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Recent progress in the induction of bone marrow mesenchymal
stem cells into hepatocytes

LI Yuzhen', FENG Lijuan', PAN Yigiao', RUAN Bowen', ZHOU Xiaoling**
(1. Guangxi University of Chinese Medicine, Nanning 53000, China.
2. the Third Affiliated Hospital of Guangxi University of Chinese Medicine, Liuzhou 545000)

[ Abstract]  Bone marrow mesenchymal stem cells (BMSCs) are non-hematopoietic stem cells in the bone marrow
that have the advantages of multidirectional differentiation and low immunogenicity. Although liver transplantation is an
effective treatment for end-stage liver disease, its clinical application is severely limited by the shortage of donor liver
sources and rate of immune rejection. The differentiation of BMSCs into hepatocytes in vitro using different induction method
is applied in the treatment of advanced liver disease, and represents a new treatment method for liver injury. This article
summarizes the isolation culture, and the common method and mechanisms for inducing BMSC differentiation into
hepatocytes that have been described in the literature in recent years. A clear understanding of these processes will provide
a strong theoretical basis for future clinical applications of BMSCs in the treatment of end-stage liver disease.

[ Keywords]

bone marrow mesenchymal stem cells; induced differentiation; hepatocytes; end-stage liver disease

5 8 (8] 75 5 T 40 il ( bone marrow stem cells,
BMSCs) 2 & T HIRZ W — K2R T4, /A7 T8
B R ST A, O R R B 22 1) AR TR RE T
i, Bofr A FRIE 5 2 ) oAk e e Y (R ik
I S AEZ i B AR HAEAR RS 4% 0
AT LA AR O ATLZR P 2 200 P s A i S
SHE . BT BMSCs £ 1 sy b 3k, B2 5 3k

B AARAMEEE PR A5 AR 3 PR R M R Ay B e e ik
JF A ST el R I AR S R AR A R
KIS R 3 13 40 i RS ML £ A K BMSCs %
FEHEA 52 450F v, X8 405 09 I B — B R AR
FHH F 2Rl AN R 75 5 25 A BMSCs 2 7] 43
EAA DIRER AR S I R FE L R B, AR ES
i BMSCs FJ LB s £ 45300 4 fh a4, i D e

[E£WA ] HEK AABERS (81760855) s M T 1 FHEARBI S5 IFBGRITE H (2018AF10503 ) 5 ) 74 B2 24 2 A 9 — e L F 52 A7)

A1 H (YCSY2020057)

[{EE® AN 12 (1993—) , Lo W -H A5 A WF5E i ) R EE 25 73R TG . E-mail ;. 1058537615@ qq.com
[EEEE RN (1977—) , Lo, EALEIN A 0758 10 . P EZBE R, E-mail; 2x1_12@ 163.com



R P AT BE A AR 2021 4E 9 A4E 31 #4591 Chin J Comp Med, September 2021, Vol. 31,No. 9 131

W R A RN, A RO v A 9
SRIMT, X T BMSCs 1 FH 43 89 B 95 A4 5 073k, DA
e 1) JH 240 1 3 Ak 08 75 5 O 1 B A AR BRI o e =
RGBS A SC R Z X BT 453k, R
B 4% BMSCs A5 5 3 1 0 v S 7 o 9 12 T 42
LR

1 BMSCs WE Ao BEIEFMEERE

1.1 BMSCs WERSBEERAE

HAiH A BMSCs 43 125 35 57 07 A 4 i il
BEIT B SR i U o Bk VB0 i Al
WA AT B T S i Bk 4y e vk O Hop R
R E R 4% 43 B WA 1 L0 85 0 A M 5 b R 22
Sl G FAZ B, H AT K 2 500k 53 Hh R ) 2 B AR
R HARA AN M A i R 2 SR R ) BRI A
UG BE S B AN R R 0k (A R A
Gl R AT R 2 3 76 4 B B UG B A g vk R A 1
PEATAIE AL, P A e AR A B e N R
3 dFLEVE R R R VR R AR T R S RE
Y REAE R R L B R T 50% i, 44 e il A7 =k
AR, BLIEFRAS T 400 BE 555 i) BMSCs ; [i] 48 7 25
WAE B2 — 5 S [) J5 R 122 b AN W 2 A At B i A 7
B JFHE 12 .24 h EH—REEFRIR, U
V55 Uk A PBE MR AR T W R KR
BMSCs;; W35 2t B 5 W 85 57 07 ik o Je 34 Al 45 31 2 B
BRI BMSCs , A A50fifk DR PR 240 Jfd 43 25 40 BE AN AR5 )
SR AR R Rl R T A TSR AT
1.2 BMSCs EHEEFE

