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Preservation of Jomon-derived HLA gene sequences in modern Japanese

Haruka Kimura® , Yoko Iwauchi” , Kazuyoshi Hosomichi*? , Atsushi Tajima”

v Laboratory of Computational Genomics, School of Life Science, Tokyo University of Pharmacy and Life Sciences
? Department of Bioinformatics and Genomics, Graduate School of Advanced Preventive Medical Sciences ,

Kanazawa University

To investigate the preservation of Jomon-derived HLA alleles in modern Japanese, we compared the HLA gene
sequences of Funadomari 23 (late Jomon period) with a large-scale modern Japanese cohort. HLA typing was
performed on 1,320 individuals from the Shika-machi cohort using capture-based next-generation sequencing
targeting 11 major HLA loci. We screened for the 4-locus haplotype (A*24:02-C*03:03-B*15:01-DRB1*09:01)
identified in Funadomari 23. Among the cohort, three individuals carried the identical 4-locus haplotype. For one
identified homozygote, detailed sequence analysis was conducted using long-read sequencing and Sanger sequencing.
After re-alignment of Jomon DNA data and experimental validation of the modern individual, it was revealed that
the sequences of seven HLA loci (HLA-A, -C, -B, -DRBI, -DRB4, -DQAI and -DQBI) were 100% identical between
the Jomon individual and the modern Japanese individual across the entire gene length, including introns. This study
suggests that Jomon-derived HLA gene sequences may have been preserved without change at the nucleotide level
for approximately 3,550-3,960 years (cal BP), providing critical insights into the genetic continuity and evolutionary
history of the immune system in the Japanese population.

Key Words: Jomon people, HLA genes, modern Japanese, sequence identity, ancient DNA
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Wk — JH—H A FrBAT Y F

K BT B PR 1 2% (FCXM : Flow cytometry crossmatch)
(CAP : College of American pathologists) FERIFY 16 1%

FAARAF VA A5 555 50 (GVHD : Graft-versus-host disease)
(CDC : Complement-dependent cytotoxicity) B ESERGE TR A

[N AR LR IUETTR I (KPI : Key performance indicator)
(DSA : Donor specific antibody) T

RN S92 38 f 2 i B (QCWS : Quality control work shop)

(EFI : European federation for immunogenetics)
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Daily Quality Control and Laboratory Management
in Histocompatibility Testing

Hitomi Kanamoto", Hiroki Hashiguchil>

Y Transplant Center, Japanese Red Cross Fukuoka Hospital, 3-1-1 Ohkusu,
Minami-ku, Fukuoka-shi, Fukuoka 815-8555, Japan

Since the implementation of work-style reform in April 2019, many medical institutions have struggled to find optimal
solutions. Amidst persistent challenges in “resources,” “personnel,” and “labor management,” our transplant center has
undertaken systematic equipment upgrades and the development/implementation of a specialized histocompatibility
testing system. By integrating work styles that respond to on-site needs, we have successfully enhanced operational
efficiency. This report presents our practical achievements in work-life balance.

Keywords: Histocompatibility Testing, Quality Control, Laboratory Management
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HLA ¥ F—7IZ2oWVWT 4)
— WA AR IC & A HLA HUIGDO 7'V y b DO —

WHAW XY, mHf Y

VAR AL i i sE T
Y ARMBIEA HLA WF5ER

HLA PR IZEBEOZ T Ly b2 H L, Z0%L 2o HLA PR L 5 L CTwb 720, §t HLA HiIE8EME % OB %
Ao H—O HLAPFEIC L BBMECTH - TH, HBOZT Ly MBRIBHRE %5 05, BEOPURIE R L
ENBHZ L3 % v, L HLA Hifa#i1Z LCT (Lymphocyte Cytotoxicity Test) %745 AHG-LCT (Anti-Human
Globulin Lymphocyte Cytotoxicity Test) #:, LIFT-FCM (Lymphocyte Indirect Immunofluorescence Test-Flow Cytometry)
NEFRL, SOICHBHLABEZH W 70— 4 F X ) —FER Luminex 2 HW 2 6 — XEOHE AL 5
TRELMA L7z, FICH—PRE - XREOFYHT LY, LHLA FURO 7Ly MEFAWREE 20, FURREFRME
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Epitopes: The Targets of Monoclonal and Alloantibodies
Defined. ] Immunol Res. 2017; 24; 2017: 3406230.

B&EE

AHG : Anti-Human Globulin (Jte b7 a7 »)

AHG-LCT : Anti-Human Globulin Lymphocyte Cytotoxicity
Test (Fik v 7 a7y > - ) v oSERMITEE 3 ER)

FCM : Flow Cytometry (7@ —%A4 k2 F1)—)

79

MHC 2026; 33 (2)

HLA : Human Leukocyte Antigen (& b FIHLERPTIE)
LCT:Lymphocyte Cytotoxicity Test (V) > 7 SERHIIEM 2 5Ex)
LIFT : Lymphocyte Indirect Immunofluorescence Test ()
> ONER IR R HOLHUREE)

LIFT-FCM : Lymphocyte Indirect Immunofluorescence
Test-Flow Cytometry (72— A b X b)) —I2Xk %) X
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An Overview of HLA Epitopes (4) :
Analysis of Eplets Recognized by HLA Antisera Using
Adsorption-Elution Testing

Miyuki Uchida”, Hidenori Tanaka”

Y Central Blood Institute, Blood Service Headquarters, Japanese Red Cross Society, Tokyo, Japan
? HLA Foundation Laboratory, Kyoto, Japan

Because HLA antigens possess multiple eplets, many of which are shared with other HLA antigens, anti-HLA
antibodies exhibit complex reactivity. Even after sensitization to a single HLA antigen, multiple antibody specificities
are often detected, since several eplets can serve as immunogens. Anti-HLA antibody testing has evolved from the
LCT (Lymphocyte Cytotoxicity Test) method to the AHG-LCT (Anti-human Globulin Lymphocyte Cytotoxicity Test)
method and LIFT-FCM (Lymphocyte Indirect Immunofluorescence Test-flow Cytometry), and has advanced further
with the introduction of flow cytometry methods using purified HLA antigens and Luminex” fluorescent bead assays.
In particular, the advent of single-antigen bead reagents has enabled eplet analysis of anti-HLA antibodies, thereby
improving the accuracy of antibody specificity analysis. However, HLA antisera often contain a mixture of multiple
antibody specificities, making it difficult to analyse individual eplets. To address this challenge, eplet analysis can be
performed by isolating specific antibody specificities using adsorption—-elution testing.

Key Words: sharing of amino acids, eplet analysis, adsorption-elution test, common eplet, single-antigen beads (SAB)
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Introduction to biostatistics
— Modern and Classical Approaches to Statistical Hypothesis Testing —

Noriko Tanaka”

Y Dept. Biometry and Genetics, Institute of Biomedical Sciences, Fukushima Medical University

The long-standing paradigm of Null Hypothesis Significance Testing (NHST), a hybrid of Fisherian and Neyman-
Pearson theories, is facing intense criticism for its role in the “reproducibility crisis.” Widespread misuse, for
example, interpreting a non-significant p-value as proof of “no effect,” and questionable research practices such as
p-hacking, have undermined the reliability of scientific findings. The American Statistical Association and a broad
coalition of scientists have called for a move beyond rigid “statistical significance” thresholds. In this manuscript, I
first explain the basic concepts of statistical testing and the “p-value,” and then discuss why its limitations are now
being discussed. Additionally, I introduce “e-values” and “testing by betting” which would be a powerful alternative
framework to “p-value”.

Key Words: statistical inference, null-hypothesis significance testing, p-value, e-value, testing by betting
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(tapasin) OTERICL DV EIR I 2 T A 14

SNTZRTF NI

e. )NV ¥

St L

TN IERNEHD D B, b. IVAF I V7T A,

75 2 OMIJF~NDXRTF FDfES

5o £1&ZHEI NIz,

fERE 37. NK #fifas

BHHIRHTH59FICEALT,

BEICHEEG LT

gun
Biic]
J

TWBEDE a~e DI BEHS—IEN,

a. HLA-C
b.

c.
d.

e.

HLA-E
CD155

HLA-H
ULBP1

IEfEd EZEFE333% RARMERE:

e. (27.8%)

fEt 0 NK Mz 0k (BUF NK 2%545) 07> B
T L& D#5 MHC, B XU MHC

12O WnWT D

A M BESERL AR DL & R A > A

— HLA 51 0% Eiw—

METHD, MHC 7 7 AL 5T I NK ZHK) TV F
ELCHERET 2%, IR d. (IEfR) o HLA-H37 5
A THBIC= v T ENL BRI T T, ML) & ooxs
GTELTORBEIADON TRV, 4B, 20204
121 mRNA TORBIHE SN T VB, ¥ V375
TOFHR NK ZH RIS SN S L oftidi v, &
OO BIRE 1E NK ZHERDPBERT 25T Th b, &
B, BRI a~c BX e 35T 5 NK ZHAEY 7
54 7L DBRIZONT

3E22%sBo L, F72, 1%
F %% e. ULBPLIZOWTIE, B8 CTRIMES ofifa
LBBENTV,

fIRE5. NKG2 773U —49F& MHC % 7=(Z MHC 7
SRAIHAPFEDHEEETRT RO 1~ I DFHAL L
T, - ELBEYEFERE a~e DI BEHLS—DFEN,
a. M 113X NKG2A/CD9% & HLA-DR & D& ER L

Twh,
b. 1 o#

ZBWTiE, WREECKTF o5

£1 HLAZ S R1, 75 AN GTOPREIRRICHETLEHOT LD
IEH HLA J5R1%F HLA J5Z II9F
HREARTFROHEFE AETHE (#iaR) SR (HERES)
RIFREDFESIBE ER (Miadk) MIIC (HAIYRY—A)
. HIVEF>>, Erp57, TAP, 1 >\UF> N(1i)i4, CLIP, HLA-DM,
RIEEF PO HLA-DO, HIRFSY
B CDS8 Tifika CD4 THlika
EREE RS - FEE DHERR RIBLE DR - NFEE
F2 NKMZEMELE Y F Y FORE
UBYRAF HE{EARF {EAOMEE RERRR EBNEER
HLA-C KIR2DL1, KIR2DL2/3 B o B CRH. NKlfao & S HiasEE;E
NKG2A/CD94 (i) - . 5
HLA-E NKG2C/CD94 GEIE) B, SEEE o - 2 N ABS DN KIS 7%
ULBP1 NKG2D EMHE x AP AFEEUHY R, (B - BRdR0RE
MICA NKG2D SEME x #5394 -DNABISTHE, EERETEE
MICB NKG2D SEME x AP RRGE, S - BiraniEmt
CD155 (PVR) DNAM-1 (CD226) . TIGIT.CD96 SEML/ HEE x Fi#iﬁa&oﬂwiﬁﬁb
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T 5
c. 21X NKG2C & ULBP &£ OfEZ/RLTW5,
d. X 31ZNKG2D & MICA £ DfEEERLT WA,
e. M2BIOK3DOFEAIZBNTIE, HHRMEHE XS
F FPHEET %,
IEfE b, IEZEE33.4%, RKRMEFRE 1 d. (33.3%)

fEes © ARTEIE AR 5 AR INEREOWEN—-Y 3 Y TH
%o B TIHIMERK % WL LB AL 720 BIHEH
LENENL 2, 31k, NKEZHEELZD) AV KT
DREEREEMHRZ VARITR L T b, ZhEh Lo
HEMOBNKG2 7 7 3 =4 F%, FTHOBKORKRL
)Y FT&HAHMHAC %7213 MHC 7 5 A T #4551 % 7R
LTBY, FTEHIZBWTIREY A T CHEENKE
CERZS>TWBIENDbND, BRI [MHC

— HLA 751 D% Efi—
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72 MHC 7 9 A TG F1 LRENTWD I LD,
AV MeBRDODETHROMETHLZ EWhb, T
bbb, NKG2) #v K THsH MHC & ZDMHES 10
P A L COMIEIES 2B S Y5, £2, 31K
L7207y RO E B L 27555 %5 M OfEE % i iR
e, 1ORNEHEICARTFF B THALER) &
ALNDGTERARAATEY, EHITEB2Irvr
7)Y (HETHAZERTRINZGT) BMEmS
NTwsbZ s, MHCZ 5 A1 (HLAE) 471 Th
LR TE L, 2TIRP23I 70707y VICHYT
LTRSS w0, MHC 7 5 A 1S TCTH
LEMICHFLEZObNL, SHIT3ITIFZa3 FA AL ¥
(B BRI eI B A 4 ) ISHIM 5 40 T
OS5 N, ULBP (UL16-binding protein) 47
TThHrLENTEL, Doz XY, Eshi-%&

| NKG277sU-57F |

B2=zou0%
aJvu> 3
[ MHC55218F | [ MICHF |
1 NKG2 77 3 =4+« MHC 7213 MHC 7 5 2 I #50+ & OfEhgireX

ZNENLEHOF LA NKG2 7 7 3 =40 F %, THOREHEDEIE MHC £7213 MHC 7 7 A THIF 2R3
FRCCHA B TRTAFIRNRERTF N, S THAZERTRINZGFERB2Iznrury v,

%£3 NKG2773IV—UHY FHFoiey

NF e [REE- Mg RAY | RTFRES
HLA 9351 affi(1~3)+B23/0907V> (@) ()
HLA 935AII afh + BH (@) ()
MIC affi(al., a2, a3) (@) X
ULBP4,5 afi(al., a2) o X
ULBP1,2,3,6 affi(al. a2) X X
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K D5F- LIS B T 2 HHEREH LT L0, #
W b. DA ELRD,

BIRE7. HLAV X 1 3FDO> JFIVEFIICEAL TH -

EHEY)hERRZE a~e DD BHH—DFEN,

a. HLA 7 VVHEOZHMESRKREVWEHIE TS 5,

b. BANT I VBELLED.

c. 10FREMBZOT I VBICX VK SRS,

. NBRHAAD HLA 7 5 2 153 T ORI ETH
%o

e. MIBMNIZHHLT 2 ¥ v 287 BALmICHE G Tdh

%
IEfE:d. IEEFE225%, RREILEE a (27%)

[=9

et 0 T FVE Y N EST o i (NR)
TICHFEET HHUKET I VBICEGE R T F FEY)
T, ZMTIRHLA-Z S XI5 FDOY 7 F VT F R
(SP) BHIIZDWTHRENTWD, —#IZ, SP AL
5l mRNA OFFHBICBWT, 7 v 37 Ho/M ik
WOk E M3 2% HE#H>TEY, HLA 55T
BWTHRBBRICHELREFTH b, Lo TEPRK
diFIELv, HLA 7 S A 15T 0¥ 7 FVEGIE,
W7 5 A 15+ (HLA-A, -B, -C) Tid 24 @, Jeish
27 5 A1 Tl HLA-G 28 24 ficxt L, HLA-E-F Tl
SO RFTICEY 21O T I VBETHR STV S,
INSORHNE HLA 7 7 A 15T ARG % 520 )
BHEICYIMI SN D, BB, 7 I ATHTAREKL VY i
ENZSPDHE, HLAA, B, CBLVUGHENOX

A*01:01:01:01
B*07:02:01:01
C*01:02:01:01
E*01:01:01:01
F*01:01:01:01
G*01:01:01:01

SEWERN G - R M PE SRR DML & AR A >~ bR

— HLA 5T O8I —

TF FiL, T 3F~1FRIED 9 T I BES %
LTVLY EIENTEBY (X2), ) b—MoRy)% %
RIGIZ HLA-E ISR 5 & 2 T NK Miliasz 2k (CD94/
NKG2A % &) OV FH Y Fe LTHRET 22 &% Wil
HWEsRTW2Y, BAIZRRIEICOWTIE, RFEN RS
KTHHERF a lZBROENTWDLEIRTLIVLEAR
VTR L, EET B O R 2 5 S MRS S
nNTwnb,

MR8 32. MERICH (T3 THIRROMEICET 5T DR

BN BE-> TV Bk E a~e DD BH 5 —DFEN,

a. HCHLAG L8675 TRV T4 —%
FEOMNE 2 AT % o

b. HOHEARTF FEfif L7z HC HLA (25 < S
35 THlL YTy — %2 oMlaldkkEsns,

c. THIRBIZHC® HLA & ¥ FIZHR SN PR~ T
F FI3#R#&T 525 EHC HLA 51 CTRR S
[l —PUHR7F FIdBk T & 2w,

d. THIN LV &7 % —B12F O FRERIZ RIS o,
RWTPFATHL 5,

e. Double negative (CD4/CD8 & & FatE) #*5 double
positive (CD4/CD8 & & [51%:), single positive (CD4
F7/21E CD8 DI N2 KH) DIHIZHILT %,

IEf:d IEZE27.8%, ARMILRE :c. (38.9%)

RS T MO MR IZ BT 5 0Li%, T T THREmIC
D7z ) FERFHBICME I N TV B AN, »OoREERIH
HTH %, WRTosbo@iEzTid, THRLE7 s —

24
LLSGALALTQTWA
LLSAALALTETWA
LLSGALALTETWA

: -—-MUBETLLLLLSEALALTQTWA

et —MAPRILLLLLSGALALTDTWA

: M‘VEPRTLIL LLSGALTLTETWA

2 HLAZ SR 14510 7FIVEFIB
W2 A 15T (HLA-A, -B, -C) T 24, N2 7 A T TR HLAE, -Fid 21 fHl, HLA-G X247
I/BTHIKEND. K HLA T O7 IV BRFID ) B, # bB, HLA-A &8z 5R5I2oWT, #f (HLA-B),
# (HLA-C), % (HLA-E), # (HLA-F), f& (HLA-G) T/A 74 I L7z #Me TP AZZRS]IE HLA-A, B, -C
BLOGHRDOYZFNARTF FIAAET H, VLI EIHENS 3%~ 11 F5RIED 9 7 3/ BRAHI 2 - 56
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rcrgmmars L) b —T\irl{ﬁlnf T
| D-IEHR |
HRE S
| V-DIBHER |
- D B B -
| s5-8% |
Terps || )]
1
TCRaf4EBEL

