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Concise Report

Polymorphisms within the adenosine receptor 2a gene are associated
with adverse events in RA patients treated with MTX

S. L. Hider', W. Thomsonl, L. F. Mackl, D. J. Armstrongl, M. Shadforth? and I. N. Bruce'

Objective. To examine the role of adenosine receptor 2a gene (ADORA2a) polymorphisms on outcome of MTX treatment in RA.
Methods. Subjects included 309 RA patients with a defined response to MTX. Patients were included if they were (i) good responders
(n=147) (ESR <20 for >6/12 on stable dose of MTX) (ii) inefficacy failures (n=101) (physician statement and failure to reduce ESR/CRP by
20%) or (iii) adverse event (AE) failures (n=61) (verified by medical record review). AEs were sub-divided into gastrointestinal (Gl) (n=24),
abnormal LFTs (n=20) or other (n=17). 8 single nucleotide polymorphisms (SNPs) within ADORA2a were genotyped using the Sequenom
MALDI-TOF platform.

Results. Five SNPs within ADORA2a were associated with stopping MTX for AEs (OR 2.1-3.07, P<0.05 for all). Analysis by AE type
showed that the association was specific for Gl toxicity. No association was observed between ADORA2a and inefficacy outcomes.
Conclusion. Genetic variation within ADORA2a is significantly associated with AEs on MTX, specifically GI AEs. Knowledge of the
ADORA2a genotype may help to improve identification of patients at high risk of Gl toxicity with MTX.
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Introduction

Methotrexate (MTX) is a cornerstone of therapy for RA.
However, its clinical efficacy is variable, with between 46% and
65% patients gaining a 20% improvement [1, 2]. MTX has anti-
proliferative effects, via effects on purine synthesis and folate
metabolism [3]. However, this is not its only mechanism of action
in RA, since co-administration of folic acid does not significantly
reduce efficacy although it does abrogate certain adverse
effects [4].

Studies suggest that its anti-inflammatory effects are mediated
via adenosine release, a potent anti-inflammatory nucleoside [5-7].
MTX polyglutamates inhibit the action of amino-imidazole-
carboxamidoadenosine-ribonucleotide transformylase (AICAR
transformylase) more potently than enzymes involved in purine
synthesis, causing an accumulation of AICAR and its metabolites.
These inhibit adenosine deaminase and adenosine monophosphate
(AMP) deaminase, leading to increased levels of endogenous
adenosine [3, 6]. Adenosine agonists have been shown to be
effective in murine models of arthritis [§8]. Adenosine binds to
several receptor subtypes including Al, A2a, A2b and A3 [6].
Murine studies suggest a pivotal role for the A2a and A3 receptors
[8] with the administration of adenosine receptor antagonists,
caffeine and theophylline, being shown to effectively block the
effects of MTX [9]. Similarly, adenosine receptor 2a (ADORA?2a)
agonists (e.g. CGS-21680) have anti-inflammatory actions similar
to MTX [10].

There is increasing interest in the potential of pharmacogenetics
to guide therapeutic decision making. Understanding MTX
pharmacogenetics may determine as to which patients are most
likely to respond to treatment and/or which patients may be more
susceptible to toxicity. Recent reports suggest that genetic
polymorphisms within the folate pathway may influence both
MTX toxicity [11] and efficacy [12, 13]. Within newly diagnosed
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RA patients, Wessels et al. [14] demonstrated an association
between genes coding for adenosine release and good response
to MTX. In addition, they used a clinical pharmacogenetic model
to predict MTX efficacy in 205 newly diagnosed DM ARD-naive
RA patients, with 60% of patients being classified as responders
or non-responders [15], although the utility of such a model in
patients with established disease has yet to be determined. Our
aim was to examine the association between MTX outcomes in a
well-characterized group of established RA patients and single
nucleotide polymorphisms (SNPs) within the adenosine receptor
2a (ADORAZ2a) gene.

Patients and methods

Study subjects and outcomes

Patients were retrospectively recruited from two hospital centres—
the University Hospital of North Staffordshire (UHNS) and
Central Manchester and Manchester Children’s University
Hospitals Trust (CMMC). UHNS has a computerized monitoring
database which records all drug histories, blood results and
clinical correspondence for each patient. Reasons for stopping
DMARDs are also entered into this database that records all
patients treated with MTX since 1986. At CMMC, case notes were
analysed prior to all RA follow-up clinics to identify patients
exposed to MTX monotherapy. Patients were considered eligible
for inclusion if they were aged over 18 yrs, of White Caucasian
ethnic origin, classified as having RA according to ARA criteria
[16] and had one of three defined outcomes to MTX (see
subsequently). Such patients were then approached to take part
in the study, although it should be noted that only one patient
considered eligible declined to take part.

