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BACKGROUND: The ABCC8 gene which encodes
the sulfonylurea receptor plays a major role in insulin
secretion and is a potential candidate for type 2 diabetes.
The -3c — t (rs1799854) and Thr759Thr (C — T, rs1801261)
single nucleotide polymorphisms (SNPs) of the ABCC8
gene have been associated with type 2 diabetes in many
populations. The present study was designed to investigate
the association of these two SNPs in an Asian Indian
population from south India.

MATERIALS AND METHODS: A total of 1,300 subjects,
663 normal glucose tolerant (NGT) and 637 type 2 diabetic
subjects were randomly selected from the Chennai
Urban Rural Epidemiology Study (CURES). The -3¢ — t
and Thr759Thr were genotyped in these subjects using
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) and a few variants were
confirmed by direct sequencing.

RESULTS: The frequency of the ‘" allele of the -3c — t SNP
was found to be 0.27 in NGT and 0.29 in type 2 diabetic
subjects (P=0.44). There was no significant difference in the
genotypic frequency between the NGT and type 2 diabetic
group (P=0.18). Neither the genotypic frequency nor the allele
frequency of the Thr759Thr polymorphism was found to differ
significantly between the NGT and type 2 diabetic groups.
CONCLUSION: The -3¢ — t and the Thr759Thr
polymorphisms of the ABCC8 gene were not associated
with type 2 diabetes in this study. However, an effect of
these genetic variants on specific unidentified sub groups
of type 2 diabetes cannot be excluded.
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Introduction

The sulfonylurea receptor (SUR) is a subunit of the
ATP-sensitive potassium channel in the pancreatic
beta cell. This protein complex is involved in regulation
of insulin secretion from the beta cell in response to
glucose.l" The gene encoding the sulfonylurea receptor,
ABCCS8 gene (located at chromosome 11p 15) is a
candidate gene for type 2 diabetes as one of the major
pathophysiological defects of type 2 diabetes is impaired
insulin secretion. The -3¢ — t (rs1799854) and the
Thr759Thr (rs1801261) variants of the ABCC8gene have
been widely studied in association with type 2 diabetes
but the results have been inconsistent.?® A majority of
these studies have been on white populations and there
is very limited data in Asian Indians!'®' who have greater
insulin resistance, increased susceptibility to type 2
diabetes, and a strong genetic background compared
to Europeans.l'? India currently has 62.4 million people
with diabetes!'®! and it would be pertinent to study the
role of these two polymorphisms in association with
diabetes in this population. Hence, the present study was
designed to investigate the association of -3¢ — t and the
Thr759Thr polymorphims of the ABCC8 gene with type 2
diabetes in an Asian Indian population from south India.

Materials and Methods

Ethical approval

The present study was planned in agreement with the
World Medical Association Declaration of Helsinki (2001).
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Informed consent was obtained from all the subjects who
participated in this study and the study was approved by
the institutional ethical committee.

Subjects

A total of 1,300 unrelated subjects were chosen from
the Chennai Urban Rural Epidemiology Study (CURES).
The methodology of the study has been published
elsewhere.l'Y In Phase 1 of CURES; 26,001 subjects
were recruited based on a systematic random sampling
technique. Self-reported diabetic subjects were
classified as ‘known diabetic subjects’. In Phase 2 of
CURES, all known diabetic subjects (n = 1,529) were
invited to our center for detailed studies of whom 1,382
responded. In Phase 3 of CURES, every 10" individual
from Phase 1 (n = 2,600) was invited to undergo oral
glucose tolerance test (OGTT) using 75 g oral glucose
load (dissolved in 250 ml of water). Those who had 2 h
plasma glucose value = 11.1 mmol/l (200 mg/dl) (based
on World Health Organization (WHO) consulting group
criteria) were labeled as ‘newly detected diabetic
subjects’ (n = 222). Subjects who had fasting plasma
glucose < 5.6 mmol/l (100 mg/dl) and 2 h plasma glucose
value < 7.8 mmol/l (140 mg/dl) were categorized as
normal glucose tolerancel™ (NGT, n = 1736). The
total number of diabetic subjects in the CURES study
populationis 1,604 (1,382 known diabetic subjects + 222
newly detected diabetic subjects). From these 1,604
diabetic subjects, 637 subjects, and from the 1,736 NGT
subjects, 663 subjects were randomly selected for the
present study.

