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REVIEW

Pharmacogenetics of oral antidiabetic treatment
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Abstract: In the majority of patients with type 2 diabetes (T2D), oral antidiabetic drug (OAD) treatment is the
first line treatment after lifestyle measures fail. Two major groups of OAD are used in clinical practice – insulin
secretagogues and insulin sensitisers.
Sulphonyluea (SU) derivatives are insulin secretagogues and stimulate insulin secretion by inhibiting ATP-sensitive potassium channels. Genes KCNJ11 and ABCC8 encode potassium channel proteins. KCNJ11 gene
Glu23Lys polymorphism was associated with an increased risk of SU secondary failure, while Ser1369Ala polymorphism of ABCC8 gene had influence antidiabetic efficacy of SU drug gliclazide. In addition, the polymorphism
of TCF7L2 gene, which has the strongest association with T2D, also influenced secondary SU drug failure.
Insulin sensitisers include both metformin and glitazones. Some drug-genotype associations were observed
for metformin in patients with T2D. Several genes influenced the effect of glitazone treatment. Rosiglitazone
was more effective in diabetes control in carriers of Pro12Ala polymorphism of PPARG gene encoding the
PPARg-receptor – the target of this drug. Rosiglitazone treatment had less effect on glycemic control and
adiponectin increase in T2D patients with GG-genotypes of adiponectin (APM1 ) polymorphism. Pioglitazone
treatment had smaller effect on glycemic control in patients with LPL Ser447X polymorphism.
Identification of drug-genotype interactions in pharmacogenetic studies of the OAD treatment might have
clinical implications in the near future resulting in selection of more specific “patient-tailored therapy” in T2D
(Tab. 1, Ref. 58). Full Text in free PDF www.bmj.sk.
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Abbreviations: AMPK  adenosin monophosphat activated
proteinkinase, ATP  adenosin triphosphate, CV  cardiovascular, DPP-4  depeptidyl peptidase-4, FTO  FaT mass Obesity,
GIP  glucose-dependent insulinotropic polypepeptide, GLP 
1-glucagon-like peptid-1, GWAS  genome-wide association
studies, HbA1c  glycated hemoglobin, HNF1-α  hepatic nuclear
factor 1-α, IR  insulin resistance, IRS  insulin receptor substrate, MODY  Maturity Onset Diabetes of the Young, OAD 
oral antidiabetic drugs, P-NDM  permanent neonatal diabetes
mellitus, SU  sulphonylurea, T2D  type 2 diabetes.
Type 2 diabetes (T2D) is a disease with significant genetic
predisposition. In recent years, genome-wide association studies
(GWAS) uncovered nearly 20 candidate genes for T2D. In the
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ment play an important role. The most important environmental
factor is obesity, as in different populations 50  90 % of these
patients are overweight or obese. However, the situation is complicated by the fact that obesity itself is genetically determined.
The current concept of multiple gene inheritance of DM type 2
is based on the assumption that type 2 diabetic patients are carriers of a mosaic of several gene polymorphisms associated with
the disease (1, 2) (Tab. 1). The effects of individual genes are not
large, but when interacting with external factors they increase
the risk of developing T2D. Among genes whose products affect
insulin sensitivity, an association with the gene for peroxisome
proliferator-activated receptor g (PPARG) was observed. The
FTO gene (FaT mass Obesity) is connected to the development
of insulin resistance (IR) through the predisposition to obesity
(3, 4). Other genes, which have been identified by GWAS, are
expected to be related to a disorder of insulin secretion (2, 5
10). Among them, the TCF7L2 gene is so far the strongest indicator of an increased risk of developing T2D of all identified
genes. Carriers of one risk allele have an increased risk of developing T2D by 40 %, homozygotes by more than 100 % (5).
Basic therapeutic interventions in T2D 2 include diet, adequate physical activity and pharmacotherapy by oral antidiabetic drugs (OAD) and/or insulin replacement therapy. Currently,
a wide range of OAD with different mechanisms of action is
available. Since IR and insulin secretion failure are the major
pathogenetic mechanisms involved in the development of T2D,
therapeutic approaches have usually focused on the influence of
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Tab. 1. The most significant associations of oral antidiabetic therapy.
Mutation//polymorphism of gene

Effect of SU derivatives

Mutation KCNJ11(permanent neonatal diabetes mellitus)

Possibility to change the therapy from the initial insulin treatment to SU derivatives, drug of choice glibenklamid

Mutation HNF 1á ( MODY3)

