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BEANKRES / LIEHRHTEET —9X— “MGeND”

EREF NS

RBRERZREZRTH By I T —IERZENE

BEFENENDT /) LNHED i< DRZ oW - 168 - THiZT1TS 17/ LEHE] A, BAEICE
WTBIRIZEENHRD TS, 7/ LEETIE, KR —7 22— ETHRIEENS N 7 > MoxfL
THARMZZMERZITV, ZRICHEHD BB K BBRTERREZIT O o BRI I E, REEWA EZ S
DIEFI ORI A, EHINTOSIEEHR, 7 U TEMmSCIERRE . AT — 2= 5 E Tt
AINZEELOBEEMEERZIGEHL Tirbn b, Z07kD, N7 Y MIBET 2HFROER & a1, 1R
FHGEREE L TED SN TE T,

JREBICEED B/ LN 7V b IR UTe 7 — 2 X—=ZDOREM LD L LT, KENCBIDHHFE « H#H T
5 ClinVarDW ALK TEH EN TV A, ClinVarld, 2B ElRRESE T EM BRI NI ANY T
VR ERE L DOBEMEE R L T D, LM LENS, EfER0ORR5EMICB W TERICED S E
7« NUT7 Y MOGEWNHZ T &, EHICBHEDNINT —ZRX—AICERME N5 EHRIC T - AR D
WO, TNUDRRICBNTHET S EMEHEN TS, Z07kdH, BHOEICET % EMERT / LEE
DOFEBNTIE, HAANEHTONY 7V MEROBHELANEE LTS, TOXIRERNE. 20164, HA
PR ZE BB (Japan Agency for Medical Research and Development, AMED) IZ X % (R / L&
RET— 2= AR HEEDFBE Nz AEZETIE, THA] TFD - BRAMERE ) TEGYIE | TERRIAE | [HERE
DFSPEETEE TR YT/ LS HRZ2 80T 2ENOMZEHE. Z U TEAKRY: « ENEREREL L 2 — -
JEZFAR 2L DENC K O HARNRERES / LEWRKGT — 2 X—A MGeND (Medicak Genomics Japan
Database) ] ZBFE L T &7z AFHHTIE. MGeNDZHULICEK AL DT/ LEERD T — 2T A T2 AW DN
THNT %,
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From structure to function to polymorphism:

the discovery of the HLA-E, F, G genes to genotyping the
immune system through novel approaches for deciphering
polymorphism - my path of research

Daniel E Geraghty

Fred Hutchinson Cancer Research Center, Seattle WA, USA

The major histocompatibility complex (MHC) is one of the most important and intensively studied
gene systems in the human genome, central to transplantation and a plethora of genetic disease
associations. The MHC region spanning over 4 Mbp includes the HLA class I and II genes and was among
the first regions sequenced in the human genome project!. Prior to that, and toward further characterizing
all of the of HLA class I genes, we identified three novel non-classical Class I genes, now referenced as
HLA-E, F, and G?%, each with specialized functions unique from the classical Class I. Among their
distinguishing characteristics are low allelic polymorphism, unique expression patterns, distinct peptide
binding repertoires and structural characteristics, and distinct functions. We found all three genes
expressed in the placenta, with the functions of HLA-G and -E providing immunological protection from
maternal immune reaction to paternal antigens, primarily as ligands to NK receptors ILT2 and NKG2A,B,C
respectively®. HLA-F is also expressed on placental tissue and activated lymphocytes and can act as a
ligand of KIRs among other proposed functions”®. Recently, these genes attracted attention in iPS cell
transplantation studies as possible agents to protect the cells from NK cell attack.

In addition to HLA, the polymorphic Killer Ig-like receptor (KIR) genes likely also play important
roles in transplantation and disease associations. Toward furthering our knowledge of KIR polymorphism,
we intensively studied KIR genomic sequences, detailing extensive diversity through variation in gene
content, haplotype structure and allelic polymorphism?.

Using these data and publicly available HLA polymorphism data, we established a methodology to
type HLA class I and II genes and KIR using Next Generation Sequencing (NGS) technology for clinical
medicine!®1!, The core technology can be applied to both long-read (PacBio) and short read (Illumina)
sequencing to first build de novo population allelic data sets (rule sets) and then utilize those data to
establish simple to execute genotyping kits for general use (by Scisco Genetics). These technologies coupled
with scalable software for cost effective analysis have significantly improved genotyping for HLA class I
and IT and KIR loci via NGS. The technology has been extended horizontally to other gene systems
including the MICA, MICB gene pair and the FcGR and Fc receptor-ligand gene families. These technologies
are now being applied in both clinical support of HCTs and in active research applications, and further

promise extension to reveal novel and causal genetic components of disease.
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HFEETHIRE (regulatory T cell, LU FTreg) OWFZFEIE. 19804, ~ 7 ADFAE(FRFHIC K > TEEE N
% HOREERD, [EH <Y AHKCD4+ THIFEOB AIC X > THIHITZ % L OREBFERDN ST > 72, ZD KD
IEAMFIPETHIE, B 5 TregZ 0+~ — A —CRE TN HFIENER, 199541, CD4+ THIREDKI10% % 58 %
CD25+CD4+THIE & LU TTreghAlE ENTzo ZORER, TregD 2T A AIREE 72 D, TregZz AN 5
BBCBRE. FTHERATREL T o 7o, BRET IS H ARIED AR S THRNZIES LA ZAETE, WM
YNSRI I 2R A ZEATES T EAVRENTZ, 2003F1CId, Treglc FEEAIZE A T Foxp3hd
FE SN, TregDFEE « BERED 77 THIRETED BN REEANCHEA TS, & F DFoxp3ifnFDIIRA L. Treg
DR, BREREZIEC U, RS R ERRA BB AREE. 7 LIVF—. e ZEET %, 2Dl
M5, TregD b FEREND G, ZOEEMEDFEHE N, TregZiE &9 % b MU o B HlElc md Tt
MR E NTzo RGBT, Treglc X 2 A7 T-HEME. Treghkne, MINTREEOMEREMEICOVWT, &
51T, WHAIC Tregz oL, H 2 WIEEE TS Z TreglC 5 T E 2, £izTregz HWIEMIfaEEIC X 5 H
CRIER. RIEMEGE R ED TR « BN ATRED ., I DWW T & FTregDEFIRICHND B Zi#EiR S %o

RO &

1976F RBRFZEFEEE. RARE, BT YR,
RATRBIAZREER Z1%2 T1983F EF B TEUS.

1983 & 1) Johns Hopkins KZ. Stanford KFEE LIRS,

19894 Scrippstitsifi. University of California San DiegofZAssistant
Professor. 1992FRIZHEAMMRESERER [SENT] MREBEMES.

1995 F ERREBENM G FATRZRIELFT - BFIR. 1999F KV REPRFEH
SEMFPWMEMEEE. 2007F108B X VHEAME. 201 1HF48 KD KIRAZE %
BZI0OVT « 7Ry Y —HiR. 2016F48 KR EHR.
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iPSHRaZERWZ/N—F 2 Y Uikl 3 S SEICHIT SHLAES
MHC matching in iPSC-based cell therapy for Parkinson’s disease

HEMIIER > Y —DRMEmME ERTRE 5 — BAEERTRS

IS—F Y UIRICHTT B N T EAEME GPS) MifaZz Fl W 7= Ml AEA A 20184E & 0 EAfiT8755k & L CTHA
F oz, W TIXSOEIL K b hifftih i A R — & U RTAIE DS S—F >V Vo LakBRimic
TTONTEIRFAEN D %, WEDRGIRIERT K CEFEROARZRENCE R 5 &, PR T & hlikdsic
eSS E DT NE DD, BRI 5 088 F TR C 5, MINOEE PR RZ 5 5 eI i3 s
RIGDAY b a—)VIEEETH 5, iPSHIFZHWAFIMD1DE LT, BB GRS 2T 5 7291
HEBMMTA BAHEENRIF NG, 72720, BIEANCIEINA N TE, B0, BRI X b D7z IR
ETCIRERN TR, hOERE & U TliSRESROIPSHIlaZ R — & U 7z RIS So s ] 2 0f FH 4
T EWEZEND, R N AMmERYE (HLA) #&iPSHIIEKZ W 7= A FE R AR X BAE sk o (g K bt o
VATIMENEEZ NS, L= 7 A7V i-8hWrsic ¢, TEHE SR FEAE MHC) jiE
BRAEOERMZR LTz, MHCHEGTEA Tld M4 H %O ARG TRAEMIROA SR T X, i
ROSE RS NEh - Teo —77 TMHCHRIAE G IBEO A I IZTE M L~ 7 710 7)) 7 OHERER Y 2 ERDE
WAR SNz, RIEDTROEATIETSPO b L—Y—7% W /ZPETIC & O REFINICRIERISERZ 2 HNTE
Too o, BHEICET 52701 LARAITORBEMHIFIONR E RE NIz, BUEMTTH ORI FEIEER T,
HATHRAEOHLAR 2 R EICFFDIPSHIfdZ R —#E LTHW T WS, 7272 L, BEMNAHLADES 11T
b, eflicrzra) LAZHHT %, HUFRICPET TRIER ISZEZZ—LAEND, 271V LA Zllijkoff
TR TH %, SEIOERMIERER TOMRIERISD Y ka— U DWW TIZEIREROF TS HE DU THES
AL Tl FERICIGHLASD 772 /v 7 27 ¥ Uiz =o3N—H ) UL PSHIaM 2 O il R E 8 # 2 5
FANQAY

B E| %X RS

20044 FERFRZ I EZ RS L ERIEEAEE

2003-20065F MPhRMERE HERENF 8lER

2005-2006%F sSCimEHEEYY— MIMENGER 8lER
2006-2008%F RV I—F VLY RKE RARIMRE

2008-2012F REBAFHEERZNRPS SOEIPSHIRRITTRT RS
2012-2019F RECKRZPSHIRRIIZTRT REMLRBIE

2019-20215 REBARFPSHIRRIIZLRT FrE ML= 55A0

2021F48 MPEMIIERTY Y —PRMERE BEEREE sl
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CRISPR-Cas¥'/ Liwse"Y —IVIC X BiPSHIRET®D

HLAZRZ & BEERICH
B A2

REBKZ IPSHIRRERZRFT

iPSHIR 2 U Tz AR R 7 3% Ny & B B 7R Ak TR ISR 9 B 7 i, SR (JRlFE) Hask O Al 7
RENTVE, LHh L, IRBHEICBWTIERBME EEHLEDY FEDORICHLARIDI A v FHH 5 &
REEM DR & 720 2 %, A IZLIET. FEE ODHLABE G 772 @ EARFIC CRISPR-Cas9” / LRI K - T
RIGER, i s S 2 ARk T RE 2 MIa E 5 %2 et L7z [Xu H et al., Cell Stem Cell, 2019], HLA-A%
KX UHLA-BEREEH 2 C & CTHIROE S % KIEIC @S DD, HLA-CRHLA-EZRE I EZ T LIic kD
NKHIFEOTEEZMZ % T ENARERIME D ETH %,

— /. HLA-CICBI L TIE77HRH L80FKHD 7 X /HEDEWICK D, HLA-C17)V—7 L HLA-C27 )L—7
KaEEN, KIRLE 72 —7%7 LINKMIfE O ERICERZBWADH S ENHILNTWVS, Hib,
HLA-C1%7)L—71ZKIR 2DL2 & 2DL3% /T L 7=NKHIfE O #ifil, HLA-C27)L— 7 1ZKIR 2DL17%& /T L 7z #iii]
119, TD®, HLA-C1E 72IZHLA-C27% — B L 7z /20 R —Hfifdix, —#DKIR 2DL2/3# & U
KIR 2DL1DOW ;525D L v ¥ > b ONKHIAE Z fifi| H R m WENEHRE TN T3 [Ichise H et al., Stem
Cell Reports, 20171,

Z T THA&IE, HLA-C1EHLA-C27%2 7/ L4 T HAEIC AT 3 5l OBRFE 21T > T2 iPSHIIIC BN T,
Cas9% >/ /878 L gRNADKE &R FElb L, —ABDNAZ 2D & UTHWAC & ¢, HLA-C1/HLA-C1
RERESRIPSHII 2 S5 e U T —8ICHLA-C1/HLA-C2\ L Al fE T H % T & # HH L7z [Kagita A et
al., Stem Cell Reports, 2021],

CO&KIIC, 7/ LREFAMOBINGEASIC K 0 MlaOHUREZ BTEICHIEETRER RN E ZZ AL TED .,
SO LWL DB O HicOW TR EER TENEEVTH B,

B | JEH BUF

20015 RBEEAXZF IFMLF - EYTER =z

20065 BHEXZ ITFMAR EYKETFER BLFEET 125
2006 SO NNEREE BifRE

20085 79 UA b NPSHERRIRZTRESR BLHRE T

2010F REAZ iPSHIRRIZIRT (CIRA) #DER LHAETAZTERPY 45 E ML BhEL
20105 JSTHLBSHRLSIRFHEESRZE S M (TR E T

20168 TERAS iPSHIRRERZTRT (CIRA) REA e RHARIOERPT 45 E Ml sEET
20165 T-CRAZOJSA EAZOYVII N FOVII MI—5'— HF
20205 REKRZ iPSHERRMFZRPT (CIRA) BRERIGAATAZLERRT S46M (EREL)
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iPSHHREERRBEMRZEMRBETRUWLEICECDSD
RERIC EZDHEEDRFE

1BH &F
REAF DA )VR - BEERPHRE

PR, ESHIIR®D 5 W IZiPSHINE & W 5 ZREMERMIIA & A U7k 2 BAEd 5 C L ZHIE LTV
728, BREGIELYIDELTEZ S LIXTERV, ESHIlEZ RN HARRZ(FRT 2551, FEARMIC
Mthae ) Bhic 7%, iPSHITEOEIC X b B HEIC & 2 EEEDS IR S Nzh, BN D 2 WIRE N 7%
FIRIMRKZNC e D, BIERMMSEBAIET T % &0 I BHE THIENED 5N T W5, BN ISR % s
FOSEEICTHIRUNC X 2 EDTH 27280, ZORERIGZEEET 5729I1cid RP—2 LY LY N THLAZ &
2R END D, TDTd, MERBHEHLE LT, HHENENE ENSZHLANT O X A TRER RS —
SVERIL 72iPSHIIaAk (HLA- R EiPSHIID DIENTTHENT E /e — /T, ZTNTHRT D 5 BN
MR BRI N T E /oo ZOMEREIE, DA T —HURA—BIC X 208G, B X U1 NKHIFEIC X 560
RIS TH %,

Fiid, BRSO S BNKHIFIICEH L. HLA- R EiPSHIfH R A2 HLA-NT R L ¥ > b
IR L7253 T D 2 2 0ERISIS DWW TR Lz, NKHIIZIZIHIME L& 72— LiE b L2 7 2 —0
WAZFRELTEO, MifiiEL T 2—cs 7 FIVIEAS EiEEEE ARV, B b TIEFEICHLA-CH 7HNK
ffEOIHEL 2 T2 —DV HY R LTENTED, 207 2/ BEYIC K > TC1IR & C2BUChEIT 5 T
EINTES, BAlE, HLA-REIPSHIfL AR B2 CU/C2RID B HICBM LI e, BENET 5D
NKHAI A U7 A E B 5 EREIL TWERW T L2 L, L TR ZEHd 2 DTk
RO EEZ T, FBRIC, LY ETY R E L THWECUC2RUE R R > 7 « 7 ONKMfdZ., C1/C1%D
HLA- R BRI U TRERISE R LIz, &5, LY ELY MET %025 72 HLA-REiPSHIldIC
WATZT LT, TORERIGERNT ST ENTESLER LI, TONERE. HLA-REiPSHllaZz v
fo & ISR T 208021 2 HED—DIciE g5 LEZA BN %,

BEE| BHEST

20064 RERZPEGHPMARHE IERIEE 1

2005-2007F HBHAZMRER g

2006-2008%F KI3—ITPRFEBTHRE

2009-2012%F IBLHEIAFRPFIRE - 7 UILF—REREMREY I — (R - EHERFHREY 9 —) ARE

20126 RBRFEEEMNZRZRT B
20165 RERZDAIVR - BEERZWTA B
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S$2-1 IIRIDN2 HNEEEEDFER | RERGZES Y72 I DS

FECDY U NBRZERWEDARBEEDRRE

/i #a8e

RIBXFARZHREERFREHIAN BBEEFDH

I, RIS BT 7 IR RE 2 5 U IREB DR INEIEZ B, 794 F—Hifa) EZEHOBFENAE <
HFHENTWS, 2O [FH10F—Hilg) BFO—mHEE LT, MREELOAT7-9-2 o)V 71k, ERE,
AT 2 A LY — 2t 22l U, X O IO E WM ESE S OBFICHT T, JEE COMBIOFIH % n]
AEICT B &M TEHEERFE L x> TW\5, ZDTS, HaEH 5 IXEEAME S O TR LI H WV 2 0
HETHIFEO NRPETHIfL L+ 7' 4% — (TCR) FEBEI>MHCH B Z 4 U, #AEF-6iE 3295 (GVHD) S04 s bt 7z 1%
W9 B C LI K-> TTHillEEEREIC B W CIER CfifazZ R RIEEE 972 T AT )V ATHINL) FafiDBxEZ D
TET,

WA, DAEEITH U THGHURRE RN A TCRIE AT S THI R L O IRBFRE 211> T 72, %
OIEBFETTHIFE DN A PETCROFEBIZ I % siRNAZF&EH L 7227 Z— (siTCRN 7 2 —%) =3I BIF L.
AT Z—Te O TGEE FEATHIEIEA CAND RIS Z R NGVHDF S E 22 5 C 2 HI LTc, T O
2 I USSR AL B s THIIR E s (ATL) SIS 2 TCREZE B — Y > SEREiEIHZE O LRl 8
BB 92 LT ARRBR TR Z 2 T BB ICB W TGVHD D FIEZ A . WEMNT 52 & Z2HIEL T
W5,

T 5T, CRISPR/Casdic & 5p227uasnma7 ) v (B2M) OF / L#EF 7213siRNAIC X O THIfZOMHC
class PRBIZIHZEMKIR L. CDS8 THIIIIC X 2 #2451k 28079 % & Hic, MHC class DRBUK Fic &
% NKAHIa D 5 OB 72 B9 2 23 I NKMaifl Y /> R Tdh 5HLA-E7) 725l E e, TOXT
JVATHIR IS ENEZ R B 7205, GVHDZ R C LI £, EEOTHI CNKHIfdC X % 587z %
T EWRENT,

BIE, TNHOREZMEDH T Z—ZHOTHIREERT S EZHELTED, AT Z2—IC
X %I E Sz W Te DS A RS DBHFEICEMN 5 C E IR E NS,

StEB #653

1990F RIBKZFEZRE %%

1999% KEDYVY hVARZFEZE UU—F7VIIA b

20045 ACBEXRFEGCTRHEINTIRT SEblEio e BiEiE

20065 Z=BARFAZREZRMZH NAD DT VIBBRFHBRE HEHIR
2015 Z=BAFAZFREZRAFN ELT - REMRoRFHEE 20X
20165 RIGAF AFHREERAESHTIN BEEFDE HX
REICED
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BARRELESREOHEZFEITD
AIFZIaNY RIS —HlRE « T—Ny IEE