3 MalRICIB1F % TCRP $H O AN

aBTCR DHi4,

(TCR) #fzTOH DL (V: variable region), %
etk (Didiversity), #54& (Jjoining) & fx T-$HIK O H
I & A ELEICLD, S8 HLA & XTF
DOYEERZRFETRELR THL 75 — 2R S b,
afTCR ¥ &, #ETFHMBRIETPHIIBVT,
D-] #AE D% V-DJ @A ONET VD] B AE L, Hi
WTC a D Vs B A4 L2 (M3)s & o TEIUK
d OFLBIZFRY TH D, TOMOBRPIITRTIEL
Vo B AEAIRIRL 2RAERMNLRETH L E IR . 12
DWTIE, THIAIWIRIC BT 5% 1IEDEIN (positive
selection) %51} 5 Z & THMGT 5, HCO HLA 4T
AR T PR TF Rk, $4bH [MHC 3K
] 2L Tw5,

BIRE36. KIR/N7O%4 FIZEEL T,

Za~eDIBH5—DF,EN,

a. KIRZV—7 A7 %4 73R KIR o %
A,

b. KIR2DS1, KIR3DS1 i3 KIR 7V —7B/7u %
A IR 7% KIR Th %,

c. KIRZV—FANTus 4 7EARANTIIERDH
FEDS RV

d. KIRZV—=FANTFuas 4 FLKIR ZVv—7 B/
Ty A TEENENRL S KIR THK SN S,

e. ZIFTNTHOKIR NTH % A 72 HLA-C % ik
2 IR KIR ASFEAES 5o

EoTWBEM
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BAETFHERIEIET B BHICB VT, D-JHlfED#%IC V-D] ik ONET VD] FER AL, Fiwn T a iR AE L %,

IEfE :d EZE27%, ARMERE e (23.6%)

MR ¥ —MlaE s a7 Y EZEAKTH S KIR
(Killer cell immunoglobulin-like receptors) =T D
NTuy A4 THERE, ABXOBEENS 27 V-7
WK EN L, K7V —TICBT HEETHRIE, 7
V=TIl FIBIAETZ 7 L — AT —F #RT
L, WEEET XY %%, IPD (Immuno polymorphism
database)-KIR" 12 & % &, 7L —27—23#{5F13 KIR3DL3
KIR3DP1 (#s#1x¥), KIR2DL4, KIR3DL2 O 4 ik
ZTFEE#RSN, ETI/NV—F A, BOWHIHELET S
CEMHEIL d OFRBITFAY TH D, ZOMMOFR
BIELW, B, ZVv—=7ANTusy L 7THOERKET
BRMAatbEIRENTHLOICHL, FV—7B
NTaZ AT TREREICEA (K4), W% THEEE
TIZ 40 YL LOMAGbEPHRE SN TV D,

MIRE48. REEMTHRMOL ZMEERERICEELT

ICHRICERT 256, WRGEFHE &L TRETA

EHRBICEALT, BoTw 3tz a~e DI ENS—

DEN,

a. B TEDOY, Fa—TIIBLEZ THMRA
LTBL,

b. A7+ —AFarty NNEOKEH,

c. FBEOMELZ B SO e HFo

d. F7 b7 MO
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SEWER -

A M BESERL AR DL & R A > A

— HLA 5T O8I —

N\JO%47 3DL3 2DS2 2DL2/3 2DL5B 2DS3/5 2DP1 2DL1 3DP1 2DL4 3DL1/S1 2DL5A 2DS3/5 2DS1 2DS4 3DL2

A — '3 - - 4 1 Dt Dot
AB | 13 - — - —is1— — — —— -
BA1L —b  —ht—h2 L+ /L L= -
BA2X— ——2— — o+ o —L1 b= -
BA2 — -4 —2— — - - - —iL1 o= -
Bdel —b  —hud—h2 b ST e h——— -
B — o bt — ettt DDttt — bt
[ IV—LI—-DEEF L EHEEET | HIFIHEET Bl BEETF

4 KIR (Killer cell immunoglobulin-like receptors) #fnFHONT T ¥ 4 THEK (OCHk 4 & ) %)
BURL72BIZ TR OB PG T84 ThRRT KOTRLAET V=27 —=Z#8ETFOHH, SDPIIEBHEIETIC
CCTEHBERIRES>TTI L= T = BT THIHI EEZEBELTRL,

DHEEINDL D,

e. 47 F—1FT7ty NNEOHE

IEfEta. EZEFE333% RARMERE e

Rl - ARG B A R EICOWTORET

1274—LRI>E2H
(Informed Consent)

(28.9%)

bho [N2HRET DHEMFE - RERIIEICHT 5

fRFESE P I wTid, eSO B TRILL 723

F AR AR 2782561213, Jod®

P . Frig Js O W Je i B AR AL 22 B S R & Hi g L

12 73—LR7E2H

(Informed Assent)

7776

(Opt-Out)

BHADBAISL

COBREIRIVEERES

ERHBERTED
MEBEERNE ST

HIERBEN DR+ DBRANE - BE

WHRE HIERBEN DH DA I REE (B - NEZ) BIAESAROMKRE (DT BFEAHF)
I e AANOEBEZGEL, HAFAIHER - =

=[] BHERLCEI(SNORE21E% BETREEE3 MRFIBZIERIIRSEZRILIS

B & + BT 340 EEA £Fil - EAREECIU TS 55 S N (FRPIHEZR - WebABIF)

RROHSAE smE& (RA) AANOERRT+FREHDIC EENBINEFIAD

N - REBAIE D

REEVARHEN (BAR)

BRI (FREBICHHR)

PARFE (RERL- BIFHROHF)

EREh3HFH AR, REZHSHZ., BRI | INEHZ. BEREMZR #IMERR, BFR - BET— SR
AUy {RIEEICRBHESR AANDBBEZEETED HHRERIEH B, TEICRIERTHE

FAUY b BERFHRENBE BREEICIRANSS AEOF+SESHEREICRDPT
HLAFRZ T DA HLASEFHFT INRBEEEREOMRFAE | BEOBIET—4 -HLARDKRIMEHETE

5 Av7+—AFarkyb, AV 74—AF7kV, 777 0FED
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RBDBONT2DHIT a R DFF b7 & DALE % 17
DODRITNER SRV, X o TERN a. oL IEERY T
Hbo TOMOFIRBFOGMIE, VI d PEEREICHE
FTREWNIBTHLOTETIELV, RENLBRETH D
B e 4 7 +—2 K72 &1L, REESCH W
BNHEFHFTHEVIRATREIZONT, H#ESLRBEA
LB EHLGECBVTD, HOOEMELRT LS
ETED LA S D & X IIEHEARANOIRE L W&
EWRTLHTULRATH D, TORBIIE, REELHT
T AV T7+—LFaryby M ZETVWEIEN
VRGN E Do P A A7 b7 MdEBNC A >
Tr—bLFartr M ae@Bolatikiy s LD T
W26 GRRHRALE ORI e 58, BEAE R
B EILENTBY, WIRENF L VIZDITMEANDOREE
HHEE RS A 7 &) BRI D W TRBENERRK
R Web SFICHIENEZ 2R L, FIHICHT 2HEEHR L
Hoar%Is2LThsr (M52MH),

o T, &R DBELMNLIX

b. £ v 74+—AFartry bNEDHE,

e. £V 7+—AF7+ty bNEDOKET,

— HLA 751 D% Efi—
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d. ¥ 7 b7 OGS
DEE 25,

FIZHER
g NS HHR L

BE X
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Reviewing Key Points of the JSHI Certification System Written Examination

Taeko K Naruse"

Y Dept. of Protozoology, Institute of Tropical Medicine, Nagasaki University

The written examination, administered by the Certification System Committee of the Japanese Society for
Histocompatibility and Immunogenetics (JSHI), is a compulsory requirement for candidates aspiring to become HLA
laboratory technologists, educators, and histocompatibility directors. This examination aims to enhance and sustain
proficiency and knowledge of histocompatibility testing. Annually, mock examinations are conducted during the
conference. The technologist training course, presented as an educational lecture at the conference, offers detailed
explanations of “special questions” — those with a correct answer rate below 40% — from the previous year’s mock
exam. This article provides the text for that session. In examining this year’s questions with low correct answer
rates, it was observed that fundamental topics in “HLA science”, such as the structure and function of HLA-related
molecules, once again exhibited notably low rates. Consequently, this year, we have focused on seven basic questions
that require comprehension, and we provide commentary on the intent behind these questions and the key points for
correct answers. We hope that this will facilitate the organization of related knowledge.

©2026 HAMKoE GV
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2026 FEEE HLA IRERMEREEF ST T A b

HEESEREICBIAEY P 74— Ve N F TN 2 —F 4 V7

BHO A

VAR AL MU AR S b L e T

MBS YERMA T, HLA ICBIT 2 B MARRICINZ, % LB & 5 RREE I 2RO S s . BHIEFRICET
B HGE G TERA L, Fh—BIRSBHERI R 2 RETEEGRETH L7, ZLPHTFETERSIND 20,
MAZHZERL HEIMELR TV, F/2, HMEAIIIBEYRHABTILETH 205, £ Ok TIIHH U B H AT S
h, WEBEEOEBEDLLZ I ENL, FI TV ESCEBENEEOREZ TR T 2 2 EHL V. KEES
T, 20O &) BHMEICHEIOE#HRE LT, PCRrSSO 12X %5 HLA DNA ¥ 4 V¥ » 78 X O BIREDIREIC L 5
PUHLA PUARAEZI D L, MERICHYRTVEY b 74— VE STV Y a—F 4 Y 72OV THEBT 5,

F—7J— K :HLA, HfEsUHE Yy b7+ —, NIV a—F4 T

1. FU®IC

BRERRIWMIC BT, b FAMEkPUE (Human
leukocyte antigen : HLA) % 4 ¥ v 7, Hifftresg
AR, AEREGERE L LT, BeTHRILE
REPEHR 2 235 5 72D DB 2 A Tdh o HLA DNA
YA ZIEL YD Y b E R —RHOREF A
DFHMi R R OB R E O TN, $THLA ikt
RSN, BRBEOE= YY) V7 RYURB R
RIS OF M EI e b, 72, HLA KEEE
MBI, N —HEREMPIA (Donor-specific antibody :
DSA) OF WAL, FIF —BRLBMIENED R
HEIVETH D, SO IEELMEDITICH ZH
MEGMRETH L0, LHROZ CIIHFETES
NL70, MEFBZERLHESELRTWI EPHET
5%

ARiTid, ENOBRKRBAEICS W TERTS S PCR-
rSSO (Polymerase chain reaction-reverse Sequence
Specific Oligonucleotide) Y 12X % HLA DNA # £ ¥
¥ 7B X O HEESOLHUREIC X 250 HLA ik 2 0

D B S, HrgIckd 5 s THLA OXEEmeE] 4
LA ] T30 JFB R e O B | [ENTY 7
b OPRF & WY) 2 mA ][RR W 7R R O FRRR,
HWRETI ] @9 B, R [ L7-MArsi | (%
BT, YR TVEY b7 A=V E T TN 2—T 1
YTIZOWTHHT b

2. MBESMREOHE
2-1. DNA 21 E>TOBE

BUE, N OBKERAIZH TS HLA DNA ¥ €~
7 Tld, PCRIC X Y HIE L 72 DNA B %2, Witi+
VIR LAF R 70— 7 & S8 E — X2
£ 79 ¥4 X &%2% PCRrSSO HEAE L v bR Tw
%%, PCRrSSO #:13, #RIEF v M RWEHR ORI
X0, fEkOMBEENBRAIA Do TR B AL, B
EHICED L HAERZTH, HLADNAZ A ¥V 7%
Hiifx CEBTE S L)1k 72

—J, HMEAEVERRAEOREE A L % VT E 2 Y
ThH%Dd % <, DNA ¥ £ ¥ ¥ ZFHilioBHICTEET

ZAPH 2026456 20 H, SZBHH : 2026426 H 29 H

RFEHEAEG  BEHWA ) T 135-8521 WHEHMLIRKIKE 2 TH 13 67 7%

TEL: 03-5534-7510 FAX: 03-5534-7588 E-mail: yu-kuroda@jrc.or.jp
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Btz d D7 e
2-2. #ii HLA A REDOBE

PuHLA PURMAE b, d08 Y — XSRS L7202 B e
RHIEF Y FORIITLY, V¥ oSERANNE G R
(Lymphocytotoxicity test : LCT) %5, #HtE—X%
JAW 7R EOCHIREANE BT L C& 72 S — X%
w7z Wbk ik, RO LCT & kL T,
PR BAE % B R IE 0 ST TR L 2 5 7270 L
LA S, PLHLA FUAEMAR TIE ) & 5 SOl
WRICHEM T 5720, BEOEDHERNEEL RITT
REMEDS D % o

3. EvhI7x—ILEFER
3-1. BREXIREICHTALBEE (X1)

HLA DNA % A ¥ 7 %4l HLA HiffA <3, &1
P T 2 BIEPFET b0 TNHDOBIEITENT S
TV, RRTREORELZRECT 2720, DTo

=1

HREAUMEICBITAEY N 74—V E NI TN a—F 1 V7

FIHZTERT 2LEDVD 5o

OERy MEME - IEMERRAM R 2757201213, #EIE

BOGEL VS I A=Y a YHIENEETH Do HIE
BICHELAERY FEMHL, BREELY EMICT.
7, BETHTF Y TRMEIEET S, TTUVIVEE
HR D707 4 VE—F v TEMEHL, {EHIWw -
WG] - 3 2, WHIEIEF v T NORR % 72
L. ZERIITEME S X O % DR 5. Wik
RAIET LTy TR, HHBOT v TIEEH»IC
Y AL CBREE G A Bk S 5,

Q% Y ZIVOWVDNERE : v TV OBECR TE~D

BLEZOBICRYIER 2555 &, BMHEOKRKE %
bo DL RN IFALHNETH L7720, FILBT
A OMRARIEL, N—a— FIRAEREDY AT AW
BHAET) ZEDPET L,

@FIo v b I, Ty T EITE— TR S

MR R D, TO20, Rixday FORMBIE, #HE

AR TARIC 3517 5 Hed ik g

PN Ea =3
gzzg;ﬁm BES O
TINA—FYTER (91E>9) I70YVIBALE
®|  ERuMBEE DS e
F TR REE R BIERORER
PoKONEH POZIHZR—SABHIE
BTV TR BB I
(R9tABE1 5> L T IBORERR
@ | YOINOLUDIER |[F8HE]H> T BPIBORER RAEDERBS L
(BLE B> AL IEORE
® REON | ARRRORBEA0YNORE SR
BERERE RISREBBIE
HEEE  |mEsRous RIREBBIE
@ NG THTR—SABEIE
g | |PERCEBHEY-LCLSHREONE | BRI SERTEMLE
AEOT—F>7 SR
FU— MO+ 50FL — MiA e BERIE
_ UFFr SRRy MR BERIE
© PR S EERER 2955
SRR SSEERERLE
PRiRHEER SR
® | Fry TS —LOBIE 2E>I> T HSR—SaBBIE. FERBIE
BRI TS H=R—SABBIE . FERBIE
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B AR BITAEY N 74—V E NI TN a—F 1 V7

RHERREDIER E %2 %0 TD XD HBBIIMAR RO
APBIFRADEIL W ERDH L7720, U T VERPR
HORRLERIHRL, FHTIAED Y b7
ez, vy MEHERIKT 5.

OARIEE I & SR  © EIE R AR B X OTH 4k
D72, RIITHEY) RMMECHRE L, MHMRE 8T
5o RIS UCTHBL, HB—1HRFELLEET
HMORIENOUW %5 <o BB IEEIEEH 3 % R
i, WEFEATHLZEZWRL, FHEATOREOR
fERHZRi <o H v TVEIZIS Ui 0B IITIE,
HERLHBEE Y —VEIFH L, Sl 20135,
OO TERLE © v TVRRIEIE, By = V05
WCHEET S, TL—F\OX—F 7, IVFF v %
WVERy bR TV — M4 FOFHPERTH S, FFIC
B2 TN OBGENIFE RN EE L 728, SRR EAL
BB L O E A AT %o

®F vy 7Y — VO Fv v TRBARAEN RV
CLRMERL, ISRV T v 7 ARE AN IZEFEICH
BEINTVLIERMRT 5. Fx v TRy —IVERHE
T LB, WIHOMRBB LD DF/ICAE Yy Ty v %
TV, Wo < &R 5,
@OF7L—bOE : FL— FOMEOEBIIY > TV
I AR RO ERNZO LD DI, v —F 2 7%
Tl L3 L, HTETHE Z2HRET 5,

®WsE, VSN e T v 7L — MR 7 7 4 Vi
HEO Y MSHIBLTWA 20, o THHT 5 &3
ERHEAREDRIN & 7% B0 HTIREICIE, LT~
TL— b7 7 AR T 7 4 VEMHER LIz 2 Tt
a7

OB R - B ORBARRRERD X, MRICEE
RATT . WEREE AL L, A2 MRL T
Y %, WEkicld, REoHRPe L —F -0
T AHOCEDOLEF R A Y~ NARRDERE %2 5720,

EHM T Y T L—a vy a2ir) L eI, ERIC
RNV T4 =2 arywEEdT b, £72, A7V VART

i, BHTL— MR Ly IV T O — T O S RE
RMEREL, YU TN TU—TOEE ) SEEDNLYAIC
Bk (N 279y vakk) RLEC U RRE
795

3-2. DNA41E>T

HLA DNA ¥ 4 € ¥ 7O #&TRICBT 2R E % B
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TIRT,

(1) #fk

DNA ¥ ¥ 7V IZ, MAERRORKEZLELT 5
FELENTH 5o, KAHIMLEL ST 2B 0FE %
PIFIZR,
DAY VHRIM 0 A28 13 PCR BRI R 2K T S &
%Y 728, EDTA HURIMABRAD M 2 HESET 2 0
@EAIMEREL © HIMEREAD 2 WIE121E, DNA ol
ARRIZD %D b FIROBEDEHBARTIE, HLA &
fZF DRI (Loss of heterozygosity : LOH) 12 X %4
HEDIEFD, FBARRRI Y Y I3 —3 3 VHRIEZ
AT ZERDH L, TNHLDY A7 MRS 27201,
Hiki R 175 S O e GERe MAK o o P2 O 1 I ER S (buffy coat)
BRIIENTH Do LEIZIE T T, WY B FERIm
LRI % V7R E T 5.
ORI RAFMAR - RIIPRTE L 2#ifk 7 & ClE, DNA @
SRIC X ) DNA O W R LR B IE T fE 22 DNA &0
41, PCRMIFEFETOBKEE 4 5%, HIRIL 72
Motk i LC DNA ZHiH§ %,
@& Mm% (HLA I A~y F8H) @ FF—M
fat Ly ¥y MlBORIEIZ L % F X FHEIED 72
O, HIERRRE R LYERa Yy I 2= a ik ONy
2799y FER) BIRERT I ENDH L, BHEIL F
F—® HLA DNA % 4 ¥ ¥ 7R 2 5T 5.

