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INTRODUCTION
Inf lammator y bowel d iseases ( IBD) are chronic 
invalidating relapsing and remitting diseases of  the bowel. 
Crohn's disease (CD) and ulcerative colitis (UC) are the 
two main clinical presentations. Within these subgroups 
there are many differences regarding disease extension, 
localization, behavior and the occurrence of  extra-
intestinal manifestations (EIM)[1,2]. The precize ethiology 
of  IBD is unknown but bot  environmental factors and a 
genetic susceptibility play a role. Although great advances 
have been made in the management of  the disease with 
the introduction of  immune-modulators and monoclonal 
ant ibodies, a curat ive therapy does not yet exist . 
Mesalazine or sulfasalazine formulations are the first-line 
drugs for induction and maintenance of  remission in UC. 
Glucocorticosteroids (CSs) are added if  necessary[3]. For 
severe acute UC cyclosporine is an option if  intravenous 
steroids fail to induce remission [4]. Azathioprine (AZA) 
and 6-mercaptopurine (6-MP) are efficacious to maintain 
remission although the evidence is rather weak. Recently 
the ACT1 and ACT2 trials proved the usefulness of  
chimeric monoclonal antibodies to TNF-alpha (TNF-α) 
(infliximab) for induction of  remission and maintenance 
therapy of  therapy refractory UC[5,6]. Active CD is 
treated with steroids and (or) antibiotics. AZA, 6-MP 
or methotrexate (MTX) are added for maintenance of  
remission[3,7]. The role of  sulfasalazine or aminosalicylates 
in the induction and maintenance of  medically induced 
remission of  CD is limited[8]. Infliximab has become the 
treatment of  choice for both induction and maintenance 
of  remission in refractory luminal and fistulizing CD[9]. 
A great inter-patient variability exists in efficacy and 
toxicity of  the drugs used. There are many factors that 
inf luence response to pharmaco-therapy including 
disease severity and complications, environmental factors 
such as smoking and genetic factors. Variability in drug 
response is greater across a population than within the 
same patient or in monozygotic twins, therefore part 
of  this difference is attributed to genetic factors. It is 
estimated that polymorphisms in genes can account for 
20%-95% of  variability in drug effects[10]. The scientific 
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Abstract
Pharmacogenetics is the study of the association 
between variability in drug response and (or) drug 
toxicity and polymorphisms in genes. The goal of this 
field of science is to adapt drugs to a patient’s specific 
genetic background and therefore make them more 
efficacious and safe. In this article we describe the 
variants in genes that influence either the efficacy or 
toxicity of common drugs used in the treatment of  
inflammatory bowel diseases (IBD), ulcerative colitis (UC), 
and Crohn’s disease (CD) including sulfasalazine and 
mesalazine, azathioprine (AZA) and 6-mercaptopurine 
(6-MP), methotrexate (MTX), glucocorticosteroids 
(CSs) and infliximab. Furthermore, difficulties with 
pharmacogenetic studies in general and more specifically 
in IBD are described. Although pharmacogenetics is 
a promising field that already contributed to a better 
understanding of some of the underlying mechanisms 
of action of drugs used in IBD, the only discovery 
translated until now into daily practice is the relation 
between thiopurine S-methyltransferase (TPMT) gene 
polymorphisms and hematological toxicity of thiopurine 
treatment. In the future it is necessary to organize 
studies in well characterized patient cohorts who have 
been uniformly treated and systematically evaluated in 
order to quantitate drug response more objectively. An 
effort should be made to collect genomic DNA from all 
patients enrolled in clinical drug trials after appropriate 
informed consent for pharmacogenetic studies.
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domain studying the relation between genetic variability 
and variability in drug response and toxicity is called 
pharmacogenetics[11]. Primary candidate genes of  interest 
include those encoding for drug receptors, metabolizing 
enzymes, and transporters. However, selection of  optimal 
drug therapy may also involve disease susceptibility genes 
indirectly affecting drug response. Pharmacogenetics 
holds the promise that drugs might one day be adapted to 
each person’s own genetic background and therefore be 
more efficacious and safe. In this article we describe (1) 
the genetic variants in genes that influence the toxicity of  
respectively AZA and 6-MP, sulphasalazine and mesalazine 
and MTX and (2) polymorphisms in genes that influence 
response to GCs and infliximab. Finally we will discuss the 
clinical usefulness of  and the problems associated with 
pharmacogenetic studies in IBD.

VARIABILITY IN TOXICITY
The definition and diagnosis of  side effects is usually less 
complicated than the definition of  response to therapy 
although there are confounding factors such as the use of  
multiple drugs simultaneously. A study that compares the 
prevalence of  side effects between 2 groups of  patients 
with and without a polymorphism is relatively easy to 
perform. The genetic polymorphisms in the thiopurine 
S-Methyltransferase (TPMT) gene and its influence on 
AZA and 6-MP treatment is the first example of  how 
genotyping can be used to optimize drug therapy in IBD. 
We also describe the relation between polymorphism 
in N-acetyltransferase genes (NAT) and side effects 
of  mesalazine and sulphasalazine and variants in genes 
encoding MTX metabolizing enzymes.

