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Abstract. - OBJECTIVE: Peroxisome prolifera-
tor-activated receptor alpha (PPARa) is a nucle-
ar transcription factor with a role in gene expres-
sion changes associated to lipid metabolism.
PPARa polymorphic variants have been previ-
ously correlated to serum lipid profile but in Mex-
ico, there is no previous report about that associ-
ation. For this reason, the aim of this study was
to investigate the relationship between PPARa
polymorphic variants and lipids level in serum
in a Mexican population.

PATIENTS AND METHODS: Two-hundred and
forty women from the Northeast region of Mexico
were included in the study. Anthropometric char-
acteristics and serum lipid profile (such as tri-
glycerides, total cholesterol, LDL cholesterol and
HDL cholesterol) were evaluated. Genomic DNA
extraction and purification were made from blood
samples. Real-time PCR and TaqMan probes were
used for genotyping of rs1800206 and rs4253778
single nucleotide polymorphisms (SNPs).

RESULTS: Linear regression analysis (adjust-
ed by age and body mass index (BMI)) showed
a significant statistical association of rs4253778
with total cholesterol (p=0.034) and LDL choles-
terol (p=0.037). Any significant association was
found between rs1800206 and lipid levels.

CONCLUSIONS: These results suggested that
rs4253778 (C allele) is associated with high lev-
els of total cholesterol and LDL in a Mexican
women population.

Key Words:
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Introduction

Cardiovascular diseases (CVD) are the lead-
ing cause of morbidity and mortality worldwide.
Although rates of age-adjusted mortality have
declined in developed countries, in low and mid-
dle-income countries have increased significantly’.
In Mexico, one of the main cardiovascular risk fac-
tors is blood cholesterol, which can lead to acute
myocardial infarction as well as for silent myocar-
dial ischemia. It was reported that 34% of popula-
tion had blood cholesterol levels between 200-240
mg/dL and 16.4 % had levels above 240 mg/dL?,
especially in women and men over 60 years®.

Cardiovascular disease is a multifactorial dis-
order that is been thought to result from an inter-
action between genetic background and environ-
mental factors such as diet, smoking and physical
activity. It is usually associated with conventional
risk factors, including hypertension, diabetes mel-
litus and dyslipidemia®. It is well-known that high
LDL-cholesterol (LDL-c) and triglycerides (TG)
levels and low HDL-cholesterol (HDL-c) levels
are risk predictable factors for cardiovascular
events®. Epidemiological data have indicated that
dyslipidemias are the most prevalent risk factor
for cardiovascular diseases in Mexico, coupled
with a continuous increase in prevalence rate
during the last decades®. The exact cause of dys-
lipidemia is not known.

Genetics play an important role on lipid ho-
meostasis. The peroxisome proliferator-activated
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receptor alpha (PPARa), which is a ligand-acti-
vated transcriptional factor that belongs to the
family of nuclear receptor and play a critical phys-
iological role as lipid sensor and regulator of lipid
metabolism. It is mainly expressed in tissues with
extensive fatty acid catabolism and its activation
leads to changes in the transcription expression of
genes involved in fatty acid beta-oxidation and is
a major regulator of energy homeostasis’.

Common variants of the PPARa have been
described. The rs1800206 and rs4253778 SNPs
has been associated with variation in lipid serum
levels in European and Asian populations®!''. The
rs1800206:C>G or L162V is a leucine-to-valine
change in codon 162, represented by a C to G sub-
stitution at the DNA-binding domain, encodes for
a more active PPARa depending on the concen-
tration of the ligand. The L162V polymorphism
has been associated with increased levels of tri-
glycerides, total cholesterol, LDL cholesterol and
ApoAl and ApoB!2. On the other hand, the intron
7 polymorphism (rs4253778: G>C) consist ina G
to C substitution. The 7C allele is associated with
a significantly earlier age at diagnosis of increased
total cholesterol and LDL cholesterol'*"*. Howev-
er, there are only a few studies for Mexican pop-
ulation, for this reason, the aim of this study was
to perform an analysis of association between
rs1800206 and rs4253778 polymorphisms and se-
rum lipid profile (LDL cholesterol, HDL choles-
terol, total cholesterol and triglycerides) in wom-
en from a Northeastern Mexican population.

