C. WraoHiR
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SA KT ING 276 FET 2 TAY PCR-SSO
ﬁ@:;W$z£§ij¢m7U/v&ﬂ%4Lm
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DRBI-DRB3/4/5 +~7" 7 B A 7 0NaliE S
2o ZHMETORMAR — 2 2 — %2l
Wi HLA 4 A B 73T, %% O PCR
PEWY A TERE L. W3 % pooling 1% Hﬁi
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[E4hCld, ##AD PCR F = —7 T PCR
ATV B FEZ EIINGS 94 7T Y —
% {Ef4 % J51k (single locus amplification
and single locus library contraction ¥5), & %
WA O PCR F 2 —7 T PCR %171,
PCR PEW) % pooling L. ik Z L 1Z NGS 7
A7V —&{ERT 2 J51E (single locus
amplification and multiple loci library
contraction ¥5) (Z-DWTBHHIEDHED H T
WD, INBIZH LT 9 EYALF T Ly
A PCR #£1%. 1 A® PCR F = —7 T PCR

BTV, BRIEZEIINGS 9475 U —%1E
4% J5{% (multiple loci amplification and
multiple loci library contraction %) T&H 5 =
EDD EWVHIEREZRLRB L, T,
MRl s L OMERAE S R 0D RIE 7R 88 RS A
. Boa A AT —=  AIENI TS
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1) FRSCHE
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2) FoRER

1. Shingo Suzuki, Yuki Ozaki, Atsuko
Yuko Okudaira, Anri
Masuya, Shigeki Mitsunaga, Masao
Ota, Hidetoshi Inoko, Takashi Shiina.

Development of the advanced super

Shigenari,

high resolution single molecule
sequence based typing (SS-SBT)
method. The 28th

Immunogenetics and

European

Histocompatibility Conference (25-28
JUNE, 2014, Stockholm, Sweden)

2. Shingo Suzuki, Brett N. Bowman,
Yuki. Ozaki, Shigeki Mitsunaga,
Hidetoshi
Takashi Shiina. Application of single
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sequencing technology for the field 4

Inoko, Swati Ranade,

molecule real-time
level genotyping of classical HLA loci.
The 40th Annual Meeting, the
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American

Histocompatibility &

-38 -



Immunogenetics (20-24  October,
2014, Denver, Colorado).

Yuki Ozaki, Shingo Suzuki, Atsuko
Shigenari, Yuko
Okudaira, Shigeki
Mitsunaga, Masao Ota, Hidetoshi

Sayaka  Ito,
Anri Masuya,
Inoko, Takashi Shiina. Development
of advanced NGS based HLA DNA
typing method: SS-SBT. The 40th
Annual Meeting, the American
Society for Histocompatibility &
Immunogenetics (20-24  October,
2014, Denver, Colorado).
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ORFFE. B AMBESEFSE 23 EK
2 (201449 A 13 H~15 H, KRR
R .

MEZE, gaRERE, BIEAL, HRE
BT REREE, ETFIER, AR &
fiE MM B N —/BE T &
Az HLA #{=F2fEigo SS-SBT
& BAERAR & DBEYE. B ASHEBES
PRt 23 mIk% (2014 42 9 A 13
H~15 B, RIFRRIET) .
RAR, MHEE—. SRR, HAL
A, FRES O, WERT. MEL
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R, RERME, AR B
MEifrfg N —BEEZ2HWE
PCR-SSOP (k& SS-SBT ikic k%
DNA Z A &' JIREDLE L FE. H
AAEME AR 23 FEIRE (2014
F9H 13 H~15 A, RIFEEFT) .

7.

HeA PR, goRERE, RIRAAC, B
T DR SR BT MR E
JeoKERE, FEF U, HLA £ 6 BT
@ Middle Ranged Multiplex PCR £
DOFFE & SS-SBT ~D i, HAM G
PP E 23 [BIKE (2014 £ 9 A 13
H~15 B, RFRERT) .
HALE . REELC, BRAR. K
W, JEFoetk, R, M4 LOH
REOLDLLIBEINREMEER O
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RiFRERT) .
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20144 11 A 13 H
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A BIAEEY— 7 = —IC &
LfEfE2 HLABEE O DNA X A v
THEB IO v N AR ML [,
gnok HERE, FIE A, bk WAk, 5E
F s, PCT HiFEH : 2014 4 11 A
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G FROEEPRRE SN TNED, EDR)
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SR B ILLART OWFFEHEZ T JMDP D
FE il da 7 T B BERAE I 0O NK A2 254
B TIRAT 240 L CE 722, AWFEENC
BT BRI 2kt LTV 5, ThET
VIR ) BEREAEE ] IR R A
B> KIR s FRZHIE L, sk & oo B

