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cord MSC-derived exosomes, hUC-MSCs-Exos) f7 2 T 8% 2 MAE B 21 4 AL 36 77 FOT8 7R SRS, ARWF 70 B 7R3 A
Jift 7 18] 78 )5 41 8 (human umbilical cord MSCs, hUC-MSCs) 1 hUC-MSCs-Exos X JT £F 4E 4k 4 A, 4878 Hg e
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BT IR T SN

SRR AT () 705 140 A5 A, BF£F 4E4K; Wnt/B-catenin {5 58 ; miRNA-184

FE 52 S R66 RRFRINED: A X EHE: 0513-4870(2026)04-1212-13

Mechanisms of human umbilical cord mesenchymal stem cells and
their exosomes in ameliorating liver fibrosis

ZHANG Ya-jie', LI Ji-yang', LI Zi-mu®, LU Xin', GU Xin-xin', XU Yi-dan', GUO Jing', LI Hu',
PAN Qi"", ZHANG Li-min"*

(1. Xinjiang Key Laboratory of Tissue and Cell Engineering, Xinjiang West Cell Biotechnology Co., Ltd., Urumqi 830000,
China; 2. School of Basic Medical Science, Xinjiang Medical University, Urumgqi 830000, China; 3. School of
Clinical Medicine, Chengdu University, Chengdu 610000, China)

Abstract: Mesenchymal stem cells (MSCs) and human umbilical cord MSC-derived exosomes (hUC-MSCs-
Exos) based therapy has been widely regarded as a potential strategy for the treatment of hepatic fibrosis, and the
aim of the present study was to investigate the effects of human umbilical cord MSCs (hUC-MSCs) and hUC-
MSCs-Exos on hepatic fibrosis and to reveal their potential mechanisms of action. By constructing an animal
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model of carbon tetrachloride (CCl,)-induced hepatic fibrosis, observing the histomorphological and pathological
changes, and combining the changes in liver function indices, inflammatory factor levels and peroxide content, we
comprehensively evaluated the anti-fibrotic ability of hUC-MSCs and hUC-MSCs-Exos. Meanwhile, miRNA
sequencing (miRNA-seq) technology was used to screen for the differentially expressed genes, and the role of hUC-
MSCs and hUC-MSCs-Exos on the regulation of proteins related to the Wnt/f -catenin signaling pathway was
verified with the help of protein immunoblotting (Western blot, WB). All protocols and procedures were approved
by the Animal Ethics Committee of the Animal Experiment Center of Xinjiang Medical University, and all
experimental procedures complied with Chinese regulations concerning laboratory animals (approval No.: TACUC-
JT-20240627-26). The results showed that both hUC-MSCs and hUC-MSCs-Exos could effectively alleviate
hepatic fibrosis by reducing collagen accumulation, improving liver function, inhibiting inflammation, and
decreasing oxidative stress, and hUC-MSCs-Exos was more effective than hUC-MSCs in treating hepatic fibrosis;
at the same time, both of them could down-regulate the expression of Wnt/f-catenin pathway components (Wnt3a,
[-catenin, WISP1/CCN4, cyclin D1) in the hepatic fibrosis tissues. In addition, miRNA-seq results further indicated
that the expression of miRNA-184 was significantly involved in the regulation of this pathway. The findings in this
paper confirmed that both hUC-MSCs and hUC-MSCs-Exos improved liver fibrosis in rats, and the antifibrotic
effect of hUC-MSCs-Exos may be related to the Wnt/f -catenin signaling pathway, which provides an effective
therapeutic strategy for the treatment of liver fibrosis.
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(AB125011). CD63 #i #& (AB134045). ECL it #| &
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2 (interleukin-2, IL-2) 7l £ (LZ-R3916). A4/ 10
(interleukin-10, IL-10) 77 & (LZ-R3930).a-"FIF UL
z) 25 M (alpha-smooth muscle actin, a-SMA) i {& (LZ-
E01201).1 74 Ji J5L &5 1 (collagen type 1, collagen I) $ip 44
(LZ-E035679)- III %! & J5i & 1 (collagen type III,
collagen IIT) LAk (LZ-E032268). J&# B MMTV # &
£ K B 3A (wingless-type MMTYV integration
site family, member 3A, Wnt3a) i (LZ-E02013).4-i%
1 % 1 (beta-catenin, f-catenin) Pt /& (LZ-E02089).
WNT1 %5 515 5 @ B & 1 1 (WNT1-inducible signaling
pathway protein 1, WISP1) #ii1& (LZ-E02354). 41 Jif &
W% A DI (cyclin D1) Huik (LZ-E01153). H i & -3-1
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GAPDH) $ifk (LZ-E01025) 4 H g A RBHH
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2\ w5 PMSF & [ [ 417 1] 77 (AR1182). RIPA £ fif ¥
(18D191302). 4 (BST18CBB18054) Il [ it I f# +
A ) TR A BR A Al BCA WU & (2761051) 14 H
AAT Bioquest A ]; PVDF i (2019-21175) 14 H Millipore
oy ] IR -4 (hematoxylin and eosin staining,
H&E). B ¥a (Masson). KR £ £1 (Sirius red) 4% i 57
I T DU N2 D8 W Rr AR M R IR A A5 Ki-67 Bk
(27309-1-AP) 1§ [ Proteintech 24 & ; JF 41 il #% A 1~ 4a
(hepatocyte nuclear factor 4a, HNF-4a) $iL{& (AF6297)
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5 9K BURE R B2 40 B A (NTA, NanoSight300) 1 [ 5%
Malvern Instruments Ltd. 2 & ; & % # (Nikon
Eclipse E100) 14 F H 4% Jg g8 A =] ; 9% 3 U1 F 3 #X
(Pannoramic SCAN 1I) I H %) 2 #] 3DHISTECH Kft;
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FC) I 5 56 [E 28 B8R K A 75 Bt R AL (4800Muti) 1
H 1 & _E ¥ Tanon 24 & ; CX9 4 H 320 #14X (CX9) 1y
H 2% [H BECKMAN 2 7 ; i W41 Ml A (NovoCyte®) I
H 35 [ 2 #7487 % B PCR X [TC-96-G-H(b)B]
H BT 1 H R R A R 2\ %Ok 8 & PCRAY
(SLAN-969) 1l F i 7 A Ry B A BR A A

