-DQB1*0601 -DPB1*0901)iZ 108 A . homozygous HP-P2 (HLA-A*3303 -Cw*1403
-B*4403 -DRB1*1302 -DQB1*0604 -DPB1*0401) i 24 A. homozygous HP-P3 (HLA
-A*2402 -Cw*0702 -B*0702 -DRB1*0101 -DQB1*0501 -DPB1*0402)I3 15 AE®H 51
s
* SNPs f#Hr7 IBET & - /= homozygous HP-P1 @ 72 AH®D 65 AKX, homozygous
HP-P3 @ 8 A 4 AI3 HLA-A #*5 HLA-DPB2 @ 3.2Mb DB T 99%LA EAS—B L
7= Mg E D homozygous SNP allele Z52% /=, Homozygous HP-P2 @ 10 A2 T THHT
L7=d72< &% 4.9Mb DFEBHT 99%LL LAS—B L /= 81 D homozygous SNP allele
ZRD, INSOT—4H XD, SNPs D consensus sequence ZHRIET HT ENTEE.
* Common HLA HP &[F U HLA allele ZFF DA (heterozygous HP) Dt Tid, HP-P1
@ 1053 A% 1000 A (95.0%). HP-P2 T 387 AH 380 A (98.2%). HP-P3 Tid 437
A 381 A (87.2%)7%% HLA-A 705 HLA-DPB2 @ 3.2Mb Dfiifl T consensus sequence
i, 51T, HP-P2 Tid 80% T 4.9Mb Dfiiffl iz 7= > T consensus sequence %
Bz,
NS OFERED HLA 7 ) )LD combination T common HLA-HP %= FE L =84,
HLAallele A DB B ZHT—HL TWATEENEH W ES A SNk,
(2) HLA haplotype & 2% GVHD D FHE O fiRHT
« FFED HP ' GVHD REBEICRIETHREMTT S0, BLXOHP 2ROHE
FFR72WBEIC AT T, grade2-4 ORYE GVHD BIEY A7 2Bt L. HLARNET
—H Lk RFT—hoBilERZTE 712D S5 5, HP-P1 I 331 AR, PI(-) BEE
R L TER>RZN o7 (HR=1.06, p=0.665). HP-P2 (n=111)Id P2(-) & Ll L THEALIC
FAE U A7 BMER o o (HR=0.63, p=0.032). —/7. HP-P3 (n=104) & P3 ()& Lb&L
THIEY A 7AW EEHERD S/ (HR=1.38, p=0.07).
HP-PI(+)DBEZZHBDLD., CHE5DBEIIBLWTHI—H0 HP OEEE
#ii L 7= Homozygous HP-P1 (n=36)D/& 4 GVHD FEMEIZ 16.2%, HP-P1/P2 (n=25)
Tl 12.0% T3 D . HP-P1/P3 (n=19, 49.9%)*> HP-P1/other (n=251, 34.2%) & LR THE
R o 7 (p=0.0052). ZEMMHITTHFRIC, homozygous HP-P1 & HEEEL T
HP-P1/P2 (HR=0.71, p=0.64){EFHE ) A 7 ICE TR DM - =A%, P1/P3 (HR=3.35,
p=0,024) % TX P1/other (HR=2.49, p=0.036)I3 8 MIZRIE Y R 7 M > 7=,

(&)
(1) K#$H7z IMDP @ HLA T—F R SNPs T—F VAT &ick, BFEAD
common HLA haplotype M EICRFENTNS Z EAVRE L.

(2) HP-P2 TI3 GVHD RAED Y A7 Z¥AP L, —7F HP-P3 TRMINT SHANRD 5
NEZEXD, HLANT O A TEHT72D5 genetic background D 117 GVHD
RiE BT 5 EEZ SN,

(3) WEDHLANTOZ A THGVHD DY AV 2P HZNIZHMINEEEAH XL
EOWTSEBRHL TS HENH S,




245" ) LBIEMRETIC L 5 GVHD BUEGR 5T B OHRR
MNEKE] CGRAREE, B ARFEI iR . MR — CERlRA+F it >
F—). REHEBRFE) . JIEENEARNAEI Y —), REXE, LB
K(B# HLA WK, REFRE EARV AL T ) NFREEHERKF).
EARE (EVERERE>S—), BEEHN Y

MEBARRICN T 57 0fE RIS, SnHMAEBEOEESZRRORLES X
AZZXLTHEN, FARORGIIBEOL YELY FOREHEMRICHLTHE
EZN, GVID ELTHISNAEBEEIHELZSIZEZ I . CVHD OFHEIZIE R
—EVIELY FOBRENEROMERAEEN TS 228, HABAEBEOBA.
ZO70ORERIGIE, R —THEMXHIAZFZNALTLEI bOMEEID
BREINZFESHUR (V1 F—lBESEPIR, nHag) Z2BMT ST &ICED
FEHah, Fr—RWL L YEDr b OBREMERCHILE - GVHD TR ED
RERFICEDEMiIN3. AP TIE. BEBHMN 72 E L Tirbhik
MmiHEBEEMEDS 5, HLA A, B, C, DR, DQ AAIDNA L X)L THFATES L. D
GVHD FPRFELTABRBLFE—FBEUIZORRY il y ool AAMN
Ao’ 1598 BEDORFF—BXULIYEZ RO DN BREHZIDW T,
Affymetrix GeneChip ZHWT 507 locus D SNP 1 BT &fTFW, &5 ) A
BEHEAZHTICL D, GVHD ORIEICBID 2 7 OHiRF DO BENE BRI OERZT
272, HLA DP BEIZDWTIE 1033 #4H (63%) T GVHD HRIDOFEES ZRBHTHED,
654 #1 (41. TR IZ 11 EELA E D, F7=, 254 4] (14.9%) 1 111 BELL E D&% GVHD @
FIEN TR 5.

EHESMTE T &{To7 50 77 SNP IZhnX . HapMap Phasell F—#iz#TN\T
KRB D NP 2HEELDS, 95%LL LD call rate 2% L. Hardy-Weinberg %
7= SNP D55, SSLALEDT LIIVEEZA TS SNP, 1,276,699 SNP (=D
WT,GVHD & DB %& SNP I DWW T LogRank et ZHHTAZ &k,
BUE Ule. WBUR7Z EARWT A A2 72, random permutation (N=1000) 217
ST &L, BERAYD genome-wide p=0.05 25 X HEHRZIH L THMiEZ
WEL, HH/x SNP 2l U7, /2, WERTIE. RF—BXUL BT
h@ SNP IZHIA, MED SNP TEHRSZ NHABREHAERITOVWTHRMNZfT-
7=s

BERERES ORI T, €7/ ATH—OFERE—2 & LT DPBI =T
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IZ—%7 % rs6937034 ASREEH(P=1.81 x 10°). DPBl F#A &k GVHD @
BERIOBYH (HR=1. 91, P=2,88 x I0™) 2SR D EMTELILENS, FhHE
MmOAPENHERE N, TIT, I/ F—HAMESESIRO HA FRZEZEE
LTHEE:R HA 7914 7 ODWTHRKOBMERTZT o &T 5,

