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RE P %2 BE 9 HA A Stevens-Johnson JEMERED HLA class T f@#MT

FEgEZN, LRESRXE, SE FE', WE

%z)’ *-—F §1}

VEEI R KIRE S, TR G ER SE B E R v S —
-

B &9:LIEn e, BRABHEEMHES HAA Ste-
vens-Johnson fE1&E 2% (Stevens-Johnson syndrome : SJS)
« chEHZE R IERAZIE (toxic epidermal necrolysis *
TEN)BZE 71 A &I EREMER 113 A2 RIS, HLA
class 1-A, B, COEH £V, SJS/TEN HiE &
HLA class I, #1Z A"0206 & DREICEBVEREY $ 5 =
CEHE L. SHEIE, BAASIS/TEN BE 118 A&
Bl E BH 2 BARANE 220 A £ %&IC, HLA class
I1-A, B, CEDWTOBBNET12OTHRET 5.

WREFHE  FHRFILIERAZMHERRRERIOERT
3 SJIS/TEN BE 118 il e R & U, FHAICREBFIULE
BAZTMREFRL - HARAIFERES 220 A2 E
ULTHWE, ®HEMA 5 DNA #8B L, polymerase

chain reaction-sequence specific oligonucleotide

probe (PCR-SSO)FE # A7 HLA elass T-A, B, C
WDOWTEEERENLARNILOBIFETY, BETFEE
(gene frequency : GF) & {R#53E5EE (carrier frequen-
cy : CF) 4% L /2.

OB AT0206 AEECHEIL TL A, plEiian
DFHE LY TSI ER L A (p Bk GF : p=0.000000007,
CF : p=0.0000000002, # v Xtk GF : 4.2, CF:5.2).

& R RAGHERMS SJS/TEN OFECE, &1
DEHELVESICHLA class T AT0206 & BT
32 RSN, (BERSES 116 - 581-587, 2012)

F—~7J— K : HLA-A"0206, Stevens-Johnson EBE
(S]S), hEMRKIFFLREIE (TEN), R
EfE, HLA

HLA-class I Gene Polymorphisms in Japanese Stevens-Johnson
Syndrome Patients with Ocular Surface Complications

Shinnosuke Nakaji”, Mayumi Ueta"?

, Chie Sotozono”, Tsutomu Inatomi” and Shigeru Kinoshita"

Y Department of Ophthalmology. Kyoto Prefectural University of Medicine
* Research Center for Inflammation and Regenerative Medicine, Faculty of Life and Medical Sciences, Doshisha University

Abstract

Purpose : Qur previous study of polymorphisms in
the HLA-class 1 genes of 71 Japanese SJS/TEN
patients with ocular surface complications and 113
Japanese healthy controls showed that in the Japa-
nese, HLA-A"0206 was strongly associated with SJS/
TEN. In this study, we examined 118 Japanese SJS/
TEN patients with ocular surface complications and a
new control group consisting of 220 healthy Japanese
volunteers, and investigated the association between
HLA class 1 antigens, HLA-A, B, C, and the $JS/
TEN.

Methods : For HLA genotyping we enrolled 118
Japanese patients with SJS/TEN in the chronic or
sub-acute phase at Kyoto Prefectural University of
Medicine ; all presented with ocular surface compli-
cations. We also enrolled 220 healthy Japanese
volunteers. We performed polymerase chain reaction

amplification followed by hybridization with se-
quence-specific oligonucleotide probes (PCR-SS0).

Results  HLA-A"0206 was most strongly associat-
ed with Japanese SJS/TEN patients with ocular
surface complications (carrier frequency:p=
0.0000000002, OR=5.2 ; gene frequency : p=
0.000000007, OR=4.2).

Conclusion : HLA-A” 0206 is strongly associated
with Japanese SJS/TEN patients with ocular surface
complications.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc)
116 : 581-587, 2012.

Key words : HLA-A 0206, Stevens-Johnson syndrome
(SJS), Toxic epidermal necrolysis
(TEN), Ocular surface complications,
HLA
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582

I # =

Stevens-Johnson £ # (Stevens-Johnson syndrome !
SIS), LB NIFOERER & S5k E kBRI
i {toxic epidermal necrolysis : TEN){Z, & &2
EE LIS LU OE, UbATHIEL, 23
EHURTZEETHLY. HRTIE, BEOMES
10% PUF % SIS, #h U EOEiEEIc R AT 41 TEN
LW E AT, WHBIREIENE , EREARoR
FELEHIZH - TL SIS T %, TNE T# 30% 251k
M, PFRER A, ZREEBRELR LT ko Tw 3,
SJS/TEN 257 AIREEAIFEEH 60% & 5h”, &
BB OMB L FRE, &5V EEORE X Y iR
ZHEBTRME AL, BESCHERTS A, BETL AT
9 (M a), EHEEICRETOUS A%E L THBLER
iR A ST 5 L, ABRIZEED» SMHES BT
BEINCTEHEEOMBRE, MERAZMEILICES
(Fb), B TELYEORKOMEIZREZEEETS
b, BEOFSA7A, AERSICLAZHEDEESEE
iy

SIS/TEN ?i3 & A EIE BN & 20 £ 4% 5
SNTHBY, WERATEERSE Loz NS, BE
WA TH 275, BENOREIFEETHLE25
L, IHETIZ, SJS/TEN OZJEICIE HLA BHES 4
Bl ZEPHESATYEYY, HLA BUEREIC X
Lagwvhik & (, ez HERAOBRAMEEZES SIS/
TEN 71 #l, JE585ExtiE 113 #l% JeE L, HLA-A®0206
DPAEBICHBEL TWAZ L& UINcHEs L, 3B
Wi S 5 HLA 8P 5 o iud, SETFH<
RIEHOBRRBMATREL 20, FRUBIIES T
ZEFTES,

2 THE, IREPHEZ M) HA A SJS/TEN #ERIEL
Z 100 BIPL ice L, 2ouiE &3 R_ % o - BAAR
B 7%k T HLA class 1-A, B, C OB %47
VR D B AR B O THERET 5.

I MHEHEk

TUERE LR R W B OE B IR BB & SJS/TEN
BENSHERSE L, Hill B cHA
IIREEHER 220 A L) AEZHTHENL 2 2 o &
LTHW, WREIZowTid, AEOBTICHW-HET
AR FMEY Y 5 —THERL 22D LIZF o7 B
W—=TDLDTHDH, FIEIMAS DNA ZHHL, poly-
merase chain reaction-sequence specific oligonucleotide
probe (PCR-SSO) #1230 & HLA ¥ 4 ¥ ¥ 733 (i
WAL F H v T, WAKFlow system (2 T HLA #B1EF
DI ALK T #FFo72"", HLAclass 1-A, B, Cl22
WCHREEELY] L~V DFIT 2 AT, AR T B (gene fre-
quency) & BRFEFE S (carrier frequency) W& L 72,

Hilk&dE 1164 6%

B Stevens-Johnson fE{RE (S]S) /FHEMRKIBILR

%% (TEN) OIRFRR.

a @ BVEW SIS/TEN oIRETR. #EFi, B, &
Brs A, BECLAZED S,

b B SIS/TEN oRFF R, BE~OHBEEA,
BHEETEDL, TOEATIEFI AT A28
LT, MEATI72BALTwA, BIEZHEOS
e b B,

m & R

112 HLA class T-A BIO&REZRT. 118 A
FHEWNHEL LASHEOBITIIBT, RO 71 AR
B EXGAC LA AT (R p=0.00004, * v X
4.1 BEFEE p=0.0001, v XK 3.2 L
W29 HLA-AT0206 &5V BB R S N
(B9 © p=0.0000000002, #+ v At 5.16, iz
FHERE - p=0.000000007, # v XM 4.15).

F7z, HLA-A™1101 (B8 3E - p=0.02, v A}
0.43. #ETHE 1 p=0.03, % v X1 0.46) & HLA-
A®2402 (REFF AL © p=0.008, + » LIt 0.54, #{z
FHEE  p=0.001, # v X 0.57) I2HIB % 3B 7278,
HLA class 1-A B3 18 THIE§ 2 L8313 %< &
D, BB ERETADAE R 72 HLA-AT1101
IZoWnTiE, FEOBFCIE, BELIC S LHEETS
T EAfEsE S NS, EREE TL AP S 118 AiTH
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TH24EEH 100

Stevens-Johnson HEEHO HLA claes T

- s 583

#F 1 HLA class 1-A OBEFEF L REEERE

HLAA BrEEEE EETEHE

aliéigs SIS/TEN  iFERH p f " SIS/TEN  JREHIE Dﬁ w T
h=118) (=200 (o TR Rloss (n=440) Gy TR

0101 0.0% 1.4% 0.20 - 0.0% 0.7% 0.20 —
0/118) (37220 0/236)  (3/440)

0201 26.3%  20.5% 0.22 - 14.4%  11.1% 0.22 —
B31/118)  (45/220) (34/236)  (49/440)

0206 44.9%  13.6%  1.91x10° 5.6 23.3% 6.8%  7.14x10°  4.15
B3/118)  (30/220) (55/236)  (30/440)

0207 8.5% 7.7% 0.99 — 4.2% 3.9% 0.81 —
10/118)  (17/220) (10/236)  (17/440

0210 0.0% 0.9% 0.30 - 0.0%  0.5% 0.30 —
(0/118) (272209 0/236)  (2/440)

