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6 400,000
DR 300,000
B 200,000 c
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1-2. HLA
HLA-A HLA-B HLA-DR HLA-C
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1-4. HLA
HLA
4 AB,C,DR 403,400
2 400,000
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AB,C,DR 8 332,000




1 HLA-DR2

1

HLA-DR2 DR15 DR16

2 HLA-DR15

1

HLA-DR2 DR15

(HLA-DR16

2. HLA HLA
Broad specificities Split and associated antigens#
Al10 A25, A26, A34, A66
Al19 A29, A30, A3l, A32, A33, A74
A2 A203#, A210#
A28 A68, A69
A9 A23, A24, A2403#
B12 B44,B45
B14 B64,B65
B15 B62,B63,B75,B76,B77
B16 B38,B39,B3901#,,B3902#
B17 B57,B58
B21 B49,B50,B4005#
B22 B54,B55,B56
B27 B2708#
B40 B60,B61
B5 B51,B52,B5102#,B5103#
B7 B703#
B70 B71,B72
C3 C9, C10
DR1 DR103#
DR2 DR15, DR16
DR3 DR17, DR18
DR5 DR11, DR12
DR6 DR13, DR14, DR1403#, DR1404#
DQ1 DQ5, DQ6
DQ3 DQ7, DQ8, DQ9
(WHO Nomenclature for Factors of the HLA System, 1996 )
B16 B16 DR5 DR5
B38 DR11
B39 DR12
B3901 DR6 DR6
B3902 DR13
B38 B38 B16 DR14
B39 B39 B3901 DR1403
B3902 DR1404
B16 DR11 DR11 DR5
B3901 | B3901 B39 DR12 DR12 DR5
B16 DR13 DR13 DR6
B3902 DR14 DR14 DR6
B3902 | B3902 B39 DR1403
B16 DR1404
B3901 DR1404 | DR1404 DR6
DR2 DR2 DR14
DR15 DR1403
DR16 DR15 DR15 DR2
DR16 DR16 DR2
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3-1. SBT HLA
SBT HLA HLA
SBT (P.10 12 )
99
SBT HLA HLA-A B DRB1 C DP.B1 DQB1
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4. HLA

4-1. HLA
HLA
A locus B locus DR locus
A19 B40 DR5
A3l B61 DR11
Low
Resolution A 31 B 40 DRB1 11
Middle
DNA Resolution A 3101/3102 B 4001/4006/4009 DRB1 1101/1104/1105/1106
High A 3101 B 4006 DRB1 1104
/ Resolution
o/ \ 1/
4-2,
DNA
SBT
Middle Resolution
NMDP NMDP
( )
NMDP
0.1% 4
HLA
A B DR
HLA
HLA 4 ( NMDP )




5-1. (PCR-rsso )
(DNA)
NMDP
NMDP NMDP ( )
b DRB1 0101/05/07/08/11 0101
DRB1 O01EW
2)
DRB1 15GEP DRB1 1501/06/13 1501
NMDP NMDP “NMDP Allele Code List*
URL  http://bioinformatics.nmdp.org/HLA/allele_code_lists.html
Lookup Tool
URL  http://bicinformatics.nmdp.org/cgi-bin/HLA/ALLELE/dnatyp.pl
5-2. SBT
High resolution DNA
5-3.
B75 B1507 B62( 1501)
B1501 B62 NMDP B15BNUF
HLA B15BNUF NMDP
1501/1507 31
B1501 B62 31 B15BNUF
B1501



5-4. DNA Type Lookup Tool NMDP

Locus:
£ A E g E ¢
E pre1 E pres E presa E pres
E poar E poe1t E ppar E ppe1 B None
Enter a list of alleles and/or allele codes:
I 15BNUF
.

Allele Code:

B*15BNUF -> B*1501/1501N/1504/1505/1507/1508
/1512/1514/1515/1519/1520/1523/1524/1525/1532/1533
/1534/1537/1550/1556/1557/1570/1575/1578/1579N/1581
/1582/1585/1592/1594N/1596

BNUF -> 1501/1501N/1504/1505/1507/1508/1512
/1514/1515/1519/1520/1523/1524/1525/1532/1533/1534
/1537/1550/1556/1557/1570/1575/1578/1579N/1581/1582
/1585/1592/1594N/1596

ACTIVATED for use at:
B*15BNUF



6-1.
100 2
1
1
6 5
1
5
B
1
B 5
HLA
HLA HLA
HLA 1

URL  http://www.jmap.or.jp/pt/coordinat/HLA. html
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7. HLA

7-1.

P.10 12 SBT

SBT HLA

Null

7-2. A

0215N

0215N

A*2624
A2

A26

A24

DNA

A2

A2 GVHD

A*2624
GVHD

A24

A*1121IN Null allele

HLA

HLA MHC
HLA-DRB HLA

HLA
DR

DRB1*11,*12,*13, *14
DRB1 *15, *16

HLA-DRB1 DRB
HLA-DRB1*13
HLA-DRB1*1301

DR13

HLA-DRB1*1301N Null
stop codon
HLA-DRB1*130102 *1301

HLA-DRB1*13010102
DRB1*1301
HLA-DRB1*13010101N

DRB1*1301
*1301

DR13 Null

Null
GVHD
A2 HVG
A26 A*2605,*2606,*2624
A26
A*2402)
DRB1 DRB2 DRB3
DRB4 DRB1*04,*07,*09 DRB5
2
HLA
6



8.SBT

8-1. A
SBT
= N'=

Al 67 0.38% 0101 0101 14 100.00%

A2 4,274 24.35% 0201 0201 1,818 43.88%
0203 0203 4 0.10%
0205 0205 1 0.02%
0206 0206 1,548 37.36%
0207 0207 700 16.90%
0210 0210 51 1.23%
0211 0211 1 0.02%
0218 0218 10 0.24%
0228 0228 5 0.12%
0242 0242 1 0.02%

A3 42 0.24% 0301 0301 14 100.00%

All 1,445 8.23% 1101 1101 545 98.20%
1102 1102 9 1.62%

A24 6,971 39.72% 2402 97.67%
2408 2408 2 0.08%
2420 2420 55 2.17%

A26 2,225 12.68% 2601 2601 1,391 64.97%
2602 2602 350 16.35%
2603 2603 384 17.94%
2605 2605 14 0.65%
2606 2606 1 0.05%

A30 31 0.18% 3001 3001 9 100.00%

A3l 1,320 7.52% 3101 3101 509 99.80%

A32 1 0.01%

A33 1,176 6.70% 3303 3303 410 100.00%

17,552 100.00% 10,328
exon4
exon2 3 SBT exon2 3 4
exon4 SBT
SBT
17,552 2003/10/27
8,776 2 17,552
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8-2.B

SBT
N= N'=

B7 1,069 6.09% 0702 0702 351 100.00%

B13 157 0.89% 1301 1301 25 83.33%
1302 1302 5 16.67%

B27 28 0.16% 2704 2704 8 72.73%
2705 2705 3 27.271%

B35 1,526 8.69% 3501 3501 408 99.51%
3503 3503 1 0.24%
3552 3552 1 0.24%

B37 78 0.44% 3701 3701 23 100.00%

B38 22 0.13% 3802 3802 10 100.00%

B39 655 3.73% 3901 3901 556 87.01%
3902 3902 42 6.57%
3904 3904 41 6.42%

B44 1,110 6.32% 4402 4402 7 2.41%
4403 4403 283 97.59%

B46 928 5.29% 4601 4601 281 100.00%

B48 399 2.271% 4801 4801 96 100.00%

B50 1 0.01%

B51 1,665 9.49% 5101 5101 421 98.83%
5102 5102 5 1.17%

B52 2,176 12.40% 5201 5201 597 100.00%

B54 1,333 7.59% 5401 5401 332 100.00%

B55 380 2.16% 5502 5502 100 97.09%
5504 5504 3 2.91%

B56 136 0.77% 5601 5601 28 73.68%
5603 5603 9 23.68%
5604 5604 1 2.63%

B57 2 0.01%

B58 77 0.44% 5801 5801 15 100.00%

B59 314 1.79% 5901 5901 81 100.00%

B60 858 4.89% 4001 4001 273 99.27%
4054 4054 1 0.36%

B61 2,583 14.72% 4002 4002 1,465 59.36%
4002Vv8 4002Vv8 1 0.04%
4003 4003 73 2.96%
4004 4004 1 0.04%
4006 4006 926 37.52%
4050 4050 1 0.04%

B62 1,540 8.77% 1501 1501 1,341 89.70%
1507 1507 116 7.76%
1515 1515 1 0.07%
1527 1527 20 1.34%
1528 1528 7 0.47%
1592 1592 1 0.07%

B67 144 0.82% 6701 6701 36 100.00%

B71 237 1.35% 1518 1518 67 100.00%

B72 1 0.01% 1546 1546 1 100.00%

B75 132 0.75% 1502 1502 4 3.05%
1511 1511 127 96.95%

B77 1 0.01%

17,552 100.00% 8,206
exon4
exon2 3 SBT exon2 3 exon4
SBT
SBT
17,552 2003/10/27
8,776 B 2 17,552



8-3.DR

SBT
DR1 1,053 6.00% 0101 0101 1,053 100.00%
DR4 4,420 25.18% 0401 0401 207 4.68%
0403 0403 582 13.17%
0404 0404 53 1.20%
0405 0405 2,447 55.36%
0406 0406 632 14.30%
0407 0407 84 1.90%
0410 0410 413 9.34%
0413 0413 1 0.02%
DR7 48 0.27% 0701 0701 48 100.00%
DR8 2,162 12.32% 0802 0802 650 30.06%
0803 0803 1,505 69.61%
0809 0809 6 0.28%
0823 0823 1 0.05%
DR9 2,700 15.38% 0901 0901 2,700 100.00%
DR10 72 0.41% 1001 1001 72 100.00%
DR11 389 2.22% 1101 1101 386 99.23%
1123 1123 3 0.77%
DR12 660 3.76% 1201 1201 474 71.82%
1202 1202 185 28.03%
1205 1205 1 0.15%
DR13 1,096 6.24% 1301 1301 51 4.65%
1302 1302 1,043 95.16%
1307 1307 2 0.18%
DR14 1,548 8.82% 1401 1401 621 40.12%
1402 1402 4 0.26%
1403 1403 307 19.83%
1405 1405 362 23.39%
1406 1406 235 15.18%
1407 1407 12 0.78%
1412 1412 5 0.32%
1429 1429 1 0.06%
DR15 3,299 18.80% 1501 1501 1,232 37.34%
1502 1502 2,065 62.63%
1506 1506 1 0.03%
1515 1515 1 0.03%
DR16 99 0.56% 1602 1602 99 100.00%
DR17 6 0.03% 0301 0301 6 100.00%
17,552 100.00% 17,552
SBT
exon2 SBT
exon4 SBT
17,552 2003/10/27
8,776 2 17,552
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GVHD HLA P.14
2. HLA-C P.16
3. HLA P.18
4.HLA ALLELE MISMATCH COMBINATIONS AND AMINO ACID SUBSTITUTIONS
RESPONSIBLE FOR  ACUTE  GRAFT-VERSUS-HOST DISEASE IN P.20
HEMATOPOIETIC STEM CELL TRANSPLANTATION
5 T HLA KIR
p.27
5.
6. Effects of HLA Allele and Killer Immunoglobulin-Like Receptor Ligand Matching on
Clinical Outcome in Leukemia Patients Undergoing Transplantation With P.28
T-cell-Replete Marrow From an Unrelated Donor
7. GVHD Grade3-4 P.42
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GVHD HLA

GVHD

HLA

2007 3 HLA

HLA
HLA
HLA GVHD

EFGVHDE R RS T2 FETHLARIO# Aoht (UMDPRER 200752 )

Mismatch Combinatior#® N HR(95% CD foraGVHD P HR (95% CI) for 05 P
Ae(2 06— AR0201 131 178 01.32-241) <0001 1410131175 0002 @
Ae0206-AR0207 27 345 (209-570) <0001 183 (1.16-280) 0009 @
Ao 02 - Ak2E01 21 335( 189-5.91) <0001 158 (089-279) 0115
AXZE0T-A%260M 35 7 (1.29-364) 0.003 1.27 (0831 84) 0266
B 501 Bt 50T 154 334 (185-599) <0001 182 1.07-312) 0027 @
CRO303-C#1 502 25 322 (175-589) <0001 150(001-247) 0111 KIR2DLYHF
CRO304-CH0801 it 234 (155-352) | <0001 126 (091-1.74) 0158
G401 -C#0303 42 81 0.72-4600 <0001 185 (1.36-279) <0001 @KIR20LJHF
G801 -C#0303 g0 232( 158-3.40) <0001 152 0113-203) 0004 @
ot 402-C0304 23 366 (200-668) <0001 077(038-156) 0482
ot 5O2-CH0304 27 377 (220-647) <0001 148 (080-245) 0115
Gkt 502-C1 407 B0 4 9? (34-725) <0001 182 (1.28-259) 0001 @KIR2DLAVF
ORB1#0405-DREI #0403 | 53 301.28-353) 0003 1183(079-1.77) 034
ORE1#1405-DRE1 #1401 23 91775730 <0001 145 (0.86-2.46) 016
ok F —HLAR - BEHLAR
[ ]
5,200 HLA-A,B,DR HLA-A,B,C,DRB1,DQB1,DPB1
HLA Cox hazard
model HLA
GVHD HLA Hazard Ratio: HR
P <0.005 GVHD
HLA
GVHD
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GVHD

GVHD

HLA GVHD

GVHD

2006 2 HLA

Morishima Y, Yabe
T, Matsuo K, Kashiwase K, Inoko H, Saji H, Yamamoto K, Maruya E, Akatsuka Y,
Onizuka M, Sakamaki H, Sao H, Ogawa S, Kato S, Juji T, Sasazuki T, Kodera Y;
Japan Marrow Donor Program: 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. Biol Blood Marrow Transplant. 2007 Mar;
13(3):315-28.

