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RLFECIDHET SH. ZDO%E PMR IZ GCA 234
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B, KBRS, WERAICEEIRDONZL-
7o, Fiz, BG 07z vegetation HFRD LN o T,

FRERAEE © /mlh, RARIEORE, Ak, &
SIZHRWDITEE, CRP O LR LAIES % PMR
EEZMLIY. P RE LCEBOIEY — F i
&7, EBIRICERCINEYZRD T, BRER

B 1 BesREsL X 5

F1 WBRRENR

Fi —BEEREE 90 mm 2 (= TP
Alb
BERE ®o (=) T. Bil
& (=) GOT
o (=) GPT
Wik BEeL LDH
ALP
mE WBC 5700/ ul CPK
Neutro 73% AMY
Eosino 1% Cr
Baso 1% BUN
Mono 1% Na
Lymph 18% K
RBC 400 X 10/l cl
Hb 11.4g/dl Glucose
Ht 34.2%
Plt 27.4% 104/l MR KRR

6.8 g/dl R CRP 6.6 mg/dl
4.0 g/dl STS (—)
0.9 mg/dl TPHA (=)
131U/1 HBsAg (=)
191U/1 HCV Hifk ()
182 1U/1 1gG 1259 mg/dl
240 1U/1 IgA 336 mg/dl
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ERBETrEARETFL LR EMA . £k
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DR53 group haplotype (DR4, DR7, DR9)
DQB1*0303 DQA1*03 DRB1*0901 DRB4*01

genome —"-\ I——[ . l

. i
&

protein DQ9Y DR9

N

Possible mechanisms of association with MPA

(1) Presentation of specific antigenic peptides by HLA molecules
encoded by this haplotype such as DQ9, DR9 and DR53.

(2) Functional polymorphisms of other genes encoded on this
haplotype

ERERPLBRYIEIZIBWT, HLAIZD o & SFENL LR B
”%:E{zz%fa‘b& 78, FRFEICBNTD, ¥, HLA
*RMRETFELTHITLZ

HLA & ANCABEMEROBIERFETIE, I—av
28T, WGEHLA-DR4, DR1& DOBE % /RIET 5
LERALNE, AARTIE, &E OO, 4
BBIOBETTHHH, WGB L UMPO-ANCAMEE %
(2B HBHLA-DRODIENIAHRE ST 7287,

EE 513, HAAANCABEIME & & HLA-DRBIE
(EFE  OBERIT# M17L, HLA-DRBI*0901%, &
EXRED291%I2R L, MPADSO%IZHEETHY, &
BICEMLTwaZ 2R L2(P=00037, v X1
[OR]244)¥, 6|2, HLA-DQBI, DPBI, B, CiZD\»
TOWEBIMR 7225, DOBI*0303\=%F L THOR 2.35
DEEREEI R &Nz, DRBI*¥09012DQBI1*0303
OMICIIEE R EHAFEIFEET 5720, ThbHon
fhﬁf~%sﬁ&)ﬁﬁ'f§i§{z‘:¥ﬁx%&%*&5 Z LR R
TdHol-s —F4, HLA-B, C, DPBIZi%, BHGHMHE
B Shadhol. Thbb, EZ!SA%EH_;\B\NC,
HLA-DRBI*0901-DQBI*0303)\711% A 7ix, MPADA
BuRERFTHHIEDVHLPI R 7Y,

HLA-DRBI*0901-DQBI*0303\7 0% 4 7Zi%, =
S RS 2 HEET R, Bk, TonTady
A%, BERZEILDETATVT7EMIZIIELOTE
BEICHFETAOIL, a—ov/SREM, 7700
FREFMITIL, BEALFELRVWEVWIATHY, £
X, ToNTas 4T, BEACBWT, EERRE,
EERMEEMRENE ) VIEEIGEL FiccPhi
AR Y FRE, SR ECRERELLYE
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DRA1
D"— Figure 1 Possible mechanisms of association between

HLA-DRB1*0901-DQBI*0303 haplotype with MPA.
HLA-DRBI1*0901-DQB1*0303 is one of the haplotypes
that belong to DRS53 group haplotype, which carries HLA-
DRB4 locus. Three HLA-class II molecules, HLA-DRY,
DQ9 and DRS53, are produced from this haplotype. It is
possible that an antigenic peptide specifically presented
by any of these molecules is causally involved in diseases.
Another possibility is as yet unidentified functional poly-
morphism specifically encoded on this haplotype is caus-
ally associated with diseases, and HLA represents a proxy
of such causal allele.

ENREDOOND L W) HTH B0,
I—-uy NEMICEEEICFEET 5,
AT, FEECRERELOBENEE
DRBI*0301N7 1% 4 7L EEROBBRED
%,

HLA-DR, DQO##5EIZ, THIRIZX T 2HEIRRTH
%o 12T, HLA-DRBI*0901-DQBI*0303\7 0% 47
EMPAL DRER BT 5 5 FEO—oDWREMI,
HLA-DRBI*090I:&{5F & HLA-DRAIZ{ZFD~TU S
4 <—T&AHHLA-DRISF, HLA-DQBI*0303k, ZD
NTTF A 7T — FENT2DQAI*03DEIEFER DN
TUFA<v—THAHLA-DQYFF, EbiczoNnTasy
4 72— FENTWBHLA-DRB4*01 X DRAIDEIEZF
EYOANTOT A< —THSHLA-DRSITFOVT
2, MH20OREEIEARTF FISERIRRIND
EWVHBDOTH 5 (Fig. 1)o

