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PAI-1 haplogenotype confers genetic
susceptibility for obesity and
hypertriglyceridemia in Mexican children.
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Abstract. The presence of childhood obesity predisposes to the development of cardio-
vascular and metabolic diseases, such as coronary artery disease and type 2 diabetes mellitus,
in adulthood. The polymorphisms described in PAI-1 gene have been linked with obesity and
metabolic syndrome in several populations. The aim of this study was to investigate the as-
sociation of the -844 G/A (rs2227631), -675 4G/5G (rs1799889) and HindIII C/G (rs757716)
PAI-1 polymorphisms with obesity and dyslipidemia in a sample of Mexican children. A
cross-sectional study was performed in 222 children with an age range between 6-11 years;
104 children were classified as obese and 118 children with normal-weight. The PAI-I poly-
morphisms were analyzed by PCR-RFLP. Linkage disequilibrium (LD) and haplogenotype
analysis among the three polymorphisms were determined. The results showed significant as-
sociations with obesity of the -844 G/A genotype and the A allele (OR= 2.75, p<0.001 and
OR= 1.76, p=0.01, respectively). The -844 G/A polymorphism was found in LD with -675
4G/5G PAI-1 polymorphism (D’= 0.77). We found that G-4G-C/A-5G-G is a risk haplogeno-
type for obesity [OR=2.6; 95% confidence interval (CI) 1.17-4.22; p=0.01] and with marginal
association with hypertriglyceridemia(OR= 2.6; 95% CI 1.04-6.35; p= 0.05). The G-4G-C/A-
5G-G PAI-1 haplogenotype may be a genetic marker of susceptibility for obesity and hypertri-
glyceridemia in Mexican children.
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Un haplogenotipo de PAI-1I confiere susceptibilidad
genética para la obesidad y la hipertrigliceridemia en

nifios mexicanos.

Invest Clin 2016; 57(3): 246 - 258
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Resumen. La presencia de la obesidad en la infancia predispone al desarrollo de enfer-

medades cardiovasculares y metabolicas, como la enfermedad arterial coronaria y la diabetes
mellitus tipo 2 en la edad adulta. Algunos polimorfismos en el gen PAI-I se han relacionado
con la obesidad y el sindrome metabolico en varias poblaciones. El objetivo del estudio fue in-
vestigar la asociacion de los polimorfismos -844 G/A (rs2227631), -675 4G/5G (rs1799889) y
HindIII C/G (rs757716) en el gen PAI-1 con la obesidad y las dislipidemias en una muestra de
nifios mexicanos. Se realizo un estudio transversal en 222 nifios con un rango de edad de 6-11
afios, de los cuales 104 nifios fueron clasificados con obesidad y 118 con peso normal. Los poli-
morfismos en el gen PAI-1 fueron analizados por PCR-RFLP. También se determiné el desequi-
librio de ligamiento y el analisis de haplogenotipos de los tres polimorfismos. Los resultados
mostraron la asociacion significativa de la obesidad con el genotipo -844 G/Ay el alelo A (OR=
2,75, p<0,001 y OR= 1,76, p=0,01, respectivamente). El polimorfismo -844 G/A se encontr6 en
desequilibrio de ligamiento con el -675 4G/5G (D’= 0.77). También se encontr6 que el haploge-
notipo G-4G-C/A-5G-G es un marcador de riesgo para la obesidad [OR=2,6; 95% intervalo de
confianza (CI) 1,17-4,22; p= 0,01], ademas de que este haplogenotipo presentd una asociacion
marginal con la hipertrigliceridemia (OR= 2,6; 95% CI 1,04-6,35; p= 0,05). El haplogenotipo
G-4G-C/A-5G-G en el gen PAI-1 puede ser un marcador genético de susceptibilidad para obe-
sidad e hipertrigliceridemia en nifilos mexicanos.