Biochemical measurements

Anthropometric measurements including weight and
height were obtained using standardized techniques.
The body mass index (BMI) was calculated as the
weight in kilograms divided by the square of height in
meters. Biochemical analyses were carried out on a
Hitachi-912 Autoanalyzer (Hitachi, Mannheim, Germany)
using commercial kits (Roche Diagnostics, Mannheim,
Germany). Fasting plasma glucose was estimated using
glucose oxidase-peroxidase method. Serum cholesterol
was estimated using cholesterol oxidase-phenol 4-amino
antipyrene peroxidase (CHOD-PAP) method. Serum
triglyceride was estimated using glycerol phosphatase

oxidase-PAP (GPO-PAP) method. High-density
lipoprotein (HDL) cholesterol was estimated using
polyethylene glycol-pretreated enzymes method and
low-density lipoprotein (LDL) cholesterol was calculated
using Friedewald formula. Glycated hemoglobin (HbA1C)
was estimated by high performance liquid chromatography
using the Variant machine (Bio-Rad, Hercules, USA).
Serum insulin concentration was estimated using Dako
kits (Dako, Glostrup, Denmark).

Genotyping

DNA was isolated from whole blood using the
phenol-chloroform method. The -3¢ — t (rs1799854)
and the Thr759Thr (C — T, rs1801261) polymorphisms
were genotyped by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) using the
following primers: forward, 5-GAG CCA GAG GAG
GAT GTT GA-3', reverse 5-GGC TAG AAG GAG CGA
GGA CT-3 and forward 5-TAA AGG CAT GCT CAT
GTT GG-3, reverse 5'-AAT GTT CCC AGG ACG CAG
TA-3 (Sigma, Bangalore, India), respectively. A final
reaction volume of 15 uL of polymerase chain reaction
contained 100 ng genomic DNA, 5 pmol of each primer,
polymerase chain reaction buffer with 1 mmol/L of MgCl,
100 umol/L of each deoxynucleotide triphospate (ANTP),
and 0.5 U of Taq polymerase (Gibco, Life Technologies,
New York, NY). Polymerase chain reaction was
carried out on a Peltier Thermal Cycler (PTC-200,
MJ Research, Waltham, MA) under the following
conditions: 95°C for 5 min, followed by 34 cycles of
95°C for 30 s, 59°C (for -3¢ — t)/54°C (for Thr759Thr)
for 30 s, 72°C for 30 s, and a final extension of 72°C
for 9 min. RFLP was carried out using Pstl enzyme for
the -3c — t polymorphism and BsiE1 enzyme for the
Thr759Thr polymorphism. The resulting products were
electrophoresed on a 3% agarose gel. To assure that the
genotyping was of sufficient quality, random duplication in
about 20% of the samples was performed by a technician
who was blinded to the phenotype. There was 99%
concordance in the genotyping.

Statistical analysis

Statistical Package for Social Sciences (SPSS)
Windows, version 10.0, was used for statistical analysis.
One-way analysis of variance (ANOVA) was used to

38 Indian Journal of Human Genetics January-March 2014 Volume 20 Issue 1



Venkatesan, et al.: ABCC8 gene and type 2 diabetes in south Indians

compare groups for continuous variables. Data for
continuous variables were expressed as mean + SD.
Chi-square test was used to compare the proportions of
genotypes or alleles. P values < 0.05 were considered
statistically significant.

Results

Subject characteristics

The -3¢/t and the Thr759Thr polymorphisms were
genotyped in 663 NGT subjects and 637 type 2 diabetic
subjects. The diabetic subjects were older compared
to the NGT subjects (49 + 10 and 46 = 11 years,
respectively) [Table 1]. A comparison between diabetic
and NGT subjects showed that the age- and sex-adjusted
BMI, waist circumference, fasting plasma glucose,
glycated hemoglobin, fasting serum insulin, total
cholesterol, serum triglycerides, and LDL cholesterol
were all significantly higher in the type 2 diabetic
subjects (P < 0.001).

-3c/t polymorphism

Figure 1 shows the ethidium bromide stained agarose
gel photograph of the cc, ct, and tt genotypes of the -3¢/t
polymorphism. Table 2 shows the genotypic and allelic
frequency of the -3¢/t polymorphism. The genotypic
distribution was in Hardy-Weinberg equilibrium. The

Table 1: Clinical and biochemical characteristics of the
study subjects

NGT Type 2 diabetic P value*

subjects subjects

(n=663) (n=637)
Age (years) 46+11 49+10 -
BMI (kg/m2) 23.7+4.6 25.1+4.3 <0.001
Waist circumference (cm) 84.4+11.9 90.4+10.0 <0.001
Fasting plasma 4.66+0.5 9.27+4.0 <0.001
glucose (mmol/l)
2 h post load plasma 5.66+1.1
glucose (mmol/l)
Fasting serum insulin 8.7+6.2
(mIU/ml)
Glycated hemoglobin (%)  5.6+0.5 8.6+2.1 <0.001
Total cholesterol (mmol/l) 4.75+0.98 5.14+1.04 <0.001
HDL cholesterol (mmol/l)  1.14+0.26 1.09+0.23 <0.001
LDL cholesterol (mmol/l)  2.99+0.78 3.32+1.01 0.001
Log transformed serum 1.18+0.01 1.72+0.01 <0.001

triglycerides (mmol/l)

