In vivo functional adaptive immune responses in mice subjected

to allogeneic umbilical cord blood cell transplantation
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HSC : i 5 fa (hematopoietic stem cell)

R

Tl

HSPC : i& i A B Al A (hematopoietic stem/progenitor cell)
UCBC : 547 1. (umbilical cord blood cell)

BMC: ‘& #fi## 1@ (born marrow cell)

GVHD : #4#i Jr %} 15 3-9% (graft versus host disease)

MHC : #8185 P HTR (major histocompatibility complex)
HLA : N H I ERFLF (human leukocyte antigen)

GFP: ik th it 64 7378 (green fluorescent protein)

FBS: 4 2 75 (fetal bovine serum)

DMEM : Z /Ly AR A — 27 V% #E (Dulbecco's Modified Eagle Medium)
BSA: F1MiE7 /L7 X (bovine serum albumin)

PBS: U %% ##X (phosphate buffered saline)

RBC: ZRIfLEK (red blood cell)

PE:~7 t22=J RV (phycoerythrin)

rh: 85 174 2 B R (recombinant human)

rm: &5 R A 2 <7 A (recombinant mouse)

EPO: =Y 27N (erythropoietin)

SCF: &l K] F- (stem cell factor)

CFU: mn=—JZ BT (colony forming unit)

TNP-KLH: (2,4,6-trinitrophenyl-keyhole limpet hemocyanin)
BSA:1f{E7 /L 73 (bovine serum albumin)
Ig:immunoglobulin

IL: A% —u A% (interleukin)

ELISA:enzyme-linked immunosorbent assay

OD: W7t (optical density)

SD : % #{f 7 (Standard Deviation)
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i M E AL (HSC) A 1% [ M5 <0 A2 R BAEE MO A 27 IBiETHY, FIC

BRI (BMC) 23 Wb T, BUE T, A7 I (UCBC) FIZHEREE R TL
HSC AEFNTWAZERMBIN TS ), iR & MLk A PEDUR (MHC) %58
BT —BESEDLTLTHELL, —BLRWGE | i T Milax 2 <5 T BMC BAEITL R
W& M EHEIITA R T L0, BEEREMES ThD B4 7 *HE 3% (GVHD) Z 5|
HE LRV, —J7, UCBC #fIE BMC BRI L~ TE A AR T MR 72
MHC R & (%) F TBMEATT>Th GVHD DY AZBMENZE )| i i AR
(HSPC) O M E /27 b R —HR BN LB LU A MAT 07 ANV ARG DY AT 73
B2 E DAY RELTEIF B, KA. UCBC A3 AR A1 £ TR %
A HMBEE R TV D, I, UCBC BAED FER N E L<HIML TWD A, B
% DA TORE MAEHERITE % Z 4L E CISEEMC AT L7137 < | BRARIZR
TRIEBF OREBE LY | L2 TIXE N UCBC OA B sy b - s 328 > 10
2 BARRBAE (EF UCBC D=7 2D A) M2 DAL E Eo TNV, ZOFLH &
LCZNETHBEDEWEMWET VNI ToZENE T LN, T TH AL,
& UCBC AT T /L~ A% FVN, HSC O 2E 75 M & G 8 il PR S5 2 R R ) L A AT
THEEHIZ, ZOMEBREMEIZ DWW THREEL =, XREL T, #5% BMC BAild It L 7=,
ZOWFFIXERR T UCBC BAEOH N M2 FE T2 ETEHEETHD,

AWFFETIZ, GVHD 12005 T Mz flye St 72 UCBC 31U BMC 8 4H Y
—ALLUTH, SHIT, W2 RBAERT B IO R LR LV BT DTS F o
Zx7— (NK) fifad i veSw7-, MHC i 4 ([F%) B4E Tld, UCBC 31U BMC
IEEWAEEBZR L, — 77, BRBAEIZEB O T BMC UL, mWAEEBRRDLIZA,
UCBC A5 T3 benoTz, Ll 5% UCBC BAEMIAE O, H5H—
DAEBEZFHETHEEHIT T M, BHINE, HERIS LORRER O f Ml ~& 531t -
FREZEL Qe

T M35 L O B i K #8 Rag2”™ BALB/c 1254 5% UCBC 540 BMC BAHEATTUY,
PSR 72 T M L O B A SeE B RE A MRaiE L 7o, PSR T35 3
B ORRE R 2L PSS BAIIIE T AR AE U6 D 4 B AU PR



EPEAELTZZEN D, W E R LD A SN T A 0 RIS IE R Aetie 2 A L
TWDZENGEH SN,

AMFFROFER, $% UCBC BAif 115 % BMC BAH L[RIERIZIE A RERIfE 235 &
EHIT, P ELS N S M I RE R A E AT L C WD ZER D LR o7,
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1. &%

