
ABSTRACT
Type 2 diabetes mellitus (T2DM) is a chronic disorder characterized by pancreatic beta-cell dysfunction and insulin resistance. 
The present study was designed to understand the association of genetic variations in the JAZF1 gene with T2DM in the Indian 
population. The polymorphic study was conducted by PCR-RFLP methods. Further, the biochemical parameters were collected for 
statistical analysis on the semi-structured questionnaire, and correlation with the polymorphism was done by using SPSS software. 
The significant differences were observed between T2DM cases and controls in triglycerides, HbA1c, T-cholesterol, LDL-C, BMI, 
systolic and diastolic BP, PPG, FPG, while no significant differences were observed in HDL-C, WHR. Our results suggested that 
the JAZF1 rs864745 variant is significantly associated with T2D among the Indian population. The present study concludes that the 
association of genetic variations and biochemical factors play a vital role in T2DM risk and its prevalence.
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INTRODUCTION

During the last couple of decades, the prevalence of 
diabetes has increased drastically all over the world and 
now diabetes disease has become a worldwide public health 
problem. According to the International Diabetic Federation 
(IDF-2017), a total of 8.8% of the World’s population was 
suffering from diabetes and this population of 425 million 
is estimated to further increase to 628.6 million people by 
(2045). Diabetes has established itself as one the fastest 
growing disease in humans and has become an epidemic 
with a 48% increase in the last 30 years. Its prevalence has 
continuously increased in the adults 20-79 years’ age group 
from 151 million in (2000), to 285 million in (2009) to 382 
million in 2013 and 424.9 million in (2017) (Zimmet 2017; 
Brussels and Belgium 2019).

In India, 72.9 million people are suffering from diabetes 
and by (2045) this patients count is expected to be 134.3 
million. Diabetes accounts for high morbidity and mortality 
due to complications like renal failure, amputations, 
cardiovascular disease, and cerebrovascular events (Schulze 
et al. 2004; Park et al. 2020). Nearly half of those affected are 
undiagnosed. Furthermore, among all major ethnic groups, 
Asian Indians have one of the highest incidences of pre-
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diabetes and diabetes, and the transition from pre-diabetes 
to diabetes occurs more quickly in this community (Anjana 
et al. 2011). Long-term diabetes has major problems, some 
of which are fatal (Alam et al. 2021).

The successful discovery of common (SNPs) contributing 
to diabetes susceptibility has been made possible by 
technological advances in molecular biology. Genome-
wide techniques, such as (GWAS), have found statistically 
significant links between certain genetic regions and 
T2DM risk (Basile et al. 2014). In humans, several JAZF1 
single nucleotide polymorphisms (SNPs) have been linked 
to T2DM and IR-related disorders. The replacement 
of Asparagine for Alanine is caused by a well-known 
missense mutation of rs1635852 (C to T substitution). The 
rs1635852-T risk allele in JAZF1 was linked to T2DM in 
meta-analysis research involving approximately 1 million 
participants (Fogarty et al. 2013; Mahajan et al. 2014). 
Patients with the T risk allele had lower JAZF1 mRNA 
expression and higher protein complex binding (Fogarty 
et al. 2013). It's worth noting that T risk allele carriers had 
lower insulin secretion due to transcriptional suppression of 
PDX1, a key transcription regulator for beta-cell formation 
and regeneration (Zhu et al. 2017).

Another explanation is that rs1635852 mutations cause 
insulin exocytosis to be reduced by binding to miR-96 (Li et 
al. 2016). However, not only is there a scarcity of information 
about the rs864745 variant of JAZF1, but its relationship 
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to T2DM in the Indian population is also unknown. The 
goal of this case-control study was to see if the JAZF1 
variation polymorphism (rs864745) was associated with an 
increased risk of T2DM. Thus, the present study analyses 
the significance of the association of genetic of JAZF1 gene 
polymorphism in the risk of development T2DM as well 
as the correlation with the clinical biochemical parameters 
in the Indian population.

