SR

USHIKI Atsuhito

FERIMERREEOLL TEBEENBUVREBITHEEIR TS S. DNDNGEAGEE S OBRRBERAT I
HIC, EEORERLOEHNERELTCSD, BESTICIB2HI0BET olc. BRERBIEREE, R, BRO
BTE M oreht, SEEROHE 1 S8, FEESERE UTERRBHERENS1HITRS TH oiz. FRIDERSHE
[£2~8,28087T, FREFBOHTH vle, WAKL-BOTEERFIEBU/mLLBMULTVEY, EBEEOENS
FBFUCEDTE. RES L TR 480THERESPIESN, 1220C/ UV AEEESTRIBRERT O FERT
e, FHRIZ388HERS UEFBRTH och. SHDFETHBRD.

Key word EERIMEEEE, %%1@%%’?&%" ®, %?’E’iz‘f}? GE, AFERNE, BEREASOR

N FIMEEEORBENE, BLUFTEMIHEIIE L IEL

SEEE) z% EIC S E by

SERMRIEE O OO IC B DR B A o
LA, OFEREHEE S S B O MR CHE - Wb Lo LEAMEMBIE T RBRFEEMEOERVE

El R EDH Y, ERIEIRE R IR MER T BThh, EVARVTOEEFRFLILWEELD

HAV, BHUMEEEOBIE LT, RO LS kil N

FEBENRTwEY, OFEE 22 EHOHNERS 5, % BEANEMECE S B EER AP ERE. IEH
Q#EFICERTIBERBEOSRENSH S, OUoREE B LS EETERHEYS LA, FETE f*‘v?ﬁ%%ﬁﬁ;@fiﬁ
BAHESNS, OFEMOPLIC L )FEFUETS R B A HEN AL DV TB~S,

@ﬁéﬁé%éhmxg?@*éo LAl @@z&a‘%ﬁé’)%@rm
D LBRBE TR, OOEApRc L AWEIZ, B
E%K@ﬂ%fééw EHI@OERY DL A ME

R E MR OEGIINE

i, HENEED S EERThR v, SRS Db I3 2009~201 148 BE V2 I A2 SR S W 8 10 4R B
S SR HAR BRI v, $2bb, Al HEO—BRE LT, FERE KBRS HaflBdqd
MW@@@W&¥T@U WEE, HIER, iR, BAWE BEFUREAFsIvEr s —) CH/ET
EER RS RETMRREN A 2 O BE L2ER HHVEMAMENEOEMFIEE L T E . 8 5120124
BHICHOEAF 220, B b RO H R BRER AES L UBEESE

BHRUREESRREEMOR LOATHET LIS SEGEEFERIENL, £EORE XY EREAT
W, FRCHS DR o THEET . 0O ETRE TAYAFAE oz (1), EFZIET LI

DEEEE 20152 (Vol57 No.2) — 27(191)
— 119 —



7]
&
ot

EERIERISED &

@i

EfAst
&
DIBAFE
Ay e R G
155k EERSEG
AR
A

B —RH— FEEAMRE

EAFHT—AD—F

B EERNER BT OERIAEDRN

F‘;L ilﬁ*‘&!’)

*9.

b

BEOREPES

g@Wﬁ&%lo
"bx.%{f?m 1 ‘f‘ﬁ;éf;ﬁ 353 L—'{: é‘:‘ w\-/f‘;:

EHIEE R

i«u?;‘/\uiiﬂc:‘xt/
SHENER R W (@1
‘L‘i V*yf)“)}"gﬁc"b

e

Ah— Kz

[EI 37 BEE o B il AR
®. @), ELEZESERE AN
rERREANBEOBRTR BT 5 —
BEL, BAOKEZIT) (H1E0), EFHRHMOEM
HEE LY FEARIM Ry — 20— Faadikl, B
BIE S A WF R~ — A — Fask L (K1
®), &y —2Ah— FEEMNAFEAERENE (B
1@)e & L TERANITEM IS CEA M H M 0
BREOBAT OIS &

s

] QK«AZ{)Q

SEEER B I DIRPRIR

@:l@i’ﬁaf‘ﬂm;ﬁ TR SEHVEM 21526 0
BIRGBELTOERY cafpof: FUELLI08, k42
T, FIERIEETSEETH o /o, BEMIRE L TIZEEE
MaEEc25 (40.8%), 514 (33.6%), k494
(322%) 2% oidt, SEROF 158 (99%) &
Dz (F1)e B &ML L EBEHEE L TregR
WEBTH T HEPIES3H (349%), BBEEZET
FEFIIEO0B] (59.2%) T o7,

28(192) — FEEEE 2015.2 (Vol.57 No.2)

IPIDEREE 52 (40.8 %)
E 51 (336 %
[ S 49 (32.2 %)
BEET 8 (5.3 %)
[Z 7 (4.8 %)
w L 15 (9.8 %)

a i EEESR

RIAUOTNTFE

B iR RE
B R ;
BAVAE—DTOY

0t

2 ”E?;‘\@ggﬁgl}@ﬁf@j@

AR PUREIEERE 8181 (53.3%), MU v s

214 (13.9%), #EF#16H (10.5%), HPEiREEs
il (5.3%), Pl TH 46%), fv¥¥—7=z o

— 120 —




&
BT 1 B RN RS DRI

(B0

EREGIE

18
14
12
10
8
8
4
2
0
O D 0 \\a A O 1@ ,?90 ,5\6 2
07 AT TR [ T \&\’J\a\ "B T @a\ ?;6'\ s fig)’\ 2T % g
M3 EAESH5REECOEN
v 3 (20%), FoMWieH (105%) THYH, FEHE
@%%ﬁ‘;@#é&% Gz (B2). SR {zhﬁé\ﬁﬁd

BEHRIPBEETH o /o EHIE35H (23.0%) T

o %%]%%%E‘?}ﬁ‘ﬁﬁw%%zi TOHME 2 ~8,280E§ T,
RILEIZ60H ToH o iz 5 H60H LAICEB L ORER
A5, 40 B BRI 75% OFEBIAS5AE L Tz, 5B
#3600 MEOFEIZION (130%) Tho7 (B3),

GHEFTRTE, Sp02At90% ML L6216
(40.8%), 90%RBOFEFNI28F (11.1%) THo /A,
RPEDIED L6261 (408%) Hoizo MHEZHRET
IEEEE R85 (382%) 1T, KEFE6H (39%) -
HEEEIE (20%) 18, WUOEEE 24 (1.3%) &
B, BEEZ L SEPERsS L WERIZ25H
(164%) Thotze LA L, HEEHEZHRARHOE
BlH 566 (368%) Hoiza

AR TR B OPHIE79542/ n LEIZIZEHR
THoizH, CRPIE64Dmg/dLE WML Twniz, &
7o, HA OMEMEOBICESET S LS WLDH
OFHEIE3086 TU/LEAFTH LA L Tni, B
BB SRR N & S5 MFEKL6, SPD, SP-A
XENFNLISF, 7661, 6FTHESh, FOFEHE

KL-8 (U/mL) AR 4 5
1358) gB8%1.118
$P-D (ng/mL)
o6 183712088
- SP-A (ng/mbL) s
2661 775328

1#968U/mL, 183.7ng/mL, 77.5ng/mLEBML Tvs/s
(#&2), KL-6, SP-D, SP-AVEFRHBEOEMANL FLF
N3360, 308, 4D 300REHETRCEE
DEFNT 1TFDOARTH o7,

WSS HECTIC X A B @R CIE, 1166 (75.7%)
AEEEDT Y F 9 AE, BEETHo 2, FEo
BEoER 120 (79%) R,

FREERECHEAS I THESLTSEY,
FHMEISH T A ER OIS OFESEIR8.2%, 1
DIFIGEIETIS% & IEHHEATH o 700 ILFREE CTlIE
LT & Fmlid 1400 ¢, FEIcH 3 3ot
OFBHEILE36% LT LTz,

