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ABSTRACT The researchers investigated MTHFR C677T/APOB G10708A polymorphisms as well as total
antioxidant/oxidant status (TAS/TOS) in blood donors. Participants were stratified into two age groups: 18-39
years and 40-59 years and their body mass index: normal weight (<24.9) and obese (>25). The mutant homozygous
MTHFR genotype was identified in 3 (12.5%) of normal weight and 4 (16.6%) of obese in 20-30 years while it was
found in 1 (4.16%) of normal weight and 3 (12.5%) of obese in 40-59 years. The homozygous APOB genotype was
found in all donors. TOS in obese donors was found higher than normal weight donors for both age groups. TAS in
obese donors was found less than normal weight donors in 40-59 years. MTHFR was found significantly different
between two age groups of normal weight donors. However, the researchers did not find any correlation between

two polymorphisms and TAS/TOS for all groups.

INTRODUCTION

Obesity, characterized by anincrease of body
weight results in overabundant fat accumula-
tion. It'saserious health and social problem that
leads to several diseases including hyperten-
sion, diabetes, cardiovascular diseases, arthri-
tisand mortality. Unfortunately, the numbers of
obese children and adults have increased sig-
nificantly over thelast 25 yearsacrossall racial/
ethnic and age groups (Gregg et al. 2005). Previ-
ous studies have shown that obesity induces
systemic oxidative stress (Zhu et al. 2006; Mc-
Murray et a. 2016). Oxidative stressis defined
asimbal ance between oxidants and antioxidants.
Several mechanismsareinvolved in generating
oxidative stress in obesity such as superoxide
generation from NADPH oxidases, oxidative
phosphorylation, hyperleptinemia, tissue dys-
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function, adipokines and adipocytokines func-
tion (Marsegliaet al. 2015; Mannaand Jain 2015).
The reactive oxygen species (ROS) are highly
reactive molecules that are generated by aero-
bic respiration and various other anabolic/cata-
bolic processes (Schieber and Chandel 2014).
According totheir potential, ROS causes oxida-
tive deterioration of macromolecules including
DNA, lipid, protein, and it implies as one of the
cause of aging (Cui et a. 2012). Aging is very
complex and multifactorial process that
progresses to the gradual deterioration in nor-
mal function and leadsto degenerative diseases
and death (Poljsak and Millisov 2013). Previous
studies have demonstrated that aging isamajor
risk factor for vascular diseases. Also, aging in-
creases the prevalence of vascular diseases and
impaired responses to cardiovascular diseases
(Chiao et d. 2016). However, cardiovascular dis-
eases are not only the cause of death for people
over 65 years old but are among the primary
reason of death for all age groups worldwide
(Lozano et al. 2012). Theinteraction of genetic
factorsand environment influences play impor-
tant rolein the devel opment of vascular disease.
Various gene polymorphisms have been discov-
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ered within genes encoding peptides directly
and indirectly associated with hemostasis. Many
of these genetic markersrelated to vascular dis-
ease have been investigated in defined patient
groups; however, the possible impact of these
risk factors on overall health and longevity are
not fully understood in healthy population. Pre-
vious studies showed that MTHFR C677T and
APOB G10708A polymorphismsaresignificant
risk factorsfor vascular disease. MTHFR C677T
plays a mgjor role in the broad folate and ho-
mocysteine metabolism. The human MTHFR
C677T geneislocalized on chromosome 1p36.2
and codes for the enzyme MTHFR C677T con-
sisting of 656 amino acids. MTHFR C677T con-
verts 5, 10 methylene tetrahydrofolate (5, 10-
methylene THF) irreversibly into 5-methy! tet-
rahydrofolate (5-methyl THF). It is known that
extrinsic functions increase the risk of cardio-
vascular disease following increased homocys-
teineplasmalevels (Antoniadeset a. 2009). The
incidence of homozygous individuals has been
reported to befiveto sixteen percent (Ocal et al.
1997). An APOB G10708A amphipathic glyco-
proteinisthe major component of very low den-
sity lipoproteins (VLDL), intermediate density
lipoproteins (IDL) and low density lipoproteins
(LDL) that are secreted in hepatocytes. These
lipoproteins are responsible for the transport of
cholesterol and triglycerides in the circulatory
system and play animportant rolein atheroscle-
rosis (Olofsson and Boren 2005).

