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Abstract

BACKGROUND: Exosomes derived from mesenchymal stem cells can reduce myocardial ischemia and reperfusion injury, but there are some problems such as
short half-life, fast clearance and low targeting.

OBJECTIVE: To modify and encapsulate exosomes with temperature-sensitive chitosan hydrogel to increase the retention rate of exosomes in the body, and to
achieve better therapeutic effect.

METHODS: Cell transfection method was used to knock down piR823 in exosomes derived from umbilical cord mesenchymal stem cells, and the effect of
knockdown of piR823 exosomes on the proliferation and apoptosis of C2C12 cells was detected. Chitosan/B-sodium glycerophosphate temperature-sensitive
hydrogel was prepared and mixed directly with exosomes to prepare chitosan/B-sodium glycerophosphate temperature-sensitive hydrogel encapsulated with
exosomes. The gel-forming properties, rheology and in vitro sustained release properties of the hydrogel after encapsulation of exosomes were tested. Thirty
C57BL/6J mice were taken to establish hind limb ischemia models, and randomly divided into five groups. The gastrocnemius of group A was injected with
PBS; group B was injected with chitosan/B-sodium glycerophosphate temperature-sensitive hydrogel; and group C was injected with exosomes-encapsulated
chitosan/B-sodium glycerophosphate temperature-sensitive hydrogel; group D was injected with exosomes; group E was injected with exosomes knocking
down piR823. Limb function and recovery, blood flow, grip strength, exercise endurance and muscle regeneration were detected in each group.

RESULTS AND CONCLUSION: (1) Exosomes knocking down piR823 inhibited the proliferation of C2C12 cells; normal exosomes inhibited hydrogen peroxide-induced
apoptosis of C2C12 cells. The inhibitory effect of exosomes on apoptosis was weakened after piR823 was knocked down. (2) The hydrogel encapsulating exosomes

had gel-forming properties, but the gel-forming time was shortened, and it could slowly and continuously release exosomes for more than 30 days. (3) After 28 days of
hindlimb ischemia, the blood flow recovery of the left limb in group C was better than that in groups B and D (P < 0.05); it in group D was better than group E (P < 0.05);
the grip strength, endurance, running time and distance of group C were better than those of groups D and B (P < 0.05), and above indexes in group D were better than

in group E (P < 0.05). Muscle regeneration was better in group C than in groups B and D (P < 0.05), and it in group D was better than group E (P < 0.05). (4) The results
showed that encapsulation of exosomes by chitosan/B-sodium glycerophosphate temperature-sensitive hydrogel prolonged the residence time of exosomes in vivo,
significantly enhanced blood perfusion and recovery of tissue function after ischemia, and the treatment effect was more significant.

Key words: material; exosomes; chitosan; temperature-sensitive hydrogel; mesenchymal stem cells; hindlimb ischemia; animal model; piRNA
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Ty 5 22 PP A SRR 1D 18] 70 7 T 4H M 7 2 P s A4 4 b BT
WITE ), kg I, kB T, (HE
P05 44 L E 54 A o R T RO L A A e FLAE I PR B
P e o 1 3 B ek O ARk, BRI TAEERE
T AnRIaIT 7, EThRE LEAR T T, & AloEi Y
(e ik R

MR AT AR MR, LR
FH 4 43 WA T EL AR AE 30-100 nm 2 [A] (R IS 5k B pE 383, 1Ny
—FiL I A G BRI G NI . AHRE T I A AR AR
PN NS5 AR PR FE SRR R R e A B (2,
18 70 53 - 4H MR 5 (1 SR IR TT 7 AT SR TG VR 22 Wl i S
PRk, Bl aE e L 7 R R R A L SR AR
RKERR . EEBA S VAR IR gk ik
BIEARAIZGY, Huiw 2T 2 MR ey . S
I FH R SO 52 TR K s s MR, DAHAER s AN AR TE A4
PR e e R B 28, AT 9 v Ak SR T,

T4 SR BB 9 £ B, dFE 4% B3 RNA(non-coding RNA,
ncRNA) & B ZLH R WL R R 7, B TiRI7 ANJ50%,
Jo R AR RE I R AR AR R R R B, — R G/
7 ncRNA-Piwi A T /F ] RNA( & B piRNA) 4 A I AT LL 3 4%
DNA HIJEAk, BfED S8 TR G . piRNA S & 26-31 4
1% IR 1) ncRNA, - fie i 2006 SEE AL R o g S
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Piwi £ [T AT DG 1/ RNA BRI #2. piRNA £ bk
ik BA 2R, Sk bRk £ fil piRNAs, P g
piR823™, ikt H AT (K WF 7L BRI 2, piR823 [RIHFF FUHINT LLd %,
#& NcRNA Hi) “HIE 7317 22—, piR823 /& piRNA FJKkH1 ]
Bt A 29 MEHR, B FUR W5 R 1 5 RE ) 55 DA G .
MR Z AT (438, piR823 T LAfedt AU G FE, PR b A FHE
PiR823 FEAMUA A A A A AU/, piR823 HHHIFHIKIANA
A LA BN AR R Thie s I IR % SN AR R piR823 1)
FIEW] LR TT BRI BOK — L8500« S50 BR8] 78 5T T
A rh o 1 AR AR F R Y piR823 R, P IR
7t piR823 FEAMB AT AE . R, Sede— 5 M B ER A
PiR823 fEAMUA A A AN P A RARML ;55— D5t er I ik
PR 228 5 SR KR I B 3 J A2 75 7T DA e R A 3 B R A A
SETE, AT e HAR T RCR

1 ##F0755% Materials and methods

1.1 &t BENL BB PSEE

1.2 BHiR Bk SZEG T 2018 4E 9 H & 2020 4E 5 H £E TN
K S O ML R T T 56 o

1.3 AR NJBF 18] 70 0 1 40 B T V05 AL A R R A TR
AT C2C12 4 T35 [H ATCC 20 /% ; piR823 (147
si-piR823 K B W) M T Bl LE MR A BR A 7 A
1.3.1 sZUezhy 8 R HEE Cs7BL/6) NRR, TR RS
SRAEAL, - TBEAT (750 ) Bt e OB IR AR, VFAT
UES: SCXK( 75 )2018-0006, 1|77 75 M K ZE 5L 56 3 P o o
132 FEG B~ HIMBEEREY (Sigma, EE); 5TRKE (WL



LF IR AT ); AR B £ (Life Technology,
2£[H ); Annexin V-FITC K R7 & (BD, fif2%); Cell-LightT™M
Apollo 567 Stain Kit( £ f#4E47 ).

