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Association between methylenetetrahydrofolate reductase (MTHFR)
polymorphism and carotid intima medial thickness progression in
post ischaemic stroke patient
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Background: Hyperhomocysteinemia is associated with an increased risk of atherosclerosis. The main
cause of elevated levels of homocysteine is 677T allele, the gene encoded by methylenetetrahydrofolate
reductase (MTHFR). Carotid atherosclerosis progression, which can be measured by examination of carotid
intima-media thickness (C-IMT), is a predictor of recurrent ischemic stroke. The objective of this study was
to determine a relationship between MTHFR polymorphism, homocysteine levels, and increased C-IMT in
post- ischemic stroke patients.

Methods: This was an epidemiological prospective observational cohort study involving 71 patients with
post-ischemic stroke subject of the first (onset 1 month) admitted in the Neurology Clinic of Kariadi Hospital
during 2012 to 2013. C-IMT was examined using carotid duplex ultrasound at 1%, 6", and 12" month after
stroke onset. M'THFR gene polymorphism was examined using polymerase chain reaction-restriction fragment
length polymorphisms (PCR-RFLP). Homocysteine level was measured using Axis® Homocysteine EIA.
Results: We found 3 categories of MTHFR gene variation, i.e., 677T/T, 677T/C, and 677C/C. The most
frequent allele was MTHEFR 677C (88.9%), while the MTHFR 6777 allele frequency was 11.1%. The
majority allele of the subject population was 677C/C, however, there were 3 subjects (4.2%) who had 677T/T
allele. The 677T/T allele group had normal homocysteine level and the lowest mean C-IMT among others.
Conclusions: This study supports that the MTHFR 677T allele polymorphism is not associated with

hyperhomocysteinemia as well as an increase in C-IMT in post ischemic stroke patients.
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Introduction Atherosclerosis is not a disease that stands alone but is a

. disease caused by many factors (multifactorial). Currentl
The process of atherosclerosis has been known for over v Y ( ) ¥

500 years, but its role to pathological condition was unknown atherosclerosis is a major cause of morbidity and mortality

for more than 150 years. Definition of atherosclerotic both in developed countries, and in developing countries (1).
vascular disease has progressed over the last 25 years along Hyperhomocysteinemia has been known as one of the
with the development of vascular and molecular biology. risk factors for atherosclerosis that can be modified (2).

© Annals of Translational Medicine. All rights reserved. www.atmjournal.org Ann Transl Med 2015;3(21):324



Page 2 of 5

Some individuals have elevated levels of homocysteine due
to a genetic predisposition. Methylenetetrahydrofolate
reductase (MTHFR) gene produces an enzyme that helps
regulate homocysteine level in the body. If there is a genetic
abnormality (mutation) in the MTHFR gene, it can lead
to interference in the homocysteine regulatory process.
MTHFR genetic mutation is inherited risk factors most
often found in elevated levels of homocysteine (3-5).

Metiltetrahidrofolat reductase (MTHFR) plays an
important role in the metabolism of folate and homocysteine
to catalyze the conversion of 5,10-metiltetrahidrofolat into
S-metiltetrahidrofolat, the major circulating form of folate used
in the remethylation process of homocysteine to methionine (5).

Isolation of the cDNA in 1994 has paved the way for
the use of molecular genetic examination of research on
MTHEFR (5). Deficiency cDNA isolation helps to identify
the variant sequence similar to the 677 bp (C — T), which
generates the code for the form of the enzyme thermolabile.
This variant has been known as the most common genetic
cause of hyperhomocysteimia and has been widely studied
as a risk factor for a number of multifactorial disorders
related to homocysteine metabolic disorders (3-5).

Intima-media thickness (IMT), measurement of internal
carotid artery using ultrasound, can indicate the presence of
atherosclerosis, even at an early stage. Normal IMT value is
<0.8 mm, and said to be suspected arterial disease when 0.8 to
0.99 mm and pathological when >1.0 mm. The increasing risk
factors will accelerate the increase in IMT. IMT of the carotid
artery associated with the occurrence of myocardial infarction
and stroke in old age. According to Kuopio Ischemic Heart
Disease (KIHD), any change in IMT of 0.1 mm and according
to the Atherosclerosis Risk in Communities (ARIC) 0.18 mm
will increase the incidence of cardiovascular disease. It was also
a predictor of recurrent strokes (6-11).