LL, EROLICERREELOBEL, FEMN
HERTF FOFBETHEAT L0, RPEHETHS X
HBbhb, HLABREFEIL, bhepl3ica—F3h
TWAYS, ZOFEMICIE, TNFa, C4, TAPZY, HLA
DA ORERBEFVEEI—FENTE), HLALD

HEEAREEIROONE, ZONTOIL THESFEE
RECRBERBCHETLIZLEERTAL, HRNE
PMERTF FORRLDS, LA, Zonsuy( 7
BRI T F &N/, HLADSOREREIET0S
RIS EEATH LTRSSV L) ICB b (Fig. 1)
A%, TNOWMADOTRELZERICANT, FT7HEL
REEL TWLED B B,

7, BB LHIZ, WGEMPADERRIZIE, FEE

Hlzhd, JLE
BANCIREF
DO LN BHHLA-

ZEHTE
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GREFMZEFRDOONLY, ZOFEESHLANKHZETS
ZREPIIONTS, S, STTILEFDKREICL
D, BEEL T LENH Do

KIRB{LFE

b PNKHIfEIE, SROEMREIAKLMFRZE
HERHL TV, HHIEZAEEKL KoM
BT HHCDHLA-class I FraZak L, #mltES 7
FNEEETAILICLY, NKMARIZL2ETOHMAE
BEREZHTVED, BEMRER Y AV ARG
Y, BT.OHLA-class BB S N5 &) 2R
WBWTIE, HIHIELY 7 UANiBEs L, 0 L) ik
CHHY A RERAE EMEATRIE X N5 (missing selfit) o
HESTT) VA== 7 73 —IZE T Akiller cell
immunoglobulin-like receptor(KIR) 1%, NKHfg>—ERDT
MBI RRT A EELZAETHY, HE(LE, IHE
W OEZFEPHELET o

KIRIE, & b 3 1K19q13.412 {7 & 3 Sleukocyte
receptor complex(LRC)IZ, leukocyte Ig-like receptor
(LILR) Bz FEICBE L CTHEET 24OBBRET
FEiza—F&hTwab, KIRiE, HfaADIghAf D
BEMBREBOESICL o T shd, fIziE,
KIR3DLLZMBE/C 3 BDIgh A4 2 FL, BVl
JNSERE OGS FTH Y, KIR2DSUIMA g A1
VA2 BT, MBEAEESEVWTTFTHL, —#&IZ,
DLOZ V=7, MEAERICHEEEF -7 THS
immunoreceptor tyrosine-based inhibitory motif ITIM) % &
TAHMHBZEETHY, DSOS V-7, REEHE
BICBHEHENT I B(Lys) 2 F L, EE{LEEF—
7 T3 Aimmunoreceptor tyrosine-based activation motif
ATAM) %2 BT AHT7 ¥ 7% —3FTHAIHDAPREEE
L, @RS 7PV ER{RET 5o 12720, DLOZ V—
TOHTKIRZDIAD A, EEBEFIRICHHEREDArg
KL, FeRyL &AL CIFNYEELFET L L RE
ENTWwaY,

KIRIZ, THIMZEHLEERY, BREOHERTFF
2R ULHLADA L FIBT AbiFTidkd, 738
BHIEF -7l Lo THE SN AHLAClass 10T 77
V=T %R 253 % (Table 1)o

KIR;E{KH%? ZiE, HEEEFIL ARV TOLENIME,
BEFEEEOEECLAISHIPBEEIHFET 5. &
DIER, HAHBADY / LHIZHE T HKIREIZTF ORI

February 25, 2009

Table 1 KIRs and their ligands

KIR ligand
KIR2DIL.1 HILA-Cgroup2
KIR2DL2/3 HLA-Cgroupl
KIR2DLA HLA-G
KIR2DLS5

KIR3DL1 HLA-Bw4
KIR3DL2 HLA-A3, All
KIR3DL3

KIR2DS1 HLA-Cgroup2
KIR2DS2 (HLA-Cgroupl)
KIR2DS3 :
KIR2DS4

KIR2DSS5

KIR3DS1 (HLA-Bw4)

HLA-Cgroup2 consists of HLA-Cw alleles possessing Asn77
and Lys80, such as Cw2, 4, 5 and 6. HLA-Cgroupl includes
HLA-Cw1l, 3, 7 and 8 which contain Ser77 and Asn80. HLA-
Bw4 is defined by position 77-83 amino acids, and includes
HLA-B13, B27, B44, B51, and B52. Weak interaction has
been postulated between KIR2DS2 and HLA-Cgroupl, and
between KIR3DS1 and HLA-Bw4, which has not been conclu-
sively established.