1.4 FEI7ik

1.4.1 AMBARIIZRE A 2558 K iE 2R 1% 100 000 xg BS.0r 7 h,
PA L BRSGAETE T Ho b i A o B N JBF 5 1) 78 )5 40 B FH
A A B10% IR G S 7R R 7R . KEgR 48 h A,
158 FH A ih A 43 B8RRI 6 43 B A, R N B TR) 78 5 T 40 A
(5% 752 35 L 2 000xg 50 30 min AR 2 FE 40 i AR B s
W EIE, SNBSS B LA L 2 0 LA BEHE
4 CTREMR; KH, 4 CTLL10000xg 50> 1 h, JLHE
BSR40 B A5 EI I A b

BFEMENE: Kok i 2k A % 5 0.5 g/L,
PBS &, MM 2.5% J¥ [ [# 5 10 min, HY 20-30 pL [# & 4F
(1) AN S T B B Lt R B P - = R 5 1 min, 41
AMT RHET 5 min, S 1% BEFR A IR T-40 W) - 255 e e,
5 min, WCFBERRESRRVE, THIXE TLAMT T 10 min.
B KA N E T RS, TSI A

PRRLE 7. MR IR LR S] 1 g/L( HEA
1mL), BEJGEFHYKRRE K Zeta BLAL AT 4G T I

MAMHAEARLE: HL 10 pL 4b A B E] 1.5 mLEP 5

o, AN 10 pL 8 / R SR LR R = IR E 15 min. B S
7] EP & W PBS REARIN 1 mL, JRAJE=IRFE 2 h.
2hJ5, M 1 mol/L [ HZFRIA 110 uL, R G =S
30 min. 4 000 r/min B5.0» 3 min, 3 _L3&5. A4 0.5%BSA [
PBS Viiss 2 IRAMIMATTIE . 100 pL 2 0.5%BSA ] PBS £ 4h
WA, NN 10 uL FITC #5712 f# CD63 Hidk, 4 CHEGIFHE 1h.
i 0.5%BSA [1] PBS Pl AMNMAYTIE 2 I, R JiE FH 200 uL 7
0.5%BSA [f] PBS E &, [HLIII.
1.4.2 piR823 Ut MR AN MAA SR FH 4t Mo i G ¥ 7 v Ak
HMAA ) piR823, HARLI T A [A] 78 it T 4 L 2 Rk |
60%—-80% I BRI ] JEAT 3L L5200, 1 50 f IH I BE IR L,
LI 1 mLPBS, PRk, W fEREFLINA 4 mL Bl % 77
(TERPL ), 30 min J5 A Gy L AR: 475 pL B:fili 5
F2HE 425 ul Lip2000, B ifi: 475 pL E:filkEFEdE 425 uL piR823
inhibitor; ZEJE A& RIS AW B, WFE 15 ming A)5
IONEIREFRILA,  ShR RN TR 2R RN S mL. 6 h 5
BE R TC A WA A AL 3 B % 97 (aMEM JE Al 95 3L + B 0
LB AN AR I ), A7 40 A i D AT S A Ak, R
PR B AN RN G e Ja B AN AR o SR AR () 7 72 2 Yty G
piR823 17 I XTHE . Fi|FH qRT-PCR yE45 M| piR823 mRNA [ 3
B,

N TR piR823 AE N Bt 7 [A] 78 o -2 Mk s b A4 v 1)
YER, AU/ BRL 2% 45 B piR823 mRNA [ Rk &, DL S Ak
A T FESAUR N ) 70 3 T4t piR823 mRNA [f1R1A & o

qRT-PCR #& il piR823 mRNA K ik &: ¥ 41 4Lk 5 5k
BEAT BB JE 0N Trizol 223 M4 B RNA, 28 il J2 A1 Wb A A

