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Abstract: The prevalence of obesity is rising worldwide, and presenting a public health problem. Irisin is a
novel myokine that is, proteolytically processed from the product of the FNDCS5 gene. This study aims at finding
out the distribution of FNDC5 rs3480 (A/G) and rs1746661 (G/T) polymorphisms in obese individuals and their
association with other clinical and laboratory variables in these persons. This study was done on 141 subjects
divided into 2 groups: group | obese group (71) and group II; control group (70). All subjects were submitted to
full history taking, general clinical examination and laboratory investigations including BMI, lipid profile,
fasting blood glucose, glycated hemoglobin (HbA1c) and genotyping of rs3480 (A/G) and rs1746661 (G/T) gene
polymorphisms. There was a significant statistical difference between the two groups regarding genotype
frequency of FNDCS5 (lIrisin precursor) rs3480 (A/G) and rs 174661 (G/T). Regarding rs3480 (A/G), there was a
high frequency of AA genotype and A allele among the control group, while GG genotype and G allele had the
highest frequency among obese group. Regarding rs1746661 (G/T), there was a high frequency of GG genotype
and G allele among the control group, while TT genotype and T allele had the highest frequency among obese
group. Multivariate logistic regression for risk of obesity showed that the most common risk factor is BMI OR;
413.9 (6.7-492.6), followed by HBALC OR; 67.1 (0.72-256.8), Tc OR; 53.6 (3.8-44.5), LDL-C OR; 26.8 (1.03-
95.1).

Conclusion: Our results indicate that GG genotype and G allele of rs3480 (A/G) polymorphism and TT
genotype and T allele of rs1746661 (G/T) might be genetic risk factor for obesity.

Keywords: Obesity, Irisin, gene polymorphism, allele, FNDC5

I.  Introduction

Obesity is a complex disorder with strong genetic components and has an impact on morbidity and
mortality. Studies have suggested a genetic cause to variation in body mass index (BMI) (1).Various health risks
are related with increasing BMI. An individual’s predisposition to obesity is determined by interactions between
genetic and environmental factors (2). Insulin resistance is commonly associated with obesity (3). Obesity is
considered as independent risk factor for many serious diseases such as metabolic, cardiovascular, respiratory
and gastrointestinal disorders (4).

The co-occurrence of metabolic risk factors for both Type 2 Diabetes and CVD (abdominal obesity,
hyperglycemia, dyslipidemia, and hypertension) suggested the existence of a "metabolic syndrome. The
metabolic syndrome is a common metabolic disorder that results from the increasing prevalence of obesity. The
pathophysiology seems to be largely attributable to insulin resistance with excessive flux of fatty acids
implicated. A proinflammatory state probably contributes to the syndrome (5). Several adipocyte and hepatocyte
derived factors, so called adipokines and hepatokines, have been suggested as a critical link between obesity,
metabolic and cardiovascular disease. Nowadays, proteins which are secreted from myocytes that called
myokines, have been introduced in the field of cardiovascular research (6).It has been suggested that irisin one
of the myocyte-secreted proteins may be beneficial not only for the treatment of obesity and T2DM but also for
a wide range of pathological conditions characterized by an imbalance between energy intake and expenditure
(7). Irisin induces a ‘browning’ of white adipose tissue with marked elevated expression of uncoupling protein 1
and other brown fat genes(8). Polymorphisms in the gene encoding irisin, fibronectin type Il domain
containing 5 (FNDCS5), is associated with Type 2 Diabetes Mellitus (T2DM) and related disorders (7). In this
study we tried to clarify the distribution of FNDC5 rs3480 (A/G) and rs1746661 (G/T) Polymorphisms in obese
subjects and their association with other clinical and laboratory variables.
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Il.  Subjects And Methods:
SUBJECTS:

This case—control study included (141) subjects; (71) obese patients and (70) healthy, age- and sex-
matched subjects as a control group. Subjects were selected from the Internal Medicine Outpatient Clinic,
Menoufia University and Tanta Hospital, Egypt. All subjects were subjected to complete history taking and
physical examination including anthropometric measurements. Estimation of body mass index (BM1) kg/m? (9),
total cholesterol(TC) , triglycerides (TG), low density lipoprotein (LDL-c), high density lipoprotein (HDL-c),
triglycerides (TG), fasting blood glucose, glycated hemoglobin (HbAlc) and genotyping of FNDC5 rs3480
(A/G) and rs1746661 (G/T) using the TagMan allelic Discrimination assay technique (real time PCR).