0301 2.5% 0.9% 0.24 o 1.3% 0.5% 0.24 —
(3/118) (27220 (8/236;  (2/440y

0302 0.0%  0.5% 0.46 0.0%  0.2% 0.46 -
/18 (/220 (0/236y (174407

1101 8.5% 17.7% 0.02 0.43 4.29% 8.9% 0.03 0.46
Q0/118)  (39/220) (10/236)  (39/440)

2402 45.8%  60.9% 0.008 0.54 25 0% 37.0% 0.001 0.57
(54/118)  {134/220) (59/236)  (163/440)

o601 11.0% 12.3% 0.73 — 5.5% 6.4% 0.66 -
(13/118)  (27/220) (13/236)  (28/440)

Y2602 5.1% 2.7% 0.26 - 2.5% 1.6% .39 —
(6/118)  (6/220) 6/236)  (7/440)

2608 1.7%  7.3% 0.03 0.2 0.8% 3.6% 0.03 0.23
(2/118)  (16/220) (2/236y  (16/440)

2605 0.0% 0.5% 0.46 — 0.0%  0.2% 0.46 —
o/ (172200 (0/236)  (1/440)

2001 0.0% 1.8% 0.14 — 0.0%  0.9% 0.14 —
©O/118) (47220 0/236) (47440}

3001 0.8% 0 5% 0.65 - 0.4% 0.2% 0.65 —
(1/118) (/2200 (1/236)  (1/440)

3101 14.4% 18.1% 0.38 — 7.2% 9.5% 0.30 —
a7/118)  {40/220) (17/236)  (42/226)

3001 0.0% 0.5% 0.46 — 0.0% 0.2% 0.46 —
{0/118} (1/220; 07236} {1/440)

*3303  22.0%  14.1% 0.06 — 11.0% 7.0% 0.06 —
(26/118) (317220} (96/236)  (31/440)

g bizkh, FoEBEIEELL A

# 212 HLA class I B Bo#R%/RT. HLAB'1501
(REEHE  p=0.02, & v X 0.43. BEFHEE
=0.05, # v A1t 0.50), HLA-B*4403 ({R#& 4 < p
=0.004, F v AW 2.%6. BEFEHE p=0.004, Fv
A 2,14y, HLA-B*5201 &8 1 p=0.01, # v
A 0.44, BEFHEHE p=0.03, 4+ v A 0.51) &
HLA-B*5401 (BRFEHHIE 1 p=0.01, * v Xt 0.36.
FEAZFHE  p=0.01, F v LI 0372514 % 3
#7:7% HLA class 1 BEOE 37 THIET A L HEE
dde L7z, ¥ e LT, HLACclass 1-BBiCid, &EHE
GEREMHEZ S SIS/TEN LA ELMBEEEDO L O
[Thhoia,

# 312 HLA class 1 C Bz To#E%mRd. HLAC™

0204 (IR 48K 1 p=0.01, v XA 1.96, #HETH
FEip=0.01, # v X1 1.81), HLA-C*1403 ({448
B p=0.005, #vA2.25 #HEFHEE: p=0.007,
F v A 2.06) 1255 % 328 7245, HLA class 1-C
B I8 THIET A L BEEGHE L BRELT,
HLA class I1-C#lizix, EELREMELES SIS/
TEN L EELHEEZEDL L0172,
N £ #&

A& AOIRGHHER M SIS/TEN B 118 A% 6 OF
VIATHEE 220 AIEATIC K b, IREUHEZ S SJS/TEN
OFEIZIE, HLA class T AT0206 DY Hi§ 5 2 &

AHEFEE NS, WEROBE 71 A, B 113 A0 (8
R p=0.00004, v X4l BETFHEE  »
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s HB&E 116% 6%
£ 2 HLA class 1-B OB EFHEE CREEEE

an g BT

leles  SIVTEN Egamn=200 pGO Aoxt DLIEN EEHBG=20 pEGA 4t
‘0702 8.5%(10/118) 11.0% (24/220) 0.48 - 4.2% (10/236) 6.6% (29/440) 0.21 —
0705 0.0% (0/118) 1.8% (4/220) 0.14 - 0.0% (0/236) 0.9% (4/440] 0.14 —
1301 6.8% (8/118) 2.7% {6/220) 0.07 - 3.4% (8/236) 1.4% (6/440) 0.08 e
1302 0.0% (0/118) 1.4% (3/220) 0.20 - 0.0% (0/236) 0.7% (3/440) 0.20 -
1501 8.5%(10/118)  17.7%(39/220) 0.02 0.43 4.7%(11/236) 8.9% (39/440) 0.05 0.50
#1502 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 —
*1507 0.8% (1/118) 1.4% (3/220) 0.68 - 0.4% (1/236) 0.7% (3/440 0.68 —
1511 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 -
*1518 3.4% (4/118) 1.0% (2/220) 0.10 — 1.7% (4/236) 0.5% (2/440) 0.10 —
#1527 0.8% (1/118) 0.0% (0/220) 0.17 - 0.4% {1/236) 0.0% {0/440) 0.17 —
2704 0.8% {1/118) 0.5% (1/220 0.65 - 0.4% (1/236) 0.2% {1/440) 0.65 -
F2705 0.0% (0/118) 0.8% (1/220) 0.46 - 0.0% {0/236) 0.2% (1/440) 0.46 -
"301  18.6%(22/18)  14.5%(32/220) 033 —  0.3%(22/236)  7.3%(32/40) 0.3  —
3701 0.8% (1/118) 1.8% (4/220) 0.48 - 0.4% (1/236) 0.9% (4/440) 0.48 -
3802 0.0% (0/118) 0.5% (1/220) 0.46 hae 0.0% (0/236) 0.2% (1/440) 0.46 -
3901 7.6% (9/118) 5.9% (13/220) 0.54 - 3.8% (9/236) 3.0% (13/440; 0.55 -
302 0.8% (/L 1.0% (2/220 095 —  0.4% (1/236)  0.5% (2/440) 0.9  —
3901 0.0% (/L) 1.0% (1/2200 046 —  0.0% (0/236)  0.2% (1/440)  0.46  —
4001 14.4%(17/118) 10.9% (24/220) 0.35 - 7.6% (18/236) 5.5% (24/440) 0.26 -
4002 12.79% (15/118) 9.5% (21/220) 0.37 - 6.8% (16/236) 5.2%(23/440) 0.41 -
4003 1.7% (2/118) 1.0% (2/220) 0.52 — 0.8% (2/236) 0.5% (2/440) 0.53 —
“4006 7.6% {(9/118) 5.9% (13/220) 0.54 b 3.8% (9/236) 3.0%(13/440) 0.55 -
4402 0.8% (1/118) 1.8% (4/220) 0.48 - 0.4% (1/236) 0.9% (4/440) 0.48 -
"4403  26.3%(31/118)  13.6%(30/220) 0.004 2.26 13.6% (32/236) 6.8% (30/440) 0.004 2.14
4601 12.7%(15/118) 8.29% (18/220) 0.18 - 6.49 (15/236) 4.3%{19/440) 0.25 —
“4801 4.2% (5/118) 8.29{18/220) 0.17 - 2.1% (5/236} 4.1%(18/440) 0.18 .
5101 19.5%(23/118) 19.5% {43/220) 0.99 - 10.6% (25/236) 10.2% {45/440) 0.38 -
*5102 1.7% (2/118) 0.0% {0/220) 0.05 - 0.8% (2/236) 0.0% (0/440) 0.033 —
*5201  11.0%(13/118)  21.8%(48/220) 0.01 0.44 5.9%(14/236)  10.9% (48/440) 0.03 0.51
5401 5.9% (7/118) 15.0%{33/220) 0.01 0.36 3.0% (7/236) 7.7%(34/440) 0.01 0.37
5502 2.5% (3/118) 4.5% {(10/220) 0.36 - 1.3% (3/236) 2.3%{10/440) 0.37 -
"5601  2.5% (3/118)  1.8% (4/220)  0.65  —  1.3% (3/236)  0.9% (4/440)  0.66  —
5603 0.0% (0/118) 0.5% (1/220 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 -
801 25% (/U8 1.8% (4/220) 066 —  1.3% (3/236)  0.9% (4/440)  0.66  —
5901 7.6% 19/118) 4.5% {10/220) 0.24 — 3.8% (9/236) 2.3% (10/440) 0.25 —
904 0.8% (VLS 0.0% (0220 007 —  0.4% (1/236)  0.0% 0/440) 007 —
601 1.7% (2118 3.6% (8/2200 031 —  0.8% (2/236)  1.8% (8/40) 032  —

SJS/TEN @ HLA S IC oW TR OMEZIEY Ho
TaD &, 1982 4127 2 1) 71 ADIEEHE Mondinoe & 7%,
%72, 1986 4E127 5 ¥ A ADEIERE Roujeau A%,
FIA® SIS B TiE HLA-BI2 MUEE 2 B2 S B
T 5 L& L, HLA-BIZ s, MEOHETE
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TEL 24456 H 10 B

Stevens-Johnson SEREED HLA class 1 - gl

585

# 3 HLA class 1-C OBETFEE - RIFEEE

e R HETHE

alleles  SJS/TEN E#HE  pfi ., SIS/TEN EHHE pfE
=18 @=200 GO 7Y Geme weun) G TV

0102 30.5% 34.5%  0.45 — 15.7% 18.6% 0.3 —
(36/118)  (76/220) (37/236)  (82/440)

0103 0.0% 0.5% U.46 - 0.0% 0.2% 0.46 —
(0/118)  (1/220) (0/236)  (1/440)

“0302 2.5% 1.8% 0.66 - 1.3% 0.9%  0.66 —
(3/118) (4/220) (3/236} {4/440)

