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Abstract

AIM: To analyze the prevalence of thiopurine-methyltransferase (TPMT) genotypes and their association with drug toxicity in inflammatory bowel disease (IBD) patients from southeastern Brazil.

METHODS: A total of 219 consecutive patients with IBD, of which 146 had Crohn’s disease and 73 had ulcerative colitis, regularly seen at the outpatient unit of the Division of Gastroenterology at the University Hospital Pedro Ernesto of the State University of Rio de Janeiro, a tertiary referral center, were enrolled in this study from February 2009 to January 2011. We analyzed the presence of major TPMT genetic variants (TPMT*2, *3A, *3C) in IBD patients by means of a specific allele and RFLP-PCR. Genomic DNA was isolated from peripheral blood leukocytes by proteinase-K/Sodium Dodecyl Sulfate digestion and phenol-chloroform extraction. TPMT*2 (C238G), TPMT*3A (G460A/A719G), and TPMT*3C (A719G) genotypes were detected by real-time polymerase chain reaction followed by direct sequencing with specific primers. Clinical data were systematically recorded, and correlated with the genotype results.

RESULTS: The distribution of the selected TPMT gene polymorphism TPMT*2 (C238G), TPMT*3A (G460A/A719G), and TPMT*3C (A719G) genotypes was 3.6%, 5.4%, and 7.7% of the patients, respectively. Among the side effects recorded from patients taking azathioprine, 14 patients presented with pancreatitis and/or an elevation of pancreatic enzymes, while 6 patients had liver toxicity, and 2 patients exhibited myelosuppression/neutropenia. TPMT polymorphisms were detected in 37/219 patients (8 heterozygous for *2, 11 heterozygous for *3A, and 18 heterozygous for *3C). No homozygotic polymorphisms were found. Despite the prevalence of the TPMT*3C genotype, no differences among the genotype frequencies were significant. Although no association was detected regarding myelotoxicity or hepatotoxicity, a trend towards the elevation of pancreatic enzymes was observed for TPMT*2 and TPMT*3C genotypes.

CONCLUSION: The prevalence of TPMT genotypes was high among Brazilian patients. Variants genes *2 and *3C may be associated with azathioprine pancreatic toxicity in a IBD southeastern Brazilian population.

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Although commonly used to treat patients with inflammatory bowel disease, the potentially severe side effects of azathioprine remain a concern. To determine a patient’s predisposition to azathioprine toxicity, the thiopurine-methyl-transferase genotype must be determined prior to azathioprine administration.

INTRODUCTION

The purine analogs azathioprine (AZA) and 6-mercaptopurine (6-MP) are the most common immunosuppressant drugs used to treat inflammatory bowel disease (IBD) and have been shown to be effective in inducing and maintaining remission[1-5]. Recent evidence has indicated that azathioprine can control active inflammation and prevent relapse in Crohn’s disease (CD) and ulcerative colitis (UC), as well as reduce steroid dependence and induce and maintain remission in CD. Many of these beneficial effects have been attributed to the ability of AZA to induce T cell apoptosis[6,7]. However, in one third of patients, treatment with AZA is withdrawn due to either toxicity (gastrointestinal intolerance, pancreatitis, and bone marrow suppression in 9%-28% of patients) or a lack of a clinical response (15% of cases)[6,8].

The metabolism of AZA and 6-MP is complex. AZA is a pro-drug, which is absorbed into the plasma and rapidly converted to 6-MP via a glutathione-dependent process. 6-MP can be inactivated by xanthine oxidase (XO) and thiopurine-methyl-transferase (TPMT) or converted to cytotoxic 6-thioguanine nucleotides (6-TGNs) via a multi-enzymatic process[7,9,10] TPMT or XO deficiency results in greater conversion of 6-MP to 6-TGNs, which are the predominant active metabolites related to drug efficacy, but this conversion also induces toxicity. Patients with low TPMT activity display higher 6-TGN levels when treated with standard doses of AZA and are at increased risk of myelosuppression. However, patients with high TPMT activity are usually resistant to thiopurines or require a higher dose to achieve efficacy, which increases the risk of hepatotoxicity[7,9-12].