(1) MTX responder: defined as patients who fulfilled three
criteria—physician statement of good response and ESR <20
and/or normal CRP with a stable dose of MTX for at least
6 months.

(1)) MTX inefficacy: defined as physician statement of inefficacy
plus failure to reduce ESR and/or CRP by at least 20% from
baseline. Patients had to have received a minimum dose of
15 mg/week for at least 3 months.

(iii) Adverse event (AE) failure: for an AE to be attributed to
MTX it had to occur on treatment, resolve on treatment
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cessation and in the case of gastrointestinal side-effects recur
on MTX rechallenge. AEs were further divided into subtypes:

(@)
(b)

Gastrointestinal: nausea, vomiting or diarrhoea precluding
MTX continuation.

Abnormal liver function: liver transaminases > twice the
upper limit of normal on at least two occasions, or biopsy
changes suggestive of toxicity.
Other:  haematological ~AEs,
pneumonitis.

headaches, rashes

©

or

None of the patients were taking oral steroids or other
DMARDs and all patients were taking at least 5Smg folic acid
per week. Ethical approval for the study was obtained from North
Staffordshire and Central Manchester Local Research Ethics
Committees (Refs 03/20 and 03/CM/315, respectively) and all
patients provided written informed consent prior to taking part in
the study. Anonymized clinical data was abstracted from case
notes using a standard proforma by a single observer (S.L.H.).
Data collection and recruitment was completed using these pre-
defined outcomes prior to any genetic analysis taking place.

Genetic polymorphisms

SNPs within ADORA2a (Chr22q 11.2, two exons) were identified
using HapMap Phase I data and National Center for
Biotechnology Information. Eight validated SNPs with a reported
minor allele frequency (MAF) of >5% were selected (rs5760410,
rs2298383,  rs3761422, rs2267076, rs4822489, r1s2236624,
rs17650937, 1s8192446). Genotyping was performed using
MassARRAY high-throughput DNA analysis with matrix-
assisted laser desorption ionization time-of-flight (MALDI-
TOF) mass spectrometry (Sequenom, San Diego, CA, USA,
WWwWw.sequenom.com).

Statistical analysis

Quality control. Hardy—Weinberg equilibrium (HWE) was
determined using STATA v8 software (Stata Corp). SNPs were
removed from analysis using pre-defined quality control (QC)
standards (i) if deviation from HWE (P <0.05) was observed in
the responders (used as controls), (ii) if the genotyping success rate
was <85% or (iil) if the MAF within our cohort was <5%.

Single-point analysis. Genotype frequencies were compared
between the three groups using a chi-squared test, then analysed
as a nested case—control study using the responders as the referent
category. For significant results (P <0.05) 2x 2 contingency

TasLe 1. Genotype frequencies for ADORA2a SNPs
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tables were used to generate odds ratios (ORs with 95%ClIs),
based on carriage of the rare allele. For SNPs showing a
significant genotypic association (P <0.05), permutation testing
was performed to limit type II error. Empirical P-values were
generated using PLINK, a Monte Carlo-based method for
assessing significance of case—control association studies
(http://pngu.mgh.harvard.edu/~purcell/plink/). Ten thousand
simulations were performed. PLINK generates both uncorrected
(EMP1) and corrected (EMP2) empirical P-values. The corrected
empirical P-value (EMP2) calculates the proportion of permuta-
tions in which any of the test statistics exceeded that particular
observed statistic. It does not assume that the tests are
independent, but it still controls the probability of observing at
least one false positive per experiment and hence is more stringent
than the conventional EMP1 P-value. In both cases, P-values of
<0.05 were taken as significant.

Results

We studied 309 RA patients (for clinical data, see
supplementary table 1, available as supplementary data at
Rheumatology Online), including 147 good responders, 101
inefficacy failures and 61 AE failures. The AEs included
gastrointestinal (n=24), abnormal liver function tests (n=20)
and other (n=17, including haematological (n=7) and skin
rashes (n=0).