HLA
HLA HLA HLA
HLA
03-5280-4771
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HLA-C : update
2007 10 12 HLA
HLA-A B, DR JMDP5210 GVHD
Cox regression model ]
[ 1 1301 1405 887 597
453 302 GVHD 400 ATG 4810
2733 2437 4021 1189

HLA GVH

HLA-A 13.4% HLA-B 6.4%  HLA-C

HLA-DRB119.6% HLA-DQB122.5% HLA-DPB1 65.7%

HLA—A, B, DRINFRLE S FFEE21 O A0 ERFEFE 5 S 6o 2 B AFIT D iS5

FEZS2MeYHDII E LR B FETC
HLAEE &S = HR ©95% oI u] HR (95% oL =]

A1 locus mismatch 1.4 .20 662 <000 1.31 1181472 | <0001
A—flocus mismatch 1.70 {1.03-313» | 0038 1.62 1. 08-—2432 0,01 5
B—1locus mismatch 1.60{1.22-1.84) <000 130011216512 alale}!
BE—Zlocus mismatch 1.90 05586212 | 0282 1.44 (052-—53.947 04765
C—1locus mismatch 1.93 1. 692212 <000 1.25 (1.14-1.362 | <000
C—2locus mismatch 1.78 01 27—2 49y 0001 1,400 11 -1 767 0004
DRE1 —1 locus mismatch 1.08 (088-1.32> | 0424 1.03 (0901187 0624
DRE1 —Zlocus mismatch 1.20 (0652112 | 0OBOF 0596 (063—1 452 0.858
D E1 —1 locus mismatch 110051 -1.33> | 0315 1.08 (0951 232 0155
DS Bl —2locus mismatch 1.61 91 .02-254) 0040 1.33 (0851 862 0,085
DPB1—1 locus mismatch 1.25 {1.08—1.452 | 000 111 101 —1.217 0,021
DPBE1 —Zlocus mismatch 1.209 1.08-1.54) Q005 1.08 (0971 227 0127

HLA-A, B, DRBLEIZ FRESEMICHITAHLA-CEE EOE
(BEfET — 58 A - ST BRI c L 2 3BF M E(HR: Hazard Risk) :HLA-A B DRIDELEES5210fE A )

FEGYHD ET
HLA-A B DRB1 B1E TR B S E 7 M HR n M HR p
HLA-C 1Sk 2827 2865
HLA-C 1 EE FiES 752 1.97 1.65-2.37) | <0.001 760 1.26 (1.11-1.42) <0001
HLA-C 2ETES 44 | 257 (1.44-450) | 000 44 184 1252700 0002
HLA-C 1B Sk 2761 2799
HLA-C TiEE KIR«ES 726 | 1.68(1.39-204) <0001 534 1.1 (1.06-1.30) 0004
HLA-C Tafis KIRTIES 136 352 (261-4.76)  <0.001 286 | 1.42 (1.19-1.60) <0001
KIR* : NESERR R TS 4 (KIR2D LU K B (GVHATAD #4GYH 7 #++GvH and/or HVGHTE]
£ 1 HAANESEDEE (HA-BC DRBLESERD
ABC DRBI JES 2827 2865
A EEFEES M4 150 0.21-2.08) | 0001 M6 1.35 (1.15-1.600  <0.001
AP ETEE 14 1.85(058-5.83) 0202 14 139 (DA5-294) 0385
% 2 HA-BESEOEE (HLA-AC DREOESEN])
ABC DRB! @S 2827 2865
B-1 ETES 50 247 (1.46-4170 | 0001 50 1.36 (0832000 0112

B2 FETiES - - - - - -

2007515 MDP
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HLA-Cw FR A E S Bl TR MNES OEEGVHDE R (C5 2 53

severe a GYHD o3
M HR 1] M HR 1]
C Geno—match Sero—match 682 3660
C Geno-1M Sero-match 78 174 111-274) 0 0015 a0 1.00 (073152 0592
C Geno—1h Sero—1 M 1480 1.94 9.70-2.22) <0001 1606  1.26 1.15-1.37) <0.001

R HLA—CcwiBiE T T ESERO S76l) O T FRES T BT F T ESERGe no—1 M Sero—mat:
TEA( 5% &, EECGVHDS S 1370 BB ARl & | D12 EEPIHES T RBLT L AN, EECVHDD FEHERES
HLA-CwiBEFRESERIC I~ FEI ST,

Severe acute GVHD

o
S
- A B C DRB1 Match
A B DRB1 Match, C Mismatch and KIR Match -----
= 2 A B DRB1 Match, C Mismatch and KIR Mismatch -
[=]
c
®
e
2
2]
E P TN DU ER— AR} I S———— ]
[ g e
2 [t
fEtile
a e Jl__uj_l.l_l_JJ-I_l__I_I_L_J._I_I.II.II.I.I-I—I-I-IJ.I__J._LUI
_uL}J'lJ
g
[=] T T T
0 20 40 60 80 100
Days after transplantation
- Overall Survival
o o
- A B C DRB1 Match
A B DRB1 Match and C 1Mismatch -----
g, A B DRB1 Match and C 2Mismatch -~
E [=]
[»]
o
£3 a5,
T 2 —
E = "JU“'J J.I.IJI.II.II.-I.III_I_II.II.I_II.I.II.I_I_LH-_H—I
% ST TR R S N P 1
S
AY
g.
[=] T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000
Days after transplantation
o Overall Survival
o 4
a A B C DRB1 Match
A B DRB1 Match, C Mismatch and KIR Match =----
g L A B DRB1 Match, C Mismatch and KIR Mismatch =
E o
[»]
&
Pl i ..,."lluu.mﬂ- »
E o R ‘-h::?"“"‘“m.u LA ETE Wy J.I_I_ILIJ:I_:::-_"h.M_.
[ R LT TR T 190 R I W S
3
A
g
[=] T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000

Days after transplantation
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HLA

2006 2 25
() HLA
HLA-A, B, C, DRB1  DNA 3 6
GVHD HLA-C JMDP
3000 HLA-A, B, DR DNA
2500 GVHD
o HLA > HLA 1 P
A-GVHD
(grade3,4)
1 o|lo|lo| o 1128 58% 52% 13%
2 o|lo| o | x 219 55 53 0.745 14 0.536
3 o|lo| x| o 371 54 45 0.052 20 0.001
4 oo | x| x 172 49 48 0.011 28 <0.0001
5a x|o|o| o 155 42 36 <0.0001 22 0.001
5b o| x| o o 22 34 - 0.013 28 <0.0001
6a o|x| x| o 84 37 37 <0.0001 31 <0.0001
6b x| o| x| o 100 31 30 <0.0001 31 <0.0001
6c | < |o| o | x 30 35 28 0.003 15 0.697
6d |o | x| o | x 19 26 20 0.001 28 0.046
6e X | X | o o 7 ne ne ne
7a o | x| x| x 28 42 18 0.009 38 0.0002
7b x| o | x| x 47 31 31 <0.0001 35 <0.0001
7c x| x| o| x 6 ne ne ne
7d x| x| x| o 34 30 27 0.0004 41 <0.0001
8 x< | x| x| x 19 24 16 <0.0001 28 0.029
ne 9 a,b,cde
HLA-C 3. 4. NK (KIR:NKG2L) ligand
KIR GVHD
A B C DR KR 6 P  A-GVHD
(grade3,4)
HLA-C
3a |o|lo | x| o 56% 47% - 18% -
3b o|lo| x| o 40 20 0.016 34 0.008
HLA-C + DRB1
dJa |o|o | x| x o 147 53 53 - 25 -
4b |o | o | x| x > 29 34 28 0.012 41 0.085
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NK KIR DL
NK KIR DL KIR DL KIR DL HLA C
Ser77,Asp80 group NK
KIR DL1 HLA-C Asp77, Lys80 group NK
HLA-C group group
HLA-C
KIR DL HLA-C
KIR GVHD
KIR  GVHD
HLA
HLA-C KIR DL
A HLA-C HLA-C Cw3 group Cw4
group B ligand
A
HLA C HLA
Cw 4 group C 2,Cw4, Cwbs, Cwb
(Asp77, Lys80) Cw*0401, Cw*0501, Cw*0602, Cw*1502
Cw 3 group C , Cw3, Cw7, Cw8, Cwl10

(Ser77, Asp80)

Cw*0102, Cw*0302, Cw*0303, Cw*0304, Cw*0702,
Cw*0704,Cw*0801, Cw*0803, Cw*1202 Cw*1402
Cw*1403

JMDP Cw4 group 7.3  Cw3 group 92.7
B
JMDP

GVHD Cw3 Cw3 Cw3 Cw4 4.6
Cw4 Cw4 Cw3 Cw4
Cw3 Cw4 Cw3 Cw3 5.8
Cw3 Cw4 Cw4 Cw4
Cw3 Cw3 Cw4 Cw4 0.5
Cw4 Cw4 Cw3 Cw3
Cw3 Cw4 Cw3 Cw4 89.2
Cw3 Cw3 Cw3 Cw3
Cw4 Cw4 Cw4 Cw4

Cw3:Cw3group Cw4:Cw4 group
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Plenary paper

High-risk HLA allele mismatch combinations responsible for severe acute
graft-versus-host disease and implication for its molecular mechanism

Takakazu Kawase,! Yasuo Morishima,? Keitaro Matsuo,?® Koichi Kashiwase,* Hidetoshi Inoko,5 Hiroh Saji,® Shunichi Kato,”
Takeo Juiji,® Yoshihisa Kodera,® and Takehiko Sasazuki,' for The Japan Marrow Donor Program

Division of Immunology, Aichi Cancer Center, Nagoya; 2Department of Hematology and Cell Therapy, Aichi Cancer Center, Nagoya; 3Division of Epidemiology
and Prevention, Aichi Cancer Center, Nagoya; “Japanese Red Cross Tokyo Metropolitan Blood Center, Tokyo; *Division of Molecular Science, Tokai University
School of Medicine, Isehara; 8Human Leukocyte Antigen (HLA) Laboratory, Nonprofit Organization (NPO), Kyoto; "Department of Cell Transplantation and

Regenerative Medicine, Tokai University School of Medicine, Isehara; 8Japanese Red Cross Central Blood Institute, Tokyo; ®Japanese Red Cross Nagoya First
Hospital, Nagoya; '°International Medical Center of Japan, Tokyo, Japan

In allogenic hematopoietic stem-cell
transplantation, an effect of HLA locus
mismatch in allele level on clinical out-
come has been clarified. However, the
effect of each HLA allele mismatch com-
bination is little known, and its molecu-
lar mechanism to induce acute graft-
versus-host disease (aGVHD) remains
to be elucidated. A total of 5210 donor-
patient pairs who underwent transplan-
tation through Japan Marrow Donor Pro-
gram were analyzed. All HLA-A, -B, -C,
-DRB1, -DQB1, and -DPB1 alleles were
retrospectively typed in all pairs. The

impacts of the HLA allele mismatch com-
binations and amino acid substitution
positions in 6 HLA loci on severe aGVHD
were analyzed. A total of 15 significant
high-risk HLA allele mismatch combin-
ations and 1 HLA-DRB1-DQB1 linked
mismatch combinations (high-risk mis-
match) for severe aGVHD were identi-
fied, and the number of high-risk mis-
matches was highly associated with the
occurrence of severe aGVHD regardless
of the presence of mismatch combina-
tions other than high-risk mismatch.
Furthermore, 6 specific amino acid sub-

stitution positions in HLA class | were
identified as those responsible for se-
vere aGVHD. These findings provide
evidence to elucidate the mechanism of
aGVHD on the basis of HLA molecule.
Furthermore, the identification of high-
risk mismatch, that is, nonpermissive
mismatch, would be beneficial for the
selection of a suitable donor. (Blood.
2007;110:2235-2241)

© 2007 by The American Society of Hematology

Introduction

Allogenic hematopoietic stem-cell transplantation (HSCT) from
an HLA-matched unrelated (UR) donor has been established as
a treatment for hematologic malignancies, when an HLA-
identical sibling donor is unavailable.> When a matched
unrelated donor was not found in the donor registry, a partially
HLA-matched unrelated donor was one of the candidates for
alternative donor. But the higher risk of immunologic events,
especially graft-versus-host disease (GVHD), was an important
drawback. Extensive recent research has accumulated evidence
of the role of each HLA locus mismatch on clinical outcome for
UR-HSCT,*® which has made it easy to search and select a
partially matched donor. To further expand options for donor
selection, our next challenge is to identify permissive and
nonpermissive mismatch combinations of each HLA allele.
Although there were some divisional trials with small popula-
tions,'®!! a large-scale cohort is essential for comprehensive
analysis to identify nonpermissive mismatch combinations that
are significant risk factors for severe acute graft-versus-host
disease (aGVHD).

