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Magnetic resonance imaging of endothelial progenitor cells from rat peripheral

blood labeled with nano-bioprobe of superparamagnetic iron oxide

CAO Ai-hong'?, SHI Hong-jian' , NIE Fang', YANG Fang’, TENG Gao-jun' (' Department of Radiology, Jiangsu Key Labora-
tory of Molecular Imaging and Functional Imaging, Zhong Da Hospital; *School of Biological Sciences and Medical Engineering, Southeast
University, Nanjing 210009 ; *Department of Radiology, The Second Hospital of Xuzhou Medical College, Xuzhou Jiangsu 210006, China)

Abstract: Objective To investigate the isolation, culture, proliferation and differentiation of endothelial
progenitor cells ( EPCs) from rat circulating blood and to study of magnetic resonance imaging of nano-bioprobe
that was constructed with endothelial progenitor cells and superparamagnetic iron oxide ( SPI0). Methods
The mononuclear cells (MNCs) were isolated from SD rat peripheral blood, and EPCs were selected by adher-
ence method. Then the expressions of cell markers of EPCs were assessed by immunohistochemistry. EPCs were
incubated with Fe,0,-arginine for 24 h, then intracellular iron was detected by Prussian blue stain and the cells
underwent in vitro MR imaging with three sequences (T, W1, T,WI, T, * WI). Results Immunocytochemical
stain showed that the adherent cells were positive for CD31, CD34, Flk21 and vWF 4 d after adherent culture.
Iron-containing intracytoplasmatic vesicles could be observed clearly with Prussian blue staining, and the labe-
ling rate of EPCs were nearly 100% . The signal intensity on MRI was significantly decreased in labeled EPCs
compared with unlabeled cells. Conclusion EPCs can be obtained from mononuclear cells in rat peripheral
blood and be differentiated into endothelial cells. EPCs can be labeled with Fe,O,-arginine to construct nano-
bioprobe in vitro without significant changes in viability and proliferation. The labeled EPCs can be imaged with
standard 1.5 T MR equipment.

Key words: endothelial progenitor cells; nano-bioprobe; endothelial cells; differentiation; isolation;
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BRI RO 71 o AR SEE B 7 S AR E RS
BT T o AR BUAM R I A Bz AH 48 L ( endothelial
progenitor cells, EPCs) B85 1, W FH 90 K REHR £ =&
=%k (Fe, 0,) -K§ &M (arginine ) &2 & Y KSR ic
EPCs, 8 1 %% 2 35 it 1% ( magnetic resonance imaging,
MRI) FBe it A4 I, o 53 1 5 AR 2% 10 i 40 oK AE ) R
s

1 w57

1.1 ##

L1.1 SEszhy @ ek SD KR 6 H, 1kt & 250 ~
350 g, AR R R B s ) o d it

11,2 2 Histopaque-1077 ( Sigma , 3¢ [E ) % & 14 &
B0, N L3 £ 4k % 45 35 1 ( Fibronectin, FN') ( Chemicon, 38
) , PN B A REAE 15 F% W (EGM-2) - Single Quots 21 £ ¥3 i 71
(Lonza, & [H) , [HRHE 1l ( Sigma, £ [E ) , PUZ BEM: i (MTT, Flu-
ka, ) , “HI LA (DMSO, Fifgd TAY TRARAF),
AnnexinV-55 FUR S G 2 (FITC) i T4 18] & (BLEE =9
TAEARAT ) , JA L 03 (FBS, Bt PU 2535 A= ) T F2 61 R BT
FEHT) bt CD31 ik Sadi CD34 HrikFidt Flk21 Hifhy San-
ta Cruz Biotechnology 2 5] 7% i , fadit vWF $i4& & DAKO 23 7] =
i, S-P 9000 feyg A s k50 & (Zymed AW, ZEH) .

1.1.3 FEEAE  CO, MM (Herabus, fEI ) , 8] EAH 2 i
5 5% ( Zeiss Axiovert25 CFL,f[H ) , it 240 Mo {Y ( FACSCalibur,
Becton Dickinson, INEK) , 2483 %6 JE 1 ( Beckmen, 5[ ) |
L TAES (RILTH Ak 4T ) o 1. 5T MRI Q4%
(Phillips 23 7], Eclipse HLH, faf 22)

1.2 Zi&%

L2 KESMEILEPC MESMIBES SRR
W SD RSN ML 10 ml, JIFZRYUEE , BERRZ2 4P (PBS) LA 1: 1
i BE , 25 FE B BE B 0> 7% ( Histopaque-1077 ) 400 x g B5.0» 30 min,
W B AP 18] 2 5 R B 4% 41 i ( mononuclear cells, MNCs) /2, PBS
Ve 2 I, EGM-2 SE 85 F W i B, HEFh T b F 4 i e R 1
(FN) (9 25 ml B 3efffirh, & T 37 °C 5% CO, HMMIBEFRA B o

