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Research progress in magnetically targeted stem cell delivery with SPIONs
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[Abstract| Stem cells play an important role in self-renewal and repair of tissues and organs. Under the influence of

the external magnetic field, labeling the stem cells with magnetic nanoparticles can increase the directional homing and retention

of the stem cells, thereby amplifying the repair effect of the stem cells. In this paper, the principle of magnetic nanoparticles

targeting stem cells and its progress in the application of various pathological models are reviewed.

[ Key Words |

magnetic nanoparticle

TG T 2 AR R gk AL B B R
B E YR TT R UG I —FiR T iR AnTA AL
Mo T 240 SR T A T AR I T o R R R
BftZ — . FERFEZRIET . Tl LU 2 fE
PRSI AR I A A o S E A . T2
i T A O JURE AL AR 7Y Hp gl S0 JL 200 2 el
TESCIRA A ML FH 75 P B2 40 P A ROt A 10 A
i N ARSI RN ) L o £ e TN R e
PRSEE Y A AT IR B P N T AN s
S ias B AR A B R R A TR SR
T E AR R B OR A B AR SO TR G HE 1] /Y
SR B S i A — 253k

1 B Iw 1 AL SR A K R

Wi s ) A 240 EAE e 6 457 B P S ok
/D R H FTAN Al Y 2 A i
25 2RI 2550 e ik = AR R BT AN Y
IRBUH AL . BEPEDKISURLLE L2 8 AT 0 77 T

[WFSEHE] 2017-03-09 [#=HH#] 2017-04-05

superparamagnetic iron oxide nanoparticles; magnetic targeting; stem cell; transplantation;

AEEAET . eAh XTI AR U MRI R G
RS s FAME R Mt 70, LA e CT . PET-CT
5 X A F T A — B E B R 4R HoAg
FETR R SR A 2H 2 AE A ) A B sl BROAR S R 1
B R o HE A B T A e i

2 WEEEMEREFEE

T 200 ) R ) O SRS T 3 1) N R B AR
BB 37 R SR 6 3% PR AR A I S e g P g
KL 09 B 0] LLEATHES T i i e . eI
WEPYEAAETERG T RS, B K LA 9 J o G PR AR R
WU AR 3% — G ] LA 1E BORLAE % 37 18 2% J5 Ak 2
R, TEZIRT BRI 0 1 Al 258 2050 168 O A A vy
I 7608 T i 2 240 K S e R 8 s P A X e /0, A Ak
HRANZG 2 vt T AR A (A T a5
2.1 mEMARBEAR L AR IR AL
BRkgh Kk Wil KL ( superparamagnetic
nanoparticles, SPIONs) %414 {9 4% .0 J2 3 5 i 1 2%

iron oxide

[E£mB] EFARPFH4 (81370003, 81570223, 81000043). Supported by National Natural Science Foundation of China (81370003,

81570223, 81000043).

[E&E®@N] Yerkintay Guliya, i+, E-mail: guliya_yer@126. com

“ W {EE#H (Corresponding author). Tel: 021-64041990, E-mail:zheyonghuang@126. com



HEERES: 201746 H #5248 531

Chinese Journal of Clinical Medicines 2017, Vol. 24, No. 3 467

W (Fe; O B 580 (v Fe O M . W& 3R
SRR X Bk % SPIONS 1] Lk 7k g (&g 5 .
TR VA0 M s A/ T i 3 RS B AT B R 45 4
— 87 R T i A SR 432 A - 50~ 180 nm [
SPIONSs, 10~50 nm 138 /N8 ITRE 1t 48 Ak 4 4 oK
$iF(USPIONSs) ,/NF 10 nm [#BIR g1 S8 AL 2k gh
Kk F (VSPIONs) 01

