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Abstract

Objective—To identify genetic associations with severity of radiographic damage in ankylosing
spondylitis (AS).

Method—We studied 1537 AS cases of European descent; all fulfilled the modified New York
Criteria. Radiographic severity was assessed from digitised lateral radiographs of the cervical and
lumbar spine using the modified Stoke Ankylosing Spondylitis Spinal Score (MSASSS). A two-
phase genotyping design was used. In phase 1, 498 single nucleotide polymorphisms (SNPs) were
genotyped in 688 cases; these were selected to capture >90% of the common haplotypic variation
in the exons, exon—intron boundaries, and 5 kb flanking DNA in the 5" and 3’ UTR of 74 genes
involved in anabolic or catabolic bone pathways. In phase 2, 15 SNPs exhibiting p<0.05 were
genotyped in a further cohort of 830 AS cases; results were analysed both separately and in
combination with the discovery phase data. Association was tested by contingency tables after
separating the samples into ‘mild’ and ‘severe’ groups, defined as the bottom and top 40% by
mMSASSS, adjusted for gender and disease duration.

Results—Experiment-wise association was observed with the SNP rs8092336 (combined OR
0.32, p=1.2x107°), which lies within RANK (receptor activator of NF«B), a gene involved in
osteoclastogenesis, and in the interaction between T cells and dendritic cells. Association was also
found with the SNP rs1236913 in PTGSL (prostaglandin-endoperoxide synthase 1,
cyclooxygenase 1), giving an OR of 0.53 (p=2.6x1073). There was no observed association
between radiographic severity and HLA-B*27.

Conclusions—These findings support roles for bone resorption and prostaglandins pathways in
the osteoproliferative changes in AS.

INTRODUCTION

Ankylosing spondylitis (AS) is a highly heritable, polygenic disease; heritability estimates
for susceptibility to AS are more than 90%.12 Similarly there is also a major genetic
contribution to disease severity in AS. The heritability of the commonly used disease
severity metrics—Bath AS Disease Activity Index (BASDAI) and Bath AS Functional
Index (BASFI)—have been estimated at 51% and 68%,3 respectively, and that of the Bath
AS Radiological Index (BASRI) at 62%.4

To date, 34 loci have been identified that affect disease susceptibility to AS using case—
control studies either with genome-wide genotyping microarrays®~’ or with the custom-
designed Immunochip.8 There is substantial interest in identifying whether any of these
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genetic polymorphisms affect clinical or radiographic severity in AS. Only polymorphisms
in the MHC and in ERAP1 have so far been reported in more than one study to affect
clinical or radiographic severity.9-13 Several other studies have reported other genetic
polymorphisms that correlate with disease or radiographic severity, but none have been
replicated to date.

In this study, we have tested whether variants in genes involved in anabolic or catabolic
bone pathways are associated with radiographic severity in AS. To measure radiographic
severity, we used the modified Stoke Ankylosing Spondylitis Spinal Score (MSASSS),14
which provides an objective quantitative measure of radiographic change in patients with
AS. It scores radiographic changes (erosion, sclerosis, squaring syndesmophytes) at 24
vertebral corners equally distributed between the cervical and lumbar spine. The mMSASSS
correlates moderately well with other disease severity measurements like the BASFI and can
be used to predict BASFI.15

PATIENTS AND METHODS

Patients

All patients had definite AS according to the modified New York criteria.18 For the
discovery phase, patients were recruited at one of seven clinics in Australia, UK and USA,
participating in the Australo-Anglo-American Spondyloarthritis Consortium (TASC), and
for the replication phase patients were recruited from two clinics in Canada and Australia,
participating in the TASC or Spondyloarthritis Research Consortium of Canada (SPARCC).
Written informed consent was obtained from all cases with approval from the relevant
research ethics authorities at each participating centre.