Azathioprine and 6-mercaptopurine
Efficacy and toxicity of  the drugs: Indications for 
the use of  6-MP or the prodrug AZA in moderate to 
severe CD are maintenance of  remission and steroid 
sparing[12,13]. They are used in the treatment of  fistulizing 
CD and recommended during infliximab treatment to 
reduce antibody formation and to optimize response 
rates[14]. The drugs are also useful in maintenance therapy 
of  UC[15]. Approximately 40% of  IBD patients do not 
respond to AZA therapy[12,13,15]. Ten to twenty-five percent 
of  patients have to withdraw from AZA or 6-MP due to 
major (leucopenia, pancreatitis, infection and malignancy) 
or minor (rash, nausea, fever, arthralgias, malaise and 
diarrhea) adverse events[16]. Myelosuppression is dose 
dependent and can be lethal and occurs in 1% to 5% of  
the patients[12,13,17,18].
Metabolization and pharmacogenetics: AZA is a 
prodrug that is administered orally at a daily dose of  2.5 
mg/kg. Sixteen percent to 50% of  the drug are absorbed 
in the gut. AZA is broken down by non-enzymatic 
degradation to 6-MP and methyl-nitrothioimidazole. 6-MP 
can also be administered directly and the current dose 
is 1 to 1.5 mg/kg. 6-MP is converted to the nucleotide 
6-thioinosine monophosphate (6-TIMP) by the enzyme 
hypoxanthine guanine phosphoribosyl-transferase 
(HGPRT). 6-TIMP is further metabolized to thioguanine 
mono-, di- and triphosphates [thioguanine nucleotides 

(TGNs)]. Alternatively 6-MP can be inactivated by xanthine 
oxidase (XO) into 6-thiouric acid (6-TU) or by TPMT into 
6-methylmercaptopurine (6-MMP). TPMT also catalyses 
the methylation of  the nucleotide metabolites including 
6-tIMP and thioguanosine 5-monophosphate[19] (Figure 
1). The relative activities of  the TPMT, XO and HGPRT 
enzymes determine the amount of  the active 6-TGN and 
other 6-MP metabolites. The precise mechanism of  action 
of  the drug is not completely understood. Incorporation 
of  TGNs in DNA plays a role in immune suppression and 
bone marrow toxicity[20]. More recent studies suggest that 
TGNs may also act by inhibition of  Rac1, a GTP binding 
protein involved in the CD28 signal transduction pathway 
in T cells. CD28 co-stimulation is essential for T cell 
activation. Through inhibition of  Rac1, its target genes [e.g. 
mitogen-activated protein kinases, NF-kB, bcl-x(L)] are 
suppressed[21]. There is also evidence that methyl TIMPs 
inhibit the de novo purine synthesis[22].
TPMT activity: In 1980 Weinshilboum et al described 
for the first time inherited differences in TPMT activity[23]. 
In the mean time 2 wildtype TPMT alleles (TPMT*1 
and TPMT*1S) and 16 variant alleles with low enzymatic 
activity (TPMT*2, *3A, *3B, *3C, *3D, *4-15) have been 
described[24-28]. In the Caucasian and African populations 
approximately 90% of  individuals carry 2 wildtype 
alleles resulting in high TPMT enzyme activity, 10% are 
heterozygous and display intermediate activity and 0.3% 
are homozygous for low activity alleles and display no 
detectable TPMT activity. Heterozygosity is less frequent 
in Asians (2%-5%). The TPMT*2, *3A and *3C alleles 
account for 80% to 95% of  inherited TPMT deficiency in 
different populations over the world[29-31]. The TPMT*2 
allele contains a non-synonymous mutation at amino acid 
position 80 (Ala80Pro, G238C)[32]. The TPMT*3A allele 
contains two missense mutations, G460A (Ala145Thr) 
and A719G (Tyr240Cys). The TPMT*3C allele contains 
only the A719G missense mutation[33]. In African, African-
American and Asian populations the most common low 
TPMT activity allele is the TPMT*3C and in Caucasians 
the TPMT*3A allele. The TPMT *3B (G460A) allele 
occurs in 1% of  Caucasians. This allele is however 
important because PCR based assays can not distinguish 
between TPMT 1/*3B and *3B/*3C genotypes[34] (Table1).
TPMT genotype and hematopoietic side effects: 
A hundred percent of  the compound heterozygous or 
homozygous IBD patients develop severe hematotoxicity 
when treated with a normal thiopurine dose[35-38]. The 
inverse is not entirely true as Colombel et al found that 
only 27% (11/41) of  IBD patients treated with AZA who 
developed myelosuppression had one or more of  the 3 
frequent variant alleles[39]. However, in a study in patients 
treated with AZA for rheumatoid arthritis(RA) by Black et 
al 5 of  6 (83%) patients with leukopenia were heterozygous 
for a TPMT variant allele[40,41]. Some investigators suggest 
that thiopurine drugs should entirely be avoided in patients 
with low TPMT activity (heterozygous), however it seems 
that IBD patients with low TPMT activity (heterozygous) 
can mostly safely be treated with reduced doses of  AZA or 
6-MP provided they are submitted to close monitoring[42,43]. 
Homozygous or compound heterozygous patients with no 
TPMT activity should not receive the drug.
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TPMT activity and other side effects: One study 
has described a relation between low TPMT activity 
and nausea, however this has not been replicated[44]. 
More recently a relation between therapy refractoriness 
and normal or high TPMT activity has been described. 
Predicting response is useful especially since there is a 3 
month delay before the effect of  these drugs is achieved. 
Efficacy of  treatment with 6-MP or AZA is related to 
red blood cell levels of  the active metabolite TGN (> 
235 pmol/8×108 RBC)[38]. Patients heterozygous for 
TPMT low activity alleles have lower TPMT activity and 
higher erythrocyte TGN levels[45] (Figure 1). One study 
showed a lower relapse rate in patients with low TPMT 
activity compared to patients with normal TPMT activity 
but 2 later studies failed to replicate this finding[45-47]. 
High levels of  6-MMP are thought to be responsible for 
hepatotoxicity[48]. Liver transaminase elevation has been 
associated with high TPMT activity and 6-MMP levels 
and TPMT variant alleles are very rare in patients with 
hepatotoxicity[48]. This finding has not been replicated.
TPMT activity from bench to bedside: Genotyping 
the 3 most common SNPs or measuring the enzyme 
activity are 2 alternative methods for predicting the risk 
for hematopoietic toxicity. TPMT enzymatic activity can 
be measured in red blood cells with a radiochemical or 
high-performance liquid chromatography assay, however 
the results are modified by recent blood transfusions[49]. 
TPMT activity also varies over time and is influenced 
by other drugs (e.g. diuretics, 5-ASA) and conditions 
(e.g. uremia)[50-52]. TPMT enzyme activity will identify 

