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NUDT15 genotyping in Caucasian patients can help to optimise
thiopurine treatment in patients with inflammatory bowel disease
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Thiopurines [azathioprine (AZA) and 6-mercaptopurine (6-
MP)] are frequently used for the treatment of inflammatory
bowel disease (IBD). Unfortunately ~10-30% of the patients
develop adverse drug reactions (1). Myelosuppression is
one of the thiopurine related side-effects observed in ~5%
of IBD patients from European descent (2-4). The course
of thiopurine-induced myelosuppression is relatively mild
but patients with this side-effect are more prone to serious
infections. It is known that genetics can explain part of the
thiopurine-induced myelosuppression.

Thiopurines need to undergo extensive metabolization
to the active metabolite 6-thioguanine nucleotides
(6-TGN) (5). Already since 1980, it is known that
genetic variants in the gene coding for thiopurine-S-
methyltransferase (TPMT), one of the enzymes in the
pathway results in an increased 6-TGN production (6).
Indeed, subsequent studies showed that these genetic
variants were linked to an increased risk of myelosuppression
(7,8). Interestingly, in the Asian population thiopurine
induced myelosuppression is not explained by genetic
variants in TPMT as these variants have a very low
frequency in this population (3% in Asians versus 10% in
Caucasians) whereas the occurrence of thiopurine-induced
myelosuppression is much higher in Asians (30-40%) (9,10).
A few years ago a hypothesis free genome-wide association
analysis (GWAS) was performed to identify genes linked to
thiopurine-induced myelosuppression in Korean patients
with IBD. The authors identified a statistically significant
association between thiopurine-induced myelosuppression

© Translational Gastroenterology and Hepatology. All rights reserved.

and a genetic variant in the nudix hydrolase 15 (NUDT1I5)
gene (11). This variant results in an amino acid substitution
at position 139 of the protein p.Argl39Cys, leading to
an absence of NUDT15 enzyme activity (12). NUDT15
hydrolysis the cytotoxic thioguanine triphosphate to the less
active thioguanine monophosphate. A decreased activity
of NUDT15 results in more incorporation of thioguanine
triphosphate into the DNA and consequently more damage
related apoptosis and toxicity. Indeed, patients carrying
the p.Arg139Cys variant in NUDT15 developed severe
myelosuppression (12).

A second GWAS focussing on patients with acute
lymphoblastic leukaemia (ALL) treated with thiopurines
substantiated the link between NUDTI5 and thiopurine
induced myelosuppression (13). This US study once more
confirmed that the genetic variant (risk allele) is present in
a relatively high frequency in patients of East Asian descent.
They observed lower allele frequencies of the NUDT15
p-Argl139Cys risk variant in Hispanics (3.9%), very low
frequencies in Europeans (0.2%) and the variant was not
observed in Africans. This suggests that thiopurine-induced
myelosuppression related to genetic variants in the NUDT15
gene is mainly relevant for those populations with a high
frequency of the risk allele. This population difference in
frequency of the variant and thus the contribution of genes
to the development of thiopurine-induced leukopenia was
the starting point of the study by Walker ez al.: Association
of genetic variants in NUDT15 with thiopurine-induced
myelosuppression in patients with IBD (14). The aim of
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the study was to investigate genetic variants contributing
to thiopurine induced myelosuppression in patients from
European descent.

Walker et 4l. used an original approach; investigation of
common genetic variants (GWAS) was combined with more
rare variants (exome-wide association analysis) (14). The
authors first performed a GWAS including 311 patients
with thiopurine-induced myelosuppression and 608 patients
treated with thiopurines without myelosuppression. This
analysis resulted in the identification of a genome wide
significant signal in the TPMT gene. The top associated
variant (rs11969064) was linked to an increased risk of
myelosuppression [OR =2.3; 95% confidence interval
(CI), 1.7-3.1]. These data confirm our knowledge that
genetic variants in 7PMT are linked to the development
of thiopurine-induced myelosuppression (6,15,16). As
in previous papers this suggests that based on analysis of
only common variants TPMT is the main predictor for
thiopurine-induced myelosuppression in Caucasians. Rare
variants were analysed, in 328 patients with thiopurine-
induced myelosuppression and 608 patients treated with
thiopurines without myelosuppression with next generation
sequencing of all coding genes in the genome (whole
exome sequencing) (14). A genetic association analysis
using these data (exome-wide association analysis) also
pointed to TPMT as predictor for thiopurine-induced
myelosuppression. In addition, a statistically significant
association was found for a genetic variant in NUDTIS.
The exome-wide association analysis was essential to
pinpoint the contribution of NUDT15 to thiopurine-
induced myelosuppression in a Caucasian population. From
previous publications it was clear that genetic variants in
the NUDTIS gene are rare in the Caucasian population.
Therefore in order to find an association with these variants
it was essential to sequence the complete NUDTI5 gene as
association with rare variants is difficult to detect using a
genome-wide association approach as such variants are not
well tagged on the arrays. Not only for this study but also
for other studies focussing on multifactorial traits it can
be of great value to investigate rare and common genetic
variants combined to get a more complete picture of the
genes contributing to the trait. Walker er 4/ investigated
a Caucasian population and were able to identify rare
genetic variants associated with thiopurine induced
myelosuppression known to be associated with the trait
in an Asian population (14). Applying similar approaches
to other populations might make the genetic basis of
thiopurine-induced myelosuppression even more complete.
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But often such approaches are challenging as most (disease)
cohorts collected focussed on specific populations (mainly
Caucasians).

