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SUMMARY

Dyslipidemia is a common alteration in lipid metabolism that
is a main cardiovascular risk factor. There are multiple caus-
es of dyslipidemia and environmental and genetic factors are
involved. We analyze the methylenetetrahydrofolate reductase
(MTHFR) C677T gene polymorphism and its association with se-
rum lipids in young individuals of northeast Mexico. A total of

139 voluntary participants were separated into two groups based
on body mass index were evaluated. Lipid profile and genotype
were determined in both groups. No statistically significant dif-
ference was found in either group and among genotypes. Its is
concluded that the TT genotype of the MTHFR gene polymor-
phism is not associated with dyslipidemia in young individuals.

Introduction

Dyslipidemias are a group
of plasma lipid disorders char-
acterized by an increase in
serum lipid levels (Bosom-
worth, 2013) related to the
formation of atherogenic
plaques in the vascular endo-
thelium (Ahmed et al., 1998).
Dyslipidemias are classified
as secondary and primary.
Secondary dyslipidemia has a
multifactorial origin: drugs
(retinoids, glucocorticoids,
beta-blockers, antirretroviral
therapy), diseases (systemic
lupus erythematosus, diabetes
mellitus, hypothyroidism), a
high-fat diet, and a sedentary
lifestyle (Yanes, 2008), whi-
le primary dyslipidemia has
a genetic predisposition
(Fernandez-Pardo et al. 2009)
with mutations in genes asso-
ciated with lipid metabolism,
such as upstream stimulatory
factor-1 (USF1) (Naukkarinen
et al., 2005), apolipoprotein
E2 (APOE2; Sun et al., 2016),

a carbohydrate-response ele-
ment binding protein known
as MLX interacting protein
like (MLXIPL; Aguilar-
Salinas et al., 2016), apolipo-
protein B (APOB; Harper and
Jacobson, 2010; Zhang et al.,
2010) and methylenetetrahy-
drofolate reductase (MTHFR,;
Yilmaz et al., 2003).

The MTHFR gene is locat-
ed in chromosome 1 (1p36.3)
and encodes the enzyme relat-
ed to folic acid, vitamins B6
and B12, and homocystein
metabolism. MTHFR converts
5, 10-metylenetetrahydrofolate
into 5-metyltetrahydrofolate,
being a methyl donor that
transforms homocystein into
methionine and purines, and
intervenes in S-adenosylme-
thionine biosynthesis (Neagos
et al., 2012). The C677T sin-
gle nucleotide polymorphism
known as a thermolabile vari-
ant (Frosst et al., 1995) con-
sisting of a cytosine to thymi-
dine substitution at nucleotide
position 677, causes the subs-

titution of alanine for valine
in the MTHFR enzyme, thus
reducing enzyme activity
(Bennouar et al., 2007) and
increasing drug toxicity of
methotrexate, metformin (Sha-
heen et al., 2006) and statins
(Le6n-Cachon et al., 2016).
Many authors have reported
that the homozygosity of the
T allele is associated with
multiple diseases such as epi-
lepsy (Scher et al., 2011), schi-
zophrenia (Moustafa et al.,
2014), erectile dysfunction
(Lombardo et al., 2010) and
dyslipidemia (Rojas et al.,
2008).

In Mexico, dyslipidemias
are very common because
they are strongly linked to the
obesity epidemic (Navarro-
Hernandez et al., 2015). In
this study, we investigated the
association of the MTHFR
C677T (rs1801133) gene poly-
morphism and serum lipid
profiles in a sample of young
students from northeast
Mexico. We hypothesize that

this polymorphism may influ-
ence lipids levels from a
young age.

Material and Methods
Study population

Pharmacy students of the
Universidad Autonoma de
Nuevo Ledn participated vol-
untarily during the period of
January-June 2015. Participants
were separated into two
groups based on body mass
index (BMI) with an estab-
lished cutoff of 25kg/m?2.
Information such as age, gen-
der, weight, and height, and
drug consumption, and the
presence of chronic degenera-
tive diseases as exclusion cri-
teria, were obtained from each
volunteer. The protocol for this
study followed the Declaration
of Helsinki and participants
provided written informed
consent. The Review Board of
the Facultad de Ciencias
Quimicas UANL approved this
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ANALISIS DEL POLIMORFISMO C677T DEL GEN METILENTETRAHIDROFOLATO-REDUCTASA Y NIVELES
SERICOS DE LIPIDOS EN JOVENES DEL NORESTE DE MEXICO
Silvana A. Vazquez-Rodriguez, Karla Fernandez-Quiroga, Lucia G. Canti-Cardenas, Isaias Balderas-Renteria y Omar Gonzalez-Santiago