In this study, we identified nonpermissive HLA mismatch allele
combinations of all major 6 HLA loci, and their responsible
positions of amino acid substitution for aGVHD.

Patients, materials, and methods

Patients

A total of 5210 donor-patient pairs who underwent transplantation through
the Japan Marrow Donor Program (JMDP) with T-cell-replete marrow
from a serologically HLA-A, -B, and -DR antigen-matched donor between
January 1993 and January 2006 were analyzed in this cohort study. Patients
who received a transplant of harvested marrow outside Japan (n = 51) or
were unavailable for blood sample (n = 428) were not eligible for this
study of a total of 5689 consecutively registered patients.

Patient characteristics are shown in Table S1, available on the Blood
website (see the Supplemental Materials link at the top of the online article).
The final clinical survey of these patients was completed by June 1, 2006.
Informed consent was obtained from patients and donors in accordance
with the Declaration of Helsinki, and approval of the study was obtained
from the Institutional Review Board of Aichi Cancer Center and JMDP.

HLA typing of patients and donors

Alleles at the HLA-A, -B, -C, -DRBI, -DQBI, and -DPBI1 loci were
identified by the methods described previously.*> Six HLA locus alleles
were typed in all 5210 pairs. HLA genotypes of HLA-A, -B, -C, -DQBI,
and -DPB1 allele of patient and donor were reconfirmed by the Luminex
microbead method (Luminex 100 System; Luminex, Austin, TX). For
convenience, we showed the frequency of HLA alleles that existed with
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more than a 5% allele frequency in the current Japanese data set and less
than a 1% allele frequency in white populations'? in Table S2.

Matching of HLA allele between patient and donor

For the analysis of aGVHD, HLA allele mismatch among the donor-
recipient pair was scored when the recipient’s alleles were not shared by the
donor (GVH vector). We also used GVH vectors for the analysis of overall
survival (OS) to indicate OS of aGVHD high-risk or low-risk group.

Evaluation of acute GVHD

Occurrences of aGVHD were graded with grade 0, I, II, III, and IV
according to established criteria.'* Grades III and IV were defined as
severe aGVHD.

Definitions of amino acid substitution

Amino acid sequences of HLA-A, -B, -C, -DR, -DQ, and -DP molecules
were obtained from IMGT/HLA sequence database.'* For example, Tyr9A-
Phe9A indicated amino acid substitutions of position 9 in HLA-A molecule
at which the donor had tyrosine and the patient phenylalanine. Substituted
amino acids in HLA class I were summarized in Tables S3-S5.

Definition of nonpermissive HLA combinations

We defined the nonpermissive HLA allele combination as a significant risk
factor for severe aGVHD, because severe aGVHD was a solid marker for
alloreactivity in HSCT and was the main contributor to transplantation-
related mortality.!>16

Definition of hydropathy scale

The hydropathy scale proposed by Kyte and Doolittle!” evaluates the
hydrophilicity and hydrophobicity of 20 amino acids to estimate the
protein structure. Hydrophobic amino acid has a plus value and
hydrophilic amino acid a minus value, and their absolute value indicates
the grade of each property.

Statistical analysis

Cumulative incidences of aGVHD were assessed by the method described
elsewhere to eliminate the effect of competing risk.'®!° The competing
event regarding aGVHD was defined as death without aGVHD. A log-rank
test was applied to assess the impact by the factor of interest. Multivariable
Cox regression analyses?’ were conducted to evaluate the impact of HLA
allele mismatch combination, and the positions and types of amino acid
substitution (for example, alanine, arginine, asparagines) of HLA molecules.

The HLA mismatch combination was evaluated for each locus sepa-
rately, and the HLA match and HLA one-locus mismatch in every locus
were analyzed. For example, A0206-A0201 mismatch combination meant
that the donor has HLA-A*0206, recipient has HLA-A*0201, and another
HLA-A allele of each donor and recipient was identical. This mismatch was
compared with the HLA-A allele match. The mismatch combination of
which the number of pairs was less than 10 was lumped together as “other
mismatch.” This is because, according to the computer simulation by
Peduzzi et al,?! it is generally accepted that regression analysis for a
variable having fewer than 10 events might give an unreliable estimation.
The model was constructed with mismatch combinations, mismatch status
in other loci (match, 1 locus mismatch, and 2 locus mismatches as ordinal
variable), and potential confounders. Confounders considered were sex
(donor-recipient pairs), patient age (linear), donor age (linear), type of
disease, risk of leukemia relapse (standard, high, and diseases other than
leukemia), GVHD prophylaxis (cyclosporine [CSP] vs FK 506 [FK]), ATG
(ATG vs no ATG), and preconditioning (total body irradiation [TBI] vs
non-TBI). We used these confounders in all analyses in this paper to keep
results comparable.

The impact of positions and types of amino acid substitution in HLA
molecules was evaluated in pairs with HLA one-locus mismatch in HLA-A,
-B, -C,-DRBI, -DQBI, and -DPBI1 separately. The amino acid positions we
analyzed were all those at which amino acid was substituted in each locus.
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We analyzed the impact of each amino acid substitution on each position
separately. Multivariable Cox models including positions and types of
amino acid substitution, mismatch status in other loci (match, 1 locus
mismatch, and 2 locus mismatches as ordinal variable), and confounders
described in “Statistical analysis” were constructed.

We applied a P value of less than .005 as statistically significant to
eliminate false-positive associations. All the analyses were conducted by
STATA version 9.2 (Stata, College Station, TX).

Validation of statistical analysis

We validated the statistical analysis using 2 methods, traditional training-
and-test method and bootstrap resampling method, in HLA-A analysis to
confirm the usability of bootstrap resampling. In the traditional training-and-
test method, donor-recipient pairs were divided at random in 2 equally
scaled groups, group A and group B. When consistent results were obtained
in both analyses, we considered the results as validated. In the bootstrap
resampling method,??> we estimated the measure of association with the
resampled data repeatedly drawn from the original data. Although around
100 to 200 bootstrapped samplings are generally sufficient,>® we explored
500, 1000, 5000, 10 000, and 50 000 bootstrappings in analysis of HLA-A
mismatch combinations. We confirmed that an analysis using more than
5000 bootstrappings made the results stable. Because there was high
concordance between these 2 methods (Table S6), we adopted bootstrap
resampling using 10 000 bootstrap samples for all analyses in this paper as
the method for validation. This is because traditional training-and-test
methods do not work efficiently when small subgroups are considered as in
this paper. Only when the results of base analysis and validating analysis
using bootstrap resampling were significant concurrently were the
results of the analysis judged to be statistically significant. When the
result of base analysis was significant but the result of validating
analysis using bootstrap resampling was not, we indicated this by adding
an asterisk next to the P value of the base analysis.

Results
Impact of HLA allele mismatch combinations on severe aGVHD

Hazard ratios (HRs) of HLA allele mismatch combinations in
HLA-A and -C on severe aGVHD are shown in Table 1 (HLA-B,
-DR, -DQ, and -DP are available in Table S7).

In HLA-A locus mismatch combinations, A*0206-A*0201
(HR: 1.78; CI, 1.32-2.41), A*0206-A*0207 (HR: 3.45; CI: 2.09-
5.70), A*2602-A*2601 (HR: 3.35; CI: 1.89-5.91), and A*2603-
A*2601 (HR: 2.17; CI: 1.29-3.64), were significant risk factors for
severe aGVHD.

In HLA-C locus mismatch combinations, 7 combinations
were significant risk factors for severe aGVHD; those were as
follows: Cw*0401-Cw*0303 (HR: 2.81; CI: 1.72-4.60),
Cw*0801-Cw*0303 (HR: 2.32; CI: 1.58-3.40), Cw*0303-
Cw*1502 (HR: 3.22; CI: 1.75-5.89), Cw*0304-Cw*0801 (HR:
2.34; CI: 1.55-3.52), Cw*1402-Cw*0304 (HR: 3.66; CI: 2.00-
6.68), Cw*1502-Cw*0,304 (HR: 3.77; CI. 2.20-6.47), and
Cw*1502-Cw*1402 (HR: 4.97; CI: 3.41-7.25). To summarize,
high-risk HLA allele mismatch combinations for severe aGVHD,
that is, nonpermissive mismatch combinations, of all major 6
HLA loci were listed in Table 2. A total of 15 nonpermissive
HLA allele mismatch combinations (4 in HLA-A, 1 in HLA-B, 7
in HLA-C, 1 in HLA-DRBI, and 2 in HLA-DPB1) and 1
HLA-DRBI1-DQBI1 linked mismatch combination (Table 2
legend) were identified.

We divided donor-recipient pairs into 4 groups according to the
number of nonpermissive mismatches: (1) full match (in HLA-A,
-B, -C, -DRBI, -DQB1, and -DPB1) group; (2) zero nonpermissive
mismatch (with mismatches other than nonpermissive mismatches)
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Table 1. Multivariable analysis of impact of mismatch pairs Table 2. Nonpermissive allele mismatch combinations
for sever aGVHD in HLA-A and -C for severe aGVHD
Mismatch combination, Mismatch combination,
donor-patient N HR (95% ClI) P donor-patient N HR (95% ClI) P
A locus match 4510 1 NA A0206-A0201 131 1.78 (1.32-2.41) < .001
A0201-A0206 138 1.23 (0.87-1.73) 223 A0206-A0207 27 3.45 (2.09-5.70) < .001
A0206-A0201 131 1.78 (1.32-2.41) < .001 A2602-A2601 21 3.35 (1.89-5.91) < .001
A0201-A0207 28 0.83 (0.34-2.03) .699 A2603-A2601 35 2.17 (1.29-3.64) .003
A0207-A0201 20 1.12 (0.42-3.02) .809 B1501-B1507 19 3.34 (1.85-5.99) < .001
A0201-A0210 11 1.57 (0.58-4.23) .367 C0303-C1502 25 3.22 (1.75-5.89) < .001
A0206-A0207 27 3.45 (2.09-5.70) < .001 C0304-C0801 69 2.34 (1.55-3.52) < .001
A0207-A0206 22 0.71 (0.23-2.24) 571 C0401-C0303 42 2.81 (1.72-4.60) < .001
A2402-A2420 60 0.64 (0.32-1.30) 225 C0801-C0303 80 2.32 (1.58-3.40) < .001
A2420-A2402 30 1.18 (0.56-2.49) .66 C1402-C0304 23 3.66 (2.00-6.68) < .001
A2601-A2602 24 0.64 (0.26-1.58) .34 C1502-C0304 27 3.77 (2.20-6.47) < .001
A2602-A2601 21 3.35 (1.89-5.91) < .001 C1502-C1402 50 4.97 (3.41-7.25) < .001
A2601-A2603 34 1.37 (0.73-2.57) .326 DR0405-DR0403 53 2.13 (1.28-3.53) .003
A2603-A2601 35 2.17 (1.29-3.64) .003 (DR1403-DQ0301)-
A2602-A2603 10 1.23 (0.30-4.98) 763 (DR1401-DQ0502) 19 2.81 (1.44-5.51) .002
A2603-A2602 12 1.50 (0.48-4.68) 485 DP0301-DP0501 49 2.41 (1.49-3.89) < .001
A other mismatch 97 1.47 (1.00-2.15) .047 DP0501-DP0901 71 2.03 (1.30-3.16) .002
C locus match 3685 1 NA
C0102-C0303 30 2.83 (1.50-5.32) 001* Analysis method is the same as in Table 1. We surveyed specific linked
: : : : mismatches between nonpermissive mismatches elucidated. As a result, obvious
€0803-C0102 38 1.05(0.47-2.36) 899 gpecific linked mismatches exist only between DRB1*1403- DRB1*1401 and
C0102-C0304 12 1.85 (0.59-5.81) 287  DQB1*0301- DQB1*0502. Therefore, we could not evaluate which mismatch
C0304-C0102 19 0.89 (0.28-2.79) .854 combination impacted aGVHD, and we considered this linked mismatch did so.
C0102-C0401 14 1.87 (0.77-4.55) 164 On the other hand, because other nonpermissive mismatch combinations had no
C0102-C0803 24 1.97 (0.87-4.42) 099 SD"g;i:ifoggf ngg‘f,g;g‘;rs' we judged other tha:‘ E RBV:TO:’." DREt”: 421,;?
- nonpermissive mismatches solely impacted al .
eisnsenies i 114588 (0 275119) 383 (DR1403-DQ0301)-(DR1401-DQ0502) linked mismaich meant that the donor has
: : oo . - 1*1403- 1*0301 and the recipient has - 1*1401-
C0102-C1402 16 3.86 (1.98-7.51) <.001" | A-DRB1*1403-HLADQB1* d th ipient has HLA-DRB1*
C1402-C0102 13 0.46 (0.06-3.33) 45 HLADQB1*0502.
C0303-C0304 83 1.08 (0.63-1.85) 761 HR indicates hazard ratio; Cl, confidence interval.
C0304-C0303 62 0.83 (0.41-1.68) 614
C0303-C0401 31 1.73 (0.89-3.36) 103 group; (3) 1 nonpermissive mismatch (with or without mismatches
C0401-C0303 42 2.81 (1.72-4.60) <.001  other than nonpermissive mismatches) group; and (4) 2 or more
€0303-C0702 25 1.16 (0.52-2.62) 706 nonpermissive mismatches (with or without mismatches other than
€0702-C0303 18 2.16 (0.96-4.85) 062 nonpermissive mismatches) group, and analyzed for association
€0308-C0801 76 1.07 (0.63-1.84) 782 with severe aGVHD. This analysis excluded pairs with 2 locus
gggg;'g?ggz gg :2322 21'5:'2';3 z 'ggl mismatches in the same locus. Patient characteristics according to
] = 3' 02 1'3 4_6'79) '007 the number of nonpermissive mismatches are shown in Table 3.
C0401-C0304 12 622 (3.07-12.5) - 001+ The curve of cumulative incidence of severe aGVHD is shown in
C0304-C0702 26 2.35 (1.16-4.76) o017 Figure 1A. Multivariable analysis revealed that severe aGVHD
C0702-C0304 33 1.22 (0.58-2.59) 59 occurred with almost equal frequency between the full match group
C0304-C0801 69 2.34 (1.55-3.52) <.001 and zero nonpermissive mismatch group, and was significantly
C0801-C0304 47 1.64 (0.98-2.76) 057  associated with the number of nonpermissive mismatches (Table
C0304-C1402 28 3.06 (1.68-5.60) <.001"  4). Relative risk of significant factor for aGVHD and OS is shown
C1402-C0304 23 3.66 (2.00-6.68) <001 i Table S8. In terms of the mortality due to aGVHD according to
20304'21502 25 1.82/(1.08:3.05) 023 the number of nonpermissive mismatches, one nonpermissive
C:):gf Cg?g: ?z 2;; 2(2) 32 Sgg gg; mismatch group and 2 or more nonpermissive mismatch groups
. o7 1'55 (0'69 3'48) '284 showed higher mortality (19.7% and 15.8%, respectively) than full
T m 2:04 (1:0 4_3:99) :037 match group and zero nonpermissive mismatch group (8.5% and
C0801-C1502 36 1.59 (0.79-3.21) 19 11.4%, respectively).
C1502-C0801 23 2.28 (1.07-4.85 .031 - . . —
01402-C1502 55 167 ;1 012 77; 043 Impact of positions and types of amino acid substitutions of
C1502-C1402 50 4.97 (3.41-7.25) < .001 HLA molecules for severe aGVHD
C other mismatch 347 1.69 (1.34-2.14) < .001