However, the large variability in the activity of TPMT among patients has been attributed to TPMT gene polymorphisms[13,14]. The TPMT gene has been localized to chromosome 6p22.3. A total of 24 TPMT genetic polymorphisms have been identified; these polymorphisms are associated with decreased levels of enzymatic activity and/or thiopurine drug-induced toxicity. These activities are genetically determined and demonstrate a trimodal distribution in the Caucasian population: 88.6% of individuals carry two allele types resulting in normal or high TPMT activity (TPMT *1), 0.3% are homozygous for low activity alleles with no detectable TPMT activity, and 11.1% are heterozygous and display intermediate activity[13,14]. The overall concordance rate between TPMT genetic polymorphisms and specific phenotypes is 98.4%[7,9,10,12,15].

Three mutant alleles, TPMT *2, *3A, and *3C, account for the majority of the variant alleles in the entire human population studied to date. Intermediate or low TPMT activity is most frequently associated with these allele polymorphisms[13,14]. The distribution of these alleles differs significantly among ethnic populations, particularly the *3A and *3C genotypes[7,9,11,12]. However, a number of studies have shown that the frequency of these alleles does not differ in IBD patients compared to controls within the same populations.

The aim of this study was to determine the prevalence of TPMT gene polymorphisms in a group of Brazilian patients with IBD and to investigate the relationship between these polymorphisms and thiopurine related-toxicity and treatment response.

MATERIALS AND METHODS

Study population

A total of 219 consecutive patients with IBD, of which 146 had CD and 73 had UC, regularly seen at the outpatient unit of the Division of Gastroenterology and Gastrointestinal Endoscopy at the University Hospital Pedro Ernesto of the State University of Rio de Janeiro, a tertiary referral center, were enrolled in this study from February 2009 to January 2011. The diagnosis of IBD was based on established diagnostic criteria, including clinical, imaging, endoscopic, and histological parameters.

The following data were collected from all patients: gender, age, age at diagnosis, disease activity, history of IBD-related surgery, chronic steroid use including steroid-dependent or steroid-refractory disease, and the presence of side effects from medical treatment. For patients with CD, the disease location was characterized as the terminal ileum (L1), colon (L2), ileocolon (L3), or upper gastrointestinal tract (L4). In addition, the predominant disease behavior was defined as non-stricturing/non-penetrating (B1), stricturing (B2), and perforating (B3), according to the Montreal classification[16]. Perianal disease was considered separately as an additional feature. CD activity was based on the Crohn’s Disease Index[17]. For patients with UC, disease extension was based on the Montreal classification using a modified criteria that combined ulcerative proctitis and left-sided UC (E1 + E2) and included extensive UC (pancolitis; E3). Disease activity was assessed using the Truelove index[18] (Table 1).

DNA extraction and genotyping

After a questionnaire containing clinical information was completed for each patient, peripheral blood samples were obtained from all participants by venipuncture and collection in EDTA tubes. Genomic DNA was isolated from peripheral blood leukocytes by proteinase-K/Sodium Dodecyl Sulfate digestion and phenol-chloroform extraction as previously described[19]. The TPMT gene polymorphisms most commonly described in the literature, TPMT*2 (C238G), TPMT*3A (G460A/A719G), and TPMT*3C (A719G) genotypes, were detected by real-time polymerase chain reaction (PCR) followed by direct sequencing with specific primers (Table 2) for each region of interest. These regions corresponded to exons 12, 21, and 26 of the TPMT gene. The genotype frequencies of the TPMT gene polymorphisms were analyzed in the study population of CD and UC patients. Genotype-phenotype associations with major clinical features were established, and the estimated risks for the mutations were calculated.

Briefly, PCR was performed using a buffer containing 0.75 mmol/L MgCl2, 0.2 mmol/L dNTPs, 1.0 U Platinum Taq DNA polymerase (all from Invitrogen, Life Technologies, Carlsbad, CA, United States), 20 pmol each primer, 200 ng genomic DNA, and sterile ultrapure water to a final volume of 50 L. For amplification, the DNA was first denatured for 5 min at 94 ℃, followed by 35 cycles of denaturation for 30 s at 92 ℃, annealing for 30 s at 60 ℃ (exons 12 and 21) or 58 ℃ (exon 26), and extension for 1 minute at 72 ℃. At the end of the 35 cycles, an additional 10-min cycle at 72 ℃ was performed. The PCR products were then purified with the Illustra GFX™ PCR DNA and Gel Band Purification kit according to the manufacturer’s protocol (GE Healthcare, Buckinghamshire, United Kingdom).