4 d JEHR, TG RE L0, I AT B B IR W AR SR AR LS B
P 4 d BESRBE SRR, R THRNS 10 d Zc Ay, I BE 2 i B 3 - T
SERAHEE R LG, 0. 25% JR AR O B I 1k )5 AT 2 R8s 37
B R ob B A 22 W AUBE X G IR A AT Sh WA, 2Kk
B AL EPCs 153 LA2ifk, PS AR T 5550

1.2.2  KEAMNAIM EPCs %2 BEBUER RIFry R4
ML, AER 1 ~7 KRS A 4 fLIR 40 o/ L 2 BB RE[E E
PAAGE 20 Al Gt (5 15 5 5 W BE DN B 200 M 9 AR 35 CD31, CD34
FIk21 F1 vWF, Jrk: ] PBS W BEREFRINL 3 W, SR F Y B[] o
2 K, BFIR 20 min; & J5 ] PBS W5 1E 2 ¢, WK -HT B
35 min, PBS ¥ 10 min, 4= L35 T AF WS AT HE R 53 E 40
30 min; S HIHIA BRPTA CD31 .CD34 KAt A Flk21 F vWF B
TERERLAR(1:50) ,37 CHFFE 2 h,PBS Pk 2 ¥k, 41K 3 min; i
IEYIZFEARICH TR FEHTR —H0,37 CHEF 20 min, PBS
B3 U, B UK 35 min; 55 AIBAR AR 10 HE B O R AR
(S-A/HRP) ,PBS ¥ 3 ¥, 1K 3 min; DAB & 5, 7843 ik,
ARG E QGBI BK, 2 E R )5, eSO R MR B AT
WSS . IR b LA PBS AU — B MR R
1.2.3 SPIOfil%  AAABBRANAKRL T 195 BT 5 K5 ZR (ar-
ginine ) {1 ; nano-Fe, O, -arginine 7K I % M AR 1 R B K2fA4E
Yok S By TR AR T AR W S L F ik 78 N2 R4 T il 4
Fe'* il Fe’ IRAWM, pH = 1.7 4% 1.5 mol/L i &K I ZU45 P
TR A R, B % pH =9, [ 30 min, 4 R ETINE, K
A K RE R oy B ROk, R TR RN TR, R ER N
16 o/ LU PBERY Fe, O, /K FERE A . TERRTESMF T H] Fe(NO; ),
HEATAE (90 CTF) 743 Fe, O3 K EERETLA, W7 B TEVE IR, 2%
BT OKEAUIE ] 16 ¢/ Lo Frid 87 mg K &R 1D K ¥ fift
Z, 050 ml B G i) Fe, Oy K IERE AR (R E R 16 o/L) , 8
TKEA 400 ml, i pH 2 2. 7; PIFHR A, Stk 1% 4 h
JEAFIE SN o M TE W4T B U 4 R, E A & 400 ml B4 )
nano-Fe, 0, -arginine 7K LR AAR , B E N 2 ¢/L,

1.2.4  EPCs EHREARICH L GUKAE YR
nine LA PS5 f{ EPCs B3R 0H i TH7RIC,37 °C 5% CO, 15374
WIFE 24 h MR SCIRL 7,8 ] Je PS8, BRER 2 25 pg/ml,
BR2 35 IR WIS I PBS [ B oh U, 10% B HY T U 918
20 min, PATEE LWL 2% WHRFAHBEE IR E T, B
71N A L B e 240 L P R UR .

1.2.5  MTT [@EZAGN EPCs REEREHARICIS EPCs 361 6
Wy W HE e AR IO R AR L A0S R ARid)E 3.4.5 d
S MEEFRICA RAR IO A A K IG TR

1.2.6  JBEIRAE T ( Annexin V) /ARG IEIE (PT) 3G (07546 1 20
R/ R W B i kE T bRic B9 EPCs A& bRic EPCs 45 1 x 10°
A, ¥ PBS Pki% 3 31,50 pl x AnnexinV 254 22 vh ik 55 2L 40 ffd
FILA Annexin V-FTIC 5 pl ZIRADGHEE 10 min 5, A 10 ul
PI 2 R #GHE 5 min, HvR 1) PBS YE¥%& 1 i, iTA 300 pl x
Annexin 254 28 vh 0 T R A0 I S, BOFE It =X A0 AR B A, DA
Annexin */PL™ AW R EATI T, Annexin * /P ] W7 4y i 39 97 7=
IR,