5B INON Trizol 24 i 24 #A 42 HX RNA, FE 4 PrimeScript
RT ik | & (TaKaRa, H 4%) XF RNA BEAT J2 % 5%, Rk &
N A& Z: S5xPrimeScript Buffer 2 uL, PrimeScript Enzyme
mTX 0.5 pL, Oligo dT Primer(50 umol/L)0.5 puL, Random
primers(100 umol/L)0.5 puL, Total RNA 500 ng, RNAase Free
ddH,0 #F5% % 10 uL; SN AEF: 16 °C 30 min, 30 °C 30's,
42 C30s, 50 C1ls, 8 C 5s, 10 C hold. K H SYBR
Premix Ex Taq iX 71 £ % cDNA ¥ # 4T qRT-PCR K&, J%
M 4A& Z: SYBR Premix Ex Taq 5 puL, Forward Primer(5 umol/L)
0.4 pL, Reverse Primer(5 umol/L)0.4 uL, ROX Reference
Dye 0.2 uL, cDNA 4%z 2 uL, RNAase Free ddH,0 2 uL; <
MAERF: 95 C 1 min, 95°C2s, 60 °C30s, 95 C 15,
60 'C 1s. piR823 5[#¥F4%): AGC GUU GGU GGU AUA GUG
GUG AGC AUA GCU GC,
1.4.3 ZUARIEAESCES KA T X EUERKET. KRS R I
C2C12 A ) He 1 96 L, KR 2= IEW AE K B,
TR £ i 2% 5 0 1) 85% LA LB B AR A7 556, DAAEAL 4x10°-
1x10° MM N EL. K C2C12 AH 4 2040 %) 96 FLA . 12 h
J5 AR B I 5 N 23 0 I N B G piR823 1| 771 ) &0l A4 A1 5
7N BRI S, P SRR B I O 100 g /L. BiFR 24 h ),
F MR B 1 A4 ) Cell-Light™ Apollo 567 Stain Kit 18 FH 35 FH 347 52
36, MRUCHEAT EAU FRi « 4R E 4L . Apollo e ta Al DNA %k {4,
I e AT BB RIS e b, e e n B B e TR R
SFAFRRE], FITE 4 CHROGKAT T IRAF, AR 3d.
144 ZHMIRToSRES OO BRI C2C12 4A i, Aramii
WILIEH] 75%-80% I, Kl it IR 2 4 50, 100,
200 pmol/L i A AU 55 IR B AL FE 24 h, G STARSMH L E T
BiR, 24 h J5, J@Id qRT-PCR A4 ) piR823 mRNA 3%
AEBL o AE— DRI A A K o piR823 KR SN i i T
GRS, KA KRR C2C12 4R e 3 A, 4 Rt AR

PEAE B I A + SR . LA + R piR823
HMIARAL, T E A EIRZ 0 100 pmol/L, AR A i 4%
WEEHE A 100 g/L, AbHE 24 h, F% S I 204 At AR RS o 1
T o
1.4.5 AMANT 7 RAE /B H i R A I A AR R A 1) 5 R
S

FRYE /B- HIBE IR BB R B & I 28g
B— H il BE MR ANVA MR T 5 mL X & TKH, HHFEIREN
560 g/L; K il £ B FE A 95% 1) 58 M B R (M & I B >
95%)0.2 g VA fi# T~ 10 mL (] 0.1 mol/L B MRV ¥, i 1 Joi
WIEH 22g/L, T 25 CHIFI R A T2 4, LA 100 um 4
RO IE, BRIARET. HTC RN CRRVATR 10 mL T/Npedt, 7R
VKK KA T2 10 0 1 EEBIZH SN 1 mL i) B H R
BN, FEANWTHERE o FH VR B8 R S AV 1 pH {E %2 6.96.
IR G B A VERCE T 37 ClEIR/KIB T, s AR S)
i, RUTERGGCIRNE /B H it BERR iR A /K B o

mEBKEERR B E SN IR B K BRI AR A 5 4k
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WAEBARS, TRESNAAR SR %A 100 g/L.

BB ACE BT RO RRBS M B AL I (1 55 SR M /B~ H i
T PR M e A 2 /K g R Y VB i B2 T Sl N 4 /N
S 100 L, 15 min 5B /NR R, A I AR R R
FEVIT, IE W RT7E /N BRAAR N A o

BEFROUGRIM: BT RBA. SR + AN A, 5%
R /B- H I B R AN IR B K B . SR TR /B H I ER A
TR KB + SMIAAR - 100 pL, N 96 FLAR +, B4 3 L.
W H 450, 562, 695 nm 3 Nk, F AR OCHAT R B
BRI .

FIEE RN : 1R R TR AR S R
JR PRI T LR b, Ap B IR O JE N P B LR

ERMLIINEEARM: Ko AR SR RBEIA T + 4
WR. FEIRE /B- H M BERR AN SR KB . ST /B H
TR R NI O KBS + SN E T 20 CHA R, Froe 4t
[t Je RV VR T ARA P B AT VA T 0 . 5 52 AR T i B
&, B 5 {8 H VERTEX70 £1 40634 (Thermo Fisher, 3£ )
BEATRYIN . B Se A S T5 4k 30 min, SRJEHREMECE, AT
FEGAS I & IR e IRIE L A, 5 AT ATR Y65 & ()
PR —EEER ).

REFME: BT /B- Uil B R BEOKE RS
AL AR B T R /B~ H M BEER AN IR UK B, i2 IR
G, [EEE 1 Hz, AR IR 0.01%, 6Tt [l 0-40 °C,
THEIEZE 1 °C /min, P73 min J5 0 FERIFATIEE AR, %
RG (ffRetia ). G" (FEREMLE ) FIRE AL R,

KEREBEINDAEWERNNFE: N 7 REINEEK
TR IS R TR AU A ()3 28, A ) PKH26 55l G R 771 %o b il A
HEAT e bR, K A A R ) K BT 24 FLAR Y, H
1 mLPBS 2. 7F 37 C F4F 2 d YAE—IRBEMW, FHIMAH
(1) PBS, e J A5 FH AL N4 A (Maillipore 68 FE] ) AGr A [ ik a] Usg
FEAMNBR R E . KRR 30 d IIERI S C2C12 4t 7,
24 h JFidid EdU BGRIRT I PBS A G2 BN 4 R 52
1.4.6  AS[FIME AN S0 1A AR T /)N R BT I 5 i 1 A2 11 5

NRERERMARBYAOEST: 4 30 JU/NERBENL N 5 4,
fple Ko o, HH 4% KEEEETIEEER, AR
PRI Je K FLAM BN [ 5 o FH BB 0 4% 0 e B, I F AR
3B 75% ZEERRERN B R 7 o AT P22 S B IE Fh AR R R
MBEREVA 46, I BRI 1) 1 oz v e ) 8 LR 2 B O
e bk, TEMBAE T NSRBIk, LS )
WKARIE R TR 733 FARLHG, Ml b 47 B 59 i
Wk, DAAS IR0 %5 e A T . B i il /N BR /e s
Jisz BlE Jizg UL 4 530 S5 PBS(A 41 ). 5 S8 bl /B~ H i ol AR b I
RUKEERE (B 2H ). LA AMIAA T 52 TE0E /B~ Hr B R 4 1
B ZKEEIL (C 2R ) AhulhA (D 4H) FIK piR823 [ 71 ih s (E 4 ),
R 60 uL, HRIGLEAIH .

