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ABSTRACT 

 

Background: Type 2 diabetes mellitus (T2DM) is a multifactorial disease involving genetic and environmental 

factors. The E23K KCNJ11 gene polymorphism causes KATP canal overactivity, decreases cell membrane 

depolarization potential, and decreases insulin secretion. E23K polymorphism of the KCNJ11 gene as a risk factor 

for T2DM.  

Methods: This study is a case-control study. The subjects of the study were 100 people with T2DM patients as a 

case group (50 people) and Non-DM subjects with families who did not have a history of T2DM as a control 

group (50 people). Fasting blood glucose (GDP) was analyzed by spectrophotometry and E23K KCNJ11 gene by 

polymerase chain reaction fragment length polymorphism (PCR-RFLP). Data were analyzed by statistics. 

Results: The frequency of AA genotypes in cases was higher than the controls (12% and 8%) (p = 0.001). The 

frequency of A allele in the case was higher than the control (32% and 18%) (p = 0.017). The risk of T2DM on 

AA / GA genotypes was 4.75 times higher in cases than controls (p = 0,000, OR 4.75 95% CI 2.01-11.24). The 

risk of T2DM in A allele was 2.14 times higher in cases than in controls (p = 0.017, OR 2.14, 95% CI 1.11-4.15). 

Conclusion: E23K polymorphism of the KCNJ11 gene as a risk factor for T2DM in Bengkulu Serawai Tribe.  

 

Keywords: E23K gene KCNJ11, DMT2, Non-DMT2 

 

 

Introduction 

Diabetes mellitus (DM) is caused by interactions between genetic factors and the 

environment. Diabetes mellitus is also closely related to family history, increase in body mass 

index, and decreased insulin secretion and insulin work.1 Globally, DM patients living in cities 

reach 246 million people and in rural areas, as many as 136 million people.2 The increase in 

the incidence of type 2 diabetes mellitus (T2DM) is a metabolic disease characterized by 

hyperglycemia due to damage to insulin secretion, insulin action, and/or both.3 Insulin is a 

hormone produced by β cells of the islets of Langerhans in the pancreas in response to 

hyperglycemia and plays a central role in regulating blood glucose.4 Chronic hyperglycemia in 
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people with T2DM can lead to failure of various organs, especially the eyes, kidneys, nerves, 

heart, and blood vessels.5  

The KCNJ11 gene is located on the same chromosome at the locus 11p15.1 only 4.5 kb 

apart, both of these genes work on the potassium canal in pancreatic β cells. The KCNJ11 gene 

functions to regulate insulin secretion. Polymorphism in the KCNJ11 gene can affect the 

function of the pancreas resulting in changes in activity in the potassium canal. Polymorphism 

in the KCNJ11 gene resulted in a decrease in potassium canal sensitivity to ATP so that the 

canal remained open and decreased insulin secretion caused Impaired Glucose Tolerance (IGT) 

which eventually became T2DM.6 

Lifestyle changes that are influenced by environmental factors in genetically 

susceptible groups will cause various diseases, related to genetic factors, one of which is DM 

disease. Based on the above data, it also indicates that T2DM is still a public health problem in 

Indonesia, especially in Bengkulu. Ethnic Bengkulu consists of the Serawai, Mukomuko, 

Pekal, Rejang, Lembak, Basemah, Kaur, Enggano tribes. In this case, the Serawai tribe as a 

genetic subject of the Potassium gene polymorphism is inwardly rectifying the subfamily 

channel J member 11 (KCNJ11) DMT2.  

 

Methods 

The research design is a case-control study. The subjects of the study were 50 cases 

recruited from Bengkulu DMT2 patients and 50 controls recruited from the academic 

community and Bengkulu Health Polytechnic students. Cases fulfilling the inclusion criteria 

are healthy men or women aged between 19-39 years, have families suffering from DMT2 

(father / mother-grandfather / grandmother) and Serawai tribe, while controls do not have 

families suffering from DMT2 (father / mother-grandfather / grandmother) and Serawai. 