Sample collection and assay procedure:

Prior to the collection of samples, written consent forms (approved by the Committee of Human Rights

in Research at Menoufia University) were obtained from all studied subjects. Subjects with comorbidities that
needed medical attention or with medical complications (diabetes mellitus, coronary artery disease,
nephropathy, thyroid diseases and end stage renal or liver disease) were excluded from the study.
After 12 hours overnight fasting, 8 ml of venous blood were withdrawn from every subject by sterile vein-
puncture and divided into three tubes;4 ml of blood were transferred into two EDTA tubes: one of them was
used for quantitative colorimetric determination of glycated hemoglobin using Kkits supplied by Teco
diagnostics, USA(10),the other EDTA tube for genotyping of FNDC5gene, One ml of blood was transferred
into sodium fluoride tube for enzymatic colorimetric determination of blood glucose. Blood glucose was
determined by enzymatic colorimetric test (11). Three ml of blood was transferred into plain tubes from which
we took serum after centrifugation. Sera were used for colorimetric determination of
TC(12),HDL(13),LDL(14),TG(15)

DNA was extracted from whole blood using Zymo Research Quick-g DNA Mini PrepGenomic DNA
purification kit,( USA).FNDC5gene was genotyping using the TagMan allelic Discrimination assay technique
that detects variants of single nucleic acid sequence. Using the maxima probe gPCR Master Mix (2X), primers
and probes were purchased from Applied BioSystem:1) rs3480 5>’ AGCTCTTGTAGACCGGAAGGAA3’ (F-
primer), 5’TGGTCCCCAAGCCAGAGA3’ (R-primer), FAM 5’CCATCACCCAATGAC3’, and VIC-
5’AGCCATCACCTAATGAC3’; 2) 151746661 — 5’CTGCCCTGTCCAATGAGTGA3’ (F-primer), 5’
ACACTTCTCGATCTCTGGGTCTTT3” (R-primer), FAM-5> CCTTGCTCGAAGGAG3’, and VIC-
5’CTTGCGCGAAGGAGS3’.The genotyping reaction mix was prepared by mixing 10ul master mix, 1.25 of the
genotyping assay mix (probe and primers) and 3.75 ul of DNAase free water. For each unknown reaction, 5
ul(0.1 ug/ul) of genomic DNA template and for negative control reaction 5ul of DNA free water was added.The
cycling parameters were set as follows: initial denaturation step at 95°C for 10 min, 40 cycles of denaturation at
94°C for 15s, annealing collection at 50°C for 60s and extension at 72°C for 2 min and a final extension step at
72°C for min using 57500 Real Time PCR system (Applied BioSystem Co. Ltd, San Francisco Bay Area, USA).

Statistical Analysis:

Results were collected, tabulated and statistically analyzed by IBM personal computer and statistical
package SPSS version 20 (IBM Corporation, Armonk, NY, USA). Chi-square test (x2) was used to study the
association between two qualitative variables. Odds ratio (OR) describes the probability .Student’s t-test was
used for comparison between two groups having quantitative variables. Analysis of variance (ANOVA) (F) test
was used for comparison between three or more groups having quantitative variables. Multiple regression
analysis was performed to calculate the effects of risk factors as independent ORs with the effects of other
confounders removed. P-value < 0.05 was statistically significant.

I1l.  Results

The study was conducted on a total number of 141 subjects divided into two groups as follows; 71
obese subjects as group | and 70 healthy persons as group Il. There was a statistically significant difference
between the two studied groups regarding serum FBG,HBALC, TC,TG ,LDLc, HDLc and BMI (P <0.001),
while there was no significant difference as regarding age and sex (Table 1). .

