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THE: JFFET 440 DU I 2 SUROR AR, & 18 P IR I 2 993 R Je X JFF 9 0 o D)3 B0 2, R ZE WL X 2 R (5 5
I %, FL AL MR H AT AR T AN . TR 78 5 T 41 (bone marrow mesenchymal stem cells, BMSCs) A& —ff A
Z 1) 53 RE IR LR T4, 6 4R 3 R AR A1 38 B 46 o0 O JFERE 4R e, E?$E%B¥9H3H@Iﬂ AEJ7. DRARZGFLAL I B
FEH W, A BMSCs BB A T M R 7 HR 24 5 24 B4k R DB ﬁTuﬂi‘ﬂ&ﬁi‘liﬁ IR, SR EE
IR, RAESGE I A 4eA Ve o T8 340 4 45 B STk, MWH’MU;U“WEU JFF 2T 4 Ak B AL ] . BMSCs A=
R B O WL 5 5 TG BMISCs 2038 JF 27 4EAL 7 3Ll 3R A7 4538, S5 R 8 BMSCs 47 ik iR 5 % .
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Research progress on the mechanism of bone marrow mesenchymal
stem cells in improving liver fibrosis

DING Yi, LUO Xiao-min, YANG Bin, ZHANG Bo-yu, GU Jian", YUAN Zhi-xiang’

(College of Pharmacy, Southwest Minzu University, Chengdu 610041, China)

Abstract: Liver fibrosis is characterized by scarring of liver tissue, which is an intermediate pathological
process of chronic liver disease developing into liver cancer. Its mechanism involves multiple signal pathways, and
its reversibility is a current research hotspot. Bone marrow mesenchymal stem cells (BMSCs) are adult stem cells
with multi-differentiation potential. They have ability to differentiate into liver-like cells in vivo and in vitro to
perform normal liver cell functions. Modern pharmacological experimental studies have shown that the use of
BMSCs alone or in combination with active factors, Chinese medicine or Chinese medicine monomers, genetic
modification and other methods can promote their proliferation, differentiation, and migration, improve the
therapeutic effect, and play a role in improving liver fibrosis. By summarizing the existing literature, the
therapeutic mechanism of BMSCs in improving liver fibrosis is reviewed from the aspects of the pathogenesis of
liver fibrosis, the improvement mechanism of liver fibrosis, the biological characteristics of BMSCs and its
improvement mechanism, so as to provide reference for the later development of BMSCs cell therapy.
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W ST JE 5 PR P — P AT VR T T B, (RN A% B o L b AR B
V5 B R RELAELEHE R IS AE, AR ME R A & R VR T
B, Rk, SR 53 4 — B RCH s ) D5 iR TR T
WU 43 R

8] 78 J5i 41 i (mesenchymal stem cells, MSCs) &
T 5 e B 2 — R, MSCs /E N —FiayT 5 F B
BT B SRR S SR A, W) AT AR A
7B B8 H 3 302 25 11 MSCss, 8% FR i 6 8] 78 0+
71 i (bone marrow mesenchymal stem cells, BMSCs).
BMSCs & — K BAG B 358 A 2 18 4 46 78 BE ¥ i 44
T4, BT oA A 05 20 AR R 4 R R A0
DRI FLAR AT AR 35, a3 58 734X, S 5 T 5 T RE 7 i %2
i A7 45U, 7R SE AL S U6 Al PR A 9T, BMSCs ¥R 7
AR A 5 R 2 5 B0 A 4 Ak 2 B 9 3, FLvR T AL
HilH — B AR AT . A ST BMSCs 24035 41 4840
BL B 78 AT 2508
1 BFA%EpE

JH 28 AE AL 1 R DR 82 2%, 5 J 22 J7 T RS DAL A0 4 i
KIZR . FESN AR ZR 520 T, 52 50 240 i A2 40
P AR T, TR 281 A B e A5 4 X B A, R U AL TR
F, 51 AT IR 410 (hepatic stellate cells, HSC) J#i%,
WO B HSC 38 3k 184 A 043 36 20 i &0 55 ot 22 5 i 41 4
AT ORI A 45 Ay (%) B 3t ok A I £ 44 40 i
FSCET 24 248 i PN B B8 AT AR 1 B 2T 4 40 Al ok ™ AR I R R
1, B3 58 27 2 Al i B2 i) B Al (B D). BLR A
TR RIS T TH A 4R T A A R AL B 5 I

LY
1.1 #HE K E F-p1 (transforming growth factor-f1,
TGF-p1)

FERFEF HEAL I TE SSGL F2 H, TGF-p1 /2 HSC 558
AT, MR B A BN T2 —. IR
i HSC W, TGF-B1 JLFAERIE . M85 I, Kupffer
S 52 P R A RN JH 48 R 43 W TGF-B17, TGF-A1
5 ECM & AR 5C 40 i 32 44, 19558 1 ECM 2173
FIRM AR A A 4R . TGF-B1 4 3 (045 5 18 %
I HSC B T, S H A M- AL B R EA,
5 ) 5 0T A At R 2R O B B e A R, A2
Bt ECM [ 77 A5 4 ) e B ™. Smad 2 1 (Smad
proteins, Smad) Z & TGF-B1 R IR EE(E 55 359
¥, TGF-p1/Smad {5 5 38 B 75 21 4E A0 R S i 72 vh ok
FEHEEEH". TGF-p1 i@t 5 TGF-4 3 44 I (TGF-A
receptor I, TARIL) 25 & K 51 KA NS 516, Mg
TGF-p % f& #4 1 (TGF- B receptor 1, TARI) ¥, 5 3L
Smad2 il Smad3 1) BB L. BLAh, TGF-B1 WG 2
2 F VL AL R A I B (mitogen-activated protein kinase,
MAPK). #% K F «B (nuclear factor-xB, NF-«xB) i i
Fif UL -3- 3 (phosphoinositide 3-kinase, PI3K) il
i HSC 1% 1 it AT 27 44k . X1k, FH W TGE-p1 [ 3%
X I AR AT SE N
1.2 M/MRTE % K E F (platelet-derived growth
factor, PDGF)

PDGF 5 HSC [I48 5 . 7346 TR A M7, et Ji i
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Figure 1 The mechanism of liver fibrosis includes injury of normal liver cells, activation and proliferation of hepatic stellate cells, release

of active factors by Kupffer cells, macrophages, sinusoidal endothelial cells and inflammatory cells, collagen production by fibroblasts and

extracellular matrix deposition. MDA: Malondialdehyde; HSC: Hepatic stellate cells; ECM: Extracellular matrix; TGF-£1: Transforming

growth factor-f1; PDGF: Platelet-derived growth factor
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T A= AFPI, HoK HSC # AL 4Egn i . IE
A BEOL T, PDGF 7R /MR a-FL 1 H RIE, 24 5 IE
SZARINY, PDGF 7532 1 9 [ 40 ) JHSC s E 3R ak . i
INBR AT A AR K IR T 32 4K (platelet-derived growth factor
receptor, PDGFR) J& PDGF £ A i Kk 24, J& 1%
VR Wl A2 AR 1) — b, 2 AL T IS N R 40 i 4T 4
41 i A Kupffer 41 9", PDGF ¥ 3% HSC 3 14 41 Jfg
i | i) PDGFR, ffi PDGFR 340, 4 58 41 fa i fb 4, 2
5 ECM 4 "™, PDGFR 5 BC Ak 454 )5 18 52 4 % E.
B R A, BEE IR XIS AL, Ak B B BER A, 5
AN [R5 5 e 30 B B S L ¥ K ZE . PDGFR I %
HBE U5 S OB TS Sl g, i R SRR ERR
4 (renin-angiotensin-system, RAS) i& 12 fl PI3K i& 1% .
L] PDGF 1) 35 Re % 75 — € REE b2z i 41 4
)R R 3
1.3 #5155 E F-1a (hypoxia inducible factor 1a,
HIF-1a)

