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ABSTRACT

OBJECTIVE: To investigate the effects of methylenetetrahydrofolate reductase (MTHFR) gene C677T/A1298C polymor-
phisms on serum homocysteine levels and hypertension.

METHODS: Venous blood samples were collected in EDTA tubes from patients and controls (80 hypertensive patients and 67
healthy controls) and genomic DNA was isolated. The polymorphisms of MTHFR C677T and A1298C were identified using the
polymerase chain reaction (PCR) and restriction fragment length polymorphisms (RFLP) technique. The enzyme-linked im-
munosorbent assay (ELISA) method was used to determine serum homocysteine levels. ANOVA, Student’s t-test, chi-square
test and logistic regression analysis tests used in the evaluation of statistical analysis between patient and control groups
were performed with SPSS 21.0 program.

RESULTS: A statistically significant difference was observed between the patient group, which were hypertension-diagnosed
patients, and control group for C677T polymorphism (p<0.001), but not for the A1298C polymorphism (p=0.058). When
serum homocysteine levels were compared between the patient and control groups, no significant difference was observed
(p=0.065). A significant difference was observed between C677T allele frequency (TT + CT versus CC) and homocysteine
levels in both groups (p=0.027), whereas no significant difference was observed between A1298C allele frequency (CC + AC
versus AA) and homocysteine levels (p=0.996).

CONCLUSION: The MTHFR C677T polymorphism is more common in hypertensive patients. T allele frequencies (CT and TT geno-
types) and TT genotypes might increase the risk of hypertension and homocysteine levels. Although the A1298C C allele frequency
(AC and CC genotypes) might increase the risk of hypertension, CC genotype distributions and homocysteine levels show no statisti-
cal significance on hypertension. C677T polymorphism is associated with hypertension thus it may be used as a potential biomarker.
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ypertension is a common chronic disease and isan  hypertension is increasing worldwide and it continues to
important modifiable risk factor for cardiovascular  increase similarly in Turkiye [1]. According to The Glob-
complications such as atherosclerosis. The prevalence of  al Burden of Disease study, it has been shown that 1.28
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billion people (20% of women and 24% of men) have
hypertension worldwide. It has also been stated that 9.4
million people die each year due to hypertension [2, 3].

Homocysteine is an amino acid containing a thi-
ol group (-SH) and derived from methionine and its
homologue cysteine. Homocysteine amino acid is
non-proteinogenic and occurs naturally in humans [4,
5]. The methyl group from 5-methyltetrahydrofolate
or betaine, the active form of folate in the remethyla-
tion pathway, is taken up by homocysteine to be trans-
formed to methionine. The transsulfuration process, in
which homocysteine condenses with serine to generate
cystathionine, is the mechanism by which homocyste-
ine is irreversibly removed [6].

Although high levels of homocysteine are considered
as a risk factor for atherosclerosis, its molecular basis
has not been fully elucidated. However, hyperhomocys-
teinemia (HHcy), which is characterized by increased
plasma/serum levels of homocysteine, is seen in endo-
thelial dysfunction as the initial event for atherosclerosis
(7, 8]. Although homocysteine levels are 5-10 umol/L
in healthy individuals, it can reach up to 500 umol/L in
individuals with HHecy [8]. HHcy has been associat-
ed with a variety of adult and pediatric pathologies [4].
HHcy is caused by genetic mutations and enzyme de-
ficiencies of 5, 10- methylenetetrahydrofolate reductase
(MTHFR), methionine synthase (MS) and cystathi-
onine B-synthase (CBS) 4, 9].