The sequencing reactions were performed using the ET Dye Terminator Cycle Sequencing Kit (GE Healthcare, Buckinghamshire, United Kingdom) according to the manufacturer’s protocol. The primers used were the same as those used for the PCR reaction (Table 2). For each product, eight sequencing reactions were performed; four contained sense oligonucleotides, and four contained antisense oligonucleotides.

PCR assay

To determine the G238C, G460A, and A719G polymorphisms, we performed PCR amplification in a final volume of 50 L. The PCR reaction contained 100 ng genomic DNA, 1 U Platinum Taq polymerase, 1X reaction buffer, 10 mmol/L deoxynucleoside triphosphates (dNTP) (all from Life Technologies, United States) and primers (Table 2).

Detection of G238C

To detect the G238 polymorphism, a PCR assay was performed as previously described. Unpurified PCR products with a length of 256 base pairs were analyzed by agarose gel electrophoresis followed by staining with ethidium bromide. A DNA fragment was amplified with primers P2M and P2C when C238 (mutant) was present, whereas a DNA fragment was amplified with primers P2W and P2C when G238 (wild-type) was present (Figure 1).

Detection of G460A

To detect the G460A polymorphism, a PCR assay was performed as previously described. The PCR product was digested with Mwo I (New England Biolabs, Ipswich, MA, United States) for 1 h at 60 ℃. The digested products were analyzed by gel electrophoresis. Mwo I digestion of wild-type DNA yielded fragments of 267 and 98 base pairs, whereas DNA containing the G460A polymorphism was not digested, resulting in an uncleaved fragment of 365 base pairs.

Detection of A719G

To detect the A719G polymorphism, a PCR assay was performed as previously described. The PCR product was digested with Acc I (New England Biolabs, Ipswich, MA, United States) for 2 h at 37 ℃ and analyzed by electrophoresis. The A719G polymorphism generates an Acc I restriction site in the amplified fragment and yields fragments of 207 and 86 base pairs upon digestion. Wild-type DNA yielded an uncleaved fragment of 293 base pairs.

Statistical analysis

Tests for Hardy-Weinberg equilibrium were performed using the Genepop (Genepop web version 3.1) software. For all other data evaluations, we used SPSS 17.0 software (SPSS Inc., Chicago, IL, United States). The distribution of the individual characteristics was evaluated using simple descriptive statistics. Differences among the distributions of the selected variables were evaluated using either the chi-square test or the Fisher exact test for categorical data. All of the tests were two-tailed, and statistical significance was established at P-values of less than 0.05.

Ethical considerations

This study was approved by the Ethical Committee of the University Hospital Pedro Ernesto of the State University of Rio de Janeiro, and informed consent was obtained from all subjects (2310/2008). The study protocol was in accordance with the ethical principles for medical research involving human subjects statement of the Helsinki Declaration.

RESULTS

Genotype analysis

The prevalence of the selected TPMT gene polymorphism TPMT*2 (C238G), TPMT*3A (G460A/A719G), and TPMT*3C (A719G) genotypes was 3.6%, 5.4%, and 7.7% of the patients, respectively. TPMT polymorphisms were detected in 37/219 patients, being 8 heterozygous for *2 (21.6%), 11 heterozygous for *3A (32.4%), and 18 heterozygous for *3C (46.0%). Despite the prevalence of the TPMT*3C genotype, no differences among the genotype frequencies were significant. No homozygous polymorphism was found in this study. The allele frequencies in the study population are shown in Table 3. No significant difference was observed in the allele frequencies of the TPMT gene variants according to the predicted Hardy-Weinberg equilibrium.

Next, we investigated the prevalence of the TPMT gene variants and analyzed the distribution of each polymorphism with respect to the specific type of IBD (Table 4). For all three TPMT gene polymorphisms analyzed in this study, the frequencies of the wild-type (common homozygous), heterozygous, and homozygous polymorphic genotypes were similar among CD and UC patients (P = 0.722; P = 0.750; and P = 0.612, respectively). Importantly, no homozygous polymorphic types were observed.

Genotype-phenotype analysis

Next, we investigated the potential role of genotype in specific phenotypic variables. The associations between the sub-phenotypic categories and the genotype frequencies of the single nucleotide polymorphism (SNPs) in different subgroups of patients with CD and UC are shown in Table 5.