TE BMSCs % 5€ J7 [fii, SCHR Z it i BMSCs 7EJE
B ERIN ARSI R & B S
HYF AR, {5 D AN 28 38 366 101 200 Jf 32 T A 7
W, R B R S AR A A 0 e T A
FE . BUAH B H A8 1 BMSCs 22 3% 55 FHM: 50
FH4: A CD29 ,CD90 ,CD73 ,CD105 ,CD49 , /A % ik B,
557835 CD11,CD31 .CD34 .CD44 .CD45 118200

2 BMSCs ES MM E BFix

BMSCs EA 2 1] 73 A1, 5 H: ] 1400 i 73 A6 5
LRSI MR R Z AN T 2 P an
fufi v S ARAIE BMSCs 6] JiT- 48 i Ak B A 20RO F
FORE Tl PRI T & H AT TS ) 2 5 AR A,
G B A D ) R, v 2 21T L A
B PR DR SO 5 sl A ) B 102 5 5 Y

J7 3K, AR A BMSCs AN [ 7% B b [ AT 40 M 1
2.1 HHEHMBFFS

Har 2582 i H T R I R IE 7 4
SR T rh s I, 2 A I e A I DR AE
REBERIE R /N R R R A SRR, A 2505 7
kG BMSCs BAHTATT 2R W0 B2 B3 L, (H
FheiE g5 oy 2k H 2 4% ME RSz, R
BRI T X AL ST B R R 2y
25 L 2 BMSCs [i] IR 20 fb 2 B A 30

TG LA 2 v 25 52 5 J2 R o7 A 10 2 T
TR 2e 3 g5 7], BF 5% 3% ) e HR DAL 5 24 0l v R
BMSCs [i] -4 4% Ak A7 42 4, HL A 008 27 4
B R SR B T 25 %) BMSCs 5343
TRRVE T AE LR B 1 FAML ] i A B A > s il
RS B, AT 25 S 4 1 259 1 A AT A
AT T BMSCs 7€ [n] 43164 i 40 i, H X BMSCs
EUR AR, T Bl & 250 v B (0 15 i K 3% 52 5[]
MRER AR e AW 2 5540, BT B B
AEBE” BRIS | Zhou 251 8 i PEAL A TR T TR AME RS A
BMSCs 677 Ak R B YT 4%, %6 FH BMSCs XA H
245 A BRI (1SSQ 41) HEAT 10, S5 RIESE T H 24
AR B IA IR A BMSCs B8 AR X 236 TR 4k K B
BITVER, LK T fE 1SSQ HAT A +MIT ', fi k-
BEFRAE RO RE , AR AR N R HE T 250 T 40 i )3 5475
SHIVEI L3 T BMSCs 15 S 4046 S 375, A
MZ 5 FA A, BRI 2% R B e A
PR R W B 1 EEE A > —Y RS
BMSCs [l FF4IA s bt f e, 2203 ) DA Il
TR R 28 DI 7 25 &, B S LA R R
I MR 423 2% AN AR B L 10 BF 5% i 95 i B
BMGE T R BT, TEUL R 1, g i
AR v 2 1003 5 S 5 3 N T T A K
W R E— 2B IS, B0 [ UE Y 1 19 R FH o 24
2 MTE T HEA T AN R 2R
2.2 HREEFHFS

S Y ER] - 2 — 2 Fh 0 58 A0 i R B BB £ 5 A
P 28 LT G B A0 i B I A i R Ny
THEE BT, WP T35S BMSCs 1] i1 41 i 43
b, BUYEEYTHREAFMBRARKHF
(hepatocyte growth factor, HGF) &4#}M7'S: BMSCs [1]
FFER 0 Ak LA VR BE =20 we/L His St =6
h/d A, %SRS HGF W M4 H ik St i) 2
IEAIEME . Putra 25770 & BUAE M4SN I A2 KR



132

P R BE A 2 2021 29 A%E 31 55 9 ) Chin J Comp Med, September 2021, Vol. 31,No. 9

*1

R (RC P NS

Table 1 Classification and representation of commonly used Chinese medicine sera containing drugs