(2) DNA Hiith

7 7L — 1 DNA O &R A% PCR 3 IR %)= 2 45 5=
PEICK & BT 2720, DNA BRI TIZOW
THET 5,
ODNABELME : 7> 7L — b DNA BXD WY
HIE A HEIESESIZL L, 2T EAHAI10EM
WP OREIC X0 FUSTED T R IR RS o hn %
<o F2, AL, PCRIGIEAF KT S5,
A, =7 =N, & U2, RmiEEA,
FHoehdlh), K1) AT —ViEHIEEELKITT, T0
72%, DNA OB X OMEZ MR L T, WA
ER
QA MR E TN e T T —EiX, F vy
B %5 L CDNA Z iS85 & & H 12, DNase i
PEA I L C DNA 053z i <o e 7u 77 —¥
DORMABAR Y5 %854, DNA PO T R HEWE O
BAFICE ) PCRIBAROERNE 25, 72, FuF
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T YRR TH L7020, WREHEREHMBRIC S ER
T 5

() DNA K% : DNA RSB TIX, =%/ -V E2atikl
WA ZBRET HA, =% ) — V5T PCR &
DR E 7%, BEROEECTIRG L, BAEDEG#%
i, HEeEOE EORETREZET LY / -V E
T BRET L, T2, Ny 77—l SEER
JERHIEA L THRAF LR T W c®, i HER X Ok
BN TAR % WY E T %o

(3) DNA LR HLEE DM &

EX L7z DNA %, ZORLMELZMERT 572012,
TR 2 3-S50 EARMEHBEE LT, WobEN
FEEA VT —H L= a VENRBETONRS,

W6 R 52 1 Td, DNA 7% 260 nm 284445 2 WX
TOME MM L CDNAREZHEMT 5, F 72,
280nm A5 ¥ v 237 EEA, 230nm A HIEE R H AL
BEMORAZHETE %,

—J, A v FZ—=HL— 3 ryEETiE, DNA HRM®
et & Vv CHOEMRE A S DNA RE 2 H T 5,
DNA JRR A <, FRE > ORI DNA #l & 12 b
WL TWh,
O Z VO - v T NDRMBA 5 by, &R
BN TDNAREICw D AEL, WEMDOIESDER
Mo TR O & 72 2 720, 4SRRI L 729 v
TNWEMGEHT %,
@ DNA % : DNA OiREAMK W4, PCR IEA R
DR E 7 %0 FRIZ, WOGEERIE D TIE, 260 nm £k
Z WIS % DNA DA OWE & [k ICHE S b 729,
EBROMWEL ) EOICEHN SN TV A ERH 27,
() DNA #iJ : DNA R EDSHERFEHANTH > Td, #
FEPRCE A1, R ORAZR EI12X D, PCR B
PER R DT %2R < 7250, DNA BB THHMED
RS %,
@I ERERS - WEkER LB, WER O UL
SERRAED IR & 70 2 7280, WAE T P8 5B O IRTE % ffe 52
L, WERIIEEIEDRATERT 5,
OB : FHHUHE T 2 KRB Ny 7 7 — D75 Y
&, WER R BB ORI B TR D 5
72, HYICERT 5,

(4) PCR

PCR Tix, DNA RV 25— &M THED@ET
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W A AR CHR B IS B IR %, PCR 2% L
TEMT 5720120&, AT LR AE BEkLo
BHPEETH D, DTICERFRNERT,

ODNA RY 25—+ : Taqg K 25 —FI2IF, ERT
Lt E AT AR L, PCR BIMAKF O BN £ -
THEMLESN D Hy FRY— MNIDSH D, F v MM
ENTVEZRY AT —EORFEZHFL, 2 —h—38E
DEMTHHT 2, T72, Fv MR AT—EWEF
NEVEAICE, A—h—2HBETLHRIAT—¥EH
Wb,

@QRAZ =3IV I A1V TR DORY A5 —F
BAMETHE2D, AT —3Iv 7 Al T LI L
TERy MREZHOL, v IIVHEZKBRTE 5%,
T, AEICEFTNLEEHRR INTP I, WEZELICE
Wiz, B LR MR L, IR SURREERG
DT %P <
@PCRZL—=FI=RF ¥y TV —VARR T v v
TARRIFIYZ I A=Y a3 VBT TR, RIS DHETE
2 & BRI O EMREL LTI ERI L, AR
POBDJERE & 72 %0 ¥FIZ, 7L — b TIEEBEHO T =)V
THETH L7720, PCRHETH T Y — IV OBFEIRE T
BT 5,
@ DNA WiEsE  BEEASENR &L, RIE5E
%H 5 PCR MG T COMRBRFMARL 25 L, FRIFR
BS DB WIEA RS D %2255, PCR O #EAif B BT
BE OB X ORERHRT S,
OBy ra— NV aryIF— a3 yOMEICHEE
Thb, 2L T7—E¥7Y =K% PBSH5\id DNA
BRI AR L 72tk a o b a— VIS RUS A% R0 H i
HAIE, IS oHERLEET .

BG) NATVFA =3y

NA TN F L ¥ =23 vid, HIEL7Z2 DNA % —AR#H
WIREEL, MM Tu—7 (E—X) 2fiasEs T
BTHb, RELZIGHEZRES 720, Bl LoEEm
LTSRS,
OB ZYEDSA 52854y, DNA 25 T4 10— A b
ENT, TuU—TOMEARDRERE 5720, HilEE
WL M A T CRANT 5. 72, A% O DNA %
Tu—7LREEWRERIREL T 5720, FHRAED +5
WRAT %,
QZBVEREE © 7V ) A X 2 AR Tl & 124
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Wiz, ARG L 7B R EE Y A PRI I ISR L
THMT 5. T72, 7TV ERIE, pHAEL KT
T5&, EUMEMMETT 5720, @EIEHT 5,
@RIEDO « HFRIEOIERER pHIENA T ) 54
Y= a VEEFREIL SN D L) ICRHBESh TS 72
0, RIEOBMHARCHKI ZINA TV VA ¥ -V ary
RO T RIFREORT 2R <o AEORE L X OVl
W% 85T 5,

(6) TiFfEL 7 ) v ¥

W EIL, Ta—7 (E—=X) G L72Is o
Ib, FEHRCHEELEDORBREL, HRMICHE
L7zb0%BETTIRTH L, Ny 2757 v FEERK
L, WIMEZ OS2 155 720, T OMICHERT %,
OPEFHAN : PEFRLEE 2B TiRmL, 7 VA
Tt - RS 5,
@7V F v 77y XTI, FHRENTIT),
E— 20U AR ANLEHL TR LI &, FRiE8n
THETTRL, R=X— L TRGBIRMZ BT HE
=AML, 77 Y "ARDERE RS, F72,
TU— bR LTIRA Z LT, 7L— NN
IS X DG AEZERLTE L, HERNIT) AR, 7
L— b OMEEZLEAHEITEHEDTLROENTH 5.

T2, AEohvkggfecx, avy 35— a U
DGR RTHEDV D Do D XD S HHMEICE
LW EDE L, TREHRIEZ T41CT) S L TH#ET S
Bt sdd %o

(7) WE

WE T, IEMEREOUEE 155720, T ORISR
5,
O e : 37 CMEIEE SN TV B HAEITE, F
HHCHER B OTE L R ET 5o B THE L 225G
R, EIENERE T TORBICRRGE L7225 A2,
NATN T4 X =T a3 VREPEAL, FOuE~EEE
B lEd

®) avyIx—vary

aVFIA—Ta vl b POKREREELL EICH
9% DNA DORA, DNAH Y FVMTELL 71X
Iy IA—vay, DEOMATHES L7z DNA L8
WEEDORAZEDND L. TV 5 I x—¥ 3 VIIHAEH
RICERLZWEERIZT2OFHPEETH S,
OBEEE AFEXBOSHE, 74 Ve —F v TOMM, &
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i, UV 5% oA KA BIKT %,
QIR RIS b Y 7 2 ¢ THRBR 2 R R R
F MU AERIC L BIERSERITH L 0N, AR
BEGRRRFIIAR T 3 5720, FEEE 2R EsidEs
AT %Y,
@ UV 7~ 7 UV BEHE, #1275 2355 Tz EoMK
T35, 72, HIALTWTH UVHIIBKTFLTWA
Band b0, HHERMEZLGEL, @licsciis
%o
3-3. ¥ HLA HifsigE

P HLA ik RAEDO &£ THICB U 2 EE M Z U TIOR
KR

(1) #fk

PUHLA Pufmeds Tid, MARORE R WAk o K1
HSBUSE R EAG RN B % KT T 720, DT o RIZHE
PR
DA - BARIZE OIS & ) RN 2 08 L, &2
A IRINT 2 2 & T, JIBORENR Ny 775
Y NORIBIZD %D D, F/2, FEROHWT, HkELHE
EMT Db 5o
@I BAR B AR i i 2 A Nl X v B
A%, BRI TR ORBICL Y, PURFAEL T
THBBEMALT 2 70y — VRBIGY 2402 2 L
H Do MAEFHWN, MiE~DEDTATRM, H 2wk
EDTA JnfRIfLo> M4tk % v 5 2 & CH#T & %,
@ IgM BIPifhk - IeM BHARIC X D PHEE — X535 4
< =% L, WERIZE—ZX07 — MUINET S S
ETHY Y MARREELDZENDH Do IgM BPitko
WENEE DN LA, ZRPUARIC anti-human IgM
EHOCCHEES 5. 72, DTTUH L ARTH 5.
WIRFRAEWE RS GDEsEEa Y T u—
U= XMoo ¥ — XA L, Bhtkd 2 vidmEiiz R
THERDH D, TOL) B, FIEREAERERT
Oy ¥R ERFHTLIETRRTEDLZ NS
Vo

(2) —WBEE (BURPURRIE), ZRBOUG (BEEA

B

IEAE 2 PUR PR RS B X OBE Rk RS % 13 % 720,
DT OEICEET %0
Do ENLE : L HLA PR 7L — M3 96 7 = v

D—HBT, 1HOT L — b2 HEBREHT 52 L0%
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Vo EHIEAY 2 VOB, ELWERSE SR
Wizsd, R v EMEHER Y V& PR X )
L, #YICERT 5,
@RIEE ¢ [ — A — 7 —RE TR OS A IETH
52 ENL L, BREMEORE L MIFICERT 2560
Hbo REOBMIETHHEIIORD S, FFIZ, E—X
BOZWRAEOBREHTIE, 7YY MRECEST, R
HWICERMEITK W DD DD, WERMEARICE—X
-t BRSNS E— XEHPREREN TV ENZ
MEET A ETHRILTE S,
@A : V7L — P TIEEBICGIa A U3 K, JA
PARTHERDIENDH D, v TV EREORAAR
EHURPUABRUS DT 230 &, BLEEPUARRIE O RAIA B
BHEBEDKTICO %D 5720, EXRy T4 V728D
RARL BB X 2R A UK T %0
ORGP SO AR LB 2 B < 720 bR S
%o SAEVMRIIRE R TE L, MAROMPLEE
WSFY %o F 7z, BERRPUARIZIRAT SCEICHE > TR
HL, #0ELOMMRIEZILEZ#IT S,

(3) i, 7V FvT

R, PR (E—X) ICIRRRMICRG LY
BAaREL, FRMCHEALEDDOEZERTTIHTH 5,
Ny 27Ty R L, W% S %2155 7:9,
DT RIS T %0
OFRNT v 2 ANy 775y FEAREEI VT
O— )Y —AEfHIE, REAEFERNTHL I LS
Vo OB —XET 2 VKIS L TW 5720,
TR L DT 5 R L ) = X0 — 1B H ST
Wb LR T H. F70, i EREE —wlkTsr L
TLRE LIAERIME O NS,
@7V X7 FahTY v ¥y EERERE ORM
WEETH D, FFIZ, —KUSHEORELA 5 %Y
&, B o RS 196 1S ZRPUEASB ST 5 2 & T,
PUER A 1gG ~OREERmAMR I T L, s
WEGE 5 EE T REEDD B o

i

4. VSTV a—-F12T
4-1. DNA 214E>Y (K1)

(1) Btz y ba— VI EDSAZD 5N
OEFEEOY Y TNV EFP LGNS =V 20 5
HIMFFCSIVEHED IO AT Y I F—Y 3 vRy
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HEIA, WIEHOTL— 1ty FI AL EDEDN 5,
B 2 B ETE 2 S,

QPUSTEASA M Y56 - MERBREE, I, ExXy 1D
HRICEBAV I IA—Ya v eEET 5, BEBLY
P OHYBRR A ER L, HROE) Y 53T %2179, FFIC
Ry MNEOHRIZEATH Y, ¥ TURREAND
ZRGFRORNE b7, HHERILL, #Y) %5
WML AT, LEIS U TEHT 5. F72,
PCRIEDOT L — b= VARRF v v TOMBAR,
B % IEBEEHRVEDSA 5 A B B L 72 PO &R
FTIENDHDD, BIEORBELEZT) .

(2) ¥Z7FIMET
OFHEDY v IV TEHEE — XD Y 7 F DT nIEA -

MARHROENLE 2 b b, LOH T, —hFo7 L
VDY TFVPKTL, Ny 77529y FNEAEDOHE)
HHREEE 22560855, T2, FRTLLRLTTL
VCOREE—ATY ZF VKT RO SN L5E50D
%o BARDOE FMERR, THRIRMMEC X 2RI HR)T
5o

QEEDOH TV THhIEI Y Pa— LV E—ZXD Y 7F )L

DECYifr  MARHROE, Y TV 30

FEARDEZ 5N5D, DNA O SV HE R % U R0 0
VEX TR T 5o
WM E 723K DT TV TY ZF RS

HAR, PCRAR, ZUHAR, N7V 54 ¥—T 3
YAR, WEARZYE, ETIREZMHERT 5.

(3) Wy 277y FLEA
ORFEDOY TNV TRD LN D4 - MAKHERO R,

yaRavyIk—ar, $7213PCR7L— by —
VARRF v v TOMBARDSE 2 b b, il
BAHHEOF X FIRETH MRS Z RO 256035 %0
@&tk 5N 54 - DNA I O#E %, DNA

FMEAR (RHPIDRA), a5 It—var, K
BE I A, RIERIE, WHEARRENEZOND, Ml
5 B TAERERAIEICHED 2 2 o 72 P iERR S %o

4) 7oy PR
OFEDY Y TNV TRD LN DY+ € — XRIEDIME

AEBEZOND, PEBOY 2 VHORERTHILTE
%o
QBB TNV FLIZERTEROONLGE - ©— X

OB A, SHERAR, 7Yy F 2 78E TL—
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(1) 1Y MI-VICREDNHS

([ eonempoess [

15532
2.J0Z329F—23>

1.9023>593%-23>

1.7 —hybiz

1IRIEBR

2. EER
3.ERyNBZR

4.3 - PFry SRR

135553
2. G EEBR
3.ERyNBR
4.5 TR

RIGHRE )

1.ERAFORERR
2. 9)EIRFOMER
ERHVIBARAIRIFRERR

J\{(T)
1.3ERFOMER
EENVRBARAIRIE

1.3—F2 Y ERERDRIE

13635, UviRsY

2. ARER
3RS, TR

4.3 — )L O3ry TORIE

1588, uvEgss

2. ER
3.3, TR
4. FFREQRBEL

|

(2) SUFIET

“

™ [ [
u | BES T ) 24 )
&=
[ | [
( mero-ne-zun || BT NI E—XEEE )
-
1 EERE LAY RN
2FRT7LI/LTTLIL 2. 8RN
3 SR
i i
2. DNAFE FIREAIESZ
PCR PCR
LR/ TINSERAR LiEOBIL
2 MEARIZ
= 3EE/MDOINDERTRE
= 4 REEESR
5 R{EQ R OIEE
ST )\ (T}
1LRE/YOIDERRE 1L.EMRR
2. AR
3 EARIZ
4EE/POTNEETR
5 EEIR
6 IR/ EDRUTEIE
1. #8850
v T 2 BT T
LARGOERIER LB
AR 2.88Mm
2RO SRS 3.B8Mm
{ETORER
3t
1. DNAE - SUSEAIEORIE | | 1.EmiiE
DNAJREE - HESAIE OALE
2 HEEERR
ARASEANLFRAIE
PCR PCR PCR
" LERyNRME/SERFORER | | 1 AREROIROREL
o 2 HEAREONER
o 3.ERy MRIE/ SR ORER
R 4 ESOREER
5.2 EFIENREL
)\ )\
1.ERyNRIE/5SEIRMEORER | | 1IBERE. +2WEA
2. TR
3 AEAREOMR
4Ry N/ SRR
5 HBROWER
6 IB(EFIRORE

1. AR TE DFE
2. NEMBEEIE

X 1

&

fu e

&
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(3) XwIISYRER

)

([ memo

J(

24k )

AR
1 EMEHBRSZ Yy FIHE
iifee]

PCR
1.9023>93%8~33>
2. 35— MFry IR

J\{TY

1.9023>53%-23>

SEIE

HRAR
I

Hi
PCR

1RIBER

2. B

3.ERyNER

4 MESRESR

5. BAEQRIAPIEIE

)\ 1Ty

2 RFQRUIEAE
JAIE

1 HERERTEIR

ARAK

FHERIL RS — D51 THERR.