Among the side effects recorded from patients taking azathioprine, 14 patients presented with pancreatitis and/or an elevation of pancreatic enzymes, while 6 patients had liver toxicity, and 2 patients exhibited myelosuppression/neutropenia. No associations between the TPMT*3A (G460A/A719G) polymorphism and specific CD or UC sub-phenotypes were observed. By contrast, we observed a trend towards a positive association between the TPMT*2 (C238G) and TPMT*3C (A719G) genotypes and the development of pancreatitis and/or abnormal levels of pancreatic-related enzymes in patients with IBD. For the TPMT*2 (C238G) genotype, amylase/lipase tended to be more elevated in patients with CD, while pancreatitis appeared to be more common in patients with UC. For the TPMT*3C (A719G) genotype, the levels of amylase/lipase tended to be higher among patients with CD. Other adverse effects, including myelossuppression/neutropenia and hepatotoxicity presented an overall low prevalence and were not associated with TPMT polymorphisms (Table 5).

DISCUSSION

This is the first study to investigate the TPMT*2, TPMT*3A and TPMT*3C genotypes in Brazilian patients with IBD. We determined that the prevalence of TPMT gene polymorphisms is relatively high among Brazilian patients, including two genetic variants, TPMT*2 and TPMT*3C, that may be associated with pancreatic toxicity in IBD patients taking azathioprine. Nevertheless, the distributions of wild-type, heterozygous, and homozygous genotypes were similar among CD and UC patients, and no homozygous polymorphic type was observed.

Immunosuppressant agents such as Azathioprine and 6-MP are essential to promote and maintain remission in IBD patients. Unfortunately, major side effects have been associated with the use of these drugs, potentially limiting their utility. TPMT functions as a crucial enzyme in the metabolism of thiopurine drugs (including azathioprine and 6-MP) by methylating (i.e., inactivating) these drugs[10,20]. In IBD, genetic polymorphisms of TPMT have been associated with low or no enzyme activity, resulting in higher levels of metabolite concentrations and enhancing pharmacological activities and the risk of side effects[21].

TPMT deficiency can also be measured by its activity in red blood cells or by genotypic determination. Although the methods are different, they yield similar results. Genotyping has greater clinical significance because it is not subject to external influences such as blood transfusions[10,22,23] TPMT gene polymorphisms can be easily identified, enabling the identification of patients with potential risk for drug toxicity. This is of particular interest in Brazil, which features a heterogeneous population and has been considered a low prevalence area for IBD, although the incidence has increased rapidly in the last decade[15].

This study identified a TPMT gene polymorphism prevalence of 16.9% among patients with IBD, which is relatively high compared to reports in the literature for Caucasian populations (10% and 11%)[7,20,21]. In other studies, the analysis of different populations has yielded more variable results, but the data on IBD patients did not differ from controls within the same populations. Studies in North American and European Caucasians indicate a predominance of the 3A genotype, which represents nearly 85% of all polymorphisms[9,24]. Indjova et al[25] also observed a predominance of the 3A genotype in a healthy Bulgarian population, although with a lower prevalence (30.4%). In a cohort of ninety-seven thiopurine-treated paediatric IBD patients, 18 (18.56%) were heterozygous, while 2 (2.06%) were homozygous for a mutated TPMT gene[26]. However, studies of African and Eastern Asian patients have indicated a predominance of the 3C genotype. In Asiatic studies, analyses of TPMT gene polymorphisms have detected only the 3C allele among a healthy Chinese population[27] as well as among South Korean patients with IBD[28]. By contrast, in western Asia, studies in Jordan[15] and Iran[29] detected different patterns of polymorphisms, and the occurrence of the 3C genotype was not exclusive.

In the present study, the distribution of genotypes among the 37 heterozygotes within the IBD population was 21.6% TPMT*2, 32.4% TPMT*3A, and 46% TPMT*3C. With regard to the entire population in the study, this distribution corresponded to 3.6%, 5.4%, and 7.7% of the population, respectively, in contrast to previous studies of Caucasian (*3A) and Asian (*3C) populations, which usually report a clear predominance of a single gene polymorphism. Nevertheless, compared to other Brazilian data obtained from different regions and with a non-IBD population[30-32], we observed an overall higher prevalence of TPMT gene polymorphisms. However, we observed a similar *3A and *3C allele distribution compared to other studies involving non-IBD patients from Rio de Janeiro[30,32]. This finding is supported by the heterogeneous and highly mixed nature of the population in southeastern Brazil, particularly Rio de Janeiro, where European and African immigrants constitute a majority of the population background[33].

