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Abstract Background: As a common pathophysiological condition worldwide, metabolic syndrome (MetS) is a
— clustering of multiple risk factors implicating in the development of many chronic disorders. Of note,
obesity-induced chronic, low-grade inflammation is a major cause of insulin resistance and MetS. In the
present study, we evaluated the association of rs3091244 variant of the C-reactive protein (CRP) gene, a
well-recognized systemic inflammatory marker, with MetS in Iranian children and adolescents.
Materials and Methods: Genotyping was performed by mismatched polymerase chain reaction-restriction
fragment length polymorphism in 100 MetS and 100 normal individuals aged 9-19 years recruited in the
central part of Iran in 2011. A t-test or one-way ANOVA with post-hoc multiple comparisons were used to
analyze the differences between groups. Statistical significance was defined as P < 0.05. Logistic regression
used to evaluate the association between alleles of the CRP rs3091244 and increased MetS risk.
Results: There were no differences in the genotype frequencies or allele distribution for —286C>A>T CRP
polymorphism between MetS and control groups. Logistic regression showed that only the T allele of the
CRP rs3091244 and not any of the genotypes confers a borderline significant (P = 0.059) increased MetS
risk compared to A allele with the odds ratio of 1.70 (0.98-2.96).
Conclusions: This study suggests that in Iranian children and adolescents, —286C>A>T CRP polymorphism
is not associated with the increased risk for MetS.
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diabetes.®* The MetS’s prevalence is higher in older
age,” and is becoming one of the most important
public health challenges worldwide. Because of the
obesity epidemic in childhood, which is one of the
major risk factors of MetS, recent studies have focused
on studying the MetS in children and adolescents.
Early identification of children at risk will help to
design preventive programs as early as possible.!*¢7
In Iranian children and adolescents, the prevalence of
MetS is around 1-2%, much higher than that reported
for other countries.®1%

Dysregulated adipose tissue is associated with the
pathogenesis of MetS in part due to the enlargement of
adipose cells and infiltration of macrophages followed
by overexpression of inflammatory cytokines.[1%
These cytokines can cause insulin resistance in
adipose tissue, skeletal muscle and liver by inhibiting
insulin signal transduction.[?

Due to the important role of inflammation in MetS,
investigating the association between inflammatory
marker gene polymorphisms, and the risk of
MetS is of great value. C-reactive protein (CRP), a
well-recognized systemic inflammatory marker,
characterizes a pro-inflammatory state when it is
increased.™® Several studies demonstrate that CRP
is elevated in major components of MetS, including
hypertension, dyslipidemia, obesity, and glucose
intolerance.!314

In 2006, Crawford et al. re-sequenced the CRP gene
and found 40 single nucleotide polymorphisms (SNPs)
within this gene confirming the polymorphic nature
of the gene. Among these identified SNPs in CRP,
one unique variant is the high-frequency triallelic
SNP rs3091244. They reported that all three alleles
of rs3091244, A, C, and T, occur with considerable
frequency in all population samples examined.® Apart
from environmental factors and patient behaviors
and traits, which can alter the blood CRP levels,
newer evidences showed the importance of genetic
components as well.'® Until now, several groups have
investigated the link between CRP polymorphisms
and baseline blood CRP and it is now evident that
these polymorphisms are associated with differences
in CRP blood level."¥ Among the CRP polymorphisms,
only triallelic SNP rs3091244 (-286C/T/A) has been
proven to be functional, that is, to directly contribute
to differences in baseline CRP blood levels among
individuals."”

The association between the CRP rs3091244 and
MetS in adult populations has been investigated in a
number of studies,'®°! however, little is known about
the effect of CRP —286C/T/A polymorphism on the

risk of developing MetS in pediatric age groups. In
the present study, we, for the 1% time, evaluated the
association of rs3091244 variants of the CRP gene with
MetS in Iranian children and adolescents.

