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Abstract

Background: Obesity is a well-understood health problem world-
wide and is one of the main risk factors of health complications. The
fat mass and obesity-associated (FTO) gene, located on chromosome
16g12.2 and might act as an important regulator of energy homeo-
stasis, body weight, and hypothetically relates to increased risk of
obesity by means of affecting the regulation of food intake. In this
study, the association between visfatin level and FTO Polymorphism
(rs9939609) in diabetic obese women in comparison to non-diabetic
obese women was evaluated.

Methods: After collecting blood samples from 39 diabetics and
37 non-diabetic obese women. The age of women, body mass index
(BMI), systolic blood pressure, diastolic blood pressure, fasting blood
sugar, insulin, insulin resistance, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, glycated hemoglobin (HbAlc),
triglycerides (TG), and visfatin level (using enzyme-linked immuno-
sorbent assay) were measured. The FTO rs9939609 was amplified
with specific primers and PCR amplicons were sequenced and three
genotypes (AA, AT, and TT) were determined.

Results: There was a significant difference between visfatin level,
FBS, insulin level, HOMA, and HbA1c of the two groups (P<0.05). The
frequency of rs9939609 was high in the diabetic group. Adjusted
analysis with rs9939609 showed the mean of TC, HbAlc and TG were
significantly different among three genotypes (TT, AT, and AA). In
diabetic group, significant moderate positive correlation was found
between visfatin level and FBS (r=0.447, p= 0.004), TG (r = 0.390, p
=0.014) and SBP (r =-0.520, p = 0.001). The frequency of rs3399609
was high in diabetic obese women. In addition, the mean visfatin
level in diabetic women who harbored rs3399609 was higher than
wild-type genotype (TT).

Conclusions: Finally, it is concluded that visfatin could be used as
a significant indicator in diabetic obese women.
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Introduction

Obesity is a well-understood health problem worldwide and
is one of the main risk factors of several health complications
like type 2 diabetes mellitus (T2DM), hypertension, metabolic
syndrome, cardiovascular disorders, and also cancer [1-4]. The
fat mass and obesity associated (FTO) gene, located on chro-
mosome 16q12.2 encoding a 2-oxoglutarate-dependent nucleic
acid demethylase, is mainly expressed in hypothalamus, pi-
tuitary, and adrenal glands [5] and might act as an important
regulator of energy homeostasis [6], body weight [7,8] and hy-
pothetically relates to increased risk of obesity by means of af-
fecting the regulation of food intake [9]. For the first time, three
genome-wide association studies were performed simultane-
ously and identified that FTO is a candidate locus that had a
close association with obesity [8,10,11]. According to the stud-
ies, rs9939609 SNP located in the first intron of FTO gene is in
association with body fat mass regulation through lipolysis [12].
Several studies showed the relationship between FTO SNPs and
expanded risk of obesity by 1.2 - 1.3 fold in Europeans [13] and
by 1.25 fold in Asians [14]. Its A allele seems to be related to
raised risk of obesity, BMI, T2DM [8,15] among European popu-
lations [8,11,16-19], while for Asians this relevance is currently
controversial in different studies and remains unclear [20-23].
Therefore, more studies among Asian populations seem sub-
stantial in order to address this challenge. Also, T2DM is a ma-
jor international complication which initially was considered to
exist in western countries but nowadays occurs in almost every
nation worldwide and Asia alone accounts for nearly 60% of the
diabetic population in the world nevertheless [23]. According to
the previous studies, it would be acceptable that obesity have a
strong association with metabolic disorders which diabetes was
considered as a main of them [23]. Although further alterations
for BMI obliterated the association of FTO gene with T2DM,
it was primarily suggested as a type 2 diabetes-susceptibility
gene. Thus, FTO was speculated to be mainly an obesity-suscep-
tibility locus [24]. Several studies have shown the significant risk
of T2DM associated with FTO locus even after alterations for
BMI [25-30] whereas others failed to approve this [22,31-34].