Recibrdo.: 23-08-2015 . Aceptado. 14-04-2016

INTRODUCTION

Obesity is a complex multifactorial chronic
disease, which is particularly influenced by a
wide-range of genetic and environmental factors
(1). The presence of obesity in childhood pre-
disposes to the development of cardiovascular
and metabolic diseases such as atherosclerosis
and type 2 diabetes mellitus in adulthood (2, 3).
An increased production of pro-inflammatory
molecules and a decrease in the fibrinolytic ca-
pacity has been described in the course of this
pathology, which generally is attributed to in-

creased levels of plasminogen activator inhibi-
tor-1 (PAI-1) (4-7).

PAI-1 is the main inhibitor in the plasmi-
nogen activation system, which comprises an
inactive proenzyme (plasminogen) that can be
converted into its active form the plasmin, by
the action of physiological plasminogen activa-
tors; plasmin is the main enzyme that degrades
fibrin into soluble products (8). Increased PAI-
I levels in circulation are associated with the
development of myocardial infarction and the
formation/progression of chronic inflammatory
diseases such as atherosclerosis and cardiovas-
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cular disease (4, 8, 9). Notably, increased PAI-1
levels also have been linked with risk factors for
type 2 diabetes mellitus such as insulin resis-
tance, glucose intolerance, hypertension, meta-
bolic syndrome (MetS) and dyslipidemias (low
HDL-C serum levels and hypertriglyceridemia)
(7, 10, 11). Therefore, we consider that PAI-1
could be an important marker in the course of
these inflammatory processes.

The human PAI-1 gene is located in the chro-
mosome 722, and 180 polymorphic sites have
been described within the PAI-1 gene (6, 12).
Only three polymorphisms appear to have func-
tional importance (10-12). Of these, two poly-
morphisms identified in the promoter region
are the single nucleotide polymorphism (SNP)
-844 G/A (rs2227631) and the insertion/deletion
-675 4G/5G (rs1799889). Both polymorphic
loci have been associated with increased gene
expression and elevated PAI-1 levels in circula-
tion, as well as risk factors such as insulin resis-
tance, high triglycerides, low HDL-C and with
several diseases including obesity, deep vein
thrombosis, coronary artery disease and MetS
(13-20). The third functional SNP described
is the HindIll C/G polymorphism (rs757716),
which is located in the 3" un translated region
(UTR) of the PAI-I gene, has also been asso-
ciated with elevated circulating PAI-1 levels as
well as increased cholesterol and insulin serum
levels according to the genotype in myocardial
infarction patients (21).

Association studies have shown that these
three functional PAI-1 polymorphisms could in-
fluence on PAI-1 levels in circulation, and the-
se variants are related with lipid concentrations
in several populations with Mexican-mestizo
background, most likely by linkage disequili-
brium (LD) (13, 14, 19-23).

Based on this knowledge, the functional
PAI-1 polymorphisms are genetic markers that
could contribute to the pathological features as-
sociated with obesity. Therefore, the aim of this
study was to investigate the association of ge-

notypes, haplotypes and haplogenotypes of the
-844 G/A (1rs2227631),-675 4G/5G (rs1799889)
and HindIll C/G PAI-1 (rs757716) polymor-
phisms with obesity and the lipid profile in a
sample of Mexican children.

PATIENTS AND METHODS

Participants

A cross-sectional study was performed in
222 children with an age range of 6-11 years,
104 children were classified with obesity and
118 children with normal-weight. All children
enrolled in the study were of Mexican-mestizo
population born in the State of Guerrero, Mexi-
co, with a family history of ancestors, at least
back to the third generation born in our State.

Informed written consent was obtained from
all parents or guardians before enrollment in the
study. Approval for the study was obtained from
the Research Ethics Committee of the Univer-
sidad Autéonoma de Guerrero according to the
ethical guidelines of the Declaration of Helsin-
ki.

