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Abstract

BACKGROUND: Umbilical cord mesenchymal stem cells (UMSCs) have been proven to have therapeutic effects on cartilage injury, and exosomes are the main
carriers for UMSCs to exert therapeutic effects in vivo. Our research group previously found that INcRNA H19 is an important active molecule that mediates
the activity of UMSCs-derived exosomes regulating chondrocytes. LncRNA H19 could adsorb miR-29b-3p to promote the proliferation and regeneration of
chondrocytes, but its downstream mechanism is still unclear.

OBIJECTIVE: To reveal the specific mechanism of UMSCs in the treatment of cartilage injury from the perspective of exosomes and IncRNAs, so as to provide a
new target for the treatment of cartilage injury.

METHODS: UMSCs stably overexpressing IncRNA H19 were constructed. H19-Exos were extracted by ultra-centrifugation. The exosomes were identified by
transmission electron microscopy, Nanosight, western blot assay and exosome uptake assay. The effect of miR-29b-3p overexpression and silencing on the
TGF-B1/Smad3 pathway was detected by western blot assay, qPCR and dual luciferase reporter gene system. The biological effect of H19-Exos on cartilage
regeneration was verified by the specific TGF-B1/Smad3 inhibitor in vitro and in vivo.

RESULTS AND CONCLUSION: (1) H19-Exos showed a typical cup shape under an electron microscope, and the particle size was approximately 130 nm. H19-
Exos expressed CD63, CD81 and TSG1010. (2) Overexpression of miR-29b-3p could down-regulate the mRNA and protein levels of TGF-B1 and Smad3, while
silencing miR-29b-3p could up-regulate the mRNA and protein levels of TGF-B1/Smad3. (3) Dual-luciferase reporter gene system showed that miR-29b-3p had
significant differences in the activities of downstream target genes TGF-B1 and Smad3. (4) The osteoarthritis models of rats were successfully established by

injection of type Il collagenase into the knee joint. H19-Exos significantly promoted cartilage regeneration. The specific TGF-B1/Smad3 inhibitor SB-431542
could block the biological effect of H19-Exos on cartilage regeneration in vitro and in vivo. (5) This study systematically demonstrated the promotion effect
of UMSCs-derived exosomes highly expressing IncRNA H19 on cartilage regeneration, and the specific mechanism is that IncRNA H19 promotes cartilage

regeneration by targeting miR-29b-3p/TGF-B1/Smad3 pathway.
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0 5|= Introduction

B R F BRI R BCT B WK s T E
P CL BB B W, L RIR A G R AR R . i ik LA
FORTiENE . H e AR R HRRIA B R R, K%
BORIT N BE R RPIRIEIR . H R W R IR E 28 238, Hor
EEFRFREPURIEAS, PRl 3 - E A s IR
A BRI RERVEIT R R IO TR Y. Bk, MR T
24 it R A FE R ) B R EEET AN L B T BN T VR TT LR
(1B AT v o D) 78 00 -4 B R 37 R 2 ML) A s
AN ML 2 FE T o TR AR g aE . T,
RIS, FHE oA G 2L AR R o,

DR ZH AT BRI FEAE S 1 OB A 18] 78 51 T 48 i (umbilical
cord mesenchymal stem cells, UMSCs) #4234 & 13 45 1%
A AR, % e AN A b R A KB AR g Y
RNA H19(long non-coding RNA H19, LncRNA H19) {EN Fiiisy
TFAEHE T A EAE RS R, BRI DL R
FAS SR A . LncRNAs R DL % “ 4 T-ig48” fRI1E
FH W B B2 28 miRNAs, 117 miRNA J& 55 5% J5 7K 2 PR R 42 1 =
Ezh%, vl R 7 4 S B mRNA T )
MRk, HAT, 2CH T S RILZ Rl LncRNAs 2 K3 M U5
PesE AR O EALRT I O & R IEHCE 41 LncRNA
H19 HJ LA fff miR-29b-3p AT i ik 4 440 At 1 8 i Y O
BA HAR SRR IE 72 AR A 5 - miR-29b-3p n DL B 42240 ]
TGF-B1/Smad3 fJ 3£ 1A, MM E LncRNAH19 Fl1 TGF-B1/Smad3
R B D61 T S P U 4 S it ] i 2. AT T I E WA B UMISCs
AP LncRNA H19 i miR-29b-3p/TGF-B1/Smad3 4i{it 3t
T A B B AT AR 1 AT P