HEEEE 2015.2 (VoL57 No.2) — 29(193)

- 121 —



£33 AR (EE3D)

HWEEER O 146 (96.1 %)
FEREAFOA FE 122 (803 %)

INLARY b 7 (4.6 %)

YODARY Y 21.3%)
LR R RERE 1€0.7 %)

BEHIC ST e (bronchoalveolar lavage :
BAL) BADET &0, FHEMEEE38x108/mLE
WL Twdes MBS BT ) »osBkBE (15% LR
ZH1H, MFREIRIE (1% LLL) &476, kg
(3%LLE) Z34BITHD, FWRHRTH o7
£ 5 rosE R E (drug-induced lymphocyie
stimulation fest s DLST) 168FIZHIT S, 200 CH
HTHoT

BIFEL L CI146% (96.1%) THESE I RIEE N,
12261 (80.3%) T/3w Ak 5l
SEEAMUH B i,
7 (46%) T

A f@&/&s ??F’“‘{ A1 ,9
(33

I 6 (39%) T, A

FHEBNL 3P (20%) T '/io

FHIE1390 (914 6) {évf;ﬂ;
BIFTho/hh 36 (20%) 5L (B4),

I
Fan
[
S
Hy
e
¥

=
b

o
€47

IRFREDFE &8

A B OHE I 51 D TSR T 2 0 B R (% %

EFicaeE+ s,

ORE & %2 28E80H%5%, GBRROERNIG0H BRI
TR EE, B BECCEET A

@FEHIEWEIZH Th o 727, FoEMIEE s S s
ﬁonoif %@m%am&mﬁﬂﬁf&oﬁc

@IEIFTRTCOEFCMIFKLG, SP-D, SP-ADH Hus
”ﬂ%ﬁ%mtfﬁﬁo

@@ afriECT Tﬂiﬁm WL T Do A ERBEY L E

30(194) — HEEEE 20152 (Vol.57 No.2)

56 @0>
(32%) .

1086
{71.7%)

B4 P

DAHFANE o iz
GBALOMISEZ —E DB G 5o 7o
ODLSTIL68HI 290G TR Tdh - 120
OWEZEOHIERRITE A A 7oA FIESICEDIEEA

EOREGIDUE LAY, 361 (20%) ORTH SRS

FA

TR BEFEEAERAOBERERISETH
EFHIE LT LS ES Tl v, BIHEE T ANHE
DFEALR, B &N T AL ENS B,

’5“"573?%':?%"54’*3”‘ b PUBAEEEE L SR R IR

BN Je 2 T H A2 5 S T S 2R EDN DS
T, ECT '(”T”ﬁ?} HoBEEE R L, MiFEHIEKL-6,
SP-D, SP-ADWFIL»SEIN L Tw A EETIE, K
RIS B ERH 5 2 EATRIE S 7,

A RBE L 2o STIESpO2 90% B O JE 55740 9% 72
ELHENE L, S5CRUEOEASEREESD 72,
FAE DHE BN EEE P L SO EERO T 2
B, WENEETH I EFTFHEN, SpOs

0% VAL DFEF] & dpdod T, AGRE Tl HELAYERSE ) %
5’73‘07}‘&3%&%5@60

BESEER I R IR EE 2 RO 2 EHNE o s 15
'%i% ARV R SO L BN EEEICER S

SETHAI, WEXBECTHREZBE D VWEHOMEE

- 122 —




HMuEEOBRNER
E@&ajw‘: BeE e

ATOHERENLZEHDHY,
CHRBECHEARFR TS 5.

BATHOEAS DL TEELLY, HHOEZIE
SRR VR SR AR ;Jw”e@%ﬁm e RN
TTEABETHY, BEBETCRIESTIHIVENE
THbo

DLSTRER LIS & B EESEE SN TE), —
‘“ﬁ'((r"{u‘?ﬁu@m‘«"@??‘é: LTHAHSESR TS, L
L, BRESSECI LRI TEY, CokE
- BEEORE, %&”ﬁ‘kfﬁ%“"%é‘iﬁ} DR IEE DR
H, NEMIEROBEML Sv (oo REEEHS L

Twb, SHEDLST % 1T L 726880 5 LR 298 @
HTHY, BHEERED oz SR TSR

REZBEMICHETEIRERFECT, NEOCBNE
LYHEEIC LTV,
z‘“’*%”?\?c‘: LTEREEHMOPEZE LA LDOENTTD
, BRI RO A TR A EH S SO, HEL
“rﬁéﬂf:ﬁ}%&%ﬁwééif\m U LA, BE s BED

BACS > FANEEOBRE

3 LR L e e B TR R A e
BTHh b, FO—F, BEFTERESEE LK
BEOBRENTRIENATEY, BERNCERSRE

BESNTELEROERNEMETERAOBBELIZKE
< %z 7;? A 3)
A E OB TRIEEEEEFFEREN OS2 5

THY, TOEAMOESOTNEREEOTRICRELE
Brhrb, LizdioT, BABETHEE CEFIERE

WML RN BH T A HEOHEFETIN 5,

LBl

ddesoasreRbUEIEEIBaTaD S ARG IR R RO EDAPR RO CU GBI IE RS

1) BG4 - BIER - BERRSSRENE hup/wwwl
mhlw.gojp/kinkyu/ivaku_j/ivaku_j/anzenseiivouhouhtml)

2) Camus P, et al : Interstitial lung disease induced by drugs
and radiation. Respiration, 71 : 301.326, 2004

3 B““ﬁ’f z%%iﬁ%:ii%ﬁ%in%?;?‘ﬁg} ZH - BEOFE] 2{EREE

& FHERERIE EROFES &, ORPREES,
2012

SRR Iﬁ&n‘?ﬁ

(LW IO TnrHhUT LGNSR - TR

zai?t&?,/,/z‘?:/.unﬁgmﬁf@

;:swsm«m,.u USETRSE

(BRBEEE  AYFYLIY VL EFILER)

EEESOREEE

GREESE JaR-RuNsByRIGRETIE

Ll TS 20

(Remms Livosvyyrm

BRMATERR IO~
ARTHABA S RRTILY

(RAZGA I LI )

HMG-CoARGTRFRFREA

FHEEEA JER-SHSnBN AR SE

R R SRR

%Y ' I L =/Na 57 50ne/ 100ne RIER,

TdT IV sz P/ Bine/ ﬁmg/ 12 me RYER,

SRERTD YR/ rTANGERE
EEBEREARRE TR0 10

2260ng/500ng B, sr5ss
INIL B IS 222 20me/ Alime/ Blime/ 18 0me 5151,

EIIN R Gaselng/ ng/ Amg" il m T

2 (R S MRS
(ES RS F NI LER) :m%ti@i\?ﬁ&éﬁ&%
BN CoBRRRIEER
todss mdw; BT ;:Ef"&“{sﬁr

P S22 B/ 5/ e,

EmESENR

T Rt
s ISR OB EOSETRS

EHRTE) VAT EAILBRESE ez
EERISENARMATHIO~0 Y

{RESTER) & hRRGH
BLARIHABIERY

(EEFEFLD an-amnenrzcnnncass

gfﬁ’}‘}? a2

(BRERY VL0 L RS

oo b
:m:.mmi\mmww

e EUROMEE- R BE B EE AR FREREESUEH LR EE0RMAERA TSR,

FHIE; FRUDLEY ¢
CEATMERAMTT 00 4

- ek (@) PHITRL SRRt

F118-8650 MEHLREAHAL-28.8
EUSERY-EXE  @a0120-519-874 7180P
(B 800~1T700, 2 B-RR-A5 RO {20142 12B4)

EEEEE 20152 (VoOL.57 No.2) — 31(195)

— 123 —



ARTHRITIS & RHEUMATOLOGY

Vol. 66, No. 12, December 2014, pp 33953403
DOI 10.1002/art.38867

© 2014, American College of Rhecumatology

Association Between Antinuclear Antibodies and the
HLA Class II Locus and Heterogeneous
Characteristics of Staining Patterns
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on behalf of the Nagahama Study Group

Objective. While antinuclear antibodies (ANAs)
are observed in healthy populations as well as in
patients with autoimmune diseases such as systemic
lupus erythematosus (SLE), the detailed genetic back-
ground of ANAs has remained unclear. We undertook
this study to identify the genetic determinants of ANAs
in the general population in order to elucidate the
underlying mechanisms of ANA production and to dis-
tinguish disease susceptibility genes from ANA produc-
tion genes.