Of the eight SNPs tested within ADORA2a, three failed
QC (rs4822489 [genotyping success <85%, rs8192446 (non-
polymorphic) and rs17650937 (MAF <5%)] leaving five SNPs
for further analysis. These SNPs provided 100% pairwise cover-
age of the ADORA2a gene based on HapMap Phase I data (for
linkage disequilibrium data, see supplementary table 2, available
as supplementary data at Rheumatology Online). There was a
significant difference across the three outcome groups for SNPs
rs3761422 and rs2236624 (Table 1). All five SNPs were
significantly associated with AEs (Table 1). Even applying the
more stringent corrected permutation P-values (EMP2 in
Table 1); two of the SNPs remained significantly associated with
AEs. The AE group was then stratified by type and a consistent
association was observed between gastrointestinal (GI) AEs and
all five SNPs (Table 1). After corrected permutation P-values were
applied, one SNP (rs3761422) remained significant and two other
SNPs were borderline (rs5760410 and rs2298383, P=0.06 for
each). Table 2 illustrates the odds of having any AE (or GI AE)
compared with responders with carriage of the variant allele.
Overall, these SNPs were significantly associated with any AEs at
all five loci (OR 2.1-3.07, P <0.05 for all). In subgroup analysis,

Responders vs AEs Responders vs Gl AEs

R IE AE R vs IE Genotype
Genotype (% success) n (%) n (%) n (%) Global chi P P EMP1 EMP2 Gl AE n (%) P EMP1 EMP2
rs 5760410 (85.1) AA 38 (31) 26 (30) 7 (13) 0.09 0.75 0.033 0.03 0.1 2(9) 0.03 0.02 0.06
AG 63 (52) 43 (49) 37 (69) 12 (56)
GG 20 (17) 18 (21) 10 (19) 8 (36)
rs 2298383 (92.6) CcC 53 (38) 37 (40) 12 (22) 0.12 0.87 0.04 0.04 0.1 4 (19) 0.03 0.02 0.06
CT 71 (52) 45 (48) 32 (58) 11 (52)
TT 14 (10) 11 (12) 11 (20) 6 (29)
rs 3761422 (94.8) CcC 62 (44) 39 (42) 16 (27) 0.05 0.87 0.012 0.01 0.03 7 (29) 0.001 0.002 0.004
CT 68 (48) 45 (48) 31 (53) 9 (38)
TT 11 (8) 9 (10) 12 (20) 8 (33)
rs 2267076 (95.4) CcC 68 (49) 44 (45) 18 (31) 0.12 0.88 0.036 0.03 0.1 8 (35) 0.05 0.04 0.1
CT 59 (42) 44 (45) 29 (50) 9 (39)
TT 13 (10) 9(9) 11 (19) 6 (26)
rs 2236624 (95.1) CcC 86 (62) 57 (59) 22 (37) 0.02 0.39 0.004 0.004 0.01 9 (38) 0.05 0.03 0.1
CT 44 (32) 36 (38) 33 (56) 11 (46)
TT 9 (6) 3(3) 4(7) 4 (17)

The table illustrates the genotype frequencies for the ADORA2a SNPs together with chi-squared results among the three groups, and responders (R) vs inefficacy (IE) and then AEs. All data
is presented as n (%). The results of the permutation testing are displayed as with uncorrected P-values (EMP1) and with the permuted P-values corrected for the number of tests performed (EMP2).
Data is then presented for Gl AEs compared with responders, again with uncorrected P-value, and then EMP1 and EMP2.
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ADORA2a and adverse events on MTX

TasLE 2. Odds of AEs and Gl AEs with carriage of the ADORA2a variant allele

Carriage of variant allele (1 or 2 copies)

Any AE Gl AE
SNP OR (95% ClI) P OR (95% ClI) P
rs 5760410 3.07 (1.22, 8.76) 0.01 4.58 (1.01, 42.05) 0.03
rs 2298383 2.23 (1.08, 5.07) 0.03 2.65 (0.8, 11.35) 0.09
rs 3761422 2.11 (1.04, 4.39) 0.02 1.91 (0.69, 5.77) 0.17
rs 2267076 2.1 (1.05, 4.27) 0.023 1.77 (0.65, 5.13) 0.22
rs 2236624 2.73 (1.4, 5.39) 0.002 2.7 (1.02, 7.49) 0.04

carriage of the variant allele was significantly associated with GI
AEs at two of the five loci. Although the numbers are small,
homozygosity of the variant allele was associated with GI AEs at
four loci (OR 2.9-5.9, P <0.05).

Discussion

A key anti-inflammatory mechanism of MTX is via the release of
adenosine acting at several receptors. Our analysis demonstrates
an association between five SNPs in the ADORA2a gene and AEs
(specifically GI) on MTX. No association was observed between
ADORAZ2a polymorphisms and MTX inefficacy. While this is the
first study of ADORAZ2a receptor polymorphisms in RA, others
have shown associations between ATIC polymorphisms and AEs
on MTX [14], specifically GI AEs [11] supporting the concept that
the adenosine pathway is important in determining AEs on MTX.