AT 24T > T 72y, MREZRAERRIZ/ o0
TVWR, & 2 CHEN R 2 15 D 12

+4378 NK Ml R EEE 1T AT — 4
N ZNER D T2, [FIWFFEHES R GEHE O
EPTIEE G & &b IcaE I WA 78
WEGI#RE, K —DNA BIKDIE & HLA
AA Y TVEEERIT T,
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(1) [ MR~ T7 Rk 0 NK e sz 25
K578 (KIR, NKG2A-D, LILR 72 &),
UHy Fitfa R E2a e — kI E D
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BT EAT O . BALRGE & 15 BT NI
TZREBEFE, VA RRE ORIz
TSRS 24T D,

(2) Pt i FEARE Bk 7R DN EE B Y HLA
BITRE A TEEERTT O, RBESHE
WEE OENTER EH AL T, K807
DS SN BRI BRE R —OHRiED
HLA 6 J# (-A, -B, -C, -DRBI, -DQB1, -DPB1) 7
INEA T %ITH, Hhivie HLA B
BT E KNV T 20 AT DR R
AR & OB 21T VTR T — 2 & v
N AR L, £ O NK flias AR s
TR IR 2 B@ET D,
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(fiw 2R A~ DB FE)
AuPgeiEe b7 A B R AT SEIC B
THMBIEEHIE O, BARBMAV 7T
— & GHBEHEZB RSB XU HART AL,
FHIRD At 2 —OmEE B2 OKRE
BTEOHEINES TIT 2Tz,

C. BFoEkER

EE 7 PO S WAL 7 L0 RIED
INEEEAIT> TV D, 2 E TIZ 2145 JE
il ~ 7 (4290 R K ) = UL K L
HLA-A, =B, -DRB1 JEO T U VX A B 7 &
HLA-C FED & A &2 7 & AT EEE 2090 JiE
DAFEOTINT —FEHEELTEZ, &
FEFEITE 512 DB1, DPB1 JEEIZ DWW T T UL
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#1800 JEHI & 72 B TFETH D, HLA T —F
BHE N7 XOANT LIEBHERET — 4% &
FEE LR 1600 SEFIOMENTT — & &> b
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% A RE S T RO LR 2 BB LT
5o SEFT-ICEFT OBMENAET — & 135
BNTOT, T EHAWTIETIZ KIR
BT A 2 73RO 500 FEFIZD
WO, ARAR & OBEFEITICEF L TV 5,
F I SRR E O & R b 3 FE M &
HHEWBIEGIT CAEFR L OFER
B 2 2R L7~ NKG2D B FR I UEDY
A RTHD ULBP BLTFIZOWT b
MAEFERRRD SNP T 2 FEha L T2,

D. BE
EREREHE, AN mE A ES B0
T KIR B FRIOBHEBE~ O E RS

I T2 DI IASAE AR & o BE L
EEEANZIESRE STV ey, TR E T
BEFER S WL A 7 BLOWTEI D
Wi 7 BREBERESNOBE RO R —
AR KIR B FRIMRHIT 24T > TE 7208,

FEHE AR & OBFERNT TIlE— B L7/ RN
Bonehotz, N7 ROEFIORY 72
EDRREME S B D05, RATREBIEL S +43 T
RN SN R DA DT — R R DN
KOBEREEZ DD, fENTRE L
RTDENRHoTZ, £ TEREDIWE
N7 & DIFETHREINEZ1T > TE 7,
SEEDFEICZ OEEIZHEF Lz, HLA-6
JET VT — XLl BN T— %
FEERC L, F10 6 % VT NK Ml =R
FRAT 2 BB LT D, ZAUC LY KIR &=
T L BRI DO BE I DWW T O L Y IEfE
RIEREE T, AFRICBIT D KIR BAMER
RIZOWToOmEHTTETHD, b6
|2 NKG2D 72 £ o> NK A s A& = - AT
WCEFLTEY ., BERE~DREIZON
T O A REELRRIZIT O TETH 5,