Objectives

Comparison of genotype frequencies in
healthy individuals may be advantageous strate-
gy to define polymorphisms related to common
human diseases, such as vascular. Therefore, in
this study, the researchers investigated associa-
tion between M THFR C677T/APOB G10708B and
excess body weight in blood donors.

METHODOLOGY
Sudy Population

This prospective study was carried out in
the Regional Blood Center of CukurovaUniver-
sity. The study’s protocol was approved by the
Human Subject Ethics Committee of the Cuku-
rovaUniversity (2016: 24) and was conducted in

accordance with Helsinki Declaration. Peripher-
al blood was collected in disodium EDTA from
96 male Caucasian healthy blood donorsliving
in South Anatolia Region of Turkey. Participants
were stratified into two age groups: 18-39 years
and 40-59 years and their body massindex: nor-
mal weight (<24.9) and obese (>25). First agegroup
was selected according to legal blood donation
agein Turkey and second age group was select-
ed based on previous studies (Hessner et al. 2001).
Genomic DNA was isolated from buffy coat us-
ing Qiagen DNA extraction kit (Germany).

Molecular and Biochemical Assays

TheMTHFR C677T and APOB G10708A gen-
otypes were determined by Real Time PCR
(Roche, CobasZ 480) using commercial kitsfrom
TIB,MOLBIOL, LightMix (CN: 40-0593-64, 40-
0594-64). And the TAS/TOS level s were deter-
mined by Rel Assay Diagnosticskits (RLOO17,
RLOGC24).

Satistical Analysis

Thedifferencesin genotype of MTHFR/APO
B-100 and TAS/TOS were analyzed statistically
using Fischer’sexact test and chi-squaretest. The
associations between allele frequencies in all
groups were evaluated by computing the odds
ratios (OR) and their confidence intervals using
Hardy-Weinberg equilibrium. P<0.05 was consid-
ered getisticaly significant. All thevariableswere
correlated with TAS/TOS and two polymorphisms
using Spearman rank correlation coefficients (r)
and statistical significance was computed.

RESULTS

The heterozygous and mutant homozygous
MTHFR C677T genotypesin 18-39 age group
wereidentifiedin 13 (54.16%), 3 (12.5%) of nor-
mal weight, 6 (25%) and 4 (16.6%) of obese do-
nors, respectively. The heterozygous and mu-
tant homozygous MTHFR C677 in 40-59 age
group were found in 5 (20.83%), 1 (4.16%) of
normal weight, 8 (33.33%) and 3 (12.5%) of obese
donors, respectively (Table 1). No significant
differenceswere observed in genotypeor alele
frequency of MTHFR C677 when these data
were analyzed on the basis of body mass index
(p<0.129for 18-39 age group, p<0.344 for 40-59
agegroup) (Tables 1, 2 and 3). Ontheother hand,
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there was significant difference between 18-39
and 40-59 age groups of normal weight donors.
All donorswere found to have homozygous for
APOB G10708A.

Total antioxidant statusin obese were found
less than normal weight donors in 40-59 age
group, whereas TAS did not have a significant
difference between obese and normal weight
donorsin 18-39 age group (p<0.007, 0.212). In

addition, TASwerefound similar when thisdata
were analyzed on the basis of age (p<0.671,
0.916). Total oxidant statuswerefound higher in
obese donors than normal weight donors for
both age groups (p<0.01, 0.007). And thenit was
1.5 times higher in 40-59 age group than 18-39
agegroup (p<0.01) (Table 4).

