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HLA-A 31:01 is not associated with the 
development of methotrexate pneumonitis in 
the UK population: results from a genome-wide 
association study

We read with interest the article by Furukawa et al1 suggesting an 
association between HLA-A 31:01 and methotrexate (MTX)-in-
duced interstitial lung disease (ILD) in Japanese patients with 
rheumatoid arthritis (RA). MTX-ILD or MTX-pneumonitis 
(MTX-P) is an idiosyncratic hypersensitivity reaction to MTX 
that usually occurs within the first year of MTX therapy, 
inducing inflammation, cytokine release and the activation of 
CD4+ T-lymphocytes within the lung parenchyma,2–4 with 
a reported prevalence of 1% of the Caucasian RA population 
prescribed MTX.5

To investigate this association further, we conducted a 
genome-wide association study. Rheumatologists working 
within the National Health Service in the UK identified 
Caucasian patients with RA, who developed clinician diag-
nosed MTX-P (n=65). Caucasian controls, matched for age 
and gender, were identified from a prospective observational 
cohort study of patients starting MTX (n=195). In order to 
be eligible, controls were required to have 1 year of contin-
uous MTX therapy without the development of MTX-P. 
Assuming HLA-A 31:01 prevalence of 3.6% in the European 
Caucasian population,6 this provided 80% power to detect 
an OR of 3.0. Genotyping was performed using the Illumina 
Infinium HumanCoreExome 12 BeadChip genome-wide array 
(Illumina, San Diego, USA); HLA-A 31:01 was imputed using 
SNP2HLA7 and a subset of samples (n=24) were directly 
genotyped for the allele using an established wet-lab technique 
described previously.8

Following quality control, data for 62 cases and 175 
controls remained. HLA-A 31:01 was not associated with 
MTX-P in this cohort (p=0.21). Wet-lab genotyping of a 
subset of samples confirmed concordance with in silico impu-
tation (κ=1.00). One locus, rs6593803 mapping to an inter-
genic region between the GJA5 and ACP6 genes, was associ-
ated with MTX-P, however, the results did not reach genome-
wide significance thresholds for claims of confirmed associa-
tion (p=1.85×10−7, OR=3.13).9 Nonetheless, rs6593803 is 
known to affect the expression of GJA5.10 GJA5 is a member of 
the connexin gene family and the resulting protein is connexin 
40. The connexin 40 protein is a component of gap junc-
tions that act at sites of cell–cell contact allowing diffusion of 
signalling molecules between cells.11 Transgenic mice deficient 
in connexin 40 and 43 (cx40−/−/cx43−/−) have a reduced life 
span due to lung abnormalities including pulmonary fibrosis, 
alveolar wall thickening and increased lung fibroblasts,12 
histopathological findings similar to MTX-P.13

In summary, we have found no evidence of association 
between HLA-A 31:01 and MTX-P in a European population. 
Three loci reached suggestive evidence for association with 
MTX-P (rs6593803 (p=1.85×10−7, OR=3.13), rs9299346 
(p=1.76×10−6, OR=2.76) and rs1624005 (p=6.54×10−6, 
OR=2.59)), but further studies with larger numbers of patients 
with this rare disease are required to confirm these non-HLA 
associations with MTX-P.

James Bluett,1 Sally-Ann Owen,1 Jonathan Massey,1 Ana Alfirevic,2 
Munir Pirmohamed,2 Darren Plant,3 Suzanne M M Verstappen,4 
Anne Barton1,3

1Arthritis Research UK Centre for Genetics and Genomics, Centre for Musculoskeletal 
Research, The University of Manchester, Manchester, UK
2Department of Molecular and Clinical Pharmacology, The Wolfson Centre for 
Personalised Medicine, Institute of Translational Medicine, University of Liverpool, 
Liverpool, UK
3NIHR Manchester Musculoskeletal Biomedical Research Unit, Central Manchester 
NHS Foundation Trust, Manchester Academic Health Science Centre, Manchester, UK
4Arthritis Research UK Centre for Epidemiology, Centre for Musculoskeletal Research, 
The University of Manchester, Manchester, UK

Correspondence to Dr James Bluett, Arthritis Research UK Centre for Genetics 
and Genomics, Centre for Musculoskeletal Research, The University of Manchester, 
Manchester, UK;  james. bluett@ manchester. ac. uk

Contributors JB recruited patients, NHS sites, co-conducted the GWAS and 
analysis. S-AO applied to the ethics committee, recruited patients and NHS sites. JM 
co-conducted the GWAS and analysis. AA co-genotyped the HLA 31:01. MP co-wrote 
the article. SMMV is PI of the control cohort. AB is the PI of the cases cohort.

Competing interests None declared.

Ethics approval National Research Ethics Service, NRES Comittee North West, 
Greater Manchester Central.

Provenance and peer review Not commissioned; internally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

To cite Bluett J, Owen S-A, Massey J, et al. Ann Rheum Dis Published Online First: 
[please include Day Month Year]. doi:10.1136/annrheumdis-2017-211512

 ► http:// dx. doi. org/ 10. 1136/ annrheumdis- 2017- 211518

Ann Rheum Dis 2017;0:1. doi:10.1136/annrheumdis-2017-211512

REFERENCES
 1 Furukawa H, Oka S, Shimada K, et al. HLA-A*31:01 and methotrexate-induced 

interstitial lung disease in Japanese rheumatoid arthritis patients: a multidrug 
hypersensitivity marker? Ann Rheum Dis 2013;72:153–5.