QRT-PCR #&3: J5 f sk i 0, 1, 3, 7dJ5, FIH oRT-
PCR A&k 1fr ZH X piR823 mRNA H ik & .
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BASLEHMMAMERE: K50, 7, 14, 21 } 284,
I L YOG 2 B LA SO /IS BRI B I HE VA 17 LR AT A
TR 2 R PR HE R AR T 15% N Th. @RS
PRI R AL /N B EAT BRI (2% ke ), 2 e B E
XoF /N BRI 0L SR AT I B AR B, I FH 0L 22 35 80 i i Aok
/N5 B . BARRAE . FERE T 200 TR FAR
AT A 5 RBCEHOE IR SR, $ 48005 IR ( 72
JRORS « TER R BT INAS B ). HE T B AR £ 47 1 2T
Rt i RIAR BEAT F 5, WEVE S Bt 2 B MR / B R A
JBZ ML o

TE R AR5 28 d HHATIZ BT 11525, Jake /b
BB T HOP AL EARIEIES 1h DUE R B, 1 h 5270 R
FERPHL_EAL T8 € B 3RS I TG 1C P I ) 5 R
TR P LRI IRE L € 6 m/min, 25 FRREEE AL
HESTE I N2 18 m/min JE{RFFAE, HE/DRAT 4
WRRE . BA, WRDNRZIRESIEE 5.

MAEL: AR5 28d, @I NI B0 /N DU 7 &=
BEATVRAE I E . 1 /D R R BCE AU R L, T B
RRRE AR (AR ), FFaiWitEIiiuai)s, B4
MG RLBAES IR, AR & B EhiE /N s
B AN RN 10 9K, L mc KA ER/ME,  HURLRBUE K
AN g B 40 B 45 R

B EHTIRE SR E TSy : MR [E brid A i 2 = 1E 2>
ARG/ RS RE SR AT, BARVE > 2 M bR iE L
*x1.
®1 | BAEHESRETS
Table 1 | Limb motor function and recovery score
o H IRARZEDRE TR AR A 5L

TSR CTCRIRL,  J5 e AT i v Jhe s e AR AL v
IR A, FRGHIIRSEER 7 2% HBURSE, (AU %
AIE, A, ToMbE HBUABE, (SRIEL 5t
IR BSEAAAE, AL, ERBRREAER HBURSE, EURE 50
JEGE BN SZ IR TR

v s W N

ALAREEESEH: £ AR5 30 d AFE/NR, FRE/N AR
B, FEGH N RIS B R IUAR &, DRSS & L.
15 EEIEFEAT WK piR823 [RIAMB AR C2C12 4 i 1 5
SETIRR 0 AR S FE R /B H I IR A I AR K
S B R ELAE s A AR Je ik piR823 (1 4 b 1 /N KR Bk 1f J5
JRER S (52
1.6 %t F 44t KH GraphPad 7.0 AT SEit 007, 1
BB xts Fork, ZAHMBCRH SRR ETZ00, &4
(] P LL AR t k%, P<0.05 AZESH EBEMNE .

2 Z£ER Results

2.1 Shibkeh o TR ER, NJBFE A 7S T4
SFUR NI ELARAE 60 nm A4y, R IRMOIR S (1 [
FERRL, DL 1A, GUKRLEE /T A S B IR, AN MR B
&3 4 4 30-100 nm,  UL[E] 1B, 3 W 43 B8 45 B (1 Ah i R 15



HEOR, AT ERIE . ARG R ER, shib ks
CD63" F itk 99.9%, LA 1C, i 4 2519 2SN o

2.2 piR823 BE A SN S AR A A XARM  gRT-PCR il 45
REIR, 4% piR823 il 7 J5 #M s 4 HH 1) piR823 mMRNA
LR, LB 2A; TERARE R, ) piR823 mRNA £
B e, OHEAZER K2, WL 2B; AR piR823
mRNA 3 & & = T JiF 7 (8] 78 5t 48 fi2 (P < 0.001), . &
2C.

2.3 miesg saA M LE R Of IR 1AM A KR piR823 (141
WK S L & I HET EdU Bett, RIS IEH AN A AR
b, MK piR823 [IAMAMASNS 7 40 GE, WE 3.

24 fmppATHENE R SIEWEFNAMLL, 2R
FEE e S0 SR S 4 R A 1) piR823 mRNA RIA & N [ (P <
0.01), ULEE4A. JHT MG R ER, A MAHE
2 i R0 5L TR T 40 M B A5 4y i R 13.37%,  62.7%, A Ak
S+ AN 2 I 4H I AL B T4 A B A 40 ) D 42.97%,
47.63%, I AALE + K piR823 Al A 1Ak 4H ViE 4 it AN . 1 U
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PIRNA J& — R84 (f] ncRNA, IRIT 4% KIS 5% 1
KA piRNA EESRJE T 5 H KEH B TR ELF 5
FEHAX, XFRZ N piRNA %, HAKEH 23-31nt, 5 i
T3 R A L TR 1Y) PR E AL R, 3w AT T AL
B, EH 5 Ago B M XK I Piwi IV 5 & A A H.45 &
SERATEThAE B2, bk 258 JLFP piRNAs, i
PiR823. LYK SEIG R B, IA) 78 J5R 40 M SR I 11 41 0 o A
7 piR823%, JIf H. piR823 il 1) ¥ in N\ AT LA S B 4h s 4k
R IhfE, 5IEE KAMBAALL, M piR823 FIA Mk
NI R bW AN W RN SR AL T A P N
ZHTHRGE — B, B piR823 W) LA k4 My b il VY, 4R
JNIE TP piR823 W REIA YT B T B — LR