Patients and Methods

Participants and Study Design

Eligible participants were women between 18
and 50 years old and born in Northeast Mexico,
whose parents and grandparents identified them-
selves as Mexican mestizos. Two hundred and forty
unrelated women were recruited in the Faculty of
Public Health and Nutrition (FASPyN), Monterrey,
Nuevo Ledn, Mexico. Pregnant women, athletes
and women with history of diseases that could alter
the lipid profile (such as dyslipidemia, diabetes and
CVD) were excluded from the study. Data related to
demographic characteristics and information regard-
ing smoking status, menopausal status, estrogen use,
medical history and use of medication were obtained
from self-administered questionnaires. FASPyN Re-
search Ethics Committee approved this study (Reg-
istration Number 15-FaSPyN-SA-01) and all partic-
ipants signed the informed consent form.

Anthropometric and Biochemical
Evaluations

Anthropometric parameters, such as body
weight, height, waist and hip circumference were
routinely measured in this study. Furthermore, total
cholesterol, LDL cholesterol (LDL-C), HDL cho-
lesterol (HDL-C), glucose and triglycerides were
measured from non-fasting venous samples us-
ing enzymatic methods implemented in the Advia
2400 Chemistry System (Siemens Medical Solu-
tions Diagnostics, Deerfield, IL, USA). LDL-C and
HDL-C were measured using direct assays.

Genomic DNA Extraction

Blood samples were obtained and stored at
4°C until use. Genomic DNA was extracted from
the peripheral blood of all participants using a
commercial isolation kit (QIAGEN system Inc.,
Valencia, CA, USA), according to the manufac-
turer’s instructions.

Single Nucleotide Polymorphism
Selection and Genotyping

Single nucleotide polymorphisms (SNPs) were
identified through a research in dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP/). We selected
two SNPs of the PPARa gene on the basis of the
following criteria: (1) validation status (validated
in Western Eurasian, Latin American and Asian
ancestry); (2) degree of heterozygosity, i.e., minor
allele frequencies (MAF) > 0.05, and (3) previ-
ous evidence of association with lipid measure-
ments'?,

Genotyping of SNPs was performed us-
ing commercial predesigned TagMan Probes
(Applied Biosystems, Foster City, CA, USA)
in QuantStudio 6 Real-Time PCR System.
The sequence of the probe for rs1800206 was:
CCAGTATTGTCGATTTCACAAGTGCC/
GTTTCTGTCGGGATGTCACACAACGG and
ACACTTGAAGCTTGATATCTAGTTTG/CGAT-
TCAAAAGCTTCATTTCCCATAT for rs4253778.
Genotyping quality control was performed with
PLINK software®. Genotyping success rate was ex-
pected to be > 95 %, minor allele frequency > 0.05
% and p > 0.001 for Hardy-Weinberg equilibrium.

Statistical Analysis

All data from the study population are shown
as mean = SD (standard deviation) for quantitative
variables and absolute and relative frequencies
for qualitative variables. Hardy-Weinberg equi-
librium was tested for each SNP using the stan-
dard x?test. Linear regression analysis was used
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for testing association between serum lipid pro-
file and genotype using an additive genetic model
adjusted by age and BMI. All statistical analysis
were performed with Statistical Package for So-
cial Sciences software (SPSS 20.0; SPSS Inc.,
Chicago, IL, USA) and PLINK. p-values < 0.05
were considered statistically significant. Linkage
disequilibrium (LD) and haplotype frequencies
were estimated using Haploview 4.2'6,

Statistical power was calculated with Quanto
1.1 software, for a significance level of 0.05 and
MAF of 5% in 240 unrelated young women be-
tween 18-50 years of age with a minimal power
of 80% to detect differences in lipid profile, un-
der an additive model. The significance threshold
after multiple test correction for each gene was
estimated using the Bonferroni correction. Multi-
ple logistic regression models for risk alleles were
performed to identify the associations of the geno-
types with lipid profile (triglycerides, cholesterol,
LDL cholesterol and HDL cholesterol), adjusting
for confounding variables such as age or height.

