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Novel immunological approach to asses donor reactivity of transplant tecipients

using a humanized mouse model

Human Immunology, 81 + 342-353, (2020)
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Yasutomo Fukasaku, Ryoichi Goto, Yoshikazu Ganchiku, Masaaki Zaitsu,
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Tsuyoshi Shimamura, Akinobu Taketomi.

Novel Personalized Immune-Monitoring Assay for Predicting Operational
Tolerance by Using Humanized Mouse Model.

American Transplant Congress. 2017 4 4 H 29 H-5 A 3 H, Chicago (U.S.A.)
Yasutomo Fukasaku, Ryoichi Goto

Novel Immune Monitoring Assay by Minimizing the Influence of
Immunosuppressants for Living Donor Liver Recipients by Using Humanized
Mouse Model.
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(&5 & HM)
R Ic BT 2 BB L Y Yz v P ORERELZBIZE L., @Y & E G E o R
BrEx T 200 EL R 2BITERIERLHELENTE O T, FrIC RIZIIHIH o W,
ik o v & %2 HWr LS %5 Biomarker (343722 > T vy, BEfOBHEZL > v v FIC
W dhEkEe=—x ) v 3Ly F THIEO FF—PUEICH 3 2 7 o K6
Y v NEREAKIE MLR)ICX WFEiiL, —E0FHAERATREIN TS, LA L,
INHIRE=X2Y) v R TORBHGEIFIOMEEHET 2IETH . BEHHIF
e, Pkl 2o FF—diiiex s 3K E FHl, FlicE 3o TiE Ay, t
Moo zE70ide P RIEMIEEZ REAE~ Y RICHBET LT, v MRER
fetrc& 2 — & L OHBEAIClESRBEIC B T 2 MG D X 71 = X L g ic i
WHNTW3, Lz, FEMEEL Y YT Y P oEMIMEZEEK (hu-PBMC) % NSG
U RICHERE L, G 2 o — R IcEEli 2 g2 e MY A 2R L&, Z
Dr Mbwv 255 hu-PBMC 208 L. 7aRE%x 73 2 2 & <, SREHHF o
BOWREEDOL Y v v AR GIEREEZBIR T 2k es I35 %H
e L7z,

[f 5 & 77ik]
f@#E (n=5)&. EEFBHEEZEL ey b (n=14)D 5 b G PIHIE b o 5 Fl
(On IS Bf: n=10) & SEEMHA P - TE T BEEF(Off ISEFE: n=4)DZhFhn i e
FRMIM Y v o8Bk (hu-PBMC) ZE(L., 2.5X10°ff % 2.0Gy & AR S L 7=
NOD.Cg-PrkdcsdIL2rg™/Vil/Sz (NOD/SCID/IL2r y ™!'; NSG) ~ v 2 D g i< $%
5. L7 (hu-PBMC-NSG £ 7 4+ DKL) . hu-PBMC #5 21 Hf21Z NSG =7 2K
I/ /A& » hCD45* ) v Bk % 73 L. hCD45% Y v ¥ BRJp i % Flow
cytometry Cafffi L 72z, ¥ 7z hCD3*T fifdd F o+ —. 3 party PLEICN T 2 7 v K)E
% MLR CEiffi L. ##LZF 1 NSG = 7 R I {3 2 §ii® hu-PBMC(Fresh PBMC)
L EESE L 2% D hu-PBMC (hu-PBMC-NSG) CH#Z L 72,

€D
fl# . OnlIS #E. Off IS #Ef @ Fresh PBMC @ hCD45+ ) v BRI 5 & 7 1
ot £72. 2 TORERIT hu-PBMC-NSG DIERIC KT L. FHHEEH% D hCD45+
U v 8BRSy 13 28 C hCD3*T MIAE 2% 86.311.8% (n=19) & B IC FFREEE X 1,
hCD3 ) v “BROFHEFE I3 % TH > 72, hu-PBMC-NSG I 1) 3 hCD3*T flifig ¢
IZ. ¥#ic CD45RA-CD62L" effector memory T il (Tem). CCR6-CXCR3* Thl #ig
DMERL 72y & 72 o 720 F 72, hu-PBMC-NSG i B 1F 2 HESEH O hCD3T it 1%



