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2, GIREW (REBmEY), —FREK GEmnfaBmay), mhFll g bR asEE), b
WEE (RERHREZE B i)
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HAHEEESHES QCWS NDBIEELR 5 TICENICOVWT (RAZEHD)

24 HLA-QC7—7 3 a2 v 7OIHEN

B OGE) 13, BAHEMESHYS QCWS KB+ 5 2 LBl T, DUToZ v H+4 Lz kT, #
Mo SRR A A H T 5 EMELE T, 2, b hHREABOID v iconTiE, Tha#iEc

FHL

00000

O

- [
-

, HRAMERAZ L 2R LES, JF =y ZIRARTFIW)
QCWS "DBINIEETHDH T &

QCWS ® HIY

QCWS D FE i )ik & W%

QCWS T L IR OID P & AFK

QCWS TR I 15 & b HSRER I P\ GHLGE & MBI A b X OBFJE HIic iR - €, Ik
CAEBL, T 5, flo HQXER Lisv, QCWS o v b KRR RHIE LA b - THEFEZ
CREEHERORE & LR, AT 5.)

QCWS THAI I b b b KA H WA R AR T 2 2 & GREERWEG L, Bh
HERET S22 L)

QCWS &k X s hiia D fEHR O D #u

QCWS 2~ b4 U % I PEHE D I8

N+ 5QC [EF =y ZITARTFIW)

-

DNA-QC, * [] #ikQC, -0 Z7wvRA~wyF

© T 2T LB RS, TS iR e i A (AILF = » ZICARTTFE W)

O: FAELEST (WMELRGSCIIHESYE EEEa vy 22 LET)

O:AELIFRA (HTESE L XEEa V227 F LERA)

* QCWS FHiliss R 2 F 3 5721, 14thQCWS Bk £ B Inlast D fedk ID Z#fE4 2 (JeF = v 21
ARTFEW)

C]: WELET GHIE#SEEEOD, HHE QCWS Jidk ID Z4H L £3)

O: AELERA FHEFED QCWS ik ID IXEFH L RWTFE W)
i H H
W %
znEfE (EH) - , B (B4 -

s (EA) -

s (B4 -
ik (BH) -
i (EA5) -
s (B4 -

’

’

’

’

’

zhnE (FH)
sk (F5) -
zhd (F4)
zhnE (FH)
sk (F5) -

CEEFER] AEENERSMELNBZELALETE, UTOANH T QCWS EHFICIRE

@ FAX : 03-5534-7588 (2 PDF BF X — LRt | jshigews@jre.orjp QDERX © T 135-8521
REIREREZTH1%& 675 BAKR+TFH PROIBEHARAAQC 7—V > a v TEHER
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HEEARERNTEREHIE
SN2 EE - BF HLA RERTTERBESOEHML B

ALk A YR A R R B ER R &
ZRE hE XY
MiE SR EERS
TEE M5 B

B B:4M24FE9H21 0 (HIEH)
KR« 9 IKF 20 23~ 11 K5 20 73 (F58)

Hp
§ti

D20 M - HAMME AN YS KEs
kokoka FLHRTT ERR A & il
T 606-8536 HUERHFRUERT 2 HC X 3EH 0 B JEET 2 Koo 1 (TEL 075-752-3010)

N

FEIM TFALNREBESOH 1 » Afie, ¥k —22—Y FERLEFTOTEHEH, HBRIEI L,
2ETOTF A NDORETEIT VT LERA,

SEIAE . AEHE b ZHIAEWOZHEABEINSL KL, ES5A0DZMNIT, | AeoE 1K
RITWI L ET,

A B AEHEVERIEEZED TS HETELTWET, MBEiLEHLAA POV TE, 58
PERE, SR 243 H EPRHEHICH S R — 2 =B L 9,

(1) HLA [CEAT 2 EBEFILER
(2) HLA M4 E> T H 3L (331 HLA A RE(CRE T 538 H
3) BiHECEAT 2BEREFNRESR

COMEZE, 5% HLA BEREMERE IS, HO2VEEHRL L S LT 5E MR CEBI NE T2,
FRUNDKREBIMETH->THLHHCBMT A ENTEE T, HMCZEBEFY I HRBL, Himsks
LW TS FE R A,
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ATE HLA RERNTERUREABESHIEEEREHERA

(BEY)

F15% ZoHER HREAECEET 2 EMMEBY CTEEOEWCREDORIT AU T, BEEKLOH S
EHHk T & 230 HLA S E i 5 R O ks G iREE 0B BN E 35, T, BRIt
ANEWRT X % REHRE A ER A BT A e, Pk TR MR O M R 6k Mt 5 0 o I B
Al CED B,

(E#)

B2 PE HLA BAEAMNE &3, HLA Bhic B3 5 BEBE 72k & A L, HLA Bf % IEREICAT 2 5 Bike
EHTHEENS,
(1) 87 HLA WA E i E O RGEAFRIY, Certified HLA Technologist (JSHD &3 %,
(2) R%E HLA BUAR A # OJFEMFE, HT/ISHI &7 %,

2 RERLMRE SRS L1, HLA &R T 28RS L2 L, » OB I To2HEEZ N5,
(1) B MRS MEEEE ORFEAPRL, Certified Director for Histocompatibility (JSHD) &3 %,
(2) REMMOE GRS E OIFEMPL, DHISHI &7 %,

CRHL M S PE Rl B R W R R &)

B3 MEoHEMEREHEZAES LT TREE] Evwi,) 1%, RE HLA RERMNH X OR
AL 5 M FR A e T B3 2 MR ik T 5

2 ZEEW, B 1ROHNZERT H1coic, RBE HLA BRARME L OGEMBE G HEREE 2 RET 5,

3 RRZOMME, EECOWTIINCED %,

(R ki)

B4k TAXL, BT HLA BRERMNE K OB EMBE G IEEEE TR O o1, @B HLA AR 4
R EEERE (LUF THMEBERE] &\ 50) RO MM A M H R 0 B H 2 8
ot (LUF MHEEEBRERE] Lvd.) ZilicEDd b,

(GRAE HLA R F i 5 5 e il B 45 7 M)
E5% B HLA REREMET RO I, 24 & R 1 i % & 585 HLA BUarH i 78 R 5@ g ik (DL
T MEEfS] E\Wvwi,) &L TRET S,
2 TR, BE Lozt U, [ HLA i Em R e flE e et #2435, 2L,
REAED A ZhIAENL 5 & T B,
eI, SFESERCEHOFRE % LT hidlebinw,
4 HERE, ROGECEEHERI IS,
(D) BBS&EE1THICEY LR holc b &,
(2) FREMBEDORBEXTR LIz L X,
Q) WHFmE frblahole L &,
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FRE HLA WA il o4 32 i B 8 i it 53¢ o S HE)
E6x WML ROFZFHOTRTEML TR HEe b,
(1) RN A VEHEEE ¥ 721X HLA SArEiiii- 2 8% U, MRk SR A B3 2 B HREHRFI
EbhTnWb Tk,
Q) BT 25EE, ZEENLTHTTHLZ &,
(3) fiiz 5 XEMHMMBEGHEREDOAB OV TIIINTED b,
2 HEICE TSRO WTIIEASNICED D,

(Fi5 7 Jiti 7% D 5 . S OV R AE ST
F1R fREMRORERCREERCOVTE, EREDFEHRCTL 5,

(R HLA BRAEL A # 0 Z8 e RS2 BB M AR HE S OV P Tl X )
8% AE HLA AR M #H 0B e Bz Mg L, PEOMEE  CIRROFHD TR THHE2 T
Wi T AIE B 7R\,
(1) HAMMEAMEYS (T [%&] Evwd,) OEEEN, ASEEXEZEBHE L TC3IFEEDED
Tk,
(2) MRS GBI 2 EBRBN 3T EHD Z &,
(3) #E S FHETHMERBEIMRCED DNICHEOZHERND H 2 L,
(4) PR Ule (3R LRk A v E OB RE HEE C R D BISE « MIEEES O MARER | cfty, @
% 5 AERNC R BAZ B 30 BT LA HIF L CTWWB 2 &, HL, M¥EDRE~OBMH 5 BALLLE
EENTVRThE D,
2 REHLAREHMZEORERBROZHRAHFEL L 5 LT5H1%, ROFHOBHELERESHEB R
EOMH F Clcit i L hiE e b s,
(1) FR%E HLA BAH i % a2 b as® GIRCEREE 1
(2) BH& « THRARAETENE IR 2)
Q) FEBMBIOHESET R EoEWFL, FE LT, EARKETS
3 BRI HLA BArdiflis o BERB O ZBRAHEET 2 81%, ZBHERESFHRCATEOHA ¥ TITA
L7s s b,
(1) =ZBrhE, 15,000 &9 %,

(R HLA B Hifhi s hi & O BE B kA, wHe, BRI OB &)

EIFXx TR F1NHFEEHCEASEHFEZEOEREEXTT S,

2 EAREILEER BRI THEEE L, BRRESNEDICHMTE B BRI S XIREH CAIE D KEHEFOTHE %
T LI b s,
WHED B, BATE X RFE AR TRICAPEEICCETHAT 5,

4 TR, F1ERE EERBREED) 2175, HL, EEABIIQC V-7 v a vy 7OBMERDH
LYK I NS,
RERR RGOS, HEEIBEORRE CHERET 5,

6 ZHASY FEHLAMEHEME L L CoMGAYEREL, HEELRE HLA BERME L L T [RE
HLA BA it &R B m i st T 5,

165



MHC 2019; 26 (3) PR HLA BBl v # B OVGR A LAk 0 £ 1 i e 1l g B

PAAE HLA B i v % o B %y 1))

E105%  AE HLA BRATEMNE OB LE B8 E B R 3 %,

2 BEAE ISR [RE HLA AN EZRET] 2 FS0HERNORMNT 5,
30 OBESFE, HAMBE AR AE T D,

4 REEOHMIMIL, BELIANLD SEHOERAETET 5,

POE HLA BEA il o o0 F8E B Sk S BT As JRUE R O s Foloe &)
FENFE REHLABREEMNEOREEH L PFETHHE, FHHFEH E TCROFHDOTNTEHZ TV

e b 7w,

(1) PFwR L FREHRERE S MEHE OB HFE TR DR « MEFRBSOWUMBAE] itwy, &
TEEREIARE 5 ERIT, REAB 30 AL EEIREB L TWD T &, HL, M¥H¥EDKEADBINH
SHAHD EEERTORFHIER D e\,

(2) HHHFEFEOME 2 FERIcHEMiFBERRCED b icilE %Y | B EZ#E L Tn5D Tk,

(3) HHHFEFEEOME SEMICHENEMTEQC V=2 v a v 7TEE~OBNRDHDH T &,

2 BEEHOHET HHEL, REIEOH LRI T O 1 EFT 5 LHEG & CoRICRZRESFBRITRD

FHOEBFLARE L id b iz,

(1) FR%E HLA B A He i & R s s H s S GIEERRREE 4)

(2) A% « THTHRAIEIENE GRS 2)

() FEBMB L OHEESE TR EOFEHER, FHE LT FEARBETS

3 A% HLA MIEH NS OREFEH 2 HEE T 551, BEENHZRESFEBRCIEOH £ TITiA

L7sidniE7s B s,

(1) Z&EPrkhE, 15000 M ET 5,

(R REL R 5 M i 28 D R SR S SR B R S HE S Y Tt X )
F125 FAEMBHE G RSSO R ERBRZHERKREE L, PEONTE £ CKKROZHDO T XTIl 2
TR 7e b 7,
(1) & HLA BEEH S & L COBBINIFEE SR 3 EE LA L oH.
Q) ¥Z0ZBER, AZFEXZEZBEELTCTIHEEND EDD Z &,
(3) HMKEAMERECHE T 2EBRRN THELU EDD Z &,
(4) SAEMTHREZBEBERBCED DNICEEOSZHERD D Z &,
(5) SAEMTHENTMTHQC 7V —27 v 2y THEEOBMBERD S Z &,
(6) MIFwRLic [EREMAE ST O BEAR PEH IR 2 UH9E « BASEESF O BMIER] iy, @
%5 FERNTHRIEALE 70 AL EA BB L Tw5B 2 &, (HL, MB¥EEDORKE~DOBIMN 10 HALL F
ZGER TR FRIE B I,
2 REMSEAMIEEEORERBROZHmEHFHEL L 5 L3551, KOoZHOERHARASHBRICHT
EOWIH F Clcfel Ll b i,
(1) FRE R 5 8 R RS e aE 2 (IIEC RS 3)
(2) &%« WHRAIMEIHE GRS 2)
() ¥&BMB L OEEHASE TR EoEHEE, FEAIE LT FEARKETS
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3 REMBEASHRELORERBROZH A HET5E1L, ZRAYRASHERCIIEDOHH £ TITimA
L7 iuEin b s,
(1) =ZEkhE, 30,000 9 ET 5,

oA AOE 5 YT E TR E AR E DR E B A, R OSSR

B13% FTHZE, 1 RPFEHEICAS S PEEOBEREFEE LTS,

2 RAKZ, BREELMCTHEHCHLT, 1 HEABRET S,

3 R, WREMBGEGEREE L Lo E2HRAL, EKE2REMME GRS E & LT REE
AL S Y fR R E R SR BT %,

(FRE ML 15 M R8s D RRE RN D)

14 5% FUEMMGE A YEREE OB LRE S SRS RR BT 5,

2 BgFcdgsine TREMBRE SRS RET] 2 S0MERNDLZMT 2,
3 BERE T HAMRGE A SRR AT B,

4 EEFOHNENL, BELLCAND SEHOFEKRH L5,

(FRE ML A P AR O R B R TR L E R OV R Tt &)
F15% RTHBEAIREEOREEFH 2 HET 5H 1L, FHHFED T TRROFHDO T THEZ T
W HIER B Ta\,
(1) PR Ute T3R5 LRk A P E OB R R ES IC R A BIE « MBSO BB R | wftv, R
EBREIEH S AERT, REALE 70 AU LA L CnA T &, ML, HARMMKE AR
BT HRERL, B, FLRFEORBCETDLREN IS B EGEER Wi
I\, i, FAIE LT, ¥¥EORE~OBMH 15 B ES T T iUl b i,
(2) FHHGEFEEOME 2 FERICHHEEBERRCEDDRCHEE Y 1 EZ#HEL WL T &,
(3) WHTHIGERE O S ERMICEENTEMTHQC 7V —2 v 2 v THEE~DBMEND S Z &
2 BEEHOWE YT H5EE, BEEO R WIER T O 1 FRT B EER E TORICEASFBRICRO
FHOBRHARE L id b iz,
(1) PREMME GRS R e BRI G S IRERE S
(2) EH% - PR AL NE IR 2)
(3) FEBMBIOHESE T R EofEWE L, AL LT, EARKETS
3 RCHGE AR OREEH A RET 5 EL, BREIHARASERRHCHTEOMH ¥ TITMA
L auiEis b e\,
(1) BFEHRNE, 30,000 &3 %,

GRAERH MM 5P FE B H ORRE HH AR S To w6 O iE)

FE16% FH1SEE1HOEHREERILELTEI- I WETH - Th, §11 55 1 HD FHhiEams it
A7z LT 2 55 LG E HLA A & LCHEB 775 2 ENTEX %,

2 HFEFREE, B U SEE2HROE 3IHICKS,
R Bl o 57 IR 1 3R E LA S PR HE B O BB HREE B R IE Al 7o U Ty, SR E ML A M FE
REEWTDHENTE D,
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(FFaER)

F175% FHE HLA BRAFAM & K O R E MMM S S E ORI ARG & e e a i, £OREE
6 2 FERICR ) AR A ZRTH LN TE S,

2 PR HLA AR ZEOREHRABOZHRARFHE L XL 5 L +5H 1, Nk Eoen | »RESFEH
WCATEDOIH F Cicfd i L e X 7e b s,

3 GREMME AR EEOREHRBROZHREBRFEL L5 L3551, NakXFon 2 *RASHBER
WCATEDOIH ¥ Clcfg i L s hid7e b s,

4 REMABROZBHREHFET 2H 1L, HRABHEZZASHEHRHCIEDOIH £ TTMALRThiXe bk
[
(1) 387 HLA WA H A o e fallorhy, 5,000 &3 %,
(2) REMENE A YEHEE OB EHRABEHE, 10,000 HEF %,

(GRIE HLA R Bl & K OGRE R m & M Hi5 B 35 R e Bl 00 Gl A 3 ) OV AT Tl &)
185 FHAE HLA BRAFAM & N O e MM & 8 E it O il HICE W T ey, 4%
DNCT B R R AR AL R A W R O AR A s GIRCRRAREE 7) 4RI L e i b g,
2 REAEOTLZAMAEHGE L X 5 &3 5H1%, HIECERREE 7 ICERAT OB 2 50# U HES L isihuiie b g,
R RE O LA W R O 2 H5ET 551, TOTEREHBRITMA L3 uEins i,
(1) Gl EZE o FHoRHE 1,000 M &3 %,
(2) REFHERMNOFHRHL, 2,000 1EF %,

FREDHY H L)

195 FEE HLA BRA B X OREM MO S HEREH IROFHOFHIC L D Lo &EK XN HIh b,
(1) #%E HLA BRAE R SRR EM M S f 8 E ORE L & Linds oo L &,
Q) FoEBELILLE,
(3) A HLA BRAF M SULREMME G HEIEE L LTSI b LW TAR BT L &,

2 Wi 3) oL, BRI FEHRCKSE, ThEfTd,

(BAIDOZHE)
B20% CoOHHOET X, BESROCFEEZOHASZLOCHFEBZORRYREIOL, FEOBEDK
BB TER D I,

(A
Fax ZoBHUOEKICELLERFIY, RESORRERLOL, 250 MESROFERASDKE
ZRTCHIiCED 5,

l

}J
ft Al

ZoHANL, SFICE9 H 22 BB EfTd %,

SR 14 499 A 25 HekiE

COBRANBITIIcH D 2FERICIR Y, RS S ORE 1L, HNTE D 5 G R FI RS FE i
E%ﬁpz——l O"C%ﬁﬁ?éo
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SRR 14 4B O R HLA SRS O @il Jilc e o % @A HLA BA Sl # i sl S i 2 s & -

CERE 14 49 H 25 HEM)
SERR 15 T 0 258 HLA BATH T % o0 2258 B 1%, PN % 2058 HLA BRAT 1 3 38 v s 2 it 2451 & -
THMET 5,

CERC 1949 A 11 HaBmm)