E. %

I ML F 1T B NK MR AR, U 4
v FEETFEROBHEBE~DOREIZ O
TXVFEMRBIT 21T 5 12Dic, REDE
WL AN 7 KO BIR RIS, HLA #1 &
YT EATV, BRIRERRT — & L OFE LT
TR7—%ty M2/ L NK e &%
AT EBEB L,

F. EEAERTER
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Morishima Y, Kashiwase K, Matsuo K,
Azuma F, Morishima S, Onizuka M, Yabe
T, Murata M, Doki N, Eto T, Mori T,
Miyamura K, Sao H, Ichinohe T, Saji H,
Kato S, Atsuta Y, Kawa K, Kodera Y,
SasazukiT. Biological significance of
HLA locus matching in unrelated donor
bone marrow transplantation. Blood.
2015;125(7):1189-1197

2. FERER

1) 0 SR, R R R RORES, Ak
B M, B BGERE L R TR 1
Ko Bm e, A fE, hE RN, R
B AR, BACERI N 7 TIR S WS
BRIZIT 5, & HLA FEDOT U b L~ULiii
G OO 5 23 18] A A iRk A
PR RS (20144 9 A, EEH)

2) KEWT. /NS Bk, B
BRAEME . BCHEAL, EREL REE . K
FIAIfR, SaAHETS, VEfTIERE, ZRE M,
ik (7 —H = ZER D T2 D O
1R il R s L OV A (R > 4R &
HLA # A B2 77 35 23 [0 B A A Ak A
PEERA RS (2014 4E 9 A, EIFTH)

3) EiRAME . R FEE . HTR
R, REEE, BARESE, RAMLT, H
WEE,. LT, KA, SRTER, &
BUETH ¥, EMIEE, REREE, PE—E
TS R AL A i At e R 98 7 v — o7
DILH BT EERRRYL) 5 38 [B] H ALK
FiEos (201448 10 A, EBT)

H SRR EHEOHRE. BR&IR
L
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JR A GRS R R R R B A MR R

SEMATTEHE

(ST VX —IREBEERLITIEERE BMIER NS85 )

FRHEBRERE
oS RR MR He < ML ERABRE A T — & ~— A DHESE & Bl N F— « I O R)

FEMBIEHE HLA & A B0 7 &5 — Z _— X DOEE i

HAHEER (ETIERE

HARFFHERFE-T 0y 7 Mgt 27—

WHEmHE  BEESHE AASRFFERERPERT vy 7 ikt 7 —

WHoet /1 MEE—
R R

B AR +FHBERFER T 2y 7 ikt 5 —
AARFFHERRER T 0y 7 ikt & —

HERRAR & DBEMTEE 21T - 72

MREE JEMBEBHEICBIT AHET — A _—ADHEF BRI E LT, SWHEIMS
U AR U BREG R EE~ST ORER L OB RERRE. HLA 5 —
ZOWE L, B{EO DNA i, FEBLIOHA XA 7 HHA~=yF o7 B

A. BIEEHEY

YHFFEHE I i 5 i A e A oD Lk
AEICH S < pUEM E & BREIRE X =
FRIBEIR T LI Y X ADHEZ B LTV
%o AAHEEFZZIC I TILFEMLIBRAL O I
B, BHBHEICBTSEBE,. R h—
DHA ZA L TEBLOT —F_X— A0
fEEHEY LTS, RBIPFEEID 5 5] &
T, EE S o R BB AEE G A DNA 3K
BB XK T — & ZUNEE LT, HLA 6 E
12 HURT VB ZEde HLA fElES KO
HLA FEISOEMGE AR BE T2 1 B
TEITV, T OBIET 2R OB
A~ DB OV TR 2 RNT 21T > T,
FER AR BT — 2 R — A AT D,
F B BEREAAER O HLA 6 B2 12 HUR T U L
M AT HEYET 5,
B. B E

1. AIWFSEERIC TS B BT 7 ShRArgE 7
N—T R CINE L= 2E O &\ WL S

i)