1 #MRIFN753E Materials and methods

11 i MR AN AR, PR
BT ¢ K56, 22 B K BRI 2 7 B W R ZE S B
1.2 AfRELRMbE SEEGT 2022 4F 1-10 H7E SN EER K2R

SR E R S 3 R R

1.3 A+

1.3.1 48 UMSCs I3 T-Jbgh 4= (1ot.340316), AN ZE4H
AR SEF b9 2E D) (1ot.339995),

1.3.2 LI AXAE DMEM/F12 B3R KE. oy, &
ER/HERBEW (EE Gibco AT ); HICEHIA CD63,
CD81. TSG101 Fl Calnexin( 3 [E Abcam /A &] ); g B Uik
GAPDH. TGF-B1. Smad3. COL2A1l, Aggrecan. Cyclin D1,
PCNA( 3 [H Abcam va] ); 1T ARG ( P E23EE ) /%
SR & (A TakaRa A #] ); Real-time PCR {7 & ( H 4%
TakaRa A A] ); Trizol, SFPEE. DEPC., &5 ( FilgAET ), X
N FR AR A R A A ) & (Promega AR ); BRI AL
VIR L L =E PN 18G( 1 [E ABclonal); 4yt it ( 3£
Proteintech A ] ); FRAKE — L a7 & ( BRI E/R A
A]); HARREEE e il (AR T ); miR-29b-3p mimic Al
miR-29b-3p inhibitor( £ & 2= 4, miR10000100-1-5); il Jfd i
B (3£ Thermo A F] ); RIR = HE-OHL ( S5[H Eppendorf
AT ); PCRAX (32 Eppendorf 247 ); 2O B W4 ( H
ABMREH); &aEmEE O (£ Beckman A H] ); 4K
R BR ER 73 BT A Zetaview( 8 [H Particle metrix A F] ); Y4
BL( FESERIERAH] ).

1.3.3 SZIEiY) SD KR 18 W, 6 JAWS, MEME, SPFZ%, {4k
Jfi 200 g oAy, BEMLAY N34, e X, HENERK
A RO, AFEYFAES: SCXK( B4 )2018-0001; i
FHYFATES . SYXK( ¥4 )2018-0001,

1.4 £¥7Hk

1.4.1 KT FRIE LncRNA H19 f{#4 5% UMSCs R4 NCBI %
PEPE, BT LncRNA H19 i KA 7 41, ) SUAX 8 R
K55 e UMSCs(1x10° A ) #2042 6 LA, Z4ifmt & N
80% Jr A I HEATHE Y, B EARFR BN 10% JiG 4 LIE BN
SEARE IR AL B WO B A LncRNA H19 185 8¢ (185 7 5, Hop
polybrene Jii & 24 6 ug/mL, 12 h Ji5 508 i 5 A4 A1 73
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N 10% fi 4= I RS 76 A3 72 5, 48 h g B4y eIk i ik
TR A B R I R S R AR AU

1.4.2 HMAMER 4y 8 Wit 2R iK LncRNA H19 (1) UMSCs #
I3 UMSCs 135 7% 175, 4 'C 4 K 2 000xg & > 30 min
e 4E L35, 20 000xg 5.0 60 min Wi £E Fif, 100 000xg &0
60 min, SCHEHE B A IR UTUE & EP B, T N EU PBS K
SR € AR, 100 000xg 1250 60 min, i i R YA HI I
yELL 100 pL PBS HAL, /%%, -80 CPLrfF, EIA H19-Exos Fll
UMSCs-Exos.

143 MRS 5E AN IAAKE b PBS Rk 2 107 particles/mL
Ja N ZetaView {28 FIFE L FL Y, WL EER T 1A BHIZ 30
B 1 AN ARRE S 0 B Y L, I E T S N 3%
RS TRIA TR Gt 2 h, SRJE FH 2% BETR 514 30 s, Ke &
FiES A P E IR, @it BCA HikE A =G A
Western blot | # WA 44 #H o< & (4 TSG101. CD63. CD81 L)
BB S 1 Calnexin [F3RIE &

1.4.4 HCEMPHERIIMNLETIZREE R Exo-Green /R ER
FiARFRiC UMSCs-Exos. 1 4 Fi] 500 L ) PBS = & #h A 1A,
B\ 60 pL Exo-Green V5] J5 7E 37 ‘CHEFRAHIFE 10 min,
A 90 pL ExoQuick-TC i 77l 2% 1k Je ;& T VK L < B 30 min
J& 12 000 r/min 850 B4 i€, FH 500 pL PBS & FRH.
Exo-Green % Ji A ick (1) 40 WA R I N A7k &1 855 5% 1 40 B 4l i
JE I A R R G SR B A PR X 47 A A P 5 R B X
RN IRz et DA