A0206-A0201 mismatch combination meant that the donor has HLA-A*0206, recipient
has HLA-A*0201 and another HLA-A allele of each donor and recipient was identical. Each
mismatch pair in HLA-A was compared with the HLA-A allele match, and each mismatch
pair in HLA-C was compared with the HLA-C allele match. Confounders considered were
sex (donor-recipient pairs), patient age (linear), donor age (linear), type of disease, risk of
leukemia relapse (standard, high and diseases other than leukemia), GVHD prophylaxis,
(CSP vs. FK), ATG (ATG vs. no ATG) and preconditioning (TBI vs non-TBI).

HR denotes hazard ratio; Cl, confidence interval; NA, not applicable.

*The result of base analysis was significant, but the result of validating analysis
using bootstrap resampling was not. The results of the analysis were thus judged not
to be statistically significant.

One specific amino acid substitution at position 9 in HLA-A
molecule and 6 specific amino acid substitutions at positions 9, 77,
80, 99, 116, and 156 in HLA-C molecule were significant risk
factors for severe aGVHD: Tyr9A-Phe9A (HR: 1.66; CI: 1.19-
3.32), Tyr9C-Ser9C (HR: 1.66; CI: 1.23-2.25), Asn77C-Ser77C
(HR: 1.87; CI: 1.46-2.39), Lys80C-Asn80C (HR: 1.87; CI: 1.46-
2.39), Tyr99C-Phe99C (HR: 1.64; CI: 1.21-2.22), Leull6C-
Ser116C (HR: 3.40; CI: 2.20-5.25), and Arg156C-Leul56C (HR:
1.48; CI: 1.15-1.90) (Table 5). The amplitude of hydropathy scales
were 4.1, 0.5, 2.7, 0.4, 4.1, 4.6, and 8.3, respectively. Although all
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Table 3. Patient characteristics according to number of nonpermissive mismatches

Full Zero nonpermissive One nonpermissive Two or more nonpermissive
Group Total match mismatch mismatch mismatches

Total 4050 712 2670 602 66
Patient age, median y 30 32 30 29 29
Sex, donor/patient, no. patients

Male/male 1673 312 1096 237 28

Male/female 785 134 518 119 14

Female/male 769 115 524 117 13

Female/female 823 151 532 129 11
Disease, no. patients

ALL 981 162 668 139 12

ANLL 1075 196 698 158 23

CML 703 119 453 115 16

Hereditary disease 85 14 56 15 0

MDS 476 91 304 72 9

Malignant lymnphoma 349 69 229 48 3

Multiple myeloma 42 8 29 4 1

Severe aplastic anemia 247 33 175 37 2

Other disease 92 20 58 14 0
Risk of leukemia relapse,* no. patients

Standard risk 1308 249 857 181 21

High risk 1451 228 962 231 30

Diseases other than leukemia 1291 235 851 190 15
GVHD prophylaxis, no. patients

Cyclosporin-based 2198 402 1444 319 33

Tacrolimus-based 1852 310 1226 283 33
ATG, no. patients

ATG 323 48 215 53 7

Non-ATG 3727 664 2455 549 59
Preconditioning, no. patients

TBI regimen 3117 539 2071 449 58

Non-TBI regimen 933 173 599 153 8

ALL indicates acute lymphoblastic leukemia; ANLL, acute non-lymphoblastic leukemia; CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome; and TBI, total

body irradiation.

*Standard risk for leukemia relapse was defined as the status of the 1st CR of AML and ALL and the 1st CP of CML at transplant, while high risk was defined as a more
advanced status than standard risk in AML, ALL, and CML, and diseases other than leukemia was defined as other than ALL, ANLL, and CML.

amino acid positions substituted in each HLA locus were analyzed,
amino acid substitutions of any other HLA-A and -C positions were
not significant risk factors. As for HLA-B, DRB1, DQB1, and
DPBI, there was no significant association between the positions of
amino acid substitution and severe aGVHD. Impact for OS about
positions and types of amino acid substitutions that were significant
risk factors for aGVHD was shown in Table S9.

Discussion

Extensive recent research has accumulated evidence of the role of
each HLA locus mismatch on clinical outcome for UR-HSCT.?
Our next concern is identifying the combinations of HLA allele
mismatch and the positions of amino acid substitution of the HLA
molecules responsible for aGVHD. In the present study, multivari-
able analysis revealed that 15 combinations of HLA allele mis-
match and 1 HLA-DRB1-DQBI1 haplotype mismatch significantly
increase the occurrence of severe aGVHD (Table 2), and most of
them increased the mortality rate after transplantation (data not
shown). Thus, these mismatch combinations of HLA allele might
be called nonpermissive clinically. We speculated that the effect of
HLA locus mismatch was a reflection and summation of these HLA
allele mismatch combinations. Discrepancies of responsible HLA
locus for aGVHD between ethnically diverse transplantations
might be explained by the proportions of nonpermissive mismatch

combinations in each HLA locus. The same study in other
populations would be needed to clarify this question as well as the
severity of aGVHD. Interestingly, the full match group and zero
nonpermissive mismatch group showed an almost equal occurrence
of severe aGVHD, though pairs in zero nonpermissive mismatch
group had one or more mismatches other than nonpermissive
mismatches. And HR was elevated with the increase in the number
of nonpermissive mismatches (Figure 1A; Table 4), while the
number of nonpermissive mismatches also had a significant effect
on OS after transplantation (Figure 1B; Table 4). These findings
indicated at least that nonpermissive mismatches should be avoided
in donor selection for UR-HSCT, and that the order of donor
selection based on this nonpermissive mismatch would be useful,
instead of that based on HLA locus mismatch. We also speculated
that there are permissive mismatches in mismatches other than
nonpermissive mismatches. It is therefore an important task in the
future to identify permissive mismatches for partially HLA-
matched donor selection. On the other hand, we do not deny the
possibility that some mismatch combinations not classified as
nonpermissive may actually be potential nonpermissive ones.
Misclassification might happen because of insufficient statistical
power due to the relatively small number of subjects in
subcategories.

At present, there have been only a few reports indicating that the
transplant-related immunologic reactions and clinical outcomes
were caused by the HLA allele mismatch combinations. Macdonald
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Figure 1. Impact of number of nonpermissive mismatches on severe aGVHD
and overall survival. (A) Cumulative incidence of severe aGVHD according to
number of nonpermissive mismatches. — indicates full match (in HLA-A, -B, -C,
-DRB1, -DQB1, and -DPB1) group; ----, zero nonpermissive mismatch (with mis-
matches other than nonpermissive mismatches) group; -- -+, one nonpermissive
mismatch (with or without mismatches other than nonpermissive mismatches) group;
and ———, 2 or more nonpermissive mismatches (with or without mismatches other
than nonpermissive mismatches) group. (B) Kaplan-Meier estimates of survival
according to number of nonpermissive mismatches. Each group was divided as
described for panel A.

et al** reported that cytotoxic T lymphocytes (CTLs) discriminate
between HLA-B*4402 and HLA-B*4403, and induce strong
alloresponses, but the stronger T-cell alloreactivity is observed
toward HLA-B*4403 compared with HLA-B*4402 in vitro. Zino
et al'® and Fleischhauer et al'! attempted to develop an algorithm
for prediction of nonpermissive HLA-DPB1 mismatches. The
present report is the first to provide far more precise and detailed
evidence for numerous HLA allele mismatch combinations for
severe aGVHD.
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Table 5. Multivariable analysis of impact of amino acid substitution
on HLA class | molecules for severe aGVHD

Posisiton and kind
of amino acid
substitution,

donor-recipient HS N Eventt HR (95% ClI) P
HLA-A locus

Tyr9A-Phe9A 4.1 163 64 1.66 (1.19-2.32) .003

Asn116A-Asp116A 0 32 15 2.25(1.26-4.01) .005*
HLA-C locus

Tyr9C-Ser9C 0.5 146 59 1.66 (1.23-2.25) .001

Asn77C-Ser77C 2.7 205 90 1.87 (1.46-2.39) <.001

Lys80C-Asn80C 0.4 205 90 1.87 (1.46-2.39) < .001

Tyr99C-Phe99C 4.1 146 59 1.64 (1.21-2.22) .001

Leu116C-Ser116C 4.6 53 30 3.40 (2.20-5.25) <.001

Arg156C-Leu156C 8.3 251 88 1.48 (1.15-1.90) .002

HLA-B. -DRB1, -DQB1 -DPB1 locus had no significant substitutions. The impact
of positions and types of amino acid substitution in HLA molecules was evaluated in
pairs with HLA one-locus mismatch in HLA-A, -B, -C, -DRB1, -DQB1 and -DPB1
separately. For example, Tyr9A-Phe9A indicated amino acid substitutions of position
9 in HLA-A molecule at which donor had tyrosine and patient phenylalanine. The
impacts of positions and kinds of amino acid substitutions in each HLA molecule were
evaluated in pairs with HLA one locus mismatch in each HLA locus separately. Pairs
which substituted specific amino acid at each position were compared with amino
acid matched pairs at that position.

HS indicates hydropathy scale; HR, hazard ratio; Cl, confidence interval; Tyr,
tyrosine; Phe, phenylalanine; Asn, asparagine; Asp, asparatic acid; Ser, serine; Lys,
lysine; Leu, leucine; and Arg, arginine.

*Result of base analysis was significant but result of validating analysis using
bootstrap resampling was not. Results of analysis were thus judged not to be
statistically significant.

tMeasured in number of occurrences of severe acute GVHD.

In this study, substitutions of specific amino acids at positions 9,
77, 80,99, 116, and 156 were elucidated as a significant risk factor
for severe aGVHD. We speculated that the responsibility of
positions 77 and 80 in HLA-C for severe aGVHD was associated
with ligand matching of NK-cell receptor (KIR2DL). Although the
role of KIR2DL in acute GVHD has been controversial,? a recent
JMDP analysis demonstrated that KIR2DL ligand mismatched
pairs in GVH vector induced severe aGVHD in UR-HSCT with
T-cell-replete marrow.” The ligand of KIR2DL is located at
positions 77 and 80, which are completely linked in HLA-C
molecule. And almost all pairs in this study with Asn77C-Ser77C
and Lys80C-Asn80C substitutions have a KIR2DL mismatch in
GVH vector.

Except for positions 77 and 80, which are associated with
KIR2DL ligand in HLA-C, positions 9, 99, 116, and 156 were
elucidated. Positions 9, 99, and 116 are located in the beta-plated

Table 4. Multivariable analysis of impact of number of nonpermissive mismatches on severe aGVHD and overall survival

Univariate analysis Multivariate analysis Bootstrap (10000)
N Event* HR (95% ClI) P HR (95% ClI) P HR (95% CI) P
For severe aGVHD
Full match group 972 129 1.00 NA 1.00 NA 1.00 NA
Zero nonpermissive mismatch group 2446 411 1.21 (0.95-1.54) A1 1.00 (0.75-1.32) .996 1.00 (0.74-1.33) .996
One nonpermissive mismatch group 571 211 2.88 (2.20-3.78) < .001 2.22 (1.62-3.04) < .001 2.22 (1.63-3.02) < .001
Two or more nonpermissive mismatch group 61 36 5.62 (3.77-8.39) <.001 3.68 (2.33-5.80) <.001 3.68 (2.33-5.80) <.001
For overall survival
Full match group 972 400 1.00 NA 1.00 NA 1.00 NA
Zero nonpermissive mismatch group 2446 1021 1.10 (0.98-1.23) .091 1.06 (0.94-1.20) 315 1.06 (0.94-1.20) .299
One nonpermissive mismatch group 571 309 1.55 (1.34-1.78) < .001 1.51 (1.30-1.76) < .001 1.51 (1.29-1.77) < .001
Two or more nonpermissive mismatch group 61 39 2.12 (1.54-2.90) < .001 2.25 (1.65-3.08) < .001 2.25 (1.65-3.08) < .001

Each group was compared with Full match group. Confounders considered were sex (donor-recipient pairs), patient age (linear), donor age (linear), type of disease, risk of
leukemia relapse (standard, highand diseases other than leukemia), GVHD prophylaxis, (CSP vs. FK), ATG (ATG vs. no ATG) and preconditioning (TBI vs. non-TBI).