B BE—HR

EXRFEREFEN B2
FmERZMR Y Y — [IMS] Rl aERTR T — A
RN\ TEEARS BIZ - ERERMER 0I5 A

WA, REF oy 7R A 2 FHESKIC K 0 EE S N2 THIE O F IS (b O THIE (57 L ¥ % (CAR-T/
TCR-T) I X 2T AR OEERIERNENIHS MR D . DASIEREO TFICERNMEX > T 5, HA
. TN TEHRMIIEOEYIZRREICEH U, BIRME L IR E DO “FEHO SR Z RIRHIC TG X 8155
TET. DADRIEN ST ZDEE ST 7 F VY AT LEFE LT E T, AN S EDNAMIRIE, Z
DEMMEN SHLA EICHASURZRE LTS E DO EHLAG 7R LU THAFUREZEREL T ENE DD
FET %0 DAMNEZERZRE B 5 K 5 ks BN 2 i £ 2113, HLAIE SR PRI WA ZH S THR
] L. RREOHURZ R UHLAK R PEIC G 2 0% % THEISE ] OmEZAET %2 AT LOMAEDN
WETHD, 707 vy a VTR RHIIEE UTH S N BRRMIREIE, 175 728 & 1 2 OIS 74l
faTH 5728, WK Z 2> s a—)L g 20 DESROH & 755, A ERNICIFET 280K
MM Z AR & BHANAT 7 F 2 HiE L. NK#illdz 3 &9 % AR & 5 —THillZ 3= & 3 5 #i55us
D #72 fiE & 8 2 MlsF O ZESD, NLT7 Y 232 b7 Z—Hilld (artificial adjuvant vector cells
(aAVC) :Z—Rvy 7) 2R LT, TOT 7 FE, tssiiazFIH U iasds cifemic b AR 2 & A
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FICHEEINT WS, T7&bb, R F—THIRDEETURTE R 5 77 sz 52 0 RIS S T/
LR 0., MR E ORI E), R L. Mz EE TS5 LT, MaEENEL S LEEI N TV S,
t FOZAMGVHDIHFKIC BT, o7 ai bt R —THl I 2T 2R 09BN A2 b b T b
£H%, Lh L. HERETHIEO LSk 7 Off Y £ GVHDEIEE & ORFR. LSk 7 HBGVHDERIC R,
ESZT BN EICDNTIE. EREHDMARICHIKNAH S € FGVHDTRIZEAEHSMNICENTY
A4S

& TAT, ZEGVHDAGRI 7 v kot R —THIlE 7 o—>2 7%, GVHDRIERNCHEE T 22 & TEN
X, BIZERMImMEOTHIRZ E=2Y > 79 %2 & T, GVHDDFRIEZ el A U s aiic (7 1 ST
IR EEIE S 2 BRBE ) T L 72 0 . GVHDERERI R 77 1 KOS ETHIAE O Bk &\ o 72 B O FEHE TR L 72 D
5T EMNAHEIC A S0 E LNVEW, 7272 L mipfiiamiic 50, 7 afisi ot R —THil 7 o— > 7%
GVHDFIERTICHEE TE S L DWME T X EE WV, LFE, XM —F7 2P —DE KIS KD, THIZAA
(TCR) HEALECH | 2 HIFRINCIRAE S B T E D LIRINASICHTRE L 7 o T, BREMEED 51X, BF L RF—DV)
VISERRAREEZITO. BO N0 ZEETHIZOTCR VB CDR3MEHANY ZET % T & T, BAER OEHIC
B59 2 THIlIE 7 0 — > ZRBAERTNCHEE 3 2 il AT N TV 5,

K2 LD EIEREmh 5, b FAEGVHDHRRIC B 2 THIRUSEIC DWW T Z i ATz DTZ D
FERZHNT Lz,

B BE | AYH

1992F RBEEXZFETH &%

1992F RBHESH—R 7Rk BRTHEE. MRAMES

1999F RBHEXRFAZHREZRMZH D FRRARE AZ

2000 KETLvY R - NyFVYVEHREYI— RANRI NSV T0—
2003%F BEHERFAZREZRIFFAMS FHlllZNHZ BT

2003F ROBRAFEZFHHNEREHCRIVEL E&

2004 2ORAFEFHHEREIAAR E&. BIF. B, #60

20165 BOEBAFAZREZRAAMMA - BEANT EHIR
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S5-1 2225 [DSA subclass and clinical outcomel

®EIOT) VDOEE L EENEE

tRE BRI
LEXFRFRERRN TR R

1890ERAITH, N—1) 7 L JLHLEZIRE, 7 7 ) 7 OGRS feyE A & D o Mg Hicid, b MK
RUITT V7 ECHEREDELET 2 BRI 2RE8RNA THiERENE WMEET S e z2RA L,
T OMEMBIE THifk) EPRENZEA-ICHKTZEDOTHD ., TOHIKRNERIFENCHEETEZT LT
BEOWMEIMEAEEI NG, DF D [HHFiK] THZ, TNEOHUAD IO TIREMN R &E %2 R iz L
TR LR ANVTICE ST, HilkESE U TRIEMEME Z#E 9 5 iEh O ln Th 2 itk F R E Nz
LICK D ESICEEMNEREINEC EICEo Tz =)V wkidduhAZz DL il XmciZPiR LS
ZINSENMFAEL #E#mmﬁéaM%9§D#%@k£k9<%h%k%zto#E%ﬁ&ﬁé&%@#%
WBHANTHD ., TORRMEIIEANEMETRER S5 LR TWVE, TOEZHFIFSHIIBWTHIZIEZ
DEXZFANSN, FUADKGELHUF-FUAS LD AN 5 i éh%g&fﬁf?@@ & LT E
NTETo £ UTHRERISHTIL 5 2HUAIE. 2021FOBIEICB VT EEE. Fifian -7 )V AEGYE & W
IERICER LT LUE SN T IV I ZINKEIE S8 ERSTWVD, T 7F SoHRITUAICBEE U 7= Hiffild
LM IR E E N, BYYED RIS A TR E BB Z RIZ L T05, %SO 20T
LCRHYEZ H CIAD B T N TE SN, NFHORENHEIN TS, AEETIIRET a7 775X
DI & A PRI EN 2 SRR %o

{RE BBER

1998%F NINAZEAZRERZMRE ELFE BT

20005 HBAEMRESKREFIZRE

20015 HREMERAZH RSB - B

2003fF HRAFAZMEZZRWTE FH - REFER F1 (& )EY
20055 B LRWERRET UL —RI2EEmRter9— - iR
20084 Harvard Medical School (Boston) - #z2&

20095 HARZEMRESBNFRIHRE

20114 Max Delbrick Center (Berl |n) iiEa

20175 JUNKZE EABHHEZRZTT - /&%Hif

2019%F [LhEBRFAZRERBZMAR mrF - BT
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S5-2  TIURIIIL5 [DSA subclass and clinical outcomel

WAKFlowiniHLA#F 9200 S5 AEEHFEDFEHE

)13+ 1SKEB
BREEHRAN HK - DHEEES

VTAE, FITHLAFUADIgGY 7 7 5 ADAERS RIS RIZ T B OV TE L OEH R E N, Donor specific
antibody (LA N, DSA) DY 7 7 T AWM GO E N IgG3RIgG1 TH B A THNEL . MifkiE S 1tED
BV IgG2IgGATH 2L BT THEMNEBIF CTH 2 L ZHME TN TN 5, TNHOHETIE, {F R THAIKCY
705 AR FUAZIEA U TR DM DN TOE D, HIROR(Y 77 5 ZRERNAfitko—Hi%, BN
CRIEDBYT IS ALRZERINT BT END D, TDH, FIHLAVIEADY T 7 5 AREET % 12D HRL
INTENEEN TV S,

ZZT T, R, Y707 7 AMTRERIGZ RE RWVRRNTUAZ FHIWT, Y77 5 A[AEMSEZ T LTz,
AFRETIE, V77T AAEREDFHICDOWTHIAT %,

B | JIIH 1EAEB

198338 LIRKZTEER - TS
1983F4H BREERASHALL
1993%F PCR-MPHEZ A%
1994 PCR-MPHEZDRB1 MDY + > FIC i U T sl h 5
DIBHLAY A BV T, FIHLARFIREHZEDRHE(CRHB UIRTEICES
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S5-3  TUMZIIL5 [DSA subclass and clinical outcomel

fies BB E(CX I BLuminexizZAULV=
DSA-IgGY I S AR D#2ER

HF AR, B &0, AR 22, WE BF?.
S = SN2 e SN E R = N: (NN

1) INBRZRbE HEEssF Biaswt
2) INSKRZ b S2BSTRED
3) BKEEKRIAHT

AR AL R S (AMR) I dR FEft O FERFHR DO 1D TH D, R F—FeEMHiA (DSA) DTEFIZAMR

DYRAY Z@GDH%, L LDSAOMFIE AMROZKHEROHBEMEEE N EIEE AT, FEE DSAMFEL TV
THEEIAEETZIENEH O, BHREHEXTLE -T2 LIEBEEV, TOXI BHRBICEIIKELTY
F =TT BHEETIDIE N, DSADIGGY T 7 T ANEEL TWVWEHEEZ LN TN 5, [gGlETY AV T ¢ R
BOR. L VVBEBOEXDENH S, 40DV T T AT E N, iARE AT IgGS, 1gG1Y T 7 5 AN
7 < | Fereceptor & DFEEHIZIgGS, IgG1Y 7 7 T AhaW Tz, 1gG3HB X TlgGly 7 7 5 ADIFENAMR
ICBET % & Tl NS,

CNF TOLuminex W /=DSADY 7 7 5 Z ikt Cl3FE#E 7' b a— Wi <. sk cHitkora—
SIAE, BEEa Y ba—)bohy A TEORER ERA TH o127, —E LTI RRZ158% T & DR
THole, Sl FERBSED BT LI WAKFlow HLAF A 7 > 7;<|‘Jﬁaft%7& MRE T T U 7= BAERERIIC
i Ut U 74 2 5 9 %,

WAKFlow® # ¢ fl (i LABScreen!C b N T W E A I & D . LABScreen T5,6000F% & OMFIT & 113,
WAKFlow Tl & HIE T NBIEFIZ A Ulze EieY 707 5 ANTHERTlX, 1Z & A EDIERINIgG1Y T
7T ZEN T, 1gG2B K UVIgGatr 7 7 I ADHZH T 2IEllE. S RIOMG TEBHBIEED 2DHTH -7z,

IS K > TRICIMEIC T B MIEN RS T L b H 5720, PIHLATUARRIEREMEZ ) Tida . M
Ha TORISME S R T 20080 H %, DSADIgGY 77 T ZAfRHTIZAMRD ) X 7 HiE LR T A DRHAZ TRiE
T5—BILE01E5 b, SBEEFHOERNRLETH S,

1997F [LEXFEFE %X

1997F [LEXZFEFHHIERE £ E&8 (HEE)

1998F RIILERE —MAF THEE/L YT b

20005 ILEEEESHEGRE AT EE

2002%F LEARZFEFEMERE SN E&8

20065 LEAFAZFER EEERFARSHIN gIHEE T BT (BES)
20065 tToHfiaRl ATRESS ER

2008%F LEARFRL Hites - BIENF B

20176 LERFRT HEES - BIESNR s2RERR

REICED
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S5-4 TUR=IIL5 [DSA subclass and clinical outcomel

SO BEES R = F—iFlgGsubclassBIED SESNTZAER

I BAY ax 8

1) RRLZFERAKZ Hibs - —RAF
2) RRUFEMAT hRREDS BERERERE

PR BE RG0S 2 XERDEZS SR ORI « RIINGRICEETH S Z LIdSPHKTH D, TOHTH
AHPEZEAFRETH O, iimi « iOFL R F—Fik (D S A) DRIV —= 2 i & REREDERBRUNE &
2o TV 5%, RBRINGR & NFEEEA TORERZ A ER TV T, DS ADFFRANDA 287 M #E 2 5 EHRIC
DNWTESRLZEROEEEDHASMCIE>TEZ, HLAY T ADAEPM F ITERE NS BEWNFHZ ) Tk
<, MR ERT Th 2 MRIEHE LD RT > o v VICERTRETH S, B TldLefaucheur 545, Claf
BMllg Gelg GY 77 I ADE BN ZREL TV D, HTECIgEEELg GElg G3& PR &
BEZ i LT b, A S, Iimis RGNS S 2 IR EEEZ O TR AE % de novo D S AfEH
T. Clgfiathlg GElg GV 77 5 AZME Ui, & HI4HER T, MM RESTUAIC BT 5 Clahiatilg G
Elg GU T 7 I Az MET % )71E2FF L, KR THIEL T\ 5, MEEHFRTIEH D, ThE TOHIRIC
DWCIHRZHIE L, RO THHZZ 5,

B ST BA

RRUFEMAT HteaRtyy— 5E %

BBIIS7%F RERFPEFBESE

T AF RERFAEGEZMARHELRIER T

BI57F REXRZFEZFENRAB

iBA058F  &/IRREMBEREN E&E

iBile1F BERLABESHEFEGEGR RERK - iIEERENF EE
TR 4% KE HYU T F 7N CPMC BIENRIARES
T 65 REAFEFE ES

¥R 9OF [ BhF

TR sAEM

145 BhEUR ()

FR215%F  SHERNFN LS Z0R

TH23F RRLTERKZ Bttty — SN BREIR
TR265F [ #HiX

Ol
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S5-5 2UR=IL5 [DSA subclass and clinical outcomel

ABOMBRAEA B EICEET 3 M AEHERIERRIS (ABMR)
DOBIERTY 2T FHEIZS1 B1gGH T Y S ABLUC qOBIENIMEIE

=R T Sl K" EHE 2?2, EH E2? SR EAY,
Rk BEaY . B BXY. 2R FERY . Al B vk Y

BHEMAZEFL BRER - BECRFHMIEE
BEESE IR TR BIESNE WS
SRMERE BEHNE

EHNEMAZEZE BBIENIFEE

1

2
3
4

O = —

(&5 - Y] ABOIMERAE & B A (ABO-1) O IR F U, BT X & BRI 2T AAE G SO0
(ABMR) &, #EEISIEMHIC X 2 BIYETH 5, L. BREZEOABMRE MR L, BAYERIIZ ., BRSO
FaFlE)S (accommodation) #5 | Z 9. ABO-i7'0 b a— Lo EEREL fzdic, LYY MBI 58
RERTRAZ IO TZABMROD U A 7 3t 2175 72,

5] @A a7 =y F 7 X oIt UL72ABO-iL 3 ¥ L b ifiig 4244 (ABMR =14,non-ABMR=28) #i
APUARMIE. FRIMEREEEE SIS & FRIMERFCMZE 72 W, total IgG,IgM,IgGY 7 7 < ZHlE. Clq assayzi71- 72,
(8 5] total IgG,IgMO Y fE X, ABMREEIC HLEE L T, non"ABMREED &b o T, BEAZE T - T,
(IgG:p=0.072, IgM:p=0.107) £7z1gGY 77 T Aid. HIATUAMIIC BN T, PIMED 73113 1gG2>T1gG1>1gG3>
[gG4TH >z, £z, ABMREEEnon-ABMREFO LG Tld, ABMREEDY, HHIREICE W TR - A8, Hijl
TRAEELEZRDEN-> Tz, (IgGl:p=0.081, IgG2:p=0.072, IgG3:p=0.862, 1gG4:0.132) —/Clq assaylZ.
Clq (IgG+IgM) ,C1q-DTT (IgG) DM (%) 1&. Clq: (ABMR=41.1%,non-ABMR=10.1% P=0.055) cut off
E33.3%,C1q-DTT: (ABMR=9.6%, non-ABMR=6.2% P=0.039) cut off{H7.5% TH > 7=,

(KiEm] ABO-UCBWT, IgG Y775 A&, BMTIE, ABMROY A VR FICIEZESIRWD, IgGH T 7T A
g ZDTT-C1qidABMROD U X 7 N FIC /5% T EWVRENTz, LRt OFHR K D HEABO-i7' 0 ha—)L &
U TCIgG 32f5LL R, Clq-DTT 7.5%LL FOHGE ) W FH %5 (freeds X U 101, 118222 (DFPP) 7 20l {19
5. BESERE YO Fa—)VEREHL TV, %071 b a—LEHOIER O ZER BT A L b
N5,

=4 T

1993F 38 WEAZEENMTEHAAZIEER MNP &%

1993F118 RBOERAZFEFHFE_NE BIEWRE REBF & LTHH

2005 48 REBAFAFREZMABAZ EMEZDFEYFEL
2009F118 REBAKFAFREZWRE EFEBLS G

2009118 REBRKFAEREZNTRE mEHEZEMEE R RD

2012 4B REBRKZFAEREZWRE BiEnERSHHEE HxE

2015F 48 ROBRFAEREZWFRE BLSARZEMR OV T ~ BEBHR
20165128 BAERAZEZE HLENE (BBENE) RRITHREIH

2016F 48 BAERRAZEZE BEE - BEREFSHIHE B3

BECED,
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HLAL BRSNS
HLAICZES — 5/ LSREERBREE -

X BT

EUYEREERAREYY— 5/ AERZTO0Y IO~

FMEIRZZBRIC BN CEEDOMWIAR X V37 OBINER 2 T—< & Uz, Kt TR GEAIA L THiIMKE28
(C2). Hi4h5r (C4). BT (BF) 23— N9 38 n 1#F & #8892 HLAB R FREO Z RN & #REIC Bk 2 42
M, IR EOMIRRICH AT B TO W THLAORMB R L A72, 198TEDA— X~ 5 1) 7 I
B L 72 VAT ¢ — )b R 7 )VESIKENE % W 7= HLAGHER O KIS 7 LR ERTIC & > T, ZhZFho
HLA-DRZ)W—T & —EDBILTEET ) LY A A DT & RR LTz, IRE%KD1988FEICPCRZ V%
HLA-DNAZ A €27 RBR L. #TLWHIEOBRICE BN UTz, ZORIIHFRT7 VILERET S L LI,
BHINS T DRF =AY TR, FiH KR & & & E ki & HLAE R 125 O BT 1w
U7zo HARDI1991EIC F M LI EBHE ST — 27 v a v 7 - 2 TR, MiRTMOSETELHEDZ e E
I, IME %, DNAMENT, 7 — 2 \—ZAKERL E DT DOIEENC LS L T, B/ OMIEE L LIz T &Ik
CRUEICHE> TV 5, — /5T HLABE FREOZRIC A S NS HEMZAZTED U THARNSSIEBESE M O R MES
FHEET BT8R 5 Tz TOXK DI M/ L TiREEO LM 2/~ I HLABR FREOIIZE TR R85
Z D%2006FLIED T/ LB xtG & Ul S0 2 KPR BIRZ PSRN BRI B 2 R 2 RO
R (GWAS) ITKWICIRI > Tz TNE THE < DEFEBIT DWW TENA O LRSS D /1 7215 TGWASZ
175> TEEM, ZDZ L OFERN BHLABE FREOEE N2 HiERE L TV 5, THIEGWASOSNPT— &
5DHLA imputation®®, XL —7 LU —ZHOWCHLABG FHOEEMTIC K5 8iBEX T2 T,
EHICRT ) Ly — D LY AR DOV TR BEM 2 ED TV 5, RIZIC, TIRER W20t rs,
BRUHFEMZE L TE 2 < OAEHICEEH T2 LET,