Moreover, surplus amount of adipose tissue, which as an ac-
tive endocrine organ secretes certain adipocytokines like leptin,
adiponectin, resistin, TNFa, and IL-6, is known as a major factor
in the pathogenesis of T2DM [35-40]. Visfatin, one of those adi-
pocytokines, is a highly expressed cytokine in visceral fat which
is known as pre-B cell colony-enhancing factor [41,42] and also
nicotin amide phosphoribosyl-transferase [43]. Previous stud-
ies have postulated that it has a role in innate immunity, pro-
gression of colorectal cancer, proliferation of gastric cancer cell
line (AGS ) and enhance telomerase reverse transcriptase gene
expression [44-47]. A meta-analysis study conducted by Chen
et al in 2006 strongly revealed increased plasma visfatin level
(PVL) in obese and T2DM patients [44]. Considering controver-
sial viewpoints toward visfatin and FTO role in T2DM patients in
various populations, this study aims at revealing the association
of rs9939609 SNP in FTO gene with serum level of visfatin in
Iranian obese women suffering from T2DM.

Methods and materials

This study was performed from 2015-2016 during a year in
The Immam Reza Teaching Hospital, Faculty of Medicine, Tabriz
University of Medical Sciences, Tabriz, Iran.

Subjects and samples

Sample size of the study was calculated using G power ver-
sion 3.0.10 (power: 80% and a: 0.05). In this case-control study,
a total of 76 obese women (39 diabetic obese women and 37
non-diabetic obese women) were selected. The inclusion cri-
teria for participations were: BMI > 30 Kg/m?, FBS > 126 mg/
dL, FBS>126 mg/dL, age at the range of 30-60 years, no spe-
cific disease or chronic history, and no special diet at least in
past 6 months. The patients who had kidney disease and us-
ers of lipid-lowering drugs were excluded from the study. Non-
diabetic subjects were identified by having a fasting plasma
glucose level lower than 110 mg/dL while T2DM subjects were
diagnosed considering WHO criteria [48]. This study is approved
by ethics committee of Tabriz University of Medical sciences,
Tabriz, Iran (No: 19864/5). Informed consent was obtained from
each subject before involving in the study. Two ml of peripheral
blood samples were obtained in EDTA tubes and centrifuged at
5000 xg for 10 min to separate the plasma and mononuclear
cells. After separation, the samples were stored at -20°C until
further steps. In this study serum was considered for biochemi-
cal analysis.

DNA extraction and rs9939609 SNP of FTO gene analysis

Total genomic DNA of white blood cells was extracted us-
ing saturated salting out protocol [49]. DNA pellets were dis-
solved in 50 pl of DNAse free double distilled water, checked
for quality using NonDrop spectrophotometer, and then stored
in -80°C until next steps. Using Oligo 7 software specific primer
set (forward: 5 GTAGGAATACTAGGAGAGGAG3’and reverse:
5'GCTTAAAGTTAATGGCTTCAGG3’) were designed [50]. Poly-
merase chain reactions (PCR) were conducted in 25ul volumes
as follows: 40ng of genomic DNA, 0.4umol/L of each primer and
12.5ul of 1X master mix (CinnaGen Co., Iran), and then the reac-
tions were adjusted to 25ul with deionized distilled water. PCR
program was as follows: initial denaturation (95°C for 2 min)
then 30 cycles of 95°C for 30 sec, 60°C for 30sec and 72°C for 40
sec and the final extension (72°C for 5 min). After checking the
acceptable quality of PCR products by agarose gel electrophore-
sis, they were subjected to DNA sequencing (Lab Tech, Germa-
ny). Subsequent analysis included multiple sequence alignment
using the BLAST program [51] (available at: https://blast.ncbi.
nlm.nih.gov/Blast.cgi) and Chormas software (version 2.6.2).