Eiifas} picifar}
PCR PCR
1SPEIRMEOWER 1553, UVIRS!
DB 2.5
2. 3= )Fry TOMIE 3. 3RS, i
4 HBROTER
SAEEIEOREL
J\1JY J\1JY
B DBIRRAE 2IRAEFIBOTR
SAIE SAIE
[ (4) huobFR2 ]
[ [
( BRI Il 24 )

LR TR HRBEIR
2HEHEERE
3FHRIEROOL
17— hEESR
2MERR

" 3.pmEs

LERy NRIF/SDTREORER | | 1iSBER0re
2.ERY MR/ M EOTE
3AFIREOREL
LX), MROME
2. e
IRMEORR

—

(5) EOMOHIEFEE

—

1LERILI/LT LIV

2. 845

HLA DNA # A ¥ ¥ 2 (PCR1SSO#:) O NG TN a—F4 V7
RO A D ZE 2 OND K & ZDOHINKERT, BROBER»EZLNLLEICE, THRD
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PREIAGEVREZOND, TNENOREKE 5
EFEZ S, $ v 7070 — 7 OR SIER R
) % EOUEREREDE 2 SNLH,EITIE, RS
AT o

(5) ZDMDH AR
OfFEY ~ 7V TROBHEC B A (B - Bk
) PHETELRVES L7 7 LARHET LLVoff
1, ¥ A7 % EOBEKHR»EEDN L, BIAOE RIGHR
DRI —H A5 L ¥V TRERRFHED YA v 7
MRGEDNBEL LD, MELDMELFERT S L
PERTH %,
4-2. L HLA fifdzE (K 2)

(1) BMay va—u4 v 7FLoEt

Btk v ha— v TV OROGEA E % 7 L7y
G, WEARRY Y TV OGEI ANEEDbI L, B2
v hu— o, % < Oi3ET Index X Ratio D
FHEICHWON L 720, #RIEETLI e LEHT
Ehwv, T BMaybo—LH IV EEH LW
RETH, FIHETHNT - SN0 H
D, B REL TRV ER—Y Y FIVTOREDOR
BMNZ L b, 7L — b X B L OBERERE ISR
DA hHHERT 5,

(2) Bftary ba—L ¥ — X0l
OO Y TVOARTEMEERTHE  Bka v b
O— V¥ — G FIIERE RS 2RI L Tw b 729,
Bl %R L7223 A 3o ¥ — X102 b JEIR R 7 BUS AR
CTWR RS Ve MR OWT, IR
FHMERIRDL 2 EOW R EMRT 5L &b, LHE
(205 U C IR RIS LB 2 Bt % o
@y FEKRTEMEZRTHE © ARG E
AHERE LTEZONL 20, TFREORE LB
OME G175 E 2GRS o

(3) Batka v bu—) ¥ — XDl

£ ORIWETIE, BT Y PO — L ¥ — 2|2 anti-
human IgG FEHEEINTBY, B T IVHD IgG & K
I L7 B\ BRHUA DR G5 5o
OFEDY » TNV OB TEAIEZ R TG - KIS % HES
%W E OFTER [gM BPUA O AE I L IRl R 5 2
LBV, MO —-ZXTHLRFERSR A Y v MR
VGEND Do B AIBHRRHAIEDOMHA R DTT LA
WCEVBRE NG, T2, ¥ PRI 5

&
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HENTEREE-ATHELWEKMEZRT, 3512, 7
L— PTORMARBICE VEMEEZRT 0D 572
O, BEFNEZ RS,
@y FERTREERTHEA © ERIUEROMRR I 2%
TR O S EEAL TR — Ny F ek Tl
R o BRI IE O R B T ORI A S
ICOBFEEZRERT 5. T2, BEROMESML L 2R
T 5,
(4) fRF3
WTFNOMEIZBWTHHBMHICIE B0 EE»DH %
e, Sy A TARE TR AR R B T LAY
Hbo TNEEIFIOLNBVHLTH Y, ISR
BEoHIWricBERON S, 72720, HBMEICKIEZR END
AEGEITIZDT 28T %,
O EDOT Y TVORE  F v T VRRED 5T, R
A, BEEEREE RIE T,
@RI ET A6 - ©— ZREORM, 5F 7
L — MR, P, BEERE R Eodhld b TR
(TN =R
(5) A7y PR
HARMIZIZ, #A YT EEKETH B
O—8O¥ ¥ ZVTHRD LN LA - IgM Mtk &
DIFAEZEE L, LEIS U THRIELIZTTS o
QBB F R TROONLYE = XREORRM
PARTHDHRGEE, AT Y MAROARL LT E— NRE
DAY —IC XY, FUEHUARBS M @ f R % K
FTHEND L. PEHREICODERILETH S,

5. CSV (Comma separated values) 7 7 1 JILIZDWT

HLA DNA % 4 ¥ » 7B X 09T HLA Pkt 4 o
Luminex” (2 X 27— %13, CSV 774 V& LTilh
ENb, CSV 7 7 4 WiCiE, #OUfED Mean, Median,
Trimmed Mean D37, Fx 1) 7L —3 3 XN T4
r—a iEmn L, ZLoEHPEENR TS, Th
509 L, TICBWTEOHEEAHH SN Twbh%
MRS 22 EDNEETH D,

—#21Z, Mean & Median 23K & < #5256 1213,
g BHAEE LN S, Trimmed Mean 1, *FZAFD
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Pitfalls and troubleshooting in histocompatibility tests

Yukari Kuroda”

Y Research and Development Department Central Blood Institute Blood Service Headquarters

Histocompatibility testing requires not only specialized knowledge of human leukocyte antigen (HLA) systems but
also consistent technical proficiency and the ability to accurately interpret test results. In transplantation medicine,
histocompatibility testing plays a critical role in donor selection and transplant outcomes. However, because many of
these assays are performed manually, they are susceptible to inter-operator variability and day-to-day fluctuations.
Furthermore, although appropriate training is essential for acquiring the necessary technical skills, many laboratories
have a limited number of personnel dedicated to histocompatibility testing, and staff are often required to perform
multiple duties. Consequently, opportunities for comprehensive hands-on training, including troubleshooting
experience, are frequently insufficient. In this workshop, we will present practical information for such laboratory
professionals by focusing on HLA DNA typing using the PCR-reverse sequence-specific oligonucleotide (PCR-rSSO)
method and anti-HLA antibody testing using the indirect immunofluorescence assay. Common pitfalls encountered

during testing and approaches to troubleshooting will be reviewed.

Key Words: HLA, Histocompatibility test, pitfalls, troubleshooting

©2026 HAHIMGE GV &

112



Major Histocompatibility Complex 2026; 33 (2): 113-119

2026 FEEE HLA IRERMEREF ST T A b
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Af Tk, HLA #EEMEOIERN 2 30 M2 2 %8 L, PTCy BC ok - FEliig A, AR, DSA B, B
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DQA1. DPA1, DRB3/4/5 :, 23 %, TRTHEDSAZRFELTAREENH D,
EL 1 ERESTEH MBETESETLUIILTES TlEaEs
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% 2 BRIATORER. JeE MR RIRAED
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\ZB1F 5 HEE GVHD 2 KIS €72, HAOLV Y
A MUWEFETIE, PTCy & H 7z HLA A8 A IfiLfg 4
BHIZB VT, (EROVUFRAREEBAEF I RITTHE
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WBEBRIZIE WY,

4) PTCy %\ HLA RE A IEMiGE RS HE
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5) FEIMiGE MM MmiEHE

ML d S5 OB RAF S NTB Y, HIIIL LT
THRHEICBHAMED L Z LD TEX D, HEE, KITIX
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HEU Eo®G 2 —2o M i#Er LTE& 7, BHAAER,
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#HLLTZIFTANONTWS, R=F =54 LIZBWVT
3, #iiksE A&, flow cytometric crossmatch (FCXM),
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BRF—0FELEDTEETLILEDLND D,

3) REMALHRDEAS
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—H - A-HELTTRRL, WRENLZRTFFR T
HNEIC X 28RO ENF TEOTEHi L £ 95 & T 584
Thbo

2026 4F EBMT #h# T, #AEM 7% HLA #AMEICH
T HHUEIL, ML LB e TR L fe BRI E
ENTwb, 72, 0L I3FEPTCy B TR LN
7eT¥F Y ATH5b, HLA-DPB1 TCE D%y PTCy
TS 22 S Y, Bl A TIE PTCy BAHIC
BWTDPBl % £% 4 FF—JHEFTRTFETH 2 &
X TwiaWw, 7Ly % PIRCHE i34 %%
BIMEHRTH 555, WHEOT LIVEEHER DSA FHil %
BHEIZDHDTIERV,

2) BHEEEH L HLA loss

HLA A58 & B A% 0 P 58 <, 5 78,
Fr—edEHFLTWRWEZMO HLA 7 LV £ 72130
Tuy A TERy, Fh—THIBICX 2%0EEEH?S
AT LI ENH D, Ttk HLA loss LU, F &L
THALK 6p @ copy-neutral loss of heterozygosity 12 & -
THELZY, NTOBHBICHERG IR LTHbR
TW57%, HLA A#GIEMGEMBMEZICH, KEE
BHRLROLNS,

GVH iMIA#EE L HT 5 N =55 OBMEICH
L, FF—1 o8BRlE 22 3B E AT 2 50
121%, WHETHIUE HLA loss NT & Z 8T 5o NI
IS % & Ttk 2 v, E s 2 il 2 72 NGS i
R EHHEIRE N ST, HLA loss DR SN2 BE121,
fl—FF—, HE2VIEFRCHLA 7LV - NTay {7
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EENET DS N T =25 0RERFIIET, Rid
HLA 249 % FF—%WEyd %, HLA Beftid, A
D FF—BIRZZFTHR L, BHRIER OB IEIZD
B9 %

6. LB
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O RLTTENS, EHROBH Y — R % 64T L CREili$
DHENEEALOOH D, LaL, HLA OEFEIL
bhlzbiFTidR<, By —X & GVHD FHiEC
koT, ZOEANELL L BFTRETH 5,
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HLA compatibility in hematopoietic stem cell transplantation

Junya Kanda, MD, PhD"

B Department of Hematology, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Human leukocyte antigen (HLA) compatibility is associated with graft-versus-host disease, graft failure, non-relapse
mortality, and relapse after allogeneic hematopoietic stem cell transplantation. Traditionally, donor selection was
largely based on a hierarchical framework centered on the degree of HLA compatibility. The increasing use of
post-transplant cyclophosphamide (PTCy) has improved the safety of haploidentical related and HLA-mismatched
unrelated donor transplantation, thereby increasing the relative importance of factors such as donor age, graft
availability, and the time required to proceed to transplantation. However, PTCy reduces but does not eliminate
the effects of HLA disparity, and the clinical relevance of HLA mismatches varies according to donor type, GVHD
prophylaxis, and graft source. In cord blood transplantation, HLA compatibility should be assessed together with
CD34-positive cell dose and other measures of unit quality. Donor-specific anti-HLA antibodies (DSA) remain an
important risk factor for graft failure in HLA-mismatched transplantation; therefore, high-resolution HLA typing
of candidate grafts and careful assessment of antibody specificity are essential. This review summarizes the basic
interpretation of HLA compatibility, the role of HLA in the PTCy era, cord blood transplantation, practical DSA
assessment, and the contribution of histocompatibility laboratories to donor selection and transplant management.

Key Words: hematopoietic cell transplantation, HLA compatibility, post-transplant cyclophosphamide, cord blood
transplantation, donor-specific anti-HLA antibody
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HORFERFRERT 1 56 - G
NA Ty FIER
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ik HLA Al 5588 fi o> ki &

s F A 1
FHER R AR > & —

NTaBlE QROHLANTO S 4 TDH)H 1RO
AEIET DU K F =25 084 1§, PTCy LI 2
¥ (PTCy N7u) O LR, S3icERL, Fr—
T=VOWRIZHEG L TEZe LELAEDS, FEEMAE
BRI TR T 2 WG HRD R IR IR & LTS AT
Hbo MRKDHEHIBOERIZHFETH Y, TORFO
—D& LT HLA-LOH 13 Wff 2 Bam i 2 5.2 %,

CORIAL, ¥ 30 EEFNICFR A DN T EBAICHD M
AIHD 2B EP TS, My, FTxIIHL D FF—
T=VOIERIZE EE ST, JEEMER R HLA — 38
R TSR LC & 5% GVL 8 % 383K L7245 4
ELT, AT7uA FeHwin7oll (A7a4 F
) v HEICHEL 2.
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TIEHAE, FEEMAEBI R PTCy /N7 0 O I
LT, DL REIENEZONDIEL ) H TD—
ODTEEMEE LT, 77 ek 240 HLA 71
¥ A TOWFRE A LRIk N —72 5 0%k %
RIgMBAE Vo i 7o 7 7a—F 2R L T b,

ARFEE T, & )b HLA OfE2 5 A7z HLA R
HABMOBIR L BEIZOWTHRT 50 BAWIZIE,
Fo— T Milao HLA ¥tk %, 64 HLA, FH—
A HLA, BEEA HLA IO TESRT S, £/, &
AR RS AE & s g f i lC bl 3 2 8 & LT, $LHLA
PRSI 252 R L, HLA ISR OV IeAEl
L DR ERDIV,
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25 1 [l B AL 5 VR & B U ) AT SR bk

Yo ) G
HLA class II 247 L7218 GVHD EHCOREEBOWEI O A —2»

HRH K

R LB A e

&Y GVHD (cGVHD) &, —#IC&HEA & BiEIbic
£532007 2 —ATHPAEIND Z EDL VAT, FEERIC
FERETEIBD TERLHREIRE B3 2 B g
DEAERTH D, AV U EY Y ATIE, —TlRIRz
# z2 72 cGVHD O BIREE % &g 720, HOERER
WBIFEEIDONNTTA LEGFELDD, Fr—- LY
YLy MOREFHA—FE VI FFHOTE R, LT
%, WL FRRIEISE DMLY ERT 5,

HO®ERED T 2 AN (GWAS) Ti&, HLA
class ITFEIBAIEBEIN Y A7 RF-E LTEEBLTBEY,
PERIT T ML REO T TH D L EZ LNTE 7,
LA L, JE4E® CD19 CAR-T MBL#EEIC X 2 B0 2 ik
WK OHEIL, HOPURELRZ 5 B M 257 &k
VAR THHZERWDTRLZ. I [T
(HLA) ] & [BAtle (HCHUR) ] 25T HICo% o
A, EMEL7ZHCS Y37 A HLA class 11 & #4114

ZRIET S (AL 7] L WIHIRETH S,

COETFTNVIE, cGVHD IZBIF I ED T L IVATEH
LM S HHT 2 L THMOTHERETH L, F
42, Female-to-Male # A2 817 %5 DRB1*15:02 £ D 4% %€
DT LvE cGVHD FIED IR, LRI O IME
WRZIZB1F % HLA class 1T %4 L7z DBY %O HuiHER
X, cGVHD D%k 7 =/ ¥4 THPED T L Ui &
o TWhb,

ARt g v TlE, HLA class II & ¢cGVHD @B
DWT, ARV TDOARE ST, BEPEHLA U X
BRI, HREIHNICE D 5 GVL R RO 574
&, BN MAED O E RO 72 \Ve RIZMBLER
ANDEFHEImL VD DD, HLA class II 241 L 72 HiE R
AR AR TS5 LAY, cGVHD &\ ) 2B oD
RREMIIICIEA D 2 2 WY %,

J—ravs

HLA BERNE (RERE)

g — A
FROUR A2 257 S S e 9 s L 5

HLA IZHC LA C OB &, FEIR SR
T I N RS A S B U B ALK B A VE BRI AT R T dH
%o B OBMAEV HLA REOFZIZIEKL,
YL HLA PifkfE B L OV HLA % 4 ¥ ¥ 7 I35k o i
W75 HHIE Y — BRI Y — 7 v ¥ v 7 (NGS)
EANERBAT L 20 RIRE - BIRREZEOR RS ON DS X
I otz—T, TE¥M=F, 7Ly MEN SO
ZREHiliARD S, RS OE = DT, RO
BRI RS B IS BIMEE LT B F72 HLA ORRHRIS I
BAERICHE E 59, M/MURILAG, HEEZME A
ASRIERRE,  HEARBUE T 7 E LT b 2%, 29 L
TR R St e R AT O B A, S HIPH DB Pk
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W, RO AR L STHBFHLICBWTH HLA IZHT 35
MO BEEMEIEE D, AR, S 0RO B
PR R E o TWD, UMAEETIE, BRMAHR#E
BARRE B X RS AEOFEE & 2 F AN, HRIMERR -
IEAGERMAT, MR AE PN A2 C HLA Bdo 71 7
I A SRS AT W5, BRRTHR R a 2
MERE xR, ERBATHAT R O FE TR, ML
L, MESOHSEROICERL, REFEE T
WHEAENRIZ, BRARERHRY N ORIEZTHEH L T
HLA ¥4 ¥ ¥ F%iToTwb, KT —2 ¥ a3 v I T,
BHARICBIID2HENELIY MAEHNL, 5HD
HLA #HE DD HIZ2 W TR %,
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J—23vav/
HLA iz & LS HRd 5
~ Eplet (= 7V b)) O A- HLA HiEO 5 H & 824 0Pk~
PH AW &
H AR ARG v g i g i 78 i
PLMEIC X 2 HLA PUEOMNT ORI X Y, FEskHE CREG CREIGMEERE) & L TREMICE I N T\