SPIONSs FYAS [ I, 5 3500 4 P 2 1 e
B/ AR A B A . it SPIONs f A ) 41
PR W] LU A WL LR A iR )28
EIZLDE RN — A YA M, Gastromark
(50 nm)WHEFR N Lumirem, £F 1996 44 5 E £ 5,
2y aE B R (FDA) i FAE D IRE RZ 7. A R
Ferumoxytol(20~ 50 nm) T~ 2 i (19 i 4 38 [m] V5 8
kAR R IRA . H WP Feraheme, 7£
2009 4F 3L FDA HEE TR 7 BN B RS0 £
B MEAE I, 1996 4F, FDA ittt % —24E - F
TE e SR 22 MRI 1138 52 7 JE ST #4 (Feridex) ,
{RJE Sk B T 5 sRAGZE W gy ik

FEPE AR IORL /) & O 12 A 2 8 A 46 DT e
P FIRA BT A Tk R R LAk SR
IR I PR P B2 490 K S A i D ) 1 7l s
ptyesk, LUiEkm R R A S H L RSLET,
KA EE R M = B L FE R pH
(B SRR FIAELE MG LT 38 2 K A 55 S5 o 56 B il
2 ORI P U R At T 28 B S ol s M AR AL R A
ORATURE 45 it B B 75 0 i 7 1 5 L B SR B AT
QIR CLTEY R U RN
2.2 R WESHHL RN R K T 4 e/
SPIONs & & W)W 51 2 76 #8 10) 9 B o5 I 5 L T
V. RESRIRE S 5 Eh A/INETS S I R AR 7= A
(ELJR K i 8 T e IR P o D 0 2 7 AR T A e
R BB A 1) P T R OR /N R s 2R
B IA] YA 7 Y0 B R S (IR ER 2 20 Y [, B g

SPIONs M4 EsE A 29 5] . X AP RR S 1 n]
WEACAE A R o o W A R B A L L FF A A
Yy JE B 7 A v e B 3 AR O U L JHF I L U S
R LU

S H R 0 R i A PR AL T & —
Tk w7 R £ 76 B9 WG AR — 8 R 2 b 0 1 PR R
Gi IR R N AR R T I, AR
[Fi) 808 3 S P A T B ) 7 T 4 (MISO)
2040 200 M 3 o A e IR AR 1 P 2 T DA
PPE B w8 J8 5 mm AR 40 . Hirp, SPIONs
v LCL 8 4 250 B A 3 2 I O [l AR Ak T B
TS B AR e, AR AR AR 1 53—
ARV D) RO Y S oy A . A B AT
A R 7 A A v O 1) R B A e A R
W5 | B, X b 247 50 1 RN RE B G2 47 m g s (L
F T F SPIONS Aric 4 L sE B RiA 7 .
2.3 wRBEGBEN N TREE AR
UL, 5 2 %0 L T AT . 3R EB M 2 T AN
RIURLAE 25 A0 1 AN AR M 3 SO & k. 90
R IORE Y 15 2% 1T BE AR &7 (o FL R A= OB A 3, R 8L
FEVRPN 05 AR N Bz R 8 R 1018 R Y
ERES -] p= AR R dE . X SPIONs iy i 7
160 )5 » RE A% B8 17 3t i 5 40 K Uk L 184 i H A 0 A
RYER R TG PE. HATE & 2R R G WA R
TCHUAT R T2 8 48 oK R, =% 1 37 PR R L Ff A
B AL RIRE VA gE R R RSN, H
o, B H LAY 3 Fl SPIONs W 2K B, . 2 2. —
BE(PEG) JJER) IR,
3 SPIONSs 7E$B28E Fim IR 4% B oh /Y Rz

VT4 K. £ T BF 58 ¥ SPIONs 1 4§
VSPIONSs, JES7 % . 2 B-L-#i 4 fR (PLL) i i Z #p

AR TR A A L O JURE ZE L I 445 S5 Y
RUBERY G S e AR AR RSCR G D

% 1 SPIONSs 712 F 40 R4 T B e TR AR Y

i) e PR B SPION Ffiz&

B ) 70 5T T 20 i B a1 KR LR LA R (PLL) 2
L ILFESE Sprague-Dawley K i SPIONSs #1 PL1.23]
SEAR B kA € Sprague-Dawley K [, IR 23]

i 28 AEL A1 A HER Sprague-Dawley K i, RGDS k& A4

O WUER IR T 40 ks 274 Wistar-Kyoto K i AR S ALk

ANEYE S RERPE T 40 (CD45 FHYE) O UEESE Wistar-Kyoto K )l gk A Ak

HNIEE T 40 A (CD34 FHMED L IUASIZE Wistar-Kyoto K B gk A Ak

N Bz A 41 FssmilineiL il Sprague-Dawley K Fil El Rl

A=l ik P R 4 SRS )G N AR 2 Sprague-Dawley K iR FEAZFE MNPL7)