W, HMERESCTHERCERIC X ) WHERKIEEL -3 2 L08R Ih - 7B HLA MBI Hiiii % %
I OREMSE GRS L, BHBYRA CERERZHFETL LN k2b0 L5, HL, RBER
SHIAFNEEFE R B O F B X b FREFcii I nicliHETtE 35,

CERE 20 49 H 21 Hagm)

FHEHE, W (EERBREESL) @O 2B RVHERIC LD, PEFEOZM E IR T E v,
BUEEOZH#HE L IZREFLT A1, LB VRBERERESCHGHE L dhE b, KR
nicGawil, FFEOZHE IR e LS, HL, FEFECEWTHEBREZZHR L TRrE/KER-
a1, TORGEEINEKENRD,
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MHC 2019; 26 (3) FRAE HLA BT H 8 S OV ML 5 A M a2 il B2 B Al
Az
REAREAMHEDERPEICHRINE - REREFOHEMBRER]
(B8, F1X F12%RUE15FER)
T | LR VAR 8 fii *

FH I —DICOE 15 HLLT D, e b A
. Y R EL oo 10 LT D, H AR A f ik iR %,
Z58 alf
FIFI—DICDO X 10 AL LT 5, o R B
ey T RIS O AV BT 5 b DIt fR 5,
. FIHLE XD O X 10 L LT 5,
A o N i él Z ] Z o
EAE X L X T LD MRE AT 5L DI
FHHI—2IOF 10 HifL LT 2, b At A
S H e X T LT B H A A s KSR 5,
FUHF I DI OF THN ET 5, | BAMBE A&, KEESREA
Mt ks, WMMARRE G YS RS, B
R BRAHFRTE ST — 27 v a v T ROT T o
o= SEF ook SR LT s, | AT =T HBEEET — 7 v 2y 7,
F—AL V)7 « W7 ¥ 7 AL AR
e (ol T
FHEX DO E S ET D, | LR Ao MM GBS % L o]
$hBIF oo X 3 H LT D, %, {HL, ?’J‘ﬁ?ﬁﬁﬁi%%%@o
—[Elic o X 5 ¥ &35, HAMME S KREZCR S,
HﬁﬁﬁﬁAﬁi M4, KEMEE A
M 2, BRI A aKE, |
%ﬁ%ﬁﬁﬁ?—ayayf&0797-
A —lico ¥ 3 B ET 5, d 7 =7 HBEEEY -2 v a2y 7,
S

F—AT T V)T W7 V7 M A R
H2, HAIML « MEEYS, BAR
W2, HAG MM ETF SR %,
EC LIS oo MR A i B A TR B,
HL, 5%FMTI10 B 2RRE L35,
AL, T HLA A fiE o \HEFCE
KHEUEZ N —Elico X S Hfr T 5, U T RS S A L HE DN B BT B L
AN =Ty kmbséuif A5,

H ARG A 22 & o LR A e B Al
AT %ﬁﬁ%a DEMT L DR S,
—lico & S ¥fL LT 5, AL, % HLA MALHiEi#E S,
R AL o M R o BR A B B IR I
XEEL v,

H A KL 5 Mo 2 7o R & M H il
%ﬁ%ﬁﬁ%é DEMET D LS oG E 2

—[Eic> & 2 i &35,

—[Elic o X 2 ML &9 5, TRESNKAB LI DBy, 54EMT
10 B ¥ CTHRD S, HL, A% HLA KA
HiftiZR 5,

—EicoE S HA LT 5,
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2020 FFE FRE HLA REFRITER EABRPFEN

HA R A ko
ek ik Bt
AR o PR H AR B R R &
ZTHEE TR X

RE HLA BA 4 K O TR MR o v A8 e HEE LR (DU THIAN &8, ARGERIE Rl #)
(IO X FRE HLA B & BB e Z Tato X St 9,

2020 FEEICZBEFEL TWHHEIL, SHEEEFTCHEEORLZHEL THLERXDY T, T,
2021 SREDIBRICZ B A TE L T0 2 H bl B OZEII T, ok, #HESOFMT oW TEAGES
FIZEd#i o 12020 F-E R E HLA AN EH#HEZORMLE] # ZEBE LIV,

1 B & K. A HLA BAHEME o EKZERRE BT 551, PEONEE £ TIcko&H

D RERBZREREIEHE L T XU L TR RIER D F8 A,

(1) BAMBESEYS (AT [%E] Evd,) oEBER, ASEELZEHBHA
LTC3HEU EHD &,

(2) M EERACET 2 EBRBRN3FL ED D &,

(3) SEMTHMNEBREFRCEDONIGEEOZHEBERD D L,

(4) TERE HLA BRATHMG & B O E ML o e f 8 s e R BRI ) o iR iR L
o [RRRE MR O M TS oo A FR S 1S R B WF 92 « R SRS o TR 2 | 1ot
W, o S ERICRS AR 30 AL BRI L Tn A T b, HL, ME¥Eo Kk
ENOBIH 5 B EE&EhCwinidiudie b s,

ks, () OEB L, MBEGHECET s, ARSI OCEEEZVVET, &

BEALIEOFEIC OV T, ASPIHEICHRI Al e 3FE R — 2=

http://jshi.umin.ac.jp/certification/ & Z% < 723\, Ll o HAZ ISR G0IHE, 2015

FIH1TH~2019F 12 31 HET %,

2 EREEEIRHERR : 20204E4 A 17 H (&) FTCRIKETHLIOK, BHE-TFaEARAA LTI,

3 FAEEXfSLE: T162-8655 WHRESHENX AL 1-21-1
EN BRI E y 2— 7 AP e =2 b (FID W
HAMBGE G s REWERZRSFBR
TEah 1 03-6205-6572, 7 7 v 7 A : 03-6205-6574

(1) % HLA B # 32E HaHE RS 1 B X OBIRRAE 2 0 1 925 2
D 6

(2) HEHFRHR D AZ KOG L

(3) 84 MYIFHM - oZRE A B T 50 0REREE (BFE~%EhD X5
WCHERT « KA T ERFLE L TR LTI W)

DBEIHFEEEHD 7 7 4 ik, FEO A — A ~<— hitp://jshi.umin.ac.jp/certification/

4 & W

I
Hh
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HhFY Y r—FLTLEIN,

¥, PR 2 © 5 Ol EKICIZFEBINE L OGEESE T s L oiElE
(FHIE LT, BAR) #5028 v, BRFEALETE GiEEE2o D
DOFfBEES « HENE R T2 E ViR A, BREAKRECOVWTL, 6 HTHE
T A= VTHEATHTFETT,

s B FE  #: 15000M
PRAE  01720-6-72462
HEEAZE : HAMBGE G PR ETER BEFBR
WEERRE RO M EE I [Hifr & TR hEEet ) LA L, £ Fie, [HEE
FH | LT HXAATLIILEIN,

6 ER WS HMESOHK - GIrFE, HElHCHhESi e HRx A — LV ETHERREL, KA
AL T, FEHEHMEE, HAI 94 2HIC X h AT T B LATETT (
QCWS ZMMEO AT X 53, BAMEHKHE, 7 X8 AD2~3 HMZFEL T
WEF (BRI > TR 7). 7ok, BAMEETIE, Hi, KREFEL TN
o 5 H FHCEKREASR & A, HEXHBICETS27 v r—1r %2 —1 Tk
EOWkLET,

7 SR -ZERHER 0 FF:20204E9 A 21 H (AMR) EREcRE
2 35 kokoka FUHER T EBEAR IR & il
CrUHR T 2t X 3E I O R IT 2 ko 1)
AL, EHERBRIIQC V-2 2y 7OBMENDL5E, BAIEISF4HI YR
BrEtnEd, RBHRS X OSLoFME, 7 T CeANCERETHAW L
b N

f: () X&ECTOZMERLT 255G F 29 MEXRKEOREHERASK TR, X
ZHEBRHTERATHTRECLTED 7,
Q) REEHLET L6 R X DRECHA A HLEI N 2551, EREDOEL
WTHEIRBTWREEETOT, TTMHLIEI N,

L
&
2
Xt
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2020 FE REABESHESEEBREARPFER

HA R A ko
ek ik Bt
AR o PR H AR B R R &
ZTHEE TR X

PRE HLA B B fin 3 [ O FR MLk & v Fr 8 # iR e Bl BRI (BAF THAL &MEss,) b e
o AR BRI R T Talo X 5 eEu L 3,

2020 SEEICZBA TELTWAHEIL, SHEEETCCHEFEOAEZHL THALERDY £T, T,
2021 FFEELIBFICZ B R T FE L T2 H LB EEOZHIITIE T, nk, Rk ArmassdEasy,
2020 4F-9 19 ~ 21 HichilfE S %28 29 B H A HE G P S REOHE R EOZ#HEY b > T2 E T,
FEHIC OV T, AGEBE T Eo [REfEREEREE] BRNE TEL LI,

1 B F & & ReMHBESHEEgEEoBRAERR L P 581, HEOTFE £ CItko &5

DRERBRZ GRS, T XUz o hid e h T84,

(1) R HLA AR % & L CBRINCEE L ER 3EE M L 0E,

Q) HARMMBME M S (LT 2] LWS,) o2ARER, AXFEEZEREH
LTCT7EUERS Z &,

(3) A S HEBRA BT 2 EBREBRN 7T FL LD D &,

(4) SEMTIRELEBBERRBCED DNICEEOSZBEND D T &,

(5) SHERMTHENTEMTHQC Y —2 v 2y 7THEOBMBERD S Z &,

(6) [ER7E HLA BRATHAMT # B OVFRE ML ik 5 M $5 8 8 3 e U LN | o jlRiR L
7o [ERE LA & M THI S o0 AR FREE 1S AR 2 IF9E « BRSSO AT R it
W, R S FRICREALE 70 AL, EEIRELTWAS 2k, HL, ¥FEOK
EZANOBI 10 BALLL EEEh il iudie b o,

ks, (3) OEB L, MBEGHCET A, ERSLIOCEEEVVET, &

BEAILIEOFEM IOV T, ABHHICEERI Bl oSt —a =

http://jshi.umin.ac.jp/certification/ & & < 72 I\, _LEL O AL R SR 1k, 2015

SFIH1IH~209% 12 A31 HET B,

2 FEREEEIRHHEARR ¢ 202044 H 17 H (£) $ CREETH X 5B ER T IFREARBMH LTI, (F:
REEDRMN T THEINLEEE, BESRBCEENOHBELFH LT
I, (7 [RREAERN] 2IR)

3 BEEXM% T 1628655 HEUESHIE XL 1-21-1
ENZEBEERE e v 2 — 7 aBERE T vy =2 b (FID W
HAMME Y REWNEZAESFBN
TEE 0 03-6205-6572, 7 7 v 7 A :03-6205-6574
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MHC 2019; 26 (3) 2020 4R RRERLARIE & M P R TR SR e A A

4 /& B F 8. () FcHBEGEREERE RS SRR 3 B X OERR 2D 1 72H 2D
6
(2) HEFEHR D AR KOG L
3) B4 MU F &R - IR EARKIED T HDOREHEHE (HiEE~END X5
CAERT « KA TR ERLHKL TR TLRE W)
B THREEEED 7 7 4 VY, FE 0 A — & X— < http://jshi.umin.ac jp/certification/
NHAYva—F LTI,
ek, IR 2 © 5 oM HERICIXF SIS L OGEESE T e & 0iEWE
(JRATE LT, BAR) MO AT T3, BRFAERETENE GlRdkl2o D
OFTEEES « BIE R TEhE ViR A, BREEMSRCOVTE, 6 HTHZE
TICA— VTl 5 TRETT,

s B FE  #: 30,000M
PAE  01720-6-72462
HEEAZE © HAMSGE G PR EHER BEFBR
BERES AR OMEEE C [FEEERREABRBFER] LiEAL, To T, THE
FH | LT HEXAATLIILEIN,

6 £ 2 B B: B KF:20204E9A21H (IKEH) RRkE
22 8) : kokoka ;USRS AC I 2> A
Gt i Ze Bt IX 32 0 s J Y 2 Fdion 1)
A HIER X OS50, 7 T E CRARNCERETHAWIZL 3,

ff: () X&ETOZWERLTLHE  H29 MESKEORENERAEEK TR, K
ZHEBRHTERATHTRECLTEY 7,
Q) REEHLET L6 R X 2REHA A HEI N L2550, TREDOEL
WTREIRTWEREEETOT, TTMHILEI N,

L
&
Xt
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2020 £ REABESUHEEELSLT
AOE HLA RER &R EALE M AFERE

F AR i 5 o
Bk ik Bt
AR S PRl F R R R R
ZHEE Ptk X

2015 1 CERE 27 #E) CRELXZ T b RICHIL, KEE (2020 4FE) wE@FHrzlzbhid, Fido

EHRER LTS0G0 TR S, LDEEFEAEB L CHERTFHRE 2T T I\,

(1

R, RUBMGRVHEFC X ) BERERAREL NI oo IcGa iy, BHERAHETKkE S, F#L

FEREHEHN O] CERR 1949 A 11 A XOSEREK 20429 H 21 AEM) ZZE FX W\,

1

2

RE HLA B4

(1) TR HLA #AE R 5 M O 38 ML ik o k5 B 3R B EE BN ) o BIRR L
T TR MRS O VE IS O B B GE TR B PSR » M IS o WAL 1Tt
W, REEREUS K S RT, EALE 30 B EERIE L TwA T &, HL,
WEEZDRKBENOBINN S B E&EhConidhidle b s,

(2) HEHHFEFE oML 2 EEICHMEBEFRCED b ici#EE % 1 I EZ#EL
TWwb T,

(3) HHHFEEEOME S FHICHEESDNEMTDHQC 7V —27 v 3 v 7EE~DBIMHN
»HbHTE,

(4) LR BALE R RIEIE, 20151 A1 H~20194F 12 31 HET 5,

(GRERH B o e Fe 5 )

(1) TR HLA BBk 5 B O3 e MLk o ki B 2 3 Rl EE AL I ) o BIRiTR L
fo R MRS O VIS O BRI G 1T FR B PSR « M RS o AL R it
VW, REERIUSHE S T, BEALE 70 B BRI L TwWA T &, AL,
H ARG & M 2abic s 0 2 B O, #al, FXFRoRIeB T2 58E
NS EEEFh TnisdhiEab vy, $, FHIE LT, Y¥eEo ks
ANDBMND 15 BALLL EE E R Cu T il b s,

(2) HHHFEFE OME 2 FRICFESBERMCED bIcEE S 1 B RZ3E
LTWwb T,

(3) HHHFEEEOME S FRICHESDZEMTHQC 7V —7 v a v 7TEES~OBNE
Db,
BRFAKREOTMICOWTIE, ASHBICEE I N BAl E 7XF S h— A
~X— ¥ http://jshi.umin.ac jp/certification/ & Z i < 723\,

(4) EREo BALE S R, 201541 1 H~20194 12 31 HET %,

FREEERMER © 20204F4 H 17 H (&) FTRIBFTLLO1C, BIHEE TR LTI,

(I BELEDORAZHETHEINDIGAE, HEHERHcEEHAOBE L RE L
TR, (6 [FREIERST] 2)
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MHC 2019; 26 (3) 2020 - FREMAE A YRR d X OGRE HLA AT Hi =4 a2 all: 58 7 v 3 B3

3 HEEXM%: T162-8655 HRlHH XA 1-21-1
EVEBEEFEN Sy 2 — 7 saRBRE ey =2 (FID W
HAMBE Sy REWERZRSFBN
Ak 1 03-6205-6572, 7 7 v 7 A : 03-6205-6574

4 & W

Oh
&

(1) 38%E HLA &R H 054
ioE HLA RS HRE FH G E (B 4) L ORAFE 20105620
6
(2) FEMMBGEGERREEOYH
AR ERL O G EFREE BTG (RRAE 5) BIOHRAE 20 1006206
(3) HEEEHE D AR HIRLDE L
DBEIHEHED 7 7 4 MY, 548K — A ~— < http//jshi.umin.ac.jp/certification/
NHHA T yr—FLTLREIWN,
¥, BIRCEREE 2 @ 5 DA A BRI 22Nk X OGBS T 7 £ 0iEWE (R
HELT BEAR) 2T v, EREFEALETENE Gladki2o ) o
FrBRES « BANXR T TV ERA, BREEMRCOVWTL, 6 JTHET
C A — A THEAT 5 TETT,

5 B B e HLABREHENE 15,000 M
PRE R RS 30,000 ]
PRIASE  01720-6-72462
N4 - HAMBRE S PR EER ASFER
TERE KO MEE 1T [38E HLA A il & S8 ikt | % 721k [RREMARE &
PAGEZ LB ER] Lt AL, FOTI HEEA] 2B TEXRATIEI L,

S
&l
2
Xt
=

(1) KETOZWMEHFLTLGE 29 B REZOBEMK TRICAKEHER TR
35 FERCLTEDY £9,

(2) BREEHRET 25E  BAETOREFLMNEHREINLLEE, AL Kfx
AL L 7c Ad FIRKOS A 2 BHEC U T 2 A5 L HGEE oS IIFICFE LTI,
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2020 £ REABESUHREZHERRRZEPH, EHELUVEEOER

HA R A ko
ek ik Bt
AR o PR H AR B R R &
ZTHEE TR X

e MLON S YE B A S e e LA (BAT TR &PR8,) kD & BRI M o P B it (DA
T [RRERR] &\ 5.) O, Wk X OLF BT 2 EHE A TR,

1 B B & K BB 4LCHEIRTOAROFZHDFKEEL T XUl 2 T RFRUIER D I,

(1) MEEAERAEEBCBEb S TRE HLA B Eifiig | £ 7ok TR f ik A
HEE] DEBL TS T &,

(2) M SUERAEEGOREROEFRARND L 2 &, i, ToMEn [
MARE SRS E ] THH I ENFEE L,

(3) EHFCBH 2 ME G REDIE A A L, BRESCTFIHICH DS W7okl & v A
EBDBEYICiThbhTn5 T &,

(4) MRS GRS 2 3CE - BN EYCREERE IR TDH 2 &,

(5) MkdaEmACBE T 28E, &M, BEL TS THD I &,

(6) MFRMEOYEICtRb DALY, HFEHI LM - T 1 AERICE 100 U ETH B
Z &,

(7) LEitwwEd s ibic, B0 MZ 1 1mR3 QCWS B+ % 42+~ THiizc L

TWwbZ L,

2 EREEERHHHEARR : WE 12 A 31 HERBWRE 345,

3 BHEEEXEAME: T162-8655 HEHBERIIL 1-21-1
BNV EESEREN Sy 2 — 77 aBERET ey =2 b (7D A
HAMBE G RENERESFER

TEEh  03-6205-6572, 7 7 v 7 A : 03-6205-6574

4 I WH

O
]

