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Abstract.

surface coatings, which have unique magnetic properties and excellent biocompatibility, and are widely used in medical

The iron oxide nanoparticles are composed of nanostructured iron oxide molecules and organic (or inorganic)

field. As long as the diameter of iron oxide core is less than 10~ 15 nm, they exhibits superparamagnetism in a certain tem-
perature range, which is often used for magnetic resonance imaging. Up to now, a variety of products based on superpara-
magnetic iron oxide nanoparticles have been approved for various clinical uses. So far, there is no effective method for tracing
migration, distribution, and homing of the transplanted stem cells in human, heavily hampering the mechanism and efficacy
researches of stem cell-based products. The combination of superparamagnetic iron oxide nanoparticles and magnetic reso-
nance imaging technology brings a hope for clinical translation of stem cell tracing, which is expected to become “the gold
standard” for stem cell tracing in future. However, there is no relevant nano-iron approved as clinical stem cell tracing mark-
ers in clinic setting so far. This article reviews research progresses of nano-iron particles in stem cell tracing clinical transla-

tion, the facing opportunities and challenges, also gives a prospects for the development in the future.
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AR, W SR EE AR 5T R S RS B
GURMBHER 77 Ot AL EOR . GiE Al
FARARNA: ) B 2 U AR 3 )z o Y e T 2k
RGO | RGP 40 K UKL ( magnetic nanoparticles
MNPs, & 10~100 nm), PBILRSFHUBRATIEAT, &
BT AT ELA AR A R A L 2 TR LA K Rl 5l 2 A
AR A REE A, RS TP OGHE R . MNPs
BAR . B BB REYER RIS B 2R R L
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&Y, B Fe,0, . Fe,0,. NiFe,0,Hl FeCo, MIfiEA A
A RETE T

ARFTEA, B A Y R e e, e AR
MRARFIENEETR, RAZMHEZDGE, . 2

METEE H A SR 7y, Al Ui SR, (e i
AR B IGACH DA R e R 22 4 )L ) k55, MNPs H i
EAL RGN K BURE (iron oxide nanoparticles, TONPs), HA
TRRF A REME RO S (0 AR AR A0 e B 2 U, A
Wz, AR R WA | Rt AN A 4
BHARN | R 25 RSE R AL A | R AER A
f?( magnetic resonance imaging, MRI) %711 R 7R TR
P (magnetic fluid hyperthermia, MFH) "™ F1- 41 25 4y
A R

IONPs fIIHRERZ LR RS B S ALk 7 7, el
ARG (Fe,0,) . REIRERD™ (y-Fe,0,) FlJR
BB (a-Fe,0,) ™ H4 TONPs kL 5 T & A Ak 2 R
MR AT, T EATREA 2E, UL IONPs — B2 A il
sICHLR R, JF HAT LAAIEE — )2 a0 2 2 oo —
W2 AR BURE A T RE, AT AL B AL . BT 1k
KB A A A AR B2 2R 2 U B
WHRRAPIRZ, WIFrEmREE . WRE. KL R,
FERME . RGN BRI AILRY EE ) O AiR)Z
HMRIETT LA GE i Yy s A2 1 5 B S SR R R AR
R 31 (BECARECHTR ), o m] U8R E 1 251
Wz or 1, WS E BUNE Y FG ST R, TR
FEM

4% TONPs RIS/ VTR FR ST GEF 4 10~15 nm)
B, 7 — 2 TR 31 P P R 3 9 B TR T, Rz
R ARG 1 S AR R 44 K JBURE ( superparamagnetic iron oxide
nanoparticles, SPIONs) , R R P 2 48 2 1 2 B M I
A RIS (1R (| I P L A R v ERS B N 1R 7D 08
FF,SEH MRIZWLEE SPIONs 1) ¥ 4 R, MRI 2 —
FhREsE R BN T iz W B 2 g 07 vk, B B B
BORENE | USRS B B, Lk e s B AR A, R
Bz e, JF HRBUE VAL i & 2 FIAE B2 25, RSl
Fery i R 15 B, RESGEH T RGN EH THZ
U MeAh, AT MRIRARE SPIONs, —fBEE A Al A
Yl ik 0K A5 W) 322 R AL BRAOK ORAZ Lo, FT L
SRR LAY X HEE X Ar RS AL N B9 SPIONs ARiCHY T 46 A
R L R O AR R4 AT 4 i —
TSI T A0 7R R G I £ AR ——4HF MRI A1l SPIONs 1z
LSO VG TAMITE R N B fivis, R C Bl AR S e
FE AR P9 39 T 0 A= 0 53 A1 GRS 1 b=

