A7 YT T4 MEWEBICTRIF L, UL
IV BREEEORETEIIRE TE R,
BEFOREICRELRPoELD, w4
F—HEBEDEE LCL 2°5 cDNA 74 75
U—Z{ER L. BB o—=  SEICTHEE
FOREZIToT, IRWTEL D LCL 220V
T, BERCER->BEFRNICHFEET S SNP
Bl CTL ~DEEZMEOEREIEL, <A
FT—HEDORE & 2o TWD SNP ZIRE, 5l
EE o b—T7EFBRELL, I HIZ,
EE PCR EIZTvA T—HBE&ETOEEME
BoEMBEE CORBENY - ERF L.
FEBEERBE L L TBEERE~Y Y A2 H
VW, A A F-HURRE R CTL 28 BIMREHE
RLBETEINENERF L,

(fREE~DERE)

FIFRTITO T ) LEEFIE, BINOED 5
SEMERESH (2 M L& BEFERITHIE
R S fmEER, AL 134 3 A 29 BXER
Bl BEEFHE  BEEEESESTE LS.
L) CERLTRY, FEHEZSOBRHA - F
EXERX T TREMRSMEROGELZES
DEE - ARREZBLLOTHD, RPOEE
X, BEC NI CHHACEHEEE %R, &
HIZTREZBONTEBEORITERmENT,
IHiZ, vAT—HRZENE L-BELET
HEEMBRERIITHTF NV 7 F U EIE,
BTHREREDZ, RIRCBFOED 3 &E R
HESHCEIM L, BERMRERBAE LV F—OmE
ZESTARARBEAOMREREL ABEXEIC
ESWT, ERARLIAFRBOELNERZED
HIEREINTZHOTH D,

Fh, vV A AVWTCEREYIZ OV T,
FHMRBAE LV —ODBMEBSITTTEAS
Niera bhapizE &, §WEEOCER:
1TV 2% LT,

C. TR

SHE, v~ T —HEREOREG L Lz CTL
7 rm—r (2A12) 13, FEEMYBOSVEERENE
HILEICR LT HLA —&Fia L W BEE2Z T
REORMMMOR/SI SN, 7R LCL
ZRVWERE»L, CTL2A12 70— O
HLA #3MIX HLA-B*4403 S ¥H|BH L7728, BK
KA Z VY HLA-B*4402 HLHEZRRL D 5
ZEMGhotr (1A), CTL-2A12 72—
IEREO LCL IR EELER, FF—0
LCL R®RBEOREHRMEFMRIIE<EE LR
ofclcd (KM1B), EMRMAASRRICHE
Hy2Z20BETFERBELTVDEILDEEZ
bz,

UEDORERN G, CTL-2A12 7 72— RFRE
T 57 A FT—HURIZEMRIER ORERED
BERERDFARENHLLEEZ DN, BT
DORIEEEDDZ LIZ L, ACC-1, 2 <A
F—HREOREIZ AW RO EEMITIET
X, BETFEE 1821 TRV AL Z L3
Fled, UEBEFORIEIZELRM T,
T ZTHEESHMTE L LT, LCL 2k
EENRBROBRICESHCHEBMNR - &
PRI, &4 OFBR L D L7 DNA %
T—E LT, 18q21 IR E SN A 7
Y774 h=—h— (K 100 kb BZ) T4
BHRTIA=—IZTHIEL. EDEHDOT
YNA A—% GeneScan IZTHE L, ZD
5%, SERPIN BT/ WV—T7I1C BT 5 3 #Eix
FREFIZER B, ThODOBEFED
SNP DEERI L CTL-2A12 OREZMENTEI
RIST DL DX T,

HEMRITE TERTFOREREL -T2
7o, cDNA A4 75V —%ANWTHES
n—=VFEEBLUE, ZORKR, Serpin K
A A &FD BEST (LOC284293) IZ&HE =
U—DEV cDNA ZRIE L7, Z O EST (138
HREWNETRIVAAEIEEBETFHEIC
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pseudogene & L TERHFINTW (B2), L
ML, BERIIa—= 7 THLILE cDNA X
exon 2 WA TOHSEZREBL W, Z0
BEF D exon 121X SNP BEFEEL o2
®. exon B D intron {ZH D SNPHEIE | ZD
SNP BlZ#E DHIfED CTL-2A12 7 B—izk
HEEMERFTLIZEZ A, exon 2 @ splice
donor site IZFFTET D (IVS2+5, 159945924) #3
PURMOFEIZELICHEELE (B3), BER
BRI ORER, v~ FT—HENBHEICR 55
4 ? SNP OEETR (A) 23 mRNA O IFEE
EDOARKEZE L., exon 2 skipping b7 5H L
TWh, BB, ZOFHH~A T —HIR Aichi
Caner Center (ACC)-6 IX exon 3 ¥43 frame
shift DR & 72Bth= RO R VERRENS 53 7
RJBORYXRTFF RECa—Fah Tk
(K4),