(1) TR LR A P A B g s Fp el 8 I ERK 1

(2) FAIIETEHE  HIHHER 2

1) FEEFHORHBIOWT

ORFEFER2 o 5] Mkt WAl LIhTWIXEDEFEERETSC
EHTFRERIZE(E, RHEBE 4] cONEZL L EEEZR/MITDIL. /o, [
ERRRE YRS BRAEN T = v 2 ) A ] @ [RhG3530E] MiccE
kB L ORBARSEETLAL, RETBL,

@QATEHER 2 0 5L ek WAl LShTWIXNEDEEERETSC
EDRAIEERIBE (E, [FREM M AR A SRR EMNF = v 7 V) A+ JIcl*
BT 5 E] MeXERESLUVEHABTEFHMICEEAT L &, i, AHERR
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]
&
2
Xt

8 T E M H ;

il

ft :

A AL A B P A S Ak R R, ST X OVAE B oD B

H BESSUFIEEDHROETZRMATSHC L,
(3) HEERHER D AL IO G L

LB THFEEBO 7 7 4 V3, F8 0 A — & X— 2 http//jshi.umin.ac jp/certification/
hbFyvyr—RFNF5HT &,

©30,000 [ GERUEAH i 15 E BAL Bk i 5 D B3 17)

HL, BHAIOMAIOSE 5 & THESIh S [REMBEESERESSER (Be) ] o
FARHZ 15,000 [

PRIATE  01720-6-72462

N4 - HAMBE S PR ENER ASFER

T EE R AR O 5 e [ R AL £ i A B Sk Mt 2 R Ak | LA L, £
T, THEEEA] #0FTFEXAL L,

HEPFZHE W6 r LT 5, BHECLERBINERE, ZRAEHEZRS
h ZHIRT %,

TR, RHLICBEFEOEEARE QT 10 ) ¥ HEBCLMNT %,

DORERR 3 TEE OB EHGET S Z L
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2019 FEREHABESHRERESREZTLE
(2019 4E 8 A 10 H2>5H 2024412 A 31 H)

[rYegines

T-1901

A Et e — -

T A o T/ BML #&4&

gl

(20194£9 A 21 H>5H 2024412 A 31 H)

2019 FERERBESEEEEEHRRE (W)

REFRT K 4
S19001 o NAT
2019 SFEFRTE HLA RERKMTEEHRAE (GRS
(2019 4F-9 7 21 HA® 20244 12 31 H)
REFRS K 4 RERT K 4
G19001 e HEF G19011 s Kl
G19002 Ve ERD T G19012 I S
G19003 i KH G19013 P 07
G19004 Hrp i G19014 BEIR AETR
G19005 NI B G19015 KWl A+
G19006 ik FIIE G19016 ANTT T3
G19007 Bt EW G19017 Mro Az
G19008 AL R G19019 hiy o
G19009 K HF G19020 ANl
G19010 Ciilas TR i) G19021 WwH 5
2019 FEREHEMESHIEEETNEREE (B
(20194F9 J 21 HA 5 2024412 J 31 H)
REFRT K 4 REFT K 4
S03005 Bl EE S14001 = Bl
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MHC 2019; 26 (3) ko> Z 2R LA

2019 SEERTE HLA REZMEEHETZLE (R
(201949 H 21 H235 2024 4E 12 H 31 H)

RERT K 4 REFT K 4
G04001 TEEE H G09005 A 5+
G08009 e G09006 e JH
G08010 wmEE W G14001 Ak faf
G09003 KH 1 G14003 oo PE—
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Major Histocompatibility Complex 2019; 26 (3): 181-188

HLA iREH &R EHE

SHTEE RBE

A HICAEE

Akt wHY e —F RKY - ki
R

N> - HES
WY« R SrBg® - wER BB - BIR BRY

W€ HLA BRALBE b w5 il E gk (&8 12 B 5 % Wi

B e R Mz

(I AREL I 15 P =7 2 ML & P B 1 2 R T 2 B B RE BR i 2)

RS Eh e PN S e i
IR B R R R EE R S P
YV B R B R S
Y BB
Y KBRS
B AR TR A LR S T
7 REARK R AR DR
Y ENTEBE R K PR v 2 —

H AL i A 52 HLA BRA R « ALk & kR
EEREREC X 58 14 DREWE R %, 28 [EH
ABEAEHFEREPOSRITEI A2 (1) K,
ReESL0ov A v 7 H0b (GilET) 9907 2=
WO Lic, Fie, FRFHEICH S B/hA—1 21k
WT, M—MEEZFME L CRERR (XBE8s54) *
S LT,

BB BE OPER (&5 O %) 1%, BERNH
T4, MR - BA34, oK, REEKICD
WL, RERARMNE 184, REMHME SRS
14 TCTh ot HLA BE (723 0F98) REFmEE, 34
KA 394, 34E~SEN 124, 5HELLE10EDFR
2148, TR EB N HTH -T2,

AERREIZ 2 S0 R & Lic, RE IR Q8) =k
T 48 Ml & U, BRS8NSR T
D, P42 5, BEHERZE 7.4 8 TH- 1. BRI
B HEMOEZRIL 9.4% ~ 82.4%, F1949.3%, B
AR5 20.4% TH - oo T oo, ML HERE GHERD)
EHLIL B 37 HE A TWeh, BBk
B BRI OIEZLHIT 9.4% ~ 82.4%, T35 47.4%,
FEHER 2 20.4% TH - 1o

W ORBRME L Ol T, PR 30 4 EERR
i, P26 B, BERZE 6.4 &, AMIEZEIL 14.3%
~96.5%, V19 53.3%, BEEEMRZE 20.5%, SPRK 29 G

181

o8] Banthm
25
20
15
10
5 —
0
o n o n o n o n
A N T T S e
(=) — (o) i O — O —
— — o o [a2] o™ <
IREEAERTERE 2L : 85%
T 24.25

REERE | 7.4
REM 430
BARm 10
RS 2451

By, P 266 &, R 53 8, AREZR
16.9% ~ 94.0%, V¥ 53.3%, FELHE(RZE 19.6%, “FHL 28
AR, P 224 8, R 59 8, SRIE
BEL 8.2% ~ T8.7%, T 44.8%, EEUE(R 7E 19.1%,
SPRC 27 AR (49 sl R 1k, TS 244 5,
FEHEMR 72 5.0 A, HMIEZERIL7.8% ~ 94.1%, T
53.2%, FEHERAE 22.9%, P 26 4R ORI, P
B Ri26.6 M, BEEEMZE 6.2 &, ARIEZ 1% 7.8% ~
94.1%, 19 53.2%, EEERZE22.9% ThHH, FFITE
JE D85 LB & R TH - 7o,

SR 30 AR O FRBRRE 3 X OVEME & IEZK 40% LU
TH - T DO A Rk~ — 2 LIRRIR T



MHC  2019; 26 (3) ARITEAREE T8 HLA BOfe b i 28 I s B % s
AHDCAENE BB HLA R E 5 ol s S Bk R - a9 & E ) D Fot it

AR S L OCIEBIL TR TH@D Thote, T, BEABICK T 2 &MOELEER & AENRRE (HEHEN
IEfif L FRERE T U AE D - el TR 2Rtk L,

BB I AR D 40% K TH - 72X 19 B - 722, £ 5 53[0 (RHIE 33, 38 % X ORI 50) 13IE%
HH20% Kii & 7o Tk, SIRETETO 7 v X 2B IRER LD SR 5 7ofcsd, HFDA E > TWIR\dy, 3o Al
BT T T B E B s,

1B 2R 40% A OFERIc oW, HFEOIF &+ 5 i xnz 7o,

FI#E 10. MHC 7 7 A 1 3 FIefE &3 2 WREPR~ 75 ORI 5 T A dEh L L TRV EY R DEa~e D
5Hib—oFEN,

a TVEREY—A

b. MMk

c. TAUEE (T k)

d a5y 7v—~A

ee. IbhaVKNYT

IR d

IEfRE : 353% (REMLFRE : b)

[f#ai] MilaN g v 52137 a5 7 V=20 kb XL > TR7F NI, ZhNNF v AE—2—Dik7eb
Ik o CHE/DRENCERAAN DKL, WA 75 FELTMHC 7 5 A 15 TIEkEET 5, =¥ FY—a
AN BHLD GAAIE & v X 7 BRWER B @l AIA AN NEE CTH Y, Vv v —a LEE Licic, PO
VRIBIRIRINTRTF It b OAMHC 7 7 A N 5 Toisa LicEaha2BET 5, MHC 7 7 2 15T
Wi/ MR TR 2 3 7 a7 a7 ) v ESE L THEIRZEIL LRI, WRESTF P EEGT 5, TV oRE (2
AK) T MHC 7 5 A 15 T ORI 5, 3 b2 v F ) 7RIS X - T ATP BEA %47 5 M/ g ©
H5,

[EJ#H 12. MHC class I-related chain A (MICA) 75 FIZBL CER-o TWBitihx a~e D 5 b bH—DFE N,
a DTFOWECRTF FEfEAEL TV 5,

b. B23z7ursur ) viasELTw5,

c. NK#Mifds Xy & THITAZTEMEALT 2,

d 7 AN ARG AN CTRIENE 10D 2 LD D,

e. WS TLLTMPCBRINEID 2 LD DD,

IERE o b [HEUIRIE : B2 2 ST 5]

IEfREK 1 a:23.5%, b:31.8% (fRFEMREE e

[##35] MIC 51 (MICA %1% X O"MICB %7 ¥) %, MHC 7 7 2 [ ¥ Fle i d b, MHC 7 5 A 151 L1357
D, XTFFEREEGLTCNT, B23iz7n7a7) v LTWIR, MIC 7T, 7 A v ARG 2 A M
FOWCHBNTET L bR THD, NKAllEY 7% — (NKG2D) 7 6B THIlAv € 74 —D YV v FTH
Do Fio, MACHEWST & LTINS, BAMIENL S S OWEES THAKRE IS &, NK Mg X %25
AREENEEI N D,
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RiE 13. HLA SGCHAET H U T OB T OHh T, BRI ERD, IELWE D% 1 D8,
HLA-E

b. HLA-H

c. CYP2IB (CYP21A2)

d. LT4

e. PSMB9

b

IEM#SR 0 31.0% (FRFN 7 1 ¢, d)

[##31] HLA-E 13 HLA-F ® HLA-G & [FESCIEH I 2 5 A 1 T ie & M b. CYP2IB (CYP2142) 13 A5 v A N 21
KEBALEER OB T TH Y, BlEfaT ThHsH CYP21A (CYP2IAD) L & HITHLA 7 5 A Ml e~ » 7 &%, LT4
Y Y7 bRV ADBETF, PSMBIIL20S T u T TV —A ey T2z B9 (BlirTa=vbii\nd) O
BIZTTHSD

R 15, WA HLA 7 7 2 T 0 T ORI 5l ol ae & L Ui bV eb DA a~e D5 Hob—D8,
1. Mo RyR#HOE#HRE sV B 5,

2. CDS8 &t T M hili~ 75 P 2R3 %,

3. Bkl vz v T s —ONBIRAYBERT HABEOZRE L 0D,

4. NK Atfid o & >fifa iy EE e 2 25 %,

5. BAEY vERKIGT, 7Otk T Ml < s T 5,

a 1,2 b 1,5 ¢ 2,3 d 3,4 e 4,5

ERE b

IEfRER : 36.5% (IRFEMLFEE : d)

[fi#ai] &89 HLA 7 5 A II (HLA-DR, -DQ, -DP) %113 CD4 B T #lc IR~ 75 F 28R4 %, BRI e~
7 a7y =P RRAERET HBEOZEMEIL, FoXBh FURICRE LIcHE 7 v 7 ) v FDFe N A4 v aiil
THEATH) THBD, NKMFADO KIR vt 7 % —1%, HLA 7 5 A 1551 %83 L C NK #ilfa o MG =Gk 2 06 4 %,

i 16. HLA-DRB#EfEF 7 v & 4 7L T8> TWSilili Dl x a~e D5 bbb —o8FEN,
1. DRI,DR8,DRI0O N7 v % A 727 ) » 7§iJfi% 2 — ¥4 5% DRB BETIER L,

2. DR2 N7 R Z A FIENTHE LT\ % DRBEETFIZ2HTH 5,

3. DR3,DR5,DR6 N7 v & A 7 D7V » 7 HiJfiL DR53 Th 5,

4. DR4,DR7,DR9 n7 1 % f 71K THB L T\ % DRB E&ETIE3HTH 5,

5 $RToONTax A7 ZHE T, DR afira— N+ 5@EFi 1 HTH 5,

a 1,2 b 1,5 ¢ 2,3 d 3,4 e 45

Ef#:d

MR 2 27.4% (RERLEE b

[##7] DR3, DR5, DR6 ~ 7w 2 A F D87 Y » 7 HiJfix DR52 TH %, DR4, DR7, DR9 7' 1 & { F I\ THBLL T
% DRB#{&ZT 1%, DRBI & DRB4 D 2{HTH 5, L OMMOBIRFLIIIE L 783, DR2 N7 o s A 7T 587
Vv 7 HUEIL DRS1 Th %,
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R 18, FEHHLTY MHC 57 MHC 55 FItBI L CERo TWABalihx a ~e D 9 b b —D58,
a. MICA %7, NKG2D V27 &2 —D V7Y FTH5b,

b. HLA-G 7 1%, NK g OEHEmsha@ <.

c. CDId 7Fi%, NKT fila~OWEIEE PR D= @E <,

d. ULBP %%, NK ffaoiEv iz <,

e. HFE %1%, ot <,

EfE e

IEMEA : 38.8% (RREMLHE @ c,d)

[#38] HFE & F i3k oM Enciib - Tk h, T OERLEIIC L SRR T, #EE~T 7 e~ 2 (K
ODIEE G ORReSERE L b TRE) DRRE LS, BiatE~€ 7 o< b = AXABRANCIIFFETH 5 D5,
Mk ATl b HE OE CBE T RBO—2TH D, £ OMMOERFILIE L W,

FIFE 19. ¢ b OHEIEEICEH L CIEL Witk E a ~e D 5 b b—D2FE N,
a. fEERAERD L B Ml A 1St LT B,

b, HAMEHEIONE THIIC X > Crl &R S b,

c. BHETHIFUEZHLA 7 5 2 U TR FEHT 5,

d. NK#IF9Z HLA 7 5 A 1 5 TR #Ra%d %,

e. NKT ABZIERMEM Y v <ERD 30% FREZ S 5,

IR d

IEMEER : 353% (REMT7LHEZE :a,b)

[fa0] tpiRMMfaL CD4 Bt T Mifla 2 G b 3 %, @AM OGIIBHERICE L 2HIETH Y, LvyEZ Y b
DT HPN 7 —PURPURIC X - TP — e (FCmENE) NEEIhL LT X b, THEGGET Y
HLA 7 7 AN TR BB L e0s, HEACE> CRBT 2 X 51/ b, NKT (55 = 7 4% 5 —T) fifaix, KiE
MY v RERD 0.1% BREA D50, NKMfas THAROMGORELLH, FEO THAv 72 —%3 L, 77
A 1S TCH B CDId BT 5.

MIRE 22. CD4 BBk, CD8 M (X 7 A x5 4 7)) Eilk T #ile Eo T #MRPUEZEME (TCR) 25, Mlf S bR
KRBT HAC<7F F-MHC 7 7 A 1 &R <G LSS, TofilicE L5 Z ML TIEL VW ELki % a ~
e D5 Hobh—DFEN,

a. AOFRC X ) HIER T ML Hr —v 2R LTRKT %,

b. XIAKECT 4 7 THANEDLT 5,

c. CD8 v v ZA¥vT o7 THila~E5Ld %,

d. CD4 v v 7 AEYF 4 7 THi~N &S 5,

e. FEhted 5—J)iD TCR B HEZ T OFHBHIMEE B,

FfEc

IEfREE  22.6% (IRFEM7EE - 2)

(] Ml E LR+ 5075 F— MHC 7 5 A 1 &K < KA Licsa, Rk T fifm+ % (E
DOFEN), ZMCHDREDOLA, F7AEYT 4 7 THMIIEMHC 7 7 A 1TEAGHREZEHRL T\ 51cd, CDS v v 7L
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BT 4 7 THRESIL, X7 AR T 4 T THIALCDA v v 7 £Y 5 4 7 THIFICIL B s\, £72, MHC 8
G ERHBTADIZITCR D afl, BHEOW ST OFEHREK A Uctho THATH 5,

R 25. Ml E BT 5 T Al OS5k LEINOMTR T THIFICAE L 2BIR L LTRL#EY b DT a~e D5 Hhb
—DEEN

a. HIE7 w7 Y VRIET OEMRK

b. HiEOTnwy v s

¢. TCR D{AfHaZE 5

d. MHC #sii DR

e. THIIOV R—hY —DFxFT 4 TV 27 v a Vv

IR d

IEMREER 2 22.4% (REMT7LEE e

(#30) TRITH S DT, 7 v 7 ) v AT OFHER B MK PO aw o vy 7 GURIRIR (TR C
Bisv, Efo, SHIETOFHRKOMET, BHL « 7 % — (BOR : AT 7 0 7 ) v) TIRAMIER AL L
55, TCR TIHAMINAZ R U\, THAO X 7T 4 72 L2 v = ik, KIREE CHCIGH T #Mlasn 7 4+ —
VATHKT AL TH 5,

FiRE 27, BEESEA-CMABAMCBE L CIEL Witk o AEr a~e D5 b —28EN,
1. EEBHE T, BRI OAE N F =z T2,

2. HABEEBM R v b v — 27 20 ST IHEL D ORERBH AT - Tk b e,

3. M Bmoxguc, OISR, E, KE, 8, KEESE EE) »d 5,

4. REX MM, BEABRT, SEOMB S v 2 2Nk - BT 5,

5 DIEABM T, MRME—3% - BHE 3850808 H 5,

a 1,23 b 1,25 ¢ 1,45 d 2,3,4 e 3,45

IR d

IEfEER @ 36.5% (FRENHEE 2

[fat] AAREHEMcs T, BRUAN N F—E7b i, B THICENDIREND BT IR TR,
BRI 2 DI IR 7o N LI & ARk DI B % 55, AR 0Ly v 7 2dlkTh Dy, Efll
DELR NI SICAME IR T 5, 1, TR FF—HROATARLHCONALZ LB HH, LOEE LU
WU X o TAMBIIRE S R D7, MEE G258 T 50830,