There are several possible mechanisms for MTX-induced GI
AEs such as nausea. First, it may be due to local anti-proliferative
effects on gut tissue, although the risk of this is reduced by
co-prescription of folic acid, which all of our patients received.
Alternatively, MTX-induced nausea may be due to sensitization
of central chemoreceptors. MTX-associated nausea may be
treated using SHT3 antagonists, such as ondansetron and
granisetron, which act via central nervous system (CNS) receptors
around the basal ganglion [17, 18]. It is of interest that the
ADORAZ2a receptor is strongly expressed within the CNS,
especially around the basal ganglia [19]. Our study raises the
hypothesis that central sensitization to MTX limits its tolerability
and that variation in the ADORA?2a receptor may mediate this.
Further studies are now needed, both to replicate our findings and
to examine the mechanisms behind this observation. ADORA2a
polymorphisms have previously been associated with panic
disorder [20] and anxiety response to amphetamine [21] again
suggesting important central effects of this receptor.

There are several strengths and weaknesses of the study which
need to be considered when interpreting the results. With regard
to study design, patients were identified retrospectively and our
phenotypes were pre-defined using data that was available on all
patients (thus ESR and CRP were used as surrogates for defining
response rather than formal joint counts that were not available
for all patients). Clearly drug response is a spectrum, and in a
prospective design, a composite measure of response such as the
disease activity score 28 (DAS28) would be preferable. However,
our patient populations were selected on the basis of pre-defined,
well-characterized phenotypes in an attempt to minimize variation
in the clinical phenotype and improve our ability to detect
important genetic effects.

Establishing causality of AEs is difficult, and therefore we
chose to recruit only patients with AEs severe enough to require
treatment cessation so that those recorded were likely to be
correctly attributable to the MTX. We recognize that other factors
(both clinical and psychosocial) may influence both the likelihood
of and reporting of AEs. As the majority of patients were
monitored in hospital we feel that significant AE unreporting is
unlikely. Further studies are, however, needed to determine the
positive predictive value of these polymorphisms and determine
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whether there is any association with patients who experience but
tolerate milder AEs.

A key limitation of our study is the small numbers in each
group. However, this cohort is one of the largest studied to date in
the context of RA MTX pharmacogenetics. Importantly, the
observed associations remained significant after permutation
testing, suggesting that the findings are robust and not simply
due to Type II error. Nevertheless, given the size of the cohort we
felt that further haplotype analysis was not appropriate. However,
given that the SNPs are in relatively strong linkage disequilibrium
it is difficult to separate the effects and determine which is the
functionally relevant SNP. To date the functional effects of these
SNPs are not known. Further work is therefore required both to
replicate these findings and determine the functional effect of
these polymorphisms.

In summary, we report a novel association between ADORA?2a
polymorphisms and AEs in MTX-treated RA patients.
Specifically, associations were observed between several
ADORAZ2a SNPs and GI AEs on MTX. These results support
the work of others suggesting that the outcome of MTX therapy is
in part, genetically determined. Further studies are required to
confirm and refine these observations and examine the pragmatic
value of pharmacogenetic testing in RA patients commencing
therapy with MTX.

Rheumatology key messages

e Polymorphisms within ADORA2a are associated with Gl AEs on
MTX therapy.

e Knowledge of the ADORA2a genotype may help identify patients
at high risk of Gl toxicity with MTX.

Acknowledgements

Funding: This study has been funded by the Arthritis Research
Campaign, UK.

Disclosure statement. D.J.A. has received honoraria for speaking
at meetings from Roche, Pfizer and Merck Sharp & Dohme. All
other authors have declared no conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology Online.

References

1 Bathon JM, Martin RW, Fleischmann RM et al. A comparison of etanercept and
methotrexate in patients with early rheumatoid arthrits. N Engl J Med
2000;343:1586—-93.

2 Strand V, Cohen S, Schiff M et al. Treatment of active rheumatoid arthritis with
leflunomide compared with placebo and methotrexate. Leflunomide Rheumatoid
Arthritis Investigators Group 5. Arch Intern Med 1999;159:2542-50.

3 Chan ESL. Cronstein BN. Molecular action of methotrexate in inflammatory
diseases. Arthritis Res 2002;4:266—-73.

4 van Ede AE, Laan RF, Rood MJ et al. Effect of folic or folinic acid supplementation on
the toxicity and efficacy of methotrexate in rheumatoid arthritis: a forty-eight week,
multicenter, randomized, double-blind, placebo-controlled study. Arthritis Rheum
2001;44:1515-24.