7. [ AR DNA BiE B O ik
RIS AAT THI D &) RIEICEE ST DI
BlZ2RIR L, K307 THIH L 72k o
22, VERHOIMAEL Y DNA 24
HL, 2RECEE TSRO O27
J 2\ DNA H#8E (WGA) %479, 2, SWHh
N7 X0 FREBR OB IERIRT — &
L O HLA-A, -B, -C,-DRB1 # A ©°> /5 — 4
ZAFL MERLDIZOWTIEE HITHLA
TUNLEA T EETL, BE, L
~L7 O HLA 6 J& (A, -B, -C, -DRBI, -DQBI,
-DPB) 12 FUEODOT U LT — X EZHiz 5D, 3.
HLA FEISCIS & OE HLA REIS O #A Rk A 1%
D% % TagMan £, VI R v 7 Rk
v— Xk, BTy —2r v sERE
WLV E AT LT — 2 =2 BB
T5, 4, HH7z HA B, B8 L
IRFGHE AR & O BEEMRIT 21T 5,
(fER E ~ D BCfE)

AT E 8T A BRI
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95 LR EFs 3OV I A 2 ffi 2
Feglizdbox . AARIWLWEIA 7 %y b
T —J B R i S Vi > 2 fii
B RS ARl i B ZE B 2 O 7RG
Z1CEORUEINE > TIT > 72,

C. WFoehsR
G 7 T o> Sl S v o0 el i
M@%%%ﬁfﬂé7ww aﬁ@bf

NI = Z 2145
ﬁ%&7mw04%)%wﬁb(&mrw
1999 4E—2012 4£) . DNA filHi, WGA 5 LY,
HLA-A, =B, -DRBL JEDT U LA A 7 L
HLA-C JEED & A &2 7 %AT VA 2090 JiE 4
DAJEDT VT —HEMEELTET, 45
HEELE X 512 DABL, DPBL JEIZDWTT Uk
AT EFELT LTz, 1 HBI{ETH 1500
JEBI A& T LTERY . FERE TICERH
#1800 SEM & e D TETH D, HLA T —#
ZHUEE TICE LN TV DB T — 4
A L2 E 2 AR 1600 JEFIOEHTT —
Yy NEVERT D Z ENTE, KB
FEFIZIIT D HLA = v F 2 IOV THRET
%477, HLA-A, -B,DRB1 @ 3 JFEHUE L
VD~ T TIIEVE & OBEH & RER 7R
BT, SR ey T LV b I AT
v FBRNE < 90%iI < 3+ v FOIEL
FE AR & IR TH o T, BN
BEBETIZELIZI A~ vy FRIEENG
Motz,  Alal HLA-C BB~ v F 1 7 % fifitr
Lz ZAFUR, TUNLL~LEHITI A
< v T 30% EMELY %< KT 2
PURE BICRARDIGED 20%iT <&oto
DQB1 JHE A3 A rdod g LT % DRBL JE &

Hﬁ%?%otomm@ﬁ%S%ﬁixv
vFTHDHN, THIEHBELI AL

LMl T oo, 6 EREIO I AT T
O G WA MR L 2 & VI LT,
HLA-C JEFS LY 6 JEDOT U /b LoL Dty
PEDPFERSATNZ KAE TR DWW T OFEA
e LR 2 D AA LT D, TR fig
4fhbw“\lAL’Wﬁ;Q&M”%¢%
Fls L ORAAFROMCT & O B2 B
ez,

D. E%£
A E| O T2 A WFAEEEC T b FE I
M AR D HLA 21X U &

Lol SR gl & i T D 2 &
L INETHMEE S H—DT-> T
ElHA TYUNTAE T T —HR—R
VER & Iy FZEi i & LTS3 5 2 8 &
72 o7z, BIFEEET HLA-A, =B, -C, -DRB1 @
4 JET VN T—ZETHLILTWEA, K

SYFRFZECILE 512 HLA-DQB1, -DPBI JE 4
A7 EBMA L, HLAG FEDT U )L L)L
T B % A R I IR AR R A A
LT RATH T — 47> hOsENREZHIFEL T
Wb, ITHNETIZHA U7 STERNC
<)b\7f%§ﬁ2ﬁ§7309 HLA = v F 2 7 & i~ Tz

o A CIERER AR < B
T#% 2% < DI A vy FBMBTHIT
WA EDHER S LTz, TERE LTt ' >

K735 HLA-DQB1, ~DPB1 JBE % & & 7= HLA fiEH
I HLA SRR OMEME S B s, SR
BB T OLRYT & BAERGE & OFEERIR
BEBARAT 3 HEA, LV FBE Lo A FERE R
BIEH & BRERED b 72 2 I BT —
HAR—=APERR S D Z & T, B2kl
B N —JEIR T L T X LG
BITHON T, BHEBEOR LIZEIRT 5 Z
EMTEDEEZD,
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E. &

i 8 i RS REE L B 3 A T — & =
RO EAER A & L T RE S WM N7 K
O BREEE. MM, DNA IR,
HLAG JET U V& A B T BTV, FlikE &
PR TR — 4 & v b E{ER LTV
%, A HEEE T HLA-DQBL, ~-DPB1 JED & A £ >
TEAT o1,