The gene encoding the MTHER protein is localized
in the short arm (1p36.3) of the 1 chromosome and
encodes dimeric proteins. MTHEFR catalyzes the irre-
versible reduction of 5, 10-methylenetetrahydrofolate
(5, 10-MTHEF) to 5-methyl THE, a circulating form of
folate used in the remethylation of homocysteine to me-
thionine [10]. The MTHFR enzyme is also involved in
DNA methylation and nucleotide synthesis, which play
a major role in processes such as gene regulation and cel-

lular differentiation [11, 12].
C677T (C>T) and A1298C (A>C) polymorphisms

are two of the most common polymorphisms seen in the
MTHER gene. The C677T polymorphism (rs1801133)
results in the substitution of the amino acid valine for
the amino acid alanine at the 222" codon of the enzyme
as a result of the replacement of cytosine at position 677
with thymine. This polymorphism causes the enzyme to
become thermolabile, causing enzyme dysfunction and

may affect homocysteine levels. Another polymorphism,
the A1298C polymorphism (rs1801131), results in the

Highlight key points
e MTHFR C677T polymorphism is more common hypertensive
patients.

e MTHFR C677T polymorphism has more effect on homocys-
teine levels than A1298C polymorphism.

o Allele frequency distributions between patient and control
groups were statistically significant for both C677T and
A1298C polymorphisms.

e In the C677T polymorphism, the T allele is associated with
HHcy, especially in the TT genotype.

replacement of adenine at position 1298 with cytosine,
resulting in the replacement of glutamate with the ami-
no acid alanine at the 429" codon of the enzyme [10,
13]. Although the A1298C polymorphism is not as ef-
fective as the C677T polymorphism, it causes a decrease
in enzyme activity, but its effect on homocysteine levels

is not clear [10, 13, 14].
Studies have shown that both C677T and A1298C

co-heterozygotes are associated with a 50-60% decrease
in MTHEFR enzyme activity, while the C677T T'T gen-
otype is associated with a 35-70% decrease in MTHFR
enzyme activity [14—16]. Clinical studies demonstrated
a significant association between MTHFR polymor-
phism and various diseases, such as psychiatric disor-
ders, neuronal developmental diseases, cancers as well
as cardiovascular diseases [11]. Given this information,
we looked at the influence of MTHFR polymorphisms
(C677T and A1298C) and serum homocysteine levels

on hypertension.

MATERIALS AND METHODS

In the study, 80 participants with only hypertension
[no other concomitant diseases (i.e., coronary artery
disease, other atherosclerotic disorders)] followed by
Istanbul University Cardiology Institute Cardiolo-
gy Department, were included in the patient group.
Patients with a blood pressure of 140/90 mm Hg or
higher in ambulatory measurements were considered
to have hypertension. In the control group, 67 healthy
individuals without any signs of cardiovascular dis-
ease, hypertension, metabolic disorders (diabetes,
kidney failure, liver failure, etc.) and lipid metabo-
lism disorders were included. Informed consent forms
about the research to be conducted had been read and
signed by the volunteers who participated in the study.
Ethical approval of the study was obtained from the
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Istanbul University Faculty of Medicine Clinical Re-
search Ethics Committee (date: 08.06.2015, number:
2015/1102). The Helsinki Declaration of Human
Rights was followed.

Genomic DNAs were extracted using Blood DNA
Isolation Kit (Jena Biosciences, Germany) from periph-
eral blood samples taken from healthy and hyperten-
sive volunteers. Detecting variations of MTHFR gene
C677T (rs1801133) and A1298C (rs1801131) were
performed by the polymerase chain reaction (PCR)
and restriction fragment length polymorphism meth-
od. Forward primer sequence 5" TGAAGGAGAAG-
GTGTCTGCGGGA-3' and reverse primer sequence
R-5'-AGGACGGTGCGGTGAGAGTG-3'
used for C677T polymorphism. Forward primer se-
quence 5-ATGTGGGGGGAGGAGCTGAC-3%
and reverse primer sequence R-5-GTCTCCCAACT-
TACCCTTCTCCC-3" were used for A1298C poly-
morphism. A total of 25 pl PCR mix containing 10X
reaction solution, 10 mM dNTP, 0.1 U Taqg DNA
polymerase, gene site-specific primers and 500 ng DNA
samples were prepared for DNA amplification. Ther-
mal cycler (C1000™; BioRad, CA, USA) was used for
PCR amplifications with a total volume of 25 pl. Hin-
fI (Fermentas) and Mboll (Fermentas) enzymes were
applied for digesting 198 bp (rs1801133) and 241 bp
(rs1801131) PCR products, respectively. 3% agarose gel
electrophoresis containing ethidium bromide was used
to separate restriction fragments, and after electropho-
resis, the gel was visualized under ultraviolet light. The
175 and 23 bp restriction fragments of C677T poly-
morphism were obtained for T allele. The 204 and 37 bp
restriction fragments of A1298C polymorphism were
obtained for C allele.