Radiographic scoring

The mSASSS was used to assess radiographic severity in AS.14 Each radiograph used in the
discovery and the replication phase was scored by one expert reader (MAB, TJL, MS,
MMW, MHW, WPM and RDI). To assess the inter-reader variability, we selected 22
radiographs, a cross-sectional set from 10 patients and a longitudinal set of radiographs
(including two time points) from each of six patients. We asked four of the readers (MAB,
TJL, MMW and MHW) to score each set of radiographs. Longitudinal radiographs were
scored blinded to time point. We estimated the inter-reader agreement using Fleiss’ x
statistic and pairwise mSASSS correlations. Inter-reader reliability was also assessed in two
modified versions of the mSASSS to investigate whether inter-reader agreement improves
with such modifications. These modifications removed squaring, sclerosis and erosion
(score of 1) from the mSASSS, as assessing these features, particularly in the cervical spine,
is unreliable and likely to contribute to variation in mSASSS among readers.}” Further,
while the transition from non-bridging to bridging syndesmophytes is well established,
whether squaring, sclerosis or erosions are precursors of non-bridging syndesmophytes is
less well established. In version A, which we designated mSASSS 012, we collapsed
classical mMSASSS of 3 (denoting bridging syndesmophyte) to 2, scores of 2 (denoting
presence of non-bridging syndesmophyte) to 1 and scores of 1 (denoting squaring, sclerosis
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or erosion) to 0. In version B, which we designated mSASSS_01, we collapsed classical
mSASSS of 3 and 2 to 1 and scores of 1 to 0.

DNA was available from 688 cases who were scored using the mSASSS. Single nucleotide
polymorphism (SNP) marker sets were designed to capture over 90% of the common
haplotypic variation in the exons, exon—intron boundaries and 5 kb of the 5" and 3’ UTR
flanking 74 genes involved in anabolic or catabolic bone pathways. Genes were selected on
the basis of their being key components of known bone anabolic or bone resorptive
pathways, focusing on pathways identified in studies of AS itself (including studies in
humans and mouse models), and of genes associated with variation in bone mineral density.
Genes demonstrated to be associated with susceptibility to AS were also selected. This was
based on the published literature (February 2009). Pairwise tagSNP selection was performed
using HapMap Phase 218 and data analysed using Haploview,1° with a linkage
disequilibrium threshold of 0.8. We selected 498 SNPs, which were genotyped using the
Applied Biosystems OpenArray platform (Foster City, California, USA). In a second phase,
15 SNPs achieving p<0.05 were genotyped in a replication cohort comprising 830 patients
from Canada and Australia, also using the Applied Biosystems OpenArray platform.
Genotyping of HLA-B* 27 was inferred from the tagSNP rs116488202 in the Illumina
Immunochip platform?0 as part of a case—control study described elsewhere.8 This SNP has
>98% sensitivity and specificity for typing HLA-B*27.

analysis

Association analysis was performed by identifying patients with severe radiographic
changes (cases) and comparing them with those who had mild radiographic changes
(controls). For each patient, the most recent radiograph was analysed. In the event that either
the cervical or the lumbar radiograph showed fusion in all vertebra (mSASSS of 36) the
earlier radiograph without the maximum score was used. Radiographic scores were
corrected for disease duration, gender and the interaction between disease duration and
gender by linear regression. Residual values were computed from the fitted model, and
subjects were dichotomised as having mild radiographic changes (lowest 40%) or severe
radiographic changes (upmost 40%). This dichotomisation permitted the analysis of the data
as a case—control study and the selection of patients with a more extreme phenotype while
maximising the power of the study (see power calculation in ‘Methods”) and minimising the
number of subjects excluded from the study (20% of radiographs with residual values
around the median). Genotype associations were then performed with the allelic test (d.f. 1)
in PLINK.2L

For the replication phase, genotype and phenotype data were analysed as for the discovery
phase. Results from both phases were then combined using fixed-effects meta-analysis.

Power calculation

We determined the power of our association study to identify genetic effects for
radiographic changes by simulation. Power was estimated for a range of minor allele
frequencies and effect sizes (assuming an additive effect), and from these simulations the
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optimal cut-off for dichotomising the data into subjects with severe and mild radiographic
changes was determined.