HIF-1a 2 5t 4,15 5 X 1-1 (hypoxia inducible factor
1, HIF-1) 208 4, 75 1E 8 AR BE T H E AR,
FEGRECIRAS N, HIF-1a [ A8 32 BHL, 7540 M A HERR, HEAR
fIHIF-1a 5 R 21 A0 MR Y, S5 A 105 B IE2E ) HIF-1
i, R R AR, #E 5 e R TT At (hypoxia-
responsive elements, HRE) Al 45 &, {& i /7 4 £ F i
EJ5E, U1 LA DLIE BB R BT A SRR uE B,
HIF-1a 5 45473 5 DIAR <2227, 4 B A1 715 21 Bl
(extracellular regulated protein kinases, ERK) j& 2842/
TR BR R (B, ERK/HIF-1a {5 538 B BN TEHE T
PEA G K ETREZEER. ALY HIF-1a
Al e 22 /0 ER 4 ERK @ B (et I 4F 44k, X vl Rg 5
it ERK 38 #% ok 910 ] HIF-1a 3% 7 8¢ HIF-1a 5 7 7
K, TN A ¥ (1 (mammalian target of rapamycin,
mTOR) Z 5 4 g 2 KA1 38 5, HIF-1a 36 14 T = 2 8
mTOR )31 & 8411, % ¥ HIF-1a/mTOR {5 = i@ i £
JHF 2 2 Ak i A= A A Je o bt BE LA O, Rk, e ok L B
ERK/HIF-1a HIF-1a/mTOR {5 5 i #% A& #0 f] HIF-1a F)
TILRIREENA4eb BA T ATHE .
14 SN

AN B (oxidative stress, OS) A& 45 & P & AL 5
PUAACAE R R AT ) —FORAS, M ) T2 AOIRES, S 30
PARL A 2 v i, R I A 3 o, DR AR A e )
YA R AR R A R R R, R B AR K
JH 47 Yl i BB R 3R 2 —, ol S| A o T g
(malondialdehyde, MDA) & & Jt &1, #ll ¥ Kupffer 41 il
FEAAR SRR, 5 5 A0 PR T IR B, IR AR A, R i
T 5 4 AL & JEP, 5 M 4 (reactive oxygen species,

ROS) =& N — K5 1 B 138 J5 7= 4, HoR R & 1%
Rk . R E S R E AR, 4 2 4
B, s M B A, 7245 1 ROS K EHERL, X DLIE BR .
ROS T 40 i 15 g b 1) 22 ANV A0 7 %, 175 5 4 e
7= A MDA, BLH2 R IR 2H 240 o A 19 R 5 40 1 B
J DNA, #E11 & A4 5 B A, 51k 40 i i 9
R Ath A= B B 2 B, IX 48 5 TGF-8MAPK . PI3K .
1% 5 5 E2 AH DG R 2/11L 41 32 I 4B -1 (nuclear factor
E2 related factor 2/heme oxygenase-1, Nrf2/HO-1) {5 &
TP A R,
2 FFA%ENENS
2.1 HIBIHSCEL

HSC 1117 b 52 21 JH- 552 o3 248 A A0 9F 52 )53 20 B A3 H
5 F 200 16 Joia ik JoT 2H 1 B 40 A0 8 5 25 A 5 AH AR R I
S2MA, VA0 HSC AT 1Y 58 WL 4f « 9 A AR T,
TGF-p1 72 {2 HSC i fb 386 JE 1) OB 4 B X+, A
N AR F 2 — . TGF-BLE I 4EFE R
JREE B AR B W R, FRASAERER
i #1011 551 (tissue inhibitor of matrix metalloproteinases,
TIMPs) %75, TGF-g/Smad {5 = i i 7€ BT 41 4E b &
et R A HEAE . miRNA 2 B A K4
2904 22 M2 E R I A TR ARG S/ RNA, 2 5 41 i i
ENS B IN S N I B  (E N T RN
miRNA-200a it £k, o-FIFNUILEN 8 E (alpha-smooth
muscle actin, a-SMA) FIZRIE/KF T, HSC I 7 —[a] 5
#: 4k (epithelial-mesenchymal transition, EMT) id £ %%
F AT 3 sk ) HSC 3 A0 A G 35 DR 304 L 2
52, I B HH HSCIEL I B 1, Rei8 8 4R 4E 4k .
22 HIHIRER M

RAERAERY, 2 F0 A JoT 44 H AL A R Fa
A, 51 R Aok A% TR B, A2 S8 JH 400 6 A2 14 IR A, 32 407
JH 40 B 2= 3 WA BE 22 1 48 1 4 B 1R 7+, 5 &k HSC i 1k,
2 3k I 28 4 46k JERY. JIg 2 BE (lipopolysaccharide,
LPS) Yrai B, 0% Kupffer 21 g Al HSC, B l— £ 51
RV, A2 3/ -1 (interleukin-1, IL-1).
IL-6 J} 983 R E K] F o (tumor necrosis factor o, TNF-«)
B2 T e, DRI R 30k & BT v, JOE R 1 J8 3l R E
(YRR IS, 5 BUH A 2R 9 I S AN I 2 4 A o e
RAE R T WA, RERE (L I A AL R R, 2,
- 44 e e 52 B B> DR, JE sk $0 1) 28 I B
REE I L2 I AT AR IR 2 8, 3k BB AR 4L AR A
2.3 {RHHSCAT

JH T2 A AR P A T B — FhOE 2, WS AL HSC
Af DL I TR R . AR 4 )0 R o SORE
T PR 35 1 B AYE AL I HSC B E kb o b
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HSC £ 0 NF-«B il 2, {550 728 1 40 B itk EL 40 i
981 -2 H£ K (B-cell lymphoma-2, Bel-2) 1) % 5 19 58, 5
53 WK AR BT HSC ¥ 125, BH Wt NF-«B i #% 7T fig
e HSCH T, MR B I A e AL FR T . AR R A
4l ffd (natural killer cell, NK) A& %% EL#% 5 JE3E LI HSC
F£ 7= 4 T & -y (interferon gamma, IFN-y) 12 3t % 17
R, FE ) 27 A0 5 T R FEAE PO Rk, JE i ik
HSC I8 T2 5% BB 08/ 15 A6 I HSC 2, #1247
Hetb IR R
24 FATREZEAR S

JIT £ 44k F R AE 2 ECM S8 DURR, B JR B2 A 2
ECM ) E By 2 —P. ECM RS RS 7 &
J& 2 F ¥ (matrix metalloproteinases, MMPs) F1 TIMPs
[PV . TIMP-1 R] DA i) Fie Jo g 1) AR i v, 3 30U
JRYCAR o 05k B % 2 25 v TIMP-1 FHTRL Ji i 1 2255,
H & MMP-2/TIMP-2 Il MMP-9/TIMP-1 [~ 4, 7 LA
VR T T S AU TR B, GX B o 8 a3k fis T A oA R 41 ) R Ji
Fe Ik e W R T 4 4 AR, R R 8 R AR,
AT HE RN PURIT A 4E 4L ) — AN S .
3 BMSCsE4F4F M R i E BT A4 L HLH
3.1 MSCsSE4%45MH

MSCs J& —Z B A 1 3058 A 2 18] 7310 78 e 11 Ak
T4 M. MSCs 1] UM B 88 i 5 2 96 L 41 Ji i 55
AR . EEMBREITEaRE TR E X
MSCs [ i AnfE: O WBEA K, @ 477845 2 1 40
Jf 2 T 0 kR iC 40 CD73.CD90.CD105, [H] I AS 7 7E
CD14.CD34.CD45 #1 A 25 5 4 ff DR it Jii (human
leukocyte antigen DR, HLA-DR) 5 H A #r1c4); ® 1E
TRANE 534k A i 107 40 B < 9 400 e R i i 4 B PR e
BMSCs /& M B H 4 U2 2 11, B A 8 56 7 L e
558 G2 SR VAR L B g% 1R T R B SR I SRR Y.
FLAE B, BMSCs 4344 0 BT 400 i B % A% 5 52 300 A 41 A -
RIEVER, AL FE v, BMSCs £ 73 34 22 R4 g 14 1,
RARFE - IAER o thAh, B4 1) BMSCs 2= [ IR E AL L
WK, ) HSC 3 46 A1 13 HSC 3 T2, BMSCs
TS SRR SR AR Th REAR 34, TT RE LN TR 9T FF 4T 44k
B A ASMFEIE AR —.
3.2 BMSCs iU E A4 LA
3.2.1 BMSCsVAEHH 4055 FEAH A0 20 |
ECM LA J¢ 2 4t ff DX 55 44 RO 15, RO “ T 48 i
HL” (niche), niche AT 40 J 52 i 7% 43, YoE T4 5 1k
FIa, &S T T8 . MSCs 78 1] & XN MSCs
1E B AR 2R kS 2 40 B A 3R, B i 0 R o A Y R
YAIER 2 H AR SRR R B I B 2
BMSCs KA HHEATAMEER R Z —. UHIEHHA