AL B 17 240 Jik 46 HEHT A I A PR SME R Pk PR B B AR>S




468 Chinese Journal of Clinical Medicine, 2017, Vol. 24, No. 3

HEIGREESY: 201746 H 2485 55 3 1Y)

3.1 MARFareEsAFuMRG ST AKEHEH
i+ BRI TSR RIRIT I . BOARRESE IR =
LA F iz A SO Bk B 1 Bk 2k 5 E 515 A1
#, Tukmachev 204 MSC # 4 i 51 T K B
BREB AL 50K 3 ALK 4L . PLL-SPIONS #5
IEH MSC InigsmdH ARPR e i MSC s % 41 178
fil 7 1 brad MSC 41, WF 58 A 038 A 8 4 E
NdFeB R4 4 AH [ R AR 180 18 1) 76 b K i 3 TR A T
H AR AR DI A A5 75 = 2R 8 0 40 G %
G X, R EAEB AL W A gk B
SR BE T AR TS BN A0 40 S B0 (B AR e 1)
MSC AR 45 % hiARARIL ) MSC IG5 41
k140 TERESAIIARE R MSC 418 13%,

3.2 MAETARmILL g Bt MG NI RO
AR I £ BRI 22—, Kyrtatos %7 5@ 1 iy
FHANH R PE 2 E (5 AL 200 e 08 ) 4 0 P9 2 A% 3
P, IR BN 2 2 A . DFE N0 5 5 s I iz
FAR BRI B AR 08T B CD133 ™ P Rz 4H 4 i
(EPCs) #l[n] 1 A 2 SD K ER 1) 3506 2 ik v 5 4 1)
I AFRAL, LA TR a8 /0 M58 ¥ ARG 8% 5%
TR 2 2008 B S B0 o R A 2E 1 kAR
R BERRE, 5ORfd ] SPIONSs 19 2 it AH H
CD133" 21 B s A B 53507 1) R B8 Ts. 4% .
3.3 FampphspEAAs  Hugn AT 4IEsT O
Ik g %) e A 22— 2 E LR T 4t A 101457 B8 R B i
T, 200 B J 0 7 0 TR A7 A 1 5 B R AL
10 % , - LR Isf 6] 9 K 2 87 T . T4 s Ao
B R NI 0 [ A LN 1 T 5 At
Gutova P04 Feraheme . 5 B2 FZ (H) FIGR IR
WEH P EEIE FHP 289, iR X 88 59
SO RSk T4 i (CDO) ek 32 05, 4T & O
A5 WA I P8 3 Ak PR BR ) s AR BBk N . 45 2R
7R A CDC 20 M 2H A 587 5 1) 4 45 B R AR
WAk dl B 3 1%, Bg Ak CDC 420 IE B 2 L 0L
AN B A A T A

4 WEENINREARRATIERR

KRS PR B0 1A AT A W) 5 ik 2 4 K JBORE 14 41
AT AR R M #E 1] T A IR 7 BT R XUk S
PEBL AR B9 00U 45 5 k6 AT 25 5 2 Mis B .
Luma % I ML A0 AR 40 CDAS il it 51 43
PR P WLERE R 4E (MLO)-1 ARiC AU SPERT A
A P A H 4 F) 200 i 498 5 1 T 453470 JUL Y 4

PRI S, 0] B R ORI RE .

