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W OE. HIY W50 A AL KT (superparamagnetic iron oxide particles, SPIO) {A&MRic S0 1546 7] 78 51+ 40 i
(mesenchymal stem cells, MSCs) & MR ZiMIfG Rz vl 174, Jiid AR B HEh 7> B 55 37 MSCs , fRSMA RV 2 SPIO &
BILIR HORS E FIARIC , RAR AN B XS HRZH o 5 o i e 000 700 F B A oA 6 20 PN A AORE , £5 W W 4 Cou R 0 4 JH 775
MTT 300 4 AR A T2 A28 4L, REBRIC MSCs B8 AR U I 1 77kt R4 T 15 S B 3R 5 B A7 45 , T 1. ST MR #6652
[l T2 JAC(GRE T, ™ W) $39485 1 F0 A e [l T2 AL (SE T, WD) $938 Fe S0 e bR ic M ifgon i . 858 E & i
£ R e BEAG A S s 20 B TR PN B B UK, BEAR IO KT MSCs 3 M RIS 5 TC ST 25 57 (P > 0. 05) , BRic 4B 7T 1E % A%
RIS, GRE T, " WIF A SE T, WI 98 5 ARbRIC A ML 55 E (SD AR LE, 1 x 10° (BRic4ii) 5 x 10° (Fx
ICANNE) ST W EVE T RE(P <0.05) , Horh GRE T, " WI i{5 538 8086 ( ASD &/ T T, WL F41(P <0.05) . 7E2 1
FEHIH 1 x 10° (FRicdii) AST @ T 5 < 107 (FRic4iiE) ASLEARBA BEM2ER(P>0.05), 45 SPIO LA MR
R EE 1 LR BE IR 1T MSCs , RERRIC X 40 MUAAE (K B8 S e 2 ) oA RE I TS o REARICAMIAE MR B 7= R 4R 1E
PERURAF S B . B 1. ST MR B8R ERPRICHIE AT 4T, LA GRE T, ™ WI Ff 41 U4t A Bk

KR BTV AR s BB SE BT A0 s REARIC AN ; LR A%
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Biological characteristics and in vitro MRI of superparamagnetic iron-oxide labeled

bone-derived mesenchymal stem cells from rabbits

JIN Xu-hong', YANG Liu', DUAN Xiao-jun', CHEN Wei’, LI Zhong' ('Center of Joint Surgery, >Department of Radiology,
Southwest Hospital, Third Military Medical University, Chongqing 400038, China)

Abstract; Objective To label rabbit bone marrow-derived mesenchymal stem cells (MSCs) with super-
paramagnetic iron oxide particles (SPIO) and study the effects of magnetic labeling on the proliferation and dif-
ferentiation of MSCs. Methods Rabbit MSCs were isolated, purified, expanded, then incubated with various
doses of SPIO complexed to protamine sulfate ( Pro) transfection agents for 12 h. Prussian blue staining and
transmission electron microscopy were performed to show intracellular iron. Cell viability and differentiation
were evaluated. Vials containing cells underwent 1.5T MR imaging (MRI) with GRE T, * WI weighted and SE
T,WI sequence, and the signal intensity were measured and statistically analyzed. Results Intracytoplasmic
nanoparticles were confirmed by Prussian blue staining and transmission electron microscopy. As compared with
the unlabeled cells, no significant difference was found in cell viability, growth rate and differentiation of the la-
beled MSCs. GRE T, " WI and T, * WI demonstrated significant decrease of signal intensity (SI) in vials contai-
ning 1 x10° and 5 x 10° labeled cells, in comparison with unlabeled cells (P <0.05). The percentage change
of SI ( ASI) was significantly higher in 1 x 10° labeled cells than that in 5 x 10° labeled cells,
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particularly on GRE T, *WI (P <0.05). Among pulse sequences, GRE T, demonstrated the highest ASI ut

significant (P < 0.05). Conclusion

MSCs can be labeled with Fe-Pro efficiently witho change in cell

viability and differentiation capacity. Visualization of SPIO-labeled MSCs by 1.5T MRI is feasible.