Methods. A total of 9,575 Japanese volunteers
were registered, and their ANA levels were quantified
using indirect immunofluorescence to analyze corre-
lates of ANA positivity. Genetic studies were performed
using 7,148 of the 9,575 subjects. We performed a
genome-wide association study using 3,185 subjects
genotyped for 303,506 single-nucleotide polymorphisms
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(SNPs), followed by a replication study of 3,963 subjects.
HLA-DRBI1 and HLA-DQB1 alleles were imputed, and
associations between ANA positivity and the SNPs or
the HLA alleles associated with SLE were analyzed.

Results. Female sex and old age were associated
with ANA positivity, except for the nucleolar pattern.
The T allele of rs2395185 in the HILA locus, which
was in moderate linkage disequilibrivm with HLA~
DRB1#0405, was significantly associated with ANA pos-
itivity (P = 1.3 x 107'"). The T allele of rs2395185
displayed increasing effects on the frequency of speckled
and homogeneous patterns (P = 7.5 X 107" and P =
2.2 X 107", respectively) but decreasing effects on the
frequency of the nucleolar pattern (P = 0.0045). The 7
SNPs and 4 HLA-DRB1 alleles associated with SLE did
not display strong associations with ANA positivity.

Conclusion. SNP rs2395185 linked with HLA-
DRB1#0405 is a genetic determinant of ANA production
in the Japanese population. Overlapping of loci for
susceptibility to SLE and to ANA positivity was limited.
The nucleolar pattern showed different associations
from other staining patterms, both with correlates of
ANA positivity and with the HLA locus.

Antinuclear antibodies (ANAs) are autoanti-
bodies that recognize various nuclear and cytoplasmic
proteins, and they are frequently observed in patients
with a broad range of diseases including systemic lupus
erythematosus (SLE), hepatic disease, malignant dis-
ease, lung disease, and a variety of infections {(1-6). The
distribution patterns of fluorescent types of ANAs (such
as speckled, homogeneous, nucleolar, or discrete speck-
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led patterns) also provide useful information for differ-
ential diagnosis (7-9). Previous studies have suggested
that it is not unusual to find healthy individuals who are
positive for ANAs (10). Since ANAs are included in the
classification criteria for SLE as well as those for auto-
immune hepatitis (11,12), analyzing the kinds of vari-
ables that affect the levels of ANAs would be helpful for
avoiding excessive or deficient classification of these
diseases as well as for gaining insight into their etiologies.

Although previous studies showed that ANA
positivity was associated with female sex, old age, and
being overweight (13,14), genetic components affecting
ANA positivity in healthy individuals have never been
addressed. Genome-wide association studies (GWAS)
have detected many genes that confer susceptibility to
connective tissue diseases, including SLE (15-18), and
have elucidated the genetic background of biomarkers in
general populations (19). Because almost all patients
with SLE are positive for ANAs, it is important to
confirm that SLE-related genes in the previous GWAS
were not merely derived from their associations with
ANA positivity.

At present, the number of large-scale studies
addressing ANA levels in healthy subjects is quite lim-
ited. Detailed analyses of the correlates and genetic
components of ANAs in healthy individuals would pro-
vide clues to the mechanisms responsible for the pro-
duction of autoantibodies and the development of
autoantibody-mediated autoimmune diseases (20,21). In
the present study, we quantified circulating levels of
ANAs in 9,575 Japanese volunteers for detailed analyses
of the distributions and effects of correlates on ANA
production. We also performed a GWAS in 7,148 of the
9,575 subjects to detect susceptibility loci that affect
ANA production.

SUBJECTS AND METHODS

This study was approved by the Ethics Committee
of Kyoto University Graduate School and Faculty of Medicine.

Study population. This study was performed as a
part of the Nagahama Prospective Genome Cohort for Com-
prehensive Human Bioscience (the Nagahama Study), a
community-based prospective multiomics cohort study con-
ducted by the Center for Genomic Medicine at Kyoto Uni-
versity (22). A total of 9,809 volunteers ages 30-75 years in
Nagahama City, Shiga Prefecture, Japan were recruited for
this study. Written informed consent was obtained from each
participant, and all were asked to complete a detailed ques-
tionnaire including present and past illnesses and lifestyle.

Exclusion criteria. We excluded volunteers from the
association studies if they lacked necessary information or had
ever been told that they have or had an autoimmune disease.
We also excluded individuals whose answers to the question-

TERAO ET AL

naire suggested that they might have an autoimmune disease.
As a result, a total of 9,575 subjects remained for this study. A
detailed flow chart of sample exclusion is shown in Supplemen-
tary Figure 1 (available on the Arthritis & Rheumatology web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.38867/
abstract).

Quantification of ANAs and C-reactive protein (CRP).
ANAs and CRP in serum samples from volunteers were
quantified (23) at SRL, one of the largest clinical laboratory
testing companies in Japan. ANAs were quantified by serum
dilution using indirect immunofluorescence with HEp-2 cells
(TFB). Titers of ANAs with detailed staining patterns
(speckled, homogeneous, nucleolar, cytoplasmic, and discrete
speckled patterns) were also reported for these subjects. A
cutoff level of 1:40 for positivity was applied according to the
manufacturer’s instructions.

Selection of potential correlates. Age, sex, body
weight, smoking, alcohol use, and serum CRP level were se-
lected as potential correlates based on a previous US study
(14). CRP was quantified by highly sensitive methods using
nephelometry, with a detection limit of 0.051 mg/liter, as pre-
viously reported (23).

Statistical analysis of nongenetic studies. The subjects
were divided into 2 subgroups based on sex, 9 subgroups based
on age (5-year intervals), and 18 subgroups based on sex and
age. Associations between ANAs and age and/or sex were
assessed by standardized logistic regression analysis. Odds
ratios were also calculated with 95% confidence intervals. The
associations between ANAs and potential correlates were
analyzed by logistic regression analysis, with sex and age as
covariates. Statistical analyses were performed using R statis-
tical software (http:/www.r-project.org) or SPSS version 18.
We set significance levels in a conservative manner using
Bonferroni correction for multiple testing.

GWAS. DNA samples from 3,710 of the 9,809 par-
ticipants in the Nagahama Study were genome-scanned using
Tliumina HumanHap610, HumanHapOmni2.5-4, or Human
HapOmni2.5-8 arrays. A total of 392,801 single-nucleotide poly-
morphisms (SNPs) that were common between the arrays
were selected for the GWAS. We selected 3,185 subjects with
call rates of >0.95 who did not show a high degree of kinship
(PI_HAT <0.35) and who did not have connective tissue
diseases. SNPs that showed P values less than 5 X 1077 and in
Hardy-Weinberg equilibrium (P > 1 X 1077) with a success
rate of >0.95 and a minor allele frequency of >0.05 were
selected for a replication study using a TagMan Assay (Ap-
plied Biosystems) with 3,963 of the participants. Population
stratification was assessed with genomic control (24). Logistic
regression analysis was performed to analyze the genetic
influence on the production of ANAs for each SNP, corrected
by age and sex. Logistic regression analysis was also used for
the conditioning analysis. The associations of the 2 studies
were combined using the inverse-variance method. The
Jonckheere-Terpstra test was used to assess increasing effects
of SNPs on ANA levels in subjects positive for ANAs.