Gy

1977%F WRRKRF BFES R

1982F WREAR BERAFR BIFEEMEER. PikES BpiFRE
1983%F RRAF BFE BF

1989%F HWRAF EZFE BF

1992 HARTFPRINEL T — HERE FE

1995 WRERAF KEREFRMFE HiE

2019% ENEREERFRtEYI— WER SO0V 7 M

RELCES

63






¥ Ex

=
S 5/ 8
JER







200 BREMESHEFRAR WiRsE

EL1-1 #HFE (Advanced Stage)

Bl EROMERHLARE

B
SERL FERAS IMRESHIRE BiBEER

E XS RHUAMEORFE D K THEAR, FIHLAFUAD IEMEZRIE & BAHROBIRICE & 2 HikBIdi R i
fot & DRENEZ K OAREC UTe, HUkEd, I7ab 5, BYFIREOME ZEL L2 DIRKZFIHT 5 C &
3. BEOREENETHERZHNZIATEEDOOTHETH S, TUADELASNDERNE LTE, HEDOBE
JE, WEARIE. iR EH D T ONERICHUANZ S EAEES NS, HUADBENZ {7231 Lich > TRz K
MMTEL T LR X OWH LT D B ERGE BUARRETR) D 755, DX S BBHHATX D I TIc
T B HikZ B FHUA L 03T 5 —75 T, Bz LIcC LI K> THEE SNSRI ETUALITEN S,
BRI AR B34 < 5D - D20~30% M ED BHITH ETARIERO 5N B L 51ckx b, Hilfifk
WEASNZERE LTI, OBEOIRSENET, QMO REiiHiFlORE, OB&ICEHLIE
JERHYE, L EDDHBEEZILNTV S,

COHEMH TS, BHERICEESNSHEVHLATAICDOWTOEEZ Lt BRMEEZICHNS EXE
KRG UR E BB AN DR EOREE. BrEPUADEE S NS BEOERK . FETUAD TE I & EDHER
% HS TN, FEFUAD TRIAROATRENE, & EIC DV TN THIZL,

T HiE

1987F JUBEXRZFEZEFE. BFLFERBRFHEEREZY Y AR
19965 ~19984F
AFURT YTy IRZNRCTRERBOWZE BRI NUEVT I DIERICHES)
1998%F RE®E. LFEXMKRSEFIENTF
2005% [3) 588
20084 @) AR
2013%F @) BRAREUR
2015 [ &%
20176 WRABEIERL MRSBE GrFE) R
=00
RRETERMAT EF L
BFpREHNFR FME. [ 58K
BASMEZ= Sk, @ E8E
BABAKBBIEF= s8EE
BABEF = BIESEE
BANRZR SBEE
[FrE==
BFpREHFR. BASNTEZR. BENHZER. BABEZR. B EBESEZR.
BABEZR. BRERBBEZR. 7AUNBEZR. EFRBEFR. BAREZR

u]
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EL1-2 #&:3% (Advanced Stage)

HLAZ#IEE Y O FIEREDRE

TR i
FRAZEFERR HTEOEFTRE

EEMBHER, N—F v ME, 2EMHET YT =T, BV URFERILCHETE U U FEEEI,
1970ERYITEN DHLA L DREHNE 2@ SN, B8Z 5 HLAL OBENRE IS N T E IREERO—D
EBbND, WO DEETIE, BREHED S HEAEIC E HLAORED AL NS,

TRIEMEBHESS SO SOGTERIEIR TIRHLA-B*27, N—F 1 v ME CIZHLA-B*51DEE L EHENRH 5N, C
NEO7 V) ))VHEEOEMAZDFIERODEMZICEFEL TWAEEbN S, LWINE, HLA-class IOFFRFERIC
BWTHAET 2 ERAPEI T OEA L OB FRIHEERNRE TN TVS

2EHTY T =T AT, I—a v/ RREMHICBWTE I E A H ORI E O & OREN S
N TWBDRBI*03:01N\7T 1 2 A T ORHICINA, SEMICHBWT, DR*157)V— 7 OENASGNTH D,
HARNEM TIZDRBI*15:01N7 11 2 A TOREN I SN %, DRBI*03:011& 3 — 11 7 SREMIC BV THi
TRCIARK LB THICH D . Jili. 77V AREMICH T BEHICK D, C40 3 E—HERMEN—FENT
HBHAREMEDME TN TV S,

BHfT ) < FTld. DRB1%04;01-°DRB1%04:0575x LI HHN5 T I /WY |EF— 7 TdH % “shared epitope”
O EHNPFERIC BN TRO NS, EHF, KERcITbNIT / LU A REERZEO 7 — 2 ZFIH L7zHLA
imputationiEiIC KD, 7 X /L)L TOMMTETT S N, shared epitope/7 v 77T —h Iz & &I
HLA-DRUSADFEAIIC BN T E BEDHRE SN TV 5

il P BRI itk (ANCA) BEEIME R, UT4E $%§5¢fo\‘tﬁbn LTV 2 HRMRBIERTHZH, Jbila—
0y SREMICZ WY Ty TH PR3- ANCARGERE TIEDPBI*04:01. HANERICHBW TR 72 5
% MPO-ANCAG ML CTIZDRB1%09:01-DQA1%03:02-DQB1#03:03/\7 1 Z A 7T DR E N5,

MHCHUIC I, HLAFEN LN DT E F 6, HBOMNIONY 7> SHEET 5 EAMEIN TS, T
NS OMEHD ) FHERII KRNI TH 2D, TERENZHURRTF FORAMEICIZ . mRNAD 2 WEEAEL
~N)VTOHLAZ 7O & OB#HO e BRI N T3

AAEHBHE T, RROFFIRD ., ch5OHIESR, o U 7 F RIS BT B AR RS L 72w,

=

1983%F 3H HRRAZFEFEEFRIZEE

1985%F 68 HWRAZFEFENRIEREIFAEES

19878 78 Research fellow University of New Mexico, Department of Medicine
19884 58 Research fellow University of Florida, Department of Medicine
1990 8A WRAZFEFEARMIBEEFR=F

1996%F 6A REAFARZEREZRMARNEECFEDEFHF

1997%F 8A WRAFAFHREFRMERANIEETF D EFHHIE

2006F 108 REAZAZRABREGRZM AR SRIBEEZ TR

2011F108 RRAZEZERRBR (BciFC K2 BIMES)

REICED
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EL2-1 #&EHE HAREEMEREER)

Bt | SEEFIEREERE — B R Y NEBE -

AU WF

RIEKRZ BEEFHRA RRFDE

HAHFGE S P2 TR, HE S TERE ORAEHE, MEkom Lz N E LIERERIEZRRITHEh. &
ETHE20E2MA %, FAfrERREIC B TIHEO RSFFICHR MR L . 785103 & b I iRz L
LTV, IEOHMES MRS X RO EEMZETIEN D T oL OREREAZERE B ORI Z D
Z—R7ZWEES T 5,

BHROHLAZ A ¥V 7 ORIE 5T, MESEOISHEIRIZZIRICES T2, FelidROHIEE £ 7 5k
W SERRISH £ CILHIPAIC B K 5. REHERESMNICHRE I N TV 2lBIERGHEE T, KE2LTO
AFERIC A DY TR Z AR L. ZORERZ 0 LU CRERRTRED 7 + — RNy ZICBIF T &7z, 2013
ED B IIAHREERER T O IEER40%ATE O E AR D LW CHBMHZTT> TW\Wb, Fio. 201T4EN B IEZERE
DBELICIE A B CARBE BIHIC TR 2T O 2R T E

2020 K O . AN IR b > TYZFm U, ADERIMICHk T 2 C L a7, K&
FEH, EHICEEBRE I o7, FWICEARHABRIEZ < OBIMRE DR TRA L NEMICT DT 2
TEMTERT NS, SANZ20194EE OREHREAERIC N2 THEFEE DOARGBRIC DV T & i CEEMARIZ1 T
7200,

20194EFE DFFERBRIC DWW THELR T % &, AFHERICEE T 2 ME TOIEZEEMEWEICH > Tz THUTRE
BRSO FBEMN RO AR EFL L T B KD ICaiArling, A X, JSHIYIOA > T4 VTS
HBTENDE, BEERBROBESNEHD LTV EZBREDTAND—BE k5 X5, VT4 2 TORMEED
L. iR RA > MG ITS TETH 5,

A BT

2000F BERNEDARFNEE &% (RFL)

2003F KRIRMIAZRZHREZHFH MRRECHT SRE F1 (ES)
1988%F HERRTFIIREYY— RER TS5

1992 WBAFEFHOTEMGHTER W&

20005 RBAFEFE [HEMRE

2003F RBAFEFE Epfxa

2006F RREMERARFZHGKEBIFHN 2 FREDE HEH

2014%F FRREMBHAZHEOEEBMEN DFREDET O 10 MBI
2018%F RREMEHARZHGREBINFA B

2019 RIGAFHAFELMZRT B

REICED
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EL2-2 #&EHE (HAREEMEREER)

HLA-DNA% A E> D & #fii

BN SERX
BANRTF MRBELEAL

HLAWGERE (7 0) JUsitEzR U, BAES X O—5Boimk oM I 82 RET T EhMHISNTnizz
B, PHRANTIZMEADHLA B2 RE (XA T) T 5T EHIRALN TV, DTN BIF 5N
FOSTERERS I A OHUTE & . RS Y 2Bk E DRIGZ AWz iE P2 2 A €2 7 (LCTHE) 2175 TWIz v,
DTV FNEARR S CICEANFERIC X D HLAB(G FRSIN 57 LV 2PUET % [DNAZ A ¥ 7 | HirlhE
R0, BIEDEREIZ> T\ 5,

19904 LLBE D PCREN D I & i3+ FOillfbic K 0. DNAME I AR TEERE D & 75> T2h,
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ENTWVW5B,
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HINIC B DB Tl i m BRI U5 2, 24V THERPNE T % Ambiguity 2 E 2 T, MEKET
OB/ OISRV 2B G U TEMNMEZ S EEROENS,

NGS-SBTHEDOFMLIC L b, HLABIEFORIIZYV VI ELT ., A 2 b VR8sl R O IERIERE
W E TEAREDNTREL 72 0 . PERELMT TRl & 75 o Tz IERET (NulD 77 LU, Ambiguity & il <o
DH b, &HICHLAZ A ¥ Y273 « BAEGEZ D Tix | (s COSKANRIN-D, FBBE M, 3515
TER. BT &\ o 720 B ORI & 05K « FRHIC L DA HMITH B eh b, 5%EZOEENIIEE
B5EEZBNS,
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BEERBEDT=HORETOT7A VI I ERBEZSV VD

Kb 5
LEAFEARFR HLS - BIESRE

BN B IIHIEE DR & & BICARBR O BHIE UGS U TRe, L L, IBEEHEN F2ICAE TV T
&, —EOMERTIHMMINIFIET %0 iz, JERFERIZGEIIHNC RN 9 2 EYUESS, B I B
ORBOME LRI N TRV, LWLV ED Y MEANIC & > TRER/NEO S IIHR 72 2T % H
. carboxyfluorescein diacetate succinimidyl ester (CFSE) Ml & IVFINT A—RZ—T 10— 1
F A MY —7%)5H U 7zmixed lymphocyte reaction assay (LA#%, CFSE-MLR&M&Y) ZAF L7z (FF—/L ¥
LY b RBRZRARE L, THIlEDO T =/ 2 A4 THICHATRSZ ERbd 25 D), 20054 LI 5
U T PR N O B A (%5 200611 L4 _B) D RFEFNT T L. @ICMLRZ i1 L, S E= %Y > JIc kD < fine
tuninglc X O SIEIHISE DR 5B OEGEILICESD TRz, ZORER, 7 1B OHNHINC 2 7 S 5 oD if
FPEE PR EIL, RIS K > ThED B3 T LA L2,

CFSE-MLRIFEH RN TR Z OV RWE DD, fiflakiE e 7a—4% 1 b A M) —DOFE iz ET 572, i
MO EIEGNCIV—T 0 VRBEZRZV VT LTHENT 2 AR LER . 22T, mi—m7e sy i
B TR IEGYE DFEIE Y A 7 IR E N5 I8 U A 7 el 72 s ae ) 1707/ LGz g &
L CTHiIi L. CFSE-MLRIC & > CTHRNAARN LS fifig 2 5 C EAWBENTH 2 L E A, Il
RE AR BEE S 2 S0 B 7+ DR HIE 6 1 2 2 alSINIC T L TV 5, ZOHT, LI ELY FDOFcyRi#
{7 FCGR2A (rs 1801274) [131 H/R] £ FCGR3A (rs396991) [158 F/VID G EEZ A (SNP) HY, FFAEEE D
FCIIRE Nz OB A FE A O PREGIEGUAE DFEIE &K IC A =ICBE# 2 2 &, £ LT, FOXP37 1E— & —fH
(rs3761547) [33499 A/G] DSNPH., HBAMEL ¥ Ty M, AMEIGDBEE LTiTbN b AT A R
POV AFHEITEZ M IC BT % T L 7x E RS L TR Tz,
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BHESNSHLAREEZEZH{EL T
~HLABREZIL S LIFHSINETDSH~
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AR TPl ARETE

BAREERICHRE G TR E E RO R VRE TH 5. BREOIHICIRS T, BHEEZO 7 +0—7 v Ttk
E. FHEEE-STWVD, LY LGNS, RO H CHIURRE & MR 1 MR 7R R & Beffi sk &
NB1D, BHEEBEEBEOR TEERN THEMT 2R3 D%0, £, BREFICHEESEREOBE NS £
NTV3 &, KEHENDRNC ., SV aAX @m0 & ThRNRIESE RiX-> TV iRt H 5.
20184 X U IR T DI BT, BAEROFTHLATUAMA DMERIE & Nz T & THEBES TR D
BeNHIE 2 Miat 9 2 Mg DI L T E TV, 4UBEE201 14 IS BEREE OB % 321 TR NHIlE 2 Mt L7z b3,
YR PTHLAT AR E ORISR 5 . BATEMBNEHTH > /oo BHEDBEBH S NI, BATE
B TS S ERE LS ORETRETE NS DWW T, BENIEZBIMET 2 2 L TS 2T N TER, TOD
flic & NE DR, FiimOMER &2 < OBENEIT S NTZD., BN IZ185 L THROBZ S L
MTETze 20164 DALMGE AT E ZHENEA U, EMEIEL ML T2, BENIEMEENE
MHEFICKRE S B AEERED, 2L O INZ R E. ZLOHENRD SNz, FHL BN
TREMET 27DICHD A TEINEZ TANE - BABH - AR KO0 TN T2 L LBICHROEY -
L DN TEHA I BTV E T,
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Scisco Genetics Inc., a product and services company
toward understanding immune response genetics.

Daniel E Geraghty, Wyatt Nelson, Chul-Woo Pyo, Ruihan Wang, Akiko Ishitani

Scisco Genetics Inc., Seattle WA; Scisco Genetics Japan, Kobe

A detailed understanding of immune response genetics and its causal relationship to disease promises
to significantly impact health outcomes. Scisco Genetics was formed with the goal of breaking down the
technical barriers for characterizing complex genetics toward building models that can use immune

genetics to guide healthcare practices for the general public.

The core technologies we have developed include a next generation sequencing library preparation
system that can be applied to any gene system that has a population reference data set.

The key components of our ScisGo technology include
(1) the ability to apply and generate reference data sets for any gene system
(2) customized applications of our amplicon-based NGS technology

(3) cloud-based infrastructure for high-throughput, multi-tenant genetic data analysis and data storage.

Scisco Genetics currently employs these components to offer services for low-cost high-resolution
genotyping of

HLA : high-resolution HLA typing

KIR : KIR gene typing, Haplotype typing, Allele typing

MICAB : MICA, MICB typing

FcGR : Fc gamma receptor polymorphisms

Chimerism : high resolution determination for single or multi-donor

Ancestry : determination of closest ancestral population relationship
Analysis is carried out under high stringency laboratory procedures supporting both clinical and research
needs.

To enable other laboratories with these technologies directly, Scisco produces and sells ScisGo kits
that provide low cost, user-friendly, high-resolution HLA typing and multi-donor Chimerism determination.
These systems are currently in use in clinical laboratories supporting hematopoietic cell transplants

(HCTs) and in laboratories conducting research on disease associations and immunotherapies.
Here we present a brief summary of the company’s structure and activity and introduce two efforts

that have used both Scisco generated data and products, together demonstrating the use of Scisco services
and Kkits.
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Next-generation HLA alleles & KIR copy number
imputation system

Seik-Soon Khor (Charles)

EUEREERREYY— ¥/ LAERRETO0Y I b

Imputation of human leukocyte antigen (HLA) alleles and killer cell immunoglobulin-like receptors
(KIR) copy numbers from SNP microarray dataset is appealing due to the strong associations of HLA &
KIR in human diseases, the abundance of readily available genome-wide association study (GWAS)
dataset and low technical knowledge requirement for HLA/KIR. The high level of both allelic and gene
copy number polymorphism of HLA & KIR may have resulted from selection pressure driven by exposure
to a wide variety of diseases, possibly in parallel with or causally related to selection pressure underlying
HLA polymorphism. Indeed, coordinated KIR-HLA associations have been detected with HIV infection,
hepatitis C infection, human papillomavirus (HPV) induced cervical cancer, psoriatic arthritis and type 1
diabetes.

With the recent advancement of next-generation sequencing (NGS) technology, HLA can now be
characterized up to 4-field resolution covering all variations in the HLA alleles including exons& introns,
5UTR and 3'UTR. On the other hand, KIR can be characterized to high resolution including KIR gene
copy number (CP), KIR haplotypes and KIR allele types. However, HLA & KIR gene detection is currently
very limited when examining genome-wide SNP data from GWAS studies using conventional computational
methods, despite the high-density SNP coverage.

Thus, we developed a new methodology named HIBAG (HLA Genotype Imputation with Attribute
Bagging) & KIBAG which enables a rapid and inexpensive way to determine HLA & KIR information
from a GWAS dataset. KIR copy number and 3 and 4-field HLA typing were performed by Scisco Genetics
using their ScisGo genotyping technology. SNP information of these samples was determined by a
combination of commercially available genotyping platforms. Both internal validation and external
validation achieved an average accuracy of > 95% across 8 HLA genes and 16 KIR genes. Specific HLA
alleles frequencies divergence were observed at 3-field and 4-field resolution, these patterns emphasize
the importance of NGS-based HLA typing in which higher resolution HLA typing may elucidate the

clinical significance of variation in non-coding regions.