High efficacy

Polymorphism ABCC8 Ser1369Ala

Gliclazide more effective in Ala/Ala genotype vs Ser/Ser genotype

Polymorphism KCNJ11 Glu23Lys

Increased risk of secondary failure of treatment with SU derivatives

Polymorphism IRS-1 Gly972Arg

Increased risk of secondary failure of treatment with SU derivatives

Polymorphism TCF7L2 rs 12255372G/T, rs7903146T/C

Higher rate of SU treatment failure in rs12255372 TT genotype vs GG genotype
and higher rate of SU treatment failure in rs 7903146 CC genotype vs TT genotype

Polymorphism NOS1AP rs10494366
Mutation/polymorphism of gene

Glibenclamide less effective in rs10494366 TG or GG genotype vs TT genotype
Effect of metformin

Polymorphism IRS-1 Gly972Arg

Higher effect of metformin in patients with polycystic ovary syndrome

Polymorphism STK11 rs 741765

Lower likelihood of ovulation induction in patients with polycystic ovary syndrome
during metformin treatment

Mutation/polymorphism of gene

Effect of thiazolidinediones

Polymorphism PPARG Pro12Ala

Higher effect of rosiglitazone on glycemic control

Polymorphism APM1 T45G

Reduced effect of rosiglitazone on glycemic control

Polymorphism APM1T276G

Reduced effect of rosiglitazone on glycemic control

Polymorphism LPL Ser447X

Reduced effect of pioglitazone on glycemic control

one of the two main mechanisms. Insulin sensitizers have the
primary goal to reduce the IR. In the clinical practice, first biguanids (currently, only metformin is used in the clinical practice), and later thiazolidinediones were used. Insulin secretagogues (derivatives of sulphonylurea, derivatives of meglitinide,
enhancers of the effects of incretins) therapeutically affect the
second major defect in DM type 2  insulin secretion failure
(11). Inhibitors of á-glucosidase (acarbose, miglitol) reduce the
absorption of glucose from the intestine (12).
Several pharmacogenetic studies have shown the gene polymorphisms affecting basic pathogenetic mechanisms of T2D
development (candidate genes) on the effect of treatment with
various OAD. Beyond gene variants, affecting directly the mechanisms of insulin secretion and insulin sensitivity, the effect of
OAD is also modulated by genetic factors affecting the pharmacokinetics of these therapeutics. These factors include variants
of genes encoding isoforms of cytochrome P450 and genes for
organic cationic and anionic transporters. Therefore, several studies analyzed the impact of gene polymorphisms affecting the
pharmacokinetics of OAD on the effects of these drugs (13).
Genetic factors and the effects of sulphonylurea derivatives
Sulphonylurea derivatives (SU) act as insulin secretagogues
through the stimulation of insulin secretion via the sulphonylurea
receptor (SUR1) in B-cells of the Langerhans islands, while their
effect is independent of food intake (14).
Among genes, whose products affect the secretion of insulin, a relationship was observed between the effects of SU de442