—LEZOSNTWPEIX, Tu— FHE, 27U v b
P, 7V vz — MuENEHSE SN, — /T, T
I BRIRCANC 2D L C b M I IEF — iR &
LCE#EINDILENH S, T, PRI EHRT 27T
3 BRFRIEDS HLA 701 O Vi Ak ECBEB L T2 H
EIMIAFLTE Y, WHIOE D LT L RIEFN
LEVWEABERLZVWIEEZRLTWVWS, Iha L)
W2 L72DH Eplet DBEZTH 5,

Eplet &1&, PUEPEBRIHET 57 3/ Rk % 7
HHEE LOMED EOTERLZDDOTH Y, kol
HRNGEZE ST LNVTHIT 250 TH D, 72T
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PUE B o @ OB E, Eplet D& & > T7 3/ HERC
FIOBRPOHITED L) oz, 728 21E, #k
1213, HL-A4 3 X O HL-A6 EIHEN72PURIE, BAETIX
ZNZFNHLABw4 B X O"HLABw6 & LT 53k
WMLV F—=T7ELTHERINTEBY, HLABE—H R
PUROSEIRE L LTEETH L, 72, —#d HLA-A
PUEICO D OND Z Ens, PUEMTHAESINS T 3
J BRECHNTHE N § 5 382 POS M 2 - 3 ARIBI T H B %o
K —2vay 7T, PURGHE L BUREESE o PR
ZHME LT, HLABEO B L OREKIeEZ 7
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— Ml 1

HLA B AMUME B =128 %2 HLA KRR e B o b

WHAW & ' miERl |, HRE &
AN ZNES RN =Y A

Bl ", IS, A &

HH@2 Y L SR RHERTY H S0 IR

W A A B

B i o o 7 T N R 1R 25 7 T & 7 o e o e 3= A = S 1 b
CHAFRFFHHI T Ty 21t v 5 —, P HARRH PR ER T T v 7 it v 7 — ¥ F ST,
PHARA AR ER T Oy 2 it v 7 —, C BAOR GBI E T Oy 2 it v 7 —
TARKR g T Oy 2 v 7 —, P AR E 7w 2 e v v —,
CHART AN T Oy Z it > ¥ —

[B] HAR+ 4T3 HLA & /MR F — o
HLA % 4 € ¥ 712SSO & BAL T 5, RIFZETIE,
SSOETREEE o727 LIVOEFT 2T HE DI,
SHEIN 7 Loy o Biia % fi4: L7z,

[J7:] 20104E 4 A5 2025 4E 6 HICHLA ¥ 4 ¥ v 7
% JEfi L 72 487,965 Witk & xd R & L7z, SSO i TR
& o ToMRIEY ¥ A — B F 7213 NGS B THERE L 720
HAHLRR 8 A P4 HLA 52 7 LV —5 % (2025 4E
i) 1230 & BAETHUE 001 % Ri 2 KB E T L &
EFHEL, FDHH CIWD 300 128\ T Common (254
ENBT LV ESNEANERT LIV, CIWD A% HA
MNEBET LV Lg% LT 2175 720
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(RG] AR I 58 MR B0 AR IR 11 2 B g i) 2 7R L 720 K
BT LV Ak Tid, 2010 4E 7 5 2025 4E 2 A T
0.07% 725 0.15% & #&° h R W% 8 720 A
TLVDHH, HAMBBET LV oE 413 0.02-0.04 %
THBL, KRELEH2ROL1-72. —F, YHEAH
7 LV oEIEIE, 2010 412 0.031 %, 2015 412 0.035 %,
2020 4F 12 0.049%, 2025 412 0.098% &, W A2 B
a1 %R L7z,

[F£2] 4, EPNBALICED 2 E A A Do
fevs, Wi - AR OEESRESIND . A
2B DM 7 LV o s R R IRE G Bl 1) 12D TRk
B R IIR LI TH B
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Longread =4 VY VWX BHLA 25 A1 %4 ¥V 7D
WKE D EWREAE BME B EMIERL NHA0E ! SHEEE BHOMD | ke
UH AR A AR S T e L ESE T, 2 Wk LR A B - SR

HH] HLA ¥ 4 ¥ ~ 7%, rSSO #: % Sanger i, (SMRTbell 7 7% —) &AM L7z. €D, PacBio
short-read NGS 25F i TH %745, HLA fHIOHE 2% VAT AEHCWCY = Uy Uy RERL, Bons:
FIVEIZ X 1), phase ambiguity DMK EE LG H F—FIZFEDEX HLA ¥4 ¥ ¥ VN 2475 720
%, (B L OELE] BT XTOMKIIB W TIEMR S
[H#Y)] A% TId, longread ittt s — 7 ¥+ — LAY THURETH Y, WM 4 7L L TR
(Sequel I e, PacBio#t) #MwWw/=HLA 75 X1 (A, FOONLGE ol BONLY — FEIE#Hr o ELE
B, C) #A4 ¥y 7oL, ToEMALICm)-F T, %)= FEBLY) — PRI N TV,
filiz By & L7zo 512, vy B rERIZIEIFI0% & BEFT, /4 XD
[J5:] FRMmaRhE, BEAIO HLA Bl % 43 2 WF 22 & Ml (3~10%) THELTW/ BEXY, KFH
% A7 BRI R ARAR 48 B, 4 HLA |2 — 4 AIZDW» HLAZ FATI A ZICBL TERBEPOREL
TELyFY VHEEZMEET S 774 v —%kEt L, PCR EAT AW RETH O, fERETIEIWE TH - 72 phase
WHEEWIZ N — a3 — FEHI B X5 » XOv BIEE & ambiguity DIFHICHHGHMTH 2 EH 2 bz,

— i 3
AR FEICI T % HLA 7 7 X 1L #EfE 1D
JEFE % i G T D b &

GBS, Mg B NG 50 BRAMEREC EEETL T Fe v 7YX
BRI NMIREW Y ITEsE T, g

PR A AR MR AR, O R AR AR AR, GRS BE ER A ARR

[H] & At 0 HLA K T I3 R E 24 % DOBMH R TIE, 7 9 A 11 5 /& TG
PERBRECTH 5. AIFETIX, BHEBERBICBTS WIKTF L, $2DQ TEHETH -7z (p<0004), ZHh
HLA SBIZAb % BB SENT 3 % & & IEIE TR SIE FF—R—FT LVRFFET L IVITARAE L 7 IR
O E MG L, HLA %BUST 24 L - HEEF O 5 ANBBUET CTH o7z —F, BHIRFIZ 26
fRE % kA 7o ERiTH o720 & HITTHIRREIHZREA S IR I
(7] B o 58 18 BB L O JEFgE 10 Pl 4 & L <C DQB1/DPB1 ® iz G A3 4 & 124k < (p<0.05),
L7z MEFHMIEH R RNA Z v, NGSIZ& D HLA 12 FRIVAZTFHORELE L)) D EEZOND,

JE DR G5 % AT L 720 SEBURF B Tld DNA/RNA PbXy, BH#HERTEZ 721 (2 DQ) Dl
FIFLE & R L 72, GARF A3 ekl D FEH T hH 5 W REME2RIE S 7z,
Ui - £ 58] 1% 18 Bl 12 HI TR I HLA 53 WEREIWMR I DD, TEY AT 4 v 7 RflfE%
KF - REZROz, BBEAERDT L IVORE RGN TOEREOMGAHERE SN, S 2ENE Lk
X, 79 A1 (205%) xfL2 5 A1 (65.7%) CTHE I TEIE ORISR E N5,

W2 <, JFI2DQBL (769%) THE TH -7z, FHIHE
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SARS-CoV-2 7 7 F v Hiblitg DFEE & HLA %% & O B

MBI, VAE—I° SBAREE ERET PSR, A Hi4 B
WK COVID-19 it 7 v — 7
VR AR TR AR R, % SRS B A B A AR B A

[H/] SARS-CoV-2 7 7 F v Btk D F# & HLA % Iigid, Wil Fisher o IERERESRMERE % J2H L 720
BE OMEIZHE SN TWAEY, HHREREZR L [R5 p X OB ] EHRRD 10 25% & mosadt, T
7eid +o Tk i v RFJETIX, BNTI62b2 7 27 F L 25% ZARFE#ME L L, 215 2 HH o HLA B #
VEMiBOME HLA SR E OBEEH O 2ICT 52 W27 o 72555, MRS S E 5 S M oSS B i 7
EERHME L7, LIVEREE L. ZFNEHT LIVHS, OARENTHEED
(5] PERI & 4 ZR L 2255, BN %O KR HOWHLA N T 7 A4 FHifEE sz, E5121E, Zh
FEPME & HLA 250 & o BIEFNT & F0E K905 Be 1 B Sn7ay A 723k L 72 HLA-DQBl #{ZF 07 3/
T 5 R H 208 A (20~67 %) %X RITAT - 72, FRECH % B 72 BEENT A 5, HLA-DQBI & {Z T O$
HLA £ RBITE#HIE, HLA #{5F 8 & xR IZNGS ¥ A JARTF FHAERTr Yy b9Z2aI—FF557HFHOT 3
¥ (SS-SBT) 12 & ) ##7: (Shiina et al. 2012). % J B2 BT, DQBI*03:02 & DQBI*04:01 3 ¥ # D
27 [ R BT T 2 O 3R O JLER I 1 Welch's test & 52 feHded L OHlc e ik b s BES % 2 & & R
L7z F7z, SFEEMEE AR EMEORM O HLA $ED L7z
— % iE A b

N2 EE/ETNV (ESMC) XXk 5
5 TIRBERR I D HE & & Z D iRt

AEFZYE BTEZ Y KEEF Y WIMERY, SARKE " el i, PR
st !, e KBRS, IR &Y, =8 2° 6N B ZRTs”
VHREREER v & — MR, ERRE B S T S v 4 —, P BRI A,

PRIRRFRATEMA T4 TV 5 —, P RIERF TS A L ALY S —

WREHW] &4, ARSHERLHTET T Vv a Ui ®|ICHDOL 2kt~ y T L2, $/2 HLA 51O
W % fili 2 72 BERT % GPT 7 £ @ Transformer 52 € 7 BLHRAL S & DL &2 A, BREAL oM g % ATz,
VAL, YEREARE < L7z GPT X ABKS (R3] &7 3 7 BT BB EITIC & 0 7 L7z 19 ot
EETFNVE LCEMERELDS, HHRAELNS ST DONRZ PIVTRIEIN, 2 RIEANOF YIRS
BERT "R E 22 %E60H b, TDLXH %, 73 A=y T v Fa Y-zt L. 72, #ELR
JEEH & XL LCEBRT (5 VNV HERET IV HLA 5707 3 7 BRREDSFEBEORS & i b Tesl L 7:
(pLM) ARE SN T 5, KifFETIE, BERT % i EALIE, CD8 431 & OfE AR AL L T/,
&3 % ESM-C (Cambrian) €7 V&AW, &7 3 /& [#%%2] ESM-C EFVIIEHIFEDOATT I/ BotkIR
DFFREZYFRE TV &R L THHli L7z, F 7 HLA 2L TV B EEZ b5, F 72 AlphaFold3 23EL%1
A, BRBEARALHE E A~ O HIME & BREE L 720 THHA B VAR HEE T RE L 35—/ T, pLM 134
[7i%] ESM-C-600m (1152 %&7c) % vy, 20 FEo 7 3 RENYSUNR % 5 S IRHTASHTRECTdH 5 & L AVRIE S 7z,

RO AHR T 2 FW ATz L e L, Pt
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545 25 [l H A HLREHE & T8 20 i 5 b e

PA=E A N
& O 9 By 10 70

F—=T=r 7w F— 9 Ik 15 40~ 10 K¢ 15 43
JEE A BEE (HARTTH Mg gdisE4Es)

[ The 19th International HLA & Immunogenetics Workshop (19th THIWS) %R K- T |

Medn B ORUERFEFHE SR JRBER#R 507wk )

— M 10 5 15 50~ 11 K 30 2
MR RHRESE ORI BHSRET)
AREfisE (SR LA HLA DE7ET M)

1) A RIF R IO AE (NAIT) OBWIECRRIZ BT 2 il s o5 E
~ 2 5EB] & SRR 5~
Odfisesr ORPUASLR AP AR e B i)

2) A L SR IR 21 o HLA class I PUE IS BURAT i O 5)
O/l 5%, B o & Bl RInEs, s, KRS (HARFHEE 7y 7t v % —)

3) HLA MR 0 & B~ 7 7 ¥ F 7 K & R O 1) 8~
OfRAMET Y, BEHET Y, REMCY, MY, B ik, #haEmek” @aEsty 5", LS

A4 Ty AR )

4) EJ/ISEEFLIF— [HLAIKDOWVTEIZ) 1#EAD | in uM) sk
O3, BEHWA Y ¥ 8 BllY i Em Y RRa N A mHt v & — BhgRREr >y 5",
H AR AL G AT i M SE T 2, AAR T TALE R 7 0 v 7 it > & — ¥, IR E R RO
MAEERLERRZERT UL - MBS RIESE S5 )

5) 7 u—,NLToO HLA Mk BB LR E DL A - 15 6
OMiRMms, AR &, #FrFTiE, RRHEE FRlat~) 7 X)
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6) HLA BIHARA O HBLIZ I 22000 fildk & 2 0BURICOWT
OFF gy, B\, FOHETFY, MR, MRS Y, SMmE ", Ermsky, mAamRE Y,
WK, B2V, ERERY, MR, HETIE Y KRS ESI MBS Y, bl
)y 2 ?)

7) PrEACERIMIE EH Hemoglobin vescicles 1273 5 & b fEinss & HLA-DR o 4%
O%MH— ", HWHRE Y, WHAE Y, WIEAK Y, R Y (SR ERAS Wi, ZsBEy
ERRS b ?, ZRIBVERNAY  MEmRyE )

FyFarkit— 11 IR 40 43~ 12 IR 40 55
JER AR (SREERIRE: i)
[FAARRERIMICHBIT S HLA 75 A 17 LIVRZEIER ORI & FRIEH
MR (SIRKRFEWEREE emERRASY v ¥ —, H MENED
e VT 4 AT 7 =< HRAH

AT AR A& 12 K 50 5~ 13§ 30 2

s

13 I 40 7~ 14 I 00 2

ARV URY T A 14 IF 10 43~ 15 W 40 5
JER AR (SREAZERIRE: i)

[HLA & KIR THEBRORE : GVHD & PifkBEEH, 2 L TSR]

HEFETERL (LB RFERBHRE R AITSERT I - BE 55 N RHIE 285557 )

[HLA 7 5 A I R7F FEGREEOERAL © Tl 70 T X4 L oWREIE S X O H CREi BT 7~ 0IsH |
BT (RS - RERRR @R E)

) e 15 IR 50 47~ 16 I 50 45
HER MEE— CRBORF KRB E RO ZERE SR B H s R 2 GRIREERL) )

[ SRR RO BERISH ~ MHC Of5H] & i & PR o ek~ |

AIRERS (BMERIRS AR (R mALEL)

M oBE 16 I 50 537~
KRB 17 1§ 00 73~ 17 I 50 7
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F—=T=r IS —

JHE R

N

i

Bz

HAGR 24t I AR

The 19th International HLA & Immunogenetics Workshop
(19th THIWS) Z# 0 &-T

i
RTINS VR SHIE S 8 St e s R g E e

R HLA - fefzi#fsns:7 — 27 ¥ 2 v 7 (International
HLA & Immunogenetics Workshop; IHIWS) %, 5
® HLA B X OB AR50 5 OWF 838 0 B M R A IR
POERETOMA 7Oy 27 M)A, 4, 54
TR 2 SR NI T = RAMA AR B R,
INL T8 %D LICAHEATERICHE R EZ b T E
BRI e MR CTH Do 1964 4EDEE 1 [l [EBSHLKE A1
J—2rvavy7 (IUIHWS, =4, USA) Bk
RS ICHR KM TSN TEBY, TS o7 —
513 HLA OB OPJgE R ko ¥iiz L, o550
R L B DRk A BRI Ped, EERI T — 5 N— 2D
b L U2 OO HAN 2 R I ) A7z 3L
MIRICER SN TS, Tz, B B0 2
DOMMREAERA, HORERE, EAE, HHFRIE
M7z SICHBRIBH S Twb, 20—7%, THIWS TO
HRITY U UTOIA— =T LA IRT4F—F 4 L
R, SMERLORRPARICET S, #HLE
Felp LR FENEITH B o

ChE T2 18 Mo IHIWS 3B S h T & 7275, 19"

129

THIWS A% (2026 45 H 19 ~ 24 HIZEFIEHEETT) <R
ez EINTIE, 1991 414 AR IR T CRIME S
N728 11 mEFEHEEE ST — 27 v a v TRR B 4ER
D D2REH DML 7o 720 HEF36 222> 5 307 A DT 4
W&, [Diversity and Integration] #5—< & L
T5H 19 Aoty ¥R Y 4 Lk, 20 0, 21 H,
WBHOT—=Z7avy 7, 2HO8E BXUO24H07
0y M=) =% @ U TRRICHD fTbh7,
T—r v ay L, REEET, PURMED X ORIEE
INAFAVTEART AT ADIONDA Y R—=F ¥ M4
PNTEBY, BEERFEI Y R—F Y Tl 12 EHO T
oy b, YRR L ORERMET Y R—-% Y T
WEFHOTOY 27 N, NAFA VT ART AT ATV
A=AV PTRAMEO 7Y =7 FoF 26 MO 70
Y7 MPRERINTI

