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I. Background

BHNEIOFREO BRI HEERE CHH I LITERILVWTDHA D T2IEENHIRHZITA
I BWTHERROD. F2MFECHAHE LTORITOERRL Y DELTE L CHEEIZE
ATEDLDDIEDPEN) ZE LT >TL b, LA LBUTOSIEIIHNC L HBHTC
vk, BASIEIIRIFN IS Rl hiE e Sl v L. e D ByE. FGHER. EMEEE
DFEVIRELHEL 2o TCWWh, £ LTS HITARERZE L L CHRITOGFEMBIEHE
MRS L CUEE A EERTH A Z e BB b, ZODMEL EORMT#RIIE
B EVETZREDWL D LS TWR,

W) F TH L BIEED ML Cyclosporine, FK506, OKT37¢ & DA %% Sy fHl#E]
DOBFEIHL > TE /2, TR T IND S BH L WHRIEIHFEI ORI L ) S L7048
R TEHTHA I M. BUIOEEPEOMBIREDN S I YA UL HE R, 0 B
WEDoTEE DT, GyEIHIAI D CD4. CD8,  adhesion molecule’s &123HT 4%
monoclonal antibody, & &1L cytokine receptor’g & D L 9V yEHERED L D D WERST = &
=7 MZTHBDOMPMEINTETCWS, LELINLDDDITEED GBS
TiRODEELES 2 LD HEICREIETLE ) ORI RIES AT Ltk ZiThEC
LE W, EHEOHEARRLBERITIZRD 2720,

)WV ZRNOH . REER R TERT H200MAMHD LN T1L,
Alabama KZF D Barbar &%, East CalolinaUniv.(DJ. ThomasDregimen(ALS+Donor Bone
Maroow) % FEFROD BRI HIWT, 22 ba—IL & 0 BEGEESEN TV S EHIE LA
N HDFEET BN THEBIMHFNIZ2ICHRIESINTELT . TORAOFHEZED S
HINEESTWRW . 19914F, Piusburg KFDThomas E. Starzll 3. 204D FFEHERT A
FRELTW5S 5 ADBEIZB W TdonorDFilgA B OREE. U 273 Ei7e L1254 LT
% Z & &PCR72 &V L VREMA L 72 (microchimerism), % L C Z D microchimerism AMEHID A
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B> TETHALFRL., T TCIZEERIZEBVT D donor@bone marrow cell
transplantation DBl & BSHE. FFEHH. OB BWCHIGE L. I 5D B % mixed
chimerism 2 & V3 ImicrochimerismDIKEE L T4 Z LITHII L CW»5b, LAL. ZOLH7:
chimerismDIRFEIZ 72 ©) 7208 6 b G IIHIFN I 221 R IIETE Cwizn D) 2. BEIZIE
U EDITHERERUCHARD 5NTHEY . COWBRFOBRI DOV TCUERRINS N, $Tk.
Pichlemyer b FFi5 il 2 microchimerism ODIREEIZ 85 - C B IEMIF A H HNTZFERI & L T
$D . 1372 U Tmicrochimerism{ I B BRI B W CTLELRDM), HAHWITHIZRIBER L
polefiie LTIFET ADh . TOERIZODW T RS H I N Wi,

SRR A DOV T, 19558EMedawar 37 7 AL B CHID TEDOEAITRED L CTLEER.
REOMANB O EZHANCRINTEL, ThHDFIFRIZL Y BEOHR
T ARBEEPRASINTECEY. 2OBFE LT, BJIIRIBEWTHESN
Acentral tolerance & . SRIFIZ B> TIEIR S 1 S peripheral olerance H3E 2 HNTW A, €L T
SOIZINEBHL 72825 A WITHIRICBWTISH L L9 & 3F SERFEMHA LN
T &7z, T $centraltolerance Z FI[FH L 72 HMDIZ. 1)Neonatal Tolerance, 2)Mixed Chimerism}Z
& Arolerance, 3)Thymic InjectiontZ L A dDMNHIF S A,
1)Neonatal Tolerance
LIZRIERDTHIFHE L TV WIEEEZ . donorDILREAPERIN S & HERT D
donorl I3t L CspecificlZ B EFIT /25 L) D TH A, ZOFREIHmIIOWentZ LT,
IR eHET L, Wb L CTHE LD HHRD T Hlidentical T/ WDIZ DD 6
T EBRBEWIHGREES LW E W) e BRRIN, & HIZEDEMedawar 3.
T ADIRIEIT B —Dspleen cell Z7F A L CTABINIRBERZHET A LITELD
THIIL7z, LA L. BERIOEHET 5 8705 LIRIERHT & L Cd HEaE A2l 705
ZE&aETHL. S HWHRIED 9 BildonorMantigen’ £ A L 72U E7e &5 THERNClLL
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L,
2)Mixed ChimerismlZ k% 30D