1, T~ V) RERBBRENFET 5, 20&D
REREOFEMIIOWTIE, BHESREIN/WE,

KIREHLAIZ, BlOFBAEIZTI—FENTNEZDIZ,
MIZICBEIET 5o 0T, WTHhIBEIZHNTH
BKIRE)H v R THAHLADHEAGHEIZLY, HLA-
KIRZNT 5V 7 FIMEEICRGHBEESEL 5, L
FD X HEEDNS, KIREHLADHAE LY L, FFIZ
HIV?, HCV®, & IEa—<3 AV AHPV)DRED
TAVARBY, BEYYTF?, BENEEY, Bt
MEA, IBMERRAS, MEES 2 EODHCRERAL
OBEESTEIN TS, ZNETOMFERFEETKEL
FebHE, HLA-KIRODHMAEDOE P LIEE SN BIENE
LRI 7 F VABRVERICBETRERED, Ry 7+
WABRWEEEIZ Y A W ARSI TEO ) A7 O LR
DEEHFRD SN BBID LA, 74 IV ARREA TR
B5 75 FEEHECRIHEOHAEbEDAPER
PEIBCB R, STy AV AR T B IEEDORE
FISOFERISRBICEET 50 TH 5 LBRITY
Bo

—EEDOFOE 4 ONKMAEIE, ZOEEDOFDOKIR
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Figure 2 HLA-Bw4, KIR3DLI and KIR3DSI combina-
tions in Japanese MPA and healthy controls.

Each individual can be grouped into 6 groups accord-
ing to the presence/absence of KIR3DLI, KIR3DSI and

HLA-Bw4, the ligand of KIR3DLI1 (and possibly of
KIR3DS1). KIR3DLI contains ITEM and transmits in-

hibitory signal, while KIR3DS1 associates with DAP12
which contains ITAM, and transmits activation signal.
Frequencies of each group in the Japanese patients
with MPA and controls are shown on the right. The

most inhibitory combination, HLA-Bw4+, KIR3DL1+,
KIR3DS1- (top), was significantly increased in MPA.*®
Because the ligand of KIR3DS1 has not been identified,
here we assumed an unknown ligand expressed in all

o%  individuals. It should be noted that there is a possibility
43%  that KIR3DS1 weakly interacts with HLA-Bw4, as de-

) inhibition  cmeey
E HLA-Bwd NK. T ¢ | activation =
- O0O0; ot 27 0%
S—— i 0
ggf: + | putative KIR3DL1 e —— - t-l;:ém é?ghtgfz 3%7'0 *
3051 5 . M ot L1 1 5
3DS1- I'?g'gn ) i 95%CI:1.18-4.70)
Bwd- : OO0 MPA 18.6%
3DL1+ y Healthy controls 23.9%
3DS1- > i
—t O —

Buat _8-8 ; MPA 14.0%
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3DS1+ <E>) .CX)_C% [TAM
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t DAP12
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3DL1+ l MPA 20.9%
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Bwd+ __(02%3 MPA
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3D81- <D . eainy controls
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773V —RETFEEY, HHRET VY LIERT S,
#oT, FUEEONKMEORIZBVTY, HEKIRY:
BHETAMBLEHL 2 VRS HFET 5, CMVES
DFETE 1 BIOABIIBNT, TRTONKHIFEAH
RS A THAKIRZDLIAEH L T2 E W) BRH
WESNTWBEY, L, KIRENT A8 7
PRV E B SNBEEIC BT, T4V AREERE
PRIETTHIEEIRHTIMATH S,

DEoTENS, bhbiut, BERAMPAIZBITA
KIRBIZFOHEEEHLAY H Y FE DB AEDEDEIT
2T o729,

$9, HARAMPA43R, RENERE23HIZBNT,
KIRDIUABREFEOFELRE L Zh, HHLEZ
BARTH BHKIR2DS3D G IR REFED16.7%IZ <
MPAT34.7% & B EIRA LTV 72(P = 0.038), '

WIZ, HLAYH ¥ FEKIRE DA DEEZREL
7zo HLA-B, HLA-CEJTIIMPA & B F B HEHF/Y
WHEELRERROW o720 LA L, KIR3DL1/3DSI]
LHLA-Bw4t DA ELEDIH, ok HHIWT
H5BHEFHEEIND, HLA-Bwip M, KIR3DLI ¥,
KIR3DSIFEME L\ ) BEDS, MPAICBVTA65% L, BE
BED2710% L LB L T v X235 THEICHEML T
72 (P =0.014) (Fig. 2)o
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scribed in Table 1. However, this does not significantly

0% affect the above interpretation.
2% OR: odds ratio, CI: confidence interval.
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LILRA2
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OO, —RKICIE, BRBFRIETICERL, —8D
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genomic DNA 152241524
axon6 ‘ exon7
Gallele *+-* TCTCAG GTGAG **+++" TCCAG CATCCCTAG GCCAACA
Aallele  <vre TCTCAG GTGAG *»++++ TCCAA CATCCCTAG GCCAACA
1
Full length 2
cDNA 3
Ala Ser Leu Gly 7
Gallele -—-—v TCTCAGCATCEETAGGECAACA-~—~- 11aa—
Aallele  ---—- TCTCAG GCCAACA-=----
Gly \ -
A419-421 Isoform 3
833 st
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7y v BICBREN S Z e B SN (Fig. 3o A/

AREGEFEOEMETIE, 100%DmRNAR T DA419-421
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.....