0303 2.3%  21.3% 0.75 — 11.4% 10.9% 0.83 —
(27/118) (4772200 (27/236)  (48/440)

0304 32.3% ) 19.5% (.01 1.96 17.8% 10.7% 0.01 1.81
(38/1187  {43/220 (42/236)  (47/440)

0401 8.5% 9.5% (.75 — 4.2% 4.8% 0.7 —
(10/118)  (21/220) (10/236)  (21/440)

0501 2.5% 1.8%  0.66  — 1.3%  0.9%  0.66  —
{3/118) {4/220) (3/236} {4/440)

0602 0.8% 3.2% 0.18 0.4% 1.6% 0.18 —
{1/118) (7/220) (1/236) (7/4400

0701 0.8% 0.0% 0.17 — 0.4% 0.0% 0.17 —
a/ms)  (0/220) (1/236)  (0/440)

0702 18.6% 25.0% 0.18 — 10.6% 4.1% 020 —
(22/118)  (55/220) (25/236)  (62/440)

0704 2.5% 0.0% 0.02 0 1.3% 0.0% 0.0z 0
B8 (0/220) (3/236)  (0/440)

#0801 8.5% 13.6% .16 - 4.2% 6.8% .18 —
(10/118)  (30/220) (10/236)  (30/440)

0803 2.5%  3.6% 0.5 — 13%  1.8% 059 —
@ms) (87220 (87236)  (8/440)

1202 11.9% 21.4% .03 .50 6.4% 10.7% 0.06 —
(14/118)  (47/220) (15/236)  (47/4407

#1402 12.7% 14.1% 0.72 - 6.8% 7.5% 0.73 —
(15/118)  (31/220) (16/236)  (33/440;

1403 25.4% 13.2% 0.005 2.2 12.7% 6.6% 0.007 206
(30/118)  (29/220) (30/236) (297440

1502 §.5% 5.0% 0.37 — 4.2% 3.0% 0.28 —
(10/118)  (13/220) (10/236)  (13/440)

1505 0.0%  18% 014 — 0.0% 09% 014  —
O/N8) (4220 (0/236)  (4/440)

GiE [ILA-B*4402 & IILA-B*4403 124 CTid £ %, L7 ILAB*1502 i, HETHFH 1 AHEDA-DOATH-

LA 64 OREFT T HLA-B 4402 (36 BT 1.8%,

BET0.8% L®HFHFHEIPL L, ZRHBELRO S
o7z, HLAB 4403 iz 2w T i, BT 13.6%, &
T 26.3% OHETRO A, SIS/TEN 34E & O
MU XN i F72, 2004 412 Chung 575,

WTAPAEIUNTFE VIZENVREL-BEO
SIS/TEN % T, 100% A HLAB 1502 # AL T
WaIZEEHELLY LAaL, Lonjou Sid, BAT
2 HLAB* 1502 A EHE L, ANV EY 54
SJS/TEN S% & HLAB*1502 (2 I3AEIM # 2 2 - 72
FHELTWAY, HAATY HLAB 1502 2124 L
TWAIEIEILINTHY, SJS/TEN ¥4 & FE
EREBVIEDPREENLTLY, ADEITTY,

2. F7, BELRBEHEELED SIS/ TENICBWT
i, MTAPAFEIZLDBERREL WY, 2005 4
12 Hung B3, BREBIEETHL 7O/ —ild
Y 384 L 72 SJS/TEN B & HLA-B*5801 X OfICAHE
LMD EMELEY. covasY S — vk
HLA-B*5801 & O#EE, AT, HEAATLH
HENTWA, UL, SEEHNL T35 SJS/TEN &
FZURBPID LS TT I TY J — sk ARETHTH» 3
BITaHYy, FYOEFALBHEBREIRE T IS
DZEDD, |aiE, TESY S-S X BRETIE,
FELZIEAMHEIE DIV EZE LTV A,
BREREL, SIS/TENEMOE (1%, MTA»AHE
ERETOTY - NMICEABETHLEHMEL Ty
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586

AEW LBl BEESSH LEHEE
FHEULBETRITAPAE, 7o)/ —ViZd5s
FIEIED AL, ELAVBREBREES LI ATOAL
1% 31 4% 9 % (non-steroidal anti-inflammatory drugs :
NSAIDs) # 8z 8E L Tw A, EEL TEN CERE
E0LVGEALHNEL, 2HNIBETRESOEER
SISH#HEWL H A, REHELMES SJS/TEN &, SJS/
TEN 4k & A% 2 —HOERF TiEh {, L

LR F T — 20T b4 13E2T
VA,

H A OFATIE, BERIRAHELMS SJS/TEN &
LTI, BEMERIREZIIETTAIENS{,
B LIEROBIITE TS A, REZEPLIETH LY. &
NoOREOK S HITKEMERTRMIEEL, 0
BATEHIR TR SHTHH, REREL TV,
SIS/TEN OFSEBF AP TH LY, Tk Hkitd
T AR L MHHER D b, B SO A VAR
EAL, TORICEAFEBRE Lo TRER, OE -0
ey, MBEF EBET2MErE L TwiEEZ LR
B.

HLA 7 7 A0, ERRSRICEB LBy, T
AL EREIcRE(CHESLTwE, —4,
HLA 75 A 1%, FEMEZE0IRIET<ToMigic
BHLTBY, YA NAHBEZIRTAIZEIZLD, ¥
A WA T B AR R E (5T 5, SIS/
TEN O38EFE R, HLA 232U TE4R {, HLA #
5 A1 ThhHLAAY 206 KE(HS L TwEZL
&, EORMICT AW RAEEPE S PO Thdio T
WABIEEEND DL LW TFRADEZF T R HHT HE
RTHHEEZLND,

HLA BT iC 0w TR TIERIR, MIREFROBELZ
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Stevens—Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are
severe, cutaneous adverse drug reactions that are rare but life threatening.
Genetic biomarkers for allopurinol-related SJS/TEN in Japanese were
examined in a genome-wide association study in which Japanese patients
(n=14) were compared with ethnically matched healthy controls (n=991).
Associations between 890321 single nucleotide polymorphisms and
allopurinol-related SJS/TEN were analyzed by the Fisher's exact test
(dominant genotype mode). A total of 21 polymorphisms on chromosome
6 were significantly associated with allopurinol-related SJS/TEN. The
strongest association was found at rs2734583 in BAT1, rs3094011 in HCPS
and GA005234 in MICC (P=2.44 x 1078; odds ratio = 66.8; 95% confidence
interval, 19.8-225.0). rs9263726 in PSORS1CI, also significantly associated
with allopurinol-related S|S/TEN, is in absolute linkage disequilibrium with
human leukocyte antigen-B*5801, which is in strong association with
allopurinol-induced SJS/TEN. The ease of typing rs9263726 makes it a useful
biomarker for allopurinol-related SJS/TEN in Japanese.

The Pharmacogenomics Journal (2013) 13, 60-69; doi:10.1038/tpj.2011.41;
published online 13 September 2011

Keywords: allopurinol; Stevens-johnson syndrome; toxic epidermal necrolysis; human
lymphocyte antigen; single nucleotide polymorphism; genome-wide association study

introduction

Allopurinol is a xanthine oxidase inhibitor that prevents the production of uric
acid to reduce plasma uric acid levels to a normal range. It is the most frequently
used anti-hyperuricemic agent in the world due to its long-term pharmacological
effect.! However, allopurinol is also one of the most frequent causes of a variety
of delayed severe cutaneous adverse drug reactions (SCARs).? According to
spontaneous reports of severe adverse drug reactions to the Ministry of Health,
Labor, and Welfare of Japan, allopurinol-related SCARs accounted for about 11%
of all reported SCAR cases in Japan in 2008.% Allopurinol-related SCARs include
the drug-induced hypersensitivity syndrome, Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN).* SJS/TEN are characterized by high fever,
malaise and rapid development of blistering exanthema, with macules and
target-like lesions, accompanied by mucosal involvement.’ Even though the
incidence of SJS/TEN is extremely low, the mortality rate of TEN can be as high as
26%.° Therefore, SJS/TEN is a serious problem in allopurinol therapy, in spite of
the ideal anti-hyperuricemic effect of allopurinol.
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Although previous works have suggested that the devel-
opment of SJS/TEN depends on an immune mechanism
involving a drug-dependent cytotoxic cell response against
epidermal cells,>¢ the pathophysiology of SJS/TEN remains
largely unknown. Susceptibility to such idiosyncratic reac-
tions is thought to be genetically determined, and familial
predisposition to allopurinol-induced SJS/TEN has been
reported.® Therefore, the exploratory studies for genetic risk
factors related to SJS/TEN are needed. A strong association
has been observed between allopurinol-induced SCAR and
the human lymphocyte antigen (HLA) allele B variant (HLA-
B*5801) in the Han Chinese in Taiwan’ and in the Thai
population.® These studies showed that the HLA-B*5801
allele is present in all patients with allopurinol-induced
SCAR (51/51 of Han Chinese and 27/27 of Thai patients) and
in only 12-15% of tolerant patients (20/135 and 7/54,
respectively). The odds ratio (OR) was 580 (95% confidence
interval , 34-9781; P=4.7 x 10?*) for the Han-Chinese data’
and 348.3 (95% confidence interval, 19.2-6336.9;
P=1.61x10"%) for the Thai study.® Although the associa-
tion was confirmed in both Caucasian and Japanese
subjects,1° the OR in the Han-Chinese and Thai popula-
tions were much higher than those in the Caucasian
(OR=80) and Japanese (OR=40) groups. These reports
indicated that HLA-B*5801 is the valid genetic biomarker
for allopurinol-induced SJS/TEN in various ethnic groups,
but the mechanisms by which HLA-B*5801 is specifically
involved in allopurinol-induced SJS/TEN progression and
the strength of the association showed ethnic differences are
unknown.

