18)

CcC 4 (12.9%) 9 (33.33%) 0.016* | 3.8 (1.04-17.34)
Dominant model

AA+AC 27 (8.71%) 18 (66.67%) 0.071 1.0

CC 4 (12.9%) 9 (33.33%) 3.37 (0.9-12.64)
Recessive model 0.342

AA 10 (32.26%) 12 (44.44%) 1.0

AC+CC 21 (67.74%) 15 (55.56%) 0.59 (0.20-1.73)
Alleles

A 37 (59.68%) 30 (55.56%) 0.654 1.0

C 25 (40.32%) 24 (44.44%) 1.18 (0.57-2.49)

Data presented as number of patients (n) and percentage (%) for categorical variables.

Binary logistic regression for categorical variables.

P >0.05 is considered non-significant, *P < 0.05 is considered significant.

TABLE 7. Recurrent thrombosis cases with a combination of MTHFR genotypes and percentage of

history of aspirin or clopidogrel.

Combination of genotypes Recurrent History of (aspirin or clopidogrel) | Without recurrent
C677T/A1298C thrombosis in cases with recurrent thrombosis | thrombosis (n = 31)
m=27) for each combination

cc/cc 9 (33.33%) 5 (55.56%) 4 (12.9%)
CT/AA 9 (33.33%) 7 (77.78%) 4 (12.9%)
CC/AC 5 (18.51%) 3 (60%) 12 (38.7%)
TT/AA 2 (7.41%) 2 (100%) 3 (9.7%)
CT/AC 1 3.71%) 1 (100%) 5 (16.1%)
CC/AA 1 (3.71%) 1 (100%) 3 (9.7%)

Data presented as number of patients (n) and percentage (%) for categorical variables.

concluded that despite aspirin usage in patients with
ischemic heart disease, there were recurrent epi-
sodes of heart attack, which was related to the pres-
ence of cardiovascular risk factors.!"

Association of serum levels of homocysteine,
vitamin B12, and folic acid with recurrent
thrombosis

The median homocysteine, vitamin B12, and
folic acid were compared between two groups of

recurrent and nonrecurrent thrombosis with no sig-
nificant differences. However, the median homo-
cysteine in patients with recurrent thrombosis was
much higher than in those with no such disorder
(75.5 umol/L versus 35.75 umol/L) with a signifi-
cant difference statistically as shown in Table 8.
The high levels of homocysteine in patients
with recurrent thrombosis demonstrated the role
of homocysteine in atherogenic process, indicating
that moderate-to-severe level of homocysteine is a
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TABLE 8. Association of serum levels of homocysteine, vitamin B12, and folic acid with recurrent

thrombosis.
Variable Homocysteine (umol/L) B12 (pmol/L) Folic acid (nmol/L)
Recurrent thrombosis
No 35.75 (13.75-74.5) 175 (106—-843) 3.5(1.2-33.7)
Yes 75.5 (14.5-101) 168 (35—415) 4.55 (1.05-7.4)
P 0.041 0.354 0.239

Data presented as median and range for numerical variables.

Kruskal-Wallis test (for three groups’ comparison) for numerical and non-normally distributed variables.
P >0.05 is considered non-significant, *P < 0.05 is considered significant.

potential risk factor for hypertension, cardiovascu-
lar disease, and stroke.'>'*

CONCLUSIONS

The presence of C allele from the first SNP
(CT) and A allele from the second SNP (AC) and the
presence of CC/AA genotypes for two variants in
individuals are considered as protective factors for
exposure risk of ischemic heart disease, ischemic
stroke, and venous thromboembolism. The indi-
viduals carrying C allele from the first SNP and C
allele from the second SNP and those carrying CC/
CC genotypes for two variants are at 3.11- and 3.82-
fold risk of disease exposure respectively, compared
to those carrying CC/AA genotypes.

Individuals with CC homozygous genotype of
A1298C are at a 3.8-fold risk of recurrent thrombo-
sis than those with AA wild genotype of the same
SNPs due to high levels of homocysteine. This
highlighted the role of homocysteine in atherogenic
process, indicating that moderate-to-severe level of
homocysteine is a potential risk factor for hyperten-
sion, cardiovascular disease, and stroke.
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