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Abstract

The aim of this molecular study was to evaluate a possible association
between hyperhomocysteinemia and the different genotypes of the C677T
polymorphism of MTHFR gene, based on clinical and biochemical data, in
pathological population, residing in Aurés region (Northeast Algeria). The
present study included 14 young patients of rare age group, all patients were
in the chronic phase of myocardial infarction (MI). Competitive
immunoassay was used for the determination of vitamins (B9 and B12) and
total homocysteine and the identification of MTHFR polymorphism was
determined by Real-Time Polymerase Chain Reaction - Fluorescence
Resonance Energy Transfer (Real-Time PCR -FRET). Results showed a
non-significant association of moderate hyperhomocysteinemia (Hhcy) with
the different genotypes of the C677T polymorphism (P = 0.117). However,
a decrease in folate and B12 was recorded with moderate Hhcy for (TT)
genotype but remains non-significant (P = 0.901, P = 0.304 respectively).
No significant differences in the clinical and demographic patient
characteristics according to the different genotypes of MTHFR C677T
plymorphism were revealed. Same results were observed for the majority of
biochemical variables. This is probably related in part to coronary patients
who are in the chronic stage of the disease. Our study supports the hypothesis
indicating that the polymorphism C677T MTHFR could be considered an
important risk factor for MI, in the presence of moderate
hyperhomocysteinemia. We suggest a strategy for the biological exploration
of moderate or intermediate Hhcy, for informing the general public in our
region (Aurés) and country face the risk of the evolution of this
symptomatology.

Keywords: Myocardial infarction (MI), MTHFR C677T polymorphism,
Hyperhomocysteinemia , RT-PCR-FRET®480I1, Aures, Algeria.
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1. Introduction

Myocardial infarction (MlI) is regarded as a polygenic disease with high mortality rate that results
from the mutual action of environmental and genetic factors. There is growing interest in the importance
of elevated plasma total homocysteine (tHcy) levels as a risk factor for coronary atherosclerotic disease
(CAD).

Homocysteine is a sulfur-containing amino acid derived from the metabolism of methionine

(Brustolin et al., 2010). Methionin is metabolised via re-methylation and transsulphuration pathway in
which B-vitamins; folate, vitamin B12, vitamin B6 and vitamin B2 are required as cofactors (Hiraoka
and Kagawa, 2017). Genetic defects of the enzymes or dietary deficiency of B vitamin cofactors
involved in this metabolism result in elevated homocysteine levels.
The 5,10-methylenetetrahydrofolate reductase (MTHFR) is one of the main regulatory enzymes of Hcy
metabolism (Frosst et al., 1995; Klerk et al., 2002), this enzyme catalyzes irreversible reduction of 5,10-
methylenetetrahydrofolate to 5-methyltetrahydrofolate which acts as methyl donor for methionine
synthesis from homocysteine (remethylation) (Goyette et al., 1998).The C-to-T transition at nucleotide
677, in exon 4 of MTHFR gene, is a point mutation that converts a cytosine (C) to a thymine (T) (Frosst
et al., 1995), which converts an alanine to a valine codon in the N-terminal catalytic domain of the
enzyme (Frosst et al., 1995; Klerk et al., 2002). This mutation renders the enzyme thermolabile and
less active (Frosst et al., 1995) leading to increased plasma tHcy in association with low plasma folate
(Frosst et al.,1995;Varga et al., 2005).

The MTHFR C677T polymorphism (rs1801133) is common (T-allele frequency 15 - 45%) in many
populations and reduces enzyme efficiency (Clarke et al., 2012). In many populations without folic acid
fortification, individuals with TT genotype had clearly higher plasma homocysteine levels (about 20%)
than those with CC genotype (Jacques et al., 1996; Davey Smith and Ebrahim, 2003). However,
conflicting results have been obtained with respect to the potential association of the MTHFR C677T
gene variation with coronary artery disease and myocardial infarction.