Figure3 LILRAZ rs2241524 associated with MPA and
SLE activates a cryptic splice acceptor site and causes in-
frame deletion of three amino acids in the linker region.
The SNP 152241524 G > A (arrow) disrupts the consen-
sus splice acceptor motif, and activates cryptic splice site
9 nucleotides downstream of the original splice acceptor
site.”” This leads to inframe deletion of 3 amino acids
(419-422) in the linker region of LILRA2. The splice
sites employed in each allele are underlined, and exons
are shaded.
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Genetics of Microscopic Polyangiitis in the Japanese
Naoyuki Tsuchiya

Doctoral Program in Life System Medical Sciences, Graduate School of Comprehensive Human Sciences,
University of Tsukuba, Ibaraki, Japan

Key words: microscopic polyangiitis, genetics, HLA, KIR, LILRA2

The epidemiology of ANCA-associated vasculitis is substantially different between Caucasians and Japanese, which
may be related to genetic background. In this review, I discussed our findings on the genetics of microscopic polyangiitis
(MPA) in Japanese. Analysis of HLA genes revealed significant increase of HLA-DRBI*0901-DQBI*0303 haplotype in
MPA. This is one of the most frequent haplotypes in Japanese, but virtually absent in Caucasians, and has been shown to
be associated with multiple autoimmune diseases.

Analysis of KIR genes revealed significant decrease in the carrier frequency of an activating receptor KIR2DS3 in
MPA. When KIRs were analyzed in combination with HLA ligands, the proportion of individuals carrying KIR3DLI and
HLA-Bw4 but not KIR3DSI, the most inhibitory of all KIR3DS1/3DLI/HLA-B combinations, was significantly increased
in MPA. These results suggested that the decreased activation of NK and/or T cells may predispose to MPA.

LILRA? is an activating receptor involved in granulocyte and macrophage activation. LILRA2 SNP rs2241524 G > A
that disrupts intron 6 splice acceptor site was significantly associated with MPA. The risk allele produces a LILRA2 iso-
form lacking three amino acids in the linker region.

These findings, when confirmed by larger-scale studies, will shed light on the molecular mechanisms of MPA.

(J Jpn Coll Angiol, 2009, 49: 31-37)
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Replication of association between
FAM167A(C8orf13)-BLK region and
rheumatoid arthritis in a Japanese

population

Polymorphisms in the genomic region encoding B lymphoid
tyrosine kinase (BLK) and family with sequence similarity 167,
member A (FAM1674, also referred to as C8orf13) at 8p23.1

936

have been associated with systemic lupus erythematosus (SLE)
in Caucasian' 2 and Asian® 4 populations. A recent genome-
wide study in a north American population showed new asso-
ciations with rheumatoid arthritis (RA), among which was a
single nucleotide polymorphism (SNP) rs2736340 in the inter-
genic region of BLK and FAM167A.5 In the HapMap Japanese
samples (http://www.hapmap.org/index.htmlja), this SNP
is in absolute linkage disequilibrium (?=1) with rs13277113,
previously associated with SLE.!~* We have shown that the
population frequency of the risk genotype rs13277113A/A and
the OR for SLE were substantially higher in the Japanese pop-
ulation than in the Caucasian population.? '

Ann Rheum Dis May 2010 Vol 68 No 5



Table 1  Association of BLK rs13277113 with rheumatoid arthritis (RA) in a Japanese population

Genotype frequency Allele frequency Alielic association
n A/A ~AG G/G G p Value OR (95% CI)
RA 603  308(0.511) 242(0.401) 53(0.088) 858({0.711) 348(0.289) 0.018 1.24 (1.04 t0 1.49)
Control 492  218{0.443) 218(0.443) 56(0.114) 654 (0.665)  330(0.335)

The association was tested by x? analysis using a 22 contingency table.

To date, the association of FAM167A-BLK region with RA has
not been reported in non-Caucasian populations. In this study
we examined whether the association between BLK and RA
was replicated in Japanese subjects.

A case-control association study was performed for 603
patients and 492 healthy controls. Because the association
of FAM167A-BLK region with SLE is already established,'
patients with RA complicated with SLE were excluded. All
patients fulfilled the American College of Rheumatology clas-
sification criteria for RA.S The patients and the healthy con-
trols were recruited at Matsuta Clinic, University of Tsukuba,
the University of Tokyo and Juntendo University. This study
was reviewed and approved by the research ethics committees
of University of Tsukuba and other participating institutes.
Written informed consent was obtained from all partici-
pants, except for some participants before 2001, before the
enforcement of the Ethics Guidelines for Human Genome/
Gene Analysis Research by the Japanese government. From
such participants, oral informed consent had been obtained.
In accordance with the guidelines, the latter samples were
anonymised in an unlinkable fashion and were included in
this study after review and approval by the ethics committee
of University of Tsukuba. The genotype of rs13277113 was
determined using the TagMan SNP genotyping assay (Applied
Biosystems, Foster City, California, USA).3 Power calculation
based on the risk allele frequency in the Japanese population
(0.665) showed that this sample size provides 80% power
to detect susceptibility genes with an allelic OR of 1.298.
Deviation from Hardy-Weinberg equilibrium was observed
neither in the patients nor in the controls.

A significant association with RA was replicated in the
Japanese population (table 1). Although the OR was compara-
ble to that in the Caucasian population (1.19 for rs2736340°),
the risk allele frequency was considerably higher in the Japanese
subjects than in the Caucasians (0.273 in cases vs 0.240 in con-
trols for 152736340%). The population attributable risk percent-
age was estimated to be 22.8% in the Japanese population and
9.3% in the Caucasian population under the dominant model.
No significant difference in rs13277113 was observed between
HILA-DRB1 shared epitope positive and negative RA (data not
shown). :

Our observations indicate that the FAM167A-BLK region may
be a shared genetic factor for a number of autoimmune diseases
in multiple populations, but the genetic contribution may be
greater in Asian populations because of the differences in the
genetic background.