Data presented as meanzstandard deviation, *P value adjusted for age and
sex. Two hour post load plasma glucose and fasting serum insulin were
not done for the type 2 diabetic subjects. NGT: Normal glucose tolerant,
BMI: Body mass index, HDL: High-density lipoprotein, LDL: Low-density
lipoprotein

frequency of the ‘t’ allele of the -3c/t polymorphism was
found to be 27% in the NGT subjects and 29% in the type
2 diabetic subjects and the difference was not statistically
significant (odds ratio (OR): 1.07, 95% confidence interval
(CI): 0.90-1.27, P=0.44). The genotypic distribution was
not significantly different between the NGT and type 2
diabetic groups (P = 0.18). Logistic regression analysis
taking diabetes status as the dependent variable and
genotypes as the independent variable showed that the ct
and tt genotypes were not associated with diabetes. The
odds ratios for the ct and tt genotypes as compared to the
cc genotype was found to be 1.22 (95% CI: 0.97-1.54,
P =0.09) and 0.95 (0.64—1.43, P = 0.89), respectively.

When the clinical and biochemical parameters of the
NGT and type 2 diabetic groups stratified according to
the cc, ct, and tt genotypes were compared, none of
the parameters showed any significant difference in the
NGT or type 2 diabetic groups. Though the NGT subjects
with the ct genotype had higher fasting serum insulin

250 bp 248 bp
200 bp 188bp
150 bp
100 bp
50bp
Lanel: 50 bp DNA marker
Lanes2,3,5: ctgenotype
Laned: tt genotype
Lane6: cc genotype

Figure 1: Restriction fragment length polymorphism
(RFLP) gel photograph of rs1799854 (-3¢ — t)
polymorphism in ABCC8 gene

Table 2: Genotype and allele frequency of the -3c—t
polymorphism studied in the ABCC8 gene

Genotypes NGT Type 2 diabetic OR P value
subjects subjects (95% CI)
(n=663) (%) (n=637) (%)

cc 358 (54) 319 (50) Reference

ct 245 (37) 267 (42) 1.22 0.09
(0.97-1.54)

tt 60 (9) 51 (8) 0.95 0.89
(0.64-1.43)

‘c’ allele 961 (73) 905 (71) Reference

‘" allele 365 (27) 369 (29) 1.07 0.44
(0.90-1.27)

NGT: Normal glucose tolerant, OR: Odds ratio, Cl: Confidence interval
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levels (mean = standard deviation (SD): 9.59 + 5.93 plU/
ml) compared to the cc genotype (9.16 + 6.18 ulU/ml),
the difference was not statistically significant.

Thr759Thr polymorphism

Figure 2 shows the RFLP gel photograph of the
Thr759Thr polymorphism. The genotype and allele
frequency of this polymorphism has been presented in
Table 3. The frequency of the heterozygous CT genotype of
the Thr759Thr polymorphism was found to be similar in the
NGT and type 2 diabetic subjects (0.5%). The homozygous
variant TT genotype was not found in the study population.
The frequency of the ‘T’ allele of Thr759Thr was only 0.2%
in both the NGT and type 2 diabetic groups [Table 3]. A
comparison of the biochemical parameters in the NGT and
type 2 diabetic groups was not performed because of the
very low frequency of the CT genotype.

LD estimation between -3¢ — t and the Thr759Thr
single nucleotide polymorphisms (SNPs) and
haplotype analysis

LD estimation between the -3¢ — t and the Thr759Thr
SNPs showed that the pairwise LD between these SNPs
was not high (r? = 0.001). In order to perform haplotype
based analyses, two locus haplotypes were constructed
and analysis was restricted to those haplotypes which
have frequency of at least 0.01 in either cases or controls.
Only two haplotypes, cC and tC were found to have a
frequency >1%. There was no significant difference in the
proportion of these haplotypes between NGT and type 2
diabetic groups (P=0.58 and 0.73, respectively) [Table 4].