Interestingly, for both the TPMT and NUDT15 genes
the authors found that the variants were overrepresented
in persons with early myelosuppression (<8 weeks of
thiopurine initiation) compared to persons that developed
myelosuppression later after treatment initiation.
Suggesting that other factors might play a role in late
onset myelosuppression. The median time to onset of
myelosuppression was 20 weeks [interquartile range (IQR)
7.6-48.3 weeks] for patients without a genetic variant in
TPMT or NUDTIS, patients with one genetic variant in
TPMT have a lower time to onset but this was not significant
[13.9 weeks (IQR 5.9-40.4 weeks)]. For patients with a
variant in NUDTIS the earlier onset of myelosuppression
was more pronounced [7.7 weeks IQR 5.7-20.0 weeks),
P=0.009]. Patient homozygous for a genetic variant in TPMT
had a lower time to myelosuppression compared to patients
heterozygous for either TPMT or NUDT15 [6.1 weeks (range,
4.2-7.6 weeks)] whereas patients with a variant in both
TPMT and NUDTIS developed a myelosuppression fastest
[2.5 weeks (range, 1.5-4.1 weeks)]. Based on the thiopurine
metabolism pathway this earlier onset of myelosuppression
in patients with variants in both genes makes sense. TPMT
and NUDT15 exert their effect at different places in the
thiopurine metabolism pathway, based on their function it
is expected that they have a synergistic effect (5). Genetic
variants resulting in a decreased TPMT activity will increase
the amount of medication that is converted to the active
metabolite 6-TGN. NUDT15 is involved in the conversion
of active metabolites to inactive metabolites and thereby
preventing incorporation of the active metabolites in the
DNA and RNA. A genetic variant resulting in a decreased
function of the NUDT15 enzyme will thus result in higher
levels of the active metabolites. Therefore it is expected
that persons with a genetic variant in both genes (TPMT
and NUDT1IY5) will have faster accumulation of the active
metabolite compared to persons with a genetic variant in
only one of the genes. Suggesting that patients with variants
in both genes should be treated with more caution.

The effect of the genetic variants in NUDTIS on
thiopurine-induced myelosuppression is also reflected in
the thiopurine dose that patients with a genetic variant
can tolerate (11,13). In patients with ALL it is shown
that persons heterozygous for the variant could tolerate a
lower thiopurine dose [63% (n=31)] than patients without
the variant [83.5% (n=624)]. The tolerated dose was, as
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expected, even lower for patients homozygous for the
variant [8.3% (n=2)] (13). These results are in line with
a study investigating the effect of the genetic variant on
the incorporation of thioguanine into the DNA (17). A
significant positive correlation was observed between
the DNA incorporated thioguanine in peripheral blood
leucocytes with 6-MP dosage. In addition, 6-mercatopurine
metabolism efficacy increased significantly with the number
of NUDTI5 defective alleles. In this same study, a mouse
model was established by introduction of a single nucleotide
insertion in Nudtl5 that abolishes the translation of mouse
NUDT15 protein. Mice homozygous for the genetic
variant (Nudtl5-/-) developed more toxicity and earlier
death after exposure to 6-MP compared to wild-type mice
(Nudtl5+/+). Lowering 6-MP dose in Nudtl5-/- mice
significantly reduced the observed toxicity. In this mouse
model leukaemia was induced, treatment with a low 6-MP
dose showed that Nudtl5-/- were completely leukaemia
free for the duration of the experiment whereas this dose
only had a minor effect on time to leukaemia onset in wild-
type mice. Wild-type mice treated with the full 6-MP dose
were also leukaemia free during the complete duration of
the experiment. All these data is in line with the observation
that patients with a genetic variant in NUDTIS develop
thiopurine-induced myelotoxicity and suggest that patients
with these genetic variants can be treated with a lower
dose. Most studies have been performed in patients with
leukaemia but it is not expected this will be different for
patients with IBD.

