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Abstract

Aim: The aim of this study was to investigate the association of KCNJ11 E23K

and ABCC8 exon16–3T/C with the therapeutic effect of repaglinide in patients

with type 2 diabetes. Methods: A total of 100 Chinese patients with newly diag-

nosed type 2 diabetes were treated with repaglinide for 24 weeks. Arginine stimu-

lation tests were performed to evaluate beta cell function. Gene variations were

detected with PCR–restriction fragment length polymorphism. Responders were

defined by a greater than 25% decrease in fasting plasma glucose or a greater than

20% decrease in hemoglobin A1c (HbA1c) values (or both) after the 24 week

repaglinide treatment. Results: Both baseline HbA1c and the decrease of HbA1c

were significantly higher in patients with E/K and K/K genotypes of the KCNJ11

E23K variant when compared with E/E homozygotes (P=0.0103 and 0.0221,

respectively). The decrease in 2 h postprandial plasma glucose (2hPG) was signifi-

cantly greater in E/K heterozygotes than E/E homozygotes (P=0.0367). There was

a significant difference in the response rate to repaglinide treatment between the

E and K alleles (68% vs 82%, P=0.0324). The changes in fasting insulin and the

homeostasis model assessment of insulin resistance were significantly greater in

patients with ABCC8 exon16–3 C/C versus the T/C and T/T genotypes (P=0.0372

and 0.0274, respectively). Conclusion: The KCNJ11 E23K variant was associated

with the therapeutic effect of repaglinide. In addition, The C/C homozygotes of

the ABCC8 exon16–3T/C variant responded better to repaglinide in insulin sensi-

tivity than the T/C and T/T genotypes.
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Introduction

It is well known that there is a large variation in patients’

response to a given therapy. Factors, such as age, sex, and

genetic composition, can play an important role[1]. The ef-

fect of genetic polymorphism on drug response has been

described in a recent study on sulfonylurea glibenclamide[2].

Patients with the KCNJ11 E23K variant in the K allele were

more susceptible to secondary failure to sulphonylurea,

which leads to higher fasting plasma glucose and

glycosylated hemoglobin concentrations[2]. However, a simi-

lar study on non-sulfonylurea has not been reported.

As a novel, short-acting insulin secretagogue, non-

sulfonylurea, such as repaglinide, lowers the plasma glu-

cose concentrations in patients with type 2 diabetes by en-

hancing glucose-stimulated insulin release from the pancre-

atic beta cells[3–5]. ATP-sensitive potassium (KATP) channels

are required by both non-sulfonylurea and sulfonylurea in

the stimulation of insulin secretion in pancreatic beta cells,

although they act on different binding sites in the channel

protein[6]. In vitro studies have shown that repaglinide ac-

tion is dependent on pancreatic beta cell KATP channels[7,8].

The inward rectifier potassium channel Kir6.2 (encoded by

KCNJ11) and sulfonylurea receptor SUR1 (encoded by

ABCC8) are 2 subunits in the channel protein[9]. SUR1 car-

ries the high-affinity binding sites for repaglinide[7]. Variants

in the E23K of KCNJ11 gene (rs5219) and exon16–3T/C of
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ABCC8 gene (rs1799854) are associated with type 2 diabetes

in populations with distinct ethnic backgrounds[10,11].

Whether these 2 variants influence the therapeutic efficacy

of repaglinide has not been reported. Therefore, we addressed

this question in this study.

In our study, we analyzed gene polymorphisms in 100

patients with type 2 diabetes who were treated with

repaglinide. The aim of this study was to investigate the

association of KCNJ11 E23K and ABCC8 exon16–3T/C with

therapeutic effects of repaglinide, a representative of non-

sulfonylurea.

Materials and methods

Patients and study design  A total of 104 newly diag-

nosed type 2 diabetic patients were recruited from the out-

patient clinics at 10 hospitals in Shanghai, China. The study

was approved by the institutional review board of Shanghai

Jiaotong University Affiliated Sixth People’s Hospital,

Shanghai, China. Written informed consent was obtained

from each patient. Type 2 diabetes mellitus was diagnosed

according to the World Health Organization criteria in 1999[12].

One hundred patients (66 men and 34 women, average age

52 years) completed the 24 week repaglinide treatment.