hUC-MSCs i#ll & EFRMETE KA
P, FRE RS EE, 1R N 75% TS 10 s, FZEH 2h /K
Ve283 k. WidFIFas o B, 2 Fe 4RIl IR, KRR,
BT 3~5 mm /N, FH 25 10% iR 28 135 i 5
FRILRE IR R R, 12~14 RUCIKA i . &840
DA 5 JH K 3% 10° /N4 f 45 Fi, 37 °C L 5% — S A
AT N ERFR . AR A 3~ 5 AR gr

K 340 AR X hUC-MSCs #E 47 %5 5, H T4l
Foor A B B AT R Al B RE T . TEAH B S
IR R RE IR 21 K, 98 340 4L O Fl B /R B i
Ptk ik

hUC-MSCs-Exos I IR BRFARIE L E ¥4 hUC-
MSCs $5 7% 2 80% 1) % FE J& B0 e 0 L7 15 77 2k, 48 h
Ja W& B IR . 300 xg (4 °C) B0 10 min, 25 Bk 40 0
PUTE. LUEJE, 2 000 xg (4 °C) B2 20 min. K HIEEHEE
DK BB EE 10 000 xg (4 °C) 30 min /2 100 000 xg
(4 °C) 90 min &0, 2 s . PBS 525 b Uk,
100 000 xg (4 °C) &0 90 min, £ 3% EiE W, & &
50~100 puL PBS H 2 ¥k (4hh k). Frf 2 7 ¥ 7
4 °C N AT, 3R1F 19 40 WA M4 AR A7 76 - 80 °C &k 37 B A
FARO, 7 HE— 54 BT BCA & A e W7 e & .
AT FUAS B0 ) 78 0 T 4B Bk B S~6 4K

A U AR R B TR X, R R e € S Ol I B
SRR B LT AN K /N o ) 9 K BORE R B 2 B A
K6 I A1 A R R A B LR AR R 4t . ] Western blot
(WB) %58 SN R I 47 £ 4 Alix JTSG101 F1CD63 .
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KR (8, HEME, 200 g) 55, W H B 98 2= B K 2 3)
WSzt ol A A% IES : SCXK (H1) 2023-0001. Fif
T3 GEFIRE T 1) o 7 58 R R K 22 B W S v Lo B ) S B
R L ik . BT SEIR AR P T A b B oG sE R
NI (IEHE S TACUC-JT-20240627-26).
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e £ K M 9% model 41 .hUC-MSCs 4 .hUC-MSCs-
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control 414 R K B 45 T PBS 100 uL, hUC-MSCs ¥ 77
A H KR T 1x10°4 hUC-MSCs J &3 100 L,
hUC-MSCs-Exos 97 205 H K45 7 0.3 pg-ul" (Kt
1) hUC-MSCs-Exos Ji & 100 pL, Col 414 H K 5
%5 F Col 0.4 mg-kg'; model ZH 4k 4L T b i i 45 A Jise
. FTEIRIT IS REKES, 2 R, L4 .
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R B Hyp #1 MDA & 2 #E & 7 R R IERE F4&
M S P GG G 2 W B (ELISA) 3277 0 I &% 53 20
KB M 1 Hyp A1 MDA J TNF-a IL-2 FI1IL-10 )%
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miRNA X B 2 37 5 miRNA-seq (S5 # W
control ZH .model 1 .hUC-MSCs 41 #1 hUC-MSCs-Exos
KR E bR A (n = 3) BE 47 8% R 42 B, JF H
Nanodrop2000 £ Il RNA ¥ &, 1.0% B i b 5 i L vk
PFAli RNA Jit & . & #% 1 RNA £ & H VAHTSTM
Small RNA Library prep Kit 14 & 3 2, 48 PCR 2l £ il
PI Iz | S, 48 B Hlumina Novaseq6000 il /7> . FI| H R