FRE 28. % FeAE & HLA B3 X OF ABO I & OBz DWW TIE L Wikl Ol H a~e D 5 bbb —DE,
1. DIEBMECR T, FIr—- Loy MO HLA BEEOREREEI/HL T 5,

2. HLA-A,B,DR ¥ I A~ v FHIOMEEESEFHIL, MBI A~y FREFID LRIFTH S,

3. HBMTIY, P —2VHLA R EEAETH D LB WREER (GVHD) DY 2 7 2NE\,

4. FEAEBBME T, Fr—, Ly ey O ABO MEMA—HK, #MEIesBELH 5D,

5. ABO MEHIRHEA 13, FFr—2nO0MT, veorzv N ABERITABHEIOHARTH S,

a 1,23 b 1,25 ¢ 1,45 d 23,4 e 3,45
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1IEfE 1 d

IEfEER : 353% (fRENEE 2

[f] OB T, Fr—- v vxy MEO HLA BAEIESTFRCEE L, Fr—»0MT, vy
TV POYA, B ERIEAB OMGEE, ABO MEAHE S TH S, ABO MRMAH G L 1L, vy ez v BN FF—DMK
i+ 20 a2B LT 258 THD, BIZIEABR FF—0b AT (HiBHUALXHEE), BE (1A HilkxRAE)
L LI OM (FLAFUA HiBIMBZLELER) DLy b ~DOBEN LTRSS,

Rl 30. Al B R ERE G~ DxHALEE & U CERIRIB DIV R S T 7eun b D% — D,
a. KEHIEZ7 n7 ) JEA

b. ¥T CD20 PLiks s

c. HLIL-2 V&7 % —¥ifh#s

d $3avz/—nAgE7 =1L

e. PUPD-1 bty

e

IEfRER : 36.5% (REMREE @ o)

[fgan] i B RAEFIC R LT, 4R RIS OMH 2 X U 7T 23 T B, $1PD-1 iR RA R ICH W
BRTW 55, EERIEFIOMBIAI L U TR IeAELRD 2 &0 F — 213835 Tuinl, £ DOl OFFRTLE %
WER L ARESNEH I T 5,

M 31 AmBARBEmcB L CELViEliEd a~e D5 b b—DH~,

a WA & EHMBAILHLA S A~ v FOFREIER U TH 5,

b, /DNRE MR OB E L BRI X 0 2T 5,

c. HLAX¥w 3 2= o FBMTITIEMB N — LIk R r—D b bd, vy s OAFETRIIFUTH S,
d HAREH v 7 ~OFF —F513 20 skbh B S5 T IR b5,

e. HABH Y 7 %50 Uiz 2018 FFo& Ml A 34 1,200 - CH %,

ERE e, e [(MNEYIRTE : B 2 SHAET 5]

EfRER 1 16.4%, e:294% (REMLEE b, d)

(] B Al (B BA) TN e A 73 A~y FORHFRINL L E, BHGMEBE (BB
WCHHE L THLA 2 A< » FOFKRENEG -, NEAMBOSE, HLA BEENEV N T —OEREBLET 5700, &
BERWMELE SN D, IMEFL <AV TOHLA €1 I A< »F (HLA-A, B, DR @ 3 FExt %) BEOBG T, MmixHH
B O S D IRMEERBE L D QAEFTRNARIFTHSHD, RLDT VA VRALTOHLA ¥r I A< v F (A B,C,
DRBI ® 4 HEXI R 1 8/8 ¥ v F &b\ 5) kT, FEMfER N —220 OB TS Mlfxk b 7 —2H OB &L 1 3izIZ R
BEOEETFENMELN TS, HAFE Y 7 ~D K> —BHOEMSML, 18l L 54U T Th b,

MM 33. HLA & HOAREARB & OBHICBI L TIE L Witk oA Z a~e D 5 bbb —DE~,
1. BREMEFFHER & HLA-B*27 & OBIHICIIREAED D 5,

2. Jav 7y —L DRBI*15:01 & DG HEITE 7 o 7 RKCHAE TH %,

3. European descendents (2 — 1 v X REKR) Tix, TR & DRB1*03:01 & 2 B9 %,

4, _R—F = FFEE B*51:01 OB#IL L7 n— FBRVWORKICS S BIEI N5,
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5. 2 —u v NRARMBETE, BV v~ & DRB1*04:05 & 12l b i\ BEIEAMEHZE I L A,
a 1,2 b 1,3 ¢ 2,3 d 3,4 e 4,5

1IEfE 1 d

IEff#ER : 14.3% (fRENHEE - ab,c o)

(M) MEEBTHEL L, EORKTH > T HLA-B¥27 LM T 5, »rav v —ik, EORKTH- T
DOBI*06:01 & ORI A/RTA, 2 —ua » SREEL 7 o7 BTl DOBI*06:01 78 DRBI*15:01 & HigH T 5 % 7z
», THODORKETIE, oM FEHONEE LTHAraL F v —& DRBI*IS5:0] pNE#ART, ek, 779V 1%
RIS 35\ T DOBI*06:01 & BEEASE#GIZ % 5 DRBI 7 L A% DRBI*15:03 THh B, = — v v RESRICIL DRBI*04:05
i E A EfEAERT, BEY v~ LBHT 5 DR4 7 L ALY DRBI*04:01 TH %,

[ 36, EREBERECRI L Tl b MY) /Gl a a ~ e D 5 Hov b —DEN,

a. 2010 4E 7 —~ L 'HZH ® Robert Edwards {413, & b THEIZRKE AW D TR I 1M TH 5,
b. 2015 FIZRKTHHATOHAERN S XA DD | HIIMHNZB R EHE I NS,

c. HATIE, o ESMIaeiPS #Mlas bl F 2 fild s 2 LB TE L LT 2,
d EHEWRECHEROX N, MMEERO HLA Ze—8Th %,

e. AMUZRS CH ORISR, ROEREI EET S,

Ff# . a

IEfRE 1 20.0% (REMTRE @ o

[f3] BARTOD 2015 F BT B HAERDOK 18K B 1 BN TIERTH B LTSI TWw5%, HATIXe b D
ES #iffa<0 iPS Mifldh RS T P T2 F 3 2 & S ikmBigst (WA P o4 ) EWBTHLH, ThAbLZHTERL
foe FIEERBACRT BRECT2) L@ n A ¥4 v TEULR TV %, HEETREOFRKO KM fetatk i
WTHY, BEBERO HLA —FE & OBIHIL R\,

M 38, A%t Guc LIcHERIFZE TRESF TR EHEB L L UL Y R DxF a~e D5 Hhb 1 DN,
a. BAERORFMKEZ A\ 20H900L, REMKIEEAZ B2 HRE LT iuiinb v,

b. MAMTEEERT 2551, TOMELD O UDAMT — 2 =2 B L R b i,
c. RBFEZERRE LRBRRIIITIAT - Tdle b g,

d FAZBECTERVEE, Wk HEETY T — 20 bIEAGRIERZ PR L e hidin s e,
e. BEENDL, XHEHIC X HZMRANBOBTMKC, LDTFBERIRCABEELEHRTIERD R,

ERE b

IR 0 9.4% (REEMIERE 1 d,e)

[fgani] Ak ORBMKE AV AR, ThaE+ 2EBEOMMEASCHFETS Z EXAMLETH LD, BEH
KR EE RS ~OHRFINETH 5, KRELMNG L LB KT 255003, RS B, s, BEA%)
DRFEEGD Z EDLETH D, T, PNREETH->TH, AADGHDLISCHPAL KA BLE (M v 75—
ARTEY ) BRODOND, WRELDOLFC L HRAENHIVE BEABIESR (K4, £FAH, £, 217
FSLEMEALEETE B1E8) 2P LAV THlI%RET 5 2 Lidsst ETeETh 5, AL LT, #BENLTHET LS
IS BARE VIR 2852 LABETH DD, BANE, ¥ L UWEHREERCRRE BIE, B
WNREED) FokoFEY Y2 5™ S sy, GEENDORBRELES 2 Lk S,
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[ 43. Mixed lymphocyte reaction (MLR) 1IZRH 1L TR > TWHitihh a ~e D 5 H b —D58EX,

a. —KMLR THi S 5 ok, B UG & gt ie O o HLA-DR B OAR—FTH 5.

b, SEEEHNHIH FKS06 1%, MLR 263 2 &R L Lic Az ) —= v 7R e LTI R S v,
c. One-way (Hfill) MLR IZ&\ Tk, FIHGHIIE O % 1k 202 1770 5,

d tbhDO—KMLRICET LMD ©— 213, WEBBE»D3HAHETH S,

e. MLR L, THIfC X% 7 afiifd LicRBl4 5% HLA- ~ 7 F FEAEEROEBREZFIH LIcRHR TS %,

R d
IEMREER : 25.0% (FREMBRE 1a,e)
[#73] v~ O—&K MLR IR A MO v — 7 1%, BEEBE»S THHTH 5, FOMMOZEREIZIE L W,

MR 45. HLA 7 v v EHIRET E OBRICBI L TiR»> T itk a ~e D 9 B b —DE,
a. A*02:10 © WHO IiiEXHERE A210 TH %

b. A*02:15N © WHO i Aik A2 Th %

c. DR1403 i%, associate antigen TH 5

d. A23 1%, A9 O splits antigen TH 5

e. BI151%, B62,B63,B75, B76, B77 ® broad antigen TH %

ERR b

IEfEER 0 36.5% (IRFMTLERE  d)

[f#31] A*02:15N 1L, 7V AKDRBIC AT VA (FEHLKRWT VL) THH I ExRT IN] BMIIhTkh, *
DI HIMERNEH L 70\ £ OBOEIRF i CFR B IE LW,

M50, 7 —2 e« avbu—aAf@icB L TELVRRBOMEEE a~e D) bbb —DE~,
I EERZEOMEIL, v XL TREN 5,

2. MAPERAEEMRE R, tRES—BRCHVBRh 5,

3. FAFFIAEEMEOIREETH B P=0.5 1%, 200 [HIOKE T 1 B OGS ET 5 2 L E2mT,

4. PEAIVPNIVEZE X DIBVCBIE DD EF 2 D,

5. MAlFAERBEREC KT HHIE T, #ANCELRTEOREYREL 5 HEN—ICH-BND,
a 1,2 b 23 ¢ 3,4 d 45 e 1,5

e

IEMREE  11.8% (FREM7RRE @ a,¢,d)

(] 7 — A« av b a— @it GEG - dBIF%E) 2HE LB Th s, Mx oBE»rBBRLRLHET — 2 0
7 — 7 A R EH A BAERTE T 5 It RENSH VB AP, HLA LB L 0B T+ 556y, —
FERICiE s A AEBEE S L < 1% Fisher DEEBEDSH GBS, PEL 0.05 &1 20 [BIC 1 BIO@BBENALET S 2 &%
T, Ef, PEAVNIWGEMBEOFEMENENET 2 5P, B EXE 2\, 2F 0, BMO®BI It v
SWTRENAED, WUA» VHTH->Th, HEREELL N E PN b lDdTH S, —fic, JEGIK L
RIPHEOITITIEREE 2~ 350N THH I ENEE L, EGARIBEShTh B85, Wb TAE nfioxt
WERWCIENT 52 LT, AREXBIS ETHMELDED, T0O L5 BHRFEIIBICHEHT BZETH S,
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A haplotype of Toll-like receptor 1 is associated with resistance
to Buerger disease in Japanese

Shinya Koizumi"?, Tacko K. Naruse”, Akinori Kimura®

"Tsukuba Vascular Center
*Department of Molecular Pathogenesis, Medical Research Institute, Tokyo Medical and Dental University (TMDU)

Buerger disease (BD) is a vascular disease of unknown etiology characterized by thrombotic occlusion of peripheral arteries.
Smoking is a well-known risk factor of BD, but genetic factors may also play an etiological role. Because chronic infection
such as oral periodontitis is suggested to be involved in the pathogenesis of BD, polymorphisms in genes responsible for
infectious immunity might be associated with BD as genetic factors. In this study, 87 patients and 312 healthy controls were
investigated for 26 polymorphisms in the genes for Toll-like receptor (TLR). It was found that single nucleotide
polymorphism (SNP) rs5743599 (G>A) in TLR1 showed a nominal association, where the A allele frequency was increased in
the patients (0.200 in the patients vs. 0.133 in the controls, odds ratio (OR)=1.63, 95% confidence interval (95%CI)=1.01—
2.62, p=0.042). When the GG genotype was taken as a reference, the GA genotype conferred significantly high risk (OR=1.81,
95%CI=1.03-3.17, p=0.038). In addition, haplotype analysis of TLRI locus showed that the frequency of a haplotype
containing the G allele of 1s5743599 was significantly decreased in the patients (0.003 in the patients vs. 0.028 in the controls,
OR=0.10, 95%CI=0.01-0.99, permutation p=0.048), suggesting a TLR haplotype-linked genetic factor in association with
BD. These findings implied that the pathogenesis of BD was at least in part controlled by the innate immunity via TLR10/
TLRI locus.

Key Words: Buerger disease, association, single nucleotide polymorphism, toll-like receptor 1

Introduction ported that periodontal inflammation was observed in 75%

Buerger disease (BD), also known as thromboangiitis of BD cases”. Another study demonstrated that periodon-

obliterans, is a clinical syndrome of relatively rare vascu- tal bacteria such as Treponema denticola were found in the

. . . . . i ients®
lar disease with thrombotic occlusion or unexplained non- vascular lesions from most of the BD patients®. Because

atherosclerosis occlusion'?. The disease usually develops periodontitis is often found in habitual smokers and smok-

in male heavy smokers from 40 to 45 years of age¥. The ing is a risk factor for BD, these observations suggest the

involvement of oral microbial infection in the pathogenesis
of BD.

prevalence of BD among peripheral arterial diseases ranges
from values as low as 0.5 to 5.6% in Western Europe to

values as high as 45 to 63% in India, 16 to 66% in Korea
and Japan, and 80% among Ashkenazi Jews®. In Japan, the
prevalence of BD in the general population was estimated
to be about 0.00003%.

There is a strong association between development of
cardiovascular disease including BD and chronic anaerobic

periodontal disease infection®. In early as 1928, it was re-

In addition to the environmental risk factors, genetic fac-
tors related with immunological function such as HL4 and
CD14 were associated with BD*'¥, e.g. HLA-DRB1*15:01,
HLA-DPBI1*05:01, and —260 C>T in CDI14 were associat-
ed with and showed synergistic effects on the susceptibility
in Japanese'?, implying the involvement of both acquired
immunity and innate immunity in the development of BD
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and/or preceded infection such as periodontitis.

Innate immunity against microbial infection is mediated
by Toll-like receptor (TLR). There are 10 different TLRs in
humans, from TLR1 to TLR10, and each TLR recognizes
specific components of virus or bacteria, such as DNA,
RNA, various components of cytoplasmic molecules and
outer membranes'?. Although many of TLRs act as a ho-
modimer, TLR2 can form a heterodimer with TLR1 and
TLR6. TLR10 also is suggested to function as a co-receptor
for TLR2'>. Genes encoding for TLR10, TLR6 and TLR1
are clustered on chromosome 4p14 and polymorphisms in
this region have been investigated for association with the
susceptibility to autoimmune or inflammatory diseases in-
cluding allergy'® and Graves disease'”. In addition, these
polymorphisms were also reported to be associated with the
risk for various cancers'® and decreasing lung function in
cystic fibrosis'?. Although the molecular mechanisms un-
derlying these associations have not been unraveled, these
observations prompted us to investigate the association of
polymorphisms in the 7LR loci with BD. Here we report the
association of a TLR haplotype with BD.

Materials and Methods

Subjects

A total of 87 Japanese patients with BD and 312 healthy
Japanese controls were the subjects. Diagnosis of BD was
based on the Shionoya criteria including smoking history,
disease onset before age of 50, occlusive lesions in the inft-
apopliteal artery, either upper limb involvement or phlebitis
migrans, and the absence of risk factors of atherosclerosis
except for smoking, while patients with other arteriosclero-
sis obliterans were excluded. Informed consent was given
from each patient before blood sampling, as described pre-
viously'?. Japanese control DNA samples were obtained
from the Health Science Research Resources Bank, Japan

(http://www.jhsf.or,jp/index_b.html). The research was
conducted in accordance to the principles expressed in
the Declaration of Helsinki and the study protocol was re-
viewed and approved by the research ethics committee of
Medical Research Institute, Tokyo Medical and Dental Uni-
versity (No. 2011-13 and No. 2013-21).
Genotyping

Tag single nucleotide polymorphisms (SNPs) were se-
lected based on the information in the database of the In-
ternational HapMap Project (http://hapmap.ncbi.nlm.nih.
gov/) with an 12 threshold of 0.8 and minor allele frequency
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>0.05 in Japanese (Genome Brower release # 24; Phase 1
& 2-full dataset. Japanese in Tokyo, Japan). Following 26
SNPs were used for genotyping of subjects; rs4833095,
rs5743599, rs5743567 and rs5743564 in TLR1, rs1898830
in TLR2, rs11721827, rs13126816, rs3775296, 157668666
and rs3775291 in TLR3, rs12377632, rs1927907 and
rs11536889 in TLR4, 1rs2241097 and rs2241096 in TLRS,
1rs2302267 and rs179012 in TLR7, rs3764880, rs4830806
and rs4830808 in TLRS, and rs11096955, rs11096956,
rs10856838, rs11466645, rs7658893 and rs11725309 in
TLRI10. Although rs3821985 in TLR6 and rs352140 in TLRY
were tested, we could not obtain enough data for the analy-
sis, because successful genotyping rate was below 80%.