CD3/CD28 #il[#ic i Fresh PBMC & [A&FICi W K IG 2~ 3 — 5T, 7 e HtlEicxt 3
% Y v OoSEREENE KOG 12 28 C Fresh PBMC X W HEICHEIEI Lz (p<0.05), HIC
BhitkLr vy bicsnwCid, OnISEE<T 10 FH 2 | hu-PBMC-NSG @ F - —
PUEICHT 32 U v XBRIETE SIS 25, 37 party FUR IS 3% ]G & P L T B &
N7z, To2HFHRKEECIEHRNMICZHEYVESTES ) A ZREPITH -7z, —J7. Off
IS #£Clx. £ T Fresh PBMC & hu-PBMC-NSG i BT F F—HLIR IR 3 3 &G
23 3 party PUEIC L~ TR HIH] & 41T % donor-specific hyporesponsiveness
DEIZE T, hu-PBMC-NSG T M+ —FRCIFI 2 HFEFEI AT, 20
Off IS #f &[4 @ donor-specific hyporesponsiveness (Z On IS BEIC 35T D 10
ApcBEI N, D 4HDIRZEE IZIEHRICO T vy — P2 Off IS B & [Al Bk
A 7e <L RIEHIHRIF 38 E T & 5 RIEEE R E T,

(%]
hu-PBMC % NSG =7 R ic 5, P S 2 2 & T, hCD45" ) v ¥ ERIF PUEIRMR Y
12 hCD3*T Mg, %57ic CD45RACD62L"Y Tpm, CCR6'CXCR3* Thl & 9 i %
JOICHESE 2 E 2 S MilicE 2 b b, [T vy~ G O HiE %2 5 5
52t WLt Lz, 2hbDZ LR, A e~ Y 2 hu-PBMC 2 #%5 F 5 B
IZifd T % homeostatic proliferation IC X W (g Z I N b LE2 LN L, 7,
Fresh PBMC, hu-PBMC-NSG #H{\»7 MLR X b, &L v T v b0 FF—HE~
DG & BRREEE & O LGt 6, OnISHICE T 2 AWM &V X 7 iE
Bl SR F 23 E T & 5 AlRETE D & 2 IEHI 23" X v, Off IS #f Tl donor-
specific hyporesponsiveness 2% hu-PBMC-NSG T I b 2 & #HL i L
Tzo 2O ENLAMETEMLAZL Mew Ty XREF VI, hu-PBMC B#EZ D F
F R RO AHER T . EIGEE P o BRI EEEZL v it TiE
S A ZE, b L CIFhIb L 2% 7 v G % Tews Thl & W5 2k G
CRG T MR 2 Y CCBIRLBL2ETALCHLREEXH S, Lr L, B
WHRICBED 2 L IN 5 Trec IRHFCHBEEEL TR T 2L TE AR, &
%, I o BIEMOEAENR & FEM &M IC XY AR E O fEFEO —D2 L L
T. FEERIKICH T E 5,

[ G
NSG=v zx%& vzt M=y X EF AIC X 2 Hi B2 IR RE AT i 13 A4 R AP RS At £
Ly v bo7 v RGHEZ X &, REIMHIA O 2 wikiEo P —K RN T B

MR AR RBOFM a2, FLrvvy  ofuEMtlFFgoEREo —2 L L
THMTH 3 HEN D %,
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AXFHBLOKPCHEHALZBREIUTOLEBY TH 3

AR;
ATP;
Ag;
CFSE;
DC;
DSA;
DTH;
FCS;
Foxp3;
GVHD;
HLA;
hu-;
IFNy;
IL;
IRB;
IS;
LDLT;
MFI;
MLR;
MMF;
mPSL;
NASH;
NK;
NSG;
OVA;
PBMC,;
SIRO;
SPF;
TAC;
Tewm;

acute rejection

adenosine tri-phosphate
antigen

carboxyfluorescein diacetate succinimidyl ester
dendritic cell

donor specific antibody

delayed type hypersensitivity
fetal calf serum

Forkhead boxprotein P3
graft-versus-host disease
human leukocyte antigen
human

interferon-gamma

interleukin
institutional review board
immunosuppressant

living donor liver transplant
mean fluorescence intensity
mixed lymphocyte reaction
mycophenolate mofetil
methylprednisolone
non-alcoholic steatohepatitis
natural killer
NOD.Cg-PrkdcsedIL-2rg™/Wil/Sz
ovalbumin

peripheral blood mononuclear cell
sirolimus

specific pathogen free
tacrolimus

central memory T cell



TCR ; T cell receptor

Tewm; effector memory T cell

TemRA; effector memory re-expresses CD45RA
Tx; naive T cell

Trec; regulatory T cells

Th; helper T cell

VPD; violet proliferation dye

WT; wild type
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ik 25 F% A D B IR & 1 S 2 WA ] (immunosuppressant; IS) O FEREIC L v, FL L
% L 7= (Starzl and Fung, 2010 ; Calne et al., 1979), 2018 fEWf i O AKH I BT 3 ik
tmIGHHD 5 AR/ 77 7 FEBRIL, Ol 92.5%/92.5%. fifi 5 73.4%/72.2%.