A, H IR BEREFhEAb RT  B B R T DL AR KA
TEHEEFE T BT, 5] IR B S M BMSCs 7]
S L BALIT B HoE W oA, B A . B
TR — RN T E A, BRSO N AR T
%, MBI 2 g e Bl EF s, —k
M5, Fak 52 1 BE0% 2% 52 20 40 3 R B a1k R 7 IR
U BIE T, FE 515 20 P A R R B R b T
O, EFATA R T la (stromal cell-derived factor la,
SDF-1a) A& —Fft BB 8 P 5z 411 B A0 2L Jofd 411 2% 0K 1)
SR T KRR A E A, R R s T
524K 4 (CXC chemokine receptor 4, CXCR4) #& BMSCs
ff)— Fh 52 1k H fiE 5 SDF-la 45 & . KEHF 7 £ W,
SDF-10/CXCR4 Hli /£ T 20 B 5 5 a4 7 B 7 3%
1K KB AR B AN AT S O TR PE AR O L
R4 47, SDF-1a fE4 45 30 A7 7= A2, ok 5 & v T B HiE
Ak, [F BT CXCR4 K14 14 5, (i 2 1 %8 4k i) MSCs il #%
ZGACT . HAZ, B AARPLE] A6, TN
FELRE B S 5 0 T S A B B AE RS2 A 2 A, 3
7] 3R 2 FL VA EAT M
3.2.2 BMSCsZE s ib il & 4HAE-4HAREERR  BMSCs
AP R A L B A R M R v e e, 84T H
4 HCTT g HLAA 8 W) 36 5 7 AL IR RE D, IX 78 BMSCs g
53T 2 2 B R I R JR T 4y, BMSCs B 48 1T
BE RN — R 2 (17697 77 .

BMSCs ] LLjd it 2 F g 12 s P 4F it . — 5
[, BMSCs AJ DA i 3 2D 28 i e B JB2 R AR BA J =
91 52 BT 0 M SR A8 AT 4R 4L, 55— J5 TH, BMSCs
233 WA 22 Rl a] 1k PR 201 TNF-3a IL-10 48 i A= K
F (hepatocyte growth factor, HGF), #I il & J& & &,
%S HSC H T (K 2). — &k Ui, MMPs fil TIMP
a3 0T AR Al A ) SR R . R R K
BMSCs T 4R 4E Ak /N SR P, A5 I e 5 2 1 A2 27
fig B i S AL BRI, 1 MMP-9 fl MMP-13 [ ik, T
W TIMP-1 12187, 58 e hric BMSCs AT DL B S W 52
B2 LR B, M rh s B P B AR
BMSCs A LA i 5 1 MMPs ) 3 34 Sk 9% /0 1% R 1t
R T 4T 44k . BMSCs #03% Nrf2/HO-1, #1111
MDA \NF-«B p65 H1 % P 20 i[5 5  77 A, 95 1 P
AR B2 IE, F0H A R, ek 98 0 e 83k T BELAS
LR AL I R BT, MSCs 38 3 5% 2 i ML 1) A0 41 i — 4
2 AL 1) 8 75 HSC ¥ A AT T, W] ¥ 4 IR T X6 40
B PR AR 3 RAE AT . SERE IR N BMSCs
REN% BELHEAMH) HSCi& 0 Be 77, 18> ECM AR, & &
ETE MSCs 15 77 5 g 0 30 il 4 P9 JHF 40 I PE T2, 338 58 AT
A= A8 2104, 1 15 HSC & M I L1 5 TNF-a+ IL-10.
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HGF (#1345 9%, H  TNF-a F1 1L-10 76 410 i1 Ji J5 7=
A= FIHSC B9 56 07 T v] fie BA B FAE Y. A B
RIN, MSC 73 b 1) #2242 K R (nerve growth factor,
NGF) A% i ik HSC T2, NF-xB Bel-x1 2 5 7 it
U0, 2 20 P 2 ok BB 0 T 2 2 1R HSC, L5 R4k R
N, BMSCs 54> il it Notch & P I80% /5 1) 48 -4 A
Pt =0, B 0 HSC 344, HF 7 i a-SMA R &7,
BMSCs 43 HGF 3/ 5 Toll ¥ 52 #& 4 (Toll-like receptor
4, TLR4)/'H 85> tb. X -7~ 88 (myeloid differentiation factor
88, MyD88)/NF-«B 15 = i i 5K 5 e 41 ffg — 41 B #2 filt, A
T 440 HSC B 14 G AR AL (15K 33, BMSCs fie %
B X dect JEIPS IR R Y1 N R A
T8 A8 DL A 53k 22 o 5 v ) B 28 23 3 P R 1 o
SR H AT BMSCs 7 Il PR _F 25038 25 4E A 1R i 5%
R R YE FE  f, A 2 E A 3B o S AT T R A AR
KGRI F . 2€18 3T https://clinicaltrials.gov/ uk U £
BMSCs 1897 AL FO A K I PRI 7 (R 1) 1X S Im K
W SR AN [F) 4 68 B ) 8 35 AT KB IT, fEIR 9T 45

RS o 0 A B9 B R bR AR 4K, VA BMSCs ) %2 4 1
R . ol K X LB R % B (hepatitis
B virus, HBV) #H 2 1) & rf I A 46 (NCT00993941)
AIE I HBV FFE AL (NCT01223664) 4351 47 BMSCs
A e A A [ o S Ak A AL, U 5% M AR IR X, VP Al
Child-Pugh 753 73 LA J¢ % %2 iF Dy g . % T BMSCs #% 1
()22 2 1 FNE BT I, 25 2 R K 5 %38 % HBV AH
IR A, £ 5 3 3 3 ik B 4R # 45 BMSCs, 197 —4F
JE VT B ARG R (NCTO01724697). 7 5 MR 5=
Bt 25 3 SO ME V6 PR IR K PRI AL 28 3, 0 S AT I 30
Jik B 14 #2 5 BMSCs, 697 J& A 45 3 J5 k0 0 i 2 R I8
JKAZALFN Child-Pugh 174> (NCT01854125).
4 BMSCsE & RANMERA4ENL

VB —Fpogr B 1y i6 97 77 3, O SCERT ki
BMSCs Bk A v P D5 1 o 24 B b 24 B4k L B DR A 1 45
77 sRE 8 5 A IE AR AR, o5 FF AT 4L
4.1 BMSCsBX&TEME TSR A4

A % P i A K IR 76 BMSCs [a) BRI oA A —
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Figure 2 BMSCs improve the mechanism of liver fibrosis. BMSCs remodel damaged liver cells or differentiate into normal liver cells,

release soluble factors to inhibit collagen synthesis, promote MMPs expression, inhibit TIMPs expression and inflammatory cytokine

release, and induce apoptosis of activated HSCs, thereby reducing ECM deposition. BMSCs: Bone marrow mesenchymal stem cells; MMPs:

Matrix metalloproteinases; TIMPs: Tissue inhibitor of matrix metalloproteinases; TNF-3a: Tumor necrosis factor 3a; IL-10: Interleukin-10;

HGF: Hepatocyte growth factor

Table 1 Related research on clinical improvement of BMSCs in liver cirrhosis. HBV: Hepatitis B virus

Disease

BMSCs transplantation method BMSCs transplantation route  Phase ClinicalTrials.gov identifier

Early and middle stage of liver cirrhosis on Autologous BMSCs transplantation Portal vein

the basis of HBV infection
HBV-related liver cirrhosis

Liver cirrhosis resulting from chronic HBV Allogenic BMSCs transplantation ~ Portal vein or hepatic artery Phase 11

Liver cirrhosis with refractory ascites

Autologous BMSCs transplantation Hepatic artery

Autologous BMSCs transplantation Liver artery

Phase 11 NCT00993941
Phase I/1I NCTO01724697

NCTO01223664
Phase 111 NCTO01854125
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SEMIEZMT . o HGF B AT 441 i 4= K R T (fibroblast
growth factor, FGF) . 7£ {4 41 S 46 9% 1iF BH RE 0% 15 =
BMSCs [l T 41 i 1 434k, 43415 21 BT 40 il g % R 0k
JH E 45 5 VAR ) H & B (albumin, Alb). f 2 1 18
(keratin-18, CK-18), 1718 FF 41 f b I fil 77 L R 7= A2 55
ThEE™ . HGF G052 3F 4 Mok £2 3 58, 4% 40 i
ANFEEY B, FIREFRMRE S HAETRESEE
HEAMEH . ¥ BMSCs £ 1 2 # T HGF # ] LL i &
Met 5244 (— Fh LA 20 o Py 1 0 B VR0 TG 45 g 3 P 5 .
i [) R W 2% T ERK1/2 p38MAPK Al PI3K/Akt
TR0, T K252A 1% 2 2 i 14 4100 1) 7% T 410 1] HGF 1)
73R, FGF 0] P Bz 4H 43 b, 2 33E 37 1L T
B, 1852 B . E — IR T4 M R T X
BMSCs 4tk [ 1 78 1, FGF g9 175 5 BMSCs 7] T 41
234K, I A IR Z A5 BT G B Bt A A A4k
TN 24 it D] - SR ASE 4L DR -1 43 W4 5% 1l BMISCs [ JFF ¥ 48
JfL 734k, $E 7R I 4t i DR 6 ) T BMSCs [a] JH- 2 i 43
b, B B0 97 I AR 4k o B8 Fh R 7 B9 0 NI mp
REZ2 S oA OR3P R T .
4.2 BMSCsEX&PANERFHNL