A*2402/B*5201/C*1201/DRB1*1501/DQB1*0601 7 L Vit = h 3
rs17473423(12 FHAE) OFRES & 111 BEELL L@ GVHD B (P=3. 99 x 107%),

B XU A*3303/B*4403/C*1403 7 LIVICHI Z 3 rs9657655(9 HF k) D
@S & 111 ELL E @ GVHD DB (P=8. 56 x 107 Z &> 6 M= F M8 & &4k GVHD
EOMEM M E N, FRICEYE VD BLUBROU AY LHHET 3 BET
EBHFEEZNE. THE® SNP IZDWTIE, MSIREM T v b2 W RIEVF
RBEBETH M. SEIOFKRIT. &5 ) LABEERTICK D, &S
DRI BRT 52RENENERETESAEEEZRBTIHOEEZISNS.,
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BRI ST - SRS - LR
FERBESTHC T < JEMBE RS MRS ORAA L IC B3 20198 BE (H20- % —#2014)
k2191 H17H

HLA-Cw FESFEMEE R EBFSEZ 27 B#F X 0 kL 7= CTL 7 O— > O
LEHBAFMBENR EAR%T HE W

HLA-A, B, DRB1 #{=FEGEE KJ-—H 5 OFE MG EHHEICHET 5 HLA-Cw A&
a3, EESM GVHD oRtEfaREE ERIE5, 8% GVHD 1d. EELUTRI—T
D2 7RRICE - TSI L L HLA-Cw HEIZ—RIcHiliakm EOFE L~
MEL, > TEDOHFEMERENEEA SN TS, BE, HLA-Cw NESHMEZZT
PORBTENE GVHD ZFIE L ZBEHANIZBNT, AlE Cw IZiT5 T U 27 URk%
EOOEN RS NTNANE MOV THRSAITEE S s h Tz, i, B4
BN 7 & Ul e miGE M a2 R & UIoMEtH#Einic L b, BE0 HLA
FEHEDEAEHENEESNE GVHD OREFRBLAHMETL L, S 51T E ORI
DT 2/ BN EESNE GVHD OFEEREB LTS Z LA%E SN2 (Kawase
et al. Blood 2007) . S4AM9IZIE, HLA-A 9 %, 116 FO7 2 / EfiE. 3L U HLA-Cw
DO, TT#H. 80#F, 90%F. 116 &, 156 BT I /EAESFE/ S & L ThlitHE
NTHY, FITHLA-Cw NEEL DT I/ EEFASHH X 7 2 & I3BREN,

GERL ., LRHETEE GVHD OREEREENE VL E/HES N/ HLA-Cw Nl
& (B#F Cw*0303. FI—Cw*0801) DIEMAFATIEBIFSMEZEZIT, FIRIZ grade [T O
2t GVHD ZFHE U/ B MU QAR MM+ T #ED in vitro FHTEITVY, ZORNES
Cw 3 FITHT 5 T HlSEOFEEHER LS00 TG T3,
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Non-HLA genetic associations with GVHD in Japanese HSCT
recipients: High density screening of the immunogenome with
microsatellite markers)

Christian Harkensee, Makoto Onizuka, Akira Oka, Hidetoshi Inoko
Division of Molecular Life Sciences, Tokai University, Isehara, Kanagawa

Background

The genetics of outcomes of haematopoietic stem cell transplantation (HSCT) extend
far beyond HLA matching or mismatching. Studies in various settings and from
various populations have implicated more than 150 genetic polymorphisms in non-
HLA genes with outcomes after HSCT, namely graft-versus-host disease (GVHD).
GVHD is the strongest determinator of morbidity and mortality in survivors of HSCT,
hence identification of genetic variation that pose a risk, or protect against GVHD
would potentially be useful to stratify recipient GVHD risk at a pre-transplant stage.
Previous studies investigating non-HLA polymorphisms in HSCT outcomes often
have methodological limitations: focus on a narrow set of candidate markers, highly
heterogenous populations (genetically and clinically), limited statistical power due to
small sample size, and lack of independent confirmation. As a result data are lacking
consistency between populations and settings. Therefore, more systematic
explorations using statistically more robust methodologies are required to evaluate to
a full extend the significance of non-HLA polymorphisms for HSCT outcomes.

Aims and Objectives

This study investigates the effect of non-HLA genetic polymorphisms on GVHD in a
Japanese HSCT population by systematically scanning the immunogenome. We are
applying the methodology of a multi-step genomic screening using high-density
microsatellite markers in pooled DNA. Thie methodology has been derived from case-
control whole genome association (WGA) studies, and is employed here for the first
time in a transplantation setting.

Methods

Study population’ We aim to include approximately 1100 HSCT recipient and donor
pairs into this study. Systematic statistical exploration of a larger dataset was used
to identify a cohort in which variation from known clinical and genetic risk factors
was minimised. Inclusion criteria are a diagnosis of ALL or ANLL, age between 4-40
years, myeloablative conditioning, and a CSA/MTX or Tacrolimus/MTX-based GVHD
prophylaxis.

Genes and markers® An extensive literature search identified a set of n=2956 genes of
key immunoregulatory function and relevance in an HSCT context. N=4108
microsatellite markers were selected to cover these genetic regions in high density.
Study design and procedures:This is a case-control study with a nested cohort study:
modifying a design previously used in WGA studies with microsatellites. DNA is
pooled by degree of GVHD (Grade 0-1 v Grade II-IV) using a highly accurate pooling
method. Three independent screening steps are applied to verify the results, using
n=460 (pooled DNA 1# screening), n=300 (pooled DNA 294 screening) and a further
n=300 donor-recipient pairs (individual genotyping). The first screening step tests
the entire marker set, involving the largest cohort for maximised power and
sensitivity. Only markers positively associated in 1% screening are transferred to
subsequent screening steps, applying rigorous statistical tests, thus minimising
association by chance and multiple testing error. The remaining positive markers
after 3 screening each indicate a candidate gene region of approximately 100kB in
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size, which will be investigated further by SNP typing on the combined cohort of all
three screening steps.

Data analysis: Allele frequency number in pools is derived from the peak height of
the flourescent signal from the genotyping process. After each screening step, data
are analysed in four directions' Comparing recipients with grade 0-1 and recipients
with grade II'IV GVHD (intrinsic recipient risk for severe GVHD'), donors
accordingly (‘intrinsic donor risk to induce recipient GVHD'), donors grade 0-1 with
recipients grade 0-1 GVHD, and donors grade II-IV with recipients grade II-IV
GVHD. The latter two analyses are combined to identify specific markers that
indicate protection (grade 0-1 GVHD analysis) or risk (grade 24 GVHD) by allele
frequency mismatch. While with the first screening step only simple statistical
methods (Hardy-Weinberg, Chi square, Fishers exact test for 2x2, 2xm) are applied to
achieve high sensitivity, more stringent tests are applied in subsequent screening
steps (including Bonferroni correction for multiple testing).

Results
The 1%t screening step has been completed, yielding preliminary results which are
consistent with both a set of SNP markers used for internal validation, as well as

with findings from previous studies on genetic polymorphisms and gene expression in
the context of GVHD.



FIETVW -FIBE T - HRTTRER TRRGE S 1102 T < FF ke 0 i 6 AR il
DM EICBT 20K BE (H20-R%f-—-014) TrR206EHESH 2 EIBE 6

INEMIHRSR BB X U1 B A RET SR & FE fika M FH B8 st

RS +FlEE 5 — MR —, FRfER =HEAT. BEBE#
BHRN AT F—HHbE PARRECKER, JII#iEm, REEE

1. KIRRETR, HLAY A > FRGEAHE

WELE B 3 Tl Ik i A4 M B B AUIE 47 12 35 W THLA-CHUR DKIR Y A > R &Y

(C1,C2) GVHAMAEAE DB ICEMVIDOEELBLIULEEROETMNRS
NaZ&EV, FOHRIBATHREB LU EF—KIRDSUBEFOEEICKEZNS
TEVERELTES. SEENSIEHLAABHE FICEETSKIRU T K
(Bw4180) & BMZAMAKIRIDLI/SHRETFOHASEDLEIZIDOWTOMITZMIEBL T
W5, 4EIZKIRYD H > RVEFREABESIERAD B F—IiZDWTKIR3DLL/S1T V)b
YA BT RN LA & o B AT L 7.