For each simulation, we assumed a causal SNP with minor allele frequency between 0.02
and 0.50 with an additive genetic effect size ranging between 0.1 and 9.0 mSASSS units per
minor allele, and a dichotomising cut-off threshold assigning the bottom or top 10, 20, 30
and 40% of the simulated films as having mild or severe radiographic changes, respectively.
In each combination of allele frequency, effect size and dichotomising threshold, we
simulated 1222 radiographic entries, where we independently sampled residuals, disease
duration and gender from the total set of radiographs. Genotypes for the simulations were
sampled from a Bernoulli random variable with allele frequency fixed for each simulation.
For each simulated entry, we predicted the mSASSS with the regression model generated
with the complete set of radiographs and generated an mSASSS with a genetic effect by
adding the predicted score, the sampled residual and the genetic effect given by the additive
effect size and the simulated genotyped for that entry. Simulated entries where by chance the
mMSASSS with the genetic effect had values below 0 or above 72 were removed from the
simulations. Simulated entries were then dichotomised into subjects with severe
radiographic changes and those with mild radiographic changes based on the specified
thresholds. A contingency table was generated with the simulated genotypes and the
dichotomised mSASSS, and an association test was performed with Fisher’s exact test. The
simulation was repeated 10 000 times for each combination of parameters, and power was
determined by the proportion of times the p value for the association test was below
significance (a=0.05).

Characteristics of the study patients

A total of 2144 patients were enrolled and scored either by five different clinicians from the
TASC (n=5) or by two investigators from the SPARCC consortium (table 1). The mean
disease duration at baseline for the combined cohort was 20.2 years, which was greater in
men than in women (20.6 vs 19.2 years; p=0.03, two-sided t test).

Reliability analysis

Twenty-two radiographs were scored by four TASC readers, and comparison was performed
with different metrics. Assessment of scores assigned to each vertebral corner demonstrated
moderate agreement (k>0.41) for all but T1 upper, where only slight agreement was
observed (see online supplementary table S1). At this corner, we also observed the lowest
rate of complete agreement between the four readers in the 22 radiographs and the largest
proportion of radiographs where there was no agreement whether the site could be scored or
not (in 8 out of 19 films at least one reader assigned a ‘not visualised’ score while at least
one reader scored the site). Rates of complete agreement increased substantially from an
average of 69.7% to 81.4% when collapsing the scores to mSASSS_012, but only
marginally improved to an average of 83.5% when collapsing the scores to mSASSS_01.
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Pairwise correlations between cervical, lumbar and total mSASSS were all found to be high
between readers (=0.90, see online supplementary table S2). Higher correlations were
obtained for the lumbar spine than for the cervical spine, consistent with other reported
comparisons. Collapsing the scores did not result in higher correlations between readers
(data not shown).

The modified mSASSS were highly correlated with the mSASSS (r2>0.96) and associated
with disease duration and with the disease severity measurement of spinal mobility Bath
Ankylosing Spondylitis Metrology Index (r=0.79 with mSASSS_012 and mSASSS_01).

Radiographic severity is associated with clinical variables

Association

Disease duration and gender, and its interaction, were found to be strongly associated with
radiographic severity in AS (table 2), with radiographic damage progressing faster in men
than in women (table 2, figure 1). For total mSASSS, among men the mean rise was 0.85
mMSASSS units per year, while among women the mean rise was 0.45 mSASSS units per
year.

analysis

In total, 463 of 498 markers passed quality control filters (<10% missingness, Hardy—
Weinberg equilibrium p <5x1073); the mean call rate per SNP and sample was above 99%.
As shown in figure 2, the statistical power to detect an association was maximal when score
residuals were dichotomised into the lower 40% (‘mild’ radiographic change) and upper
40% (“severe’ radiographic change). For markers with a minor allele frequency of 0.2 and
significance threshold of p=0.05, the study had 80% power to detect a difference of 3.1 in
MSASSS between these two arms.

Of the 15 SNPs carried forward into phase 2, 11 were successfully genotyped, 2 of which
achieved replication of the discovery phase findings. The SNP rs8092336 achieved
experiment-wide significance with the total mSASSS in phase 1 (p<1x10~*; based on a
Bonferroni correction for 463 independent tests) and was replicated in phase 2 (total
MSASSS, Preplication=0-02; Pcombined 1.2x1075, OR (95% CI)=0.31 (0.19 to 0.53)) (table 3; a
complete list of results for all SNPs in the discovery phase is presented in online
supplementary table S3). The minor allele of this SNP was found to have a moderate
protective effect on radiographic severity in the cervical (Pcombined-=0.03) and lumbar
(Pcombined=0-02) MSASSS components. In the discovery cohort, patients with at least one
copy of the minor allele had lower total mMSASSS at baseline (p=0.05, single-sided t test,
median difference in mSASSS of 3) (figure 3). This SNP represents a synonymous base
change in the receptor activator of nuclear factor B gene (RANK), also known as tumour
necrosis factor receptor superfamily, member 11a (TNFRSF11A).