77



200 BAREMESHEFRAR PWiReE

LS2-3 fiEe=7-2

AR —O T —Z2BAVWEBEI DERLGHLAY M EVTF Y <
~ScisGo HLAv6~®DEN

I &8

BXKREMRIIRT AR - PUESEES

EAEORMR S — 722> 7 (NGS) B OFE I, Bt 5 HLAB G T HINGSEAE N ITE E 1
T3, TIN5 DRIEDEGIC X D PCR-SSO: (Luminexi®) DR T % Cis-Trans phase ambiguityhV Kk &
CYEEEIN, XA TRBENREEMICH ELTWD, — /T, Z2LONGSICXSHLAZ ¥V 7EIZ, SSO
RICHNT, BEDMMETHZ T &, =7 T ARERZG2 ETICKRD#EN 2 T &, MFEIAX Fmn
EREMN, W—F URBEICHANOBETH S EEDN TV 5,

UM L. Scisco GeneticsttONGSHHLA% 1 ¥ > 7 i3 TH % ScisGo HLAvV6IX T 11 5 D B RE i Z2 itk L
TWb., OV A7 LFHLAA, B, C, DRB1,3,4,5, DQAL, DQB1, DPA1, DPB10E 11 locus I DW\T. 4
exon & intron GE3XIKLL FtypingZ AIREIC 3 %) & & 35400~500bps O PCREGNE fEY) (Amplicon) Z/EHI L, T
MDAmplicon’zsequence L (IlluminattdOMiSeq). HLARIZIET 23T+ v FTH 5,

ZHDAmpliconfFICPCRT 5 2 W5, RICWIT A DexonT— D7 LIVDEIEARNE o7z& LT
&, homozygote & AR HIE X N2 AJREME 1T M) TRV, Tz, FexonD T T A —+X v MTIMA T, 28D
intronfffTHl 7’24 —&MA 5N TED. exonff]Dphase ambiguityZik 53 T EHATREL 72> T 5,
RINCE T A< —1y ED4DDLy MCEEHHN, 96T =)L T 4 —< v b T—EIC 24K DfiEHT A AT hE
Thb,

X7z, BB DIROES, RO OFEIIAHTETE, 20T L— M EEHHTE %,

AT AR IZPCREAUAD EMiSeq TD Y — 7 T2 ARAUA K T THHI2MFRILIN & PCR3WFR D &5 5IE R T
12T EMNTE, FHOMSEIZSSOLELIZIFFABETH S, TNUCEHDET ., 1F& AL DambiguityZz R
ETE, SSOWE LRI 75 5 IR WERRRT LU R,

V=D LY A%D T — A fiEHT & Scisco GeneticsfE iV 7 b7 2 7 GeMS-UNC X O HD/SY aVFIC K
DIEEIC30MIE ETHRMTE, ZAEYTHR, FexonDV — R, flEEHER % E DTERMN 7 D 7 <
KRENTWV S,

D& IC, ScisGo HLAv6F v hi&, FRFRIMN DR E THIED S ORMRME SN T2, )V—F
MEICH LTGETH D EEA %,
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ITEN—TOERD SERKIGAET
~HHLARBEET —5 = XD EHRDH DR\~

S H M
AR TPl ARETE

PIHLAG AR E 13 ik as o GG sl Ic WD T —RIICITTb N 2 & £ 75> 7o L LHLADZERIEIC
KO, EEINLSHHLATUAZZHEZERTH O, MMOEKIRE & g U TR OEIRDIFE ICHEE L T hTwn
%o TOMERZMRT MBI U TRIATIEZE b= DREZDFIHEN TV S, Fiz, JEFIC K > TE, it
HLAHTUAD AR ST H 20 B2 W 5 C IS K > TIRIRDERIC IR S T EDH 5, AdHHEOFTE T
T b — T OB S ETTHLAYUAZ A T 2 BRI DWW TS %, %1 T, ¥ M —7froht
HLAFUAD WSS G MRS R 2 55 SIS U 72ERR S 2 TE L T 5,

JEBIERS Tl fEE - HPEZZRICpEE U7 EHEHIE N A PITHLATUAIC X > T, BRI S LT R —#ER
WA TZRHRN 2T T %o AICHB O TIEREBREDEENICEZ . FF—EiE RN THaE7H. L
YLV A R —FREEMHA (Donor Specific Antibody; DSA) Z{#F L T\ T & BUENERICEMT B IERIH
HO . DSANE DG E ., BHZ#HO I 221550 e d b, Shl. LYELY MI3KD R —i&d
NTICH UTDSAZ IR L CWeh, T b =Tk oM, #lifkks GO HHLAYUAZ BT 5 72D
ClgScreenZiBfL 7 C & T R —EIRICHHAMEIMZBMEEICHRE T2 LN TE, AEFIZBELC T, §i
HLAHUAEICRRS S, T F—T MO, CDCRFCXMORIICDNTEIG LW,
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HEAOZEX EMEEMIGEAMERBHREBE (CHIF SEBRZE
HLAZ VU VOEERUVSHRIMEADAMTS 13XRTF RDin silicof& i

OBH fIx". 88 EE?. B FAP . 8 —=*. SF 57 0R HaY

1) RRRIERKZE @

2) BARERKRE UDNYT - BERKEIE

3) HLATRZRFT

4) ERAZFERRENRIEETR £/ LERFDE
5) FURKRZ ELES

(H 8] BEERIMARAE T 3 2 1% R AR i M sk A SR 5% (TTP) TIEADAMTS13IC 09 2 RN pEA:
EINTHELH, HAEMHREELEZ DN TW5, AOPihZiEET 52 < OFDAEMEE T, HEBOHLA
MEBIEZEICR G 2 LS TN TV S, SR HAANBRKETTPEEIC BT % HEEESZEHLAD [FE Z2
11o7,

(051£] AL IFHANERMTTPES 28 x5 & U, Ky — 7 22T —Z2HOWZHLAfR 2170, A
EDTVIVBEE R IR UTze R, in silicoX T F RiSE T HIE 7 )V (NetMHCIIpan) 72 VT, & fIE
ADAMTS13X7"F RESZHEH U 7z,

CRGER - B5E) B ARMETTPES Tl A L L L THEICDRB1*08:03D 7" V JVBHE A L (17.8% vs 6.4%,
F v XH3.06. FliiEpfE0.005) T EW/RENTz, — /. HATHEENTWADRB1*11 (DRB1#11:01) ©7 U
JVBEE I N ETTPEER THEA XA o7z TNHDERX D, HARANDOBRKUETTPES TIEHANTHR
HENTWBDRBI*11:01TId 7% <. HAARADDRB1*08:030TTPOKEEZMHHLAL L THE X iz,
F 7z, FIADODRB1*11IC T % 595 h 5 DRB1*117% 49 % & OfBHRAIIEIE., ADAMTS130DCUB2 R X
A CHIkRT % X TF RFINVAPHARZ i L. CD4 THIFOFEIEALICBI 59 % C G SN TV S,
DRB1*08:033% X U'DRB1*11:01ICHK T 2 DR ¥ DX T F FiEHEF — 7 L ADAMTS13 X7 F RO MM
T HAFRIC R L7z & 2 A, DRB1¥11:0138 X UDRB1*08:03X D KB ENADR7D T3 BE A5 TEF—T 7%
BLANSE, H@DXTF RLFINVAPHARZ K 389 % C L AVREN T,
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EREEREEICHIDIEA ST —HENNEEEY AT FRDI=HD
THARAEH KUBHAE T E ~— TREMh

ORA [EXREE?, BlF HAY. &2 &%=, M. Niemann®,
E. Spierings® . =#% #67° . ER FLE". RHEH X"\
®ik B2\ BiE &RY. B E2Y. JWw ZE!

1
2
3) BEAEMAT BRR - BlanRSERE

) BRHIERKT BBESNR
) &
)
4) BEERB R TFR BEANE
)
)
)
)

OESRRTTRE HEGREE

5) PIRCHE AG

6) UMC Utrecht

7) BEEER TR BlEAR
8) BLEE R+t BEATR}

[H1] de novo R F+—HeEMHUA (DSA) FEA D) X7 Fillid, EZRBAEZOEMEEICE > TIERICEETH
%o AWZEIE, Bt b= (= 7Ly FI ATy F) ETHIRRZE s —7 (PIRCHERZ7) OZNZEh L,
de novo DSAMEAE L DR HZfRIAS 32 Z L ZHINE LTz,

U5iE] BB BMIEEZ691 25 L LIzt A M E aK— Mgt x217> 7z, HLA-A, B. DRB1. DRB3/4/5,
DQA1, DQB1OIZ 7L v kS A v F EPIRCHEZX 2713, ZNZFHNHLA Matchmaker (ver 2.1) 83X U
PIRCHE-IIX v F > 79— R X - Tt L 7z,

G - Z5] 7L b 2 AX v F EPIRCHEZ a7 O OO MRS Nz, 7 ANDT Ty k2
A v FIE, de novo” T AII DSAFEAE L HRICHBE L Tz [T 7Ly b Axw F<13 ; 8/235H1 (3.4%) vs
I Ly b IAR Y F>14; 92/456/ (20.2%). p <0.001], PIRCHER 27 &de novo” 7 A1l DSAEAE L H
EITAHBE LTz [PIRCHE<175 ; 26/3161] (8.2%) vs PIRCHE>176 ; 74/373/ (19.8%). p <0.001], 7 < X
IT7Ly rIAX Y F EPIRCHER 7 Diili 7D L)L HMEWEEE D 7 5 ZTT de novo DSAHEA X, 4/179
51(2.2%) DI TH > Iz, WifittiiEzZHANS T & T, XD IEMEICde novo DSAFEARY) A7 2Tl 5 LMW TE,
AET% OMERHIEHIHIERE I T 2 68 A2t U, @ EEREOFEDIATT S N5,
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HLA class A TER—TI3, FEMGFEREEHHBIERICHSITDS
SERMHEGVHDREIEDIENMEBSHET B

O 8", TE Bth), Bh FAP . & S0, Tk 27V 20 B
VB S0, B WB B LAY A 50 B B,
M B, —P RX?,. HE EFY. R BT

1) RERFARFHREZRFH R - EEARE 9) BERAART EFE

2) HLABRZRFT 10) RBXFEZHIERR

3) DA - BEAEE Y 9 — EBILEDHART BoEMAZERBRS VW EFEREZY Y —
4) B AITR Y 9 — Rk 2) INERZF FREIETIRER I ZTrT

)
)
)
)
5) BEES R TFRk EIZIKL[D]%HJE’@,%%ET gevI—
)
)
)

vvvv

6) ERLFEHLFEGEEGR ROITRE RIRKFAR PR EZ TR A s - A -
ERRFEHLFEGESR FEOPIRET H%\J?F NS
LERTF - RIERER

7
8

(H®] HLAGUR - 7 LIVOA—3E, Gz o 7RICGeE 2 52 2 505N Tws, HLATE
=T O—HzMET 2E T, HLAY LIVA—EEEFIRIC B0 2 BZER)ISDENZIH S MM T 5 H 2 H
& Uiz,

(/51£] Transplant Registry Unified Management Program (TRUMP) IZ &k E N TV %, 20004E40 52018
RIS M ARSI U T IE MR MBS A2 920 L7z, HLA-A, -B, -C, -DRB1Z A1 ¥ 2 JEMDEET S
9,85 THERIZ 1% /T BN RHT LTzo DQB1Z A E 2 RO R4, 7T7THEFNCEI U Tld. HLAWFZE O N7 1 &
A TEWRZ I LIV E#EIRT 2 7 )V 3 AL THEE LTz (BAE 2T - HEE—B0F 1 94.3%), 5T LIV
TEMRAERIC, V7 U 2 7HLAMatchmaker (HLAMM) 7% fWT, fEr a7y UHiEDE#Ed 2HLATL Y
b =T HEE Uz,

CRGSR) BE R 13 485 (16-775) . 6,14 LERINS/8 HLAY L )V—3. 2,6224EHIE7/8 HLAY L )L—3K,
1,094JEBNIFHLA2Y LIVEL EA—ED R F—h 5 OBREIER TdH > 7z, 8/8 HLAY LIV—EUER (AR, MT
GVH/5TMHLA class 177 LVA—3 « T¥ b—7—Zuiefil (B n=2,061) & LKL, 7 LILA—8 - T h—
TA—BUER] (CHE: n=1,655) (&, 7' L— F3LL LOHEIEZMEGVHDDFIERD G I EHTH - 7= (BEHARE:
adjusted hazard ratio (aHR) 1.02, 95%CI 0.83-1.27; CEf/ARE: aHR 1.78, 95%CI 1.27-2.49; CE#/BEf: aHR
1.71, 95%CI 1.30-2.26), $fic., GVH/F M OHLA-CHEIC BT % 7 LIVA—H + TE b — 7R —BUE
(n=2,153) &, 7 LIVA—8 + T b —TF—FUER] (n=1,563) & Lt#E U CEHIEAEGVHD O FIER N EETH >
7z (aHR: 1.89, 95%-CI 1.30-2.75), GVH/5[AIHLA class II7 LIVA—8 « TE b — 7 AR—EEf] (n=2,140)

3. 8/8 HLAT L)V—ZUEM & Ll U, EIERGVHDRIERICH A Z RO AH - 7z (aHR: 1.14, 95%-CI
0.77-1.67),

(£52] JEifE R B fc BT, GVHAMROHLA class ITE b —7R—8D R F—iF, HIEZMHGVHD
FIED) X7 DE L. HLAZY b—T%EE LIz R =8RG TH 5 rTEEEDVRE Nz,
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BEIFFRICEH 1T SKIREHLADERFIF# & RIS (H & DRS:E

O™ & 77" Bfc. B0 &8l KHE ERE. 81 RE
BMAZESS WRPE—HE

(H] BREFROEEIRTIE, BEEMEF v U 7 2387 0 7F6RANT AR (NUC-N), &7 a7
HEGI(NUC), FZ w770 —ZMHEI (NUC-F) BMFEE L, KRR (HCC) 2 a4 % 2 & hYd %, Killer
cell Immunoglobulin-like Receptor (KIR) I&NK#ifid FICHE L, HLAY 2 X157 17238k L T, NEKH/HAZOH
JafGEEE A ML 723 E M b T 5 2 e 5. KIREHLARZ Y A )V ZERRNARIE L BEL TV 5, A
72 Tld. NUC-N. NUC. NUC-FIcH . KIREHLADBIRZWE# L. HCCABF & OREZI 5 hicd
5T ERANET B,

(51£] 20181 H ~12A £ T2 i 23272 L 1= BRFR D280 (FE#irh YME62%. /2L 147/133) Z X5 &
L7z, 20FEDKIR & HLA-Bw4/Bw6, XU, HLA-C1/C2%PCR-SSPiEZEHWT R A Y7 L, MK
FRREE & I PRt L 7z,

(5] NUC-NiZ 146/, NUCIE114f1, NUC-FiZ206TH O, TN 5D S5 B3I THCCEHFDBHEND - 72,
MEt@ : NUCENUC-FOREM T, £l (NUC vs. NUC-F : 62 vs. 64j%. P=NS). RN ah -7
([A] : 59761 vs. 50%. P=NS), HBsAg&IINUC-Fif TH R > 720 ([A] © 226.8 vs. 0.07 IU/mL, P<
0.001). FERMAM TIE. ALT (A : 18 vs. 17 U/L), PLT (Al : 18.4 vs. 19.3/7/ul). AFP (A : 2.7 vs. 3.0 ng/
mL). FIB-4([A : 1.72 vs. 1.37), M2BPGi ([A : 0.78 vs. 0.70 COD I %37 h > 7z (5P=NS), %7z, NUC-F
TliZ. KIR3SDL1/HLA-Bw4W G RV Eh > 7z (A © 53 vs. 25%. OR=0.29, P=0.021),

FET@ © HCCBIF A (n=39) & it (n=241) O2B{[M Tld. HCCEEIFAREZ. Hiin T (HCCREIAT vs. % : 69 vs.
60j%. P<0.001), HMicZ < (A : 76 vs. 50%., P=0.002), FIB-4([A : 2.5 vs. 1.5, P<0.001) *°M2BPGi (Jf] :
0.9 vs. 0.7 COIL, P=0.032) < KIRZHMED S B, KIR2DS3W A EICEh > 7z (A : 31 vs. 15%., OR=2.5,
P=0.015),

(BB X UHE] BRATROMEE 7 o 7B BV T, EEMORK 1L UTKIRSDLI/HLA-Bw4la kA K
Zw 77V —ERICEET 5 & BREFROHCCAPHTIFKIR2DS3AE#ET 5 & L AVRK E Nz, HCCH
B & HIRIF 2 KIR2DS3D V) 4 RIFARHTH . KIR2DS3DZAMENHCCEHHIEETS 200 7AWV A =
ZLIEDWVTIFSEORERETH 5,
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Association of Bovine Leukemia Virus-Induced Lymphoma
with BoLA-DRB3 Polymorphisms at DNA, Amino Acid, and
Binding Pocket Property Levels

OChieh-Wen Lo"\ 7IUS {288\ [EH =Y. Zik BETF° .
B ZSY . WA Z=". fIH 827 BF =R @ BF?

1) REAFARZREFEGRIFIRR MIRFAR R F P 58 R
2) f@ﬁﬁ >FIOAINAZAEIZY b

3) TXFZELZFAF BYREFH

4) z“:.i?j(—?—“ EFE

5) BRI BRI ERER

6) KD BEMKENRIEE Y Y — BEMRD

7) B LZ2HR Y 9 — AEFHEEMAERTF —L

8) VT /FAT T 7R =4t

Objectives: Bovine leukemia virus (BLV) causes enzootic bovine leucosis, a malignant B-cell lymphoma
in cattle. The DNA sequence polymorphisms of bovine leukocyte antigen (BoLLA)-DRB3 have exhibited a
correlation with BLV-induced lymphoma in Holstein cows. However, little is known about the
relationship between BLV-induced lymphoma and DRB3 at the amino acid and structural diversity
levels. Here, we aim to comprehensively analyze the correlation between BLV-induced lymphoma and
DRB3 at DNA, amino acid, and binding pocket property levels.

Materials and Methods: Genomic DNAs from 106 BLV-infected but clinically normal Japanese black
cattle (asymptomatic cattle) and 227 BLV-infected Japanese black cattle with lymphoma (Ilymphoma
cattle) which were selected from a nationwide survey (12 out of 48 prefectures) across Japan were used
in this study. BLV infection was determined using enzyme-linked immunosorbent assays targeting BLV-
gp51. BoLA-DRBS3 genotyping was based on PCR-sequence-based typing (SBT) method. BoLA-DRB3
molecules 3D structures and electrostatic surface potential modeling were analyzed based on the crystal
structure of HLA-DRB1. Association study based on Fisher’s exact test was performed by comparing the
allele, genotype, or amino acid frequencies between asymptomatic and lymphoma cows. The results were
penalized with the Bonferroni correction procedure to correct for false positive rate. The alleles or
genotypes with odds ratios (OR) < 1 were categorized as resistance alleles or genotypes. In contrast,
those with OR > 1 were defined as susceptibility alleles or genotypes.