H g 25) iz T RERE B s R ia o7, BoA 5
RIE R AN AN R ORE D DL R s £ IR S5 A A, =
ZI G 2 VI L AT AR VR T B R BE 77 T B A TS L
(LR ™. BMSCs 25 & /1 B5 25 B Re 6 iR 97 T
ST YAk SR AL BB . BMISCs (1) 38 58 250 ot e 38 T 41
Yt 4 EEAE ), WA L v 25 R SLER I Re 6 (i F
FLIR T B R A B S R YR 8 R 2 Y e X
BMSCs 3 GE AR A H, w] REALHI 5 HAR i3 BMSCs
TN F (stem cell factor, SCF). ML PN 12 A= K [
¥ (vascular endothelial growth factor, VEGF). SDF-1
mRNA KA K. H 2552 BVt n] LR & BMSCs 1)
PURATIRE ), 1M AP IE R . BEEITRY EE LA
HGF /K°F, it F i HGF/c-Met i %, £ BMSCs T

P U2 R B S B A 3@ R {2 i3 BMSCs [ 1
B AT DA — A4 v 1) 4 M A ) D 2 . AEIREE
B4R 175 5 BMSCs 20 (b HF 78 o, e 5 22 i 41 R i 2R
[ (alpha fetoprotein, AFP). Alb.CK-18 1A fin, ¥ i
Ju ot B PH M, 20 BB 2 0 ) 155 BMSCs ] FE 48
HL 43 46P". 20 pmol L™ 22 3% 3K fg % 50015 5 BMSCs
] 40 234k, 5 FGF-4 B4 {8 FH AN AT DA BF AR 22 3%
AR, BRRE M, BRI S S AR, K
HE U R 13 BMSCs (#3958 4346 1E 5 40 i, 3G
HH R AR A 5 T R AR A o e v M R % AR K A
F, A2k A A 1 AR B Y, Ak, BMSCs B A
w24 57 5 A R A 0 G A4 O FFRE 4, o B o
JRAFHEA I B ). R2PVREE Ty h A TS
BMSCs 2403 BT 21 4E 4 1) 24 BEAE F R AL 7
43 EEEEBMSCs BE AT EFR

BMSCs [ I 1 /& BRAR 1) BE DRV o7 40 PR 2 A, 2 %
JIR 993 5 12 05 B IR S0 B DL R G SR EE R Y 18
M Ji5 (1 BMSCs MY e 52 i U5 S8 5 40 Ak (1 e ), 18
RERIA H R, 7R 2P AE 38 B AR 0 12 A0 e s
957 [ 203 BMSCs Th g™, i =3 BT U [RI/E A .
SDF-1a/CXCR4 §1 2 5 MSCs [ 52 8 1 72, 7 MSCs I
S B TR DT A & B, B TR
IE46 BT MSCs [ 5 S99 CXCR4 &4 1 N U8
H& MSCs (CXCR4-MSCs) BE % i % Ft 5 SDF-1a ik /5%
IR LE ARG 2 (19 7K1, 76 B AT v B 5 A6 0 38 5 20
AR Ic MSCs (7% 65 5 1M 78 BT H A REAS I 21 %< o't
55, IX K B CXCR4-MSCs K 5 e ffy M 78 25 52 30 iF
JIiE, CXCR4 fi& ik MSCs ¥ V5 524 7, o6 3% i oy el
TGF-B1 /& ZUH£F 44 1) OB R 3%, 17 Smad7 /& TGF-B1/
Smad 15 5 i % 1 57 N . R 8 e R G
14 77 =X Ty 749 72 e 8 F2 1€ 3R IA Smad7 F1HY 5 B 4% (1
¢ 6 [ (enhanced green fluorescent protein, EGFP)
f) BMSCs (Smad7-EGFP-BMSCs), 7£ 5 HSC J& £ %

Table 2 BMSCs combined with traditional Chinese formular to improve liver fibrosis indicators. EGF: Epidermal growth factor; TBIL:

Total bilirubin; Jak-STAT: Janus kinase-signal transducer and activator of transcription; Wnt: Wingless/integrated; CSF3: Colony-stimulating

factor 3; sFRP: Secreted frizzled-related protein; CSF2R: Colony-stimulating factor 2 receptor; CNTFR: Ciliary neurotrophic factor receptor;

GSK3: Glycogen synthase kinase-3; Akt2: Protein kinase B2; PKCy: Protein kinase C gamma; ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase

Traditional Chinese formular

Change in related indicator

Possibly related mechanism or pathway

Yiguan Decoction®"! Alb, AFP, HNF4o mRNA, CK-18 1 ; Wnt3a, S-catenin | Down-regulate Wnt/f-catenin
signaling pathway
Zuoguiwan®! Wntl, EGF, FGF2, FGF16, MAPKK 1, E2F, CSF3, Myd88, sFRP1, sFRP5, Affect Wnt, MAPK, TGF-$, Jak-STAT

CSF2R, CNTFR, caspasel2 t ; MAPK9, Racl, GSK3, Wntl0a, IL12a,

Akt2, Activin AR, PKCy |
Biejiajian Pills”® ALB t; ALT, AST, TBIL, SDF-1 |
Ruanganjian”” ALB t;ALT,AST |

and Toll-like receptor signaling pathways

Act on SDF-1/CRCX4

Improve the content of albumin in plasma
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& Z 1, Smad7-EGFP-BMSCs 12 # HSC 1 5 1 T,
Smad7 F1 MMP-1 [ mRNA 7K F- 1 2 [ 7K ~F- B . 48 i,
TGF-$1.Smad2. Smad3 1 TIMP-1 ff] mRNA 7K V- fl &
H 7K B, BB 4h, a-SMALTRYJE R (type 1 collagen,
Col I) AITIZL i 5 (type 1T collagen, Col IIT) ik FEAK
Smad7-EGFP-BMSCs 5% i i £F 4E A AH 5C 85 F R I8, 7T
AE 18 Ik W 17 TGF-B1/Smad {55 53 i # il HSCs 1 41 4
PRI, HGF S — ol Rl £ 24 40 i« P9 Bz 41 b 25 i) 5 4
g3 ) 2 D Re A AR R -, B R I8 AR Rl 1B B S 4
HYIVL T AR HE A I U1 7R KRR £ 48 (B
A, HGF-BMSCs R 5 K] & 1ffi 4% 15 HGF (1) BMSCs,
I8 HSC i 1 R 12E K B VR P HGF 3R I&, Il
il TGF-B1 235 S ik /b 3 1 I 8 8 B SR U AR, IX 37
HGF-BMSCs i 47 1] i Ji — Fh 7 5 3 4 JFF 7% A 350
2F 4 AL (0B S s, Bk b, B AE 1) HGF-MSCs {2 #F
MMP-9.MMP-13 . MMP-14 f{] & ik, #I#] TIMP-1 {3
ik, 2 W HGF-MSCs 1] §E /& ¥ I FF 25 440 1 — Ffoh (1)
AT HI FGF B% U8 15 4 Mo 35 5 o L AN #%, L
W FGF-4 /& f 22 4y 24 7% P 5 = 1) FGF 2 — "M% 3
ik FGF-4 [¥) BMSCs # 1 2| i 1k K i, FGF-4 fig
g 7E F AR 1 BMSCs i€ Az T FFIIE, {232 Jagged-1 BA 1%
T4 B 14 5E DA S A B % B R (proliferating cell nuclear
antigen, PCNA) 1 | 5z & [ff 731 (epithelial cell adhesion
molecule, EpCAM) 5Kk, % B FGF-4 ¥ % ) BMSCs
I Fe 30 T A% L ) RS SRR B T O A
5 B ER G MSCs REIND R

