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Background

Type 2 diabetes mellitus (T2DM) is a common multifactorial genetic disease. Adiponectin is a
hormone produced solely by adipocytes and is a regulator of glucose and energy homeostasis.
A number of genes and polymorphisms have been reproducibly associated with T2DM in a
variety of studies. The gene ADIPOQ, encoding adiponectin, was found to be the main locus
contributing to variations in adiponectin serum levels.

Objective

The aim of the work was to investigate the association between single-nucleotide polymorphism
in exon 2 (45T/G) of the adiponectin gene with serum adiponectin level, and the occurrence of
T2DM, which could allow proper management and genetic counseling for the high-risk carrier.
Patients and methods

The study included 40 patients with T2DM and 40 normal individuals with no family history of
diabetes mellitus. BMI, serum fasting and postprandial glucose, lipid profile, fasting insulin,
and adiponectin were measured. Molecular study for adiponectin 45T/G gene polymorphism
was carried out.

Results

There was no statistically significant difference found when either genotype or allele frequencies
were compared between the two groups.

Conclusion

Single-nucleotide polymorphism 45T/G of adiponectin gene was not associated with T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a common
multifactorial genetic disease, which is determined by
several different genes and environmental factors[1].Itisa
chronic disease that requires long-term medical attention
to limit the development of its devastating complications
and to manage them when they do occur [2]. Diabetes
leads to a reduced life expectancy and quality of life; it
has risk for heart disease, stroke, peripheral neuropathy,
renal disease, blindness, and amputation [3]. A number
of genes and polymorphisms have been reproducibly

associated with T2DM in a variety of studies [4-6].

Adiponectinis ahormone produced solely by adipocytes
and is a regulator of glucose and energy homeostasis [ 7].
Low plasma adiponectin concentration is associated
with a decrease in whole-body insulin sensitivity in
humans [8,9], and has been shown to be predictive of
future development of diabetes [10].

Serum adiponectin concentration is highly heritable,
and a number of genome-wide association studies have

identified ADIPOQ), the gene encoding adiponectin,
as the main locus contributing to variations in serum
levels in European and Asian populations [11,12].
Adiponectin effects may be partly mediated by
stimulatory effects of adiponectin on signaling
pathways for 5-AMP-activated protein kinase and

peroxisome proliferator-activated receptor o [13,14].

'The adiponectin gene consists of three exons and two
introns located on chromosome 3q27, where a diabetes
susceptibility locus has been mapped [15,16]. Genetic
associations of single-nucleotide polymorphism (SNP)
in exon 2 (45T/G) of adiponectin gene with T2DM
and adiponectin level were reported in Japanese
population and with insulin resistance (IR) in some

White populations [16].

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, as
long as the author is credited and the new creations are licensed under
the identical terms.

© 2016 Egyptian Journal of Obesity, Diabetes and Endocrinology | Published by Wolters Kluwer - Medknow DOI: 10.4103/2356-8062.184402



24 Egyptian Journal of Obesity, Diabetes and Endocrinology

Adiponectin is among the strongest and most
consistent biochemical predictors of T2DM [17],
and adiponectin levels may be useful for identifying
individuals likely to benefit most from interventions
to treat ‘dysfunctional adipose tissue’ and its metabolic
complications [18].

Aim

'The aim of this study was to investigate the association
between SNP 45T/G of the adiponectin gene with
serum adiponectin level, and occurrence of T2DM.
This could allow proper management and genetic
counseling for the high-risk carrier.

Patients and methods

The study included 40 patients with T2DM and
40 normal individuals with no family history of
diabetes. They were recruited from to the Internal
Medicine Department, Medical Research Institute,
Alexandria University.

All participants were asked to freely volunteer to the
study, and informed written consent (appendix) was
gathered before their inclusion in the study, according
to the ethical guidelines of the Medical Research
Institute, Alexandria University.

All participants were subjected to the following:

(1) History and thorough clinical examination.

(2) BMI evaluation.

(3) Laboratory investigations, which included the
following:

(a) Estimation of fasting blood glucose (FBG),
2-h postprandial blood glucose (PPG)
concentrations, serum lipid profile [total
cholesterol (TCH), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C),
and  high-density lipoprotein-cholesterol
(HDL-C)], serum creatinine, and blood urea
[19,20].

(b) Determination of fasting serum insulin
level with calculation of homeostatic model
assessment (HOMA) [21].

