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Abstract

BACKGROUND: Stem cell therapy has a broad application prospect for the development of new treatment strategies for many difficult diseases. Although the
number of clinical trials of stem cell therapy has increased in the past few years, due to the low immunogenicity and high proliferation ability of stem cells,
there may be a potential risk of malignant transformation in vivo. The safety and effectiveness of cell therapy can be determined by imaging.

OBJECTIVE: Detailed in vivo studies are needed to monitor the fate of transplanted cells, including their distribution, differentiation and lifespan. The
development of non-invasive cell imaging techniques for real-time tracking of transplanted cells provides a powerful tool for determining the effectiveness of
stem cell therapy. In this review, we summarize the advantages and disadvantages of different imaging techniques used for stem cell labeling and tracing in the

last 10 years.

METHODS: Articles about non-invasive tracer technology of mesenchymal stem cells in PubMed database and CNKI database from January 2010 to March
2020 were searched with the English key words of “mesenchymal stem cell*, cell track*, molecular imaging” and the Chinese key words of “mesenchymal stem
cells, transplantation, tracer”. The search literature types were not limited; obsolete and irrelevant studies were excluded. Finally, 92 articles were selected for

review.

RESULTS AND CONCLUSION: At present, the molecular imaging technigues that can be used to trace stem cells in vivo mainly include optical imaging, magnetic
resonance, nuclear medicine, ultrasound/photoacoustics, magnetic particle imaging, multimodal imaging and so on. The survival rate and long-term fate of
mesenchymal stem cell transplantation are still in the exploratory stage. The emergence of the emergence of a variety of new multimodal contrast agents
which are directly combined with indirect labeled imaging makes it possible to trace the distribution and survival of transplanted cells at the same time.

Key words: stem cells; mesenchymal stem cells; cell therapy; stem cell transplantation; transfusion; in vivo track; molecular imaging; multimodal; nanoparticles
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T4 EIEE T mmse/mmsF 45 22 64 8 AR T @& I 4
mmsF 32 gk 4k 3 B % e mEtE, AT AR T ey igsi,. 4
Fa AT T R, AR A, A min AR B T A v AL
S L KK, AT AR RS ORI, (2R kst
PR 18] R T B o e ey KRR A E Fa R R AR B,

2.4 FiAIERZES: (Nuclear imaging) NERIRA

241 AHEARiTE MEFTFHRERZRM ESTF LMW E
2% (PET) Ao 0 F L AT HAVAR EARF AR (SPECT), @14
AP T IR ) A AR R R ARAT T I A BOK A 69 4m
RESEH A, B ARS W E TR CEEAEFERN
8B 8 F R AR & (64 PF-FDG, 1, %Ga) KA v &9
Bl 4z & (#] 4= ", 24, *1c"), £+ ®F-FDGE, #1c™,
Mn & F e T 3RARR 2 A . PET(-1 cm/s to min)
A8 %+ F SPECT(1.0-2.0 cm/min) A 45 at = 59 %, {2
A% T MRS, 308 bAZ & 69 & 8048 ()40 °F-FDG 4
110 min, *Tc" % 6 h) R Kk #1i8 3x 8 £ 2555, R x4
R ATER IS R, PZr B G2 5 EF 784 h ¥
AT R A —AE T 49 PET sk AZ & ), TR Tl =5
WA e, HAKES 7 d B RBRAR AR K Pz dRin g
A8 FR T mAe K344 A il (50£27)%, A f2 AT E A=
FHd, 7 RIS Ik fn B E ARG 04 TR R
SMER T PZr ARIT AR IR T e (2087)%. Ad, @
F AR R IEF) T e MATIT A fm e ek, B Bk B 49k
HHRIEETIRASABMABAZES, FRIEIEREH, FH
B FE] AR 04 6 dm I A A ) Ao xt Fe gm0 64 & B 2 4R 15 47 2 —
KSR, &2EHeA. B, ZIRERTATFamek
B iE, ERABENLEE ZH8 T 45 T HEFIEHRAR.
AN, EHRARS PR S E— AR E EIRB T A .

242 B#EAFLE BEER TEELRORELRA 1A $
4S8, R A B (HSVL-TK) 3 3E & % 4% sr39TK, % &
JBe D2 AR 0 A4h etk R ™ HSVI-TK £ B 7T R A &
JZ A PETIRE AR X —, R F BB R &
FHBG. FIAU. FEAU %, 72 fm i, ¥ <T4F 2 HSV1-TK ¢4 A% &40 M.
PEI 25 "9 3% HSVL-TK B T Lém o i a- LK Z G T4
(a-MHC) B3 Fa94x 4l T LT — /NS AR, @i Ema
HFEFHE AR T @A THE KA o-MHC-HSV1-tk 49 40
Jo %, SRJR °F-FHBG 3 & JA M) MUAZ 56 K R AR w44 B 44 14)
AR Fmie i, EEA R, HSVI-tk R /25 408 LR
Fimfo A A S ML AT A, B Sk IT A AR A
A, BB, F-FHBG-PET A& 7T vA & fm it 47 3R 32,
H 4k, a-MHC iBAL 3 T F 4 18] 77 T 40 e &) ILm A o4k