Currently, genotyping by high-density array scanning of
the whole genome allows discovery of previously unsus-
pected genetic risk factors that influence the pathogenesis of
serious adverse drug reactions.'*'* Genome-wide associa-
tion studies (GWASs) provide opportunities to uncover
polymorphisms that influence susceptibility to allopurinol-
induced SJS/TEN free of mechanistic hypotheses. Therefore,
in addition to HLA-B typing as shown in our previous
study,'® we further conducted a retrospective pharmaco-
genetic case-control study using whole-genome single
nucleotide polymorphism (SNP) data from high-density
DNA microarrays in order to identify new and effective
genetic biomarkers for allopurinol-related SJS/TEN in
Japanese patients.

Materials and methods

Recruitment of study subjects

A total of 141 Japanese SJS/TEN patients from unrelated
families were recruited from July 2006 to April 2010 from
participating institutes of the Japan Severe Adverse Reac-
tions (JSAR) research group and through a nationwide
blood-sampling network system in Japan for SJS/TEN onset
patients, operated by the National Institute of Health
Sciences.'® In all, 121 of these patients were diagnosed as
defined SJS or TEN by JSAR research group’s dermatological
experts based on diagnostic criteria® that are currently used
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in Japan. Information was collected using a standardized
case report form that includes medical records, co-admini-
strated drug records, disease progress and involvement of
systemic complications, as well as SJS/TEN treatment.
Among the 141 SJS/TEN patients, 20 were diagnosed as
probable SJS due to atypical or mild symptoms. TEN and SJS
were defined as mucocutaneous disorders characterized by
extensive erythema, blisters, epidermal detachment, ero-
sions, enanthema and high fever. SJS was defined as skin
detachment of 10% or less of the body surface area, and TEN
as skin detachment of more than 10%, excluding staphylo-
coccal scaled skin syndrome.® In all enrolled cases defined as
SJS or TEN, allopurinol was regarded as the drug responsible
for SJS or TEN if the onset of SJS/TEN symptoms occurred
within the first 2 months of allopurinol exposure. For the
retrospective pharmacogenetic case-control study, 991
healthy, ethnically matched subjects in the Tokyo metro-
politan area were used as the control group. Healthy subjects
were used as the control group instead of allopurinol-
tolerant patients because the incidence of SJS/TEN is
extremely low (0.4-6 per million per year).?

The ethics committees of the National Institute of Health
Sciences, each participating institute of the JSAR research
group and the Japan Pharmacogenomics Data Science
Consortium (JPDSC) approved this study. Written informed
consent was obtained from all cases and ethnically matched
controls.

Whole-genome genotyping of SNPs

Genome-wide genotyping of the 14 allopurinol-related SJS/
TEN patients and 991 ethnically matched controls was
conducted using the Illumina Human 1M-Duo BeadChip
(Ilumina, San Diego, CA, USA), which contained 1163218
SNPs. SNPs were discarded from case—control association
analysis if they exhibited a minor allele frequency <0.001 in
the control group (237 890 SNPs), a call rate <0.95 for each
SNP (32 640 SNPs) or a P-value <0.001 in the test of Hardy-
Weinberg equilibrium among controls (2368 SNPs). These
quality control steps removed a total of 272897 SNPs. All
samples had a call rate for each microarray above 0.99.
Sample duplicates and hidden relatedness were investigated
on the basis of pairwise identity-by-state analysis via
PLINK;'* however, there was no duplicate or hidden
relatedness in the samples. This quality-control procedure
ensured reliable genotyping data.

HLA genotyping and TaqMan genotyping of SNPs on chromosome 6
HLA A, B and Cw types were determined using sequencing-
based methods, as described previously.'® Representative
SNPs of 6p21 (152734583, 153099844, 159263726 and
rs3131643) were re-genotyped using TagMan SNP Geno-
typing Assays (Life Technologies, Carlsbad, CA, USA)
(ID; C_27465749_10, C__27455402_10, C__30352071_10,
C__26778946_20) according to the manufacturer’s instruc-
tion using 5ng of genomic DNA. We did not genotype
159267445 and 151634776 because TagMan SNP genotyping
assays for these SNPs were not available. Measurement of the
linkage disequilibrium (LD) coefficient was performed using
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the HLA types and 6p21 SNPs of the 141 Japanese SJS/TEN
cases and an additional 65 Japanese individuals (non-SJS/
TEN patients). The LD coefficient was calculated as pre-
viously described.'>1¢

Association analysis

Genome-wide SNPs data from allopurinol-related SJS/TEN
cases and ethnically matched controls were used for
association analysis using the Fisher’s exact test based on
the dominant genotype mode and minor allele frequencies
of each SNP. Because there are no homozygotes of minor
alleles of SNPs, which have significantly related to allopur-
inol-related SJS/TEN except rs3099844 and rs3131643 in
‘Case group’, other association analysis models such as trend
test (Cochran-Armitage analysis) or recessive model analysis
were not applied in this study. All association analyses were
carried out with PLINK.'* P-values were corrected for
multiple testing according to the Bonferroni’s correction.
P-values <5.62 x 1078 were regarded as statistically signifi-
cant.

Results

Characteristics of study subjects

A total of 14 allopurinol-treated Japanese patients, who were
diagnosed with definite SJS/TEN were recruited for the
whole-genome association study (IDs 1-14 in Table 1).
Patients, IDs 1, 2, 3, 9, 10, 13 and 14 were reported in our
previous paper.’® After the GWAS, an additional four
allopurinol-treated Japanese SJS/TEN patients were recruited
for HLA typing (IDs 15-18). Therefore, a total of 18
allopurinol-treated Japanese SJS/TEN patients participated
in the study (Table 1). In all, 12 of 18 patients were male and
6 were female, and the average age was 72.3+10.0
(mean £s.d.) years. In all, 12 of 18 cases showed systemic
complications of liver and/or renal dysfunction, and most
patients had high fever. The average period of SJS/TEN onset
after allopurinol treatment was 21.7+11.9 days. Drug-
induced lymphocyte stimulation tests were examined in
13 of 18 patients to determine the causative agent; however,
in these tests, only two cases (IDs 1 and 5) were positive for
allopurinol and only one (ID 16) was positive for oxipurinol,
a metabolite of allopurinol. The patient (ID 1) who was
positive for the drug-induced lymphocyte stimulation test
for allopurinol was also positive for other co-administrated
drugs (Table 1). On the other hand, patients who received a
patch test showed positive reactions for allopurinol
although only two patients were examined (ID 4, 10). The
patient who was patch test positive for allopurinol (ID 4)
was also patch test positive for other co-administrated drugs
(Table 1). Four patients (ID 1, 2, 4 and 14) were co-
administrated non-steroidal anti-inflammatory drugs, four
(ID 7, 8, 11 and 15) were co-administrated angiotensin II
receptor antagonists and three (ID 4, 7 and 17) were co-
administrated statin anti-hyperlipemic agents.
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Whole-genome association study of major determinants for
allopurinol-related SJS/TEN

A total of 14 allopurinol-related SJS/TEN patients (IDs 1-14),
who were diagnosed with definite SJS/TEN, and 991
ethnically matched controls, were genotyped with the use
of the Illumina Human 1M-Duo BeadChip containing
1163218 SNPs. A series of quality-control steps resulted in
the elimination of 272897 polymorphisms. For each SNP,
Fisher's exact tests were performed to compare the domi-
nant genotype distributions and minor allelic frequencies in
the allopurinol-related SJS/TEN patients (the case group)
versus those in the ethnically matched healthy control
group. The resulting P-values were adjusted with the
Bonferroni’s correction (P<S5.62 x 107%). The distribution
of P-values from the Fisher’s exact tests (dominant genotype
mode) along each chromosome indicated that 21 SNPs were
significantly associated with the cases, all of which were
located on the chromosome 6: 6p21.3, 6p22.1 and 6p21.1
(Figures 1a and b). The quantile-quantile (Q-Q) plot for the
distribution of P-values showed that observed P-values
matched the expected P-values over the range of
0<—logio(p) < 4.0 (Figure 2). A departure was observed at
the extreme tail (—logio(p)>4.0) of the distribution of test
statistics for the allopurinol-related Japanese SJS/TEN,
suggesting that the identified associations are likely due to
true variants rather than potential biases such as genotyping
error. These SNPs, with their associated genes, are described
in Table 2. As is observed in all SNPs in Table 2, minor allele
frequencies in the controls were quite small, ranging around
0.5-0.6%. The genotypic distributions of the case and
control groups are identical among groups with the same
P-value, suggesting that these SNPs might be linked. These
SNPs also have ORs that are much higher than the ORs of
SNPs commonly observed in sporadic cancer and other
complex diseases, suggesting they are of higher penetrance.
For example, the most significant SNPs (rs2734583,
1s3094011 and GA005234) had an OR of 66.8 (95%
confidence interval, 19.8-225.0), and the twentieth most
significant SNPs (159263827 and rs1634776) had an OR of
60.9 (95% confidence interval, 18.3-202.5). Most SNPs in
Table 2 are associated with known or predicted genes; of
these, 13 are in known genes. Three SNPs (1517190526,
1$9263726 and 1s2233945) were found in PSORSICI (psor-
iasis susceptibility 1 candidate 1), which is considered as one
of the potential psoriasis genes.'’~? The CCHCRI (coiled
coil o helical rod protein 1), which is a regulator of
keratinocyte proliferation or differentiation and is over-
expressed in keratinocytes in psoriatic lesions,?°2* con-
tained four SNPs (1s9263745, rs130077, rs9263781 and
1$s9263785). HCP5 (HLA complex PS5), which is involved in
hypersensitivity to abacavir,?*2¢ had three SNPs (rs3094011,
1s3099844 and 1s31431643). TCF19 (transcription factor 19),
which is a potential trans-activating factor that might play
an important role in the transcription of genes required for
the later stages of cell cycle progression,?” contained two
SNPs (rs9263794 and 1510448701). Two SNPs (rs9263796
and 1s9263800) were also found in POUSF1 (POU class 5
homeobox; alternative names for Oct4). BATI (HLA-B
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Table 1