MATERIALS AND METHODS

Study population

A total of 100 subjects with MetS (46 boys and 54 girls,
mean age: 12.86 = 0.217 years, range: 9-18 years)
and 100 matched healthy, normal weight individuals
(48 boys and 52 girls, mean age: 13.36 + 0.266 years,
range: 9-19 years) with no history of systemic
inflammation, infection disease, MetS, and type 2
diabetes were included in the present study. They
were all recruited from Isfahan (a central province
in Iran) university clinics between years 2010 and
2013. MetS subjects were selected according to
the modified ATPIII definition.® Blood samples
were collected in sterile EDTA-treated tubes and
centrifuged immediately. The specimens then were
stored at —20°C for further analyses. The experimental
design reconciled with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) and
was approved by the Ethics Committees of Isfahan
University of Medical Sciences. Oral assent was
obtained from participants and written informed
consent from their parents.

Laboratory analyses

After an overnight fast, blood samples were collected
from all individuals, centrifuged immediately,
and plasmas were stored at — 80°C. Lipid profiles
and fasting blood sugar (FBS) concentration
were measured enzymatically using a Hitachi
7070 analyzer (Diamond Diagnostics, USA) with
reagents from Pars Azmoon (Pars Azmoon, Iran).
Fasting insulin concentration was determined by
a chemiluminescent assay (DiaSorin, Italy) on the
LIAISON® analyzer (DiaSorin, Italy).

Extraction of genomic DNA and genotyping of
C-reactive protein rs3091244 polymorphism

Genomic DNA was extracted from whole blood
using Diatome kit (Isogen Laboratory, Russia)
exploiting routine salting-out method. DNA
quality and quantity were assessed by agarose gel
electrophoresis and spectrophotometry. Mismatched
polymerase chain reaction (PCR) — restriction
fragment length polymorphism was employed
to genotype C>A>T polymorphism in the CRP
gene using the following primers:!¥ Forward:
5'-ATTTCCCAGTCTGTAAATAAGCAAA-3' and
reverse: 5'-AATGGGAAATGGTAACATATTAATC-3'.
The 174 bp amplified fragment possessed two cleavage
sites for Taql and Bfal restriction endonucleases.
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The Taql endonuclease cleavage site was created by
modifying the reverse primer (bold underlined) to
detect the C allele. The differentiation between the
A and T alleles was performed by digestion of the
same PCR products with Bfal restriction enzyme.
Thermal cycling conditions for amplifying the CRP
amplicon were as follows: 95°C for 5 min for the
initial denaturation followed by 35 cycles consisting
of denaturation at 95°C for 40 s; annealing at 55°C for
40 s; extension at 72°C for 40 s and a final extension
at 72°C for 10 min. Ten microliter of the amplified
product was separately digested with 5 U of Taql
and Bfal restriction endonucleases and analyzed by
polyacrylamide gel electrophoresis.

Statistical analyses

SPSS software version 20.0 (SPSS Inc., Chicago,
IL, USA) was utilized for statistical analyses. All
quantitative values are presented as mean + SEM.
To compare the genotypes and allele frequencies,
a Chi-square statistic was calculated. Regarding
the levels of biochemical factors and distribution of
different genotypes, one-way ANOVA and post-hoc
analysis with a least significant difference was
performed. Simple and multivariable adjusted odds
ratios and 95% confidence intervals were computed
using the binary logistic regression. P < 0.05 were
considered significant.

RESULTS

Table 1 presents the clinical and biochemical
characteristics of the individuals with and without
the MetS. There was a significant difference between
the groups in the main risk factors for MetS including
triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), FBS, and insulin
levels (P < 0.05).