UEDHERZ L LIL. REEFR~<AF—
MRZa—RFLYSBEIHDZ LD,
HUGO Gene Nomenclature Committee (HGNC)
& Y Histocompatibility (Minor) Serpin Domain
HMSD & fnk Siuviz,

EE PCR # BV 7z HMSD DHFB/NZ — D
RETH, SEFHEERLR S 2R EHE
THRWREREZED T, FLEFHIRTIE—
OEMHEAL L2 EMRMRIZOARBREED -

(®5), ACC-6 IZHFEAY2 CTL 7 r— 18
PURBHEO BMAHMRLEETE 30,
BERE T A AV BIMA repopulating
assay \CTHRET L2, £7 ACC-6 HURBM -
HLA-B44 BHEO B MLFEHIEZ . DACC6 FE
#) CTL-2A12, @QHLA-B44 HFEMTH 5 24
BEMORMLD CTL-3BS LitEEL, A, &
BEAE<UAORBR OERE LZ, 51BH
#. it b CD45, CD34 HET~ U ADKH
MBLOEHERELEZEZA, QD ACC6
RPREY CTL-2A12 THIEE I 72 HILHHLE
ITEBHRR P TZDIZFH LT, @TIXHEM

containing,

REERRDE (K6),

B#%IZ, ©& PCR T, BHESHEBERMML
28T 5D ACC-6 #£H) CTL 72— (CTL-
2A12 @ CDR3 ElFISFEAIEE PCR IZL D)
D¥EBRERIZLEI A, BAER 180 BRTE T
CD3 Ml D 08%ETTEHL, 1E¥TH
02%IF EHFEL Tz (IEEZEF, HRXERE
).

D. BE

HLA-B*4403 (3 & TR-B*4402) X - TR
SNDBFH~AFT—HIR ACC-6 1T, HBEREER
RE—UREHEERIE E ZRETREMRAR,
BLO—HMOEEFEH{LZELBRIZBWTO
AHEL, FEEMBABICBYT 2 REBFITENT
Eb, BEZOBRELHFERICT L4
BEREOENE LTHEETHDI LEADND,
7245 Bl HLA-B*4403 #HEMEO =Y v —7
Z[RIE L7275, exon 2 skipping PFER L L TE
Eaxnb, BURBET VAVEREHRY X7 F
RiZ 53 7I/BEHV, ZOFIIMmO HLA
TRARINIDZE F—T%2EFATVWAHREE
HERBWD, BEFLZRIE b—T%2KRE
FThD,

7284 E., B repopulating assay & L T
IL-2Rcy” NOD/SCID = 7 A& R\, £77F
BHEBROBRE TR BN, BF D
NOD/SCID = UV AD & 5 2 BRERRH 21T
R THHMBMBOAEZEEBONLI &b
b, invivo TvEARELTEBREREEZ
bhd,

REIC, BRIEIRI 1o, il
Goulmy HA#E L7z HA-1 =4 F—HR= v
F—7LRUCEFIEZ S ORTF RREAAD
# 15%03%F 35 HLA-A*0206 12 &> THIRR
ENHBZEHRHBLTVWS, F£i, HLA-
A24 FFRMED CTL BEHFZT D ~A T —HKE
(BARANDK SEIRTUREHE) = —T7D
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RIEHELDDOH D,

UEDZ &b, 30% U LD BAANBEI
MLT, v F—HREEN L LicERE
EEBTDHIEDEEICR,TERL, T—
5—RA— FTERBFERLSEDLVTA FT—H
FABRT 3103, S0 HBEOFRAR
ORENPLETH DN, BIE, 28D CTL 7
0— ORI HETFLOOHZIDT, 5%
BHECHICENFTEREZESSL T2 E
NEEEE Bbihvd,