A

s S,
REA

Nourishing kidney to produce marrow

iy 2
Zhou Xiaoling

T
Ping jian

proliferation

AT} 507 36 b T s Ak
R BB 1) 3E 5T 40
AR G S U 2
Observation of the effect of
bone marrow mesenchymal
stem cell transplantation by
different interventions on

cirrhotic rats

— GRS B 8] 5T T 2
J53Ak Sy T 200 1 A 240 £ 52
B WF % Effect of yiguan
decoction on differentiation of
bone marrow mesenchymal stem
cells into hepatocytelike cells:
an experimental research

1R T AL
Author Invigorate the circulation of blood
eS| TR g
Category Wen Zhixi Han Haixiao
EHROLE MG BT e s
KRR P A A AT i
Sy A RS e g B T A
. %%  Research on the ORORCICIUE
BH transh "t' ] ¢ Influence of Tiaogan Yiqi
Title ;:n:tz::ni ton from hor?e Tongluo formula serum on
patoeyte " bone marrow mesenchymal
marrow mesenchymal stem 4 ells
cells by biejiajianwan ( % em el
FIATHL) drug serum) in vitro
HE )
I B T35 4
compound Biejiajianwan Tiaogan yiqi tongluo formula

FEERY
Jisheng Shenqi decoction

— B

Yiguan decoction

(vascular endothelial growth factor, VEGF) I T,
BMSCs AJ [ 43 43 i 20 213 7% - 7] i — 20 5 Ak It
FRIF AL, H & S N 45 25 7 42 S BMSCs #AE 1Y
BRI BTk ZUAEE S -3 (Gal-
3) BEA HGF i3 KRl BMSCs [ JIF 41 % Ak iy nl 17
PE S A5 T i, WS SR AN [R] vk B SAS (] Bt (1]
T BMSCs HYZHMIE 2527 28028, 45 2R A 4% 2 BMSCs
T 28532 1w JH- 240 1 A, 5 BE P T 2 4 i A 4B
HAHREE 0.5 pg/mL (L HIAES 28 K a] B 5 %)
HRZH TAR20 41 i s AR, B IR A EEE 2%
FEY MR i R, mRNA R A8 4 41 I e 3
o MR R P galectin-3 155 BMSCs 43
A 4R 25 B8R ZR 1 (albumin, ALB) mRNA &
FHHEH 18(cytokeratin 18, CK-18)mRNA & AFP &
HR IR, 5 HGF BR& #4715 AT 4 5 BMSCs
[a] JF- 0 55 o A RO
2.3 HARHMBERESHABREFES

Fu 5500 SR I v 2 — BRI 24 1003 Bk A& HOF
FNIE AN A AT A2 P F 1 (stromal cell derived factor-1,
SDF-1) 7EKS1F S BMSCs [ JFF 4 41k , 25 SR 3 1
ThZiiE A (YGI ) &t —E WG R s,
BMSCs HSE A2 1] BT 4 A e Ak, LR & ALB Al
CK-18 FHE 40 I )LL) 2 L A Tk, st i
Bl —BLRE 25 TSR 5 HGF Al SDF-1 4%/ il
BMSCs ] DAk HE 18] 534 S ST A0 L, 50 504t 1 240
PR 75 R A i  BRHE AR v 2 25 9 2
BB RIG AT 4e A K 7 -4, FGF-4) i
T BMSCs & [n] 706 & R, & B 2 50) k1) 22 4 25 T
B 05T BMSCs 2B AT A, (HEK & FGF-4
(I T AR 22 B R IR B, H 2 ] 5 (AR

— it L HARAE FIPLA
2.4 (EBFREME

TR TE BMSCs [0] -4 8 7€ 1] 43k B v A
BOCHEEAVER, 8 o B RO R v 5 = T 4
U ) JEF 240 B 434k, E ELAR A ML o 1 0 5, B2 5F
VR PR AL K R 25 5 2 AP B IR AR N
HZE A B 2, 3— XUl 48U 2% A IR
H o HPE AN EAREIE R THERA, I
T 255 25 1L 7 RE 3 35 BMSCs 76 JIF 58 58 S 3R 5%
T T2 R 3 B S R R T I 4 v T A
I Razban %% 1k HIRR IR 2 BERT Z A0 IV ARG
SRR S X BMSCs #4715 S0k, 45 R %]
CYP3A4 fif {5 14, AFP, ALB Fl ¢-MET %5 [ 7K F 7+
51, UER 7 BMSCs A 74k R A 240 i | ol 58 1 2
RERYIIRL, 2% U BT IR LAY BDIR S R,
AT LA BMSCs [1) 7400 i 14 o AL B 148 B 4 1% 440 £
PREE DR AR LI 785 %6 K Bl BMISCs i) JiT- 201 i 43+
A5 |, 25 FE B AR AL AT 755 BMSCs [1] T4
B 5 ) o4k, SR E AR A AR K

