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Establishment of a Murine Model for Allogeneic Umbilical Cord Blood Transplantation
by Intra-bone Marrow Injection and Its Effects on the Engraftment of HSCs
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(1. Department of Pediatrics, The Second Affiliated Hospital, 2. Experintental Animal Center, 3. Medical Research Center.
4, Department of Pathology, SUN Yat—sen Universily, Guangzhou 510120, China)

Abstract: [Objective] To establish a murine model for allogeneic umbilical cord blond transplantation by
intra—bone marrow injection, investigate its effects on the homing and engraftment of HSCs, hematopoietic and
immunological reconstruction and GVHD of recipient mice after transplantation. [Methods] BALB/C recipient mice
conditioned with sublethal dose ®Co <y-ray radiotherapy were transplanted with FNPB from C57BL/6 mice by intra—
bone marrow injection or via the tail vein. Two hundred recipient mice were divided into four groups at random: intra—
bone marrow injection group (IBM group), intravenous injection group (IV group), irradiated control group, normal
group. There were 50 recipient mice in every group. The distribution of CFSE-labeled FNPB inside the recipients was
observed 1n frozen sections of different organs or by flow cytometry. The survival rate, engraftment level, recovery of
hematopoietic and immunological function and GVHD of recipient mice were studied. [Results] (1) Tracing of the
CFSE-labeled FNPB showed that by 72 hours after infusion the IBM—injected FNPB mainly accumulated in the BM
cavity of the injected side tibia and few was trapped in the lung, but the amount of FNPB inside the noninjected side
tibia or the tibia of IV group was significantly less than that of the injected side tibia. Lots of FNPB were obviously

sequestrated by other nonhematopoietic organs like the lungs by IV injection. (2) The recovery of hematopoietic and
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immunological function of IBM group was remarkably faster than IV group and its engraftment level and survival rate
were improved without GVHD. By +90 d, the survival rate was 90% and the level of H~2D cells in the injected side
tibia BMNCs of IBM group was(29.53+6.64)%.(3)The engraftment level of HSCs and the hematopoietic reconstruction

of the IBM —injected side tibia were much better than the noninjected side.[Conclusion] The murine model for

allogeneic umbilical cord blood transplantation by intra—bone marrow injection was established successfully. It was

confirmed that IBM —injection was better than IV —injection on facilitating the engraftment of HSCs, accelerating

hemopoietic and immune recovery of recipients, and promoting the effect of UCBT. IBM—injection on multiple loci is

probably more efficient to the noming of HSCs.
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1ML (umbsilical cord blood , UCB) & & If T4 /L
(hematopoietic stem cell, HSC) B AH M HERIR (B
B4} UCB BT HSCs $LBA FRIFHEAANME, Sk
o7 40 T RER BB, LIS M S T L L S S
B RRYL A BEAHAH ST SRR, DT 52 M 1 R
THFIM##E (umbilical cord blood transplantation,
UCBT)W KRR, InfalfR /5% ML HSCs VA S IF4H
ABBER YRR MR AR SUE TS R F
ANEUEBERE BT B A R R BRI B R E A
& (intra~bone marrow injection,IBMI) T B
HSCs AH FAE BH/R SRR il R % mi
SR, S Fom PR P SR BESC B A

1 #M¥EF*

1.1 XWHM5FERN

TR B (SPF 4% ) BALB/c(H-2D%) it/
BRI, 7~8 i, KB & 16~18 g, il
KSR F Y h.o3RALSPF 4 CSTBL/6 (H-2D")
N RS AR LA, 10~12 FRS, & 22~25 g,
F FEiE SR A R R A FrA SR/
REAFZTRILKFELRFHTORERRED
Pk RS AR, R Ok Rkt & TR KA AL
B BHAEAT A RSSHT RS Y), R
ThE % B £h B I Bk I BZ B (carboxyfluorescein
CFSE) 1 8 % H
Molecular Probes 2%, % 41 & H (phycoerythrin,
PE) % R E B V6 E (fluorescein-isothioc-yanate,
FITC) #ricXBPi/MR CD3.CD19.NK1.1,CD11b,
H-2D" B4 (4 25 [ PharMingen A &), FREA YR
s FEREE R (Methocult™MGFM3434) M9 B £ H
Stem Cell AF]