G. FERRK
L., EwCIERR
1). Morishima Y, Kashiwase K, Matsuo K,
Azuma F, Morishima S, Onizuka M, Yabe
T, Murata M, Doki N, Eto T, Mori T,
Miyamura K, Sao H, Ichinohe T, Saji H,
Kato S, Atsuta Y, Kawa K, Kodera Y,
Sasazuki T.

HLA locus matching in unrelated donor
Blood.

Biological significance of

bone marrow transplantation.
2015;125(7):1189-1197

2). Satake M, Yamada Y, Atogami S,
Yamaguchi K The incidence of adult
T-cell leukemia/lymphoma among
HTLV-1 carriers in Japan. Leuk
Lymphoma. 2014 Sep 15:1-28.

2. FERBR
1) BOEEE, M B, B EORER, £
B BT B BEE. —F Rk, AR 1
K, B\H B, A B2, hSF B AR
B R, BAEEE N> [IEMGE T ER
BilcIiT 5, & HLA JEOT UL L3l
OB 55 23 [B] B A MmARRE S
HEaERE (201449 A,
2) KRE#®F., Nydb»Z, HEE B
AR, REEL, T MEE . K
MR, 8SARMES, EMTIER ., RERME,

N
)

A1)

hE— (5= 4= ER D = D D
T R A BB S L OV M R D I 4E &
HLA # A ¥ 7y 2 23 [B] B A A RDE A
PR RS (2014 45 9 . B

3) EBIEREME, B, MiEE—. TR
R, RESEIE, fAALESE, AT, H
LEEA. HRET . KEFR. SRR, &
FETH T, EIEE, RERRE, PE—
[ AR AL AR A M SR R pFgE 7 L — o

DI H T L ERRDL) 38 B B A MK
FEFERE (20144 10 A, EET)

H. MM EEDHEE - &R
2L
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HLA-A-B-DRB1 #&% BHBEEOLE HLAER HERLAL
L FYNLA NG o %
d")?WU)‘!&‘:i:IISR'JV%ﬂ 807%
/ s m A
N=1,939 w2MN
o - e E I v
b e MARE A
- A ;
e TRABECHIFEEAEMNERTYF N=8,557 PROgs - DI S— e,
. BHETHS o
o e -
WM TR T ILLANLID o
- BLTHRERE LY 20—
> ERATYFMNEN
o A & < 4DRB\
H#migiE HLA-CE HELALESTHE
e A A
KL N=1,457
& BEHEATYFH
- I igE R
» BB
pL N=8,557
A B DRB1L [
BEmBE HLA-CE ZULLALBEEHE FL8H

ERES MB35 1+ BHLA-C,-DQB1,-DPB1D B & AR &
fFo1=

RRELAIL TULLALWNTHIZBWTHET I B S
FEMGER FHBEICORTHATEEBEN 2,
BICEABETIREATESBETHD

S M TIRHLA-CEE X8 BN E AT E A BIETHY
22RYYFHEL

HLA-DQB1,-DPBIL NEEBIEMN EL LA LM 0Tz
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JRAE T B b T R e R

R B RT3

(GRET LV X —REBERAIIIEHEE  BREER TR ML 8

TR RS
GIEBEIT IS < FE MBS 7 — 4 ~— A OHEE & Bili7 K — - SV ORIR

BIERES HHE & B TSRO

HYEMEE RBE BT

FHERFE D

MR EE

BHEOHEICEGT 2R OBRTFERIC S ARz MO TRE L, Ot 2 £E3 2

A HFFEEAY

B3 HLA DOMCBERGRICE B2 5 2 5
HFDFEEL LT, v F— @S HRB L
YA MhA o rEDA i EOBERTE
IWEIZELS b A X T DB RS
FEHT L. HLA LASN OO 7= 72238 i sl A s A7 P
HFoHERkEZBIE L THIREEZ B 22> T
Do

FRIZ A EREEIT LA BB ed THE R L HLA
PEI D Loss of Heterozygosity (LOH) OB A# 1%
BRICHG A DWEZHERT DD R —

T Yl LA LOHEREZB I o7, £7-.