Material and Methods

The present study includes a total of 300 persons and was 
conducted at Medical Biotechnology Laboratory, Dept. 
of Biotechnology, Jamia Millia Islamia (JMI) (A Central 
University), New Delhi, amongst these 300 individuals, 
200 individuals were newly diagnosed T2DM cases the and 
remaining 100 healthy controls. Patients with T2DM and 
healthy controls were chosen on basis of the inclusion and 
exclusion criteria. This study was performed only after the 
due approval of the institutional ethical committee, JMI, 
New Delhi. Patients included in the present study were 
examined and collection of samples was done only after 
informed consent from all study participants. Information of 
patients was taken in standardized questionnaires. Isolated 
DNA was amplified to determine JAZF1 rs864745 (A/G) 
genotype by a particular set of primers; forward primer: 
5’- GAGCCATATAAGTGATGCTCAAA-3’ and reverse 
primer: 5’- GGTTGTCAGGCTTTCCATGT-3’ using 
thermal cycler. The amplified DNA product of 378 bp was 
viewed with an ultraviolet (UV) transilluminator. JAZF1 
rs864745 (A/G) polymorphism was identified by the SSPI 
restriction enzyme identifying the sequence of DNA. DNA 
band showed 378 bp A allele- uncut, G allele- 338 + 40 
bp. Frequencies of genotypes between patients (cases) and 

healthy individuals were assessed by Chi-square test and 
those values which were <0.05, were evaluated by Fisher-
exact test (Gong et al. 2021).

The link between JAZF1 rs864745 (A/G) and T2DM 
risk was projected by calculating the odds ratios (OR) 
value with 95% confidence intervals (CI). P-value <0.05 
considered significant (Morris 2018). The study has been 
conducted only after the due clearance and approval from 
the Ethics committee of Jamia Millia Islamia (vide Proposal 
No. 26/11/273/JMI/IEC/2019). As part of the mandatory 
standardized ethical norm, written informed consent was 
taken from the person before inclusion in the research 
work.

Results and Discussion

Genotype and allele frequencies of JAZF1 gene 
polymorphism in patients and controls: Table 3.1 
illustrates genotypes and alleles frequencies, odds ratios, 95% 
confidence intervals, and P values for the three ‘JAZF1gene 
polymorphism among T2D patients and controls. JAZF1 
(rs864745) showed a high percentage of Homozygous 
mutant GG 55 (27.5%) in patients as compared to controls 
GG 10 (10%A). A 2% difference was observed in the case 
of heterozygous AG in patients (28%) as compared to 
control (26%). A low percentage of homozygous AA (44.5) 
was observed in patients as compared to controls (64%). 
The odds ratio of JAZF1 genotype AG (heterozygous) and 
GG (Mutant Homozygous) with AA (wild homozygous), 
1.54 (0.88-2.72), and 3.95 (1.87-6.70) were observed, 
respectively. We observed a significant difference in the 
frequency of risk allele ‘G’ among patients and controls 
(p<0.0001).

Gene/SNP ID	 Genotype/	C ases	C ontrol	 Odd Ratio	 P-value
	 Allele	 (n=200)	  (n=100)	 (95% CI)	

JAZF1	 AA	 89 (44.5%)	 64 (64%)	 Ref	 Ref
(rs864745)
	 AG	 56 (28%)	 26 (26%)	 1.54 (0.88 - 2.72)	 0.12
	 GG	 55 (27.5%)	 10 (10%)	 3.95 (1.87 – 6.70)	 <0.001*
	 P-value < 0.001*
	 A (Normal allele)	 234 (58.5%)	 154 (77%)	 2.37 (1.61 - 3.48)	 <0.0001*
	 G (Risk allele)	 166 (41.5%)	 46 (23%)

Note: * = P-value < 0.05 considered significant.		

Table 3.1. Genotypic and allelic frequencies of JAZF1 gene polymorphism among T2D cases 
and controls.

The frequencies, odds ratios, and P-values of the JAZF1 
(rs864745) genotypes among T2D patients and control 
subjects under dominant and recessive models: Table 
3.2 shows the frequencies, OR and, p-values of dominant 
and recessive models of JAZF1 (rs864745) among T2D 
patients and controls. There is a significant difference was 
observed between the two groups under the dominant and 
recessive models (p-value < 0.001).