Recipient®T cell % radiationd) % L3 FantibodylZ L o CBgEL 72, T cell® [k L 72donor®
bone marrow = FEHET 4, ThymusiZ BV} 5 BHCORGHE 7 0 — 2 DRI Ibone marrow 2R
Ddendritic cell AR E RiZENZ R/ L TWwAH L SNTWAHH. b L donor bone marrow
engraftment}Z I L. thymusiZ donor@dendritic cell % migrate & ¥% & & AT & 72 S donorlZ
OGS A7 00— bpEINAZ 2705 (1) . ZORELTT ATBWL T
THEDH LM, REMIICHL &9 & T4HLIFFIEHL . 7 ba—)bOFEME L GVHEDD
72 OVZEEFRIZISH T & 4 &9 7 5B S Ttwian,

3)Thymic Injection}Z kA H XD

ThymusD72 I ERE, PURZFEA L ToleranceZ R LD £ T 45D D,

¥ 7z, peripheral toleranceDIZZ L H DD E L TILLTFO L D b DMH 4,
4)Monoclonal Antibodyl J % 37D
E2dD L LTlE. ICAMELFA-1. & AHWEB7 £ CD28DMAHFHEIZL HDDND
WWensd, IEHIREETCLL. Recipient DT celll 3 Z T cellreceptor % 4+ L C. Antigen

presenting cell OMHC_FIZHER S 117z antigen(peptide) % 2355k L first signal AT cell L Z5%E S A,
TN ERIFRC . B7& CD287% ¥ (Dcostimulatory moleculeD§E &2 & V) second signal 3T celllZ
[REINT celllIIEEILSIN D, LTI T. first signal 721 AL IE S Nisecond signal A RiE
SNTpva k| Teellld ZDantigenl 23 LT specificlZ B ER & 705 (2) .

5) VetocelllZ £ AHD (3 3)

Rhesus MonkeylZ 33U} 4 Sy & % 4 | C > A East CarilinaUniv. DJudith Thomasl . {l§ir
LHDETIVIEI H AT =K L veto cellTROD TV 5, LIRTL Y AP MonacoHiZ Jio T
RSN TEETIVD ZHUTHL . FEL veto celltZ Lo THRIAIN D D5 Lz
W, 5D TH b —UiEnT N BHALS & donor bone marrowDFEAEGIE T, g a5
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1147 o CH 5T macrochimerism A HALF, central tolerance & Ei#F L T2 5 b D TCli7nLy,
D78 b a—UZ BT HMonkeyl TEARENIITIE SN CWAE D X, BG5S E21B A7
HIZE. MHCODmatchinglZ72 A S PDFEPLE L A SN TV A,

ZDOH. WITNO T b 2—JNZBWTOERTOMPILIL-> X D LT,

ST, TNTIEIWD 570 ba—bh. EERICHATREL 25T ADTH A 9 .
F9. HERENIE X AHI & & LT, peripheral olerance/ZVHI L A7 b a—jL Gl /2%
A—W5E)2anegyl IR L 728 LTH. #HLSVEDHINTL BT celOHEFIETET. W0
TR INOGIZIYBHESNESIERSNCLE Y L&A ONA,  LiL. cenual
tolerance@strategy/2V) THIBEE 2R L D £ T A L. SE@/imyeloablation NN L 72 A7
DYATHFETEEH, ZOOBEMITIE. non-myeloablativeZe /Y1 k21— )L % LT
centraltolerance Z JE1R L. M DOFRAFEL 72V L/ /NERIZEH L Cld. peripheral tolerance®strategy
WL Danergy 2 FHE T H L W) L D72 2 DDrolerance strategy & fl A GO /20 2 —
IVHHE—, BRRICHTREZ DD THA LEZL LN A,