1.2.7  REILRATA R RS AR KRR T AR IC Y PS
R EPCs S AR pric PS X EPCs [ 0. 25% [ 1M AL 5 Wi g

¥ Fe,0,-argi-
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{50 BOLHRIX (ROL) L 14.6 mm®, %531 : OB ]
I (SE) 31 . T, IAUZ (T, WT) , # 4Z B 3] (TR ) 500. 0 ms, 7]
BFE) (TE) 17.9 ms, @4He5# A € [F13 (FSE) 731 : T, Ik 4%
(T,WI) , TR 4 000 ms,TE 108 ms, [A] 4 16, @B Rl (FE)
F£31:T, * WI, TR 620 ms,TE 15.7 ms, Bl £ :35°, (5500
Ak 25 FH A 5 0 3 28 Ak R AST R : AST = (ST - Sl )/
STz X 100% (ST \SLyy 43 FIHE A5 10 41 M AR AR 2 41 M A5 5
REE) o
1.3 %5 o

i SPSS 11.5 Gi - 45 F b 47 40-#r, 3 4 =22 18] 2%
Jr 20T, I LR A SNK-g K3
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2.1 4kIMEFHE EPCs B A F Tk

Bt 43 B 1% A1 FE i BEA% A B 5 R, R BRI 7 TS 3R
W 5 2 RAEEN B A 22 WA SR Al i I 46 A8 K, T
WhEE . 553 4 KT AR B 40 i B & W BE GBS 7 ~ 10 d B Z
AT, D E ) 40 T S AR T, H B L Y (R LR AR HED gk Sk
FRE 14 d, WEEANAR R /N BB AR B R FDE , 2 30 4l g A7
14 LA P B2 200 R A5 RRAE
2.2 WhEEmAedy kAR E AR

YNNG RE IS, R 4l Ak G kil CD31,CD34 | FIk21 K&
vWF IR A, 7E 45 T REALIE B 3 A9 BF 31 4k CD31 ™,
CD34* FIk21* vWF* i 4 ffd, &4~ 00 %5 2= 20 11 %k 200 4~ 41
Mo BXEERR AR A0 AL K R R B 3k AN —, CD31 fE 85 5%
MIEE 3 RIFIRFTRIE N (26.0£3.1)% 55 5 Rl (91.2 =
4.1)% , UG FR MBS, T4 7 RIEK. CD34 LEREFRME
3KRHAWEELR(15.0 £4.1)% 555 KK (93.3 +
3.3)% ,LIaRBMH T, 0 7 RIHK. 54 REF, FIk21 FF
URER N (37.0 £3.2) % , LIS B Wi, 2125 4 K vWF ()
FikR(46.3 £3.1)% . 7T KuF,FIK21 F vWF (53K %
100% ,,
2.3 Fe,0,-arginine % K #:-F

TEAREGEERIE P EAE R 17 nm, BAT S 50 A 1 i i
50 AR ALTREE Ms =36. 8 emu/g,
2.4 EPCs #tiFAriteEELE e

FRICAHY) EPCs 415 P9 34 AT U 35 €2 5067, FLAR 10 Sk 3
100% |, T A AR ic 248 i N T3 4508
2.5 ARRstamieE N RIG w5

B W5 G U R AR IE FUER BRI TS 40 M8 H 78 93. 5%
A7, 7€ Fe,0,-arginine [ 15 35 5 op EPCs 1] 4k S2 34 4, 40 i JE
BT R,
2.6 MTT & X%

FRICHY EPCs FIARARICE EPCs £ AN [F] B 8] Fr) W o' J32 18 W, 3%

1o 2 ZHANIA] He e 2 57 JC G R L (P >0.05)
£1 MIT EZUEIRIE RITCEMRT R E AR EE (3 +5)

2051 3d 4d 5d
Fricdl 0.206 £0.017 0.297 £0.011 0.353 £0.017
AbricdH 0.203 £0.015 0.296 £0.013 0.354 £0.005
P1{a 0.564 0.523 0.573

2.7 AR AR M da iR

EPCs #ERLFhric 5 3 d Ja v R i 2 40 A 434 4 SR 0 4t g
AT S5 W R AR IC Y 40 I B R A 2 A SR 3 O T A Sy
A (6.85 £1.42)% (6.72 +1.22) % , WA T FIFE T~ 4 Jfd
AAH(0.23 £0.04)% (0.24 £0.05) % , 2R TS5 X
(P>0.05),
2.8 EEEFmAL

T, WL T,WLT, « WLJF3 53 5% #ihr FAic 5 1.7 d 19
N[ B B BRI A0 LR T R L £ 7 S5 5 5m BEAE AL 3 ( AST)
L3R 2, FRic 0 240 MO AN [R) R A AN (R Bt R L3, i A 5 el
WHGIHEREX(P<0.05), 3 /MFHHLLT, =« WL I{F 55k
JEAAR R, T, WL Z, T, WIS bR/