2 SPIONs 7£ MRI Bl R AR Z RITHE

H AT SPIONs FIF Il R UR B i 20 47, ASCK
YA 28 LAY BB HEIG PR FH Y SPIONs 8 g i 78 &
HHF, 1995 4F, E—AHLL MRT SR A SPION 8 %
sk, HAsh 1252 R 488 100~ 150 nm, ZH5~10 nm (1)
SEABIAZ RV SR T O R A ™ (EJRAE AT
s SR, R e AR MRI R
R DA 5 UG B W A MR T ik — 2 ik, B
AWiAFE GE B #i AL 9 SPIONs f & L BE T2,
FTHA A T 2R TR . A BAR A AR IORL A R
2.1 SPIONs &A%

2,11 BRHEER R R

FEBRPEVS W L DTTE Fe™ (AR B ) Fl Fe™ (4R B
T AR, LR SPIONs & e 2 sl 7edE
AL R IR VA W (s i T R (1) ), TERRE
FIFELET, & el i Fe® 1 Fe™ EhA W, 3t iTE
BIE I Fe, O, 40K UKL, MR8 I T IR0 0 19 207 WY pH
HFA S, Fe,0, AT LUIE ik 4 Fl i 5l 55 #3545 A0
B y-Fe, O, (MBI Jr#X(2) ), [AIIA] RAFERS W im A
AR A Sy 14 A 1E SPIONs 27 > 38 3o i 728 i B A4
R . RRER . OB EIRD pH, AT RASCERX AR | R
PRI AR R T ) vy BE 42

Fe® +2Fe’ +80H —Fe,0,+4H,0 (1)

Fe,0,+2H" —y-Fe,0,+Fe” + H,0 (2)
RXELZEAIAY SPIONs HETE /A2 T 2 AfFsE, JFafs
AEEIE R 27 %07 1 T T SPIONs fY K BLARE A 7 |
L S50 S B A IR~ 38— R P A R 194 490 A Ak TR A%
P Chen %5 HRHL T —FhBR A KA EIRIRE T P36 I
FRILTTIE” 1P B4 Bh SR Mg L1k G L SPIONs 1y 5k, 4t
DLVE il 88 o RT3 A% . AE R R 3 4343,
TSR Ry 40 K i A A K R i 28 i B 3L A 08 ) i o
FAAEAL T 2511 45 19 SPIONs fY S M4 5 #4753 21 1 4% K A ek
H, RIS, REMERE R E R
2.1.2 #omik

A F 357 (1 anah R A ) FAAER R ER A HLAL
EW) (BN BB FE R Fe (CO),. TR L Fe (acac), B
FeOOH ) #44i# W] 3575 SPIONs, 38 i Bl 28 52 v i 70 f
He T DLl SPION (9 RUSE IR AR o0 w0 DA B i
E A A ALY SPIONs JE B K ERY, 7
G2 RR | BB RS A AT DR e AT iR K v
Uk, ATk LA W2 T e Y L H RG22 Sk
THE IONP fk2eteMirf, 3 206 W% ( polyethyleneimine,
PED) ZHARHBMEENHEFRAY, HAREEA R
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BEAT DA™ A HLA IE F fof RS SRR TR B AR O JBORE,
FAAE Z2 Dl S st 700 R0V MRS R, 6 0 K UKL 194 Ui 44k 3
TR R B, IR EAT i S AR MRT b gt B R A
RIGEED | HEBE IS PELRENS 575 G e 757 A4 40 i A5 A
HAEM, R A e A, AR
PRSP MR AK IR E R A W B £ 8 (polyethylene glycol
PEG) 5 PEI 4547742 1Y PEI-PEG SL5Y)  ALAT LSS58
IONPs {7k, 6 T F#AIK PEL a5,
2.1.3 il

B (L-NZZHE) (poly (L-lactide) , PLLA) j&—F7E Y7
N I B 2R AW, 58 4 nl A ) i
B AR SR T8 8 e PPl S A R AR -PLLA
YRk SR A BT B B 5 R P LUK AS [k AN
R EAARS | AR OB it — 2 A4k MRT R8T, IRk
POCYRHRA RS W, AL A A AOKR R A 1
Zeta HLAZ( =29 Fll-44 mV Z[A]), HAEHN 110~135 nm'*' |

2.1.4 HAbmorik
RZSCHRIGE T & E & TRk . R G v
SRR IORE Y A 7 3, CAAS K FH & T %
L L PRIV (1 (e 5 R
XofFAE A= W) BE A B 8, SPIONs 76 K H i RS 2
PR X AR B TEEE P DL I AR P9 R A Wy R A P e
— ki, Fe,0,#%H) SPIONs [N 5 & BUm g 2 o5,
AZAHGEINN Fe,0, 250 f# I y-Fe,0,, W RESTEARIC
Tanf B rh RN R A B — TR
Pric T4 ET A AL O . — R y-Fe, O, 7E 1L 2%
PR SRR I E T A M i s A N AR B
MAEITHEAM R S5, FTREH FREHE KM
SPIONs 2 IRAW ™,
2.2 B IEAEHHERTFIERK SR SPIONs
EB AT KR SCHRG, B25 T W g et i T