A further SNP, rs1236913, showed a protective association in phase 1 (p=0.04), phase 2
(p=3x1073) and combined (OR (95% CI1)=0.53 (0.35 to 0.80), p=2.6x103). This SNP lies in
PTGSL, encoding Prostaglandin-Endoperoxide Synthase 1, also known as cyclooxygenase 1.

No association was observed between HLA-B*27 and cervical, lumbar or total mSASSS
(p>0.05).
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DISCUSSION

Previous studies have shown that genetic variation is an important determinant of
radiographic change in AS. Identifying the relevant polymorphisms and the biological
pathways they influence could improve our understanding of the mechanisms of ankylosis in
AS.

This is the first study systematically investigating genes involved in catabolic and anabolic
bone pathways and their potential role in radiographic damage in AS. We observed
experiment-wide significant association with rs8092336 in RANK, which encodes a TNF
superfamily receptor, which regulates osteoclast activation?? and also interactions between
T cells and dendritic cells.23 SNPs in RANK have previously been associated with
osteoporosis, 242> Paget’s disease of bone26 and familial expansile osteolysis.2” Further
studies will be required to determine whether the association observed here with mSASSS
replicates in other AS cohorts, what the key associated variant(s) are and what functional
relevance they have in AS. Our finding suggests that factors linking inflammation and bone
resorption are important in the osteoproliferation in AS, with obvious potential therapeutic
implications. This is consistent with previous in vitro data suggesting overactivity of
RANKL-mediated osteoclastogenesis in AS.28

Association was also replicated in both phases with the SNP rs1236913, lying in PTGSL, a
key enzyme in prostaglandin synthesis. Although this gene has not been previously
associated with any common human disease, there is strong evidence for the involvement of
prostaglandins in AS inflammation and osteoproliferative disease. The gene PTGER4,
encoding the prostaglandin E2EP4 receptor, is associated with AS.88 Inhibition of
cyclooxygenase enzymes with non-steroidal anti-inflammatory drugs is highly effective in
treating pain in AS, and there is some evidence from observational and controlled trials
suggesting that NSAID treatment may retard the progression of radiographic change in
AS.29-32 These findings require further replication, but they do lend some support to the
growing evidence of involvement of prostaglandin pathways in AS-associated
osteoproliferation.

We observed no association between HLA-B* 27 and radiographic severity in this study,
confirming our previous reports.33 This is also consistent with studies demonstrating no
difference in disease activity or functional impairment measures in HLA-B* 27-positive and
HLA-B* 27-negative cases.3* Thus, while HLA-B*27 is clearly associated with AS
susceptibility, it is not associated with the severity of ankylosis in the condition. A recently
published analysis of the OASIS cohort suggests that HLA-B*27 and male gender may be
associated with more rapid radiographic progression in AS, but this was a small study of
only 186 cases.3> The subgroup analyses in this study were based on only ~32 HLA-B*27-
negative and ~56 female cases, so these conclusions should be treated with caution.
However, we also noted that men had more severe disease than women.

All studies to date investigating the role of genetic polymorphisms in disease severity and
radiographic change in AS have been significantly underpowered (n<500) because of the
effort and cost required to gather large cohorts with the necessary phenotypic data. This
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study, despite being the largest to date performed in AS (in total 2144 AS cases), still does
not have adequate power to exclude small-medium genetic effects on radiographic severity.
Further, it was not truly systematic since it did not tag all the variants in the genes studied
and was cross-sectional and not longitudinal. In cross-sectional studies, adjustment for
disease duration depends on case recall of the age of symptom onset, whereas in longitudinal
studies the interval between observations is known precisely.