As regards FNDCS5 rs3480 (A/G)genotype distribution between the two studied groups; it showed a
significant statistical difference, with increased frequency of the GG and AG genotypes and G allele in obese
group and increased AA genotype and A allele frequency in the control group (P <0.001; Table 2 and Figure
1,2). In FNDC5 rs1746661 (G/T) genotype the distribution between the two studied groups showed a
significant difference, with increased frequency of the TT and GT genotypes and T allele in obese group and
increased GG genotype and G allele frequency in the control group (P <0.001; Table 2 and Figure 3,4). The
results also showed that the GG genotype of FNDCS5 rs3480 (A/G)increases the risk of obesity by 6.4fold and
AG genotype increases the risk by 3.3fold, while the G allele increases the risk by 2.7fold, as shown in Table
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2.As regards TT genotype of FNDCS5 rs1746661 (G/T) increases the risk of obesity by 7.9fold and GT genotype
increases the risk by 3.3fold, while the T allele increases the risk by 4-fold, as shown in Table 2. In group I, we
compared the three different genotypes of FNDC5 rs1746661 (G/T) (GG, GT and TT) regarding
serumFBG,HbA1., TC, TG ,LDLc, HDLc and BMI. Subjects with TT genotype showed higher levels of TC, TG,
LDL-c and BMI, while HDL-c was higher in subjects with GG genotype Table 3. In group | ; we compared the
three different genotypes of FNDC5 rs3480 (AA, AG and GG) regarding serum FBG,HBA1.,TC, TG ,LDLc,
HDLc and BMI. Subjects with GG genotype showed higher levels of TC, TG, LDL-c and BMI, while HDL-c
was higher in subjects with AA genotype, as shown in Table 4. Multivariate logistic regression for risk of
obesity showed that the most common risk factor is BMI OR; 413.9 (6.7-492.6), followed by HBA1C OR; 67.1
(0.72-256.8), TC OR; 53.6 (3.8-44.5), LDL-C OR; 26.8 (1.03-95.1)(Table 6).

Table 1: Demographic and clinical characteristics of the studied groups.

Obese Control T test P value
N=71 N=70
Age (years) 24.3+4 24.8+3.03 0.751 0.454
Sex male 35(49.3%) 40(57.1%) 0.872* 0.35
female 36(50.7%) 30(42.9%)
BMI (kg/m?) 37.346.5 20.2+1.8 21.1 <0.001
FBS (mg/dI) 90.5+9.1 85.3+3.2 45 <0.001
HBAL: % 5£0.5 4.640.3 6.4 <0.001
Total Cholesterol (mg/dl) 254.3+28.02 156.8+10.4 27.3 <0.001
TG(mg/dI) 158.9+21.2 60.8+8.3 35.9 <0.001
LDL-C(mg/dl) 196.1+28.4 92+12.9 28 <0.001
HDL-C(mg/dl) 26.6+2.2 51.247.2 27.4 <0.001
*X2
Table 2: Comparison of FNDC5genotypes between the studied Groups.
Obese Control X2 P value OR(CI)
N=71 N=70

RS3480

AA* 12(16.9%) 32(45.7)

AG 35(49.3%) 28(40%) 15.6 <0.001 3.3(1.4-7.6)

GG 24(33.8%) 10(14.3%) 6.4(2.4-17.3)

Allells

A* 59(41.6%) 92(65.7%) 16.5

G 83(58.4%) 48(34.3%) <0.001 2.7(1.7-4.4)

RS1746661

1T 37(52.1%) 14(20%) 225 <0.001 7.9(3.2-19.4)

GT 22(31%) 20(28.6%) 3.3(1.3-8)

GG* 12(16.9%) 36(51.4%)

G* 46(32.4%) 92(65.7%) 313 <0.001

T 96(67.6%) 48(34.3%) 4(2.4-6.5)
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Figure 1: Genotype distribution of the FNDC5 rs3480 (A/G) polymorphism between two studied groups.
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Figure 2: Allelic distribution of the FNDC5 rs3480 (A/G) polymorphism between two studied groups.
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Figure 3: Allelic distribution of the FNDCS5 rs1746661 (G/T) polymorphism between two studied groups.
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Figure 4: Genotype distribution of the FNDC5 rs1746661 (G/T) polymorphism between two studied groups.