2.5 F B @ #8 7 (Ultrasound, US) 5 3¢ 7 (Photoacoustic
imaging, PAI) IRERIZAR A 5 T3 AR ML 4w 7 kAR AEE
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WAL, ABAE A48T et it 6 0 S0 PR G AR,
CEAEXSS, TORGTFmindzeg s, ek
A, BERMGAR T E £, AT MREIAFM, B
WELARTFAT U ER G b A, G4m0a. —fiutfod
PR, BRER 3 I R — AP AT e R B b T, B TR
89 1 fif ik Z Aotk 1 B KA ERE R4, 1 h BT A AR 18]
AIRFmp, BERGET@MKETHRE GRS H
FEBME G, TR AT S0,

KB RRAGETT ASE Aotk o A8 = e T, 3RAE BIR 694147
FiEh., RERMGATA @feskakE P bo kg U,
H-& 4 34 KBk (PBNPs) & —AF 3736498 5 st i) 7, &
WL R B RIR MBI, REH S RH ARG LELL
T 2R T A HAFCAN R T e, RSl &
Ik 3R ALG K B TR, ARA AR MITR A 2x10° LY. R EAE 5
I 2 L R 6 36 A 3G A, ST VAL tm RS AR IR 18] Fe X B . F
e g, ERE [ AERSRMGET, TAENIS
BEATRG ST MRS, SR 14 d g BT A 0 A A B ) 5
Jisi 1 44 5x10° AN 18) 7 % F 4m k. DHADA 5 U 4% /A Vgt 0k B
H %M (ROS) LRk 893 41 4h e} (IR775¢) 444 K 45 (AuNRs)
VEh R E R TIEA, BATRE [ K E R RISRIZAS
AR TR E AR T alt, ZAaRETRAAARN TR
A EaHE, AFNQEIZNE LR T @i 4% E L,
X E RS X B A AEEZAEY, @ittt E, BART
i = A E A E R, Bk, sTeAi@ i IR775¢(795 nm)
5 AuNRs(920 nm) & 5% % 12 5 pe sk W5 ) 18] SR T e e ey A
E, WABHNERARHE, EFEEBHBG R E 757
AT A LR AARAC W RATAR R F 6976 97 1, @dsmiebid
BEAL, #4860 TF w3 B vl B 2 S 0T e 7% & . LAF-
FEY % U7 3R 45 7 4o 2h R S ATIT 49 A RS 7 18] 2007 T 4m oL 72 04 o
G 1R INABR2ANAABAGEER. Sk B EH,
5 ARAFLH A LR T miein, GEELARTN, kAT
T @i el o Be Ao s R AR S AR B AR R AR, T
G ls Rr £eg s, REGTmiolinE RegieeE,
2.6 FLRIBRAEKIS-ANIR (magnetic particle imaging, MPI) 7RER
R BT AR 20 2240 KR AL R b —FF 7 04 AT AR
R, 5% rMEF ke XHEA. CT &L A MRI. A
B RGARYE, BRI R — A M R R, AR, B
A —AF R T A KSR KRB PET Fo SPECT 69 7
BRI AR, BT ARG T ARIE AT IR A, 455 R AT
MK, oA A BRI R T, ZE AR R E R
F i, BACRET LG BGETILE. LA R
WRFEFTH. HRABEARBRIFOEEHHE, -Fmie
B NJG 0 ATV 6 35 B LT AR B, AT BRI
M 2w A5 oA TS, ZHENG 5 V0 45 R ik F R ARE R 3
AW Ao e B T HMOES 6 AR IR AL B AR T AR
AR R T e s SRR e A oA, B#HGES 1h
Jo, FLHAR AR TR EALETFHALF, 1dZ A
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BEFEAR) T I, £ 12d A, HES 4.6 Rtk T RIglz
5 A TR RS R, AT H—FR ST R,
SONG & P9 458, 7 —HF 4 S 32 ¥ F4R 44 Janus 44k
FRLF 69 BACSKTIZA], AR R ARG AL T AR IRAE 5, X
S B 09 R AR AL A fe BB AR T ARIE . MRIVAZ R
KRG T et sz A s RERARMS. EHRKRET, &
¥ FIRAL 091 T AT AL F AR AR T ER R VivoTrax & 8 6413
5 K 34%, b Feraheme( —#F T il F &4 F AR A% 69 7 Ak MRI
AR F) K745, R, WANG F BV af4| 7 —AF 2 Kk 4
22 nm & 5 BAusk 2 K ks (CIONs-22) &9 & #ia F A%
TIEA . RSB AR T A B ARAKIRE (3x107 L) #9 CI-
ONs-22 ARiTF #E 18 AR T 4 fit,, 9T 520 K A0 K n| A5 4T 2m
FOAE o PR AR ) BAR A 8 B = HidE, K AR 1 3 29 2 500
A-tm,