Numerous studies have reported the relations ship between the MTHFR gene C677T polymorphism
and risk of M, it presents a heterogeneous worldwide distribution, and its frequency shows great ethnic
and geographic variations. We previously studied the genotypic and allelic frequency of this
polymorphism in healthy subjects of Aures region (Djaara et al., 2018). However, till present no study
is carried out on young coronary patients who have suffered from a myocardial infarction in the Aureés
region of Algeria, to determine the genotypic and allelic frequency of this polymorphism and their
effect on the biochemical profile. This first study concerned sick subjects with coronary atherosclerosis
and all the participants were among the inhabitants of the Aurés region (north-eastern Algeria).

The aim of our molecular study is to examine a possible association between hyperhomocysteinemia
and the different genotypes of the polymorphism C677T of MTHFR gene, based on clinical and
biochemical data, in young Algerian subjects with myocardial infarction in Aurés region, which
remains unknown.

2. Materials and Methodes

Patients
A total of fourteen sick subjects, were volunteered to participate in this study (13 males and 01 female

living in Aures region), and were recruited, after obtaining their informed consent. The mean age of the
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subjects studied was 33.35 + 6.35 years, range [14-40 years, <40 years], a very rare cases of patients.
Subjects of both sexes were from different localities of Aurés (Batna, Khenchela, Oum El Bouaghi...).
All these patients had coronary atherosclerosis (chronic phase), and have been diagnosed by
cardiologists in the cardiology unit during their hospitalizations. A clinical questionnaire was
established for the collection of all necessary data for all subjects in the study population.

Blood collection and laboratory analysis

Whole blood was collected in dry or Ethylene Diamine Tetra-Acetic acid (EDTA)-containing tubes,
centrifuged at 4000 rpm for 15 minutes the day of collection, then serum or plasma were collected. In
order to carry out the extraction of the DNA for molecular study, venous blood samples (5ml) in EDTA-
containing tubes are centrifuged immediately to isolate the cell pellets and plasma in separate tubes;
the aliquots were stored at-20 °C until analyzed. This first step serves for DNA isolation from
leukocytes.

Biochemical and clinical analyses of patients’ serum and plasma were performed by the Nutrition-
Genetics and Environmental Risk Exposure Laboratory (U1256 INSERM CHU of Nancy, France). The
Competitive immunoassay was used for the determination of vitamins (B9 and B12), total
homocysteine, CRP and BNP; while the enzymatic colorimetric method was used to explore lipid
profile, Urea, ASAT and ALAT activities.

DNA extraction

Genetic analyzes was performed at the University Health Centre of Nancy (France), in the Laboratory
of Nutrition-Genetics and Environmental Risk Exposure. Genomic DNA was obtained from blood
leukocytes using the BACC3 NUCLEON® extraction Kit (Amersham Biosciences, Little
Chalfont,UK). DNA extraction was performed according to the manufacturer’s instructions.

Molecular genetic analysis

The MTHFR C677T genotypes were determined using the Real-Time Polymerase Chain Reaction-
fluorescence resonance energy transfer (Real- Time PCR-FRET) in a Light Cycler®480 Instrument 11
(Roche Diagnostic, Meylan, France) (Ririe et al., 1997; VVossen et al., 2009).

The PCR primers and probes used in the assay are:
For the C677T polymorphism: Sequence of Forward primers (F): 5TGGCAGGTTACCCCAAAGG 3,
Reverse primer (R): 5TGATGCCCATGTCGGTGC3.
For probes: Probe Flu: TGAGGCTGACCTGAAGCACTTGAAGGAGAAGGTGTCTX.
Probe Red (LC Red): CGGGAGCCGATTTCATCAT p.

The amplification conditions were as follows: an initial denaturation cycle at 95°C for 10 minutes
followed by 45 cycles of PCR each comprising; Denaturation at 95°C for 10 sec, hybridization at 55°C
for 10 sec and extension at 72°C for 10 sec. The melting curve requires a step of 30 sec at 95°C, 2 min
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at 40°C, 10 sec at 73°C and finally a cooling at 40°C for 30 sec ends the cycle, to allow the progressive
fusion of the double strands of DNA and probes. Melting temperatures (Tm) for the three genotypes of
MTHFR1 C677T are respectively: Wild genotype (CC): 61°C; Homozygote mutated (TT): 53°C;
heterozygote (CT): 51°C + 63°C (Figure 1).