Results and discussion: In allele level, DRB3*011:01 was identified as a resistance allele, whereas
DRB3*005:02 and DRB3*016:01 were susceptibility alleles. Amino acid association studies showed that
positions 9, 11, 13, 26, 30, 47, 57, 70, 71, 74, 78, and 86 were associated with lymphoma susceptibility.
Structure and electrostatic charge modeling further indicated that binding pocket 9 of resistance DRB3
was positively charged. In contrast, alleles susceptible to lymphoma were neutrally charged. Altogether,
this is the first association study of BoLA-DRB3 polymorphisms with BLV-induced lymphoma in
Japanese black cattle. In addition, our results further contribute to understanding the mechanisms
regarding how BoLA-DRB3 polymorphisms mediate susceptibility to BLV-induced lymphoma.
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SSP B27% v MCTIER/NY R 2L L IEEROHER

O#tE T2, BY 67, 36 a7, M =i
AR E. B8 B 18 X8 BEFT "R
V1 /94T T 7= AH

(H#]) HLA-B*27i8 {n 73R A HER & oo B 72
FOTEMRILNTED ., YR TLZDOERZHET S
Mg 2 Zit L TW0%, AWZETiE, MilkdSSP B27F» b
TRDIZ1IBIDIEFFE N RICDWNT, JHIA & 75 o 7o 5K
MEBRT B HNE L,

(/5] SSPF v b iZOneLambdath SSP B27 Liquid
Primer SetZ il L7z, ZDF v hd2fEDPrimer Set(®
B73 primer, @B81 primer) 540D, O TIEHLA-B*27
RB*73% DA TR/ R (100 bp) A%, @ TIEB*27
RB*81ZFFOMIA TR/ N> F (325 bp) WMEHN %, ©
E@QWHE TN RS S NTGE, B 27589 %,
gDNAFHER IR IA K D TaKaRattDNucleoSpin Tissue’
A UCHIE U7z, gDNAZPCRIEIET., BXUKEIL/ N
R A Xz2Re L7z 25, WT100 bpTid7x < #7300 bp
DIFFRFFN Y B IR 2 Bn . @ THIER R & 7% %6
RIMEENT, ZTTIHFFRNY FE2TIVLEDYIO UK
#L ., NGST 175V —{kL CTThermoFisher Scientific
#DIon S5 T —7 V¥ VTR Z T Tz, FH NV —
K7 =212 UTBLASTHZE L, fHEEO &SN EYfE %
R LTz,

(53R - BRINGST— X OHEMEMROMEER, B
Rothia mucilaginosaDMEffi & LT SNTz, MERRA
WKZOWENEFENTWT Eh, JERFEI N RFEEDFA
EROTAREENE Z BB, RBIHTIENY Y14 XD
BWTHBIGTEERRTETM, N FOGHOATHEL
e, BRHIEERD S EMERITH S, BikRDAK
59, FRCMERMRATIEEMEY / LDa Yy 23 x—

I L THEHT 208N D %,

0-02
BIEDRILIENLABScreenDAIEFRICS X JFHE

OR 7. BR TEY. Wk &2, wR &FF.
RER 16352, 1Rk i

1) AL R BRPRARE AR
2) RREHANU IR

(H 0] Bhlni O PTHLATUAR & D RRINEE X 11, Bl
EHICBUIBHERA 7)) - TRENETEITEHEEL
o T\ %, MAHICBHEMBESENTETS 5 & HERED
KIS 2720, MBICBOTZZFNS ZRET ZHHLEH
WETH %, BITEMZ IR LN LR E N TS5,
LA ZIIE T TP CHEFEMIIERRICED XS IC
ST B0, AEINCEHT E NN R, Z T TR
W TEPHLAFER A 7 ) —Z VT REBEICED X 5 7
B G2 B 00, EERMIAZ -V TEHG U 7z,

U57£] Mkid BE 4 b U 7= fiHLAF AR E O 5 A M 7 208
K% Vv, wifLEE5FE (Adsorb out (One Lambda), EDTA,
DTT. FBS. 3ffiES (EDTA+DTT+FBS)) ZZNZEh
OHEET T - Ve > THEM L 7z, ilSIZLABScreen
Mixed (One Lambda) Zffi [, _FECATUURIZEMA & il
PHIEFHAERAIC DWW TLABScan3D (Luminex) THlE L
72o HIEASHICDOWT, BPEEMOAIIC X B HER, 35
KUBTHEIC K B EIT-> T2,

S - BRI Ny 7759 RBEWHiR(NCE —X
nMFI1500L4 F) it LT, @“(@ﬁu&l&@ﬁ%k%b\fﬁﬁ%
IR BNIR o Tee ZNUND TN TOMIAIC
Wl Adsorb Outis X USHiEA TNCE — Z@nMFI{Iﬁ
WA U, e OSEN R SNz, KoL IES e
DG EASRICTRE D B % Wik, SR THBIA 5N
7zo TNHIDWTTERED R S N izai ik O, NBG
RatioDZ(LHFD LSRR ZHE T %,

F 7. FIHLAFUADREFRASE TH 2 LABScreen Single
AntigenlZ DWW TH, ATUUERIC X 2 HERBRAD B Z T
Il Ulze ZOFRERICOWNTEIE THET . AT
I EBIRBOMGEZF TV S

91



200 BAREMESHEFRAR PWiReE

|—meE 1 &l - 5 |

|—meE 1 & - 5 l

0-03
BRESIEICE U ICHLARBRER S V-2V J3ED
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OFfERE". BE %7, #iE 2",
il =", B8 H. b8 x|,
BT wg"
) Y1 /94T T 7R
2) BAERAPESD SR BBEH

VR SR
Ik ZEBY) |

(H1Y] Luminexi COHLAFIAREIC BT, HIICIK
Uiy bATHOREIMD TEETH S, FFICAY
V—Z VA TG, EmEAasmE, fmim, MEsRahs
ik, 20EZT 1385, BEBHZICE T 2HLA
PiARE TR, A7) ==V VKRB TRkt E T2 M
HU., FERETZOREEZ#EL TS, LM LZD
— 5T, WRIWEHEIC Uz Ay A 7 EOREIRIEFICK
HTHB, T THRABHAEA—I—DIIZZ2DDAY
V==V 72 L, BEEEGELZ A7) —=
TN 21T T2

U718] Bl DEZF148RIED X 7 ) — = > Ttz
$f 5 1C, LABScreen Mixed I &I (One Lambda) &
LifeScreen Deluxe Kit (LIFECODES) Z#ffl L. mi#id
€y b4 7{Ei%ENBG Ratio=3, &I A—T1—D 71w
AT MEZHEHREME Ulzo miadSEh 2o & Lilgx
T, BEOHEERGE. EB5h—HDHMNGEDOEE
BERmE & Uz,

(5 - ] 148MA DK S, Class I [214:62.8%. [
7.4% CREMIPE29.7%, Class I B21£67.6%. F51E8.8% ThE
Fitk28.6% Tdd > T RERZTEMD D A E M AT I 8D T2 A
Class [ 68% (95% CI, 54.4%~81.9%). Class Il 66% (95%
CL, 49.9%~81.4%) 3Rtk L BTN AT U —= > J¥
A KB BHBIERED M L 2R Tz, MakFEIic DN T
LABScreen Mixedid, AZ2EQCOIRIN 5 igasfotibs By
TOFERMIEIML TV T &, LifeScreentd. X—7H—4&
FEDHy FATETHEN R L 23 EM e Uiz, &
EFAETE CTlE VB R SDSAHBIOIEE NI 22 &0
ROEND, A7) =V TRERLICY Y 7 IVHUREE
21T 5 & IFRHR S 248 © B DM Z Y5 isE Ol
Flkdizdh, KEOXITAT) -V THRBEIIHEE
ERD, 5. MDAy b4 T2 SIHEELL Ty
S BN & FE R it 2 ik P T %
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Single Antigen BeadsIC & 3 IHLAf K RIEEE
REDQLB R

OBH ®RT". pARET". 20 2E". BKEBE?.
i Bth?. B4 &, fl AT W R,

i B, KRR =i

1) RERFEF R RE
2) BARERIA BN

(12 CoIc]) HPeha il aird ¢k, Ephfes 6 & Ui
B IR RAE SR LHTHLAY AR E 2 i L T 5. Bi
HLAGTUAIZFEAHLABNS N U TR RS Z380 50, 7L
NI K> TRIGEDR E S B ZIERIDND O, FF—D7
LVICxd 2nMFI%Z R —REEAFITHLATUA(DSA) & L
THELTWS, UL, BITOMREHRETE. R F—
D7 LIV E—T %BeadshVx  HIEITE RS SIEHID H
D, HARANDT L)V ESHREIC KR LTV BRSO &
Mt Ulzo SN, Bt X CHITORE R D
HLAGUAR RIS DWW T LT L2 D THRE S %,
[51£]) Bi477£DOne Lambda LABScreen Single Antigen
beadsic K O[5 MEE HIE LTARIC T LT, maximum nMFI
DIEMEAE~EE F TR S W0 K 5 BRIAZ R LTl
F1E (WAKFlow HLAFUARF EAERERID OMEREER &
LedehET U Tz,

CRSER] e MR sd. HLA Class I fifAlG 5084, HLA
Class I HIRBRTES AR DV TIRMT LTz, OF L L B
REDORIEE — X THHFITHBEL TWVB 7 LIVICDWNT,
0 — 7 R4 MR 2 Bt UTze AT — 2 2R OB R U
0.8011& 7% > 7z, Al U <BHu— 74 AX0.8545, Ca— 7 &
0.7015, DRI — % A0.8932, DQH — 7/ X0.9072, DP
0—7420.3647TH > fzo MHUEEIZHE, BURENT
NEFAETHH, A,B,DR,DQE—H A DV TIEE W
NS 5NTc, DPE—A R DV TIHEWFIR E >
7zo @DSADOH DB Z MG LTziERIE. 75 X 1 DSAX
0.7919. 75 XN DSAIZ0.9104 & B HBENME BNz,
(Z42] FIHLAFUAME RS &, FATIER O 7))L 7 NODHL
DIAFITINA . DSAONMFHEDHREZ1T>THH ., [H—
HLARI DR SUVMEZ R 20, [[—7 LIVOfZ 3R
FTAEMICOWVWTIIREZEDOEEDAZRMADH S, SO
MEHC K 0, FilliEZz VT, DSAZ —fUCF—7 L
I BnMFIE L THET 5 EMaEENEEZ SN,
R ZREDIFEIC OV THH L TIrE 20,
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LCTEEM - BMHRHLATREDLuminexii EFCXMIEIC

B BHEABEDLLE —nMFIDSIEDSI S X 1HIfAIC
2UL\T—

OZE XFF. 0K #. Bl . &oE B. B8 T,
IR 83, =8 O &dr

RRUFEMAT hRIGED BEEERER

[H#] FEED N D NIZLuminexi% T HLAFIROH@ET
YR =T OREMGEICEKD *ﬁtﬂé NAHHLAFMAICD
WTC. ZOnMFIDEEOEEIC BN T EFCXMO IR
BN E S T & Tcellia’:ﬂﬂmt 7Z ZA1FURIC DN
THER UTe M, Z OFELCTRHE DA TIEFCXMOMFTIX
nMFI& O SEEN TEflEZ /R LTz, Z D75k
LCTIFMEDHHLAY 5 A1k 7% DICFCXMOMFIL &
nMFI& DBRICDWTHET U, AR SO HIE ISR
Trw,
[51#] Luminexi# (LABScreen Single Antigen) THiH &
NIHHLAY T 2R @G 2 7R 9 B s i L
T. TN 5DHKICHIST 2HLAYZ 5 A 145 72 1FifE72
D) VSR W TFCXMZTTW, 5 DD GRS
(nMFIEMFTI : ratio) 7 LbBH#ET L7z, £z, LCTHAICH
WTHERFIEDSERS BNz 7 T A 1HUKIT DV TIEDTTALEE
#%. LCTIEIC K D ZOHikliZzZiER L. Zh 5 Okl &
HOERE IS DWW T B LRigkR Uiz,
(455« #£%¢] LuminexiElc & 0 i & M HHLAFAD
55, & ITHONMFIZ /R THUKIC DWW TIE4MT 7 LIV T
H2 2B HOTARDNED 5N, M ENzo F X1l
D 5 BEAMFT H5000~240007% <3 HUKIC DN T, LCT
WEEM DA O PN MFLIZ12662.2+4647.8. FCXM®D
FEratio 1330.9128.2 (n=57) THIKINEWHHENE SN
2D Uy LCTIEED RGO H A TIEEInMFT : 14593.1
+2497.5, FCXM®D T-¥ratiold 160.6+18.4 (n=20) & 7%
D, FCXM®Dratiold LCTREMEIC LEARTH S AT W HEDE
i 72 7R U7z (p<0.0001 : WilcoxonfiiiE), MH TN 5P
KT X > TIEFRICY > 7 SEROBUR & D SFIOHUAD R
5Nz, nMFI H200008i%DOFTUATH>TH, LCTT
AR S TEDRED SN WHIANZ N T & R EER LTz,
Wik TOFCXMODESRM TILCTARMETHNIL
FCXM3LuminexiZ®OnMFI/5000~2400013TCH B\
IR A RSB Tz xf L, LCTIFEDHFIHLAF A DV TiX
V) 2 SEROFCXMIC K D #iH S N 255 72 |0 s
[E2RUTce TOXIBHBICOWTESITER LW,

0-06
HLA-CEEICEIF Bnull alleleDiE ~4FICHLA-C*
03:23N&HLA-C*03:03IntVN (1) ~

OBK TUEY, kX8 BF>Y. BAH BN,

BiE A, e BEY. =3 s, #e Y.
e e

) BARTF4E MIRSEZHEAT PR Mz ZerT

) BRE EFES

) BRIFKT BEXT « DILFE
)/1/94777—7%Tnﬁ

1
2
3
4
(B0) a4, dimiflaghiz Bl e LicE e R —o
HLAZ A YT Tld. NGSEHWIZMENE N LDODH
%o THUTKDIFY VT THELIA Y MY ZE T
DTz ERG AT 2 T E D AJRRIC IR o Tehd, — 75T
ZTOEZRINRBUCED K S I 5T 50 T alcHEidnT
WEW,

AlaEl, AT U7zHLA-C*03:23h'null allele TdH %
TERBESMU, HilzIcC*03:23N (HEENT O X A7
A*26:01-C*03:23N-B*40:02-DRB1*09:01) & i S iz
DTHET %,

(71 HLAZ A ¥ > 713 AllType NGS (One Lambda) if
72 MiSeq (Il1lumina) I & O YV — R E5 72 B3
TypeStream Visual (One Lambda) Tfi#ht U7z, FEBLIK
fElZCw3E ./ 71— 7 Uitk (One Lambda) ZHWFCM
HETHRLZ, AT I5A42TFRY A - ORITICIE
Berkeley Drosophila Genome Project & Splice Site Score
CalculationZZ{# L 7z,

GRS - B8] XA BV RN 5 C*03:23N1E C*03:04:01:
02& g L T F Y > 3D406FHENGH 5 ANDEHZ
B, AT TA 2T A S OfRFTIND T O ELE
BRATSSAVTICHEERIFT VRSN,
7z. C*03:23N{#H Y >\ Bk Cw3E / 7 u—F )Lifk &
DRISFERDIEMN > Tee TNHM S C*03:23NId LR FLE L
WKROFMATIA AT A M 2B LT L—LY T hER
by T RUVET, CwafiUREOFBIMMNG & Nz & HEN
INTz, RO —Z &E % 51 %C*03:03IntVN
) Z—WEERZRTHRE L TED ., SBErhay
G CHLAB R T ORI S FREIREZ TRITE %
VAT LOREENREEE R B,
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) EREHAS REEAT 1 HILSE

) BAF T MRBEAE PRIRHZRA
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(H] #E 51, REEFE2TRIRSIC T, MEH D Ectopic
kT %2 O TR OHLA-C 7 L)V ORNAFH &8 7% 125
FERIC THIE T % Fikz2 B U, RNAFE R Ik
B LEZBNB3MEDHLA-CT L )V7%& FIWW T ks R 2 )
BT, —17. AEAREBERSICTHEIKS I, MG
WAL 7O =25« = Uy VTR E D E,
C*03:03:01:01 & L U CUHEFR DA R 2 Hil 7 LIV
(C*03:03IntVN) H'null alleleThH b L 2wmE LTz, %
T TAWIZETIE. EctopicfHTic & © C*03:03Int VNDE L
FIERMEET A L 2ENE L,

[7514] C*03:03:01:01D i fn T £ E DDNAW /£ C*03:
03IntVNOD 1 RZ R 2 F DODNAW T 2 ERI L, & A& %
EctopicFtH HAplasmidicffiA U7z, 25 DFplasmidz
control plasmid (GFPZ¥E]) & HICK562HIfTICEHA L,
RT-qPCRICX O RNAKHEZEET S L & Eic. FACS#
Fric & D #ilaLm FOHLASY FOFEZE Uiz,

[FE5 « £5X] C*03:03IntVNOFLE FEYI &L, Jelcis L
7zNull allele C*03:23N & [d] £, C*03:03:01:01D1/7~
V10ETH O, ML EOHLARE&I1XC*03:03:01:
01D 1/10LL T (R HBRALLT) Tdh o 7z > T, ectopicfi?
HricHB VT E., C*03:03IntVNDFEH &3 C*03:03:01:01
WKH U TR FLTED, 51, TOFEEKT
BUHEROEOVICERK S % 2 EDNFEBRMICIIE N, C
NS ORERIZ, —WEFERSREITHIN T, ANEctopicfiTis
MHLABEE FRIAZ HET 2DNAZ R EZ IR L X)L T
[T« FEES 5 L TomNky—ILThHd T ERrTEHD
TH%,
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UYMHCI SR || 6EBFDIE—HENGSE T =
BEDEIHMRPUINRAEELVZDONTOSA TR
EDHEE
Ofx s, WT w8, )RR #Bt?
1) BICEHRA EHERFHREY S — 77 —< 15 /202
HRF —Ls
2) IHEPREELHES