Comparative analysis of the Biochemical parameters 
in T2D cases and controls: Diabetes is a multifactorial 
disorder and along with genotype, different factors come 
into play to develop this condition. Tables 3 illustrates 
comparative analysis of biochemical factors of T2D patients 
and controls in Delhi population. A significant association 
was observed in all levels among different JAZF1 genotype 
except HDL-C and WHR.
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HbA1c - haemoglobin A1c test, LDL - Low density 
lipoprotein, HDL – High-density lipoprotein, BMI - Body 
mass index, BP - Blood pressure, PPG - Postprandial 
plasma glucose, FPG - Fasting plasma glucose, WHR – 
Waist to Hip Ratio. 
GWAS has been identified in more than 150 different 
loci associated with type 2 diabetes (Suzuki et al. 2019). 
Environmental factors are associated with T2DM onset 
which includes inactive/sedentary lifestyle, obesity, 

and stress (Adeghate et al. 2006). We analyzed various 
demographic and clinical parameters and significant 
differences were observed between T2DM patients and 
healthy controls in triglycerides, HbA1c, T-cholesterol, 
LDL-C, BMI, systolic and diastolic BP, PPG, FPG, while 
no significant differences were observed in parameters 
such as HDL-C, WHR, among T2DM patients and controls 
(Alam et al. 2021).

Model	 Genotype/	C ases	C ontrol	 Odd Ratio
	 Allele	 (n=200)	 (n=100)	 (95% CI)	 P-value
           
	 GG	 55	 10	 3.41	 <0.0001*
Recessive	 AG + AA	 145	 90	 (1.65 – 7.03)	
Dominant	 AG + GG	 111	 36	 2.2 (1.35 – 3.63)	 <0.001*
	 AA	 89	 64		

Note: * = P-value < 0.05 considered significant.

Table 3.2. Frequencies, OR, and p-values of dominant and recessive models of JAZF1 
(rs864745) among T2D patients and controls

Factors	 T2DM patients	C ontrols	 P-values

Number	 200	 100	 --
Age (in years)	 42.4 ± 9.3	 40.7 ± 8.2	
Triglycerides (mg/dl)	 347.7 ± 98.5	 139.7 ± 6.1	 <0.001*
HbA1c	 7.9 ± 0.9	 5.5 ± 0.7	 <0.001*
T-Cholesterol (mg/dl)	 242.6 ± 14.8	 151.3 ± 19.1	 <0.001*
LDL-C (mg/dl)	 189.4 ± 28.7	 104.3 ± 20.1	 <0.001*
HDL-C (mg/dl)	 47.1 ± 10.9	 45.9 ± 9.1	 0.180
BMI (kg/m2)	 29.9 ± 4.9	 25.1 ± 1.9	 <0.001*
Systolic BP (mmHg)	 144.9 ± 16.8	 105.7 ± 9.9	 <0.001*
Diastolic BP (mmHg)	 101.9 ± 16.1	 76.1 ± 11.2	 <0.001*
PPG	 229.8 ± 36.2	 135.8 ± 4.9	 <0.001*
FPG (mg/dl)	 160.4 ± 25.7	 89.8 ± 6.9	 <0.001*
WHR	 1.0 ± 0.2	 1.0 ± 0.1	 1.0

Note- Data presented as Mean ± SD; P-value (*) <0.05 considered significant.

Table 3.3. Comparative analysis of clinicopathological 
parameters among T2D patients and controls.

According to the CARRS (Centre for Cardio-metabolic 
Risk Reduction in South Asia) Study, the total prevalence of 
diabetes in three major cities in South Asia was 22.8 percent 
(21.5-24.1 percent), 25.2 percent (23.6-26.8 percent), 
and 16.3 percent (15.2-17.3 percent) (Deepa et al. 2015). 
Diabetes prevalence varies significantly depending on where 
you live (less in rural areas) and your socioeconomic status 
(less in low socio-economic stratum). Diabetes prevalence 
ranged from 3% in rural Jharkhand, east India, to 13.7 
percent in metropolitan Tamil Nadu, south India, according 
to the ICMR-INDIAB research (Anjana et al. 2011). Men 
(3.33 per 1000 per year) have been reported to have a faster 

rate of increase in diabetes prevalence than women (0.88 
per 1000 per year) (Mishra and Khurana, 2011). 