Key words: superparamagnetic iron oxide particles; bone-derived mesenchymal stem cells; magnetically

labeled cell ; magnetic resonance imaging

[i1] 7. )5t T 40 il ( mesenchymal stem cells, MSCs) [A]
BHA AFE 2 m L RE , © Ok H T4 2T Rt h
R AIZ — 2 SRR T A2 A A9 MSCs 7E 185
P05 75 T RS A E I AFAE RS o BT B R REME A K 4
8 I R M 4B Ak 8 B T ( superparamagnetic iron oxide
particles, SPIO) HLAT# KAy T2 IEPERON . ASLH
S AEHET A SPIO X MSCs #EATA A% ARiC A 1. 5T
MR 4G 7 5 B AL A0 7 P A5 1, D R 0 s 32 XoF
MSCs S5 7B FENE , R iE— 20 BB R R A 40
FEAEG A PN (4 43 A AT RS 4T 3 25 WA 4 1k 2 i
fitli o

1 RS 7%

At
AR MR S Ak 40 A KR by B (5 TS R A A 32 2
DMEM/F12 ¥5 3% & ( HyClone ) 2\ ), Jis 4= IfiL ¥ ( Euroclone 7%
#l) , Percoll 414355 Wi (TBD 23] ) , TGF-B, ( Chemicon /3] )
TR 104G 25 [ ( protamine sulfate) \HiZEK Y  BMX (3-5 T J-1-
RS IEERS ) | B- T B RN e 5 28 M5IWR 36 3 (B3R I iR 34 1
[ Sigma 2\ 7], PY B HEAH M MTT , — F B AE B Amresco
], ALP RF & (R @ L) TARBFST ) L JEN-M1220 #l
5T  OLYMPUS-IX70 %4 A= 4 8] B i S A H A% Olym-
pus AT LY, 1 ~2 AR HARKEA%RS R(HARLE
PR MEMEASBR A& 0.5 ~ 1.0 kg,
1.2 F&%
1.2.1 MSCs ¥Efefdse % 0Bk[4]  ELREMT,
M2 F i H A K E (G R B S st Ak B g T 2, N S R
FAEREER K (1 200 U/ml) B 72 53 25 4l B 86 1.0 ~ 1.5 ml,
DMEM 3555 Wi 75 B B 86 )5, 8% 40 I B 22 18 2 8.0 8
Percoll BHEEBS LS, B2 15% Fa4F L35 19 DMEM/F12 58 4
BRI 2 x 107 em YA EE RN T 35 em® B RE IR, 48 h
BRI, LAEBE 3 R, AR 85 35 2514237 °C (5% CO, .
AR . DASE 3 ARSI YT 4
1.2.2 fhkric MSCs AABR- G E A Y (Fe-Pro)
Fric il & - A 5 E AL TR A% O ELAE 0 (80 £5) nm, 1] £E
4 CTFAE3 Ao 17.4 mg/ml i SPIO JE#% i A DMEM/F12
JC I K 37 3 v 43 53 7 B 100,50 .25 wg/ml £ 5 Pro #3 5
FHZE R KR B T A 10 mg/ml Ve 483, 1 FH B A DMEM/
F12 Tl R SR 3 B 6 pe/ml 25 H s FRIEATHRAE i SPIO i)
1 Pro VEIEIR TR A5 45 [FIBRIE A 10 min, 1485 A SPIO 2 i 43 531

1.1

29502512, 5 pg/ml ¥ Fe-Pro ARICWL, £ #EAR IC W 34 & Pro
3 pg/ml,

FRAE 3 18 MSCs K E IR 85% T AR, 37 25 J &5 I 7
BRI, PBS wle 2 it , B Fe-Pro ARic il T LASF R30I, 5 &
SPIO ¥ 7 50 .25 .12.5 pe/ml ) Fe-Pro Ric W 7E 37 °C 5%
€O, \100% TR AN B T4 P 12 h,

1.2.3  hmicxt MSCs F73F (38 58 (145 M B Yt
TG T8 15 77 FE AR 40 B B R B 51 2 x 10° ml ™' 7E 0.5 ml
Y BN 0.5 ml 0. 4% 1 5 Wy i T, DA R R T35
2 min FIPEGE Y IRANML, LA A A AR IR M. REAmiE X A K
A2« SR ARIC MSCs (SPIO 29 85 50 .25 (12,5 ug/ml )
RO, FIYIRE IR A BRIC B MSCs S XS B2, 4331 18 2 41 ff
Kl 5 < 10° /4L, R0 T 9 B 96 FLES M, it 3 40, R4 6 1L,
150 wl/fL, %3 Rk, & 24 /NETECH 1 B, AL im A MTT
(0.2 mg/ml) B39 150 wl,37 CHWEE 4 h, WRFL WA, 451l
JA 150 wl DMSO, 535 10 min, 5 ZhEFI 628K 0G0 2 490
nm WG, AR ] A A8 A, 6 FLIROG BE A3 (EoR Ak b, 4
AR M2 .