Ann Rheum Dis May 2010 Vol 89 No 5
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Association of the FAM1674-BLK Region
With Systemic Sclerosis

Tkue' Ito Yasushi Kawaguch1 Aya Kawasak1 Minoru Hasegawa Jun Ohash1
Manabu Kawamoto,”> Manabu Fu]lmoto Kazuhiko Takehara,? Shinichi Sato,*
Masako Hara,> and Naoyuki Tsuchlya

Objective. An association of single-nucléotide
polymorphisms | (SNPs) in the FAMI674 (previously
referred to as C80rf13)-BLK region with systemic lupus

erythematosus (SLE) has been demonstrated in Cauca- -

sians and in Asians. Recent studies have shown that
many genes, ‘including IRF5, STAT4, and PTPN22, are
‘shared susceptibility genes in multiple autoimmune
diseases. We undertook the current study to examine

whether the FAMI1674-BLK region is also associated

with susceptibility to systemic sclerosis (SSc).

‘Methods. Japanese patients with SSc (n = 309)'

and healthy controls (n' = .769) were enrolled in a
2-tiered case—control association study. In tier 1, 124
patients- and 412 controls were tested to determine
association of 16 tag SNPs encompassing the
FAMI167A-BLK region with SSc. In tier 2, an additional

185 patients and 357 controls were analyzed for SNP

rs13277113. ‘
Results. Two haplotype blocks that correspond
approximately to FAM1674 and BLK were observed. In

tier 1 of the study, the rs13277113A allele in the BLK

block exhibited the most significant association with
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SSc after correction for multiple testing (permutated
P = 0.024). Two SNP haplotypes formed by rs13277113
and the most significant SNP in the FAM1674 block did
not exhibit stronger association. When samples from
tier 1 and tier 2 were combined, the rs13277113A allele
was significantly associated with SSc (odds ratio 1.45
[95% confidence interval 1.17-1.79]; P = 6.1 x 107%).
Association or a tendency toward association of
rs13277113A with SSc was observed regardless of a
patient’s autoantibody profile or whether a patient had

" diffuse cutaneous or limited cutaneous SSc.

Conclusion. Our findings indicate that the
rs13277113A allele is associated not only with SLE but
also with SSc and that the FAM1674-BLK region is a
common genetic risk factor for both SLE and SSc.

' Systc;mic sclerosis (SSc; scléroderma) is a com-
plex disease thought to be caused by multiple genetic

‘and environmental factors, most of which have yet to be

determined. Our own recent studies, as well as studies by
others, have shown that genes, such as IRFS5 and STATY,
that are associated ‘with systemic lupus erythematosus
(SLE) and other autoimmune diseases are also associ-
ated with the development of SSc (1-4).

Genome-wide association studies have identified

_an association between single-nucleotide polymorphisms

(SNPs) in the FAMI167A (previously referred to as
C8orf13)-BLK region and SLE in Caucasians (5,6). We
previously replicated this association in a Japanese pop-
ulation and also demonstrated that the genetic contri-
bution of this SNP to SLE appeared to be substantially
larger in the Japanese population than in the Caucasxan
population (7).

The most strongly SLE-associated SNP in this
region, rs13277113, is located in the intergenic region of
FAMI167A. and BLK, and the risk allele for SLE,
rs13277113A, has been shown to be associated with low
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levels of messenger RNA (mRNA) for BLK and high
levels of mRNA for FAM167A (5,7). FAM167A encodes
a ubiquitously expressed gene, the function of which
remains unknown. BLK encodes a tyrosine kinase of the
Src family, which is expressed mainly in B cells, and
-~ although the function remains to be investigated, its
preferential expression in B cells suggests it plays a role
in B cell signal transduction.
" Autoantibodies are present in most patients with
SSc, and the specificities of these .autoantibodies corre-
late well with clinical presentations. For example, anti-
centromere antibodies.(ACAs) are frequently found in
patients with' limited cutaneous SSc (IcSSc), which is
rarely associated with severe internal. organ damage
except for pulmonary arterial hypertension. On- the
other hand, anti-topoisomerase I (anti~topo I) anti-
* bodies are most commonly found in patients with diffuse
cutaneous SSc (dcSSc), which is often associated with
internal organ damage, especially interstitial lung dis-

ease. We have previously demonstrated up-regulation of '

CD19 expression and decreased CD22 phosphorylation
in B cells from human SSc patients (8). Furthermore, we
have reported an association of CD19 (9), CD22 (10),

and IL10RB SNPs (11) with SSc. These findings strongly.

suggest that B cell signaling dysregulation may be caus-
ally associated with SSc in a proportion of patients.
Based on these findings, we hypothesized that the
FAM1674-BLK region may be associated not only with
SLE but also with SSc. In the current study, we used a
case—~control association study to. test our hypothesis.

PATIENTS AND METHODS

Subjects. Japanese patients w1th SSc (n = 309) were
recruited for this- study. Because the association of the
FEAM1674-BLK region with SLE has already been established
(5-7), SSc patients who" also had SLE were excluded. All
patients fulfilied the American. College of Rheumatology
(formerly, the American Rheumatism Association) criteria for
SSc (12) and were classified as having either dcSSc or 1cSSc
according to the classification system of LeRoy et al (13). The
mean *+ SD age of the SSc patients was 45.4 * 13.9- years, and
the cohort consisted of 29 men and 280 women.