In this study, we have used mSASSS, a well-established metric of disease severity in AS, as
a quantitative measurement of radiographic change. Our results demonstrate that with well-
trained personnel inter-reader correlation for mSASSS can be high; this is important for the
study of big cohorts with the large quantities of phenotypic data required for genetic studies.
We also demonstrate that small modifications can be made to scoring mSASSS to reduce the
inter-reader variability; these include collapsing the scores and removing the upper corner of
the T1 vertebra from the analysis as it is difficult to visualise radiographically.

We have demonstrated that this type of study can be effective at demonstrating genetic
effects involved in aspects of disease severity in AS, but more powerful and comprehensive
studies will be required to identify the full complement of genes involved. This could in
time provide very useful insights into the osteoproliferative processes in AS, potentially
assisting the identification of drug targets to slow down radiographic progression not
targeted by current treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to thank all the participants who provided the case and control DNA and clinical information
necessary for this study.

Funding: This study was funded by the US National Institute of Arthritis and Musculoskeletal and Skin Diseases
(NIAMS) grants P01-052915. MMW is supported by the Intramural Research Program, NIAMS/NIH. MAB was
funded by a National Health and Medical Research Council (NHMRC) Senior Principal Research Fellowship.
Recruitment of patients to this study was in part funded by a project grant from Arthritis Research UK (19536).
WPM is a medical scientist of Alberta Innovates Health Solutions.

References

1. Brown MA, Kennedy LG, MacGregor AJ, et al. Susceptibility to ankylosing spondylitis in twins:
the role of genes, HLA, and the environment. Arthritis Rheum. 1997; 40:1823-8. [PubMed:
9336417]

2. Pedersen OB, Svendsen AJ, Ejstrup L, et al. Ankylosing spondylitis in Danish and Norwegian
twins: occurrence and the relative importance of genetic vs. environmental effectors in disease
causation. Scand J Rheumatol. 2008; 37:120—-6. [PubMed: 18415769]

3. Hamersma J, Cardon LR, Bradbury L, et al. Is disease severity in ankylosing spondylitis genetically
determined? Arthritis Rheum. 2001; 44:1396-400. [PubMed: 11407700]

4. Brophy S, Hickey S, Menon A, et al. Concordance of disease severity among family members with
ankylosing spondylitis? J Rheumatol. 2004; 31:1775-8. [PubMed: 15338499]

5. Reveille JD, Sims A-M, Danoy P, et al. Genome-wide association study of ankylosing spondylitis
identifies non-MHC susceptibility loci. Nat Genet. 2010; 42:123-7. [PubMed: 20062062]

Ann Rheum Dis. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cortes et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 9

. Evans DM, Spencer CC, Pointon JJ, et al. Interaction between ERAP1 and HLA-B27 in ankylosing

spondylitis implicates peptide handling in the mechanism for HLA-B27 in disease susceptibility.
Nat Genet. 2011; 43:761-7. [PubMed: 21743469]

. Lin Z, Bei JX, Shen M, et al. A genome-wide association study in Han Chinese identifies new

susceptibility loci for ankylosing spondylitis. Nature Genet. 2011; 44:73—7. [PubMed: 22138694]

. Cortes A, Hadler J, Pointon JP, et al. Identification of multiple risk variants for ankylosing

spondylitis through high-density genotyping of immune-related loci. Nat Genet. 2013; 45:730-8.
[PubMed: 23749187]

. Bartolome N, Szczypiorska M, Sanchez A, et al. Genetic polymorphisms inside and outside the

MHC improve prediction of AS radiographic severity in addition to clinical variables.
Rheumatology. 2012; 51:1471-8. [PubMed: 22495925]

Haroon N, Maksymowych WP, Rahman P, et al. Radiographic severity of ankylosing spondylitis is
associated with polymorphism of the large multifunctional peptidase 2 gene in the
Spondyloarthritis Research Consortium of Canada cohort. Arthritis Rheum. 2012; 64:1119-26.
[PubMed: 22034108]

Ward MM, Hendrey MR, Malley JD, et al. Clinical and Immunogenetic Prognostic Factors for
Radiographic Severity in Ankylosing Spondylitis. Arthrit Rheum-Arthr. 2009; 61:859-66.