(c) Estimation of serum adiponectin level using
the ELISA technique [22].

(4) Molecular study for adiponectin
polymorphism:

(a) Collection of peripheral blood samples into
sterile EDTA vacutainer tubes.

(b) DNA extraction from blood samples using
the salting out technique [23].

45T/G

(c) PCR amplification for adiponectin 45T/G
was carried out using the following primers

(Sigma, Alexandria, Egypt):

Forward primer: 5-GAA GTA GAC TCT GCT
GAG ATG G-3’, and reverse primer: 5-TAT CAG
TGT AGG AGG TCT GTG ATG-3" [24].

PCR products were then confirmed by means of
electrophoresis on 3% agarose gels. Digestion of the PCR
products was carried out using the specific restriction

enzyme: Smal for 45T/G PCR products [24].

Results
Statistical analysis of the data

Datawere fed to the computer and analyzed using SPSS
software (version 20.0; SPSS Inc., Chicago, Illinois,
USA). Qualitative data were described using number
and percentage. Quantitative data were described
using range (minimum and maximum), mean, SD,
and median. Comparison between different groups
with regard to categorical variables was made using the
x*-test. When more than 20% of the cells have expected
count less than 5, correction for ¥? was conducted
using Fisher’s exact test or Monte Carlo correction.
'The distributions of quantitative variables were tested
for normality using the Kolmogorov—Smirnov test,
the Shapiro-Wilk test, and the D’Agostino test, and
histogram and QQ_plot were used for vision test. If
it revealed normal data distribution, parametric tests
were applied. If the data were abnormally distributed,
nonparametric tests were used. For normally distributed
data, comparisons between the studied groups were
made using the F-test (ANOVA) and the post-hoc
test (Scheffe). For abnormally distributed data, the
Kruskal-Wallis test was used to compare the studied
groups, and pair-wise comparison was made using the
Mann-Whitney test. Significance test results were
quoted as two-tailed probabilities. Significance of the
obtained results was judged at the 5% level.

The study included 40 patients with T2DM and 40
normal controls. They were recruited from the Internal
Medicine Department, Medical Research Institute,
Alexandria University.

Age, sex, BMI, systolic blood pressure (SBP), diastolic
blood pressure (DBP), serum insulin, FBG, 2-h PPG,
homeostatic model assessment for insulin resistance
(HOMA-IR), serum adiponectin, and lipid profile
data, including TCH, TG, LDL, and HDL, are shown
in Table 1.

'The diabetic patients had a statistically significantly
higher BMI, SBP, DBP, FBG, PPG, HOMA-IR,



TG, TCH, and LDL, but significantly lower HDL
compared with controls. Adiponectin level was lower
in patients than in controls but the difference was not
significant. Insulin level was higher in patients than in
controls but the difference was not significant.

Molecular genetics results

The PCR-RFLP method was used to detect the
distribution of genotype and allele frequencies of SNP
45T/G in exon 2 of the adiponectin gene in both

patients and controls.

Table 1 Demographic, clinical, and biochemical parameters
of studied groups

Characteristics Cases (N = 40) Controls (N = 40) P-value
Age (years) 50.45 + 9.04 45.15 + 8.77 0.09
Sex (%)

Male 42.5 47.5 0.12

Female 57.5 52.5
BMI (kg/m?2) 3243 +2.0 27.61 + 2.27 0.001*
SBP (mmHg) 144 + 19.1 112 + 12.0 0.001*
DBP (mmHg) 93.0 + 12.2 74.4 + 8.60 0.001*
FBG (mg/dl) 208.67 + 47.46 90.02 + 11.39 0.001*
PPG (mg/dl) 278.58 + 52.02 93.87 + 11.59 0.001*
TCH (mg/dl) 218.85 + 32.36 185.60 + 26.70 0.001*
LDL (mg/dl) 132.28 + 35.48 96.46 + 30.11 0.001*
HDL (mg/dl) 59.50 + 11.40 68.93 + 8.27 0.001*
TG (mg/dl) 134.0 + 43.98 101.10 = 27.30 0.001*
Insulin (ulU/ml) 14.21 + 12.69 9.9 + 10.66 0.066
HOMA-IR 6.97 + 5.43 21 +223 0.001*
Adiponectin 12669 + 17680 16 378 + 23 213 0.567
(ng/ml)

DBP, diastolic blood pressure; FBG, fasting blood glucose;

HDL, high-density lipoprotein-cholesterol; HOMA-IR, homeostatic
model assessment for insulin resistance; LDL, low-density
lipoprotein; PPG, postprandial blood glucose; SBP, systolic blood
pressure; TCH, total cholesterol; TG, triglyceride; *Statistically
significant at P < 0.05.