Statistical analyses

Data are expressed as percentages and frequencies for qualitative variables. The Pearson Chi-square
test was used to compare these qualitative variables.

For the guantitative variables the data are expressed as mean + standard deviation (SD), the multiple
comparisons between the continuous variables were calculated by the Kruskal-Wallis test. All data
were analyzed using the SPSS (Statistical Package for the Social Sciences) (version 23.0.0.0-2015 for
Windows, SPSS Inc., Chicago, IL). P<0.05 was considered to be statistically significant.
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Figurel. Determination of the genetic polymorphism of MTHFR 1 with
real-time PCR (fusion curve for the genotypes of the enzyme). In green ;
mutated homozygot (TT), in blue; the wild homozygote (CC), in red; the
heterozygotes (CT).

3. Results and discussion



Djaara Hayat /Afr.J.Bio.Sc. 6(15) (2024) Page 14854 to 10

The clinical and biochemical characteristics of patients according to the polymorphism of
MTHFR C677T

Fourteen young patients with myocardial infarction (MI) were found during this survey conducted in
different regions of the Aures. They are thus divided into 13 men (92.85%) and one woman (7.14%),
with a larger proportion of men. Premature coronary artery disease is rare (6%) of acute coronary
syndromes [ACS] (Van Der Vynckt et al., 2012).

As shown in Table 1, no significant differences in the clinical and demographic characteristics of
patients according to the different genotypes of MTHFR C677T plymorphism were revealed: gender
male (P = 0.688), body mass index (P = 0.197), smoking (P = 0.640), the age of smoking (P = 0.122)
as well as the distribution of the number of patients with a family history of cardiovascular disease (P
=0.433). It is worth mentioning that we found only one diabetic woman during this research and she is
CT genotype.

Regarding the distribution of the number of cases for moderate hyperhomocysteinemia (16-30 umol
/ L), no significant difference was observed between the different genotypes of the MTHFR C677T
polymorphism (P = 0.183). Therefore, no significant association between moderate
hyperhomocysteinemia and this polymorphism was noted in our patients.

Concerning the concentrations of the various plasma lipid parameters, our results show no significant
difference between the genotype subgroups (CC, CT, TT) for Trigly (P = 0.138) and HDL Chol (P =
0.821), Chol T (P =0.088) and LDL Chol (P = 0.063) in our patients. The same results were observed
for the variables: ASAT, ALAT, Urea, BNP, CRP (P = 0.189, P = 0.170, P = 0.453, P = 0.256, P =
0.293 respectively). Therfore, no significant associations with C677T polymorphism were revealed for
these variables.

The average concentrations obtained are in the normal balance range, which is probably related in
part to coronary patients who are in the chronic stage or because of the small size of our samples.

The clinical and biochemical characteristics of patients according to the C677T polymorphism of
MTHFR are shown in Table 1.

Table 1. Clinical and biochemical characteristics of patients according to the C677T polymorphism
of MTHFR.
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Genotype CC (n=05) CT((n=08) (nT:gl) Total(14) vaFI)ue
Age (years) 31.40+9.83 33.75+3.24 40 33.35+6.35 0.263%
Gender, male, n 05 07 01 13 0.688"
Body Mass Index (BMI), Kg/m2 24.36+9.83  28.90+2.82 19.53  26.65+4.92 0.1972
Diabetes, n 00 01 00 01 -
Smoking, n 04 05 01 10 0.640P
Age of smoking, n 03 08 01 12 0.122°
Fgmlly history of cardiovascular 03 07 01 11 0.433b
disease, n

Moderate hyperhomocysteinemia b
(16-30 pmol/L), n 03 02 01 6 0.183
Chol t (g/L) 1.36+0.31  1.68+0.57 1.11 1.51+0.50 0.088%
Trigly (g/L) 1.02£0.37  1.67+0.95 0.95 1.37£0.87 0.138?
HDL Chol (g/L) 0.32+0.062 0.33+0.075 0.34 0.32+0.065 0.821°
LDL Chol (g/L) 0.83+0.25  1.08+0.45 0.67 0.96+£0.37  0.063%
TGO (u/L) 23.40+6.10 36.62+15.49  28.00 31.28+13.52 0.189%
TGP (u/L) 9.60+4.33 24.62+1556  23.00 19.14+13.81 0.170%
Urea (g/L) 0.26+£0.021  0.30+0.077 0.32 0.29+0.062 0.453?
BNP (pg/mL) 10.40+6.06 11.00+6.18 36.00 12.57+8.80 0.256°
CRP (g/L) 3.46+3.76  10.78+16.05 6.10 7.83+12.49 0.293?