patients with high TPMT activity that metabolize 6-MP to 
6-MMP and therefore may be resistant to treatment with 
thiopurine drugs[48]. As described PCR based assays can 
not distinguish between the TPMT 1/*3B and *3B/*3C 
genotypes[34]. Furthermore there are problems with the 
correlation between enzyme activity assays and genotype, 
since patients with low-normal enzyme activity can have 
either a wildtype or a heterozygous genotype[41,53]. 

There is no consensus yet that TPMT genotype or 
phenotype should be measured before starting AZA 
or 6-MP treatment in IBD patients, especially since 
hematologic toxicity can develop in patients with normal 
TPMT activity. Monitoring of  blood counts and liver 
transaminases remains therefore necessary in all patients. 
If  TPMT enzyme activity is measured patients with 
normal TPMT activity (or wildtype patients) can receive 
2-2.5 mg/kg AZA or 1-1.5 mg/kg of  6-MP. Patients with 
intermediate activity (heterozygous) should have a dose 
reduction of  50% and patients with low or absent TPMT 
activity (compound heterozygous or homozygous) should 
not receive thiopurine drugs at all or at very low dose 
(10%)[54]. One socio-economic study in IBD has proven 
that TPMT phenotyping or genotyping is cost effective 
to identify patients with low or no TPMT enzyme activity 
(homozygous or compound heterozygous) in order not to 
treat them and avoid severe hematological complications[55].
ITPA genotype and thiopurine toxicity : Inosine 
triphosphate pyrophosphatase (ITPA) deficiency results 
in the accumulation of  the inosine nucleotide ITP and 
a methylate product (Figure 1). Sixty-two IBD patients 
suffering adverse drug reactions to AZA therapy and 68 
AZA treated patients without side effects were genotyped 
for the ITPA SNP C94A by Mariniki et al[44]. The ITPA 
C94A deficiency-associated allele was significantly 
associated with flu-like symptoms (OR 4.7, 95% CI 

Genotype PCR Risk of hematopoietic
toxicity

238G/238G *1/*1 238 GG -7%
460G/460G 460 GG
719A/719A 719 AA
238G/238G *1/*3A 238GG -35%
460A/460A 460GA
719A/719G 719AG
238G/238G *1/*3B 238GG -35%
460G/460A 460GA
719A/719A 719AA
238G/238G *1/*3C 238GG -35%
460G/460G 460GG
719A/719G 719AG
238G/238G *3B/*3C 238GG -100%
460G/460G 460GG
719A/719G 719AG
238G/238G *3A/*3C 238GG -100%
460A/460G 460GA
719G/719G 719GG
238G/238G *3A/*3B 238GG -100%
460A/460A 460AA
719G/719A 719AG

 Table 1  Interpretation by PCR based methods of TPMT 
activity

Patients with *1/3A and *3A/*3C genotype have the same PCR results, 
however the risk to develop hematopoietic toxicity for patients with 2 low 
activity alleles is almost 100% compared to 35% only for heterozygous 
patients.