HLA imputation. The HLA-DRB1 locus (the estab-
lished HLA locus associated with SLE in previous reports) and
the HLA-DQBL1 locus were imputed using the GWAS data
with HLA*IMP:02 (25). The imputation accuracy was evalu-
ated by kappa coefficient with the use of imputation and
genotyping data for 589 patients with rheumatoid arthritis and
932 healthy subjects for HLA-DRBI, as previously described
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(23), and for 114 patients with thyroid discases for HLA-
DQB1 (Terao: unpublished observations). We analyzed
whether each allele of HLA-DRB1 and HLA-DOBI with
imputation accuracy >70% was associated with ANA positivity
by logistic regression analysis with additive or dominant
models.

Evaluation of linkage disequilibrium (LD). LD be-
tween SNPs and HLA-DRBI alleles was obtained from pre-
vious studies (17,26,27). For LD calculation between HLA~
DRB1 and HLA-DQOB1 alleles, we used genotyping data of
1,000 unrelated healthy Japanese subjects (Terao: unpublished
observations).

- Evaluation of effects of SLE-related SNPs, A total of
7 SNPs that displayed associations with SLE beyond levels
significant in GWAS in a Japanese population (15) and the 5
SNPs in the HLA locus that displayed independent associa-
tions with SLE in Europeans (28) were selected to assess their
effects on ANA positivity. The associations between these
SNPs and ANA positivity were analyzed based on imputation
by MaCH (29), using 192 samples in the Nagahama Study
genotyped by HumanHapOmni2.5-8, HumanHapOmni2.5s,
and HumanExome arrays or using Fast Asian panels in the
1000 Genomes Project as a reference when they were not
directly genotyped.

Statistical analysis of genetic studies. Statistical calcu-
lations were performed using Plink software version 1.07 (30)
and R statistical software. For all genetic analyses including the
GWAS, we set significance levels using the Bonferroni correc-
tion for multiple testing.

RESULTS

A total of 9,575 subjects were analyzed for their
ANA levels in the current study (Table 1). ANA titers in
45.2%, 12.5%, and 2.8% of the volunteers were =1:40,
=1:80, and =1:160, respectively (see Supplementary
Table 1, available on the Arthritis & Rheumnatology web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.
38867/abstract). When we analyzed potential correlates
of ANA positivity, female sex and old age had higher
correlations with ANA positivity, as shown in previous
studies (13,14) (corrected P [P,,,,] < 1.0 X 107'°) (see
Supplementary Figure 2 and Supplementary Table 2,
available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/d0i/10.1002/art.38867/
abstract).

When we focused on each staining pattern,
43.7%, 25.3%, 4.7%, 0.9%, and 2.0% of subjects had
ANAs with speckled, homogeneous, nucleolar, discrete
speckled, and cytoplasmic patterns, respectively, at titers
of =1:40 (Table 1). The multiple logistic regression
analyses revealed that the nucleolar pattern was not
associated with age or sex (see Supplementary Table 2
and Supplementary Figure 3, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.38867/abstract). Considering the higher

Table 1. Characteristics of the subjects in the current study™

Replication
All subjects GWAS study
(n = 9575) (n=3,185)F (n=3,963)}

Women 66.9 66.0 67.0

Age, mean = SD years 533 x 134 520 = 141 53.7 = 135

ANA titer =1:40
All 452 48.4 42.5
Speckled 437 46.8 41.1
Homogeneous 253 29.0 213
Nucleolar 4.7 5.1 4.2
Discrete speckled 0.9 0.8 0.9
Cytoplasmic 2.0 1.6 2.3

* Except where indicated otherwise, values are the percent. ANA =
antinuclear antibody.

T In the genome-wide association study (GWAS), DNA samples were
genome-scanned using Mumina HumanHap610, HumanHapOmni2.5-4,
or HumanHapOmni2.5-8 arrays. Genotyping in the replication study
was performed using a TagMan Assay,

frequency of the nucleolar pattern compared with that of
the discrete speckled pattern, these results indicated
that age and sex do not influence the positivity for each
staining pattern in the same manner. Positivity for the
speckled pattern was strongly correlated with positivity
for all ANAs (see Supplementary Figure 4, available on
the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.38867/abstract).
Associations between other potential correlates and
ANAs are shown in Supplementary Table 3 (available
on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.38867/abstract).
High CRP levels showed an association with ANA posi-
tivity (Peory = 0.0029). We did not find a significant
association between obesity and ANA positivity.

Next, we performed a GWAS for ANA positivity.
A total of 3,185 participants and 303,506 markers that
had passed criteria of inclusion and quality control were
used for logistic regression analysis, with age and sex as
covariates. As a result, the Q-Q plot indicated an
inflation factor of 1.02, suggesting that the current study
was free from population stratification (Figure 1). A
significant association of rs9405108 in the HLA locus
was observed at a P value of 8.9 X 1078 Conditioning
rs9405108 to detect further associated markers in this
region did not result in any markers showing significant
associations (P > 1.0 X 10™%) (data not shown). No
SNPs in non-HLA regions displayed suggestive associa-
tions (P > 1.0 X 107°). We performed a replication
study for rs9405108 using 3,963 participants (Table 1).
For technical reasons, SNP rs2395185, which is almost in
complete LD with 1$9405108 (D’ = 1 and r* = 0.999),
was genotyped instead of rs9405108. As a result, the
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Figure 1. Genome-wide association study (GWAS) results for antinuclear antibody (ANA) production. A, Manhattan plot. The horizontal line

indicates the significance level of the GWAS based on Bonferroni correction. B, Q-Q plots. A,. = genomic control inflation factor.

association of rs2395185 was replicated (overall P =

1.3 X 1071) (Table 2).

SNP rs2395185 is located between the HLA-DRA

and HLA-DRB5 genes and is in moderate LD

with HLA-DRB1%0405 (r* = 0.42). Considering that

Table 2. Associations of top SNPs with ANAs or their staining patterns™

major histocompatibility complex proteins are respon-

SNP Chr. Position ANA staining pattern Nearest gene  Ref/var Study B- SE OR (95% CI) P
152395185 6 32541145 ANA (total) HLA-DRA G/T GWAS 029 0055 1.33(1.20-148) 14x1077
Replication 022 0.050 1.24(1.12-1.37) 13x107°
Overall 025 0.037 1.28(1.19-1.38) 13x 1074
rs2395185 6 32541145  Speckled HILA-DRA G/T GWAS 029 0.055 1.33(1.20-1.48) 1.4x1077
Replication 022 0.050 1.25(1.13-1.37) 83 x107¢
Overall 025 0.037 129(1.20-1.38) 7.5x107*?
1s2395185 6 32541145 Homogeneous HLA-DRA G/T GWAS 031 0058 137(1.22-1.54) 7.0x1078
Replication 024 0058 127(1.13-142) 4.6x107°
Overall 028 0.041 1.32(1.22-143) 22x1074
1s6457300 6 31106721 Nucleolar C6orf205 T/G  GWAS -0.53 012  059(046-0.74) 12x107°
Replication —0.13 0.11  0.88(0.70~1.10) 0.26
Overall -0.32 0.083 0.73(0.62-0.86) 0.00013
151611185 6 29876323 Discrete speckled HLA-G T/C  GWAS 128 029 3.61(203-641) 12x107°
Replication ~ 0.19 025  1.21(0.74-1.99) 0.44
Overall 066 019  1.93(1.32-2.80) 0.00060

