Journal of Neonatal Surgery

ISSN(Online): 2226-0439
Vol. 14, Issue 13s (2025)
https://www.jneonatalsurg.com OPEN ACCESS

Association Of Fgf21 Gene Polymorphism And Serum Fgf21 Levels In Type 2 Diabetes Mellitus
Susceptibility

Shashank Kambali M', Rajesh Paluru?, R Anusha’, Kayalvizhi E4, Ramnath V5%

.'PhD Scholar, Faculty of Medicine, Meenakshi Academy of Higher Education and Research, Chennai, Tamilnadu, 600078.
2Professor, Department of Physiology, Viswabharathi Medical College & General Hospital, Kurnool, Andhra Pradesh,

518467.

311 Year MDS, MeenakshiAmmal Dental College and Hospital, Chennai, Tamilnadu, 600095.

“Professor, Department of Physiology, Meenakshi Medical College Hospital and Research Institute, Kanchipuram, Tamil
Nadu, 631552.

>*Professor, Faculty of Allied Health Sciences, Meenakshi Academy of Higher Education and Research, Kanchipuram, Tamil
Nadu, 631552.

’Department of Pharmacology, Nitte College of Pharmaceutical Sciences Bangalore 560064.

*3Department of Pharmaceutical Analysis, Seven Hills college of Pharmacy, Tirupati, Andhra Pradesh 517561.

“Department of Chemistry, Institute of pharmaceutical Education and Research, Ale, Tal. junnar, Pune. Maharashtra, India
Pin- 412411.

SDepartment of Pharmaceutics, Bengal college of Pharmaceutical Technology, Dubrajpur, Birbhum,731123.
“Corresponding author:
Dr.Ramnath V

Professor, Faculty of Allied Health Sciences, Meenakshi Academy of Higher Education and Research (MAHER),
Kanchipuram, Tamil Nadu, 631552.

Cite this paper as: Shashank Kambali M, Rajesh Paluru, R Anusha, Kayalvizhi E, Ramnath V, (2025) Association Of Fgf21
Gene Polymorphism And Serum Fgf21 Levels In Type 2 Diabetes Mellitus Susceptibility Journal of Neonatal Surgery, 14
(13s), 1289-1298.

ABSTRACT

Background:Fibroblast growth factor 21 is a key endocrine regulating protein factor involved in ontogenesis and
metabolism, produced primarily in the liver, expressed in adipose tissue, skeletal muscle, pancreas, heart, and other organs.
It increases insulin sensitivity, stimulates lipolysis, and suppresses lipogenesis in-turn affects glucose and lipid
metabolism. The present study was aimed to screen for rs1800629 and rs1799964 polymorphisms in type 2 diabetic patients.

Methods: A total of 100 samples comprising of 60 cases and 40 controls were enrolled. Patients were selected based on
American Diabetes Association Criteria 2007, non-diabetic age matched healthy individuals were selected as controls.
Following extraction of DNA, genotyping for rs838133 and rs499765 was performed by allele specific PCR. Appropriate
statistical toolswere used to analyse the results.

Results: The serum FGF21 levels was elevated in cases compared to controls (p<0.05). The distribution of genotypes for
rs838133 varied significantly between the groups (p =0.02), however it was not for rs499765. The CC genotype of rs838133
demonstrated a four fold risk towards disease susceptibility while the A allele and C allele showed an OR of 0.44 and 2.25
respectively. Further categorization of cases into subgroups viz., cases who exercise and cases who do not exercise, did not
significant results with respect to genotypes, however there was an allelic association. The A allele and allele C demonstrated
an OR value of 0.33 and 3.0 respectively. For rs499765, the C allele and G allele revealed an OR value of 0.51 and 1.93
conferring its protective and predisposing role among cases who exercise and who do not exercise.

Conclusion: FGF21 polymorphism appeared to be a potential molecular marker for diabetes risk in our population. This is
the first report from South India; however, replicative studies considering other probable causative factors for T2DM risk
are warranted.
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1. INTRODUCTION

Diabetes mellitus (DM) is the most prevalent metabolic disorder affecting populations worldwide [1]. It is a chronic disease
caused by either insulin deficiency or insulin resistance, leading to elevated blood glucose levels. Diabetes is a significant
cause of morbidity and mortality, primarily due to its long-term complications rather than its immediate effects. Among these
complications, individuals with diabetes face a heightened risk of cardiovascular disease (CVD) compared to those with
normal glucose tolerance.