SHH T B (R T2 & 1 L TR PR %
A AN

B. HWFFESHIE

1. [A)FE & i M R RS AR 1% P 8 LR A 7 s e
EHIbTERKRA NN THD, TRbb,
B F % OETFRIIMD TE L | BT 2
NEELETHDH, L L, EEMREESEE
RGO Z —47 >y b THDH HLA 2 KBTS
Z LT kY | RRESIE RS & ELEE LSS D78
D AT =X LDBRE STV 03, [EE M
® LOH B EREICRB 272 ) FIRIEFEEL
TWehotz, £Z T, AREIF~L X, BHEKE
HEREFRSFEMBIFEHEAIZEE & LR L,
WAL — 27 = % —2 X % HLA fEI%O LOH

RREB o7,

2. HBRFESFEBHPEIC T HLA A —%
[RIFERSAE DN AT & A7 B B LS5 E ¢, Al
BEREICE - - 18 EF 2B L7,

R —r =g YT T
A BB EAE DY BREOL Y ET Y b
JEZAIAEIC LOH 2SFAET 2208 O Iz dlffi L
72

4. WHRENOITBETERMBIEITH &
ZXETHHAL, REZELHTND,

C. WrEmfR

ISFEBIH, FFFE1EIOD D 1 3E Gl & R L 7=
T AMEBITEERICLYE Y kD
LON% 7 & 87,

AT, ISEEBIT, BB Z b, Fx
3 LT DIEGISHERNIZ DV TLOHOD A 4 % Fi
Sl & 2 A, 2ERCHRIKIZ B H A DOHLA
MDLOHZEZ LTS ZEMNHBALEZ, Znb
DREFITINTILD . S HIZHAR—F R —»»
SERBESHIT S, B e FIEFOLOHIZ DWW T
R L& 2 A, FIEEFEREOLOH N Z — &

[ElEE DLOHMSFERS S 37,
D. &%

ARIDFET A6 | SS-SBTHEIZ & v Al B IsAE
DLOHEZBRHET A Z ENA[RETHY, £/, &
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— 2 h

—FEH] T OLOHIZ

E.

LT BN BN E T,

Lot SS=SBTIEDFF 527570 L. HLA
ZOWNTHIEAT 2,
CHhR RIS 2 b DI D),

Sbhiz,

LOHASFAi .1

llﬁJn;Ele4z'* VAFAET D DA W & )
T HTETHD
i
AL MRS d3 1 5 HLA GEAR 0> LOH §42 5%
W ANA o — :nv/?i~m i%T)Jiﬁ,/b~/b7f&o

HIEMIRENT,

F.

R B fE ey
FFal s L

WFgEs
A SCHE R
Jun Amaki, Makoto Onizuka, Ken Ohmachi,
Yasuyuki Aoyama, Ryujiro Hara, Akifumi

Ichiki, Hidetsugu Kawai, Ai Sato,
Mitsuki Miyamoto, Masako Toyosaki,
Shinichiro Machida, Minoru Kojima,
Yukari Shirasugi, Hiroshi Kawada,

Yoshiaki Ogawa and Kiyoshi Ando. Single
nucleotide polymorphisms of cytarabine
metabolic 1 genes influence clinical
myeloid leukemia
patients receiving high—dose
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TRANSPLANTATION

Biological significance of HLA locus matching in unrelated donor bone

marrow transplantation
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» Significant HLA locus
mismatches responsible for
transplant-related events
were determined in 7898
unrelated marrow donor
transplants.

* This information provides
a rationale for use of an
algorithm for unrelated donor
selection.