Table 1: Clinical and biochemical data in case and control groups

Variables MetS group Control group P
(n=100) (n=100)
Mean SEM Mean SEM

Age (years) 12.86 0.217 13.36 0.266 0.073
Boys/girls 46/54 48/52 0.385
BMI (kg/m?) 26.75 0.385 19.96 0.605 <0.001
TG (mg/dL) 111.48 4.81 77.57 3.10 <0.001
TC (mg/dL) 162.57 3.22 148.71 6.15 0.023
HDL-C (mg/dL) 43.67 0.532 49.75 1.22 <0.001
LDL-C (mg/dL) 90.27 2.11 81.68 4.06 0.031
FBS (mg/dL) 100.42 1.16 90.90 1.09 <0.001
Insulin (ulU/mL) 18.90 1.21 7.78 0.45 <0.001

Values are expressed as mean+SD. BMI: Body mass index, TG: Triglyceride,

TC: Total cholesterol, HDL-C: High-density lipoprotein cholesterol,

LDL-C: Low-density lipoprotein cholesterol, FBS: Fasting blood sugar, SD:
Standard deviation, SEM: Standard error of the mean, MetS: Metabolic syndrome
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Genotype and allele frequencies of CRP
gene —286C>A>T polymorphism in MetS and control
groups are presented in Table 2. The frequencies
of the six genotypes between the MetS and control
groups were not significantly different (y* = 5.673,
P =0.339). In addition, no significant differences were
found between the MetS and control groups in allele
frequencies (2 = 3.760, P = 0.153).

Different allelic and genotypic models were considered
then to find the best model, which would fit the effect of
CRP gene —286C>A>T polymorphism [Table 3]. Except
for the T allele of the CRP rs3091244 which showed
a borderline significant trend to increase MetS risk
compared to A allele, no other significant associations
were observed between CRP rs3091244 polymorphism
and the risk of MetS in any of allelic and genotypic
models before and after adjustment.

On the basis of the presence of either none, 1, or 2 T
alleles, we classified the subjects into three groups:
AA + AC + CC genotype group, AT + CT group, and
the homozygous TT group. There was no significant
difference in body mass index (BMI), TG, TC, HDL-C,
LDL-C, FBS or insulin between the three genotype
groups in the MetS and control groups based on
ANOVA tests [Tables 4 and 5]. However, post-hoc
analysis showed a significant difference between
FBS levels in MetS subjects with AA + AC + CC
genotypes compared to TT genotype (P = 0.028).
Control individuals with AT + CT genotypes had
also significantly increased TC levels compared to
AA + AC + CC genotypes’ carriers (P = 0.038)

DISCUSSION

The present study is the first investigated the
rs3091244 polymorphism in the promoter region of
an inflammatory marker gene, CRP, for association
with MetS and its different components in a group
of pediatric subjects. In our study, A allele observed
frequency was 0.245 for control individuals which is
similar to what reported (0.261) by 1000 Genomes
project for this allele as the second most frequent
allele of rs3091244.2%

By logistic regression using different allelic and
genotypic models, we only found a borderline
statistically significant association between the
T allele of CRP rs8066560 polymorphism and the
increased risk for MetS. After genotype stratification,
we found that FBS levels were significantly distinct
between MetS individuals with no T allele and TT
carriers. Furthermore, control children with one T
allele had increased TC levels compared to individuals
with no T allele.
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Table 2: Comparison of genotype and allele frequencies for rs3091244 between MetS and control groups

Genotype frequency

Allele frequency

Group Total(n) C€CC CT TT AA AC AT Vi P Total n (%) Vi P

A C T
MetS 100 1 56 7 1 33 2 5.673  0.339 200 37(18.5)  91(45.5) 72(36) 3.760  0.153
Control 100 3 46 3 143 4 200 49 (24.5)  95(47.5) 56 (28)

MetS: Metabolic syndrome

Table 3: Logistic regression analyses of association between
CRP rs3091244 and risk of MetS

Allele/genotype Crude OR P Adjusted® OR P
(95% ClI) (95% Cl)

Tversus A 1.70(0.98-2.96) 0.059 1.68(0.96-2.92) 0.069
T versus C 1.34 (0.85-2.11) 0.202 1.34(0.85-2.11) 0.208
C versus A 1.27 (0.86-2.15) 0.365 1.28 (0.76-2.15) 0.346
T versus A+C 1.45(0.95-2.20) 0.087 1.44(0.94-2.20) 0.086
T+C versus A 1.43(0.88-2.31) 0.145 1.43(0.88-2.31) 0.151
TTversus non-TT  2.43 (0.61-9.70) 0.207 2.45(0.61-9.82) 0.207
T carriers versus ~ 1.65(0.93-2.91)  0.085 1.69 (0.95-2.99) 0.072

non-T carriers

2Adjusted for age and sex. CRP: C-reactive protein, Cl: Confidence interval,
OR: Odds ratio, MetS: Metabolic syndrome