1.2 RRBRRFLERINIMF &

diacetate succinimidyl ester,
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A E N KR 18~19 d HREUEA G
24 h R Bk S RSN I T oK B A (50 U/
mL) LN B A B BSR4 BAME L (near—term
fetal and neonatal murine peripheral blood, FNPB),
¥4 H R A AR B 25~40 wL, A 41 HL(1.5~
6)x10°, & B T TR A A TS 2 95%LA E , A IMDM
MR PR AR B Mk B R 5x10%mL F1 30x10% mL £
Mo

T4 FNPB DABSEREL 28 fiof (PBS) B 4R vk
BEH (1~5)x107/mL, ITAZWE 10 pmol/L
CFSE, T 37°CH{® 10 min, H5 5 AR 1640
FZAAEFRT 20CHET 5 min,PBS YE &40 H,
IMDM % 3% 3 8 B 40 fa e B , M 32 BT IR R B
Kigr,

1.3 L4455 FNPB BE S *

BALB/C M ERFENLAT M 4 40, 4 50 R . B
BN IS4 (IBM 4R ; B &R bk T4 (IV ) s 0T
SHABLE I3 ATRRLH , AT 3 A/ NRIBE T EE 6 Gy
1) 9Coy BHE4 H— R EER  FE 2 1.3 Gy/min,
BB ERE S 2.5 em, IBM H R IV A5EHB/E 8 h
$E% FNPB #4f, BHATLL 43 g/L /K& B 430
me/ke BERREE, 1BM 1S HESCER(2], BYTT AR,
| mL S EEMNBAARXTREOEARS EH
e, T FNPB 1x10° GRS 4864001V
4 th RS Bk— K M ST FNPB 1x10° 4RHa%; U7
it BB 2 | IF 85 %o B 20 DA IR O v R R B R PN T
%1 0.03 mL IMDM 15373,

1.4 FNPB BiaEHiliEss

1.4.1 CFSE #:4% FNPB 4k A =3 433 T CFSE
¥RiZ FNPB #i13 )5 5 min 24 h.72 h AFEZZ H, B
R BB IS H, TESTON K Ak i ST DU R  AT B
i MRRATIK AV R (BB R 5~ 105K, A &
S um), FENCEME T ERY A ESEE 5~10 T
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HEWE ITEE NI P2 OL A (x100), %
RACER: (-) RERRARBETOL; (1) &
MEFRAUEI 1~5 PR (++) B LE
K 5~10 S PHYELRAT ; (+++) BT EFRBL 10 D
RLEBHAEARME ; (++++) Y0 TR PR A SR S il A
R ZER, BEESMEERITTE, 5T Llad &l
25 RUBRAE 3 S0 B 3E v SO0 B 4 AR R AR
Fehkifn, L tis-NH,Cl V5 3 5 R 4T 41, FACScan
TR 40 1Y (Becton Dickinson 43 ) )4 il £ 8,75 )¢
(BRI 488 nm),
142 FNPB#HME %A —&HFEANK &HMWE
FNPB BHE/EZFAFRE ., KERE. hOmEHE
BT BOEENRES) B E B K(ES S A il
%,
143 BHEZAEZE R EAARGKRA &
A FBEEE 10 X(d10, FF]).d14.d21.d30 &7
B KX-21 1t 48 MY ( B 4 Sysmex 23 5] ) K
) % 20 f73% /N RAME I WBC Hb PLT; 7 5H0| %%
JEESFNEE B REZAME (BMNCs)2x10* L 1
mL FELF R LEERIE AR 37°C, KRS
5%CO, XA FITE B (935 = #8 1T CFU-GM BFU-
E.CFU-GEMM £7%3E3%, ISR B TI5 5%
J& d7 1t % CFU -GM,d14 it % BFU -E.CFU -
GEMM; B85 d21 ALSEAFTE 52 B, B S ki
SHUR BT ARSEEY] F HE Yefa  SLaie 2 548
AR BT d30 BOME I LA F 240 36 A 4G 1)
PE & FITC #ric KBt/ B CD3.CD19 NKI1.1,
CD11b 4T, XF BN 1gG1-PE IgG1-FITC,
144 BHEZABHWREIREE GHW
EZRARNE JEIE |l Bk B e &
UL, FFBBR)S d28 96 2 RUE B Rk PR i
THREY LT £/ (graft —versus —host disease,
GVHD)HZURIEEK 2,
145 HNEZBSHAKFERN HHBRBHEE
d14.d30.d90 /I~ B A9 7E 51 0 B2 3E 1 5 AR B 4R g
B, A FITC FRER K BT/ Bl H-2D 3514737
K, X3 B A 1gG1-FITC,
1.5 Sit#EsH