6-MMP

Figure 1  Simplified scheme of AZA metabolism: AZA is non-enzymatically con-
verted to 6-MP. 6-MP is converted into the 6-thioinosine monophosphate (6-TIMP) 
by the enzyme hypoxanthine guanine phosphoribosyl-transferase (HGPRT). 
6-TIMP is further metabolized to thioguanine mono, di and triphosphates [6-thio-
guanine nucleotides (TGN)]. Alternatively 6-MP can be inactivated by xanthine 
oxidase (XO) into 6-thiouric acid (6-TU) or by TPMT into 6-methylmercaptopurine 
(6-MMP). TPMT also catalyses the methylation of the nucleotide metabolites in-
cluding 6-TIMP and 6-thioguanosine-5’-monophosphate to 6-methylmercaptopurine 
(6-MMPR). Inosine monophosphate dehydrogenase (IMPDH) and guanine mo-
nophosphate synthetase (GMPS). Inosine triphosphate pyrophosphatase (ITPA), 
6-thioinosine triphosphate pyrophosphate (6-TITP).
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1.2-18.1, P = 0.03), rash (OR 10.3, 95% CI 4.7-62.9, P = 
0.02) and pancreatitis (OR 6.2, CI 1.1-32.6, P = 0.05). This 
finding was not replicated in two subsequent studies in 
72 and 41 patients respectively[56,57]. The thiopurine drug 
6-thioguanine (6-TG) is not metabolized by TPMT and 
ITPA and might therefore be efficacious for patients with 
AZA or 6-MP resistance and high TPMT activity or for 
patients with impaired ITPA activity (Figure 1). However 
6-TG treatment is associated with an increased risk of  
nodular regenerative hyperplasia of  the liver and veno-
occlusive disease[58,59].

Sulphasalazine and mesalazine
Variability in drug acetylation was discovered 45 years 
ago in patients who were treated with isoniazide for 
tuberculosis. Family studies revealed that this variation 
was genetically controlled and that the population can be 
divided into slow acetylators and rapid acetylators due to 
polymorphisms in the N-acetyltransferase genes (NAT). 
Two iso-enzymes NAT1 and NAT2 that have overlapping 
and specific aryl-amine substrates have been identified 
in humans[60]. Eleven single nucleotide polymorphisms 
(SNPs) in the NAT2 gene result in 25 different alleles 
in humans[61]. More than 50% of  Caucasians are NAT2 
slow acetylators[62]. The slow acetylating phenotype for 
NAT2 (reduction of  10% to 20% of  the cytosolic NAT2 
protein) is a heterozygous trait and several low activity 
alleles have been described (Table 2)[61,63,64]. There is 
also an allele (NAT2*12B) associated with high NAT2 
expression and a fast acetylating phenotype (Table 2). Lin 
et al found that 4 variants (191A, 481T, 590A and 857A) 
accounted for nearly all slow acetylating phenotypes in 
Caucasian, African, Hispanic and Asian populations[65]. A 
polymorphism in the NAT1 gene was first described in 
1993 and since over 20 alleles have been identified[63,66,67]. 
Several variant al leles are functional and result in 
reduced N and/or O-acetylation in humans (NAT*14A, 
NAT1*14B, NAT1*17, NAT1*19 and NAT1*22) and yeast 
cells (NAT1*14B, NAT1*15, NAT1*17, NAT1*19 and 
NAT1*22)[66,68,69]. Sulphasalazine is still widely used for long 
term maintenance therapy in UC. Five percent to fifty-
five percent of  the patients treated with the drug develop 
hypersensitivity or intolerance. Sulphasalazine is split in 
the lumen of  the colon into the active metabolite 5-ASA 
and sulphapyridine (SLP) by bacterial azo-reductases. 
SLP is absorbed and acetylated in the liver by NAT2 into 
N-acetyl-SLP. Levels of  SLP above 50 mg/L are associated 
with most of  the severe side effects (thrombocytopenia, 
leukopenia, liver and lung toxicity and pancreatitis) and 
are observed more frequently in slow acetylators[70]. Case 
reports suggested a relation between side effects like 
leukopenia and a mononucleosis-like syndrome and one of  
the slow acetylating genotypes in IBD patients treated with 
sulphasalazine[71,72]. Mesalazine exists in different targeted 
release preparations designed to protect 5-ASA from 
absorption and metabolism in the proximal digestive tract. 
5-ASA is released in the distal ileum or the colon and part 
is systemically absorbed. 5-ASA is acetylated in the liver 
by NAT1 into N-acetyl 5-ASA (N-Ac-5ASA) and excreted 
in the urine. Side effects are less common with mesalazine 
compared to sulphasalazine but there is still some concern 

about nephrotoxicity with long term use. A retrospective 
study in 77 UC patients did not show an impact of  NAT1 
genotype on efficacy or side effects of  mesalazine [73].

