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Abstract

Objective—To investigate the possible association of the BANK1 gene with genetic susceptibility
to systemic sclerosis (SSc) and its subphenotypes.

Methods—A large multicentre case—control association study including 2380 patients with SSc
and 3270 healthy controls from six independent case—control sets of Caucasian ancestry (American,
Spanish, Dutch, German, Swedish and Italian) was conducted. Three putative functional BANK1
polymorphisms (rs17266594 T/C, rs10516487 G/A, rs3733197 G/A) were selected as genetic
markers and genotyped by Tagman 5" allelic discrimination assay.
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Results—A significant association of the rs10516487 G and rs17266594 T alleles with SSc
susceptibility was observed (pooled OR=1.12, 95% CI 1.03 to 1.22; p=0.01 and pooled OR=1.14,
95% CI 1.05 to 1.25; p=0.003, respectively), whereas the rs3733197 genetic variant showed no
statistically significant deviation. Stratification for cutaneous SSc phenotype showed that the
BANK1 rs10516487 G, rs17266594 T and rs3733197 G alleles were strongly associated with
susceptibility to diffuse SSc (dcSSc) (pooled OR=1.20, 95% CI 1.05 to 1.37, p=0.005; pooled
OR=1.23, 95% CI 1.08 to 1.41, p=0.001; pooled OR=1.15, 95% CI 1.02 to 1.31, p=0.02,
respectively). Similarly, stratification for specific SSc autoantibodies showed that the association of
BANK1 rs10516487, rs17266594 and rs3733197 polymorphisms was restricted to the subgroup of
patients carrying anti-topoisomerase | antibodies (pooled OR=1.20, 95% CI 1.02 to 1.41, p=0.03;
pooled OR=1.24, 95% CI 1.05 to 1.46, p=0.01; pooled OR=1.26, 95% CI 1.07 to 1.47, p=0.004,
respectively).

Conclusion—The results suggest that the BANK1 gene confers susceptibility to SSc in general,
and specifically to the dcSSc and anti-topoisomerase | antibody subsets.

INTRODUCTION

B cells are important regulators of immune homoeostasis and have an essential role in humoral
and cellular immunity.l Alteration of the mechanisms that control B-cell activation and
function can lead to pathogenic autoantibody production and auto-immunity as occurs in
different autoimmune diseases such as systemic lupus erythematosus (SLE) or rheumatoid
arthritis (RA).2

Recent results have shown that the B-cell scaffold protein with ankyrin repeats gene
(BANK1), which encodes a signalling molecule expressed exclusively in B cells, is implicated
in genetic predisposition to SLE and RA.3 4 Three functional polymorphisms affecting
BANK1 regulatory sites and key functional domains (rs17266594 T/C, rs10516487 G/A and
rs3733197 G/A) were strongly associated with susceptibility to SLE and RA.3 4

Systemic sclerosis (SSc) is another autoimmune disease of unknown aetiology in which genetic
factors are thought to have an important role.® In the pathogenesis of SSc the dysregulation of
the immune response is a central event shown by the presence of lymphocyte infiltrates in
affected tissues, increased levels of inflammatory mediators and the presence of specific SSc
autoantibodies. B cells seem to be one of the key players of this response.6 7 Analysis of gene
expression patterns in patients with SSc discloses a strong expression of genes associated with
B lymphocytes.7 In addition, in SSc there are indicators of increased B-cell activation such as
hypergammaglobulinaemia, enhanced expression of activation markers and autoantibody
production.6 8

Thus, taking into consideration both the relevance of B cells in SSc pathogenesis and the
hypothesis that different autoimmune conditions share common genetic markers,® we selected
BANK1 as an interesting functional candidate gene and investigated its implications in
susceptibility to SSc, and its clinical and autoantibody subsets.

MATERIALS AND METHODS

Patients

We conducted a large multicentre case—control association study including a total of 2380

patients with SSc and 3270 healthy controls. Six independent case—control sets with Caucasian
ancestry were analysed (USA cohort: 1053 patients with SSc and 696 controls; Spanish cohort:
588 patients with SSc and 1051 controls; Dutch cohort: 142 patients with SSc and 256 controls;
Swedish cohort: 89 patients with SSc; German cohort: 183 patients with SSc; and Italian cohort:
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325 patients with SSc and 340 controls). As control populations for the Swedish and German
cohorts genotype and allelic frequencies of 565 and 362 controls, respectively, were derived
from a literature report.3

All patients with SSc fulfilled the 1980 American College of Rheumatology classification
criteria for SSc.10 Patients were classified as having limited (IcSSc) or diffuse SSc (dcSSc).
Patients with SSc with cutaneous involvement distal from the elbows and knees fulfilled
definitions for 1cSSc.1! Those patients with SSc with cutaneous changes proximal to elbows
and knees were classified as having dcSSc.12

For patients with SSc, main clinical data, age, gender, disease duration and presence of SSc-
specific autoantibodies anti-topoisomerase (ATA; anti-Scl-70) and anticentromere (ACA)
have been described previously.13 14 Data for SSc-specific autoantibody status was available
for 1038 USA, 353 Spanish, 133 Dutch, 74 Swedish, 168 German and 272 Italian patients with
SSc.