TE S 1 corrplot FR A4 AL (WA : 4.4.1) 43 #7 5 IR 3R ik AR
KM, DESeq2 # 17 2 7 &K & 7 Hr, O 1 b5 #E N
llog,FC| = 0.5, P value < 0.05. # J5, ¥ H ggplot2 Al
heatmap $C1 68 2 1) 25 5 B DR 1 L R A

I RAEEREEHIPER KN (real-time PCR,
RT-qPCR) #&il RNA FiAKE  AF4HH3 N KR AT
L 50 mg (n = 3), K H RNA 446 15 & f B
B RNA. DL & RNA A B, f#f A TransScript One-
Step gDNA Removal and cDNA Synthesis SuperMix il
% o — BE cDNA. J& £ qPCR % 1R 4% PerfectStart
Green qPCR SuperMix il 7l & 1T . HAMFEAEZ i
M3k, G5 22T I 1T 5, GAPDH i A A
mRNA F3& [ A 2 58 K], U6 U4 A5 1 miRNA
FKILMAZE K . PCR IV A TAY TR (L)
JBe A IR 2wl Bt i, BARFEFITE W R 1.

WB M HUATZH 21 %) 50~100 mg, BT #E 5 I
B HR A 1 57 ) RIPA AR (1 mL/100 mg ZH29),
RN S AR K A1 BT R G 780 R )
F BCA 7 & I e 2 1 Bk B . #4285 1 55 4x loading
buffer #% L] (3:1) A, /K 10 min, #EAT 8 H A8
Pho MEERATENE A LFE, 317 10% SDS-PAGE H
WK, #%#% 2 PVDF I L, [ ERs R MG 55, 5—it
(Alix.TSG101.CD63.a-SMA . collagen I.collagen III.
Whnt3a. S-catenin, WISP1.cyclin D1 1 GAPDH) 4 °Ci}
BE®. ZHEIRRE 90 min, F ECL A 77 £ il i
FZ AR AN SR 7™ 265, ) Tmage J 30 58 4% 265 K P4

FZitE 9 A Z4E ¥ R H GraphPad Prism
6.0 A \Image J 14 F1 ImagePro Plus 3% 4 347 45 i1
o Hr. AR LLEH ke, % 4H A LA H ANOVA
K. P<0.05MANAGHAESR.

R
hUC-MSCs #1 hUC-MSCs-Exos B4 947

W T 38 I G BE v ) % A B 7 hUC-MSCs (]
1A), FExF Hgh AT % 5, DR LMK . hUC-MSCs &
78R T 5O T WG BE AR K A% AR S i i 1 e I B (]
1B). 2l hUC-MSCs [ 8 g A 3K H 73 16 RE
4 R hUC-MSCs BB Z it K1k sg 1 (I 10).
WA A 2> B 2~ hUC-MSCs 74 & 1] 78 i T~ 41 Jfd
FRAE, & 4k CD73.CD90. CD105 (> 95%), fik % ik
CD11b.CD19.HLADR (< 2%) (& 1D).

WA, W 50K FH 28 i 1 8 v o 25 0 Y ] 4% hUC-
MSCs V5 B4k A (K 2A), F31%F hUC-MSCs-Exos JT
BT IS FHMIREIT. 45 5878, hUC-MSCs-Exos
R T 45 ) D [ T B (5 T RV 25 4, BRI, BLAR 4
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Figure 1

Culture and identification of hUC-MSCs. A: hUC-MSCs culture flow chart; B: Morphology of hUC-MSCs under inverted

optical microscope (20x); C: Potential differentiation of hUC-MSCs; D: Flow cytometry for nanoparticle analysis of hUC-MSCs. hUC-

MSCs: Human umbilical cord mesenchymal stem cells; CD: Cluster of differentiation; HLADR: Human leukocyte antigen-DR isotype