FAR I 5 2 W JHF 40t R 31 JHF S 5T 40 it 7 1A 4
L 3T 3 1ok S o 240 M 1] 9 AF ECAE 78 o UL
AR A N 1) 2 A7 R85, A8 0 I 400 B 24 5 5 4k,
FEORFEIF AR A A2 ThRe . L, LR 5702
JHF 2 R RIS | 5 3 1 15 SR I e 23 ) a3 FH ) BRARL
K273, Zhang %55V BRI IE B AE LB 5 R G,
BMSCs {4 3 1E # 34 51 F1i& 1 09 [8) i), 5% 1 3% 38
ALB _AFP il cytokeratin-18 ) mRNA & F|7J<¥, it
BMSCs s+t M4 1T oe e . 5i4h, 5
B850 2 D B3R IEMI L 3 D RGE 0] B R R IR 2%
BB, BEAR R BMSCs ML EE Ty, A B T 45



R P AT BE A AR 2021 4E 9 A4E 31 #4591 Chin J Comp Med, September 2021, Vol. 31,No. 9 133

JIF40 0 %) 5 2 BE J7 . Lin 227 F T poly (lactic
acid-glycolic acid) (PLGA) AL 3 D RS, ¥
BMSCs FUFZAMIFEAT S 1537, 25 RAEW] T PLGA 3¢
Zarh BMSCs 5 434k ki 40 i B 8 07, i HL 2R W
1:5 ( BMSCs: hepatocyte-like cells) Y Lt ] 5% i &
BMSCs 34§ PLGA AR b (% -4t A G AR & o
2.5 HEHFEFE

BEAN, SR EEAEDT SR W B (1 I ik F 58 AR
XPVETT AR A AR SME I BL , & 300 15 SR 97
PR R VA AT 5 BMSCs [n) I e f% 4L, #2
o R BRI V7 F 440 DXL 1 7K T R T A A R
HALHITRE S A BB AP AR C, Fhist™ 3%
TICR Y A [ O A I B R R 175 5 BMSCs
A ) A B8 434k Sk B AR Y BT AT R B R ]
W05 32 0 T2 Ty e S A o) 4 0 T A 4
MR, Li B2 W9 R BUME 75 48 IR 4 & HGF T
SU NG = & (5115 Wi e i o P vk = 7 B R G
W7 L 715 S BMSCs 23460 40 i 2L A 40708
RIEH D B R A, 6 T S 50 1 BIF 90 AT 4 e mT 44
PR

Bifi o IR 0 e 22 2R 0T, 1] Ik BHL 28 £ 1)
ok v H s O A B ™ o 3 — 25 S B L B ) 2
YR A A 2™ R O R 4, PR 4% 25 Rehn
SO RSB S R 55 N BMSCs 5 T 20 At 7 4= 1 5%
R, R PR TRAL B T B3R BMSCs A5 iy v
VEGF MZRIA , #E = 40 R 0128 11 D1 A9 3RIAJF1E Rl
LY AR K3 R, UEBH T 585 0L T BMSCs
AT T A ) AR A S Ak O T AT e AL R B
VRIRIESE U] T R 5 T vl {2 f BMSCs 1)
K5, A H AR AL

3 BMSCs K RFS S A AR E

BMSCs MY REFE ST 4316 R BT 40 L, 7 14
N HA 234k A R 40 Bt A i A2 Hwang %[42: %
BMSCs A ALK BT, & B8 & i 28U Y
BMSCs , AT 28375 5340k 0 20 AR 200 it , o5 s £
KL A AR, Jang 5 WAESE THESE T
BMSCs 7E 44 N 8 175 7 4046 41 i, 9F & 38 TGF-
B1 15 = il #% 1Y T W B N F P-Smad3/Smad3, H
BMSCs #AEH] T Smad3 MR 1L

4 BMSCs 53 4L 25 BT 48 el g9 4 K AL I

EA BRI, 12 AR A7 S 07 ik e 2
TEAR IR SE R SM 14 AT 55 BMSCs R )5 1) 731k K

JREEm A, (ELELAR B 2 WL i R A ) BRTK
oy E IR BMSCs 5E 7] 4316 A 440 Jf 2 356 135
3 3 DR B P T o B 22 St 2 3, DA ol %
SO SRR (A B s ] 4 A