rivatives and the KCNJ11, ABCC8, TCF7L2, HNF1A and NOS1P
genes.
The product of ABCC8 gene is a SUR1 subunit of an ATPdependent potassium channel of B cells. SU derivatives, by binding to SUR1 (via an ATP independent mechanism) will lead to a
channel closure and depolarization of the cell membrane. Depolarization induces opening of the calcium channel, calcium ion
entry into the cell and activation of vesicles followed by insulin
secretion. KCNJ11 gene is located on chromosome 11 near the
ABCC8 gene. Association of KCNJ11 with T2D was confirmed
by GWAS. The product of this gene is the subunit Kir6.2 of the
ATP-dependent potassium channel of B cells. Under physiological conditions, the binding of ATP to Kir6.2 leads to closure of
this channel and to subsequent insulin secretion (15). Mutation
of this gene causes permanent neonatal diabetes (P-NDM) in
which the sensitivity of this channel to ATP is significantly reduced. The clinical signs of this type of diabetes include severe
hyperglycemia and ketoacidosis (17). In most patients with PNDM it is possible to change the therapy from the initial insulin
therapy to SU derivatives. Drug of choice among SU derivatives
is glibenclamide because it affects not only SUR1 (pancreas) but
also SUR2A (heart, muscle), thus enabling an improvement of
neurologic symptoms present in some patients with P-NDM (18).
Pharmacogenetic studies performed so far on the impact of
polymorphisms of genes ABCC8 and KCNJ11 on the effects of
SU derivatives have not shown clear results. Zychma et al and
Meirhaeghe et al did not confirm the effects of ABCC8 polymorphism 16T/C on the effects of treatment with SU derivatives
(19, 20). Feng et al in a study with 1268 patients with T2D, as
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well as Zhang et al in a study with 115 Chinese type 2 diabetics
found an effect of a non-synonymic ABCC8 Ser1369Ala polymorphism on the treatment with SU-derivative gliclazide. Patients with the Ala/Ala genotype responded better to gliclazide
(based on the levels of glycated hemoglobin, fasting glycaemia
and postprandial glycaemia) compared to the patients with Ser/
Ser genotype (21, 22). Sesto et al found that patients with the
non-synonymic KCNJ11 polymorphisms Glu23Lys more often
fail to respond to treatment with SU derivatives (23). Holstein et
al reported that type 2 diabetics with the KCNJ11 polymorphism
Glu23Lys were at significantly lower risk for hypoglycaemia induced by SU derivatives (glibenclamide, glimepiride) compared
to the patients without this polymorphism (24).
TCF7L2 gene is located on chromosome 10p. The product
of this gene is the transcription factor 7 like 2 (TCF7L2). TCF7L2
is a nuclear factor which binds â-catenin, mediates WNT-signaling, which is important also for normal development of pancreas
during embryogenesis and for the secretion of GLP-1 by L-cells
of the small intestine (25). In addition to the indirect influence
on insulin secretion (through the enteroinsular axis), TCF7L2
has probably also a direct effect on insulin secretion at the level
of proinsulin processing (26).
GoDARTs study with 4469 genotyped type 2 diabetics found
an effect of TCF7L2 polymorphisms rs12255372 and rs7903146
on the failure of treatment with SU derivatives. 57 % of patients
with the TT genotype of the TCF7L2 polymorphism rs12255372,
compared to the 40 % of patients with the GG genotype after one
year of treatment with SU derivatives failed to achieve the primary goal of therapy (HbA1c< 7 %). A similar although weaker
relationship was found for the rs7903146 polymorphism. Almost
50% of patients with TT genotype of this polymorphism, compared to the 40% of patients with the CC genotype, achieved the
primary goal of treatment after one year of therapy with SU derivatives (27).
HNF1A gene encoding the nuclear receptor hepatic nuclear
factor 1-á (HNF1-á) is located on chromosome 12q. Mutation of
this gene causes a monogenic type of diabetes- Maturity Onset
Diabetes of the Young (MODY) 3. A common feature of MODY
is that it is diabetes with a dominant role of genetics in the pathogenesis. For MODY 3 it is typical that it begins in adolescence,
clinical picture is similar to type 2 DM. Other characteristics
include familiar occurrence with autosomal dominant type of
heredity, frequent occurrence of chronic complications and the
high sensitivity for SU derivatives. When starting the treatment
with SU derivatives in patients with MODY 3 very low doses
should be considered due to possible occurrence of post-initiating hypoglycaemia (28).
The product of the NOS1AP gene is a protein that influences
the level of intracellular calcium. The effect of this gene on the
SU derivatives is suggested, given that these drugs induce calcium entry into the cells and subsequent secretion of insulin.
Becker et al found that in patients with TG or GG genotype of
the rs10494366 polymorphism of NOS1AP the SU derivative glibenclamide was less effective than in carriers of TT genotype
of this polymorphism (29).