8 S EHOME C57BL/6 (B6; H-2") . BALB/c (H-2%) 35J: 08 C3H/ HeN (C3H; H-2Y)
ZHARZL TR S DA LT, B6-TgN (act-EGFP) OsbYO01 ' [ L[] &5 Bt
+ (KBROKE:) X0, Rag2 K18 BALB/c I35 (E B+ (LR %) Lot 5L C
TEWz, BLEO~=D A%, GARTR S RSBt = A e B4 R i s
Specific Pathogen Free =V 7 |2 CHAH LTz, AWFICITILRT R FEMW) EBRE B ST
FoTHGER UKFEAE 5 : G08006) =4V, SHIZELRT R FEM FEBRBIANHE> T T
77

2. WK
UCBC BL U BMC OB EL T, L 5%40 i (FBS) (viv) .
200mM NEAA. 10mM HEPES (pH7.2) . =3V /AR 7 h=A3 > (100U/mL)
BLO 2mM L-Z LV Z3 %L 7= DMEM (Sigma-Aldrich £1) 2 H V7=, Hlf0 s
FRE LT, JEEL 10%FBS (v/v) . 10mM HEPES (pH7.2) . =V /AR T}
~A3>(100U/mL) |, 2mM L-Z /L2 B LT 50uM 2-AV 1 P v i ) — )V Z s
SNL7= RPMI1640 (Sigma-Aldrich £1) % Fv 7=,

3. RS & B A R D BRI

UCBC 1% GFP™* B6 (o) LB/ B6 (L) OAZFLH 18.5 A H AR~ 2% 3]
HERL FIZ TLEIES T, IRIT, TR~ Y AN H 2/ L, A& LR
1 AR PR MK THRE L 72, KB LTV IR T i (PBS) H CE B i T
o feER IOR IR A B U721 | 37 CITIMEL 72~/ U4 DMEM (2
L. 42 Ol 2 2 & T R A A i S w72, 2o ik & e DMEM Z =]
XL UCBC L7z, BMC i% GFP"" B6 (") L BFAER B6 (2 ) A AZBlSH72 F1 DK
R K OVE R BEEL 72, UCBC 3L 0 BMC 0 GFP 5Ll e A iS¢ 5 2
LT —H A NN — b COR#E LA R o7 Y SHICERIL 72 UCBC BE WY
BMC (ZFFET 2 AR MLER (RBC) 1, AL T =0 LRI TR AL ER L 7=, %



D%, GVHD B ik D7z | THiflazH CD4 (GK1.5) 3 XUt CD8 (83-12-5) € /7
12— F B RE o T IR A RS ok B s 72 Y, ZhbHl CD4 B X
O CD8 LRI, ENEND ATV =il GK1.5 3 LU 83-12-5 DAl 22
EEIYBEFRBRLIZbOE VW,

. B

L 7= GFP"UCBC (1.0%10° {33 L 1* 2.5x10° ) £721% GFP* BMC (1.0x10°
) 2Bt & X #RIES (MBR-1505R2 ; H N2 AT 1=24h) (7 /L4 —Al;2mm, Cu;
0.5mm) L7845 BALB/c (B2 84H) 35 L OB Bo ([FRBAH) 0 #ik L
DRI L 7=, $7-. T+B Ml K4 Rag2” BALB/c ~5&% UCBC 31U BMC i
ZFEML, FFS N0 R REREL R L 7o, ZH O R RABMHEZZ T
B AL, BAERT B ICHTT S 7 e GMI HlL S A s 5L AR
IR CTEETEEZ A T 5 NKfifa A i B St e, ZOFUIEIE, IW 7¥F%
(Oriental Yeast 1) |27 77 GM1 (Sigma-Aldrich ) 28452 L TH 7=,

. ap=—7ytEA

T MRS BRI OZNE 10 UCBC LU BMC %, BNz B2 b (th) A2 A
U> (10pg/mL) . thh7 A7 =V (200pug/mL) | th IL-6 (10ng/mL) . th U AR =T
7> (EPO) (3U/mL) , ¥7 AUz &>k (rm) SCF(50ng/mL) . rm IL-3
(10ng/mL) & A 4 HAF )Lt/ a— 255 (STEMCELL Technologies £,
#03434) ~ 2x10%dish (35 mm) fEHEL . 37°CITHRIR L7z 5%C0O, A F 2 \— 4
— T 12 HAEFE L7z, B8 %., BEMEB T e vy Ltz r =—%%
an=—FAHEAMN (CFU) & Lz,

. Tr—H A bR — AT

fENTHIIRZ BT FeyR I/ T HUR T oy 7 L, B4 F 1k HT CD3e (T HHiIY),
CD45R/B220 (B #lifid), CD11b (HLEK), Ly-6G and Ly-6C ($8k7EK) 354 O TER119
(RBC) #EEHJHLIA (BD Biosciences +1) Z &S| PE AR AR 7 R E Y



(BD Biosciences 1) TYLa 7=, YEiFIZ1E 0.25%FMiE 7 /L 730 (BSA) BL O
0.05%7 At Mo LaE&Teok A PBS 24 L7z, YetaL7-ffaiE7 o —4 AR
— % — (Cytomics FC500 ; Beckman Coulter £1:) THIE, CXP Y7 k=7 CTHEHTL
7~