VLR, 7R TARAEIT mAeEE LR TE
NIFERAE G N S 55 9 WAEHT o AN A A Ry —Fh 32 B (1 55 43
WD, O S A RS B 3o 2 v 400 e R 3 R

Chinese Journal of Tissue Engineering Research | Vol 25 | No.16 | June 2021 | 2483



Research Article

35] C

301 200 BvE: AT R EG, SN RNER
2 ol | oo 60 nm JiAi, Ay ST SRRV AS L
E 5 Lol T WURE: B KK A BT, SRR B 5

10] k A 30-100 nm;  C AT A ANMIA 531 45 L

s ST CDB3" 4 BTk 99.9%

S EEXREEEY [ O S

10° 10 100 100 10
FRRST (nm)
B 1 | ABtiE 7R T apasRiRINR R E

Figure 1 | ldentification of exosomes derived from human umbilical cord mesenchymal stem cells

CD63

A.. B ,. C ...

> P<0.001 4 b L5

4 _||_—| P<0.001 el . - , . ,

3 —_ BEPE: A g Y piR823 411 81 71 i 41 U6 A 10
+ + 1.0+ . = N e
E g 2 o piIR823 MRNA 7 7% i B Jy /b il % 2% & iy
= = 24 = . X s
5 2 o = PIR823 MRNA ik, 55/ LLkz, *P<0.01,
£ £, g 091 %P < 0.001; C Jy4h ki 5 i 4 1 76 5 40 i
a 2 1] piR823 mRNA ik &
0 T T 04 o y v
FIHRIF 2 0 R EIEEIPA] Vastis QP | S N I = NI JBats [B) 76 S T4

2 | piR823 BUEFMEIRINLIA KR XA

Figure 2 | piR823-modified exosomes and related detection

1.5+
s aetnidmoemm 5 =
= M. 5E#HMSwEAE,  E
£ R piR823 [ SMB AR HIHI T 2 O] a a
% G0 LB )
) B 3 | B{% piR823 B HM ik 1k o= v . .

JEBe BRIl d Gk 3d B 7d
Bl SaRBRMELE:, °P<0.01, P<0.001
7 | MRIERERIE piR823 mRNA RiLE
Figure 7 | piR823 mRNA expression after

Ff C2C12 HABIEIA RIS
Figure 3 | Effect of exosomes
knocking down piR823 on the

23 PR HRAH

proliferation of C2C12 cells hindlimb ischemia in mice

A 159 B A AL AN + 7#0&“\”& S AR AL + R piR823 AU i il
R g gumampns BVE: A 940 N piR823 mRNA %%, 5 0 umol/L

1104 | 5 H,0, LL#%, *P<0.01, °P<0.001; B JyiE4tiuAl -]

® ~ PTG H L ARSI

P . : 4 | 8K piR823 H4h 3k RS C2C12 MBA T

2 ) ) op A

o s o B T3 Figure 4 | Effect of exosomes knocking down
0 50 100 200 — - piR823 on the apoptosis of C2C12 cells

H,0, VR (pmol/L)

== 15 P <0.001
== < P<0.001  p<0.001 = cs
l b =3 CS+Exo
10 L =3 CS-hydrogel
: 1 CS-hydrogel+Exo
— b
k 0.5
‘ :
G il
4C 37C 450 nm 562 nm 695 nm

B A AR FKEIR IR B /N R /KBRS CONARRYIR IR AORE AR, WA B BN R 7o R +
AN SETERE /B HIM B R AN IR B K B . AR /B H O B R B IR R KRR + AN IR D ONASFEE K N AR E A Ak, €S,
CS+Exo. CS-hydrogel, CS-hydrogel+Exo 73l AR 7 RMHIA W . FETRMETAUWL + AN 52 280% /B~ H M BRI AN IR B K BER . FE SR /B~ H i B R B
IR KBS + SMBE, 5FRBBERRLLE, °P<0.01, °P<0.001

E 5 | BN /B~ HimBER IR BB KB AIR 4T T RAND R RIS

Figure 5 | Physical and chemical properties of chitosan/B-sodium glycerophosphate temperature-sensitive hydrogel and effect of exosomes

2484 | PERLKTEWR | 525% | 165 | 2021F6H



D E | F 6o
151 G 8] . X
| - 61 G a0
1.01 = =
= | ) o
s £ 49 o
5505. o l 28
[Ca © 2 % 20
SN - ST =
Py T b
| =z
b . . - . i Z
C 100 200 300 100 200 300 2 6 10 14 18 22 26 30
006 o W1 (5) B (5) 1 (d)
= CS+Exo H
00 G5 hydrogel G EdU DAPI Merge
M CS-hydrogel+Exo 50 P <0.05
el
= < 40 —
=0.02 & PBS g
'I ’l\’\b\_ % 30 =
AP AN =
ode=t, e T F #H 9
© 9 N H D A o
;’? Q”'\y o)of? o mn-g) ”;;V S 10
FIFLES TR 3
NNy N N Y 0 T v
PEL (cm™) PBS B

B A Dl B0 R R O 1 0 B TR (x400); B At SR K BE IS + b WA YD 1 i LS MR (x400); € AN [ o /D £ 5RO 1 23 #T, €S
CS+Exo. CS-hydrogel. CS-hydrogel+Exo 73 AR TE SN . SC MR + SMUAPR . TE 0T /B~ THMBEIR VIR UK BEL . 7o 280E /8- THMBE IR
I B KL + ShR; D ONIRBCR KB FIRAL AN E Dy Cud Sh b R It R KB AR ARSI s F A B A A AR BRI PR PR SRR
G Jy EdU A I 2R o0 C2C12 4RI RANA ;s H D EDU FIIEZ A EL I 4 145 2R