Further, the researchers correlated the TAS/
TOSwith the two genetic polymorphisms. APO

Table 1. Genotype frequencies of MTHFR gene in normal weight and obese donors of two age groups

Age groups
Genotype 18-39 years (n/%) 40-59 years (n/%)
Normal weight donors Obese donors Normal weight donors Obese donors
cC 8 (33.33%) 14 (58.33%) 18 (75%) 13 (54.16%)
CT 13 (54.16%) 6 (25%) 5 (20.83%) 8 (33.33%)
TT 3 (12.5%) 4 (16.6%) 1 (4.16%) 3 (12.5%)

Table 2: The association between genotype and body weight of two age groups for MTHFR gene

Age groups
18-39 years 40-59 years
Normal and obese donors Normal and obese donors
Genotype OR 95% ClI Chi-sg OR 95% ClI Chi-sq
CCICT 0.26 0.07- 0.97 4.19 2.22 0.59- 8.34 1.41
CT/TT 2.89 0.49-17.17 1.41 1.88 0.15-23.4 0.24
CT/CC 0.76 0.13- 4.30 0.10 4.15 0.39-44.57 1.56

Table 3: Allele frequencies in peripheral blood MTHFR gene in normal weight and obese donors of two

age groups
Age groups
Allele 18-39 years (n/%) 40-59 years (n/%)
Normal weight donors Obese donors Normal weight donors Obese donors
c 29 (60.41%) 34 (70.83%) 41 (85.41%) 34 (70.83%)
T 19 (39.58%) 12 (29.16%) 7 (14.58%) 14 (29.16%)

OR: 1.59 95% CI:0.77-4.45 P:0.166

OR: 0.41 95% CI:0.15-1.14 P:0.08

Table 4: TAS (mmol Trolox Equv. /L) /TOS (umol H,O,
age groups

Equiv./L) levels in normal and obese donors of two

Age groups
Allele 18-39 years (n/%) 40-59 years (n/%)
Normal weight donors Obese donors Normal weight donors Obese donors
TAS 1.22+0.06 1.11+0.05 1.19+0.01 1.11+0.02
TOS 5.30+0.20 7.27+0.32 6.72+0.29 11.41+0.26
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B G10708A and MTHFR C677T polymorphism
showed no correlation with TAS/TOS of all
groups (p=0.247).

DISCUSSION

Although the most common ethol ogy of vas-
cular diseases is defined as multifactorial that
arenot yet fully understood (Ordovés and Smith
2010). Hereditary changesintheMTHFR C677T
geneare considered asrisk factorsfor some con-
genital anomalies and the development of car-
diovascular diseases (Wang et al. 2013). There-
fore, investigation of MTHFR C677T gene poly-
morphismin healthy population isimportant for
understanding the ethology of these diseases.
According to World Health Organization data,
17.7 million people diefrom cardiovascular dis-
easesevery year (WHO 2016). In Turkey, deaths
due to circulatory system diseases are ranked
first with arate of 39.6 percent according to the
dataof 2016 TUIK report. Previous studiesdem-
onstrated that the prevalenceof MTHFR C677T
polymorphism varies in different geographical
regions. The prevalence of the MTHFR C677T
mutant homozygous genotype in Europe were
reported to be 7.8 percent in Germany, 8.9 per-
cent in Holland, 10.3 percent in Sweden, 13.2
percent in England, eighteen percent in Italy
(Stevenson et al. 1997; Schneider et al. 1998;
Pepeet al. 1998; Franco et al. 1998). The preva-
lenceof MTHFR C677T mutant homozygousin
Turkey was declared as 9.6 percent (Sazci et al.
2005) and three percent (Ozturk et a. 2016) in
healthy population. In the researchers’ study,
the prevalence of C677T mutant homozygous
was found 14.58 percent in 18-39 and 8.33 per-
cent in 40-59 age groups. Similarly, Matsushita
et a. (1997) reported that the MTHFR C677T
genotype frequency decreased from nineteen
percent to seven percent in healthy Japanese
individuals<55 yearsvs. those >80 years. These
results suggest that the mutant homozygous
MTHFR could be agenetic factor that prevents
accomplishment with old age. Also, this study
showed that the prevalence of MTHFR C677T
was higher in obese compared to normal weight
donors for both ages but no significant differ-
enceswere observed. At the sametime, the prev-
alence of MTHFR C677T mutant homozygous
indonorsvaried between 4.16-16.6 percent. Like-
wise, Hernadndez-Guerrero et al. (2013) reported
that the frequency of the MTHFR C677T poly-

morphisms had no statistical difference between
normal and obese individuals. Therefore, the
researchers recommended that MTHFR C677
polymorphisms are mainly related to elaborate
obesity rather than obesity alone aswell as eth-
nic background. Furthermore, it could be also
associated with ethnic background. Also, the
researchers results are consistent with other
European countries except Italy, suggesting that
mutation in MTHFR C677T geneis not unique
to Turkish population.