 2 Clarysse AM, Cathey WJ, Cartwright GE, et al. Pulmonary disease complicating 
intermittent therapy with methotrexate. JAMA 1969:209:1861–8.

 3 Lateef O, Shakoor N, Balk RA. Methotrexate pulmonary toxicity. Expert Opin Drug Saf 
2005;4:723–30.

 4 Kremer JM, Alarcón GS, Weinblatt ME, et al. Clinical, laboratory, radiographic, and 
histopathologic features of methotrexate-associated lung injury in patients with 
rheumatoid arthritis: a multicenter study with literature review. Arthritis Rheum 
1997;40:1829–37.

 5 Sathi N, Chikura B, Kaushik VV, et al. How common is methotrexate pneumonitis? A 
large prospective study investigates. Clin Rheumatol 2012;31:79–83.

 6 Pingel J, Solloch UV, Hofmann JA, et al. High-resolution HLA haplotype frequencies 
of stem cell donors in Germany with foreign parentage: how can they be used to 
improve unrelated donor searches? Hum Immunol 2013;74:330–40.

 7 Jia X, Han B, Onengut-Gumuscu S, et al. Imputing amino acid polymorphisms in 
human leukocyte antigens. PLoS One 2013;8:e64683.

 8 McCormack M, Alfirevic A, Bourgeois S, et al. HLA-A*3101 and carbamazepine-
induced hypersensitivity reactions in Europeans. N Engl J Med 2011:364:1134–43.

 9 Bluett J, Riba-Garcia I, Hollywood K, et al. A HPLC-SRM-MS based method 
for the detection and quantification of methotrexate in urine at doses used in 
clinical practice for patients with rheumatological disease: a potential measure of 
adherence. Analyst 2015:140:1981–7.

 10 Grundberg E, Small KS, Hedman ÅK, et al. Mapping Cis- and trans-regulatory effects 
across multiple tissues in twins. Nat Genet 2012;44:1084–9.

 11 Söhl G, Willecke K. Gap junctions and the connexin protein family. Cardiovasc Res 
2004;62:228–32.

 12 Koval M, Billaud M, Straub AC, et al. Spontaneous lung dysfunction and fibrosis 
in mice lacking connexin 40 and endothelial cell connexin 43. Am J Pathol 
2011;178:2536–46.

 13 Imokawa S, Colby TV, Leslie KO, et al. Methotrexate pneumonitis: review of 
the literature and histopathological findings in nine patients. Eur Respir J 
2000;15:373–81.

Correspondence
 ARD Online First, published on May 12, 2017 as 10.1136/annrheumdis-2017-211512

Copyright Article author (or their employer) 2017. Produced by BMJ Publishing Group Ltd (& EULAR) under licence. 

group.bmj.com on May 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/
http://www.eular.org/
http://dx.doi.org/10.1136/annrheumdis-2017-211518
http://dx.doi.org/10.1136/annrheumdis-2012-201944
http://dx.doi.org/10.1001/jama.1969.03160250017003
http://dx.doi.org/10.1517/14740338.4.4.723
http://dx.doi.org/10.1002/art.1780401016
http://dx.doi.org/10.1007/s10067-011-1758-6
http://dx.doi.org/10.1016/j.humimm.2012.10.029
http://dx.doi.org/10.1371/journal.pone.0064683
http://dx.doi.org/10.1056/NEJMoa1013297
http://dx.doi.org/10.1039/C4AN02321H
http://dx.doi.org/10.1038/ng.2394
http://dx.doi.org/10.1016/j.cardiores.2003.11.013
http://dx.doi.org/10.1016/j.ajpath.2011.02.045
http://dx.doi.org/10.1034/j.1399-3003.2000.15b25.x
http://ard.bmj.com/
http://group.bmj.com


genome-wide association study
the UK population: results from a
development of methotrexate pneumonitis in 
HLA-A 31:01 is not associated with the

Pirmohamed, Darren Plant, Suzanne M M Verstappen and Anne Barton
James Bluett, Sally-Ann Owen, Jonathan Massey, Ana Alfirevic, Munir

 published online May 12, 2017Ann Rheum Dis 

 12
http://ard.bmj.com/content/early/2017/05/11/annrheumdis-2017-2115
Updated information and services can be found at: 

These include:

References

 #BIBL12
http://ard.bmj.com/content/early/2017/05/11/annrheumdis-2017-2115
This article cites 13 articles, 3 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on May 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/content/early/2017/05/11/annrheumdis-2017-211512
http://ard.bmj.com/content/early/2017/05/11/annrheumdis-2017-211512
http://ard.bmj.com/content/early/2017/05/11/annrheumdis-2017-211512#BIBL
http://ard.bmj.com/content/early/2017/05/11/annrheumdis-2017-211512#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://ard.bmj.com/
http://group.bmj.com