(®)Kruskal-Wallis test. (°) Khi-Square test. p<0.05 is considered significant.

The results obtained for age, male gender and smoking, agree with those found by Li et al.,(2017).
However, Klerk et al.,(2002) reported in a meta-analysis evaluating the relationship between C677T
polymorphism and the risk of coronary disease, a significant differences between the various genotypes
with regard to risk factors; male sex and smoking.Similar results were observed by Inceetal (Ince et al.,
2016) with respect to BMI, dyslipedimia, family history of cardiovascular disease and moderate
hyperhomocysteinemia. A study by Joubranet al., (1998) concluded that hyperhomocysteinemia, which
can result from mutations in the MTHFR gene, is independently associated with coronary heart disease
in Arab men.

In contrast to our findings, Dharet al., (2010) found that diabetes and family history of coronary
artery disease were significantly associated with genotypes (TT) and (CT). Moreover, Bennouar et al.
(2007) found that the frequency distribution of traditional risk factors such as male sex, smoking,
diabetes and others was higher in coronary patients, with genotypes of the C677T polymorphism, than
controls, with an exception made for dyslipidemia and obesity in (TT) genotypes particularly. In
patients, all frequencies of risk factors recorded were lower in genotypes (TT) than in the rest of the
genotypes. These differences lead us to believe that conventional risk factors do not have the same
effect on coronary artery disease depending on the different genotypes of the MTHFR C677T
polymorphism. In fact, in subjects with wild genotype (CC), the increased risk of coronary artery
disease was significantly associated with smoking habits, obesity and dyslipidemia (Bennouar et al.,
2007).

Similarly to our results, Li etal., (2017) found no significant effect of C677T MTHFR polymorphism
on CRP levels in subjects in the coronary group. However, Cho et al., (2006) observed that plasma
concentrations of BNP were significantly higher in patients with MTHFR C677T mutation than in
patients without mutation. Thus, Shenet al., (2015) found a significant increase in the concentration of
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ASAT and ALAT in the sick group compared to the control group. In our patients and according to our
results the renal physiological function was normal.

Association of C677T MTHFR genotype with total homocysteine, vitamin B12 and B9 in
coronary subjects (with MI)

In our pathological population, only one patient was found with the homozygous genotype mutated
TT (7.14%) (Table2). However, the frequencies of normal homozygous (CC) and heterozygous (CT)
genotypes were 35.71% and 57.14%, respectively.

No significant differences were observed between the different genotypes of C677T MTHFR for
total homocysteine levels, vitamin B12 and folate (P = 0.330, P = 0.733, P = 0.250, respectively).
Therefore, the concentrations of these parameters were not significantly dependent on the MTHFR
C677T polymorphism. Nevertheless, a high rate of tHcy (moderate hyperhomocysteinemia) is
associated with the mutated TT genotype against the CC and CT genotype. As well as a low level of
vitamin B12 and B9 was recorded in the mutated genotype (TT) compared to wild and heterozygous
genotypes (Table 2), this shows the deleterious effect of the mutated genotype on the concentrations of
tHcy, vitamin B12 and B9 in our patients. However, this effect remains not significant. (The mean
concentrations of vitamins B12 and B9 are within the reference interval).

Table 02. Association of C677T MTHFR genotype with total Homocysteine,
vitamin B12 And B9 in coronary subjects.

Genotype CC CT TT  Pvalue

N=14 05 08 01 -

Frequency (%) 35,71 57,14 07,14 -
Total homocysteine (umol/l ) 16.55+2.35  14.56+5.50 19.50 0.3302
Vitamin B12 (pM) 125.85+70.12 142.09+61.42 8250 0.733%
Folate (nM) 12.07+3.14  14.42+490 05.25 0.250°

All parameters are expressed (mean * sd). (?) Kruskal-Wallis test (p<0.05).