Among the patients, 158 (51%) had dcSSc and 151
(49%) had 1cSSc. Anti-topo I and anti-U1 small nuclear RNP
-(anti-Ul snRNP) levels were determined using an enzyme-
linked immunosorbent assay (ELISA; Medical and Biological
Laboratories, Nagoya, Japan), and specificity was confirmed by
immunoprecipitation. The presence of ACAs was determined

. by the finding of a discrete speckled pattern on indirect
immunofluorescence using HEp-2.cells and was confirmed by
ELISA using recombinant human CENP-B (Medical and
Biological Laboratories). One hundred patients (32%) were
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positive for anti~topo I antibodies, 95 (31%) for ACAs, and 22
(7%) for anti-U1 snRNP antibodies. :

The control group consisted of 769 healthy unrelated
Japanese subjects (359 men and 410 women). The mean = SD
age was 33.2 = 10.3 years.

Among the cases and controls, 124 patients and 90

controls were recruited at Kanazawa Umversuy, and 185

patients and 679 controls were recruited in a collaborative
effort between Tokyo Women’s Medical University and the
University of Tsukuba. All patients and controls were living in
the central part of mainland Japan (Honshu), and the geno-
type distribution of rs13277113 was very similar between both
groups of controls (data not shown). The study was reviewed
and approved by the research ethics committees of the Uni-
versity of Tsukuba, Kanazawa University, and Tokyo Women’s
Medical University.

Genomic . DNA. Genomic DNA was extracted from
peripheral blood leukocytes using either a QIAamp blood kit
(Qiagen, Hilden, Germany) or QuickGene (Fujifilm, Tokyo,
Japan).. Whole-genome amplification was performed using a
GenomiPhi DNA Amplification kit according to the instruc-
tions of the manufacturer (Amersham Blosmences, Piscataway,
NI).

Genotyping, A 2-tiered assoc1at10n study was per-
formed. In tier 1, 124 patients and 412 controls were screened
for association of 16 tag SNPs encompassing the entire
FAM167A-BLK region selected based on the HapMap Phase
II data fot Japanese (r> = 0.8; minor allele frequency = 0.1).
In tier 2, an additional 185 patients ‘and 357 controls were
tested for SNP rs13277113, based on the results of tier 1. Then,
the results from tier 1 and tier 2 were combined and analyzed
for association with susceptibility to SSc and its clinical subsets.

The TagMan genotyping system using predesigned
sequence-specific fluorescence-labeled probes (Applied Bio-
systems, Foster City, CA) and the ABI 7300 real-time poly-
merase chain reaction system (Applied Biosystems) were used
for all SNPs. Using this method, genotyping was possible for all
SNPs in all samples. The genotyping results for rs13277113.
were confirmed by direct sequencing in 1 sample from each
genotype.

Statistical analysns Association analyses were calcu-
lated by chi-square tests using 2 X 2.contingency tables. The
sample size of this study pr0v1ded a detection power of 0.7

- when the risk allele frequency was 0.68 (rs13277113) and the

genotype relative risk. was 1.3 (14). Calculation of linkage
disequilibrium (LD) parameters (D’ and r) from the genotype
of healthy controls and estimation of haplotype frequencies

. were performed using Haploview software, version 4.1 (Broad

Institute, Cambridge, MA; online at http://www.broadinstitute.
org/mpg/haploview/index.php). In tier 1, a -permutation test
(1,000,000 permutations) using Haploview was performed to

" correct for multiple testing for 16 SNPs and to test for

association of SNPs and haplotypes. In the association analysis
of rs13277113 with SSc and its clinical subsets, Bonferroni
correction was applied. Corrected P values (P_,,.) were calcu-
lated by multiplying P -values by 6 (the number of compari-
sons). Odds ratios {(ORs) and 95% confidence intervals (95%

. CIs) were also calculated. Epistatic interaction and additive
“effects’ of BLK, CDI19, and CD22 were analyzed by logistic

regression test, chi-square test, and Fisher’s exact test, as
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Figure 1. Allelic association of 16 tag single-nucleotide polymorphisms (SNPs) in the FAMI67A4-
BLK region with systemic sclerosis, as determined in tier 1 of the association study. Top, P values
for differences in allele frequencies in 124 patlents and 412 controls were calculated by chi-square
test using 2 X 2 contingency tables. Uncorrected P values for each SNP are shown. (Permutated
P values are shown in Table 1.) The numbers of the SNPs correspond to those shown in Table 1.
‘Bottom, Correlation (r?) values based on data from 412 healthy Japanese controls were calculated
using Haploview software, version 4.1. Open and solid bars indicate untranslated regions and

codmg regions, respecnvely

recehtly, described in a study of the role of STAT4 and IRFS in
the development of SSc in a European population (15).