Clinical and anthropometric
measurements

Body weight was determined using a Tanita
body composition monitor (Tanita BC-553, Ar-
lington, USA) and height was measured to the
nearest 0.1 cm using a stadiometer (Seca, Ham-
burg, Germany). From these measurements,
body mass index was calculated (BMI= weight/
height?, kg/m?). The circumferences were mea-
sured by duplicate using a diameter tape accura-
te to within = 0.1 cm (Seca 201, Hamburg, Ger-
many). Waist circumference was measured at
the level of the umbilicus and the superior iliac
crest. The measurement was made at the end
of a normal expiration while the subjects stood
upright, with feet together and arms hanging
freely at the sides. Hip circumference was me-
asured at the maximum point below the waist,
without compressing the skin. The thickness of
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three skinfolds was measured to the nearest 0.1
mm, in duplicate, using skinfold caliper (Dyna-
tronics Co, Salt Lake City, USA): triceps, biceps
and subscapular. The duplicate of all measures
was averaged.

Biochemical measurements and
definitions

A blood sample was obtained from each
child by antecubital venipuncture after an over-
night fast. Total serum cholesterol, triglycerides,
high density lipoprotein-cholesterol (HDL-C)
and glucose levels were obtained using semi-au-
tomated equipment (COBAS MIRA).

The classification of obesity was made using
the 2000 Center for Disease Control and Pre-
vention growth charts defined as normal-weight
5th-85th percentiles and obesity >95thpercenti-
le (24).

Genotyping of PAI-1 polymorphisms
Total genomic DNA (gDNA) was isolated
from peripheral blood leukocyte by the salting
out method (25). The -844 G/A, -675 4G/5G
and HindlIIC/G PAI-1 polymorphisms were
analyzed by polymerase chain reaction-res-
triction fragment length polymorphism (PCR-
RFLP). Amplification of these three PAI-I
polymorphisms was done using the primers and
PCR protocols reported in our previous studies
(19, 20). To confirm the results, genotyping of
the three PAI-1 polymorphisms was done in du-
plicate in all cases and confirmed by automati-
zed sequencing of a randomly selected subset of
PAI-1 genotypes (Applied Biosystems, USA).

Statistical analysis

Statistical analysis was performed using
the statistical software STATA v 9.2. For the
descriptive analysis, nominal variables were
expressed as frequencies, continuous variables
with parametric distribution were expressed
as mean and standard deviation, and variables
with nonparametric distribution were expressed

as medians and percentiles 5th-95th. We deter-
mined genotype and allele frequencies for the
PAI-1 gene polymorphisms by direct counting
and performed chi-square test to compare pro-
portions between groups and to evaluate the
Hardy-Weinberg equilibrium. To compare para-
metric quantitative variables we used the Stu-
dent’s t test and for nonparametric quantitative
variables we used the U Mann-Whitney test. To
analyze the potential risk for obesity associa-
ted with the PAI-1 gene polymorphisms, Odds
Ratio (OR) with 95% Confidence Intervals (CI)
were calculated. Haplotype frequencies were
estimated using the HEMHAPFRE software
based on expectation-maximization algorithm
according to Excoffier and Slatkin (26). LD be-
tween PAI-1 polymorphisms was expressed as
Lewontin’s D’ corrected LD coefficient (D’)
(27). The differences between the biochemical
and anthropometric parameters were evalua-
ted by haplogenotypes (G-4G-C/G-4G-C and
G-4G-C/A-5G-G PAI-1) using the Student’s
t test and by the U Mann Whitney test. To eva-
luate the effect of the haplogenotypes we used
logistic and linear regression models adjusted
by gender and age. For all analysis, the referen-
ce haplotype and haplogenotype were the most
frequent. Differences were considered statisti-
cally significant at p<0.05.