Results

Anthropometric and Biochemical
Evaluations

Results were expressed in mean £+ SD. For an-
thropometric characteristics, the mean age was
29.56 + 10.53 years old, weight 64.17 + 14.01,
BMI 25.33 + 5.39 kg/m?, glucose 87.55 + 25.61
mg/dL and systolic and diastolic arterial pressure
values were normal. Biochemical evaluation re-
sults are shown in Table I and mean values were
within the normal range.

Genotyping
Genotyping was successfully performed using
the extracted DNA. Data from 14 samples in which

Table I. Anthropometric and biochemical evaluations of the
study population.

Variables Mean = SD
Age (years) 29.56 = 10.53
Systolic Pressure (mmHg) 106.31 £ 11.67
Diastolic Pressure (mmHg) 69.03 £ 10.96
Height (cm) 159.15+5.75
Weight (Kg) 64.17 £ 14.01
BMI (Kg/m?) 25.33 £5.39
Waist circumference (cm) 85.86 £ 13.23
Hip circumference (cm) 100.87 £ 10.37
Blood glucose (mg/dL) 87.55 + 25.61
Triglycerides (mg/dL) 97.10 +45.32
Total cholesterol (mg/dL) 156.70 + 38.26
HDL cholesterol (mg/dL) 4798 + 11.79
LDL cholesterol (mg/dL) 89.29 + 37.65

N = 240. BMI = Body mass index. HDL = High density
lipoprotein. LDL = Low density lipoprotein. SD = Standard
deviation.

DNA was not genotyped successfully were ex-
cluded. Both SNPs analyzed in this study showed
a minor allele frequency (MAF) > 5 % in Western
Eurasian ancestry population according to dbSNP
database. Allele and genotype frequencies of both
SNPs are shown in Table II. A MAF of 4.65 %
and 13.77 % were reported for rs1800206 and
rs4253778, respectively. Hardy-Weinberg equilib-
rium showed a value of p=1.0 for rs1800206 and
p=0.153 for rs4253778. The distributions of allele
and genotype frequencies of both SNPs did not
differ from Hardy-Weinberg equilibrium. There-
fore, association results obtained in this study can
be considered as reliable.

PPARo. Polymorphisms and Serum Lipid
Profile

Both PPARa SNPs were analyzed in searching
of allelic association, adjusted by age and BMI. To
know if there is a relationship between the SNPs

Table II. Allele and genotype frequencies and p values of Hardy-Weinberg equilibrium for analyzed SNPs.

SNP Genotype n % H-W equilibrium
C/C 205 90.70 p=1.000
rs1800206 C/G 21 90.30
G/G 0 0
Allele frequency C 431 95.35
G 21 4.65
C/C 7 3.11 p=0.153
4253778 C/G 48 21.33
G/G 170 75.56
Allele frequency C 62 13.77
G 388 86.23
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Table IlI. rs1800206 polymorphism association with anthropometric and biochemical measurements.

. CC (n=205 CG (n=21 Confidence .
VEERE Me;n =5 SD, Mea(n = Sl; P interval p B
Weight (Kg) 64.31 +14.20 61.19+10.17 -3.122 -9.335;1.265 0.225 0.200
BMI (Kg/m?) 25.40 +5.50 24.01 +£3.81 -1.384 -3.788 ; 1.020 0.259 0.127
Blood glucose (mg/dL) 87.18 +25.85 89.94 + 28.76 2.678 -9.183 ; 14.593 0.658 0.775
Triglycerides (mg/dL) 97.31 +43.64 89.76 +£47.13 - 8.346 -29.114 ; 12.421 0.431 0.325
Total cholesterol (mg/dL) 156.70 + 38.73 160.87 £42.51 9.863 -10.639 ;30.366  0.346 0.681
HDL cholesterol (mg/dL) 47.89 +12.00 4952 +11.64 1.635 -3.842;7.112 0.558 0.479
LDL cholesterol (mg/dL) 89.34 + 37.54 93.38 + 40.06 4.040 -13.238;21.317  0.647 0.680