The study was approved by all local ethic committees and all participants were included after
written informed consent.

BANKZ1 single nucleotide polymorphisms (SNPs) genotyping

Three putative functional BANK1 polymorphisms (rs17266594 T/C, rs10516487 G/A,
rs3733197 G/A) were selected as genetic markers and genotyped by Tagman 5" allelic
discrimination assay (see online supplementary material).

Statistical analysis

RESULTS

We tested Hardy—Weinberg equilibrium for each case—control set by using the program
FINETI (http://ihg.gsf.de/cgi-bin/hw/hwa2.pl, accessed 31 December 2009). Significance was
calculated by ¥ test using Statcalc software (Epi Info 2002; Centers for Disease Control and
Prevention, Atlanta, Georgia, USA). p Values <0.05 were considered as statistically
significant. Analysis of the combined data from all populations was performed using the Stats
Direct software. First, homogeneity of OR among cohorts was calculated using Breslow—-Day
and Woolf Q methods. We then performed a calculation of the pooled OR under a fixed-effects
model (Mantel-Haenszel meta-analysis) or random effects (DerSimonian—Laird) when
necessary.

The estimation of the power of the study was performed using the Quanto v 0.5 software
(Department of Preventive Medicine University of Southern California, California, USA). For
the pooled analysis of SSc (n=2380) and considering a medium minor allele frequency of 0.30
our study reached a 99% power to detect the effect of a polymorphism at an OR of 1.3, similar
to that observed for the analysed BANK1 polymorphisms in previous studies.3 4 Under the
same conditions, estimation of the power for the pooled analysis of SSc clinical analysis was
93% for 1cSSc (n=1394), 73% for dcSSc (n=770), 71% for ACA (n=749) and 51% for ATA
(n=435). Since the BANK1-analysed SNPs are in strong linkage disequilibrium, the Bonferroni
correction for multiple testing was not applied.1>

The distribution of the BANK1-analysed polymorphisms was found to be in Hardy—Weinberg
equilibrium in all the patients with SSc and control groups.

First, we investigated the possible implication of BANK1 rs17266594, rs10516487 and
rs3733197 SNPs in SSc susceptibility. In the independent analysis, an increased frequency of
the rs10516487 G and the rs17266594 T alleles among patients with SSc compared with
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controls was observed, although these differences were not statistically significant except for
the rs17266594 T allele in the Italian population (p=0.001, OR=1.54, 95% CI 1.20 to 2.0) (table
1). In spite of the different geographical origin of study case—control sets, the combin-ability
test according to the Breslow—Day method showed no significant differences among them.
Therefore, we performed a pooled OR analysis using the Mantel-Haenszel test under fixed
effects that showed a significant association of the rs10516487 G and the rs17266594 T alleles
with SSc susceptibility (pooled OR=1.12, 95% CI 1.03 to 1.22, p=0.01 and pooled OR=1.14,
95% C1 1.05 to 1.25, p = 0.003, respectively) (table 1). The analysis of the rs3733197 genetic
variant did not show any statistically significant deviation in the independent and pooled
analyses (table 1).

To further characterise the role of the BANK1 gene in SSc susceptibility we investigated its
possible implication in SSc subtype or clinical manifestations. In the stratification accordingly
to SSc subtype, we found that the general trend was an increased frequency of the major alleles
of BANK1 rs10516487, rs17266594 and rs3733197 genetic variants in patients with dcSSc
compared with healthy subjects (table 2). Only in the Spanish and Swedish populations the
frequency of these alleles in patients with dcSSc was very similar to that observed in the control
population (table 2). A meta-analysis of the six study populations showed that the BANK1
rs10516487 G, rs17266594 T and rs3733197 G alleles were strongly associated with dcSSc
susceptibility (pooled OR=1.20, 95% CI 1.05 to 1.37, p=0.005; pooled OR=1.23, 95% CI 1.08
to 1.41, p=0.001; and pooled OR=1.15, 95% CI 1.02 to 1.31, p=0.02, respectively) (table 2).
In contrast, for limited SSc no significant association of the BANK1 rs10516487, rs17266594
or rs3733197 polymorphisms was observed in the independent and pooled analysis (table 2).