Biochemical parameters and serum insulin and visfatin
analysis

All samples and solutions were let to reach room tempera-
ture one hour before starting the assay. Age, both systolic and
diastolic blood pressure (SBP, DBP), BMI, and FBS (fasting blood
sugar) were calculated for each subject. Using ELISA technique
the insulin and visfatin levels were assessed in the serum of
subjects according to the standard protocol for ELISA assay.
NycoCard ELISA (Switzerland HbAlc, U-Albumin CRP, D-Dimer)
reader was used to conduct the assay. Total cholesterol (TC),
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high density lipoprotein (HDL) and triglyceride (TG) levels were
measured using specific kits (ParsAzmun, Tehran, Iran) accord-
ing to the available protocol. Low density lipoprotein (LDL) was
calculated using Friedewlad equation [52] . Glycated hemoglo-
bin (HbAlc), insulin, and visfatin serum levels were determined
using NycoCard reader and enzyme-linked immunosorbent as-
say (ELISA: Crystal day Biotech Co., Ltd Kit). HOMA IR (insulin
resistance) was calculated as Fasting Insulin x Fasting glucose
/405. The body fat percentage was measured based on the
WHR (Waist / hip ratio) and following formula (by BMI, age, and
gender (male=1, female=0)) [53].

Adult Body Fat % = (1.20 x BMI) + (0.23 xAge) — (10.8 x gen-
der)-5.4.

Statistical analysis

Data was analyzed using SPSS v.16 (SPSS Inc., Chicago, IL,
USA). The student T-test was used to analyze the differences of
assessed parameters between groups. The Pearson correlation
coefficient test was used to analyze any correlation between
clinico-pathological findings and gene polymorphism. P value
<0.05 was assumed statistically significant.

Results
Characteristics of study population

The demographic, metabolic, and biochemical character-
istics of these two groups are shown in (Table 1). There were
statistically significant differences (p < 0.05) between diabetic
(D) and non-diabetic (ND) groups considering age, FBS, insulin,
HOMA and HbA  values. The differences between mean level of
visfatin in serum of diabetic and non-diabetic subjects were sta-
tistically significant (P =0.001) where its level was much higher
in non-diabetics.

\
‘/ Table 1: Demographic, biochemical and metabolic characteris- \‘

\\\tics of diabetic and non-diabetic groups. Y,
Parameter (D), n=39 (ND) n=37 P value
Age (year) 54.64 + 9.68 4738 +10.63 0.003*
FBS (mg/dL) 177.64 + 48.03 87.94 £9.53 0.001*
HbAlc(%) 7.86+1.71 4.71+0.36 0.001*
TG (mg/dL) 194.74 + 69.82 177.44 £ 62.43 0.268
TC (mg/dL) 190.54 + 40.01 202.69 +44.12 0.432
HDL (mg/dL) 48.95 +10.48 47.25 +11.47 0.591
LDL (mg/dL) 149.72 £+ 61.18 150.14 +50.51 0.928
BMI (kg/m?) 33.39+8.04 32.56 + 3.06 0.695
Visfatin(ng/L) 95.25 + 30.87 169.25 + 30.87 0.001*
SBP (mmHg) 119.73+1.64 116.21 + 25.58 0.406
DBP (mmHg) 80.27 £ 1.64 74.87 £17.64 0.061
Insulin (ulU/mL) * 21.40+4.48 24.46 £12.50 0.004*
HOMA t 9.31+1.90 5.05+2.53 0.001*
Fat mass (%) 57.83+£5.39 51.51+3.55 0.251
WHR 1.08 £ 0.39 1.40 £ 0.65 0.014*

rs9939609SNP genotyping

Figure 1 shows the agarose gel electrophoresis for amplified
regions (450bp) and Figure 2 indicates Sanger sequencing. Table
2 demonstrates the frequency of alleles and genotypes. The A
allele was more frequent among cases while the T allele was