1.2.4  fEbRic Xt MSCs 2 [ 434k B8 71 1) 52 i) bR i
MSCs ( SPIO YR FEHy 25 we/ml) 53k 2 40, A2 5 x 10° ml ™' 43
Fg 6 FLIGFEAT , W BE 4 B EAT BB L G 105 A 1) 5 Ak 15 5
K% 3 J  Rbric MSCs fEA X HRAL

BCE RS S5 ] . BEkRIC MSCs 767 DMEM 5
PR TR + 10% G4 I3 + HZE KA (10 mol/L) + B-HiHh
BERREA (10 mmol/L) + A3 C(50 pmol/L) BH 4L 15 3 45
FEWMRSM B T RE 35 0 2 J8 G A TS 451 o R 4T Y (A Bk
WEMRRG (ALP) LY f5,

BRGNS 2% SCHk (6] o fEFRIC MSCs 1£7% DMEM
ORISR + 10% G4 I0TE + 1,3- 5 T 3L H L9 i nd: (IBMX)
(0.5 mmol/L) + HiZEAHN (10 ° mol/L) + B 552 (10 pg/ml)
+ |22 (0. 2 mmol/L) (Y ALAR I 416175 T 35 3R W AR A1
Vo 2 JAJGIMAT Yo % R , 0B T BEAL T 4507 41 40
BIPRPER
1.2.5  BEbRic MSCs S%EE  REbricdlin &+ . i
1.2.2 FRERJ 4R Ie F G BE 1 d, PBS sk 2 Wk, &5 A& BT
2 10 U/ml 1y PBS whE LA AN IBANIF B Bk T, 4% 25
HIRE[E 52, 2% K, Fe (CN), + 6% HCL f#) Perl JZ I 0 &
30 min, PBS #ik 1 K, A% R LT A Yy o 20 I O B e SR
Y B e, AR R TR M i, T e MSCs B
AR IC R,

WEAARIE (% ) = 40 Y (5 B PR 40 i AL x 100%

[IRFER 1.2.2 f 2 10° A REARIC AN AMOE SR Bk . A
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Tt MSCs £ 1 000 r/min B5.0» 10 min J5 55 E &, mANRTTRE B
TN 2. 5% [ Z RS E 2 30 min, R 1% 452 [ E 30 min,
0.5% MRl 4 °C Y0 [ 5 1T 7, B0 B S R /K, EP8I12 41,
FEVE LI A, BE R A Y5 ) TEN-M1220 737 5 At B8 ¢
1.2.6 IRSMEERRICHIIE MR 245 Fric 4 PBS Bk 2 K,
PR 10 U/ml JFE B PBS W fvk 3 i, ARic 4008 5 K brid
i e A R AL, B0 SR B TR 60 C 1% 351§ 0.5 ml /1) 6
ANEAZR L em 1 EP &N, 430 1 x 10° (FRic4ii) 5 x 10° (45
T4 1 x 10° CRERICAIML) Bifgdl R ZEIg Kk 414k
6 41, ARSI L )5 & T SIMENS SONATA 1.5T MR $9441Y
S . BUGTTFNEREN B B Il T2 A (GRE T, * WI) (TR/
TE =50/10, ZJ& 4 mm, %4 20 °C, Hi[F 384 x 384, FOV
260 x 260 ) F1 H HE M T2 JinAL (SE T,WI) (TR/TE 4 500/95, 4G
[ 256 x 128, J2/E 2 mm, #EF 350 x350) . FIfH 1.5T MR ([
SR, WA R P 50 R L bR iC A 5 9 B (sig-
nal intensity, ST) FIFRARICANE 558 BE (ST )  BOGHER X 115
N 0.17 em® FEFEIUFAR , B4 BLHER X B0 &L 3 U, 46 HOF- 3
(B, TSR AE P S5 5 58 S8 ( percentage of SI loss, ASI)

AST= (Sl = ST ) /ST x 100% 7
1.3 “%itsxam

UL % x5 Frn , WICEEER A SPSS 13. 0 ST 4R 455 1E
BT A ARG RS B ¢ K56, dricdniudl 5 %
PRI 4 M2 ) 5550 B AN [k 8 i 40 B i) 435 55 3 LI 91
[ {55 58 B 1) LG R B 38 07 2200 WT X q K o

2 HR

2.1 MSCs 8545 33 R4} SPIO 47425 fm iR TE A3
AREU MSCs ZABARKE SR 1 Ryl K43 25 1 x 10°4

i, £ 3 IRERIRAY MSCs K E 455U 80% 1A LI, 25 o

T & SPIO Y3533t 3%, 1= % FEHAH 1) MSCs 2 KRBRIE &

Wim AT B AR, (5 £2) % 42 ALP §5FH M, CD34 | [ %

Jie T, T TR i J A o 4 A e e 2 B o

2.2 FEARIE AT MSCs 74 7& 338 09 %5 v

2.2.1 HEyELfE 50.25.12.5 pg/ml ARIRIF KRS MG

(1)