I R A% (%) SPIONs, 81 T3 1, #—A> LT A% SPIONs /&

F 1 CHEHAERTIRKSIELS FIGKIRKEE SPIONs
Table 1 SPIONs approved for clinical application and in clinical trails
Hydrodynam " Marketing years
General Trade Surf?u:e -ic fron . Clinical Half-life Indication R&D or research Ref.
name name coating . concentration dose company
diameter status
Approved
MRI of liver in 1996
Ferumoxides SPIO AMAG
idex® D 12 L 056 mg'kg 10 mi inj FDA 4
AMLA Feridex extran 50100 am mg/mL 056 g 0 min injury and Phamaceuticals b}f s [43]
some tumors withdrew
in 2008
A od
Polyglucosyl <60 kg= _pp;%j
in
Ferucarbotran sorbitol SPIO 252 mg Bayer Scherin,
sovist® T L ®  min  Liver MR 8 FDA 4
SHU 5554 RO hosymethyl  60~80im 2> ™™ 560 kg min - Lver MRU e AG by,th e L45]
withdrew
th 29.2
ether mg 0
Al od
Low MRI of liver, s
R . ® . . - mn
Ferumoxtran- Combidex®/ mole.(,ular USPIO, N.ol 26 my/ke 4 h spleen and AMA(’. by EMA, [44]
10 AMI-227  Sinerem® weight 20~50 nm  mentioned lymph node Pharmaceuticals thd
withdrew
dextrs tastasis
extran metastasis n 2007
Polyglucosyl Anemia Supplement A )
. . . pproved
Ferumoxytol sorbitol USPIO treatment ; of iron for iron AMAG
® ’ 30 k ’ 10~14 h in 2009 47
AMI-7228 Feraheme carboxymethyl ~ 20~30 nm me/ ke 510 mg, deficiency ~ Pharmaceuticals " [47]
. . by FDA
ether each time anemia
Chia Tai
Polyglucosyl Anemia Supplement of T ' ,al A )
. sorbitol USPIO, treatment ; iron for iron lanqmg ‘pprove( Not
Ruicun Ferumoxytol 29.2 mg/kg 15h . Pharmaceutical in 2016 .
carboxymethyl ~ 19~31 nm 510 mg deficiency . mentioned
h b . Group Limited by CFDA
T ach tim nemic
ethe eac e anemia by Share Lid.
Oxidized Blood pool Approved
F 5 USPIO Nycomed
eruglose Clariscan®  oligosaccharide ’ 28 mg/mL 5.6 mg/kg 2h and hepatic yeome in 2017 [53]
NC100150 11~15 nm . Imaging .
starch angiography in Korea
Phase Il
Ferucarbotran ™ USPIO, Bayer Schering . .
S is Dextre L < 4. k ~8h MRI -linical trial 4
SHU 555C Supravist extran 2095 1 28 mg /ml. < 448 mg/kg 6~8 R Pharma AG Clinical tria [54]

in Germany
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AMAG Pharmaceuticals 2 BB & B 45 THe b -0, 9% A9 I 1R 51
J12E A K 50 ~ 100 nm ¥ Endorem®, i FH 4 FK A Feru-
moxides AMI-24, H: 1996 4E7E £ H 17, B EE
25 & P )5 (Food and Drug Administration, FDA) it #fE
FHF IS0 45 B B 26 frigd i) MRT 3& 52570, BeF 2008 4F
B, Rl—A A E & Combidex®/Sinerem® (&5
FTEATERHEFEYE, 20~50 nm), 2005 E7ERRM F 1T,
EALAS P AF i s e i . AMIE AT, Resovist® (R
BB P LB, 60 ~ 80 nm) il Clariscan® (4
AR IEN B, BHARR 11~15 nm), W T %4,
BUEC B PRI 1,

EIA, wl il FR S T (% SPIONs Az 45 FDA L (1)
Ferumoxytol ( Feraheme®, AMAG Pharmaceuticals ) ,
FDA( China FDA, CFDA ) v 8517 LA K AE R 6 5 i
i H AT FFIE A% 79 SPIONs UKL Resovist® 7 *)
Ferumoxytol & FDA #t 7H 19 ME — & Jik 3 &5 79 48 7N SPION
(ultra SPION, USPIO) ik, EAZHR 17~31 nm, W%
B ARG (AR (6. 7620, 41) nm) FISE 7K P 2 4 58
WIZA, Fewiwk FDA #EAEH T80 BKkia Y70 1k B e 8
BRPERT M RN TSR, T AR M PR K A
14~15 W' JTEBAEME S MRI () #5745 51012 1
oz, B FaMMARIC, Ferumoxytol Xt T, #1 T, Jil
KUY MRI G EA R I BE 5200, FBkpg B im) v, FIfE
I ¢, FASIEE S50 15 A1 89 mM ™" - 7'V At USPIO
ML, Ferumoxytol #8570 % A= s AU W Al S M e vy