RESULTS

Baseline characteristics

A total of 222 children with an age range
of 6-11 years were divided in two groups: 104
obese children and 118 with normal-weight as
control group. The descriptive characteristics of
the sample are summarized in Table I. As expec-
ted, body circumferences, skin folds thickness
and biochemical measurements such as glucose,
total cholesterol and triglycerides levels were
significantly (p<0.001) greater in obese partici-
pants, whereas HDL-C levels were lower com-
pared to normal-weight children.
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Genotypic and allelic frequencies of
PAI-1 polymorphisms

Table II shows the genotypic and allelic
frequencies of the three PAI-I polymorphis-
ms, which are in Hardy-Weinberg Equilibrium
(-844 G/A,p= 0.13;-675 4G/5G,p= 0.24 and
HindIllIC/G,p= 0.80). Significant differences
in the genotypic and allelic frequencies were
found between study groups for the -844 G/A
PAI-1 (p= 0.001 and p= 0.003, respectively),

the G/A heterozygote genotype and the A allele
of -844 G/A PAI-1 were associated with genetic
susceptibility for obesity (OR= 2.75 and OR=
1.76, respectively); for the -675 4G/5G PAI-1 a
similar pattern was observed with a significant
association of the 4G/5G heterozygous genoty-
pe for obesity (OR=1.83) and a marginal asso-
ciation of the 4G allele with obesity (OR=1.49).
In the case of HindIIl C/G PAI-1 no differences
or significant associations were found.

CLINICAL AND BIOCHEMICAL CHARACTERISTICS BY GROUP

TABLE I

. Obesit Normal-weight

Variables =10 4y =118 & p value
Age (years)” 9(6-11) 9(6-11) 0.30
Gender % (n)™ 0.19

Male 56 (58) 48 (57)
Female 44 (46) 52 (61)

BMI (kg/m?)* 23.1(18.8-29.1) 16.3 (13.9-19.1) <0.001
Body circumferences
Waist (cm)* 79 (64.5-94) 62 (52-73) <0.001
Arm (cm)* 24.5(20.5-30.5) 19 (15-22) <0.001
Skinfolds
Biceps (mm)*™* 18.1+4.2 13.344.3 <0.001
Triceps (mm)* 18(11.5-22) 12(8-18) <0.001
Subscapular (mm)"* 18(11.5-24.5) 10(5-18) <0.001
Biochemical measurements
Glucose (mg/dL)* 98 (83-112) 95 (72-112) <0.01
Total cholesterol (mg/dL)™* 187.9+29.85 171.36+30.25 <0.001
Triglycerides (mg/dL)* 138 (57-204) 68 (25-150) <0.001
HDL-C (mg/dL)* 40.5 (23-83) 64 (34-101) <0.001
LDL-C (mg/dL)* 102.2 (63.5-180.8)  95.3(53.4-158.9) 0.03
Insulin (WU/mL)* 9.4(1.3-27.5) 4.7 (0.6-13.6) <0.001
HOMA-IR* 2.3(0.2-6.8) 1.2 (0.1-3.1) <0.001

*Data provided in median and percentile 5th-95th. U Mann-Whitney test.**Data provided in
percentages and n. Chi square test X?. ***Data provided in mean + SD. Student’s t test.
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TABLE 11
FREQUENCY DISTRIBUTION OF PAI-1
POLYMORPHISMS BY GROUPS