JH 27 4 A0 A I LASE AR A AT Be A Fe R H#E, MSCs
A LME N — R 25 R Gif o7 I A0 L Ao i e
RE AT (19 32 22 H (195245 25 4 1% 28 o oA 5%, 78 R
Y95 41 F 1) [R) B B M B A . BMISCs B % il N\ i 8
H AU, i 35 TNF AH < 1235 Sl /A (TNF-related
apoptosis-inducing ligand, TRAIL) J MSCs &g 1% 1§ 7=
A ¥ TRAIL 3 3% 55 B 33 41 40y, B 35 BRI b 8 A2
KU H BRI, 1R & AR (1) 55 7R 5L, BMSCs
RIS WA B RS DL [R) 4688 1) 77 sRE NS R T, A
73 BMSCs 3R 154 R B e v Ve, 3 Pty P 52 70 s Ak
U, e S UG R 1 A A AR K B, 325 MSCs
TE 3832 1 72 v 2 R SR ) 4H 40 A i, SR Z
AL R, IR T VY R R S R
— W BT MSCs #2568 /) A IR, B 72 N 024

MSC-Exos). MSC-Exos H A 5 MSCs A 1L ) 4= 4 %
Ihise, (B EA AT /N AT LL2E 5 AR PR G %8 R PR A
S M E VR YT 5 T, MSC-Exos A8 1 111 il 41 i 7
T IR R 40 A P A i A s AN 2 2 UE 5 L TR G g A

FOE NI, 5 MSCs A B, MSC-Exos A7 HiAth il
PR © Fhubtk 5 T 4E, 2 Fh MSCs #6588 7 i 41
WAk B R, @ SN FR /N, AT LUK B E it
175 @ JMBEA 23685, FEIR IR EASEUR, <t m
F MSCs. %% H#i %5 2 EH/BiP (glucose regulated pro-
tein/BiP, GRP78) 1t HiiJiE 244 % F AF J& i 2 (1) % 41 i
vl LIk, 7 — W 5L, siGRP78 & 1ffi i) MSC-Exos
SRy ARJE 45 &, B 40 H 1) GRP78 75 7k P 44
A7) 00 ) A K AR B R RS, 30 A T X 2R L
Ak JE K 25 PEM, H BT, MSCs A1 4 52 3106 i 8
SRR YT KA AT, H BT MSCs 1 J5 BR 14, 4R a4
PE R B R R B B R Tt . SR,
MSCs J HAMBMEAE R —Fh ik 25 R G AE IR IR TG IT MR
5 TH B A AR K I B A 5, H 7 K AT AR e IR
FHIRITHLRI, RIEIRITIE 1.
6 WMRERE

JFF 1 2 Ak AR Dy 02 P I 90 e D I 9 11 R )
2, FT 30 R 1 BN U AR 4 Ak R T I I FR AT
FLR R AHEHATIR IR IEEA 508 200 F Bokia IT i
£F4Eft. BMSCs H B H & 7010 8 4 i v e - S 1
TR U 2 PP Al B R DL PR RE D, RTRERLN
B RIT F A A R A AT A 2 — . BR A
F BMSCs i 97 41, ] DL & Fld o4 (B | o 25 5
iR DL MBI A S AR T BN . REC
ARSI RS Pk Py 5256 5 BMSCs B 1% 47 16 R
JH 20 A, H7E— B FE R b O 4R 41k, a2 2367 I H
f, AE R IR PR X6 F BMSCs ¥ 97 FF£F 440 1 0F 78 08
F/b o BMSCs J7 V578 B F Il R A 97 HF£F 446 2 11,
AR U DL SR I m B AR © S
Ko HATIESNM LI, 2 R T T# b 45 3 bk
SR A T S IR 5 DA SR R G R U7 R A
BMSCs, IIfi /R #4877 303G 18 ki 5« i 3 ki
SEERO A JE R S . AN TR A 5 U6 BMSCs A7
TR AN B ARG R KR, 7 B A AN T
X @ EEIEEMCR . B 1 R AR R MSCs
(VA AR R, A0 i ) VU SRR B T A R R IR
4B, AR MSC 1) JH B2 0] DU 2 55%~ 65%, A5
7% 24 h g T E A 10%"7, i T JE AL MSCs 3 &
> TG ARANE FEY 1, AR gn i B, B2l
FoH BLRE 77 FRAIC, 0 3R A 1 1 4 B 7 V2 AR SR L
K20 L R B LR B0 ) BB LR T I
AN . FFEF4EAIE 2 P N AR =L RE R I
PR, % P 50 B 5 AT 4E 4k A 5% ; BMSCs g%
W22 Tl PR IR DA SE AR L ek E R S AR B AR
HE A 2004 1 3t P R 7 5 0T 21 4415 5 8 2 2 TRD PR %
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WK, A7 B TR a7 AR @ BRICEUR . T MSCs
REfE ™A Bk A A R 7 AL R R AR K R T, TR
BN A2 AT B AR 8 e 2B K () DB A S R AT
A SRR B 5T A R 3 3% 42 MSCs, JF 5 MSCs &
10 52 7R A HAE FH, MSCs 3 U85 (1 R A% %, 1 5 &
3 WA R A2 K BIT 06 5 I TRLF- o MISCs A1 A 1A 485 5 Rl A%
i mRNA miRNA F1 8 F BT, — 77 [ B8 AE H T
A, (i dE F AR, 5 — T T SR e R A 455 v g e
Jo0 20 R LRI Th RERRAE, 3 5 LA Rs BB 000, TER
J7 77 THI AT 2% R Ik 1 B IR R T 0 R R A 5
HH MSCs /13 1 {72 Jif 98 2850 87 >k B AR B0 1 . ik 4k, H
A BMSCs S0 FF 27 4 4k, A Ak 1 i R 1856 A7 7 1T
AR D 2R DX N I ) R R A R 2
KR Z R] E A DA K A B AT 22 A R HE A, ROR I I IR
W 78 5 B0 N K o6 B S 58 U 5256 DL K2
TRVE B, AN 4R 78 BMSCs i PR o5 38 AT 25 4 4k BT 14k
(198 710 &5 b, BMSCs S0 4T 4EA0 AR — Flok AL 48
M7, R B EK AT 70, an BE R i ke b3k )
F, LR T PR B R 4% T T AR AT R T RE D, ik
e OUE T R A

TEZTRER: T 5 PR TR I8 5 A 5
[FEAT SCHRCRR 5 B 5, T B A ST S I fe A 5 25 70 47 5%
SRS BETH RN ORI H o

FETMIR: ATA VEE NP 303 oA SR 2 b R .

A
1

References

[1]  Furuya S, Chappell GA, Iwata Y, et al. A mouse model of alco-
holic liver fibrosis-associated acute kidney injury identifies key
molecular pathways [J]. Toxicol Appl Pharmacol, 2016, 310:
129-139.

[2] Wang R, Song F, Li S, et al. Salvianolic acid A attenuates CCl,-
induced liver fibrosis by regulating the PI3K/AKT/mTOR, Bcl-2/
Bax and caspase-3/cleaved caspase-3 signaling pathways [J].
Drug Des Devel Ther, 2019, 13: 1889-1900.

[3] Lin HY, Wang FS, Yang YL, et al. microRNA-29a suppresses
CD36 to ameliorate high fat diet-induced steatohepatitis and
liver fibrosis in mice [J]. Cells, 2019, 8: 1298.

[4] Liu X, WuY, Yang Y, et al. Role of NLRCS in progression and
reversal of hepatic fibrosis [J]. Toxicol Appl Pharmacol, 2016,
294: 43-53.

[5] Shan L, Liu Z, Ci L, et al. Research progress on the anti-hepatic
fibrosis action and mechanism of natural products [J]. Int Immuno-
pharmacol, 2019, 75: 105765.

[6] YangY, Yang F, Wu X, et al. EPAC activation inhibits acetalde-
hyde-induced activation and proliferation of hepatic stellate cell

via Rap1 [J]. Can J Physiol Pharmacol, 2016, 94: 498-507.

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Wang J, Cen P, Chen J, et al. Role of mesenchymal stem cells,
their derived factors, and extracellular vesicles in liver failure
[J]. Stem Cell Res Ther, 2017, 8: 137.

Gu J, Huang L, Zhang C, et al. Therapeutic evidence of umbilical
cord-derived mesenchymal stem cell transplantation for cerebral
palsy: a randomized, controlled trial [J]. Stem Cell Res Ther,
2020, 11: 43.

Ciuffreda MC, Malpasso G, Musaro P, et al. Protocols for in
vitro differentiation of human mesenchymal stem cells into osteo-
genic, chondrogenic and adipogenic lineages [J]. Methods Mol
Biol, 2016, 1416: 149-158.

Chu DT, Phuong TNT, Tien NLB, et al. An update on the
progress of isolation, culture, storage, and clinical application
of human bone marrow mesenchymal stem/stromal cells [J].
Int J Mol Sci, 2020, 21: 708.