The aetiology is not yet clear however genetic, biochemical, immunological and environmental factors are implicated in the
aetiopathogenesis of this multifactorial condition [2]. Several candidate genes have been proposed as important contributors
to diabetes mellitus but none have yet achieved acceptance as major cause [3].

Fibroblast growth factor 21 (FGF-21) is a protein that in mammals is encoded by the FGF21gene.FGF21 gene codes for a
member of the fibroblast growth factor group. It is located on chromosome 19q13.33, consists of four exons and a size of
2,810 bases [4]. It is a hormone generated mostly by the liver and plays an essential role in ontogenesis, metabolism and
signalling to the hypothalamus paraventricular nucleus to limit alcohol and sugarconsumption, increasing glucose absorption
by adipocytes, and working as an insulin sensitivity enhancer [5,6].In adipose tissue, the encoded protein increases glucose
absorption. Epperlein et al., (2021) suggested Fibroblast growth factor 21 (FGF21) as a regulator of addictive behaviour like
eating, food and drug cravings [7].

Functional single nucleotide polymorphism (SNP) at flanking region (rs499765) and exon 1 (rs838133) of human FGF21
gene have been shown to be linked with altered promoter activity and alteredgene expression, resulting in translational
dynamics or abnormal splicing of FGF21[8].In view of the above, the present study was aimed to screen for rs499765 and
rs838133 polymorphisms in South Indian population.

MATERIALS AND METHODS
Study population

The study was carried out in 100 cases comprising of 60 type 2 diabetes patients and 40 normal healthy age matched Controls.
Samples were obtained from Aayan Hospital, Hyderabad, India. Patients were selected based on American Diabetes
Association Criteria 2007. Informed consent was taken from subjects prior to sample collection. Ethical clearance was
obtained from institutional ethics committee. Detailed information regarding the symptoms of type 2 diabetes, its duration,
complications and information on personal history like dietary habits, smoking, exercise was collected through proforma.

Molecular analysis

Five millilitres of blood sample were collected from all the participants using EDTA as anticoagulant. Genomic DNA was
extracted by standard protocol routinely used in our laboratory. For each subject, the FGF21 genotyping was performed by
allele specific polymerase chain reaction using one common forward and two reverse primers (specific for wild allele and
variant allele). The primers were designed using the online software Primer 3 (https://primer3.ut.ee) and the primer sequences
are illustrated in Tables 1. PCR amplification was carried out in a total volume of 10 pl containing 50 ng template DNA,
0.15 pl of each primer (Bioserve, India) 5.00 plmaster mix (Emrald GT,).

PCR was performed in a thermocycler (Biorad) with following conditions for rs499765: an initial denaturation step for 5 min
at 95 °C, then 30 cycles consisting of 30 s of denaturation at 94 °C, 45 s of annealing at 59 °C and a final extension for 5 min
at 72°C. The PCR was carried out in a 10 p I volume with an initial denaturation at (94°C for 5 min), denaturation on (94°C
for 30 s), annealing at (56°C for 30 s), extension on (72°C for 60 s) for 30 cycles, and a final extension at (72°C for Smin)
for rs838133. The amplicons obtained were run on 2% agarose gel along with 100 bp ladder and analysed in gel
documentation system (Biorad) for genotyping.The product size of rs499765 and rs838133 SNPs are 122 bp and 196 bp
respectively (Figure 1).

Table 1: The allele specific primer sequence of rs838133 and rs499765

rs838133 (A>C) 5°-3 Product Size
Common Forward CTGGAGCTTCTGCATCTATC

A specific Primer CAGCACAGAAACCCACAAT 242 bp

C specific Primer CAGCACAGAAACCCACAAG
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rs499765 (C>G) 5°-3° Product Size
Common Forward ACAGAACCCACACTGAGAAG
C specific primer GTTTGCAAAGGATTTGGGACG 196 bp
G specific primers GTTTGCAAAGGATTTGGGACC
Statistical Analysis

All the statistical analysis was performed with the help of SPSS statistical software (IBM SPSS). Allele and genotype
frequencies were determined from observed genotype counts. Genotypic, allelic frequencies and Hardy-Weinberg
equilibrium were calculated using chi-square analysis. The association between genotypes and diabetes mellitus risk was
evaluated by calculating the odds ratios (OR) at 95 % confidence interval. A two tailed p-value of <0.05 was considered to
be statistically significant.