HR indicates hazard ratio; Cl, confidence interval; Boot strap (10000), bootstrap resampling using 10000 bootstrapping.

*For severe aGVHD, “Event” refers to number of occurrences; for overall survival, number of deaths.
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beta-plate sheet alpha helix
Position of HLA class | 9 93 116 156
Tl Peptide-binding pocket BEC ABD F DE
Amino acid substitution
HLA-A Tyr-Phe Asn-Asp”
HLA-C Tyr-Ser Tyr-Phe Leu-Ser Arg-Leu

Figure 2. Schematic presentation of HLA class | molecule and summary of features of significant amino acid substituted positions. Numbers in schema of HLA
molecule indicate substituted amino acid positions that were elucidated as significant risk factor for severe aGVHD. Positions 9, 99, and 116 are located in the beta-plated sheet
and positions 77, 80, and 156 in the alpha helix of HLA class | molecule (left). Positions 77 and 80 are associated with KIR2DL ligand in HLA-C molecule. Position 9 constitutes
peptide-binding pockets B and C; position 99 constitutes A, B, and D pockets; position 116 constitutes F pocket; and position 156 constitutes D and E pockets (right). For
example, Tyr-Phe indicated amino acid substitution at indicated position in HLA molecule at which donor had tyrosine and patient phenylalanine. Tyr indicates tyrosine; Phe,
phenylalanine; Asn, asparagine; Asp, asparatic acid; Ser, serine; Lys, lysine; Leu, leucine; and Arg, arginine. *Result of base analysis was significant but result of validating
analysis using bootstrap resampling was not. Results of analysis were thus judged not to be statistically significant.

sheet, and position 156 is in the alpha helix of HLA class I molecule
(Figure 2).2627 Position 9 constitutes peptide-binding pockets B
and C, position 99 constitutes A, B, and D pockets, position 116
constitutes F pocket, and position 156 constitutes D and E
pockets.”® As a result, all amino acid positions elucidated in this
study were important positions for peptide binding and T-cell
recognition, although all substituted positions including positions
at which residues are not accessible in the vicinity of peptide
binding sites were analyzed.

To our knowledge, amino acid substitutions at position 9
(Tyr9A-Phe9A and Tyr9C-Ser9C) and position 99 (Tyr99C-
Phe99C) were newly identified in the present study as responsible
for severe aGVHD.

Ferrara et al reported that the amino acid substitution at position 116
in HLA class I molecule increased the risk for aGVHD, although the
substituted amino acid was not taken into consideration.” In our study,
specific amino acid substitution at position 116 had a significant effect in
HLA-C (Leul16C-Ser116C) and a marginal effect in HLA-A (Asn116A-
Aspl16A) for severe aGVHD (Table 5).

Position 156 of HLA molecule was certified to modify T-cell
alloreactivity in vitro in HLA-A2,3%32 HLA-B35,® and HLA-B44.%*
For example, in contrast to Asp156B in HLA-B*4402, the nonpolar
nature of substituted Leul56B in HLA-B*4403 lost many interactions
such as hydrogen bonds and van der Waals interactions with the other
amino acid residues that constructed binding pockets. As a result, this
substitution made the significant conformation change for alloreactiv-
ity.2* In the HLA-B*3501 and HLA-B*3508 combination, Leul56B in
HLA-B*3501 with nonpolar residue was substituted for Asp156B in
HLA-B*3508 with polar residue, and induced strong alloreactivity.>* In
our study, the magnitude of the polar change of each substituted amino
acid was calculated by “hydropathy scale,”'” because the influence of
this scale on the amino acid interaction was much greater than the
influence of the isoelectric point.3* Specific amino acid substitutions at
position 9, 99, 116, and 156, which were not associated with KIR2DL
ligand, were found to induce great polar changes except for Tyr9C-
Ser9C. Generally speaking, the 3 major physicochemical properties of
amino acids that play important roles in protein structure are the
hydropathy scale, isoelectric point, and molecular weight, and molecular
weight is reflected in the size of amino acids.* Indeed, although tyrosine
and serine in Tyr9C-Ser9C show few differences in hydropathy scale
and isoelectric point, their molecular weights are quite different and may
well induce an important conformation change in the HLA molecule.
Thus, the change in the conformation by the polar change of the HLA
molecule might be one of the mechanisms inducing alloreactivity. These
data serve to clarify the mechanisms of aGVHD based on the HLA
molecule.

The analysis of HLA-B, -DRBI1, -DPBI1, and -DQB1 mismatch
for the substitution of amino acid elucidated no responsible
position for severe aGVHD, and the analysis of HLA-A elucidated
only one position. We speculate that the reason for the above result
in HLA class I was that in this population there were fewer
HLA-mismatched pairs in HLA-A and -B than in HLA-C. Al-
though the findings are due mainly to the HLA-C molecule,
specific amino acid substitution at positions 9, 99, 116, and 156 on
the HLA class I molecule may induce strong alloreactivity because
the structures of HLA class I molecules are quite similar.?® Indeed,
position 9 is selected in HLA-A and -C concurrently, and position
116 had a significant effect on HLA-C and a marginal effect on
HLA-A (Figure 2). In HLA class II, we speculated that the
molecular base of aGVHD caused by the HLA class II mismatch
might be different from that in HLA class I.

In conclusion, we clarified nonpermissive mismatch combinations
of all major 6 HLA loci. These data would be beneficial for the selection
of suitable donors and international donor exchange for UR-HSCT.
Furthermore, we identified the positions and types of amino acid
substitutions responsible for severe aGVHD and presented speculations
for alloreactivity on the basis of the conformation change of the HLA
molecule. These findings provide evidence to elucidate the mechanism
of aGVHD on the basis of the HLA molecule.
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ABSTRACT

The responsible human leukocyte antigen (HLA) locus and the role of killer immunoglobulin-like receptor
(KIR) ligand matching on transplantation outcome were simultaneously identified by multivariate analysis in
1790 patients with leukemia who underwent transplantation with T-cell-replete marrow from an unrelated
donor (UR-BMT) through the Japan Marrow Donor Program. The graft-versus-leukemia (GVL) effect
depended on leukemia cell type. HLA-C mismatch reduced the relapse rate in acute lymphoblastic leukemia
(ALL) (hazard ratio [HR] = 0.47; P = .003), and HLA-DPB1 mismatch reduced it in chronic myeloid leukemia
(CML) (HR = 0.35; P < .001). In contrast, KIR2DL ligand mismatch in the graft-versus-host (GVH) direction
(KIR-L-MM-GQG) increased in ALL (HR = 2.55; P = .017). An increased rejection rate was observed in KIR2DL
ligand mismatch in the host-versus-graft direction (HR = 4.39; P = .012). Acute GVH disease (GVHD) was
increased not only in the mismatch of HLA-A, -B, -C, and -DPBI, but also in KIR-L-MM-G. As a whole, the
mismatch of HLA-A, -B, and -DQB1 locus and KIR-L-MM-G resulted in increased mortality. In conclusion,
not only the mismatch of HLA-C and -DPB1, but also KIR-L-MM-G affected leukemia relapse, which should
be considered based on leukemia cell type. Furthermore, KIR-L-MM induced adverse effects on acute GVHD
(aGVHD) and rejection, and brought no survival benefits to patients with T-cell-replete UR-BMT.

© 2007 American Society for Blood and Marrow Transplantation
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INTRODUCTION matched unrelated (UR) donor has been established as
one mode of curative therapy for hematologic malig-

Allogeneic hematopoietic stem cell transplanta- nancies and other hematologic or immunologic disor-
tion (HSCT) from a human leukocyte antigen (HLA)- ders [1,2]. Extensive research on genetic factors such
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as HLA has produced mounting evidence of the pres-
ence of HLA alleles that drastically affect HSCT out-
come through T cells. Induction of the graft-versus-
leukemia (GVL) effect to reduce relapse of leukemia is
considered an advantage of allogeneic HSCT [3].
There have been several large-scale analyses of UR-
HSCT. The Japan Marrow Donor Program
(JMDP) demonstrated the effect of matching of
HLA class I alleles (HLA-A, -B, and -C) on the
development of severe acute graft-versus-host dis-
ease (aGVHD) and the importance of HLA-A and
-B allele matching for better survival in T-cell-
replete UR-HSCT [4,5]. The Fred Hutchinson
Cancer Research Center and the US National Mar-
row Donor Program (NMDP) reported the impor-
tance of HLA class II matching in GVHD and
survival [6,7]. Updated analysis of the NMDP indi-
cated that HLA-A allele-level mismatching, HLA-B
serologic mismatching, and HLA-DRBI mismatch-
ing are significant risk factors for severe aGVHD,
and that disparity in HLA class I (HLA-A, -B, or
-C) and/or HLA-DRBI increased the mortality [8].
Furthermore, the role of HLA-DPBI1 matching has
been elucidated for aGVHD [9-11] and leukemia
relapse [12]. However, the aforementioned reports
have produced considerable conflicting results.

It has become evident that natural killer (NK) cells
and the subpopulation of T cells express NK cell
receptors, and that the activity of NK cells is con-
trolled by the recognition of HLA class I molecules on
the target cells by NK cell inhibitory and activating
receptors [13,14]. The genotype and haplotype of the
killer immunoglobulin-like receptors (KIRs) have
been identified, and ligand specificities of KIRs have
been characterized. C1 specificity of the HLA-C
epitope (Asp80) is the ligand of inhibitory
KIR2DL2/3, C2 specificity (Lys80) is the ligand of
inhibitory KIR2DL1, and HLA-Bw4 is the ligand of
KIR3DLI. With allogeneic HSCT, the disparities of
these receptors between donor and recipient are sus-
pected to induce transplant-related immunologic
events through activation of NK cells, and evidence of
the clinical outcome of HSCT in relation to KIR
disparities has been accumulated [15]. However, re-
ports of KIR ligand matching in UR-HSCT have
shown contradictory results [16]. Limited patient
numbers, different diseases, and various GVHD pro-
phylaxes make it difficult to draw definite conclusions
from these studies.

In the present study, the effects of HLA locus and
KIR ligand matching were simultaneously analyzed in
leukemia patients receiving T-cell-replete marrow
from unrelated donors through the JMDP after a
myeloablative conditioning regimen, focusing in par-
ticular on the influence of leukemia cell type on the

GVL effect.
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PATIENTS AND METHODS
Patients

A total of 1790 consecutive leukemia patients who
underwent transplantation with marrow from a sero-
logically HLA-A, -B, and -DR antigen-matched do-
nor in Japan between January 1993 and March 2000
through the JMDP were analyzed. No patients receiv-
ing T-cell-depleted marrow and/or antithymocyte
globulin (ATG) as GVHD prophylaxis were eligible
for this study. Partial HLA-A and -B alleles and com-
plete HLA-DRB1 alleles were identified as confirma-
tory HLA typing during the coordination process, and
HLA-A, -B, -C, -DQBI, and -DPBI1 alleles were
retrospectively reconfirmed or identified after trans-
plantation. The final clinical survey of these patients
was completed as of June 1, 2005. Informed consent
was obtained from patient and donor according to the
Declaration of Helsinki, and approval was obtained
from the JMDP and the Institutional Review Board of
the Aichi Cancer Center.

Characteristics of patients and donors are listed in
Table 1. The patients’ age ranged from 0 to 59 years
(median, 27 years), and donors’ age ranged from 20 to
51 years (median, 35 years). There were 577 patients
with acute myeloblastic leukemia (AML), of whom
186 underwent transplantation while in first complete
remission (CR), 191 who did so while in second or
further CR, and 200 who did so while in non-CR; 617
patients with acute lymphoblastic leukemia (ALL), of
whom 236 underwent transplantation while in first
CR, 207 who did so while in second or further CR,
and 174 who did so while in non-CR; and 596 patients
with chronic myeloid leukemia (CML), of whom 417
were in the first chronic phase (CP), 34 were in the
second or further CP, 90 were in the accelerated
phase, and 55 were in the blastic phase. Standard risk
for leukemia relapse was defined as the status of the
first CR of AML and ALL and the first CP of CML at
transplantation, whereas high risk was defined as a
more advanced status than standard risk in AML,
ALL, and CML.