3 SPIONs frid FAHMB A%, IGKREIE
MM FIE R R

T4 e PR B s A i S A AU A R RE T R
ZHLHH TR YT A RO AR AE . AT IR, XSRS
SR P T 4H ARG T 38 R AR R 9 I 3 B8 R o A 3¢
WE, A IR T UG 2 e RA T RUR AR A S
BN H AT, IR AT RS R WOk e F MRI,
WP R BT s R bR e A, S 1 R4 X
IYFFAO ARG R b, MRI ZF 35 R B 28 0] 2 9 R 25
L G S W o e R = ity e 51 S A SR ELI K o
AT, SRR EE N, — RO B s SR AR S A
IR EH A 1.5 T, 3 T LUK PR AT Rk 21 T A4
HISRANR G A B, 3 5 MRI 451 45 A3 o 7T 40 Ak 7% 14 4
2l A,

SPIONs 10 T4 bric s i 77 5 % B BG4 5 AR A
YRS, Ja# & R KR SPIONs 7, Tl &
SRS BRI A0 B 5 K FL RS R A R RN/ Bl i A A
P FER ARG L T BRI AN BE S — 238, PR

R AR, I HZ% & SPIONs dric T-41M 0 Jr ik
VLB AR A Y 22 S5k
3.1 SPIONSs #Rig 4RI 77 3%

SPIONs BEAT ML N AR 10 40 M, 52 KL M\ 40 i &1 B 58
R BN N X — R PR AR R R A, AR IC AR
P A0 R P DA K bR e R ) R0, AT S A i 2R R
ERIELE S U AR E €3 G ER SRR NS R SR P S
RN PEAE RS R TR — o A I [a] B AT B pRac . (H2
oA s = R EEE Sy, AIEAY SPIONs ] REAS /2 L
FHTA0MAS, B LATE I B )5 122 % G4 59 ( trans-
fection agents, TA) i 78 5 £ HL 19 SPIONs FUkL, {2 it 5
RS B8 MR A &, DT E 20 0T 24 K R RORE P
B % M TA R AL 4G B A ( lipofectamine |
SuperFect) . 2R (poly-L-lysine, PLL) FEi R a4
2 M (protamine sulfate) sms
3011 I F I EART

B2 S AT { N T X G ey Dl QL (UL /B 2
JrIEARIC T 20 M A B BT A T N A M AR E e, A
JR5 325 ) R ) 722 A PR/ A DK AL 2 a2 A 48 T
TE PR/ P 2 ALY B AR IC BRI 1 | AT B AE K
BRI R ], R T AR IC S U AR, SR
M, XFARIC T SR KA SR R AMSE T 5%, JF H %
EEXHREA AT S HC o Lei S50 FH R AR R 75 I 1
6T 27 FL R ( magnetosonoporation, MSP ) fic #2812
e, I FLEGIE T MSP ARic TAIAg 2 4k, (R i st
B TR X1 200 A 0 2 1) S5 Wi 5 2 B 4 T RIAY) IS
PEA

BEAh, A KA SCIRAAE , T SPIONS FRAAR i 1
AE, SPIONs 124 Jfd i 22 5] A9 AH B AR FH AT LAl ok 45 ol S 2
FRTE 7 R A5 ) o 33X ol B R A0 5 78 40 i B SR R
SPIONs, JFAEREFHMR T 1A & — A #EEk, M= A4 —4
W37 ( static magnetic field, SMF), — 75 10 J1 B9 4E A ¥
YORGURL HL” HEANMIP , [R]INF SMF 23 5: 350 A A A DG 2
IR N> 1 W45 52 £ 19 SPIONs ik A 41 il P,
It HAZad FEAIR MG 1, BR SMF 41 5y W ik
W5 (pulsed magnetic fields, PMF) "' FI3Z 48137 ( alter-
nating magnetic field, AMF) ' 7= Al RE -t o] 34 fin 4 i
SPIONs flcEE . Ak, AHF5E N L& R EA A [ G
BT PRGN RIURL , PPAR R 3 X 290 K AURE IR A 174 52 i
ZEIRRW, ARSI ORI (M G KOF T
3.1.2 PLL &4 SPIONs #U 447t T 2 6