Familial defective APOB G10708A isan au-
tosomal dominant inherited hypercholester-
olemia(Andersen et al. 2016). A common poly-
morphismisaG10708A transitionintheAPOB
genewhich resultsin R3500Q substitution (Teng
et al. 2000). ThemutationintheAPOB G10708A
geneisknown as an increased risk factor in the
early period of atherosclerosis. In the research-
ers study, APOB G10708A gene polymorphism
homozygous was found hundred percent. Simi-
larly, Gialeraki et al. (2008) reported as hundred
percent prevalence of homozygosity in the
healthy Greek population. The rate of APOB
R3500Q mutation frequency varies between 1/
500-1/700in Germany, England and USA (Brous-
seau et al. 1995). There were no mutations in
Spain, Israel, Japan, Turkey, Lebanon and Iran
populations (Eroglu et al. 2008; Friedlander et al.
1993; Sabbagh et al. 2007; Fard-Esfahani et al.
2005; Myant et al. 1997). In the researchers
study, the preva ence of APOB G10708A homozy-
gous coincided with the hypothesis that the
mutation in the APOB gene occurred in Central
Europe 7000 years ago and spread to Europe
(Awad and El-Tarras 2011).

Oxidative stressis known to play akey role
in the development of cardiovascular diseases.
The investigation of TAS/TOS provides infor-
mation about the pro-oxidant and antioxidant
status of the body. Research on these parame-
tersin blood isimportant for monitoring the ox-
idative stress and oxidative stress response of
the body (Bakhtiari et al. 2017). Intheresearch-
ers study, TAS was found less in obese than
normal weight donorsin 40-59 age group while
there was no significant difference between
obese and normal weight donors in the 18-39
age group. Total oxidant statuswasfound high-
er in obese donors in both age groups. Turk-
dogan et al. (2014) reported that TAS/TOS lev-
els did not change according to sex, but they
found significant correl ation between oxidative
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stress index, cholesterol and LDL levels in
healthy volunteers. Csont et al. (2007) reported
increased cardiac superoxide production and
NADPH oxidase expression and activity in cho-
lesterol-rich APOB transgenic mice.

Furthermore, the researchersdid not find any
correlation between MTHFR C677T/APO B
G10708A and total antioxidant/oxidant status.
Similarly, Vijayaet a. (2011) found no correla-
tion between MTHFR C677T and oxidative stress
parameters such as malondialdehyde, protein
carbonyl and glutathione however, they ob-
served negative correlation of the plasmafolate
level withMTHFR C677T.

In the present study there were two limita-
tions. First, the number of subjectswassmall be-
causethe sampleswere selected from donorswho
applied to the researchers university during le-
gal period of the project. Second status is the
lacking of thefolate and homocystein plasmalevel
inthe studied subject, and further studieswill be
performed addressing these questions.

CONCLUSON

According tothisstudy, MTHFR C677T gene
polymorphism was found to have significant
difference between 18-39 and 40-59 age groups
innormal weight (p<0.010) but APOB G10708A
gene polymorphismswere not related to age and
weight. Also, the researchers’ results showed
that thereishigh level of TOStogether with low
level of TAS detected in obesein 40-59 age group
indicate the elevated oxidative stress. Thesefind-
ings suggested oxidative stress and MTHFR
C677T/APOB G10708A polymorphisms in
healthy population even though they have in-
dependent impact on the risk factor of vascular
diseases; this interesting interrelationships be-
tween these two etiological factors depending
on age and body mass index should be investi-
gated with plasmafolate or homocysteinelevel.

RECOMMENDATIONS

Asaresult, early lifestyleintervention against
oxidative stressis expected to reduce the risk of
cardiovascular disease in the future, especially
whenthelifestyle of peoplewith familial predis-
position to cardiovascular diseases is changed.
However, in order to understand the ethology of
the diseases and to develop alternative methods

for treatment, it is necessary to carry out more
extensive research in healthy individuals.
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