Peripheral blood samples taken into tubes with sep-
arator gel were centrifuged at 3000 rpm for 5 minutes
and serums were separated. Serum homocysteine con-
centrations of the separated serum were measured with

the “YH Biosearch Laboratory Homocysteine ELISA

Kit” using the protocol in accordance with the kit.

were

Statistical Analysis

Statistical analysis of the findings and data obtained was
petrformed with SPSS 21.0 (IBM Corp., Armonk, NY,
USA) programm. ANOVA, Student’s t-test, chi-square
test and logistic regression analysis were used to show
comparative data between patient and control groups.
The significance level was accepted as p<0.05.
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FIGURE 1. Genotype disributions between hypertension and
control groups.

RESULTS

In MTHFR C677T polymorphism, CC genotype is
wild-type with only 198 bp, CT genotype is heterozy-
gote with 198 and 175 bp, and T'T genotype is homo-
zygote mutant with 175 bp. In MTHFR A1298C poly-
morphism, AA genotype is wild-type with only 241 bp,
AC genotype is heterozygote with 241 and 204 bp, and
TT genotype is homozygote mutant with 204 bp.

The distribution of C677T and A1298C polymot-
phisms between patient and control groups were eval-
uated by chi-square test. When statistical significance
was observed between C677T genotype distributions
and groups (p<0.001), no statistical significance was
observed between A1298C genotype distributions and
groups (p=0.058). The most common genotype in the
patient group was T'T (79.60%), whereas the most com-
mon genotype in the control group was CC (61.80%) for
C677T polymorphism. In A1298C polymorphism, the
genotype distributions were similar between the patient
and control groups (Fig. 1).

When the allele frequency distributions between the
patient and control groups were evaluated, statistical
significance was observed in both C677T and A1298C
allele frequency distributions (p<0.001 and p=0.005, re-
spectively) (Fig. 2).

According to Hardy-Weinberg analysis, when the ob-
served and expected values for C677T and A1298C poly-
morphisms were compared, both were found to be statisti-
cally significant (p<0.001). Adjusted for sex, age and body
mass index, C677T polymorphism T allele and A1298C
C allele was statistically significant between patient and
control groups (p<0.001 and p=0.034, respectively).
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FIGURE 2. Allele frequencies of MTHFR polymorphisms be-
tween hypertension and control groups.

There was no statistically significant difference be-
tween serum homocysteine levels and groups (p=0.065).
The fact that the p-value is very close to significance is
closely related to the increased frequency of the T allele
in the patient group. Serum homocysteine levels were
24.63+2.18 pmol/L in patient group and 19.41+1.76
pmol/L in control group. When compared with the ho-
mocysteine levels and genotype frequencies, statistical
significance was between serum homocysteine levels
and C677T (p=0.027), but no statistical significance
was observed between serum homocysteine levels and
A1298C (p=0.996). According to student t-test, when
compared with the homocysteine levels and allele fre-
quencies, statistical signiﬁcance was between serum
homocysteine levels and C677T (p=0.022), but no sta-
tistical significance was observed between serum homo-

cysteine levels and A1298C (p=0.97).