Summary of clinical characteristics of Japanese patients with allopurinol-related Stevens-johnson syndrome or toxic epidermal necrolysis

Co-administered drugs

Patient ADR Sex/age Highest Total area Systemic DLST to Period of onset Drug name DLST result/period
ID? type (years) BT (°C) of blistering complications allopurinol (PT) (days) by allopurinol of onset
skin (%)
1 SIS F/53 38.1 0.5 liver dysfunction + 26 loxoprofen +/9 days
renal dysfunction clarithromycin +/26 days
2 TEN M/58 37.1 15 neutropenia - ca 10 days loxoprofen —/1 day
liver dysfunction levofloxacin —/1 day
3 NN M/77 unknown unknown none not tested 16 none
4 TEN F/72 >37 20 none —(PT+) 16 pitavastatin —/16 days
lansoprazole —/179 days
salicylamide, —(PT+)/8 days
acetaminophen,
caffeine,
promethazine,
methylenedisalicylate
serrapeptase —/1 day
loxoprofen —/8 days
acetaminophen (PT+)/8 days
5 TEN M/82 39 35 none + 52 none
6 SIS M/67 1 1 liver dysfunction not tested 14 none
7 NN M/76 38.8 unknown Gl tract disturbance not tested <26 days losartan not tested/8 days
liver dysfunction furosemide not tested/3 days
renal dysfunction carbon not tested/7 days
atorvastatin not tested/8 days
8 NN M/83 >38 10 renal dysfunction - 20 amlodipine not tested/very long
olmesartan medoxomil not tested/very long
9 TEN M/75 >38 20 neutropenia - 6 none
liver dysfunction
renal dysfunction
10 SIS M/75 38.4 6 neutropenia —(PT+) 14 none
liver dysfunction
renal dysfunction
11 SIS M/74 37.8 8 neutropenia - 38 cefazolin not tested/1 day
liver dysfunction Furosemide not tested/53 day
renal dysfunction Sodium polystyrene not tested/51 day
sulfonate
olmesartan medoxomil not tested/59 day
12 SIS M/67 38.9 2 liver dysfunction not tested 17 none
13 SJS F/81 39.2 0.5 renal dysfunction - 28 spironolactone —/24 days
14 NN M/83 39 0 respiratory involvement - 29 diclofenac —/1 day
15 TEN F/73 38 10 liver dysfunction - 27 valsartan —/18 days
renal dysfunction epoetin B —/2 days
16 NN M/53 40 5 liver dysfunction —(oxipurinol +) 19 none
17 SJS F/86 38 0 liver dysfunction - 30 rosuvastatin —/43 days
renal dysfunction
18 TEN F/66 37.8 15 none not tested 2 none

Abbreviations: ADR, adverse drug reaction; BT, body temperature; DLST; drug-induced lymphocyte stimulation test; F, female; M, male; PT, patch test; SJS, Stevens—Johnson syndrome; TEN, toxic epidermal

necrolysis.

3patients ID 1-14 were applied for whole genome analysis. ID 1-18 were for the HLA typing and the analysis of linkage disequilibrium.
Patients IDs 1, 2, 3, 9, 10, 13, and 14 were reported in our previous paper.’®
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Figure T Genome-wide association study of allopurinol-related Stevens—johnson syndrome or toxic epidermal necrolysis. Each dot represents a
single nucleotide polymorphism (SNP). The x axis: the position of the SNP on chromosomes. The y axis: the —log.o of Fisher’s exact test P-values
(dominant genotype mode) of the SNP in the case-control association study. SNPs with P-values <5.62 x 1078 are highlighted in red. (a) Whole
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Figure 2 Quantile-quantile plot of Fisher’s exact test statistics obtained
from the genome-wide association study for allopurinol-related Ste-
vens—johnson syndrome or toxic epidermal necrolysis under dominant
genotype mode. The solid red line represents the null model where
observed Fisher’s exact test values match the expected values. The dots
represent observed versus the expected values from the case-control
study.

associated transcript 1) and PSORS1C3 each carried one SNP
(rs2734583 and 1s9263827). The SNPs, rs1634776 and
154084090, were located in more than 10kb away from the
HLA-B and HLA-C genes, respectively. Two pseudo genes,
MICC (major histocompatibility complex class I poly-
peptide-related sequence) and PPIAP9 (peptidylprolyl iso-
merase A (cyclophilin A) pseudogene 9), had one SNP
each (GA005234 and 159267445). Previous report using
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Han-Chinese patients with allopurinol-induced SCAR indi-
cated rs3117583 of BAT3, rs1150793 of MSHS5 and rs2855804
of MICB, which are located in HLA region, showed
significant P-values (P<1x1077).” In this study using
Japanese patients, both rs3117583 and rs1150793 showed
P=6.34x 1073 (allele frequency mode) and P=6.14 x 1073
(dominant genotype mode). There was no data of 152855804
in the llumina Human 1M-Duo BeadChip.

HLA types of allopurinol-related S|S/TEN patients

Classical class 1 HLA types (4, B and Cw) of allopurinol-
related SJS/TEN patients were determined because the HLA-
B*5801 type is associated with allopurinol-related SCARs in
Han Chinese,” Caucasians’ and Japanese'® (Table 3). In this
analysis, four patients with allopurinol-related SJS/TEN (IDs
15-18), who were recruited after BeadChip analysis, joined
the case group (total of 18 allopurinol-related SJS/TEN
patients). Eight cases of HLA-A*3303 (allele frequency=
22.2%), 10 cases of HLA-B*5801 (allele frequency =27.8%)
and 10 cases of HLA-Cw*0302 (allele frequency=27.8%)
were found in 18 allopurinol-related SJS/TEN patients
(Table 3). By comparison, the allelic frequencies of HLA-
A*3303, HLA-B*5801 and HLA-Cw*0302 were 7.9%, 0.6%
and 0%, respectively in Japanese general population
(Tables 4a-c). The OR of HLA-A*3303 was calculated as
3.32 (Table 4a). The OR of HLA-B*5801 was calculated as
62.8 (Table 4b), which was a little larger than the previously
reported OR in Japanese patients.’® HLA-Cw*0302 also
showed significant association with allopurinol-related
SJS/TEN (Table 4c). HLA-A*3303 and HLA-Cw*0302 are in
LD with HLA-B*5801 in the Japanese although the general
frequency of HLA-A*3303 is higher than other two
types. Other HLA-A, B and Cw types, which were not listed
in Tables 4a-c, showed very low frequencies in the general
Japanese population, or were not found in 18 allopurinol-
related SJS/TEN patients.
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Table 2 The association of single nucleotide polymorphism with allopurinol-related Japanese patients with Stevens-johnson
syndrome or toxic epidermal necrolysis

Dominant genotype mode Allelic
frequency
mode

Order SNP Chromosome  Closest Distance to Case®  ControP P Odds ratio (95% Cl) P MAF

gene gene (bp) (%)
1 rs2734583  6p21.3 BAT1 0 0/6/8 0/11/980 2.44x10~% 66.8 (19.8-225.0) 4.62x107% 0.55
1 rs3094011  6p21.3 HCPS 6553 0/6/8 0/11/980 2.44x107% 66.8 (19.8-225.0) 4.62x107% 0.55
1 GA005234  6p22.1 MmicC 0 0/6/8 0/11/980 2.44x107% 66.8 (19.8-225.0) 4.62x1078 0.55
4 rs3099844  6p21.3 HCP5 3693 1/5/8 0/11/978 2.47 x107% 66.7 (19.8-224.5) 1.33x107% 0.56
5 1s9267445  6p21.1 PPIAP9 3776 0/6/8 0/11/971 2.58x107% 66.2 (19.7-222.9) 4.87 x107% 0.56
6 rs17190526 6p21.3 PSORS1CT —446 0/6/8 0/12/979 3.64x10"% 61.2(18.4-203.5) 6.87x107% 0.61
6 s9263726  6p21.3 PSORS1CI 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 12233945  6p21.3 PSORS1C1 0 0/6/8 0/12/979 3.64x107% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 rs9263733  6p21.3 POLR2LP 139 0/6/8 0/12/979 3.64x107% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 rs9263745  6p21.3 CCHCRT 0 0/6/8 0/12/979 3.64x107% 61.2 (18.4-203.5) 6.87x107% 0.61
6 rs130077  6p21.3 CCHCR1 0 0/6/8 0/12/979 2.44x10°® 61.2(18.4-203.5) 6.87 x108 0.61
6 rs9263781 6p21.3 CCHCR1 0 0/6/8 0/12/979 2.44x10"% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 rs9263785  6p21.3 CCHCRI1 0 0/6/8 0/12/979 2.44x10°% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 rs9263794  6p21.3 TCF19 0 0/6/8 0/12/979 2.47x107% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 rs1044870  6p21.3 TCF19 0 0/6/8 0/12/979 2.58x107% 61.2(18.4-203.5) 6.87 x1078 0.61
6 rs9263796  6p21.3 POUSF1 0 0/6/8 0/12/979 3.64x107% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 1s9263800  6p21.3 POUSF1 0 0/6/8 0/12/979 3.64x10"% 61.2(18.4-203.5) 6.87x107% 0.61
6 rs4084090  6p21.3 HLA-C 17691 0/6/8 0/12/979 3.64x10"% 61.2 (18.4-203.5) 6.87 x107% 0.61
19 13131643  6p21.3 HCPS 0 1/5/8 0/12/977 3.68x107% 61.1(18.4-203.1) 2.08x107° 0.61
20 1s9263827  6p21.3 PSORS1C3 -3369 0/6/8 0/12/974 3.75x107% 60.9 (18.3-202.5) 7.07x107% 0.61
20 rs1634776  6p21.3 HLA-B 12661 0/6/8 0/12/974 3.75x107% 60.9 (18.3-202.5) 7.07 x107% 0.61