Figure 1

N

PCR products. Lanes I, II, 1, V, and VI: 372 bp PCR products. Lane
IV: molecular weight marker (50 bp DNA ladder).
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The PCR fragments (372 bp) were digested using
the restriction enzyme Fast Digest (Smal), where the
G allele creates restriction site. Thus, after digestion,
homozygous for the wild type T allele presents as a
372 bp fragment, and homozygous for G allele has two
fragments, 216 and 156 bp. The heterozygous presents
all three fragments (Figs. 1-4).

In T2DM (group I), the T'T genotype was found in
55% of patients, whereas the GG genotype was found
in 5%, and the heterozygous T'G was found in 40%. The
T allele frequency was 75%, and the G allele frequency
was 25%.

In controls (group II), the T'T genotype was found in
57.5% of controls, whereas the heterozygous TG was
found in 42.5%, but GG genotype was not found.

The T allele frequency was 78.8%, and the G allele
frequency was 21.2%.

The G allele was more frequent in patients than in
controls, and T allele was more frequent in controls
compared with patients, but there was no significant
association when compared with the genotype and
allele frequencies in patients and in controls (P > 0.05)

(Table 2).

There were no statistically significant differences with
regard to FBG, lipid profile, serum fasting insulin,
HOMA-IR, and serum adiponectin between different
genotypes in both groups.

There were significant differences in terms of BMI
in the patient group between genotypes (P = 0.049),
and so the G carriers had significantly higher BMI

compared with T carriers. However, in the control

Figure 2

n

Wild type TT. Lanes |, Il, and Ill: digest products for a homozygous
allele TT showed one band at 372 bp. Lane IV: molecular weight
marker (50 bp DNA ladder). Lane V and VI: 372 bp PCR product.
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Figure 3

Figure 4
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Mutant GG type. Lane | and V: digest products for a mutant homozygous
allele GG showed two bands at 216 and 156 bp. Lane Il and IV: 372 bp
PCR product. Lane Ill: molecular weight marker (50 bp DNA ladder).

group, there were no significant difterences in BMI

(P=0.838).

Discussion

Numerous polymorphisms in the gene coding for
adiponectin (ADIPOQ), lying in the 3q27 region,
have been described. Some of them seem to influence
adiponectin levels or have been associated with IR,
T2DM, or its microvascular complications. The most
frequent polymorphism in the ADIPOQ_gene is the
silent T-to-G substitution in exon 2 (45T/G).

Studies with regard to its association with plasma
adiponectin, IR, metabolic syndrome, prevalence of
diabetes, and diabetic nephropathy report inconsistent
results. Some of the differences may be due to ethnic

background [25,26].

Some studies have provided evidence that the SNP
45T/G is associated with metabolic syndrome
components [27,28]. However,a number of studies have
mainly focused on the association of the polymorphism
with one or two components of metabolic syndrome,

such as obesity and/or T2DM [29,30].

An association of variation within the ADIPOQ _gene
with diabetic complications is also an ongoing subject

for debate.

This study included 40 patients with T2DM and 40
normal controls. There were no significant differences
between the two groups with regard to age and sex.

Similar to many previous studies [31,32], the cases

had significantly higher BMI, SBP, DBP, FBG, PPG,

4—372%{&
216
156ty

Different genotypes of single-nucleotide polymorphism 45T/G in
type 2 diabetes mellitus. Lanes | and llI: digest products for a wild
homozygous allele TT showed one band at 372 bp. Lane Il: digest
products for a mutant homozygous allele GG showed two bands
at 216 and 156 bp. Lane IV: molecular weight marker (50 bp DNA
ladder). Lane V: 372 bp PCR product. Lane VI: digest products for a
heterozygous allele TG showed three bands at 372, 216, and 156 bp.