the most frequent allele of control subjects. Odds ratio was 90%
and indicating that the odds of rs9939609 SNP occurrence in
diabetic obese women is 90 times more than its occurrence in
non-diabetic obese women.
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Figure 1: Amplification of rs9939609 SNP in FTO gene (450 bp).
First well shows ladder DNA with 50bp molecular weight and wells
3-6 contains PCR products.
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Figure 2: Single Nucleotide Polymorphism of rs 9939609 in FTO
Gene (Wild genotype: TT, Homozygous mutant genotype: AA, Het-
| erozygous mutant genotype: AT).

\ )

- N
‘/ Table 2: rs9939609 allele and genotype frequency in diabetic \‘

| and non-diabetic obese women.
\ %
Group Genotype (No.)  Frequency (%)  Allele (No.) | Frequency (%)
TT (3) 7.7 T=31 T=39.74
Diabetics | TA (25) 64.1 - -
AA (11) 28.2 A=47 A=60.24
TT (30) 81.1 T=66 T=89.19
Non
diabetics 1A (6) 162 - -
AA (1) 2.7 A=8 A=10.81

The association of rs9939609 polymorphism with analyzed characteris-
tics of subjects is shown in Table 3. Significant different were detected
between three genotypes and TC, HbA, value (in D group) and visfatin
level and TG (in ND group).
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CTabIe 3: Association between rs993960 polymorphism and analyzed parameters.

(D) (ND)

Parameter

TT(3) TA(25) AA(11) P value TT(30) TA(6) AA(1) P value
Age (year) 67.00 +9.53 54.04 + 8.77 52.64 +10.11 0.061 74.79 + 10.84 46.83 +11.87 47.00 0.980
FBS (mg/dL) 120.67 £16.01 183.28 +46.94 180.36 +48.64 0.098 87.37+£9.79 89.33£9.04 96.00 0.637
HbA, (%) 5.76 £ 0.40 8.23+1.76 7.61+1.39 0.049* 4.69 +0.37 4.75+0.33 5.00 0.700
TG (mg/dL) 146.67 +33.18 202.32 +34.07 165.73 +36.31 0.140 164.31 £50.23 237.33 + 88.06 199.00 0.026*
TC (mg/dL) 146.67 £ 33.18 202.32 +34.07 175.73 +42.89 0.022* 199.21 +40.24 220.83 £ 62.89 224.00 0.474
HDL (mg/dL) 56.33 £16.92 49.08 +10.73 46.64 +9.54 0.398 47.24 +11.69 49.33 +10.94 35.00 0.525
LDL (mg/dL) 185.33 £50.40 152.20 + 48.20 134.36 +59.00 0.428 144.34 £ 48.85 164.67 £52.34 231.00 0.181
BMI (kg/m?) 32.77£8.73 33.17+9.11 34.08 £5.51 0.428 32.74+£3.28 32.06 £1.87 30.00 0.256
Visfatin (ng/L) 88.20 + 28.01 91.27 £37.16 107.18 +37.16 0.263 178.44 + 71.067 144.92 £32.76 110.50 0.028*
SBP (mmHg) 81.33+£33.79 117.12+4.63 123.34+2.78 0.298 121.00+7.72 120.00 £ 0.00 120.00 0.94
DBP (mmHg) 56.66 +23.33 75.60 £ 3.05 78.18 £3.25 0.147 80.34£1.83 80.00 + 0.00 80.00 0.892
Insulin (uIU/mL) t 6.16 £2.95 17.84 +3.00 33.65 + 14.03 0.203 6.02+3.21 6.16 + 1.56 9.56 0.849
HOMA t 1.72+0.82 8.00 £1.32 14.38 £ 5.90 0.135 32.06 +1.87 1.38+0.92 2.26 0.755
WHR 1.40+0.76 1.01+0.27 1.18 £0.48 0.175 54.35+33.74 69.45 +29.12 95.57 0.320
Fat mass (%) 66.18 +29.17 47.14 +16.72 57.15 +28.15 0.212 1.36 +0.63 1.61+0.72 2.30 0.259