Many researches have already tried to find an association
between MTHFR polymorphism, homocysteine level,
and increased carotid IMT (C-IMT), but the result
remained controversy. Based on this phenomena, we tried
to find whether there were association between MTHFR
polymorphism, homocysteine level, and increased C-IMT in
Indonesian people that might different from other ethnics,
and in post ischemic stroke patient to find the relationship
between genetic predisposition, hyperhomocysteinemia as a
risk factor of ischemic stroke, and atherosclerosis (C-IMT).

Patients and methods

Research was conducted in the Laboratory of Dr. Kariadi
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Hospital, Cebior Laboratory of Medical Faculty of
Diponegoro University, which both are government owned
laboratories and serve the processing of the sample for
public. Financial support for this study are borne entirely
by the researchers, there were no external financial support.
Both sample registry and Gene analyzing were conducted
independently. A written informed consent was obtained
from all subjects that participating in this study. All data
were analyzed using SPSS version 17.

This research has been getting Ethical Clearance
of Health Research Ethics Committee of the Faculty
of Medicine Diponegoro University and has received
permission from the Director of the Dr. Kariadi Hospital,
Semarang, Central Java Indonesia.

This was an epidemiological prospective observational
cohort study involving 71 patients with post-ischemic
stroke subject of the first (onset 1 month) admitted in the
Neurology Clinic of Kariadi Hospital during 2012 to 2013.

Inclusion criteria were (I) aged 45-90 years; (II)
experiencing atherosclerosis and post ischemic stroke proved
by brain CT and carotid Doppler; (III) first stroke event;
(IV) no heart disease (ECG within normal limits or IHD
without clinical symptoms); (V) stroke onset not more than
1 month; (VI) willing to participate in the study. Exclusion
criteria were: (I) bedridden, (II) unconscious. Drop out
criteria were: (I) the patient didn’t come in a 2 consecutive
IMT examination; (II) suffering from hemorrhagic
transformation; (III) patient died; (IV) patient resign.

C-IMT was examined using carotid duplex ultrasound
at 1%, 6", and 12" month after stroke onset, and measured
using ultrasound carotid duplex sonography Siemens plane
Sonoline Omnia no FBE 0322. C-IMT is defined as the
distance between lumen-intima and media-adventitia, both
right internal carotid artery and left measured 3 cm proximal
and 1 cm distal to the bifurcation. C-IMT was measured at
the beginning of the study and measured again after 6 and 12
months. Thickening of the intima media thickness measured
using carotid Doppler. It was said to be thicken when >0.1
mm.

MTHFR gene polymorphism was examined using
polymerase chain reaction-restriction fragment length
polymorphisms (PCR-RFLP) system 9700, an examination
conducted by a team from the Laboratory of Molecular
Biology (Cebior) Diponegoro University, Semarang,
Indonesia.

Homocysteine level was measured using Axis®
Homocysteine EIA that was conducted by GAKI laboratory,
Diponegoro University, Semarang, Indonesia. The
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Figure 1 MTHEFR 677T and 677C allele from PCR-RFLP product in electrophorese gel. MTHFR, methylenetetrahydrofolate reductase;
PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphisms.

Table 1 The frequency of MTHEFR allele and genotype

MTHFR allele Frequency (%)
C 128 (88.9)

T 16 (11.1)
CC 59 (81.9)
CT 10 (13.9)
T 3(4.2)

MTHFR, methylenetetrahydrofolate reductase.

Table 2 MTHFR polymorphisms and homocysteine

Variables Homocysteine (mg/dL) P
TT (n=3) 12.3+4.5 0.250"
CC and CT (n=69) 20.1£16.4

“, Mann-Whitney test. MTHFR, methylenetetrahydrofolate
reductase.

measurement was using enzyme immunoassay to determine
Hcy in blood. Protein-bound Hey is reduced to free Hey
and enzymatically converted to S-adenosyl-L-homocysteine
(SAH) in a separate procedure prior to the immunoassay.
The enzyme is specific for the L-form of homocysteine,
which is the only form present in the blood.

All measurements were performed by board-certified
laboratory technicians who were blinded to clinical data.

Results

This research has been carried out within a period of
24 months, from January 2012 to December 2013. In the
early stages we obtained 155 subjects who met the inclusion
and exclusion criteria. In the 12-month study period there
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were 83 subjects loss of follow-up so that the remaining
72 subjects who finished the procedure. Loss of follow-up
is caused by the patients who died, the people who do not
proceed to the examination because they do not get a referral
from a family doctor, the patients who did not continue
the investigation because they do not want to come to the
hospital only for this research, the patients still come to the
hospital but refused to continue the examination because
it is considered inconvenient or wasting time, patients who
do not continue the examination because resettled outside
the city or their address were unclear, so that from the 155
study subjects who meet the inclusion and exclusion criteria
remaining 72 subjects that met the procedure regularly.