Rt I F—Tl, 19" IHIWS OBIMEAHARICHE S
72202249 H 20 H2 SN H £ TOBERZ =Y K5
LEHIT, T Tud s FOERERAN LIz,
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— i

MR SEHAESE (ORBRENbE

BHLIRED)

AREpfise (AR HLA WF7ERr WAsi)

Bk W IRVRE Se PRI/ E (NAIT) @
SR IC IV 2 WL AR o 13 E

~ 2 5Bl &SRR O ~
sifasEA

KBRS R A PR 5 S s . 50

(13 U] R R MR e vk i BGRAiE (NATT) 1
b MM RPUR (HPA) 7213 e b FfiEkpuE (HLA)
OREFIARE A & 0 PEA S N7z BRSPS I~
BAT LAIET 2 VMR AIECTH %o S5 Dbk % )
KL, B, iR s X Ok % R
Z I REIE AR S Z L AXEIMLER P o BB 2
Thbo 4H, YFEIZBIT S NAIT ZhroER & FEERE
& i %0

[GEH] Mbeci, EBREODANICIIMURA % 720
7o, WRILERFT & O BB LATHT o HPA - HLA $ifk X
7)== v ZREABREOR B ZMRL TV, BRI
BT R DI & F Nl LA R 2 WG T 528, Pk sBE
WIS S - HESNER L 22056055720,
HARTFAA~EEZ KL T 5, KA TIid HLA -
HPA % £ ¥ 7, HLA - HPA $UfkBAE, U v 38kr o
ARy FERERT L7720, FHRB X OCHBRIKD FIREHE
AL, RIS X OWEHTEIRRS O f5 it it
AT TWhb,

[REBI 1] 45—7-TH HPA4b HifklZ X % NAIT % 589
L7 Z2 A L7z 85Ik 29 3H THL HPA-4b $iufkas
RSN, MR 32 M THURERAN & o720 FAREH VT

130

HPA % 4 ¥ ¥ 74 Tl A HPA4a/b L I L, IVIG
(lg/kg/ M) % BAGG L 720 HER 36 38 CH EYIBRAM % ftif 7
L, HAERRIIMEEL 72 X 104/ u L TdH - 727290 IVIG(1g/
kg) ¥ 5 L7z 1 AEH#I1213269 X 104/ uL T TEFEL,
ZOHDFEMIE R TH - 720

DiEsl 2] Hig3 H HISRI 22 Lize M/MEE 03 x
104/ul & ZFHAE % 52, BILEM & ) NAIT % 5w
AR L 720 BHAICHE HLA-A24, B55 %% 80, I
TRMH SN h o 7285, BHE HLA Hifkps)d HLA B
W BEEEEZFL T2 &5, R HLA A8
HI2X B NAIT &3 L7z Hil 17 H B &Mk
236 x 104/ u L FCTHELBBEE o724, Him27 H
HICHHE T 2 300 AR L, IVIG B 541280 L 720

[F &) NAIT ZWHC B CHIILEMIL, ki
A3, RIIBEHE, WA, RARREE, W
MR 3B & O BIAENR A WG 2 7o gt £ ¢ 5 HE
RikEEATHEEZ SNz, B AIIER 2 Hins
BHEFBICHE ST 2R D 0, SWAEENEC X 2
FERE AR OMEIEECTH 5, T/, HWHICIIE
BN IE U C HLA 58 4 i/ 0> 355 4 2 5 60 72 i1l 52
BT OBMHVEEL % 2 STz,
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I LR MR AR & O HLA class T HUEFEBURIE DB

O/l Y, B &7,

BB, BMER Y, A Y, AR

VAR AR T Oy 2k v 7 —

[H] 4, WA Mk (CBT) (248w T, HLA-
DQ, DP I3 % N —iefnybt HLA Hiifk (DSA) @
AL - T, CBT#HOEBFZINT I E LI LAk
&N Joetal 2023)0 2D EDS, CBTIZBHBIT
% DRB1 LSt @ HLA-Class T HUE 3§ % 7 1 Hifk D
HEVEATRIE S NT2e SO X)) Pk e o BUSYE % R
T 272047 ) ALY 0 A= v FOREFMEREICS
JBERET - IEE HIWZ, A, 5533 1 HAH
A MEEAKAICT, FCM IZ X % 6 cell lineage IFT
2 (6cell IFT) &M L, s MR i i iafe & & o
HLA class T8 XU class THUERDOFEBLRE 2 AT > 7V
EHB U Lz, Sl 4, SEICET§ 572012
x4 % HLA-Class I IZ#E > C, By I ph >R i - o
HLA-DRHLA-DQ, HLA-DP fulEof e llw L, K
NHSRIMAHA 2 5 i e L Clig L7z, #iEd 5,

(7] > 7nicid, NSRS %o 7B i i
SRIMAE 4 B3 L OO G & L CHkI HRIME 3 612
Awize 7u—H A b A ) —% 7oA & K
&3 APUROED:TH S 6cell IFT (Matsuyama et al.
2006) &)ISAH LT, 5HEoME (WHhEk, CD20 Btk B
) YoSER, CDABRIET V) > o8Bk, BBk, IFHEIEER) %,
ik b CD20 fiifk, CD4 ¥ifk, CDI4 Hifk, CDI123 Hifk
EHWTTr—74 7 L7z, 612, Pk b HLA-DR IL
fk, HLA-DQ B X 0" HLA-DP §iifk% Hl v THBiak L,

131

ZnZEh oL Lo HLA PR 2 iR L 72,

URG L] s i bl Sk iy 8 & OVBR I FH SR I & B
2, HLA-DR, DQ, DP HLJs % Ml e W i T o 720 WA
I R o B Y~ 738k MFI (Median Fluorescence
Intensity) (&, HLA-DR 14085.0=3640.5 HLA-DQ
1387.3+3584 HLA-DP 428+15TH 1, HIRKIZBWT
&, HLA-DR 5010.0+845.3 HLA-DQ 2708+387 HLA-
DP 1700+114 T& » 72 BRIMEHEH KM D B Y >~ 73Ek
MFI (Median Fluorescence Intensity) (%, HLA-DR 110360
+26334 HLA-DQ 13400+931.0 HLA-DP 57.7+166 T
H, HIKIZHBWTIE, HLADR 43050+543.3 HLA-
DQ 3017420 HLA-DP 2213+346 T& » 72, % 72,
HLA-class I 2% L T WifhEk, CD4BET v >~
IRER, IHRAERICB W TIE, B I Ok 3 X 0Nk
R & D IZHLE BO L h o 72,

[%%2] S oM, ABSD R AFEEY LK
THIENTERDPo72D OO, i I M -
® HLA-class T D& HHEDOFEB 2 MR TH 5 Z L 2°
ML, 2L T, &I o HLAclass THED
K#5E HLADR TH 5 Z LAVRE S, Bl v A
~ v FI2 X - THLA-DQ X HLA-DP |25 % Jufk & #
M3 5720120, FUEREROENEZE LY ¥ TVED
RE TR EOHMIRE ST A L E X b,
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HLA BRI LAY~ T 5 ¥ F 5 & IR O 1 ) ~

OfAfET ", BETRT Y, REMY, FHHksem?,

EEREE v — Y,

W] LERoREREIx 75 v F 5 R 9w, HLA
BAD ZOMETH L, BUEIZT T~ F 7 REGHA A
YR, BRI REE L JOT BIEER 217> T
Who 75V FIRATIE, BERRHRLTIEYE - ~= =2
TV OB ), WA TNEOBEREAL S KRB A
ORI L HBEE DL T VE V) FEDDH D, —F
T, HLA AP EMEO S WG TH S 720, HHALT:
HETORERAHEE T D V), RARBREETORCE b £ <, Bl -
MR DA D HECTH o 720 SHICHKRE OHEZL
WD BHETRRPHEREOERZ LB LIS L, BED
EDOTHR=FWIT K B RAEHREL IR, B LH
fizkd VA7 b H o7z WEMITS, HLA MAEDOFH;
REER A RO Vi, HRliAYE R OB H#/L EEM
oI - R LIZ WE W) IER D 572, T2,
BAEBICHEBEED L Z P TET, HEREPES L
TWiz,

[BUREW Y MA] 75 > F 5 REMOFEK L HLA B
HEOMFUHELHWE LT, Mims - 4% - QCWS A~
OB, MBI X 2 #H%B L LR, BENE
BHA T 7L ANOSMEEDTE 2, 72, Wb

By Ak, e

LSI * 74 I v A Hitess ¥

132

M IR LT, HLA MASER~ i bes il o 1) ) %
RELZ. SNOSOMWMY ALY, HLA 5B O
RMHEHE DO LS L WA CTIEA SN, QCWS THILH AL
o IZHEANORIEEA T, 512, BHEERLHH
Jist oA, SRR E R 3 A AR BRI B o
BhoTWh, Wit X % #8121, Eii% HLA
BAIZHESE LT imbesii d 2L, HLA BAsxd
TR E ARERCTRO DA L oz BUE, 75
¥ F 5 R 2 458 HLA BRAEAH M H IS % Hig L
T BH, Bl oo WY 7 S8 1 813 75 5 R e 72 4R
WD %o

(BEE RY] SH%oMEE LT, ZRREHIEIET
B N E R OMRBEE DR, 7 & NI Bl AT %
WU CHE, - Hl 2 AR T E 2 WHIRS BT b5, 4
%, 79 v F 7 R EWBERT OB HFTIE OB %
2 CHEREI I HEHE T & B4R, b L < ImbERGAs
RIS HLA i 2 H 2 2 hHl oL T b, €D
e, B L NV ToOREA ML, MRS S
DI L LR EHRDLZENEETH b,
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MW AHEFTEIF— (HLA IZDOWTHITH !

Omilg ",

HEHOMY ?,

KESMEW - REERYE ¥ —
H AR AR M S AR B v e i s o 72 2
HAR A& 70y 7 it v 5 —

JE BRI RO R AR 80T e - I N RLRRZE B Y

HASHLRRE A i i 2T, 2ot
ERMAR ) BT 2 DR AE DO EOOHE LT,
HEFEIF—2hUER AN THEREL TV S, 1
[\ 2025 4F 3 HIZIA ST, &2 M & 7 % 4 2026 45
3 H AR TR L 72,

WAL 2 B R T, AP TR S35 2 & #E <
HLA ¥4 ¥ 727 Ly MENTICLEE 7 FEREAGE ] [
EXTBELVHRGEAERERA VM 27 —<L L
2T N—=TF 4 Ay vay (FEED D), BPIR
WA, MM % 2 AT 72 BN
H1d 32 44C, HLA BIHMRA ORI AR 4 4, 1
FEARWAS 44, VLR 3R A3 44, 3L 54k
W2 %, SELENIHTHo72. Tz, FiBITHRRE
W17 4, Mt >y — - Bkt >y —»9%, ©¥EF6
HTHoTzo MFHTIIIUNDI20 %4, HMEDS 4, &
W5 4, B4, BES3ATHY, M TOR
WTH o 72720 MNP S DBINEBD TR D % 0> 720

BMBEDOT ¥ — MERTIE, RO V=771 A

133

MHC

&5 9 ! in uMl)

2026; 33 (2)

i

N

wOBRY, R Y

B 5 —

By Ya Y OEFEIIOVWTIE [Eb 6t v Ll
LroZz]l H366.7% CThed % <, FEBEHEROMATNEZ
OV [ bho7z] 23708% TikbEh -7z, 7z,
FARAN Y ¥ a Y OFREIOWTIE [WxHETLRS
LRTWEHRTH o7z, [H L VAP HIEHE M5 2
ENRTEIE VS BEDEL 57205, — T[T 4 AH Y
Va YOBHPEW v IOV TOERD H -
720 HPOHLA #EHEICOVWTIE [EBEHL0O#KRI R
LG Hotz] BIHB%TRDEH -7,
BEXIFT—TOIN=TT4 ANy ¥ a g, kkx
REBRAERL, B OBIMED HEm T E 58L& L TSR
BRZBRPENAERTD o2 VR B, T2, BfEz
WU O HAK L §2 2 LT, fERIETSINDEE L
WHOZN S BiATh, HLA Z%5BE03KIC L H
TETCWBLEZL, LL, BERERR T4 XA v 3
YV EBHOBBONG V2OV TIEBME» SHA %
BERAYPDH Y, SHOBEE SN,
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7a—729LCO HLA B HELEEDE A - 35HFH1

OBERMTR Y, WA A

VoOBETAE Y, apRE Y

Rty 52 Y

[IZt®ic] HLA &, & ME{ET O TR b Lk
HBHZEPHLENT WS, TD/d, HLA ¥4 € 7k
B L OPTUARE ORI, —8i 7% B s TR ik
Bt L W U CIERICHMETH B0 S D720, KAty
FHIIWEMRREZOF FHIREICHET 20 TIE AL,
Z DR L1258 K DR ZET 5,

WKk Tl MM EIC X 245 ROHUC 55 7 R
AR B 720, WREZR R e TR A AR 2 B B
THEEDPBIER D5 H Do KPR HRAEZIET
RIS E, Kb HAL T HLA MAE H B L2358 08 A
IR LT 5,

AIBIZ BV TSR, BHFATNN—F vy V7 ATy
FEA DI AR SN, N—=F ¥ V70 A<y FHEH
HGICTEREN2D9H b, N—F ¥ V7 HAY Y T
TS AE R A FLICR - KT % 3 2 LB D Y, AT ICHE
MeESsZ Mg shb, 72, HLA B&EIZZ 08
MEVEZ S, MAHUZ ORE M EZET 5 2 L s
LENTHY, HLA Bk HELEE~OFEH R E - C

134

Wb,

[N%] HLA B4 il 3 2 B % - #2488 L Tv % One
Lambda TiZ 10 £ L L i 2 & LABXpress & \» 9 HEjML
FKEZEMLTBED, 0B8HPBASINTE 2, AKE
T HLA % 1 ¥ ¥ 7 CTd % LABType 3 & U9 HLA it
A T2 5 LABScreen ® H B I ) L, LABScan
(Luminex) 12X 2EDHETH 5,

WE4TIE, NGSHEIZL 5 HLA # 4 ¥ v 7 — ki &
Y, TOHPAD=—ZAbHE->TVBIEnH
2024 4E12 HLA PRO A3 V) — A SNz, REEIL, 8K
@ LABType 8 £ U LABScreen ® HEMLIZHNZ, NGS %
A ¥ v 73T H B HybriType & O AllType FASTplex
NGS DT 4 77 ) O AEbEFEBL T\ 5,

R TIE 70 —/)VIC BT 5 HLA #Bifs H B b2
OEMIRM AT 5 L L DI, HEMEIC X ) ERinTdk
B TRRUOBMESCHKICL 25T 2 v MIDOWTHR
T 5o
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HLA BERRAE O HEMEIC G 7200 #la & 2o BHRICoW T

FHERRE Y, BT, FO#ET

SEMFLRE Y, MR V. GWRIREL Y, ETEER Y, MEANE

WeoOREY, B2, BRIV, BUGR Y, BT

e YN P Y 2 e S 7 v 2 RN I

[HH] UBe Tl CIEB AL O i 23 B Rl A H PR ¢
LLTIrbTBY, 2024 B THIEZAE (K5 14
P, AEAR66 1), MifehE (BSE 27 fF, AR 9 fF) JHER
W (AE 37R), BFIRRERE (S 2 7, A1k 8 1) WEIEE
FE(FE 1 1F), BEERIERA (L 24) THYIFE4
BIMEINIZ D 5o AW HLA BIEMAEROFEED
BMLCTwao 5AERE KT 2 L HLA ¥ 4 ¥ ¥ 73
1545 (240 =379 1F), HLAPUERA 2 ) —= > 7 H 545
(240 = 1217 1) & 72 5 T\ Do —MENY 20 BRI FR Y 3 75 (1ML
TR B, MR G, CART BIdiEH, &
RIS WA I, AR LA S5\ B L 723, & RliR IR
ZE) BWIMLTHY, WMOENERTOETAHEEL <
BODODbHoTz, FLEHAOHADES TR, 72
RAFBOMEEM E T —F—3 3 ¥ b Y Rk 2 A
B HETH 572,

[58:] HLA # 4 ¥ > 7, HLABUAR 2 ) —= > 7D
NV R F VREHEHIR, BEOfSbE HiEE L HLA Pro

135

RBALT FRBFEL OB 1T 72

D] N Xk VBERNE 172 DUF & RIRIC ST & T
Who BAEEDMERICILL TES THN T 2 EB DN
Mz RAATYS, ERIZOVTHOETEICH LR
kR ER/R TS,

(GRAE] Mefkpnlsl 7 & — o P ERERAE L T8
0, SR EEZDLUEND L,

FREOFy PR 2—2038ELTBY, HFEMA
DOEREEE 2 72 L ORI U7z H Ol % i
LTV BEDD 5,

(%] BURCTIE—EOMBBAHRTE S L, K
WMADTA N wlfiile E—EDFMEUEE % 5 05HE)
fbzitd 5 2 LT, MOZEB~ORE R A E RO
PRI DO 255 TV 5o lgR M5 S By hnfam ©
HY ORI LTS (e LMEsn, FiaAE~D
IS S BN A, HLA Bkt o BE LIy 72300
MAIVIHEEZE Z BB,
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PR L% 3855] Hemoglobin vescicles I2%3° 5 & b fiEn s &
HLA-DR O Bf%