El 6 | SMirsd T IRAE /B- HIMBER SR H R HO I

Figure 6 | Effect of exosomes on chitosan/B-sodium glycerophosphate temperature-sensitive hydrogel

a I B4l E4 o4l cd4l C 2 b
poe N i PR
G 1.5 1
od .."‘J -=A
B4
- 4
7d 7d = 104 —-C 4
| L= =D 4
M3
7 -~ -4
14d L g
14d =2 os
: 0
T T T T
; : ry od 7d 14d 21d  28d

BlvE: ALy PBS, B RS 7R /- H M B R AN IR B KEER, C 4Ly S E AR IR 76 0% /B~ H M BE R AN IR G AL /KBS, D Ay g 7k,
E ZHVE S REAIG piR823 HIAMIAMA . a I 2 35 8l Iyt SR W A4 T2 28 S L int Pk AR s b A& 2B/ Rk ML 5 Bk 2 4e i, 28 d Ji5, C 4
ftF D4l (P<0.01), DT A4l (P<0.01), E4l (P<0.001)

E 8 | NG EIRTIE) = &40/ R S E# MR NEE R

Figure 8 | Doppler blood flow test results of each group of mice at different time points after surgery

a g " ey EUE AHLIESEPBS, B ULEATERE /B HhiliRie

- il HNIRBURKHE, C LS SN AR /8-

£ Toe T HUBEERNRGARER, O 4L, E 4l

b ~cq = el VR piR823 HUSMY. a JIBLIRIEENIIAE IS,

= b 28d J5i, CUUMARZEITIRENSILT D 41 (P<0.05),

DAETF A, E4L(P<005): b NALIAIWSINRETS,

T o S S 28d J5, CHUBMRII T D 41 (P<001), DAl
R (d) RIGH (d) F A1 (P<0.0001), EZl(P<0.05)

B9 | REREIEE =& EN R REERL

Figure 9 | Limb recovery of mice in each group at different time points after operation
C C

C
_ —_— _—
400 _ & 0010 P z 130 ——— = 2500 ———
2 b L] i £ i
R 300 — g 0008 E 00 r— & 2000
= o= = £ 1500
° 500 & 0006 B = =
) (o =0 2 <
~ > = 0004 = ° 1000
% 100 K g &
% = 0.002 ~ T 500
& Ao %
0+ - . - v = 0 B 0

A4l BYl E4l DUl c4l AL BY £E4 D4l C4 0 A4l B4l E4l D4l c4l Al B4l E4 D4 cH4l

Bl A ZHAESS PBS, B 2RI 52 M /B~ H i BR AR A /K RES , C AR S G B A A i 5 SR /B~ H i B R A BB /KIS, D 2RV SR b
E ZH VR A% piR823 AN iMA . M AR WU AT IR I 46 SR . LR 8 LR I &6 R S8 3 7 S50 a0 ) [R5 SR L S8 i 7 S5 56 o 5
PSS AR 4E L, *P<0.05, "P<0.01, “P<0.001

E 10 | K5 28d FLEPMRIUBNA AARELL RIEEIT HEMNLER

Figure 10 | Test results of limb grip strength, muscle mass ratio and exercise endurance of mice in each group at 28 days after operation

Chinese Journal of Tissue Engineering Research | Vol 25 | No.16 | June 2021 | 2485



MAEZE

A B SN R AR R TR, 2 R A B R
B A A 240 B mFORE TR HE SR, X At R RS R A1 A AT
CAMAEAR 20 e A2 RS M (4B B 5. ncRNA) 5%
ARG B R R B 2 (B ST, YR I ) TR T4
RO EF) &3 s LA 15 1) 70 5T - 4 AR B ) 985 7 VR 97 T B B
I UE B A /b 0 (UL A0 R A 45 e A AR 1
RLAETE S 5 TR SO A A I 1 0 A A A AN T g
MO PR IR R, AT TGV R RO R IR T ORI AR LRI
PRAPSE AN A6 T I R B PR . — LE SRR A T B A
PRSI RE, 0RO U 20 (0 A 85 DA e S
(s B B B R S B A A A, B B IR R AUk
458 SR K BB R AR oy SN ISR LE SR L 2 SRR B R, T
AR AN AR I DI RE

IKEE O 2 T HL MY BE 20T TR 2459
ik AN F AR iR T B SEEROME /8- H i B R B B
R TK B T T R P SRR T B A R 51 D B A R R
R PR SR A A T A 2 U AR T R I RO R R VS TR
FERRIR I TR AL, BA RFMALMENE, HERN
LG 0 I R W R 53 1 00 ) 38U A0 A P S 2R R . SR
B /B H it R A i AR A R T DA A7 R A% A i b i
(Rt anpa Zh Bt JERS RIEAE R kS sE —BAE W T
7SR /B~ it Tt TR AN R AR K R M L e A A AR T DA SR v
BMUAA (1 2L 2 B I )

SRR, 1A 78 T A L ORVR R S A A RE (e 2 41
HETEKT, /N R BRI S ThRE, T LB o3 i 32 ANk
w1 piR823 4% s SEIRME /B H- T WA B i U AR S K
T HNIPRLEAR A R BN IR), R 6 1 I IV I A sk i i
HADIREIWE, IR R . 25 Lird, 1R KI5
SRWE /K BRI T LA R e A A 5 i A5 R0V 7 RO
AN B R AL SO T SR

{E& TR SIikith 2k, 2GR, LI EEA XD, K,
FIIPAE X TRIT AR, TP R H AR B, R TR
x)8 . KA, AR, 3. KA,

ZRBEXE: ZAFEZT ‘BRAAKAHAFEAL T XHARITRAA
(91849122). E R & AFHF A4 @ LA A (81870194) BUT 4 ‘SN RAA
F &M S1FEIAA B (BU 24600117)” #4KBh. FilitE£ o, 2% 4
FrEA B LF A G At BE 7404 B R G T AT B AR

FIZHZR: LFa)aEd B, ERAARALFRE LT R
A AR,

AR £ RER T BREEFHEHS (X Tamt
I 578 A 69 4E K 35 2HIR) Ao AR E Rk, LIS e REE T AT
B 6T K, FHR—%HF R R Ff e,

S{EERE: 2R ETEREFNIHEER S (FAFRERE
REFE F R 45 LR AGIEFIRY .