Interestingly, the analysis of BANK1 genetic variants according to specific SSc autoantibody
status confirmed the findings from the subtype analysis since the associations of BANK1
rs10516487, rs17266594 and rs3733197 polymorphisms were significant only in the subgroup
of patients carrying anti-Scl-70 antibodies that are highly specific for dcSSc (pooled OR=1.20,
95% Cl11.02t0 1.41, p=0.03; pooled OR=1.24, 95% CI 1.05 to 1.46, p=0.01; pooled OR=1.26,
95% CI1 1.07 to 1.47, p=0.004) (table 3). In contrast, in the ACA patient groups the distribution
of BANK1 rs10516487, rs17266594 and rs3733197 genotypes and allelic frequencies did not
reach any statistically significant skewing with ORs near 1.00 for the three SNPs (table 3).
Additionally, this analysis showed the same trend in all six study populations even in the
Spanish and Swedish groups, in which the subtype stratification showed no risk effect of
BANK1 polymorphisms for the dcSSc form (table 3).

The analysis of the BANK1 selected genetic markers considering SSc organ involvement
(interstitial lung disease, pulmonary hypertension) did not show any statistically significant
skewing (data not shown).

DISCUSSION

In this study we analysed for the first time the possible association of the BANK1 gene in genetic
predisposition to SSc susceptibility and subphenotypes. BANK1 is a functionally excellent a
priori candidate gene since it is implicated in the regulation of B-cell receptor-mediated
activation and B cells are thought to have a relevant role in SSc susceptibility.6 16 17

We conducted a large association study which included six independent case—control sets of
European Caucasian ancestry and observed that BANK1 functional polymorphisms are
associated with genetic predisposition to SSc, specifically with the diffuse form of the disease
and the presence of ATA. Although our results strongly suggest that the BANK1 gene confers
susceptibility to dcSSc but not to IcSSc, it should be noted that owing to the lower prevalence
of the diffuse form of the disease, the number of patients with dcSSc included in our study
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(n=770) has only 70% power to detect an association and therefore further independent
replication studies are needed to confirm BANK1 as a genetic marker of dcSSc across
populations.

The hypothesis that genetic differences may influence the development of different SSc clinical
subsets is supported by a number of well-powered SSc genetic studies that are being conducted.
In this vain, recent evidence suggest that the STAT4 gene confers an increased risk for IcSSc
susceptibility but not for dcSSc.13 Similarly, the BLK gene has been shown to confer increased
risk for IcSSc (unpublished observation). Meanwhile, other genetic factors, such as PTPN22
or MIF genes, seem to predispose particularly to dcSSc/anti-Scl-70 positive subset.18 19

Thus, the association of BANK1 with dcSSc reported in this work supports novel evidence for
this hypothesis.

All the BANK1 genetic markers analysed in this study have been found to exert functional
relevance. The rs10516487 and rs17266594 SNPs associated with dcSSc susceptibility lead to
a non-synonymous substitution (R621H) and to a branch point site, respectively.3 The
rs10516487 polymorphism lies within a region essential for binding to the calcium channel
IP3R, a downstream protein that mediates BANK1 activity.2 The functional relevance of the
rs17266594 SNP resides in its ability to alter the expression of the two different BANK1
isoforms since in subjects with the rs17266594 G risk allele the expression of the full-length
BANK{1 protein is decreased while the A2 isoform is upregulated.3 Thus the presence of these
risk alleles could lead to more efficient splicing of a more “active’ protein.

BANKU is primarily expressed in CD19 B cells that are significantly overexpressed in patients
with SSc.3 20 Activation through the B-cell receptor leads to BANK1 phosphorylation and
signalling.1” For subjects carrying BANK1 functional mutations, altered B-cell activation may
occur that could contribute to the production of autoantibodies as well. This could be the case
for SSc, in which disease-specific autoantibodies are produced. However, further functional
studies are necessary to elucidate the exact molecular mechanisms by which BANK1 is
implicated in the B-cell activation process and, more precisely, how it can lead to the
development of dcSSc.

In summary, our results suggest that the BANK1 gene is associated with dcSSc genetic
susceptibility. This could in part provide an explanation for one of the best described pathogenic
mechanisms of disease, the production of specific autoantibodies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Sofia Vargas for her invaluable contribution to the collection, isolation and storage of the DNA samples.
This work was supported by grants SAF2009-11110, in part by Junta de Andalucia, grupo CTS-180 and by RETICS
Program, RD08/0075 (RIER) from Instituto de Salud Carlos 111 (ISCIII). BR is supported by the I3P CSIC program
funded by the ‘Fondo Social Europeo’. TR was funded by the VIDI laureate from the Dutch association of research
(NWO) and Dutch Arthritis Foundation (reumafonds).

Funding The US studies were supported by the NIH/NIAMS Center of Research Translation (CORT) in Scleroderma
(P50AR054144) (FCA), the NIH/NIAMS Scleroderma Family Registry and DNA Repository (N01-AR-0-2251)
(MDM), UTHSC-H Center for Clinical and Translational Sciences (Houston CTSA Program) (NIH/NCRR
3UL1RR024148) (FCA), NIH/NIAMS K08 Award (KO8AR054404) (SKA), Scleroderma Foundation New
Investigator Award (SKA).

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rueda et al.

Page 6

REFERENCES

1.