II. Previous Achievement at MGH

Massachusetts General HospitallZ 330> C. MHC full mismatch DV IV ¢, FERIE
g7 e b I L 0L U e Cmixed macrochimerism & AR OHMIBEROHBIZRIN L
Jz. ZODRIFEZR Ddonor specificitylEMLR & 7 L > CHHR I, TOERFINEE
DFEEDIFHIN T WA, ZOIEEIERIregimentd. 300rad?Total Body Irradiation(TBI),

700radlocal thymic irradiation, donor bone marrow transplantation, 3 H fH](D Anti-Thymocyte
Globulin(ATG). 1 7 H@DCyclosporinef% 57> SR SN AHS. 300rad DTBI% 150rad X212
SFEFESTHZ LI E o TE HIHROZ LMD E L TH Y+l BRicH e & o
N4, (\EPIOTOFa—)WZ LY 38EF 1 HH. modify S/ 10 b2 —)UIZ L Y SHEHS
IS ER N HE SN, )

ZOWFE, OB E H I NIRERT.

D#fif%. multilineagechimerism % develop L 7zmonkeylL. cyclosporine 1% & F8 4 % Hakf
L7z,

2)Multilineage chimerismsubpopulation® ) % & { IZEE & B HDLE. granulocyte &
monocyte Clymphocyte (D chimerism{lessential C{ L 7o 1o,

3)Bone Marrow CellDengraftment}Z | 150rad )l _FDirradiationH3 88, Tt
immunosuppression®D 72O IBHT A £\ ) EIRTCli7e < . bone marrow!lZ donordbone
marrow cell D3 A V) 3AATUDLT BHHER 7espace B VEA 7DD D L E X TwAh,  (bone
marrow A EH . Dbone marrow cell T L TV 5 & HLEDstem cell B EHRE T E7213)
HATGZVFCLE Y 2 SEIFIDT cellZ EO T, SER7ET clDFFEIIAuEE (77 AT
WEVEZY) 78728, cyclosporinelZ . V) — g HARMI S % L 72V & FRAF L7z TealllZ L 9
donor bone marrow cell 3 L OBHERIIIEM I N CTL E ).

572 100H LA T donorl 2 1§ AMLR [ positive T b 1) & OBFEALZ fiidT S f17=biopsy Tl
cellularinfilration % F¥3D A (L A L B HREEAYI T L Istable). T AMO0H LIRIZ 72 A £ MLR

negative & 72 1) . biopsy C b normal & 72> TV, ZDregimenll £ VT celll 358l deplete T

6



X TRV, RBEFLLAT-OE. FRAF LT celAM & OB F Canergize S
oIS 570w, ZOMHRDdonorl I3 T Areactivityl Iresidual T cell Z anergize§” 4 7281
PVEIZHDEDEX OND (B HE (K h peripheral toleranceDFHEIZ IS L TV 59)

Fr=ML 72 bka—)UTH FF—Dbone marrow?s LD/ b —)ULT$~NT
cyclosporinelR FEANGIE L~V LI TFIZ 72 % & [ # A % $54f L T4 U donor bone marrow
cell R DHIFEFEDFHEITNETH S Z LARFAIN TS,



1. Wi H

DESERIGAZ G TS OITEMR AP L. 7O b a—)VDO&EEE L WBEEA L o LS
EWMRT H. T2 TTIIMGHIZBWCHZIN/ 7O b a—)bdDH %, thymic
irradiation & splenectomyl ., AETHAU[FEMEDN GV, D2, IS EFEW-Ta o
—JVTCHRBEENEATELNE ) s b,

)ZOTA P A—JUNIET ARBEFEORIF MR T H. & < |ZchimedsmDHfAEHNT &
fé %z Ddendritic cell marker % VY CREMINIRET T 4. £7z. B BRFRIBEEEDORILIZ
Bl o T AhEshbh7z. F BB 2 3 12T vchimerdsm & L7205 . &g
BiizThwH) T ba—)l 2 bRETT A,

3)Macrochimerism A37E % L 72 @ & Dmicrochimerism 2 PCR% W TEITT 5.
OESGLEEE L )

5)hematologic growth factor(G-CSFYD A HITEDkiET.

OVFEIRFERED L 9 e BAFMI b IeTE A L D71 b a—)LORSE. BRI,
TBIZEBMEERI B 2720, & LB 3 HMATGZ %45 L7212, frozen donor bone
marrow &7 EAT A,



IV. S &R
BZBTU AV ERIAIGRT. &4 OFEFIZ L Y minor change& B I72 Y,

V.EZROYS L CERER

Cynomolgus Monkey (772274 HJU) Z 5, HIVIECSK Research Lab Inc.