The Table 3 describes the association of C677T genotypes of MTHFR with homocysteinemia,
vitamin B12 and folate in coronary patients. Our results (Table 3) revealed that no significant difference
in _homocysteine means was found between the different genotypes of the C677T MTHFR
polymorphism, for both groups; normal homocysteinemia and moderate hyperhomocysteinemia (P =
0.182, P =0.117, respectively). When concentrations of B12 and B9 vitamins of patients with moderate
Hhcy were compared between the subgroups of the three previous genotypes, no significant difference
was observed (P = 0.304, P =0.901) respectively, the same result was noted for both groups of normal
homocysteinemia (for B12 vit, P = 1.00 / for B9 vit, P = 0.402).
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It is notable that folate and vitamin B12 concentrations in the moderate Hhcy groups are lower in the
mutated genotypes (TT: 5.25 nM, CT: 12.44 £+ 3.06 nM) for the B9 / vit (TT, 82.50 uM, CT: 115.13 +
41.13 uM) for B12 compared to normal homocytinemia groups. Similarly, a high level of tHcy was
observed particularly in carriers of the mutated genotypes: (CT) 22.45 £+ 0.92 pmol/L and (TT) 19.50
umol / L compared to those in the normal homocytinemia group.

Table 3. Association of C677T genotypes of MTHFR with homocysteinemia, vitamin B12 and folate
in coronary patients

All parameters are expressed as (mean % sd). (%) Kruskal-Wallis test. p<0.05 is considered statistically
significant.

These findings reveal a deleterious effect of the mutated genotype on the levels of vitamins B9, B12
and total homocysteine, in our patients. However, this action was not significant as mentioned above.
Our results concerning the concentrations of total homocysteine, vitamin B12, and folate are probably
explained by the small size of our samples to draw conclusions about the consequences for coronary
patients. Contrarily to our results, Morita et al., (1997) reported that the frequency of the mutated
genotype (TT) of the C677T MTHFR polymorphism was significantly higher in patients with coronary
artery disease than in controls in a Japanese population. In addition, the frequency of this genotype was
associated with the severity of coronary artery disease. Similar results were also found by Heidari et
al., (2016) in an Iranian population.

In fact, our results are consistent with those of Eftychiouet al., (2012) suggesting that moderate
hyperhomocysteinemia is not only associated with coronary artery disease, but also with MI and multi-
vessel CAD. Recently, a study conducted by Liu et al., (2015) , including patients with coronary artery
disease, of different categories, revealed that Hhcy was independently associated with the severity of
coronary artery disease and correlated significantly with low levels of folic acid.

Actually, there is a debate about the causality, both of MTHFR genotype (TT) and
hyperhomocytinemia, in their association with Ml (Tanis et al., 2004). Therefore, in order to clearly
establish this link, many other parameters need to be evaluated, for example, the timing necessary for

Génotype (N=14) CC CT TT P value

Group0l. Normal Homocysteinemia 14.45+1.06 11.94+3,03 i 0,182°
(5-15 pmol/L)
Group 02. Moderate
Hyperhomocysteinemia 17,96+1,78 22,45+0,92 19,50 0,1172
(16-30 pmol/L)
Vitamin B12 (pM)

1157544175  151,08426,51 i 1,00°
Group 01
Group 02 13258451,30  11513+4113 82,50 0,3042
Folate (nM) 13.8140,31 15,08+2,15 i 0,402°
Group 01
Group 02 10,9242.21 12.44+3,06 5,25 0,901%

the development of the disease during hyperhomocysteinemia must be evaluated more precisely
(Kerkeni et al., 2006).
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The results of Tanis and his collaborators, (2004) showed that genotype (TT) is associated with an
increased risk of MI only when folic acid status is low. In young patients with low folate status and
mutated homozygous genotype (TT), the risk of myocardial infarction was two times higher than in
wild homozygous patients (CC) with an elevated folate statue. Al Mawiet al., (2004) demonstrated that
the frequency of the T allele and the mutated genotype (TT) was associated with coronary artery disease
and elevated levels of plasma homocysteine in a population of Bahrein.