. BEBAE

3 FRIE ORI L 7= 5L R HH 16 7% D Rag2 BALB/c DG L7152 B AL
B6. BALB/c 3L U C3H D LR IR I B A LT, BBl D7
TR R R AR ANE CIREL 72, 7 B FRAIEZEEICPREL . B E A D
fE#f B A FHRIL 72,

- A R

55 3 # C3H AR i 23R #t L 7= 5% BALB/c 511 A7 Rag2” BALB/c
FOMIRA A L. 10%FBS A1 RPMI1640 % F W N CHUU - BER A FR T L 7=, 0
VRUERERE (3% 10°f8) & mitomycin-C ZLFE L 7= C3H M (2x10%E) % 37°C
(TR L 72 5%CO, A & F 2 X—2 —T 6 B3R T 5 2 & TRt
D CIHIZR$ 2 MR G E L T il 2 B85 S H 7o, Bratk, Z OZRhfiie Toh
% MRS EE T # Z2 EE A T % concanavalin A TEh#EAL L 7= > Cr 5%
C3H s (3x10°fi#) 12 7.5,15,30, 60 {5 DL TIHRM L, 5%CO, 1 > F =
N—F =T 4RI U, Biltk, MRGE (W) (280 5E LET
T St Cr ARy > v F L — 3 v v # — (Aloka, ARC-380)
TRIET S Z & THIRaEEH R 25l L7z, FrErisig (%) 13100 x
[(experimental release —spontaneous release) / (maximum release — spontaneous
release)] D E X THEH L 7=, Spontaneous release |3 > Cr #7#k C3H FERIHMIEIZ
XL TR Z & R WERIEO S 2 MA@t b e —/L T,
maximum release (% Z OFERJMIAEIZ 3 L T 1%Nonidet-P40 ¥ ML 2 I 2 72 Btk
a2 hr—LThD,



9. PR
$L% UCBC 4510 BMC 4 16 3814 D Rag2” BALB/c |Z

2,4,6-trinitrophenyl-keyhole limpet hemocyanin (TNP-KLH) (Biosearch
Technilogies 1) Z5E &7 TAL N7 P2 S0 b (ROEHIEE T ¥R LebicE

ER L, SHIC 2 %, TNP-KLH Z 5527 0A L 8T a/ v he b BN
o LT=, SBNSesE 2 R REFIREERML | A OH TNP PLikpEA %
ELISA {EIZE R U7z, BfETIEEL T, TNP- BSA (Biosearch Technilogies 1)
Ta—7 47 LIz 96well 7L —MI 2 AR U 7o MR 2 RN BOG R . ~LA
XX — PR IgM, 1gG1, 1gG2a, IgG2b 31 O IgG3 HifA (Invitrogen 1) AN
ZHEE A ERE R ST, HE L LT O-phenylenediamine % V>, IN H,SO4 %
A CTHRASRZAR (RS WG (OD) 490nm (2 CHIEL T, 2 hr—r el
TEAER BALB/c (= ha— 1) B8 L Rag2 " B6 (Fatha ha— ) I [FlE
DEAEEAT ST,



1. BAEY —ADfFHT

UCBC BL0 BMC @ T el fili v Riit% o B S g Ml 22~ v — 3 b AR — T
Hri7z (3 1), UCBC IZITRE T M IR8 0 S 727 > 7 (T ML 8T : 0.6 + 0.1%,
T MfaAE 2 : 0.5+ 0.2%) . —J7. BMC DORF T Ml 34k V6 1C UCBC LRIKHEE
TR LT (T MU AL V8 T :3.4 + 0.2%., T AfEAL Ve 0.5 + 0.0%) . UCBC DAL
#IE (Lineage™ #MIE) 13X BMC &EE#ELC 5 501 EZ<IFEEL T (T HRRE e
UCBC:32.8 £ 4.6%. T a1 # BMC:5.8+0.1%) , 2D X Lineage A £<
BEILTODIZHED DB T, ar=—7"v &A% BMC L L THE: CFU DK T
DEROHIT (1), ZOFEFIT UCBC H @ Lineage 2% HSC 3L HSPC @
Bz ied GRS ORI E ENTNDHIEZRL TN,

= 1. Bl — 2D 70 —H A FARN) — it

UCBC BMC
T-cell depletion
Before After Before After
Lineage™ cells 249+32 % 328+46 % 62+04 % 58+0.1 %
T cells 0.6+0.1 0.5+0.2 34+0.2 0.5+0.0
B cells 6.1+£1.6 8.1+0.9 239+0.4 220+1.6
Macrophages 29.8+4.9 275+ 1.8 16.2+3.5 145+1.3
Granulocytes 389+£35 32.6+4.7 50.7+£3.2 58.1+0.7
Erythlocytes 7.0+0.7 4.8+0.9 0.4+0.1 02+0.0
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(=]

1.UCBCBXUBMCDan=—7 vyt 1.

T #RARE VB RTD UCBC 3L UV BMC (2x10%dish) %, f &K+ (th A2 2V th bF
A7 =Y rm SCF, rm IL-3, th IL-6, rh EPO) & ¢ AT /b — AEE M FEFEL |
12 B, an=—¥EHU R, ZivE CFU & L7, #%27771% CFUs £ SD 7~ 77,
**p <0.01 by Student’s t test; UCBCs versus BMCs.