Abbreviations: Cl, confidence interval; MAF; minor allelic frequency; SNP, ingle nucleotide polymorphism.
2Number of subjects in minor homo/hetero/major homo.

Table 3 HLA types and representative genotypes in 6p21 of allopurinol-related Japanese patients with Stevens—Johnson
syndrome or toxic epidermal necrolysis

ID HLA-A HLA-B HLA-Cw 152734583 153099844 159267445 rs9263726 rs3131643  rs1634776
1 2402 3303 4002 5801 0302 0304 T/C C/A G/C G/A T G/A
2 2402 3101 1501 5601 0303 0401 T c/C G/G G/G c/c G/G
3 2402 3101 5201 5801 0302 1202 T/C C/A G/C G/A T G/A
4 1101 1101 4801 5801 0302 0803 T/C A/A G/C G/A /T G/A
5 2402 2602 4006 5101 0801 1402 /T /e G/G G/G c/C G/G
6 0201 1101 1518 3501 0401 0801 /T c/C G/G G/G c/C G/G
7 2402 3303 5201 5801 0302 1202 T/C C/A G/C G/A o G/A
8 0201 2402 1527 4003 0304 0401 /T c/C G/G G/G c/c G/G
9 2402 2402 3501 5201 0303 1202 /T c/c G/G G/G c/C G/G

10 0210 1101 4002 4006 0401 0801 /T c/C G/G G/G c/c G/G

11 0207 2402 4601 5101 0102 1402 /T c/C G/G G/G e G/G

12 2402 3101 3901 4001 0304 0702 /T c/C G/G G/G c/C G/G

13 0207 3303 4601 5801 0102 0302 T/C C/A G/C G/A T G/A

14 3101 3303 3901 5801 0302 0702 T/C C/A G/C G/A T G/A

15 2402 3303 5101 5801 0302 1402 T/C C/A NA G/A /T NA

16 0201 3303 3802 5801 0302 0702 T/C C/A NA G/A /T NA

17 2402 3303 0702 5801 0302 0702 T/C C/A NA G/A T NA

18 2402 3303 5101 5801 0302 0304 T/C C/A NA G/A T NA

Abbreviations: HLA, human leukocyte antigen; NA, not available.

Single nucleotide polymorphisms data of rs2734583, rs3099844, rs9263726 and rs3131643 are from BeadChip analysis and TagMan genotyping analysis. Single
nucleotide polymorphisms data of rs9267445 and rs1634776 are from BeadChip analysis.

Underlines of HLA types mean that these types are in linkage disequilibrium. HLA-B*5801s are expressed by bold types.

Bold types of the nucleotide mean the variant allele.
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Table 4a  Association between HLA-A alleles and allopurinol-induced Stevens-johnson syndrome or toxic epidermal necrolysis

Number of alleles detected (allele frequency)

HLA-A allele Case, n=36 (%) General population p Qdds ratio
control (n=986)* (%) (95% Cl)

0201 3(8.3) 10.9 0.7895

0206 0 (0) 10.4 0.0426

0207 2 (5.6) 3.4 0.3650

0210 1(2.8) 0.1 0.0692

1101 4(11.1) 8.1 0.5299

2402 13 (36.1) 35.6 1.000 1.02 (0.51-2.04)
2601 0 (0) 9.8 0.0417

2602 1(2.8) 2.2 0.5657

3101 4 (11.1) 7.7 0.5195

3303 8(22.2) 7.9 0.0077 3.32 (1.46-7.54)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.
We listed the HLA-A types of which the allele frequencies in the Japanese population are more than 9% or which were detected in this study.
2General population control data are cited from Tanaka et al.*®

Table 4b  Association between HLA-B alleles and allopurinol-induced Stevens-johnson syndrome or toxic epidermal necrolysis

Number of alleles detected

(allele frequency)
HLA-B allele Case, General population P Odds ratio
n=236 (%) control (n=986) (%) - (95% CI)
0702 1(2.8) 5.2 1.000
1501 1(2.8) 7.2 0.5076
1518 1(2.8) 0.9 0.3025
1527 1(2.8) 0 0.0352
3501 2 (5.6) 8.6 0.7621
3802 1(2.8) 0.3 0.1338
3901 2 (5.6) 4.0 0.6520
4001 1(2.8) 5.1 1.0000
4002 2(5.6) 8.2 0.7620
4003 1(2.8) 1.1 0.3512
4006 2 (5.6) 5.3 0.7150
4403 0 (0) 6.9 0.1648
4601 2(5.6) 3.8 0.6441
4801 1(2.8) 2.7 1.0000
5101 4 (11.1) 7.9 0.5244
5201 3(8.3) 13.7 0.4624
5401 0 (0) 6.5 0.1620
5601 1(2.8) 1.0 0.3273
5801 10 (27.8) 0.6 5.388x 10772 62.8 (21.2-185.8)

Abbreviations: Ci, confidence interval; HLA, human leukocyte antigen.
We listed the HLA-B types of which the allele frequencies in the Japanese population are more than 6.5% or which were detected in this study.
aGeneral population control data are cited from Tanaka et al.*®

LD of HLA-B*5801 with SNPs on chromosome 6 Table 2 because the other 15 SNPs are in absolute LD with 1
We compared the genotypic distributions of six SNPs, which  of the 6 SNPs. Representative six variants of the signifi-
were significantly associated with SJS/TEN (Table 2), with cant SNPs on chromosome 6 were found in all of the SJS/
HLA types because these SNPs are located near the HLA-B TEN patients who carried the HLA-B*5801 (10 patients)
gene. These 6 SNPs listed in Table 3 represent 21 SNPs in  (Table 3). Therefore, in order to evaluate LD in the Japanese
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Table 4c  Association between HLA-Cw alleles and allopurinol-induced Stevens-Johnson syndrome or toxic epidermal necrolysis

Number of alleles detected (allele frequency)

HLA-Cw allele Case, n= 36 (%) General population P Odds ratio (95% Cl)
control (n=234)* (%)
0102 2 (5.6) 17.0 0.0859
0302 10 (27.8) 0 5.303x107'°
0303 2 (5.6) 7.8 1.000
0304 4 (11.1) 11.3 1.000
0401 4 (11.1) 6.5 0.2961
0702 4(11.1) 11.3 1.000
0801 3(8.3) 10.9 0.7777
0803 1(2.8) 2.6 1.000
1202 3(8.3) 10.4 1.000
1402 3(8.3) 5.7 0.4559
1403 0 (0) 12.2 0.0192

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.

We listed the HLA-Cw types of which the allele frequencies in the Japanese population are more than 10% or which were detected in this study.

2General population control data are cited from Tokunaga et al.*'

Table 5 The linkage disequilibrium between HLA types and representative single nucleotide polymorphisms on 6p21 of 206

Japanese individuals

HLA rs3099844 rs3131643 rs2734583 rs9267445 rs9263726 rs1634776
A 0.821 0.621 0.835 0.798 0.847 0.803
B 0.973 0.873 1.000 1.000 1.000 0.996
Cw 0.984 0.773 1.000 1.000 1.000 0.909

Abbreviation: HLA, human leukocyte antigen.
Data are expressed in .

Table 6 The linkage disequilibrium between representative
single nucleotide polymorphisms on 6p21 and HLA-B*5801 of
206 Japanese individuals

SNP D r?

rs3099844 0.930 0.866
13131643 0.929 0.674
rs2734583 1.000 0.931
1s9267445 1.000 0.896
1s9263726 1.000 1.000
rs1634776 1.000 0.905

Abbreviation: SNP, single nucleotide polymorphism.

population, LD coefficients (D') were calculated between
classical class 1 HLA types and six representative SNPs at
6p21, using the HLA-type and SNPs genotype data of
206 Japanese individuals, including 141 SJS/TEN cases
and an additional 65 non-SJS/TEN Japanese subjects. As
shown in Tables 5 and 6 representative SNPs on chromo-
some 6 showed LD for the HLAs. In particular, three SNPs
(rs2734583, 159267445 and rs9263726) showed a strong
linkage with HLA-B and Cw alleles (Table 5). LD between six

representative SNPs in 6p21 and HLA-B*5801 are shown in
Table 6. A novel observation was the absolute LD (D' =1,
r?=1) between 159263726 in PSORS1C1 and the HLA-B*5801
allele.