HLA Typing of Patients and Donors

Alleles at the HLA-A, -B, -C, -DRB1, -DQBI,
and -DPBI loci were identified as described previ-
ously [4,5]. HLA 6 locus alleles were typed in 1773
pairs, and HLA 5 locus alleles except HLA-DPB1
were typed in 17 pairs. HLA genotypes of HLA-A, -B,
-C, -DQBI, and -DPBI alleles of patient and donor
were reconfirmed by the Luminex microbead method
(100 System; Luminex, Austin, TX) adjusted for the
JMDP [17] and in part by the sequencing-based typ-
ing method in 2004 and 2005. As a result, all HLA
alleles that were observed with > 0.1% frequency
among Japanese were identified. The numbers of
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Table |. Patient characteristics and matching status of HLA allele and KIR2DL ligand

Patient Patient Age Patient Sex Donor Age Donor Sex Sex Stage at Transplant GVHD Prophylaxis Total Body
Number (%) Median (years) Female (%) Median (years) Female (%) Match (%) High (%) Cyclosporine (%) Irradiation (%)

M/MM* M/MM* M/MM* M/MM* M/MM* M/MM* M/MM* M/MM* M/MM*
All leukemia (n = 1790)
HLA-A 1484/306 27126 39/37 34/33 38/40 57/55 52/57 73173 83/72
HLA-B 1645/145 27/26 40/34 34/35 39/36 56/63 52/51 72/76 83/84
HLA-C 1256/534 27126 39/41 34/33 38/40 56/58 52/55 74/70 83/82
HLA-DRBI 1434/356 27126 40/38 34/34 38/41 57/57 51/60 74/66 83/82
HLA-DQBI 1391/399 27/26 40/38 34/33 38/41 57/57 52/56 74/67 83/83
HLA-DPBI 612/1163 26/27 42/39 34/34 39/39 60/56 50/55 75171 81/84
KIR2DL-G} 1693/97 26/27 39/35 34/34 39/43 57174 53/63 73164 83/84
KIR2DL-Ri{ 1679/111 27/25 39/40 34/32 39/60 57/51 53/59 73167 83/84
Acute myeloblastic leukemia (n = 577)
HLA-A 486/91 28/27 44/44 33/33 38/39 58/55 67/71 72/60 81/89
HLA-B 537/40 27/31 45/33 33/35 39/30 56/73 67/83 71/68 83/80
HLA-C 405/172 28/28 43/45 33/34 39137 56/61 66/73 74/63 82/83
HLA-DRBI 474/103 28/27 44/43 33/33 37147 58/55 66/77 72/63 82/86
HLA-DQBI 469/108 27/29 45/40 33/33 38/43 57/56 67/72 72/64 83/81
HLA-DPBI 206/366 27/28 48/42 34/33 40/38 58/57 65/70 71170 81/84
KIR2DL-G} 546/31 28/28 43/55 33/33 38/39 57165 67/71 72/52 82/83
KIR2DL-Ri{ 546/31 28/28 43/55 33/35 38/39 59/32 68/68 71/58 82/83
Acute lymphoblastic leukemia (n = 617)
HLA-A 515/102 20/19 41/40 34/32 42/42 55/50 60/69 73174 91/88
HLA-B 567/50 19/20 41/42 33/36 42/38 54/60 61/70 72/80 91/86
HLA-C 437/180 19/19 41/41 34/32 41/42 54/57 61/63 73172 91/89
HLA-DRBI 485/132 19/19 41/42 33/33 43/36 55/52 61/64 74/70 90/90
HLA-DQBI 467/150 19/20 41/41 34/33 42/41 55/51 61/63 75/68 90/92
HLA-DPBI 190/425 19/29 43/40 34/33 38/43 61/52 61/62 77171 89/91
KIR2DL-G} 587/30 20/17 42/20 33/35 42/40 55/53 61/73 73173 91/83
KIR2DL-Ri{ 577/40 19/19 39/40 34/30 42/43 54/53 61/73 73/70 90/93
Chronic myelocytic leukemia (n = 596)
HLA-A 483/113 32/31 33/35 34/34 35/40 59/60 29/35 73/81 76/72
HLA-B 541/55 32/29 34/27 34/37 36/38 56/60 29/36 74/78 74/85
HLA-C 414/182 32/31 33/36 35/34 35/39 60/58 30/31 74/76 75174
HLA-DRBI 475/121 32/33 34/31 34/36 35/40 58/63 27/41 77164 76/70
HLA-DQBI 455/141 32/31 34/33 35/33 35/39 57/65 28/35 76/69 75174
HLA-DPBI 216/372 31/33 35/33 34/35 38/34 60/59 28/31 76173 73176
KIR2DL-G} 560/36 32/32 34/31 35/32 35/50 59/53 29/44 75167 71/83
KIR2DL-Ri{ 556/40 32/27 34/28 35/31 36/38 59/65 29/38 75/68 75/75

Standard-first complete remission or first chronic phase; high more advanced stage than standard.
*M/MM match/mismatch in GVH direction for HLA matching.

tKIR2DL ligand mismatching in GVH direction.

$KIR2DL ligand mismatching in HVG direction.
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identified alleles in this study were 25 in HLA-A, 43 in
HLA-B, 20 in HLA-C, 33 in HLA-DRBI, 14 in
HLA-DQBI, and 21 in HLA-DPBI.

Matching of HLA Allele and KIR2DL Ligand

For the analysis of GVHD and leukemia relapse,
HLA allele mismatch among the donor-recipient pair
was scored when the recipient’s alleles were not shared
by the donor (graft-versus-host [GVH] direction). For
graft rejection, HLA allele mismatch among the do-
nor-recipient pair was scored when the donor’s alleles
were not shared by the patient (host-versus-graft
[HVG] direction). For survival, the mismatch was
defined as that of either the GVH direction or the
HVG direction.

KIR2DL ligand specificity of HLA-C antigen was
determined according to the HLA-C allele. The
epitope of HLA-Cw3 group (C1 specificity) consists
of Asn80, and that of the HLA-Cw4 group (C2 spec-
ificity) consists of Lys80.

KIR ligand mismatch in the GVH direction (KIR-
L-MM-G) was scored when the donor’s KIR2DL
epitope of HLA-C was not shared by the patient
epitope. This mismatch occurred when KIR2DL.2/3-
or KIR2DLI1-positive effector cells were activated
without the expression of corresponding HLA-C li-
gand (CI or C2, respectively) on the patient’s target
cells. KIR ligand mismatch in HVG direction (KIR-
L-MM-R) was scored when the patient’s KIR2DL
epitope of HLA-C was not shared by the donor. This
mismatch occurred when patient KIR2DL.2/3- or
KIR2DL1-positive effector cells were activated with-
out the expression of corresponding HLA-C ligand
(C1 or C2, respectively) on donor cells.

Matching Status of HLA Locus in Allele Level and
KIR2DL Ligand

The matching status of HLA allele matching in
the GVH direction in each HLA locus and KIR ligand
matching in both directions are given in Table 1. The
HLA-C epitope of KIR2DL was estimated from
HLA-C allele type, with 92.4% of the HLA-C allele
belonging to the Cw3 group (C1 specificity) and 7.6%
belonging to the Cw4 group (C2 specificity). KIR2DL
ligand match in both directions occurred in 1583 pairs
(88.4%). KIR-L-MM-G, which occurred in the com-
bination of KIR2DL ligand in patient-donor pairs,
was found in 97 pairs (5.4%): C1/C1 and C1/C2 in 92
pairs, C2/C2 and C1/C2 in 4 pairs, and C1/C1 and
C2/C2 in 1 pair. KIR-L-MM-R, which occurred in
the combination of KIR2DL ligand in patient and
donor pairs, was found in 111 pairs (6.2%): C1/C2
and C1/ClI in 105 pairs, C1/C2 and C2/C2 in 5 pairs,
and C1/C1 and C2/C2 in 1 pair. Mismatches in both
directions were found in only 1 pair. Because all pairs
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were a serologic HLA-B match in this study, the
combination of KIR3DLI1 and its ligand of Bw4
matched in all pairs.

Definition of Transplantation-Related Events

The occurrence of aGVHD was evaluated accord-
ing to grading criteria in patients who survived more
than 8 days after transplantation, and chronic GVHD
(¢cGVHD) according to the criteria in patients who
survived more than 100 days after transplantation
as described previously [5]. Rejection was defined
as when the peripheral granulocyte count became
< 500/pL with the finding of severe hypoplastic mar-
row in engrafted patients. Engraftment was defined as
a peripheral granulocyte count of > 500/pL for 3
successive days in patients surviving > 21 days after
transplantation.

GVHD Prophylaxis

Among the 1790 patients transplanted with T-
cell-replete marrow, 1302 received a cyclosporine-
based regimen and 488 received a tacrolimus-based
regimen for GVHD prophylaxis. Anti-thymocyte
globuline (ATG) was not given for GVHD prophy-

laxis.

Preconditioning Regimen

All patients were preconditioned with a myeloab-
lative regimen, with 1480 receiving total body irradi-
ation (TBI)-containing regimens and 310 receiving
non-"TBI regimens.

Statistical Analysis

All of the analyses were conducted using STATA
version 8.2 (STATA Corp, College Station, TX).
Overall survival rate was assessed by the Kaplan-Meier
product limit method [18]. Cumulative incidences of
aGVHD, ¢cGVHD, rejection, and leukemia relapse
were assessed as described previously to eliminate the
effect of competing risk [19,20]. The competing
events regarding aGVHD, ¢GVHD, rejection, and
relapse were defined as death without aGVHD,
cGVHD, rejection, and relapse, respectively. For each
endpoint, a log-rank test was applied to assess the
impact of the factor of interest.

Cox proportional hazard models [21] were applied
to assess the impact of HLA allele matching (mis-
match vs match [hazard risk = 1.0] as a reference
group) as well as KIR ligand matching (mismatch vs
match in the GVH direction and mismatch vs match
in the HVG direction) including the following con-
founders. The confounders considered were sex (do-
nor-recipient pairs), patient age (older: linear), donor
age (older: linear), type of disease (AML, CML, or
ALL), risk of leukemia relapse (high vs standard),
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Table 2. Effects of HLA and KIR ligand matching for leukemia relapse

Acute Myeloblastic

Acute Lymphoblastic

All Leukemia Cell Types Leukemia Leukemia Chronic Myeloid Leukemia

HR* (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
HLA-A 1.19  (0.89-1.59) .251 0.92  (0.54-1.58) .76l 1.18  (0.76-1.86)  .462 1.63 (0.89-2.97) 114
HLA-B 1.01 (0.65-1.59)  .953 1.36  (0.65-2.88) .416 098  (0.48-1.98) .952 0.62  (0.22-1.76) 367
HLA-C 0.71 (0.53-0.96)  .025 0.8 (0.49-1.30) 366 0.47  (0.28-0.78)  .003 1.2 (0.62-2.29) 591
HLA-DRBI 1.05 (0.73-1.53) .789  0.78  (0.40-1.52) .466  0.91 (0.51-1.61) .737 1.25  (0.55-2.85) .59
HLA-DQBI 1.10  (0.77-1.58)  .579 1.55 (0.82-2.95) .178 111 (0.63-1.95) .71 0.86  (0.39-1.93) 72
HLA-DPBI 0.68  (0.55-0.85) .00l 0.76  (0.52-1.09) .137 092  (0.65-1.28) .604 0.35  (0.21-0.58) <.001
KIR2DL-G} 1.55 (0.92-2.63) .103 1.05 (0.37-3.02)  .926 2.55 (1.18-5.52)  .017 1.23 (0.38-3.94) 727
KIR2DL-R}{ 0.73 (0.40-1.34) 313 0.53 (0.15-1.78)  .305 1.30  (0.53-3.19) .569 0.5 (0.14-1.80) 292

HLA matching in GVH direction.

*Hazard ratio of mismatch with match as a reference adjusted for patient age, donor age, sex-matching disease, GVHD prophylaxis, total body
irradiation, transplanted cell dose, risk status, and other matching status of HLA and KIR ligand.

tKIR2DL ligand mismatching in GVH direction.
$KIR2DL ligand mismatching in HVG direction.

GVHD prophylaxis (tacrolimus-based vs cyclospor-
ine-based and ATG vs cyclosporine-based), numbers
of transplanted cells (linear), and preconditioning
(non-TBI vs TBI). The numbers of nucleated cells
before manipulation of bone marrow were replaced
with the numbers of transplanted cells.

Multivariate analysis for clinical outcomes, includ-
ing KIR ligand matching and HLA-C matching in all
pairs (not restricted to HLA-C mismatch), made it
possible to evaluate whether these factors are indepen-
dent. The results of all pairs by multivariate analysis are
presented in the Results section and in Tables 2, 3, and
4. HLA-C—mismatched pairs were selected for the anal-
ysis of cumulative incidence in KIR ligand matching.

RESULTS

Effects of HLA Locus Mismatch and KIR Ligand
Mismatch on Leukemia Relapse

When all leukemia patients (AML, ALL, and
CML) were analyzed together, HLA-C mismatch was

found to be a factor reducing the relapse rate (HR =
0.71; P = .025) (Table 2). This GVL effect was re-
markable in ALL patients (HR = 0.47; P = .003),
especially in high risk (HR = 0.40; P = .004) but not
in standard risk (HR = 0.85; P = .728). No such effect
was observed in AML patients (HR = 0.80; P = .366)
or CML patients (HR = 1.20; P = .591).

