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Abstract: Stem cell has made tremendous progress on the treatment of diseases due to its self-renewal and directed differ-
entiation. However, its therapeutic effect needs to be further improved. Recently, bioactive nanoparticles consisting of nanop-
articles or nanoparticles loaded with chemicals, cytokines, nucleotides and peptides, could significantly improve the thera-
peutic efficacy of stem cell. The bioactive nanoparticles could promote the survival, homing, differentiation and paracrine of
stem cell and regulate its in vivo behaviors. In addition, in order to understand how stem cells play a therapeutic role and op-
timize treatment methods, the nanoprobes have been developed for tracking stem cell fate in vivo following administration or
transplantation. Starting with the introduction of stem cells therapy, this paper comprehensively analyzed the current problems
in cell therapy and the necessity of stem cells combined with biomaterial, and reviewed the applications of nanoparticles in
stem cells tracing, as well as the research of nanoparticles loaded with chemical drugs and gene drugs to improve the thera-
peutic effect of stem cells. With the development of nanotechnology and the in-depth study of stem cells, it is believed that

nanoparticles combined with stem cells will play an

increasingly important role in the treatment of diseases in
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Fig. 1 Various growth factors secreted by mesenchymal stem cells with

different functions
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Table 1 Clinical trial of mesenchymal stem cells

Type of disease Clinical trial registration Clinical trial approval

application batch number date and stage
Dilated heart disease NCT01219452 2010-01/11
Alzheimer’s disease NCT02054208 2014-01/11
Liver failure NCT01844063 2013-01/11
Cirrhosis ChiCTR1800015735 2016-01/1
Infertility ChiCTR-OPC-14005553 2014-11/1
Spinal cord injury ChiCTR-ONC-12002005 2012-03/11
Diabetic nephropathy ~ ChiCTR-ONC-17011065 2016-04/1
Brain infarction ChiCTR-ONRC-12002929 2011-12/11
Parkinson’s disease ~ ChiCTR-ONRC-12002937 2011-12/11
Rheumatoid arthritis ~ ChiCTR-ONC-16008770 2016-03/1
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Fig. 2 Bioactive molecules loaded on nanomaterials and their loading

patterns with nanomaterials
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Table 2 The regulation mechanism of different nanoparticles on

mesenchymal stem cells and its application in the treat-

ment of diseases

Materials

Regulation method

Type of disease

application

S10, nanoparticles

Au nanoparticles

TiO, nanoparticles

Graphene and
graphene oxide

nanoparticles

Iron oxide

nanoparticles

Polylactic
acid-co-glycolic
acid nanofiber
scaffold
Chitosan

nanoparticles

Polycaprolactone

nanofiber stent

Heparin nanofiber

Composite poly-L-
lactic acid/poly-
(a, B)-DL-
aspartic acid/
collagen nanofiber

scaffold

Iron-based
magnetic

nanoparticles

Promote mesenchymal stem
cells proliferation and differ-
entiation

Promote mesenchymal stem
cells proliferation and differ-

entiation

Promote mesenchymal stem
cells proliferation and differ-

entiation

Promote mesenchymal stem
cells proliferation and differ-

entiation
Promote paracrine secretion

of mesenchymal stem cells

Promote paracrine secretion

of mesenchymal stem cells

Promote paracrine secretion

of mesenchymal stem cells

Promote paracrine secretion

of mesenchymal stem cells

Promote paracrine secretion

of mesenchymal stem cells

Promote paracrine secretion

of mesenchymal stem cells

Improve mesenchymal stem

cells homing efficiency

Fracture ,

bone defect,

nerve repair{ 32

Fracture ,

bone defect 3]

Fracture ,

bone defect’?”)

Fracture ,

bone defect,

nerve repair[ 38, 3]

Myocardial

infarction !

Atherosclerosis! 0]

Acute liver
failure[*!]
Skin damage,
cardiovascular
disease*?!
Cardiovascular

disease!*

Skin damage'*!