Genotyping was done by using real time PCR system and
the TagMan SNP Genotyping assay (Applied biosystems).
Each PCR reaction mixture consisted of TagMan Genotyp-
ing MasterMix (2x) 2.50 pL, TagMan Genotyping assay
mix (40x) 0.125 pL, DNase-free water 1.375 pL and ge-
nome DNA 1.0 uL. PCR reaction was optimized to amplify
the desired region in the following condition; 95°C for 5
min, followed by 30 cycles at 95°C for 30 sec, 58°C for 30
sec, 72°C for 30 sec and final extension at 72°C for 5 min.
We used 7900 HT Fast Real-Time PCR System for signal
detection and data were analyzed by SDS Plate Utility v2.3
(Applied Biosystems®, Foster City, CA, USA). Genotyping
data for all the tested SNPs were confirmed by direct se-
quencing on both strands of PCR products from randomly
selected 96 samples consisting of 36 patients and 60 healthy
controls.
Statistical analysis

Strength of the association was expressed by odds ratio
(OR) and 95% confidence interval (95%CI) calculated from
data in two-by-two tables. Allele frequencies and genotype
distributions were compared between the patients and con-
trols by using chi-square test. Departure from Hardy-Wein-
berg equilibrium (HWE) was examined by comparison of
observed frequency and expected frequency in a two-by-
three table using chi-square test. Estimation of haplotype
frequency and haplotype association analysis by the per-
mutation test were performed using with Haploview ver-
sion 4.2 software (Broad Institute of MIT and Harvard,
Cambridge, MA, USA). Permutation test was applied 1000
times to obtain corrected p values.
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Results

Association of TLR polymorphisms with BD
Atotal of 87 patients and 312 controls were genotyped for
26 SNPs in TLR genes, except for 7LR6 and TLR9. Geno-
typing success rate was over 80% in both patients and con-
trols. When the minor allele frequencies (MAF) were com-
pared between the patients and controls, rs2241096 in TLRS
(MAF in the patients vs. controls 0.364 vs. 0.224, OR=1.97,
p=3.85E-04, 95%CI=1.35-2.89) and rs5743599 in TLRI
(0.200 vs. 0.133, OR=1.63, p=0.042, 95%CI=1.01-2.62)
showed nominal associations, while the other SNPs did not

show significant association (Table 1).
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We next compared genotype frequencies of rs2241096
and rs5743599 in the subjects and examined departure from
HWE (Table 2). It was found that the genotype distribution
of 152241096 in the patients was significantly departed from
HWE, suggesting that the association of rs2241096 with
BD was a reflection of departure from HWE. The reason for
the departure from HWE only in the patients was not clari-
fied, but the difference in the genotype frequencies between
the patients and controls were considered to be a false posi-
tive result obtained by chance, because the genotyping data
by TagMan assay were confirmed for randomly selected 36
patients and 60 controls by direct sequencing and because
it was difficult to consider that the patient population was

Table 1 Association of polymorphisms in TLR genes with Buerger disease

) allele successfully genotyped MAF
SNP gene region - - sex - - OR p 95% CI
major minor patients controls patients  controls
rs2241097  TLRS intron 3 A C both 87 305 0.224 0.215 1.06 ns 0.70-1.58
rs2241096  TLRS intron 1 G A both 77 303 0.364 0.224 1.97  3.85E-04 1.35-2.89
rs1898830  TLR2 intron 1 A G both 72 250 0.451 0.442 1.04 ns 0.72-1.51
rs11721827 TLR3 intron 1 A C both 87 312 0.310 0.272 1.20 ns 0.83-1.73
rs13126816 TLR3 intron 1 G A both 85 312 0.100 0.130 0.74 ns 0.43-1.29
rs3775296  TLR3 exon 2 C A both 86 305 0.267 0.279 0.94 ns 0.65-1.38
17668666 ~ TLR3 intron 3 C A both 84 309 0.387 0.377 1.04 ns 0.73-1.48
rs3775291  TLR3 exon 4 C T both 78 308 0.244 0.265 0.89 ns 0.60-1.34
rs11096955 TLRI10  exon4 G T both 77 271 0.442 0.411 1.13 ns 0.79-1.62
rs11096956 TLRI10  exon4 A C both 75 306 0.500 0.459 1.18 ns 0.82-1.68
rs10856838 TLRI10  exon4 A T both 70 310 0.157 0.165 0.95 ns 0.57-1.56
rs11466645 TLRI10 intron 1 T A both 87 310 0.454 0.442 1.05 ns 0.75-1.47
rs7658893  TLRI10 intron 1 A G both 77 287 0.442 0.444 0.99 ns 0.69-1.42
rs11725309 TLRI10 intron 1 C T both 70 308 0.471 0.476 0.98 ns 0.68—1.42
rs4833095  TLRI1 exon 4 C T both 74 308 0.324 0.320 1.02 ns 0.70-1.50
rs5743599  TLRI1 intron 3 G A both 70 312 0.200 0.133 1.63 0.042 1.01-2.62
rs5743567  TLRI1 intron 2 G A both 78 291 0.160 0.125 1.33 ns 0.81-2.18
rs5743564  TLR1 intron 2 A G both 87 289 0.080 0.081 0.99 ns 0.53-1.84
rs12377632 TLR4 intron 1 C T both 85 310 0.371 0.400 0.88 ns 0.62-1.25
rs1927907  TLR4 intron 1 C T both 85 309 0.241 0.269 0.87 ns 0.58-1.28
rs11536889 TLR4 exon 3 G C both 86 311 0.291 0.252 1.21 ns 0.83-1.77
. male 84 253 0.107 0.087 0.79 ns 0.36-1.77
152302267 TLR7 intron 1 T G
female 3 63 0.000 0.143 0.00 ns nc
. male 69 241 0.103 0.071 0.66 ns 0.27-1.62
rs179012 TLR7 intron 2 G A
female 2 63 0.000 0.095 0.00 ns nc
. male 68 243 0.324 0.247 0.69 ns 0.38-1.23
13764880 TLR8 intron 1 G A
female 2 62 0.000 0.202 0.00 ns nc
. male 77 237 0.197 0.194 0.98 ns 0.52-1.86
1s4830806 TLR8 intron 1 T C
female 3 61 0.167 0.205 1.29 ns 0.14-11.53
1830808 TLRS ) | T c male 71 208 0.282 0.289 1.04 ns 0.57-1.87
s intron female 3 59 0333 0314 091 ns  0.16-5.1

Because TLR7 and TLRS genes are located on the X chromosome, male and female were separately analyzed.
MAF; minor allele frequency, OR; odds ratio, 95%CI; 95% confidence interval, ns; not significant (p>0.05), nc; not caliculatable
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Table 2 Genotype frequencies of rs2241096 and rs5743599 in association with Buerger disease

TLRI1 haplotype and Buerger disease

number (frequency)

SNP genotype - OR P 95%CI
patients controls
GG 24(0312) 185 (0.611) 1.00
GA 50 (0.649) 100 (0.330) 3.85 4.48E-07 2.24-6.64
152241096
AA 3(0.039) 18 (0.059) 1.28 ns 0.35-4.69
HWE-p 0.002 0.665
GG 44 (0.629) 235 (0.753) 1.00
GA 24 (0.343) 71 (0.228) 1.81 0.038 1.03-3.17
153743599 AA 2 (0.029) 6(0.019) 1.78 ns 0.35-9.11
HWE-p 0.836 0.973

OR; odds ratio, p; p value obtained by chi-square test, ns; not significant (p>0.05), 95%CI; 95% confidence interval, HWE-p; p value for Hardy-

Weinberg equilibrium test

under any condition departing from HWE including natural
selection only at rs2241096. On the other hand, associa-
tion of rs5743599 with BD was significant for GA geno-
type (genotype frequency in patients vs. controls, 34.3% vs.
22.8%, OR=1.81, p=0.038, 95%CI=1.03-3.17), while the
association of AA genotype was not statistically significant
(2.9% vs 1.9%, OR=1.78, p=ns, 95%CI=0.35-9.11), prob-
ably due to the small number of subjects with the AA geno-
type. The association of rs5743599 with BD, however, was
not statistically significant, when multiple testing issue was
considered.

Association of TLR1 haplotypes with BD

Because only the rs5743599 in TLR! showed nominal
association with BD, we investigated linkage disequilibria
(LD) among the SNPs in the tested population. As shown in
Figure 1, SNPs in TLRI were more or less in LD spanning
from rs4833095 to rs5743567.

We then investigated the association of 7LRI haplo-
types with BD. Frequencies of haplotypes consisting of 4
SNPs, rs4833095, rs5743599, rs5743567 and rs5743564,
were estimated by using the Haploview program and the
estimated frequencies were compared between the patients
and controls, with the statistical evaluation by the permuta-
tion test. As shown in Table 3, the TGGG haplotype showed
significantly decreased frequency in the patients (0.003 vs.
0.028, OR=0.10, 95%CI=0.01-0.99, permutation p=0.048),
suggesting a TLR 1 haplotype-linked protection against BD.

Discussion

In this study, we investigated a possible association of
TLR with BD in a Japanese population. From the geno-
type distribution data, it was suggested that the A allele of
rs5743599 was associated with the susceptibility to BD or
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TLR1

rs5743599 —

154833095
rs5743567
1s5743564

Block 1 (6 kb)
12 13

Block 1 (6 kb)
12 13

Figure 1
Pair-wise LD block structure of polymorphisms in the 7LR/ locus.
Structures of 7LR! is schematically shown in the upper panel. Pair-
wise values for D’ and r? are shown in the middle panel (red color)
and lower panel (gray color), respectively. Gradient of color represents
extent of LD values with darker color as stronger LD.

that the G allele was associated with the protection against
BD. However, because a false positive finding should be
taken into account, we need to consider multiple testing is-
sues, and it was found that the statistical significance was
not obtained when multiple testing issue was considered.
On the other hand, haplotype analysis showed a statistically
significant association of the TGGG haplotype containing
the G allele of rs5743599 with the protection, while the
TGGA haplotype containing the G allele of 1s5743599 did
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Table 3 Association of TLR1 haplotype and Buerger disease
frequency
haplotype rs4833095  rs5743599 155743567  rs5743564 OR pp 95%ClI
patients controls
CGGA C G G A 0.502 0.543 0.85 ns 0.61-1.19
TGGA T G G A 0.303 0.280 1.12 ns 0.78-1.61
CAAA C A A A 0.083 0.062 1.37 ns 0.74-2.54
CAAG C A A G 0.065 0.045 1.47 ns 0.73-2.95
TGGG T G G G 0.003 0.028 0.10 0.048 0.01-0.99
CAGA C A G A 0.029 0.019 1.59 ns 0.58-4.40

OR; odds ratio, pp; p value obtained by permutation test (n=1,000), 95% CI; 95% confidence interval, ns; not significant (p>0.05)

not show association with the protection (OR=1.12). Be-
cause the haplotype association was tested by using per-
mutation test, in which multiple testing issue was taken
into account, the association of TGGG haplotype with the
protection against or resistance to BD was statistically sig-
nificant. These data suggested that the rs5743599 might not
be primarily associated with BD, but the TGGG haplotype
might determine the protection against BD. When we ex-
panded the analysis of LD from 7LR!I to TLRI0 and per-
formed an extended haplotype analysis, no extended haplo-
type showed any significant association. Therefore, it was
speculated that responsible SNP for the association with BD
might reside within TLRI10/TLR1 locus.

A phylogenic study has shown that TLRI0-TLR1-TLR6
loci is closely related among the TLR gene family, but
identity of predicted amino acid sequences among them
is around 50%”. It has been reported from the analysis
of diversity in humans that each TLR had been differently
adapted in human evolution and the TLRI0-TLRI-TLR6
loci has been a target of natural selection among non-
Africans?”. Ligands for TLR10 has not been identified, but
it was speculated that similar ligands could bind to TLR1/2,
TLR1/6 and TLR1/10 heterodimers'“!>. However, it was
reported that TLR10 and TLR1 molecules share the same
sensing mechanism but their intracellular signaling system
was considerably different from each other'”.

Recent reports have indicated that cardiovascular risk
factors are associated with the expression of TLR in plate-
lets?. In particular, female showed higher expression of all
TLRs than male and 7LRI0 was associated with elevated
CRP levels of inflammatory biomarker. Since it is known
that aggregation of platelets is deeply involved in the patho-
genesis of BD, gender difference in the prevalence of BD
might be explained by the gender difference in the expres-
sion of TLRs.
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TLRI and TLRI10 are common in that they form a het-
erodimer with 7LR2, but molecular mechanisms underly-
ing the association of 7LR! and TLRI0 with BD remains
to be deciphered, although there are several possibilities for
the association of rs5743599. First, rs5743599 resulted in
no amino acid change of TLR1, which is intronic SNP and
might not lead to gross protein structural changes. Second,
there might be other polymorphisms located further down-
stream of the rs5743599, which might be primarily associ-
ated with BD. Because we did not investigate the 3’ region
of TLR1, further studies are warranted.

There are several limitations in this study. First, num-
ber of patient samples was small and the data should be
confirmed in a large cohort. Second, the reason for the de-
parture from HWE of rs2241096 only in the patients was
not clarified. The most plausible reason for the departure
from HWE are genotyping error, sampling bias, natural se-
lection, and admixture of population, these issues should
be carefully considered. Although we did not confirm the
genotyping data of all the tested subjects for 152241096 by
direct sequencing, data from randomly selected subjects
were identical for both TagMan assay and direct sequenc-
ing, implying that the genotyping error only in the patients
and not in the controls was unlikely. In addition, any natu-
ral selection and population admixture only in the patient
population were although unlikely, suggesting that the sam-
pling bias by chance was a plausible reason, but it should be
tested in another cohorts, Third, success rates of genotyping
were relatively low for several SNPs. We analyzed only the
SNPs with the success rate over 80%, but even under this
condition genotyping data were not obtained from about
20% of sample for several SNPs including rs5743599 in the
patients. Although we have repeatedly genotyped patients
by direct sequencing for rs5743599 in the un-typed patients,
but failed to obtain genotyping data from 16 patients.
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In conclusion, we have investigated polymorphisms in
TLR genes and revealed a significant association between
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Genome structure of MHC Class II B gene from Humboldt penguin
(Spheniscus humboldti)
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Endangered penguins are in need of the genetic management to estimate the risk for loss of genetic diversity from populations
resulting from habitat fragmentation or inbreeding. However, as for genome diversity in penguin species, there are limited
reports and it is insufficient to give useful and appropriate information. In the present study, we obtained the full length
sequence of the MHC class II gene, which is expected to be a useful genetic marker for biodiversity in conservation genetics.
The 4.4 kb genome region containing two novel genes was determined for nucleotide sequences using genomic DNA
extracted from Humboldt penguin, by using the inverse PCR method. Homology analysis of MHC class II genes with those
from other birds suggested that the novel two genes were alpha and beta genes. In addition, phylogenetic analysis suggested
that the beta gene of penguins was clustered with the beta genes from waterfowl. These observations provide basic
information on the structure of MHC class II locus to relieve the genetic diversity of penguin species.

Key Words: MHC, class II gene, penguin, genome structure, inverse PCR

Introduction mate the loss of genetic diversity from populations to carry

The extant penguins (order Sphenisciformes, family out a genetic management for conservation of rare species.

Spheniscidae) are classified into six genera consisting of However, there are few reports on the analysis of genetic

. . . . iversity i ins®19 i
as most as 19 species'?, and 18 species are registered in diversity in penguins®, and reports on the use of genetic

the IUCN (International Union for Conservation of Nature) approach for penguin conservation are extremely limited.

Red list of endangered species (https://www.iucnredlist. In this study, we focused on the major histocompatibility

org/) as a result of overall rapid population reduction or complex (MHC) gene locus which contains highly poly-

sustained population declines morphic DNA markers for estimating the biodiversity in

. . . . : fQ16,17)
In general, reduction in population size could be caused conservation genetics™ .

by the loss of genetic diversity from populations result-
ing from habitat fragmentation or inbreeding?, and it is
believed to be responsible for decreasing the growth rate,
fertility and viability of offspring and low environment
adapting capability of population by increasing the risk of
Inbreeding depression*¥. Therefore, it is essential to esti-

MHC locus mainly composed of genes involved in im-
mune response'®2". Chicken MHC (B locus), which is the
most extensively studied MHC locus among birds, forms a
compact structure?” and consists of three regions, where the
BF and BL regions correspond to class I and class II, respec-
tively, while the BG region, called as class IV, is expressed
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only in erythrocytes and there is no equivalent region in
mammalian MHC??. In the study of penguin MHC, class
II genes have been mainly analyzed, and the PCR method
was established to determine the sequences of class II genes
from exon 1 to intron 3. We previously reported that there
were many polymorphic or variable sites and a high rate of
nonsynonymous substitutions within exon 2, which dem-
onstrated the class II gene as a potential evolutionary and
adaptive molecular marker®?.

However, there are a few unsolved problems. First, our
PCR method did not exclude a possibility that penguins
have duplicated copies of the class II gene that have yet
to be identified. The number of functional MHC class 11
B genes identified in the birds were from two (BLBI and
BLB2) in chickens®” to ten (such as DABI, DBBI, and
DCBI) in quail®, and the number of MHC genes could
be different even within the same order (Galliformes). Re-
cently, it was reported that class II regions of waterfowls,
closely related species to penguins, contained multiple
class II genes*?*. These observations support that the pen-
guin MHC class II region may also be a multigene fam-
ily region. Second, it is not clarified yet whether our PCR
method is able to amplify combination of multiple class II
alleles from individual subjects, because the class II typing
for three species (Humboldt, African, and Galapagos pen-
guins) from the genus Spheniscus suggested that more than
half of the individuals were homozygous (homozygous rate
52%), in which one allele was frequently identified within
the population and all individuals in two different popula-
tions (African and Galapagos penguin) shared the same
allele”. On the other hand, the number of different alleles
identified in 40 Humboldt penguins were 24 for the class I
gene in spite of that only 10 alleles were found for the class
IT gene”. These observations suggested that the class II di-
versity was smaller than the class I diversity, but could not
exclude a possibility that the presence of unamplified class
I alleles or co-amplifying unidentified class II genes with
poor polymorphism. It is then necessary to clarify the struc-
ture of MHC class II locus from penguins to solve these
problems and to utilize the MHC class II genes as a marker
for biodiversity by evaluating allele frequencies and diver-
sities within and between groups or individuals.