2. RESULTS
BiochemicalAnalysis

The FGF21 levels differed significantly among the cases and control group (p<0.05) and their subgroups (p<0.05) The
FGF21 levels in overall study group, CWE and CWDE is given in Table 2.

Table 2: Mean FGF21 levels among cases, controls and subgroups.

Groups FGF21 Levels t-statistic p-value
Cases (60) 382.83 +£159.71

8.5580 0.0001*
Controls (40) 156.59 £ 59.66
CWE (30) 331.72 £151.25

2.5966 0.01*
CWDE (30) 433.94 +£153.67

CWE: Cases who exercise; CWDE: Cases who do not exercise
Molecular Analysis
Genotype Frequencies (Total cases vs. total controls)

Table 3 describes the percentage distribution of rs838133 polymorphisms among cases and control groups. The overall
genotype frequencies of AA, AC and CC of rs838133 were 18.3%, 38.3% and 43.4% in patients, while they were 30%, 55
% and 15% in controls respectively. The frequency of A and C alleles were 0.38 and 0.62 in cases while it was 0.58 and
0.42 in controls correspondingly. The genotype (¥2 = 7.26; p = 0.02*) and allele frequencies (2 =7.23; p = 0.007*) differed
significantly between the groups.

The genotype frequencies of CC, CG and GG of rs499765 polymorphism were 13.3%, 45% and 41.7% in patients, while
they were 20%, 55% and 25% in controls, respectively. The frequency of C and G alleles were 0.36 and 0.64 in cases while
it was 0.48 and 0.52 in controls correspondingly. The genotype (¥2 =2.08; p =0.35) and allele frequencies (¥2 =2.48;
p=0.11) did not differ between the groups. [Table 4]

Table 3: Genotype and allelic frequency distribution of FGF21 rs838133 A>Cpolymorphisms among patients and

controls
rs838133 AA AC CC A C
A>C N (%) N (%) N (%)
Controls(40) 12(30) 22(55) 6(15) 0.58 0.42
Patients(60) 11(18.3) 23(38.3) 26(43.4) 0.38 0.62
1*=7.26; p=0.02* ¥2=7.23;p=0.007*
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HWE Controls ¥*=0.628; p = 0.428

Patients ¥=1.99;p=0.15

HWE — Hardy Weinberg Equilibrium
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Graph 1: Genotype and allelic frequency distribution of FGF21 rs838133 A>Cpolymorphisms among patients and
controls

R

Table 4: Genotype and allelic frequency distribution of FGF21rs499765 A>Cpolymorphisms among patients and

controls
rs499765 C>G CC CG GG C G
N (%) N (%) N (%)
Controls (40) 8 (20) 22 (55) 10 (25) 0.48 0.52
Patients (60) 8 (13.3) 27 (45) 25 (41.7) 0.36 0.64
*=2.08;p =035 *=2.48;p=0.11
HWE Controls *=0.422;p=0.515
Patients v*=0.027;p=0.86

HWE — Hardy Weinberg Equilibrium
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Graph 2: Genotype and allelic frequency distribution of FGF21 rs499765 polymorphisms among patients and
controls

R

Risk Analysis (Total cases vs. total controls)

The C allele and CC genotype predominated in the casesand revealed an OR value of 2.25 and 4.33 respectively (p=0.007%*)
while the A allele was showing an OR value of 0.44 (p=0.005%) conferring its protective and predisposing role towards
disease susceptibility. The genotypic distributions of the two polymorphisms were in accordance with Hardy Weinberg
equilibrium in both patients and controls (p > 0.05).[Table 5]

Table 5:Risk analysis of FGF21 rs838133 and rs499765 polymorphisms among patients and controls

Comparison of groups OR 95% CI p-value
AA vs. AC+CC 0.52 0.20-1.34 0.22
ACvs. AA+CC 0.50 022-1.14 0.51
CCvs. AA +CC 4.33 1.58-11.8 0.005*
Avs. C 0.44 0.25-3.96 0.007*
Cvs. A 2.25 1.27-3.96 0.007*
Comparison of groups OR 95% CI p-value
CC vs. CG+GG 0.62 0.21-1.80 0.41
CG vs. CC+GG 0.66 0.30-1.49 0.43
GG vs. CC+CG 2.14 0.88-5.16 0.13
Cvs. G 0.52 0.29-0.91 0.03*
Gyvs. C 1.64 0.93-2.89 0.11