2, LILRGETFRER

7 AMHCY 5 A iR Z A AP IR-BAHE M MAMECVIDEEL &L BYET 5
CEEHIERZEOPHOABMELTWVAY, £ FOMRASFEELSNSLILRE
NK, DC, BRI ER IR/ & TRETAEHE RS ICTf B O | | FiE» 572 HHLA
A ERRARATHEZEER T 73I)—TH5B., 205 LMAENICPIR-BEH
T ALILRB2ICHEHHEHL., BEFR2ARTRAZHMELREEFZMITLMRETD&R
BT AN 2R LAY, ZDOSNPIZDWTHLAGE T U )L —BrIE fn f3&
FREBAAER X 7 2 E UL & 0PIl 263 AT L 7=

3, U1 bAA /U1 b A1 o 2EERETEE

VE4EHE = TicEMGEMBHBMIc BV T, BFOMFEDOYA bhA > TH
BIL-10f {570 7 0E—& —ER3EFT OSNP/\ /0% 1 TH\EME EAECVHD R SE
CHETAEIEEHME L, MBFEMILA-BFHBHEIcB VL TIRIL-108GImA
TI-I0ZEHRETZHLRBICKEE T2 E8MEZNTED Lins?, &
HB5®) | SEREIZHLAGKE T V) )V —BoEmEEMEHSEEART OIL-102%
4SNP (IL-10R2, rs2834167) Z¥IE LRkt & DM I DWW THERITZT>
e

4, HLAZ 1 €2 JHEOME - RIE

IMDP T3 R —REEFICB T SHA-CEREBAMNBMZNTED. REEDNA
FA4ETEITLEDHACEBORBEEIZ ODOWTHERNMNL =, @EFBAZHR
ELTROEHES SN TWASBTEEBIFEHLA-A, -B, -REICALSGNTVSH
KAE—LHELICLHAKRBHEERELZEBL =




5. RERERREH

BAEFATIED /A DITIMPAUE, RETIEE R F—REQMmFED S
SIN/=DNAZ A WTHLA-AN SDPO6EEZ M E—ZXHETTINIAIEA LTS
0. FEZ006FEICRESNZ1I0REITDODVTITo . ERESBROBITD:
HOREHEREZ B, CNETICHRESNTWEDNADOLS / LHEWE (WGA) %
DOWEELBRIEEDBIURITFERELZY b2ORy P AT ATER, BT
DHROMEMERE CRIBRPEEY) cdiBhLlik.

iR

15 Morishima Y et al. 2007. Effects of HLA Allele and Killer
Immunoglobulin-Like Receptor Ligand Matching on Clinical Outcome in
Leukemia Patients Undergoing Transplantation With T-cell-Replete Marrow
From an Unrelated Donor. Bie/ Blood Marrow Transplant 13: 315-28

2. Yabe T et al. 2008. Donor killer immunoglobulin-like receptor (KIR)
genotype-patient cognate KIR ligand combination and aniithymocyte
globulin preadministration are critical factors in oulcome of HLA-C-KIR
ligand-mismaiched T cell-replete unrelated bone marrow transplantation.
Biol Blood Marrow Transplant 14: T5-87

3. Nakamura A et al. 2004. Exacerbated graft-versus-host disease in Pirb-/-
mice. Naf Immunol 5: 623-9
4, Hirayasu K el al. 2008. Evidence for natural selection on leukocyte

immunoglobulin-like receptors for HLA class I in Northeast Asians. Am J
Hum Genet 82: 1075-83

9. Lin MT et al. 2005. Genelic variation in the IL-10 pathway modulates
severily of acute graft-versus-host disease following hematopoietic cell
transplantation: synergism between IL-10 genotype of patient and IL-10
receplor beta genotype of donor. Blood 106: 3995-4001

6. #iG 5. IL-10/IL-10 Receplor B ZBIMEE APEGVHD, SEARL T4 HE /4 35 (BT 5
e
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NNBERRNTTENA VEBHRET CCRIN—IERZTIRMSME GVHD RIEL BT S

iAW, HE W BA B
ELHEAFAERESRARE 0E - EEAES

[#E] CCRO (2 U >/ EkA/NBFRNIC homing THRICRMT 2REARTHS. B4
ZDORETF CCRI D nonsynonymus Z—IEXSED 1 DTHS 926AG ICHBE L. AHEE
HICBWT K —CCRY DREFRAMRBHRNLAM GVHD RES LUBHFRICRE
TREEBITLA. [HEREFE] 1987 E0 5 2006 FICEMMICHTE N HA T2—
HEREEESHEO S 5 CsA+MTX £ GVHD FRhiEE THETHIAREBEEZNRE L L.
K+ —® CCR9926A/G BEFE!IL PCR-RFLP iZZRAWTRE L/, BBRRM GVHD 2
EE, || ELLEOSM GVHD RIER, £77F,. BRE, FBERIFECECHEETHEFZ Cox
EENT—EFEFNERVWTETLE, REHT CCRI BETEL. S, RIST. TBI, &
BYRY, BHEAMKKARE, BERE (BESRMMEHEE) &L, (BR] EFHK 167
fl. EMPREBR (1562m), EB(EIEMER 1480, BEEB 19H0ITH - 7=, MG
FRIZAA R 94%. AG B 6% TH o/, R GVHD 13 | BE 22%,11 B 12%,1Il EELLE 6.6%
TR, AG Bl(F stage2 LIEDEBRE GVHD REELFBSEMERL 25 (hazard
ratio 4.6; 95%Cl, 1.7-12), 8 « RO B4 GVHD RiEE, || ELLEOR % GVHD RiEE,
EEE BRE ERECELIEESHEMSRSNG,o L. 2 GVHD ZRELL
69 fIICPR-> TH#REL TH AG BT stage2 Ll OB MRYE GVHD REEOH L HELHEMR
%R L 7= (hazard ratio 3.3; 95%CI, 1.2-8.7), BETFERICEL S U »/EROMBIENIEEZHAS D
ST 5. L bADA ARSI ¥ —2RNT Jurkat MIEAEICENTNORETED cDNA
EZBALE, ECUEBREBETLEEC5,026G BAMARIL 026A $AMEE & LEXTER
EABWNC EMNRE N, [ER] CCRIDBETFRUMBTII/Z< ZMORME GVHD RIEL
HELEZLIZRERYD, BAOWESICINE, HDRBIC GVHD £EZT Y RN E
USIBFRIIBETIINLS., A BRBOZXRY Yy NRBHBTHY 25L2N5. BED/A
INRIIAFERTOBE L TEETHY. CCRI-926G DMEFRICL>TRFI =V /N8R
D84 TIARAD homing BEA R T C L THLIAORIFORE GVHD RERICENELK
AN H D,




HLA —E([Fliaf#iiz B3 5 TF#E T, 1L-6. MBL-2 @ SNPs ZAi{%
iRk, WEBRT. FEFEFIEDIEA HLA PIEmR

HLA UADOPRETEES D, v F—HBESHAFESES, #8¥2 T SNPs
ZRUE, Y1 b A1 > D SNPs ZHUE, BAREMEH KO SNPs 2R E &, HLA
—HFRMBHEOTFEEOBEZRZEL TV, SERBREEY T FA1 > THBIL6 &,
BRI TH S MBL-2 (mannose binding lectin 2) @ SNPs Z#& L7z,

Wiki L=tk

1. IL-6 @ SNPs (-572(G/C),-174(G/C)) tE. BHHSMFEL /- Luminex i (REX) TH
A7 L% IL-6 D7 0E—F—HEITIE -597 IZH SNPs(G/AN H S A8, -174 D SNPs
EHEWHEHAREENH D, - 1T4 0¥ T E IhoiER L.