10

11.

12.

13.

LeBien TW, Tedder TF. B lymphocytes: how they develop and function. Blood 2008;112:1570-1580.
[PubMed: 18725575]

. Zouali M. B lymphocytes — chief players and therapeutic targets in autoimmune diseases. Front Biosci

2008;13:4852-4861. [PubMed: 18508550]

. Kozyrev SV, Abelson AK, Wojcik J, et al. Functional variants in the B-cell gene BANK1 are associated

with systemic lupus erythematosus. Nat Genet 2008;40:211-216. [PubMed: 18204447]

. Orozco G, Abelson AK, Gonzalez-Gay MA, et al. Study of functional variants of the BANK1 gene in

rheumatoid arthritis. Arthritis Rheum 2009;60:372-379. [PubMed: 19180476]

. Agarwal SK, Tan FK, Arnett FC. Genetics and genomic studies in scleroderma (systemic sclerosis).

Rheum Dis Clin North Am 2008;34:17-40. [PubMed: 18329530]

.Gu YS, Kong J, Cheema GS, et al. The immunobiology of systemic sclerosis. Semin Arthritis Rheum

2008;38:132-160. [PubMed: 18221988]

. Whitfield ML, Finlay DR, Murray JI, et al. Systemic and cell type-specific gene expression patterns

in scleroderma skin. Proc Natl Acad Sci USA 2003;100:12319-12324. [PubMed: 14530402]

. Cepeda EJ, Reveille JD. Autoantibodies in systemic sclerosis and fibrosing syndromes: clinical

indications and relevance. Curr Opin Rheumatol 2004;16:723-732. [PubMed: 15577611]

. Zhernakova A, van Diemen CC, Wijmenga C. Detecting shared pathogenesis from the shared genetics

of immune-related diseases. Nat Rev Genet 2009;10:43-55. [PubMed: 19092835]

. Subcommittee for scleroderma criteria of the American Rheumatism Association Diagnostic and
Therapeutic Criteria Committee. Preliminary criteria for the classification of systemic sclerosis
(scleroderma). Arthritis Rheum 1980;23:581-590. [PubMed: 7378088]

LeRoy EC, Medsger TA Jr. Criteria for the classification of early systemic sclerosis. J Rheumatol
2001;28:1573-1576. [PubMed: 11469464]

LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic sclerosis): classification, subsets
and pathogenesis. J Rheumatol 1988;15:202-205. [PubMed: 3361530]

Rueda B, Broen J, Simeon C, et al. The STAT4 gene influences the genetic predisposition to systemic
sclerosis phenotype. Hum Mol Genet 2009;18:2071-2077. [PubMed: 19286670]

14. Gourh P, Tan FK, Assassi S, et al. Association of the PTPN22 R620W polymorphism with anti-

15.

16.

17.

18.

19.

20.

topoisomerase I- and anticentromere antibody-positive systemic sclerosis. Arthritis Rheum
2006;54:3945-3953. [PubMed: 17133608]

Balding DJ. A tutorial on statistical methods for population association studies. Nat Rev Genet
2006;7:781-791. [PubMed: 16983374]

Aiba Y, Yamazaki T, Okada T, et al. BANK negatively regulates Akt activation and subsequent B
cell responses. Immunity 2006;24:259-268. [PubMed: 16546095]

Yokoyama K, Su Ih IH, Tezuka T, et al. BANK regulates BCR-induced calcium mobilization by
promoting tyrosine phosphorylation of IP(3) receptor. EMBO J 2002;21:83-92. [PubMed:
11782428]

Dieudé P, Guedj M, Wipff J, et al. The PTPN22 620W allele confers susceptibility to systemic
sclerosis: findings of a large case-control study of European Caucasians and a meta-analysis. Arthritis
Rheum 2008;58:2183-2188. [PubMed: 18576360]

Wu SP, Leng L, Feng Z, et al. Macrophage migration inhibitory factor promoter polymorphisms and
the clinical expression of scleroderma. Arthritis Rheum 2006;54:3661-3669. [PubMed: 17075815]
Sato S, Fujimoto M, Hasegawa M, et al. Altered B lymphocyte function induces systemic
autoimmunity in systemic sclerosis. Mol Immunol 2004;41:1123-1133. [PubMed: 15482848]

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 7

Rueda et al.