5] 7 > Omajor histocompatibility complex (MHC)
75 2 1EfETFDOBoLA-DRB3IFA-FMERIFERZ L &
BN H % T EMREESN TS, LA LAEDNS, Z0OMM
DBoLAY T AIL& L+ Tl Bz F IO E DD T
JETH %% EDORED SEERE TV IVERN AL L TED
FHEEBEEZREET S DN TERY, KiFZE Tldcopy
number variation (CNV) #4735 KX Unext generation
sequencing (NGS) fi##i 7% FIV T, BoLA-DQA2 (DQA2).
BoLA-DQB (DQB2). BoLA-DQA5(DQA5). BLA-DQB
(DQB1). LOC100848815(DQA1) X T BoLA-DRB3
(DRB3) IZBF 32— T VI ZHAIEDETRER
MHCZ S AN 7 VIVEREL, ZONT0xA THiEE
feE Uiz,

U5ik] 7 7 LDNAGHE 7RO IR WVI2THHD RV A X A
VB L 72, TagMan Copy Number Assays’ T
MHC” A1 68ETOIC—EEHRE LIz, £, 68
fLFOIL Y 2z HEiE 9 2 multiplex PCRIZEZHEERE
Lize TDOIAT T —%MiSeqCo—r7 L7 (2 x
250 bp) L7tk IXRTOEEREZDONT TR A T RFEE
Lo F72, IPD-MHCT —ZX—XICHFENT NS
BoLA7 U IC5EE—T 57 VIV ZEE L. ThlUSo
TVIVEHTHRE T LTz, BeagleZZIWVWT, 68 T-D/N
T0 A TRESRHEE LTz,

GRS RV R &2 A 12782, 18X T 02 ¥—DDQA2
& DEARDHE I ZNZEN3T.8%. 53.5%FB KT 8.7% T
H -7, DQB2}H X U'DQASDCNVIZFZ LM BATHIC H
D, 20— & DERIIFEAEET. 1BXUT0TE—DfH
EOKEIX, ZTNZEN12.6%B X U87.4%TH -7z, NGS
ittt h 5DQA2, DQB2. DQA5. DQB1. DQA1HK X T
DRB3ICBWT, ZNEN6. 1. 1, 9, 8BX U137 V)L
R Uz, 2387 VL5 7 VIVIEH R TH -7z, 613
EFOREBFEOENINT O XA T1E TDQA2HIRT UL
-DQB2 null-DQA5 null-DQB1*010:02:01-DQA1*010:01:
01-DRB3*011:01] TH o7z (25.6%),

(£%¢] BoLAY T X1ID6E L T H3E 5 T IS IECNVHTE
fEL. HHE17 VLB 5N, AR TEL N
BoLA7 U JVIEREA Va7 — 3 8% LTHW
52T, FOREEMHCY T A B {5 T OB HfRT I
KO IRNEE T ZRET 5 T & D AEEIC R 5 Tz,
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2) IRERAS IHREMRIEY

3) ELIZRIAS BESL

[(H1y] 72ZMHC (SLA) NTa %247 (Hp) &, H<Hh5
FETHUR & OBGRIEE & OBEEDAIE SN TV, KA
¥, BN ORBEY T 2 THEZIA70IEy T
(MMPs) IZBWTIHE U 7z8FfHDSLA Y 5 A11-Hp (Hp-
ID & HipEsR, pETFE. RIS O EREEHE & OBfRICD
W U Hp-IIICHp-0.13% R DR IE LG H EE R A
v &&HH U7 (Ando et al. Cells 8: 783, 2019), 4
mli&. #1,063EIDAIAICFHIF BSLAYZ < A1-Hp (Hp-D.
Hp-TIO—EEE & AR B SETE LI HpER & O
Rz REt Uz,

U538 a5 411 (200846 H ~201 7452 ) ICHIE TN
7o LB B 11498 & R R 44F8 % % & L ¢, 5D
SLAE{L T (SLA-1, -2, -3, -DRB1, -DQB1) ®DDNAX A ¥
> 7% PCR-SSPIEIC K DL, 185Nz ZTIEMICH
DO THp-I&Hp- 112 HEE Ulze Z D%, BT O
SLA7 L)V, Hp-1H XU Hp-IIO—EE & HpER & DR
M, WIS T 2/ BEECH % I WeDRB1T LOVIEIDEIEM
R & HFER & OREM: 2 Spearman D JIENFHBEF 741 X
D iRk Uizo

CRG5R - £524] IR & RHKR ORI 7 IS B 5 SLAT LV
D—EE & MpEER & ORERT 217 > T2 /8. SLAY L)V
—H AT OHFERIE, SLA 1EH 2 WV IF2EBDOAR—KXT
K0 W Z R L, FFICDRB1B X UDQBITIR. —
BT ERL—ERT L OMICHEBEENETNTNED 5N
(DRB1: p=0.0259, DQB1: p=0.0309), F7z. DRB1F~—
BARTICBIF 27 LIVEOBIENEEEEZ0.0545~0.2218
BRUIED, ZOMEDIIEART B TIROEE, HERBEL
RAHMERZER Uz, ROT, SLA HpD—3E & HER &
ORI 21T - 1559, Hp- 1B X UHp-IIO—FHRT7 D
HEERIZ, 1 Hpd B W0Id2 Hp i —ERT7 X b &KW R
ZRU, FRCHp- IIO—,XRT EA—HART L ORICEHE
NS BNz (p=0.0259), LLEOFERN S, MMPs Tl
SLAT LV USLA HpDi&tEhy, HFER & R T 21
MDD 5N, SLABGFIEHPERICHT 2 EHENTE
BT TlREVEEZS5NSH, SLA Hp, FHCHp-IIIE
Wik, MMPsEMIC I 2[R T ZIRET B EOLH
TFT—=RD—DLEN S B LEZENT,

O-10

HLA-A*11:01:01:01, HLA*C*12:02:02:01-HLA-B*
52:01:02:02, age and sex are associated with
severity of Japanese COVID-19 with respiratory
failure

OSeik-Soon Khor", Yosuke Omae", Nao Nishida?,
Masaya Sugiyama?, Noriko Kinoshita®,
Tetsuya Suzuki®, Michiyo Suzuki®,
Satoshi Suzuki?, Shinyu lzumi®, Masayuki Hojo”,
Norio Ohmagari®, Masashi Mizokami?,
Katsushi Tokunaga"

1) Genome Medical Science Project, National Center for
Global Health and Medicine Hospital

2) Genome Medical Sciences Project, National Center for
Global Health and Medicine

3) Disease Control and Prevention Center, National Center
for Global Health and Medicine Hospital

4) Biobank, National Center for Global Health and Medicine

5) Department of Respiratory Medicine, National Center for
Global Health and Medicine Hospital

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the virus causing coronavirus disease
2019 (COVID-19) was announced as an outbreak by the
World Health Organization (WHO) in January 2020 and
as a pandemic in March 2020. The majority of infected
individuals have experienced no or only mild symptoms,
ranging from fully asymptomatic cases to mild pneumonic
disease. However, a minority of infected individuals
develop severe respiratory symptoms. The objective of
this study was to identify susceptible HLA alleles and
clinical markers for the early identification of severe
COVID-19 among hospitalized COVID-19 patients. A
total of 137 patients with mild COVID-19 (mCOVID-19)
and 53 patients with severe COVID-19 (sCOVID-19)
were recruited from the Center Hospital of the National
Center for Global Health and Medicine (NCGM), Tokyo,
Japan for the period of February—August 2020. High-
resolution sequencing-based typing for eight HLA genes
was performed using next-generation sequencing. In
the HLA association studies, HLA-A*11:01:01:01 [P, =
0.013, OR = 2.26 (1.27-3.91)] and HLA-C*12:02:02:01-
HLA-B*52:01:01:02 [P. = 0.020, OR = 2.25 (1.24-3.92)]
were found to be significantly associated with the severity
of COVID-19. After multivariate analysis controlling
for other confounding factors and comorbidities,
HLA-A*11:01:01:01 [P = 3.34E-03, OR = 3.41 (1.50-7.73)],
age at diagnosis [P = 1.29E-02, OR = 1.04 (1.01-1.07)]
and sex at birth [P = 8.88E-03, OR = 2.92 (1.31-6.54)]
remained significant. Early identification of potential
sCOVID-19 could help clinicians prioritize medical utility
and significantly decrease mortality from COVID-19.
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SARS-CoV-2 SpikefiRDHLA &S EMUIRE
O=F &7, ST &, il 5882

1) FRAFEFERR BLES
2) RBATF SoEESRI R IR

(& 58] HLAIZR T F RESRICLEOHLA-R 7T RiE &K%
B U, Ml IS . FALIZ T ORISR L,
MR mIC RN 2HLARZ EEHET 5 2 £ T, HLA
275 ZIL(HLA 1D &XT'F R & QM EAEH D5 X 7 1M
L9 3%CEexRFEMLUE Miyadera et al. ¥t AHFZY
Tl T DNEZRZAWTHLA IIAHERL 9 5SARS CoV-
2 SpikefiJF K ZHRE LTz,

[ /7i:]1 HLA-DP5 (DPA1%02:02-DPB1%05:01) 3 & U
DP0401 (DPA1%01:03-DPB1%04:01) 7= f#fi 5% & Uiz,
DP5EH 7 V7M. DPO401IEFHCK « 1~ REETRE4
RN TCEBEI SN S, HLA IIN—=XH e XTF R
(SpikeffifE k) ZRE % > /87 B L U CHEEMRIC 3
U, fifiEmHLARBEESZ 70— 1 F X—X2—THlE
U7z, HIEEENEIY ba—)LTEREILL, T4 7
aYba—)bRTF R eSS 8T, HLAITERTF
R & OFIFEAEH DR E 7% 7 L 7z,

(#53R] SpikeZ VSV H R ER HN—F 5 XTF K (211
ANTDNT, DP5E OFEETIE 21T - ToAb R, s <AEE L
2 ZHEE, PFEREICHS S U D B R AR DL . R
L7ze TN5 OO HIZSARS-CoVOTHIfIL Y —
7" (DR4, DR7THE) (Yang et al. 2008), X U'SARS-
CoV-2:835 - il NTHITARER 9~ % fEis (H LA U A
7€) (Knierman et al. 2020; Tarke et al. 2021) L EHEH L T
Wiz eh b, SRR LU 7DP5HS AR O —EIE THINE
IR ENBAREMA D B, DPAFEATHIKIC DOV TR, 7
2 H—EREEOHEE. U A IV AZEFIC K B RS A TEZ L O T
THED TN D
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HLA imputationiZzZRW/MNRER T O—EEREED
RERZMEEFEE

High resolution HLA fine-mapping reveals the HLA
associations with Japanese childhood neprhotic
syndrome

. Yosuke Kawai"
. Kazumoto lijima??,

OXiaoyuan Jia”, Seik-Soon Khor"
Tomoko Horinouchi?
Katsushi Tokunaga"

1) Genome Medical Science Project (Toyama), National
Center for Global Health and Medicine (NCGM), Tokyo,
Japan.

2) Department of Pediatrics, Kobe University Graduate
School of Medicine, Kobe, Japan.

3) Hyogo Prefectural Kobe Children’s Hospital.

Background: Idiopathic nephrotic syndrome (INS) is the
most common kidney disease in children. Corticosteroids
are used as the first-line treatment and are effective in
around 80% pediatric patients (steroid-sensitive nephrotic
syndrome, SSNS). About 10-20% patients showed resistant
to the steroid therapy and have poor outcome, which are
named as steroid-resistant nephrotic syndrome (SRNS).
HLA-DR/DQ region has been recognized as the most
important genetic factor by previous genome wide
association studies (GWASs) in multiple populations.
Methods: To obtain a comprehensive understanding of
HLA association with Japanese childhood INS, pediatric
patients with SSNS (N=1,088), SRNS (N=266) and healthy
adults (N=3,331) with Japanese ancestry were recruited.
Samples were genotyped by Japanese-specific Affymetrix
‘Japonica Array’. HLA-imputation was conducted for 14
HLA genes (HLA-A, -C, -B, -DRB1, -DQBI1, -DPB1, -DRA,
-DQA1, -DPA1, -DPA2, -DMA, -DMB, -DOA and -DOB) at
3-field level, using our in-house Japanese-specific reference
panel by ‘HIBAG'.

Results: In total, 838 SSNS patients, 220 SRNS patients
and 2,822 controls passed the post quality control using a
cut-off threshold (CT) >= 0.4 for the probability of imputed
HLA genes. HLA-DRB1%08:02:01-DQB1*03:02:01 was
the most significant risk factor associated with Japanese
childhood INS (SSNS vs. controls: OR=3.31 [2.55-4.29],
P-corrected=1.33E-21; SRNS vs. controls: OR=6.29 [4.46-
8.79], P-corrected=9.22E-35). HLA-DQAI1%*01:02:01 was
identified as the most significant protective allele for
childhood INS (SSNS vs. controls: P-corrected=2.01E-28,
odds ratio [OR]=0.28 [0.22-0.35]; SRNS vs. controls:
P-corrected=7.36E-10, OR=0.22 [0.13-0.36]). HLA-DRB1*
08:02:01-DQB1%03:02:01 showed an increased frequency in
SRNS patients than SSNS patients (13.2% in SRNS while
7.4% in SSNS, P-corrected=2.24E-03, OR=1.90 [1.34-2.67]).
Conclusions: We clarified HLA factors associated with
childhood INS and the responsiveness to steroid therapy
in the Japanese population using high resolution HLA-
imputation, providing deeper insight into the disease
mechanism and useful biomarker for predicting patients’
responsiveness to steroid treatment.
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REfX EHLA-DRB 128! & DBS:ERFT

OXE BF". #A =H?, fﬁ% =Y B WFEY.
N HEIBY ., HLoEg. =3, LY

1) BEAFEZE BERZ2ESR BEERES

2) BrE qcxltjc—?—t—?“— B R

3) Vv UTERKE BREF

4) WBRZEF EREZR DTF4EGRE

5) EXIFE - REEAE Ty 9 — R KRR 5

(EHRY] ZEREMETIRR &1, BRI ORE & Z Ut S i
BOZMNE E - TIREOBMEIR L, HREEINZ T &
L2, TDS B, RN EEIRE 29 5 —BER S
fige (DM) L9 %, REIEIRDFAE 5T, Mlige0 N
HREEDNEHT 228 H 0, BIAVIREBEAXRY S LT
HBENVE D, WERAER, R R 3 O B Fik
DRETHTEZGRICHEA TV B D, BRFENE IR T
PEHIN TRV, RIEEFHREEDOHPTE ., FHICZEEs
Wbz DIEIRE 29 2DMOEEZIMEHIEETH S &
WA B, TNETHAIE, REETHRED S B, T
PEITENE 2 A/ 3F— AMNM) OHLAf#NT 217>, DRB1*
08:03. DRB1*11:01IMNMEZICHREICZ N T LILT
HBHTEEWE LTS, Sl HAADMOJRESRRAAD
—Bhe g3 LAZHME LT, HLA-DRB1D Z AR %
f1o7z,

(514:) S EEAR I 3D & HA ADMEEH 1764 O AR ifi i
SkODNAZ M5 & Uiz, SBTiEIC & W HLA-DRB1OHLA
DNAZ A ¥ %% L. Fisher's exact testlic X O 8
BIXUOHARNEEHBOGEEAEMERTT- 20

(F5 5 - Z2] DMEH TV TE. DRB1*%04:07 (OR:
4.8, p=4.1x10%), DRB1*07:01(OR: 10.5, p=2.3X102),
DRB1*08:03(OR: 1.8, p=6.4 X 10 ) WHEICZ M > T, T
NE. AP INFE THE U TCERZIMNMICEZ N T L)L E
HEDDEETHD . K 0BENE R URERERTIC LS
TR T B l2bD—Bc k% EEZ BNz,
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PRV VHEERT S ZHEOHLABGFOS K

OfE —=". 2R BF2. BiE .
Vanessa Romero?
1) BRAZERFEMFNEEZR EFS ./ LEREZDEH
2) I /AT T 7R
3) Universidad San Francisco de Quito

(HN) =77 BVIEEN I ANHEOZ R & bz RO E
THb, TOEZEEMIE. aa Yy 7 ALETOECH SEEL
TWEEBOSRRERIRICINA, I—ay /ST 7 Ah5
DOBRICK > THIKENEDTH S, =77 FILICET
ZHEMD—D, 7V U THEET ZHERBKET AT =k
DT, TNETOULE SERICK BN S, D
FAHEIRZIH S M TETWVRV, ABIFHE T AT = ki
B BN O—D & LT, HLABEE T DL Ak
WaRELGMeT BT ERANE Lz,

[U715] ey n 5 DNAZHH L, KAPA Hyper Plus¥ k
WX DEHDIindexZ M IMLIZDNAT A 75V Zii# L,
HE)VRICTRE Uzt%. HLATHEIE D33\ 5 DWW TiE
BT E2ER 1N—3% XS TY A > LizxGen Custom
Target Capture Probeslc TX—7% v MEIHODNAZ i
L7z, TT1ZIllumina MiSeq Reagent Kit v3 600 Cycles
ICCY—27 LV ALTz, Broad Institute®GATK Best
Practices Workflow!< X % 7 — 2 fighrichnz . HLAX A &
> 71213 0Omixon HLA Explore., GenDX NGSengines &
U'TypeStream VisualZz it L7z,

UERB X UEE] 1220ADHLA-A, -CBXU-BlZDOW»
T, HFE3XIMTOHLAR A YV TR LUTfE%R. HLA-A
IZ57 L)l HLA-CIZ67 L)V, HLA-BIC97 LI)VDRHHGE
HH5N, HLA-A, -CBXU-BZNFNICHBWVT28, 308
KON R EE S TH -T2, THIT, TD D B13kKIA
F3DDBEIEFNITRTREEETHD . 3DODHLANT
aZA7, A%02:11:01-C*04:01:01-B*48:02:01. A*31:01:
02-C*04:01:01-B*35:04:01, A*02:01:01-C*01:02:01-B*
15:04:010RH B NIz, TNHDFERIZ4000 NI BTz 7%
WEEMITH D BN 5, FIMEEM DL NE 27 )V —7
ELTHIRICES T WIS TA T DG [k U
TW3EEZ S,
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A4 ANEHICEHIFSDRB1*15:02-DRB5*01:08N/\
Jny47

OFA T, BT BF", HE 28",
EEEEY. e R, B0 B52.
Nuntana Kasitanon®. Worawit Louthrenoo®.,
M —EkY . BT g

1) I /94T 77—t

2) BAMIR IS EP Y
3) A F 1 VXA RZEZEHMERR U DO~ FRE

7 HIES RN

(HW] HAANZIZ CHZ < DA TDRB1¥15:02 £ DRB5*
01:02i& BV HESEA A RS 5 NS, L lE 214 NDDRB1
BXUODRB3,4,5% 2 A Y273 Bi7%1577, DRB1*
15:02& DO HF# IZDRB5*01:02D {IcDRB5*01:08N & £
B E iz, 22T, XA NEMICHIF BZDRB1*15:02
D7 LIVHEBS X UDRB3,4,58 DT R A THEEE#H
Tl