JFE 5 82.0%/81.3%. &l s 91.1%/78.1%2: R A SRS S T 2 (HARKE
wmstEAe Yy 87— 2 2019), L2 L., WE&SHEEZ OEMKICZ I 2 5 720 I i34
WCH 7% IS ORABLETH Y (Lucey et al., 2013), EHIEZEIEH L 5 Fohw - &
JefiE - BRRREREE - R E 2 Yok 4 ZElfEA2 ME L 2 T2, (Benlloch et
al., 2004 ; Kim, 2014 ; Del Pilar Hernandez et al., 2015 ; Magee and Pascual, 2003 ;
Fernandez-Miranda et al., 1998), IS ic i T fIf@#EEZ MG T2 Hhrv =2 -V V[
FAlC KRB AHES IC X 2 EHYleo NI RE RS IaT7 /) —VEET = F
v (MMF), JA#iZ B FIREREC XV PIRIEMRERE T 22704 V250,
AN D RIEREICICC CHA T 2 3IHIC K2R GERREI NS, EIKTiZ, 1B
MEICDOFIEZI 2, BIIFHDO Y X7 PR T2 2 /NETO ISEGEIREI N
5, LoL, REREBCREMICICIEEMAEZERIRELS, FFlchry=a—) vHEHK
FEBEMFRERS S BEREYREE =2 ) v IR EThH b L, ISHHICHE
JRIMEFH oKD EAEDR O, ekl vy o IS BEE DORE ZE S
T, By hilg i ZEfRICD Y X7 %1’#’)

ik 7 B i 02 D HH i SIS 13 FE R I TV ‘//\"ﬁ%@?ﬁl‘iﬂi ((PQUE Raip¥ iifi N>
G E LN S =Pk 77 7 b JID.MWEZ/\@/D I XY B T h 5 PUIRBYE R
MG D 5, £ 7= BhED b O KR FEE i E}Eﬁfﬁi & hnic X3 ik iEE L &

JREA & U 7= 15 hE % o & P SOG ﬁ&’l‘fﬁ%ﬁttﬁﬂ’ﬂ?ﬁﬂ AU B Pk - HLER - NK
Mz & L @R Atk s, Tz h.oe L2atEfR)c, BiEkRE
R ERIcAE L 28RS (HERE LT Eidobiiks X o a i &G o B 5
DRBINTWE) AL N T W3 (Moreau et al., 2013), . 550 13 72 HE i
IC X o THE, BAEEN R 5, OBHEER OB LEBIINZ 1. BiEEE Iiﬂ;ﬁ@
0777 FEBIRICAEL 2 EAEONIEIEERZ CTH D, 54 T 32%DFEA LR
W& T Tk Y (Taylor et al., 2007) . E KA FHRHEERT TH % (Costello et al.,
2002), F 7. MM ICA U 2@ HIEMKICIC X 2B EB MRS 2 Iic X 3 596
BRI I N TEL T, BHEE S ETH0%U EoERlICEEL L5 25 WMES
(Robertson et al., 2009) . EHEER R OJFIK TH % (Verleden et al., 2015) , &
MIC BT % denovo ¥ F —FFEIPUE IZEEARREESOEEZTHR L I, 5
777 PAEBFEEIL 60%EE & R IZT AR & 7% 5 (Wiebe et al., 2015), — /5 T



ISORIWERIC X 2 BHERE» L 77 7 L LR BEMD DR v, HEHEC
BWTh, MG 10-20%FEEEICE L 2 v, BN o il i@ MEH S 5
Rragififb # & 72 L, 3-4%DHE D7 7 7 PEEEASEPHE LT\ 5 (Neil et al.,
2002),