* SNP = single-nucleotide polymorphism; ANAs = antinuclear antibodies; Chr. = chromosome; Ref/var = reference allele/variant allele; OR =
odds ratio; 95% CI = 95% confidence interval; GWAS = genome-wide association study.
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Table 3. Associations of SLE-related SNPs with ANA positivity and SLE susceptibility™
ANA OR SLE OR
SNP Chr.  Position Gene Reffvar P (95% CIyf (95% Ch)x
Previous loci in Japanese population
10168266 2 191644049  STATY T/C 020  1.08(0.96-1.2)  1.59(1.42~1.78)
15340630 4 88177419  AFF1 A/G 013 1.08(0.98-1.2)  1.21(1.14-1.30)
159501626 6 32508322 HLA A/C 0.62  1.04(0.89-1.22) 1.86 (1.62~2.13)
152230926 6 138237759 TNFAIP3 G/ 015 1.16(0.95-1.41) 1.75(1.47-2.08)
156964720 7 75018280 HIPI G/A  0.69 098 (0.86-1.1)  1.43 (1.27-1.63)
1s2254546 8 11381089 BLK G/A 090  1L01(0.9-1.13)  1.42(1.25-1.61)
16590330 11 127816269  ETSI A/G 0015 1.14(1.03-1.27) 1.44 (1.30-1.60)
Independent susceptibility SNPs of HLA
locus in European population
159265604 6 31407429  HLA-B T 078 0 1.02(0.92-1.13)  0.83 (0.78~0.89)
rs9378200 6 31680906 BAT2 /T 017 092(0.82-1.04)  0.59 (0.52~0.67)
159271731 6 32701590  HLA~DRBI-HLA-DQAI G/A 041 1.06(0.92-1.22) 1.34 (1.25-1.45)
159469220 6 32766288 HLA-DQAI A/G 0.027 0.83(0.78-0.98) 0.65 (0.61-0.68)

* SLE = systemic lupus erythematosus (see Table 2 for other definitions).
T For ANA positivity.
i For SLE susceptibility.

sible for self recognition and antigen presentation, the
association between the polymorphisms in the HLA
locus and ANAs seemed reasonable. HLA-DRB1%0405
is associated with a wide range of rheumatic and auto-
immune diseases (26,31). This raised the possibility that

Table 4. Associations of ANA positivity with imputed HLA-DRB1 and HLA-DQBI alleles®

HLA allele Model P Corrected P OR (95% CI) Accuracy
HLA-DRBI1
DRB1*0405 Dominant 3.0x 1073 0.00081 1.43 (1.21-1.70) 0.902
DRB1%1302 Additive 3.6 X 1073 0.00097 0.69 (0.58-0.82) 0.997
DRB1*1201 Additive 0.00021 0.0057 0.58 (0.44-0.78) 0.704
DRB1*1401 Additive 0.069 1 0.80 (0.62-1.02) 0.746
DRB1*1101 Additive 0.095 1 0.77 (0.57-1.05) 0.827
DRB1*0901 Additive 0.11 1 1.13 (0.97-1.31) 1
DRB1*0701 Additive 0.23 1 0.37 (0.07-1.89) 1
DRB1%0803 Additive 033 1 1.10 (0.91-1.33) 0.987
DRB1#1502 Additive 0.52 1 0.95 (0.82-1.11) 0.998
DRB1*%0401 Dominant 0.58 1 1.12 (0.74-1.71) 0.883
DRB1*1501 Additive 0.66 1 1.05 (0.86-1.28) 0.992
DRB1*1001 Additive 0.67 1 0.86 (0.42-1.74) 0.909
DRB1%1202 Additive 0.69 1 0.93 (0.64-1.34) 0.964
DRB1%0802 Additive 0.74 1 1.05 (0.77-1.45) 0.808
DRB1%0101 Dominant 0.90 1 1.01 (0.82-1.25) 0.992
HLA-DQBI

DQOB1%0301 Additive 35x107° 0.00095 0.71 (0.61~0.84) 0.888
DQB1%0604 Additive 0.00027 0.0073 0.71 (0.60-0.86) 1
DQB1%0401 Dominant 0.00031 0.0084 1.38 (1.16-1.65) 0.902
DQB1*0302 Dominant 0.0087 0.24 1.30 (1.07-1.59) 1
DQB1%0503 Additive 0.087 1 0.78 (0.58-1.04) 1
DQB1*0303 Additive 0.11 1 1.13 (0.97-1.31) 0.819
DQB1%0201 Dominant 0.15 1 3.46 (0.65-18.39) 1
DQB1%0402 Additive 0.20 1 1.18 (0.92-1.51) 0.907
DQB1*0602 Additive 0.49 1 1.08 (0.87-1.32) 1
DQB1"0601 Dominant 0.67 1 0.97 (0.83-1.12) 1
DOB1*0502 Dominant 0.75 1 0.95 (0.67-1.34) 1
DQOB1*0501 Dominant 0.89 1 1.01 (0.83-1.24) 1

* See Table 2 for definitions.
1 Corrected by Bonferroni adjustment.
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autoimmune-related markers also had effects on ANA
production. We selected SLE as being representative of
autoimmune diseases with ANA production, and we
analyzed the effects of a total of 7 markers that were
reported to be associated with SLE in a previous Japa-
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nese study (15). The genotypes of these 7 markers were
imputed using subjects in the Nagahama Study geno-
typed by denser arrays as a reference. All of the alleles
showed good quality of imputation (R? > 0.95), but
none of them displayed strong associations with ANA
positivity (P > 0.01) (Table 3).

Since the HLA locus, especially HLA-DRBI, is
the established locus for susceptibility to SLE with
multiple independent associations shown beyond ethni-
city (15,28,32), we analyzed detailed associations be-
tween the HLA locus and ANA positivity. A previous
European study identified 5 independent SNPs that
confer susceptibility to SLE (28). Because 1 of the 5
SNPs (rs1150703) is monomorphic in Japanese, the
results for 4 SNPs are given in the current study (Table
3). None of them showed comparable associations in
Europeans. We also performed imputation of HLA-
DRBI1 and HLA-DQBI alleles (see Subjects and Meth-
ods). While the previous European study suggested the
independent association of HLA-DQA1%0102 with
SLE, we used HLA-DRB1*1501 and *1302 instead,
which explained large parts of the association between
HLA-DQA1*0102 and SLE (28). HLA-DRB1*0405,
which was moderately tagged by rs239518S, showed a
positive association with the smallest P value (P, =
0.00081) (Table 4). HLA-DQB1%0401 also showed a
positive association, and HLA-DRB1*1302 and *1201
and HLA-DQB1%0301 and *0604 showed negative as-
sociations (P,.,, = 0.0084) (Table 4). The associations of
HIA-DQB1*0401, *0604, and *0301 seemed to be
explained with HLA-DRB1*0405, HLA-DRB1*1302,
and a combination of HLA-DRB1*1201 and HLA-
DRB1*1101, respectively (r* values of 0.99, 0.92, and
0.59, respectively). HLA-DRB1*1501, the strongest sus-
ceptibility allele in Japanese (32), did not show a signif-
icant association (Table 4).

Considering the negative association of HLA~
DRB1%1302 and the lack of association of HLA-
DRB1*1501, HLA-DQA1%*0102 was assumed to display
a suggestive negative association. HLA-DRB1*0901,
#0802, and *0401, which showed independent significant
positive associations with SLE in Japanese (32), were
not associated with ANA positivity.