Exclusion criteria were detected by DM with fasting blood glucose (GDP) ≥ 126 mg / dL, 

obesity (BMI ≥ 25 kg / m2), hypertension (systolic BP) TD 140 mmHg, blood pressure (TD) 

diastolic ≥ 90 mmHg ) and get pregnant. 

GDP levels were analyzed by spectrophotometry of the glucose oxidase-p-amino 

phenazone method (GOD-PAP). DNA isolation using Promega's Wizard Genomic DNA 

Purification Kit. The E23K polymorphism of the KCNJ11 gene was analyzed by polymerase 

chain reaction fragment length polymorphism (PCR-RFLP). Amplification of DNA fragments 

flanking the position of the E23K KCNJ11 gene with primers: forward primers 5'-CCA CCG 
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AGA CTC TGC A-3 'and reverse primers 5'-CTG GGC ACG GTA CCT-3' GCG. Reaction 

PCR 30 µL consisting of: 2 µL DNA, 15 µL PCR master mix (2x PCR buffer, 150 mM dNTP, 

and 0.5 U Taq DNA polymerase), 2 µL primer (1 µL forward primer and 1 µL reverse primer) 

and 11 µL aquades. 

PCR cycle temperature conditions: (1) Initial denaturation for 7 minutes at 94oC, 

followed by 35 PCR cycles: (2) denaturation at 94oC 1 minute; (3) annealing at 63oC 1 minute; 

(4) extension at 72oC 1 minute; (5) final extension 7 minutes at 72oC; (6) cooling to 4oC. PCR 

runs for 2 hours 16 minutes. 

Cutting PCR products with restriction enzymes (RFLP): 4 µL PCR products plus 1.0 

µL NE buffer, 0.5 µL Ban II (Thermo) enzyme, 4.5 µL aquades up to the final volume of 10 

µL reaction mixture. The reaction mixture was incubated for 16 hours at 37oC in an incubator. 

The reaction was carried out by electrophoresis with 3% agarose gel (for 45 minutes, 100 volts) 

and visualized with ethidium bromide. Cutting results were seen under UV light, namely: GG 

(wild type) genotype had one band (179 bp), GA genotype had three bands (179 bp, 160 bp, 

and 19 bp) and AA genotype had two bands (160 bp and 19 bp).  

 

Results 

Genotypic frequency distribution in cases was AA (12%), GA (48%) and GG (40%), 

while in controls were AA (8%), GA (16%) and GG (76%). There were significant differences 

in genotypic frequency distribution between cases and controls (p = 0.001). The allele 

frequency distribution in the cases was A (32%) and G (68%), while those in the controls were 

A (18%) and G (82%). There were significant differences in allele frequency distribution 

between cases and controls (p = 0.017). Odds ratio test results to determine AA and GA 

genotypic risk showed a significant relationship between AA and GA genotypes between cases 

and controls (p = 0,000, OR 4.75 95% IK 2.01-11.24). Likewise, the A allele showed a 

significant relationship between cases and controls (p = 0.017 OR 2.14 95% IK 1.12-4.15). 

Genotypic frequency distribution (AA, GA, GG) and alleles (A and G) in cases and controls 

can be seen in Table 1. 
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Table 1. Genotypic frequency distribution (AA, GA, GG) and alleles (A and G) 

 
 

Discussion 

The frequency of genotypes and the E23K polymorphism allele of the KCNJ11 gene in 

cases and controls in Bengkulu, especially the Serawai tribe varied because of the distribution 

of different genotypes in homozygotes and heterozygotes. The difference between this research 

and research in several other countries is the number of samples. The number of samples in 

research in several other countries is more than the number of samples in this study. 