Obesity Normal-weight
Polymorphism pvalue’ OR (CI195%) pvalue’
% (n=104) % (n=118)
-844 G/A PAI-1
Genotype 0.001
G/G 46 (48) 68(80) 1
G/A 49(51) 27(31) 2.75 (1.49-5.06) <0.001
A/A 5(5) 5(7) 1.19 (0.28-4.63) 0.77
Allele 0.003
Gt 71 (147) 81(191) 1
A 29 (61) 19 (45) 1.76 (1.10-2.80) 0.01
-675 4G/5G PAI-1
Genotype 0.08
5G/5GH 41(43) 56(66) 1
4G/5G 47(49) 35(41) 1.83(1.0-3.35) 0.03
4G/4G 12(12) 9(11) 1.67(0.61-4.60) 036
Allele 0.06
5GH 65(135) 73(173) 1
4G 35(73) 24(63) 1.49(0.97-2.27) 0.05
HindIII C/G PAI-1
Genotype 0.58
c/ct 50(52) 57(67) 1
C/G 43 (45) 38(45) 1.28(0.72-2.32) 0.36
GIG 70 5(6) 1.5(0.40-5.75) 0.49
Allele 0.18
cf 72(149) 76(179) 1
G 28(59) 24 (57) 1.24(0.80-1.94) 031
PAI-1 Haplotype
G-4G-Ct 58.7 (122) 66.2 (156) 1 B
A-5G-G 18.3 (38) 11.9 (28) 1.76 (0.76-4.12) 0.05
G-5G-G 6.7 (14) 6.8 (16) 1.13(0.33-3.81) 0.81
A-5G-C 5.8 (12) 4.2 (10) 1.56(0.37-6.76) 0.47
G-5G-C 3.8 (8) 42 (10) 1.04(0.19-5.06) 0.95
A-4G-C 3.8 (8) 17 (4) 2.6(0.35-29.4) 0.26
G-4G-G 1.9 (4) 42 (10) 0.52 (0.04-3.32) 043
A-4G-G 1@ 0.8 (2) 1.3(0.01-103.3) 0.85
*Chi square test X?; OR: Odds Ratio; CI: Confidence Interval; freference

category.
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Based on these findings regarding the as-
sociations between PAI-I polymorphisms with
obesity in our population, it was decided to de-
termine the LD between the three PAI-1 poly-
morphisms. In this regard, the -844 G/A PAI-1
was found in LD with -675 4G/5G PAI-1 (D’=
0.77).

Haplotypic and haplogenotypic
frequencies of PAI-1 polymorphisms
The haplotypic frequencies are shown in Ta-
ble II. The most frequent haplotypes were the
G-4G-C followed by the A-5G-G, no signifi-
cant differences or associations were found in
the comparison between study groups. To exa-
mine the combined effect of three PAI-1 poly-
morphisms a haplogenotype analysis conside-
ring the most frequent haplotypic combinations
G-4G-C andA-5G-G was performed (Table III).
According to this analysis it was found that the
G-4G-C/A-5G-G  heterozygous combinatio-

nis a risk haplogenotype for obesity (OR=2.6;
CI1.17-4.22; p=0.01).

Association of the PAI-1 haplogeno-
types with obesity and triglyceride
levels

Following the haplogenotype analysis pro-
posed for this study, demographic, clinical and
biochemical variables were compared with
the most frequent haplogenotypes (frequency
>10%). The G-4G-C/A-5G-G haplogenotype
was associated with an increased percentage
of obesity in children in comparison with the
G-4G-C/G-4G-C haplogenotype carriers (61 vs.
37%; p=0.01), as well as with high triglyceride
levels (103 vs. 81 mg/dL; p= 0.01) (Table IV).
In order to estimate the risk for high triglyceride
levels attributed to the G-4G-C/A-5G-G PAI-
1 haplogenotype in all children, a logistic and
linear regression models adjusted by age and
gender was used. The G-4G-C/A-5G-G haplo-

TABLE III
FREQUENCIES OF THE FOUR MORE COMMONS HAPLOGENOTYPES OF
PAI-1 POLYMORPHISMS BY GROUPS

PAI-1 Obesity Normal-weight
OR (CI195%)  pvalue”

Haplogenotype % (n=104) % (n=118)
G-4G-C/G-4G-Ct 30 (31) 44 (52) - -
G-4G-C/A-5G-G 27 (28) 15.2 (18) 2.6(1.17-422) 0.01
G-4G-C/G-5G-G 7.8 (8) 9 (11) - NS
G-4G-C/A-5G-C 7.8 (8) 4 (5 - NS

Others 27.4 (29) 27.8 (32) - NS

tReference category; NS= Not Significant; OR= Odds Ratio; CI= Confidence Interval; * Chi square

test X2
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TABLE IV
GENERAL CHARACTERISTICS STRATIFIED BY PAI-1