e P AUy e 4 i 757 22 2% (MagBICE) [A] #EA47 7
FpAL B LR, Hod 0 h Feraheme, $T1A-4)
KATCRLSS G AT LAZE 54500 240 M 5 B 1 248 L 1 3k
TEIATC A DT A2 3 40 1) v 97 ) H A9 [ B A T
R 1) AT MRT A% . AR X T e Ath 2% 49 K 50k
Feraheme P37 254k &t AR & /0 (AR W AR 25 1 1
T LG T 14 F2 A0 4 SR TR 2 BE S i MagBICE
PR g5 A 0 RN Y . Cheng 28790 Bt
CD34(F4iffprEd) fbr MLC Bt Cile i 453 1 b5
AW S5 T R 20 K UKL A PN IR CD34T
I S & 5 .0 L, JF A L. 3T #6345 MRI
52, SRR T 40 MR AL LT RE AR 21 ok 3
ORI BATRE G 2 BE R AR/, BB
A MagBICE J& 0] LUK 43 . 9 BT 1] 1 TG A AR A%
G —I BB A AL G AL A .

5 RES5EE

H RGBT 74 P9 2 A » DT 5% i A F 1)
R w37 A P i 8 R () 25 R AT 4
oo 44 A R ) 200 PR ) VA SR R LR B K
W R BT U — 298 . I AR N T I PR A
DAY ISR 723 i B N T T vk AN 2 N Rt 7)1 G
FIAEMIAE 7 72 1A N PR 47 e P AS 52 1 40
THAE . HLAE 098 1) 77 5 A 1A 802 Wi gia I7 5
o DRI K i 90 A J0RE 1z D i S T 20 8 4 7
K sh W o8 A IEA TR0 0 2B A R PR A . B
TR 22 B0 P 40 K URE 3h W BF 5 Sk /1N BRSE /N sl
R, Shy T B b s L AR AR P ) S i
AN 11 i s e I P e P B DN A e i
FROEAR L R R S Py R B . 5 H At 4 T 40
KRR HE - SPTIONs ELAT 8585 19 A= 0 MR 25 1 % T
Rtk . (H 2, SPIONS 3397 77 i J HA py 19 5 28
SRV HAE F N SR E

ZE L RTIR, O B SR AR AR T A
JRLHE ]3R5 2 T e 2R R 2 B v 98 2 —
i+ SPIONs )2 Dhae ik DA J = MRI 454, A
i DA B A T S AT A5 A A TG B D e e
40 A I PR IR 1 BBl AV R

&% 0k

[1] KRISHNA K A, KRISHNA K S, BERROCAL R, et al.
Myocardial infarction and stem cells[J]. ] Pharm Bioallied
Sci, 2011, 3(2):182-188.



Hh ] I PR 2

20174E 6 H #5243 531

Chinese Journal of Clinical Medicine, 2017, Vol. 24, No. 3

469

(2]

(3]

[4]

(5]

[6]

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

LEEPER N J, HUNTER A L, COOKE ] P,et al. Stem cell
therapy for vascular regeneration: adult, embryonic, and
induced pluripotent stem cells[ J]. Circulation, 2010, 122
(5):517-526.

YANAI A, HAFELI U O, METCALFE A L,et al. Focused
targeting to the retina using

magnetic stem  cell

superparamagnetic iron oxide nanoparticles [ J J. Cell
Transplant, 2012, 21(6) . 1137-1148.

SHINOZUKA K, DAILEY T, TAJIRI N, et al. Stem cell
transplantation for neuroprotection in stroke[ J]. Brain Sci,
2013, 3(1): 239-261.
VERFAILLIE C M. Optimizing hematopoietic stem cell
engraftment; a novel role for thrombopoietin[]J]. ] Clin
Invest, 2002, 110(3): 303-304.
SENSENIG R. SAPIR Y.

Magnetic nanoparticle-based approaches to locally target

MACDONALD C, et al
therapy and enhance tissue regeneration in vivo [ ] J.
Nanomedicine, 2012, 7(9):1425-1442.

FRANGIONI J V, HAJJAR R J. In vivo tracking of stem
cells for clinical in cardiovascular disease [ J .
Circulation, 2004, 110(21):3378-3383.