Cumulative incidence curves of relapse by leuke-
mia cell type are shown in Figure 1. The relapse rate
5 years after transplantation was 16.7% (95% confi-
dence interval [CI] = 11.6%-30.9%) for HLA-C mis-
match and 29.8% (95% CI = 25.5%-34.3%) for
HLA-C match in ALL patients (P = .012); 17.6%
95% CI = 12.2%-23.8%) and 25.9% (95% CI =
21.1%-30.9%), respectively, in AML patients (P =
.342);and 11.7% (955 CI = 12.2%-23.8%) and 12.0%
95% CI = 9.0%-15.4%), respectively, in CML pa-
tients (P = .485).

HLA-DPBI1 mismatch was shown to reduce the
overall leukemia relapse rate (HR = 0.68; P = .001)
(Table 2). This effect was significant in CML (HR =

Table 3. Effects of HLA and KIR ligand matching for acute GVHD, chronic GVHD, and rejection in all leukemia cell types

Acute GVHD (Grade 2-4) Acute GVHD (Grade 3-4) Chronic GVHD Rejection
(n = 1751) (n = 1751) (n=1109) (n = 1664)
HR* 95% ClI P HR 95% ClI P HR 95% ClI P HR 95% ClI P
HLA-A 1.22  (1.02-1.46) .034 1.44  (1.11-1.86) .006 1.41 (1.08-1.85) .013 072 (0.24-2.14) .555
HLA-B 1.43  (1.28-1.82) .003 1.40  (1.00-1.95) .05 1.00  (0.65-1.52) .991 1.16  (0.32-4.16) .82
HLA-C 1.29  (1.08-1.55) .006 1.39  (1.06-1.83) 017 1.38 (1.07-1.78) .014 1.87  (0.72-4.86) .201
HLA-DRBI 1.15  (0.90-1.47) .254 1.09  (0.77-1.54) 644 091 (0.63-1.31) .607 0.49  (0.10-2.33) 366
HLA-DQBI 1.02 (0.81-1.29) 871 1.13  (0.81-1.59) 465 1.20  (0.85-1.69) .288 0.62 (0.07-5.16) .536
HLA-DPBI 1.39  (1.19-1.63) <.00l 1.26  (1.00-1.60) .053 0.86 (0.70-1.05) .138 1.08  (0.59-2.41) .843
KIR2DL-G} 1.70  (1.28-2.26) <.00l 235 (1.62-3.40) <.001 1.13  (0.68-1.87) .64 0.62  (0.07-5.16) .655
KIR2DL-R}{ 1.04 (0.77-1.42) .78 1.33  (0.88-2.02) .18 0.88  (0.55-1.42) .603 439 (1.38-13.96) .0I12

HLA matching in GVH direction for acute GVHD and chronic GVHD, and HLA matching in HVG direction for rejection.
*Hazard ratio of mismatch with match as a reference adjusted for patient age, donor age, sex-matching disease, GVHD prophylaxis, total body
irradiation, transplanted cell dose, risk status, and other matching status of HLA and KIR ligand.

tKIR2DL ligand mismatching in GVH direction.
$KIR2DL ligand mismatching in HVG direction.
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Table 4. Effects of HLA and KIR ligand matching for mortality

Acute Myeloblastic Acute Lymphoblastic
All Leukemia Cell Types Leukemia Leukemia Chronic Myeloid Leukemia
HR* 95% ClI P HR 95% ClI P HR 95% ClI P HR 95% ClI P

HLA-A 1.36  (1.16-1.59) <.001 | (0.75-1.34)  .978 1.46  (1.11-1.90) .006 1.77  (1.35-2.33)  <.001
HLA-B 1.40  (1.13-1.73) .002 1.43  (0.96-2.12) .079 1.47  (1.03-2.09) .036 1.18  (0.80-1.72) .402
HLA-C 1.17  (0.99-1.37) 067 1.18  (0.89-1.55) .246 0.99  (0.74-1.31) .928 1.42  (1.04-1.93) .025
HLA-DRBI 0.92  (0.74-1.15) 463 0.74  (0.50-1.10) .I136 1.04 (0.72-1.49) .849 0.99  (0.65-1.50) 951
HLA-DQBI 1.28  (1.04-1.58) 018 1.29  (0.89-1.87) .184 1.33  (0.93-1.90) .108 1.18  (0.79-1.75) 422
HLA-DPBI 1.06  (0.91-1.23) 474 096  (0.75-1.24) .772 1.33  (1.02-1.75) .038 0.97 (0.74-1.27) .827
KIR2DL-G} 1.80  (1.39-2.34) <.001 1.93  (1.22-3.05) .005 1.57  (0.96-2.56) .069 2.23  (1.42-3.50) <.001
KIR2DL-R}{ 1.07  (0.81-1.41) 612 1.08  (0.66-1.75) .769 0.98  (0.59-1.61) .934 1.07  (0.66-1.72) .787

*Hazard ratio of mismatch with match as a reference adjusted for patient age, donor age, sex-matching disease, GVHD prophylaxis, total body
irradiation, transplanted cell dose, risk status, and other matching status of HLA and KIR ligand.

tKIR2DL ligand mismatching in GVH direction.

$+KIR2DL ligand matching in HVG direction.

0.35; P < .001), and both high-risk and standard-risk 0.39; P = .012, respectively). No significant effect
CML had a significantly lower relapse rate of HLA- was observed in AML (HR = 0.76; P = .137) or
DPB1 mismatch (HR = 0.35; P < .001 and HR = ALL (HR = 0.92; P = .604).
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Figure |. Cumulative incidence of relapse and survival by matching of HLA-C in patients with ALL, AML, and CML. All patients were
analyzed. The direction of mismatching of HLA-C for relapse is GVH for relapse, and the direction for survival is GVH and/or HVG. The
solid line represents match; the dotted line, mismatch.
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Figure 2. Cumulative incidence of relapse and survival by matching of HLA-DPBI in patients with ALL, AML, and CML. All patients were
analyzed. The direction of mismatching of HLA-DPB1 for relapse is GVH for relapse, and the direction for survival is GVH and/or HVG.

Solid line, match; dotted line, mismatch.

As shown in Figure 2, the relapse rate 5 years after
transplantation was 7.1% (95% CI = 5.0%-10.4%)
for HLA-DPB1 mismatch and 19.3% (95% CI =
14.3%-24.9%) for HLA-DPB1 match in CML pa-
tients (P < .001); 20.4% (95% CI = 16.4%-24.8%)
and 25.9% (95% CI = 19.9%-32.2%), respectively, in
AML patients (P = .272); and 24.0% (95% CI =
19.9%-28.3%) and 30.2% (95% CI = 23.7%-37.0%),
respectively, in ALL patients (P = .319).

Mismatch of HLA-A, -B, -DRB1, and -DQBI1 was
not a significant risk factor for leukemia relapse by
multivariate analysis (Table 2).

Patdients with KIR-L-MM-G had a higher relapse
rate than those with KIR2DL ligand match in ALL
(HR = 2.55; P = .017) (Table 2). This adverse effect
on leukemia relapse was remarkable in high-risk ALL
(HR = 3.03; P = .013), but not in standard-risk ALL
(HR = 1.11; P = .921). In AML and CML, KIR-L-

MM-G had no effect on leukemia relapse (HR = 1.05;
P = .926 and HR = 1.23; P = .727, respectively).

Because KIR-L-MM occurs in HLA-C mismatch
pairs, the cumulative incidence of leukemia relapse
was analyzed in HLA-C mismatch patients in either
direction by leukemia cell type (Figure 3). The relapse
rate 5 years after transplantation was 31.0% (95% CI =
5.6%-47.9%) for KIR-L-MM-G and 16.3% (95%
CI = 11.0%-22.4%) for match in ALL patients (P =
.026); 11.1% (95% CI = 3.5%-23.6%) and 11.8%
(95% CI = 7.4%-17.3%), respectively, in CML pa-
tients (P = .634); and 12.9% (95% CI = 4.1%-27.0%)
and 16.3% (95% CI = 11.0%-22.6%), respectively, in
AML patients (P = .757).

Significant clinical risk factors for leukemia relapse
by multivariate analysis included status at transplanta-
tion (standard vs high, HR = 3.00; P < .001) and
disease (HR = 0.75; P < .001) in all leukemia patients.
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Figure 3. Cumulative incidence of relapse and survival by matching of KIR2DL ligand in the GVH direction in HLA-C-mismatched patients
with ALL, AML, and CML. HLA-C-mismatched patients were selected for this analysis. The directions of HLA-C mismatching were GVH
and/or HVG. The solid line represents KIR2DL ligand match in the GVH direction; the dotted line, KIR2DL mismatch in the GVH

direction.

Effects of HLA Locus Mismatch and KIR Ligand
Mismatch on Rejection

Rejection rates in patients who engrafted marrow
and survived more than 21 days were analyzed. KIR-
L-MM-R was found to be a significantly higher risk
factor for rejection compared with match (HR = 4.39;
P = .012), and no HLA mismatch was considered
significant by multivariate analysis (Table 3). Older
donor age was a significant clinical risk factor for
rejection (HR = 1.08; P = .002); other clinical factors
were not significant.

The cumulative incidence of graft rejection was
57% (95% CI = 2.3%-11.3%) in KIR-L-MM-R
(n = 106) and 1.8% (95% CI = 0.8%-3.3%) in match
(n = 447) (P = .019) 1 year after transplantation in
HLA-C-mismatched patients in either direction. En-
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graftment rate was not influenced by HLA and KIR
ligand matching (data not shown).

Effects of HLA Locus Mismatch and KIR Ligand
Mismatch on Acute GVHD

HLA allele mismatch of each HLA-A, -B, and -C
locus was found to be an independent risk factor for
grade 3-4 aGVHD and grade 2-4 aGVHD, and the
mismatch of each HLA-DRBI1 and -DQB1 locus was
not a significant risk factor. HLA-DPB1 mismatch
was a significant risk factor for grade 2-4 aGVHD and
a marginal risk factor for grade 3-4 aGVHD (Table
3). When analyzed by leukemia cell type, AML
showed no significant HLA mismatch locus for
aGVHD (data not shown).
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KIR-L-MM-G was associated with a significantly
higher risk of grade 2-4 aGVHD (HR = 1.70; P <
.001) and grade 3-4 aGVHD (HR = 2.35; P < .001)
compared with KIR ligand match (Table 3). By leu-
kemia cell type, the HR of KIR-L-MM-G in grade
3-4 aGVHD was 2.76 for AML (P = .005), 1.75 for
ALL (P = .111), and 2.79 for CML (P < .001).

In HLA-C mismatch padents, the incidence of
40.3% in KIR-L-MM-G (95% CI = 29.3%-50.9%) was
significantly higher than the 25.8% in match (95% CI =
21.9%-30.0%) (P = .011) for grade 3-4 aGVHD.

Significant clinical risk factors for grade 3-4
GVHD by multivariate analysis were GVHD prophy-
laxis (tacrolimus vs cyclosporine, HR = 0.72; P =
.016), patient age (HR = 0.99; P = .019), donor age
(HR = 1.02; P = .001), and disease (HR = 1.28; P =
.001) in all leukemia patients.

Effects of HLA Locus Mismatch and KIR Ligand
Mismatch on Chronic GVHD

The occurrence of cGVHD was analyzed in pa-
tients who survived more than 100 days after trans-
plantation. HLA-A mismatch and HLA-C mismatch
were found to be significant factors (HR = 1.41; P =
.013 and HR = 1.38; P = .014, respectively). KIR-L-
MM-G was not significant (HR = 1.13; P = .640)
(Table 3).

In HLA-C mismatch patients, the cumulative in-
cidence of cGVHD 3 years after transplantation was
43.2% in KIR-L-MM-G (95% CI = 27.2%-58.3%)
and 40.4% in KIR2DL ligand match (95% CI =
35.4%-46.1%) (P = .727). Significant clinical risk fac-
tors for cGVHD by multivariate analysis were patient
age (HR = 1.01; P = .0004), disease (HR = 1.23; P =
.003), and TBI (HR = 1.54; P = .004).

Effects of HLA Allele Mismatch and KIR Ligand
Mismatch on Survival

In all leukemia patients, HLA allele mismatch of
each HLA-A, -B, and -DQB1 locus was found to be an
independent risk factor for mortality after transplan-
tation, and the mismatch of HLA-C was of marginal
risk. HLA mismatch in each HLA-DRB1 and -DPB1
locus was not a significant factor. By leukemia cell
type, mismatch of HLA-A, -B, and -DPBI was a
significant risk factor in ALL, and mismatch of
HLA-A and -C was a significant risk factor in CML
(Table 4).

Survival 5 years after transplantation was 39.8% in
HLA-C mismatch (95% CI = 32.8%-46.7%) and
44.5% in HLA-C match (95% CI = 39.6%-49.3%) in
ALL (P = .088); 33.7% (95% CI = 26.9%-40.6%)
and 46.3% (95% CI = 41.2%-51.2%), respectively, in
AML (P < .001); and 39.7% (95% CI = 32.8%-
46.5%) and 58.3% (95% CI = 53.2%-63.1%), respec-
tively, in CML (P < .001) (Figure 1).
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Survival 5 years after transplantation was 40.9% in
HLA-DPB1 mismatch (95% CI = 36.3%-45.4%) and
50.3% in HLA-DPBI1 match (95% CI = 41.5%-
58.4%) in ALL (P = .031); 41.8% (95% CI = 37.0%-
46.6%) and 42.6% (95% CI = 34.5%-50.4%), respec-
tively, in AML (P = .698); and 51.4% (95% CI =
46.5%-56.1%) and 53.4% (95% CI = 45.1%-61.0%),
respectively, in CML (P = .522) (Figure 2).