145 RN HBEHR R 2 FEER TR 7%, Fil miR-29b-3p
FFC B8 B% TGF-B1/Smad3 Ja 3l 7 25 & r mi, A g B AR Y
(TGF-B1 Wt, Smad3 Wt) F1ZRAF T (TGF-B1 Mut. Smad3 Mut)
&2 BT RL, % miR-29b-3p mimics Fll miR-NC 43> 5l 5 [ 3A& 2
FhTORE LA B B ¢ 6 KB TRL (psiCHECK2) % N\ 293T 41 g Py
% 72 h, SRR GHR A B i R Guke il ok B 5 i
FRIEIIE.

1.4.6 2 5 RNA (1) 52 BU K 508 40 i o S 0 84
H19-Exos 41 H19-Exos+ #Iifi 4L, LAFEFL 1x10° AN H] 6
LB, SRA 10 ng/mL 28 3 1B TALFE B 41 24 h
UL A4 Ab B G T R BR R, T Ab 38 5E BB JE NN H19-Exos
F1 TGF-B/Smad @ % #1 ] 7 SB-431542, L 1 H19-Exos
(1x10°® particles/mL) 51 A 3 mL TGF-B/Smad i@ % # # 7
SB-431542(10 pmol/L) JI A 0.5 mL; 4 3d ik 1 %, }EJi6d
JE BEFLINN 500 pL Trizol 78404857, FAR SR I Ak I (1 41 i 22
R R B O, IDNEEARAR Trizol J5HRA), =i NAE
5min; M1\ 200 uL &5, R 2R 15s, R FRE
5min; 4 °C K 12000 r/min .0 15 min; #8 EiERE 0
BOEH, ISR RN, BRIRS), §#E 10ming 4 CT
12 000 r/min &5.0» 5 min; 7 L35, 01 mL K ZEE, &
A KA 4 CF 7500 r/min B5.0 5 ming 7 1,
A RNA 5, NN 20 uL fERRIR — SR /K AR DTiE, e
WEE, TRFFT -80 C.

22 | DEAHERTIEAR | 5528% | 5515 | 2024F18

1.4.7 SEIN 9SG EE PCR - HRIE PrimeScript™ RT-PCR kit i1 B
T RNA S5 5565 il cDNA, - $2 B8 DL S8 26 AR AT S B ¢
SGER PCR |R¥: 95 °C 3min; 95°C 3s, 60 °C 30s, 404
fiGIR, LA GAPDH {F 4y A 2, Al 27T (i 155 25 IR R ik i 1ot o
S & 518 WAk 1

*1 | REESHF5

Table 1 | Primer sequences of each gene

LA Bk F1 (5'-3)
LncRNA H19 Forward GCAAGAAGCGGGTCTGTTT
Reverse GCT GGG TAG CACCATTTCTT
Aggrecan Forward ACC AGA CTG TCA GAT ACC CC
Reverse CAT AAA AGA CCT CAC CCT CC
COL2A1 Forward ATT GCC TAT CTG GAC GAA GC
Reverse GCA GTG TAC GTG AAC CTG CT
PCNA Forward GCC GAG AAG CTG TGC ATC TA
Reverse GCA CTC TCC GAA GGG GAT CT
Cyclin D1 Forward GCC GAG AAG CTG TGC ATC TA
Reverse GAA ATC GTG CGG GGT CAT TG
TGF-B1 Forward CAG CTC CAC GGA GAA GAA CTG
Reverse GAT CCA CTT CCA GCC GAG GT
Smad3 Forward GCA CCCTGT CCAGTCTAACC
Reverse AGG CAG CAC CCATAA CTG AC
GAPDH Forward ATC TGA GCA GGT TGC TCC AC
Reverse GGC CCT TTA CACTGT GAG CC
1.4.8 SiRNA B g% R 15 e Qe 0H A0 R e Fh 2 6 fLIR,

AL 1x10° AN, 41 {5 5 7k 50%, HX 30 pL i B AT 1.25 pl
20 pmol/L miRNA mimic 8% inhibitor, %X J5 i A 3 uL ribo-
FECTTMCP Reagent % % & 15 min JE UL T 51 W%
PG AN EARTRY Hh 10% iR 4 L7 AR B 58 45 35 95
B (o) 5B MMRILRE IR 72 h JE 4 S AR A H
N 10% fit 4= L3S RS B IR 2k . YL SE RS, 1@ Id Western
blot il qRT-PCR #& I miR-29b-3p [J#E 5L K TGF-B1. Smad3 )
HH A mRNA 7K