RESUMEN

Las dislipidemias son alteraciones del metabolismo de lipi-
dos y son uno de los principales factores de riesgo cardiovas-
cular. Las causas son multiples y estan involucrados factores
genéticos y ambientales. Se analizo el polimorfismo C677T del
gen metilentetrahidrofolato reductasa (MTHFR) y su asocia-
cion con los niveles de lipidos séricos en sujetos jovenes del
noreste de México. Participaron 139 voluntarios que fueron

agrupados segun su indice de masa corporal en dos grupos
con un punto de corte de 25. Se determino el genotipo y el
perfil de lipidos en ambos grupos. No se observo diferencia
significativa en los perfiles lipidicos entre los dos grupos
ni entre los tres genotipos. Se concluye que el genotipo TT del
polimorfismo MTHFR no esta asociado con dislipidemias en
individuos jovenes.

ANALISE DO POLIMORFISMO C677T DO GENE METILENTETRAHIDROFOLATO-REDUCTASE E NiVEIS
SERICOS DE LIPIDEOS EM JOVENS DO NORDESTE DO MEXICO
Silvana A. Vazquez-Rodriguez, Karla Fernandez-Quiroga, Lucia G. Canti-Cérdenas, Isaias Balderas-Renteria ¢ Omar Gonzélez-Santiago

RESUMO

As dislipidemias sdo alteragoes do metabolismo de lipideos
e um dos principais fatores de risco cardiovascular. Sao mul-
tiplas as causas e estdo envolvidos fatores genéticos e am-
bientais. Analisou-se o polimorfismo C677T do gene metilen-
tetrahidrofolato reductase (MTHFR) e sua associagdo com oS
niveis de lipideos séricos em sujeitos jovens do nordeste do
México. Participaram 139 voluntarios que foram agrupados

segundo seu indice de massa corporal em dois grupos com
um ponto de corte de 25. Determinou-se o genotipo e o perfil
de lipideos em ambos os grupos. Ndo se observou diferen¢a
significativa nos perfis lipidicos entre os dois grupos nem en-
tre os trés genotipos. Conclui-se que o genotipo TT do poli-
morfismo MTHFR ndo esta associado com dislipidemias em
individuos jovens.

study with reference number
04-99604- FAR-11/193.

Blood sampling and DNA
extraction

Two peripheral blood sam-
ples were obtained from each
volunteer by venipuncture to
carry out a biochemical analy-
sis and DNA extraction using
the phenol chloroform method
(Ausubel et al. 1992). DNA
samples were stored at —20°C
until further analysis.

Genotyping

The sequence of the primers
for the MTHFR gene was 5°-
TGA AGG AGA AGG TGT
CTG CGG GA-3’ (forward) and
5’-AGG ACG GTG CGG TGA
GAG TG-3’ (reverse). Each PCR
assay was performed in a total
volume of 25ul, with 4ul ge-
nomic of DNA, 1 U Taq DNA
polymerase (GenScript Corp.,
Piscataway, NJ, USA), 3mM
MgCl,, 0.25mM dNTPs and
buffer 10X. The PCR cycles
were performed in three steps;
the first includes one cycle of
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94°C for 4min; the second in-
cludes 35 cycles, each at 94°C
for 30s, 61°C for 30s and 72°C
for 30s; and the third cycle is
one cycle of 72°C during 7min.
An amplicon of 198bp was ob-
tained and was observed on 2%
agarose gel (Raza et al., 2012),
stained with ethidium bromide
and photographed.

Restriction fragment length
polymorphism (RFLP)

The amplicon was digested
with 10 U Hinfl (New England
Biolabs Inc., Woburn, MA,
USDA) and incubated at 37°C
overnight (Li et al. 2014).
Digested products were a 198
bp wild type variant (CC), a
198 and 175 bp heterozygous
variant (CT) and a 175 and 23
bp homozygous variant (TT).
These were analyzed on 4%
agarose gel (Amela et al. 2013)
stained with ethidium bromide
and photographed.

Statistical analysis

Anthropometric and bio-
chemical data were analyzed

using SPSS version 21.0 (IBM
Corp., Armonk, NY, USA) and
expressed in terms of mean
and standard deviation (SD).
Genotype and allele frequen-
cies were calculated by direct
count. The Hardy-Weinberg
equilibrium (HWE) was as-
sessed with a chi-square test.
Differences among genotypes
and between alleles were deter-
mined with one-way ANOVA
and Student’s t-test, respective-
ly. Finally, to analyze the asso-
ciation between lipid profiles
and MTHFR genotypes, the
odds ratio (OR) and confidence
interval (CI) were calculated
with a logistic regression. P
values <0.05 were considered
statistically significant.