KIR-L-MM-G was also found to be a significant
risk factor for mortality (HR = 1.80; P < .001).
Particularly in AML and CML patients, KIR-L-MM-G
had a significantly higher adverse effect than match
(HR = 1.93; P = .005 and HR = 2.23; P < .001,
respectively); its effect was moderate in ALL patients
(HR = 1.57; P = .069) (Table 4).

In HLA-C mismatch patients in either direction,
the survival rate 5 years after transplantation was
20.0% for KIR-L-MM-G (95% CI = 6.9%-38.0%)
and 43.0% in match (95% CI = 35.3%-50.5%) in
ALL (P = .041); 19.4% (95% CI = 7.9%-34.6%) and
36.5% (95% CI = 28.8%-44.2%), respectively, in
AML (P = .013); and 22.2 (95% CI = 10.5%-36.7%)
and 43.6% (95% CI = 35.8%-51.1%), respectively, in
CML (P = .001) (Figure 3).

Significant clinical factors for mortality by mult-
variate analysis were patient age (HR = 1.02; P <
.001), donor age (HR = 1.01; P = .037), disease (HR =
0.88; P = .006), and the status at transplantation (high
vs standard, HR = 2.14; P < .001).

DISCUSSION

In the present study, we attempted to elucidate
how disparities of HLA and KIR affect leukemia re-
lapse and the other transplantation-related immuno-
logic events and to explore how these findings can be
applied to induce a GVL effect and improve patient
survival in the unrelated setting. Simultaneous analysis
of HLA and KIR ligand matching by multivariate
analysis made it possible to clarify the role of these
antigens in UR-HSCT.

To the best of our knowledge, this is the first
report to elucidate the HLA locus responsible for the
GVL effect by leukemia cell type in T-cell-replete
UR-HSCT. The sequentially registered 577 AML,
617 ALL, and 596 CML patients sufficed to analyze
the effects of HLA and KIR ligand matching in the 3
major leukemia cell types.

HLA-C mismatch reduced the relapse rate overall,
as reported previously [4]. The GVL effect of HLA-C
mismatch depended on the leukemia cell type. ALL
patients with HLA-C mismatch showed a significantly
lower leukemia relapse risk than those with match,
whereas AML and CML patients did not. Further-
more, CML patients with HLA-DPB1 mismatch
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showed a significantly lower leukemia relapse rate
than those with match, whereas AML and ALL pa-
tents did not. Although the reason why the HLA
locus responsible for the GVL effect differs with leu-
kemia cell type remains unknown, the different ex-
pression of HLA antigens, such as HLA-C, HLA-
DPBI, or co-stimulatory molecules on leukemia cells,
might modify the immune response of effector cells to
leukemia cells. The finding of HLA-DPBI is in line
with a previous report in CML and ALL patients
treated with T cell-depleted UR-HSCT [12].

In contrast, an impact of HLA-A and -B allele
mismatch on leukemia relapse was not observed. Be-
cause HLA-A and/or -B allele mismatch induces se-
vere aGVHD, no GVL effect of HLA-A and /or -B
allele mismatch might imply that the target antigenic
peptide recognized by effector T cells responsible for
aGVHD is not expressed on leukemia cells.

Unexpectedly, KIR-L-MM-G increased the leu-
kemia relapse rate overall. A significantly increased
relapse rate in the mismatched group was observed in
ALL, but not in AML and CML. Simultaneous mul-
tivariate analysis of HLA-C mismatch and KIR-L-
MM-G revealed that contrary reactions of these mis-
matches occurred independently. Although the
mechanism involved in this detrimental effect of KIR-
L-MM-G on leukemia relapse is not known, the ac-
tivation of KIR-positive NK cells or T cells might
cause immune dysfunction, which abrogates the GVL
effect.

The GVL effect of donor-derived KIR-positive
NK cells transplanted purified CD34" stem cells with
HLA haploidentical donor was reported in AML pa-
tients, but not in ALL patients [22]. In T-cell-replete
UR-HSCT, published reports show contradictory ef-
fects of KIR ligand mismatch on leukemia relapse. A
GVL effect in myeloid malignancies [23-25], a higher
leukemia relapse rate [26], and no significant effect
[27-29] all have been reported. The use of ATG for
GVHD prophylaxis might be a key to understanding
these diverse results. Our analysis of T-cell-replete
UR-BMT with no use of ATG provided reliable evi-
dence for the adverse effect of KIR-L-MM-G on
relapse of ALL relapse. No effect on relapse of AML
or CML was reported in a recent large-scale study of
myeloid malignancy from the Center for International
Blood and Marrow Transplant Research, the Euro-
pean Blood and Marrow Transplant Registry, and the
Dutch Registry [30]. Whether KIR ligand match af-
fects leukemia relapse adversely or beneficially is a
critical issue for clinical transplantation and immuno-
therapy using NK cells, and further large-scale com-
parative studies considering GVHD prophylaxis are
warranted.

A higher rejection rate (HR = 4.39; P = .012) was
found for KIR-L-MM-R; that is, in this mismatch
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combination, patient KIR2DL-positive effector cells
lacking donor KIR ligand are reconstituted and acti-
vated after transplantation, which induces the rejec-
tion of engrafted donor-derived hematopoietic stem
cells. “Hybrid resistance” has been extensively ana-
lyzed in mice to induce graft rejection by NK cells
[31]. The same mechanism of rejection induced by
NK cells might be considered in humans, although
88% of KIR ligand mismatch pairs and 86% of match
pairs were given cyclophosphamide as a precondition-
ing. The effects of HLA class I mismatch for graft
rejection were reported [5,32,33]; our data suggest
that the effect of HLA-C mismatch were mainly be-
cause of KIR2DL ligand mismatch in the HVG di-
rection, and may not result from the HLA-C allele
mismatch itself. Our findings are in agreement with a
report showing the effect of rejection but not engraft-
ment by KIR2DL ligand mismatch in UR-HSCT
[29].

Since the first JMDP report [4], HLA-class I mis-
match has been known to significantly increase
aGVHD, whereas HLA-DRB1 mismatch has only a
marginal effect on aGVHD. The present study has
confirmed those earlier findings. We could add the
new data on HLA-DPBI1 matching showing that
HLA-DPB1 mismatch induces moderate aGVHD.
Our finding of the effect of HLA-DPB1 on aGVHD
concurs with other reports [9-11], although there we
found no difference in aGVHD between 2 allele mis-
matches and 1 allele mismatch of HLA-DPBI.

The international collaborative study is expected
to reconcile discrepancies of allele matching in ethni-
cally diverse transplantation populations. Further-
more, the identification of nonpermissive HLA allele
mismatch and amino acid substitution responsible for
aGVHD, leukemia relapse, and survival might explain
these discrepancies in diverse ethnic populations.

Interestingly, KIR-L-MM-G had a higher HR of
severe aGVHD than did match. Because these values
were adjusted by HLA allele matching and clinical
factors, this finding demonstrates that KIR-L-MM-G
is a factor independent of HLA allele matching. In
fact, among HLA-C mismatch patients, KIR-L-
MM-G was associated with a higher rate of grade 3-4
aGVHD than match. In KIR-L-MM-G, the donor-
derived KIR2DL.2/3- or KIR2DL1-positive effector
cells are suspected to react with patient cells that lack
the corresponding KIR2DL epitope of HLA-C.
These effector cells induce aGVHD through several
possible mechanisms. First, NK cells derived from
donor graft might directly attack the patient target
cells. This is unlikely, however, because in vivo infu-
sion of alloreactive NK cells were found to not cause
aGVHD [34], and NK cells were seen to play mainly
a protective role for GVHD in a murine experimental
model [35]. Alternatively, activated NK cells might
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affect donor-derived T cells that induce aGVHD.
Third, KIR2DL-positive T cells might induce
aGVHD directly. The presence of KIR2DL-positive
T cells was reconstituted after UR-HSCT [36].

Conflicting findings have been reported in terms
of the effect of KIR-L-MM-G on aGVHD in T-cell-
replete UR-HSCT. Some studies have found a trend
toward less aGVHD [23], whereas others have re-
ported an increased risk of aGVHD [27,29]. The
variety of GVHD prophylaxis, HLA matching, and
other clinical factors, and limited patient numbers in
each study makes it difficult to determine the role of
KIR ligand matching in clinical outcomes. The use of
ATG and/or the T-cell depletion method for GVHD
prophylaxis will be a key strategy in resolving the
discrepancy regarding aGVHD in UR-HSCT [35,37]
and in HLA haplotype-identical related HSCT with
T-cell depletion [38]. That is, T cell and NK-cell
reconstitution after transplantation might affect im-
munologic events induced by the interaction of KIR
and HLA-C epitopes. In addition, genotyping of KIR
genes, especially for activating KIR such as KIR2DS,
is required to understand the mechanism of KIR in-
volved in aGVHD and the GVL effect [39]. The East
Asian population, including Japanese, is known to
have several characteristic HLA types. Similarly, the
frequencies of both the KIR ligand epitope and the
KIR genotype are distinctive in the Japanese popula-
tion. For example, a higher frequency of C1 epitope
and dominance of the KIR “A” haplotype were re-
ported [40]. Those features might contribute consid-
erably to our results. The combination of KIR2DL1
and C2 epitope has been reported to show higher
affinity and a stronger inhibitory signal compared with
the combination of KIR2DL.2/3 and C1 epitope [14].

HLA-A and HLA-C mismatch have been identi-
fied as significant independent factors inducing
c¢GVHD, underscoring our previous finding of the
importance of HLA class I matching. No influence of
KIR-L-MM-G on ¢cGVHD (in contrast to aGVHD)
indicates that the KIR-related immunologic reaction
has no relation to cGVHD.

There is another model regarding the KIR ligand
effect in HSCT, the so-called “missing KIR ligand
theory.” Hsu et al reported this effect on survival and
relapse of AML and myelodysplastic syndrome in T-
cell-depleted HLA-matched related HSCT [41] and
on relapse in AML, ALL, and CML in UR-HSCT in
non-JMDP populations [42]. Lack of either KIR2DL
ligand in a patient should activate the corresponding
donor NK cells and induce the GVL effect.

In the analysis of KIR matching including HLA
mismatch pairs, the mismatch pairs in the “missing
KIR ligand theory” with either C1C1 or C2C2 patient
epitope were divided into match and mismatch in the
“KIR ligand matching theory” by donor epitope.
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When the donor has either C1C1 or C2C2, the KIR
ligand matching theory indicates match, and when the
donor has C1C2, the theory indicates mismatch. In
this combination, donors with C1C2 (n = 92) had a
significantly higher rate of severe aGVHD (44.4%)
than donors with either CIC1 or C2C2 (19.2%) (n =
1413; P < .001). Therefore, we considered the “ligand
matching model” to be applied in this JMDP study.

Finally, because survival after transplantation is
influenced not only by leukemia relapse, but also
by transplantation-related mortality resulting from
aGVHD, ¢GVHD, fatal infections, or graft failure,
the effect of HLA matching and KIR ligand matching
should be discussed in light of these events.

The present study has more precisely elucidated
the impact of HLA matching on leukemia patient
survival. The mismatch of HLA-A and -B alleles re-
sulted in significantly higher mortality. HLA-C and
HLA-DQBI1 mismatch emerged as a risk factor for
poorer survival for the first time in the JMDP study.
Increased survival in ALL with HLA-C mismatch
cannot be linked to the compensation from a lower
leukemia relapse rate. HLA-DPBI1 mismatch did not
significantly affect overall mortality despite the in-
crease in moderately aGVHD. These observations of
HLA-C and -DQBI1 mismatch in the JMDP are in
line with those of other recent reports. The NMDP
reported an adverse effect of HLA-C mismatch [8],
and another study reported that not only HLA-C
mismatch in early-stage CML, but also HLA-DQB1
mismatched CML patients with multiple mismatch
posed increased risk for mortality [43].

It should be noted that KIR-L-MM-G resulted in
higher mortality in UR-HSCT with T-cell-replete
marrow regardless of leukemia cell type. KIR-L-
MM-G might induce an immunodeficient state that
would result in a higher risk for opportunistic infec-
tions [44,45]. Thus, infectious complications by cyto-
megalovirus and the like should be explored in rela-
tion to KIR.

We estimate that about 30% of patients in the
Japanese population have HLA-C mismatch donors,
of whom 15.0% are KIR-L-MM in the GVH direc-
tion, 20.8% are KIR-L-MM in the HVG direction,
and 35.6% are KIR-L-MM in either direction, when
HLA-A, -B, and -DRBI genotyping is used as the
donor confirmatory typing. Because both KIR2DL
ligand matching and/or HLA matching itself affect
aGVHD, ¢cGVHD, rejection, ALL relapse, and sur-
vival, as described earlier, HLA-C typing is essential
in selecting a suitable donor to reduce the risk of
aGVHD and improve survival in practice.

In conclusion, our analysis has produced impor-
tant findings for transplantation immunology and the
selection of donors in UR-HSCT. First, HLA-C and
HLA-DPB1 mismatches are expected to induce a ben-
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eficial GVL effect, which should be considered in
terms of the leukemia cell type of individual patients.
Second, KIR-L-MM should be avoided, because it
induces only adverse effects on transplantation out-
come and provides no benefits for patients undergoing

T-cell-replete UR-HSCT.
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