o OFIEREE R EEEEKIS, £ IS oFERICN T2 NKE LT, REE
KROFEPRBINTDE, REERLIIRENGHZIT> 22, FFEDOT v Hitli
T 2 RFEMICVERE I NS, 2R OHIE (REER L) 1Cxf 3 2 %% K623
RENTWERELERING, REEROFHEITEBEIE., BIMEHE T L. BIR
X WA I TR A TN T & 72, Tryphonopoulos & iZfF& KL > v v b ic
ML, Fr—EfflEzHE53 5L CORBEREAZARD, HEHLIFRE
BT ISHIERREARIEMBICEEZIE 2. FPF—aiiifiltoks & g En
BEACBIE A 72 v & S L 72 (Tryphonopoulos et al., 2005), —77. Kawai & 3B
MEIcEs Lo C N F—BitizL vy MCHBiET 5 2 & T, Mixed chimerism % {E Y
HL. 10 @l 7 fl© IS frikic BB L 7= (Kawai et al., 2014), 4FL< 3 $it CD80/86
Pk %2 H w7z BRI B EE O BWTIC X 0 P —FrRI 7 e KICxz2 72 T il % ex
vivo TER L. IR L v vy bickh 35 2 &< 106h 7 flcEfEtko IS
ik ic BT L 72 (Todo et al., 2016), & D X 5 BB R GENMAIIC X 2 HIEERD
FEIC L, BHARICHRENRF Z ik c & 2EM 2D 5. KRB IZ A RPUR ICxt L
TERLBEIRTHL LB OLNTEY ., BHEEH T RIEEROFEICENTH S
LINb, EE HBEZL v v FIftolEsiBEIC L EERBZFONP T
L 20~40%DL v ey FICTISHIERAIEETH 3 L i LT 3% (Ramos et al.,
1995 : Tisone et al., 2006 ; Orlando et al., 2009), £ H L > =2 — 1 vHEIRK A
D RPEINH CTHIRIICZE L T A IFBEEZEL vy Pt LT, By HZ i
[SZPERL TV LW ISHEZe FardEINTEHY, BENZRISHiko
I H 1L 6~40% & 5 X 11T\ % (Mazariegos et al., 1997 ; Feng et al., 2012 ;
Benitez et al., 2013), & 51 2012 %< X Banff Working Group ic X %227 74 7V 7
b FE#K X L (Demetris, 2012), HCV « A REHERE 2R <. B 3 4 LR
MICKELL YLV PCBITFER—R T4 VIFAERIC X 3BT O RKAE & FRAEL
DREZIICLZISTHE e P ardRmInrs,

R RADFHERERIEFEIRDO N F~v—Hh—L LT, B 77 PNEZITER
RS I HFOC 88N 3 2 S E T AR (Treo) 2yST MG O A AL HRE T LTS
(Yoshizawa et al., 2005 ; Martinez-Llordella et al., 2007 : Taubert et al., 2016),
Yoshizawa & 1% Trec 2 EHENT O B AEHFFICHF S L T 2l %Z R L.

Martinez b (X %0 B AREH CRMIMF OyS8T ML & Trec 22EML T 3E Z & %,



Taubert & ZRIZTLRIEGI THEE S 7 7 FPAND Trec DIEMEZ HE Lz X HITHRIE
Ml B M (Newell et al., 2010) %, BHRMI Y 7% » + & (Tokita et al.,
2008)., MFEMELR AT X 2 0ZEERL v v b O FHll(Martinez-Llordella et
al., 2008) s K DIRER D B0, RBERAA A —H—DEKIGH L L CIlIiE L X
Tz,

Blitkr v vy P ORBEREZBIE T REET =) vy, Ly v b T
o b —PRRF R 2 G % Y v ~EREA G (Mixed lymphocyte reaction;
MLR) i X 2 ¥4hEffilg o B &, IFNye ATP O FEEZHE T 2 HELRE I L TWw
(Tanaka et al., 2012 ; Millan et al., 2013 ; Ravaioli et al., 2015), L2>L. IS#&&5F oD
Ly bTik, PURICH T 2T e G HfH N CTnws s (K1), 2
DOIGME L FHIl 2 EE L v, T i, ISHEEFoL vy o7 v ok, BHAT
DISOMPZ RS 2IFEHETH Y, ISZHED LEFPILL BT o KtE PR
TE2HOTIHAVAREELD S, EAEMIICITHT LD HE— oM fufE»)H K < 7%
L AERN oS ERE GRS, W) . BARREOHEFHIC X o THEL 2 RED
WAThz LI N TS (Woodetal, 2012), THilDKIE%E £ —
7w MICT L7z invitroassay Tlx, ©3 L b EEKWN(in vivo) THE U % % i 7 & K6
DRI N2 WAgEED D2, TUOoDOHEBICKY, 7—F7— X4 VO ISKGEIR
FEICREE=X ) VY 7 3IMALEZLNTWE 2, FHL O 2 HEMmIIMEILINTY
mWHIR DB B,



vt MMt~ 2E 75 (Humanized mouse model) 1Z. b ML v F GEia % &
AR A A - WEL, invivolcBBWw T PRERICEFMicE 2 Fike L
THHREMERHE & T 5 (Shultz et al., 2007), EHE, RIELE~ 7 X2 DFEEICH
Vwyob M RARC Se A GE LA RS L AL ER) DA - R II R L T
h, FEROBEZYV R ZICIHLIT, e MUECY AT L 2RI CE 2 EE R
preclinical model system & L T, FBIFEAI LML IC BT 2 b IGD A 71 =X
LEME 23 2 b LT v % (Kenney et al., 2016), BE#ClE e © o iie 2 HREE L
REAR ey RAICE P - R - MEZBET 2702 H 2R 2w
T\ % (de Oliveira et al., 2012 ; Xiao et al., 2014 ; Wang et al., 2004),