Table 2 Genotype and allele frequencies for adiponectin
single-nucleotide polymorphism T/G in both groups

Genotype/ T2DM Control X2 P OR (95% Cl)
allele (group I)  (group II)
(n=40) (n=40)
IN(%)] [N (%)]
Genotype
TT 22 (55.0) 23 (57.5) 0.051 0.882 —
TG 16 (40.0) 17 (42.5) 0.052 0.820 0.98 (0.4—2.4)
GG 2 (5.0) 0 (0.0) 2.051 0.152 —
TG + GG 18 (45.0) 17 (42.5) 0.051 0.822 1.1 (0.5-2.7)
Allele
T 60 (75.0) 63 (78.8) 0.316 0.574 —
G 20 (25.0) 17 (21.2) 1.24 (0.6-2.6)

Cl, confidence interval; OR, odds ratio; T2DM, type 2 diabetes
mellitus; Statistically significant at P < 0.05.

HOMA-IR, TG, TCH, and LDL, but significantly
lower HDL compared with controls. Adiponectin
level was lower in patients than in controls but the
difference was not significant. Insulin level was higher
in patients than in controls but the difference was not
significant too.

In the current study, the G allele was more frequent
in patients than in controls, and T allele was more
frequent in controls than in patients, but there was
no statistically significant association compared with
the genotype and allele frequencies in patients and in
controls.

The results obtained in the study in Korea by Lee
et al. [33] were in accordance with our results, in
which there were no statistically significant differences



in allele frequencies of SNP 45T/G on comparing
controls with T2DM patients, and the genotype
distributions of these SNPs had no association with

the risk for T2DM.

Moreover, a study in Polish White populations by
Szopa et al. [34] and the study in Italian population
by Chiodini ez al. [35] reported that there was no
significant association between SNP 45 and the risk
tor T2DM.

In contrast to our study, Hara ez al. [36] reported
in their study that the SNP 45 was significantly
associated with risk for T2DM in Japanese population.
Mohammadzadeh and Zarghami [37] also found the

same results in Iranian population.

Fan ez al. [38] used 45 publications in the final
meta-analysis study with 9986 T2DM patients and
16 222 controls for SNP 45T/G and found that, in
Asians, the SNP 45T/G was significantly associated
with risk for T2DM, whereas it was not found to
be associated with risk for T2DM in Whites. The
discrepancy might be caused by differences in the
ADIPOQ_45T/G genotype distribution in different
ethnic backgrounds.

In Egypt, the study by Khodeer ez a/. [39] comprising
64 individuals divided into 32 diabetic patients and 32
normal glucose tolerance (NGT) individuals revealed
that the T2DM group had a statistically significantly
lower distribution of the TT genotype and T allele
frequency compared with the NGT group as well as
a statistically significantly higher distribution of the
TG/GG genotype and G allele frequency compared
with the NGT group. This study concluded that the
SNP 45 may be associated with T2DM and that, in
Egyptians, its risk is higher in G allele carriers.

'The difference between the present study and the study
by Khodeer ez al. [39] may be due to difference in
methodology.

In the present study, it was observed that there were
no significant differences in FBG for both groups
between the genotypes. This result is in agreement with
that reported in other studies [33,40].

This study revealed that there were no significant
differences in lipid profile (TCH, LDL, TG, and
HDL) for both groups between the genotypes. Our
findings are in agreement with a recent meta-analysis

of available studies, which concluded that the SNP 45
is not significantly associated with lipid profile [41].

However, other studies found an association between
this SNP and two components of plasma lipids. In
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Egypt, the study by Khodeer ez al. [39] revealed that,
compared with SNP 45 T carriers, G carriers showed
higher levels of LDL-C and TCH. However, no
significant differences were found in TG and HDL
between these two genotypes.

Koenig ez al. [42], in a study on a large cohort from
southern Germany comprising 976 diabetic patients,
reported that the G carriers of SNP 45T/G show
higher levels of LDL and TCH, and lower levels of
HDL.

The current study revealed that there was a significant
difference in BMI for group I between genotypes
(P=0.049),in which the TG/GG genotypes had higher
BMI, compared with T'T genotypes, and so G carriers
had higher BMI compared with T carriers. However, in
group II, there were no significant differences between

different genotypes in BMI (P = 0.838).

Similar results were obtained by previous studies,
which confirmed that the G allele of SNP 45 was
significantly associated with increased BMI in T2DM
patients [27,29].

However, Stumvoll ez al. [43] reported a positive
association between the G allele of SNP 45T/G and
obesity in a healthy German population, whereas in
Taiwanese nondiabetic individuals the same allele was
related to a lower risk for obesity [28].