200 bp
150 bp 158 bp
122 bp
100 bp
50 bp
Lanel: 50 bp DNA marker
Lanes2,3: CC genotype
Lanes 4: CT genotype

Figure 2: RFLP gel photograph of rs1801261 (Thr759Thr,
C — T) polymorphism in ABCC8 gene

Discussion

The -3c — t (positioned in IVS15, 3bp ahead of exon
16) polymorphism and the Thr759Thr (ACC — ACT)
silent polymorphism (positioned in exon 18) were
initially found to be associated with type 2 diabetes in
Caucasians.”) Subsequent studies on these two variants
have been positive in Danish® and French Caucasian
diabetic individuals, and the -3¢ — t variant alone was
associated in Dutch Caucasian diabetic subjects.® These
two polymorphisms have also been studied in relation to
insulin secretion in various populations and the results
have been inconsistent.®® Two studies from north India
did not find any association of the -3¢ — t (rs1799854)
variant with type 2 diabetes.'®""! A number of factors,
environmental, statistical, and genetic could underlie
the variation in results observed in different populations.
Non-replication of the association of specific locus alleles
between populations of different ethnic backgrounds
could be simply due to statistical bias from factors such
as underlying population stratification. Alternatively,
association with the same variant allele may be
undetectable or different between ethnic groups because
of differences in relative risks or pleiotropic genotype
effects on phenotypic traits. Hence, replication studies
within the same ethnic group are a more robust choice
especially in populations such as Indians, who have
greater insulin resistance and increased susceptibility
to type 2 diabetes.l'? In this respect, this study testing

Table 3: Genotype and allele frequency of the Thr759Thr
polymorphism studied in the ABCC8 gene

Genotypes NGT subjects Type 2 diabetic P value
(n=663) (%) subjects (n=637) (%)

cC 660 (99.5) 634 (99.5) 0.96

CT 3(0.5) 3(0.5)

TT 0 0

‘C’ allele 1,323 (99.8) 1269 (99.8) 0.72

‘T allele 3(0.2) 3(0.2)

NGT: normal glucose tolerant

Table 4: Comparison of frequencies of haplotypes in
NGT and type 2 diabetic subjects

Haplotypes for SNPs NGT Type 2 P value
-3c—t/Thr759Thr (C—T) subjects diabetes

(>1% frequency) n (%) subjects n (%)

cC 956 (72.1) 905 (71.1) 0.581
tC 370(27.9) 364 (28.6) 0.736

NGT: Normal glucose tolerant, SNP: Single nucleotide polymorphism
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the association of the two variants in the ABCC8 gene
with type 2 diabetes in south Indian population gains
significance.

The frequency of the t’ allele of the -3¢ — t polymorphism
in this south Indian population (NGT - 0.27, type 2-0.29,
P = 0.44) was much lesser as compared to the other
populations such as the Finnish” (NGT - 0.43, type 2-0.60,
P=0.009), Danish Caucasians® (NGT - 0.44, type 2-0.45,
P not significant), and Dutch Caucasians® (NGT - 0.41,
type 2-0.48, P =0.01); and did not show any significant
difference between the NGT and type 2 diabetic
groups. The frequency of the ‘T’ allele of the Thr759Thr
polymorphism (0.2%) in our population appears to be
the lowest among all populations studied so far. The
fact that the homozygous TT genotype was not found
in our population is comparable to the study on Dutch
Caucasians® where the frequency of the TT genotype
has been found to be <0.01.

In this study, both the variants were not found to be
associated with type 2 diabetes. Similar to the present
study, a number of other studies have also ruled out
a major impact of the exon 16 and 18 variants in the
ABCCS8 gene on type 2 diabetes. A study which tested
the association of 31 common SNPs with type 2 diabetes
and its related traits in north Indian sibling pairs ruled
out an association of the -3¢ — t polymorphism with
type 2 diabetes, fasting glucose, and fasting insulin.!'”
Another study on the association of 19 genes involved in
pancreatic beta cell development and function with type 2
diabetes in north Indians!' included several variants from
the ABCCS8 gene. The -3c — t polymorphism failed to
show significant association with type 2 diabetes after
correcting for multiple comparisons in that study. In a
large study of Caucasians from the UK Prospective
Diabetes Study (UKPDS) no association was seen
between either exon 16 or 18 variant and diabetes.!"®
The same was observed in independent populations from
Netherlands,!"” Dutch Breda cohort,['® and Japanese
population.['¥ A meta-analysis of reported association
studies in Caucasian populations involving more than
7,000 subjects for the exon 16 and 18 variants did not
support a substantial role of these two variants in the
etiology of common type 2 diabetes.?” The meta-analysis
also showed that studies of the ABCC8 variants that
were published first or had smaller sample sizes

showed stronger associations. Publication bias might
have affected the findings for the ABCC8 exon 16 and
18 variants. There is also not enough data to support a
functional role of either of the two ABCC8 variants.

In conclusion, the -3¢ — t (rs1799854) and the
Thr759Thr (rs1801261) polymorphisms of the ABCC8
gene were not associated with type 2 diabetes in this
urban south Indian population. However, an effect of
these genetic variants on specific unidentified subgroups
of type 2 diabetes cannot be excluded.
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