1.49 REHRTREMME &3 5o a &
RHERL G R B 2 b, 6 R IMENE SD KR 18 1, BE
ML 4> J9 3 4H: PBS ZH, H19-Exos 4, H19-Exos+ ]I 1| I 4,
6 o H 3% I HLZ4N (1 mg/ke) M8l RIS R R, OG5
Ji VST 0.5 mg T Y Jie J5 il g R BB Q19 /A . RS 1
& TT 46 75 25 41K B 59 1 78 P9 ¥R 8T 10 pL 1) PBS. H19-Exos(1x
10" particles/mL). H19-Exos+TGF-B/Smad 3@ I& 41 7] SB-431542
(1 pmol/L, 100 pL). FLyEGF 4k, MR 1k, TR 4 IRES
Ja 1O, RS H LT N — P55

1.410 HZ G RRITIR AL 100 g/L £ 5 HE 8] 5E
48 h Jg, = N EDTAE il 218 4% 5%, 9 3 d #el 1k, 3%
JBLES 4 Jil; KRR AR K, PR R, AT ARKE -
AT, FORREIE G, SR TR IR Bk AT s 2 AL e £
P 97 FEL R U o B 9 26 ™ EE AR P EAT OARSI PR 43 B4,

1.5 E2MRIMAF OIMNMAREELSER: @ miR-29b-3p X
TGF-B1 fl Smad3 [{1 = EH; @417 SB-431542 % H19-Exos
FRIBEITVE ] s @ H19-Exos X K BH IS5 R VAT 1R .

1.6 it Fot HERERLL xts For, i SPSS 19.0
HHATAbEE . R BT ¢ 4656 b i 0 L B 1A 1) 22 5%, R A
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RRRTT 2 TR 2 AR ] 22 57 . P<0.05 AZERA R
FMER N WERGHAITE L@ IR E R .

2 Z5ER Results

2.1 UMSCs sPibih ey R Fndo i BB AL e |
& % 15 LncRNA H19 ] UMSCs & (H19-UMSCs), 5 & #% L
UMSCs 75 # [F] 26 £4F T 35 75 JF B B 7% B3, J i e .0
2 B ) 4 HCHE H 9 41 A 4 (UMSCs-Exos FiT H19-Exos). 2 Fif
Ah WA A TE 37 S LB R 28 S 0 A — ) [ R o BR
W& 1A, il Zetaview X 35 47 BT £ 2 B AN R H AR 4
130 nm, JLE 1B, Western blot &l 2 Fft 4p ik fA 2 15 R 4IE B
[1 CD63. CD81 fl TSG1010, Ak Calnexin, L& 1C. PCR
25 BL3F B H19-Exos [ LncRNA H19 7K 5T 17t 376 48 1k o HE 40,
JLE 1D, XK UMSCs #1153 IE 1K) LncRNA H19 1 LLTE Al
P B R IR Ay Wb, T PKHE7 45 (6758 6 Ye kb bR i A b ik J5
S ILIE TR, T DUWLEE B HCE 40 i s Ok,
X R W AU AT DR Ih B EN 2 FhohsAR, JLE 1E. LIk
3% B H19-Exos $ll A A1 3@ Exos — FF 11 $4 B A1 i A4 RRAiE
H H I #5745 1) LncRNA H19 43, AT 40 L B
2.2 miR-29b-3p T4k F @ fi TGF-B1/Smad3 ¢9if3s4E H  fEUR
FRAL AT R R RCR T, E&AEM] T 444 LncRNA H19 1]
DLE W B miR-29b-3p X 45 B 4H L (1) T i 0 2% AR AR
[A] 3% BF 90 1) B 59 38 3F miR-29b-3p 2 3 i #T 7] TGF-B1/
Smad3 8 % K 4 N AR . 1 de il A W S B T
WM& B TGF-B1 (1) 4 1 [X 45 miR-29b-3p [ 45 & 7 5, I
H TGF-B1 1) F ¥l 15 5 18 B % [A Smad3 ) 3'UTR X $5 th 5
miR-29b-3p [ &5 & 7 /i, W[E 2A; il i Western blot £ il
FITE K 240 Mo 3 ik miR-29b-3p AT LA A R i TGF-B1,
Smad3 ) mRNA fl & 4 7K “F, 1 ¥ Bk miR-29b-3p J5,
TGF-B1. Smad3 ) mRNA Fll & /K °F £, W& 2B; X
TN 7 g 4 A R & oA W B miR-29b-3p Sk T Vi A i [
TGF-B1 fll Smad3 yGPE A B 3% 257, WE 2c, k&R
F I HCE 4 g miR-29b-3p 1] LLAE ] #1 ] TGF-B1/Smad3 i@
PEIIRIE o