S]0U09 pue (9SS) SI1S0I9JIS a1WBISAS YlIMm swuaied ul satousnbauy o1ja)e pue a1dAlouab (SdNS) swsiydiowAjod apnosjonu ajbuis TNV J0 uonngrisig

NIH-PA Author Manuscript

¥€0 990 O0T0 /L¥0 €r0  (L0€=U)sjonuod
(0zo 0z T) ¥S'T T000 G20 GL0 00 9€0 /GO (2 = u) 9SS uelfey
260 890 600 97’0 G0  (GE€=u)sjonuod
(cLT0126°0) 62T 100 LZ0 €L0 900 2r0 S0 (8.T=u)2ss  uewieD
050 0.0 O0T0 Or0 TS50  (9Ty=u)sjonuod
(96T 01 £9°0) 96°0 €80 00 0.0 600 €70 870 (68=U)9SS  UusIpamS
620 TLO0 L00 Sr'0 870 (95 =u)s|onuod
(6¥'T0182°0)80°T 290 /20 €0 900 ¥¥0 150 (zvT =u) 35S yaing
L0 €L0 900 2r0 ¢S50 (8Y0T =u)s|onuod
(T2T01280) 20T 9L'0 120 €0 L00 6€0 ¥S0 (c26=u)oss  ysiueds
€60 /90 TITO0 t¥0 G0 (969 =u)sjonuod
(T€T0186°0) ET'T 0T0 0€0 0.0 O0T0 OF0 0S50 (9%0T = u) 2SS vsn
7659922181
apIe Lanead o) 1 20 10 11
060 0L0 600 2r0 670 (8rge=u)s|onuod
EzTore0T) 2T 100 820 2.0 800 Or0 250 (cogz=u)oss  ,PoI00d
060 0L0 O0T0 T¥0 670  (peE=u)sjonuod
(59T 01 20T) 62T v0'0 G20 SL0 100 9€0 250 (Lze =u) oss uelfey
T€0 690 600 &0 970  (09€ = u)sjonuod
(65T 01 16°0) 02T 610 L0 €0 900 2r0 150 (6,T=u)oss  ueWIRD
00 0L0 600 cv0 670 (595 =u)sjonuod
(8€'1 0169°0) 860 v6'0 0€0 0.0 600 EV0 870 (68=U)9SS  UsIpams
620 TL0 L00 70 670 (352 =u)s|onuod
(87T 0182°0) L0'T G9'0 820 2L0 900 ¥r0 050 (6€T = u) 985 yong
820 L0 800 Or0 ¢S50 (0rOT =u)sjonuod
(52T 0116°0) 90T vr0 920 ¥.0 L00 OF0 ¥50 (8.G=u)2ss  ysiueds
Z€0 890 0T0 #¥0 970  (v69=u)sjonuod
(62'T0126'0)2T'T vI'0 060 0.0 O0T0 Ov0 0S0 (0501 = u) 9SS vsn
L8v9TS0TS!
(10 %56) 4O 3Rl O anfeA d v 9 VW VO 99 uoirendod

T 3lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 8

Rueda et al.

NIH-PA Author Manuscript

"109JJ8 PaX1} Japun 1s8) [9ZSUsRH—[3IURIA
x

G0 S90 ¢TI0 SY0 2ro  (epTe =u)sjonuod
(S0'T 0168°0) 960 8’0 820 2.0 800 OO0 250 (816z=u)oss  .PeI00d
G0 G90 0T0 670 Tro  (OvE=u)sjonuod
(95T 01 86°0) ¥2'T 200 0€0 0L0 O0T0 T¥0 0S0 (gzg = u) 985 uelfey
860 290 LT0 2r0 Tro (29 =u)sjonuod
(15T 0126°0) TTT GT0 ¥€0 990 600 670 2o (e8T=u)2oSS  uBWIRD
660 290 VIO 0S50 L0  (ppy=u)sjonuod
(02'T 01 29°0) 980 690 <¢r0 850 TZ0 EYV0 LEO (68 =U) 9SS Usipams
LE0 €90 €T0 870 00  (0Se=u)sjonuod
(97T 0162°0) 80'T €90 G€0 S90 O0T0 080 Or0 (evT =u) 985 yong
00 0.0 O0T0 2¢O 670 (ISOT=u)s|onuod
(€2T0106°0) SO'T 050 620 TL0 L00 ¥70 670 (88G=u) 2SS  ysiueds
860 290 VIO L0 6€0 (969 =u)s|onuod
(S2'T0166'0) 60°T €20 9€0 ¥90 ¥I0 EV0 EVO (eS0T = u) 988 vsn
LBTEELES!
a||[e 9 anfeA d v 9 VYW V9 99
00 0.0 800 ¢&r0 870 (I€2€=U)s|0nuod
(S2T01S0T) ¥T'T €000 820 2.0 800 Ov0 250 (1eez=u)oss  ,PoI00d
(10 %56) 4O @lRIe O 8nfeA d v 9 VW VO 99 uonendod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 9

Rueda et al.