Table 3: Biochemical parameters of the studied subjects with obesity in different genotypes of FNDC5

rs1746661 (G/T).
rs1746661 F test P value
T GT GG
BMI (kg/m?) 34.8+11.2 26.917.9 24.125.7 20.5 <0.001
FBS(mg/dI) 90.2+8.5 88.3:6.8 84.915.1 7.3 0.001
HBAL1:% 4.90.5 4.810.4 4.7£0.4 2.04 0.133
Total Cholesterol(mg/dl) 238.7454.9 206.7+42.8 170.3+34.5 28.4 <0.001
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TG(mg/dl) 137.2448.2 111+47.5 80.8+43.2 18.3* <0.001
LDL-c(mg/dl) 180.1+56.1 144.4+47.4 106.5+37.5 29.3 <0.001
HDL-C(mg/dl) 30.8+9.7 39.3+12.8 46.9+12.6 23.6 <0.001

*K test

Table 4: Biochemical parameters of the studied subjects with obesity in different genotypes of FNDC5 rs3480

(AIG).
rs3480 F test P value
AA AG GG
BMI (kg/m?) 26.1+10.7 28.7+7.9 32.4+10.8 4.2 0.017
FBS(mg/dl) 86.945.7 88.248.1 88.4+7.5 0.5 0.575
HBA1:% 4.6+0.4 4.8+0.4 4.9+0.5 3.7 0.026
Total Cholesterol (mg/dl) 187.8+47 207.4+52.4 226.5+55.9 5.4 0.005
TG(mg/dl) 90.4+46.2 112.4451.1 131.9451.6 6.8 0.002
LDL-c(mg/dl) 126.3+48.5 146.9+55.9 163.3+62.3 4.4* 0.014
HDL-c(mg/dl) 42.2411.3 38.1£13.5 35.7415.2 2.5* 0.09

*K test

Table 5: Comparison of all studied biochemical and genetic parameters between obese and control group

regarding sex

Obese Control
Male(36) Female (35) P value Male (30) Female (40) P value
RS3480
AA 6(17.1) 6(16.7) 0.913 15(50) 17(42.5) 0.011
GA 18(51.4) 17(47.2) 15(50) 13(32.5)
GG 11(31.4) 13(36.1) 0 10 (25)
RS1746661 0.689 <0.001
TT 20(57.1) 17(47.2) 10(33.3) 4(10)
GT 10(28.6) 12(33.3) 0 20(50)
GG 5(14.3) 7(19.4) 20(66.7) 16(40)
BMI (kg/m?) 37.3:6.9 37.2+6.1 0.989 21.5+0.8 19.2+1.8 <0.001
FBS(mg/dl) 87.7£9.6 93.3+7.5 0.008 83.3+3.8 86.7+1.5 <0.001
HBA1C% 4.9+0.5 5.1+0.4 0.037 4.7+0.3 4.5+0.2 0.002
Total Cholesterol (mg/dl) | 246.1+29.2 | 262.7+24.4 0.012 152.5+7.5 160+11.2 0.002
TG(mg/dl) 167.8+245 | 149.7+11.9 <0.001 56.7+6.9 64+7.9 <0.001
LDL-C(mg/dl) 185.5428.2 | 207.1+24.4 0.001 92.2+9.6 91.9+14.9 0.926
HDL-C(mg/dl) 27.242.3 25.9+2 0.01 47.2+6.5 54.2+6.3 <0.001
Table 6: Multivariate logistic regression for risk of obesity.
B P value OR C1(95%)
RS3480
AA
GA 0.62 0.726 0.537 0.017-17.4
GG 238 0.07 15.9 0.815-312.1
RS1746661
TT 1.9 0.239 7.1 0.273-183.3
GT 2.7 0.105 15.1 0.567-402.1
GG
BMI (kg/m?) 6.02 0.004 413.9 6.7-492.6
HBA1C % 4.2 0.069 67.1 0.72-256.8
Total Cholesterol (mg/dl) 3.98 0.003 53.6 3.8-44.5
TG(mg/dI) 1.1 0.333 3.1 0.318-29.5
LDL-C(mg/dl) 3.3 0.048 26.8 1.03-95.1
HDL-C(mg/dl) -2.04 0.297 0.13 0.003-6
IV.  Discussion