Table 4: The CRP rs3091244 genotypes and their correlation
with clinical and biochemical parameters in the MetS group

Variables T AT+CT AA+AC+CC P
Mean SEM Mean SEM Mean SEM

Age (years) 13.57 0.92 13.00 0.28 12.49 0.37 0.18
TG (mg/dL) 114.86 10.44 109.21 6.99 11457 7.28 0.43
TC (mg/dL) 164.00 13.62 162.50 3.94 162.40 6.09 0.50
HDL-C (mg/dL) 43.14 196 43.85 0.66 43.46 1.00 0.45
LDL-C (mg/dL)  90.86 10.74 90.83 2.66 89.23 3.68 0.47
FBS (mg/dL) 93.00 3.13 100.24 1.30 102.20 2.40 0.08
Insulin (ulU/mL) 16.30 4.48 20.20 1.67 1740 1.92 0.24

TG: Triglyceride, TC: Total cholesterol, HDL-C: High-density lipoprotein cholesterol,
LDL-C: Low-density lipoprotein cholesterol, FBS: Fasting blood sugar, SEM: Standard
error of the mean, MetS: Metabolic syndrome, CRP: C-reactive protein

Table 5: The CRP rs3091244 genotypes and their correlation
with clinical and biochemical parameters in the control group

Variables T AT+CT AA+AC+CC P
Mean SEM Mean SEM Mean SEM

Age (years) 12.33 1.2 13.36 0.38 13.43 0.39 0.40
TG (mg/dL) 82.33 1255 79.32 493 7540 3.99 0.40
TC (mg/dL) 154.33 16.38 159.28 11.57 13711 3.93 0.10
HDL-C (mg/dL) 50.33 1.45 5118 2.07 48.19 138 0.25
LDL-C (mg/dL)  96.00 1115 86.64 778 75.49 2.22 0.17
FBS (mg/dL) 96.33 0.33 89.48 124 92.06 191 0.18

Insulin (ulU/mL)  9.40 1.18 7.04 0.55 8.46 0.75 0.13
TG: Triglyceride, TC: Total cholesterol, HDL-C: High-density lipoprotein cholesterol,
LDL-C: Low-density lipoprotein cholesterol, FBS: Fasting blood sugar, SEM: Standard
error of the mean, CRP: C-reactive protein

In 2010, Hsu et al.'® investigated the effect of
rs3091244 on the risk of developing Mets in adults.
This study demonstrated that the non-CC genotypes
are slightly significantly associated with an increased
risk of MetS after adjustment for age, sex, smoking,

and BMI. However, after adding the high-sensitivity
CRP levels to their model, the statistical significance
of the relationship between the rs3091244 non-CC
genotype and MetS were lost. Similarly, in another
study conducted by Komurcu-Bayrak et al.'”) who
explored the effect of different CRP haplotypes
including -286C>T>A polymorphism on MetS
risk, no association was observed for MetS or its
components. In this regard, our data are in accord
with above-mentioned studies,'®'”! which showed no
association between rs3091244 genotypes and MetS
risk. In summary, our study is the first exploring the
association between CRP -286C>T>A variant and
MetS risk in pediatric subjects. Our results showed
that the rs3091244 may not be a major risk factor
for the MetS in Iranian children and adolescents.
However, our preliminary results obtained from
a small population sample should be interpreted
with caution and will require confirmation in larger
populations. At the current, is not clear why this
CRP functional variant has no association with MetS
and/or its phenotypes, although as a multi-factorial
disorder, a predisposition to MetS will surely involve
the interaction of multiple genes and environmental
factors.”
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