OR — Odds Ratio, CI — Confidence Interval
Genotype Frequencies (Cases who exercise vs. cases who do not exercise)

Table 6 describes the percentage distribution of rs838133 polymorphisms among cases who exercise (CWE) and cases who
do not exercise (CWDE). The overall genotype frequencies of AA, AC and CC of rs838133 were 30%, 40% and 30% in
cases who exercise, while they were 7%, 17 % and 56% in cases who do not exercise respectively. The frequency of A and
C alleles were 0.50 and 0.50 in cases who exercise while it was 0.25 and 0.75 in cases who do not exercise respectively.
The genotype frequencies did not vary while the allele frequencies differed significantly between the groups (y2 =12.29;
p=0.0004%).
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The genotype frequencies of CC, CG and GG of rs499765 polymorphism were 20%, 47% and 33% in cases who exercise,
while they were 7%, 43% and 50% in in cases who do not exercise respectively. The frequency of C and G alleles were
0.43 and 0.57 in CWE while it was 0.28 and 0.72 in CWDE correspondingly. The genotype did not vary between the groups
whereas allele frequencies differed significantly between the groups (y2 =4.28; p=0.03*). [Table 7]

Table 6: Genotype and allelic frequency distribution of FGF21 rs838133 A>Cpolymorphisms among CWE and

CWDE groups.

rs838133 AA AC CcC A C
A>C N (%) N (%) N (%)
CWE (30) 9(30) 12(40) 9(30) 0.50 0.50
CWDE (30) 2(7) 11(17) 17(56) 0.25 0.75

1?=5.15; p=0.07 ?=12.29; p=0.0004*
HWE CWE ¥=12;p=027

CWDE x*=0.014; p = 0.903

HWE — Hardy Weinberg Equilibrium
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Graph 3: Genotype and allelic frequency distribution of FGF21 rs838133 A>Cpolymorphisms among CWE and
CWDE

Table 7: Genotype and allelic frequency distribution of FGF21rs499765 C>Gpolymorphisms among CWE and

CWDE
rs499765 C>G CC CG GG C G
N (%) N (%) N (%)
CWE (30) 6 (20) 14 (47) 10 (33) 0.43 0.57
CWDE (30) 2(7) 13 (43) 15 (50) 0.28 0.72
¥=1.76,p =041 1’=4.28; p=0.03*
HWE CWE v*=0.074; p=0.785
CWDE 2=0.134;p=0.713

HWE — Hardy Weinberg Equilibrium
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Graph 4: Genotype and allelic frequency distribution of FGF21 rs499765 polymorphisms among CWE and CWDE
groups

?

Risk Analysis(Cases who exercise vs. cases who do not exercise)

The A allele and AA revealed an OR value of 0.16 and 0.33 respectively (p<0.05) while the C allele was showing an OR
value of 3.0 (p<0.05) conferring its protective and predisposing role towards disease susceptibility. The genotypic
distributions of the two polymorphisms were in accordance with Hardy Weinberg equilibrium in both patients and controls
(p>0.05).[Table 8]

Table 8: Risk analysis of FGF21 rs838133 and rs499765polymorphisms among CWE and CWDE groups

Comparison of groups OR 95% CI p-value
AA vs. AC+CC 0.16 0.03-0.85 0.04*
ACvs. AA+CC 0.86 0.30-2.46 1.0
CCvs. AA+CC 3.1 1.05-8.83 0.06
Avs.C 0.33 0.18-0.61 0.0004*
Cvs. A 3.0 1.64—5.45 0.0004*
Comparison of groups OR 95% CI p-value
CC vs. CG+GG 0.28 0.05-1.54 0.25
CG vs. CC+GG 0.87 031-2.41 1.0

GG vs. CC+CG 2.0 0.70 - 5.67 0.29
Cvs.G 0.51 0.28-0.92 0.03*
Gvs.C 1.93 1.07-3.49 0.03*