AEXY, ISHEBORRE. WE. TIEFMOZENIC, BEiE Re 28 L wikEE
=z /7%@6@4# ZNTw5b, £ 2 THRABFEEEZL v v b oREIRiE

D, ISEET CHfl N7 nKIETR L, ISOEELSHEM L 727 v G
%%ﬁ??%ﬁ&i LT, gLy v v P XD BRI 2 & bR I BLAZ ER
(human peripheral mononuclear cell; hu-PBMC) % ftfE e~ v R ICHERK L & b
bt~y ZETAEERTE L 2MRELAL, 2ok MewyxETLICEWT, IS

DB T OEEN L 72RO GIE RS BIEREL 20, ISHIES LIRBEREL 7%
RKEDL YTy FOT o RIS ZEITE 3 L IRELZ, DRI ZAAT 5 72



i, FTEEEICET 2 MUY ZROMERE 7 v fURICH S 2 7 v LERIEZE
BERicBBEERs =T ADIEREZRA =, Hiv CEEKTFEA (Living donor liver
transplantation; LDLT) L ¥ v ¥ F ® hu-PBMC # 7z & MMb~ v X{ER D]
B BILOT7 e ICOFiic oW TR L7z, E5ICLDLT Ly ¥ Y } @ hu-
PBMC # w7t MM~y RicE T, ISEETLLERTECWD LIREL S
G, FF—% 7k 3¢party LR Ic T 2 RZ 0Bt zMFEOE =21 v 7k L K
MET L 72,

10



Jiik

<7 X

KEY ¥ 7V ViR (Bar Harbor, ME, USA) 226 HAF v+ — AL X Y N —
(Yokohama, Japan) %4 L T A L 72 NOD.Cg-Prkdcs“IL2rg™/Vil/Sz
(NOD/SCID/IL2r y ™!'; NSG) ~ v R % biffE R BB E Bk <%0 - 5
L7z BIHE - B RFERBEAEI VIR LZRE (SPFavT 4y av) T A
7u747v—&~%%wfﬁotoéf@@%%%iﬁit*“m%ﬁSW*°
WTEML, FFEBICE 8~1oHMlitoMffo~ Yy XA ZH v, 7. Rif5EIC
Fo~v AP X CoBYERIE [EZKEEAAGEE K LB Y E I %?5
HE ] IcHlL <ftTbis,

EEREM

AW IZ AL E R PR O E ® 2 H EHRTSEEH)D (Institutional review board;
IRB) D%z (GK#EES 008-0129) IcHESWTiThbh, A, EEIFEHEL ~
LY b FF—oMESMORE% 72 L el Gk & BRRE RO R Z2 1S 7%,
AR ICERIN@BENESH. TXTRABMECTHEIROFIAEIX 36 7% (23-
40) ThHh o7 (F 1),

T2, ALiBE R CEMI KL E T > T 2 ERIFBAERE 1 E L2 RE L
Lz vk 4l Zzo P F 14038 FI Nz, 95 106 (BHE3IH) 34
s Y LAx (TAC) . a7z /)—nfEE7zF0 (MMF) . AFA 7L F=Yn
¥ (mPSL) . ¥ u VU Az (SIRO) %#&® 7 0EiltEkd o, FEHEEoL v v
T v b EEIT P RAE 44.0 5% (0.5-70.0 5%) . BRERERL P IAE 5.6 4 (1.9-24.0

11



) Thovz (R 2),

Tz, 46 (B 260 IR GG %2 ik © & 2fER <, B0 L >
vy b OERNTTRME 53.8 7% (0.5-59.3 &%) . BAEBERIT T E 8.0 £ (4.0-
19.0 ). g ndlA o il 2.8 4 (2.5-13.5 F)ThHh -7 (£ 3),

S EE L o 16 GEF#2). % 72 aEmsl#dhikc % 72 4 60d 36 GEF #
I, #I1, #II1) 1%, dtiBEEK¥ D IRBIC LV &AZ I BRI (K% S 010-

0070) ICEFRINT VBN TH 3, FF—iinkEHEss 11 6], JEMm#zE (AfEE)
B 3BITH T, KEER

12




























































































































