F2 FREHEHMIRIE EPCs 417 MRI B F 5 LRESRBETHE

(% ,x +5)
{F 5L
PO AR L
T, WI T,WI T, # WI

FRid/E 1 d 1 x1004  -42.3x2.2 -87.6+1.3 -94.8%0.8

1x1054  -17.1+2.8 -60.5+1.2 -71.1£1.2
Frid)E 7 d 1 x 1054~ -8.8+0.2 -82.1x1.8 -78.9+0.8

1 x1034~ -5.8+1.6 -28.3%2.3 -44.8x2.1

3 itig

UTAER, 73 T RAR A g — DB % 52 X BHI
TEh A e, AN ASE A 1 AR R [ X AR 2 Bk i
K SEE T R R, IEAE N A AT TR B 1 S
W5, i Il A A 450 330 04 TG 2% B A 1 R 9 SR
Weissleder 45" I\ Ry 43 T 518 A 1L G AR U F B
FIRASHA R0 TORI 7 S I A e ORG 4H 1R
(I3 7K A5, Her il g i e 1 o 238 R ) R 1 PR T
RIS T BARM N ES . BT SR R e
Aok 20 A A0 P 0 R 4 A E AR S S
1, XS 0 A gt 40 P 01 B A B RE AT e
ST I E BIFE R, BT AR AT IE W 2 A= 1) o7
LA RELE S AR o

AWFTERTR 40K SPI0; SPIO HA T35,
PRBUVIN, AN BERL S 7 [l BELLE , 7RG b BB R
ik B mHES RS B BE, Iz 2% 30 2
TIRE A ede G 4 DG, TIRIE T n] LU [l
T H B 22 09 RO G S 16 B, = 30 1 AL
(1 T, SN , (HHELT, AR5 B E R, —
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Pl LAY () MR BAPE X H Ao A 3 o 5 e S a0k A 1A
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I, SRARTE AR P B 240 L = 5 1) 2L URN 2 B W B
WRELGE R PR R AR R B30 o, SPIO S — R
FEAE MR X EEA, R SPIO Aric 41, F MRI i
PG AR BRI ST C 64T 248, 1 HL AR B AE AW 58
e RS TV SPIO AR e T i fa] 78 5 T
YA A A E LN R AR ARAE, IFFH MR 2547 T AR iC 40
PRI SRR B, B S B AR A 5 S0 (B R
/DU, SPIO ARic KB EPCs A4 #EAK A W4 E I HiE

SCHR[ 12 ]38 EPCs £E 204Uk O LRI | 1%
GG B i  EPCs TR BRI S5 T Bl = i 4 5 Ak
MY AR o UEARE R, BE A O B I P A R 1 BT,
EPCs Xt 2 ik ok A 58 A A4 5 005 B0 i A8 9 & R 9T
PRI FH A RIS 134 s o I PN B 4545 N D) g Ok 1 2
A B KR AR Ak ) S A T s o A8 A
SCHRAR S5 PR AR ) — A BB ) B A HAD IR e Ok
PRI PNz T R A 22 I A8 458 403 12 5 55 B 3R 1 BT
W BRI, AR S 0 3R EPCs fE 6% 10 B 4%
A VAL, FF A2 17 434k A I P B2 A, Jon s 463 473 1 A8
BB S, Y47 P g PR 2 ) e 3 M mT B Lk I A
TV BRI 3 ik ok A B Ak g 47 1% 32 J% | R ik, EPCs 7 P &2
BB D REAN A A i e 2 PR E B

F T 4l LSS SPIO 3437 171 L fif , BT LA 22 A8 1)
SPIO RNHEA RUbRiC 40 . A SC 56 R FH 7 1E H o7 (14 K
AT T o e LA P 2 0 K A Ak 3 1) A A O, fef
B FEL T P 0 L300 o e S e 2 T R AT e B
AR A G P

bridJa EPCs () MR {5 %5 2728 & MRI i 74 7R 25 1)
SEmt, 1 MRI {55 19 2l A8 55 06 BRI 2 b 0 20 i X
i bRCETHE AR R E SRR E A G SRRl
MUAHLE, PRic 40 AE T, WL T, WI. T, = WI 3 >3 %1
SR, LT, « WL A5 5 BRI 2 ( ASI %
KL IXJEH T T, « WL XF#E AR 1) 22 55 0 850K k51
A 1) B BB AR N TR R, SR s ARie 7 d AL d
1 x10° .1 x 10° 4 AL 1S , 3 1~ e 31 240 s 40 i
K ARIC S5 R 0 R 55 58 AR AR K SR el
YU e e 5 95 B (B) RN 5 568 B[R] W] BEAFAE —
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YRR I 22/ B o3 A B (0 L] SEPEAT 7 3 — 20 i B
FRAEL
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