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ABSTRACT Sulfonylureas (SUs) used in type 2 diabetes (T2DM) treatment are mainly metabolized by the cytochrome p450
2C9 enzyme. The aim of the study was to verify whether the Arg144Cys polymorphism within the CYP2C9 gene may influence
the length of time from T2DM onset to the insulin therapy initiation in T2DM patients in the Polish population. For the purpose
of the study the researchers analyzed clinical data of 502 T2DM patients. The patients were genotyped for Arg144Cys using
real-time PCR (polymerase chain reaction). The minor allele frequency was 10.6%. The mean time to insulin introduction was
7.9 +/- 5.9 years vs. 8.7 +/- 5.9 years for CC and CT/TT genotypes respectively, p=0.3403. The analysis did not show significant
association between CYP2C9 variant and metabolic control as measured by the HbA1c% (glycated hemoglobin A1c), lipid
profile or BMI (body mass index). In conclusion, the researchers did not find any association between the CYP2C9 gene
Arg144Cys polymorphism and therapeutic response to oral agents in T2DM patients.
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INTRODUCTION

The sulfonylureas (SUs) are one of the most
important oral drugs that are used in the treat-
ment of type 2 diabetes mellitus (T2DM). The
therapeutic effectiveness of the SUs is limited
by the time. The secondary failure (inability to
maintain glycemic control) of sulfonylurea treat-
ment leads to the necessity of intensification the
therapy. It can be achieved by increasing doses/
number of oral drugs or by introducing the in-
sulin therapy. It was shown in previous reports
(Qian et al. 2008; Lee et al. 2011) that the fac-
tors which determinate the period of successful
management with SUs include duration of type
2 diabetes mellitus, BMI, SUs dose. SUs are
metabolized by cytochrome p450 2C9 (Soga et
al. 2004; Gao et al. 2011). The gene that en-
codes CYP2C9 is located on chromosome 10q24
(Inoue et al. 1994). It was confirmed that poly-
morphisms of CYP2C9 have an influence on
activity of the enzyme (Xu et al. 2009). Recently
it was suggested that therapeutic response to SUs
can be conditioned by gene variant rs1799853
(Arg144Cys, CYP2C9*2). The presence on in-
activated alleles can be related with long term

successful of SUs therapy because of poor me-
tabolism of SUs.

Objectives

The aim of the study was to verify whether
the Arg144Cys polymorphism within CYP2C9
gene may influence the length of the time from
T2DM onset to the insulin therapy initiation in
T2DM patients in the Polish population.

MATERIAL  AND METHODS

Study Population

The study cohort consisted of 268 female and
234 male unrelated T2DM patients. All partici-
pants were Caucasian, residents of South Po-
land. The study was approved by the Ethical
Committee of Jagiellonian University Medical
College and was in accordance with the prin-
ciples of the Declaration of Helsinki. Diagnosis
of T2DM was made on the basis of WHO crite-
ria (1999). Clinical data concerning age of di-
agnosis, diabetes duration, length of insulin-free
therapy, HbA1c% (glycated hemoglobin A1c),
lipid profiles, BMI (body mass index) were ana-
lyzed (in some cases not all data was available).
Characteristic of the study group is shown in
Table 1. Detailed data on type of oral therapy
was not available. However, according to Pol-
ish Diabetes Association Recommendations
most patients were on sulfonylureas being pre-
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scribed as first choice monotherapy or in com-
bined therapy with metformin.

Genotyping Methods and Quality Control

DNA of T2DM patients was isolated from
peripheral blood lymphocytes using commercial
DNA isolation kit (DNAzol Reagent, GIBCO)
(Chomczynski et al. 1997). Genotyping for the
Arg144Cys polymorphism within the CYP2C9
gene was performed using TaqMan assay (as-
say ID: C__25625805_10) on the 7900HT Fast
Real-time PCR System (Applied Biosystems)
according to the manufacturer’s protocol. Re-
sults were analyzed with SDS Software v.2.3
(Applied Biosystems). The genotyping success
rate was 85%. To exclude genotyping errors, we
reexamined 20% samples for the SNP (single
nucleotide polymorphism) and there were no
mismatches.

Statistical Analysis

Statistical analyses were carried out using
STATISTICA 9.0 PL Software (StatSoft). For
Hardy-Weinberg equilibrium chi-square test was
performed. The normality of data was assessed
using Shapiro-Wilk test. The Student t-test was
used for quantitative variables that were nor-
mally distributed and the Mann-Whitney U-test
for variables that were not normally distributed.
A logistic regression analysis was used to find
whether CYP2C9 gene variants are associated
with the time to insulin initiation.

RESULTS

The genotype distribution (CC-402, CT-94,
TT-6) was in accordance with Hardy-Weinberg
equilibrium. Minor T-allele had frequency of
10.6% and was almost the same as that reported
in the HapMap database (European, 10.4%).