Traumatic

brain injury“s]
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Table 3 The regulation mechanism of mesenchymal stem cells by functional molecules of nanoparticles and its application

in disease treatment

Drugs Materials Regulation method Type of disease application
PTX Si0, nanoparticles Enhance drug targeting Breast cancer! %!
ATV PLGA nanoparticles Promote mesenchymal stem cells proliferation Myocardial infarction*’]
) DOX Si0, nanoparticles Enhance drug targeting Glioma!*8!
Chemical drugs
. Promote mesenchymal stem cells . 49
DEX CMCht/PAMAM nanoparticles R i K L. Bone mpaurL ]
proliferation and differentiation
TEMPO Au nanoparticles Promote mesenchymal stem cells differentiation Osteoporosis>*)
PNIPAM Promote mesenchymal stem cells ;
TGF1, IGF-1 ’ " . Cartilage tissue d (1]
B PLGA nanoparticles proliferation and differentiation aririage lissue damage
BMP-2 MSN nanoparticles Promote mesenchymal stem cells differentiation Bone repair' 32!
. FGF18 BGn nanoparticles Promote mesenchymal stem cells differentiation Bone repair' >
Cytokines
p t senchymal stem cells
EGF PLGA nanoparticles rom(‘: ¢ m-ebcn(, yma ,b o u,i s Ischemic diseases!*)
proliferation and angiogenesis
. . . . Ischemic diseases,
SDF-1a PPADT nanoparticles Enhance drug targeting, angiogenesis . . [55]
inflammatory diseases
CCR2-siRNA PMSN nanoparticles Promote mesenchymal stem cells proliferation Myocardial infarction*®)
Nucleic acid drugs pHGF HMONSs-PEI nanoparticles Enhanced paracrine Myocardial infarction>"]

Cbfa-1-siRNA PLGA nanoparticles

Promote mesenchymal stem cells differentiation

Bone repair“m

IGF-1C Chitosan Hydrogel

Peptide drugs Silk fibroin GO nanofiber

Collagen PLGA nanofiber

Promote mesenchymal stem cells differentiation

Promote mesenchymal stem cells differentiation

Promote mesenchymal stem cells o [59]
Acute renal failure

proliferation and angiogenesis

Bone repair[ 60]
Wound healing,

skin regeneration fo1]
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ROS nJ ARG W 2L, fil SDF-1oc [ 48 ] 147 11 A5 0B
QN TK i 1 o i e A R S e N R P <R
W0 0 AT BT s DG, Bk, ROS e Ry P
YRR T LU AR AT ROS T8 F 45 R /9 AE 4
FE T, AN ER AR R PR
5.2.3 HmEEHY

FEPR TR e 1) 7 S 0 M AR N T B Y — b ik,
V) 70555 440 L P 28 £ 46 o % 3 2o 8 B AR SE I, (H
T T A A o HAF AR N e )iy, R HAT —
SER R, MR, JER BRI R Tk e, B
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% 38 &

TG 7= D S R R DL L, 9 OB 2% R 44 0k
WERME R AR 8 2 AR T 1 48/ T3E RNA (siRNA ) %, 5K
X ) 7S5 0 9% i DA TR HL A AR AR L i
PR JE R Ly6C™ A% 20 A A 55 4 FI2 T 5k 1k I 1
CCL2/3 /& CCR2( CCL2/CCR2) [ B 56, 78 i
#8[n) CCL2/CCR2 SR il i R HAZ A, ehost X MSC £
M AR FUFE R R PE ORI . Lu 250 K B4 siCCR2 1Y
HHUE e L FUREY K BURL (PMSN) 55 MSC vy FH T e ifi 4
D WUHRGIIIAYY , siCCR2 7E Ly6C" 48 1t P 41 i rp #8 17)
CCR2 Kk, Wb T XS A ZEh AR I E2
V) 7 0 T 40 B RS A 1) T A8 e O WLER 98, IR0 T 1
R IGW NG (PED) o M B A e = LA LR
FEREGH KSR, (HMONs ) R 1H 5, ALK T PEL A9 40 i
FPE, i H A8 7E HMONs | JE B PH &5 1 1, 3% 7
HMONSs [y JER G AR fE 1, Zha 557 fff AN 28020
Ji A P2 R ( pHGF ) B HMONSs-PET % 4 7] 78 5 14
ffL, I pHGF 11 1] 78 5T T 240 Jf 25 43 WA A A5 3] 1
5, EC HTUATE € BB 1) B A rh sl 10 LA AL 1
IR T IMASTE R, KA B 3R TH Uk 7 siRNA 7] 52 3
Xof ] 78 5 T 40 M A5 S Su 250N R4 (9 PLGA 44K i
Wi, AU TR A DGR 1 (SOX9) , AMZE FHE )
W54 7 al (Chfa-1) f4 siRNA (078, BFSE &3, {1
PLGA 9K BURLES J% () 7] 78 51 T 41 B 7E mRNA FEE A BT
IR T A A B AR S
5.2.4 ZEkEHY