2. AfEER

By £ B6 #5108 BALB/c ~BUE & X #IE % . GFP™ B6 LVEREL 7= UCBC %
721X BMC 2B AL 7=, X #RIRGT O H 0B £ BALB/c = hr—/L & LT, B 16
WHEDOAELFRIT, FRBHEE (B6—B6)(1.0x10° f8)> UCBC 1% 80.0% (n=10) .
BMC T 100% (n=10)T-7= (X 2, A), —J7, BEABHRE (B6—~BALB/) (1.0x10°
{#)T UCBC I 13.3% (n=15). BMC i% 86.7% (n=15) & UCBC TH B4 FRDIK
TRDBIAN, 2.5 58 (2.5%10°f#) & UCBC % 5- T DELFERIT 77.8% (n=9)
FCEIEL (K2, B), L7z235 T, UCBC % BMC &l L TE A HSC O D7
W2 &, FOREREE T T HSC DRSO WNZENE NS,
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% Survival

(A) (B)

AR Al SRR
100 —mq— — — — — — 100 —=
80 807 ##
: = ! ==== UCBC 1.0 x 10°(n=15)
60 T Zz60 + i UCBC 2.5 % 10° (n=9
! == UCBC 1.0 x 10°(n=10) 2 '-‘ e Lox 10 (ngs)
. — — X =
40 & &+ == == BMC 1.0 x 10°(n=10) Ago+ Y Rad C' _6(“ )
¢ mmmmman Rad. Cont (n=3) 2 : i | ad. Cont (=6)
s emeece- ]
20 + 20 + ‘e
0 * % % % % 0 % % % %
0 30 60 90 120 0 30 60 90 120
Days after transplantation Days after transplantation

2. Btk DR

A8 X BRIRET L7285 47 B6 35O BALB/c (2., T #ifitt 8 GFPT UCBC 7213
BMC Z#HEL | 120 HETOEFELBIE LT, (A) FRBIEIZI T D A4 ik
(UCBCs or BMCs from GFP" B6 — B6) ., (B) FABAEIC 31T 2477 #if (UCBCs or
BMCs from GFP" B6 — BALB/c) ,
*#p <0.01 by log-rank test; UCBC (1.0 x 10°) versus BMC (1.0 x 10°).
##tp <0.01 by log-rank test; UCBC (1.0 x 10°) versus UCBC (2.5 x 10°).

3. LIRS ILIC IS GFPT Mmoo

BhEth 4 BEIC 16 BET, LB MR OR T — Bk GFP fifaz 7 m—
PARAN =T L2 (£ 2) . K2 A DISIZFESRBAEIZIT UCBC 38X BMC
EBITEWAEFFEEZRL TV (UCBC; 80.0%, BMC;100%) . ZAUICFHBIL T
GFP" fiflat BeAiits 8 IH D BERE T VEE A7~ L 72 (UCBC;75.8 + 13.1%, BMC; 87.3
+3.9%), —77. #% BMC A D GFP™ Ml A5 1%, [FARIC BV K HEIZEEL TIsY (8
;879 £ 4.2%) , LI 16 H HIZBWTHIA 352813 7en -7 (16 #;87.8 +
7.9%) . LML, #% UCBC Bt (1.0x10°) 0> GFP" #4745 134%< (16 350.0%) | 4=
FLTWAEEIZIL Y FA S OMB THEINLTEY, ZRBREE N ToO

11



UCBC-HSC O DL SAREN T2, ZORERI B R UCBC B CTOAEFRILT
(TSI EE 2 5D (K 2 B), — 7, B0 A i (2.5x10%) 1344756 (1K 2
B&R) LB, K —H 3k GFP il D475 2 (B4 16 % D GFP flila A5 L
72 4 {E{;78.0 + 15.3%) D] RIZHFH 5Lz, L7cs> T, Miflu ol &SI ko4
fFEEOM L, GFP' filaAE DM EiZks T AN TWHEB X LD,
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# 2 . UCBC ¥ & 0" BMC Bfifith > GFP™ fifid =75 4