Next, we addressed the similarities and differ-
ences of associations in the HLA locus among ANA
staining patterns. Among the 2,820 SNPs in the HLA
locus, 1$9368726 and rs1964995, both of which were in
strong LD with 152395185 (r* values of 1.0 and 0.72,
respectively), showed the strongest associations with
speckled and homogeneous patterns, respectively (P =
1.1 X 1077 and P = 3.6 X 1078 respectively, in the
GWAS) (Figure 2A). When we used the genotyping

TERAO ET AL

B
A
ANA [
k2
Spe - i
£
Homo
p=0.8045
Muc - [ ——
isSp } |
- . I —
Nuc : 05 1 2
Cdds Ratio
Dis S5p 3

Figure 2. Heterogeneous association of the HLA locus among stain-
ing patterns of antinuclear antibodies (ANAs). A, Regional Manhattan
plots for different staining patterns in the HLA region. B, Odds ratios
and 95% confidence intervals of associations between rs2395185 and
ANAs or their staining patterns. #+ = P < 1.0 X 107 Spe =
speckled; Homo = homogeneous; Nuc = nucleolar; Dis Sp = discrete
speckled; Cyto = cytoplasmic.

results of rs2395185 instead of the 2 SNPs, the associa-
tions were also observed in the replication study {overall
P =75 X% 107" and overall P = 2.2 X 107" for
speckled and homogeneous patterns, respectively) (Ta-
ble 2). The strongest associations with nucleolar and
discrete speckled patterns in the HLA locus were ob-
served for rs6457300 and rs161118S5, respectively (both
P = 1.2 X 107°) (Table 2). Both SNPs are located >1.4
Mb from rs2395185. The cytoplasmic pattern showed the
strongest association with rs9268347 (P = (.00052),
which is located 101 kb from rs2395185. We further
genotyped 1s6457300 and rs1611185 in the replication
study, but the associations were not replicated (Table 2).

We focused on 152395185 since it was the only
SNP that demonstrated increasing effects on speckled
and homogeneous patterns beyond levels significant in
GWAS. Despite its increasing effects on the production
of speckled and homogeneous patterns, the SNP dis-
played a significant decreasing effect on the nucleolar
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pattern (P = 0.0045) (Figure 2B). Next, we analyzed
whether rs2395185 had increasing effects on ANA levels
in subjects positive for ANAs. When we examined
subjects with ANA titers =1:40 and reviewed the stain-
ing patterns, the T allele of 1s2395185 showed suggestive or
significant increasing effects on levels of total, speckled,
and homogencous patterns (P = 0.12, P = 0.016, and
P = 0.00030, respectively, by Jonckheere-Terpstra test).

DISCUSSION

The current study provided solid evidence of the
distribution and correlates of ANAs in a Japanese adult
population. This is the first study to perform GWAS of
ANAs in healthy populations and detect a significant
tocus. The nucleolar pattern has characteristics that
differ from those of other staining patterns. Autoanti-
bodies such as anti-U3 RNP, anti-Th/To, or antiribo-
somal antibodies, associated with systemic sclerosis or
SLE, are classified as having the nucleolar pattern of
ANAs.

In our study, 12.5% of healthy participants had
ANA titers of =1:80, which is comparable to previous
results in the US (4,754 individuals, 13.8%) (14). The
percentages were slightly higher than in previous studies
for the cutoff level of 1:40 and comparable for the cutoff
level of 1:160 (~26.8-31.7% and ~5.0-8.1%, respec-
tively, in previous studies). Of the 201 subjects who were
excluded due to the possibility of having autoimmune
diseases, 141 had ANA titers of =1:40 (70.1%) (data not
shown), suggesting the validity of the exclusion criteria.
The increase in ANA positivity in women was con-
firmed, and this association could partly be explained by
sex hormones (33-35). Considering the sex difference in
onset of autoimmune diseases, the same undetermined
mechanisms related to sex may underlie ANA produc-
tion in healthy populations.

This study showed a strong effect of age on
positivity for ANAs. We did not observe an increase in
positivity for ANAs with aging in subjects 30-50 years
old (P = 0.20) (data not shown); therefore, the elderly
populations largely accounted for the association be-
tween aging and ANA positivity. The increase in ANAs
after age 50 years matches the results in the US study.
This association might be explained by dysregulation of
immunologic tolerance in the elderly population. Con-
sidering the previous reports of high ANA levels in the
adolescent population (13,36), the association between
ANA positivity and aging in the general population
seems to have a “U” pattern (lowest ANA levels at ages

with most frequent reproduction). The effects of age and’

sex on ANAs seemed to differ among the staining

patterns. The nucleolar pattern did not display signifi-
cant associations with age and sex. As discrete speckled
patterns showed positive associations, the lack of asso-
ciation of the nucleolar pattern with age and sex cannot
be explained by its frequency.

Correlates of ANAs seemed to partly differ be-
tween different populations. The current study did not
find a significant association between obesity and ANA
positivity. However, obesity tended to be inversely re-
lated to ANA positivity as in the US study, and the
limited number of obese individuals in the current study
might explain this nonsignificant association. The asso-
ciation between increased CRP levels and ANA positiv-
ity was not found in the previous study. Chronic mild
inflammation would lead to the production of ANAs.
Since the distribution of CRP levels in subjects differs
greatly between the 2 studies, further analysis would
clarify the association.

The current study identified 152395185 in the
HLA class II locus as a marker of susceptibility to ANA
positivity. It should be noted that a previous study
showed an association between rs2395185 and ulcerative
colitis (37), suggesting the involvement of rs2395185
with autoimmune processes. Because a previous study
showed that the type I interferon (IFN) signature is
up-regulated in healthy populations with high ANA
titers (38), it will be interesting to analyze the functional
roles of rs2395185 in the type 1 IFN pathway.

The T allele of rs2395185 showed increasing
effects on levels of speckled and homogeneous patterns,
but a decreasing effect on levels of the nucleolar pattern.
This indicates that the nucleolar pattern also differs
from the speckled and homogeneous patterns in terms
of HLA association. The detailed plots in the HLA locus
support the notion of different association patterns
among ANA staining patterns. The opposing effect of
152395185 on levels of the nucleolar pattern indicates
that the lack of common association of 152395185 over
staining patterns of ANAs was not due to lower positiv-
ity for several staining patterns. As the HLA class II
locus is strongly associated with presentation and recog-
nition of antigen, the current results may suggest that
ANA production is associated with binding affinity of
antigens to the HLA molecule. Since antigens recog-
nized by ANAs contain a wide variety of molecules, the
common strong association of 1 polymorphism with
speckled and homogeneous patterns suggests similarity
or cross-reactivity of antigens that correspond to speck-
led or homogeneous patterns. The opposing effect also
suggests that antigens corresponding to the nucleolar
pattern are not presented by common HLA class II
alleles with speckled and homogeneous patterns.
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As HLA-DRB1*0405 is associated with suscep-
tibility to immunologic disorders or autoantibody pro-
duction in autoimmune diseases (27,39), the association
between ANA production and rs2395185 in LD with
HLA-DRB1*0405 might suggest a common mechanism
between HLA-DRB1%0405-related autoimmune dis-
ease susceptibility and production of ANAs. At the same
time, the association raises the possibility that genes
conferring susceptibility to ANA positivity might be
identified as genes conferring susceptibility to connec-
tive tissue diseases.

However, the current study did not detect signif-
icant associations between SLE-related SNPs or HLA
alleles and ANA positivity. These results indicated that
SNPs significantly associated with SLE in the previous
study were associated with SLE itself and not with
ANAs. Lack of association between ANA production in
healthy subjects and rs9501626 or HLA-DRB1*1501,
the most significant HLA SNP or HLA-DRBI allele
associated with SLE in the Japanese population, may
suggest that autoantigens recognized by ANAs in SLE
patients are different from those recognized by ANAs in
healthy populations. In fact, a previous study showed
that healthy subjects with high ANA titers exhibited an
autoantibody profile distinct from that in SLE patients
(38). These results may also suggest the involvement of
immunologic molecular pathways in SLE development
that are not related to ANA production in healthy
populations. While we did not find associations of the 7
SNPs in Japanese and the 4 SNPs in Europeans, we
observed that 9 of the 11 SNPs had a common direction
of association between SLE susceptibility and ANA
positivity. All the susceptibility DRB1 alleles in Japa-
nese (HLA-DRB1*1501, *0901, *0802, and *0401) also
showed a trend toward increasing ANAs. The common
directionality between SLE susceptibility and ANA pos-
itivity may be meaningful.