The mean IMT measurement results are based on
normal and abnormal IMT division showed an increase
of 1, 6, and 12 months examination. On the 1** month
examination showed that both the normal and the abnormal
group had increased IMT at 6" and 12" month.

Unpaired #-test result showed that there were significant
differences between the mean IMT after 6 and 12 months
after onset (P<0.001). The results showed the IMT
progression both in the 6 and 12 months examination in
which the abnormal group were more progressive than
normal group.

Examination of gene polymorphisms of MTHFR
677C > T performed on all subjects. Research results get
three polymorphism categories in the subjects examined,
namely; CC, CT, and TT (Figure I). C allele frequency was
128 (88.9%) and the T allele was 16 (11.1%) (Table 1).

The results showed that the mean homocysteine levels
in patients with stroke were lower in T'T allele compared
to CC and CT alleles. Mann-Whitney test results showed
that no significant differences found in mean homocysteine
levels between TT alleles group and CC and CT alleles
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Table 3 MTHFR polymorphisms and C-IMT
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. C-IMT (mm)
Variables
1 month P 6 months P 12 months P
MTHFR allele 0.979* 0.670" 0.770*
TT (n=3) 0.67+0.23 0.85+0.20 0.92+0.13
CC and CT (n=69) 0.72+0.24 0.83+0.26 0.95+0.27

A Mann-Whitney test. MTHFR, methylenetetrahydrofolate reductase; C-IMT, carotid intima-media thickness.

groups (P=0.250) (Table 2).

Different test on two groups with normal distribution
is not done with the Mann-Whitney test between groups
TT alleles of genes and gene alleles CC or CT. The results
showed that no significant difference in mean C-IMT in the
evaluation of 1 month (P=0.979), 6 months (P=0.670) and
12 months (P=0.770) with the Mann-Whitney test (Table 3).

There are three subjects with the MTHFR T'T alleles.
Patient’s data shows that based on the risk factors there
is one subject with a history of smoking, one subject
with hypertension, and neither with diabetes mellitus.
All subjects had increased IMT thickness on 1, 6, and
12 months examination. However, the subjects with the
initials MA increased more progressive than the other
two subjects, with delta IMT over 12 months is 0.35 mm.
Subjects MA on 3 times homocysteine inspection always
had homocysteine levels above the normal range (>15 mol/L),
which is 17.46 mol/L on the 1* month, 26.53 mol/L on the
6" month, and 29.65 mol/L on 12" month.

Discussion

C.677C > T polymorphism of the MTHFR gene is the most
commonly found in the population. This polymorphism
causes the substitution of amino acids alanine into valine.
This change causes the condition termolabilitas MTHFR
gene that leads to hyperhomocysteinemia and increase the
risk of atherosclerosis (12).

This study shows that the frequency of the C allele
(88.9%) is more common than the T allele (11.1%) in
which the CC allele was found in 59 (81.9%), the CT allele
was found in 10 (13.9%) and T'T alleles found in 3 (4.2%).
In this study the average levels of homocysteine in patients
with stroke was lower in T'T allele compared with CC
alleles and CT.

Results of Mann-Whitney test showed no significant
differences in mean homocysteine levels between groups
TT allele, CC allele and CT (P=0.250). The study of
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Frosst et al. (13) also suggests a link between genotype
mutant homozygotes TT with hyperhomocysteinemia. It
has been known that a T alleles carrier at greater risk for
hyperhomocysteinemia compared to C allele.

Increased risk of illness known in hyperhomocysteinemia
group when compared with the healthy control group in
previous studies. The absence of a comparison group of
healthy controls in this study makes us unable to figure
hyperhomocysteinemia risk in patients with ischemic
stroke. Moreover, polymorphism in the MTHFR gene
also is dependent on ethnic background (13-15). The
condition of ethnic subjects in this study may be different
when compared to the Caucasian group. Several research
studied the relationship between MTHFR mutation with
venous blood clots, but the result were inconsistent, while
some studies indicate a relationship and others found no
relationship (3).

Conclusions

MTHFR genetic polymorphisms are not associated with
IMT progression. CC alleles associated with the occurrence
of hyperhomocysteinemia, allegedly due to ethnic
differences.
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