PLL(4F4H 350~400 Da) f&—Fhii 1 L (19 45 A
RIERREE, T MEAEYRZ, I HES—FIE R
£ DNA B Yeit s, W5 DNA ¥ 4 iUHY I H O 0k, A
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D Pel 25« AU R A AU 7 i 0 L ) 1 PR 5 A Bk S 571

SCHRARGE , PLL 5 %80 A0 BR 91 K 0B 52 5 J5 B 1 1 4 i 1)
BRI 80% Y, MEE IR K Fe WRIE R 5 mg/mL
Y Ferumoxytol 15 ¥& & 100 wg/mL ) PLL & & 5 #87H ,
I Fe ZEWRIE R 200 e/ mLL (955 W55 G NI FILA - RiE
[B] £ 5T T 40 IfE ( mesenchymal stem cells, MSCs), %31
AIIKE] 100%, W1, fHJE A SCHRAGE , SPIONs-PLL
SEA W HE AL T RE 23 19 0 4 i A I P SRR R F
FEMIE R, TG4 M T3 JF B PLL 20K B ik
# 10 mg/mL B, AT B A A sET-') ) AT Ay
¥5 thi F SPTONs-PLL & 3 ¥Hnic MSCs # il A 0tk i
10T DR AR TR B4 40 A A 20 Ak R Y PLL
1 SPIONs Y LL AR LA S FE YR IE , B AR TN A B )
A I EE AR T L A 25 T AR A
3.1.3 Uik &4 %& G 24 SPIONs Bk AR T 40 fe

FET, KA A 1 4 M s = 5 v 4 P R Fra S 2
i ( protamine sulfate, Ps) 5 Ferumoxytol & & > tric T4l
i, 455 FRWI RN Ferumoxytol 55 Ps A% A ANAEARL
HibRicdufa ™ Bt Ps S5 FIHT £ (heparin sodium, Hs)

BN A, MdE R RE AW ™, RIGH
JA Ferumoxytol, =2 B0 JE Wik %€ B9 HsPsF 90K & &
Yy, FTLLE AR M bR AE T AN, Ps 2 — B K 4 T i
(~4000 Da) KIRFHESFIK; Hs iy FDA HEHERYHUEE M1
2t A A2, 3R YT R H SE (KT 50 mg/mL)
HsPsF Aric 40 M A0 35 ZEHG s ik 28 24 4 310 2 EL AT I PR
B, AR EEX G Y& 250 i AT 12 1
GAPERGIN A TG ARG A ), SCEk P G Y R
BIFRICTT 7 S HsPsF #218 Hs(1~5 TU/mL) |, Ps(30~
60 wg/mL) . Ferumoxytol (50~ 100 wg/mL) B M 4K v in
AT R IR A, B8 RE A Y5 A 40 5
24 h, BTG 2 564 1 3 245 55 20 h, MEH iR
TR A HsPsF (M E 25310 5 TU/mL, 60 pg/mL,
100 pg/mL) (5 bR 0 A AlF MSCs,  ARic &85 3k ]
100%, W 1, HPF Wy4Ric 73k b Y Hs, Ps
Ferumoxytol 1% B MK F e RHERE R i, ifi HL A SCik 4
i, HsPsF 40KE &9 HA 5 SPIONs AHALIM A= P b 2%
Rtk , ATERRIC AN bl AR AR AR R

El 1 Ferumoxytol #Ric A5 MSCs A& LY. (a) XTHE4L, (b) Ferumoxytol-PLL #RiC¥%, (c)HsPsF FRicik
Fig. 1  Prussian blue staining images of Ferumoxytol labeled human umbilical cord MSCs: (a) control cell, (b) Ferumoxytol-PLL labe-
ling method, (c¢) HsPsF labeling method

3.1.4  FGR e EANF 9 SPIONs BALART T 4008
Nejadnik %[76] P Ferumoxytol 548 NMLTE ( Human
serum, HS) fiJ Dulbecco i B Eagle Rt - = =l = i B U
BLOBRE MRS G ME A B, HBERELZE ek
( phosphate-buffered saline, PBS) & ¥, ¥ Ui € H & T
PBS J7, VA Fe Z&J¥ 100 pg/mL MA M, FRiC A
MSCs, 4PNk & 58 (4.01+0.02) pg, FESHPIHR
RUPRAN MRI T2 SBERAS [AIAH LT HPF bRic 75 W] B4
TCIR A PR AR IC T i, R A 00 40 i 1 s 12 K
R, RS LR O EEEE; a5
%% (transmission electron microscope, TEM ) W% SPIONs
TEAAE A I3 5 SR B 5 55 8 1 I 1 R Sk ik
(inductively coupled plasma-atomic emission spectroscopy,
ICP-AES) M A P2 8k & B fF ICP-AES Kl /iy
TONRC TR Ve 20 LA 25 3 200 i 2 1 Pir A 3 ) 0 K JB0RE, - A