HAPLOGENOTYPES IN ALL CHILDREN

PAI-1 Haplogenotypes
: G-4G-C/G4Ge CHECASE
Variables G p value
n=83
n=46

Age (years)” 9(6-11) 9(6-11) 0.30
Gender % (n)™ 0.10

Male 58 (48) 43 (20)

Female 42 (35) 57 (26)
BMI (kg/m?2)* 17.4(13.9-25.9) 20.1(14.4-282) 0.13
Obesity % (n)™* 0.01

Yes 37331) 61 (28)

No 63 (52) 39 (18)
Body circumferences
Waist (cm)* 66 (53-86) 68 (56-90) 0.20
Arm (cm)* 20 (17-28) 21.5(16-29) 0.10
Skinfolds
Biceps (mm)*™* 15+4.7 16.1+4.7 0.20
Triceps (mm)* 14 (9-21.5) 15.3 (8.5-20.5) 0.30
Subscapular (mm)* 12.5(6-21.5) 14.3 (7-22) 0.07
Biochemical measurements
Glucose (mg/dL)" 95 (74-107) 93 (70-108) 0.50
Total cholesterol (mg/dL)** 173.1+32.4 182.9+29.6 0.09
Triglycerides (mg/dL)* 81 (31-200) 103 (39-200) 0.01
HDL-C (mg/dL)" 58 (27-101) 45 (28-99) 0.20
LDL-C (mg/dL)" 97 (58-172) 98.2 (61-199) 0.86
Insulin (WU/mL)* 6 (0.8-25) 9.9 (0.8-22.6) 0.16
HOMA-IR" 1.4 (0.2-6) 2.3(0.2-5.8) 0.20

*Data provided in median and percentile 5th-95th. U Mann-Whitney test.**Data provided in
percentages and n. Chi square test X?. ***Data provided in mean + SD. Student’s t test.
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TABLE V
ASSOCIATION OF PAI-1 HAPLOGENOTYPE WITH TRIGLYCERIDE LEVELS
Triglyceride levels
Normal High
PAI-1 haplogenotype OR (95%CI) p value’
<150 mg/dL >150 mg/dL
% (n=105) % (n=24)
G-4G-C/G-4G-Ct 68.6 (72) 458 (11) 1
G-4G-C/A-5G-G 31.4(33) 54.2(13) 2.6 1.04-6.35 0.05

treference category; *Chi square test X?; OR= Odds Ratio, CI= Confidence Interval.

genotype presented a marginal association with
hypertriglyceridemia (OR= 2.6; CI 1.04-6.35;
p= 0.05) (Table V). Besides, the G-4G-C/A-
5G-G PAI-1 haplogenotype contributed to a
significant increase in triglycerides serum levels
(B=21.12; C12.7-39.5; R2=0.04;p=0.02) (Data
not shown in tables).

DISCUSSION

The present study shows the genetic contri-
bution of PAI-1 polymorphisms for obesity and
hypertriglyceridemia in Mexican-mestizo chil-
dren. In previous studies in a Mexican-mestizo
population we found that the —844 G/A PAI-1
polymorphism was related with the risk of deve-
loping MetS, obesity and atherogenic dyslipide-
mia, and the HindIIl C/G PAI-1 polymorphism,
with increased total cholesterol levels (19),
whereas the -675 4G/5G PAI-1 polymorphism
was associated with an increase of body adipo-
sity measures (20). Based on these findings we
decided to increase the sample of children stu-
died and to analyze together these three poly-
morphisms and their association with obesity in
a sample of Mexican children.

The present results show that heterozygous

genotypes of the -844 G/A and -675 4G/5G PAI-
I polymorphisms were associated with genetic
susceptibility for obesity. In the case of HindIIl
C/G PAI-I no differences or significant asso-
ciations were found with a similar pattern to
those reported in our previous studies. In addi-
tion, both PAI-1 promoter polymorphisms were
found in LD, which indicates that PAI-1 alleles
are segregated in block from one generation to
another and may confer a similar risk.