The product of the IRS-1 gene is the insulin receptor substrate 1, which is a signaling protein that mediates the signal
from the activated insulin receptor into the cell. This gene is
thought to be related to insulin sensitivity. In one study, a relationship was observed between the Gly972Arg polymorphism
of IRS-1 and an increased risk of secondary failure of treatment
with SU derivatives (30).
The products of genes of the individual cytochrome P450
isoforms  CYP2C9, CYP2C8, CYP2C19, CYP2D6, are microsomal liver enzymes, which play an important role in the oxidative biotransformation of many drugs. It seems that the major
role in clearance of SU derivatives plays the CYP2C9 cytochrome
P450 isoform. Patients with T2D with the Ile359Leu polymorphism of CYP2C9 (CYP2C9*3) require lower doses of the SU
derivative  tolbutamide and glimepiride to reduce glycaemia
compared to the patients without this polymorphism, which indicates that carriers of this polymorphism have a reduced clearance of SU derivatives (31,32). Holstein et al found that patients
with CYP2C9 Ile359Leu polymorphisms (CYP2C9 *3) and with
CYP2C9 Arg144Cys (CYP2C9*2) were more frequently admitted to urgent medicine department due to severe hypoglycaemia
during the treatment with SU derivatives in comparison to patients without these polymorphisms (33).
Genetic factors and the effect of meglitinide derivatives
Meglitinide derivates (glinides) stimulate insulin secretion
similarly to SU derivatives, although they bind to another site of
the SU receptor (34). Among the genes that affect the pharmacokinetics of meglitinide derivatives, in relation to the effect of
these drugs, belong very likely to the most important genes for
cytochrome P450 isoforms - CYP2C9 and CYP2C8, as well as
the gene encoding the organic anionic-transporter  SLCO1B1.
Ile359Leu polymorphism of CYP2C9 (CYP2C9*3) was associated with a reduced clearance of meglitinide derivatives while
Arg139Lys polymorphism of CYP2C8 (CYP2C8*3) increased
the clearance of these drugs. The 521T/C polymorphism of
SLCO1B1 led to a change in the pharmacokinetics meglitinide
derivatives. However, all of these studies were performed on
healthy volunteers, and so it is difficult to estimate the effect of
mentioned polymorphisms on the antidiabetic effect of glinides
(13, 35, 36).
Genetic factors and effects of inhibitors of dipeptidyl peptidase-4
Enhancers of the incretin effect  analogues of glucagon like
peptide-1 (GLP-1) and inhibitors of dipeptidyl peptidase-4 (DPP4) are considered to be physiological insulin secretagogues, because they stimulate insulin secretion only in the postprandial
period. While GLP-1 analogues are administered parenterally,
orally administered DPP-4 inhibitors prevent the degradation of
incretin hormones GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP). This leads to increased plasma concentrations
of these hormones resulting in higher postprandial glucose-in443
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duced insulin secretion and a reduction of postprandial levels of
glucagon (37).
Among genes identified in association with T2D in GWAS,
genes TCF7L2 and MTNR1B may be most likely involved in the
effect of inhibitors of dipeptidyl peptidase-4 (DPP-4). TCF7L2 is
a transcription factor that regulates the secretion of preproglucagon,
which after cleavage changes into glucagon, as well as GLP-1.
MTNR1B gene product is the melatonin receptor 2, which
binds melatonin. MTNR1B rs1387153 polymorphism led to a
decrease in insulin secretion after stimulation with GLP-1 and
glucose-dependent insulinotropic polypeptide (GIP) (38).
The product of the GLP-1R gene is a receptor for GLP-1,
which mediates the effect of GLP-1. GLP-1R polymorphism
T149M was detected in 791 Japanese type 2 diabetics in comparison with the control group of 318 non-diabetics where this
polymorphism was not found. This polymorphism leads to a reduced GLP-1 receptor function. It might imply that inhibitors of
DPP-4 will be less effective in patients with these gene polymorphisms (39, 40). However, pharmacogenetic studies have not yet
been published that would monitor the impact of genetic factors
on the effect of DPP-4 inhibitors, or the effect of GLP-1 analogues.
Genetic factors and the effect of metformin
Metformin increases the sensitivity to insulin resulting in
reduction of hepatic gluconeogenesis and increased glucose uptake in skeletal muscle and in adipose tissue. Metformin acts as
an activator of the enzyme adenosinmonophosphate activated
proteinkinase (AMPK) (41).
Among genes whose products may influence the effect of
insulin genes, IRS-1 and STK11 is related to the effect of
metformin. Genes affecting the pharmacokinetics of metformin
include genes OCT1, OCT2, MATE, PMAT and could have a
relationship to its effect.
In patients with polycystic ovary syndrome, the polymorphism Gly972Arg in IRS1 metformin decreased fasting insulin
levels and IR (expressed as HOMA-IR) more effective compared
to the patients homozygous for the Gly allele (42).
STK11 gene encodes the STK11 kinase. STK11 kinase phosphorylates the threonine residue at position 172 in the polypeptide chain of the enzyme AMPK, what leads to the activation of
AMPK and subsequently to its metabolic effect (43). Legro et al
applied metformin to patients with polycystic ovary syndrome
(PCOS), which is associated with IR. In this study, the C-allele
of the gene rs741765 polymorphism of STK11 was associated
with a significantly lower likelihood of ovulation induction in
PCOS during metformin treatment (44).
OCT1 gene encodes an organic cationic transporter-1 (OCT1). OCT-1 is expressed mainly on the membrane of hepatocytes.
It is suggested that its main task is metformin uptake in the liver.
Products of genes OCT2, MATEs, and PMAT are other organic
cationic transporter, which appears to play an important role in
metformin uptake in the liver and its renal excretion. Shu et al
found that in carriers of 4 non-synonymic OCT1 polymorphisms
444