SD = Standard deviation.

and some of the anthropometric, biochemical and
body composition variables in our study population,
a linear regression analysis was performed with the
1rs1800206 and rs4253778 SNPs of the PPARa gene,
adjusting for age for the codominant model. Results
from statistical analysis showed that rs1800206
was not associated to any variable (Table III). For
rs4253778 SNP, a significant statistical association
was found with total cholesterol (B=-13.55, p=0.034)
and LDL ($=-10.56, p=0.037). No association was
found with HDL cholesterol and triglycerides (Table
IV). Linkage disequilibrium (LD) did not reveal a
significant relation between PPARa SNPs. A signifi-
cant LD value (2 = 0.53) was observed.

Discussion

Cardiovascular diseases are a severe public
health problem that generate high socioeconomic
costs and is the leading cause of death globally.
Association studies and genome-wide analysis
using polymorphic markers across the genome
have provided a useful method for identifying
CVD-related genes, as well as helping to identify
quantitatively genetic loci that influence variables
involved in CVD pathogenesis!’.

In this study, we analyzed the association of
two polymorphisms of PPARa gene (rs1800206
and rs4253778) with profiles of serum lipids,
LDL, HDL, total cholesterol and triglycerides in
women 18 to 50 years old from the northeast re-
gion of Mexico. We found that SNP rs1800206
did not present a significant association with any
of the variables and genotype frequencies ob-
tained were similar to previous reports's. Gu et al’
analyzed the association of two PPARa variants
(rs1800206 and rs4253778) and a statistical sig-
nificance was reported with dyslipidemia under a
codominant and additive model (p<0.001) in an
Asian population composed of 820 individuals.
They reported that CG genotype appeared to have
a higher risk for dyslipidemia. Previously, Cos-
ta-Urrutia et al' reported an association between
allele G of PPARa rs1800206 and central obesity
risk in a Mexican-mestizo population. However,
Binia et al?’ reported a study for rs1800206 in a
Mexican population as well and they did not find
association with total cholesterol, LDL cholester-
ol or HDL cholesterol, which is consistent with
our results. Additionally, it is possible that a study
with a larger population could show results sim-
ilar to other previous reports, where a statistical-
ly significant association was found between the

Table IV. 154253778 polymorphism association with anthropometric and biochemical measurements.

. CC (n=7 CG (n=48) GG (n=170 Confidence .
VIl Mear!i = S,D Mea‘n = Sl; Mea‘n = SD, B interval P [PEHE:
Weight (Kg) 63.43 £11.81 |66.55+15.88 | 63.29+13.38 |-1.958 | -5.492;1.586 |0.279 0.454
BMI (Kg/m?) 2483 +£3.87 | 26.19+£5.64 | 24.99+535 |-0.672 | -2.041;0.697 | 0.336 0.568
Blood glucose (mg/dL) 86.09 +£22.79 [90.53 +£39.33 | 86.70 £21.23 | -3.623 | -10.299; 7.983 | 0.282 0.706
Triglycerides (mg/dL) 85.90 +28.45 [ 98.13 +52.48 | 96.75+41.95 |-0.924 |-12.834;10.986 | 0.897 0.524
Total cholesterol (mg/dL) | 186.54 +46.06 (161.92 +£39.91| 154.49 +37.40 |- 13.551| -25.177 ;-1.926 | 0.022 | 0.034*
HDL cholesterol (mg/dL) | 56.22+9.52 |46.44+10.74| 48.11+12.30 | -0.685 | -3.744;2.374 | 0.661 0.511
LDL cholesterol (mg/dL) | 113.13 + 54.28 | 95.85 + 38.66 | 87.02 +36.43 |-10.563| -20.117 ;-1.009 | 0.030 | 0.037*