2.3 TGF-B1/Smad3 i 3%-47 4| 7 FL BT 7 H19-Exos 4k F B 4
M AR IR RPN g T4 7R SB-431542 [H K
s i Y] TGF-B1/Smad3 il %, Western blot £ JJ5EH T 1%
PIFRIIER, ULE 3A. @ik Western blot Al PCR &l 75
O TG A AR B A e JE K, R I H19-Exos 41 5 Hfh A
REES, UWE 3B, C, FIHEFRIL H19 F&M BN R 2
M B35 AR =R . H19-Exos+ )1l 771 4H 55 H19-Exos 4
bhig = A R E . Bikgs B3R TGF-B1/Smad3 Ji i
B BEIT S, H19 7R3 40 M A 1) T Ui JE B a PELBT, 5mm 1 3L
PR B AERIMER, I 3GAIE T H19-Exos A&l i TGF-B1/
Smad3 J8 #% 2 E 4CE 4H f FR S B A A

2.4 H19-Exos & XK BB X K965 1R W 4A FR,
KA 52 R I 15 JIERAAE 4 e R A B 95T &

FERIL, DARCE I, G ms DL O N B 28 N By
fiEs H19-Exos I KRR IR IE W BCE, A /N R
11155 H19-Exos+ 1] 71 SB-431542 4 [¥) 7™ & 2 & A T 5 ¥4
Mz lE], FEAR ARG IEE, oW, wE 48
B, JRARKE — P20 G n] WL g O 28 4 3R gl M HE B 3=
H, TERNLF4EHL H19-Exos 4H3KE 4 HES 5255157 5
H19-Exos+SB-431542 ZH A/l Hf 1| H19-Exos 41 2L, H4HM
B, FH2E T R COL2AL e i m] Il H19-Exos 41 #H 4m
it rp 22 W 5 RN 1T 28 iR 25 & B e, H19-Exos+SB-431542 41
B g 2 WY TR 1T B S o v T R R, R
SB-431542 4y BH W T H19-Exos X E i/ iE& Z fEH . H
OARSI P73 |3k 9 31 G 2. 45 JAE Y- 72 5 43 #1 X W H19-Exos
HME R R TR, SHSFG O8R5, WE 4c,

3 it Discussion

K2R mmn, KAREEEERIEER
R SSTWHCEBG R E R RAMEGEHE, WISk E
SHCE BTN SRR B R O R EE R L X
R R RIATT, ImKIR T AR AER B R 24 B
JRIR . B ZG UA S BN BT e A Ko 7 7, g
I7T HBERMRE IR, IR AR, A BB 5 2 s 1)
ST A AN R AT i e M IR ST R Y
TBIT A EFREE . R F ARG B e, SR 2 A
ME . ZIRFEREIRE] 78RR T R 2ok ®,
Y24 Nk, ARERRIA B T RIETT ik, R Ia ) 35 2
BB 254 o

VTAESR, R 70T 240 B R 2 43 AR 1 4
A3 BN — FIRTT B R AR R O 4 BT i T ik
2016 4 ZHANG %5 % 1 Y HH 1) 78 5 140 it 5 28 o L 4 ik
S5 T HREHGMEEIRIT . RBGMBRE AR 78 5 40
M7 H AT i 2 —, SN R — KA,
UNRARINTE il 28 XURG: . TE A o fik 28 S TR Rl i 8 25 2577,
YA T 9] ©L 48 R B UMSCs Ahiih 44 m] DL 4k 9515 4 B 1)
FAREE T o3, FEABUEE T WIS S 8, (1
& UMSCs Shi A o R 3R R > P sk A Vs b —2b
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Figure 3 | TGF-B/Smad pathway inhibitor SB-431542 blocks the biological
effect of IncRNA H19 umbilical cord mesenchymal stem cell-derived
exosomes (H19-Exos) on cartilage regeneration
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Figure 4 | Therapeutic effect of highly expressed IncRNA H19 umbilical
cord mesenchymal stem cell-derived exosomes (H19-Exos) on osteoarthritis
in rats
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