2, MBL-2®MSNPs (-619,-290,-66, cdn52, cdn54, cdn57) % H 5 M L /- Luminexit
(Human Immunology 69 (2008) 877-884 iz &k D ¥ 1 /L. #2i2 £ ¥, High producer,

Intermediate producer, Low producer, Deficiency (248 L 7=,
3. HLA —E([FaMBA~7 91 #ld DNA Z#REkE L. a-GVHD & —HELIADEFEIC
EOBDOITELTHN Lic. BRCDODVWTRT—Z KR MAH DM TEAh o7k,
#ER 1. & 1. IL-6 SNPs D

Position Nucleic | Japanese | Caucasian | Position | Nucleic | Japanese | Caucasian
acid N=109 N=45 acid N=109 N=45
G/G 1.00 0.40 G/G 0.05 0.95
-174 G/C 0 0.42 G/C 0.45 0.05
or C/C 0 0.18 -572 c/ic 0.49 0
"597 G 1.00 0.61 G 0.28 0.98
C 0 0.39 C 0.72 0.02

B AICIE-174 2B WA, 572 IT28ENH S, GGG NTov 1 TiRAAEANR
28%, BHIAR 60%ICHtHEn s, (GGG NTO% A 71E IL-6 low producer &3N5)
fER 2, # 2. MBL-2SNPs/\7 0% 7 &£DHfkE

Funetion Promoter Exon 1 Frequency

-619 | -290 | -66 52 54 57 | Japan. n=57 | Cauc. n=49
High C G T C G G |[0.079 | 0.483 | 0.163 | 0.449

producer G G C C G G |0.403 0.286

Intermed C G C C G G 0.132 | 0.132 0 0

Low pro. C C C C G G 0.105 | 0.105 | 0.265 | 0.265
C G C C A G |[0.263|0.263 | 0.133 | 0.2565

Deficiency | C G T Cc G A 0 0.020




e Jalelelawle] o] [Joes] |

MBL-2 @ 70FE—%—® 3 &P, Exon 1® 3@ SNPs ON\7O¥A 72X 7HBY,
High-, Intermediate-, Low- producer & 1F, Deficiency I3 TZ%. High producer
(45~48%) & Deficiency (26%) DHEERAMTAEEZ V.,

#EH 3, #£ 3. GVHD & Donor @ IL-6 SNPs (2X2 %)

GGG+ GGG() Total
=11 GVHD 5 11 16
<II GVHD 32 43 75
Total 37 54 91

NTO&47 GGG v D& E, GVHD @ relative risk  (0dds) =0.6

NTO#% A7 GGG negative. GVHD @ relative risk (Odds) =1.63 P> 0.05

#5# : GGG N\T O ¥ A 7 & D Donor IZ GVHD ZEZ LIT< WHMAIHHHL. AEZIZ
EHehizhn,

% 4. # 4, MBL-2 High producer & Deficiency DB EGFIC S A 2 H

Haplotype 1 year Alive Death within 1 year
Deficiency/ Deficiency 3/67 4% 3/24 12%
High pro./ High pro. 24/ 67 36% 424 1%
other 40/ 67 60% 17/24 70%

Deficiency allele homozygote @ Recipient I3 1 FELAADFELRAE <, High-producer
allele homozygote |2 EFERAE WHIFAH 5. P<0.05 (Yates MiERIZHFEERL)

BEREELD

1. REMST FAA 2 IL-6 D7 O0E—F ik SNPs BAMICE D ZREARZS. B
AANRBAZZHREDSS 1174 (BLT597)) IZD2VWTREBENRLS, LA, B
AIZBHHEOEN 1-572) ICBREIHL,

2. IL-6 @7 0E—% —{HiO SNPs haplotype GGG IE. IL-6 Low producer & Z i1,
BEBHEICBWT, BnEEBAHEIhTVS, BAARFOENHHESMICBNT
I3, GGG haplotype 71 GVHD #i#lf#y (Odds=0.6) =< AIfEfEARM Ehic,

3. HARZOBRMMRICHSLENS MBL-2 ., J1ILA, M. Kl EOBRREMIC
primary RE#ZEZR~ELTWS, MBL-2 IZ 6 fl® SNPs haplotype iZ& D, High
producer & Deficiency 1T B TES T EAthM o Twd, Deficiency allele DL
EETERVEE 26%) IZHD, FTRETFICAZNES.

4, H¥E MBL-2 SNPs O, BET—7 ORMTRTTERMho/. BEER1F0
EFHETHRS L Z, Deficiency allele homozygote 13{& <. High-producer allele
homozygote X W HiEIZH > 7= (P=0.05) .
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ERKEHRBARE HRER

B EHE

PAERBRCE CRERBORBBRIE - BRAK - AMBH~OREIRE SN,
TagMan PCR & TAUT Al B2 e BHIRZF 2R 24T L, RS EER & OB &
FHRAIARET LT,

R
HLA-A/B/C/DRB1 — B3 gk il B BERERAY AL A S 0 2 2 ) - AT IR 0 58
WA BELED FT—(145 *7),

HE

1. NKG2D #{zF2% : HNK1 7o # 1 7iBiE( NK iFi) vs, BHE(E NK i)
HRIEY 2 7§ Tix, HNK1 BE FF—2F 1T 5 BEF0AFE(0S) - BHpEZE L (TRM)

BAEECEATHE@E L 2). ZHIIZERMIFCLEREAL(E D, —F, BREY =

JHETIE, ZOEIRERIRAGA T,

2 HINK1 positive donor | —— HNK positive donor
= = = HNK1 pagalive dona] = = = HNK1 nogelive danor
sl o84
1
054 “.__ 06
ot ag e e B8 n i | s
[re -] R
g
[FE f24
P=0.01 P=0.02
°l- T T T T T T T o T T T T T T
] %00 1000 1500 00 2500 2000 a S0 W00 a0 2000 2800 2000

Chys aflar rsnsplntation

BE1. F+—NKG2DS R LOS ({EUXVH)

Days after ransplantation

E2. F+—NKG2DZ & ETRM (EYRIH)

# 1. NKG2D ;{728 & Bl i SERMRHT
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HLA mismatch combinations associated with decreased risk of relapse:
implications for the molecular mechanism
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The finding that the risk of relapse In
hematologic malignancy decreases after
allogeneic hematopoietic stem cell trans-
plantation (HSCT) has lead to the concept
of a graft-versus-leukemia (GVL) effect.
However, this beneficial effect is consid-
ered to be frequently offset by graft-
versus-host disease (GVHD). Thus, im=
proving HSCT outcomes by separating
GVL from GVHD is a key clinical issue,
This cohort study registered 4643 pa-
tients with hematologic malignancies who
received transplants from unrelated do-

ation and Reg
Japan, Tokyo; Japanese Red Cross Nagoya First Hospital, Nagoy

Tokai L
and *D

nors. Six major human leukocyte antigen
(HLA) locl were retrospectively geno-
typed. We identified 4 HLA-Cw and 6 HLA-
DPB1 mismatch combinations respon-
sible for a decreased risk of relapse; of
these, 8 of 10 combinations were different
from those responsible for severe acute
GVHD, including all 6 of the HLA-DPB1
combinations. Pairs with these combina-
tions of HLA-DPB1 were assoclated with
a significantly better overall survival than
were completely matched pairs. More-

over, several amina acld substitutions on

y School of Mk

Isehara; * | Madical Center of

p of b gy and Call Therapy, Aichi Cancer Center, Nagoya, Japan

specific positions responsible for a de-
creased risk of relapse were Identified In
HLA-Cw, but not in HLA-DPB1. These
findings might be crucial to elucidating
the mechanism of the decreased risk of
relapse on the basis of HLA mal-
ecule, Donor selection made In consider-
ation of these results might allow the
separation of GVL from acute GVHD, espe-
clally In HLA-DPB1 mismatch combina-
tlons. (Blood. 2009;113:2851-2858)