SD = Standard deviation, * p < 0.05.
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SNP rs1800206 with changes in triglycerides,
total cholesterol, LDL-cholesterol, and HDL-cho-
lesterol in Western Eurasian ancestry, Indian, and
African American populations'*?!-

On the other hand, rs4253778 presented a sig-
nificant statistical association with total cholesterol
(»=0.030) and LDL-cholesterol (p=0.037). These
data were also consistent with those reported by
Gu et al’ where they observed an association with
an increase in total cholesterol, LDL-cholesterol,
progression of atherosclerosis and an increase
in the risk of myocardial infarction. Although it
seems that the rs4253778 polymorphism has an
influence on alterations in metabolism, the results
obtained in this work did not show an association
with a modified lipid profile.

Interestingly, according to what was reported
by Mazzotti et al*® and Chen et al?*, they observed
divergences in the association results of the two
SNPs analyzed between two different popula-
tions in South America (Sdo Paulo and Ciudad
de Cuiaba). These studies showed that in the pop-
ulation of S@o Paulo the C allele of rs4253778
was associated with high HDL-cholesterol levels,
low levels of triglycerides and low levels of very
low-density lipoproteins. However, the popula-
tion of Ciudad de Cuiaba was found associated
with dyslipidemia. These results are controversial
and could be explained by the differential stratifi-
cation of the two populations studied.

One of the most important SNPs of PPARa
gene is rs4253778 and HaploReg database has
predicted this SNP as a variation that alters the
binding sites of members of the IRF family of
transcription factors (encoded by 9 genes in hu-
mans IRF1-IRF9)?. It is possible that this poly-
morphism is in linkage disequilibrium with a
functional variant and some region of the PPAR«a
gene that may result in its expression®. On the
other hand, the G allele of SNP rs4253778 is as-
sociated with an increased fatty acid oxidation
and an increase in the development of slow-twitch
muscle fibres, which use oxygen more efficiently
in continuous muscle activity, characteristic of en-
durance athletes®.

In addition, it is essential to mention that Mexi-
can population is a mixture with a complex genet-
ic structure that includes a European component,
a Native American component and a small portion
of African genes®®3!. Spurious association signals
produced by differences in ancestral background
can be a confusing factor in genetic association
studies®**3. Unfortunately, in this work we did not
have data on ancestry markers for our study pop-
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ulation. In this way, spurious associations caused
by population stratification could be avoided*.

Limitations

The present study has some limitations: first,
the SNPs of the PPARa gene were selected based
on previous reports from Europe, South America,
and Asia, therefore, other SNPs could contribute
to the variation of serum lipid profile, in Mexi-
can population. Second, the lack of association
between SNP rs1800206 and serum lipid profile
may be due to the small sample size. Although our
sample size is the minimum necessary to identi-
fy the effect of the PPARa gene variants with the
variation of lipid profiles, it is possible that an in-
crease in our population significantly improves the
data obtained. Finally, our study does not have an-
cestry markers that help to avoid spurious results
due to differences in the ancestral background.

It is important to keep looking for some indi-
cators that help researchers to predict the risk for
cardiovascular events in order to exert preventive
actions to diminish the prevalence of diseases
associated to dyslipidemia. Although additional
studies are needed, these results could be helpful
to identify genetic risk factors in Mexican popula-
tion. Our results suggest the association between
the rs4253778 polymorphism of PPARa and total
cholesterol and LDL cholesterol in women from
Northeast Mexico.

Conclusions

In the present study, we carried out a report of
the association of the rs1800206 and rs4253778
polymorphisms with serum lipids, LDL, HDL, to-
tal cholesterol and triglycerides in women from
the Northeast of Mexico. Our results suggested
an association with lipid profiles in blood serum
that are similar to data reported from other geo-
graphical regions, supporting the hypothesis that
these polymorphisms play an important role in the
variation of serum lipid levels, in this population.
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