E. %R
BREEEMERIEE & S RIEERIEMR L &
EHZHEET D HLA-B*4403 FHMED CTL 23
R DHH~ A T —HUE (ACCH) ZRE
L. TOBKR~DIGAFIEENRALNE 2o
7z ERFHMEMET U (HLA-A*0206) D
FE T, HA-1 =A FT—HERBEEZFATE
HEANBEFEABEROITT 2/ LT,
UEEb Lz, 5%, AERIEOHRELRD
FEBI DERE L BRRBROERZ I 720,

F. BEARER
Bz L

G Hf7isEzx
1. RIHER
1) Torikai H, Akatsuka Y, Miyazaki M, et al. The
human cathepsin H gene encodes two novel
minor histocompatibility antigen epitopes
restricted by HLA-A*3101 and -A*3303. Br J
Huaematol. 134: 406-16, 2006.
2) Morishima S, Akatsuka Y, Nawa A, et al
an HLA-A24-restricted
cytotoxic T lymphocyte epitope from human
type-16 E6:

effects of bortezomib and interferon-gamma on

Identification of
the combined

papillomavirus

the presentation of a cryptic epitope. Int J

Cancer. 120: 594-604, 2007.

3) Tsujimura K, Obata Y, Matsudaira Y, Nishida K,
Akatsuka Y, et al. Characterization of murine
CD160° CD8" T lymphocytes. Iinmunol Lett.
106: 48-56, 2006.

4) Akatsuka Y, Torikai H, Inamoto Y, et al. Bone
marrow may be a reservoir of long-lived
memory T cells specific for minor
histocompatibility antigen. Br J Haematol. 135:
413-414, 2006.

5) Naota H, Miyahara Y, Okumura S, Kuzushima
K, Akatsuka Y, et al. Generation of peptide-
specific CD8" T cells by phytohemagglutinin-
stimulated antigen-mRNA-transduced CD4™ T
cells. J Immunol Methods. 314: 54-66, 2006.

6) Morishima Y, Yabe T, Matsuo K, Kashiwase K,
Inoko H, Saji H, Yamamoto K, Maruya E,
Akatsuka Y, et al. 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. 13: 315-28,
2007.

7) Ito Y, Demachi-Okamura A, Ohta R, Akatsuka
Y, et al. Full-length EBNA1 mRNA-transduced
dendritic  cells stimulate cytotoxic T

HLA-
Cw*0303- and -Cw*0304-restricted epitope on
EBNA1-expressing cells. J Gen Virol. 88: 770-
80, 2007.

8) Torikai H, Akatsuka Y (equal contribution),

Miyauchi H, et al. The HLA-A*0201-restricted

lymphocytes recognizing a novel

minor histocompatibility antigen HA-1" peptide
can also be presented by another HLA-A2
subtype, A*0206. Bone Marrow Transplant. (in
press)

9) FEFEEM. EOMBEBHEICBT S~ F—
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EBEESHEORE. BAEMmFE 47 1353-
1363, 2006.

10 BRZE, REER. <~/ F—HELZER

2.

ELEFBRERIGE TOBKRIGA. Mm7&

Zrr7 7 17:319-328, 2007.

FRRR

D) HREBRF. REEM . TEEL. FERE

2)

3)

4)

5)

6)

7)

BEORMMIZIBIT A5 HLA-A24 HEME
HPV-16 E649-57 725 CTL OFE : 5 10
BRSBTS, FLIR 2006 &
7 A

IR, REZEH., BRAEED. HLA-
B*4403 FRMEDHHR <1 F—EkEEHE
FRORE EFURMRBROMF : & 65 H
AAEFSRE, Bk 2006 9 A
ED—fa, R, BREE. BEEERE.
EEAIE, REES. FURESFREMN CTL
OFT-ILBEBERE . & 65 BIHABRZSR
&, HRIE 200649 A
EBRZERE, REEH., REE{C L. HA-1
<A F—HERE A HEPURIT HLA-A*0206 {2
Lo THbIRREAND : 8§ 68 [H AAMEKE
SHeE B 48 E B ARKMIBRFESHRE,
& 2006 £ 10 A