Zhang CY, Yuan WG, He P, et al. Liver fibrosis and hepatic stel-
late cells: etiology, pathological hallmarks and therapeutic
targets [J]. World J Gastroenterol, 2016, 22: 10512-10522.
Hernandez-Gea V, Friedman SL. Pathogenesis of liver fibrosis
[J]. Annu Rev Pathol, 2011, 6: 425-456.

Li X, Wang Y, Wang H, et al. Endoplasmic reticulum stress is the
crossroads of autophagy, inflammation, and apoptosis signaling
pathways and participates in liver fibrosis [J]. Inflamm Res,
2015, 64: 1-7.

Mu M, Zuo S, Wu RM, et al. Ferulic acid attenuates liver fibrosis
and hepatic stellate cell activation via inhibition of TGF-//Smad
signaling pathway [J]. Drug Des Devel Ther, 2018, 12: 4107-
4115.

Xu F, Liu C, Zhou D, et al. TGF-f/Smad pathway and its regula-
tion in hepatic fibrosis [J]. J Histochem Cytochem, 2016, 64:
157-167.

Yoshida K, Murata M, Yamaguchi T, et al. TGF-£/Smad signaling
during hepatic fibro-carcinogenesis (review) [J]. Int J Oncol,
2014, 45: 1363-1371.

Kocabayoglu P, Lade A, Lee YA, et al. f-PDGF receptor expressed
by hepatic stellate cells regulates fibrosis in murine liver injury,
but not carcinogenesis [J]. J Hepatol, 2015, 63: 141-147.

Ying HZ, Chen Q, Zhang WY, et al. PDGF signaling pathway in
hepatic fibrosis pathogenesis and therapeutics (review)[J]. Mol
Med Rep, 2017, 16: 7879-7889.

Damanik FFR, Verkoelen N, van Blitterswijk C, et al. Control
delivery of multiple growth factors to actively steer differentia-
tion and extracellular matrix protein production [J]. Adv Biol,
2021, 5: €2000205.

Nath B, Szabo G. Hypoxia and hypoxia inducible factors: diverse
roles in liver diseases [J]. Hepatology, 2012, 55: 622-633.

Zhan L, Huang C, Meng XM, et al. Hypoxia-inducible factor-1a
in hepatic fibrosis: a promising therapeutic target [J]. Biochimie,
2015, 108: 1-7.

Zhang F, Lu S, He J, et al. Ligand activation of PPARy by ligust-



T BAR B IR 8T A0 A R A A AL R T E R - 871

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

razine suppresses pericyte functions of hepatic stellate cells via
SMRT-mediated transrepression of HIF-la [J]. Theranostics,
2018, 8: 610-626.

Han J, He Y, Zhao H, et al. Hypoxia inducible factor-1 promotes
liver fibrosis in nonalcoholic fatty liver disease by activating
PTEN/p65 signaling pathway [J]. J Cell Biochem, 2019, 120:
14735-14744.

Lee TY, Leu YL, Wen CK. Modulation of HIF-1a and STAT3
signaling contributes to anti-angiogenic effect of YC-1 in mice
with liver fibrosis [J]. Oncotarget, 2017, 8: 86206-86216.
Moczydlowska J, Miltyk W, Hermanowicz A, et al. HIF-1a as a
key factor in bile duct ligation-induced liver fibrosis in rats [J]. J
Invest Surg, 2017, 30: 41-46.

Cao F, Zhang Y, Li W, et al. Mogroside IVE attenuates experi-
mental liver fibrosis in mice and inhibits HSC activation through
downregulating TLR4-mediated pathways [J]. Int Immunophar-
macol, 2018, 55: 183-192.

Sparkenbaugh EM, Saini Y, Greenwood KK, et al. The role of
hypoxia-inducible factor-1a in acetaminophen hepatotoxicity [J].
J Pharmacol Exp Ther, 2011, 338: 492-502.

Zhao Y, Ma X, Wang J, et al. Curcumin protects against CCl,-
induced liver fibrosis in rats by inhibiting HIF-la through an
ERK-dependent pathway [J]. Molecules, 2014, 19: 18767-18780.
Laplante M, Sabatini DM. mTOR signaling in growth control
and disease [J]. Cell, 2012, 149: 274-293.

Zhao Y, Ma X, Wang J, et al. Paconiflorin alleviates liver fibrosis
by inhibiting HIF-1a through mTOR-dependent pathway [J].
Fitoterapia, 2014, 99: 318-327.

Liu MX, Liu Y, Yang M, et al. Effects of pyrazinamide on lipid per-
oxidation in L02 cells [J]. Chin J Pharmacov ({254 % #7), 2021.
https:/kns.cnki.net/kems/detail/11.5219.R.20210601.0826.004.html.
Feng JL, Shen HR, Li X, et al. Effect of Fangji Huangqi Decoc-
tion on liver mitochondrial per-oxidative injury in hepatic fibrosis
mice induced by lipopolysaccharide and nitrosodimethylamine
[J]. Tradit Chin Drug Res Clin Pharmacol (7 2 37 2 5 IIfi /K
3), 2010, 21: 506-508.

Luangmonkong T, Suriguga S, Mutsaers HAM, et al. Targeting
oxidative stress for the treatment of liver fibrosis [J]. Rev Physiol
Biochem Pharmacol, 2018, 175: 71-102.

Yang S, Zhou X, Xu FZ, et al. The role of Kupffer cell in acet-
aminophen-induced liver injury [J]. Chem Life (£ i 1 £ 2%),
2019, 39: 104-111.

Ezhilarasan D. Oxidative stress is bane in chronic liver diseases:
clinical and experimental perspective [J]. Arab J Gastroenterol,
2018, 19: 56-64.

Xu Y, Gao W, Zhang Y, et al. ABT737 reverses cisplatin resis-
tance by targeting glucose metabolism of human ovarian cancer
cells [J]. Int J Oncol, 2018, 53: 1055-1068.

Dhar D, Baglieri J, Kisseleva T, et al. Mechanisms of liver

fibrosis and its role in liver cancer [J]. Exp Biol Med

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(Maywood), 2020, 245: 96-108.

Ray PD, Huang BW, Tsuji Y. Reactive oxygen species (ROS)
homeostasis and redox regulation in cellular signaling [J]. Cell
Signal, 2012, 24: 981-990.

Wolin MS. Reactive oxygen species and the control of vascular
function [J]. Am J Physiol Heart Circ Physiol, 2009, 296: H539-
H549.

Singel KL, Segal BH. NOX2-dependent regulation of inflamma-
tion [J]. Clin Sci (Lond), 2016, 130: 479-490.

Qi S, Feng Z, Li Q, et al. Inhibition of ROS-mediated activation
Src-MAPK/AKT signaling by orientin alleviates H,O,-induced
apoptosis in PC12 cells [J]. Drug Des Devel Ther, 2018, 12:
3973-3984.

Xiao Y, Wang J, Chen Y, et al. Up-regulation of miR-200b in
biliary atresia patients accelerates proliferation and migration
of hepatic stallate cells by activating PI3K/Akt signaling [J]. Cell
Signal, 2014, 26: 925-932.

Fang S, Cai Y, Li P, et al. Exendin-4 alleviates oxidative stress
and liver fibrosis by activating Nrf2/HO-1 in streptozotocin-
induced diabetic mice [J]. J South Med Univ (#d 77 = B} K % 2%
1), 2019, 39: 464-470.

Mallat A, Lotersztajn S. Reversion of hepatic stellate cell to a
quiescent phenotype: from myth to reality? [J]. J Hepatol, 2013,
59: 383-386.

Puche JE, Saiman Y, Friedman SL. Hepatic stellate cells and liver
fibrosis [J]. Compr Physiol, 2013, 3: 1473-1492.

Huang Y, Deng X, Liang J. Modulation of hepatic stellate cells
and reversibility of hepatic fibrosis [J]. Exp Cell Res, 2017, 352:
420-426.

Matsuyama H, Suzuki HI. Systems and synthetic microRNA
biology: from biogenesis to disease pathogenesis [J]. Int J Mol
Sci, 2019, 21: 132.

Han S, Zhang T, Kusumanchi P, et al. Role of microRNA-7 in
liver diseases: a comprehensive review of the mechanisms and
therapeutic applications [J]. J Investig Med, 2020, 68: 1208-
1216.

El-Wakeel SA, Rahmo RM, El-Abhar HS. Anti-fibrotic impact
of carvedilol in a CCl-4 model of liver fibrosis via serum
microRNA-200a/SMAD?7 enhancement to bridle TGF- f1/EMT
track [J]. Sci Rep, 2018, 8: 14327.

Gong PY, Yin KH, Li XD, et al. Clinical and pharmacological
research progress of Tibetan medicine in prevention and treat-
ment for hepatic fibrosis [J]. Acta Pharm Sin (% %% 2% }), 2021,
56:2995-3003.