RFH— Y, SRS Y,

R ERRS Wi Y,

Hemoglobin vesicles (HbVs) (SRS AT AET, 1L
WRPUEZ A LR w 2 &2 S #s & LTk
Bt 5T B0 HIRREERO L EMRHE T, 7 >
k=7 A& H 7z BTN R &AM o HbVs
DHLY AH R, T M0 2IHIR R, HERIZBIT S
HLA-class T OFEHPHIZ A5G SN Tw5b, Ll
Hitot s, b hNOESETF—FBRLATEY, b
+ ORNT HbVs & REMIEATE D X 5 ITHEMER T 5
POV TIEHI LA TRV Z

L, A ZEEANO 7 T VBN L D KR
I A% Bk i (PBMC) % 458 L, PKH67 T L%
ik L 72 HbVs (PKH67-HbVs) & 30 4 [ K It & 4,
flowcytometry (FCM) # W T, HERB X O'BH#il
L HbVs OHEAEH # 5 L7z. % 3B, PKH67-HbVs
E5%t b7 VT I VEW (Alb-HbVs), RIESH 5
PBMC LA U FF—Hko 7 = v EEi%E (SP-HbVs),
F 7213 M U N — ko @i (IP-HbVs) & Zh
Fh37C - 1K TN S8 721, PBS Tk L T

TR

P UENVA R (e &

136

MR Y, AR Y

FRSERVA R R

FHZH W7z, SP-HbVs 2 w5 & PKH6T O 7 F LV %
B HHIROWHEN LA L, 72, ZOLRMFT TR
EAEDBRNEA, S S PKH6T O Y 7 F v akiihs 5 2
ENTEIZ, LA L, IP-HbVs & K ¥ 85 &1 0w
T, HERTIE PKH67 @ ¥ 7 F IV A55%55 L, BAIE I
PKH67 O ¥ 7 FVHE LT2e TO—HOKIGIZBIT
5 I O HLA & OB % 2% 720, HLA -
DR (PE) ® median fluorescent intensity (MFI) #% %
FUCltig L7728 25, HEk - BB 5 HLA-DR
DOMFLICHBRZZAON o7, ETHDS, HIK
IZBW T, HLA-DR O~ S sgHinE L RSB BT 5
PKH67-HbVs DY) AR DN ZE £ TlIR L2 & &
%, Alb-HbVs B X OV IP-HbVs Kt 4 F < ld, HLA-DR
o~ B FE B D J5 5% PKH67-HbVs OHL D AR A 25,
H QM4 SIS 44 T 12 HLA-DR 58 HLEE D )5 9% PKH67-
HbVs OHLY AAARD R - 720 SRR S h
BB MEEAN T 2 B EL M TH ) 5T %,
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SvFarkIF—

JHE R

HERIAIND
(ZREIL R RS i iR)

i NV TF 4 AT 7 — <A

MEARMERIMICE TS HLA 75 A 17 VIVRRIMERD B & RIS H

AR SR

SPCRFEME B JoimERE s > 7 —,

FHAEARRYERIMm & 1%, il siiE L, ek
DEBETDIEGERETH 5o FEREMAR BT MOS
EPURBRAIL 7 1 7)) & o 7 SRR LI L
ERRTHI RS, THIRROMS 35 HCREERE
ELTHEINTE . L LZORERFOIMKITRE
SLAARHTH 570 FAE, AT X D e HLA
77 A1 T L IVOPURIIREERE & 2k o 72 & M i 23,
MR B e T I X % BU 2 & ki L CORIII A
15 BT 2 BEPW S AL 20, FERRMEIMONR
IR & CERL TV a,

RO, 2011 £ SNP 7 LA EAFIC L 0 2
Y —HZEALZ D v 6 TR RE O N T oAk
2% (6pLOH) 12Xk B HLANTu ¥ 4 7REZHT 5
ERBUEMBIDR SN EICHERT S, REH
WAVEICHLA 7 7 A T#{zFHElE &L 2 &, 61
HLA-B*40.02, HLA-A"02:06, HLA-A*02:01 7 & D7 L Vs
FRIZRELRT W EnD, BESN/ZZHLA 2 5 A1
5T RN L72HUESR S RIS G- L Tnwb 2 L8
RSN TV,

COWRBFEMRIET B 720, FYFZIVPCR 272
6pLOH D i A D M & E e IR 2 fEV .35 & & 1T
HLA HuRBs B E KD B ) ¥ 38k 5 HLA 7 L OVE:
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Al PR

RIYE/ 70— F VPR EERL, 70— A M) —
12k % HLA REMEROWMIL R EZME Lo 62
WTHRERBOMIT 2T o728 24, fERBEShTY
a4 FTHAORIIIAZ T, HLA &5 FHZER
WX o TH—~D HLA 7L VORDBRIET B 70— (K
MR DB AT A 2 e R R L. 2 huc kb,
HAREEEMIIMD TR LN HLA 7 7 A 1515
H ORISR E 2 T MO & 7> TV ARET
HbHILIRENTZ,

HEPRIICIE, HLA RGIMERDFEAE L o v A AR Bk
BMOFZWIAEHTH Y, BEVEE A SIER T HIOE
BIEBERE & OB D HFLE T 5. F2, RET LV
SR SRS 5 D e P Re [ 3 i 3l B RS A 7 0 A
A58, EHITIEY) v S BIEMER B O FE & b B % 1)
REMAVREN TV D, S HICEE, HLARKZa—r 0
BAIRMBIHIC X 5 T, SEIIHIRRE B & v o 7o

B E N S TICHREMRICE DRSS BT 52 L
S LY, HAERREAMOWES X OEHkI
DOFEZETHMALE LTEH ST 5,

BUE, IO ORI Z BRIIRGES 5720, #I5H
ARG Z K5 & L7z HLA REIMERDZ Hisk It
[lHi ) & BIEATFE 2 B L T %,
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55 25 Il 0 AHLE ST Xl & ik

KRV VRV T A

JE R

AR
(ZRRILSERRS: k)

HLA & KIR THEBHOR: : GVHD & HiFEig, & U CRMBER

HE TR B

JE SR ISR AR SR A 78T IS - S PRI 72 50 B

BRHEROBEL L ZTobb, FfEfELE ORIV ORER
Thbo M d BB S, FRAEANLDO
W IR ONTEALTELZ LR ENRTIELD
o FRCHBRE SR OB AR L2 ERIE K E W
A, ZORRBICIE L BHBORMD D 5 SIRIIAIE R
DFEEHRY R Y oD, HADWIEEINT %o

EMEMEBEICBT2RRKOT ¥ Ay b=—X
X, BALREREBH A XA 3 (graft-versus-host
disease : GVHD) OWE 2522 &, bbbl
B0 (graft-versus-tumor effects : GVT #h#:) % iAfF
L2 GVHD Z il § % 2 & Th b, diEHLA —H F
T —OMRPEHTHEL BolaZ &h b HLA Nl E#
A% RABND L) X070 F DO TERRGIEN
LD H, BAlE S 707+ A7 7 3 F (post-
transplant cyclophosphamide : PT-Cy) 1% HLA - & %
BHE V) HFEEIV, LALISGE2b->TLTD
GVHD & GVT DM~ F 7213 T, RBE LT
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BIEDBEL 72 o T B SN TEENEER HLA, F72
killer cell immunoglobulin-like receptor (KIR) 2% H L
TSE %A %o

— R BMICHZIR L 5 &, FF—fRybk
(donor-specific antibody: DSA) O HBLIZ X 5 HURBRIHEIE
# (antibody-mediated rejection: AMR) (&% 7% S C
oo WHIBMBHWIEL T4 Ay ¥ ar$2HT,
HLA 71 o5& A HLA eplet D% JE A DSA 384
VAT RZRETDEN)TAT AT &Rz & L ThEBI
DT —F R= AT EWFE B XV in vitro TOH
RESRAT DM 2 HARGE L 720 S INEZE DR FR & 5B OB
BIZOWTRNT %0

AEIRIE R BREVEESIEM L, BHEIY LR
bZ v, SWH TS 2 &3, FRENH L 705D
BB 0AF—N—=F5ZLDKYWETHE, AXT
BRESSRDLTA A Ay arvyEERLIET, Bl
[EHED BRI & v ) HEHEEE R & 720,
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HLA 7 5 A NI X7 F FRGREEDERIL : PHMTNTY) AL LD
PERELLHRES & OVH CRBEDILWIFEN D ISR

ESR

%

PP R - RFPEHRR

% OHCHIERBICBWTHLA 75 X 11 (HLA II)
3 b VIR 722, HLA & oS oy Lo, B
55 % BOWES AW 26 53% v HLA T HRPUE
(CD4+ THlR =¥ +—7) Z[ET 2 ETEL SR
%), THIlRT vt 4 (ELISpot fi##i) <° MHC i
HARTF FoEE5H (immunopeptidome) 72 & 7275,
ZROFEMPURRPUR S S T Y+ — 7 % Rl
WZFET 5 DIEESH TlE %R\, TD7:0, THLZY +—
TERFEE L TTHT 2TV TY X AOBSEA 20 UL
i HHED LN TEY, HE, FIIBAT 7 F VikEh
PUAREE HE i B 78 S5 Tl ST b, HLA I1i1d HLA 1
LDHPRRL ) B2RTF FEPEL, #ELI 585 —
AT A -REOHIEGE) bE 0D, ZOMEHEE
EFEIC PRI 5 2 i3 X ) W25, immunopeptidome
BB F—5 L35 L TTFMERIESE, FLLN
U7 2ofR, Dand vk k2 - 72 DQ, DP
TOMETM, X7F FON, CEKipdtwn & 1R X
N5 Y& (reverse mode) DFEETIH D RE & 7o 72,
fR#EM % HLA 7 9 A UKETFUMTVITY AL LELT,
NetMHCIIpan-4.3 [1], MixMHC2pred [2], CAPTAn [3] %%
BFond, —F, FELZRTF FRBERHTF FE
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HLA 11 & OfE &N 4 & BUAE (IC50) i A%IA
CHWHN DS, IC50 B ICITRER Y /87 F AL E
THWIEEIHMTH 5o £ THAILICS0 128D B,
HLA I ORTF FHUREZ @ i ili§ % ik & g L
720 A TIE THLAILS R 7 F P&, W, 7
W 2HEE] #57—~<& LT, HORERBIETO—
el 2 FEATI, FEGRE 0N, FHlT VT X A0N%
REEHi 72 L 12D W T OFFE AR L 72w,

ZETHK

[1] Nilsson JB et al. Accurate prediction of HLA class
IT antigen presentation across all loci using tailored
data acquisition and refined machine learning. Science
Advances 2023, 947).eadj6367.

[2] Racle ] et al. Machine learning predictions of MHC-II
specificities reveal alternative binding mode of class II
epitopes. Immunity 2023, 56(6):1359-1375.e1313.

[3] Strazar M, et al. HLA-II immunopeptidome profiling
and deep learning reveal features of antigenicity to
inform antigen discovery. Immunity 2023, 56(7):1681-
1698 €1613.
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55 25 Il 0 AHLE ST Xl & ik

)

R A
(CRBORZFREEBE R R FERE B WA R e ee GRRARFY) )

YRS DR IS ~ MHC OFH) & kil & TER A 0 Ha%~

IIMAF
BHERRS SR (EBAVEL

KW A A3 2 AR IR IR & 22 o> T
2705, Fr— (ERiedt) AR 225 T
Whe TOMEE TR 572012, H L SEYMONES
OB OEIEH SN TE 7 1990 45
5 2000 4EARICIE, SRIZIE A B = X AHMHEI S, B
PUE & BURBUSIC & M SOR, RAERUS, #ifk, HERE
REMET 572012, k4 GREIFHELONTE 2, £
LC, REPEEZHRNEL, LELBETZEA LR
THEZ T 5 A S 7z,

7 KRB R v, RIS O MR F
AT S EHREL 20 ), CD40-154 ki % JEKT§ 2 %4
1 2 R BIHISE O BIZIC X 0, AR RER L LC 7 ¥ i
WOERHANOBMERO A E L. stk (e
N ~NOBMZRT, JEZ TSN FOEE (L) ~
O FAENR AL (OB 2 B, EhR 8 B, JEHR 1 B1) A%k
HEINTwb, ®mETEFWT2IIHE Z2>TWwb,
BTl 7 X7 IR, DBE TR BUS A Graft Failure

140

DEZBHFERE SN TV D,

MHC IZ2WTiE, & bTid HLA (Human Leukocyte
Antigen), 7% Tl SLA (Swine Leukocyte Antigen) 7%
Y, class I (HLA-ABC; SLA-1,2312), class II (HLA-DR,
DQ. DP; SLA-DR, DQ) & HM L TWw2ik5a% v, & b
PHE MO TRHE L 2 2 HLA fifkoHn2id,
THIHEBLT B SLACKENET A2 EHIMESINTE
D, LT, BIEED R TS SLAICKIET 2 & i
EOAEDEWMIN TV D, BE BRRBETHYS
NTV 2 EETHIRZ 7 4 1% SLA (S L CTidfif b ZE S
NTWBRWD, BFFEL LTI SLA class T, TT 2 i L
7277 BB ENTBY, ZOLEMESFHH SN TV 5,
RFRE A PRI BN T D, IR TIThN TV A AT
BATGTHLTREAIRE SN TS, AFEETO
TEHFRERIC, BEALE—/IZEx, FmToI LR
LAICLTEY T,
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#9ml iiglbRE HLA BF7E &hcsk

9 :20264 6 H 13 H (1)

B ARKAIE IR R 3 R
UFWFEN © EHERAT

PR KRB R GERE NOB:

5 b

PR A 1
XSRS 594 b A a4 )V ARG

LIRS =CA
B FH R RR RS2 PR 2 S MR RS AL - e 12

RS MR NT, 4 PAFTaY A VR (CMV) OFHEHELE X OGiE L, KkE L CEHRECHE
BREHRNTTH 5. FICBHAMEEROBERICH LN EAT A Fid, CMV EFIED) 27 2% L <
EH LI ENMENT WS, Ri#H TR, ERNOFT—F7 12T E, CMV EYIENTHRICE R DB LMoL L
DI, FETHEE LTOLTFVELE LV (LTV) OFMEE, BUMEEHOZE T Y A %8N 5,

EINA D% BENTIC I E, LI ¥y PACMV Btk TH 2 2 &1k, FF—odikiaikicrrb o3
HAAEROKTICHEL, FF—0ADPEBEORE TH AFRIIK TS 5, HAGIM - REMBREERL VA MY
T =% Tl, CMV FHEHALRE D 5 AEAEFRIE543% TH D, FEFIEHALHD 631% L KL THEICKL, CMV
WAL SO, L72) AZHTFTHH I EDRENT WS, CMV ¥V — FD# 98% 1324 100 H LA
HELTBY, Collo@EYZR2E=41) v 7L FPHIBOTEETH 5,

LTV &, CMV ® % — 3+ —YHEEKREZHET 28 L ERRT 2 ROEH TH 5. 4 TAHERR LRGBS W T,
LTVHEIZ 7 7 2 RBEL B L C, Bhitk 24 B8R EOBKRNICERO D 5 CMV &S % A BIHH L7z (175% vs
41.8%, p<0.0001), ¥ 512, Hifk 24 BT OEIETHRICB VTS LTV HETHEMMA D 5Nz (102% vs 15.9%,
p=00327)c ENDY TNV T =N KF—=7 %AV Td, LTV HRGHOBKRMIZERDO D 5 CMV K RFFs4EE
12 258% &, FEBGHED 539% [ZHARTHBEIMKL, HEBRIKICBT 2 AES R I TV 5,

LTV OfHICBNT, Y270 AR) vy ray) AAL v ZREiitilEE, BXO7 V— VRILEEE L OHAEEH
WCIHEEEET b, LTV 3 HED CYP3A BIEEHA AT 2720, ¥ 7 0) AADIUPRE (C/DI) % LA SE5,
—7T, LTV 2 CYP2C9 B X 0 2C19 12k L CREEMEH AR To JFICKRY) a5V — )V E OB, LTV OFEE
LR aF V= o b 7REESUTIET T2 7 = A HEENTwE, =7V aF Yy — R4t ar
V= & OPFHRFICIE R % 2 BRESHE STV 5,

MM O CMV EREHICBWT, LTV ICXL 2 FPRi#5 1 CMV B LS L 2 U 2 IR S &5 720
AR GERIETH S, LA L, REHHESCYIERNE L ORI, LTV A OEWHEMREE 2720, Z0Ok
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MHC 2026; 33 (2) 59 HUEkE HLA ff78&hcs

BT CEE L, MR D W E OMR 2 R ERER 21T LEYD D,

A5 2
21 GVHD HHORAASEEN DI Y HlLA

R
FEINLASABTE R > & — rpuiibe 3% il R A Al R

ZVERHE G 9% (graft-versus-host disease: GVHD) 1%, [FfE& M mfhits o T ELZEHED—2TH Y,
WA IPURIRAIR 70 7)) (ATG) BB Y 70K 277 I Fe L OFHiEoMELRIC LY, EEROHEIZKT L
T&7, L2L, S GVHD KR E L CIEMBIECOREELRERNTH Y, FRITHILE GVHD % 1 9 fEf CTlaifHik
PEE 2D, PHRARGRMZ /222X H L v 2, BRICKIG LA TY, REIHNIEE ) =52y
FER GVL R R OWIH £ 2 FIRHRIEGTFEERET 5. INE THRIEBEEOWEZ HiF L T% < OWFFeR R A5
PITONTEZZD, —RKGFEOBHRIIKIR L LTaHEATa Al FThY, RiGHEL L“C%ﬁé“é 7z ruxolitinib b
W day 28 B ERT—FH T, EEFROHELZUGEIIREN TRV, 29 LTRSS, W—MEE» 5 BH
L, GVHD @V A Z712)6 Ui 2 A3 2 L fkmg 2 E H S hTn g, ;@1@15“1[:(.:%?%%%9@%5»&5
7o, Ak, F—m vl 7TUT ORNG TR S NS L E O EEFSE 7 )V — 7 Mount Sinai Acute GVHD
International Consortium (MAGIC) 2% &M 720 MAGIC TlE, ST2 B LU REG3e L\ ) 20D F~v—F—%
AT, 2% GVHD o mEfEfl, HHEGE MR TEZRIMETEL 2L 2R L TE& 7, BfE, IhoZiRE L