5 Cronstein BN, Eberle MA, Gruber HE, Levin RI. Methotrexate inhibits neutrophil
function by stimulating adenosine release from connective tissue cells. Proc Natl
Acad Sci USA 1991;88:2441-5.

6 Cutolo M, Sulli A, Pizzorni C, Seriolo B, Straub RH. Anti-inflammatory mechanisms of
methotrexate in rheumatoid arthritis. Ann Rheum Dis 2001;60:729-35.

7 Riksen NP, Barrera P, van den Broek PH, van Riel PL, Smits P, Rongen GA.
Methotrexate modulates the kinetics of adenosine in humans in vivo. Ann Rheum Dis
2006;65:465-70.

8 Montesinos MC, Desai A, Delano D et al. Adenosine A2A or A3 receptors are
required for inhibition of inflammation by methotrexate and its analog MX-68. Arthritis
Rheum 2003;48:240-7.

9T0Z ‘9T Jequieides uo A1seAIUN 3RS BlURA|ASULRH Te /610°sfeulno[pio jxoABo jorewnayl//:dny wody papeoumoq


http://rheumatology.oxfordjournals.org/

40of 4

9 Montesinos MC, Yap JS, Desai A, Posadas |, McCrary CT, Cronstein BN. Reversal
of the antiinflammatory effects of methotrexate by the nonselective adenosine
receptor antagonists theophylline and caffeine: evidence that the antiinflammatory
effects of methotrexate are mediated via multiple adenosine receptors in rat adjuvant
arthritis. Arthritis Rheum 2000;43:656—-63.

10 Fortin A, Harbour D, Fernandes M, Borgeat P, Bourgoin S. Differential expression of
adenosine receptors in human neutrophils: up-regulation by specific Th1 cytokines
and lipopolysaccharide. J Leukoc Biol 2006;79:574-85.

11 Weisman MH, Furst DE, Park GS et al. Risk genotypes in folate-dependent enzymes
and their association with methotrexate-related side effects in rheumatoid arthritis.
Arthritis Rheum 2006;54:607—-12.

12 Dervieux T, Kremer J, Lein DO et al. Contribution of common polymorphisms
in reduced folate carrier and gamma-glutamylhydrolase to methotrexate
polyglutamate levels in patients with rheumatoid arthritis. Pharmacogenetics
2004;14:733-9.

13 Dervieux T, Furst D, Lein DO et al. Pharmacogenetic and metabolite measurements
are associated with clinical status in patients with rheumatoid arthritis treated with
methotrexate: results of a multicentred cross sectional observational study. Ann
Rheum Dis 2005;64:1180-5.

14 Wessels JA, Kooloos WM, De JR et al. Relationship between genetic variants in the
adenosine pathway and outcome of methotrexate treatment in patients with recent-
onset rheumatoid arthritis. Arthritis Rheum 2006;54:2830-9.

15

16

20

21

S. L. Hider et al.

Wessels JA, van der Kooij SM, le CS et al. A clinical pharmacogenetic model to
predict the efficacy of methotrexate monotherapy in recent-onset rheumatoid
arthritis. Arthritis Rheum 2007;56:1765-75.

Arnett FC, Edworthy SM, Bloch DA et al. The American Rheumatism Association
1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum
1988;31:315-24.

Devlin J, Wagstaff K, Arthur V, Emery P. Granisetron (Kytril) suppresses
methotrexate-induced nausea and vomiting among patients with inflamma-
tory arthritis and is superior to prochlorperazine (Stemetil). Rheumatology 1999;
38:280-2.

Sanger GJ, Andrews PL. Treatment of nausea and vomiting: gaps in our knowledge.
Auton Neurosci 2006;129:3-16.

Fredholm BB, IJzerman AP, Jacobson KA, Klotz KN, Linden J. International Union of
Pharmacology. XXV. Nomenclature and classification of adenosine receptors.
Pharmacol Rev 2001;53:527-52.

Hamilton SP, Slager SL, De Leon AB et al. Evidence for genetic linkage between a
polymorphism in the adenosine 2A receptor and panic disorder.
Neuropsychopharmacology 2004;29:558-65.

Hohoff C, McDonald JM, Baune BT, Cook EH, Deckert J, de WH. Interindividual
variation in anxiety response to amphetamine: possible role for adenosine
A2A receptor gene variants. Am J Med Genet B Neuropsychiatr Genet
2005;139:42—4.

9T0Z ‘9T Jequieides uo A1seAIUN 3RS BlURA|ASULRH Te /610°sfeulno[pio jxoABo jorewnayl//:dny wody papeoumoq


http://rheumatology.oxfordjournals.org/