" RESULTS AND DISCUSSION

Fxgure 1 shows the results of the first tier of the -
association screemng of 16 tag SNPs encompassing the
FAM1674-BLK region in 124 Japanese patients with

SSc and 412 healthy controls. An LD plot was con-
structed using data on the controls. Two haplotype
blocks, corresponding approximately to the FAMI67A
and BLK genes, were observed. Eight of the 16. SNPs
exhibited a tendency toward association with SSc (un-
corrected P < 0.05), among which SNP rs13277113 in
the BLK block showed the lowest P value (P = 0.0020).
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Table 1. Assocxatxon of 16 tag SNPs in the FAMI1674-BLK region
with SSc*

Minor allele

uen
Correlation freque cy o
(r?) with SSc Permutated

SNP rs13277113t patients Controls P Pt
1) 159644737 0.0010 0.24 021 030 0.96
2) 1512548449 0.034 0.29 028, 091 1
3) 1510503423 035 0.35 041  0.073 0.52
4) 136984212 0.25 0.30 036 ° 0.072 0.51
5) rs10088323 0.29 0.33 037 0.18 0.84
6) rs2618431 0.31 0.30 037 0.035 0.30
7) 1512680762 -0 0.15 013 032 0.98
8) rs17799348 0.0020 0.15 016 070 1

9) rs2254891 0.78 021 030 0.0073 0.073

10) 1813277113 NA 0.24 034 00020 0.024

11) 152736354 0.66 0.24 034 00046  0.049
12) 152736360 0.49 0.22 0.29  0.029 0.27
13) rs1382566 0.45 0.22 029 0.024 0.22
14) rs11250144 037 0.27 035 0,017 0.17
15) 1512677843  0.33 0.29 037 0029 . 026
16) 152244931 0.0040 0.18 023 008 - 057

* 8Sc = systemic sclerosis; NA = not applicable.

+ Pairwise linkage disequilibrium between rs13277113 and each of the
other 15 single-nucleotide polymorphisms (SNPs) was determined by
correlation (%) analysis of the controls.

i P values were corrected for multiple testing by permutation test
(1,000,000 permutations) using Haploview software, version 4.1,

The association remained significant after correction for
multiple testing by permutation test (permutated P =
0.024) (Table 1).

To examine the possibility that haplotypes
formed by SNPs in the 2 haplotype blocks may show
stronger association than either SNP alone, a permuta-

Table 2. Association of rs13277113 with SSc and its clinical subsets*
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tion test was performed for the haplotypes formed by
rs13277113 and the most strongly associated SNP in the
FAMI167A block, 152618431, together with each SNP,
using the “single markers and haplotypes” option in
Haploview. The association observed for the single SNP
1s13277113A was most significant (permutated P =

0. 0075), rather than that observed for the haplotypes
carrying this allele (for r52618431G~rsl3277113A per-
mutated P = 0.025).

To confirm the association of rs13277113, 185
additional patients and 357 controls were genotyped for
rs13277113 in tier 2 of the association study. In tier 2,
although allelic association did not reach statistical
significance (Table 2), association was observed under
the recessive model (OR 1.46 [95% CI 1.02-2.09], P =
0.039). Significant heterogeneity was not detected be-
tween tier 1 and tier 2 case-control sets by Breslow-Day
test (P = 0.20). Furthermore, the allele and genotype
frequencies of rs13277113 observed in healthy controls
(A allele frequency 0.68; genotype frequencies AA 0.47,
AG 0.43, GG 0.10) were very similar to those observed
in 964 healthy Japanese whose information is part of the
Genome Medicine Database of Japan (online at http://
gemdbj.nibio.go.jp/dgdb/). When data from the tier 1
and tier 2 samples were combined (a total of 309 SSc
patients and 769 controls), the presence of the
rs13277113A allele was significantly increased in SSc
patients compared with controls (OR 1.45-[95% CI
1.17-1.79], P = 6.1 X 107% P,_,,, = 0.0037) (Table 2).
Control samples did not deviate from Hardy-Welnberg
equilibrium.

Genotype, nio. (%)

" Allelic association

. . A allele z
Subjects (n) AA AG ‘GG frequency OR (95% CI) - Pt Corrected P
Tier 1 of association study . o :
SSc (124) 71 (57) 47 (38) 6(5) . 0.76 1.66 (1.21-2.30) 0.0020 -
Controls (412) 179 (43) 184 (45) 49 (12) 0.66 Referent - -
Tier 2 of association study o . |
" SSc (185) 108 (58) . 60 (32) 17(9) 0.75 1.26 (0.95-1.67) 0.11 -
-Controls (357) 175 (49) 150 (42) 32(9) 0.70 Referent - -
Total SSc patients (309) 179 (58) 107 (35) 23 (7) 0.75 1.45 (1.17-1.79) 6.1x107* 0.0037
deSSc (158) 93 (59) 54 (34) 11(7) 0.76 1.50 (1.14-1.98) 0.0041 0.025
1cSSc (151) 86 (57) 53(35)  12(8) 0.75 1.39 (1.05-1.84) 0.021 0.13
Anti-topo I-positive (100) 160 (60) 32(32)  8(8) 0.76 1.51 (1.07-2.12) 0.018 0.11
ACA-positive .(95) - 60 (63) 31(33) 4(4) 0.79 1.84 (1.28-2.65) 9.8 x 107* 0.0059
Anti-U1 snRNP—positive (22) 16 (73) -5(23) 1(5) 0.84 . 2.52 (1.14-5.53) 0.022 0.13
Total controls (769) "354 (46) 334 (43) 81 (11) 0.68 Referent - -

* Significant heterogeneity was not observed between the tier 1 and tier 2 case—control sets, as determined by Breslow-Day test (P = 0.200). SSc =
systemic sclerosis; OR = odds ratio; 95% CI = 95% confidence interval; dcSSc = diffuse cutaneous.SSc; 1cSSc = limited cutaneous SSc; anti~topo
I = anti-topoisomerase I; ACA = anticentromere antibody; anti-U1 snRNP = anti-U1 small nuclear RNP.