BB A K R 2 40 3 e 10 A3 ot 3 (S K 5 4 ek
B, PRSI T 5T T 40 A A A K I R S DA 4 i 40 i
HIfiriz , Feng 2 f i ZAEAE KN 1 (IGF-1) 1 C
SEFYSRK (IGF-1C) 38 o S A 4 i B e 5T M & i E W)
T AKEEIE , AT 55 43 WA 3 0 7 18] 78 05 T 400 B i 1
71, MEFEF AR T A RO, 7R B
I AR 52 BB -IGF-1C /KBRS AN a) FEJR T 40 A, T
I MSC B AR R AAIE % | AR HE M A Az i, R A e Akt
FUGEEUINE, 2R E AR AR TR 0 KR A WA
PR A, Shuai %K 22 K& A5 Ak B0 H K
YORLF LG A ARE, IR T A) 78 5 40 A 04 A= 4 B R
ANARRGRE, PTAEE = BCE AR SR B A T 5 R e
AR s Ak, R B LU LT B A, K
JEUEE P 3 A L B A 43 AN 1 R 40 R R B 45
HfrA . 76 Ma %0 BmFgs o, @5 CD29 Hifik (Ab)
AT I/ PLGA A WAK LT 4 L HE (NFSs ), DA
UK SR AN SML ] A9 FEPE RS54, T NFSs LA Ab A]
PRSP 45 4 7] 70 T 40 i L 1w 1Y D29 i,
V) 75 1 200 B A 32 S 2 DR B O A AR 14 47 11 A 45

Wi R B A, R i S 4 R B RN R B 10
A RBE IR

6 4% iF

TSR T AR E AR T A, (AR H
BT 4GS T A AE RS MG A3 R AR . AN RET AL IR T 46
(IR, AR W PN KRR T S BB AL IS 1 20 M e 1A
7R, SEIT A A PTG T, TR KA R AT
B2y BEAYAE, KRS TR TR .

AN R BT B 8 B 0 M AR 00 T IR T A 4R
FBORBCE ZLAPER], Gl AR IC AR B T A St T
it 1T AR LR AT R A T O, i i 4 oK TR
ARG R — L BE > T Al 5 T A 1 oAk (et
R R R AR IS E At b o R s B S
TS P S U RS, AT 35 B i PO T AR
MHHERE SR FREHRE, XTS5 FHobs 28Ok i 5
FIRA o

AW PE GRS A0 B4 1B 5 B S B R
SRR TR Y, X7 AT S A RER
BRop AR 22T I3 X B, ¥ I i A i e A R 39
MESLAARZ . BN, 40 K T S 2 i A
B, BRBORERAL I AR RAT IR T AR ICH 98K IR
B2 B AR AT I LR A0 A A AR R, BT LA ML Y
GG S 2 ORBRARG ;AR W15 1 2 KBRS T 400 14 1
TET A7 s 75 RE e AL Bl PR L o Bt 48 K R B 2 g
FRATTH B OR 2 (R ] R RE S 7 B D
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