Methotrexate
MTX is efficacious for the induction of  remission while 
weaning patients from steroids in 39% of  CD patients 
and for maintenance of  remission in 65% of  CD patients 
after successful induction therapy with this drug[7]. A low 
single weekly dose of  15 to 25 mg intramuscularly or 
subcutaneously is used. Most pharmacogenetic studies 
on MTX are derived from the oncologic literature where 
patients receive a high dose MTX. MTX is taken up 
by the cell trough reduced folate carrier-1 (RFC1) and 
polyglutaminated by folyglutamate synthetase (FPGS)[74]. 
MTX polyglutamate inhibits amino-imidazole carboxamide 
(AICAR) transformylase, an enzyme of  the de novo purine 
synthesis pathway. MTX also inhibits the enzyme 5, 10- 
methylenetetrahydrofolate reductase (MTHR) that catalyses 
the conversion of  homocystein to methionine (Figure 
2). Deficiency of  MTHR and hyperhomocysteïnemia 
are implicated in neurological and vascular diseases[75]. 
Inhibition of  MTHR and DNA synthesis is the primary 
mechanism of  action of  MTX in oncology. Tissues 
undergoing rapid cell turnover with a high fraction of  
the cell in the S-phase of  the cell cycle are the most 
susceptible to its cytocidal effects. This mechanism also 
explains the possible severe side effects of  MTX including 
bone marrow suppression, mucositis, gastro-intestinal 
toxicity and liver function abnormalities. Folic acid or 
folinic acid supplementation diminishes the rate of  these 
side effects[76]. The common C677T SNP in the MTHFR 
gene is associated with decreased MTHFR activity and 
altered folate levels and has been studied extensively[77]. 
The 677TT genotype has been identified as a risk factor 
for elevated ALT values in MTX treated RA patients[77]. In 
patients undergoing bone marrow transplantation patients 
homozygous for the 677T allele had more often oral 
mucositis and platelet recovery was slower[78,79]. In patients 
with breast cancer and MTX chemotherapy neutropenia 
was more frequent in patients with the TT genotype[80]. 
The risk of  side effects for patients with the TT genotype 
was reduced with folic acid supplementation in RA 
patients[76]. A second SNP in the 3'-untranslated region 
of  the MTHFR gene is associated with higher expression 

Mutations Allele designation Phenotype

None NAT2*4 (wild-type) normal
T341C, C481T, A803G NAT2*5B (r3,S1a) Slow
C282T, G590A NAT2*6A (M2) Slow
T341C, C481T NAT2*5A (M1) Slow
T341C, CA803G NAT2*5C (S1c) Slow
C282T, G857A NAT2*7B (M3) Slow
C282T NAT2*13 (S4)
G590A NAT2*6B (R2) Unknown
G191A NAT2*14A (M4) Slow
A803G NAT2*12A Rapid

Table 2  NAT2 phenotypes and genotypes
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of  the gene[81]. No studies are available that examine the 
relation between these variants and the prevalence of  side 
effects in IBD patients treated with low dose MTX. The 
exact anti-inflammatory mechanism of  low dose MTX 
therapy in RA and IBD is not clearly known. In contrast 
to side effects the anti-inflammatory effect is not inhibited 
by folic acid supplementation[76]. A possible mechanism 
of  action is inhibition of  AICAR and a subsequent rise 
in intracellular adenosine[74]. Polymorphisms in RFC1, 
thymidilate synthetase, and in AICAR transformylase have 
been implicated in response to therapy with low dose 
MTX in RA[82]. Polymorphisms in DHFR, in enzymes 
involved in catabolism of  MTX (γ-glutamyl hydrolase) 
or its efflux have also been suggested to play a role in 
response to treatment. No data on the relation between 
any of  these SNPs and IBD are available.

VARIABILITY IN RESPONSE TO TREA-
TMENT
Investigating genetic variants that influence the response 
to a specific drug is more difficult than finding factors 
that influence toxicity. Side effects are usually easy to 
define and identify. Efficacy scores are often less well 
defined, different scores to assess disease activity are used 
and scores [e.g. Crohn's disease activity index (CDAI), 
endoscopic scores, ulcerative colitis disease activity 
index] are usually constructed using a combination 
of  clinical, laboratory (e.g. CRP, hemoglobin) and 
(or) endoscopic parameters[83]. Moreover, treatment 
response in a heterogenic disease like IBD is influenced 
by many confounding factors such as the duration of  
disease, disease behavior and disease severity. Besides 
polymorphisms in specific drug metabolizing enzymes or 
target proteins, heterogeneity in the genetic background 
can also influence response to treatment. Pharmacogenetic 
studies focusing on drug efficacy in IBD have been  
published for CSs and infliximab.