£ V. FBfvirus free (& < |ZHerpesvirus simiae Ebolavirus?s &) C 2 fHHTF THRADH
HHL TWADDOZEAT S, FEBER & L CldE - BiomedicsZ (FT 5., #ffin vitro
studyl DWW CLE, IR % MUE I CRE T FEABMRIEIN R E I IE S,

VI.EEF &
D#T a4 & 21 /73)U b & (Total Body Irradiation; TBI)
R FEARSHRENI B W, TBHOFERT
2) Anti-Thymocyte Globulin(ATG)  UpJohn ATG(ATGAM)
Day-3,-2,-11250mg/kg % PR AFE /K 100mIl 2 5 L T30-40%3 C LR 5.
ZOK. S HITHAIK S0ml% i (ATGIZ L AMERETEIT 57:0) .
3) Donor Bone Marrow
Donor®iliacbone & V) 18GEHI L V) ZEFIKE[T 45, HEEE L CTl3m{K T nucleated cell count
70.5X108 kg 72 B LT A, WEIT AIMTEE & L ClERES-7kgDH L T50-60ml.
(18G5 [§F
[ R0mizEH s (BOAR)
VAR IV
O v—L 122 (LAY A XTH)
[150ml FABRE ZA (disposable)—--3000rpmDEILITMT X 9 A DD
O Sty b (T4 b &—11)



4) Cyclosporine
O Sandimmuneeday | (FHEH) O LD 10mgke THRIFRES . B 10mg/kg%4-5
HAES L. DRI IREE % 300ng/mI Ll | & 7o A &P i L ili2s Hi Wk § 5,
Cyclosporinels &L I8 1 [A[HI5E .,
5) Kidney Transplantation
Recipient, Donor& HIZHTHA L DV E&. 8 74 I 2/ 50mg(0.5ml),
@®DonorDEH!
Bone marrow aspiration, aspirationf® | % CIBM & donotDCBC% F = w 7
FilhA5(BM aspiration#% T #2)
1A £ 100ml( +antibiotics) 2) T 27T 27200ml( 25% 7 >/ = |k —)l6ml)
3)/ 1J 4T3 200ml 30ml/kg/hr
iR, CBCF = v 7R SR E
Day3,Day7, LIf%i 1 [MICBC HibFEF = v &7
@RecipientD F B
Day 0
1) 2 A200mi(+antibiotics) 2)7 %75 4 500ml
3)4E £&200ml 30ml/kg/hr
5)Donor Bone Marrow
Day1,Day3|Z A & 100mllgiiR. £ DRIEFHAE
Day1,Day3,Day6,Day10. £MD{#i3iE 26 (H. K) §RIl.
(HE{b%. CBC. CyAlRfE GHEI1[E) )
BH. SEAREOZOORM (FEHE Ci#ik)
& F L (Donor)
CIHEEKDT A A (Sterile) 1 4% (200ml)

(04 £200ml (Heparin 1ml, Mannitol mg) X2

10



[110cm & ¥ — L X 2

[(R7GES#

[J10ml {EH 25X 2

“;Donor Bone Marrow ( F—4&#fi) QLB

3000rpmD IRV X D BH50mIDFABREIT AL, 3000rpm. So3REOAHE LML X 9

ZR< . MU &9 B IHERGE. COBRS N CNO MR 2 TenC e, ML &
) ZBRWZMERICHEE B Z A%, @05 83000pm. 5 s3flEfT. EREZ2IET
%, BOWEAARKEZMABERONE TS, Zhe, LTy hORROERFIIN
ZC. HlT 5. EHEO 7 4 IVy—Z{EHOI L)