NEEE: LFEMITOLLEE LRI 5 LHEN R %HAT3RE
Z,

TEINE: LEZRATIFERRGINT, RATRBUAND T4
SHALAEE.
SMFEITFER: Z X% F RO RN KFEFIH S R AT

2486 | PEHRTIEAR | 5525% | 55168 | 2021F6H

RIS FFRFE.

SCERRI: X R E O AR EAALE T RAAn £
B,

FIRMGRERAERR: 3% — B AR E, 4B (Soit b 45T i)
“E L - TR - AR XEF 407 L, ESEI|AGELT,
AARAAIET Lt B AT R A R4, AEfy &, Bl AFE
TR P IR, TR, BN, AR 470, k. BRI, HFH
Z TR, AR NS I C AT AR 1R

4 =E Tk References

[1] CONTE SM, VALE PR. Peripheral Arterial Disease. Heart Lung Circ. 2018;
27(4):427-432

[2]  IWASE T, NAGAYA N, FUJII T, et al. Comparison of angiogenic potency
between mesenchymal stem cells and mononuclear cells in a rat model
of hindlimb ischemia. Cardiovasc Res. 2005;66(3):543-551.

[3]  OSTERBERG K, FALKENBERG M, RESCH T. Endovascular technique
for arterial shunting to prevent intraoperative ischemia. Eur J Vasc
Endovasc Surg. 2014;48(2):126-130.

[4]  SANTISTEVAN JR. Acute Limb Ischemia: An Emergency Medicine
Approach. Emerg Med Clin North Am. 2017;35(4):889-909.

[5]  LIM, ZHOU H, JIN X, et al. Autologous bone marrow mononuclear cells
transplant in patients with critical leg ischemia: preliminary clinical
results. Exp Clin Transplant. 2013;11(5):435-439.

[6] EGOROVA NN, GUILLERME S, GELIINS A, et al. An analysis of
the outcomes of a decade of experience with lower extremity
revascularization including limb salvage, lengths of stay, and safety. J
Vasc Surg. 2010;51(4):878-885, 885 e871.

[7]  KRAMANN R, GOETTSCH C, WONGBOONSIN J, et al. Adventitial MSC-
like Cells Are Progenitors of Vascular Smooth Muscle Cells and Drive
Vascular Calcification in Chronic Kidney Disease. Cell Stem Cell. 2016;
19(5):628-642

[8] MAZINI L, ROCHETTE L, ADMOU B, et al. Hopes and Limits of Adipose-
Derived Stem Cells (ADSCs) and Mesenchymal Stem Cells (MSCs) in
Wound Healing. Int J Mol Sci. 2020;21(4):1306.

[9] DING Y, JOHNSON R, SHARMA S, et al. Tethering transforming growth
factor betal to soft hydrogels guides vascular smooth muscle
commitment from human mesenchymal stem cells. Acta Biomater.
2020;105:68-77.

[10] HAN L, ZHOU Y, ZHANG R, et al. MicroRNA Let-7f-5p Promotes Bone

Marrow Mesenchymal Stem Cells Survival by Targeting Caspase-3 in

Alzheimer Disease Model. Front Neurosci. 2018;12:333.

BOON RA, DIMMELER S. MicroRNAs in myocardial infarction. Nat Rev

Cardiol. 2015;12(3):135-142.

POLLER W, DIMMELER S, HEYMANS S, et al. Non-coding RNAs in

[11]

[12]
cardiovascular diseases: diagnostic and therapeutic perspectives. Eur
Heart J. 2018;39(29):2704-2716.

[13] POOLE A. Collagen synthesis in rats with silica-induced pulmonary

fibrosis. Arch Toxicol Suppl. 1987;11:285-287.

[14] FENGY, HUANG W, WANI M, et al. Ischemic preconditioning potentiates

the protective effect of stem cells through secretion of exosomes by

targeting Mecp2 via miR-22. PLoS One. 2014;9(2):e88685.

[15] ZHANG HC, LIU XB, HUANG S, et al. Microvesicles derived from human

umbilical cord mesenchymal stem cells stimulated by hypoxia promote

angiogenesis both in vitro and in vivo. Stem Cells Dev. 2012;21(18):

3289-3297.



[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

IMAI T, TAKAHASHI Y, NISHIKAWA M, et al. Macrophage-dependent
clearance of systemically administered B16BL6-derived exosomes from
the blood circulation in mice. J Extracell Vesicles. 2015;4:26238.

FENG J, WU Y, CHEN W, et al. Sustained release of bioactive IGF-1

from a silk fibroin microsphere-based injectable alginate hydrogel for
the treatment of myocardial infarction. J Mater Chem B. 2020;8(2):
308-315.

ZHANG K, ZHAO X, CHEN X, et al. Enhanced Therapeutic Effects of
Mesenchymal Stem Cell-Derived Exosomes with an Injectable Hydrogel
for Hindlimb Ischemia Treatment. ACS Appl Mater Interfaces. 2018;
10(36):30081-30091.