Four patients withdrew from the study due to high hemoglo-

bin A1c (HbA1c) values (>8%). Patients were between 30

and 70 years old. No prior antihyperglycemic therapies were

allowed before the study. The entry HbA1c value was

>6.5%. The exclusion criteria were as follows: (1) allergic

to repaglinide; (2) type 1 diabetes mellitus; gestational dia-

betes mellitus or other specific type of diabetes mellitus;

(3) clinical hepatic or renal impairment; (4) cardiac

abnormalities(unstable angina pectoris, myocardial infarc-

tion or heart failure of New York Heart Association (NYHA)

stage III–V; (5) any history of diabetic ketoacidosis or non-

ketotic hyperosmolar coma or chronic diabetic com-

plication; (6) fasting plasma glucose (FPG) >13 mmol/L (234

mg/dL) and/or 2 h postprandial plasma glucose (2hPG)

>18 mmol/L (324 mg/dL); (7) uncontrolled hypertension

(systolic blood pressure >180 mmHg and/or diastolic blood

pressure >110 mmHg); (8) use of medications that could

influence glucose metabolism; (9) infected with hepatitis

virus; and (10) malignant diseases, hematological diseases,

psychosis, autoimmune diseases, significant digestion and

resorption disturbances, acute cerebrovascular accidents

within the last 6 months.

After a 2 week run-in period (diet and exercise therapy

only), all patients were treated with repaglinide for 24 weeks

at an initial mealtime dosage of 0.5 mg. The dosage was in-

creased stepwise to 1, 1.5, and 2 mg until it reached the target

of FPG <=7 mmol/L (126 mg/dL) and/or 2hPG <=11 mmol/L

(200 mg/dL). Patients with FPG >13 mmol/L (234 mg/dL)

or 2hPG >18 mmol/L (324 mg/dL) or HbA1c>=8% at 2

consecutive times (a maximal interval of 6 d) were excluded

from the study. Arginine stimulation tests were performed

on all the patients at the beginning of the run-in period (–2

week) and 24 weeks after repaglinide treatment in over-

night-fasted states (12 h fast). At time 0, arginine hydro-

chloride (10% arginine hydrochloride of 50 mL, 5 g) was

injected intravenously within 30–60 s. Blood samples were

drawn at times 2, 4, and 6 min after injection[13]. The acute

insulin response to arginine (AIR-Arg, in mU/L) was cal-

culated as the mean insulin value of 2, 4, and 6 min samples

minus fasting insulin concentration. Height (in m) and

weight (in kg) were measured, and body mass index (BMI;

in kg/m2) was calculated.

Clinical laboratory tests  Serum insulin concentrations

were measured by a radioimmunoassay kit (Diagnostic Sys-

tems Laboratories, Upper Heyford, UK). Plasma glucose con-

centrations were measured by a glucose oxidase–peroxidase

assay kit (Shanghai Biological Products Institution,

Shanghai, China). HbA1c values were measured by high-

performance liquid chromatography method (Bio-Rad

Laboratories, Hercules, CA, USA). Insulin resistance and

beta cell function were calculated with the following formulas:

homeostasis model assessment of insulin resistance (HOMA-

IR)=fasting insulin concentrations (FIN; in mU/L)×FPG (in

mmol/L)/22.5; homeostasis model assessment beta cell func-

tion (HOMA-β)=20×FIN/(FPG-3.5)[14]. The change of each

parameter (∆ value) was calculated as: ∆ value=baseline (T0)

value–T24weeks value.

Genotyping  Genomic DNA was extracted from periph-

eral blood and amplified by PCR. The DNA segment contain-

ing the exon16–3 T/C variant (rs1799854) in ABCC8 was am-

plified with the forward primer: 5'-CTT TCT GGG TAA TGG

TTG TTC AGA C-3' and reverse primer: 5'- AAG GAG ATT

TCC CCT CCA CTG G-3'. The PCR products were digested

with PstI (MBI Fermentas, Glen Burnie, MD, USA) at

37 °C for 3 h. The DNA segment containing the E23K vari-

ant (rs5229) in KCNJ11 was amplified with the forward

primer: 5'-GAC TCT GCA GTG AGG CCC TA-3'; and re-

verse primer: 5'-ACG TTG CAG TTG CCT TTC TT-3'. The

PCR products were digested with BanII (New England

Biolabs, Beverly, MA, USA) at 37 °C for 4 h. Twenty percent

of the samples were duplicated to confirm the genotyping

accuracy. No discrepancy was detected in the current study.