Shy 5 R LR 2 I A ) 3 R0 R R  S0R I 25 SR Al e, T 9
T AN A T A S A A P kB i A D ik T DL HE
RN AN SRERAA , fi SR b W 1) 5 7 v S P e Dk A T
TR e A K R ) BB B, 33 Rl B AR R
Zborowski ZEWF 5T A TG, 400 R e, dak RO T v FE L
W A ek o (4 A7 A8 L7 A A ko #2305
et 20 L DKL A% 3 1 P S0 N 43 A1 1 728 Ak e T 5 40 oY
PR, MOy A R R HERR A i A SR AR, S Re
o T 200 B 0 L v ) R T A A AR X M
3.2 SPIONs #Ri2 T4 M G R BT R—Z £ MM

gl

SPIONs Aric T4 i T 4R B Ak R B it T —Fh A
B RE AR TR, (2 B Aj4 i 5 IF 50A itk 1 T i
PRI T AR ICTE 520, R 58 S AR 10 1 -1 4 i 19 2
SPEVEM AR T T 40 R BRI R L b e 2 #i
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RELAA 1 A P 200 s 52 790 6200006 J LA R Amafe . D ARic iy
YRS AR P AT SRS MR {55 5 2 5 40 M o 52 30
XN EHASCTR ;A4 MR N A7 B RIE
% @ EFRAIMEIEIT B2 (International Society for Cellular
Therapy, ISCT) & BT 4 MIbRHE B A B4k ; @ 140
KRBT R D RE WU . T A R R F
S I STt 2 NN S T T DN & L O LEE 7l 2 €]
AT REXT BRI 10 A 7 A 52

YEZ BT A DA S5 G [ P9 A0 1 200 i ok 0 5 0 6 A o
A A SR SRk, 45 Y SPTONS Arvic A 40 it 7 A6 00 A4
T E RAAE . @ PRICRCREIN; @ FEMERIN . B 3
T, IR (reactive oxygen species, ROS) . M5 |
AR MR I @ DIREF R . RIOAREY
SrAeiae . BRIEIEINRE T ERERE ) . LIRS N
SR A, @ SR N LA TERI . BUEME . RIER
I FIESENESE s & MRI AL . 40 ARIKF L K 3 Wik iy
AR L

H AT F BB 78 /N B2 UESE T A A Y SPIONS
FRic i T A0 MAEAR SN RA N /9 MRI R, SR, #ibrid
XoF 40 ) FE I R AE ) 2 D RE R W A P i, — BB F 5T/
A T AR, A S SR DN A WS BT AT S A 2
S, RIE TR RS SIS R EE M, BN, A
SCHR i Ferucarbotran 5 iC T 41 M 42 i 40 ML iF B #E
S35 A AR T R R 5 X R
SAALTERE, AT SCERFR WA BT A B D
BT RE S PR RO ], SR T o e RE
TR, Gu BFFE 4™ FH A U SPIONs Aric A
MSCs 4l g, AIF 53 W 3 0 TG 20 i MAPK i 6 9] 422
1953 FHLHIAE BE B 88 MSCs i 01k, 78 R ZHF 5
1, SPIONs N4 5% i i Jfs Rl b 28 JE0 0 o34k )5 e A
WARRAAET | PRI BT R 2,

HAT R IE, BBA 0 R E MRI & 250 AR 0 T 40
J5 B R GENTA T 22 4 VE A 45 s Sy Sofk . (HOR
WL SCHR, SPIONs Fric 12t M 7 — 2 A ¥ 2 0 16 5
I A R e A, HAT I RN AT AT 1, PRk
HA ST N BR 23 R L 2T IR R, e
ZE N TR I AR AR
3.3 SPIONSs #Ri2 T 48 M il PR AAF ST A4 R 7R B

2006 4F, 55— fm iR i SPIONs Aric T4 Ml Y S0 & &
ZRTE New England Journal of Medicine Sl e ST N
FUN—44 34 % 8 H TR TR (A 2 SO 1 DI 4
H A #4251 48 M0 ( neural stem cells, NSCs), J& A
Feridex V4 ( FDA it 1f i 3 52 77, 2008 4F #{ 17 ) Al

Effectene(ﬂgﬁ%%iﬁﬁlj)E%%iﬁﬁa, PRI s bn it 5
) 24 L PR AT R B 4 4 XSl JE TR, AR 58 24 b Mo
JA#EAT MRI, 8, MAJRHE—K, IR AL BB
WETE R REHAIX I AR —M, F5mtk59
FHEER SR s 7 5] 61 400 L ) S 0 — 3k, 2R ZRNAE = R AR
FEIE 5408 20U, NSCs B4 TES A 32 5 %
Wrir R A L h R, 7 R RE S, FEFEHEN JCAE
5 114 ] 2 2 R B B R AT A A ) SZ R A AU S SR RS
SURME SR, X KW 4 8 H )L G R F T,
IER T SPIONs FRic 140 M B A 14 2 A= ME LA K& MRI HE =
ARSI T 20 A A A A E RS I AT AT, 5 sh A A v
AT PR AT £ — 2L