OR — Odds Ratio, CI — Confidence Interval

3. DISCUSSION

Fibroblast growth factor 21 (FGF21) is a peptide, synthesized by several organs and regulates energy homeostasis. FGF-21
signalling has been suggested to affect glucose, lipid, cholesterol, and bile acid metabolism (9,10), which has turned FGF-
21 into a reasonable candidate directly affecting the pathophysiology of the metabolic syndrome and T2DM. The present
study was aimed to understand more about the disease pathogenesis improve treatment choices, and to identify persons who
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are at high risk of acquiring diabetes. Two flanking SNPs (rs499765 and rs838133) of the FGF21 gene were investigated
among type 2 diabetes cases and age matched healthy controls. Several studies have reported increased serum FGF21 levels
in individuals with obesity, the metabolic syndrome and type 2 diabetes [11-15]. In our study, serum FGF21 was significantly
higher in individuals with type 2 diabetes compared with age-matched control participants. Further categorization of cases
with respect to physical activity, revealed higher levels of FGF21 among cases who do not exercise than cases who exercise.
A similar tendency for higher serum FGF21 levels in the basal state was observed in type 2 diabetes in previous studies.
Previous studies have reported that insulin promotes FGF21 expression and release in human muscle cells, and serum of
healthy young individuals [11, 16-18].

Variation in FGF21 gene was reported to be involved in regulating glucose and lipid metabolism, and the rs838133 variant
may influence these processes by affecting FGF21 levels or activity. Our findings suggest a strong association of rs838133
variant with diabetes susceptibility similar to the findings of Alginabi et al., in Iranian population and dissimilar to the
observations of Yu et al., and Faryling et al., where they did not any significant association between these SNPs and
susceptibility to type 2 diabetes and diabetes kidney disease respectively [19-21]. Frayling et al., in the year 2018 reported
the association of A allele with higher blood pressure and waist-hip ratio, despite an association with lower total body-fat
percentage, than it is with BMI or type 2 diabetes [21]. The rs838133 variation is also linked to increased intake of alcohol
and cigarettes, as well as other types of reward seeking behaviour [22].Soberg et al in 2017 concluded that rs838133 variant
do not do not correlate with obesity, T2DM, or glucose intolerance, however the A allele was associated with lower BMI,
waist circumference and better glycemic control [23]. The rs499765 polymorphism did not reveal any association similar to
the findings of Alginabi et al and Jiang et al., [19,24]. The G allele was conferring around two fold risk towards disease
complications among cases who do not exercise. This finding was contradictory to the observations of Jiang et al., where
C allele was conferring a higher risk (OR around 1.5) among nonalcoholic fatty liver disease cases [24].

The FGF21 is expressed in numerous tissues, including liver, adipose tissue, muscle, stomach, brain and pancreas [25]. The
serum FGF21 concentrations in persons with poorly managed diabetes are substantially higher than in those with healthy
controls and well-controlled diabetes. Our findings demonstrated increasedconcentrations of FGF21 among type 2 diabetes
mellitus cases and poorly managed diabetes individuals than controls. Both healthy controls and diabetes case who exercise
had lower FGF21 serum levels similar to the findings of Panahi et al., 2016 [26]. High blood levels of FGF21 were linked to
insulin resistance and impaired glucose metabolism in patients with type 2 diabetes which may indicate a role in the
pathogenesis of T2DM][ 14, 27-28]. Finally, it can be assumed that the FGF 21 levels are elevated to counter balance any
pathophysiological condition. In T2DM, FGF-21 is known to beincreased in fatty liver disease [29], whichin turn is known
to precede the metabolicsyndrome and T2DM. Thus, FGF-21 might be considered as a marker of very early
metabolicdisturbances preceding T2DM andthe metabolic syndrome.

4. CONCLUSION

In conclusion, our findings revealed a strong association of rs838133 polymorphism in manifestation of T2DM; however,
rs499765 polymorphism suggests lack of direct involvement in the genetic predisposition to T2DM and its clinical traits.
Further categorization of cases into CWE and CWDE and analysis showed elevated levels of FGF21 among cases who do
not exercise compared to cases who exercise. To the best of our knowledge, this is the first report from South India with
respect to rs838133 and rs499765 SNPs of FGF21, a hepatokine. The limitation of the present study was the small sample
size. Replicative studies on different ethnic groups are warranted to understand the potentiality of FGF21 polymorphisms in
the causation of T2DMand in turn may help the clinicians for the better management of the condition. Functional studies of
this gene would be required further to gain meaningful insights on the aetiology of FGF21 towards diabetic phenotype.
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