Fric 20 M 16 AT G, At 4 5 A bR T 2 A0 e S i v A A
A4k (P >0.05) ,

2.2.2 EEARERER RN RAESCER(8 ] A,
KRR H MSCs 5888 4 (32.4 £0.7)h, 12.5 pg/ml SPIO
TEARIC R A I 1] 2 (29. 0 + 1.5) h, 25 weg/ml SPIO fbRic)5
IS 1] (33.0 £1.2) h, 50 pg/ml SPIO @ AR J5 4% 1 i 1]
2(39.0£0.5)h,4 HE TG IT2E2 5 (P >0.05),

2.3 EEARILAT MSCs £ % w1 410 ak 1 89 %@

T b L 2FL 240 B R %o B 2 A o 10 At B e s 15 S 44k 3 ~
5d )5, ¥R EAM A/ MR I, 22 BEFTLUE LR
5434 6 A K, AT B K I U VR e £ e R E SR
NI s BB 75 T o4k 2 G A R4 4 75, IR b B s A
PURL, dk2i3i 37 1 8 Qi R M 22 A K S5 0R, A R4
ERUURN, V6 28 21 A P o s 0 2 £b e € 43 00 5t PR IR 52 Sy 45
i, WE,

2.4  EEAFIE MSCs #9% 7

Fric A T B Y ISR B B AR [ 57~ MSCs 21 5T
VAR D F P 0 B0 R o3 A (L 2) o AR T 3B R 4 4
Jid, MSCs FOREALFRICAH B35 90% LA I, i R FRiC By MSCs 3
B R W R B 5 Y 0k, M. BB B R AR D B
MSCs 2 i 5 P A 15 %% 5 A ok T 25 4, 4t LB v A7 A 1) /N3
TARGEHE R 5 2 B R T (1 3)

2.5 RSP EEARIS 48 B MR #1%

PEFE 1. 5T BEILAR AL GRE T, * WI,SE T, WI J541] 43 3
Xt 1 x 10° (ARIC4IHE) 5 x 10° (BRiC4i i) .1 x 10° (CAAric i
M) BREAL 5 FE WAL FE K A AT AR, B R R 1 x 10°
(PRICHII) 5 x 10° (FRic4ii) 76 GRE T, WI J§ 51 it (8 SI
BRATICAIM ST i PR (F =15.395, P <0.05) ,SE T, WI
JEA LS STIR R E AR (F =19.973, P <0.05) ., Hr GRE
T, WI ) ASI i 255 F SE T, WI J¥51 (F =349.45, P <0.01) ,
GRET, " WI.SE T, WI 551 1 x 10° (F5i2 40 M) ASI 4> 31K
(-89.2+7.8) (-73.8+16.73),5 x10° (FRiC ) ASI 45
AR -44.9+4.5) (-15.9£5.3),1 x 10° (kRic4nf) ASI
BE T 5 x10° (bRic i) ASL (AR B A Gt %% 7
(P>0.05) LI 4,

A BRI SR (B E R ) B: REHFRF(BERME ):C. REFFRF(BEFLEE)
El 1 SPIO #xig MSCs BAERFIM B HESEFRI A ( x100)
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B2 ®iRicH) MSCs HEETERBLER (1 x200)

B3 ®EHRiCH MSCs diffR(A) RAEKR/NER(B) FRNSRE
B4 F (TEM x 10 000)

lbiL)
RARALS

1: FRABKEE; 2 3dRika; 3. TAS4L; 4. 1 x 105 (RARiTa8) ;
5. 5x10° (AR3TamM) ; 6: 1 x 10 (ARit2mit)
B4 A5 EEFRICHAE GRE T, F35I(A) 5 SE T,WI F31(B)

T MR 1550
3 itig

BERRICHRET SPIO W] REALAR IC R I TR R Fh
T Btk Fey O, AR 2 17040 25 4 5 BHE A 1) 4%
S EERIRELIE T B Ak TR K IR R T (R B A R 2
Fe 9753 ARURRERY SPIO BV HE 525 H & W04 N %
(AN IS 5] ARSI S0 T s A P AR R LR M, ikt
TR ARG AR, 40 T LS T2 AL B T e ]
FE MRI BB [0 (GRE) F FH Jié [71 38 (SE) Jy 51 v, fiff
LA S AR AT P2 AR RS B T2 f bk X L3807 5 (H
SPIO X T1 3t 3% iy e fF F 455 . SPIO A /NEL
AR ZE B M AR R AR IO M B 1T 76 MR -
FS MR . MR HER I R RS IC 4N B AN 8 F)
5 x 10°NFEH B 1. 5T MR R % B n] @ R AF MRS 5
U0 ARICANNE K G5 6 AR RETE MR AT PE R (S
S SPIO TR A AT A W I A , % 20 B AR 3