2010 4E Karussis S50EA7 7 — 0l KA 527, 10 H i3
WS NCT00781872, H 2 1Ak A 1A Hff MSCs 7TE£ K
PEAEAAE (multiple sclerosis, MS) 0L ZE i 14 ) 2R A Ak i
(amyotrophic lateral sclerosis, ALS) B & Ay Tk, %
PRSI EAE ], BESEh e MS 5 ALS(CHE) % 9
B, $ AR E G IR MSCs 5 Ferumoxide £ & 5, %
FHFEN S S kS 2 0 1 o KB A ARiE T 40
Ml BHEH4~48h, 1 DA 34HA6 A H kT
MRI %, HEREDIZE 25 DA, T2 AR SR,
MSCs MEHE (B HE AR AL ) WIS . 5 fb 28 AR RIS i 4 21
T, BEVIIIRA &R R RN,

2010 4F Jozwiak Z57E Cell Medicine 7275 % i3
WFFE A% PLL &4 1Y Ferumoxide 2 -&%), #ric B A5
MR LA, 48 h J5 R AH B & AE Bl Pk i 4 4
JE T AR 16 N A RKEILEEN, B HES S 3
YA 2 K ik = b, BAEEEE 1 R, 1A, 1 A
2 A4 HJE#47 MRS, 45K BRBHEE 4 AN
YRR O 2 BEHE S, WA HE AL S, BEVTEIS 6
AR, WERGUNS A B, IE B I E R AR 4 R T AT
Wy, I H 22 MZ2n,

2014 4F, Janowski Z57E PLoS One %35 & 3 3¢ %™
fi TR RER ) PLL &4 1Y Ferumoxide 2 &%), #ric B K
JBHT ISR PR AR AL AU, 48 h J5 S AR )™ 5 I e i Y 18
A H R U0 = A A, G T2 107 S dH A
Btass 1 R 1R 1A 2 AL 4 AR 334 A it4r
MRI A%, ARG T & B 7 9K 2l 1 1T K8 D R 5 | 4
REMIRESAH RS, FEAE S 24 h, MRI A I 200 A 52 B /A
AR S R0, I H WS B bRiC 40 vT Bl 5 S n i 3% 7
LR, RGN SRR, 265 33 A H il
ANEVFS . IGARECHE R0, MR % wT LA I 2] ) fi 2=
A SPIONs ARic i) T4l
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Table 2 The effects of SPIONs labeling on stem cells in preclinical studies
Evaluation items
Ref Cell ¢ Labeling
el. ell type Prolifer-  Cell Colony  Surface Differen- I - Genetic Oth,
method Efficiency Viability Apoptosis m‘l “r ¢ ROS  Migration 0({") urlace I, e‘ren fmmune ene ]‘L X o
: ation cycle forming  markers  tiation modulatory analysis items
1500
[44] H-Schwann cell SPIONs-PLL 100% NM o/ml 1 NM NM NM NM NM NM NM NM NM NM
pg/ml
No No No No Cho:
[83] HMSCs Fe-Pro NM NM NM NM NM NM NM NM
change change  change  change No change
100 pg/mL 2092 genes
[81] HBM-MSC  SPIONinlab  NM Dosagel NM NM NM NM NM NM NM pemk genes T o
Ost: T 1631genes 1
X PLL- 100 No No No
[84] Pig BM-MSC X 100% NM NM NM NM NM NM NM NM
Ferumoxytol wg/mL 6d | change  change change
PLL- No Adi.
[85] HMSCs : . 100% NM NM NM NM NM NM NM NM NM NM
Ferumoxides change No change
PLL- 1% ~ No
[86] HBM-MSCs : . NM NM NM NM NM NM NM NM NM NM NM
Ferumoxides 78% change
HEDP- No
[87] Rat BM-MSCs NM NM NM NM NM NM NM NM NM NM NM NM
SPIONs change
HBM-MSCs No No No No  Ost, Adi;
[74] HPF 100% 1 NM 1 NM NM NM NM
HNSCs change change change change No change
Ost, Adi,
. No No No
[88] HBM-MSCs  PLLA-SPIONs NM NM NM NM NM NM NM Cho: NM NM
Changﬂ (t]l‘dnge (',h'dng&',
No change
[89] HAECs PEG-SPIONs NM  Dosage ! NM NM NM NM NM NM NM NM NM NM NM
Pro- No Cho:
[47]  Rat ADSCs NM NM NM NM NM NM NM NM NM NM NM
Ferumoxytol change No change
No No  High dose
[22] HNPCs Ferumoxytol NM NM NM NM NM NM NM NM NM NM
change change to astrocyte
No No
[90] Rat BM-MSCs PLL-SPIONs 100% NM NM NM NM NM NM NM NM NM NM
change change
Ost, Adi,
[91] HUCB-MSCs HPF NM Pro 1, then | NM NM NM NM NM NM NM Cho: NM NM NM
No change
ardiac
. No No No No No No Carc ld(, ’
[92] HCDCs HPF NM NM NM endothelial: NM 35 genes NM
change  change change change change  change
No change
Pro- No No No No No  Ost, Adi;
[58] HMSCs : . 100% NM NM NM NM NM NM
Ferumoxides change  change  change change change No change
No No
[93] HBM-MSCs HPF NM NM NM NM NM NM NM NM NM NM NM
change change
Chondro-
- No No No genesis ;
[94] HBM-MSCs SPIONs  (99.8£0.)% KI67+,  NM NM NM NM NM NM NM
change  change  change No
change
Extracellular
CD93, CD93
Cadherin7 T ;  and
N ) No No No Adiz T, achermn T anc
[95] HMSCs Magnetic NM NM NM NM } NM NM  Zincfinger cadherin7
change change change Ost: | .
FYVE protein;
domain | No
change