Introduction

The use of allogeneic hematopoietic stem cell transplantation
(HSCT), an established treatment for hematologic malignancies, is
associated with several immunologic events with contrary effects
in the recipient. In graft-versus-host disease (GVHD), for example,
graft immune cells attack host organs, whereas in the graft-versus-
leukemia (GVL) effect, they eradicate residual leukemia cells.!
GVL is likely to function not only in hematologic malignancies but
also in solid tumors, particularly breast cancer and renal cell
carcinoma,*® in which it is referred to as the graft-versus-tumor
(GVT) effect. Because both GVL and GVHD are caused by either
or both major and minor histocompatibility antigen mismatches
between donor and recipient, the beneficial effect of allogeneic
HSCT due to GVL is thought to be frequently offset by GVHD.
Thus, improving HSCT outcome by separating GVL from GVHD
is @ key clinical issue, Importantly, however, while most such
efforis have been in the arca of minor histocompatibility antigen,”
few researchers have approached this problem in terms of the major
histocompatibility antigen.

We recently identified 16 human leukocyte antigen (HLA)
mismatch combinations associated with a high risk of severe acute
GVHD. Results showed that the overall number of these high-risk
mismatches was strongly associated with the occurrence of severe
acute GVHD and poor overall survival (0S)." We speculated that
the intensity of GVL and acute GVHD in any particular mismatch
might not necessarily be parallel, and that among HLA mismatch

combinations not inducing severe acute GVHD, those that induce
strong GVL might occur. In other words, the hypotheses of this
study were that particular mismatch combinations allow the
separation of GVL from acute GVHD and that specific amino acid
substitutions in HLA molecules contribute to this mechanism.

As part of efforts to improve donor selection and allogeneic
HSCT outcomes, we identified HLA mismatch combinations that
resulted in a decreased risk of relapse in all 6 major HLA loci and
compared them with mismatch combinations carrying a high risk
of severe acute GVHD. Further, we investigated specific amino
acid substitution positions in the HLA molecule responsible for a
decreased risk of relapse.

Methods
Patients

This study was conductad using clinical data that were collected prospec-
tively at transplant centers participating in the Japan Marrow Donor
Program, Patients who received a first transplant of T cell-replete mamow
rlxa logi gnancy from a serologically HLA-A, -B, and -DR

hed lated donor k Jnnnn.ry 1993 and December
2005 through the Japan Mamow Donor Program (n = 4643) were regis-
tered. Eligible diag included acute lymphoblastic leukemia (ALL);
acute myeloid leukemia (AML), which included only de nove AML:
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Table 1. Patient characteristics
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Alocus B locus C locus DRB1 locus DQB1 locus DPB1 locus
Total Malch Mi Match Mi Match Match M Match M ich  Maich
4643 4018 825 4351 202 3308 1335 ral:] 925 3597 1045 1584 3050
Median age. y s e 28 317 283 38 308 nz 309 nr 308 ane 34
Sex, donor/patient
Male/male 1804 1673 23 1788 135 1387 517 1851 353 1402 412 678 1228
Malatemale 23 789 134 B74 49 650 Fae ) 7 189 704 218 209 24
Female/male B84 747 147 843 51 634 260 883 201 &72 22 288 626
Famale/femnale g22 809 113 885 57 637 285 740 182 729 193 339 583
Disease
ALL 1484 1287 197 1372 a2 1051 413 181 303 132 32 452 1012
AML 1571 1360 21 1478 93 1114 457 1255 318 1224 7 574 297
CML 79 a7 152 905 74 682 27 me 200 748 233 343 636
ML 564 507 57 538 28 43 148 488 26 49 118 192 ar2
MM 65 57 8 60 5 418 2 55 10 446 18 23 42
Risk of lsukemia relapse”
Standard risk 1684 1485 188 1588 86 1184 500 1375 309 1322 362 572 112
High risk 1808 1607 302 172 137 1365 544 1485 424 1451 458 42 1267
Dissase other than loukemia 1050 026 124 291 58 758 20 858 182 824 226 370 580
GVHD prophylaxis
Cyclosporine-based 2503 2159 344 2348 157 1802 701 2107 386 2030 473 881 1622
Tacrolimus-based 2140 1859 281 2005 138 1508 634 1611 529 1567 573 703 1437
ATG
ATG 152 112 40 135 17 102 50 110 42 118 34 51 101
Non-ATG 4481 3908 585 4216 275 3206 1285 3608 883 2479 1012 1533 2958
Preconditioning
TBI ragiman 3e87 3178 512 3445 242 2623 1064 2833 754 2834 853 1242 2445
Non-TBI regimen 958 843 113 806 50 &8s n 785 m 763 183 342 614
ATG indicates antithymocyte globulin; and TBI, total body irradiation.
risk for leub relapse was defi the status of the first complete remission of AML and ALL and ihae first chronic phasa of CML al transplant, whila high risk

was defined as a more advanced status than standard risk in AML, ALL, and CML. Disease other than leukemia was defined as othar than ALL, AML. and CML.

tiple myeloma (MM).

Pel:em characteristics are shown in Table 1. A final clinical survey of the

was leted by Dy ber 2006. Informed consent was obtained

fm‘m patients I.mi donors in it with the Decl of Helsinki,

and approval for the study was oblained from the Institutional Review
Board of Aichi Cancer Center and the Japan Marrow Donor Program.

ia (CML); mali Yormnd

L " ;

(ML); and mul-

HLA typing of patients and donors
Alleles at the HLA-A, -B, -C, -DRB1, -DQBI, and -DPB1 loci were

in which the donor had tyrosine and the patient had phenylalanine.
Substituted amino acids in HLA-Cw and -DPB1 are summarized in Tables
S1 and S2 (available on the Blood website; see the Supplemental Materials
link at the top of the online article).