(5] Flfda e LT, 24 A51%4 DDNAKA X O,
Luminexi: CDRB1 (WAKFlow) & DRB3,4,5 (LABType)
DEAY 7%, DRB1¥15:028 DRB5*01:08N M /5 7%
EOMAEZEIER Uz, FiLT, Thb51Mk%E 515232
BRI DUVWTNGSZE (AllType NGS 11-Loci Amplification
Kit) I CDRB1. DRB3,4,53 X O ZDliOHLAEL %
WFENCE AT L, 7U—=Y T b Y 2 7PHASET/
Tz A THEE LTz,

[FE5R - 5] 2 A N232F0ifk464 7 L )LD 5 BEDRB1*15:02
13861 (19%) TH > Tzo /NT B XA THEDHET Tl
DRB1*15:020) 5 5. DRB1*15:02-DRB5*01:02(3:3141 (36
%) CTH-> DK L. DRB1*15:02-DRB5*01:08N 1343
Bl (50%) ThH D . WHiEEARAEGRD 5NN E DD
TOaRAT BRI N, HARNERTIZIEMRH SN
ZWODRB5*0 108N FHEICAFIET 5 T EAVRE N T,
DRB5*01:08NZexon3MD19base’RK:H Hstop codonfEEk
ICE%null alleleTHH ., XA NEHTIXZZD X S s
ICE DR ERBEREEERNN S > L e EEI NS, 5HBD
FEFEIZRIC AL DHEMTH D, DT —H X & OBE & fE
BIDTETDHS,
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ShARTRZIRIRIC 1T SEFATISHEA6H DRSS

Om ffT". HE BF. BE X, AF £,
B85 ®n>Y. B e—. X A"

1) BhBIAS T REEHY

2) BRTAFEAFRES I COl

3) BLATASEARRE LB

4) BEBEATFRR EBENR

5) SARTAF AFIRES TR Soe R L RS R

(HA) R BRI S BREDNHED 728, FHER
WEMEMEBED AT EEEEABHEIMTODNE LS
Vo SEEBHICHET ZMEBEOILRICDOWNWT X &7z Tt
59 %, iz, TOHH SME—-AMRDEED NIERIZ TR
T 5,
U5 AR AEHI M LABS creenE i D & % 464D
W, FCXM. Mixed. SAOfERZHEET U, SEBNETF
(A26 31 B35 44 DR8 -) " 51} (A2 31 B62 35 DR8 -) \D
HARFRAER], CDCREMETFCXMIZ i3, MiRiLAB
ScreenDFERDSAMED 728, RituximabZ 5. U T
AT o T MiEIFHERED mIENE < . EMHIICLABScreen
21T 1z,
(FESR - &%2] i F CXMZENEIZ 116 TFCXM-BIZ 261,
FCXM-T, B 1B TV I NEDSARRNTH - 72, itk
DOFCXMZEfiit 13615 b . FCXM-TRx:261, FCXM-BR;
P4 ABIDSARGE) TH - Tz, fhimiMixed /& 1145, i
#Mixed Ffiild 41 . MFI>1,0000DSAZffiHi Celass I
FAPELBI. fit% Cclass 131361 TH - 7o BAHIZ104ELL I
R U CHRRER TN IC K O MET 2618 2 <. DSADTIESE
BT EREICIERICEH TH %, mMREL FEE
SHREBEIEICREZITS TETH S, EFNE. iaio
MixedlZclass I7H348.61%. SAIZnDSADB*27:08HMFI=
17,9417% 2, CREG®DA*25:011&MFI1=9,362, B*44:02 (A26
-B44-DR8I HA A& B*44:0300H) [3MFI=4,698, DSAD
A*26:01H0'MFI=4,121. B*44:03/3MFI=36 CH i EN iz,
7 15 %%, DSADA*26:01IEMFI=134IC { . B*44:031%
MFI=377T. W XK AAMRD DN, LUK IHELL FIC
bl TRIEDEFE TH > 2, nDSADOB*27:0813MFI=
8,372 X FL7=MZ D% ERICHE T, 1HEZICIIIfEZ X
DIZEEZRLTz. CREGDA*25:0113MFI=1,887, B*44:
021EMFI=1,742 L X T L7z, LIRS RIS O F £iHde8
IITHEFE LTz, nDSA. CREG. DSARZBA— Hgraftic
WETZEDD, ZOHBTNZIEEE Fi, WED=4&
ZREDFNREE R & D LR E NIz, MFLIEEDONDSALL,
epitope analysisDfE RIS Depitope M H X NTzh,
CNSRBMBRDHRLTDSAZ R L 5> Fzo MFIEHE
MR ENT=855E. epitope analysisic &K 2 DSA#ERILH
M @bz,
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YUY NI OAY v FEHLARFRERER D FREEAES
[CH1T DHBEEE DRSS

OBH R7". A fkexF". &5, 20 ER.
S TREE, #iH B, L @2, T Ftt?
RRAZEZHHEAR 1) REDMMEFT 2) FEEEEY

(12 i) HPeaimm e Tk, M2aBa T a1
FHLTY /BRI AR Yy FERICNVI Ry 7 AL =%
& B W cHLAY AR, HLAXZ A ¥ J Rt i L T
W5, BENMRET 2 N —FEIHLAUA (DSA) ©
nMFINEETHZICEIDNDET, U /BRI BAX Y
FDLCT (Lymphocyte cytotoxicity test) {EDEME & 75 -
TRERIZZREER U, HLAFUAOWIAIEEB K TIgGY 7 7 5
ADKET 72T oD THET %,
OERFI] BE 604N, FrH—afild B, X, =& T
Holce 7T A1 DODSADONMFILIL., EICHd 2HLA-
B27/24,180, R ¥ KT =4IHT S 2 HLA-A26/°24,292,
HLA-B35/523,450 TdH - 72, W N ET-cell OLCTIED
[z L7572 DSAONMFEINEETH 55, DSADHHA
HHEMENT EDEZ 5Nz, BBAHG-LCTIX5ER M T
Holz,
(A1 Y RER7 b A<y FidEasySep™Iic T RF—V
2 I8ER7ZT-cell,B-cellic 778 U7z L CLCT:,AHG-LCT
%, 7u—Y A b A M) —ETHEMEL 7z, HLAFUARE X
LABScreen Mixed Beads™ TR 7 ) —= > 7 & & Efii
LizDb, BEMERER]IESingle antigen Beads T FEL I D[E]
EREM LTz, 1gGY T 7 5 AUIWAKFlow®™ 7 7 5 A
TSR E VTR LTz,
MATEE DM FHE OLABScreen Clq7 w2 A™, @
WAKFlow® C3d7 v+t . @LIFECODES LSA™ (C3d
77w A DIETHE LTz,
(#5R] IgGOY 775 A&, it FgGUT TR iEMENEE
S5NDSADY 7 7 T RilgG1lTH 5 T L HHIHL 7=,
HLAGUAD 7 vt 4 Tid. HLA-B27THiJRE—XC7
LIVDEIR % & DWEEBIFET 50, 7 LIV K BnMFI
DAEFIFRDENEH o7z, LH L, LABScreen Clq7
/™ LIFECODES LSA™ C3d7 v 1B T,
TULCK0gEGEE RS T LIV EEED T LIVLBB D R
F—=e 7 LIV T B — AhVx < HIEICHEE L T
WAKFlow® C3d7 v A DWVTIE RF—&7 LIL—5
DL —AMH O WARTEEDRN T EVHIBH U Tz,
(B8] WiRTEEO A IIGEERNEZZE A % ETIERIC
HERTEREEZ BND, SHREAIT TENITHERZ
FERMET L TITE 20, £z, LCTIEICBET 2B ED
fEf b g e Bbniz,

0O-18
B tEERIID #O0—2&ICHIFSBde novo DSADSF
B fER

OBRLL 580", 98 2. LA BT, 12 B—B”.
R R, B B, B —= . TR KA.
8% "

1) REASES SHERR ERBERERT> 9 —

2) BMEBAFES BRI

(H] BEAEZEOBHEEIDRKAKD) A7 3 TH
D, PUABSEIEAG SIS D ERENREK TH S K —Fpin
FIHLAF A (DSA) Z EWICFHiid 2 RENH %, AWM
FHE. FRBRINER & T IR OFTHLATUAR A 7 — & 72 i
{2 A U 72,

(77141 200148 LLEF ORI E 2 EER I e s el BT % B
BHERER 2 05 & L. 2018~20204F FFIC HIH LA UAMR T
1T 12245% Calli 217 > 72 (2018 LART O T F 7213
GL. VikMERI b, M7 + o—EBEEZR), Fiibhk
HITIZLABScreen PRAN USingle Antigenid3&7Z Flu>,
HLA-6BIE T2 A ¥ T RE[MDS Z. de novo (dn)

DSAYERETT> Tz,

[#5 5] DSAREM 132194, Preformed DSAR M 1&5%.
dnDSABMIZ214 TH > 7z dnDSADIFEMIZA. B, Cw.
DR. DQNUDPEZNZENS5, 1. 1, 3, 13NT0HTH -
7zo 4BITTAnDSANER A B NT=H, HLARI Hhmtid /s
<, ClabMEHUADHER LTzl & - fzo FEASZENIH]
gL L OFEFIE. O 270 LABID+I a7/ —)b
B+ 27104 K274, @3 ) F2 3 7+Oh 534, GN
DVFIRT+EI0) LARBEF+I a7 =/ —)ViE+
2704 RH514., @) LA+Q@HW 1144 TH - 2o
ZNZF N TAdnDSARGMEZO261 (7.4%). @641 (11.3%).
@84 (15.6%). @54 (4.4%) ICH 5N, dnDSAZRFF
ERIZZFETL.0%, SFETL.5%, THET3.5%. 105 T9.4%.
1555 C22.3% & TAEHLIEIC IR ERD FR T 2 Em N A
5Nz,

[(£%2] dnDSADFEAHE LD QFIAN L WRHHIZEZE D
WG ERETH o7z, T, dnDSAFEAIZTHER ICH I
MNH O, 51513 T OREEEROMT & EROMET AL
LEZHNT,
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PIRCHE-IIIC & & B 1R EXFEC IECD AR £ THI RSS2 R
DERFRRFA

OriZ BT, Blg TA? . 1A BAERY . )& K2,
AT HE. KR HREY. IFERY. & X",
BE 2. el gEEs. B8 %L,
EH EE. vk =Y

1) BEERETRTFRET BiERE - BEAR - R

2) BRIERAE BERE - BiatnRFEMHE

3) BEEETR TRt RERITERARER

4) BRHIERKE BRAENR

(5] S RERTIE, JERPUENDRBYEN AT S & IEH

CHLAICH UG R T N 5. sugscEiifeidIEE

CHLAD®T T <, FURMEOR/NEAMTHZ I Y h—

TR URET 5. WO T K=, LY

LY bBEICBIERZ T SRR b—T %4

LT\ etgs, Myl R —RygsohE C PR AR T

HBHTENHOENT VWS, RIEELED S BHUARE T,

RF—HLAW LY ¥y FMEEHIAOENET 5T

k—7" (B cell epitope) T 2 DEMNITDOWVTIE, PiARE

BEMEPHLAMatchmakerDFkZzin silicoffiTic X 0,

SRR A RE L I o T2, — ) © R —HLADEHF

SLETHIEOFE &9 % ¥ b —"7 (T cell epitope: TE) 7

AL, RETHEZEE L LSS0 2w 27715

RIZHELENTVR.

(BEM] AW Tk, BHFRCETHED 5 bk ic BT

REE RS EEZ SN TV EFELIECDARGETHIY

OfFff%Z, TEY 2 2L —2—THSPIRCHE-1177)L. 3V

A LW zin silicoffitic & 0 ik 7z,

U51E] 4Bt CHERE B Z 11T UTe5 7862 41, %77

N R 217> 72, 578KIHR69ffl T, R —LISDIEH

CHLANORSEEZ /RS %, firai B —IEREEATHLA

Ptk (NDSA) #i8%, ZDNDSA% R HLABYER % HEE

LTz, I Z DRIERED Bin silicofif 7 F W BEFRC iR

CDAGMTHIOFEN T2 b—TZHiE LTz, K

F—HLAG R ECDATHIf O L 5 Y b —

7745 UTzdiEf] (Shared TE (+) #f n=40) &, A L7%&ah -

7295 (Shared TE (-) &5 n=29) IC/H¥E L, g5 OHT

R —FEEIYHLA$A (de novo DSA: dnDSA) A DH

ez i U7z,

[#52] Shared TE (+) BRI MHTHLADUARRTERE (n=509)

>Shared TE (-) #E L HER LT, AR FIHOInDSA

FEEDZ o Tz (p=0.001).

(£52] In silicof#fTic & % ¥ b — T3 Bff#ad B CD4

P THIfZ N AR TH », FITII ik HHOdnDSARE

ETFHNICERTH S HEMEDRBE Nz,
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0-20
EFHBEICSITBHLAIEN—TEESEDRE

OTH BE". @ S8, Fi 9", )UKk BARY.
HE Em?

REBAF FFIOE - BAESR

REAZ MK - BEPIR

BIRAT FHBRE - SR

RIS PRSI

NN NI

1
2
3
4

(5] ki EE SN % R —RRNPIHLAYAde
novo (dn) DSAIXIEPEH AR SR & HHES U PR RIEF
TH 5. IFHLAD FOLE b —7 HURIGERL) L)L T
DZHNHAS MR O | BB TZ OEEE A dnDSAFE
EHBE Lz G SNz, Sl FFBMEICBNTIE h—
THEAEE & dnDSAFE, i & OBIRE T LTz,

(75741 2010-20194 O A A B 441861 H. preformed
DSARMERIZRE. HLA-A/B/C/DRB1/DQB1D 7 L)VI%
WM AT HE T, Bhitg6r H UL EAETE U216l UhIR
(<185%) 144861, A (C>185%) 1776 x5 & Uiz, =¥
F—7 M4 IZHLA Fusion Matchmaker i L, TV
r—7 3 A< FE(EM) Dcut-offldRO CHEHEA 5 %7E.
dnDSA. THIfEMEEH (TCMR) (RIS K 220 & Dl
BATEIC DV TN & BRNIT 00 TR L 72,

(FS Y /DU - dnDSARGME X596 (41%) T, BAEEEET
45% DFEEHE T H - 7= BIEUNR1,983+973H), Class I/
II EM CF¥EfE+SD) 1328+14/17+12CH > 7=, Class I/
T B2dnDSADOFE X Class T EMEZFHBE L -
fz/3. Class II EM (p<0.0001). DRB1 EM (p=0.0005).
DQB1 EM (p<0.0001) & #HBI L7z, FFIC Class II-dnDSA
DF¥EHEIFClass IT EM 9fHLL T, DQB1-dnDSAD¥ A
13DQB1 EM 6fflL T2, Hl{bTE /(& &icp<
0.0001), F7zdnDSAIIEHI6r HLABDOBATCMR & #H
B L (p=0.0004). HLA-C EM & KiHITCMR & A HHE (p=
0.045) L7z,
JR @ dnDSARHE 176 (9.6%) T, BAEIZ4E T11%DFE
ERTH - 7= (BIEINR1,9671992H), Class I/IT EM (F-
B +SD) 1329+20/20+15TH - 7z, /NAE[AEEE, dnDSA
DOFFFClass I EMEEHHES Lah > 7=hClass IT EM
(p=0.034). DQB1 EM (p=0.019) &FHEI L. BHATCMR
EHHRE (p=0.044) L7z, DQB1 EM (Ab verified) £ TCMR
HMHBY (p=0.046) L7z,

NRIEAEBAnDSARY ST MEFEREIGHBE LA >

7z (p=0.815/0.514)

(k58] IFRRHIC B VT Y h—7EA B IXdnDSARE &
FHBI L. TCMRDFEIELEIA & 752 2 FIREMED B % 6
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0-21
b kDCZERBUL\=Indirect 7 ORE D&

OBl K", &z &%, B8 8. =@ 7",
B BEFEY. Zox i, B BV, )Wk Ezg
1) BAERAS

2) BERB AR

3) B ERERTE > Y — TR

(HmM] FF—FrSMHLASIA (Donor Specific HLA
Antibody; DSA) FEEAN & 2 S Indirect 7 1 SE O IERIE
ez BHIC BN TR ETH S, AifFE Tl FCD14
Monocyte &k D 1ERL U 7z IR#llie (Dendritic Cell; DC) &
CD4 THIFIDin vitrok%5#EHR % HU . DSAME: & Indirect 7
TS E DRI DWW TR LTz,

[514] CD14f5 MM 2 B U, XEHEsT L7z K —PBMC
LiRG Uz, IL-4/GM-CSFT4H, IL-1p/TNFoT2H[H
BELZEDOEDCE Lz, IFNY/IL-21##ELISPOT
7w EA T, EIEETH (Tfh) NO/MEZFCM T, filid
51X CFSE-FCM Tl L 7z, TCRidone-step PCRVET
15 L CDR 3T Z fifthr U 7z

(RS SR ) RIBAFE T Ak 2 o 7z i sz ik, R
F—Hilaz TR XV DCE DEAEFE TCD4 THIALS5E
Mg A5, IFNy EIL-21DFEED RSNz, CD4 T
AR DRI 1% FEE O ThAEHIE (PD-1highCXCR5+ICOS+
CD40L+) DFr 72757l EN Tz, A b A1 2 pEE & Tth
DM lEnaiveflifldn 5 DO RERE N, KFEDTCROE
MR E Nz FRRDOILERZDSARGIEE AR EIRIAT
fTo72&£ %, memory CD4 THIRAMN S &Y A S H A Vi
AR E NI, EHICBMTICnaive R IGDH 2R LTz
BHICBVTE, de novo DSAMEER Tldmemorys&h
R E Nz,

UiSaE] AR RIC 351 B Indirect 7 HRE QMR . BIfE
D EMA# % THISDSAFE IS N 3 2 M IS A AT R C
BB, AWRICKD, LYELY PO RF—ITHT BI&F
IRAEZ LR T & B FER DML N T E 1z, EAEIRIEZ U2
T5TEDHEET, DSAICHT % Pl HERISHEEA DS
A RFE NS,

0-22
ABOARBEEMRBBETIIHLAIE,—T= AT YF
BOREEHDLEEHde novo DSAEEMFIZET=5<

OFRE B, iz B5) | 1A A, BEA BEK).
M 27, =8 7. S5 PAY. 185 Bn2.
S =22, Gl B, vk ZE)

) BRIERKE HRIFHEE BRENE

) BEESETR TR BiENE

) BEESE TR TR RRRER

) BRIERIKE BER - BiEnRF S

(AW HLATE b — 7 f@hmid, 1Mk R A a5 G
DI & 7% 5 de novo DSA (Donor Specific Antibody) #
EFNCERTH %, ABONEGBEBM T, EEBmEE
[t L Cde novo DR DSAEEZRMMIK Y AWFZE T, ABO
REEBBMEICE I 3HLATLY h—7 2 A< v FHHMde
novo DR/DQ DSAFEAIC KIF T HEIC DN THRIAT %,
(751£] 200844 520154 F TORICBHIER K & 44
R AR B TAERBE R Z 2T 72793 D 5 B,
1024 (preformed DSAZFE8 12665, it 1EELANIC 7 +
H—7 v T 5L 7236%) Z2 Bk < 6914 (ABO# & #
4547, ABOTNEGHE2374) 2 5RIC, HLATZE h—7'3
ARy FH & de novo DSAFELDBHIC DWW TR HNIC
fiftht L7z de novo DR/DQ DSAIZLABScreen SAB (Single
Antigen Beads, MFI=10007Z[#4)I1c & O, HLATE h—
72 AX v FEIFHLA matchmaker (ver. 2.1) 1 X 0 $|E
L7z,