As a first step to solve the above-mentioned problems, in
this paper, we report the genomic structure of a full-length
class II B gene and its surrounding region by using a modi-
fied inverse PCR (iPCR) method”.
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Materials and methods

Subjects

Among Humboldt penguins kept in aquariums in Japan,
blood DNA extracted from an individual (sample ID 130)
was used, which had been obtained to determine the struc-
ture of MHC class I gene in our previous study?. Total RNA
was isolated from a liver sample of a captive Humboldt pen-
guin (sample ID huml) using the TRIZOL reagent method
(TRIzol RNA Isolation Regents, Thermo, Tokyo, Japan) ac-
cording to manufacturer’s instructions.
Determination of partial genomic sequence using
iPCR method

Primers for the iPCR method were designed in regions
of exon 1 to intron 3, where nucleotide sequences were
well conserved among eight alleles of penguin MHC class
II gene” (AB302087-AB302090, AB301947-AB301950)
(Table 1). The iPCR method was performed using circular
DNA library previously adjusted as atemplate®, with forward
primer, CLSII ex3 2035 F, and reverse primer, CLSII
ex2 2036 R. After being purified by using QIAquick Gel
Extraction Kit (QIAGEN Japan, Tokyo, Japan), the iPCR
product was subjected to PCR with nested PCR primers
(CLSII ex3 2037 F, CLSII ex2 2038 R). After modi-
fication of deoxyadenine to the 3’terminal of the nested
PCR product by using Mighty TA-cloning kit (TaKaRa Bio,
Kusatsu, Japan), the product was electrophoresed, extracted
from a gel, purified as described above, and cloned into
pT7Blue (Merck Millipore Japan, Tokyo, Japan) to trans-
form Escherichia coli JIM109. Several recombinant clones
carrying insert DNAs of more than 2 kb were selected by
PCR using vector primers and a primer set on known se-
quences (CLSII ex3 2037 _F, CLSII ex2 2039 R). Select-
ed clones showing different digestion patterns by restriction
enzyme Hinfl (New England Biolabs Japan, Tokyo, Japan)
were determined for nucleotide sequences using a BigDye
Terminator cycling system (Big Dye Terminator v3.1 Cycle
sequencing kit, Thermo, Tokyo, Japan) and an ABI 3730
automated sequence analyzer (Applied Biosystems, CA,
USA). Determined sequences were used for the mapping
and alignment analysis (Figure 1).
Determination of genome sequence by genomic
PCR

We obtained fragment sequences containing unknown
sequences by the iPCR method. Primers for genomic PCR
were designed on the fragment sequences mapped at the
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Table 1 Primer information
Primer name Location F/R Sequence (5°->3’) Purpose
CLSII ex3 2035 F exon 3 F GCGGAGATCGAGGTGAAGTGGTTCAAG st PCR primer for iPCR
CLSII ex2 2036 R exon 2 R CGTCTGGCTGTTCCAGTACTTGGCATCAG st PCR primer for iPCR
CLSII ex3 2037 F exon 3 F CGGAGATCGAGGTGAAGTGGTTCAAGAAC  2nd PCR primer for iPCR
CLSII ex2 2038 R exon 2 R CGGTGCCGTTGAGGAAATGACACTC 2nd PCR primer for iPCR
CLSII ex2 2039 R exon 2 R CATCACCAGCACCTGGTAGGTCCAGTCT Colony PCR primer for checking the sequence
CLSII inG 2050 R Intergenic R CTCGGGGCTCCCTCCTATTG Sequencing primer
CLSII inG 2051 R Intergenic R GGCGTCCATCAGTCTGTCT Sequencing primer
CLSII ex1 2047 R exon 1 R GGTCTGAGCTCACCTGAGGTCTC Sequencing primer
CLSII ex3 2048 F exon 3 F GACCTACCAGGTGCTGGTGATG Sequencing primer
CLSII ex6 2055 F intron 5, exon 6 F CACAGGGCTCCTGAACAAACTC Sequencing primer
CLSII a-inl 2054 F intron 1 (gene 2) F GGCGGTTTCCCTTCCTCATCACCTAAG Primer for genomic PCR
CLSII ex6 2072 R Downstream of the gene R AGAGCCCAGGGTGCCCTCACAG Primer for genomic PCR
vector long primer R~ pMD20-T, pSTBlue-1 R TGTGAGCGGATAACAATTTCACACAGGA Primer for colony PCR
vector long primer F pMD20-T, pSTBlue-1 F CAGGGTTTTCCCAGTCACGACGTTGTA Primer for colony PCR
DAB ex1 F exon 1 F TGGTCGTGTCCTGGGAGCTG Primer for RT-PCR
DAB ex4+5 R exon 4~5 R GCCCTTCTTGCGCACGTAGAG Primer for RT-PCR
Gene 2 Gene 1
I 1,488 bp ~ I
2kb 1kb 0 kb T kb 2kb
MHC class II gene 1
(4,430 bp) T
Ex1 Ex1 Ex2 Ex3 Ex4 5 6
primer 2050, 2051 primer 2039 primer 2055
iPCR clones (insert)
primer 2047 primer 2048
930 Gkt — -
Q930 (~6kb) 798 bp 785 bp
Q931 (~3kb) [ = e—
201 bp 798 bp 674 bp
primer 2038
Q932 (~2kb) [ —
400 bp 867 bp 288 bp
Genomic PCR products
primer 2054 4,415 bp primer 2072
—» -
2,046 bp primer 2036 primer 2035 1,937 bp
= 2 =5}
DEIIIEI’ 2037 1,936 bp -
Figure 1 Schematic representation of penguin MHC class II region

Scale is indicated at the top along with length of starting DNA region for iPCR and the exon-intron structure (upper panel). A central gray box indicates
the DNA region (1,488 bp) from which the iPCR was started. “iPCR clones” (middle panel) indicates name and length of cloned fragment in the iPCR
experiments and the clones were sequenced from sequence primers “2047” and “2048” or “2038”. The length of determined sequences are indicated.
Dashed lines denote undetermined sequences by the iPCR method; e.g., Q931 clone was determined for sequences from “2048”, which gave data
for 674 bp (from exon 3 to downstream) and 201 bp (3’ sequences connected to the 674-bp region). “Genome PCR products” (lower panel) indicate
sequencing strategies to determine the genomic MHC class II gene as well as the orientation of determined sequences from sequencing primers
(indicated by small arrows). The DNA region covered by PCR products is indicated at the bottom.

most distant position from the known sequence (Table 1). purified and determined for nucleotide sequences by direct
We used PrimeSTAR GXL DNA Polymerase (TaKaRa Bio,

Kusatsu, Japan) to obtain long PCR products with high fi-

sequencing without cloning steps using sequence primers
(Table 1).
delity. Amplified genomic PCR products (Figure 1) were
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Analysis

Genomic information of MHC class II region of stork
(Ciconia boyciana, LC180358.1) and ibis (Nipponia
nippon, AB872443) known as waterfowl species was used
for prediction of genome structure of penguin MHC genes.
Phylogenetic trees were constructed by using the neighbor-
joining method with the p-distance model provided by the
MEGAS
net/).
RT-PCR Assay

The cDNA was synthesized using a GeneAmp RNA PCR
kit (Applied Biosystems)”. The primers for the RT-PCR

assay were designed in regions of exon 1 and exon 4 or

software package (http://www.megasoftware.

5 (Table 1). The PCR amplification was performed using
PrimeSTAR GXL DNA Polymerase. PCR condition was
composed of an initial denaturation step (94°C 20 sec), 30
amplification cycles (denaturation 98°C 10 sec, annealing
62°C 15 sec, elongation 72°C 1 min) and a final elongation
step (72°C 5 min). The amplicon was determined for nu-

cleotide sequences using same primers with amplification.

Results

Determination of genome sequence by iPCR and
genomic PCR

We determined the nucleotide sequence of the penguin
MHC class II genomic gene by using iPCR method and
subsequent direct sequencing of PCR products from the ge-
nomic DNA of a Humboldt penguin (Figure 1). First, three
clones (Q930, Q931, Q932) were obtained by the iPCR
method. We partially determined the sequences of iPCR
clones Q931 and Q932, and delineated their sequences to
previously determined 1,448 bp sequences”, which con-
tained exon 1 through exon 3 of the gene 1 (Figure 1). We
found that Q931 contained a region 1.2 kb to the left of the
1,448 bp region, corresponding to 1.2 kb upstream from the
exon 1 of gene 1, whereas Q932 contained a region 1.7 kb
to the right of the 1,448 bp region, corresponding to 1.7 kb
downstream from the exon 3 of gene 1. We next designed
two primers, 2054 and 2072, in regions of the determined
sequences to amplify the genomic MHC class I gene
and obtained a PCR product of 4,430 bp (Accession No.
LC415431), which included the determined sequences of
iPCR clones and a known sequence on the Humboldt pen-
guin MHC class II gene (1,488 bp). In addition, direct se-
quencing data of the genomic MHC class II gene confirmed
that there were 21 variable sites showing heterozygous
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states and these polymorphic sites were in good agreement
with those found in two alleles, AB301947 and AB301949,
previously determined from the same individual?.
Commonly conserved amino acid residues on the
classical MHC class Il beta molecule

Amino acid sequences (178 AA) were deduced from the
nucleotide sequences corresponding to exon 1, exon 2, exon
3, exon 4, exon 5, and exon 6 from gene 1. As Brown et al
indicated (1993)%, it was found that 14 of the 16 amino
acid residues (except positions 62 and 65) were conserved
in amino acid sequences of gene 1 (Figure 4), of which five
corresponded to glycosylation sites composed of three resi-
dues (Asn45, Gly46, Thr47) and cysteine residues involved
in the formation of disulfide bond (Cys41 and Cys105).
Two amino acid residues, GIn62 and His65, were con-
served among avian MHC class II molecules including that
of Humboldt penguin, but were different from Glu62 and
Arg65 conserved in mammalian MHC class 11 molecule.
Prediction of genome structure by homology and
phylogenetic analysis

The determined penguin sequences were compared with
the reported genomic structures of waterfowl MHC class 11
regions, and it was revealed that there were two MHC class
II-like genes, genes 1 and 2, homologous to beta and alpha
genes, respectively (Figure 2). The gene 1 was composed
of six exons and five introns, while the gene 2 region con-
tained a full length of exon 1 and partial intron 1 sequence.

In addition, analysis of homology showed that the deter-
mined penguin sequences had 86% identity with the region
containing DAA and DAB gene, 77% with DBA and DAB
gene of Ciconia boyciana, and 86% identity with the region
containing DAA and DAB gene, as well as 70% with DCA
and DCB gene of Nipponia nippon (Figure 2). The nucleo-
tide sequences of each exon and intron of Humboldt pen-
guin MHC class II genes were highly homologous to those
of waterfowl; for example, the average of nucleotide iden-
tity with waterfowl MHC was 93% (82~100%) for exons
in the gene 1, and 96% (95~97%) for exon 1 in the gene 2
(Table 2). In a homology analysis between genes including
introns, the gene 1 was particularly highly homologous to
DAB gene, and the gene 2 showed high level of homology
with DAA gene (Table 2).

We also performed a phylogenetic analysis based on the
amino acid sequences predicted from MHC class II alpha
and beta genes of the birds and humans. It was shown that

the beta gene group clearly branched from the alpha gene



Genome structure of MHC Class II § gene from Humboldt penguin (Spheniscus humboldti)

The gene 2 The gene 1

Spheniscus hurmboldti 4_

(4,430 bp) ~612  S6B T 2,040, 1.)115

Hemology
average B6%

i
BE% 87% B2% B6%

a gene (DAA) B gene (DAB)

69% 75%

MHC  2019; 26 (3)

Homalogy
average 77%

83% 82%

fu gene (DBA) B gene (DBB)

Ciconia boyciana %—%—W—%—
T 1,719

(stork)

1,910 565 2,076 1,14d

{
69% 75%

Homalogy
average 86%
J ;
7% B9% 84% 82%.
a gene (DAA) B gene (DAB)

Nipponia nippon g
(ibis)

1,924 S65 1,140

a gene (DBA)

- -

1,866

630

Homelogy Homalogy
average 78% ! average 70%
1 i |
85% 62% 59% 75% 82% 53%
EEDIE—————>€>
B gene (DBB) agene (DCA) B gene (DCB)

1,710 1,886 633 1,633

Figure 2 Homology analysis with waterfowl MHC class II region (Overall comparison)
Gene structure and homology rate between a Humboldt penguin and two avian (stork and ibis) are shown. The number below the gene indicates length
of nucleotides (bp). Homology analysis with the nucleotide sequence of the stork MHC class II region (LC180358.1) showed homology of 86% with
the region containing DAA and DAB gene, 77% with the region containing DBA and DBB gene, namely, it showed the highest homology level with the
region containing DAA4 and DAB gene. In a comparison with ibis MHC (AB872444), homology rate was 86% with the region containing DAA4 and DAB
gene, 78% with the DBA4 and DBB gene region, 70% with the DCA and DCB gene region, and the highest homology level with the region containing

the DAB gene, identical to those of stork MHC.

group (Figure 3). In addition, the beta gene group was di-
vided into two subgroups, one subgroup included chicken
BL gene known as a functional classical MHC-B class 11
beta gene and the other subgroup included DMB gene re-
lated to a transport of exogenous antigenic peptides to the
functional classical MHC-B class II molecules. The BL
genes formed a different cluster from the other beta genes,
and the gene 1 of the Humboldt penguin was adjacent to the
beta gene cluster of waterfowl.
RT-PCR analysis

The newly designed primers DAB _ex]1 F and DAB
ex4+5 R (Table 1) were successfully used in the RT-PCR
assay to amplify a fragment of the Humboldt penguin DRB-
like gene from liver cDNA. Nucleotide sequences of 737
bp RT-PCR product (Accession No.LC415432) were com-
ponding to exons 1, 2, 3 and 4 sequences of gene 1 predict-
ed from the genomic sequence (Accession No.LC415431).

Discussion

Because the classical MHC class II genes maintain a
high level of genetic polymorphism**?7, it is utilized as a
tool to estimate biodiversity in various animal species in-
cluding birds®. Several species which experienced extreme
population bottlenecks, and cheetah (Acinonyx jubatus)',
Eurasian Beaver (Castor fiber)®®, Seychelles warbler
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(Acrocephalus sechellensis)®, and greater prairie chickens
(Tympanuchus cupido)®® had actually showed a decrease
in MHC diversity. We previously reported that the penguin
MHC maintained a high level of polymorphism, which
could be a useful genetic marker®”. However, it is neces-
sary to clarify the genomic structure of the penguin MHC
gene region to reliably detect the loss of biodiversity to use
it for genetic management of penguins.

In this study, we have clarified the structure of one 3 gene
(gene 1) and part of a gene (gene 2) in the class II region
for the first time. The following five points supported that
the identified gene 1 is the classical MHC class II beta gene.
First, the sequence (LC415431) was identical to the previ-
ously determined DRBI1-like gene sequences (AB301947,
AB301949) with variable sites showing a high rate of non-
synonymous substitutions”. Second, the gene 1 was tran-
scribed as evidenced from a result of RT-PCR analysis us-
ing primers based on determined sequence. Third, the gene
1 showed high homology with the MHC class II beta genes
of two other waterfowl species, and the genome structure of
gene 1 was almost identical to the genomic structure of wa-
terfowl genes (Figure 2, Table 2). Fourth, in the phylogenet-
ic analysis, the subgroup formed by waterfowl class II beta
genes and gene 1 was adjacent to another subgroup contain-
ing the known classical class II gene, BL gene (Figure. 3).
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Table 2 Homology analysis with waterfowl MHC class II gene.
B gene
Species 1%:;1112 Exon 1 Intron1 Exon2 Intron2 Exon3 Intron3 Exon4 Intron4 Exon5 Intron5 Exon 6 l:nugjtlh AA
Humboldt penguin ~ gene 1 91 604 270 255 282 112 107 116 24 170 9 2,040 260
Nipponia nippon DAB 91 660 270 247 282 112 107 112 24 171 9 2,076 260
91.2% 79.0% 86.1% 83.0% 96.5% 87.5% 953% 853% 958% 90.1% 100% 90.0% 84.6%
DBB 91 285 270 247 282 112 107 112 24 171 9 1,710 260
90.1% 52.0% 83.3% 82.6% 96.1% 87.5% 953% 853% 958% 90.1% 100% 87.1% 84.2%
DCB 91 285 270 247 282 112 107 112 24 84 9 1,623 260
89.0% 52.0% 84.8% 83.0% 94.0% 87.5% 953% 853% 95.8% 57.7% 100% 84.0% 81.9%
Ciconia boyciana DAB 91 626 270 254 282 114 107 131 24 168 9 2,076 260
923% 78.8% 81.9% 83.5% 96.5% 86.8% 953% 69.1% 87.5% 883% 100% 87.3% 82.3%
DBB 91 272 270 254 282 111 107 131 24 168 9 1,719 260
93.4% 52.8% 84.4% 83.5% 92.9% 89.3% 953% 69.1% 87.5% 883% 100% 85.1% 81.9%
o gene
Species r%::rllz Intron 1 Exon 1 lgllgtlh
Humboldt penguin ~ gene2 539 73 612~
Nipponia nippon DAA 781 73 854
86.1% 97.2% 91.7%
DBA 728 73 801
65.3% 95.9% 80.6%
DCA 728 73 801
65.5% 95.9% 80.7%
Ciconia boyciana DAA 761 73 834
86.1% 97.3% 91.7%
DBA 728 73 801
65.7% 94.5% 80.1%

The nucleotide length (bp) of each exon and intron of the determined sequence was indicated and compared with MHC class II genes from waterfowls.
In addition, data showed the homology rate (%) of each exons and introns between Humboldt penguin and waterfowls. Each region of Humboldt
penguin showed a high homology with 5 types of beta genes from waterfowls, and in particular, homology with exons showed high value.

Fifth, amino acid residues predicted from the gene 1 indict-
ed the presence of commonly conserved sequences on the
classical MHC class II beta molecule. It was considered that
GIn62 and His65 were characteristic to avian MHC class 11
molecule, because these sequences were conserved only in
avian MHC class Il molecules. From these observations, we
concluded that the determined nucleotide sequences in this
study were corresponding to the full length classical MHC
class I1 beta gene and its surrounding regions including par-
tial alpha gene sequence.