Statistical analysis

OS rate was assessed using Ihf.' Kaplan-Meier product Ilmu method, To
eliminate the effect of g risk, the lative incid of relapse
was ] using a previously described hod."'? The competing

event for relapse was defined as death without relapse. Impact by the factor

identified by previously described methods in all 4643 pairs at the Jap
Red Cross Tokyo Metropolitan Blood Center.®

Matching of HLA allele between patient and donor

of i was i using the log rank test. The impact of HLA allele
mismalch combinations and the position and type of amino acid substitution
(for example, alanine, arginine, and asparagine) in HLA molecules were
evaluated using multivariable Cox regression analysis'? for OS and the
occurrence of acute GVHD, while the risk of relapse was evaluated using

HLA allele mismatch among the donor-recipient pair was scored when the he multivariabl p 1 hazard modeling of subdistribution functions

recipient’s alleles were not shared by the donor (graft-versus-host vector)  in competing risks.!

for all analyses. HLA mismatch combi were ¢ 1 for each locus separately,
When the locus of interest was evaluated, we allowed the other Joci 1o be

Definition of relapse mismatched, with the status of such mismatches adjusted for in the same

el was defined 58 the of malignancy as & d by the wnywdfwm!mﬂﬁk?mm;ﬁ?m:ﬂdcw

pnnmct.tr by which the malignancy was first d namely i ocuswm: muy'.he ; n;;pm A-A*0206, the reupn:::mhld

phology: flow cy 1 eylogenetic studies, including fl in iy
situ hyb S 1 IL el fixation assays; pol HLA-A*0201, while another HLA-A allele of the donor and recipient was
Ehm" ton-baicd lsuyl for di i or imaging results, The “:. L. This h was o i with the HLA-A allele match.

h combinations that had 9 |;r fewer pairs were combined together

day of relapse was defined as the day on which the respective clinical
hematologic, cytogenetic, or molecular relapse was recognized.

Definition of amino acid substitution

Amino acid sequences of HLA-Cw and -DPB1 molecules were obtained
from the IMGT/HLA sequence database.' For ple, Tyr99C-Phe99C

a3 “other mismatch.” The model was constructed with mismatch combina-
tions, mismatch status in other loci (match, 1 allele mismatched, and
2 alleles mismaiched, as an ordinal variable), and potential confounders.
Confounders considered were sex (donor-recipient pair), patient age
(lincar), donor age (lincar), transplant year, type of disease, risk of leukemia
relapse (standard, high, and diseases other than leukemia), GVHD prophy-

indicated an amino acid substitution at position 99 in the HLA-C molecul

laxis (cyclosporine [CSP] vs tacrolimus [FK]), ATG (vs no ATG), and
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preconditioning (TB1 v& non-TBI). These confounders were used in all
analyses to maintain the comparability of results.

The impact of position and type of amino acid substitutions in HLA
molecules was evaluated in pairs with oneallele mismatched in HLA-Cw
and -DPB] separately, The amino acid positions we analyzed were all
positions at which an amino acid was substituted in the respective locus. We
analyzed the impact of each amino acid substitution on each position
separately, Multivariable models were constructed to include the position
and type of amino acid substitution, mismatch status in other loci (match,
1 allele mismatched, and 2 alleles mismatched as an ordinal variable) and
the confounders described above. A P value less than .05 was considered
statistically significant. All statistical tests were 2-sided. All analyses were
performed using STATA version 10.0 (StataCorp, College Sl.lucm TX) and
R version 2.5.1 (The R Foundati for Statisti C

www.r-project.org).

Validation of statistical analysis

Suatistical analyses were using the b ap ¢ method.
Briefty, we d the of iation with d data drawn
mpmndly frurnthempruldﬂn Although approximately lUﬂloZﬂ!bml

are g y sufficient,’® we used 1000 bootstrap

urnpl.el for nl.l analysis \rliidnl.innl Purther, we judged the results of
analysis as statistically significant only when the results of both base
analysis and analysis validation using bootstrap resampling were signifi-
cant; cases in which the runll of base analysis was significant but that of
analysis validation using b ling was not are indicated by an
asterisk next to the P value of the bax ml.lytls

Results
Impact of HLA allele mismatches in locus level on relapse

The number of mismatched alleles of HLA-Cw (1 allele mis-
matched: hazard ratio [HR], 0.68; 95% confidence interval [CI],
0.58-0.80; 2 alleles mismatched: HR, 0.43;95% CI, 0.24-0.75) and
HLA-DPBI (1 allele mismatched: HR, 0.80; 95% CI, 0.70-0.92;
2 alleles mismatched: HR, 0.62; 95% CI, 0.51-0,75) was strongly
associaled with a decreased risk of relapse. In contrast, no
associations were seen for HLA-A (] allele mismatched: HR, 1.00;
95% Cl: 0.82-1.22; 2 alleles mismatched: HR, 0.79; 95% CI,
0.28-2.28), HLA-B (1 allele mismatched: HR, 1.06; 95% CI,
0.79-1.41; 2 alleles mismatched: not applicable), HLA-DRBI
(1 allele mismatched: HR, 0.93; 95% CI, 0.74-1.18; 2 alleles
mismatched: HR, 1.18, 95% CI: 0.53-2.63) or HLA-DQBI (1 allele
mismatched: HR, 1.12; 95% CI, 0.90-1.40; 2 alleles mismatched:
HR, 0.73; 95% CI, 0.35-1.52; Figure 1; Table 2).

Impact of HLA mismatch binations on rel

b

Four mismatch combinations in HLA-Cw and 6 in HLA-DFBI were
significantly associated with a decreased risk of relapse (Tables 3 and
§3). In contrast, mismatch combinations in HLA-A, -B, -DRBI, and
-DQBI were not significantly associated with differences in risk of
relapse (data not shown). The 10 HLA mismatch combinations associ-
ated with lower risks of relapse were Cw*0102-Cw*1402 (HR not
estimated due to no event), Cw*0801-Cw=0102 (HR not estimated),
Cw*1402-Cw*0304 (HR not estimated), Cw*1502-Cw*1402 (HR,
0.28;95% CI, 0.09-0.88), DPB 1*0402-DPB 1*0201 (HR, 0.32,95% CI,
0.12-0.87), DPB1*0501-DPB1*0201 (HR, 0.67; 95% CL.0.50-0.91),
DPB1*0501-DPB1*0401 (HR, 0.36; 95% CI, 0.13-0.98), DPB1*0501-
DPB1*0402 (HR, 0.55; 95% C1, 0.33-0.93), DPB1*0901-DPB1*0201
(HR, 0.37; 95% CI, 0.14-0.96), and DPB1*1301-DPB1*0201 (HR not
estimated; Tables 3 and §3). All 10 HLA mismatch combinations were
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method. We speculated that these mismatch combinations would mainly
decrease the nisk of relapse due to GVL, so we tentatively call them
GVL mismatch combinations.

Evaluation of clinical Importance of GVL mismatch
combinations

‘We evaluated the clinical importance of GVL mismatch combina-
tions in HLA-Cw and -DPB1. All analyses in this section were
conducted in matched pairs other than the evalusted locus. In
HLA-C mismalch, the small number of patients with GVL
mismatch combinations (n = 13) in maiched pairs at the allele
level for HLA-A, -B, -DRBI, -DQBI, and -DPBI prevented
comprehensive analysis. We evaluated the GVL mismatch combi-
nations of HLA-DPB1 in matched pairs for HLA-A, -B, -Cw,
-DRBI, and -DQBI. Pairs with HLA-DPB! mismatch were
divided into 2 groups, those with a GVL mismatch combination
and those with mismatch combinations other than GVL mismaitch
combinations. These were then compared with 12/12 matched pairs
for association with severe acute GVHD, relapse, and OS (Table 4).
The curve of the cumulative incidence of OS is shown in Figure 2.
Multivariable analysis revealed that although OS was similar
between the 12/12 matched pairs and the pairs with mismatch
combinations other than GVL mismatch combinations, it was
significantly improved in pairs with a GVL mismatch combination
(Table 4). In terms of mortality due to relapse according to
HLA-DPB1 matching status and whether the mismatch combina-
tions were GVL mismatch combinations, the HLA-DPB1 matched
group, HLA-DPBI1 1 allele mismatched group, and GVL mismatch
combination group showed an expected decreased mortality due 1o
relapse (20.0%, 15.3%, and 10.5%, respectively). Further, mortal-
ity due to relapse in the GVL mismatch combination group was
significantly lower than that in the HLA-DPBI1 1 allele mismatched
group (P = .049). We conducted the same analyses with stratifica-
tion by leukemia type (ALL, AML, or CML) and found that the
myeloid malignancies (AML and CML) had the same tendency
(Table 4). In particular, in CML, GVL mismatch combinations in
HLA-DPB1 were associated with a significantly reduced risk of
relapse (HR, 0.14; 95% CI, 0.03-0.55) and significantly improved
OS relapse (HR, 0.50; 95% CI, 0.25-0.98).