(R53R] 21kDde novo DSAMEAEHRIZ16.5% (114/691) T
ZD S H87.7% (100/114) iZde novo DR/DQ DSA7Z - 7z,
VY EF <7 (CD20E / 7 a—F )UHiE) #5004k Idde
novo DSARERICEHE R 5 2 Ixh - Tz, ZZE BT Tl
ABOE G B4 (HR 0.465, p = 0.008). DR/DQ HLA
TY =TI ARy FLE(HR 1.035, p < 0.001), ST
A MHER RSO FERE (HR 2.777, p = 0.004) B, Hiat2Amy
A% 5 Tde novo DR/DQ DSAFEAICE#E L T e,
DR/DQ HLATZY b — 7 3 X< v FHIJS U Tde novo
DSAMEAERZIL LIz T A, ABOTNEAGHTIX. DRI
A= FH6-15(p = 0.006), DQI AX v F#1-5(p =
0.013), DEHIIC, WHEBEE IR L THEIH#ANEEEZ
& 5 Tde novo DSAFEERBEH o 7z,

(#5351 DR/DQ HLATY b —7I A~ FHUd. de novo
DSAMELDOTHRIRTF L5 0155, ABOTNEAERMTIE,
WEHL & [bXTDR/DQ HLATZE v —7" 2 A FED
AL . de novo DSAMEALDEEMNCHIHIE NS &
ZZbNT,
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0-23
EHOHLAEFES I E—EFNBERDOEREICER
=& 1 JSTCT HLA WGHR%R

O 2t T4k o). #L BT, I 207,
B FA). WE B2, B0 . Bif 8.
sE 7. B EW°Y, 2R B, HE a0,
w8 B, o B, —P RE.
7B BF Y, KB BT

1) RERZEFHBMERE MRPIE

2) AR F Al AR RER

3) LEXRE RIRHSRER SRR MK - EEARIRED 2

4) HLARRZTRT

5) FRDFIRRE MRME

6) RRARZEMNZM M ERR EMmfRRET — L

7) BBRZEFBNEREE MREZAR

8) RSN A Y Y — MBAF

9) LIWNTHIIEREY Y — AF

10) ‘EOEREE MRPAE

1) BBERKRS MRF

12) BARTF4 B 70y 7 MR Ty 9 — SFIE

13) BFemipfiegEer -yt~ 9 —

14) BEBRZAFREZRAFH ERITHRT

15) FERAZARFREZHETR A AEHE - IR - BREARZ
REE

(i54] B mBaic 50, T, HLASBOEBAEE
DEFIIHASH TR,

U] b5, HAGEM « Sygiifagahzsic st n,
20034 5 201 7T DRI # Il i MM 2 52 1) 72, 165K
DL EOZ2E S « B 5ERIE BOERRE R 407405, FhnHp
PB4, W I OB A K U CD34RF A D
HPoRfElE %542.6 x 10"/kg, 0.8x 10°/kg TH > Tz, KHET
LIV A A& EIZHLA-AREL/27 LU AR 5E £2099/29241
HLA-BJE1/27 LIVAE S 269961/34141], HLA-CEE1/27
LU A5 &255501/609f1. HLA-DRB1EE1/27 L L AR5
&2593M%1/57115], HLA-A, -B, -C, -DRB1ED&EET L)L
A BN EGE IS B I BB L T2 2wt 2
f1o7z,

(F55) HLA-DRB1&#1/27 LIV ARES . ~ L— RII-IV
SPEGVHDFE & FRICEE L Tz 7 LIVAES: 2N
P— R 1£1.29, P<0.001, 27 L)V G /N — R K149,
P<0.001), ¥£7-. HLA-DRB1#1/27 L)V & . HLA-
APE, HLA-BFELT LIV ARSI, 7 L— RIT-IVEATE
GVHDJ&IE & AEICHE L Tz, HLA-BJEE1/27 L LA
W3 X OCHLA-DRB1A#2 T LIOVARES IS IFHRIET Y A
I EREAEICEE L TV, —J7. HLA-A/E27 L)UAR
. HLA-DRB1E#E2 T LIVARES B K CHLA-BELT L
VA AT EFEY A 7K T EERICE# L TV,

(#55m] HLA-DRB1EDO AT 2 EGVHDFSER X
CGIEFEFIECY R 7 EREBEL T, —H. FFEY
AT EBE L Tz, B ILERIC, 7 LIVRESE

DHEHT, NEHAGEONHEGHEZEITRNETH S,

102

0-24
HLAZ U VAFEE EKIRYU HY BRBE DHE ST
MBEBRRHDOUA I ABEEDY R EED

OFAY &0f" . B 2B, A R, B Filg".
g R b ERY. KR EAY, SH Y.
KB BCY, BB R, RF w2, Ia 852,
Bl ER'Y. WF BT, B 28"

1) RBAZEFWRR M - BB

2) RESAZEFEHRAL S - Miggste>9—

3) BRCPRFEE MRPE

4) WETIIER LY 9 — PRAEMH MRAR

5) BRI+l MRPIR

6) /|VEEZSARE MLRPVR

7) BRI AT

8) Bt TP MARPIR

9) REB&£ 5 IIEFART MARAFR

10) BAFR+FH AIRUER > 5 — MRPR

(58] P AE%IZ L > €Ty R OTHIBL O
WNEND T8, BhiBFEHO ) 2 SERHEIINKHla L . B
HFICE TN TV R —HLAKSEO T BN & 7
%o, HLAIZNKHI & THIfR O WIS & > TREGEHIE O
ANCEBETH S 720, HLAODRNEENDH S &, NKHId®
THITI O FIZICEDFEHER 37, RGBS I B e N F
FHEEMED D o I, RIS BV THLAT VLA
HEANREFHR(0S) PIEFE LT (NRM) Z B k8% C
ENbhoTER, LHLAENS, HLAV VIV RES
KIRY 7> R & D5 Al ™7 1 )V A EGHENDR
BUCOWTIEREHSDITENTWVRL,

[/71£] Kyoto Stem Cell Transplantation GroupliZ 35\
T, 2003Fh 520194 I Th NI BRI AED 5 B | [FfE
BAREOREIEN B 2 ERIRAE AL, O FHA ] 72
ERAL U 72429611 DWW T 100H BARICFIGE LT A IV A
JERYE 2 1% 7 BRI AT U T2,

(FEER] 1056611MY 7 A )L RIEHUYEZ FEIE L Tz 100 H LIS
A IV A SERYE 72 FAE U 72 SEBIE A B IC0S, NRMAYHE
Ao 7z (08, hazard ratio [HR] 1.74, p<0.01; NRM, HR
2.57, p < 0.01), HLA7 YV )JVGVH/f13/8LL EARESHD
IHPEKIRY A > RGVHAHA#EGH H % (HLA&KIR
mismatches) & IS A IVAEGYEN AL 72 (adjusted
HR 1.66, p=0.04) HLA&KIR mismatchesldIEFFFFEIET R
ME (HR 1.61, p=0.05) DFFEFIFK < (HR 0.57, p=
0.10), #5HROSIXMHZETH -7z (HR 1.13, p=0.56),
(k31 HLAZ U JUAR#EA EKIRY Y RARE S DHAE
s A R D™ 4 )V ZEHYEDAR/R ) A 7KW T T
Hoteo TDOXI %Y AT DRERIT T A )b ZIEGETF
Jefiazit Uiz b, Bk OEERT IV I X Lz i
ftL72b 9 5% L TR O Ti#%Zm ET& % aek
aNli RS
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0-25
HLA-KMR assay% UL\ oE MEF RS 1E B & DS 1iE
BEAYZILEZS Y VI DS

ON\e &Y, &)l gus". ki xE”. =iE .
8 DRV, B, Bl maY. 2 Y.
A Y. % B, tE 0z

1) BBRIERAF RS W - BERZEL

2) BBIRIERAS B - BEREFHE

3) BERUENAFHERR S&UK— My y—

4) BERIERAS MRPRZHE

5) BERIERNAFHERL /2 EEE

(iZT®IZ] RS mEMREEEZEOF A ) A LhEZ2Y
VI EEREROEMEHET ADICEETH S, L
Ml BFTEFAVZLEZZY VT THMNE LTK
RENTREENEL . ZOEMELIZE M IR B
WTHELRFEEEZ 5N 5, TH,. qPCRZHAVZF X
DALEZZY V57 Fy k (KMR, GENDX#) W52 E N
fetz®d, HARNEHA TAAEDEAA e Z2, Bk Z
FWTHERIE & it Uz,

(512:] 200941 5 2020412 485 C [ Fe 325 il i Al f8 A 72
ZFT65M D RF—2 Ly ¥y (33, FEMEx32)
ExtG e Uiz, KMRtypeidSia W CLTHE O i
B BEIEFZH (SNP) ICHDEREINIZ30ME D
== DWVTHE LiBIRZ M LTz, —H D~ —
H1—1%. KMRtrackitZkZH W CTHF A Y ZLE=ZXZY VT
& I UK [short tandem repeat (STR) -PCRi,
SNP-qPCRIEIDMARGH & Ll Uiz, fRATICIZSHY 7
k% =7 (KMRengine) Z{#if] L7z,

(#55] 65819 R TDOXRT I 30MHD Y — A — D H T
MWATRETH > Tz, FIIRENITTRE~ — A — 8. 8.613.4(L
VEIY MR D 49427, RS—FFEWY 1 3.7£2.2) T
H 0. JEIMERRTR T (10.6+3.2) TRk 7 (6.8+2.8)
ICHREREICEZ 5 T2 (P<0.001), #A=RAVE < & ARE
RO (%A, FMTHEOY——IcX D, 95%
(62/65) DT ZiAT % LEWA[RECH > Tz, T OTHEME
DI—H—FRANzFRA) ZLEZRY VT (n=30) T
PEREOMERTR & BB (r=0.97) Z/R LTz,

(F%] KMREAH I HANEIC B 255 & F AU XL
EZRVVVTHARETH D ERLEORESRSH & Bar s
MERLUTc, SOMBONY—h—D5 b, RIGHZEELK
Mo e —H—IC DT, THOMMAKIC K 208 EE
LESBEMBIDRETH D, £z, FRAINKEE S b
R—=N—b—FELIzlzd, HRANEHICHE Lz —
N—T72 RGBT LIC K DR BEREDAREICE S & &
AbNTz,

0-26
HLAFZOX 75"/ LEEICEH 1T SR 1EGVHD R
ZHZEORER

O B, 7% <o, BMBF. B E”.
MR, #B BT, RE T/, w21

1) WEAFEFE BRESR S FEMNE

2) PURAZESEE MRt - M7 - IR PR

3) BAIERNAY SRS

(HW] 5 5 I3ARZEEH28I0 K2 Ty AMLEEFICE Y
2 IEIM kM B ER Al R - — 3 X 0144338 Sl (HLA-A,
-B, -C, -DRB1H X O-DQBIN—5) % WV I-HLA-GD%
BfE 5. HLA-GZH D I A< v FHEAMEGVHDIE
WEEZ M RT T LR Lic, &2 AD, HLA-GITfEIC
fiiE L, KO BZEZ R RADBZ L RNFIET 57
AEMED D B, ZOFMEMTIZ TN TV, AW
Tl&. HLA-G7Ta X7 {HIOHLAY / LI 31 % 28
fiietir e Ffi U, Fri oS EGVHDRE RS M 2 A 7% (A8 9
5T EEHEAMNE LT,
U515] 9O5FHDOHLAY / LR EREEROBIAT / L
HEES N5, HLA-GH 557100 kb7 2 X 7 il FEN 3
BHLA-F-AS1 (FASI) ICZM~—h—7#il-Il3E Lz,
HABFE/NY 7 &0 X N 72338ER OPBMCHI K D
DNAZHWeFASI~Y —A— DSR2 Em L, BE R
F—RDIAT Yy FLEAMNCGVHDD V'L — R D#EEHE
Hr (Fisher® (EffEMiME 7% &) %# HLA-GSHLA-DPB1®D 2
ARy FIEREZTHTITo 72,
R B X UEL] FASIOZRYFENT DFER, TR DRz
L7zSNPOFAEDED S IKD THFD T LIV Uiz,
RNT, BERF—BOFASII AR v F L 2%GVHD Y
L— RO ERNT 217> 2851, 7 L— FIT-IVS 1T IV
WRZ DR BN T- (OR=1.96; P=0.019, OR=3.21; P=
0.004), £iz. HLA-GX AX v F &7 L — RII-1V. HLA-
DPBII A wF &7 L— RII-IVE DRIC & 21D ERD
5Nz (OR=4.50; P=0.015, OR=1.91; P=0.011), ZC T
HLA-Gfif ('iCHLA-DPB13 AX v F 249 BIEHI 2R
72 1385iE 7% FIVWCFAS 1 OB 217 - T4, 7L —
RIII-IV ORITHRWEZEDED 5Nz (OR=6.50; P=
0.019), TNHEDFERNSHLA-GT A X T[S / I8
Hicik, BMEGVHD &< BhEdT 2 ZRMNIE L TED.
DT/ LHERIC B % BHE R —R O s RO —5H
2EGVHD DFERERAL RSB 2 nHEMEDV R S Nz,
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0-27
MRBEREE (3T SIEFMBHEICEHSITSHLATE ~—
TZARYFDEH

Oz BaL"., i B8, 4 08", i RV,
BRE =RV R R, LH Y. B Y.
R et KE B, SH Y. 4L #1770,
PR Y. Sl TR0, B8 XE'0. B B

1) FEEASE SRR MRrvR

2) BRI MRPYR

3) HEMIER > 9 —hRMERE MRPE

4) BRI MREEPR

5) \EsERml MRPYR}

6) KRR+ MRPIR

7) JLERRE MARAIR

8) REBMILHLE MRPIRL

9) BN ALY — M - HiBIEER

10) RERIIBBHAERE>Y Y — MRERIR

(E 8] s iAs ki (CBT) Tl 2/65 iR OHLARNE S DA
ENBH, GVHDZ [ UGVTRI R 2 A b % 5T
MOBEEIEIRIETTH B, EE, IEMBESERIBHPHLA
MO THLAD TOILY F— 72RO EFEDRE
NTWV3, LY A KRUKyoto Stem Cell Transplantation
Group (KSCTG) DCBTZM5GE LT, FFH—- LI E¥T
Y FMEOHLATL Y b — 75 E & P& OB Z %45 |
BN ST U 72

(/514] 20014FE 1A 7 520194E12 7 1 551 fi7 A & 1 25 B 95
DRNEF B E LTI NIZCBTT, EENT
S5N7=308f x5l Uiz, WY 7 hYx 7HLA
matchmaker iV CHLA-A/B/C/DRB1ELZY h—7D
A—E# (Epitope mismatch load: EM load) Z 5 H L7z,
HLA Class IEDRB1JEIC #5132 GVH/HVG /S i) ODEM
load’, HIR{EZ cutoff& U CIKE - EEAICFE L. &4
1£(08), HFE, JEHFRIET (NRM), 2 - 1B MEGVHD &
DOFHBE 2 Bigs i« 225 BT THEGE L 72,

(HE5] GVH G THEM loadDHMEIX, Class IT5 (range,
0-23). DRB1J T4 (range, 0-19) TH > 7=, DRB1JEIC
F5GVHAMEM loadm il (n=151) &, FHEMERE (n=
15D ICLE U THFELN DR (29.5% vs 16.6% at 5 years
from HSCT; adjusted HR [HR], 0.51; 95%CI, 0.26-0.81;
p=0.01). BAfxDFS%Z/R L7z (62.8% vs 48.9%; HR, 0.69;
95%CI, 0.48-0.99; p=0.04), [FEM loadifiiiZ. Grade
2-421%GVHD (45.4% vs 35.3% at 200 days, p=0.06) &
JEEIAMEEGVHD (13.2% vs 8.0%, p=0.14) DV X7 HE
WA &R LTzAY, NRMIZ[ESSTH - 72 (p=0.83), Class
IOGVH/TMEM loadiEfEft . Grade 3-42EGVHDD
U R 7 W EMEZ R UT2hY (p=0.11), DT> FRA >
& U o 720 HVG/TMDEM load & 14D
PEIZRED ENEh o Tz,

(F52] SRS M AR AEE X9 2 CBTIC BT, HLA-
DRB1DOGVH/HEM loadldGVTHIS & HHBES % Al AEM:
W%, HLATE b — 71D A ORI, s
HILOFRICAHH TH % AfREMEAVRE T Nz,
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O-28
HLANZO% 1 FHEZRVDQB1 7 LV OH#RE

Ot =K. BlE Bifc. 0L &, JBH =HEA.
18R &=, A% {65, B F8)
RIMEAEEN HLABR S

(F 5 & B HLAS X<y FBAER] O & PEREL 1
FE U TIAY Y F e RBIEE T (7 LIV) BE 7213t
JFFECRHMME N TRz, S, SARYFERBTLILT
DILY h—TDEFE%  Match Maker3 X UPIRCHE%
Az ic ko, FIHLAFUAFEADOHEER I AR v F
7 LIV TOESTETAN ThN T\ 5,

B ey, RRCE M B ALAE R TIEHLA-A, B, C,
DRB1(4fE) XA ¥ 7% <, DQBIED X A ¥ 735
MENTWIEV, FOD8H, LY ~— T O8I 2
FiDQB17 LIVOHEEFIEITDOWT, NI XA THE
T =R TG EIT > 72D THET %,

U5iE] #ee/5i - DQB1EE &I /N O R A THE T — X
3% (DRB1-DQB1 (2/8), B-DRB1-DQB1 (3/#) B8 XU
A-B-C-DRB1-DQB1 (5[)) Z{ifl L. HLAXFEDFMHA
bR SHEEENEWDQBLY LIVEHEE T LIV E L,
7z, DQBIEDOT L)V7Z2 3 £/ WVA-B-C-DRB1 (4/4) ©
NTaRxA TREER AV ANT a2 A T E%. DQB1JE
EEOGNTORA THET— 2 5l EVDQB1 T
LIVEHEET LIVE Lz,

HEE RS ORERS - NGS SBTi:IC &K W HLA-A~DPJE (11
FE) D7 LIV L T3 1,1620KDHLAX A ¥ 2 7
FERERWV, FHOHFETDQBIY LIVE#EL, ZAY
VURERE O—BED HHEER B OMERR 21T - T2,

(#i5] DQB1EE % 5 DRB1-DQB1 (2/%) 35 & U'B-DRB1-
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