% GFP" cell
weeks after transplantation
Recipient no. 4 8 12 16
#1 NT 57.0 67.4 72.8
#2 NT 86.6 88.4 89.6
#3 NT 87.6 82.7 84.0
o #4 NT 81.4 84.1 81.6
ﬁfxﬂg?ccegs’; 45 NT 66.1 65.5 62.4
' #6 NT 82.7 88.5 88.6
#9 NT 86.9 86.8 89.9
#10 NT 58.4 58.5 65.3
mean = SD NT 75.8+13.1 77.7+12.1 79.3+11.1
#1 79.5 87.0 87.9 85.8
#2 49.7 88.3 92.0 93.6
#3 87.0 91.7 93.8 94.2
#4 86.6 91.3 92.7 93.7
715 BMC Tx #5 87.2 89.2 93.8 94.8
6 #6 73.8 79.4 93.4 93.4
(1.0 x 10° cells)
#71 80.4 90.1 90.9 93.0
#8 67.4 82.6 89.4 91.2
#9 79.3 85.0 90.6 90.8
#10 76.6 88.6 89.3 87.2
mean + SD 76.7+11.4 87.3+3.9 91.4+2.1 91.8+3.1
H7 UCBC Tx #12 NT 0.0 0.0 0.0
e #15 NT 0.0 0.0 0.1
(1.0 x 10” cells)
mean = SD NT 0.0+£0.0 0.0+0.0 0.0+0.0
#1 58.5 71.6 76.1 55.3
#2 1.6 18.3 76.4 82.2
#3 67.2 80.3 85.0 87.4
#£3% UCBC Tx #5 NT 0.0 0.1 0.0
(2.5 x 10° cells) #6 79.1 86.5 87.6 86.9
#8 64.8 0.1 0.0 0.0
#9 82.0 0.1 0.0 0.0
mean + SD 58.9+29.4 36.7 +40.8 46.5+43.6 44.5+43.0
#1 79.5 92.9 82.3 92.0
#2 49.7 76.1 87.7 68.2
#4 86.6 86.1 93.8 85.2
#5 87.2 88.2 87.3 91.4
#6 73.8 90.3 91.3 92.4
#7 80.4 89.0 91.2 93.6
# % BMC Tx #8 67.4 90.1 92.1 92.6
(1.0 x 10° cells) #10 76.6 90.5 88.4 92.1
#11 86.0 85.5 92.2 82.1
#12 85.1 84.9 91.8 77.6
#13 84.8 89.4 92.1 86.3
#14 84.8 89.0 92.3 93.2
#15 84.7 90.2 93.9 95.2
mean + SD 79.0 +10.6 87.9+4.2 90.5+3.3 87.8+7.9

13



Number of cells (/uL)

4. SN E S

BAE 16 % OL e = AR I O GFPT Ml 24% k372 T M, BHEA, HER,
FERIERDE| 5% Lineage FFRAPIIAE V-7 0 —H A AN —TRHIL- (K 3),
2 T GFP" Ml D475 A3 ORI > TR R Z OB RS2 (B5% UCBC
FEAE(1.0x10°%) #12, #15; 5% UCBC BAE(2.5%x10°) #5, #8, #9) , PSS =M%k
I, FSRBLOERBAE CTUCBCIXBMC I L TIRAETHH AN, THME, BilL,
HER B L ORI ER O B L3R ITE DS el o Tz, ZORE R KD BMC-HSC ERIERIC
UCBC-HSC (Z5REREE TIZRWTh R M0 2Tk T 2 20425
LD TET,

[F%& UCBC [Fl2 BMC H% UCBC % BMC

1.0 x 10° 1.0 x 10° 2.5 % 10° 1.0 x 10°
30000
|:| Granulocvte
25000 Macrophage
(] B cell
20000 . T cell
15000
10000 -
5000 -
0 4
— NN <t VO OoNO — O N \O
HoH HHHHFEH g H H H H

Recipient no.
3. BB Al AR D50 I A A

UCBC ¥ XU BMC B4 16 %, fRIRL7- Ly v MR A © A4 F AR
kPt CD3e (T #fife), CD45R/B220 (B #lifi), CD11b (HLEK), Ly-6G and Ly-6C (FEH7EK)
PURE SRS, PEfE#HA L7 hT e T, 7a—H% A F A FU—
TRENT Lz, ARSI AR A M E F 2 L 7R T E L, S T Th v
YRTHZETHERHLE,

14



5. BLFEX A5 Rag2” BALB/c TO T it L O B i oL

RS- R T — BRI R OFSRENE 2 MRFE T 5720, T-B MR KHE Rag2”
BALB/c [Z# % UCBC X0 BMC BAtia1To7-, Al 16 H#%IC GFP' T Mifads &
OB IO PR E 71— A AN — TR LTz, ZOFER, LB MR i
(ZIXR - —H 3k GFP' T il L O B MR O B EE A Ml s = (X1 4) , O B R
AT AR L TR G RRER (5 el 5 akER) : LY TNP-KLH #& 54
EHiL , TN T MTaHEEE 25 ONT B M RE 2 MREEL 72,

% UCBC Bl B2 BMC Bl
(0]
T cell a
Q
/M
B cell %
<
@)
O D

GFP
X 4 . Rag2" BALB/c IZ3\) % 5% N —H 3k T #ifid L OB i o iR 4

#3% UCBC 310 BMC B4 16 1% . R MLIC B4 F AT CD3e (T Alfi),
CD45R/B220 (B Ml Hiik % i &8, PEREFA L7 b7 BV CYeats, 7
a—HA A RU—fHTIC LY NP —HRGFP TR B L O BMazMH L7,

6. TBHELLE 1 12592 5 A HEHE SO

T ML OMEREMEZFEA 45723, UCBC £7-1% BMC ¥ %7 Rag2”™ BALB/c |Z
BALB/c, B6 8L C3H D fEZBAH L= (X 5), BALB/c 38X B6 D FZJ& JriXi
FAT Y AR ToTeDIT L (7 — 2K 4G8) . 5 3 F C3H OBHELLE /72T
R BRI 72 (0 5, A), UCBC A7 BALB/c {3 BMC ¥ A7 BALB/c & IEH
BALB/c 2k, 2 H OIEMRISEIED RO DL (K5, A)bDO D ZOFEHMER IS