JHEZER, REEM., BFELKES. HLA-
B*4403 HFMEDFH ~ 1 T —EBE S
PRORELTURERRBROA =L 1 &
68 [E B AMIEFEESKRE - 5 48 [E B AEREK
MmEFEHE. B 2006 4 10 A
REER. <A FT—HREZENE L-BE
HERELRIISTT D REREOTRENE :
% 68 [ P AME TS « & 48 H B AR
KEIiRZEEBRE, VUORY YA BH
2006 4 10 H

Akatsuka Y, Torikai H, Kawase T, et al.
Immunotherapy of hematological malignancies

targeting hematopoietic cell-specific minor

8)

9)

histocompatibility antigens : % 11 [B|7 7 /3
V74 v/ MERHBESES, ATE
2006 11 A (V—2 v a3y H5H)
Kawase T, Akatsuka Y, Torikai H, et al.
Alternative Splicing due to an Intronic SNP
defines a Novel HLA-B44-Restricted-Hemato-
poiesis-Restricted Minor Histocompatibility
% 48 EIAERBERFSHRS.
Orland, 72 U & 2006 £ 12 H

REEH. Minor MBESHRZENE L
Te SRR B AR PSR S0
EHIEER, 458 2007414

Antigen :

10) REFEER. GVL OAZERS & L ToE MRS

1)

2)

=20 -

BR~AF—EATE : 5§ 29 FEAAREL
MBBHEZEERE, YURY T L. EF
2007 #£2 B

. FIRM EERE D I - BEIRIR

FREER., SHEMNEL. EBEE. RERE.
[LOC284293 NY 7 v MBEFIHVNTH
BETFR— RT3 CDSHREESET Y
V8K mHA =8 h—T7RFF KEOFOD
A& &5 ; ¥FFE 2006-152098.

BREE., MMNTF. FEER. REEH,
HRERE. =272 FAf ==L A
AU E R T S REE

T AT Y b —7_TF FROZEDRR]

HFEH ; FAK 18 4 10 A 27 B, &% ;
PCT/IP2006/321479.



80r

A B " -@~ Rt PHA-blasts

Rt B-LCL ( A24, A33, B75, B44, Cw3) % ST _% 60 F -1 Rt dermal 'ﬁbroblasts

UR1 B-LCL ( A31, A33, B51, B44, Cw3 ) [iiShcea “g- —>¢ Rt BM-derived fibroblasts

UR2 B-LCL ( A11, A33, B54, B44, Cws ) ‘g 40t

UR3 B-LCL ( A1, A68, B8, B13, Cw3, Cw7 ) o

URB B-LCL+A*3303 ':\3 20t ’___’\’\’

UR3 B-LCL+B*4403

UR3 B-LCL+B*4402 : 0 #_ g —
o 20 4 60 90:1 30:1 10:1 31
% Specific lysis EIT ratio

H1 HBEESHETHEBEYO—> (CTL) -2A12 @ HLA MEME (A). LT PHA FIE T #AE
5k - EEMARMBICHT 2MBEEYE (B)

Chromosome 18¢21.33

Cen. &2 Ter.

SERPINB2  SERPINB 10 HMSD gserping 8
/ \
Exon 2 Exon 3 Exon 4
—4 — 5—
Exon1 A A
IVS1+56 IVS2+5
(rs7241250) (rs9945924 )

B2 HByO——25TREL cDNA 70— %a— FTBEIEF (LOC284293, &I
HMSD &&4) &. i) SERPIN Bz FHEOMHEEMEZ (L&), & U Exon - Intron #3E.
RFELT- SNP BMEDHME (TER),