A study of 452 young adults, noted that genetic factors contributed to 9% of the variance of tHcy,
compared with the 35% estimated for low folate and vitamin B12 levels (Kluijtmans et al., 2003) .In
other study carried out on the Tunisian population suffering from coronary heart disease showed that
the effect of the mutated genotype of MTHFR was more pronounced on homocysteinemia and coronary
disease with low folate (<or = 6.1 ng/ mL) (Belkahla et al., 2008) patients with (TT) genotype had
a significantly higher tHcy level and significantly lower folate than those with genotype (CC) and (CT).
Thus, genotype (TT) patients had more severe coronary lesions than those with genotypes (CC) and
(CT) (Lietal.,(2017).

It should be noted that there is growing evidence of the role of aberrant DNA methylation in the
development of the disease (Andreassi and Botto, 2003 ; Heijmans et al., 2003). Knowing that,
furthermore, the major source of the methyl group used by S-adénosylmethionine (SAM) for the
methylation reactions is the novo synthesis, dependent on the folate and monocarbonate units (Selhub
et al., 1999). The results of Friso et al., (2002) show that the genomic methylation of DNA is directly
correlated with the folate statue and inversely with the plasma homocysteine level. Genotypes (TT) had
a low level of DNA methylation compared to the wild-type (CC). These searches have been confirmed
in the study of Castro and collaborators, (2004). As a consequence, these DNA methylation
abnormalities may promote both carcinogenesis, especially colorectal cancer (Shannon et al., 2002),
and the occurrence of cardiovascular disease (Botto et al., 2003). In the C677T mutation of the MTHFR
gene, the MTHFR enzyme becomes thermolabile and the MTHFR activity decreases by 65% and 30%
in mutated homozygotes (TT) and heterozygous (CT), respectively (Frosst et al., 1995).

Some widely known results, like those presented by Gardemannet al., (1999) failed to find an
association of C677T polymorphism with nonfatal myocardial infarction. Similarly, two Swedish case-
control studies (on myocardial infarction and unstable angina) confirmed that high tHcy is a risk factor
for coronary heart disease in both studies. In 'SHEEP' (Stockholm Heart Epidemiology Program), the
association between tHcy and MI was observed in CC homozygotes and in heterozygotes but not in T-
homozygotes, regardless of smoking, physical activity and obesity (Mehlig et al., 2013).

In Algeria, Houcher et al.,(2012) revealed that the mutation of the MTHFR C677T gene, in particular
the genotypes (CT/TT), does not seem to be associated with an increase in the plasma tHcy level in
cardiac patients (at a folate level <15.4 ng/ml and> 15.4 ng/ml), the authors suggested that this lack of
correlation could be influenced by higher folate concentrations in this study.

A current meta-analysis includes forty-four studies, 9,693 MI survivors and 12,554 control subjects
were included in this study based on the most recent information, showed no significant association
between MTHFR C677T polymorphism and the risk of myocardial infarction. Nevertheless, this study
did not investigate genetic-nutritional interactions (Li et al., 2016).

Finally, these discrepancies between the various results can be explained by differences in sample
populations, such as ethnicity and dietary folate intake, due to fortified foods and / or vitamin
supplementation Gueant-Rodriguez et al., (2005). We hope scientific community will quickly conduct
further studies to provide more certainties and indications in this field.
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4. Conclusion

Our study supports the hypothesis that the polymorphism C677T MTHFR can be a significant risk
factor for Ml in the presence of moderate Hhcy. We therefore suggest a strategy for the biological
exploration of Hhcy to allow the assessment of a moderate or intermediate Hhcy as quickly as possible,
and thus to the etiological diagnosis of intermediate to severe Hhcy that may be responsible for the
onset and progression of several severe metabolic diseases such as coronary atherosclerosis.
Furthermore, genetic investigation of various M1 markers would be helpful to treat and predict the risks
of this pathology.This first study must be followed by further studies with a larger sample size are
needed, to better clarify the relationship between genotypes of the MTHFR gene and coronary
atherosclerosis in young patients with Myocardial Infarction, in our region of 'Aurés ' (Algeria).
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