DISCUSSION

Hypertension is defined as systolic blood pressure (SBP)
at least 130 mm Hg or diastolic BP (DBP) at least 80
mm Hg. Hypertension is associated with an increased
risk for cardiovascular diseases and death [17]. Hy-
pertension is a well-known modifiable risk factor for
cardiovascular disease, with substantial morbidity and
mortality rates [18]. Blood pressure-related deaths are
increasing worldwide. It is thought that a number of fac-
tors, including aging, obesity, and insulin resistance, con-
tribute to the development of hypertension [19]. Previ-
ous research has indicated that genetic factors associated
with an elevated risk of HT account for about 60% of
risk factors [20]. In the treatment of hypertension, life-
style modifications such as weight loss, a healthy diet in-

cluding low sodium and high potassium intake, physical
activity and reduction/elimination of alcohol consump-
tion are primarily applied. Antihypertensive medication
is administered taking into account the blood pressure
level and the high risk of atherosclerosis [17, 21]. Short
and long-time consequences of hypertension are stroke,
coronary artery disease, heart failure and cardiovascular
death. Among the long-term complications of hyperten-
sion are hypertensive cardiomyopathy, valvular heart dis-
ease, heart failure with preserved ejection fraction, aortic
syndromes, atrial fibrillation, peripheral artery disease,
chronic renal disease, diabetes mellitus, dementias and
erectile dysfunction [22].

Vascular damage resulting from persistently increased
arterial pressure is a characteristic of hypertension and
one of the first signs of target organ damage [23]. As an
indicator of vascular health, arterial stiffness provides an
additional independent predictive value for both hyper-
tension-mediated organ damage and adverse cardiovas-
cular outcomes [24].

MTHEFR is one of the enzymes that has an important
role in maintaining the balance between methionine and
homocysteine to prevent cellular dysfunction [10]. The
roles of the C677T and A1298C polymorphisms ob-
served in the MTHEFR gene, which encodes the MTH-
FR enzyme, have been investigated in various diseases,
including cardiovascular disorders, rheumatoid arthritis,
diabetes, psychiatric illnesses, and cancer {10, 11, 13, 23].
These polymorphisms in the MTHFR gene may affect
the activity of the enzyme, which is the product of the
gene, resulting in an increase in homocysteine levels. It is
now known that the mutant allele 677C>T, which causes
a decrease in the activity of the MTHFR enzyme, which
plays an important role in homocysteine metabolism, is
now the most common genetic cause of HHcy [25]. So
the effect of C677T polymorphism on enzyme activity
is greater than that of A1298C [10]. When there is a
deregulation of the homocysteine metabolic pathway, in-
tracellular homocysteine enters circulation and increases
plasma/serum levels of homocysteine [26].

Although the correlation between hypertension and
MTHER C677T gene polymorphisms was not clear in
previous studies, Xu et al. [20] showed that blood pres-
sure levels were significantly higher in participants with
C677T TT genotype compared to those with CC or CT
genotypes. Homocysteine levels were also higher in indi-
viduals with T'T genotype [20]. In our study, the hyper-
tension group consisted only of people with a diagnosis
of hypertension. In our study, both genotype distribu-
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tions (T'T genotype was higher in hypertension group)
and allele frequency (T alleles were higher in hyperten-
sion group) of C677T polymorphism were statistically
significant in only hypertension-diagnosed patients than
controls. Considering the A1298C polymorphism, while
genotype distributions were not statistically significant
between groups, allele frequency (C alleles were higher
in hypertension group) was statistically significant in
patient group than control group. According to a study
by Al Hageh et al. [25], patients with the T allele of the
C677T polymorphism, especially TT genotype had
greater homocysteine levels. In addition, homocysteine
levels were higher in hypertensive patients with the T'T
genotype compared to CC carriers [25].

Alghasham et al. [27] showed that T allele (T'T and
CT genotypes) for C677T polymorphism and C allele
(CC and AC genotypes) for A1298C polymorphism
were statistically more significant in hypertension pa-
tients compared to the control group. However, due to
the presence of obesity and diabetes in the hypertension
group, it was observed that these allele frequencies were
not significant in only hypertension patients [27]. Based
on this, it may be considered that MTHEFR polymor-
phisms may contribute to the presence of other comor-
bidities in addition to hypertension but may not have an
effect on the occurrence of hypertension alone. In a me-
ta-analysis conducted by Wu et al. [28], it was reported
that C677T polymorphism may play a role in the de-
velopment of hypertension, whereas A1298C polymor-
phism was not associated with hypertension risk, which
supports the results of our study [28].