K H SPSS11.5 it ki, H B E R L (xes) F
T, KA KRR EEEFES T, L4 Kaplan-
Meier A= 77 MBI 22 353 A AT Log-rank K036 | 46
BKHER =0.05,

2 # X

2.1 A[EER2HF FNPB R4S fmiER

CFSE #5ic FNPB %1i¥)5 5 min, IBM 20 7 531
B AREEAN R WREF AR CHRBEN S E
R (++++) , HEFRO R LB SES LM, IV S
ML A PR (++4) BB FF 08 B B AR E
A AR sV C AR (+) ; A ST 24 h, IBM 4 F 5
Rz B B BERE R AR R B PR (+++4) M
LATHEL, T A e 300 4 /> B R B 0 S AR, LUAT .
18 PRREE I RIE RS T BN E (++), IV AR
& BB BERE 9] W/ 2 PHYE AT (e )
BF . M. B9 BRI R PE P 40 B B BT B R
(++~+++), MHMNE MR R P HEERRE R ;72 h
Ja , IBM H S, FEFSHER BB BR R B nT Wk
B VO, B LLESIIA L (+4+4+) , HE
BRSOt AR AR, IVARE T B
WIF BB LEA, TSR 15 5 WSt 4
(++) (B 1),

BG5S min, BM HESNZ 5B 4D
A (1.537+0.136)%3K 8 CFSE $Ricfit{k FNPB, 5
FCARE ST AN IV A H R BUE  (0.012+0.016)% .
(0.10740.077)% L3, £ R B Gtit2% 2 L (JEiFE S
M ::=27.212, P= 0.000;1V 4 .:¢=22.345, P= 0.000),
1M IBM 28 4F i 50 A2 BB SR g i AL JR % B | 2>
T IV 4 (1=2.945, P= 0.029), H W8 BB A4 4
FE SRR o B P 4B A, 29 LA TV SR (i o=
6.553, P= 0.000; f§ :¢=4.530, P= 0.005), )i B 5 &%
fE NE ST FNPB BpZI B R E4MNE s e a s
T E W LGIRD; BHEJE 24 h,IBM A EHNIRE
BRI AR BT o EL B F (1.0£0.217) %,
ENEESTIEEHMA Y H (FEESMN .=
8.190, P= 0.000;1V £ ;:=7.931, P= 0.000), Ti/5 %
HIBLHEER(P>0.05),3H IBM 45 IV 4
RELRE ST ML R R 4 M H IR B 2 R (P >0.05)
T/~ B HERE T 5T A9 FNPB TEiZ 8T 55 O ALK
EHH TR EREREAR, BARMPE TR
THEHFWE R, BT 72 h, TR 4 T &AM
BUESE TR BRGNS R SHASS 24 b
MFL—B(E 1),
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1 CFSE #7id FNPB I 5175 IBM EiT MR R BERRER

Fig. 1 Tracing of IBM-injected CFSE-labeled FNPB in BM of the injected side tibia (x100)

A: 5 minutes after injection; B: 24 h after injection; C: 72 h after injection

F 1 FLERAUN CFSE 47ic FNPB B WS BBk S R AN
Table 1 Flow cytometric analysis of the distribution of CFSE—labeled FNPB inside the recipients after IBM or IV injection (x+s,%)