15



CDS8" &7 —T Al OEEER FELEL L HIZ CD8” 7 —T MDA IL-2 YA~ h
AL FWTHZ % CDA™ L 3—T MO FAEFLL L L TWDZEAERLTND,

EHIZH 38 C3H OBMEFLE & fEHE LT- % 27 BALB/c O SR VT,
s s B A EhEL7- (K 5, B), UCBC XU BMC BAlIZEOiESES 7= CDS' T
MR D C3H AR RT3 DG FIE N A B e R R Tt En 7z, EH
BALB/c (2L ClifAl~ D A TIEZE DG EEMEN A B T LT3, U
ZENRE R D ERIC ks TG EMED EH U, BEAARICRL T 60 fFEOFE
IFIIEASINEE  BMC BRI~ T UCBC BAERECO UL AT RE/R AN 5 E TR
PEDNES EDN0RD BT,

(A) (B) A
- UCBC (n=5) UCBC (n=3)
O~ BMC (n=5) O- BMC (n=3)
- Normal BALB/c (n=5) - Normal BALB/c (n=3)
- 100 TIRA R RN R RA R R AR\ 60 [
g 80 2 0T
E 60 %‘ 401
B 49 = 30 F
) 8 20 F
20 X A
= b3 7 9 bl ’ 1:60 1:30 1:15 15
Days after skin grafting -100 = ' ; o
E/T ratio
5. BARBAEE N — ik T M o pgeEFEh
(A) #% UCBC (A) BE BMC (O) B4 16 #7% ., i A7 Rag2”™ BALB/c DFR

FELIZHHENIC B6, BALB/c 3310 C3H ORIV ERIL T2 R F 2B L T2, FEAfT%
WA A7 Rag2” BALB/c 3 L TNE & BALB/c (D) (23617545 3 % C3H DR A
(29D A B 8l22 - 3L, (B) C3H F2JE Fr & fEffaL 7= UCBC 3L 1Y BMC
Bohitisr A7 Rag2”™ BALB/c O IAIIL (B; ZE2hHIM0) % AV C, C3H SRR (T ; 42 A0
) Wk DI 5 (FfiR) FE4 °'Cr i T e A2 KR L 7=, 2 ha—b L
TIEH BALB/c Z e, 25 BEOMNEEH L 135 SR (%) + SD T/RLTZ,

*p <0.05 by Tukey’s test; UCBC versus normal BALB/c mice.

#p <0.05 by Tukey’s test; BMC versus normal BALB/c mice.
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7. TNP k¢ RAGHUAREEL

B M OBEREMEZREA 95728 T MUK FIEHUR TS TNP-KLH Z e 4 5-
L. TNP R PUREAZRFEL 72, 2 hr—/ L L CTIER BALB/c (FtEa ha—
V) BEY Rag2” B6 (&= hra—i1) & V=, TOHEF, TNP (263 D4 5
IgM, IgG1, IgG2b FUIRFEE DN IEH BALB/c E[RIERIZ, M AT~ A THAERI NI,
IgG PURDEEITIT 1gM OO T TAAAL Y F PLETHY | £ OEREITRE 7o~ L
X—T #ifaE B #LO45F-[E] (CD40/CDA0L) ' ' 225 NS YA M A AR EAEH o |
[ZERONE DT &S, H5R UCBC BAEITZ D L7 M2 7o N — 7R L & B A L4
HLTCWAIEDIRENTZ, YRRNDG, athar bo— L L THWZIEFR AT Rag2”
B6 {Zi%, TNP-KLH # 5-126,7205 9 TNP R ERAYHUARITRR S 72 h o7z,

ZNHORERIT, UCBCIIAEMIC BMC LAk, BRBREE T COEHeiies A
LTS 00 5 RAEEE CEL LA RL TS,
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OD (490 nm)

OD (490 nm)

TNP-specific IgM

L
=

—A— UCBC (n=38)

—&— BMC (n=6)

—3- Normal BALB/c (n=6)
—~ Rag2” B6(n=6)

—_
(%]
]

OD (490 nm)
=

e
W

e
S
!