(R61C, G401S, M420del and G145R) the effect of metformin
was significantly lower compared to the subjects without these
polymorphisms (45). In contrast to this study, Shiki et al found
that 11 different OCT1 polymorphisms and two polymorphisms
of the OCT2 gene did not influence the effect of metformin (46).
Genetic factors and the effect of thiazolidinediones
Thiazolidinediones (rosiglitazone and pioglitazone) are selective agonists of nuclear receptors PPAR-ã (peroxisome proliferatoractivated receptor ã). They lead to the activation of transcription
of the insulin-sensitive genes that are involved in carbohydrate
and lipid metabolism. The resulting effect of thiazolidinediones
action is an improvement of insulin effects in target tissues (47).
Among the genes that affect the IR, PPARG, PGC-1, APM1
and LPL are likely to influence thiazolidinediones (TZD). The
gene PLIN is probably related to adverse effects (increase in body
weight) of these drugs.
PPARG gene product is a nuclear receptor PPAR-ã, which is the
therapeutic aim of this group of OAD. PPARG Pro12Ala polymorphism has a protective effect on the development of DM type 2. The
association of PPARG with T2D was confirmed also by GWAS.
Pro12Ala polymorphism and TZD have opposite effects on adipose
tissue. While the presence of Ala allele is associated with a reduction of lipogenesis, TZD stimulate differentiation of adipocytes and
their apoptosis. In both cases, there is a reduction of IR (48). Kang
et al found that treatment with rosiglitazone led to a significantly
larger reduction of fasting glycaemia and HbA1c in 198 Korean
patients with DM type 2 who were carriers of the Ala allele in
comparison to the patients  carriers of the major allele Pro (49).
The product of APM1 (ACDC) is adiponectin  hormone produced exclusively by adipose tissue. The APM1 gene is located on
chromosome 3q27. Adiponectin increases sensitivity to insulin, it
has also antiinflammatory and antiatherogenic effects. The levels
of adiponectin are usually reduced in T2D, obesity, cardiovascular (CV) diseases (51). TZD increase adiponectin levels in serum.
Kang et al found in 166 type 2 diabetics that in patients with the
GG genotype of T45G and T276G polymorphisms of APM1 the
rosiglitazone treatment led to a smaller reduction in fasting glycaemia, HbA1c, and a smaller increase in serum adiponectin levels compared to the patients who were carriers of allele T (52).
PLIN gene encodes 4 isoforms of perilipin. Perilipin A reduces the hydrolysis of triglycerides, thereby increasing their storage in fat cells. PLIN gene is located on chromosome 15q26.1
(53). Kang et al in a study of 160 type 2 diabetics found that
patients with the AA genotype of the G11482A polymorphism
of the PLIN gene experienced less weight gain compared to the
G allele carriers during treatment with rosiglitazone (54).
The LPL gene product is lipoprotein lipase  the enzyme
that plays a key role in the metabolism of lipoproteins and fatty
acids. It seems that this gene and its product play an important
role in the pathogenesis of IR (55). Wang et al found that treatment with pioglitazone in type 2 diabetics led to lower glycemic
effect in patients with Ser447X polymorphism of LPL, when
compared to the patients without this polymorphism (56).
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Genetic factors and the effect of alpha-glucosidase inhibitors
The mechanism of action of these drugs lies in the competitive inhibition of intestinal α-glucosidase enzymes (12). A link
to the effect of inhibitors of alpha-glucosidase has been described
for genes PPARG, PGC1A and APM1. Women with an impaired
glucose tolerance with Pro/Pro genotype of the Pro12Ala polymorphism of PPRAG 2.9-times more frequently progressed to
manifest T2D compared to the Pro/Ala genotype during treatment with acarbose. Acarbose also led to prevention of T2D in
Ser482 allele carriers of Gly482Ser PGC1A polymorphism (57).
TT genotype of APM1 polymorphism +276 G/T was in the patients with impaired glucose tolerance treated with acarbose associated with a higher risk of progression to T2D in comparison
to the patients with GG genotype of this polymorphism (58).
Conclusion
Results of several studies published in recent years demonstrated the importance of genetic factors in the interindividual
variability of glycemic effect of oral anti-diabetic drugs. Currently, several large prospective studies are ongoing that monitor this impact directly in type 2 diabetics. Although the effect of
analyzed polymorphisms on the anti-diabetic treatment observed
until now was relatively small, it cannot be excluded that in near
future gene-drug interactions with a stronger effect will be identified. Practical implication of these studies would be patienttailored therapy for every individual patient with DM depending on its genotype, which should improve the rational choice of
oral anti-diabetic drug therapy.
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