EPMLE R OB DSE TR CTH D, ZOREIHFIND, S50, HEBABEEZ RS 2 1E#EY 2905 — b
LY FRA Y MO EETH S, 2% GVHD TIEEHFEM R E L LTRE day 28 @B EPH VSN TE 7225,
ZOMALHSNIIH N ODOH L, Rl Tld, MAGIC N+~ —7A — & Hw/-MLERO WS, & GVHD
BRRERIC BT Y FRA ¥ FBEOH IO WT, BIEETH 74 & TS HETI &S 15 FRRER % 28 2 2535 8
B Do

142



#9m HEILRE HLA BFjesitst MHC  2026; 33 (2)
B
k2 MBI CTD HLA OifE

IIAF R
TR Shphralis (RS

AWZERE, MM L B OW )T O BRADSIN LIEHRIR T & 2 8D W AiiEE0—>TY, 4hld,
AR RIS O HLA I 25 2 et Lo vw & w F 37, SEMAIRBIICIRT 2 2 13BF I L Twiz722iF il
FENTT,

(1) ZHEmcE

AR CIL, 4B X UOAEBRMSITONTEY T3, & AEERBRAEER BRI TIX, 2o 20-30 4ECTRAl
I 3MEICWMATEY 925 I FEAPAEKRBRTY, AL, ZLALHMZTBLY, Wi E 3 Hfo%
BHLONHIRTT, WML 2 VWHEEO—2E LT, =74 %—%, WA BHEORE, S5ICIEFME
W) ORMERLMEICZ->TBY 9,

EIWHLAICE LTI, 347 O ARy TREZT > THE D 345, FFH—RERIIRENERT 5 7200
HliOREsEDsHEE 2o TBY T4, BEBEOFHFO HLA k2 £+ 52 LT, BRI 7 0A~vyF%
BWTELFENIRDVE L (N=F ¥ V7 0AR Y F)o TD2OIC, FHEEHEAERITE 1 MO HLA s 23k
WENBZ Ll F LA ek, BIEEODHZBEOATLEY, SHIEEENNRELY ), 72, BHok
$HE LT, SEARBMARC T HIEZ IS L TBY, SRR TR TA, BT R 400 % OMEATO W T
55127 5 AR TT,

(2) HLA ® molecular mismatch f##7

FF—, LYEZYFOHLA 22 =7 LANVT, FHICHITY 2 2L TPROTUMAWMREL 20, BHAEEI
LHEMZERERET 22 e MEshTwE T,

LAED 5 H 19 Ha 5 24 HICBEE TR X b The 19" International HLA & Immunogenetics Workshop <https://
ihiwl9.0org> 1I2B W T, BELFREAEHE D de novo DSA AL % epitope D7 H Y = 7 b “Immunogenicity of HLA-
DQ antibodies (epitopes)” & “Definition of Molecular Mismatch Immunogenicity” {22 L 3O T, KiEhi & TG
Lzwe BuEd, BBgHcBwT THlRZE =7, BHMBRZE 7@z o X5 ML, BRIEHT 20
ExlwEBwET,
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— i O-1
de novo DSA %4 U= 2 hide Bl
IZE1F % KIR Ligand Mismatch &
PININLE 2E5E D B £

VU5, RAMRAY, VU, NEEME-, Sl
WHE—RR, B kse, fE4x AR5, JEEEE

SHREER B R ZER B IR S R

[# 8] BRMi%ICHIT % de novo donor-specific anti-
body (DSA) 2 & 2 BB EEICIE, HIEGEELE A
TAHEFEIC A, PURMKAAEMTAE S (ADCC) AL
72 NK Mo B G-3RI s Tw b, RIF%ETIX, NK
MR Lo EBRIAT- £ 15 KIR ligand mismatch
(K-L MM) & BN LAY %E (microvascular in-
flammation : MVI) & OB 25 L7z

[771E] %403 2013 45~ 2024 4R 12 Y e C AR B R hil %
AT L7146 B> 5 %, BEAF DSA BBYE TRMZIZ de
novo DSA 2SI L, [FIREII ISR Rl B AR M % it A7 L 72
13FE L7zc KLMMOABIIFF—BITL D
Y FOHLA class I 7 UV SHE L7, e L
K-L MM (3 #0#l% KIR @ ligand T 4 C2 (KIR2DL1),
Cl1 (KIR2DL2/3), Bw4 (KIR3DL1) o 3 i & L 7z,
MVIidg + ptc = 2 EEF#KL, HRAEBMLE~ND
CAd TEAF FSIEROGEIC & BRI L 72,

[#5R] 13#H46] (31%) TKL MM %4 LTz,
K-L MM 24 & & WEBITIE, 9BIf 26 (22%) T
MVI Z#®, Wi d CA4d Bt Tdh o720 —J, KL
MM % 4§ 2B CTlE, 4BF 26 (50%) TMVI %
B, Wiy Cad BETH - 72

[£%: - #3E] de novo DSA JEBIIZEWT, KIR ligand
mismatch % 4§ 2 JEF Tlx C4d BEYE MVI % 58 % #
A3 Y, CAd VDU B R SOG O S ER T D —
2 & LT, ¥l KIR ligand mismatch (Z££ 9 NK #ll
NaGEPEIE A 5- L T B W REEARIE X 7z,
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H9ml ALk HLA AF7E &R0k

— i 0-2
ICFA+ i HLA PifF Screening B
W & 2 A 2 i
1 R7 A2y FHEE

PR GHELL . FRIEE . RIlFT
TRAFIR®, IR ACER®, AUFE AR

VR EERE RS REAR - AR,
? e R A B i

[lTU®IC] YkETi, 2022 2 S EEBART O 1 Kk
4t & L € Immunocomplex Capture Fluorescence Analysis
(ICFA)+ $it HLA $ifk Screening ¥4+ (HLA-SC) %3
i, LEEIIG U T2 ;AL LTLCT, $iHLA btk
Single HuE A EMT (HLA-SA) EBMLTWb, TOF
BPEZRE T 5o
D% - k] 2012 4EBARE, $Ek 0 LCT + flow XM 12
X% AERERAG (LCT #, n=143) 4FT XM &%
Fifti L7z AR R B (ICFA #E, n=66) OB
WDV THEBRGES L 720
[# 2] ICFA#®9 5, 843 ICFA (-), HLA-SC (+)
TIH b, 3FIADSA (+) TH-72 (Classl:MF11974,Cla
ss2:MFI16457,6300) . 4 |2 Class2 ® DSA & MFI 7% &
fEIZ S b 53, ICFA BMBBEETH > 720 —H T,
ICFA (+), HLA-SC (+) #%3#]<T, LCTHLA-SC % &
e 9 H 1B T-warm FPED 7280, Bl % i, 2 6l
13 DSA (Classl) Btk 7-0, BURfEfRER, BB
it L7z,

ATMRABMR J8hE=, BEAAF, B7 77 AR
IZDOWTLCT # & ICFA B TELRBD Lo 72,
[#3E] BRI O 1 kiid & LT ICFA 12 HLA-SC
EMAGDEDL LI L 5T, RIEFIN) A Y &M
L, 2KRAEADLENE, BALEIG, BRI e LY
RIS A Z EBWRETH o720 L2 L&A'H, ICFA
%:13 Class2 @ DSA IS8 B IKEEAME N Z &A%, 4D
MR EE 2 b7,



Homl HUdLkE HLA AF7E & 50k

— i O-3
7 2 RIEISE DPFERICTIT 72 MHC
RTF FPURE CD4+T HNIS S 2Rl
HRRER Y, W OB PR )0 £ BN
SN TR Q) & L AR S L1
EAET S, A

PR RR F R R - AR,
P BHIE R R PR R ARV EE
S TR R R R e s

[¥55] BB BALC BV CRIVES 2105 E/E, K
F— 49 HLA itk (DSA) 12 & 2 PirR B R
B TH Y, FoIgEIFMEIEZEH (indirect allo-
recognition) 12320 < CD4'T MBI SRS G LT
Wb AR, HEET aPUEHRRTF R (T M ¥
F—"7) Ok DSAEA) A7 L OMBINZEH A4
FoTWAEY, HEEZY b—=TEBPHnIZd bbb
TG 2 BT 2EHASFEL, HrDOXRTF KOk
PEEERBRAER R IR E L TR TH 5. AFIET
X, LYz s MERRMIE (DC) 2T M —HiE
b3 % CDA'T MifaIs & 2 WAL L, TORMETE
=78 LIS T ML ORERERT % A7z,

(73] BRHiL > ¥ x> Mk CD14+ HERD 555 LH
BL7-DCIZ FF—PiiziER s, HLADR ISHEET
BT F R RGPS X O'LC/MS/MS 12 & 0 [ L7z,
512, PIRCHE A7 g2y, #ERENH B
RTF FOFEE L OBEEEZFM L7z, £72, TV
EUCEMBERMD Hz, T Mfasgd CFSE 12 X 53
JEF 3 X O ELISPOT (IFNy, IL-21) & TR L 720
[#55] HLA R TF F 2 SLEBOBEE R T F
FAmE S, Zhoo—E1E PIRCHE 2 27 LT
ARBTFHSNTW2DS, BT L EfoXa7IiEL
TWeblF Tl eh oz, BEBHMET VIZBWTH T
% MHC (SLA) HIER7TF FARB s, ZHSHs
% T Mo OGS EAS ELISPOT 12 & 0 i & iz,
[Kham] AW TR O NS, BIEPUERERR O b
WORRZ RO 57207 Th L, IBRMICIZRIEEROFE
7 Hg L7 e 0ia# N (iTreg, CAR-T, mRNA 77
FU8E) OISHICINT 728 L e A REEZ R L T b,
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MHC 2026; 33 (2)

—fiiE 04
A6 AEEED O PrBlR BRIk & 74 >
THANGEBR AR v b7 — 285
BANOHHLA YA 7YY —= 7
BAEDLRRIZE T 5 BERR

IREPRRC, WEIEEZ, KRy, EAMERE,
RARBCKER, AR, RANMEE, L A,
AR, B A PR, IBEREG
HARR AL B RS & — %l 8 55 b
BAAF - BAESVEL - oo Rk

[Hi or i3 Lo IZ] 4RI 6 SEEE o FeigE <, BIE
IR B E T 72 X HARBE R A v b7 — 7 1T
WEHE LTERINIEBET, BIERED ) E»OEY:
B9V BEATFHUAR B A3 88 o L 2 JE B 5 LT HLA Bk A
7)) ==V FRRAEDRE L o Toe [HRA R BURES M
ZWAAFS4 V] 1I2BWT, BARE OB HLA JUikH
EOBFBIHRLIEE LA 2SN L2 T 2, Bt
HLA RO R E AR DML BED L OB 4O ZLE LA
Tz Th b,

(W% - 7 or Fik] BRI B VT [ESFHIC DR
FtEDsgeb N HAERI ] & LT, [HVEEEFFRER 10 4£
VB2 Y | 7203 BRIV EEo o
U2~y FThIE] %450 @% e L HLA ik R -
) — = v I & AT L7z

(R3] AH0 7 4R 5 £ T TSRS TS S o B
T2T2%WKR L TOHDAT ) —= v FIRENER S L
726 9BDH B, A7) — =V IR
54% Tdh - 720

(% or L] BIEEO D BREBICIZH HLA Hifk 2
7)==V THREOHETHY, N—F ¥V I7UA<TY
FRAFTOLIELY MREO—W LR B7-0, 56
THBINERDEETNS,
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— A O-5
il =75 DI RIS %
Wafi L7z 1B : e F I A o

TEBPBER ", MRERASA | fEEPACHE !, HRE TR
R4 KM, AHAT, 2RE
RIS, W Es? Sl RIS

AT R R A B AR A I e WA PR 2 L
2 4l BRI A A I o Bt T i A

fl— N =20 OEEHBMEMTH Y, FRFRBALRE
W — FF—2 5Bz il L72@HmE IR s Twn
bo A, FA IHFBRBICEH— N> —2 5 ERBMZ i
L 1 BIZ B L 720 THET 50 FEBNE 26 1%,
o RMEFRRHERE |0 UZE RIS R & AT 1%, W et ss
TEZ SR O 72 O BB RE I D5 HEAT LRI AN 4212
Boizizd, H—FF—Tdh 5P L HFRMZ 1T L
7o L ¥x ¥ b HLA A2420/- B0702/4601 DRB1 0101
/0803, K+ — HLA A2402/1101 B0702/1501 DRBI 0101
/1405. LCT T (=) Bw (<) Be (<), FCXM T (-)
Ratiol.l, B (+) Ratiod2, # K A 7V — = ¥ 7
(LABScreen PRA beads #: ) classl (=), class2 (-)s
PUEA 2 ) —= 2 7 OFERD S DSA %\ &KL,
Wil D BN AT O TR Z JidT L 720 BERBAROR
BIZRFTH D, BUEMUSTERO L h o 720 ASER]
TR X 2 0B AR B L ZRT 5 L ORBIIED
EER BNz W ESEZ MR THIET %0
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H9ml ALk HLA AF7E &R0k

—fiiiE 0-6
HLA-DQB1 D7y ¥ 5 THINE hi:
BB HIORE ALY >

RRME—, HENETF, BIRE BT,
wi AL, MIVCAMT, SRSl MEGHAT,
RAPCT, BRlSAeME, FRBUST, Ik —

— AL R AR S WA N > 7

[IZUDIT] YR 27 TIE 202441 H X0
BT ARSI VF T Ly 7 ATI54 =12k 5
long-range T HLA #{xF 11 # (HLA-A, B, C, DRBI,
DRB3/4/5, DQAL, DQBI, DPAL, DPB1) @ NGS-HLA
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1. Original article

Summary

Articles are limited to 4,000 words. Each figure, table, and photograph must be included on
separate manuscript pages and must include a title. The location of tables and figures in the
manuscript must be clearly stated in the main text. The main text must be submitted as a
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(over 100 MB), the large size files may be submitted via a high volume file transfer service. In
that case, the authors must contact the editorial office (indicated on the last page of this

instruction) before submission.

First page
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title page. Follow the example shown below for the title, author names, and affiliations:
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Main text
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key words (no more than five).

- Starting on the third page, the main text begins with the "Introduction" and is followed by the
"Materials and Methods", "Results", "Discussion", “Acknowledgments”, “Conflict of

Interest”, and "References" sections, in this order.
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Charron D (ed): Genetic diversity of HLA Functional and Medical Implication. Paris,
EDK, 1997

2. Short communications (including research and technical bulletins) and Case reports
Summary
Short communications are limited to 1,500 words. For other information, please see “Summary”

section of “Original articles” described before.

First page
The first page is the title page, which must clearly state that the submitted article is a "Short

Communication" or "Case report" and include titles and the name and affiliation of each author.
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Include the address, name, telephone number, fax number, and e-mail address of the
corresponding author at the bottom of the title page. Follow the example shown below for the

title, author names, and affiliations:

Main text
- Short communications and case reports do not require an abstract.
- After the second page, follow the same guidelines for the third and subsequent pages of

original articles as described.

3. Reviews, Series, and Others

As a general rule, reviews and series are written by invitation from the editorial board; however,
submission by JSHI members is strongly encouraged. The editorial board determines the total
number of pages, but in general a manuscript of no more than 3,000 words is preferable. As a

general rule, reviews and series follow the format for original articles.

Editorial Office and Mailing Address

Manuscripts should be submitted to the Editor-in-Chief at the Editorial office:

Editor-in-Chief: Yukari Kuroda

Editorial office:

E-ma mhc.edit.office@soubun.org
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Check sheet on paper submission (enacted on Feb. 6, 2025)

Declaration of no research misconduct (for authors from abroad only)

We declare that we have not engaged in any of the following research misconduct in the
preparation of papers (original articles, reviews, series, short reports, case reports) to be
submitted to MHC.

*Please check the following appropriate boxes.

Specific research misconduct
[] Fabrication (creating non-existent data, research results, etc.)

[] Falsification (changing research materials, equipment, or processes to make data, results

obtained through research activities inauthentic, etc.)

[ IPlagiarism (using idea of another researcher, analysis methods, data, research results, papers,

or terminology without the consent of the relevant researcher or appropriate disclosure)

Research misconduct other than specific research misconduct

[] Duplicated submission (submission of a paper that is essentially the same as a paper
already published or submitted to another academic journal, etc., including storage in an
institutional repository. However, this does not include abstracts for presentations at

academic conferences, workshops, etc.)

[] Inappropriate authorship (submitting a paper without properly disclosing the authorship
of the paper): Inappropriate authorship includes "gift authorship" (listing someone who has
not directly contributed to the paper as an author), "ghost authorship" (people who have
made meaningful contributions to the research paper are not listed as co-authors), and "guest
authorship" (inviting a well-known researcher in the relevant research field to be a co-author

in order to gain an advantage in the review process)
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Regarding the use of generative Al (such as writing tools and ChatGPT)
L] No generative Al was used in creating the manuscript for submission to MHC.

[J Generative Al was used in creating the manuscript for submission to MHC, but only for

proofreading purpose.

Date:

Name of All authors:

Corresponding author's name:

Corresponding author's signature (self-signed):

* After creating this checklist, convert it to a PDF and attach it to the paper on submission.
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