2.7 THRDBETSBERRERIRAR %5 R T A% &&FF
ARG ERITADAN., A EHFRG X AR AL
T %A F EEAARR A B R AT 0 8 R T e, A
A MR A MRI T 20, B4 T332 1A 5T fa e o
A7 B KUBELICK % ® t T 2L Boh kB F L T —#
US/PAI/MRI B &t ik, TTAER T Lot45-FF @iz £
ARG KA, FEREMNTF @ ssr Rk, 3
AT VFe B T AE R ARG S IRINIORH Rk - B AARSF B
F SR (LA-ICP-MS) A4 A, 7T R 3]s SAR A W R
4 (°Fe) Ao sb R AR, BPAR SRR Z G, T VAMRAT I
A b i g min e KA eE B gksbh, MAEARLHRS AR O
WAE T R T S AES M. #lde, BEREREE % ThALiRE AR
AR K BB BLA LR T 48 IR ST £ PALL MRI F= PET 444
TE I

3 774 Discussion

Famp BRI AM TR, GIEAREF. 2§
SALEEE. IR M. TASREAEFUARLIEIRAT
HRE, AAZMLEZER—25) &M, RS0 X
Bty B RN O AT mieh R ehehis T A R R —
AT s T AEX, B AT OA %R T miels KX £ AT
g O T8 fe R, IR BT SRR A XA K, BHeid
Faik v 548 R 3K S 5T R 0 AR X RS, KA 4 ek N tm i
FI VAR K T AW FAT A A AW B T R R R AR
#mz 8™, wlinFmpSite me AL, AT @b
ERARTHIZSE, H G ARIRE G N IE4 08 LR T ahe.
FEJG T e fe ib LAY 22 F 2a i, 10 & F 4P sifesy &b
RINT 22 3EE E mIesE e R4 i %, 3% T 16 R
L RUREN B 2

A% ) A& 0 AR oAt e ) 1% Bt R, 5 B SRR T 4l A — A 1A
NG 5 iTA2, st TAEHL6 BAPAE R T T a7 ke K
2 xEE, FEZABERGEERZLT @R IERIELE—
NEZRHH Y, B AT EARIT R BAT i kit m e R,



BBR, HTHRA G EVARRNE., WA HE . A B4,
F ot BRG] SRS 60T B A BRI R R AT 6 AR
BHEREGTNEZATE, KFREFERE Y M @2
THPARMLSE, (A THRETEREfETHTNHHE
&, Tk ERXGFHhAALFIEF . MRl F= PET/SPECT /£
DR T RBJE AT AT A, T T Xt fe ALK
%, Aotk ERIE., BHRAERBEARLEST A TR
BtkE, ARG RAR A BAESRY, LBHEREA A, &
Fb RRAG T IR B G945 B LR 1,

F o AbrE LA MIKNOGEES LT RFRE
B REBRE T ARNEZREZ—, MRELABHE
kA meERAEMA, BER, EToATAY
m e IR IRAT L BAT BB AR F 9T K e L ), AR FH A
N IERBRAR B BRI E R R, AT E
PR A%, KA NIR- 11 3¢ 6 A M 45 o A W R b R AR R T
AR B RAE @I F ALFFEREAGEEL, ST XM
AL R, RASZHEERBEEARTUHZRREE R, 2
7/ AFEE MRILESTAL | 5T miz4, R4
HME B mie At 4Ti8 3%, A TFRELR G PET mIEH KRS
MRI £ & AT AR WA & 5 T Ak A 6915 &, B
LA T RO X A FEA G RBRE. B AT Faes
A GAR A K Z R EUE KA R — KA S, AR S5
HHEFRE. SMETELELT R, ToREEFFHIRE
ERAZfEZ—EA Y, Bk, - FRREER KRG ER
BT %%9%%%%ﬁ%ﬁ‘ 697, e S HRXBE AL
PRI BAIRAT 0 E IR TR IE NS B E KA.

TEE Tk % —H 7w MG, ek g,

A RE ﬁi 7 \%7&
&

SHATELE

A C“BRAHY ﬂ;éﬁ\/i\ A BhIR B (31970515)” &) )%"}175 Fr A AE# % 9,
2% XIF A o L FE I E A3t B HAE BILLE R s it o AR

e2id 4 b R 2|5 Lk R AT 3 R E

XEHNE:
A%ﬂ&a?%

XER: XF HAT & T AREH RAALE T AR X
L,

FFHGRENERR: X & —BIFAORIR L FE, RIE (Fritdk FHT L)
“E L - WAL - AR K F 407 Foik, ESEIIRGELT,
RHFRAAET LB R T RIARRE. AT R, RN AFE
TR PR TH. HN. AR, 4T, k. BERMEEZ K, A
Z T &G, ARG ASIER L TIET AR AR,

FRNEATINGT EFRFINF, BATIEBOAD X EH
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