44— Exon 1+2+3+4
€4—— Exon1 +3+4

B-LCL Do UR4 URS UR6 UR7 Rt UR8 UR9 UR10 UR11

Cytolysis -
by 2A12

IV81+56 T T T Cc cC TIC TIC TIC C C
Ivs2+5 G G G G G GAGA GA A A

- + o+ o+ o+ o+

K3 EEEFEHLCL O CTL-2A12 [CXAHMBESHOERL. K2 TRENT 2HETO SNP
DEEBOEZ, 2LEBICZIXExon 1 & Exon 4 BRI FP=—ILT3TF54IY—TRT-PCR %
BIESEBONY FO/IRN8—2%5RT, Exon 2 % skipping LTWAEHEWNANV FEET S,
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Minigene-1
TCTCCGACCCGGTCTCACTTCGCTCCTGGGCAGCTGCGCGGAGAA
])Exon?;
CTGGE 'GCACTTTGTTTTAGTAARATCGGAGGTGAAGATGGAGATA
M E T
TTCATCGAGGTTTTCAGTCACTTCTTGTTGCAATTAACAGAACTG
g I E VvV ¥ S HE F L L Q L T E L
ACACTGAATATGTGCTTAGAACTGCCAACGGGCTCTTTGGAGRARAA
T L N M C L E L P T G 8§ L E K
?Exonf&B
AGTCTTATGATTTCCTCACA 'GGTTTTACAGATTCCTGTGGCAAAT
s L M I 8 s Q V L @ I P V A& N
TCTACCAAGCAACGATAAAACAGCTAGACTTTGTGAATGATACAG
s T K Q R * M I QO
AGAAGTCCECAACACGTGTAAACTCCTGGGTTGCTGATARAACTA
R § P ¢ B Vv *
AAGGTGAAAATATATTGTTATTCTATTTCGATAATATTTTAAACA
GTTTTATAGTCAGTTCTTTACARAACTGTCARATATARARAGGAG
TCCTTTTTTCTCTARACAACTATGCAAACATTARAACCTTTCTTY
M @ T L K P F F
GGAAATATTGCCAACTCGTAGACCTTTTCTCTAGCTTTAGCTTTT
G N I A N § *
CCCTTATCAAGTATCTGTGATGTCTCTCTAGATGAAATAATCTCY
TCCAGGTTTTTTTGCTTGTTAATATTAGGTAGTTTTTCTTTTCAC
AAATAGCGTTAAAATTTGAATTTAAARATTTCTAGCTGTCTCCCT
CACTGGTATTGCCATACTGTATGGTTTACAGGCTTGARATGCAAC
M V. Y R L E M Q
TGCTGTGATCAGTGATAACGGAACACACTGATGATTTAGATTGAA
L L =
CAGGGAGAGTTATATTGTTTTCTAGGGCACAGCTARAARAGACATT
CCATCAACCCCCTTGCAGCCAGAAAGACCCTGAGCCCTCAGAAC

B4 REESHT- cDNA O Exon 1, 3, 4(—E8) DOEEEH &, BRLF-7 =/ BE S, Exon 3
s | o ) o - —
BEICREEhEIE F—T2THTRET,
Real -Time Quantitative PCR
0.01 0.1 1 10
4 Rt B-LCL
Brain
8 Thymus
3 Heart
gg Skeletal Muscle |~
- Spleen
+ Lung
TE\S Kidney |-
Liver
£ Pancover 0.01 0.1 1 10
Z | Small intestine §
Colon Oral Fibroblasts(n=4) §
Plaganta Dermal Fibroblasts (n=4) §
q Pros::g . Keratinocytes (n=4) ¢
Testis Bone Marrow CD34+ (n=4) §
w [ SUDHL4 | PBMC (n=4) §
g SUDHL10 |- CD3+ (n=4) §
5 HAMALWS | CD14+ (n=4) §
‘-5 Raji Immature DC (n=4) waeje
=9 KMS18 Mature DC (n=4) @
w®E Kmsz8 CD19+ CD27+
® 5 Jurkat |+ (n=4) §
2= MOLT4 |- CD19+ CD27- (n=4) §
23 U937 CD40B (n=4) . do |o
] HL60
£ KGA PHA-BL (n=4) o o] o0
£ NKM-1 MM (n=7) oed do o
& NOMO1 _
T HEL92.1.7 ALL (n=5) ouf | o
MEGO1 AML (n=13) N n-f- .

5 XE& PCRI[Z&d HMSD EzFORREREN, EEHBEES L UEOMRESZHBKR (£).

BEIEMRELEENICEONLENRES (B).
NAERIME ; AML, R EHEE0R,

-0

MM, ZRMEFREE ALL, 2EY >



BM PBMC

A . +CTL-2A12 _ +CTL-2A12

K T
+ CTL-3B5

Human CD34
2

00—
10 10° 10f

B

Pt TR ’ rrrty—— ""."I N
10?1 1w? 10®

Human CD45

K6 BMmm#MIE repopulating assay. HLA-B*4403 Btf. ACC-6 T4 F+—HiEBM. ACC-2
T4 F—HERMEOSMEHESNE (M2) #laH 5 CD34 HEEMIE. hE ACC-S i
B CTL-2A12 (LER) F-[X ACC-2 BRI CTL-3B5 L L H(I—BpEEHEL,. NOGTDR