. 5 min 24 h 72 h
Locations n
IBM 8% IBM v IBM v
Injected tibia 6 1.537+0.136" 1.0£0.217" 0.888+0.234 "
Noninjected tibia 6 0.012+0.016% 0.107+0.077 0.25+0.058 0.208+0.113 0.090+0.013 0.093+0.12
Spleen 6 0.008+0.010% 0.1£0.049 0.362+0.230  0.317+0.200 0.117£0.043 0.148+0.043
Peripheral blood 6 0.145+0.186» 1.238+0.364 0.048+0.071 0.05+0.051 0.020+0.021 0.025+0.030

IBM: intra—bone marrow injection group; IV: intravenous injection group.

1) Compared with IV group and noninjected side tibia, P< 0.01; 2) Compared with IV group, P< 0.05; 3) Compared with 1V group, P< 0.01

2.2 FNPB BEEZRAEFRR

BT X AR/ MR T RS 14~18 d SET,
d ;A FFETHE) 15.5 d, BB HE )G 90 d 7R 1A % 40%; 10
R IBM /MRS T &S B0, K5 6~7 d 48
KATHE DTG F 1 RTHBHER 19
d FETS, A S 90 d 7T 3R 90%; IV I AEFE A
50% ,/NRFET-AF B 48 BB 15~18 d, SET-/NER
WA RREHE NG MFER, RIVERIER,
% 41 Kaplan-Meier EFREMAEWA 2 ix,
Log-rank ¥ % IBM 20 5 Hityr %t BR4R IV AR
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Fig.2 Survival plots of recipient mice after FNPB
transplantation

RZNAFITERE L (B BAH  Qn=6.06,P =
0.0138; IV 41 :Qm=4.17,P =0.0412,P< 0.05), i
S RBAS IVANERFHALHEESR (Qu=
0.22, P =0.6405, P >0.05),

23 BERFRELEKEIIESER

231 %RsALFKEANEL RS IBM 45
Al maE A EFAER, BiE 14d2HEEER
K, R (15211)g/L, 21 d BEAWKE , i H 400,
/AR T 21 d R B, 4 s B (7.4040.76) x
10%L . (387+29)x10%L , /5 30 d IBIEE KK,
IBM HZERAE 10,14 21 d 3 B S R4
BEHDES T IV ARBUTREH(P< 0.05), IV
$H HrF TR AN I E L TRARSS 30 d KK,
IV 41 7E 4~ f A B0 I 40 i SUE IR & TR &
BHEZEFH LR L (P >0.05),

232 ZRAFHLTFAmBESTN BHE
R} B & 4 /N BURR B B o T /AR 4R LR VR 5
Fe AL B 5 51 E AR AT B AR A — 2,
IBM A5 TFRESG 21 dBBTIER, HIKE
Atia] B BB T IV 4RO % B4 (P< 0.05) , J/ ™
HFHASS 30 dKE . ™ IBM A5t ER
5 30 dSAFEHKF, HAESNSWITHRES
IV @A (R 2)
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233 SRBRTEFHELEA BHEFE214dAR (ft#% B #E4EHE) NK1.1 (REBRRGAMR).
IBM 20 7 SO0 AR B B s P A A 4 L A AR R VR K CD11b (3R 84 B WMo 40 i /R 40 A ) BH PR 40 M A9 L
AFEHE, HAETE S A ] BIEEK, AR 4 43 51% (60.18+7.46)% . (14.90+2.88)% . (22.65z
BAFHESN; IV ARG EHEEREK, B 9.76)% . (43.21£6.37)%, Hit)F 30 d F4H/NEAM

BABHRET R (E 3), BUT3 AT MRMEESEFMBALEEER, HIBM4
FANRILE MBFART A RIS [V AEAHE FoR M BE B T IV RO X A, 2514 E
G (61.18£10.12)% ., (15.465.65)% . (18.15+4.76)% .