ARBAB A L, JORDAN E K, WILSON LB, et al. In vivo
trafficking and targeted delivery of magnetically labeled stem
cells[J]. Hum Gene Ther, 2004, 15(4):351-360.
MARKIDES H, ROTHERHAM M, EI HAJ] A J.

Biocompatibility and toxicity of magnetic nanoparticles in

trials

regenerative medicine[ J]. Nanomater. 2012, 2012;1-11.
AITZIBER L C, DANIEL O, SANDRA M O, et al
Engineering iron oxide nanoparticles for clinical settings[J].
Nanobiomedicine, 2014, 1(2):1-20.

SINGH N, JENKINS G J, ASADI R, et al. Potential

toxicity of superparamagnetic iron oxide nanoparticles
(SPION)[J 7. Nano Rev. 2010,1(7):10.

MAHMOUDI M, SANT S, WANG B, et al
( SPIONs ) ;

applications in

Superparamagnetic iron oxide nanoparticles

development, surface modification and
chemotherapy[ J ]. Adv Drug Deliv Rev, 2011, 63 (1-2):
24-46.

BULTE J W. In vivo MRI cell tracking: clinical studies[]J].
AJR Am J Roentgenol, 2009,193(2):314-325.

XIE J, CHEN K, LEE H Y, et al. Ultrasmall ¢c(RGDyK)-

coated Fe304 nanoparticles and their specific targeting to

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[29]

[30]

[31]

[32]

integrin alpha(v)beta3-rich tumor cells[J]. J Am Chemi Soc,
2008, 130(24):7542-7543.

PEI N, HUANG Z, MA W, et al. In vitro study of deep
capture of paramagnetic particle for targeting therapeutics
[J]. Magn Mater, 2009, 321(18):2911-2915.

HUANG Z, PEIN, WANG Y, et al. Deep magnetic capture
of magnetically loaded cells for spatially targeted therapeutics
[J]. Biomaterials, 2010, 31(8):2130-2140.

HUANG Z, SHEN Y, PEI N,

nonuniform magnetic targeting of intracoronary-delivering

et al. The effect of
mesenchymal stem cells on coronary embolisation [ ] .
Biomaterials, 2013,34(38):9905-9916.

CHEN J, HUANG N, MA B, et al. Guidance of stem cells
to a target destination in vivo by magnetic nanoparticles in a
magnetic field[ J]. ACS Appl Mater Interfaces, 2013, 10,5
(13):5976-5985.

SUN S N, WEI C, ZHU Z Z, et al. Magnetic iron oxide
nanoparticles : synthesis and surface coating techniques for
biomedical applications[ J]. Chin Phys,2014,23(3):13-31.
Umut E. Surface modification of nanoparticles used in
biomedical applications[J]. Mod Surf Eng Treat. 2013, 5
(8):185-208.

HUONG N T, GIANG L T K, BINH N T, et al. Surface
modification of iron oxide nanoparticles and their conjuntion
with water soluble polymers for biomedical application[ ] ].
Phys Conf Ser, 2009,6(1):187-191.

DANGAS G, KUEPPER F. Cardiology patient page.
Restenosis: repeat narrowing of a coronary artery:
prevention and treatment[ ] ]. Circulation, 2002, 105(22):
2586-2587.

GUTOVA M, FRANK J A, D’APUZZO M, et al. Magnetic
resonance imaging tracking of ferumoxytol-labeled human
neural stem cells; studies leading to clinical use[ J]. Stem
Cells Transl Med, 2013,2(10): 766-775.

LUMA L G, DAVOLA P A, LEER ], et al. The new face
of bispecific antibodies; targeting cancer and much more[ J].
Exp Hematol. 2006, 34(1):1-6.

TANG J, SHEN D, ZHANG J.,et al. Bispecific antibodies,
nanoparticles and cells: bringing the right cells to get the job

done[J]. Expert Opin Biol Ther, 2015,15(9):1251-1255.
[AX4EE] Wiy