Impact of position and type of amino acid substitutions of HLA
molecules on relapse

We surveyed all substituted positions in HLA-Cw and -DPB1 and
found 159 specific amino acid substitutions at 55 positions in
HLA-Cw and 55 specific amino acid substitutions at 19 positions in
HLA-DPB1 (Tables 51,S2). Analysis revealed 3 specific amino
acid substitutions responsible for a decreased risk of relapse in
HLA-C, namely Ser9C-Tyr9C (HR, 0.53; 95% CI, 0.30-0.92),
Phe99C-Tyr99C (HR, 0.52, 95% CI, 0.30-0.91), and Argl56C-
Leul56C (HR, 0.59; 95% CI, 0.37-0.92). In contrast, no decrease
in the risk of relapse was seen for substitutions in HLA-DPBI
(Table 5). However, Tyr9C-Ser9C and Tyr99C-Phe99C were
strongly linked (see “Discussion”). These specific amino acid
substitutions were all significant on validation analysis using the
bootstrap resampling method.

Discussion

Improving outcomes in allogeneic HSCT for hematologic malignan-
cies by separating GVL from GVHD is considered a key clinical
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challenge. Here, our analysis demonstrated that several donor-
recipient HLA mismatch combinations and specific amino acid
substitutions in HLA molecules were associated with a decreased
risk of relapse, and, in some cases, no significant increase in the
risk of severe acute GVHD. These findings suggest that GVL might
be separated from severe acute GVHD by selection of suitable
HLA mismatch combinations.

We recently reported 16 significant high-risk HLA allele
mismatch combinations for severe acute GVHD in 6 HLA loci, a
number of which were highly associated with the occurrence of
severe acute GVHD and worse 08.* Of note, a group of pairs with
mismatches other than severe acute GVHD high-risk mismatches

showed an incidence of severe acute GVHD and OS rates almost
equal to those of 12/12 matched pairs. In the present study, we
elucidated a total of 10 mismatch combinations that were signifi-
cantly associated with a decreased risk of relapse, which we termed
GVL mismatch combinations. Of course, it is possible that some
mismatch combinations not classified as GVL mismatch combina-
tions might actually induce strong GVL. Misclassification might
have occurred as a result of insufficient statistical power due to the
relatively small number of patients in the subcategories. Among
these mismatch combinations, 2 of 4 in HLA-Cw were identical to
the severe acute GVHD high-risk combinations; a third had a
marginal effect on the occurrence of severe acute GVHD, while the
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Table 2. Impact of HLA mi tches in allele level on relapse
All diseases

" HA (95% C1) P
HLA-A maltched 4018 1.00 {rol)
HLA-A 1 afisle migmaiched 587 1.00 (0.82-1.22) 50
HLA-A 2 alislos mismatched 25 0.79 (0.26-2.28) &7
HLA-B matched 4351 1.00 (ref)
HLA-B 1 alisls mismatched 288 1.08 (0.79:1.41) T
HLA-B 2 alieles mismaiched® 4 ND ND
HLA-C malched 3308 1.00 {ref)
HLA-G 1 alisle mismatched 1212 0.68 (0.58-0.50) <.001
HLA-C 2 allsies mismaiched 123 0.43 (0.24-0.75) 003
HLA-DRS1 matchad anes 1.00 (ref)
HLA-DRS1 1 alisle mismatched 888 0.8 (0.74:1,18) =
HLA-DRS1 2 alleles mismaiched 50 1,18 (0.53-2.63) 58
HLA-DOB1 malched 3507 1,00 (rof)
HLA-DQB1 1 allsle mismaichad 658 1.12 (0.80-1.40) 230
HLA-DQ81 2 alleles mismatched 83 0.73 (0.35-1,52) A0
HLA-DPB1 matched 1584 1,00 (rof)
HLA-DPB1 1 allela mismatched 2180 0.80 {0.70-0.82) 002
HLA-DPS1 2 alisles mismatched 869 0.62 (0.51-0.75) <.001

Each group was compared with tha matehed group in each locus after adjusting for other matehing status of HLA, sax (donor-recipient pairs), patient age (inear), donoe

age (Wnesr), typs of dissass, risk of rolapse ( high. and
precondilioning

(TBI va non-TBI).

rod indi and ND, not

"Comprohensive analysis could not be parformed due to the small number of cases.

fourth combination was different from acute GVHD high-risk
mismaich combinations. In contrast, all 6 mismatch combinations
in HLA-DPB1 were different from acute GVHD high-risk mis-
match combinations (Table 3). As expected, HLA-A, -B, -Cw,
-DRBI, and -DQB1 matched pairs with GVL mismatch combina-
tions of HLA-DPB1 were associated with significantly better OS
than 12/12 matched pairs (Table 4; Figure 2), indicating that the
beneficial antitumor effect of GVL mismatch combinations in
HLA-DPB1 would not be offset by the effect of severe acute
GVHD. We speculate that conformational changes of HLA mol-
ecules in each mismatch combination control the intensity of the
acute GVHD and GVL effect, as described later in “Discussion”
and in our previous report®; namely, conformational changes of
HLA molecules in GVL mismatch combinations in HLA-DPB1
induce strong GVL with mild or no acute GVHD, These findings
suggest that HLA mismatch selection according to these results

other than ), GVHD is (CSP va FK), ATG vs no ATG), and

might improve HSCT outcomes over those obtained with a
complete match. The same tendency was seen for AML and CML,
whereas the effect of GVL mismatch combination in the HLA-
DPB1 allele in ALL patients would be weaker than in the other
leukemia types (Table 4). Comprehensive analyses for ML and
MM could not be done because of the small number in each group.
Thus, the effects of GVL. mismatch combination vary according to
disease type and may also change according to other factors,
including particular cylogenetic abnormalities.

Recent research has shown that HLA-Cw and -DPB 1 mismatch
at the allele level is strongly associated with a decreased risk of
relapse.'™'® These findings were confirmed in the present large
cohort. In addition, the present study also clarified that the
mismatching of 2 alleles in either the HLA-Cw or -DFB1 locus had
a stronger association with decreased risk than respective mismatch-
ing of one allele. Moreover, no association whatsoever was seen for

Table 3. GVL mismatch combinations

Sinalion. don ip n HR (85% CI) P
Cw'0102-Cw"1402°t ’ 13 ND ND
Cw*0801-Cw'0102°H 10 ND ND
Cw*1402-Cw'03041 20 ND ND
Cw*1502-Cw*1402 43 0.28 (0.05-0.88) 030
DPB1°0402-DPB1°0201° 54 0.32 (0.12-0.87) 026
DPB1°0501-DPB1°0201* 30 0.67 (0.50-0.91) 009
DPB1°0501-DPB1°0401* 48 0.35 (0.13-0.98) 048
DPB1°0501-DPB1°0402" 112 0.55 (0.33-0.83) 026
DPB1°0801-DFB1°0201* 43 0.37 (0.14-0.66) 042
DPB1°1301-DFB1°0201"t 20 ND ND
As an of the snalysis, the Cw'0102-Cw*1402 mismatch combination meant that the donor has HLA-Cw'0102, the recipient has