Results

A total of 139 volunteers
participated in the study, 64.7%
were women with a mean age
of 19.7 years, a mean height of
1.64m and a mean weight of
65.7kg. This last value differed
according to their BMI.
Biochemical parameters were
within normal range. There

were significant differences
(P<0.05) between individuals
with a BMI<25kg/m? and indi-
viduals with a BMI>25kg/m? in
the following parameters:
HDL, 57.2 vs 52.0mg/dl; tri-
glycerides, 65.3 vs 84.8mg/dl;
VLDL, 13.3 vs 17.00mg/dl;
with an atherogenic index of
1.64 vs 2.04 and a TC/HDL
ratio of 2.9 vs 3.4 (Table I).

The frequency of the wild
type CC genotype was 48.2%;
of the heterozygote CT, 42.4%;
and of the TT variant, 9.4%.
The goodness of fit results
showed that the population is
in Hardy-Weinberg equilibrium
(P<0.01). The frequency of al-
lele T was 30.6%. According
to genotype and allele, bio-
chemical parameters were
within normal range (Table II).
Except for creatinine levels
(P=0.02), the rest of the param-
eters did not show a significant
difference among genotypes
and between alleles.

Discussion

In this study, we investigated
the association of MTHFR
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TABLE 1
ANTHROPOMETRIC AND BIOCHEMICAL CHARACTERISTICS*
. BMI

Variable Total mean (SD) < 25 mean (SD) > 25 mean (SD) P value
Male 49 25 (30.12) 24 (42.85)
Female 90 58 (69.87) 32 (57.14)
Age (years) 19.70 (1.89) 19.76 (1.74) 19.71 (2.10) 0.90
Height (m) 1.64 (0.48) 1.63 (0.07) 1.65 (0.10) 0.18
Weight (kg) 65.64 (14.35) 56.97 (7.90) 78.48 (11.93) 0.00
Glucose 84.54 (7.92) 84.14 (6.63) 85.12 (9.55) 0.48
Urea 24.23 (7.17) 23.95 (6.74) 24.64 (7.81) 0.58
Creatinine 0.93 (0.17) 0.91 (0.16) 0.95 (0.19) 0.20
Total cholesterol 162.16 (31.82) 158.71 (30.00) 167.27 (34.04) 0.12
HDL 55.11 (14.33) 57.23 (13.28) 51.96 (15.35) 0.03
LDL 92.35 (29.65) 88.43 (27.34) 98.16 (32.16) 0.06
TG 73.14 (37.98) 65.25 (32.90) 84.82 (42.11) 0.00
VLDL 14.76 (7.65) 13.25 (6.65) 17.00 (8.47) 0.00
Aterogenic Index 1.79 (0.78) 1.64 (0.69) 2.04 (0.85) 0.00
TC/HDL 3.09 (0.92) 2.89 (0.82) 3.39 (0.99) 0.00

* Concentrations are expressed as mg/dl except atherogenic index and TC/HDL. BMI: body mass index.

not associated with any bio-
chemical parameter (Spiri-
donova et al., 2000, Massa
et al., 2016). However, a study
in a Turkish population found
that diabetic patients with the
CC genotype had elevated total
cholesterol and LDL levels
(Kucukhuseyin et al., 2013).
Another study in Chinese pa-
tients with hypertension also
found an association between
the TT genotype and LDL lev-
els (Jiang et al., 2014). In view
of these last results, we specu-
late that this polymorphism
had a major impact in individ-
uals susceptible to hyperten-
sion and diabetes or other
genes that could reinforce the
potential effect of MTHFR on
the lipid profile. In addition, it

TABLE 11 . .
is possible that the effect of
BIOCHEMICAL PARAMETERS ACCORDING TO GENOTYPE AND ALLELE the polymorphism manifests
- . Genotype Allele itself in time, when people are
E3 s
Biochemical parameters CcC CT TT P value C T P value at a mature age. A follow-up
Glucose 85.08 84.44 82.15 0.47 84.78 84.03 0.51 of TT homozygotes would be
Urea 23.15 25.65 23.31 0.13 24.32 25.23 0.40 interesting research topic.
Creatinine 0.90 0.97 0.86 0.02 0.93 0.95 0.45 We d]d not flnd any associa_
Total cholesterol 161.78 162.42 162.92 0.99 162.08 162.51 0.93 : : :
HDL 5642 5525 47690 013 5587 5389 036 “Oéllv‘l’vlltfzgtes/‘tyz e?ﬁfessed as
LDL 91.01 92.64 97.92 0.74 91.78 93.59 0.68 al g/m-. 1his agrees
TG 71.88 7161  86.54 0.41 71.75 74.31 0.65  with a study in the UK and
VLDL 14.38 14.62 17.29 0.45 14.50 15.11 0.59 Denmark (Lewis et al. 2008),
Atherogenic index 1.71 1.81 2.15 0.17 1.76 1.87 0.33 and with a study in a Chinese
TC/HDL 299 31 356 012 3.04 3.19 029 Lopulation (Fan et al. 2015).
* Concentration is expressed as mg/dl except atherogenic index and TC/HDL. All these findings suggest that
C677T gene polymorphism and  genotypes, except for creati- TABLE II1