Discussion

In order to explore new genetic biomarkers associated with
the occurrence of allopurinol-related SJS/TEN Japanese
patients, we conducted a GWAS using 890321 SNPs from
patients with allopurinol-related SJS/TEN and an ethnically
matched control group. The GWAS data indicated that most
SNPs significantly associated with allopurinol-related SJS/
TEN are located on or close to genes that overlap the 6p21
region, especially the genes neighboring HLA-B. There was
no significantly associated SNP in any other region of the
genome (Figures 1 and 2 and Table 2), indicating that the
6p21 region has the most important role in the progress of
allopurinol-related SJS/TEN. We expected to find SJS/TEN-
associated SNPs, which are unrelated to HLA-B*5801 from
this GWAS study because the association of HLA-B*5801
with SJS/TEN is incomplete (10/18) in Japanese patients in
contrast to Han Chinese” and Thai patients.® However, most
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of significant SNPs were closely linked with HLA-B*5801
(Table 6). Previous studies have indicated that a SNP
(rs2395029) in the HCPS, which is on 6p21.3, is strongly
associated with human immunodeficiency virus-1 set
points,?*3° abacavir-induced hypersensitivity?*2¢ and flu-
cloxacillin-induced liver injury.®! This SNP is in strong LD
with HLA-B*5701 in Caucasians.>® Another SNP in 6p21 in
PSORS1CI1, a psoriasis-susceptibility candidate gene, was
related with psoriasis in Swedish and Canadian popula-
tions*”'® and exhibits LD with HLA-Cw*0602 in Canadian
populations.’® These reports suggest that SNPs located in
6p21 link with a specific type of classical class I HLA that
could be an alternative biomarker for the physiological
phenomenon. Therefore, we examined the LD between
these SNPs, shown in Table 2, and HLA-B*5801, which has
been regarded as a genetic biomarker of SJS/TEN not only in
Han Chinese,” but also in Caucasians® and Japanese.’® We
found that all of the Japanese patients with the allopurinol-
related SJS/TEN who had the HLA-B*5801 (10 patients) also
had variant SNPs of genes that are located in 6p21, including
BAT1, HCPS, PPIAP9, PSORSIC1 and HLA-B (Table 3). The
analysis of the LD coefficients between SNPs located in 6p21
and HLA types in the Japanese population indicated that
these SNPs are in strong LD with HLA types (Table 5), and an
absolute LD between 159263726 in PSORSIC1 and HLA-
B*5801 was observed in the Japanese population (Table 6).
These results mean that all subjects (14 individuals includ-
ing 10 with allopurinol-related SJS/TEN) who carry HLA-
B*5801 are in complete accord with all subjects with minor
A allele of 159263726 in the Japanese population. Therefore,
159263726 in PSORSIC1 is an alternative biomarker for HLA-
B*5801 in the Japanese population. Conventional genotyp-
ing of 1s9263726 based on allelic discrimination offers
several advantages over HLA-B typing, which is determined
by genotyping of several SNPs forming the HLA-B*5801
haplotype. Various broadly used technologies (for example,
TagMan genotyping) allow the standardized identification
of two distinct alleles in one reaction tube, limiting the risk
of contamination and allowing high-throughput genotyp-
ing with high sensitivity and specificity. In addition, the test
is largely independent of both the performance of and
interpretation by laboratory personnel. SNP genotyping is
also less time consuming and cheaper than sequence-based
HLA typing, and it does not require specialized laboratories.
Therefore, the easy detection of these SNPs has a practical
and economical advantage in clinical application for
predicting the onset of allopurinol-related SJS/TEN.
Although the previous report revealed that three SNPs in
HLA region strongly associated with allopurinol-related
SCAR in Han Chinese,” the two SNPs analyzed by the
Nlumina Human IM-DUO BeadChip showed only weak
association in the Japanese. This ethnic difference might be
due to the difference of LD.

The functional analysis of genes that carry these SNPs—
including HCP5, BAT1, PSORSIC1, CCHCRI1, TCF19 and
POUS5F1—in the pathogenesis of allopurinol-related SJS/TEN
might be useful for determining their relevance. CCHCRI is
a regulator of keratinocyte proliferation or differentiation
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and is overexpressed in keratinocytes in psoriatic lesions.?%23
TCF19 is a potential trans-activating factor that could play
an important role in the transcription of genes required for
the later stages of cell cycle progression.?” Possible psoriasis
candidate genes near HLA-B include PSORSICI,'"*°
CCHCR1,?*23 and POUSF1.*%33 Mutations in BATI may be
associated with rheumatoid arthritis.**¢ HCPS encodes an
endogenous retroviral element mainly that is expressed in
immune cells and there is evidence that the SNP in this gene
is protective against human immunodeficiency virus-1
infection.?”=*° The functions and relevance of these genes
suggest that the pathogenesis of allopurinol-related SJS/TEN
might involve not only an immune system disorder, but also
processes of cell proliferation and differentiation.

In conclusion, the results of this GWAS of allopurinol-
related SJS/TEN in Japanese patients show that SNPs in genes
located in 6p21, which are in LD with HLA-B*5801, are
strongly associated with the cutaneous adverse reaction.
Therefore, these SNPs, especially 1s9263726, prove to be
predictors for allopurinol-related SJS/TEN in Japanese, and
their genes might be involved in the pathogenesis of
allopurinol-related SJS/TEN. The OR of 1s9263726 is ex-
tremely high from this case-control study and the typing
cost of SNP is much cheaper than that of HLA typing.
Moreover, the SJS/TEN has a very severe adverse reaction of
allopurinol, which is high mortality. Therefore, we believe
that the screening of 159263726 genotype before allopurinol
administration is necessary to prevent SJS/TEN in allopur-
inol-treated Japanese patients, although its allele frequency
is very low in the Japanese. Association analyses of other
ethnic populations are needed for confirming and compar-
ing the results obtained in this study. In vitro functional
studies of these genes are also necessary for identification of
the physiological and molecular pathways leading to
allopurinol-related SJS/TEN.
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When the whole human genome sequence was determined by the Human Genome Project, the number of
identified genes was fewer than expected. However, recent studies suggest that undiscovered transcripts
still exist in the human genome. Furthermore, a new technology, the DNA microarray, which can simulta-
neously characterize huge amounts of genome sequence data, has become a useful tool for analyzing genetic

ﬁ{r‘l’; ogff;y changes in various di}seases. A version of this tool,. the tiling DNA microarray, was Qesigned to search all the
Microarray transcripts of the entire human genome, and provides huge amounts of data, including both exon and intron
Novel gene sequences, by a simple process. Although some previous studies using tiling DNA microarray analysis have
Prostate indicated that numerous novel transcripts can be found in the human genome, none of them has reported

any novel full-length human genes. Here, to find novel genes, we analyzed all the transcripts expressed in
normal human prostate cells using this microarray. Because the optimal analytical parameters for using tiling
DNA microarray data for this purpose had not been established, we established parameters for extracting the
most likely regions for novel transcripts. The three parameters we optimized were the threshold for positive
signal intensity, the Max gap, and the Min run, which we set to detect all transcriptional regions that were
above the average length of known exons and had a signal intensity in the top 5%. We succeeded in obtaining
the full-length sequence of one novel gene, located on chromosome 12g24.13. We named the novel gene
“POTAGE". Its 5841-bp mRNA consists of 26 exons. We detected part of exon 2 in the tiling data analysis.
The full-length sequence was then obtained by RT-PCR and RACE. Although the function of POTAGE is
unclear, its sequence showed high homology with genes in other species, suggesting it might have an impor-
tant or essential function. This study demonstrates that the tiling DNA microarray can be useful for identifying
novel human genes.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

DNA microarray analysis has been established as one of the most
useful technologies for investigating the underlying pathogenesis of
various diseases (Castellano et al, 2009; Heintzman et al, 2009;
Hussain et al., 2009; Takata et al., 2010; Xu et al,, 2005; Yeager et al,,
2007; Yeager et al., 2009). Annotated gene expression levels and single
nucleotide polymorphisms can be conveniently evaluated using this
technique. The tiling DNA microarray is a variation that was developed
for investigating all the transcripts of the whole genome, including
those of undiscovered genes (Bertone et al, 2004; Johnson et al.,
2005; Kapranov et al., 2002; Mockler et al., 2005; Royce et al., 2005;

Abbreviations: mRNA, messenger RNA; RT-PCR, reverse transcription-polymerase
chain reaction; RACE, rapid amplification of ¢cDNA ends; kb, kilobases; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

* Corresponding author at: Department of Genomic Medical Sciences, Kyoto Prefectural
University of Medicine, Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto, 602-8566, Japan.
Tel.: +81 75 251 5346; fax: 481 75 251 5346.

E-mail address: tashiro@koto.kpu-m.ac.jp (K. Tashiro).

0378-1119/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.gene.2012.11.076

Schadt et al., 2004; Shoemaker et al., 2001). This innovation also allows
us to investigate the pathogenesis of various diseases.

The Human Genome Project reported the first complete sequence
of the human genome in 2003. This project found 30,000 fewer
expressed genes than had been expected (International Human
Genome Sequencing Consortium, 2004; Lander et al., 2001; Venter
et al, 2001). However, even though the findings also suggested
that more than 98% of all genomic sequences are not transcribed
(Cheng et al., 2005), recent studies on these “non-coding” DNA re-
gions have revealed that they have many functions. In addition,
these regions contain computationally predicted genes that may en-
code functional DNA and/or proteins. These observations suggest
that novel genes that are transcribed into RNA may be found in
these regions.