Sun L. The Role and Mechanism of Lipopolysaccharide on Rat
Hepatic Stellate Cells-mediated Hepatic Fibrosis (LPS £ K i i
SR A T T 2R 4 AL (K /F A2 WL 9E) [D]. Changchun:
Jilin University, 2016.

Tian ZZ. Effect of LPS-TLR4 Pathway in Hepatic Fibrogenesis
of Rats Fed Ethanol Liquid Diet (LPS-TLR4 itfl I 75 18 14 {75 4% 13



y

872 - 2% %R Acta Pharmaceutica Sinica 2022, 57(4): 863 -874

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

N K BRI £F 41k 5 4 (145 F) [D]. Changchun: Jilin University,
2014.

Li P, Yang ZT, Peng BC, et al. Effect of Phyllanthus emblica L.
on immunity hepatic fibrosis in rats (I) [J]. Chin J Exp Tradit
Med Form (H [E 525675 7% 2% &), 2010, 16: 171-173.

Mallat A, Lotersztajn S. Cellular mechanisms of tissue fibrosis.
5. Novel insights into liver fibrosis [J]. Am J Physiol Cell Physiol,
2013, 305: C789-C799.

Lee YA, Wallace MC, Friedman SL. Pathobiology of liver fibrosis:
a translational success story [J]. Gut, 2015, 64: 830-841.

Gao B, Radaeva S. Natural killer and natural killer T cells in
liver fibrosis [J]. Biochim Biophys Acta, 2013, 1832: 1061-1069.
Xue J, Peng YR, Huang YP, et al. Effect of Langqing Ata on meta-
bolism of collagen in rat hepatic fibrosis model [J]. Chin J Exp
Tradit Med Form (H [ 5258 75 7122 4% 3£), 2012, 18: 260-265.
Ren JJ, Huang TJ, Zhang QQ, et al. Insulin-like growth factor
binding protein related protein 1 knockdown attenuates hepatic
fibrosis via the regulation of MMPs/TIMPs in mice [J]. Hepato-
biliary Pancreat Dis Int, 2019, 18: 38-47.

Fernandez Vallone VB, Romaniuk MA, et al. Mesenchymal stem
cells and their use in therapy: what has been achieved? [J]. Differen-
tiation, 2013, 85: 1-10.

Charbord P. Bone marrow mesenchymal stem cells: historical
overview and concepts [J]. Hum Gene Ther, 2010, 21: 1045-1056.
Nasir GA, Mohsin S, Khan M, et al. Mesenchymal stem cells
and interleukin-6 attenuate liver fibrosis in mice [J]. J Transl
Med, 2013, 11: 78.

Kuo TK, Hung SP, Chuang CH, et al. Stem cell therapy for liver
disease: parameters governing the success of using bone marrow
mesenchymal stem cells [J]. Gastroenterology, 2008, 134: 2111-
21,2121.el-3.

Aithal AP, Bairy LK, Seetharam RN. Safety and therapeutic
potential of human bone marrow-derived mesenchymal stromal
cells in regenerative medicine [J]. Stem Cell Investig, 2021, 8: 10.
Karp JM, Leng Teo GS. Mesenchymal stem cell homing: the
devil is in the details [J]. Cell Stem Cell, 2009, 4: 206-216.
Hughes CE, Nibbs RJB. A guide to chemokines and their recep-
tors [J]. FEBS J, 2018, 285: 2944-2971.

Wojakowski W, Tendera M, Michatowska A, et al. Mobilization
of CD34/CXCR4", CD34/CD117", c-met” stem cells, and mono-
nuclear cells expressing early cardiac, muscle, and endothelial
markers into peripheral blood in patients with acute myocardial
infarction [J]. Circulation, 2004, 110: 3213-3220.

Bowie MB, McKnight KD, Kent DG, et al. Hematopoietic stem
cells proliferate until after birth and show a reversible phase-
specific engraftment defect [J]. J Clin Invest, 2006, 116: 2808-
2816.

Wang GD, Liu YX, Wang X, et al. The SDF-1/CXCR4 axis pro-
motes recovery after spinal cord injury by mediating bone marrow-

derived from mesenchymal stem cells [J]. Oncotarget, 2017, 8:

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

[83]

11629-11640.

Fang B, Shi M, Liao L, et al. Systemic infusion of FLK1" mesen-
chymal stem cells ameliorate carbon tetrachloride-induced liver
fibrosis in mice [J]. Transplantation, 2004, 78: 83-88.

Wang J, Bian C, Liao L, et al. Inhibition of hepatic stellate cells
proliferation by mesenchymal stem cells and the possible mecha-
nisms [J]. Hepatol Res, 2009, 39: 1219-1228.

Yagi K, Kojima M, Oyagi S, et al. Application of mesenchymal
stem cells to liver regenerative medicine [J]. Yakugaku Zasshi,
2008, 128: 3-9.

Rabani V, Shahsavani M, Gharavi M, et al. Mesenchymal stem
cell infusion therapy in a carbon tetrachloride-induced liver fibro-
sis model affects matrix metalloproteinase expression [J]. Cell
Biol Int, 2010, 34: 601-605.

Sitanggang EJ, Antarianto RD, Jusman SWA, et al. Bone marrow
stem cells anti-liver fibrosis potency: inhibition of hepatic stel-
late cells activity and extracellular matrix deposition [J]. Int J
Stem Cells, 2017, 10: 69-75.

van Poll D, Parekkadan B, Cho CH, et al. Mesenchymal stem
cell-derived molecules directly modulate hepatocellular death
and regeneration in vitro and in vivo [J]. Hepatology, 2008, 47:
1634-1643.

Berardis S, Dwisthi Sattwika P, Najimi M, et al. Use of mesen-
chymal stem cells to treat liver fibrosis: current situation and
future prospects [J]. World J Gastroenterol, 2015, 21: 742-758.
Lin N, Hu K, Chen S, et al. Nerve growth factor-mediated para-
crine regulation of hepatic stellate cells by multipotent mesen-
chymal stromal cells [J]. Life Sci, 2009, 85: 291-295.

Chen S, Xu L, Lin N, et al. Activation of Notchl signaling by
marrow-derived mesenchymal stem cells through cell-cell con-
tact inhibits proliferation of hepatic stellate cells [J]. Life Sci,
2011, 89: 975-981.

Wang PP, Xie DY, Liang XJ, et al. HGF and direct mesenchymal
stem cells contact synergize to inhibit hepatic stellate cells acti-
vation through TLR4/NF-«B pathway [J]. PLoS One, 2012, 7:
e43408.

Hu C, Zhao L, Duan J, et al. Strategies to improve the efficiency
of mesenchymal stem cell transplantation for reversal of liver
fibrosis [J]. J Cell Mol Med, 2019, 23: 1657-1670.

Dong S, Su SB. Advances in mesenchymal stem cells combined
with traditional Chinese medicine therapy for liver fibrosis [J]. J
Integr Med, 2014, 12: 147-155.

Hu C, Zhao L, Li L. Genetic modification by overexpression of
target gene in mesenchymal stromal cell for treating liver diseases
[J]. I Mol Med (Berl), 2021, 99: 179-192.

Khadrawy SM, Mohamed HM, Mahmoud AM. Mesenchymal
stem cells ameliorate oxidative stress, inflammation, and hepatic
fibrosis via Nrf2/HO-1 signaling pathway in rats [J]. Environ Sci
Pollut Res Int, 2021, 28: 2019-2030.

Snykers S, De Kock J, Vanhaecke T, et al. Differentiation of neo-



T BAR B IR 8T A0 A R A A AL R T E R - 873

[84]

(85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

natal rat epithelial cells from biliary origin into immature hepatic
cells by sequential exposure to hepatogenic cytokines and
growth factors reflecting liver development [J]. Toxicol In Vitro,
2007, 21: 1325-1331.

Snykers S, Vanhaecke T, Papeleu P, et al. Sequential exposure to
cytokines reflecting embryogenesis: the key for in vitro differen-
tiation of adult bone marrow stem cells into functional hepato-
cyte-like cells [J]. Toxicol Sci, 2006, 94: 330-341; discussion
235-239.

Chivu M, Dima SO, Stancu CI, et al. In vitro hepatic differentia-
tion of human bone marrow mesenchymal stem cells under differen-
tial exposure to liver-specific factors [J]. Transl Res, 2009, 154:
122-132.

Forte G, Minieri M, Cossa P, et al. Hepatocyte growth factor
effects on mesenchymal stem cells: proliferation, migration, and
differentiation [J]. Stem Cells, 2006, 24: 23-33.