Glucocorticosteroids
CSs are effective in the initial treatment of  most cases 
of  moderate to severe active UC and CD. However, a 
retrospective population-based American study reported 
28% and 22% steroid dependency in CD and UC patients 
and 16% steroid resistance after one year of  treatment[84]. 
Other studies report steroid resistance in 20% to 40% 
of  Caucasian IBD patients. A high frequency of  surgical 
interventions is described in steroid dependent and 
resistant patients[84-86]. The doses of  CSs, the tapering 
regimens and the definition of  steroid refractoriness vary 
greatly between different publications. CSs are potent 
inhibitors of  T cell activation and cytokine secretion and 
mediate their anti-inflammatory effect through binding the 
intracellular glucocorticoid receptor (GRα). A homodimer 
of  2 activated GRs is translocated to the nucleus and the 
complex subsequently binds to specific DNA sequences 
[glucocorticoid response elements (GRE)] and controls the 
expression of  target genes [e.g. inhibition of  the activator 
protein-1 (AP-1) gene and induction of  the inhibitor 
kappa Bα ( IκBα) gene](Figure 3). There are 3 potential 

mechanisms for resistance to CSs treatment in IBD. First, 
a decreased plasma level through over-expression of  the 
MDR1 gene and subsequent elevated p-glycoprotein 
mediated efflux of  the drug. Furthermore, an altered 
function of  the GR and finally the anti-inflammatory 
capacity of  CSs can be overwhelmed by an excessive 
synthesis of  pro-inflammatory cytokines induced by the 
activation of  pro-inflammatory transcription factors which 
may also reduce the affinity of  GR for its intracellular 
ligands[87]. The reported refractoriness to CSs in IBD 
patients can not only be explained by disease severity since 
resistance to treatment is also seen in some mild cases[87,88]. 
Familial abnormalities of  the GR have been described 
but are rare and there are no cases in the literature in 
IBD patients[89]. Steroid resistant asthma patients do not 
respond to high doses of  inhaled CSs but they do develop 
the Cushingoid side effects of  steroid treatment. In these 
patients reduced peripheral T-lymphocyte GR binding 
affinity and abnormalities of  GR-AP-1 interaction and 
increased expression of  GRβ (a truncated splice variant 
of  the normal isoform GRα) are observed. GRβ is unable 
to activate CSs responsive genes. Honda et al reported 
GRβ specific messenger RNA expression in 83% of  the 
patients with steroid resistant UC compared to only 9% 
in steroid responsive patients and 10% in healthy controls 
and chronic active CD patients[90]. The level of  GRβ is, 
however only 0.165% of  the level of  GRα and has to 
be at least 5 to 10 fold in excess of  GRα to significantly 
inhibit CSs mediated gene expression. Furthermore, in vitro 
data suggest that splicing and generation of  the isoform 
of  GR is induced by cytokines and CSs administration[90,91]. 
The MDR1 gene encodes the dr ug ef f lux pump 
P-glycoprotein-170 (Pgp-170) and is expressed on the 
surface of  lymphocytes and intestinal epithelial cells. Pgp 
and MDR expression is significantly higher in CD and 
UC patients requiring surgery due to failure of  medical 
therapy[92]. Genetic factors are suggested to play a role 
in the observed higher MDR expression. The MDR1 
exonic SNPs C3435T and G2677T have been correlated 

Figure 2  The dotted arrows indicate inhibitory effects of MTX methotrexate. 
RFC1 reduced folate carrier 1; MTXglu methotrexate polyglutamate; AICAR, 
5-aminoimidazole-4-carboxamide ribonucleotide; DHF, dihydrofolate; THF, 
tetrahydrofolate; dhfr, dihydrofolate reductase; mthfr, methylene tetrahydrofolate 
reductase; 5,10-CH-THF, 5,10 methenyl THF; 5,10-CH2 THF, 5,10 methylene 
THF; 10-CHO THF, 10-formyl THF; Hcy, homocysteine; 5-CHO THF, 5-formyl THF; 
ms, methionine synthetase; Met, methionine; SAM, S-adenosyl-L-methionine; R, 
methyl acceptor; SAH, S-adenosyl–L-homocysteine.
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with activity and expression of  Pgp170[92,93]. Although 
an association between CS refractory CD and MDR 
polymorphisms has been described, no randomized trials 
with fixed clinical endpoints studying the relation between 
these SNPs and response to steroids in IBD patients have 
been published[94]. Hirano et al found a relation between 
CSs administration and MDR expression and suggested 
that over-expression of  MDR1 mRNA in peripheral 
blood monocytes of  IBD patients and subsequent 
refractoriness to CSs therapy is not intrinsic but secondary 
to high-dose administration of  CSs[95]. MDR1 knockout 
mice spontaneously develop colitis and the MDR1 gene 
maps to the IBD susceptibility locus on chromosome 7 
making it an excellent functional and positional candidate 
gene for susceptibility to IBD. Recently associations 
between C3435T and UC and G2677C/T and IBD have 
been described[96,97]. The MDR1 3435 TT genotype was 
especially associated with extensive UC[97], An association 
between steroid refractoriness and the 3435 TT genotype 
can αtherefore be the result of  disease heterogeneity and 
more specifically an extensive disease phenotype in UC. 
But the TT genotype is associated with lower expression 
of  MDR1 and Pgp-170. Trials in large patient cohorts 
treated with fixed CSs doses and followed with well 
defined activity scores to assess response are necessary to 
further clarify the relation between MDR polymorphisms 
and Pgp expression and response to treatment with CSs.