4.1 Notch E5iE®K

Notch 15 5 41 i IE W A &AM Z 4T
T2 ALHG 40 A A o0 A U8 T 3 A K 4 i i B R R
A, WA A0 % 3 BMSCs i) 40 i 5 1) 43 Akt
PG HE L ] mRNA RS TR, 75 11 K1Y
ALl Jagged-2 ., Delta-1, Delta-3, Notch-1, Notch-
2. Notch-3 Fl Presenilin-1 f) mRNA T F& i I i,
FIFH Jagged 5 BMSCs 3[R 1% 77 ] Notch {5518
BEHEBZE 21 d BMSCs A F ik H R Wb &4 M2-
PK 1 GST-P , B W F X B4, H 434k 2 26 d Bf 43
UL B K, IEW T R Notch 15518 47 Bl
F BMSCs 5 [ L A AT, IR LR e B o
& & PBEE AN A K T S BMSCs 404k 0 T 41
R 3 Ak % B 14 55 Noteh-1 25 1 % 3% & Notch-1
mRNA 25 N
4.2 NF-xB 5Si@%

NF-wB {5518 4 e 48 il 7 22 40 i 25 280 v 41 ff 334
B, AL R T8 E R E . Yang 25 i 55 % W
MBI T NF-kB {55 )5 HGF i55 BMSCs 23k M AT
AR T [, W1 T HGF i@ 3 NF-xB {5 51 &
755 BMSC [ FFRE 40 i 59 4 Ak, JEdh BILI vl g 5
NF-«B {55 B30 %o T 40 e 348 B R T A A
Ko FAG &M BRI NF-xB 7 HGF H1HF 41 40 %
(LTF) 55 BMSCs 43k hy JHF4H it i 52 o v & B, 28
PIFP AR AL 5% T A NF-xB 88 M AAT &
3 5h T N BT NF-kkB 050 T W5, %
IR b A ) 2E i I R R, R T NF-
kB {553 B A2 1] 20 A 5 T B B AE H
4.3 Wnt/B-catenin {5 S8 B%

Wnt/ B-catenin 155 518 -2 Wnt 4% TP 2 85
Sl Z —  7E BMSCs 204k b T 41 v % 4% B 5 1)
YEF ., Xiang %7 FE0F 52 v & B FH o 26— B i ]
{2t BMSCs [n] 20 M54k, FERLI I T8, 25 F 98 Wne
1755388 S5 14 T st 2 o o 200 e A 348 30 2 1 oA R o
RERIATANIE ., 140" & Bl miR-26b ] 38 i 14
7 Wnt/B-catenin {55518 {2 7 BMSCs ] 1R 41 g
oAk B AR SE LB 178-E2 YEFIF BMSCs I, BR
S HA KR B ot i | S RRAPRAE SEL A I 8 1 U
T2 R JEUE 178-E2 %F BMSCs 434k A HFAE 4 R 1
PEHEVE T, HHLHI AT BE 55 17B-E2 F 14 WntB-catenin
{55 Wnt3a 1 B-Catenin 4 5,



134 vh [ AR BE 2R A 2021 4R 9 H A 31 B 9 Chin J Comp Med, September 2021, Vol. 31,No. 9

4.4 FBBEFHESSUBENE

5 B TR LA 45 T A BTG B R AT B/ (1 S
A & A AR AT B A E EEEH, &
WUBE 2 RS B2 5 T BMSCs 4ME 0 JF 41 il
Pt R M A 5B JE BMSCs 43 16 % B I [
A%, (O EAR A VR LT B BT R ik — 2058