NIH-PA Author Manuscript

(T€T0192°0) 00'T G660 L0 €0 100 Tr0 250  (6¥T=u)esnyig
(0e'T01280) 20T 260 920 ¥.0 900 6€0 S0  (GTE=u)psuwi  ysiueds
€60 /90 TT0 70 G0 (969 =u)sjonuod
(19T 01 60'T) €€'T ¥00'0 L20 €0 800 8€0 G50  (68€=u)asnyi@
(0z'T0198°0) 20°T ¥80 ¢€0 890 20 Tr0 8v0 (209 =u)panwi vsn
765992/ Ts!
3d|re Lanead o) 1 20 10 11
00 0.0 600 2¢O 670 (p82e="u)s|onuod
(LeTO1S0T) 02T G000 20 €40 800 80 ¥S0  (0LL=u)esnyia
(121 0186'0) 60'T 800 620 TLO0 800 Tv0 TS0 (v6eT=u)panwry  ,PoI00d
060 0L0 O0T0 T¥0 670  (peE=u)sjonuod
(70’2 01 76°0) 6€'T 800 20 9.0 800 T€0 190 (28 =u) asnyi@
(85T 0126'0) TC'T LT0 920 .0 [00 6€0 50  (8T¢=u) panwr uelfey|
T€0 690 600 &G0 970  (09€ = u)sjonuod
(€9T018L°0) ET'T 8’0 820 2/0 800 TIr0 150 (98 = u) asnyiq@
(08'T0188°0)92'T 6T°0 920 ¥.0 V00 ¥v0 250 (€6 =u) papwin  uewss
060 0L0 600 2r0 670 (595 =u)s|onuod
(Tr'T 01 87°0) 28°0 €50 ¥€0 990 O0T0 8¥0 2ro (T = u) asnyIq@
(29101 020) 0T TL0 820 ¢/0 600 Ov0 ¢S0 (85 =u) panwi  ysipams
620 TL0 L00 70 670 (352 =u)s|onuod
(59201 1L°0) LET 820 220 8.0 L00 O0€0 €90 (L2 =u) esnyiq@
(ev'10102°0) 00T 860 620 TL0 SO0 6v0 Ly0 (0T =u)panwi] yona
820 2,0 800 Or0 250 (0rOT =u)sjonuod
(G€T0182°0)€0'T 280 20 €0 100 Tr0 €50  (0ST=u)esnyiq
(or'T01€6°0) ¥T'T 020 G20 G0 SO0 Ovo S50 - (STE=u)panwil  ysiueds
Z€0 890 0T0 70 970  (¥69=u)sjonuod
(85T 01 20'T) 0T T00 120 €0 800 8€0 ¥50  (68€=u)asnyig
(027 01980) 20T G8'0 2€0 890 <TI0 TY0 8y0  (L09=u)panwi] vsn
L8v9TS0TS!
(10 %56) 4O 3Rl O anfeA d v 9 VWY 9V 99 uoirendod

adA1gns (9SS) SI1S0.3]9S 21WBISAS 01 Bulpiodoe swisiydiowAjod THNVY JO SisAfeuy

c?9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 10

Rueda et al.

(9rTO125°0) €2 T 20 €€0 90 TT0 S¥0 w0 (98 = u) asnyu@

(99T 0168°0) 6T'T 050 €0 990 800 €50 OF0 (€6 =u) psnwi7  uewseo
60 290 YIT0 050 L€0  (pbp=u)sjonuod

(802 012.°0) 18°0 90 €E€¥0 G0 /20 €0 Ov0 (0g = u) asnyu@

(L7701 29°0) 96°0 /80 6£0 T90 TZ0 9€0 E€¥0 (Ly = u) panwiy  ysipams
L€0 €90 €T0 870 or0 (0S¢ =u)sjonuod

(¥S2012L°0) OV'T €20 620 TL0 L00 €70 0S50 (82 = u) asnyp@

(9€'T0102°0) L6°0 680 LEO €90 O0T0 €50 9€0  (SOT =u)panwi yana
00 0L0 OT0 20 670 (TSOT=u)s|onuod

(Se'T0108°0) ¥0'T G0 620 T.0 800 €¥V0 60 (eGT = u) asnypQ@

(SeTO1Z60)TT'T 920 820 ¢L0 900 ¥r0 050  (yge=u)psHwil  ysiueds
880 290 YIT0 LF0 6€0 (969 =u)sjonuod

(86T 0196°0) ST'T vT0 €0 990 €TI0 €0 ¥r0 (06€ = u) asny1@

(€2°T0106°0) SO'T 660 90 Y90 ST0 €70 Zr0o (809 =U) pauwi vsn

L6TEELES!
alg|1e 9 anfeA d v 9 VW V9O 99

0£0 0.0 800 €0 870 (T€2E=Uu)s|onuod

(Tr10180T) €2°T 1000 /20 €L0 800 80 ¥50  (€T9=u)esnyia

(€2T0100T) 0T'T S00 620 TLO 600 Tv0 TS0 (evTT=u)penwry  ,PeI0Od
¥E€0 990 O0T0 L0 €70  (L0€=u)sjonuod

(67’201 ¥T'T) 89T T00 €20 1.0 L00 2€E0 7190 (58 = u) asni@

(8T 01 L0T) TH'T €100 920 .0 L00 6€0 ¥50  (LTz=u)ponwi
TE0 690 600 S0 970  (09€=u)sjonuod