Infliximab
Infliximab is a chimeric monoclonal IgG1 antibody against 
TNF-α. It is effective for the induction and maintenance 
of  remission of  refractory luminal and fistulizing CD. 
It was the first drug that clearly showed to induce 
mucosal healing[98-100]. Twenty-five percent of  the patients 
however, did not respond to infliximab administration 
and in another 20%-30% the response was incomplete. 
Pharmacogenetic studies of  response to infliximab in CD 
are interesting since most patients have been included 
in randomized placebo controlled phase Ⅲ and Ⅳ 
multicenter clinical trials. Most patients received the same 
dose (5 mg/kg) of  the drug and response and remission 
were defined as a decrease of  CDAI of  70 (or 100) points 
and drop below 150 respectively. DNA was collected 
from subcategories, by individual centers. Therefore the 
studies by different centers are well comparable. Infliximab 
reaches its effect in CD not only by blocking soluble 
TNF-α but also by inducing apoptosis of  activated T-cells 
and monocytes[101-103]. The CARD15 gene on chromosome 
16 was the first susceptibility gene identified for CD. In 
most Western populations 40% of  CD patients carry at 
least one variant in the gene[104, 105]. The 3 CD associated 
CARD15 mutations alter NF-κB activation and subsequent 
cytokine production[106-108]. Since NF-κB signaling and 
TNF-α levels after stimulation are lower in cells carrying a 
CD associated CARD15 variant, it was hypothesized that 
patients carrying a mutation in the CARD15 gene might 
respond differently to treatment with a TNF blocking 
agent. Therefore CD patients receiving infliximab were 
genotyped for R702W, G908R and 1007InsC in CARD15, 
however no difference was observed in response measured 
by CDAI between patients with and without variants in 

the gene[109,110]. A possible association between SNPs in 
the main target molecule of  infliximab TNF-α (-238, 
-308, -376, -857, -1031) and its receptors TNF receptor 
1 (TNFR1) (-609 and +36 or P12P) and TNFR2 (168 
or L56L, 587 M196A, 1663, 1690) and response to 
treatment in CD was studied by several investigators but 
no significant associations were found[111-114]. Taylor et al 
found a weak association between a haplotype spanning 
the TNF-α and TNF-β locus on chromosome 6p21.3 and 
lack of  response to infliximab treatment in 75 CD patients 
treated with the drug. None of  the individual SNPs was 
however associated with response to therapy[113]. Since 
the efficacy of  infliximab in CD is partly the result of  its 
ability to induce apoptosis of  activated T lymphocytes, 
Hlavaty et al studied the effect of  polymorphisms in 
apoptosis genes and short term clinical response in a 
cohort of  287 patients treated with infliximab for luminal 
or fistulizing CD. In luminal CD, patients carrying the 
Fas ligand -843 CC/CT genotypes responded in 74.7% 
compared to a response rate of  38.1% in patients with the 
TT genotype (P < 0.01, OR = 0.11, 95% CI 0.08-0.56). 
The bad outcome to infliximab in patients carrying FasL-
843T could be overcome by concomitant use of  AZA. 
Patients with the Caspase 9 93 TT genotype all responded, 
in contrast with 66.7% of  patients with the CC and CT 
genotypes (P = 0.04, OR = 1.50, 95% CI 1.34-1.68)[115]. 
Binding of  infliximab to membrane bound TNF-α not 
only induces apoptosis of  monocytes and lymphocytes 
but probably also cell lysis by complement dependent and 
antibody dependent cell-mediated cytotoxicity (ADCC). 
The FCGR3A gene encodes FcγRⅢa, a receptor for the 
Fc fragment of  immunoglobulines (Ig) on macrophages 
and natural killer cells. The non-synonymous G4985T 
(amino acid position Ⅴ158F) variant in the FCGR3A gene 
results in a different binding affinity. The FcγⅢa receptor 
of  cells with the 158ⅤⅤ genotype have a higher affinity 
for the IgG Fc fragment and natural killer cells and the 
lysis of  lymphomatous cells was more effective in patients 