Serum visfatin level and its correlation with measured parameters Discussion

In non-diabetic obese women there were no significant correlation
between parameters and serum visfatin level except for HDL (r = 0.378,
p=0.018). Likewise in diabetic obese women, there were no significant
correlation between serum visfatin level and indicated values except
for FBS (r=0.447, p =0.004) and TG (r =0.390, p = 0.014) as a moderate
positive correlation and SBP (r=-0.520, P = 0.001) (Table 4).

[

Table 4: The correlation of visfatin level with measured param- \‘
eters in diabetic and non-diabetic obese women.

Diabetic obese women | Non-diabetic obese women
parameters

P value rvalue P value r value
Age (year) 0.787 0.045 0.122 0.263
BMI (kg/m?) 0.753 0.053 0.555 0.102
FBS (mg/dL) 0.004* 0.447 0.440 0.133
HbA1c 0.064 0.300 0.374 0.153
TG (mg/dL) 0.014* 0.390 0.053 -0.321
TC(mg/dL) 0.385 0.143 0.480 -0.122
SBP (mmHg) 0.001* -0.520 0.298 -0.171
DBP (mmHg) 0.593 -0.092 0.267 0.100
HDL (mg/dL) 0.16 0.525 0.018* 0.378
LDL (mg/dL) 0.119 -0.265 0.360 -0.151
Insulin (ulU/mL) * 0.653 0.074 0.162 0.238
Fat mass (%) 0.847 0.306 0.058 0.033
HOMA 0.632 0.79 0.163 0.237
WHR 0.066 0.298 0.835 0.038

According to the previous reports, obesity is known as a key
factor for developing T2DM and also insulin resistance. In addi-
tion association between obesity degree and its duration was
found with incident of diabetes [54,55]. Hsiao et al. in a study
indicated that rs9939609 variation in FTO gene has been sig-
nificantly postulated to influence the obesity risk despite the in-
consistency in its genetic effects on obesity [56]. Likewise Yajnik
et al. demonstrated that association between variants of FTO
gene and T2DM in Asian Indians was not completely mediated
by BMI and adiposity. They concluded that BMI is a poor fac-
tor in measuring obesity in South Asian Indians [27]. Recently,
certain studies on Japanese and Chinese populations failed to
prove any association between FTO variants and T2DM, howev-
er, only in Japanese, just BMI was found to be in week associa-
tion with FTO variants [20,21]. Asians in general are well known
to have lower BMI comparing to Europeans and the relationship
between risk of T2DM and obesity is sharper too [57]. In their
study, Li et al. confirmed that FTO gene variations are in associa-
tion (P<0.05) with enhanced risk of T2DM, in which, unlike Eu-
ropeans, abolishment after adjustment for BMI is not observed
in both East and South Asians [14]. Similar to discussed studies,
in the present study, we demonstrated that in both diabetic and
non-diabetic obese women FTO variant is not associated with
BMI (P>0.05). The result was inconsistent with the results of
Kara et al., who indicated that single nucleotide polymorphisms
in FTO gene are in association with BMI [58]. Likewise, Quan et
al. concluded that rs9939609 SNP is associated with increased
risk of obesity in children and adolescents carrying homozygote
genotypes [59], results which are in contrast with our findings.