Serum dilution 1/n

TNP-specific IgG1 TNP-specific IgG2a
2.0 2.0
1.5 ’g 1.5
10 Epd 210
L ]
T o
0.5 LI & S 0.5
0.0 - 0.0
25 28 211 214 217
Serum dilution 1/n Serum dilution 1/n
TNP-specific IgG2b TNP-specific IgG3
2.0 2.0
1.5 ’g 1.5
1.0 g 10
0.5 A g 0.5
0.0

Serum dilution 1/n Serum dilution 1/n

X 6 . FR A% KT —Hk B M0 O RESFA

FL3% UCBC 3L BMC i 16 ## ., i A7 Rag2”” BALB/c | TNP-KLH % I
Vefe 5L, Z0tk, KMz, Hbh-mifEz 2 sk a R, migho
TNP #5509 IgM, 1gG (IgG1, IgG2a, IgG2b BL O IgG3) Hiika ELISA 75 (W ¢
490 nm) THEH LTz,

FHED TNP FFEAHUARRE £ 2 WO (OD) + SD TaRLTz,
*p <0.05 by Tukey-Kramer test; UCBC versus normal BALB/c mice.
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5 %

BIfE, UCBC BAHIL MR B OIRIZIA AN ST DA, BiIRIZIBW TR
R DSR2 BN ARNT L7137 < | BAERE o Eligg > | L
Z2-Clith UCBC DA B R4t a3 5 > 100 AR B (B~ UCBC O~ A
~OBA) P OWEITIROILTND, BRBREE Tk « B L7z R — ki
JASIEH 2B REME 2 LV D DMIMGE ST R ERERED — D TH D, b
DOEREMRFEIZIIBEET A RMETH D, LTI INETIZ, S TVRETLE
FAV, AR C OB GE FHEEMEE R L 0D 1Y) RIFECIi iR
B~ U 2T V&V, BRRICHER SN DML &b IS S 7o
B (THIRRR LUV BHIR) OBEREMEIC OV T L IR TRAE LT,

A 120 H 1123 T, [Al% UCBC ¥ £ U BMC B fE AL W AEFR %2R L
ez ehn (K2,AZH), X1 T/RE 7z UCBC O CFU fEIX RSB BA# % O
EFRICEB Lo Tz, — ., BABAIZE VT BMCIXE W AEFRAHER L
b DD, UCBCIIAERIK 2580 bitlz, £ Z T UCBC Mz 2.5 fi51C
B (2.5¢10% Lo & 2 A, ZOAFRITBIMICEIE Lz, Lz2> T, %% UCBC
BIEORIOER & LT, BB OEERZET bhd, BIAEEICEEST
% HSC I% BMC & tife LT UCBC T 72\ Z E BNEATHFSE TH M LN TEY

(UCBC : 1 cell/4x10*, BMC : 1cell/2.5x10%) '*'® Z o i3fhce 07— 4 &%
FT2b0THDH, ZHIUTF LT, Chenatel 5% UCBC Bt &
AFRFTLEOMICEOMBIF AN L 2@mE LD Y

[FRREAH 16 % UCBC 38 L UVBMC X, mWVAEFEE & HIC R —H ki
DEEbEEZR L. (K2, R258), £/, 5% BMC BHEITFR R & [F
BRICE WEIS TARMMLIC R —Hk GFP A E STV =23, #5% UCBC
BhE (1x10°) TIHEAGFRLE & I B —HK GFP Ml DA% b L H v
ofz, SHLIZAF LTV AEERORMIMIZL v = MHKOMIE THES L
T, L L. UCBC BHEAIIEEZ 2.5 3120 (2.5%10°) 4% & BAkfE ko
PEELL B R —H3k GFP il TREEE S LT e, b OfERN G, BUtE
XA Z DO Lo B MIFRAFE LT 62O 5 fiia s BMC-HSC (2 Euig L
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CTUCBC-HSC % L W BB IZHBR L T B O L, 72, BMC IZIZE%
BRBE FC HSC DX ZTLE ST L0 OMIEN T L THD 008 Lz,
TR Z oIAfFT DMl & U CRATAFZE CTld, BMC HRFZE R ML & O BhE
202> BMC H1SREDHIMERR 2 IO 2 2IC L 0 | BRERBE T CoEE 2T
SHDH VST HENH 5, UCBC &AM K 0 A% L7c R —Hk GFP'
JlX L v By hRRY M TR L7z TR, B fifa, HERE L OVERIERIZ /3 L
TNHZ e, BARBE T CTHIEFRRMMEEL A L TWD Z LRI,

ERRBISIC 3\ T, #5% UCBC BAEILE AR B OIREIZHN IV TN DAY,
TIEHERE 2 ST L TV D DNTENTILAR VY, T OFRIERERE 2 FE 3 2 720 T A
fds L OB Al A2 K LTV % Rag2” BALB/c IC RABIE 21T\, R —Hk
GFP' Mg D 7 THAEE S 7z THllads K OB MilaOBERR 2 1 > B 7R EBR TRF
fifi L7z, T HIfaEREREAT C & % B& A E#ESUS Tk, UCBC 36 X U BMC B %
A F Rag2” BALB/c 1355 3% C3H DR &/ 2 fa L7228 (K 5AZH) . B6 B L
O'BALB/c DGR ITHEAE Lo 7 (F— 2 KH) . ZORIRIE. THar
7% — (TCR) ®L/3— K7 —EkOifE T B6 £ 721X BALB/c ® MHC IZ%f
LCRIET 2 TSR CE ITNAIHT 4 7L 7 v a X0 HERENT
WhHTlehEFEZBND, £72, CIHIZXT D4 v b el Emesi, B
flE {4 & el LT UCBC 3 & O BMC # 4 A 7 Rag2”” BALB/c TIRETH - 7=,