Definition of response to repaglinide  As there were no

satisfactory criteria for assessing the response rate to

repaglinide, we summarized the current study and all the
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other similar clinical trials on repaglinide treatment in

antidiabetic, drug-naive patients to find a proper definition

of the response to repaglinide. FPG levels and HbA1c val-

ues were reduced by 28% and 23%, respectively, in our

study. Other similar studies reported a decline of FPG by

18%−30% and HbA1c by 15%−30%, respectively, with the

mean value of 22% for FPG and 19% for HbA1c[15-19]. As a

result, responders were defined by a greater than 25% de-

crease in FPG or a greater than 20% decrease in HbA1c val-

ues (or both) after the 24 week repaglinide treatment in our

study.

Statistical analysis A Hardy–Weinberg equilibrium test

was performed. Normal distributed data were shown as

mean±SD. For non-normal distributed variables, data were

shown in median (25% percentile and 75% percentile). Com-

parisons between baseline and 24 weeks after repaglinide

treatment were conducted with paired t-test or signed rank–

sum test. Differences between genotypes were analyzed us-

ing ANOVA or Kruskal–Wallis test for 3 genotypes when

appropriate. Student–Newman–Keuls or Nemenyi test mul-

tiple comparisons were made to check which of the 2 groups

were significant. χ2-test or Fisher’s exact test were applied to

detect the genotype distribution difference between respond-

ers and non-responders. Logistic regression and multiple

stepwise regression analyses were used respectively to test

the major determinants (age, sex, BMI at baseline, FIN at

baseline, drug dosage, and the 2 variants) of repaglinide

response rate and the decrease of HbA1c (∆HbA1c). The

odds ratio (OR) value was presented with 95% confidence

interval (CI). Statistical significance was considered when

P<0.05 (two tailed). All calculations and statistics were per-

formed using SAS for Windows (version 6.12; SAS

Institute, Cary, NC, USA).

Results

Clinical character of the patients before and after

repaglinide treatment The baseline (T0) and end-point

(T24week) characteristics of the 100 patients who finished the

study are shown in Table 1. The genotype distributions of

KCNJ11 E23K and ABCC8 exon16–3T/C variants in the 100

patients are shown in Table 2. All observed genotypes were

in the Hardy–Weinberg equilibrium and similar to what was

found in other studies[10,20–22]. The 4 patients who withdrew

the study had the ABCC8 exon16–3T/C genotype. As for

KCNJ11 E23K variant, 1 had the KCNJ11 E/E genotype, 1

had the E/K genotype, and 2 had the K/K genotype.

After 24 weeks of treatment with repaglinide, the FPG

concentration and HbA1c value were reduced by 28% and

23%, respectively, in the 100 patients (data not shown).

HbA1c, FPG, and 2hPG decreased, while FIN and HOMA-β

increased significantly compared with baseline for the 100

patients and every genotype of the 2 variants, except for

2hPG in the KCNJ11 K/K homozygotes and FIN in the

ABCC8 exon16–3C/C homozygotes. HOMA-IR decreased

only in the ABCC8 exon16–3C/C homozygotes (Tables 1,

2).

Effect of KCNJ11 and ABCC8 genetic polymorphisms

on clinical characters For the KCNJ11 E23K variant, both

baseline HbA1c and ∆HbA1c were significantly higher in

patients with E/K and K/K genotypes when compared with

E/E homozygotes (P=0.0103 and 0.0221, respectively;

Table 2). The KCNJ11 E23K variant is the major confound-

ing factors for ∆HbA1c (P=0.0086) as that was found in

multiple stepwise regression. Meanwhile, the decrease in

2hPG (∆2hPG) was significantly greater in E/K carriers

than those with E/E homozygotes (P=0.0367). FPG was

lower in patients with E/E homozygotes than E/K heterozy-

gotes after the 24 week treatment with repaglinide. No sig-

nificant difference of change in FPG was found among 3

genotypes until E/K heterozygotes and K/K homozygotes

were combined as 1 group (E/E vs E/K+K/K, P=0.0340,

data not shown). The baseline AIR-Arg was significantly

higher in patients with K/K homozygotes than those with

E/K heterozygotes (P=0.0175).