These various outcomes may be related to different ethnic
of the studied patients. Li et.al indicated significant small role
of FTO gene on T2DM when adjusted with BMI in Asian than
Europeans which is because of different adiposity phenotypes
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of these two populations [14]. Studies conducted by Li et al in
2008 and Fawad et al. in 2016 revealed no association between
FTO rs9939609 SNP and obesity risk in Pakistani, Chinese, and
Korean populations [20,23]. The frequency of A allele of inves-
tigated SNP in this study was 60.26% in diabetic and 10.81% in
non-diabetic subjects, indicating its frequent incidence in dia-
betic ones. Overall, its frequency was 0.36, which is similar to
certain populations like North Indian (0.31) and Pakistani (0.40)
[23]. On the other hand, in Japanese and Chinese populations
low frequency of this SNP has been observed [60]. Such discrep-
ancy in results is likely due to substantial ethnic variation of the
FTO rs9939609 SNP.

Furthermore, considering visfatin, it can be indicated that
although exact biological mechanisms for visfatin mediated
pathogenesis of T2DM is not known yet, based on its insulin-
mimetic influences visfatin can play important role as like as in-
sulinin diabetic mice [44]. Chen et al. in 2005 conducted a study
on visfatin and indicated that its elevated levels in T2DM might
propose the visfatin signaling defect in certain tissues or any
malfunction in biogenesis. They also reported no correlation
between plasma visfatin level with BMI and any other param-
eters such as blood pressure, and lipid profile [44]. It has been
reported that there is a positive correlation between obesity
derived enhanced levels of visfatin and pancreatic cell damages
and disruptions in insulin secretion [61]. Also, it was determined
that plasma visfatin levels are elevated in obesity and various
degrees of insulin resistance that indicates its special role in
insulin resistance deficiency [62]. Consistently, our results sug-
gest positive correlation between visfatin level and FBS in dia-
betic subjects whereas such relationship in non-diabetics was
not observed. We demonstrated that visfatin concentrations in
serum of diabetic patients are obviously enhanced in line with
elevated levels of FBS. Similarly, Chen et al. and Wang et al. two
independent studies in 2006 suggested significant raised levels
of visfatin in plasma of T2DM patients [44,63]. Moreover, Wang
et al. indicated significant correlation between plasma visftain
level and lipid profile. Considering this study, visfatin was in cor-
relation with high HDL and low TG [63]. In contrast, our results
reveal no correlation between such lipid profiles and visfatin
levels. In line with previous studies held by De Luis et al. and
Jian et al. [64,65], this study proposes positive correlation be-
tween visfatin level with TG levels in diabetic obese women. In
this study we clarified that visfatin level is significantly lower
in diabetic obese women than non-diabetic obese ones, the
results which are overall similar to those of Jian et al. [65]. Ac-
cording to Sethi et al., there are expected correlations between
vsifatin level and indexes such as BMI and WHR as visfatin is se-
creted from adipose tissue [66], however, in the present study,
such correlations were not observed.

Putting the discussion in a wider context and considering
probable association between re9939609 SNP and visfatin
level, Lopez et al. in 2008 investigated the association of cord
visfatin with this SNP in 234 neonatal, which was in line with
the result of previous studies indicating the potential interac-
tion between FTO and visfatin gene expression. They declared
the possible role of FTO in regulation of visfatin expression in
adipose tissue through DNA demethylation [67]. According to
these various evidences, it is demonstrated that frequency of
FTO rs9939609 is different between various races of people but
FTO was remained as a main locus which showed association
with obesity and T2DM.

Limitations of the study

The report of study was a result of small sample size of di-
abetic obese women. It is suggested that the study could be
perform on larger sample size population. In addition, due to
limited number of subjects with homozygote variations, test-
Tukey was not applied.

Conclusion

Association of FTO gene variants especially rs3399609 with
risk of obesity and T2DM was determined in various popula-
tions. Our results also showed this association with high fre-
quency of rs3399609 in diabetic obese women. In addition,
researches are focused on visfatin link with obesity and T2DM
which was secreted from adipose tissue. This study confirmed
this link and determined that the mean of visfatin level in dia-
betic women who harbored rs3399609 was high than wild type
genotype (TT). Finally, it is propose that visfatin level could be
used as a significant indicator in diabetic obese women.
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