U ERE TR AR Z TR T T 4 TRV v a BN CI3HIZKTT D TCR L /X —
N7 =% EN—DDERE L TEXLND, LL, ZOKEIXEZE
F O RE S B LR -7-2 L)vb, UCBC B A 7 Rag2” BALB/c
THMERIN-F 7 —TMaOMIEEEES X2 OX 7 =154 IL-2 550
TXZ DS —THIROBERENER ThHZ L 2RET 5,

—J7. Bl ORRERBR TiZ, TNP-KLH %% %4 L 7= UCBC 5 X ' BMC %l
¥ A Rag2”” BALB/c T TNP #3514 IgM, IgG1, [gG2b HUE D REL NGRS b=,
Z O TNP-KLH (2% B HUROFEAT T K FIETH 0 | IgM 225 1gG ~D 7
T AAA y F IV =T il & BAIKL (CD40/CD40L) ' DM E AR ¥ &
AU R=T MR B RW ST A A XV T 5, LTcii> T, 2
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O ¥R UCBC AL B MK OPUARIEL & OFE T, THRE OIER 2 E/ER S
HELTVWDLZEERLTVD,

AMFFEORE A . BMC BAH & [FIFRIZ S REREE T T UCBC A3 RErE 2 A L
T RO FREEICAZI Th D Z ESGEH &7z, 727> 5 UCBC-HSC (34
RERBE T CHEMAFE AR, Eiia~& ok - kB L, ZOHEEE I
TIEMIIT A LT BEA A L T D e W) 2 & Th D, 272, HR UCBCH
FEDAEEHEREIT R A BMC B LR L TE LK FL TS Z LITHEETH
D, ZoOEMHE LT, UCBC-HSC ¥4 BMC-HSC & M LT/ 72 & & ff
HCUCBC-HSC DRI MEEL THDHO0H LR, ZORMS &L LT,
UCBC-HSC (ZI13& Mgn B~ T DR DS KRR b DR L HEBY . ZDZHK
O HSC I RBRBE F CRIEFMREZ T T d B2 OND, LnL, —ib
7 UCBC-HSC |& BMC-HSC & AR - b L, BEFIORE L7z dE iz o7
DoTWNDLHEEZLND, LIeho> T, BhEMEBOEINL, —5HE £ 5k
A L 72 UCBC-HSC D& A R A\ i MERE 125 5 HSC 2 50T & &
TWNDO0E LIV, IROMEREE LT, ZORMZR HSC A LT H O
T D2 ENBETH Y, BRI TIThh 5 5% UCBC BAH O BB A8~ &
DT TN,
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CGE

AWFFEDBAT | i SKNERAZ BT | #AAT FREZ I EU T2 LR R 7 KB e ft
P IER IR A A B BRI A B RE R 2 43 B B - DD — S AR L CTR R R L
EFET, ol AT DICH TN TG, ZHHEBY ELI5LARTR TR
FRe PR TER R A A B SR S A (A RE R 2 BFSE A - OH R RS AR
REH L BT ET, MEHRITICR W T B S 2 THE EUILRT R T KB P
AT FE SR A S BRI AR R O 200 B HE B - R G AT AR TR R L
F7. FL T AR W N1<TESWVE LT GARTR PR FBe PR FE 4 B A A
FHASEI A ARBERERL 2 - DHIRIT TR B O AR P L BT &
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Abstract
IN VIVO FUNCTIONAL ADAPTIVE IMMUNE RESPONSES IN MICE SUBJECTED
TO ALLOGENEIC UMBILICAL CORD BLOOD CELL TRANSPLANTATION

Hiroshi Maeda
Department of Biomedical Sciences, Division of Medical Life Sciences,

Hirosaki University Graduate School of Health Sciences

Using a murine model, we investigated whether allogeneic umbilical cord blood cell
(UCBC) transplantation facilitates immune reconstitution with functional maturity in
comparison with bone marrow cell (BMC) transplantation. UCBCs and BMCs prepared
from green fluorescent protein (GFP)-transgenic C57BL/6 (H-2b) mice were transferred
into BALB/c (H-2d) mice that had been subjected to lethal total body X-ray irradiation.
Although UCBC-transplanted mice showed poorer survival than BMC-transplanted mice
for the same number of transplanted cells, increasing the number of transplanted UCBCs
improved survival with an increase of donor-derived GFP" cell engraftment. Flow
cytometric analysis revealed development of GFP* immune cells of donor origin,
including T cells, B cells, monocytes, and granulocytes, in the peripheral blood of both
sets of recipient mice. Furthermore, the functional maturity of T and B cells involved in
adaptive immunity following allogeneic UCBC- and BMC-transplantation was assessed
in T- and B-deficient RAG2” BALB/c mice. Both sets of recipients showed complete
rejection of third-party C3H (H-2") skin grafts and antibody responses to the T
cell-dependent antigen, 2,4,6-trinitrophenyl-keyhole limpet hemocyanin, with
immunoglobulin class switching. These results suggest that UCBCs have essentially the
same ability as BMCs to reconstitute a functional adaptive immune system, even in an

allogeneic environment.
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