Notes : H, human , A% ; NM , not mentioned , &A1) ; HUCB-MSCs , A B sz 1% oo F 40 8L ; Fe-Pro ; Ferumoxytol-Protamin complex , Ferumoxytol-#L8% @ 45 %& & £ 44 ; Cho
chondrogenic differentiation , 5,4 & 544 # 4% ; BM-MSC : bone marrow MSC ‘& % 18] & i F 48 #; Adi; adipogenesis differentiation , 5% B 4L # &% ; HPF, Af Z- & 45 % & -
Ferumoxytol &4~ ; Ost : osteogenic differentiation , 5 A 54 #4E ; AEC; amniotic epithelial cells, ¥ F 28 #2 ; NPC ; neural progenitor cells, 4 2 48 48 & ; ADSC : adipose-
derived stem cells, Ji§ % F 28 #2 ; CDCs ; cardiosphere-derived stem cells, « JEZRAT 4 69 F 29 8 ; PLL: poly-L-lysine, % % #1 £.82 ; HEDP ; 1-Hydroxyethylidene-1, 1-diphos-
phonic acid # & Z X =B 8% ; HNSCs : human neural stem cells, AAp 2 F 48 it ; PLLA : poly ( L-lactic acid) , % (L-# 38 )
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Frid)a T 4npE & 2P DL & B AT E HiE B9 T 40 B B
I AR . SPTONS Amic 4 A 547 1 PR 2 16 1 7 R DL
& 2, MRIZREE% SPIONs Fric i 41 i B A RS2 I
PRAEGHIEG S, 5 R AT 4022 PP A . sh K s i DA
H A ELTT R A AR 0 25 25 5 7R, SPIONs 7w i1
20 i — T A A 0 R I B IR R S Ak, K
A SH RS T 4 R AE A4 P9 25 9 53 A7 R E SRAS BH 5k —
A

SR, ARG PR AL i A8 P AR IB A 1R 22 [n) R 75 228}
RN LR RS (1) MRIE 558 B 5510
i g 1 %9 SPIONs 1 ELH2AH G, 4d B R N A 4R T- 40

Stem cells labeling
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B

MRI of labeled cellsi vivo

Labeling Efficiency detection

a. Prussian blue staining
b. ICP-AES
c. Flow cytometry

d. Electrophoretic detection
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15 MR AU AF 5 5 BE I A ) 9 4 8 i B 1K, 3X ] e
PR MRI A6 0 48 i A B 1), JF B SRR, ok
KT, TEIF KB SPIONs, #— L H LTS
KA 72 B3 ( good manufacturing practices, GMP) | %
S RN M bR 1C 7 58K S IRk 26 ), (2) SPIONs
B ic T 20 RS I (30 {52 22 Fh R R I 52, A 465 i 37 5
[N 1SN 7 LA o 1/ I A R =3 SN N = e 15
MRI 35 # FAAZ ¥ 51, %F SPIONS A ic 40 il i 2 5 2 ff)
FERR 55728 Al B R 1) 2 M 200 KR 1 AR TR
TN SR S5 B 11 A L KR, 2 R U P o S B (IR MR
F T RE S B S R AR TE ARG . . TERESERY
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Fig.2 Schematic diagram of clinical transformation of SPIONs labeling stem cells ( I ; SPIONs/ transfection agents complex method ;

Il ; Physical labeling method; Il ; Protein corona mediated labeling method )
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