(BHIME) ORMRKICEHELZ, 5BZ, TYXREH (£E5) BLUXREL (BF) ZF
B L. $it k CD45, CD34 HilkIc T2 826 L1z,
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EEFBHREREMNE (8 3 KAV AKRSEBIEHIEER)
SHEERES

FfEE L BHIERAEIC BT D BHERERIGOMRHA & £ OMIaIEIR~DIEH

SHEREE RERME

BREN AT F — P RiEk

MREE : ELEEREHBHEICBVT R — L BEBO HLA FUROEWVWRBHE
BRRICKEREEEEXTWAZ ERALMMNIRY | HLA-A, B, C, DPB1 O&IEF
BORES, BIUONKMEZSAFRTHLKIR2DLOY VY FAEA (GVH
DFH) BEMGVHDOEER2EDDHZ LHHALTWS, SEER, HL ARR
BEEOHEAEDEEBMEGVHD L OEESL 5210 EFIC>ELEEMFRITIEEZ AW
THEfTL, BEESMGVHDOREICEE TS HLA 50 F LOMAL L BT I /B
EEETHIENTERL, ZORAIL, 2% GVHD BEOEFIZT TRl FE
BRI 2BEASEEDR (GVT) OMFREA~DOEZBECLOTHY .,
bEEN & T A FRAMRGAERERROERT — 2 L LTEETH S,

hn

A. BFEEBH
JEMFZEREHBREICRIT S HLA-A, B, C,
DRB1,DQBI1, DPB1 #ETFEIOREAMEAE D
WL ESE GVHD L OBERFT T Lick
V. EE GVHD I[ZB5-3% HLA 43 F EOE(L
CEMT I VBERHETILEZERNET S,

B. B35

HLA-A, B, C, DRBI, DQBI, DPB1 ® DNA # A
v E R BREOREERAWVWTL R
AR T 4 TICE MR L IELGE BB SR
5210 JSEFIZREIZ L7z, GVHD FB& LT T
MREREEERAWERN B R TF—2oD
BREEFIIERI LT,

FEETEEMTIE Cox regression models 12 & B E %
EfTELER L, B E LTS HLA BB
75 HLA BIRE S 72 A5 ¥ 0O HLA 55 F 0
B EBRT I BOBELGDEIC &, BE
GVHD OZEY X7 (HR) % HLA B A 725

Bl L, flE LT, HLA—CJEIZEIT S
B BT I JBICDEXE LIZTRLE, o
HLABEOTESE, BE - T —0OF ., .,
HEE, KR, BHERY. TBI OFE, GVHD
FREZR 28D adjust Lz, P2Y0.005 LATF
DA EPLEEEEL L, 61T Bootstrap £
WX DRREL 7o,

C. HFEfER

(1) HLA TEERELEHOEIZIBIT S HLA
DFLEOTIVBRRRIMALLEEOBRT
L BOMAEDE

HLA-A 5F TiX 31 LT 52 OEHLEERN
Rz,

HLA-B 5 F TIE31EAL TS DT X/ BRDOAE
HEERRHEsh,

HLA-C T 55 E/{L T 159 O#AERH RH
i,
(2)EESMGVHD & FE LM %R9 HLA

-4 -



SFEOWALET I ) BROES

F2ITRT X O, HLA-A TIX 9 FD Tye
—Phe OB, HDV ML 116 FD Asn—Asp D
BREETIEMIBWTIREEICEEAK
GVHD OHEENRE P> T,

HLA-C TiE, 9 &D Tyr-Ser DEH, 77 FD
Asn-Ser DEH#:, 80 FD Lys-Asn DE#E, 99 F
@ Tyr-Phe DEHL, 116 T D Leu-Ser DEH#L, 156
EO Arg-lew DEBEFTHEMICBVWTEE
WCEESM GVHD OEERE P o T2,

HLA-B, HLA-DRB1, HLA-DQB1, HLA-DPBI
TIRAEEBERBMET IV BOBHRIIBDON
ot

(3) HLA Z3¥ EDALESH

k& (2) TRULERLZ. 1 TRTLD
2, 9%, 9%, 116 FS\V\ohvh HLA 55+ E
® beta plate sheet {Z{iL & L, 156 X alpha helix
WZALEBLTWe, &b, 77 L 80 FII NK
MBS RETHD KIRZDL DY T R TH D
HLA-C 77 & L 80 TITALE L TV 7z,