For the ABCC8 exon16–3 T/C variant, the increase of

fasting insulin secretion was greater in T/T homozygotes

and T/C heterozygotes than patients with C/C homozygotes

(P=0.0372). HOMA-IR decreased in C/C homozygotes, while

it increased in T/C and T/T genotypes, with a significant

change between patients carrying C/C homozygotes and

those with T/T and T/C genotypes. (P=0.0274; Table 2).

Table 1. Clinical and biochemical parameters of the study group at

baseline and 24 weeks after repaglinide treatment. cP<0.01 vs baseline.

Baseline 24 weeks after treatment

Age (years)                       51.97±8.98

BMI (kg/m2) 25.36±2.82 25.18±2.85

FPG (mmol/L) 9.56±1.94 6.61±1.11c

2hPG (mmol/L) 13.67±2.94 8.78±2.06c

HbA1c (%) 8.31±1.44 6.24±0.71c

FIN# (mU/L) 13.37(8.39, 17.35) 17.08(13.31, 21.95)c

HOMA-IR# 5.25(3.79, 7.23) 4.94(3.81, 6.46)

HOMA-β# 43.20(25.42, 61.88) 116.04(84.97, 171.11)

AIR-Arg# (mU/L) 23.28(14.93, 36.62) 25.14(13.39, 40.99)

Data are mean±SD; # data are shown in median (25% percentile and

75%percentile).
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Association of KCNJ11 and ABCC8 genetic polymor-

phisms with response rate to repaglinide treatment Accord-

ing to predetermined criteria, the total response rate to

repaglinide in our study was 73%. There was a significant

difference in the response rate to repaglinide treatment in

the KCNJ11 E23K variant (E allele 68% vs K allele 82%,

P=0.0324). Approximately 43% of the E/E homozygotes

failed compared with 19% in E/K heterozygotes and 18%

in K/K homozygotes (P=0.0364; Table 3). No significant

effect was detected for the ABCC8 exon16–3T/C variant

on repaglinide treatment. Age, sex, BMI at baseline, FIN at

baseline, drug dosage, and the 2 variants were identified in

logistic regression as predominant confounding factors for

the response rate to repaglinide treatment. The KCNJ11

E23K variant was the only confounding factor. Compared

with E/E homozygotes, the OR for treatment failure was 0.232

for E/K and K/K genotypes carriers (EK+KK, 95% CI: 0.080–

0.669, P=0.0143).

Discussion

This study represents the first investigation of KCNJ11

E23K and ABCC8 exon16–3T/C in pharmacogenomics of non-

sulfonylurea repaglinide in patients with type 2 diabetes.

Variants at KCNJ11 E23K and ABCC8 exon16–3T/C are com-

mon polymorphisms associated with type 2 diabetes[11,23,24].

The E23K variant is the most extensively studied KCNJ11

polymorphism in type 2 diabetes[23,25]. The association of

other polymorphisms with type 2 diabetes has been unclear

until now. In a study in Chinese Han populations, 6 single

nucleotide polymorphisms were analyzed, and it was found

that the E23K polymorphism was related to type 2 diabetes[21]
.

An in vitro study showed that the K allele of the KCNJ11

E23K variant caused a reduction in KATP channel sensitivity

to ATP[26] and has been shown to be related to the secondary

failure to sulfonylurea in a recent pharmacogenomics study[2].

In addition, 3 variants of the ABCC8 gene were studied in a

Japanese population of 2834 patients[10].  Among the 3

variants, only exon16–3T/C was related to type 2 diabetes.

The exon16–3T/C variant was associated with beta cell

dysfunction, and tested in a pharmacogenomics study of

sulfonylurea[27,28]. The association of KCNJ11 E23K, ABCC8

exon16–3T/C variants with response to sulfonylurea has been

reported in type 2 diabetic patients. This type of study has

not been reported for repaglinide. Therefore, we chose

KCNJ11 E23K and ABCC8 exon16–3T/C as the candidate

variants in the current study.