However, in the haplotype analysis, no sig-
nificant differences or associations were found
between study groups. Interestingly it was found
that the G-4G-C/A-5G-G PAI-1 heterozygous
combination is a risk haplogenotype for obesity
and moderately for hypertriglyceridemia.

Other studies have determined the functio-
nal effect of the PAI-1 polymorphisms on pro-
tein levels. Several studies have reported the
base change of G to A at position -844 of the
promoter PAI-1 gene generates a binding site
consensus sequence for the Ets nuclear protein,
which could be involved in regulating gene ex-
pression and may influence the increase in PAI-
I levels(28, 29). Nevertheless, the associations
reported for -844 G/A and HindIIl C/G PAI-1
polymorphisms with PAI-I levels in other po-
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pulations are not consistent. In other studies in
adults, where the-675 4G/5G polymorphism
was determined, the 4G/5G heterozygous ge-
notype was related with increased PAI-1 levels
(30, 31).

Few association studies have evaluated the
influence of the PAI-1 polymorphisms in phe-
notypes related with obesity in children. Some
authors have reported a relationship between the
4G/4G homozygous genotype with insulin resis-
tance and increased adipose tissue in Caucasian
populations, where the 4G allele is considered
the risk allele, since it has been associated with
high PAI-1 levels due to the lack of a binding
site for a transcriptional repressor gene (30). In
European Caucasian children with obesity, Es-
telles et al., observed no association of the -675
4G/5G polymorphism with PAI-1 levels (32). A
similar pattern was observed in Turkish children
with obesity, where the -675 4G/5G polymor-
phism was not associated with lipid and glucose
parameters (33, 34).

In this study we found that the heterozygous
genotypes and their combinations in haploge-
notype may confer increased susceptibility for
obesity in comparison with homozygous geno-
types. This pattern observed in our population
could be due to racial influence; our population
has a genetic background with Amerindian (21-
25%), Caucasian (60-64%) and African (15%)
ancestry, which gave origin to the Mexican-mes-
tizo population (35). Similarly to that reported
in previous studies conducted in Mexican-mes-
tizo population and ethnic groups of Mexico,
we found that the 5G allele of the -675 4G/5G
PAI-1 polymorphism is predominant in our po-
pulation (> 50%) compared with the 4G allele
(22, 23).This suggests that the high frequency of
the 5G allele may be due to the contribution of
Amerindian genes in the genetic background of
the Mexican population.

One of the limitations in our study was that
we did not measure the PAI-1 levels in circula-
tion or PAI-1 activity. Studies of PAI-I knoc-

kout mice have shown an effect of PAI-I on
weight gain and increased adipose cellularity
associated with high-fat dieting (36). Moreover,
studies in which the PAI-1 gene was disrupted
in ob/ob mice showed a reduction in adiposity
of these mice. This suggests that the PAI-1 gene
can control fat mass, although the mechanism of
action is not yet known, it may be that the PAI-
I gene could control fat mass at least in part,
by inducing adipocyte proliferation through the
expression of pro-inflammatory cytokine genes
such as tumor necrosis factor alpha (TNF-a),
transforming growth factor beta (TGF-p), leptin
and the hormone insulin (37). It has been repor-
ted that a very-low-density lipoprotein (VLD-
L)-responsive element in the PAI-I promoter
could be responsible for the effect of plasma
lipids on PAI-1 expression (6) and the increase
in PAI-1 levels may be a causal link between
obesity and cardiovascular disease. Therefore,
further studies are necessary in order to evaluate
the functional contribution of the PAI-I poly-
morphisms in the study population.

In conclusion, our results suggest that the
G-4G-C/A-5G-G PAI-1 haplogenotype may be
a genetic marker of susceptibility for obesity
and hypertriglyceridemia in Mexican children.
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