Previously reported class II genes from two species of
waterfowl classified as Ciconiida in the Sibley-Ahlquist
taxonomy of bird indicated that there were at least two beta
genes (DAB and DBB, LC180358.1) and two alpha genes
(DAA and DBA) in the stork, and three beta genes (DAB,
DBB, DCB, AB872444) and three alpha genes (DAA, DBA,
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DCA) in the ibis. In addition, in the stork, it was reported
that the number of class II genes differed among the indi-
viduals®. In this study, it was revealed that the genome
structure of penguin class II region was closely similar to
that of two waterfowl MHC class II genes (Figure. 2, Table
2). Although a possibility of multiple class II genes in other
penguins could not be excluded, our results showed only
one beta-alpha gene cluster in the tested Humboldt penguin
subject. In order to clarify whether the penguin MHC class
I region is a multigene family region, it is necessary to de-
termine a further extensive region based on the nucleotide
sequence obtained in this study (4.4 kb). It is, moreover,
possible that the number of class Il genes might be varied
among species and individuals. In fact, in our previous anal-
ysis using the previous PCR method”, more than two alleles
had been obtained from an individual in other penguin spe-
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Figure 3 Phylogenetic analysis of MHC class II genes from various species and MHC class II beta gene determined from a Humboldt penguin.
Gene tree analysis was performed by the neighbor-joining method and p-distance model by using deduced amino acid sequences covering from exon
1 to exon 6. Number on each branch showed the bootstrap value as a percentage calculated after S000 replications. The lower left ruler indicates the
genetic distance. Amino acid sequences of MHC class II molecules from birds and human were predicted from the sequences retrieved from GenBank
as follows: oriental stork (Ciconia boyciana, LC180358.1), crested ibis (Nipponia nippon, AB872443), chicken (Gallus gallus, FI770459), black
grouse (Lyrurus tetrix, JQ028669), and human class II alleles from IPD-IMGT/HLA (https://www.ebi.ac.uk/ipd/imgt/hla/).
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Figure 4 Amino acid sequence comparison of avian and mammal MHC class II beta gene.
Only the differences in amino acid sequences observed for each sequence as compared with those of the gene 1 from Humboldt penguin are indicated.
Dashes indicate the identity to the deduced amino acid sequences of the gene 1. Asterisks and gray background indicate amino acid residues commonly
conserved among the classical MHC class II beta molecule in mammal®>. Amino acid sequences of MHC class I molecule from birds and mammals
were predicted from GenBank sequences as follows: oriental stork (Ciconia boyciana, LC180358.1), crested ibis (Nipponia nippon, AB872443),
mallard (Anas platyrhynchos, AF390589), chicken (Gallus gallus, F1770459), black grouse (Lyrurus tetrix, JQ028669), pig (Sus scrofa, AY191776),
cattle (Bos taurus, Y 18308), crab-eating macaque (Macaca fascicularis, AF492305), and human (DRB1*01:01:01, AB829523).
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cies except for Spheniscus (our unpublished observations).
Therefore, it is required to determine the structure of class
II regions from multiple individuals as a future issue.

Moreover, because all individuals previously tested from
two populations belonging to Spheniscus (African and
Galapagos penguin) shared the same allele, it was suggested
that the class II gene of Spheniscus had a small diversity in
MHC class II gene”. On the other hand, we confirmed that
the MHC class II alpha gene had identical sequences to the
MHC class II genes from waterfowls, confirming the poor
polymorphisms (Figure 2). In order to formally exclude
the possibility that amplification or co-amplification of the
other alpha gene would give a bias to allele frequency, the
alpha gene must also be determined for the full-length se-
quence.

The inverse PCR (iPCR) method is a method to deter-
mine nucleotide sequences that adjoin known sequences,
which is widely used to analyze the structure of unknown
gene region. Our improved iPCR method is a simple meth-
od by omitting complicated operation from the standard
iPCR methods®'~*%, and this method can be applied to wide-
ly other sequences at a low price, because it does not require
any expensive equipments and reagents. From the analysis
of nucleotide sequence of MHC class II gene in addition to
previously reported for the analysis of MHC class I region?,
it may be concluded that this method is a useful technique
to decide unknown sequence. Focusing on Humboldt pen-
guins with the largest number of breeds in Japan, we may
be able to clarify the whole structure of the MHC class 11
region using this method, and link it to the development of
genetic markers of biodiversity for conservation of endan-

gered penguin species.
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P&y 7 s I CUFcE L (M),

OMHC-A/G/F # % % : v + T & HLA-A, HLA-G,
HLA-F DMIBEST %, 4 X, F 3 EHICMHC 7 7 A1
FEDNFED B L TE 0,

@MHC-E BifHIK : © b TlX HLA-E DMiEST 5, 1 2
MHC (Dog Leukocyte Antigen; DLA) 7 7 A T IR
HHRINA, F I TE2MDFLA 7 7 A THENL
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@MHC-B/C Wi#H{l% : © b T3 HLA-B % X X HLA-C B°
ML 5, 1 2 TEbHTH3MDODLA Z 5 A1HE
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v ARSI (NC_000006.12) Z{EMH LIcHE, e b T
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206

DMB, HLA-DOA % X O HLA-DOB WM+ 5%, 1 X,
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W in b, fWELTO QOL ZE T 5N

BB, LI, NEHERIC X 2R ITH LV b,

S B RIEE T O AR 7o 2 B0 & 7ol e R 0 HESE
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DLA-DR % X 0" DLA-DQ & O BN HiE I h T 5

By, FaTike b o2 BEERW EHLPT S 1 v 2 ) VI
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DOBI Y9 % FLA BIZFRRBELTWDE Z &b,

1V A ) ARFEHENRE IR & BT % FLA 2R o [FE 1



% 3 MHC & {5 T OFF & BRSO I

fiod CTHIREE N EE 2 bR b,
3) L bOvA I ZARESEE

VoA ARRGYE E L CF 2 IR 1 v ARG
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S TUFRNT DO FES 75 E BN Ue, B4 DIBLTE, 100 3§
BB D FLA ZHENTCI D A TR Y, ZTofgxm
LT 5 Z LT X D, RG-S H ORI s £ D
O RFCHI TR « W« WEEE OB ER T S
ZERPIFEL T2,

5| FASCEk

1) Driscoll CA, Menotti-Raymond M, Roca AL, et al.: The Near
Eastern origin of cat domestication. Science 317: 519-523, 2007.

2) Driscoll CA, Clutton-Brock J, Kitchener AC, ef al.: The Taming
of the Cat. Sci Am 300: 68-75, 2009.

3) Menotti-Raymond M, David VA, Pflueger SM, ef al.: Patterns of
molecular genetic variation among cat breeds. Genomics 91:
1-11, 2008.

4) —MEtEIEASy b7 — i Rl WE - RMEEE LY
. 2018.

5) Industry TEPF: European Facts & Figures 2017. 2017.

6) Association AVM: U.S. Pet Ownership Statistics. 2018.

7) HORHEN PR A B R 2 - Mo W IE S HEE SR i oW T
(ZH). 1999.

8) T Rl o A R AR ¢ Ml SR B % A
K74 v~k ZTEB O BEE~. 2012.

9) Tokuriki M, Takeuchi A, Sawazaki H: Idiopathic neurologic dis-
eases in dogs and cats in Japan from the viewpoint of animal
models of human disease. Exp Anim 30: 233-240, 1981.

10) Kuwabara T, Hasegawa D, Ogawa F, et al.: A familial spontane-
ous epileptic feline strain: A novel model of idiopathic/genetic
epilepsy. Epilepsy Res 92: 85-88, 2010.

11) O’Brien SJ, Troyer JL, Roelke M, et al.: Plagues and adaptation:
Lessons from the Felidae models for SARS and AIDS. Biol Con-
serv 131: 255-267, 2006.



MHC  2019; 26 (3)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

Yuhki N, Heidecker GF, O’Brien SJ: Charanterization of MHC
c¢DNA clones in the domestic cat diversity and evolution of class
1 genes. J Immun 142: 3676-3682, 1989.

Yuhki N, O’Brien SJ: Nature and origin of polymorphism in fe-
line MHC class II DRA and DRB genes. J Immun 158: 2822—
2833, 1997.

Winkler C, Schultz A, Cevario S, ef al.: Genetic characterization
of FLA, the cat major histocompatibility complex. Proc Natl
Acad Sci U S 4 86: 943-947, 1989.

Yuhki N, O’Brien SJ: Molecular characterization and genetic
mapping of class I and class Il MHC genes of the domestic cat.
Immunogenetics 27: 414425, 1988.

Yuhki N, Mullikin JC, Beck T, ef al.: Sequences, annotation and
single nucleotide polymorphism of the major histocompatibility
complex in the domestic cat. PLoS One 3: €2674, 2008.

Beck TW, Menninger J, Voigt G, et al.: Comparative feline ge-
nomics: A BAC/PAC contig map of the major histocompatibility
complex class II region. Genomics 71: 282-295, 2001.

Kennedy LJ, Ryvar R, Gaskell RM, et al.: Sequence analysis of
MHC DRB alleles in domestic cats from the United Kingdom.
Immunogenetics 54: 348-352, 2002.

Kuwabhara Y, Kitoh K, Kobayashi R, ef al.: Genotyping of feline
MHC (FLA) class II DRB by PCR-RFLP method using group-
specific primers. J Vet Med Sci 62: 1283-1289, 2000.

Kuwahara Y, Kitoh K, Kobayashi R, et al.: Effects of genotype
matching of feline major histocompatibility complex (FLA) class
II DRB on skin-allograft transplantation in cats. J Vet Med Sci
63:1097-1101, 2001.

Holmes JC, Holmer SG, Ross P, ef al.: Polymorphisms and tissue

expression of the feline leukocyte antigen class I loci FLAI-E,

210

22)

23)

24)

25)

26)

27)

28)

29)

30)

% 3 MHC @ {1 OFFf & BRSO IEH]

FLAI-H, and FLAI-K. Immunogenetics 65: 675-689, 2013.
Southerden P: Review of feline oral disease: 1. Periodontitis and
chronic gingivostomatitis. Companion animal practice 32: 2-7,
2010.

Forcada Y, Holder A, Church DB, et al.: A polymorphism in the
melanocortin 4 receptor gene (MC4R: ¢.92C>T) is associated
with diabetes mellitus in overweight domestic shorthaired cats. J
Vet Intern Med 28: 458-464, 2014.

AR, KEMZ, ME # 0 BWoRGYE GB=
. 3ed, JACHIRR, 2011

Maruyama S, Kabeya H, Nakao R, et al.: Seroprevalence of Bar-
tonella henselae, Toxoplasma gondii, FIV and FeLV infections in
domestic cats in Japan. Microbiol Immunol 47: 147-153, 2003.
WIRFEE 5. BHkLv b ey A v 2 0ZEK v
A 59:223-242, 2009.

Olmsted RA, Langley R, Roelke ME, et al.: Worldwide preva-
lence of lentivirus infection in wild feline species: Epidemiologic
and phylogenetic aspects. J Virol 66: 6008—6018, 1992.
Nishimura Y, Goto Y, Yoneda K, ef al.: Interspecies transmission
of feline immunodeficiency virus from the domestic cat to the
tsushima cat (Felis bengalensis euptilura) in the wild. J Virol 73:
7916-7921, 1999.

Liang R, Sun Y, Liu Y, ef al.: Major histocompatibility complex
class I (FLA-E*01801) molecular structure in domestic cats
demonstrates species-specific characteristics in presenting viral
antigen peptides. J Virol 92: ¢01631-17, 2018.

Miyamae J, Suzuki S, Katakura F, et al.: Identification of novel
polymorphisms and two distinct haplotype structures in dog leu-
kocyte antigen class I genes: DLA-88, DLA-12 and DLA-64.
Immunogenetics 70: 237-255, 2018.



% 2 MHC SRIET 0 Hi i & BREEHE~ 0 I MHC  2019; 26 (3)

Characteristics of cat MHC genes and application for veterinary medicine field

Masaharu Okano'”, Tadaaki Moritomo", Takashi Shiina”

YLaboratory of Comparative Immunology, Department of Veterinary Medicine, Nihon University School of Bioresource Sciences
*Department of Molecular Life Science, Division of Basic Medical Science and Molecular Medicine, Tokai University School of Medicine

Association study of cat MHC (Feline Leukocyte Antigen; FLA) genes with infectious and autoimmune diseases is expected
for the development of veterinary medicine, because cats are one of the major companion animals in Japan. However, detailed
polymorphism information of the FLA genes is limited in comparison to other animals, although polymorphism analysis in
FLA genes has been in progress for a long time. To better understand the causes, we outlined characteristics of cats as
companion, experimental and wild animal, a history of genomic analyses of the FLA genomic region and polymorphism
analyses, and diseases and infections that may be associated with FLA in this review.

Key Words: Domestic cat, Cat MHC (FLA), Polymorphism analysis, Veterinary medicine
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ik AREEREAT

BEZS B

47 SE[TD 1972 4F (BF147 4F) oF, FEESIAERERCEBM Y 2 —2DH&3h, tva—RKEL il A%k
ENEMEI h, TOMREIEHBIRE T, PEE R OBKRRARN & U CHIERE X7 > T’ im#) & e,
ERBEOHEBRET, ERE b RE LMD TEEV LI, HHRIAIAEL, ZLTUMEFOREVEETH-
Too FIMEEOMBLIEH VAL T, O LD L ERPICH L LE0RENANRIIT LI, ZToORLded 57 T HLA (4
L HL-A) OFHEEZBHE LA, Mol bbb P& ) Thot,

MR H AT HLA BFE0ME E - 720D T, ¥ 72 HLA 7 7 A LHUR®D LA (BAED A ) & four 8 (RAED B )
D 2FEDRIE 5 fz, A DEE BB O BIS K AR S T eiiEE T, B, HLA JUiSic X % ) v
NERA R AN A L EBTEE L, FLTEBR Y 2 —WEE R, $F—0loEBEMET I hieh, Yk
HLA $ilfiiE b Z L <, dEE0BINcLH, MATHLA FUMEX AFER L4 4 €y 77 v — 1T, HLABE L
DRI TH Do YEHIHAAD A = 5 —Tr, HIED HLA-A2 BRI % 0 & REERRHN T, diebofsE el o
Pl ANBHEE 2 D 70 e 2 4RI L, HARANHSR D HLA i 2 E U ic, 3 28tk d v 9 F 10 BeHZIRE L
B v 2 — TR A BUE U, A ik & (ER L IR T dh - 1e,

AT G D HAD HLA MR ZEL I I ek O E D T, BB v 2 —FERRb O 19724, 7 2 ) I DY v X X —
N CTHEINRICH K HLA 23ic, HROFEE X v AL LTHIEIh, TOEHETT 2V »FEELDL, HAA
HLA S350 ) v REREREE T S oo, Feftk, PUkilio s vEH e HLA HE A F B v 2 — Itk bh TE
ChiEvA7aFa—7 B T~127a3EL HAOKHLA PFEECKED L, FHEETHAANHLA SF LY v
NEREMEHEL, BAANHERD HLA HUEAERT I h, ZhEESc&eEns s AN O HLA Hifii sk » & 5
Rahte, ¥R EEND THAD HLA I B WO EBWE ] O HARAMEZEDOLER [y & « X"=RF0D
B oFERISHBIRLEY, ZoREABEARD HLA FRORWIT EF > THBEE Tkt

FRWEERBE COR—0 By, bkl & BERFES E oL FFET 1A S —# e CHE, om0
BT RNEWKITE R T2Z ETH B,

1974 4F, B THBRAFEELBEZ E LTl bR b i h, FAbZoBE, dhEN ey 2 —REIFRBI I
5 R HERFHRBEMIE £ v 4 —i2, dREOREI ) CRIBMEMEE LT8BT52 & &b, dhAdnd 10 FRH
WK T SRS A Z e,

19724 LSRR B« v 2 —BR: (FreT 1973 4 BERFEAHA (FITECT, o bk Jekk,
M hs, finbibd, 5 EH)
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R FIREE BB BE S, e R AE I OB E I h, £ L THREEOME Y 2 —nbH LW
MRS v 2 —iC HLA SBfI8B D, il vty 2 —RE L T8l B I hic, Yk HLA BB BT Tk,
FRRIIIC 2 < OB & OBRBH B E e b, BB % bR deh o S8 2 b, B8 1RO 3 —
T a0 v 7 Mibhte, dEARRRCIWEEIRE L e, Rl > THLWKETH -k, SEin-oTidErL A
Wi hd,

Lo Lk AR L WK, FoBEhe, BEATBCEBEALRE, BAOERECELEI i, S HIckEk
DT R A CECR D DR LA TH o7z, FRMBEAMCIIRADE | THARE, BIFOFADO MR AR & —F
CRHNTRT T E o7, TOXSKHBRICKRERXILONLELWLETH - T,

F R R S, ddEo JERT, HHid e Y (1964 f~ 1967 ) I HLA HFENhic, 72V I D
T 2 — 7 RFBEFIMEIETF D Amos B OHZITT, WHE (1976 1 A~4 A) FT5HE%2 52 bic, Amos HiZiL,
1964 B S e s | MEER HLA 238 (HBEHLA Vv —2 v 2 v 7) OXE@ET, A TLAER R HLA MEE DR
0L ThD, 72— 27 KEMERETOHE, B dSHBMEECcOER L Fr—oRMBEGEREE LT,
¥ 70 HLA-D U A3 2 ) v BB AR ERR (MLC Bifr) ofFfMiEETH -1,

Z L TCMLC i, d#=EX Y HAADLH L\ HLA-D $Jii® DEn (Dwl19), DKy (Dw23) OFHR, X512 1981
4E4Z Shaw B @ PLT T & 0 Bl S b HLA-DP Hiliiod, DPCp63 (DPBI1 %k 0901) ZFR L7,

1973 - H AR A D HLA W98 % FIRAIEAE ST 2 BT, 25 1 [ H AMBGE G e 0 IR Bk o 5 N ChfE S h,
e BB L HL-A R OE TR I L, CONRSIAABHEYS L AARMY-S 0%, 20536
WEIBAME X 41, 1992 4E AAMBE A S L L TAB LBAECE > Tw b, AR, 240005 0 ARRGE & i 7e it
A, HAMMGHEGHEESMFE L IR, YYE0oRRBCKERRDERI MK,

HLA 7 —27 v a2 v 713, MWRMEBEOEBEHLA YV —2 v a2y 7, 7V7 « 427 =7 HLA7—2vav 7, L
THAHLA V=2 =a2vy 7, HAMLC7 =7+ =y 705 h, WFhidhlEizARO LA v x—DfhFEA &
LCHEHMSTIIERI R, 19744 1BIHARHLA Y — 7 v a vy 7% BEAELFEM FL1979FF1ET77 «
7 =7 HLA 7 —7 v a vy 7RFARTEMSI h, UKL b BRZMb T, ik, WHETLIBSFRVEIE
TIEW,

SO A2 1991 A 1 BEEEHLA 7 — 27 v =2 » 7%, MR wded, WAMREZRALD LMo THATIME
HLA ORRED DI K E 8% L, RO EERI i,

AR, 70 (19774E) ~9m (1984 %) OEEEHLA v —2 ¥ =2 » 7, F 1A (19794F) ~ 36 (1986 4)
D77 AT =T HLAY =2 =y 7, H1E (19744) ~11E (19934F) OHAHLA V=27 v a2y 7, 1
\ (1976 4E) ~ 4@ (19854) OHAMLC 7V —72 ¥ 2 v 7O HLA i ic@#Bb 0, v —27 v a v 7 &t