It will be interesting to finely genotype the HLA
locus to determine the polymorphisms and mechanisms
responsible for causing the associations with ANAs or
speckled and homogeneous patterns. None of the poly-
morphisms display significant associations with nucleo-
lar, discrete speckled, or cytoplasmic patterns. However,
considering the low positivity for these staining patterns
and the strength of associations in the HLA Jocus in the
current study, increasing the number of subjects would
identify yet-to-be-determined polymorphisms associated
with these staining patterns. We did not observe signif-
icant associations with ANA positivity outside the HLA
locus. In addition, none of the polymorphisms outside
the HLA locus showed suggestive associations with
ANA staining patterns (data not shown). The signifi-
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cance and roles of ANAs in healthy populations have not
yet been clarified. Because a previous study showed that
the type I IFN signature is up-regulated in healthy
populations with high ANA titers (38), it is possible that
high ANA titers in healthy populations reflect a pre—
autoimmune disease state. Further followup and analy-
ses are necessary to address these points.

Taken together, the current study determined
that the HLA class II locus is a locus for susceptibility
to ANA production. Genetic overlap between SLE
susceptibility and ANA production in healthy popula-
tions is limited. The current results indicate that ANAs
are not homogeneous autoantibodies with similar char-
acteristics. It is feasible to analyze whether the current
results are observed in different populations, especially
in Europeans.
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ABSTRACT

Purpese Drug-induced liver injury (DILI) is one of the primary targets for pharmacovigilance using medical information databases (MIDs).
Because of diagnostic complexity, a standardized method for identifying DILI using MIDs has not yet been established. We applied the Diges-
tive Disease Week Japan 2004 (DDW-J) scale, a Japanese clinical diagnostic criteria for DILI, to a DILI detection algorithm, and compared it
with the Council for International Organizations of Medical Sciences/the Roussel Uclaf Causality Assessment Method (CIOMS/RUCAM) scale
to confirm its consistency. Characteristics of DILI cases identified by the DDW-J algorithm were examined in two Japanese MIDs.
Methods Using an MID from the Hamamatsu University Hospital, we constructed a DILI detection algorithm on the basis of the DDW-J
scale. We then compared the findings between the DDW-J and CIOMS/RUCAM scales. We examined the characteristics of DILI after an-
tibiotic treatment in the Hamamatsu population and a second population that included data from 124 hospitals, which was derived from an
MID from the Medical Data Vision Co., Ltd. We performed a multivariate logistic regression analysis to assess the possible DILI risk factors.
Results The concordance rate was 79.4% between DILI patients identified by the DDW-J and CIOMS/RUCAM,; the Spearman rank
correlation coefficient was 0.952 (P < 0.0001). Men showed a significantly higher risk for DILI after antibiotic treatments in both MID
populations.

Conclusions The DDW-J and CIOMS/RUCAM algorithms were equivalent for identifying the DILI cases, confirming the utility of our
DILI detection method using MIDs. This study provides evidence supporting the use of MID analyses to improve pharmacovigilance.
Copyright © 2014 John Wiley & Sons, Ltd.

KRY WORDs—drug-induced liver injury; medical information database; pharmacovigilance; DDW-J; antibiotics; pharmacoepidemiology
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INTRODUCTION The Council for International Organizations of

Medical Sciences/the Roussel Uclaf Causality Assess-
Drug-induced liver injury (DILI) is a clinically prob-  ment Method (CIOMS/RUCAM) scale was proposed®
lematic issue and a major cause of acute liver fail- and has been generaﬂy used as a standardized diagnOS_
ure.! In general, DILI diagnosis is complex and tic tool. In Japan, the Digestive Disease Week Japan
nonstandardized because of the difficulty in detection 2004 (DDW-J) scale, which is highly sensitive
and lack of reliable markers.*> Therefore, clinical (92.1%) and specific (88.1%), was developed by
scales were developed to facilitate DILI diagnosis. modifying the CIOMS/RUCAM scale.”:® In particular,

the factor of co-medication was excluded, and the
I — o N ) A factors of drug lymphocyte stimulation test and
*Correspondence to: K. Sai, Division of Medicinal Safety Science, National . -1 . . R
Institute of Health Sciences, Kamiyoga 1-18-1, Setagaya-ku, Tokyo 158-8501, eosmophlha were included accorchng to Japan 5
Japan. Email: sai@nihs.go.jp clinical environment.

Copyright © 2014 John Wiley & Sons, Ltd.
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Challenges using medical information databases
(MIDs) for identifying DILI have been addressed
worldwide,”'? but a standardized method for such
analyses has not yet been established. Because a diag-
nosis scale based on numerical or quantitative infor-
mation was considered suitable for MID-based
research, we constructed a detection algorithm for
DILI on the basis of the DDW-J scale.

METHODS
Data source and ethics

This study was performed using two data sources: one
was a high-speed retrieval system at the Hamamatsu
University Hospital (Shizuoka, Japan),'" and the other
was a commercial MID developed by the Medical
Data Vision Co., Ltd. (MDV, Tokyo, Jjapan) that
contained data from 124 large and mainly tertiary hos-
pitals in Japan. The mean follow-up period within this
MID was 243 days. MIDs from Hamamatsu and MDV
included health records from approximately 200000
and 4400000 patients, respectively. The two MIDs
had similar age structures. We used only anonymized
data in our analysis. This study was approved by the
ethics committees of both the Hamamatsu University
School of Medicine and the National Institute of
Health Sciences.

Study population

Clarithromycin (CM), azithromycin (AM), levoflo-
xacin (LX), and moxifloxacin (MX) for internal use
were examined in this study because of their similar
clinical indications and their wide use in Japan. The
subject inclusion criteria were as follows: (i) received
at least one prescription for one of the study drugs
between 1 April 2007 and 31 March 2012 in the
Hamamatsu MID and between 1 April 2008 and 31
August 2011 in the MDV MID; (ii) no other study
drug prescription between 90 days prior to the index
date (the first day of the study drug administration)
and the last administration in the first prescription term
(>180-day interval between the study drug adminis-
trations); (iii) 18 years old or older at the index date;
(iv) received alanine aminotransferase, and alkaline
phosphatase tests in the preceding period (within
90days prior to the index date) and the follow-up
period (within 180 days after the last administration);
(v) no occurrence of liver injury (alanine aminotrans-
ferase > 2 x the upper limit of normal value or alkaline
phosphatase > upper limit of normal value) in the pre-
ceding period; (vi) no medical history in the preceding
period of HIV (B20-24) or cancer (C00-97) as

Copyright © 2014 John Wiley & Sons, Ltd.

determined by the International Statistical Classification
of Diseases and Related Health Problems, 10th revision.

Characteristics

On the basis of the general considerations for usage
and dosage in each label, a long treatment was consid-
ered =8 days with CM, LX, and MX and >4 days with
AM; a high dose was considered an average daily dose
of >400mg/day for CM and MX, >500mg/day for
AM and LX, and >2000 mg/day for AM in dry syrup
form for single administration.

Algorithm for identifying drug-induced liver injury

We applied the original DDW-J scoring to the DILI de-
tection algorithm consistently.!? In addition, the algo-
rithm based on the CIOMS/RUCAM scale was used
as a reference.® Details regarding these two scales are
summarized in Table S1. According to the definition
of each scale, DILI was defined as a total score >5 in
the DDW-J and =6 in the CIOMS/RUCAM algorithm.

Statistical analysis

To calculate the odds ratios (ORs) for DILI onset and
those between DILI and non-DILI groups, we
performed a multivariate logistic regression analysis
adjusting for age (=55 years), gender, in/outpatient
status, diabetes mellitus, treatment duration, and high
dose. Values of P < 0.05 (two-sided) were considered
statistically significant. All statistical analyses were
conducted using SAS software, version 9.3 (SAS
Institute Inc., NC, USA).