serum lipids profiles in a sam-
ple of young students of north-
east Mexico. No association
was found between the
MTHFR polymorphism and the
frequency of obesity (BMI>
25kg/m?) and dyslipidemia us-
ing codominant, recessive,
dominant, over-dominant and
paradominant models (Table III).

The prevalence of the TT
genotype verify in our study
population was 9.40%, which
is less than a previous study in
Mexican population (19.70%;
Aguirre-Rodriguez et al., 2008)
as well as others (Table IV),
such as Circassian and Che-
chen population, where the
prevalence is 8.30% and
2.50%, respectively (Dajani
et al., 2013).

Our results do not show a
significant difference in bio-
chemical parameters among

nine. A possible explanation is
that MTHFR enzyme activity
in the T allele carrier is de-
creased and the concentration
of homocysteine is increased
(Petr et al., 2013). This is a
sulfur-containing amino acid
involved in two metabolic
pathways: transulfuration and
transmetilation (Chen et al.,
2010), the latter being of im-
portance because in the forma-
tion of creatine and creatinine
(Figure 1, from Taes et al.,
2003) precursor molecules are
synthesized, such as S-adenosyl-
L-methionine (donor of methyl
groups), S-adenosyl-homo-
cysteine (Stead et al., 2001)
and guanidineacetate (Ostojic
et al., 2018).

The results are similar to
those reported in Russian and
Brazilian populations where the
MTHFR polymorphism was
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ASSOCIATION OF MTHFR POLYMORPHISM
GEN WITH OBESITY AND DYSLIPIDEMIA

Obesity OR Dyslipidemia OR
Model (95% CI) (95% CI)

Codominant

CcC 1 1

CT 0.58 (0.28-1.21) 1.34 (0.25-7.17)

TT 1.44 (0.44-4.74) 1.16 (0.41-3.30)
Recessive

CC+CT 1 1

TT 1.83 (0.58-5.78) 1.25 (0.25-6.16)
Dominant

CcC 1 1

CT+TT 0.70 (0.35-1.38) 1.19 (0.44-3.22)
Paradominant

No CT 1 1

CT 0.55 (0.27-1.11) 0.84 (0.39-1.81)
Over-dominant

CC+TT 1 1

CT 1.81 (0.90-3.65) 1.19 (0.55-2.58)

OR: odds ratio, CI

: confidence interval.
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TABLE IV
GENOTYPE FREQUENCIES OF MTHFR (C677T) POLYMORPHISM IN
DIFFERENT POPULATIONS AND ITS CLINICAL IMPLICATIONS