D.E%&

G T, SEFIOIFIFH—72 GVHD Fhh
EERAWEEMZSEEBMEIT LI ICLD.,
2 GVHD 2572 HLA 5 F L0 & 7
TBEREFRETAIENTER, ThbD
AL T MRZAEIC L 2FRRRICEER
beta plate sheet & %V I alpha helix IZFFEL T
BY, THRIZEZ2ZNALOT I /BEHRORE
WS GVHD OREICHREREELFE TS
EEzZ b, —F HLA-CD 77 & L 80 &I,
EIZ KIR2DL @ HLA-C LDV H 2 RTHY |
ATEEOARMFETHE L KIR2DL VF U F
TEAEMIERICEYE GVHD BAELZ W
IFREEMITIBLOTHD, 2. AHEF
BIZE VA GVHED BEICEET LTI VER
BHREZTOMMORENFRETH D Z L ESE
A LATHESEED,

HLA 7 7 AUHUR TS 5 HLA-DRB1.-DQB1,
-DPB1 DT THERBABB D ONRhro
722 &iE, HLA 75X 1 DREANEEL -
B4 GVHD O#FN HLA 7 Z A 1 OFRBE%
ML b D EIERR > TV D AREMERIR X
niz,

FEEEE £ TORE T HLA-C EOREE T
A AEALBICEBWTBEEOFRD
U A7 BEWET & HLA-DPB1 BEOARES TE
HEHEOIBICBWTBEZOEREY R
MENWZ &, KIR2DL U H v RRES TEMHEY
VAEELBICBWTERY R7BENI &
EFRLER, SEENRICAVEFEREAT
5T &Ik, S%BEARRLBEZE (GVL)
ICEE$ 5 HLA ORESEALL T IV BROE
B BT~ IEFBREE L TR LY, &
HIZ, Th B GVL = GVHD IZB 54 A ERVES
iz RETZLICRY ., EOHEBHRH DV
B RERET S RERIEORRBIC N
Hb0LEZLNT,

E.fE#

HLA BREE OfAEHE LStk GVHD &
OB & FEMEE RSB 5210 EHZOX
SR EMENTIER BTN L, EES% GVHD
DOFEIEICEET S HLA HF L0 & BT
IOBERETHIIENTE, ZTOMRIL,
GVHD REDHEF 7217 T < | REBHEICBIT
DHAEA B R (GVT) OBFRER~DE
FR<HLOTHD, ZNHEIEMETIR/RED
MRAERERBEOERE T — 4 L LTEET
o

F. BEERER
Rz L
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ACFEER

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
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1
® position and amino acid substitution

of HLA molecule in HLA allele mismatch combination

HLA-C TCR
mismatch beta—-Plated Sheet aifa Helix contast
e T ¢ tog ias ot las ivgindingl 66173 Timoimeime eyl 186 11es
YELAS L R LRLT LY
SFIAS R ATINSIEN

XE TEILR
nEl INSiKN TLD T
gY ATHIB IR RATL Tt
Dyisea AT AE Ti. TL.
TE TL TL
2V RLiTL TL

Ser116C-Tyr116C

£ Substituted position and amino acid in HLA allele mismatch

HLA-A : 52 combinations in 31 positions
HLA-B : 65 combinations in 31 positions
HLA-C : 159 combinations in 55 positions

% 2 Significant position and kind of amino acid substitution

of HLA molecule for severe acute GVHD.

Donor - Patient HR (95% CD P
HLA-A N

Asn116A- Aspl16A 32 225(1.26-4.01) 0.005*

HLA-C

Asn77C~Ser77CH - 205 1.87 (1.46-2.39) <0.001

Argl56C-Leul 56C 251 148 (1.15-1.90) 0002
HLA-B. ~-DRB1, -DQB1 -DPB1 No significant substitutions

@Position of ligand for KIR2DL, and KIR2DL. ligand mismatch combination

229 .
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KIRZDL

Position of significant KIRZDL
- ligand

amino acid substitution
between donor " ©

and patient
for severe acute
GVHD
= jalpha helix

Position of HLA class | 156
Peptide-binding pocket BC ABD F bE
Amino acid substitution