Because the original DNA microarray technology, used for evaluat-
ing annotated gene expression levels, was designed with relatively
few probes, usually covering only the 5’-ends of annotated genes, it
is not very useful for finding undiscovered transcripts in unexplored
genomic regions. Specifically, the number and location of the probes
meant that transcribed regions that lay between the probes could
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not be detected. In contrast, tiling DNA microarrays are useful for
mapping novel transcripts, because the “tiling” feature consists of
25-mer oligonucleotide probes that are tiled at approximately 35-bp
intervals, as measured from the central position of the adjacent
probe. Therefore, a gap of only approximately 10 bp lies between
probes, which cover the entire genome except the telomeres and cen-
tromeres (Sasaki et al., 2007). Tiling DNA microarray data have im-
proved gene annotations and revealed the extensive transcriptions
of non-coding RNAs. The closely spaced probes allow for the accurate
measurement of small transcriptional features, such as single exons
or small introns. This technology is now allowing us to investigate
undiscovered transcripts as well as the expression of annotated
genes. In this regard, the tiling DNA microarray is one of the most
powerful and fruitful tools for evaluating both annotated genes and
novel transcripts that have unclear functions. Previous reports using
tiling DNA microarray have demonstrated novel transcripts in the
human genome. However, full-length novel genes have not been
reported (Kampa et al., 2004; Kapranov et al., 2005; Nelson et al,,
2008; Weile et al., 2007).

In this study, we used tiling DNA microarray to seek undiscovered
transcripts, and we demonstrated its usefulness for identifying a novel
coding gene.

2. Materials and methods
2.1. Cell culture

Primary normal prostate epithelial cells (PrECs) were purchased
from Lonza (Walkersville, MD) and maintained in prostate epithelial
cell media (PrEGM Bullet Kit-Lonza) supplemented with a mixture
of various growth factors (Single Quots-Lonza). Cells were seeded at
recommended densities and cultured at 37 °C at 5% CO,. Media
were changed every 48 h.

2.2. RNA and DNA preparation

Total RNA was extracted from PrECs with the RNeasy Plus Mini Kit
(Qiagen, Valencia, CA). RNA quality was evaluated by spectrophotom-
etry with a NanoDrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA) and by gel electrophoresis.

Genomic DNA was extracted from cancerous and normal frozen
prostate tissue. The samples were minced and mixed well in lysis
buffer with proteinase-K (to 0.2 mg/mL) and SDS (to 0.1%) at 55 °C.
DNA was separated from the proteinaceous component by two ex-
tractions with an equal volume of phenol/chloroform isoamy! alcohol.
The aqueous phase was mixed with 2.5 volumes of 100% ethanol and
0.1 volumes of 3 M sodium acetate and centrifuged at 12,000 xg for
20 min at 4 °C. The DNA pellet was washed with cold 70% ethanol
and allowed to air dry before resuspension in TE (10 mM Tris-HCl
pH 7.5, 1 mM EDTA).

2.3. Affymetrix GeneChip® hybridization

Affymetrix Human Tiling 1.0R Array GeneChip® (Tiling array;
Affymetrix, Santa Clara, CA) arrays were used for triplicate hybridizations.
For the microarray hybridization, we followed the protocol described in
the Affymetrix GeneChip® Whole Transcript Double-Stranded Target
Assay Manual (Affymetrix, Santa Clara, CA). In brief, 6 g of total RNA
was purified by ribosomal RNA reduction using the RiboMinus Human/
Mouse Transcriptome Isolation Kit (Invitrogen Co., Carlsbad, CA) and
cleaned up. A single-stranded cDNA was synthesized using a T7-(N)s
primer, and the cDNA was made double-stranded. The ds cDNA was
amplified by in vitro transcription into complementary RNA (cRNA) and
cleaned up. The second cycle ds cDNA was synthesized using the ampli-
fied cRNA as a template. The ds DNA was cleaned up, fragmented, and
labeled with biotin. The fragmented ds DNA was used for hybridization

to the microarrays at 45 °C for 16 h with a rotation rate of 60 rpm using
a GeneChip® Hybridization Oven (Affymetrix, Santa Clara, CA). The
microarrays were washed and stained using an Affymetrix GeneChip®
Fluidics Station 450 and scanned by an Affymetrix GeneChip® Scanner
3000.

24. Tiling array data analysis

To handle the data generated by using probes that hybridize
throughout the whole genome, we extracted the positive data as
follows (Supplemental Fig. 1). As the distance used to locally group
positional data for statistical analysis, we set the bandwidth at the
maximum recommended level (73 bp). This setting increases the re-
liability of the signal intensity derived from a perfectly matched probe
vs. a mismatched probe. After removing data that showed no signal
intensity (43.9% of all probes in 14 arrays), the threshold for each
array was set to filter out all but the top 5% of probe intensities. A pos-
itive probe was defined as one having a signal intensity greater than
threshold (Supplemental Table 1, Supplemental Fig. 2) (Eisenberg
and Levanon, 2003). To evaluate the DNA regions hybridizing with
positive probes, we used a Max gap parameter (the maximum toler-
ated gap between positive positions in the derivation of detected re-
gions) of 70 bp, to permit the hybridization of a negative probe
between two positive probes. The Min run parameter (the minimum
size of a detected region) was set at 140 bp, which is the approximate
average length of all exons identified among the annotated genes
of NCBI (http://www.ncbi.nlm.nih.gov/) Build 36.2 (Supplemental
Table 1, Supplemental Fig. 3). The regions whose signals passed our
three parameter settings were compared to those of annotated
genes by the probe position, according to the information provided
by NCBI Build 36 in the Affymetrix Integrated Genome Browser
(IGB) (Nicol et al., 2009), to remove regions that overlapped with an-
notated genes. Next, the data were carefully divided into known or
unknown transcripts by checking each sequence against the latest an-
notations. New transcripts that appeared within an annotated gene,
even if not in the exonic sequences, were also considered to be
gene-related transcripts, and we excluded them from further analy-
sis. Finally, cases of two or more novel regions lying within 5-kbp
on the genome were defined as “zones,” and were investigated
further.

2.5. RT-PCR and rapid amplification of cDNA ends (RACE)

Total RNA was extracted from the specimens using the RNeasy
Plus Mini Kit (Qiagen, Valencia, CA). First-strand cDNA synthesis
was performed using the SuperScript III First-Strand Synthesis Sys-
tem with an oligo (dT),o primer for RT-PCR (Invitrogen Co., Carlsbad
CA), according to standard procedures.

Rapid amplification of cDNA ends (RACE) was performed with a
GeneRacer kit (Invitrogen Co., Carlsbad, CA) and SMART RACE cDNA
Amplification Kit (Clontech Laboratories, CA, USA), according to the
manufacturer's instructions.

2.6. Sequencing analysis

Amplified RT-PCR and RACE products of target regions were se-
quenced with a BigDye terminator v1.1 or v3.1 Cycle Sequencing kit
(Applied Biosystems, CA, USA) using Applied Biosystems 3130 Genetic
Analyzers. The primers for the sequencing analysis were designed
according to the results of each RACE analysis. The primer sequences
are described in the supplementary information.

2.7. Quantitative RT-PCR assay in multiple human tissues

To evaluate the levels of POTAGE expression in human tissues, quan-
titative PCR (QPCR) was performed using the Stratagene Mx3005P
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real-time QPCR system with the Brilliant II Fast SYBR Green QPCR
Master Mix (Agilent Technologies, CA, USA) and Human MTC Panels I
and 11, which include heart, brain, placenta, lung, skeletal muscle, kid-
ney, pancreas, spleen, thymus, prostate, testis, ovary, small intestine,
colon, and peripheral leukocytes (Clontech Laboratories, CA, USA).
These assays were performed at least four times in duplicate. To nor-
malize the values in the quantitative assays, the level of beta-Actin
was assessed as a control. The primer sequences for beta-actin were
(forward) 5'-ATTGCCGACAGGATGCAGAA-3’ and (reverse) 5-ACATC
TGCTGGAAGGTGGACAG-3'. After the QRT-PCR assay, each sample was
examined by agarose gel electrophoresis to evaluate the amplification
of a single RT-PCR product.

A

2.8. Methylation assay with normal and cancerous human prostate tissue

DNA methylation is an important epigenetic mechanism of gene
regulation. To investigate the methylation status of POTAGE in the
human prostate, we performed methylation PCR using human prostate
tissues. Normal and cancerous prostate samples were obtained from six
patients, with their informed consent, during radical retropubic prosta-
tectomy for clinically localized prostate adenocarcinoma, performed at
the Kyoto Prefectural University of Medicine. All procedures were
conducted in accordance with the Helsinki declaration. This study was
approved by the Institutional Review Board of Kyoto Prefectural Univer-
sity of Medicine.
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Fig. 1. (A) For this study, we defined two concepts: the region and the zone. A region was the genomic area that passed our settings for all three parameters and did not overlap with
annotated genes. Zones were two or more regions that lay within 5-kbp of one another, on the chromosome. Zones were assumed to encode at least some portion of a novel gene.
(B) Each novel zone was investigated in detail by RT-PCR and RACE. Shown is the region containing the novel protein, which overlapped with exon 2 of LOC100287871, a predicted
gene in NCBI Build 36.3. We obtained the full-length mRNA sequence encoded by this region. (C, D, F) Although 22 of the 26 exons of the novel gene also served as exons of
C120rf51, exons 1, 10, and 26 were new. (E) Exon 23 of the novel gene had a 30-bp deletion.
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