We hypothesized that the compatibility of each HLA loci between donor and patient
induced divergent transplant-related immunologic responses, which attributed to the
individualized manifestation of clinical outcomes. Here, we analyzed 7898 Japanese
pairs transplanted with T-cell-replete marrow from an unrelated donor with complete HLA
allele typing data. Multivariable competing risk regression analyses were conducted to
evaluate the relative risk (RR) of clinical outcomes after transplantation. A significant RR
of HLA allele mismatch compared with match was seen with HLA-A, -B, -C, and -DPB1 for
grade llI-IV acute graft-versus-host disease (GVHD), and HLA-C for chronic GVHD. Of note,
only HLA-C and HLA-DPB1 mismatch reduced leukemia relapse, and this graft-versus-
leukemia effect of HLA-DPB1 was independent of chronic GVHD. HLA-DRB1 and HLA-
DQB1 double (DRB1_DQB1) mismatch was revealed to be a significant RR for acute GVHD
and mortality, whereas single mismatch was not. Thus, the number of HLA-A, -B, -C, -DPB1,
and DRB1_DQB1 mismatches showed a clear-cut risk difference for acute GVHD, whereas
the number of mismatches for HLA-A, -B, -C, and DRB1_DQB1 showed the same for

mortality. In conclusion, we determined the biological response to HLA locus mismatch in transplant-related immunologic events,
and provide a rationale for use of a personalized algorithm for unrelated donor selection. (Blood. 2015;125(7):1189-1197)

Introduction

Allogeneic hematopoietic stem cell transplantation from unrelated
donors (UR-HSCT) has been established as a mode of curative therapy
for hematologic malignancies and other hematologic or immuno-
logic disorders when an HLA-identical sibling donor is unavail-
able. Identification of the HLA locus matching at the allele level
responsible for immunologic events related to HSCT is important
in optimizing HLA matching and minimizing graft-versus-host
disease (GVHD) and engraftment failure, as well as in enhancing
the graft-versus-leukemia (GVL) effect.'

In the late 1990s, the Japan Marrow Donor Program (JMDP)
demonstrated for the first time the effect of matching of HLA class
I alleles on acute GVHD and the importance of HLA-A and -B allele
matching for survival.” Analysis of a large cohort in the United States
also indicated that HLA allele mismatching is a significant risk factor
for severe acute GVHD and mortality.® Subsequent extensive anal-
ysis of the JMDP, US National Marrow Donor Program (NMDP),
European registries, and the International Histocompatibility Work-
shop Group JHWG) revealed considerable evidence that HLA allele
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compatibility,*"" HLA haplotype,'>'? and HLA epitope
significantly associated with clinical outcomes.

We hypothesized that the compatibility of the respective HLA
loci between donor and patient accounts for the divergence in
transplant-related immunologic responses, and that this effect
influences the individualized manifestation of clinical outcomes
overall.

Here, to elucidate the biological effects of HLA locus matching
on clinical outcomes, we selected pairs transplanted with T-cell-replete
marrow for whom precise data for the complete HLA-A, -B, -C,
-DRBI1, -DQBI1, and -DPB1 alleles were obtained by retyping.

Methods

Study population

Unrelated donor transplant pairs (7898) from the JMDP database met the
following criteria and were included in the analysis: (1) transplantation
pairs retyped for HLA-A, -B, -C, -DRB1, -DQBI1, and -DPB1 alleles; (2)
T-cell-replete marrow without in vivo use of anti-thymocyte globulin or
anti-T-cell monoclonal antibody for GVHD prophylaxis; (3) first trans-
plantation; (4) Japanese ethnicity; and (5) survival for >7 days after trans-
plantation. All pairs were transplanted between January 1993 and December
2010. A total of 12 502 pairs were facilitated through the JMDP during this
period. The present 7898 study pairs with retyped HLA data consisted of
74.7% of the 10575 pairs who matched selection criteria 2 to 5. No sig-
nificant difference in clinical factors was seen between the HLA retyped and
nonretyped pairs (data not shown). Patient diagnosis is listed in Table 1.
Standard-risk leukemia was defined as chronic myeloid leukemia (CML) in
the first chronic phase or acute lymphoblastic leukemia (ALL) and acute
myeloblastic leukemia (AML) in the first complete remission (CR) at the time
of transplantation, and diagnosed in 2508 patients, whereas high-risk leuke-
mia was defined as transplantation at a more advanced stage than in standard-
risk leukemia, and was diagnosed in 2772 patients. Sex matching between
donor and patient was female (donor) to male (patient) in 1494 pairs, male to
male in 3253, female to female in 1442, and male to female in 1709. For
GVHD prophylaxis, no patient had in vivo use of anti-thymocyte globulin or
a monoclonal antibody such as CAMPATH-1H. Tacrolimus-based regimens
were used in 4779 patients, in combination with methotrexate in 4529;
cyclosporine-based regimens were used in 3078, in combination with meth-
otrexate in 2993; and other regimens were used in 41. The conditioning
regimen was classified as myeloablative if it included total body irradia-
tion (TBI) =8 Gy, oral busulfan (Bu) =9 mg/kg, IV Bu =7.2 mg/kg, or
melphalan >140 mg/m?; otherwise, it was classified as a reduced-intensity
regimen. Transplantation conditioning was done with a myeloablative regi-
men in 6653 patients and with a reduced-intensity regimen in 1245 patients.
Patient and donor characteristics and HLA matching in the GVH direction in
total pairs are shown in Table 1, and by HLA locus matching in supplemental
Table 1 (see supplemental Data available on the Blood Web site).