* FHME B L UFHRE

[15-0 Silk

[13-0 Silk

[13-0 Nylon($t11) X10

[]7-0 Proline X5

[17-0

654 bl —TIU

Clin’eEse& HfFste: (74 70/) X2

i >

[ HREHHSCcissors

XTI AGT—T1w&—

HEit. BEOFiEEE

VIT S0 F iy B i
®Monkey Pairing

ABO blood type compatible, MHC ClassI, ClassII mismatchD#FH A &40 % 5,

11



MHC Class 2DV Cli. B FOMHCIZX Amonoclonal antibody®) %) 5 cynomolgus monkey
WA R EDH AGSP5.3(B7,27,42,54,55,56,57,58,63), GSP5.4(A2,3,28,29,30,31,68,69)
Bw6% {HifH L C. Donor®fHifiEdARecipienth* HEERITE A L H I ZPairing % 4, 728 2L,
DonorlZ GSPS. 3+ % i#.585& . Recipient}Z|3GSPS.3-Omonkey % flA & ¥ 5, ZhzLb
MHC class I'Cl3 {1 mismatch & V39 Z &1Z272 4, MHC class INZ DU TLEMLC Creactivity
DEVHASHEZIES, X 51T, Disparity 2 HEEIZ T 4728, monkeyld 2 LT CHh
DIE>E YL TWALBD%EFEHT A, MHC Class 2DV TLEMLR high reactivity % R 9°
L, (EBERE L7V DOWTIE. & & TPCRIZ L U dispairity # HERR T 4. )
@®Macro-Chimerism

MHC class [LZ ¥ 7§ A monoclonal antibody(GSP5.3, GSPS5.4, Bw6) % FHUYT. FACSIZ L V) donor
cell % 35§ 4. Dendritic CelldD FFfimarker % FIU T2 color stainingZ 35 729 .
@®Micro-Chimerism

Macrochimerism 35H28 L TA* &1, DRICH Y AprimerZ LW TPCRIZE D £ 5D
microchimerism % F = v 7§ 4, F 7=immunohistochemicalstaininglZ J ¥ §8&EZA92 D
microchimetism % R8T 5.

O®MLR

CyAHib#:. MIAPREASELIZ 0 &> Th SRR,

OCML

CyAHib#e. MAFEREASERIT 0 &7z Th SRR,

@Anti-Donor Antibody

FCM & microcytotoxicityassaylZ L V) HiZ,

@2 i B infiltration celld)Cytokine Profile

BB BWT, @HE100H < S0 E THE SN Ainfiltration cellDcytokine profile 4 Southern
BlotF 7= %in situ hybridizationlZ J Y #5179 5.

@) JE i
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wite200H DB, SadEilAl e U CRAEE A IEF L2 6ERE L CU S {E{RIC donords J TF3rd
PatyP LD EJEEHE B 27D .
I B R AR
B RRETEEIT T 5. BATRIVY VEEHB I OEE AU RIS 5.
FIV7 U U EE SN2 IIHEERET 5,
gLt

A panel of murine mAb to human leukocyte antigens that cross-react with Cynomolgus monkey
epitopes was chosen. These included antibodiesto CD3 (6G12, Ref 14), CD4 (OKT4, Ortho
Pharmaceut.Raritan,NJ), CD& (Leu2a, Becton Dickinson,San Jose,CA). A polyconal antibody to
mouse [gG (Vector Laboratories, Burlingame, CA) was used to detectthe mouse antibody (coating)
in the tissue. The avidin-biotin-peroxidase complex technique was used. In brief, cryostat sections 2
to 4 um thick were air dried and fixed in acetonefor 10 min. The sections were incubated with normal
horse serum (1:100) to inhibit nonspecific binding of horse IgG, and then 2 drops of avidin D (100
ug/ml) were added to block endogenous biotin. MAb was added and incubated for 60 min., washed
threetimesin PBS, and then sections were treated with 0.3% hydrogen peroxidase and biotin (10
ug/ml)to block endogenous peroxidase and biotin binding sites, respectively. After a further three
washes, the sections were incubated in biotinylated horse anti-mIgG for 30 min, washed, and
incubated for 45 min in a solution of preformed avidin-biotinylated horseradish peroxidase complexes
(ABC,Vector Laboratories, Burlingame, CA). Sections were washed and developed with 3-amino-9-
ethyl-carbazole (Aldrich Chemical Company, Milwaukee, WI), counter stained with hematoxylin and
mounted in Glycergel (DAKO, Accurate Chemical, Westbury NY). Controls included nonspecific

peroxidase activity (omission of the horse anti-mIgG).
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IX Autopsy

IV L7ZBRTNE. 72 A5~ BT U T TORB 2T 5. (TCTE
WG BEIE CHRT A, )

DEBHEE 2)U 2758l (BT WAERE 72T 2 EAER) DIFIR 408 DR ooR
DAL

A< VEEB L OHERT  (immunohistochemical staining F)

RO BEBEHERI T E & B RF. REEITa ba—Uizie ).
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