Wang CM, Ho HH, Chang SW, et al. ERAP1 genetic variations associated with HLA-B27
interaction and disease severity of syndesmophytes formation in Taiwanese ankylosing
spondylitis. Arthritis Res Ther. 2012; 14:R125. [PubMed: 22632381]

Szczypiorska M, Sanchez A, Bartolome N, et al. ERAP1 polymorphisms and haplotypes are
associated with ankylosing spondylitis susceptibility and functional severity in a Spanish
population. Rheumatology. 2011; 50:1969-75. [PubMed: 21865284]

Creemers MCW, Franssen MJAM, van’t Hof MA, et al. Assessment of outcome in ankylosing
spondylitis: an extended radiographic scoring system. Ann Rheum Dis. 2005; 64:127-9. [PubMed:
15051621]

Landewe R, Dougados M, Mielants H, et al. Physical function in ankylosing spondylitis is
independently determined by both disease activity and radiographic damage of the spine. Ann
Rheum Dis. 2009; 68:863—7. [PubMed: 18628283]

van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for ankylosing
spondylitis. A proposal for modification of the New York criteria. Arthritis Rheum. 1984; 27:361—
8. [PubMed: 6231933]

Ward MM, Learch TJ, Weisman MH. Cervical vertebral squaring in patients without
Spondyloarthritis. J Rheumatol. 2012; 39:1900. [PubMed: 22942307]

International HapMap Consortium. A second generation human haplotype map of over 3. 1 million
SNPs. Nature. 2007; 449:851-61. [PubMed: 17943122]

Barrett JC, Fry B, Maller J, et al. Haploview: analysis and visualization of LD and haplotype maps.
Bioinformatics. 2005; 21:263-5. [PubMed: 15297300]

Cortes A, Brown MA. Promise and pitfalls of the Immunochip. Arthritis Res Ther. 2011; 13:101.
[PubMed: 21345260]

Purcell S, Neale B, Todd-Brown K, et al. PLINK: a tool set for whole-genome association and
population-based linkage analyses. Am J Hum Genet. 2007; 81:559-75. [PubMed: 17701901]
Dougall WC, Glaccum M, Charrier K, et al. RANK is essential for osteoclast and lymph node
development. Genes Dev. 1999; 13:2412-24. [PubMed: 10500098]

Bachmann MF, Wong BR, Josien R, et al. TRANCE, a tumor necrosis factor family member
critical for CD40 ligand-independent T helper cell activation. J Exp Med. 1999; 189:1025-31.
[PubMed: 10190893]

Styrkarsdottir U, Halldorsson BV, Gretarsdottir S, et al. Multiple genetic loci for bone mineral
density and fractures. N Engl J Med. 2008; 358:2355-65. [PubMed: 18445777]

Estrada K, Styrkarsdottir U, Evangelou E, et al. Genome-wide meta-analysis identifies 56 bone
mineral density loci and reveals 14 loci associated with risk of fracture. Nat Genet. 2012; 44:491—
501. [PubMed: 22504420]

Ann Rheum Dis. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cortes et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Page 10

Albagha OM, Visconti MR, Alonso N, et al. Genome-wide association study identifies variants at
CSF1, OPTN and TNFRSF11A as genetic risk factors for Paget’s disease of bone. Nat Genet.
2010; 42:520-4. [PubMed: 20436471]

Hughes AE, Ralston SH, Marken J, et al. Mutations in TNFRSF11A, affecting the signal peptide of
RANK, cause familial expansile osteolysis. Nat Genet. 2000; 24:45-8. [PubMed: 10615125]

Im CH, Kang EH, Ki JY, et al. Receptor activator of nuclear factor kappa B ligand-mediated
osteoclastogenesis is elevated in ankylosing spondylitis. Clin Exp Rheumatol. 2009; 27:620-5.
[PubMed: 19772794]

Poddubnyy D, Rudwaleit M, Haibel H, et al. Effect of non-steroidal anti-inflammatory drugs on
radiographic spinal progression in patients with axial spondyloarthritis: results from the German
Spondyloarthritis Inception Cohort. Ann Rheum Dis. 2012; 71:1616-22. [PubMed: 22459541]
Kroon F, Landewe R, Dougados M, et al. Continuous NSAID use reverts the effects of
inflammation on radiographic progression in patients with ankylosing spondylitis. Ann Rheum
Dis. 2012; 71:1623-9. [PubMed: 22532639]