A final clinical survey of patients was completed by September 2012 using
the Transplant Registry Unified Management Program."” Informed consent
was obtained from patients and donors in accordance with the Declaration
of Helsinki, and approval for the study was obtained from the Institutional Re-
view Board of Aichi Cancer Center and the JMDP.

Outcome definition

Mortality was defined as time from transplantation to death from any cause.
Clinical grading of acute GVHD was performed according to established
criteria.'®!® Chronic GVHD was defined as limited or extensive chronic
GVHD according to the Seattle criteria.?’ Neutrophil engraftment was de-
fined as more than 500 cells per cubic millimeter in peripheral blood at 3
consecutive measurements. Relapse was evaluated in patients with AML,
ALL, or CML.
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Table 1. Patient and donor characteristics

Characteristics Value

HLA locus matching match/mismatch, no. (%)

HLA-A 7048 (89)/850 (11)
HLA-B 7475 (95)/423 (5)
HLA-C 5565 (70)/2333 (30)
HLA-DRB1 5878 (74)/2020 (26)
HLA-DQB1 5681 (72)/2217 (28)
HLA-DPB1 2604 (33)/5294 (67)

Patient age, y

Median (range) 35 (0-77)
Donor age, y
Median (range) 34 (20-56)
Disease, no. (%)
Acute lymphoblastic leukemia 1861 (24)
Acute myeloblastic leukemia 2609 (33)
Chronic myeloid leukemia 983 (12)
Myelodysplastic syndrome 841 (11)
Other leukemia 312 (4)
Lymphoid malignancy 542 (7)
Aplastic anemia 489 (6)
Multiple myeloma 33 (<1)
Others 228 (3)
GVHD prophylaxis, no. (%)
Cyclosporine based 3078 (39)
Tacrolimus based 4779 (61)
Others 41 (<1)
Leukemia risk, no. (%)
Standard 2508 (32)
High 2772 (35)
N/A 2618(33)
Conditioning, nb. (%)
Myeloablative 6653 (84)
Reduced intensity 1245 (16)
Sex matching (donor to patient), no. (%)
Female to male 1494 (19)
Male to male 3253 (41)
Female to female 1442 (18)
Male to female 1709 (22)
Transplanted year period, no. (%)
1993-2000 2311 (29)
2001-2005 3084 (39)
2006-2010 2508 (32)

Patient and donor characteristics by HLA locus matching are shown in sup-
plemental Table 1.
N/A, not applicable.

HLA typing and matching

All donor-patient pairs were retrospectively genotyped between 2009 and 2011
forall HLA-A, -B, -C,-DRBI1, -DQBI, and -DPB1 alleles at the field 1 and field
2 level of the 2010 World Health Organization Nomenclature for factors of the
HLA system.?* The polymerase chain reaction-sequence specific oligonucleotide
method was used for all samples, and the polymerase chain reaction-sequencing
based typing method was used to confirm rare alleles and new alleles. HLA
alleles were identified with >99.9% accuracy among Japanese. HLA alleles and
their number are shown in supplemental Table 2, which also shows HLA loci
and their level at confirmatory typing before transplantation.

HLA locus mismatch among the donor-recipient pairs was scored when the
recipient’s HLA alleles or antigens were not shared by the donor in the GVH
direction for acute GVHD, chronic GVHD, leukemia relapse and survival
analysis, and in the HVG direction for neutrophil engraftment. HLLA allele
match rate in the GVH direction by HLA-A, -B,-C,-DRB1,-DQB1, and -DPB 1
was 89.2%, 94.6%, 70.5%. 74.4%, 71.9%, and 33.0%, respectively, whereas
serological HLA antigen match rate in the GVH direction by HLA-A, -B, -C, and
-DR was 99.7%, 99.5%, 72.3%, and 91.8%, respectively.
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