Obesity is caused by excessive fat accumulation that results from a positive balance between total
energy intake and fat catabolism (16). Obesity arises from a complex interaction between genetic variance,
environmental, and lifestyle changes. Fat excess is an important predisposing factor for serious medical
conditions such as Type 2 Diabetes, cardiovascular disease, stroke, cancer, psychiatric illness, and premature
death (17). Several genome-wide association studies (GWAS) have shown the association of common genetic
variants with body mass index (BMI). Furthermore, a significant association of some single nucleotide
polymorphisms (SNPs) in several genes with obesity has been reported (18). Irisin may contribute to the
regulation of energy homeostasis and thus is the potential target for therapy of metabolic dysfunction associated
with obesity. This concept is further supported by clinical observations. Circulating irisin was found to be
reduced in obese human (19).
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The present study revealed that, there is no significant statistical difference between the two studied groups
regarding age and gender. There was a statistically significant difference between the two studied groups
regarding serum FBG,HBA1., TC, TG ,LDLc, HDLc and BMI . Hosny SS et al ., 2015 who found that highly
significant statistical difference in BMI, fasting blood glucose (FBG), HbAlc, total and LDL cholesterol
(p<0.001), and significant statistical difference in triglycerides levels between obese and control groups (20).
Obesity was associated with hypertension, hyperglycemia and an atherogenic lipid profile, suggesting that obese
individuals have increased susceptibility to metabolic dysfunction and atherosclerosis(21).Hypercholesterolemia
was more frequent in obese T2DM subjects. This association was not observed in lean T2DM individuals (22).
Our current study showed that FNDC5 rs3480 (A/G)genotype distribution between the two studied groups
showed a significant difference, with increased frequency of the GG,AG and G allele in the patient group and
increased AA genotype and A allele frequency in the control group.GG genotype of FNDC5 rs3480
(A/G)increases the risk of obesity by 6.4- fold and AG genotype increases the risk by 3.3-fold, while the G
allele increases the risk by 2.7-fold.In FNDC5 rs1746661 (G/T) genotype distribution between the two studied
groups showed a significant difference, with increased frequency of the TT and GT genotypes and T allele in the
patient group and increased GG genotype and G allele frequency in the control group. As regards TT genotype
of FNDCS5 rs1746661 (G/T) increases the risk of obesity by 7.9- fold and GT genotype increases the risk by
3.3-fold, while the T allele increases the risk by 4-fold, Park KH et al., (23)has reported that irisin is to be
involved in the pathogenesis of several complications of obesity including dyslipidemia, T2DM, arterial
hypertension and metabolic Syndrome. However, there are discrepancies regarding the relation of irisin
especially with obesity and T2DM. In some studies, a positive association was detected between irisin levels
and BMI (24, 25, 26), while others reported null (27, 28).In agreement with Tanisawa et al. (29) showed that the
Gallele of rs3480 was associated with increased insulin resistance and its complications. In contrast to our
results, Nasser M et al ., (30) reported that The rs3480 GG associates with decreased risk of obesity (p = 0.005;
odds ratio: 0.48) and lower body mass index (BMI).while rs1746661 variant is associated with elevated
triglycerides. Bostrom PA and Sanchis-Gomar F et al., (31,32) reported that irisin may be beneficial not only for
the treatment of obesity and T2DM but also for a wide range of pathological conditions characterized by an
imbalance between energy intake and expenditure. Furthermore, our study showed that Patients with GG
genotype showed higher levels of TC, TG, LDL-c and BMI, while HDL-c was higher in patients with AA
genotype. Staiger et al., (33) and Tanisawa et al., (29) did not detect any association between rs3480 and HDL -
C. However, Tang et al., (34) have reported that rs3480 has a trend towards association with HDL-C and LDL-C
levels in overweight subjects. Moreover, Zhang et al., (35) reported a negative correlation between irisin and
intrahepatic triglyceride contents in obese adults. Our study also showed that Patients with TT genotype showed
higher levels of TC, TG, LDL-c and BMI, while HDL-c was higher in patients with GG genotype. In agreement
with Nasser M et al., (30) reported that rs1746661 variant is associated with elevated triglycerides. The
prevalence of hypercholesterolemia was higher in obese T2DM subjects carrying the T allele of rs1746661 than
in G/G carriers adjusted for age and gender). This association was not observed in lean T2DM subjects (7).
Similar results were reported by Ebert T et al., (36 ) and Panagiotou G et al., (37) they thought that T allele of
rs1746661 is associated with higher systolic BP, increased TC and LDL-c, and decreased HDL-c in women with
T2DM. These results are biologically plausible since different studies have reported associations between
plasma or serum irisin levels and lipid profile (TC, LDL-c, HDL-c, and triglycerides levels), FPG levels, and/or
BP.

V.  Conclusion
Our results indicate that GG genotype and G allele of FNDC5 rs3480 (A/G) polymorphism and TT genotype
and T allele of FNDCS5 rs1746661 (G/T) might be genetic risk factor for obesity.
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