234 LR EAmEHOKE AFEFEF (46.33£12.66) %
BALB/C B4hE M CD3 (AAFE T HE4M).CD19

3

B3 e d2l sChli s i TR ol
Fig. 3 Histologic findings in tibias of the recipient mice by Day 21(d21) after transplantation ( HEx100)
A:Injected side of IBM group; B:noninjected side of IBM group C: IV group

#2 BAE/NRER G N TR REEE R

Table 2 Counts of the BM hematopoietic stem/progenitor cell colonies of the tibias after transplantation (xis,colonies)

After IBM
Colonies transplantation  Injected side Noninjected side v Control Normal

CFU-GM 5 10 21.045.1 9.6+29"Y 12.4+4.0 1.6+0.9% 190.8+12.2
5 14 74.0+14.4 26.0+7.3? 40.8+12.9" 12.2+3.32 193.8+13.7
5 21 180.6x15.1 127.8+22.2% 156.4+30.7 89.2+10.1% 189.4422.6
5 30 199.0+21.0 188.619.3 194.2+16.2 174.4+29.6 191.0+11.2

BFU-E 5 10 7.2+1.6 3.2+1.32 4.6+1.52 0.2+0.4? 24.2+4.0
5 14 11.0£2.2 5.2¢1.5% 7.2+1.9% 3.8+2.32 24.6+3.8
5 21 21.443.0 16.6+2.5 16.6+7.2 17.6+2.3 23.8+4.2
5 30 29.4+4.0 28.6+5.4 29.0+3.2 27.0+5.6 25.243.1

CFU-GEMM 5 10 4.4+1.1 2.0x1.0" 3.2¢1.3 0.0+0.0? 15.8+1.5
5 14 8.0£1.6 4.0£1.2% 5.0:1.6% 1.6+1.1? 15.4+1.1
5 21 12.6£1.5 9.8+1.9 9.6+6.0 6.2+1.3% 14.6+1.1
S 30 224127 18.2+3.5" 21.2+1.6 17.0£1.9? 16.2+0.8

IBM: intra—bone marrow injection group; IV: intravenous injection group. 1) Compared with injected side of IBM group, P< 0.05; 2) Compared
with injected side of IBM group, P< 0.01

24 BHEEZHE GVHD 13 d thHER /KR, BT 1S d 3BT, H/NBiR
IBM 4} 1V /MR 548 FNPB J5 R LB B 57 BURKELZIGEEER LK ARITIE, BRIRSE
BRBtE: . Hm&EEM, VHAE | RZRTFBRES R, B 28 d BURAMEE % BBk T
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M A EST GVHD H4URHFRE A Bk WIEH A
Ak A2 N o R N R S o
2.5 BHEEHE HSC BAKFE

AHE5Y F IE # BALB/C AT C57BL/6 BB 8BS
M H-2D"+ 40 fd K F 43 528 (0.13£0.03)% |
(99.7120.28)%,, anZ 3 fi7~, IBM HiE HMBHE
14~90 d H-2D"+4EMIZE #4245, & 90 d FATE4H AR
IKAEF] (22.16~38.47 )% , 4275 LA 40 M 0 52 26 48
AL B GRE, £ AAE & ZE H-2D+40
M MMEEE B E T IV (BH)S 14 d Bf F=
129.122,P= 0.000, & Dunnectt—z ¥:5%  IBM 40+
SHI S 1V 4 Ho &, P=0.001;30 d B} F=32.762,P=
0.000, IBM ZH78H05 1V 4 e, P=0.000;90 d
Bt F=35.152,P= 0.000,IBM 4 1 &1 5 1V 4H H
8] ,P=0.004), IV @B 90 d M AKF{LH
(2.86~6.92)%, 5 IBM HAEIF S L&, 4
H-2Db PSR L5 T RuE P B iE)E 14 d
WA B ETEE R (P=0.001),

K3 BHEEZEAEE BMNCs #F H-2D" K F

Table 3 The level of H-2D in tibia BMNCs of recipient mice
(v#s, %)
Group n dl4 d30 d90
IBM Injected side 5 7.23z1.34  20.38+3.01 29.53+6.64