Three commonly observed variants in NUDTIS
p-Arg139Cys (rs116855232), p.Gly17_Val18del (rs746071566)
and p.Vall8lle (rs186364861) were recently evaluated in
a meta-analysis for their relation with thiopurine-induced
myelosuppression in patients with IBD (18). The meta-analysis
includes the results from the paper of Walker ez 4l. for the first
two variants evaluated (14). For p.Arg139Cys, the authors
could include thirteen studies (1,136 variant carriers versus
4987 patients without the variant) and showed that persons
with the variant had an statistically significant increased risk to
develop thiopurine-induced myelosuppression (OR 6.9; 95%
CIL, 5.2-9.1). Also for the other variants significant association
were observed between the variants and thiopurine induced
myelosuppression. For NUDT15 p.Gly17_Val18del an OR of
5.6 (95% CI, 2.8-11.4) was observed (97 variant carriers and
906 patients without a variant in NUDT15) and for NUDT'15
p-Vall8lle an OR of 5.6 (95% CI, 2.8-11.4, 19 patients with
the variant and 862 persons without the variant). Thus for
these three variants the association with thiopurine-induced
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myelosuppression seems clear. However, more variants
have been identified with a predicted deleterious effect on
NUDT1S5 function. For instance, Walker et 4/. identified 7 of
such variants and other studies in Caucasians have identified
even more of such very rare variants (14,19). As some variants
occur in only 1 or a few patients it is difficult to assess their
contribution to thiopurine-induced myelosuppression.
Therefore in the paper of Walker they only focussed on
variants that met genome-wide significance in their study
or variants that were associated with thiopurine-induced
myelosuppression in other studies (14). For the variants that
were not investigated in detail it is also highly likely that they
will have an effect NUDT15 protein function suggesting
that patients carrying such variants will be at higher risk to
develop thiopurine-induced myelosuppression. Another
study, investigating 107 patients (including 68 patients with
IBD) of European descent with very severe thiopurine-
induced myelosuppression identified ten genetic variants in
NUDTIS5 after sequencing the coding region of the gene (19).
Three variants were also identified by Walker ez 4. (p.Gly17_
Val18del, p.Vall8_Val19insGlyVal, p.Arg139Cys) (14). Five
of the ten variants were considered (Based on the effect of
the variant on NUDT15 protein function) to be relevant
for thiopurine-induced myelosuppression. Indicating that
by analysing more persons for genetic variation in NUDT15
even more rare genetic variants will be identified. This is
not unique for NUDT1S5 e.g., for TPMT also rare variants
have been identified in patients with thiopurine induced
myelosuppression (20,21).

Based on the study of Walker ez 4/. and also previous
literature it is clear that genetic variation in the
NUDTI5 gene also contributes to thiopurine-induced
myelosuppression in patients from non-Asian descent
(14,19). In addition substantial evidence indicates that
patients with a genetic variant in NUDT15 might be treated
safer whit a decreased thiopurine dose (12). Recently the
Clinical Pharmacogenetics Implementation Consortium
(CPIC) and the Dutch Pharmacogenetics working group
published guidelines regarding thiopurine dosing based on
TPMT and NUDTIS5 pharmacogenetics (22,23). Thus far
19 variants/variant combinations (haplotypes) have been
reported in by the Pharmacogene Variation Consortium
(PharmVar), but the effect of these on thiopurine-induced
myelosuppression is not established firmly for all haplotypes
(24). CPIC follows for NUDT15 genotype based dosing
the recommendations for TPMT as the dose a patient with
a genetic variant in NUDT15 can tolerate is highly similar
to the dose patients with TPMT variants can tolerate. For
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patients with a genetic variant in one of the NUDTI5 alleles
it is recommended to start with a dose between 30-80% of
normal whereas patients, with non-malignant conditions
(like IBD), homozygous for a genetic variant in NUDTI5
are advised to start with an alternative treatment (22). The
guidelines also indicate to even further reduce the thiopurine
dose when patients carry a genetic variant in both 7PMT and
NUDTTIS5. However, the evidence for these recommendations
is only limited as only a few patients carry a genetic variant
in both genes have been studied. In the paper of Walker
et al. it is recommended to incorporate pharmacogenetic
testing for NUDT15 in the clinical setting for patients of
European ancestry. Their study showed that the number
needed to genotype to avoid one case of thiopurine-induced
myelosuppression is 95, which is similar to the number
needed to genotype for TPMT. The authors recommend to
sequence the gene including the p.Glyl7_Vall8del. From
this statement it is not completely clear whether they suggest
to analyse the complete gene or the relevant variants included
in their subsequent analysis (p.Glyl7_Vall8del, p.Gly17_
Val18dup and p.Arg139Cys). Sequencing a complete gene
for diagnostics is relatively costly and will also lead to the
identification of genetic variants with an unknown effect,
which will make it difficult to determine an appropriate dose
for such patients. Thus analysing variants with a known
effect for which dosing guidelines are available might be
a better choice for translation of the results to the clinical
setting. Of course, there is a risk that a variant will be missed
but even though the thiopurine dose is adjusted based on
genotype patients still need to be monitored closely for the
development of thiopurine-induced myelosuppression as the
two major genes involved in this process do not explain all
cases of this side-effect.

Walker et al. confirmed that genetic variants in NUDTI5
also contributes to thiopurine-induced myelosuppression
in Caucasians (14). Their data also indicate that TPMT and
NUDTIS are the genes contributing most to thiopurine-
induced myelosuppression. However, other genes
contributing to thiopurine-induced might be identified
when analysing larger patient groups.
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