IEH IR kb 55 21 40 A I 21 26 11 45 6 s F A AR
P A DG SPIO S A AR (R LR R B

T2 JAL St 5 i 1] 5 S Ak R R AR A 0GR
AL ERR 78 MR 3758 T B AR BRI RE . L A%
T2 AT SR AU, IR /MR 10 MR sk RE A%,
ARSI R FH A S AR UKL ELAR 24 0 80 nm, B & Hh
B0 10 nm ) Ferumoxides &, 358 T /D 41 ig sk
BN AR AT RE PR, BN SPIO RL - FR i 1 40 i
ARCRAE HIE HLAT 4 Pro 7] 3 1 6 1 FH 54 1
F i (4 SR TR 45 45 AR {ofF 440 L 0% JFL A A A48 L i 7
WA O A R E bR et . A s
25 pg/ml i AIRVE BE 1Y SPIO 5 Pro /E R #% U5 5
MSCs JER12 b, -6 0 I 00 Il o 4 i o 35 A B0 8
CERATURE , 375 S5 FL 5 P DL A AU 57 T 240 B S5 174 /N3 3
RGP ARCARCER T 90% o X Fh AT 24
T SPIO 5 B v B H 0 1) AR 1 sl iR 31 ks
T USRS PR ICA ORI, HL Pro X 414 44
FRPEFZI /N

SCHR [ 13 ] 2 18 B bm 10 ) T 4 M AR S35 Bl A —
AN RSEN . ASEE T SPIO ARic ik B35 3 50 pe/
ml [ 20 A 1S I 1] 5 R AR ic MSCs A8 HS I ] o5 1
S2E 5, WAL Al MEATE AR BT DAAE B e TR 3R AT K i
P14, K, SPTO #Ric MSCs A 5% i 41 o 776 4 . 4" 4 g
1o MSCs HAWAEZ 10) 53 ALRE T1 o 7 S0 1l 2 1 %o
WEFRIC AT 1 AR 105 A0 B 5 oAk, X B 2
SPIO 2k BE7E 50 pg/ml LLF B, B4R 10 I A 52w 1
ML AIVELEZ 0] 43 AL BE 7, MR 7 5 1% 4 A 6 s 10 4
MR MA RN pricdiffidise 1.5T MR i GRE
T, " WL ¥4I A1 SE T, WI J7 51 4348 v 347 o 20 4l 3 (9 A%
SR, JUHAE GRE T, " WIFRIIRAR = 2 5 B
&, A SPIO 7E GRE T, ™ W1 J3 41| 1 37 v (1% vy Uk
FrEL, Hrbh s B b iC 4 iyt AR B AR i C A B A
SRR, R ST H5hRiC A A OC, il i MR R
ERARIC A MWL 8¢ ST AZ Ak AT K HOH] K 7 4l 4 A 55
X EICHRLT ] HiE—2

MRI 75 5 B A1 4 A A7 7E 19 32 22 [n] S - T 240 Pt 1
A0 R R S B AR 0 0 B RAIC, BRI MR i
RO EREAIR , ZE T A A 1 240 L T R LB ks i P R
FLARBRIC I A AR IO AT 7 A B BA A, TG AR ZH 2N 1Y
I 3% 200 0 P A 200 B T A W R v R A 4 L £ )
HLE MR AR E SR BAE, B AE A ZUN PR IC 40
M s DEARAE S 5B R s | EES Z R R
8 1 IS5 X 43 PR , AN BEAR 4 1) DA 20 L 7K S 2 s B A
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MR TEAR N AETE e A . L, 7E T AN iR A
LR AT AR A Al JL A 7% 5 3 DA o8 R B R o
AR MR I (AR 5 58 A 20 M i F 52 A W NI e, (LB
UL BRI ADFST, MRT 7R B2 B 4 40 K
7t RIS

S22, SPIO S H FRAR )38 T B (A1 b i 40 B 1
ILHRIRER , A B MRI 7 5 045 10 4 B B oh i
RN AE I TH, BRI s Al
WERRICHY MSCs B4 T R FB B et 20 2, 1% K T
FH MR Zh 7578 B2 RS A A0 M , 047 DA% 7 A 40 it =3 20
AL AR A BB IR 9 D) ReAE F 9 S 3o
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