Table 1: Characteristic of the study group

CC CT/TT p value

Female % 52.5             (211)1 57.0 (57) 0.4855
Age of diagnosis2. years 48.9 +/- 9.4 (402) 47.9 +/- 9.8 (100) 0.3468
T2DM duration2. years 11.4 +/- 7.2 (399) 12.2 +/- 7.9   (98) 0.4673
% insulin treatment 66.9             (267) 66.3               (65) 0.9933
BMI 2. kg/m2 31.8 +/- 6.3 (397) 32.1 +/- 6.1   (98) 0.6562
total cholesterol2. mmol/l   5.4 +/- 1.2 (287)   5.2 +/- 1.1   (75) 0.6944
LDL 2. mmol/l   3.0 +/- 1.0 (264)   2.9 +/- 1.0   (70) 0.8487
HDL2. mmol/l   1.3 +/- 0.7 (274)   1.3 +/- 0.4   (73) 0.4123
TG2. mmol/l   2.2 +/- 1.8 (285)   2.1 +/- 1.3   (75) 0.8806

1 (n) – number of cases2 data shown as mean +/- SD

There were neither clinical nor biochemical
heterogeneity between T-allele carriers and T-
allele non-carriers found (Table 1). Therapeu-
tic response to oral hypoglycemic agent therapy
defined as length of time from T2DM onset to
the insulin therapy initiation did not differ be-
tween study groups, 7.9 +/- 5.9 years vs. 8.7 +/
- 5.9 years for CC and CT/TT genotypes respec-
tively, p=0.3403. A logistic regression analysis
did not show significant effects of T-allele on
oral agents response (p=0.4409).  The effect of
the Arg144Cys polymorphism on the time of
insulin-free therapy is shown in Figure 1 by the
Kaplan-Meier method. Event time was defined
as the time of insulin initiation. Patients who
did not reach end point (constantly oral agents
therapy) were censored (CC – 33.1%; CT/TT
33.7%) at time their last clinic visit.

DISCUSSION

In this retrospective study the researchers
analyzed the effect of Arg144Cys (CYP2C9*2)
polymorphism on the length of free-insulin
therapy among 502 patients with T2DM using
SUs. The researchers also hypothesized that
carriers of this polymorphism may differ from
wild type carriers with regard to age of diagno-
sis, duration of T2DM, BMI, HBA1c%, lipid
profile. To the best of their knowledge this is
the first study in which this correlation has been
investigated in the Polish population. The in-
fluence of CYP2C9*2 polymorphism on clini-
cal response to SUs is still not clearly explained.
It is known that CYP2C9*3 polymorphism pro-
duces the greatest reduction of enzyme activity
comparing with other variant alleles and this
reduction within homozygous CYP2C9 *2/*2
and *3/*3 genotypes is more pronounced
(Surrendiran et al. 2011). The results of previ-
ous studies have revealed reduced metabolism
of glibenclamide among healthy human volun-
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Fig. 1. Kaplan-Meier plot showing proportion of patients by genotype who are on insulin-free therapy

teers of German, Finnish and Chinese origin
with *3/*3, *2/*3, *1/*3 variants of CYP2C9
(Kirchheiner et al. 2002; Lee et al. 2002; Niemi
et al. 2002; Yin et al. 2005). Unfortunately the
researchers have less information regarding the
effect of the CYP2C9 genotype in T2DM pa-
tients. A previous study has found that there are
no differences in the prescribed dose of tolbuta-
mide users with the CYP2C9*2/*2 genotype com-
pared to wild-type patients (Becker et al. 2008).
Another Dutch study (Swen et al. 2010) con-
firms, that there are no significant effects of the
CYP2C9*2 and CYP2C9*3 alleles on time-to-
stable dose in T2DM patients in primary care,
however carriers of CYP2C9*3 allele show a
trend towards a stable glimeperide dose. In a
study with a large Chinese cohort of 1073 T2DM
patients a trend towards a 5% dose increase was
observed for those treated with gliclazide as a
monotherapy with none or one copy versus dose
increase in carriers of two copies of CYP2C9*2
or *3 (Zhou et al. 2010).

This study has shown no statistically
significant differences between groups of vari-
ant. The researchers have confirmed that in pa-
tients of Caucasian origin genotyping for the
CYP2C9*2 allele has no clinical implications.
Etiology and pathogenesis of T2DM remains not
fully understood. Probably because of the ge-
netically heterogeneous background of this dis-

ease the effect of CYP2C9 genotype on SUs re-
sponse is not clearly explained either. However,
the researchers cannot exclude that among
T2DM patients there are ones in which the ef-
fect of CYP2C9 alleles may play a role of clini-
cal relevance. One can also not exclude, that
the effect of  CYP2C9 variants on clinical re-
sponse to SUs treatment may be significant only
for some SUs, not for others. Recently positive
findings concerning glimepiride (Yoo et al.
2011) and glibenclamide (Surrendiran et al.
2011) were published when our data were based
on whole spectrum of different SUs used in Po-
land.

CONCLUSION

In conclusion, this analysis has not shown
any association between the CYP2C9 gene
Arg144Cys polymorphism and therapeutic re-
sponse to oral agents in T2DM patients. There-
fore, in our opinion genotyping for the
CYP2C9*2 allele has currently no clinical im-
plication in the Polish population of T2DM pa-
tients.
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