(L9TO018L0)ET'T 8’0 820 ¢/0 800 Ty0 TS0 (98 = u) asnia

(08'T0128°0) 92T 610 920 ¥.0 00 V0 250 (€6 =u) psnwi7  uewseo
00 0L0 600 20 670 (595 =u)sjonuod

(T7'T 01 81°0) 28°0 €50 ¥E0 990 0T0 8v0 ¢vo (Te =u) asni@

(29T 0102°0) 0T TL0 820 2.0 600 OF0 250 (85 =u) panwiy  ysipams
620 TL0 L00 SF0 870 (952 =u)sjonuod

(9v'z 0189°0) 0E'T Ge'0 2€0 LL0 L00 2EO 190 (8z = u) asnia

(S7'T012L°0) 20T 680 620 T.0 SO0 8¥0 8y0  (SOT =u)pauwi yang
120 €L0 900 2¥0 250 (8Y0T =u)sjonuod

(10 %56) O ?yd|E O 8njeAd v 9 VW 9v 99 uonendod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 11

Rueda et al.

NIH-PA Author Manuscript

"J09JJ8 PaX1} Japun 1s8) |9ZSUseH—[3IURIA
*

G0 G90 2T0 S0 e¢r0  (EpTE=u)sjonuod

(T€T0120T)ST'T 200 €£0 90 ¢TI0 w0 Lyo  (€T9=u)esnyia

(8T'T 01 26°0) £0°T STO ¥€0 990 TT0 S0 €y0  (8STT=u)panwry  ,PoI00d
Ge'0 G90 0T0 6v0 Tro  (Ove=u)sjonuod

(602 0166°0) ¥'T G00 /20 €0 600 GSEO 950 (98 = u) asny@

(cr'10168°0) OT'T 7’0 2€0 890 O0T0 S¥0 GSy0  (LTz=u)ponwi uelfey
860 290 LTO0 ¢r0 Tro (29 =u)sjonuod

(1D %56) YO~ 3pRIE O anfeAd v 9 VWY 9V 99 uone|ndod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 12

Rueda et al.

NIH-PA Author Manuscript

(15T 01EL0) LOT 190 920 vL0 800 T¥O0 S0 (cL=u)vLiv
(20T 01 %9'0) €8°0 LT0 €0 690 TIT0 TIT0 8Y0 (T9T=U) VOV  Uysiueds
€0 L90 TT0 70 G0 (969 =u)sjonuod
(05T 01 06°0) 9T'T S€2°0 62°0 TL0 600 T¥0 0S50 (eLT=U) VLV
(9z'T01€8°0) 20°T 180 2€0 890 TIT0 T¥r0 LvO (¥62 = U) YOV vsn
765992/ Ts!
slIre LanfeAd DRIV LBRIY 20 10 Ll
0£0 0,0 600 2v'0 670 (v82€=u)s|onuod
(r10o1207) 02T €00 120 €L0 800 LEO0 VS0 (ser =) VLV
(ov'T 0188°0) 00'T 160 0€°0 000 600 Zv0 670 (6vL=u)voy  PoI00d
0€0 0L0 O0T0 T¥0 670  (peE=u)sjonuod
(98T 01 6°0) 2€'T 0T'0 TA G0 800 €£0 650 #TT=U) VLIV
(T15'T0122°0)80°T €9'0 620 TL0 00 2r0 0S50 (20T =u) VOV uelfey|
€0 690 600 G50 970  (09€ = u)sjonuod
(88T 0169°0) ¥T'T G50 820 zL0 00 TY0 IS0 (tr=u) ViV
(€LT0192°0)ST'T 9’0 82°0 2,0 900 Y0 0S50 (99=u)wvov  uewsw
0€0 0L0 600 2r0 670 (595 =u)s|onuod
(ov'e 01 6v°0) 62T 90 €20 L0 600 120 %90 (TT=u)viv
(#9201 ¥5°0) 0Z'T 50 S20 GL'0 900 8€0 950 (9T=u) vOoV  usipams
62°0 TL0 L00 70 670 (3G =u)s|onuod
(10°2 01 65°0) 60'T 0L'0 XA €L0 L00 6£0 ¥S0 (82=u) VL1V
(9v'T01220)€0°T 680 620 TL0 00 2r0 0S50 (L€ =u) VOV yona
82°0 2,0 800 Or0 250 (0vOT = u)sjonuod
(62T018L°0) LT'T 650 20 9,0 00 V€0 650 (89=u) VLV
(80'T 01 59'0) ¥8'0 810 €0 690 600 S¥0 9Y0 (SST=u)vOV  usiueds
2€0 890 0T0 70 970  (¥69=u)s|onuod
(87T 0188°0) ¥T'T 62°0 62°0 TL0 600 T¥0 0S50 (eLT=U) VLV
(SzT01€80) 20T 680 z€0 890 TT0 TI¥0 8Y0 (862 = u) VOV vsn
L8v9TS0TS!
(1D 9%G6) 4O apIe DA d  VaRIlY D3RIV VYW VO 99 uoirendod

€9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

saIpoqueoIne 21119ads-(2SS) S1S043]9s 21Wa1SAS 01 Buipaodde swsiydiowAjod THNYG 10 SIsAjeuy

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 13

Rueda et al.