Noninjected side 5 0.3420.16' 12324630 19.33+7.49
v 5 044x0.18' 3.47+141Y 491£1.70 "
Control 5 0.12+0.04" 0.13£0.02" 0.12£0.03

1) Compared with the I[njected side tibia of IBM group, P< 0.01

after transplantation

3 i #

2001 4 Kushida 2 & 57 [BIFf AL B /N B,
SHE N TR EER, I A IBMI &R EANE
Fr KT B K E ST E I AR AR AKE
Yahata 254065 AR 1L CD34+4037E A NOD/SCID /)y
IR B B BN b 3 DA BRI TRk I 5 SR
MRS N IV 4110 15 £, ARSI T
(7] e S R/ BB P 0 T B LR AP AR R, B
IBMI "] oH A2 E HSC I L1 BH i B L3 il SRy
HEAS  REZEEEER,

3.1 IBMI #1 1V %42 HSCs @i Rk NI hET
i

(i ARTER) HSCs B E R TH

& MR AE “RAL (niche) A REHE 1

H e ME RSN, 2450 FEE K ER HSCs 18
KR 5Y-H B TR, A/ B REE R eb i i B (i
SDF-1 K H 4k CXCR4 %) W T iR BIAHR ) 1
BN S FEEREREEHE, iR —ER
)5 12~36 h W58, EMSMEEE 2K HSC W
HMEERR, AN EE RN ENBH. T
R S 5500 3 PR R AR R VEMERE K 1528 2 A BR il
AR5 TGP FHHE . IBMI 2 S 7E i
HSC 38, /b HIEZ R EHs 88 AL E .,
CFSE Ai& F TR D40 Af | 185 I A4k 40 P £ B e ¢
YRl BRIGR R AT 4ERE 8 AN, A
FUIE S5 R SR AN R 5 4 2R B8 B kR ) F W A
MM BNk, T # CFSE #ric FNPB £
IBMI. IV PIFPIE 240 5 TEZ RN T  or A A
fbo GEIREAGR SN, BEBMHG 12h, &
IBMI £ {f£{k FNPB EEHE TSN FHEE A,
/LB FNPB Al £ L fEEA B 4MNE i AT B8 He ks
fREEEEESFHAL, EEHNS IV AEEEk K
FEARM AT IR B AR, W AR R K BT
FNPB LB 5 EE B & /T IBM 4, fii¥A 9
BRI MR Ll EEEE IBMI B IV BB F T
HSC 13588, WA RN E K, ST T BE G ECE
MR UCBT BEEA R FAME; HMRS IBMI B4
B HSC JRrlE I AR B i e ss |, ik
TERKEENME, fREUIEZE LA
IBMI Al &t —264 5 HSC BHEEER,
32 EMBREERMRERREASEFDBEEE
BIIHENX

HArE ST T LS B A M 40 s /R
WG T 40 R1 35543 ki) HSCs S50 L4k IR
i) IBMI B Sh PR (H B0 i IBMI A A A A
I A —FRSE AR, i R AR O [B] b e 5 BRI
B SRR (R AP RIS T R—R
) b S B DN B I P VR S FNPB SRR AY | LIS
I K UCBT #i=t, BhZ&WE FNPB 762K A 1) 4
fi R EE BB, AR TP IBMI %]
fi Il HSCs I8 MAZCE MR EREN S
BIEE, MEAKIRE , A5 IBM HEBMR
143090 d v 55005 B Hp L 1A ke U5 40 B f EL 451 53
BEF (7.23+1.34), (20.38+3.01) 1 (29.53+
6.64)% ; Castello S 2583 37 f) A — BRI bt 1 #8548
MG 30.60.90 d KB B BEAAREF A CD45+4H
MR R 4.4% . 1.4% .2.3%; TAZEFTEL
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B IV 342 R Fp R 5D B I (FINPB) #E AR /)N B AR B0
30 d Z R EREP AR AER LR (27.94£1.95)%,
DL E LR R R AR R B S B AR
R A—RBRH UCBT A E & A K, 3 H
T BFE B T HiiAb TR IBMI 848 Al K B BE & 1LsT
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