Our results noted that there were no significant
differences in terms of insulin for both groups between
the different genotypes, whereas it was observed that
the HOMA-IR was higher in the T2DM group; G
carriers had somewhat higher (HOMA-IR) compared
with T carriers, but the difference was statistically
nonsignificant. Moreover, there were no significant
differences as regards HOMA-IR in the control group
between the genotypes. These results are in accordance
with those of Li es al [44], who reported higher
HOMA-IR in G carriers versus T carriers in the
T2DM group, but the difference was not statistically
significant.

The same results were obtained by Nannipieri
et al. [45], Vasseur ez al. [46], and Gu ef al. [47]
on Italians, French, and Swedish populations,
respectively.

In contrast, in Japanese population, Nakatani ez a/. [48]
showed a strong association of this SNP 45T/G with

increased IR.

In the current study, patients with TG/GG genotypes
had somewhat lower levels of plasma adiponectin as
compared with T'T patients; however, there were no
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significant differences in adiponectin level for both
groups between the genotypes.

Many studies are in agreement with our findings. In
a study conducted on Finnish men, Mousavinasab
et al. [49] reported that there was no association between

SNP 45T/G and serum adiponectin level. Kim ez a/. [50]
also found the same results in Korean population.

Cesari ef al. [51] and Suriyaprom e al. [52] failed
to find any association between this SNP and serum
adiponectin level.

In the study by Lee ez al [33] on Koreans, they
genotyped 427 nondiabetic controls and 493 T2DM
patients for SNP 45T/G of adiponectin gene and also
measured plasma adiponectin concentrations; they
revealed that the IR and serum level of adiponectin
were not statistically different according to T45G, in
both controls and T2DM patients.

Al-Daghri ef al. [53] experienced two SNPs (45T/G
and 276G/T) in Arab population and reported that
the relationship between SNP 45T/G and serum

adiponectin levels was not observed.

Kacso ef al. [40] examined 115 T2DM patients and
reported that there was no association between SNP
45T/G and serum adiponectin level in a cohort of
patients with T2DM from Romania.

Recently, the study performed on Iranian population by
Takhshid ez a/. [54] to evaluate the association between
SNP 45T/G and serum adiponectin level reported no

relation.

In contrast, in the study by Ragab e al [55], who
recruited 126 children and 192 adults to investigate
the association of adiponectin gene SNPs 45T/G
with markers of obesity, circulating total adiponectin
concentrations, and IR in nondiabetic obese patients
using light cycler real-time PCR, they reported that
adiponectin gene SNP 45 is not associated with serum
adiponectin, IR, and markers of obesity in nondiabetic

obese Egyptians.

In contrast to the present study, the study by Rizk [56]
revealed a significant association between the SNP
45T/G in the adiponectin gene and low serum
adiponectin levels in Arab gulf populations.

Li et al. [44] performed a cross-sectional survey in a
sample of 151 Chinese adults between 24 and 80 years
of age, and they found that the adiponectin SNP 45
is positively correlated with the prevalence of T2DM
and low level of plasma adiponectin concentrations in

T2DM patients.

Biswas ef al. [57] included 75 cases of T2DM and
75 apparently healthy controls from South India, and
reported a strong association between SNP 45T/G and
low adiponectin level in T2DM patients.

In Egypt, Khodeer ez a/ [39] included 64 Egyptians
in their case—control study and found an association
between SNP 45T/G of adiponectin gene and decreased
levels of serum adiponectin in T2DM patients.

Complete sequencing of the ADIPOQ locus has been
performed in a large White population where seven
SNPs were shown to influence adiponectin levels,
but the authors found no evidence of an association
between these SNPs and T2DM in a diabetic
case—control study [58,59].

These contradictions among studies may be attributed
to differences in sample size or family history,
environmental factors, anthropometric factors, and
ethnic factors that may interfere with the results.
Another possible explanation for these contradictory
results is the presence of two types of circulating
adiponectin, total and high molecular weight (HMW)
adiponectin. Assays should differentiate between the
types of circulating adiponectin, as not all circulating
forms may be functional.

Conclusion
SNP 45T/G of adiponectin gene and serum adiponectin
level were not associated with T2DM.

The study suggests that the ADIPOQ_45T/G may be
a useful biomarker associated with risk for obesity in
diabetic patients.
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