HLA-A Tyr-Phe Asn-Asp*

HLA-C Tyr-Ser Tyr-Phe Leu-Ser Arg-Leu

n.s. by bootstrap resampling method
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Full-length EBNA1 mRNA-transduced dendritic
cells stimulate cytotoxic T lymphocytes recognizing
a novel HLA-Cw*0303- and -Cw*0304-restricted
epitope on EBNA1-expressing cells
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Epstein—Barr virus (EBV)-encoded nuclear antigen 1 (EBNA1) is an attractive target for
immunotherapy against EBV-associated malignancies because it is expressed in all EBV-positive
cells. Although CD8 ™ cytotoxic T-lymphocyte (CTL) epitope presentation is largely prevented by its
glycine—alanine-repeat domain (GAr), the use of mRNA-transduced dendritic cells (DCs) would
offer the advantage of priming EBNA1-specific CTLs. After stimulation with GAr-containing
EBNA1 -transduced monocyte-derived DCs, two EBNA1-specific CTL clones, B5 and C8, were
isolated successfully from a healthy donor. These CTLs recognize peptides in the context of
HLA-B*3501 and HLA-Cw*0303, respectively. A novel epitope, FVYGGSKTSL, was then
identified, presented by both HLA-Cw*0303 and -Cw*0304, which are expressed by >359% of
Japanese, >20% of Northern Han Chinese and > 25 % of Caucasians. The mixed
lymphocyte—peptide culture method revealed that FVYGGSKTSL-specific CTL-precursor
frequencies in HLA-Gw*0303- or -Cw*0304-positive donors were between 1 x 10™° and 1 x 107*
CD8™ T cells. Moreover, both CTL clones inhibited growth of HLA-matched EBV-transformed B
lymphocytes in vitro, and B5 CTLs produced a gamma interferon response to EBNA1-expressing
gastric carcinoma cells in the context of HLA-Cw*0303. These data demonstrate that

EBNA1 mRNA-transduced DCs may be useful tools for inducing EBNA1-specific CTLs that might
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be of clinical interest for CTL therapy of EBV-associated malignancies.

INTRODUCTION

Epstein—Barr virus (EBV), a human gammaherpesvirus that
establishes lifelong latency in memory B cells (Babcock et al.,
2000), is associated with several different lymphoid and
epithelial malignancies, including Burkitt’s lymphoma (BL),
nasopharyngeal carcinoma (NPC), Hodgkin’s disease (HD)
and post-transplant lymphoproliferative disorder (PTLD).
All EBV-positive malignant cells exhibit one of three latency
types, distinguished from each other by the pattern of
expressed EBV antigens. In latency type I, only EBV-
encoded nuclear antigen 1 (EBNA1) is expressed, as in BL;
latent membrane protein 1 (LMP1) and LMP2, as well as
EBNAI, are expressed in latency type I, as in HD and NPC.
In latency type III, highly immunogenic EBNA3 genes,
EBNA3A, EBNA3B and EBNA3C, are expressed together
with other EBV latent antigens, as in PTLD (Rickinson &
Kieff, 2001).

EBNAL is required for the maintenance and replication of
the viral episome in EBV-transformed cells (Kieff &

Rickinson, 2001). Because it is expressed in all EBV-
associated tumours, EBNAI is an attractive target for
immunotherapy. However, CD8* cytotoxic T-lymphocyte
(CTL) responses are directed preferentially toward EBNA3s
among latent-cycle proteins, and EBNA1 has been believed
to be immunologically invisible because of studies indicat-
ing that there has been escape from recognition by CTLs
(Callan et al., 1998; Khanna et al., 1992; Murray et al., 1992;
Steven et al., 1996). A glycine-alanine-repeat domain (GAr)
within EBNA1 was found to prevent antigen processing for
CTL recognition (Levitskaya et al., 1995). Presence of this
GAr was shown to prevent processing by the proteasome,
the main catalytic machinery for generation of major
histocompatibility complex (MHC) class I epitopes (Blake
et al., 1997; Levitskaya et al., 1997). Moreover, the same
domain was established to prevent EBNA1 mRNA transla-
tion (Yin et al, 2003).

To explore the possibility of targeting EBNA1, EBV-
specific CD4* T-cell responses have been examined and
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