HLA-Cw*1402 and ancther HLA-Cw allale of aach donor and Was

Each

masmaich pair in HLA-DPE1 was compamd with the HLA-DPB 1 allele match, Al

pair in HLA-Cw was compared with the HLA-Cw aliele maich, and sach

ND incicales not determined.

resuits wern y mignifi i both the base anakysis and validation analysis

*Mismaich combinations that were not significantly associated with a higher occurmence of severe acute GVHD in our previous study® However, the Cw*0102-Cw*" 1402

b s & | eflect on the
severs acuts GVHD in base is, but not in
tHR was not estimated due to the lack of an svent in this group,

of severs acule GVHD; thal s, Cw 0102-Cw" 1402 was significantly associaled with a higher ocourmence of
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Table 4. Clinical Imp of GVL mi h binations in HLA-DPB1 mismatch
Acute GVHD Relapse os*
All diseases n HR (95% CI) HR (85% CI) {3 HR (85% CI) P
HLA-DPB1 matched 864 1.00 (rof) 1.00 (ref) 1.00 (ref)
HLA-DPB1 1 allsle mismatched L] 1.34 (1.03-1.74) 028 0.83 (0.68-1.01) 0068 0.86  (0.83-1.12) a2
GVL mismatch combination 258 1.18 (081-1.73) 378 D47 (0.33-0.67) <001 0.75 {0.58-0.84) 012
ALL »
HLA-DPB1 matched 250 1.00 (raf) 1.00 (ref) 1.00 (raf}
HLA-DPB1 1 allele mismatched 263 1.56 (0.96-2.54) 067 0.85 (0.6-1.18) =] 1.10 (0.85-1.43) 48
GVL mismatch combination 80 1.27 (0.63-2,57) 5 0.75 (0.45-1.26) 28 0.95 (0.65-1.38) B
AML
HLA-DPB1 matched 308 1.00 (ref) 1.00 (ref) 1.00 (ref)
HLA-DPB1 1 allsls mismatched 264 1,47 (0.9-2.39) 13 0.83 (0.61-1.14) 26 0.95 (0.74-1.23) 72
GVL mismalch combination 88 1.25 (0.62-2.5) 54 D.44 (0.24-0.78) 006 0.71 (0.48-1.06) A
cMmL
HLA-DPE1 matched 176 1.00 (ref) 1.00 (ref) 1,00 (ref)
HLA-DPB1 1 allele mismatched 162 1.25 (0.74-2.14) A1 0.58 (0.40-1.20) 18 0.83 (0.65-1.33) 68
GVL mismatch combination 54 113 (0.51-247) 56 0.14 {0.03-0.55) 005 0.50 (0.25-0.98) 041
Each group was compared with the HLA-DPB1 group. C warn sax (donor pairs), patient age (linaar), donor age (near), type of

disease, risk of laukemia relapse (standard, high, and dissases other than leukamia), GVHD prophylaxis (CSP vs FK), ATG vs no ATG), and preconditioning (TBI vs non-TBI).
refarence.

ref indicales

“The HR indicates tha likelinaod that OS will be sharar (i HA > 1) of longar (HR < 1) than when the HLA type maiches (e, the Raf candition).

HLA-A, -B, -DRBI1, or -DQB1 (Figure 1; Table 2), Furthermore,
all 10 GVL mismatch combinations were elucidated from mis-
match combinations of HLA-Cw and HLA-DPB1 (Tables 3 and
$3), although we also analyzed HLA-A, -B, -DRB1, and -DQB1.
These findings indicate that GVL after allogeneic HSCT is mainly
induced by HLA-Cw and -DPBI, not HLA-A, -B, -DRBI or
-DQBI, although the role of each HLA locus might vary with the
type of disease.'" There are 3 possible explanations for this. First,
the relative expression of HLA-Cw and -DPB1 on malignant cells
may be higher than that on normal hematopoietic cells; second,
HLA-Cw and -DPB1 may be preferentially expressed on malignant
stem cells; and third, surface expression of a few key molecules—
such as major histocompatibility complex (MHC), adhesion, and
costimulatory molecules—on malignant cells may determine the
effect of each HLA locus on GVL."*?¥ [n other words, some
molecules might stimulate GVL of HLA-Cw or -DPB1, and other
molecules might block GVL of other than HLA-Cw and -DPB1.
Further investigation of this question is warranted.

In this study, 3 specific amino acid substitutions responsible for
GVL at positions 9, 99, and 156 were identified in HLA-Cw, of
which only 2, Ser9C-Tyr9C and Phe99C-Tyr99C, were strongly

OS for GVL mismalch combination in HLA-DPB1

HLA-DP match ——
HLA-DP 1 aliele mismatched -----
GVL mismatch combination -

os

Survival Proportion

linked in our sample, We were therefore unable to determine which
substitutions are the main contributors to the effect of interest
(Table 5). These amino acid positions, 9, 99, and 156, were
identical to those we elucidated in our previous study as respon-
sible for severe acute GVHD.* These findings suggest that these
3 amino acid positions are important determinants of alloreactivity.
Although position 156 of the HLA molecule has been shown to
modify T-cell alloreactivity in vitro in HLA-A2,2% B35 and
-B44,% 10 our knowledge, the present study is the first to identify
positions 9 and 99. On the other hand, substituted amino acids were
not necessarily identical. In Ser9C-Tyr9C and Phe99C-Tyr99C
substitutions, for example, the substituted amino acid position was
identical with that responsible for severe acute GVHD, whereas the
substituted amino acids were inverse between donor and recipient,
even though both substituted position and amino acids were
identical in the Argl56C-Lenl56C substitution. These findings
suggest that Ser9C-Tyr9C and Phe99C-Tyr99C might play an
important role in separating GVL from acute GVHD in HLA-Cw
mismatch, although the mechanism requires further molecular
clarification.

Table 5. Impact of position and type of amino acid substitution of
HLA molecules on relapse

Posltion and amino acid substitution in

HLA-C (donor-reciplent) n HR (85% C1) P
SerdC-TyraC 152 053(0.30-082) 024
PhogeC-Tyraac 153 052(0.30-091) 022
Arg156C-Leu156C* 225  050(0.97-0.92) 020

The impact of position and type of amino acid subsitution in HLA molecules was
evaluated in pairs with HLA one-locus mismatch in HLA-C and -DPB1 separately. For
example, Tyr9C-SerdC indicated amino acid substitutions of position 9 in the HLA-C
molecule in which the donor had tyrosine and the patienl serine. The impact of
position and kind of amino acid substitution in each HLA molecule was evaluated in
pairs with HLA ona locus mismalch in each HLA locus separately. Pmm

° 1o0a 2000 3000 0
Days altar ransplantation
FInunz.cnnml‘ . of GVL In HLA-DP
Kaplan-Maler of survival according to HLA-DFB1

matched pairs al that position.
No significant amino acid were found In HLA-DPB1,
Al resulls wons gnili in both base analysis and

status. The solid line indicales HLA-DPB1 maiched pairs; the short brokan line,
HLA-DPB1 1 allala mi hed but not GVL ; and the dotted
line, HLA-DPB1 1 alisls (GVL h combi ). All groups are
HLA-A, B, -C, -DRB1, and -DOB1 matched pairs.

ysis using 2z ping
The 2 specific amino acd substitutions Tyr8C-SarSC and Tyr859C-Phe88C were
strongly linked in our sample,
“An smino acid substitution that was significantly associated with a higher
occurmence of severs acute GVHD in our previous study.®