KCNJ11 E23K variant  This study not only supports the

association of the KCNJ11 E23K variant with the baseline

HbA1c concentration[2], but also provides evidence for the

association of the KCNJ11 E23K variant with the therapeu-

tic efficacy of repaglinide. Previous studies demonstrated

that the K allele of the KCNJ11 E23K variant was associated

with the impairment of beta cell function[24,26]. This associa-

tion was also observed in the current study. In addition,

diabetic patients with K/K and E/K genotypes responded

better to repaglinide therapy. In these patients, the HbA1c

concentration and 2hPG level were reduced significantly

compared with E/E homozygotes. This point is supported

by results of logistic and multiple regression analyses. Our

result suggests that patients with E/K and K/K genotypes

might have a better response to repaglinide in glucose-stimu-

lated insulin secretion. This conclusion is supported by beta

cell function in the K/K homozygote as indicated by a high

level of AIR-Arg. Further study is required to understand

the potential mechanism.

ABCC8 exon16 -3T/C variant Our study suggests that

insulin sensitivity was improved by repaglinide in type 2

diabetic patients with the C/C homozygote. This effect was

not observed in the other 2 genotypes, C/T and T/T. This

possibility is supported by other studies in which repaglinide

was shown to improve insulin sensitivity in patients and

reduce fasting free fatty acids[29,30]. In our study, HOMA-IR

Table 3. Genotype and allele distributions between responders and non-responders of KCNJ11 E23K and ABCC8 exon16–3T/C variants. bP<0.05

vs non-responder.

           Genotype                 Allele frequency

KCNJ11 E23K E/E E/K K/K Total (%) E allele K allele Total (%)

Responder (%)b 20(57.14) 44(81.48) 9(81.82) 73(73.00) 84(67.74) 62(81.58) 146(73.00)

Non-responder (%) 15(42.86) 10(18.52) 2(18.18) 27(27.00) 40(32.26) 14(18.42) 54(27.00)

ABCC8  exon16 -3T/C T /T T/C C/C Total T allele C allele Total (%)

Responder (%) 22(68.75) 40(74.07) 11(78.57) 73(73.00) 84(71.19) 62(75.61) 146(73.00)

Non-responder (%) 10(31.25) 14(25.93) 3(21.43) 27(27.00) 34(28.81) 20(24.39) 54(27.00)
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was reduced in patients with the C/C homozygote after

repaglinide treatment for 24 weeks, suggesting improvement

of insulin sensitivity. This change was associated with less

increase in the FIN level in C/C homozygotes. A previous

study elucidated the association of the ABCC8 exon16–3T/C

variant with insulin sensitivity and insulin secretion[28,31].

However, the effect of ABCC8 exon16–3T/C variants on the

therapeutic efficacy of repaglinide has not been reported.

This calls for functional research on the polymorphisms to

explain it theoretically in addition to the population study.

There were several limitations in our study. First, the

sample size was relatively small. In this study, only 104 pa-

tients were recruited based on our criteria for newly diag-

nosed and untreated type 2 diabetic patients, with FPG <=13

mmol/L (234 mg/dL) or 2hPG <=18 mmol/L (324 mg/dL)

or HbA1c <8%, thus we did not have enough statistical

power to detect the effect of genetic variants on some of

the parameters. For example, the significant difference of

∆FPG was not detected until E/K heterozygotes and K/K

homozygotes of the KCNJ11 E23K variant were combined

together as 1 group. We can not exclude the influence of

the sample size. Second, due to the limitation of the oral

antidiabetic therapy, our study was conducted in patients

with FPG <=13 mmol/L (234 mg/dL) or 2hPG <=18 mmol/L

(324 mg/dL) or HbA1c <8%. Whether this result reflects

the efficacy of repaglinide in patients with higher blood

glucose remains to be investigated.

In conclusion, the present study demonstrates that the

KCNJ11 E23K variant was associated with the therapeutic

effect of repaglinide treatment. Patients with E/K and K/K

genotypes of the KCNJ11 E23K variant showed a higher

baseline HbA1c, but exhibited a better response to

repaglinide. The C/C homozygotes of the ABCC8 exon16–

3T/C variant responded better to repaglinide in insulin sen-

sitivity than the T/C and T/T genotypes. Our study is at an

early stage of pharmacogenomics investigation on

repaglinide. Further studies with large samples are needed

to confirm our findings.
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