Wang Y, Zhang H, Wang H. Progress of interference of traditional
Chinese medicine on cirrhosis treated with bone marrow mesen-
chymal stem cells [J]. Evid Based Complement Alternat Med,
2021, 2021: 5569274.

Peng XJ, Bai H, Wang CB, et al. Effect of astragaloside IV on
the proliferation and cell factor expression in hBMSC [J]. Prog
Mod Biomed (ARAEY) B 223 /i), 2014, 14: 1452-1455.

Huang J, Zhang J, Xu ZW. Effect of astragalus polysaccharide
on the proliferation of bone marrow mesenchymal stem cells and
the expression of stem cell factor in vitro [J]. Fudan Univ J Med
Sci (F B3 (E %)), 2011, 38: 343-348.

Wang L, Li S, Wang HY, et al. In a rat model of acute liver
failure, icaritin improved the therapeutic effect of mesenchymal
stem cells by activation of the hepatocyte growth factor/c-Met
pathway [J]. Evid Based Complement Alternat Med, 2019, 2019:
4253846.

Liu JK, Song YF, Liu YZ, et al. Cordyceps polysaccharide
induces differentiation of adult rat mesenchymal stem cells into a
hepatocyte lineage in vitro [J]. Chin J Tissue Eng Res (* [E£H 4!
TRERFFE), 2012, 16: 9221-9225.

Chen Y, Zou WJ, Wang SF, et al. Curcumin induces the differen-
tiation of bone marrow mesenchymal stem cells into hepatocytes
[J]. Chin Tradit Pat Med (4 $%#4), 2014, 30: 1124-1128.

Dan YE, Wang F. Analysis on the therapeutic effect of rhubarb
extract in the model of rats with acute liver failure [J]. China
Modern Doctor (H E IR A=), 2017, 55: 32-34, 169.

Ping J, Chen HY, Zhou Y. Effect of Yiguan Decoction on differen-
tiation of bone marrow mesenchymal stem cells into hepatocyte-
like cells: an experimental research [J]. Chine J Integr Tradit
West Med (* [E Hh iR 45 45 24 &), 2014, 34: 348-354.

Li HM, Gui W], Li JJ, et al. Effects of Zuoguiwan on the liver
regeneration related gene signaling pathway in female mice
with male mice bone marrow transplant [J]. J Clin Rehabilit
Tissue Eng Res (4 B 41 21 T2 0F ¢ 5 IIfi PR B &), 2008, 12:

6069-6073.

[96] Huang JJ, Huang HN, Wang ZC, et al. Effect of Biejiajian Pills
interfering with SDF-1/CXCR4 signaling pathway on bone
marrow mesenchymal stem cell transplantation in treatment of
liver fibrosis [J]. Lishizhen Med Mater Med Res (I & [E &
24), 2018, 29: 1565-1567.

[97] An WD. Differentiation of Induced MSCs In Vivo and In Vitro
with Rats Hepatic Fibrogenesis Environment and the Effect of
RGJ (#1578 57 T 40 A 5 17 23 A M 400 1 5 1A % A R U
L P 68 21 2 AL T 1K BRUEF T B8 52 W 9 8T 7T) [D]. Dalian:
Dalian Medical University, 2005.

[98] Varkouhi AK, Monteiro APT, Tsoporis JN, et al. Genetically
modified mesenchymal stromal/stem cells: application in critical
illness [J]. Stem Cell Rev Rep, 2020, 16: 812-827.

[99] Marquez-Curtis LA, Janowska-Wieczorek A. Enhancing the
migration ability of mesenchymal stromal cells by targeting the
SDF-1/CXCR4 axis [J]. Biomed Res Int, 2013, 2013: 561098.

[100] Ma HC, Shi XL, Ren HZ, et al. Targeted migration of mesenchy-
mal stem cells modified with CXCR4 to acute failing liver
improves liver regeneration [J]. World J Gastroenterol, 2014, 20:
14884-14894.

[101] Wu SP, Yang Z, Li FR, et al. Smad7-overexpressing rat BMSCs
inhibit the fibrosis of hepatic stellate cells by regulating the
TGEF-f1/Smad signaling pathway [J]. Exp Ther Med, 2017, 14:
2568-2576.

[102] Iekushi K, Taniyama Y, Kusunoki H, et al. Hepatocyte growth
factor attenuates transforming growth factor- £ -angiotensin II
crosstalk through inhibition of the PTEN/Akt pathway [J].
Hypertension, 2011, 58: 190-196.

[103] Nakamura T, Sakai K, Nakamura T, et al. Hepatocyte growth
factor twenty years on: much more than a growth factor [J]. J
Gastroenterol Hepatol, 2011, 26 Suppl 1: 188-202.

[104] Iekushi K, Taniyama Y, Azuma J, et al. Hepatocyte growth factor
attenuates renal fibrosis through TGF-f1 suppression by apoptosis
of myofibroblasts [J]. J Hypertens, 2010, 28: 2454-2461.

[105] Yu Y, Lu L, Qian X, et al. Antifibrotic effect of hepatocyte
growth factor-expressing mesenchymal stem cells in small-
for-size liver transplant rats [J]. Stem Cells Dev, 2010, 19:
903-914.

[106] Kim MD, Kim SS, Cha HY, et al. Therapeutic effect of hepato-
cyte growth factor-secreting mesenchymal stem cells in a rat
model of liver fibrosis [J]. Exp Mol Med, 2014, 46: ¢110.

[107] Kosaka N, Sakamoto H, Terada M, et al. Pleiotropic function of
FGF-4: its role in development and stem cells [J]. Dev Dyn,
2009, 238: 265-276.

[108] Choi SC, Kim SJ, Choi JH, et al. Fibroblast growth factor-2 and-4
promote the proliferation of bone marrow mesenchymal stem
cells by the activation of the PI3K-Akt and ERK1/2 signaling
pathways [J]. Stem Cells Dev, 2008, 17: 725-736.

[109] Wang J, Xu L, Chen Q, et al. Bone mesenchymal stem cells over-



y

874 - 2% %R Acta Pharmaceutica Sinica 2022, 57(4): 863 -874

expressing FGF4 contribute to liver regeneration in an animal
model of liver cirrhosis [J]. Int J Clin Exp Med, 2015, 8: 12774-
12782.

[110] Chang X, Ma Z, Zhu G, et al. New perspective into mesenchymal
stem cells: molecular mechanisms regulating osteosarcoma [J]. J
Bone Oncol, 2021, 29: 100372.

[111] Loebinger MR, Eddaoudi A, Davies D, et al. Mesenchymal stem
cell delivery of TRAIL can eliminate metastatic cancer [J]. Cancer
Res, 2009, 69: 4134-4142.

[112] Pessina A, Bonomi A, Coccé V, et al. Mesenchymal stromal cells
primed with paclitaxel provide a new approach for cancer therapy
[J]. PLoS One, 2011, 6: €28321.

[113] Krueger TEG, Thorek DLJ, Denmeade SR, et al. Mesenchymal
stem cell-based drug delivery: the good, the bad, the ugly, and
the promise [J]. Stem Cells Transl Med, 2018, 7: 651-663.

[114] Nawaz M, Fatima F, Vallabhaneni KC, et al. Extracellular vesi-
cles: evolving factors in stem cell biology [J]. Stem Cells Int,
2016, 2016: 1073140.

[115] Baek G, Choi H, Kim Y, et al. Mesenchymal stem cell-derived

extracellular vesicles as therapeutics and as a drug delivery plat-
form [J]. Stem Cells Transl Med, 2019, 8: 880-886.

[116] Li H, Yang C, Shi Y, et al. Exosomes derived from siRNA
against GRP78 modified bone-marrow-derived mesenchymal
stem cells suppress Sorafenib resistance in hepatocellular carci-
noma [J]. J Nanobiotechnology, 2018, 16: 103.

[117] Rombouts WJ, Ploemacher RE. Primary murine MSC show highly
efficient homing to the bone marrow but lose homing ability
following culture [J]. Leukemia, 2003, 17: 160-170.

[118] Dostert G, Mesure B, Menu P, et al. How do mesenchymal stem
cells influence or are influenced by microenvironment through
extracellular vesicles communication? [J]. Front Cell Dev Biol,
2017, 5: 6.

[119] Lopatina T, Gai C, Deregibus MC, et al. Cross talk between cancer and
mesenchymal stem cells through extracellular vesicles carrying
nucleic acids [J]. Front Oncol, 2016, 6: 125.

[120] Whiteside TL. Exosome and mesenchymal stem cell cross-talk
in the tumor microenvironment [J]. Semin Immunol, 2018, 35:

69-79.