Although the results of the meta-analyses are contro-
versial, different results have emerged in different popu-
lation-based studies, including studies conducted in Tur-
kiye. According to a meta-analysis by Meng et al. [29],
A1298C polymorphism genotype distributions were not
associated with hypertension, both in the general pop-
ulation and when grouped by ethnicity. However, when
subgrouped by geographical location, a clear risk cor-
relation was observed in the South Asian region. When
C677T polymorphism genotype distributions were eval-
uated, it was found to be associated with hypertension
in the overall population. When subgrouped according
to ethnicity and geographical location, it was observed
to increase the risk of hypertension to different degrees
[29]. In another meta-analysis, the C677T polymor-
phism rather than the A1298C polymorphism was asso-
ciated with hypertension, especially among East Asians
and Caucasians [30].

Homocysteine is a risk factor for cardiovascular and
cerebrovascular disease that has been linked to vascular
dysfunction and increased venous thrombosis [24, 31].
The impact of HHcy, a predictor of cardiovascular disease,
on hypertension is controversial. Some studies found low
homocysteine levels in those with high blood pressure,
while others found greater homocysteine levels in people
with high blood pressure, which is consistent with our find-
ings. Several mechanisms have been proposed to explain
the relationship between hypertension and homocysteine,
which may play an important role in the onset of hyperten-
sion. These can be explained as HHcy causing endotheli-
al dysfunction due to autooxidation of homocysteine and
homocysteine contributing to arterial stiffness by destroy-
ing elastin fibers and increasing collagen production [19].
Because it has been suggested that HHcy-induced oxida-
tive stress, inflammation, endothelial dysfunction, smooth
muscle cell proliferation and endoplasmic reticulum (ER)
stress are key factors in the etiology of a number of illness-
es, including atherosclerosis and stroke [32].

In a study conducted by Zhao et al. [19] in a group
with an average follow-up of 6 years, each 1 pmol/l homo-
cysteine increase in hypertensive patients was found to be
statistically significant for all-cause and CVD mortality. In
nonhypertensive individuals, the association of homocys-
teine with neither all-cause mortality nor CVD mortali-
ty was statistically significant [19]. It is thought that the
administration of folic acid and B vitamins as homocys-
teine-lowering treatments may be effective for preventing
atherosclerosis, CVD and neurodegenerative diseases [32].
Although there are epidemiological studies showing that
homocysteine is associated with an increased risk of CVD,
many homocysteine-lowering interventional trials have not
been found to reduce the risk of CVD. Therefore, it is de-
batable whether homocysteine represents a biomarker or
reversible causal risk factor for elevated CVD risk [18].

Zhang et al. [18] showed that HHcy is an independent
risk factor and when accompanied by hypertension, it in-
creases both the incidence of cardiovascular disease and all-
cause mortality in Chinese elderly individuals with no car-
diovascular history [18]. Although many studies, including
the Framingham study, cannot identify HHcy as the culprit
of hypertension, there are many studies showing that it is
related. The Third National Health and Nutrition Exam-
ination Surveys NHANES III large observational trial
demonstrated a link between HHcy and hypertension. The
SHEP (Systolic Hypertension in the Eldetly Program)
study revealed similar results, demonstrating a connection

between HHcy and high systolic blood pressure [25].
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Conclusion

In conclusion, we analyzed the link between homocysteine,
one of the important risk factors for CVD, and hyperten-
sion, as well as the MTHFR gene C677T and A1298C
polymorphisms, which may have a significant effect on se-
rum/plasma homocysteine levels. We suggest that C677T
polymorphism rather than A1298C can be evaluated as a
potential biomarker for the risk of hypertension. In addi-
tion, C677T polymorphism has more effect on homocys-
teine levels and HHcy may contribute to the development
of hypertension. Although there are many studies support-
ing our results, further studies with a larger sample size are
needed because the results are still contradictory.
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