The results of this study are similar to studies in several populations, namely West Asia 

(Palestine, Israel), East Asia (China, Japan) and Western Europe (Germany) that the AA 

genotype frequency in T2DM patients is higher than Non-DM. Thus the frequency of AA 

genotypes shows variations in geography and nation/ethnicity. The frequency of AA genotypes 

and A allele higher in a population indicates that the E23K KCNJ11 gene polymorphism 

increases the risk of T2DM.  

The results of this study indicate that the AA genotype frequency in the cases was higher than 

the controls (12% and 8%). The study of the E23K KCNJ11 gene polymorphism in Japan at 

889 normal individuals and 906 T2DM patients showed that AA genotypic frequency in T2DM 

patients was higher than Non-DM (14% and 12%), and there was a significant relationship 

between polymorphism E23K KCNJ11 gene with the risk of developing T2DM (p = 0.004, OR 

1.32, 95% IK 1.09-1.60).7-8  

The results of this study are different from the E23K polymorphism of the KCNJ11 

gene in Israel in 843 normal individuals and 573 T2DM patients who showed no significant 

association between the E23K KCNJ11 gene polymorphism and the risk of T2DM (p = 0.52, 

OR 1.05, 95% CI 0.90-1.23).9-12 The results of this study indicate that the GA genotype 

frequency in the cases was higher than the controls (48% and 16%). These results differ from 
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studies in Chinese Hubei, Israel  and Shandong China. The results of this study are the same as 

the E23K study of KCNJ11 genes in Czechoslovakia, Japan, Germany, Beijing and Palestine 

which show GA genotype frequency in T2DM patients higher than Non-DM.13-16 

The frequency of GG genotypes in cases is lower than controls. These results are similar 

to studies in Japan, Germany, Shanghai China, Beijing, Palestine and Yogyakarta, but different 

from the frequency of GG genotypes in Chinese Hubei and Shandong China showed that in 

DMT2 patients it was higher than Non-DM (22% and 15%) and (39% and 35%).17-20 

The E23K polymorphism of the KCNJ11 gene that causes substitution of guanine (G) 

becomes adenine (A) so that there is a change in the amino acid glutamate (GAG) to lysine 

(AAG) . The E23K polymorphism of the KCNJ11 gene resulted in changes in the function of 

potassium canals because it made potassium canals not sensitive to ATP, thus requiring a more 

significant amount of ATP to close potassium canals and potassium canals remained open. 

Potassium channels that remain open cause hyperpolarization, resulting in inhibited insulin 

release. Decreasing insulin secretion will cause a reduction in glucose use by tissues and an 

increase in liver glucose production, which can lead to hyperglycemia. In prolonged conditions, 

pancreatic β cells are no longer able to produce insulin, resulting in T2DM. The E23K KCNJ11 

gene polymorphism causes KATP canal overactivity, decreases the potential of cell membrane 

depolarization, and decreases insulin secretion.21  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The location of the KCNJ11 gene in the human genome at position 11p15.1 around 

17,372–17,375 kb (http://www.ncbi.nlm.nih.gov) 

 

The KCNJ11 gene structure is composed of two transmembrane (TMs) and N-terminal 

domains and an intracellular C-terminal. The transmembrane helical outer side (TM1) is 
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associated with the N-terminal domain (N-domain) by amphipathic alpha-helices, namely a 

helical slide located perpendicular to the transmembrane. The helical slide position shows its 

role as the closing and opening of the KATP canal. The Inner helix (TM2) is connected with 

TM1 through an extracellular connector and a loop consisting of a small helical or selective 

filter which is responsible for the selective permeability of Potassium ions. The KATP channel 

in pancreatic β cells consists of two subunits: (1) regulatory subunits including subfamily ATP-

binding Casettes (ABC) including SUR1, SUR2A and SUR2B and (2) porous canal namely 

Potassium inward rectifier 6.2 (Kir6.2) / (KCNJ11 ).22 

 

Conclusion 

It can be concluded that the E23K KCNJ11 gene polymorphism is a DM risk factor in 

the Bengkulu Serawai Tribe. 
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