-—

1977 46 85 7 MBS HLA S - 4 ¥ 19784 417 2 ) HLA¥SHE; 19844 9 mEEEHLA LG : o
YA Fv 27 A7 53— FR¥ BEEHC FARAFY O=RN=VFRFHEHNKT, £ Y (T4 VIIoMEEHCT, ErbHET
T, EnbEEH, WREL, gL, & »bEEER, L) Jert, R, BIESeA, Wi, EH
JeA) wynsed:)
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ERE ST, F7, 19784FED 7 2 U 7 HLA &1 Z—#TE, HLA OB ciEEmni 2 LML D
LIELL, BhbhimwBuwli o7 (% HAD HLA R0 L#E  EEEN  HARBE ek
%3 5B

S bk AEE, HLA &BAFRT 2 1984 4R5F 20 Ml H ABAH 2y, 1987 456 10 [0l H A E#i M2, 1988 458 3 [l H
KREFAFARIEFZOFRREBEI NI, I OICRMBM, T ERBEOHIEA LM 2001 4F L D 54ERH AT
FEEE2OBFREZBHD DI, TR RGRERATFERb oL e4 o SIE#E, ADOHRTHMcENTEsbh b
(My Way 1E283 WEHEEVIEAT 2012 42 8)

A I EIRBED 3 4R, HEERFIREED 10 FFHEE SRS 220, Fcxd o EolavH T, s -
T HLA OZEF TR I/ BZMEasmE, ARMEAEmEHE, IOEAELES BFELAOEFH L [’
A EEE 2005 FEBR) mEZEL, JHEHWICEEAZEMTHY KEATH L (HLA BFFEH O AL
HLA & D&\ RN AAMRBRE G SE 1 &2 52R)

F 72 1985 SEHRMFPRTFIRBE X HER TH D b, ERACIMMLr RO TRANAGIGE L THE, BRI
v #4 —T HLA DAL T 5 & L3k,

Ll i AFFAEoGMRCHh, SEXRCE LR, THEEL OENRCT, JHEEEE#HEZAD TR ALY
Z I¥CTHW,

THRD CHRET, TRAL DAL EMRLKIFET, 7 —_~VEEZEBRLCEBEATH -T2 L, £LTHK
gL b & KT HRE -7 & DAL TH - 2,

HAD HLA EDMBCAEEE EHER cFEL, T—#H(C HLA DHRCEENREL LS E, DEVIEL (BH
LT&EYET,

it BEEE, T(TADKERBLBEVWHEZTRE, FYCHHSWEVE LT,
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ik ARBEZBAT

BTN 475 SHIE VS S Y R S
Vx24T 77— A e
L KT

HAMBE G 20R R RIS h, REFAFZORRELABEGENRCE KT SFESIhE Licdt A%k
EN2019F 7 H 23 HicZlikadnE L, ZZREAT, BiEexdB L EFET,

AL, 1957 FRTER KR AR AEERE, vy A RN=TRKFEFERI—RA, 74 FTA7 4 THREIWNEE « WEL Al
wHET, 1964 4~ 1967 42 T7 2 U  Duke K% ® D.B. Amos ZIEDOHIERE T, B L MM A O W TOW%%
mIWE Lic, WEEE, HHRERKRY « AR - B EE BF, BICRAKFEAT BORHREY: B1F, SHEEE
Wbt « BB« v 2 — 5K, KBRHEESE AR IR 2R C, 1974 FIo B KF AR MR E oM oH
BRELT, #HfEIhE L, REED AL HLA ROBHIITH D, FHCHEAY TIRH AR5 HLA BFEo#
HEEBEOIFEICHLINE LIz, 1974 R, BARFOE IBHEARHLA 7 —27 v 2 » 7&F BlhAd L MicE: I h,
1979 4Ficiy, {177 « A€ 7 =7 HLAYV—2 v a2y 7 (AOHWC) Ok ELT, HADZRELS, 7907 -
7 =T7EICB TS HLA RO FRHIED it K& SEBS hE Lic, I HIT, 1984 48 9 JT ks 20 [l H AR &4
ExHoHbh, THELT, BMICKTS HLA IR, 77 « LEEOBMEOBUR, B ERBE 20 EJFH
NoH7mE, ML L TIREEH RREEALFHELTH D, HLA LB O TIRIE LT - 7 BFE o 3 % 3835
ShTwieZ Eifdbh g3, FAlk, Z 05 20 BIHABHESOK THROFF 12 05 Wil KPR ARB A
BMFELELTRALTWREE, 2ok 4EMEY, dBE0 ZIHEDO T, FARHHCBEIGHRAKRFRELILBIES 1
THT A (Bl HlEKFAEBEE, =7 81477 7 —~<hAath REBFIELR) L3, HLA O#@ET#
Hi®e DNA % 1 € v Z7OWIEa 17> TE F LIz, 1980 BRI, #SHics\ T3 HLA % 4 ¥ v ZIRIiEF Mk & MLR
7o EMRFTEN FRERT LI, Lasl, ZoORHH, WOKTH, cDNA 7 v—=v 7 Z X % HLA E& T DR SR
WoWmENPHRE, HLA # 1 € v 78i1L, HLA BIETHOEMOMN & LIS W2 DNA £ 1 €Y ZEAOBITH
FREINTHF LI, dlE, ENTIOoORUBCOWBRLIZSI0hT, ZThsbo HLA B9t DNA DR’z - T
WS EEZTREbRIEZ L, TORRBOWCEMRL 4 L3k, YK HLA AT OS2 B U< 7o -
TS RS RAIT RS\ T, HLA @ DNA MDA b2 T KX o2 kg, BEH L TEY 4,

TR ETE, HEARBC —7 1 v 70 MTbh, FAOEHEOHFRROME K LT, dhedixk& BTl
PVHIERIERCL Y, BAERIAIBLWIEEY R > TELR ORI TLR, 1991 4£i2tX, 11" International
Histocompatibility Workshop and Conference (IHWC) ZAHIR  #pded:, fEARERE L L b IcakE L TBIRTEMS R,

A B

BEH®D 19864 H3M7Y7 A7 =T HLAYV—2 v av 7

(A : 7200, B: vk dded)
O~@F ToHHY, T_UETRELE (A HR) oftffhic b oTd,
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BEQ 1974~ 1998 1 W KFEABMFHE (O - dded)

BHE® 19844 9" International Histocompatibility Workshop and Conference ® F 3 7 JIl 7 v — X (£5 2 FH : d:5e4)

V—27vay 7RI =74 V7T, WO ELTURECHEEI N TEbE L, dfedid, HLAZ A v s
HHEREE LT OREHMORELMEIATEDRE LD T, REBRASKEZE M, ERA»DOBRAY
Goh L, MRBAFH 104U L) OKFIHTLE (FEQ®), BT HLA PIRCHEZ R I 5B Il
WAETLRR, e ZoXFimoeBL ZHECHE N, BEOFERLCFRIE LD IRKEEETRNASCKL T
mLwnwiciinwieZ &, BRI 2 1 H—AD K7 » v C, AR — 7B LKL, W& 5 OREE T2 M
T RERyr —F 2RI, BETERLIVWKREWL I ERE, S THAEENLLBVWHEIhES, $1, MIR=ED
EAELTEIY, ERELLEMND >R EBEROIIIEL & » RIS L5 18Kk - Lo o el edEnd, £AN
M RN v I F RVl E, ToBMA L LMk LBEVEEBE NI L4 2Hh0 F LI,

bRl s, BROWNERHELE kil lEl, 722 VCBEBBEON L X oL b0, LA BHE
PRI & L CoBHAMED S MHC (SLA) BE 7 2 #H\ W ihoenlk, W42 1998 Il AF R X
NTHBNEDHBO I ETTR, EREORFED IR CHOWI b H > To Z L LD TRIBIIZS T > T E T,
BE® 15 ERMEoM, ket AolkdiefiribloninsBund, AXBELFTREMELTTESL L2 G
Sh, BRERZLBEET, 7 AV h RS, BRI ER 2 BT I hE TR S hic 2 Lol s
VL, IRLOFHLERBIIBOEICD, BLWKTHo v BuniconTit, RERVERLERD
b hi-Z & L, &HFERICHREI RICAEE My Way] @EhrhT0ET, Wobiirnl LIk R DL T,
M50 pEH EL S h, BILRAT, AEFDOL S KB dBENCS holcbflolcd E1X, TERELNMD
BT 2EFLE LI, AILTAEHEELAFDL LE L,

ddek, KERMERCD £ Lic, AMTHINE S TSV E L,
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John A. Hansen 1O AW

A =

John A. Hansen 1-F:1X 40 1> 72 % MKW B & O BB EEHE, HLA ~ v v 7 O3, National Marrow Donor Pro-
gram CEHi¥ X CMEEANE F - —88) Offivic s, BEOWREEEBOWRO DI ESETZ 2, EEMCK
IR, 2019 4E 7 7 31 HEES A D7, 7+ v b v Ml Mercer Island D 1T 76 O ANEZF U bR E LT,
SRS EMOBEERLT, Lb IEREBTOKL T,

Hansen [ 11X 1943 4F. 3 % 7 K ) 22T, WERA— T AROKMZRL &L, LELWEEMONO S LITFtE,
1965 4 3 & v 2 K7 (BWpd) AFER, AZ v 7 x— FRPEERFMCAY, BEFHLAIEE L ¥ L, Hansen 1
XA Z V7 4 — FREZODIESEHCH 4 7% Shamway B D b & TULEBMEZ HIE L %92, DB ME o HHERIG
HREFCHM LI EDEZND, v Y FYEBI O XY 2 RETREFFEELE L, B ABRYOHHE
A S fit L7z 3 & v 2 KF D Robert Good Bz b & Tik, HHIBMICI T HHMIE & B *1HFE (Graft vs Host)
Rt Bz B2 S, FUCBHEBEY L 3E %, LBROBHENLEEY AT ADOBHNERESAS»FTH LT
Y E LI, 19774, BB T/ — v E% M5 2 L1127 % Don Thomas 3% D75\~ T Hansen f+:1%+ 7 b
® Fred Hutchinson Cancer Institute ~% 0, —A0ft & i 2 B O KR, HIK, IOV r —BRHEFECHEEE,
FHOALY 7 3= FREANRD I EXDHY TRATLI,

Hansen Fi £ VBRI O IR A B U, HLA v » 7 v 7 BT 5 2 L2 510D 1960 FEDH 0 5 1970 £ D
BB 230 CiE, HLABETEOBE I H2LT, HLA O@AELEE H T, HLA 7 7 A N OFES B R TWIRL,
% 31T HLA %8 O B2 C L %2, Jean Dausset & #%, Rose Payne ##%, Jon van Rood Z #%, Rugerro Ceppellini % #7,
Barnard Amos ##%, Paul Terasaki H#%, Walter Bodmer Bd% H D /8 1 4 = 7 #EHBM L\ 54 & WG & ik 8 T 7e 30l
D HLA OISR TH D F Lic, HLARB Y —27 v 2 v 7% E, I, MmERZLMmL, MR 75— 2%

BE International Symposium on MHC and Tmmune Response

1983 4F  HET 7 ¥k 7 A HH
HiFN/ED B 2 A H DS John Hansen #4%, € Z 7B 4 H. McDevitt, T.Sasazuki, K.Rajewsky, T.Tada, — A3\ ~"C H. Festenstein
®IVED b 2 NBRFBEA PERAH, 4 AR @f&TE=, 5 AF D.Charron, 6 AH A McMichael, 7 AR PILGFR=
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HAHF % &£ 5 HLA DHEEE D v v Ao B DUSE s A7 2 28D BT % L,

—77, = v A0 REBHEOEMRISICIR bW E oL 0 L LTHRR I, B2 MHC (major histocompatibility
complex) &EMEEN D X 51T7n -7z H-2 complex 23, ~ v ADGIFILEHIET L HEH L T\ 5% &\ 5 Hugh McDevitt ##%
< Baruj Benacerraf Z DO FERN, © b O MHC TH 5 HLA CH LWHEYUTH I L ERD, v OREEEFOZH
WaMz 52 L) FLic, Hansen L EHT L CAICE BRI DO HLAEEEY —27 v 2 v 72BN T T LI,
AP ERIZ T O W RBYE & LT HLA DB D721, 1973 FENDDA X v 7 5 — FRFRA N 7RO 1975 12
MDTCTv—2DF—7 ATHINTHEHBEHLA 7 —27 v 2 v 7128 L ¥ L, Hansen -HIZBHPLE, Frcgi
BAHIC R % GVHD 5RO 7D I HLA OB % HIE L T1980 D4 v 7 A7 5+ —FDV —27 v a v 7 b LIk,
2R D HLA 7% 1 4 = 7 % ambitious 7% new comer 3£ & Wi kbR 01D, TOBMTTHEDL X L ED— LD KGR
ST Lty Ll

BHBHCET 2 —_AVEZEEHEDL VT M A0 7 v —F ekt L, RIEAAF— 213, R kA U Ak GvH
RO EGEEEAETFRICIIHLA 7 SATOBEBTFVRATOYy FV 7 RNREETH S Z &%, New England Journal of
Medicine ITFHEEH L F Lz, HHEYH, —=a—a3— 27 24 2 RECKELSFHEIH, KEOBESLLDFEEN D Fax 21
i< 7 ERE S K E T A OV E LTc, Hansen HiHIXE b2 7 v — 7 D Effie Petersdorf Hit-% <+ 7 b L2 B I
KFWIREL, TOWROAET — &, HEtFENE R EFME MK FORFHITFELED TER L E L, 5
FETEHEMLCIOHLORERELCOBRENXASEDO LD L 5 CH, BATIhE Lic, RuodmBlguckt
THHEOBL e EBFEHERD, T LU THEHERZM > OB WEOCEIE T2 Z LMK, Bttt ->Thb k&R
O Tl

Hansen 113, BIMKNEEZ ZHS bt L ICHHMBMCIS VT, HLA &0 5 BT b 2T 238 E 10
GVH LR Y) 7 =& LT, BEORICIDBIEEND EWV S BRCICEHRAR EPRIR L CXx ¥ L, £ L TZ?D Hansen L%
DAD, B & S BRSO E T 2 @il O 222 0k, CHICES5HIELE S ELTW2D0, LEfMD b
H2 0 L,

23> T, Hansen LD HH D BREE Mary Ann KA, MRS 03 D5 o 72§D Hansen Lo X, £ L T TEHES
FHoThHER? EVHMOETE LB RERCRRLEIT et Lic, ik toRizmd 3 hd, BtoH%sc
WAET % X 5 Brh TCoie kel TiT - 72841%, Marry Ann & John RED WO b EEBLLRHARLEBLE X E\Wich
hOHRT, ZABRBHRTLEGDHHH AT LRCEFCRE T/ Th, BrCEE) AWRALE I LIH 2 &Rk
LTERDZ LD TR-A,

W7 VAT v v OFKFEICH - 72 Hansen 128, Z0HREONIEL < W5\ Suzanne KA RSFO b, W
% FIE 3 Mercer Island ® BE CIIORZRPLHr Tl 2 bhic b E 2T lic, £ LT FRESED It
WhiEE, ORT LI BRLAE WD WHZ ZEA L SHWEL TWET,
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John A. Hansen 56k D T L # i

BRIRPER Y% B
Hil S Wi v 7 B R
PRl ZRHE

John A. Hansen JE/EN T WA A D72 20194E7 H31 Hy 7 P A HETHEEZSEWMb i, FHET6 X TH - T,
NV e VAR 13 IEBHEE AT -2 v 2y TESRELTH T X €7 MY T EREY T P LVTHBEIND
T EMBE G B TR E ARSI, # 13 B b & MMEB TS b AN E D BIEL RO TWD, bh
OIEHBEZITIR > TEXICHIC L > TIFINCB L ACH D HAET, LS OBERBExEZLIILES o1,

NV e VIR 1977 EEEBEOBYC T vy Fony Fv Y VIEBFIZE v % (FECRC) M AR 0 R
ELTHRBI N, FHBMORIK & E8E G IES SRR TR 2 ) — F S hic, 80 Rkt R i) o A M
oIEMBEEBEHMBHEZT, BEOLBO 7 v A 7 AKE LSy T P AV THIRO BRI v 7 230 H B, &kod
iy~ 7 (National Marrow Donor Program: NMDP) D JelRiJ & 72D, 1988 4F-42 5 2004 4% T NMDP OB HEREZHD 5
nice BAOFHEN v 72 OFLICd DIFE 2B E, 1989 F i3 H TRk oiFHc vy 7v 4 72K E b ied
BNy 7 OBRBEWR IO X LEAMEAHEHL TV, T, ROROHAYSh, BREEEEZHL, b
FHCRC T%  BHHENEHAE & L THESBORE &It o T ii Wiz,

BTN E BT o 7Dk 1981 47 v ) X THIfE S hic ASHI 84T, FADFERICH L HEICEHR L feid v
T EXMRT, THUBRATEAIC 1 E FHCRC Zilit, % OFNE T Dlf» ORF OB ML HLA &A%
SHEEEBLENTERTH - T,

DX SNV ey BAETEFHBHOEK « iRoft R ChBs X REMEEIh, TOIEH « o F TR
SR OWFEFE « B (FHCRC @ Prof. Paul Martin, Prof. Effie W. Petersdorf &) 12k # & Z T~ F 9,

LD CEFERT D WL T,

https://www.fredhutch.org/en/news/center-news/2019/08/john-hansen-obituary.html
(FHCRC & — & ~X—Uinb)
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HASH S Y 7 DBAY 3 ¥ - Ny =B h 728y 2 L Di—

NS AN HLAWFZERT, HLA Foundation Laboratory, [
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NLOEBEHLA 7V —27 v 2y 705 RXKE) OF—2av w7 HHEALTSALDOES 5, 1980 FFRIC HAF
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- 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.

- Geographic, human, and scientific names are listed in their original languages. Use generic
names for drugs with commercial names in parentheses.

- Indicate units and quantities using Arabic numbers followed by international units (cm, ml, g,

kg, pg, 1, %, °C, etc.).

References

References should include names of authors (last names first); title of article; title of journal
(abbreviate according to the style of Index Medicus) or book; volume number; location and
name of publishing company (book only); first page, year of publication. For references with

more than three authors, list the first three, followed by "et al.". See the examples below:

Journal.
Shi Y, Yoshihara F, Nakahama H, et al.: A novel immunosuppressant FTY720 ameliorates
proteinuria and aiterations of intrarenal adrenomedullin in rats with autoimune

glomerulonephritis. Regulatory Peptides 127: 233-238, 2005.

Book.
Katz DH: Lymphocyte Differentiation, Recognition, and Regulation. New York, Academic
Press, 1997

Chapter in a book.

Tongio M, Abbal M, Bignon JD, et al. ASH#18 : HLA-DPBI.

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”
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