Boersma JW. Retardation of ossification of the lumbar vertebral column in ankylosing spondylitis
by means of phenylbutazone. Scand J Rheumatol. 1976; 5:60—4. [PubMed: 816001]

Wanders A, Heijde D, Landewe R, et al. Nonsteroidal antiinflammatory drugs reduce radiographic
progression in patients with ankylosing spondylitis: a randomized clinical trial. Arthritis Rheum.
2005; 52:1756—-65. [PubMed: 15934081]

Kim TJ, Sung IH, Lee S, et al. HLA-B27 homozygosity has no influence on radiographic damage
in ankylosing spondylitis: Observation Study of Korean spondyloArthropathy Registry (OSKAR)
data. Joint Bone Spine. 2013; 80:488-91. [PubMed: 23375452]

Jaakkola E, Herzberg I, Laiho K, et al. Finnish HLA studies confirm the increased risk conferred
by HLA-B27 homozygosity in ankylosing spondylitis. Ann Rheum Dis. 2006; 65:775-80.
[PubMed: 16249228]

Ramiro S, Stolwijk C, van Tubergen A, et al. Evolution of radiographic damage in ankylosing
spondylitis: a 12 year prospective follow-up of the OASIS study. Ann Rheum Dis. 2013 Published
Online First; 16 Aug 2013. 10.1136/annrheumdis-2013-204055

Ann Rheum Dis. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cortes et al.

cervical mMSASSS

20 25 30 35

15

A A doA ML o & - A A MMM MDA Aslan AMM A A
P A s 7 AMA A A
A AA*AA TV g A A * AA A o4a AL emaa
t AtA MA A A i i A P A A A AA? A A
AA A AAa M, a4 Q - A a4 "Ma AA A Adam
PO N SV VUG 2 A PV A A AA A
“A A4 A“ A s a A # A AAM A
AAA 4 o A Aas A A A
A A AN AAA &K % N AAAA .A:‘ AAAAA A Ao -
v
A A A A A A A M A AA A
. 24 asaing o .\ (2 Lk Aﬁd e A‘ o 7
Al SRad LA ° JUES Y, I A A A e
Ay, Feo N L £ A AT 4 TAL A ry
A i
A A A A -* 5 A QAA. AA
A .- g v | Aa 4ol ry
A A AthAt..‘M A .- 2 - Am‘ArﬂAAA
A Mot A A eiE = A AA A oé AA °
A AMMEGA A AGAMA A .- A 3 A e A & ,&m e AdAe A
AA A A A.-"" A - A AA Adh A TAA -
° A — A v PN A AAA __-A
T @ ~ A | Ads x‘: A YOS
- 42 S UA
. . A‘:‘AA‘A“AA 'CAu 810 aa A
© 7 e A@ AAA. A
Yy ie® .°
o . i ‘me
T T T T T T
20 60
Disease Duration (yrs)
1)
19}
19}
<<
(%)
[S
s
L
Disease Duration (yrs)
Figure 1.

Clinical features correlated with radiographic severity. Males are represented by filled
triangles and females by filled circles. Lines depict the projection of the gender axis (dashed
for males; dotted for females). Greyed samples were determined to be outliers (residual >3

SD).
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Page 12

0.2 03 04 05
Minor allele frequency

Power calculations for genetic association tests. (A) Effect on power for different inclusion
criteria in the dichotomisation of modified Stoke Ankylosing Spondylitis Spinal Score
(mSASSS). A genetic variant with a minor allele frequency (MAF) of 20% is assumed and
several effect sizes (ES) are simulated, ranging from 2.5 to 5.5 mSASSS units per minor
allele. (B) For an inclusion criteria of 40%, power is given for different combination of
minor allele frequencies and simulated effect sizes. Effect sizes are disease duration and

gender corrected.
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Figure 3.
Box plot of total modified Stoke Ankylosing Spondylitis Spinal Score (MSASSS) according

to genotype for single nucleotide polymorphism (SNP) rs8092336, which shows association
with total mSASSS (p value=1.2x107°).
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