Similar to other studies, we did not identify any significant association between TPMT gene polymorphisms and hepatotoxicity[21] or myelotoxicity[9,12]. It is possible that the sample size and/or the absence of polymorphic homozygotic patients may have influenced these results. However, interestingly, Gazouli et al[26] did not find any association between TPMT polymorphisms and the occurrence of thiopurine-related adverse events, even having detected a relatively high rate of polymorphic homozygotic among IBD patients. In this study, we observed a potential association of the *2 and *3C genotypes with pancreatic changes. An elevation of pancreatic enzymes was associated with the TPMT*2 and TPMT*3C genotypes in CD, while pancreatitis was more frequently observed in UC patients with the TPMT*2 genotype. A possible association between specific TPMT genotypes and the pancreatic changes combined with the use of azathioprine in this study may support the dependence of these changes on genetic polymorphisms rather than idiosyncratic responses, as previously suggested[21,34]. Thus, future studies with larger sample sizes and different populations will be necessary to confirm these findings.

In conclusion, our investigation of TPMT gene polymorphisms identified that the prevalence of TPMT gene polymorphisms is relatively high among Brazilian patients and a specific genetic profile among IBD patients from Rio de Janeiro. The possibility of specific TPMT genotypes be associated with adverse events, including potentially severe pancreatic toxicity, should alert physicians to the potential need to perform genetic testing prior to the initiation of therapy with thiopurine agents. Such measures could facilitate the selection of appropriate medications and personalized doses of thiopurine agents to minimize toxic responses while maintaining full treatment efficacy.

COMMENTS

Background

The purine analogs azathioprine and 6-mercaptopurine (6-MP) are the most common immunosuppressant drugs used to treat inflammatory bowel disease (IBD). Thiopurine-methyl-transferase (TPMT) is a crucial enzyme in the metabolism of azathioprine and 6-MP. TPMT genetic polymorphisms are associated with decreased levels of enzymatic activity and/or thiopurine drug-induced toxicity.

Research frontiers

Evidence indicates the existence of TPMT activity differences between wild-type and heterozygous and homozygous mutated subjects. The carriers of at least one variant allele and with both intermediate and absent TPMT activity have an increased risk for developing thiopurine-induced myelotoxicity compared with individuals with normal genotype and TPMT activity. A high degree of concordance was demonstrated between TPMT genotype and phenotype.
Innovations and breakthroughs

In Caucasians, approximately 11% of the population harbour heterozygous and 0.3% homozygous TPMT mutations, leading to an intermediate or low TPMT activity, respectively. More than 24 mutations are now indexed but the clinical relevance of some of them remains unclear. TPMT*3A, TPMT*3C, and TPMT*2 represent the most prevalent mutant alleles in Caucasians and African-Americans and account for 80%-95% of intermediate or deficient methylator phenotypes.
Applications

In IBD patients from Rio de Janeiro the distribution of genotypes were predominantly TPMT*3A, and TPMT*3C, in contrast to previous studies of Caucasian (*3A) and Asian (*3C) populations, which usually report a clear predominance of a single gene polymorphism. This finding is supported by the heterogeneous and highly mixed nature of the population in southeastern Brazil, where European and African immigrants constitute a majority of the population background.
Terminology

Thiopurine-methyltransferase polymorphisms are relatively common among Brazilian patients with inflammatory bowel disease. In contrast to most studies, the rates of myelossuppression and hepatotoxicity were low, but a trend towards pancreatic toxicity may be associated with TPMT*2 and TPMT*3C genetic variants in IBD patients taking azathioprine.

Peer review

The authors firstly investigated the TPMT*2, TPMT*3A and TPMT*3C genotypes in Brazilian patients with IBD and demonstrated that the prevalence of TPMT gene polymorphisms is relatively high among Brazilian patients, including two genetic variants, TPMT*2 and TPMT*3C, that have been associated with pancreatic toxicity in IBD patients taking azathioprine. These results were interesting and important in clinical pretreatment of IBD.
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Figure 1  Agarose gel (2%) electrophoresis showing heterozygosis of thiopurine-methyltransferase*2 in one patients. S: Standard; 1, 2, 3, 4, 6: Wild homozygous; 5: Polymorphic heterozygous. 
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Table 1  Baseline demographic and clinical characteristics of the inflammatory bowel disease patients  n (%)