RESULTS

Assessment of drug-induced liver injury detection
algorithn

Using the DDW-J algorithm in the Hamamatsu popu-
lation, we detected 182 DILI patients. To assess the
utility of the DDW-J algorithm, we compared the re-
sults with those obtained with the CIOMS/RUCAM
algorithm. Because the CIOMS/RUCAM scale ex-
cludes the delayed onset cases (>15 days for hepato-
cellular type or >30days for cholestatic or mixed
type after stopping the drug) from scoring except when
dealing with slowly metabolized chemicals, the
comparison was performed in the nondelayed onset
population (Figure 1). The concordance rate for DILI
patients between the two algorithms was 79.4%; the
Spearman rank correlation coefficient was 0.952
(P <0.0001). Although the CIOMS/RUCAM scale
does mnot explicitly define slowly metabolized
chemicals, AM has a longer half-life than other drugs.
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Source Population
n=2,569
Liver Injury Cases”
n=453
Delayed Onset Cases* Non-Delayed Onset Cases
n=230 n=223 .
DDW-J algorithm DDW-J algorithm CIOMS/RUCAM algorithm

Comparison

79.4 % (177/223) 0.952 (P<0.0001)

DILI cases judged by DDW-J algorithm

Figure 1. Identification of drug-induced liver injury (DILI) cases in the Hamamatsu population. “Patients with alarune aminotransferase > 2 x the upper limit
of normal value (ULN) or alkaline phosphatase >ULN from the index date to 180 days after the last administration. #Patients in which the liver i injury occurred
after 15 days for the hepatocellular type, or more than 30 days for the cholestatic or mixed type, following the last administration. “Defined as a total score =5
in the Digestive Disease Week Japan 2004 (DDW-I) algorithm. "Defined as a total score =6 in the Council for International Organizations of Medical
Sciences/the Roussel Uclaf Causality Assessment Method (CIOMS/RUCAM) algorithm

We therefore performed sensitivity analysis that incor-
porated the delayed onset cases prescribed AM into
the comparison. This analysis showed consistent find-
ings with a concordance rate of 78.4%.

Presence of possible alternative causes in DILI cases
was compared with liver injury cases judged as non-
DILI by the DDW-J algorithm in the Hamamatsu pop-
ulation (Table S2). The results showed that patients
with alternative causes, such as viral hepatitis, were
effectively excluded by this algorithm.

Characteristics of drug-induced liver injury patients

The study population sizes in MIDs from Hamamatsu
and MDV were 2569 and 3856, respectively. To ex-
amine the characteristic of DILI patients, the ORs for
DILI identified by the DDW-J algorithm were calcu-
lated (Table 1, with details in Table S3). The ORs of
DILI onset in men were 1.44 (95% confidence inter-
val, 1.05-1.98) in the Hamamatsu MID and 1.32
(95% confidence interval, 1.01-1.72) in the MDV
MID. Because there were considerable differences in
the average treatment duration, we performed an

Copyright © 2014 John Wiley & Sons, Ltd.

additional sub-analysis on treatment duration stratified
by the study drugs. In the MDV MID, CM and LV
subpopulations showed a significant association be-
tween a long treatment duration and DILI.

DISCUSSION

We demonstrated that the DDW-J algorithm was highly
compatible with the CIOMS/RUCAM algorithm in the
Hamamatsu MID (Figure 1). This indicates the DDW-J
algorithm has adequate generalizability in assessing
DILIL Using the DDW-J algorithm, we examined the
characteristics of DILI cases by assessing the potential
risk factors. Furthermore, we used the same study pro-
tocol to investigate a second population that included
patients from multiple hospitals (MDV MID) to im-
prove the robustness of our results. As a result, men
showed a significantly higher risk for DILI in both
populations. This finding is inconsistent with those of
previous reports, although the role of gender in DILI re-
mains controversial.* Alcohol consumption is one of
the criteria in both the DDW-J and CIOMS/RUCAM
scales, but this information was not available in the
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Table 1. Comparison of odds ratios (ORs) for onset of drug-induced liver injury (DILI) in two medical information databases (MIDs)

Hamamatsu University Hospital MID MDV MID
Characteristics n OR* 95% Cl1 P-value n OR* 95% C1 P-value
Total 2569 3856
Age =55 years 1.49 1.02-2.17 0.0371 0.85 0.63-1.16 0.3052
Male 1.44 1.05-1.98 0.0237 1.32 1.01-1.72 0.0409
Inpatient 1.38 1.01-1.90 0.0452 1.30 0.99-1.72 0.0624
Diabetes mellitus 0.81 0.47-1.38 0.4316 0.90 0.60-1.36 0.6225
Long treatment” 1.14 0.83-1.57 0.4225 1.46 1.10-1.94 0.0082
High dose” 1.83 0.81-4.16 0.1473 1.34 0.73-2.48 0.3436
Clarithromycin sub-group 524 845
Days =8 1.19 0.56-2.52 0.6531 3.18 1.59-6.37 0.0011
Days 228 2.08 0.91-4.80 0.0846 2.97 1.43-6.15 0.0034
Levofloxacin sub-group 1551 2441
Days =8 1.15 0.75-1.76 0.5273 1.57 1.10-2.23 0.0122

CI, confidence interval; DILL, defined as Digestive Disease Week Japan 2004 score =5.
*Patients whose treatment duration was =8 days in clarithromycin, levofloxacin, and moxifloxacin and =4 days in azithromycin.

PPatients whose average dose was beyond the usual approved dose.

*Adjusted for age (=55 years), gender, infoutpatient status, diabetes mellitus, treatment duration, and high dose.

current study. Because the national survey in Japan in-
dicated that alcohol consumption was remarkably
higher in men than in women (35.1% vs. 7.7%),'? the
gender difference in alcohol consumption might have
led to a higher risk in men.

Regarding treatment duration, a longer treatment
with CM and LX, which included an adequate popula-
tion size in this study, was significantly associated
with DILI in the MDYV population. In the Hamamatsu
population, the long treatment groups, especially the
>28-day CM group, showed a tendency toward a
higher risk for DILI, although the associations were
not significant. These results might indicate that DILI
should be carefully monitored during the long-term
treatments with antibiotics. Although further confirma-
tion in a larger-scale study is necessary, our algorithm,
which is based on a clinical diagnostic scale, could be
a useful method to identify DILI and access its risk-
related information through MID research.

The current study has some limitations. The DDW-J
and CIOMS/RUCAM scoring systems were designed
for prospective diagnoses of individual cases, and their
utilities in retrospective studies, including the quality
of DILI cases identified by our algorithms, were not
validated. Furthermore, we could not retrieve additional
information from the MIDs used in this study, such as
drinking habits and pregnancy, which constitutes parts
of the scoring systems. This might lead to underestima-
tion of DILI risk. In addition, articles on the DDW-J
were predominantly published in Japanese-language
journals, which makes it difficult for non-Japanese
researchers to assess and utilize the DDW-J scale. Al-
though regional DILI scoring would still be required

Copyright © 2014 John Wiley & Sons, Ltd.

for diagnostic purpose when considering the Japanese
medical environment, the adoption of a uniform diag-
nostic approach will be preferable in future.

In conclusion, we have proposed a useful method
that uses MIDs for identifying DILI. Our study sup-
ports the utility of MID research in pharmacovigilance.
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KEY POINTS

e A standardized detection method for DILI using
MIDs has not yet been established because of
the complexity of diagnosis.

® We applied a Japanese DILI diagnostic scale,
DDW-J, to a DILI detection algorithm that is ap-
plicable for assessment of potential risk factors.

® The DDW-J algorithm was compatible with the
international CIOMS/RUCAM scale, which indi-
cates the utility of the algorithm.

® This study supports the utility of MID-based re-
search for improving pharmacovigilance.
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