+ P values for the differences in allele frequencies were calculated by chi-square analysis using 2 X 2 contingency tables.

+ Bonferroni correction was applied by multiplying the P values by 6 (the number of comparisons).
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We next investigated whether the association was
limited to particular clinical characteristics of SSc, such
as a patient’s autoantibody profile and whether a patient
had decSSc or 1cSSc. As shown in Table 2, when com-
pared with healthy controls, a tendency toward associa-
tion was detected regardless of the clinical subset being
tested, among which association of rs13277113 with
deSSc (P,,,, = 0.025) and ACA positivity (P, =
0.0039) remained significant after Bonferroni correc-
tion. The cutaneous disease subsets and autoantibody
profiles may appear contradictory. Only ~60% of the
patients with dcSSc and 1cSSc were positive for anti-
‘topo I antibodies and ACAs, respectively. The apparent

discrepancy was likely caused by relative enrichment of -

the risk allele in anti-topo I-negative dcSSc patients but

not in ACA-negative 1cSSc patients (data not shown). It

should also be noted that such a difference in statistical
significance was influenced by a difference in the sample
size of each subset, because the risk allele frequencies
and ORs were not substantially different. Of interest,
although statistical association was not. attained due to
the small number of the patients, the subset of patients
who were anti-U1 snRNP-positive exhibited the highest
OR. This issue needs to be investigated in future studies
with larger sample sizes.

Because the sex ratio was substantially different
between patients and controls, the association of
rs13277113A with SSc was also examined using logistic
regression analysis by including sex as a parameter. The
association of rs13277113 remained significant even
' after adjusting for sex (OR '1.50 [95% CI 1.29-1.73],

= 0.0055 under the recessive model). Although the
controls were younger than the patients, in view of the
low incidence of SSc, it is highly unlikely that a substan-
tial number of the ‘controls would later develop SSc.
Even in such a case, our present data would be consid-
-ered to be conservatlve and cannot be a cause of a Type I
€ITOI.

We prevmusly reported an association of SNPsin

the B cell signaling molecules such as CDI9 and CD22
. with SLE in a Japanese population (9,10). The genotype
" frequency of BLK rs13277113 in patients with and those
without the risk genotype of CDI19 (rs73533858T car-
riage) or CD22 (rs34826052A/A) was not significantly
different (P = 0.95 and P = 0.77, respectively, by
Fisher’s exact test). In addition, a case—control analysis
showed that the association of BLK was similarly ob-
-served in patients who did and those who did not carry
the CD19 risk genotype. Because the CD22 risk geno-
type was absent in the genotyped controls, such an
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analysis could not be performed. Thus, no evidence for
epistatic interaction was detected.

We next tested whether the risk alleles of BLK,
CD19, and CD22 have an additive effect. When the
association between the number of risk alleles in the 3
genes in each individual and the risk of developing SSc
was examined using logistic regression analysis, the OR
was shown to increase 1.55-fold for each addition of a
risk allele (P = 0.0035). When compared with individu-
als with 0 or 1 risk allele, the OR (95% CI) was 1.80
(0.89-3.66) in individuals with 2 risk alleles, 2.53 (1.14—
5.58) in individuals with 3 risk alleles, and 4.53 (1.44-
14.27) in individuals with 4 or 5 risk alleles, respectively.
Thus, these risk alleles appeared to have an additive
effect in conferring susceptibility to SSc. '

This report is the first to describe the association
of a FAMI167A-BLK region polymorphism with genetic
susceptibility to SSc. The SNP rs13277113 is the same
SNP that accounts for the genetic effect of the
FAMI167A-BLK region in SLE (5,7). Recently, many
genes, including IRFS, STAT4, and PTPN22, have been
shown to be associated with multiple autoimmune dis-
eases. The findings of the current study suggest that the

FAM167A-BLK region may also contribute to a genetic

background shared by muitiple autoimmune diseases.
Further studies of SSc and other autoimmune diseases
are required to test this hypothesis.

The SNP 1513277113 is located in the intergenic
region between FAM167A4 and BLK. Thus far, molecular
mechanisms that link this SNP and autoimmunity have
not been reported. The risk allele has been reported to
be associated with lower expression of BLK and higher
expression of FAM167A (5,7); however, at this point, the
direct functional role of this SNP is unclear, and it is
possible that this SNP represents a proxy of other
functional polymorphlsms causally related to the patho- .
genesis. Full resequencing of the FAM1 674-BLK region
wﬂl address such a questiomn.
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' Clinical Images: Gout revealed.on arthroscopy after minor injury

The patient, a 34-year-old man who-had sustained a minor, sports-related twisting injury, presented with significant pain. in the
lateral area of the left knee; tenderness was most prominent medially. Magnetic resonance imaging results suggested a small lateral
‘meniscal tear, and arthroscopy was performed. Widespread chalky plaques were noted on cartilaginous surfaces (A), while the
synovium had a “snow-speckled” appearance from the deposits (B). Even a minor m]ury can trigger an attack of gout in major joints,
which can mimic other conditions.
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