(S0zor6L0) 2T 620 €0 890 0T0 S¥0 Sv0 (zv=u) v1v

(0T'20166°0) P11 500 0€°0 0L0 800 E¥0 670 (9L=u)vov  uewsso
60 290 ¥T0 050 €0  (ypy=u)sjonuod

(e0€0125°0) 52T 250 €0 890 600 9¥0 90 (TT=u) V1V

(L0201 67°0) TO'T 16°0 80 €90 €T0 050 8€0 (9T=U) VOV  usipams
L€0 €90 €70 870 O0r0  (0Gz =u)s|onuod

(98'T0129°0) TT'T ¥9°0 v€0 990 6T0 O0E0 150 (Le=u) V1V

(96'T0129°0) OT'T 690 €0 990 00 ¥S0 60 (82 =) vOov yona
00 0L0 0T0 2r0 670 (IS0T=u)sjonuod

(82'T0129'0) 68°0 950 €€'0 90 0T0 9¥0 w0 (zL=u) V1V

(21T 0189°0) 280 62°0 €€°0 190 600 870 EY0 (F9T=u) VOV  ysiueds
80 290 ¥T0 L0 6€0 (969 = U)s|0nuod

(88TOIET'T) G¥'T 7000 620 1.0 800 ¢2v0o 0S50 (eLT=U) ViV

(¥2T01¥8°0) 20T S8°0 LE0 €90 ST0 w¥0 T¥0 (662 = u) VOV vsn

L6TEELES!
spIe D aNEeAd  VepRIY D8RIV VYW VD 99

0€°0 0L0 800 €0 8r0 (T€2E =U)s|onuod

(9r'T0160T) ¥2'T 700 120 €L0 00 EY0 0590 (8.7 =) VLV

(8TT0116'0) £0'T 19°0 0g0 0L0 0T0 I€0 €S0 (zea=u)vov  ,PeI00d
vE'0 990 070 L¥0 ¢&r0  (L0€=u)s|onuod

(rzco1eTT) 65T 100 v20 9,0 00 ¥E0 650 (zTT=U) ViV

(82T 0106°0) LTT 1970 62°0 2,0 800 O¥0 TS0 (20T =u) VOV uelfe)|
€0 690 600 S¥'0 9r'0  (09€ = u) sjoauoD

(88T0169°0) ¥T'T G50 820 2,0 L00 2ro 150 (Ty=u) V1V

(€T 019L°0)ST'T 90 82°0 2L0 900 w¥0 0S50 (99=u)vov  uewsso
00 0L0 600 20 670 (596 =u)sjonuod

(ov'e 01 61°0) 62T 90 €20 L0 600 [20 %90 (TT=u) V1V

(#9201 ¥5°0) 02T S0 S2°0 GL0 900 880 950 (9T=U) VOV  usipams
62°0 TL0 00 S¥0 870  (95z = u)sjonuod

(00 0165°0)80°T 2L0 120 €L0 L00 6£0 VS0 (82 =u) vLiv

(00201 29°0) ST'T S0 92°0 vL0 SO0 TF0 ¥S0 (L =u) VOV yoing
120 €L0 900 2¥0 250 (8¥0T =u)sjonuod

(10 9%56) 4O 2dpRIE D 8NEAd VPRIV D3RIV VY VO 99 uone|ndod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



Page 14

Rueda et al.

*SBIPOQIIUE 8SEIBWIOSION0I-1IUB 'V |/ ‘SBIPOGIUE 8J3WOAUSINIUE ‘YD

'$109449 PaXI1} J8PUN 1S3} |9ZSUSBH—|SIUBIA
*

S0 G90 20 S0 ¢r0  (EPTE =u)sjonuod

(LrT0320T) 92T #00°0 0€0 0L0 0T0 ¥0 670 (L =) VLV

(STT01680) 20T 18°0 SE'0 S90 €T0 S¥0 v (889=U)voy  ,PeI00d
€0 G9'0 0T0 6v0 Tro  (Ove=u)sjonuod

(6,T01€6°0) 62T AN 620 1.0 600 Or0 TS0 (zrT=U) VLV

(€T 0169°0) G6°0 6,0 90 v9'0 ST0 TY0 70 (50T = u) VOV uelfey
8€°0 290 LT0 20 Tr0 (29 =u)sjonuod

(1D %%6) HO 2RI DNEAd VRV D3RIV VY VO 99 uone|ndod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Rheum Dis. Author manuscript; available in PMC 2010 November 8.