C677T t %
Authors Population ssér:%lg cC gfgl;) ype (TO])“ Clinical implications
Véazquez-Rodriguez et al. Northeast of Mexico 139 48.20 42.40 9.40 This study
(2017) Mexico
Aguirre-Rodriguez et al. Nuevo Leon, Mexico 533 2610 5420 1970  Prevalence study
(2008) Mexico
Dajani et al. (2013) Circassian 72 50 41.60 8.30 Prevalence study
Jordan Chechen 120 7250 25 2.50
Spiridonova et al. (2000) Control 122 53 39 8 No association between studied populations and
Russia CAD 94 47 43 10 TT genotype
Rural 117 48 38 15
Massa et al. (2016) Brazil ~ Control 21 38.10 28.60 33.30 No association but T allele carriers of control
Dyslipidemia 22 5460 2270 2270 group showed more responsive to watermelon
extract
Kucukhseyin et al. (2013)  Control 138 4493 4420 10.87 CC genotype increased LDL and TC plasma
Turkey DM(-)CHD 112 5625 3571  8.04 levelsin DM(H)CHD
DM(+)CHD 82 4878 3414 1708
Jiang et al. (2014) China Patients with 340 3920 47.60  13.20  Association between the TT genotype and LDL
hypertension plasma levels
Lewis et al. (2008) UK UK 3416 4470 4370  11.60 TT genotype (UK group) is associated with in-
and Denmark Denmark 9173 48 42.80 920 creased to risk of obesity
Avon, UK 11621 4423 4429 9.72
Fan et al. (2015) China Control 741 21.60  50.60 27.80 MTHFR C677T gene polymorphism is not as-
Cases 517 2220 4720 3060 sociated with overweight/obesity
Ruiz-Franco et al. (2016) Control 100 28 60 12 TT genotype is associated with CCAD patients
Mexico CCAD 100 20 52 28 in Mexican mestizo population
Perez-Razo et al. (2015) CNH 209 17.58  54.27 2814  TT genotype is associated with increase to risk
Mexico CH 200 1708 4924 3366  of hypertension
ANH 391 23 51.20 2570
AH 372 30 46.60  23.30
Ramos-Silva ez al. (2015)  Control 339 49 41 10 TT genotype increase to risk of breast cancer
Mexico BC 497 43 36 21
Estandia-Ortega et al. Control 370 15 46 39 T allele is associated to low risk of NSCLP
(2014) Mexico NSCL/P 132 29 41 30
Ibarra-Lopez et al. (2013)  Control 116 2590 4740 26.70  Absence of folic acid supplementation and T
Mexico NSCL/P 38 1590 4770 3640 allele is associated to high risk of NSCLP
Gallegos-Arreola et al. Control 170 3470 46.50 18.80  TT genotype increased risk of CRC
(2009) Mexico CRC 369 34 34 32
Canto et al. (2008) Control 274 2220 4780 2990 TT genotype decreased risk of PE in Mexican-
(Mexico) PE 125 2880 52.80 18.40 Mayan Mestizo population
Delgado-Enciso et al. Control 89 2359 5393 2247 TT genotype decreased risk of CaCU in woman
(2006) Mexico CaCU 70 2571 4857 2571 With multipregnancies
Torres-Sanchez et al. Healthy non-preg- 130 21.50 5230 26.20 Vitamin B12 supplements decrease to risk of
(2006) Mexico nant women spontaneous abortion in TT genotype carriers.
Esfahani et al. (2003) MW 193 37.80 44 18.10  TT genotype carriers increase to risk of folate
United States WW 139 4960 4320 720 deficiency in MW.
AW 53 6040  35.80 3.80
AAW 48  81.30  18.80 0.00
Mutchinick et al. (1999) Different regions of 250 1760  47.60 34.80 TT genotype increase to risk of NTD in MW

Mexico

Mexico

CAD: coronary artery disease, DM(-)CHD: coronary heart disease in patients without diabetes, DM(+)CHD: coronary heart disease in patients with
diabetes, UK: United Kingdom, IRPL: idiopathic recurrent pregnancy loss, CCAD: spontaneous cervico-cerebral artery dissection, CNH: children
non-hypertensive, CH: children hypertensive, ANH: adult non-hypertensive, AH: adult hypertensive, BC: breast cancer, NSCL/P: non-syndromic
cleft lip/palate, CRC: colorectal cancer, PE: preeclampsia, CaCU: cervical cancer, MW: Mexican women, WW: White women, AW: Asian women,
AAW: African-American women, NTD: neural tube defects.
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Methionine

Creatine Arginine + Glycine
\ e lAGAT

adenosyltransferase

THF » S-Adenosyl Guanidino-
Ser - acetate
(methyl acceptor:
Serine-hydroxy protein, DNA)
methyltransferase . -
Methionine Guanidinoacetate other methyl
Gly synthase .
5,10-CH,-THF (e.g., DNA, protein)
5,10-CH,-THF l
reductase
5CH3-THF S-Adenosyl Creatine
3 ~ homocysteine (methylated DNA,
protein...)
S-Adenosyl Nonenzymatic
homacysteine hydrolase degradation
Creatinine

Transsulfuration pathway

ssnssdp  Sulfate (urinary excretion)

Figure 1. Metabolic pathways of homocysteine. From Taes et al. (2003).

the MTHFR polymorphism is
not associated with obesity.

Finally, not including mea-
surements of homocysteine,
folates, vitamins B6 and B12
in plasma which are not rou-
tine biochemical tests in our
laboratories, is a limitation of
this study. We also did not
consider the volunteers’ diet,
and it would be interesting to
include this consideration in a
later study.

Conclusions

The prevalence of the TT
genotype and the T allele of
MTHFR-C677T was 9.40% and
30.60%, respectively. No asso-
ciation was found between
genotype and serum lipids and
a BMI>25kg/m? in young
Mexican individuals.
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