Diagnosis�
CD (n = 146)�
UC (n = 73)�
�
Gender�
�
�
�
   Male:female�
61:85�
30:43�
�
Age at diagnosis�
�
�
�
   < 40 (A1):40 (A2)�
111:35�
38:35�
�
Disease location CD�
�
�
�
   Terminal ileum (L1)�
30 (20.5)�
�
�
   Colon (L2)�
42 (28.8)�
�
�
   Ileocolon (L3)�
65 (44.5)�
�
�
   Upper GI (L4)�
9 (6.2)�
�
�
Disease behavior�
�
�
�
   NS/NP (B1)�
53 (36.3)�
�
�
   Stricturing (B2)�
45 (30.8)�
�
�
   Penetrating (B3)�
48 (32.9)�
�
�
Perianal disease�
�
�
�
   Yes:no�
38:108 (26.1)�
�
�
Disease location UC�
�
�
�
   Pancolitis�
�
38 (52.1)�
�
   Non-pancolitis�
�
35 (47.9)�
�
Disease activity�
�
�
�
   Moderate/severe�
  28 (19.2)�
15 (20.5)�
�
   Mild/Remission�
118 (80.8)�
58 (79.5)�
�
Surgery because of IBD�
�
�
�
   Yes:no�
  48:98 (32.9)�
0:73 (0)�
�
Chronic steroid use�
�
�
�
   Yes:no�
26:120 (17.8)�
10:63 (13.7)�
�
Side effects of medication�
�
�
�
   Yes:no�
43:103 (29.4)�
18:55 (24.6)�
�
Azathioprine�
�
�
�
   Yes:no�
  138:8 (94.5)�
44:29 (60.3)�
�
CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease. 





Table 2  Primer sequences used to identify the G238C, G460A, and A719G polymorphisms of the thiopurine-methyl-transferase gene


Name�
Sequence�
Product size�
�
P2W reverse�
5’ GTA TGA TTT TAT GACGGT TG 3’�
254�
�
P2M reverse�
5’ GTA TGA TTT TATGCA GGT TTC 3’�
�
�
P2C forward�
5’ TAA ATAGGAACC ATCGGA CAC 3’�
�
�
460 forward�
5’ TCC CCA AAT CAT AAC AGA GTG 3’�
375�
�
460 reverse�
5’ CTAGAACCCAGAAAAAGTATAG3’�
�
�
719 forward�
5’ CGT TGT CTT GAG AAG GTT GA 3’�
175�
�
719 reverse�
5’ CAT TAC ATT TTC AGG CTT TAG CAT A 3’�
�
�






Table 3  Allelic frequencies of C238G, G460, and A719G in patients with inflammatory bowel disease


Polymorphism�
CHz�
HTz�
RHz�
n�
Allelic frequency�
2�
P-value�
�
CD�
�
�
�
�
�
�
�
�
�
C238G�
C:C�
C:G�
G:G�
�
C�
G�
�
�
�
Observed�
141�
  5�
0�
146�
0.98�
0.02�
0.04�
0.83


�
�
Expected�
141�
  5�
0�
�
�
�
�
�
�
G460A/A719G�
G:G/A:A�
G:A/A:G�
A/A:G/G�
�
G/A�
A/G�
�
�
�
Observed�
137�
  9�
0�
146�
0.97�
0.03�
0.14�
0.70


�
�
Expected�
137�
  9�
0�
�
�
�
�
�
�
A719G�
A:A�
A:G�
G:G�
�
A�
G�
�
�
�
Observed�
128�
18�
0�
146�
0.94�
0.06�
0.63�
0.42


�
�
Expected�
128�
16�
1�
�
�
�
�
�
�
UC�
�
�
�
�
�
�
�
�
�
C238G�
C:C�
C:G�
G:G�
�
C�
G�
�
�
�
Observed�
  71�
  2�
0�
  73�
0.99�
0.01�
0.01�
0.90


�
�
Expected�
  71�
  2�
0�
�
�
�
�
�
�
G460A/A719G�
G:G/A:A�
G:A/A:G�
A/A:G/G�
�
G/A�
A/G�
�
�
�
Observed�
  70�
  3�
0�
  73�
0.98�
0.02�
0.03�
0.85


�
�
Expected�
  70�
  3�
0�
�
�
�
�
�
�
A719G�
A:A�
A:G�
G:G�
�
A�
G�
�
�
�
Observed�
  66�
  7�
0�
  73�
0.95�
0.05�
0.18�
0.66


�
�
Expected�
  66�
  7�
0�
�
�
�
�
�
�
CD: Crohn’s disease; UC: Ulcerative colitis; CHz: Common homozygous; HTz: Heterozygous; RHz: Rare homozygous. Data were analyzed using Fisher’s exact test. If P < 0.05-not consistent with HWE. Not accurate if < 5 individuals in any genotype group. 