Figure 3  Anti-inflammatory mechanism of glucocorticoids (CSs). CSs enter 
the cell and interact with the glucocorticoid receptor (GRα) to change the GR 
conformation, induce formation of GR homodimers and translocation to the 
nucleus. GR homodimers specifically bind to glucocorticoid response elements 
(GRE) in target genes. HSP90, 90-kDa heat shock protein; HSP70, 70-kDa 
heat shock protein; IP, 56-kDa immunophilin; IκBα inhibitor kappa B alpha; 
NF-κB, nuclear factor kappa B; AP-1, activator protein 1.
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with this genotype treated with the TNF-α blocking agent 
rituximab[116,117]. Louis et al studied the association between 
this polymorphism and short term response to infliximab 
in 200 patients with refractory luminal or fistulizing CD. 
The clinical response (CDAI) was 82.9% in patients 
with VV genotype and 72.7% in patients with VF or FF 
genotypes. However, all patients with the ⅤⅤ genotype 
had a biological response (defined as a drop of  CRP of  at 
least 25% compared to baseline) compared to only 69.8% 
of  the patients with one or more F alleles (P < 0.01)[118]. 
This study therefore suggests that there might be a better 
response to treatment with monoclonal antibodies against 
TNF-α in patient with the ⅤⅤ genotype.

DISCUSSION
Since the start of  pharmacogenetic research 50 years 
ago and the identification of  slow and rapid acetylators 
due to mutations in the NAT genes, major advances 
have been made. The most relevant discovery for IBD is 
the identification of  variants in the TPMT gene and its 
importance for patients treated with AZA or 6-MP. To 
date, this is also the only test that has proven to be cost 
effective in clinical practice in IBD[55]. Pharmacogenetic 
studies of  infliximab, MDR and the efficacy of  CSs have 
contributed to understanding the mechanism of  action 
of  these drugs. There are however many problems with 
pharmacogenetic studies besides the normal shortcomings 
of  association studies (i .e. low power, population 
stratification and multiple testing). First, pharmacogenetic 
data available from other diseases are not always applicable 
to IBD. For instance, For instance, most studies with MTX 
are performed in oncology patients who receive high doses 
of  the drug during a short episode. CSs response is most 
extensively studied in asthma patients who are treated with 
inhalation therapy. Second IBD is a heterogenic disease 
and there are many differences regarding disease severity, 
location, behavior and extra-intestinal manifestations 
that may influence therapeutic outcome. Side effects are 
often rare, for instance, leucopenia and myelosuppression 
during AZA therapy only occurs in 1%-5% of  the patients 
treated. This results in publications with low numbers of  
patients which are therefore underpowered. Multicenter 
studies can overcome this problem. Furthermore, exact 
definitions for response to therapy are necessary to 
replicate results in independent populations. In studies 
with older medications especially CSs, different doses 
and different tapering regimes are used. This makes 
the literature unorganized and comparison and meta-
analyses impossible. In more recent publications however, 
especially those regarding biologicals and immuno 
suppressives, doses are calculated per kilogram body 
weight. Interestingly pharmacogenetic studies, in infliximab 
and AZA or 6-MP use strict definitions regarding therapy 
response. A problem especially important in patients with 
active IBD and an inflamed bowel is the variability of  
absorption of  orally administered drugs. It is probably 
better to report drug or metabolite levels instead of  the 
administered dose to make results comparable (e.g. TGN 
levels in AZA therapy). Finally, most studies investigating 
differences in drug response as a result of  genetic 
polymorphisms lack explicit statements of  how to translate 

the information for use in clinical practice. Straight 
clinical recommendations on how to individualize therapy 
based on pharmacogenetic test are essential, however 
the study design of  most pharmacogenetic studies is 
inadequate to draw these sorts of  conclusions. The study 
design of  most pharmacogenetic studies is inadequate to 
draw these sorts of  conclusions. The cost effectiveness 
of  genotyping patients before the start of  treatment 
should also be evaluated. We can therefore conclude 
that pharmacogenetics remains a promising field that 
already contributed to better understanding the molecular 
mechanisms of  some of  the drugs used in IBD. Until now 
however, the only clinical useful discovery is the relation 
between TPMT polymorphisms and hematological toxicity 
associated with thiopurine treatment. In the future it is 
necessary to organize studies in well characterized patients 
who have been uniformly treated and systematically 
evaluated in order to quantitate drug response and side 
effects more objectively. Also the prize of  genotyping 
should be compared with the money saved by the 
prevention of  side effects or treatment of  non-responders. 
An effort should be made to collect genomic DNA from 
all patients enrolled in clinical drug trials after informed 
consent for future pharmacogenetic studies.
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