The human JAZF1 gene has five exons and is found on 
chromosome 7p15.2. JAZF1 is a 243-amino-acid protein 
with a predicted molecular mass of 27 kDa. JAZF1 is made 
up of three zinc-finger domains with a repeating Cx(4)C2H 
and a ligand-binding domain (residues 341-583) (Koontz et 
al. 2001; Nakajima et al. 2004). Endometrial stromal tumors 
are linked to chromosomal abnormalities involving this 
gene (Koontz et al. 2001). Different protein isoforms are 
encoded by alternatively spliced variants, which have been 
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described. Not all varieties, however, have been adequately 
characterized (Alam et al. 2021).

The human JAZF1 protein shares 90% homology with that 
of chimps, monkeys, mice, and pigs, implying that JAZF1 
may have a comparable biological function in diverse 
species (Yang et al. 2015). In the present study, we examined 
the association of gene polymorphism in the JAZF1 gene to 
the risk of T2DM in the Indian population. JAZF1 rs864745 
(A/G) variant association with T2DM has been reported 
by various studies among numerous populations (Koontz 
et al. 2001; Nakajima et al. 2004). Besides lifestyle and 
environmental risk factors, type 2 diabetes mellitus also has 
an established genetic predisposition (Zhang et al. 2019; 
Alam et al. 2021).

Our results suggested that the JAZF1 rs864745 variant 
is significantly associated with T2D among the Indian 
population. It was observed that GG genotype frequency 
was significantly higher in T2DM cases as compared to 
healthy controls. Allelic frequency of G allele was higher 
in T2DM cases in comparison to healthy controls. We 
found significant relations of JAZF1 polymorphism and 
T2DM risk under dominant and recessive models. Similar 
results were observed in studies conducted among Chinese 
and Iranian populations (Han et al. 2010; Soltanian et al. 
2020; Alam et al. 2021). The link between the rs864745 
variation and T2DM, as well as the mechanism behind it, 
has been explored. The probability of developing T2DM 
was 2.32 times higher among Uyghurs with the rs864745-C 
risk allele (Song et al. 2015). Subjects with the rs864745-T 
risk allele, on the other hand, were found to have a lower 
risk of GDM (Stuebe et al. 2014). Based on mechanism, 
rs864745-T polymorphisms in the JAZF1 gene are linked 
to lower JAZF1 mRNA expression and insulin secretion 
(Grarup et al. 2008; Zano et al. 2020).
 
Increased fasting plasma insulin concentration is connected 
to rs864745-T polymorphisms, according to an autosomal 
genomic scan (Grarup et al. 2008). Several published 
research, on the other hand, have discovered a link between 
the rs864745 gene variant and T2DM-related illnesses. 
To begin, the rs864745-T variant of the JAZF1 gene is 
substantially linked to arteriolosclerosis in neuropathologic 
studies (Chou et al. 2013). The Saudi population with the 
JAZF1 rs864745-G risk allele had lower BMI and waist 
circumference (Alharbi et al. 2015). The G-risk allele 
has also been linked to T2DM and lowered eGFR, which 
is consistent with lower JAZF1 gene expression in the 
peripheral blood of DN patients (Chen et al. 2013; Peng et 
al. 2017). Several studies have already been published that 
show a link between the JAZF1 (rs864745) mutation and 
T2DM, particularly in industrialized nations, but additional 
research is needed to use this gene as a biomarker (Zano 
et al. 2020). Environmental, metabolic, and genetic factors 
all play a role in the development of T2DM, according to 
previous research (Geng and Huang 2020).

Conclusion

The findings of the present study concluded that JAZF1 
gene polymorphism was found to be associated with 

the risk of T2DM in the Indian population. Our study 
concludes association of genetic and biochemical factors 
plays a significant role in potential risk associated with the 
prevalence of T2DM and the JAZF1 gene may increase the 
severity of T2DM specifically in the Indian Population.
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