30~150 nm, A AHXS E B P L5 K (K1 2B). NTA FRAE
SER R, NIRRT RIAR N 122.5 nm, BETHEE
9.2x10" ANFURL, T4 FM A A RLAZ BV BERFAE (B 2C).
WB i Wl i 7 Ah WA A RF S 1 3R ik Alix, TSG101 F
CD63 (K2D).
2 hUC-MSCs 1 hUC-MSCs-Exos A £ fi# CC1, 15 &
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a-SMA .collagen I.collagen 111 25 F 3Rk T & 180 (B 3C.
D, P<0.05,P<0.01, P<0.001), FFF4EAb AR 5 3y

i# i H&E . Masson A1l Sirius red 4 4, 37 {5 JF £ 4
TERERE . 230 5 R L, model ZH K 5T IE 26 T & B2,
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Figure 2 Extraction, separation and identification of hUC-MSCs-Exos. A: Schematic diagram of extraction and separation process of hUC-
MSCs-Exos; B: Representative TEM image of hUC-MSCs-Exos (100 nm); C: Particle size distribution and concentration of hUC-MSCs-
Exos analyzed by NTA; D: WB analysis of Alix, TSG101, CD63 and GAPDH in hUC-MSCs-Exos and whole-cell lysis of hUC-MSCs.
hUC-MSCs-Exos: Human umbilical cord MSC-derived exosomes; TEM: Transmission electron microscope; NTA: Nanoparticle tracking

analysis; WB: Western blot; Alix: Apoptosis-linked gene-interacting X protein; TSG101: Tumor susceptibility gene 101 protein; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase
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Figure 3  Successful modeling of liver fibrosis induced by CCl,. A: Diagram of experimental scheme; B: Body weight in rats; C:
Identification of rat liver fibrosis protein markers a-SMA, collagen I and collagen III; D: Quantitative analysis of rat liver fibrosis protein
markers a-SMA, collagen I and collagen III. a-SMA: a-Smooth muscle actin; Collagen I: Collagen type I; Collagen III: Collagen type III.
n =6, mean = SEM. “P < 0.05, P < 0.01, **P < 0.001 vs control group
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Figure 4 Effects of hUC-MSCs and hUC-MSCs-Exos on liver fibrosis in rats. A: Representative photographs of livers from rats in each

group and histopathological images of liver sections were evaluated using H&E, Masson trichrome staining and Sirius red staining in
animals with CCl,-induced cirrhosis (20%, 100 um); B: Evaluate the area ratio of collagen fibers stained with Masson trichrome and Sirius
red in the livers of rats, and grade the liver histopathology according to the Ishak fibrosis score; C: Immunohistochemical staining was
performed to detect the protein expressions of Ki-67 and HNF-4« in the injured liver of rats treated with hUC-MSCs and hUC-MSCs-Exos
(20%, 50 pm); D: The nuclear proportion of Ki-67 and HNF-4a was evaluated. Ki-67: Ki-67 antigen; HNF-4a: Hepatocyte nuclear factor 4a.

n =6, mean = SEM. P <0.01, " P < 0.001 vs control group; ‘P < 0.05, "P<0.01, ""P < 0.001 vs model group
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Figure 5 Effects of hUC-MSCs and hUC-MSCs-Exo on liver function, inflammatory factors and oxidative stress markers. A: Serum levels
of AST, ALT, and ALB in different groups; B: The relative inflammatory gene expression for IL-2, IL-10 and TNF-a; C: Hyp and MDA
contents in different groups. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALB: Albumin; MDA: Malondialdehyde;

Hyp: Hydroxyproline. n = 6, mean + SEM. "P < 0.05, “P < 0.01, ™P < 0.001 vs control group; "P < 0.05,

P <0.01, P <0.001 vs model group
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Figure 7 hUC-MSCs and hUC-MSCs-Exos inhibit hepatic fibrosis through Wnt/f-catenin signaling pathway. A: The protein expression of
cyclin D1, Wnt3a, WISP1/CCN4 and f-catenin in rat liver tissues; B—E: Quantitative analysis of f-catenin (B), Wnt3a (C), cyclin D1 (D)
and WISP1/CCN4 (E) protein in each group; F—J: RT-qPCR was performed to detect the expression levels of Wnt3a (F), cyclin D1 (G),
WISP1/CCN4 (H), f-catenin (I), and miRNA-184 (J) genes in each group. n = 6, mean = SEM. “P < 0.01, P < 0.001 vs control group;

"P<0.05,"P<0.01,""P<0.001 vs model group
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Figure 8 Mechanism diagram of hUC-MSCs and hUC-MSCs-Exos regulating liver fibrosis in rats through the Wnt/f-catenin signaling

pathway
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