VENKEI ZG, CHOI CP, FENG S, et al. A kinesin Klp10A mediates cell cycle-
dependent shuttling of Piwi between nucleus and nuage. PLoS Genet.
2020;16(3):e1008648.

ZUO Y, ZOU Q, LIN J, et al. 2IpiRNApred: a two-layered integrated
algorithm for identifying piRNAs and their functions based on LFE-GM
feature selection. RNA Biol. 2020;17(6):892-902.

ZHANG W, YAO G, WANG J, et al. ncRPheno: a comprehensive database
platform for identification and validation of disease related noncoding
RNAs. RNA Biol. 2020;17(7):943-955.

PARHAD SS, YU T, ZHANG G, et al. Adaptive Evolution Targets a piRNA
Precursor Transcription Network. Cell Rep. 2020;30(8):2672-2685 e5.
YAN H, WU QL, SUN CY, et al. piRNA-823 contributes to tumorigenesis
by regulating de novo DNA methylation and angiogenesis in multiple
myeloma. Leukemia. 2015;29(1):196-206.

YANG J, XUE FT, LI YY, et al. Exosomal piRNA sequencing reveals
differences between heart failure and healthy patients. Eur Rev Med
Pharmacol Sci. 2018;22(22):7952-7961.

WEICK EM, MISKA EA. piRNAs: from biogenesis to function.
Development. 2014;141(18):3458-3471.

SARKAR A, VOLFF JN, VAURY C. piRNAs and their diverse roles: a
transposable element-driven tactic for gene regulation? FASEB J. 2017;
31(2):436-446.

ILIEV R, FEDORKO M, MACHACKOVA T, et al. Expression Levels of PIWI-
interacting RNA, piR-823, Are Deregulated in Tumor Tissue, Blood
Serum and Urine of Patients with Renal Cell Carcinoma. Anticancer Res.
2016;36(12):6419-6423.

TANG X, XIE X, WANG X, et al. The Combination of piR-823 and
Eukaryotic Initiation Factor 3 B (EIF3B) Activates Hepatic Stellate Cells
via Upregulating TGF-betal in Liver Fibrogenesis. Med Sci Monit. 2018;
24:9151-9165.

YIN J, JIANG XY, QI W, et al. piR-823 contributes to colorectal
tumorigenesis by enhancing the transcriptional activity of HSF1. Cancer
Sci. 2017;108(9):1746-1756.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(41]

[42]

(43]

CHENG J, DENG H, XIAO B, et al. piR-823, a novel non-coding small
RNA, demonstrates in vitro and in vivo tumor suppressive activity in
human gastric cancer cells. Cancer Lett. 2012;315(1):12-17.
DESROCHERS LM, ANTONYAK MA, CERIONE RA. Extracellular Vesicles:
Satellites of Information Transfer in Cancer and Stem Cell Biology. Dev
Cell. 2016;37(4):301-309.

BEI'Y, DAS S, RODOSTHENOQUS RS, et al. Extracellular Vesicles in
Cardiovascular Theranostics. Theranostics. 2017;7(17):4168-4182.
GANGADARAN P, RAJENDRAN RL, LEE HW, et al. Extracellular vesicles
from mesenchymal stem cells activates VEGF receptors and accelerates
recovery of hindlimb ischemia. J Control Release. 2017;264:112-126.
YAO X, LIU'Y, GAO J, et al. Nitric oxide releasing hydrogel enhances
the therapeutic efficacy of mesenchymal stem cells for myocardial
infarction. Biomaterials. 2015;60:130-140.

DU W, ZHANG K, ZHANG S, et al. Enhanced proangiogenic potential of
mesenchymal stem cell-derived exosomes stimulated by a nitric oxide
releasing polymer. Biomaterials. 2017;133:70-81.

ANDERSON JD, JOHANSSON HJ, GRAHAM CS, et al. Comprehensive
Proteomic Analysis of Mesenchymal Stem Cell Exosomes Reveals
Modulation of Angiogenesis via Nuclear Factor-KappaB Signaling. Stem
Cells. 2016;34(3):601-613.

GALLINA C, TURINETTO V, GIACHINO C. A New Paradigm in Cardiac
Regeneration: The Mesenchymal Stem Cell Secretome. Stem Cells Int.
2015;2015:765846.

CACCIOTTI I, CECI C, BIANCO A, et al. Neuro-differentiated Ntera2
cancer stem cells encapsulated in alginate beads: First evidence of
biological functionality. Mater Sci Eng C Mater Biol Appl. 2017;81:
32-38.

SHI Z, GAO X, ULLAH MW, et al. Electroconductive natural polymer-
based hydrogels. Biomaterials. 2016;111:40-54.

XU C, ZHANG Y, XU K, et al. Multifunctional cationic nanosystems for
nucleic acid therapy of thoracic aortic dissection. Nat Commun. 2019;
10(1):3184.

ZHENG Y, WANG W, ZHAO J, et al. Preparation of injectable
temperature-sensitive chitosan-based hydrogel for combined
hyperthermia and chemotherapy of colon cancer. Carbohydr Polym.
2019;222:115039.

ZHANG W, JIN X, LI H, et al. Injectable and body temperature sensitive
hydrogels based on chitosan and hyaluronic acid for pH sensitive drug
release. Carbohydr Polym. 2018;186:82-90.

SONG K, LI'L, YAN X, et al. Characterization of human adipose tissue-
derived stem cells in vitro culture and in vivo differentiation in a
temperature-sensitive chitosan/beta- glycerophosphate/collagen hybrid
hydrogel. Mater Sci Eng C Mater Biol Appl. 2017;70(Pt 1):231-240.

( FAT%E: GW, ZN, TXY)

Chinese Journal of Tissue Engineering Research | Vol 25 | No.16 | June 2021 | 2487