Table 4  Analysis of thiopurine-methyl-transferase gene polymorphisms in patients with inflammatory bowel disease  n (%)


TPMT SNP�
CHz�
HTz�
RHz�
P-value�
�
C238G�
C:C�
C:G�
G:G�
�
�
CD (n = 143)�
137 (95.8)�
6 (4.2)�
0�
0.722�
�
UC (n = 71)�
  69 (97.2)�
2 (2.8)�
0�
�
�
G460A/A719G�
G:G/A:A�
G:A/A:G�
A/A:G/G�
�
�
CD (n = 126)�
118 (93.7)�
8 (6.3)�
0�
0.750�
�
UC (n = 69)�
  66 (95.7)�
3 (4.3)�
0�
�
�
A719G�
A:A�
A:G�
G:G�
�
�
CD (n = 135)�
122 (90.4)�
13 (9.6)�
0�
0.612�
�
UC (n = 71)�
  66 (93.0)�
  5 (7.0)�
0�
�
�
Data were analyzed using Fisher’s exact test. CHz: Common homozygous; HTz: Heterozygous; RHz: Rare homozygous. CD: Crohn’s disease; UC: Ulcerative colitis; TPMT: Thiopurine-methyl-transferase. 





Table 5  Association between the thiopurine-methyl-transferase polymorphisms and adverse effects in patients with inflammatory bowel disease  n (%)


�
C238G�
G460A/A719G�
A719G�
�
Adverse effect�
CHz�
HTz�
CHz�
HTz�
CHz�
HTz�
�
Crohn’s disease�
35/143 (24.5)�
�
30/126 (23.8)�
�
33/135 (24.4)�
�
�
   Myelosuppression �
0�
0�
0�
0�
0�
0�
�
   Neutropenia�
  3 (2.1)�
0�
2 (1.6)�
0�
  2 (1.5)�
0�
�
   Flu-like symptoms�
  3 (2.1) �
0�
3 (2.4)�
0�
  3 (2.2)�
0�
�
   Nausea/vomiting �
12 (8.4)�
0�
9 (7.1)�
1 (0.8)�
11 (8.1)�
1 (0.7)�
�
   Allergy/dermatitis�
1 (0.7)�
0�
2 (1.6)�
0�
  2 (1.5)�
0�
�
   Hepatotoxicity �
5 (3.5)�
1 (0.7)�
5 (4.0)�
0�
  5 (3.7)�
0�
�
   Amylase/lipase elevation�
6 (4.2)�
2 (1.4)�
6 (4.7)�
0�
  3 (2.2)�
4 (2.9)�
�
   Pancreatitis�
1 (0.7)�
1 (0.7)�
2 (1.6)�
0�
  2 (1.5)�
0�
�
Ulcerative colitis �
14/71 (19.7)�
�
18/68 (26.5)�
�
14/71 (19.7)�
�
�
   Myelosuppression�
0�
0�
0�
0�
0�
0�
�
   Neutropenia�
0�
0�
0�
0�
0�
0�
�
   Flu-like symptoms)�
1 (1.4)�
0�
1 (1.5)�
0�
  1 (1.4)�
0�
�
   Nausea/vomiting�
4 (5.6)�
0�
3 (4.4)�
0�
  3 (4.2)�
0�
�
   Allergy/dermatitis �
3 (4.2)�
2 (2.8)�
3 (4.4)�
0�
  2 (2.8)�
0�
�
   Hepatotoxicity �
0�
0�
0�
0�
0�
0�
�
   Amylase/lipase elevation �
2 (2.8)�
1 (1.4)�
3 (4.4)�
0�
  3 (4.2)�
0�
�
   Pancreatitis�
0�
1 (1.4)�
1 (1.5)�
0�
  1 (1.4)�
0�
�
CHz: Common homozygous; HTz: Heterozygous.