5 BZ5

oy =A

iz 1l BMSCs B M 75 5431 0 I 40 i AR 3R 7
LA IR AE S S50 5 T U T )12 A IA T il
A 2 AN A K T R B A A S
J5 ¥l BMSCs 22 1175 520 AL Al i, #05AS ) 2 i
ik 3 T K BRUORFEF 4E AR 18 B0, b fE IR K i
BMSCs B HLIATT 2K WA $ (it 7 i 22 1 2 i
SC, AR R HAE G AR Ok A BRI g, (EE B
BMSCs BAHEE A 76 8l ¥y 52 56 J5 1 BUAR T — &2 (97
B, M E IR %A H TG R R R EEE, B
Se MR FokiE, 20 2 LUJE , AR BMSCs 19501k
FIUA R R I LR A I A 3 K BMSCs A3 5 fig
Tt &8 R A AT REFR Il i BMSCs ik 15
S 19 200 B A 1 PR FH 5 LR BMSCs 482 {75
Rt HoAr S R AR B , 5 BMSCs 436
JF 20 B B I s ML 1 o B A , o RS AR S 4 B AN
RSN B S 75 2 8 — A Jin 5 £ 4 b o 9
TR IR 4 FE T 5T 45 . {H BMSCs 2 B A7 B Rk i
RE S e PR IS FH A 5% 19 2 D e 40 il 22— , B
TR BAEN REUSE 1715 S BMSCs [ 4 i /1L i
PSR aOE SR BRI RS, (i E BMSCs 113
{8501k, % ¥ BMSCs X T 52 9 09 FURR A T, 2 055
BMSCs BAH I i IR 32 FH Z6AT5 8 2 304 I 430 S AF
FEMTE SN

Sk

[ 1] Srijaya TC, Ramasamy TS, Kasim NH. Advancing stem cell
therapy from bench to bedside; lessons from drug therapies [ J].
J Transl Med, 2014, 12(1) : 243-260.

[ 2] Alfaifi M, Eom YW, Newsome PN, et al. Mesenchymal stromal
cell therapy for liver diseases [ J]. J Hepatol, 2018, 68 (6) :
1272-1285.

(3] KSFLr, ABM, M, 55 S IEIRES KR B 5T
BT B RE A (], ob [ R AR B AR, 2010,
26(11) ; 2207-2211.

(4] Hfn, BAAM, Bk, S5 mON B8 8 58 5T 40 R Sh 1
HIE 1) 5 43 A S B R A 5 (0], E AR A2k
J&, 2001, 11(10) : 1062-1067.

(5] Tilgd, 7. SEsbaahm 7o T g0 fd 58 Jr vk i oF 57 i e
[J]. hEZE P, 2014, 25(37) : 3532-3534.

[6]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[20]

[21]

[22]

[23]

IR, 25, BRI, S B RE R BT A0 A A AT DU
IR R BUFLF AL Y SR DF 5T [T]. A7 R4 (B A
F2ERR) , 2019, 37(5) : 636-641.

FWOF, XS, FREAR I, 4. B8R FE T A
X P T iy DR B 3 ot 240 A3 A A A PR - o L A8 A B
AR TREWEN (1], hRITIER A, 2018, 26(10) :
750-755.

Yan L, Sha L, Feng Y, et al. Bone marrow mesenchymal stem
cell treatment for end stage liver disease: a case report [ J].
Asian J Surg, 2020, 43(2) . 454-455.

Zhang D. A clinical study of bone mesenchymal stem cells for the
treatment of hepatic fibrosis induced by hepatolenticular
degeneration [ J]. Genet Mol Res, 2017, 16(1) : gmr16019352.
e, RMREE, XU, S5 Rl E R ] BT A0 M S ik
ROX LRSS [J]. W p O I8 2 &, 2020, 26(2): 225
-229.

DGR, B, S, 5. 2EE.O HEEEL IR
B o AR T S ) FE 5T T 400 i 7 8 A i b 18 1z T g S
22 [J]. INREEZS, 2019, 59(12) ; 48-52.

FII, AR B R T 5T 20 TR I R o 114 S
LR [J]. HEWeRlaE, 2010, 5. 60-62.

ZSUEHE, 270, 2297, 4. SD R BB R T T 4 A R |
aife S5 %€ (1], PR EBEEZ, 2016, 26(2) : 117-120.
R, sk Eh, EOE, AF. /BB ST T A0 i Y 4y
B RERFOT 1], JFIE, 2017, 22(3) : 252-255.

MRTY, KB, BUBTE, . R I 7 BT 40 B A SN R 3R
R s s it [1]. i BERER%240, 2015, 35
(8): 1090-1096.

ZNE, B, SRIRAE. MR IR E S B A S R R
AR BB T A R B U A AR ST [T, hAerp R
252835, 2020, 35(12) ; 6011-6014.

KK, SR, BRI, SF. SRR EHIES LR 4 X R
[ FE 5T T AN AT 5 M R ()], SRR B S R
2%, 2020, 40(2) : 87-94.

WP, BEIEAS, BRAAC, 45, RBUOGTY SR R IR AL 40 g 1) 43
BUE ORRE e 1], Th IR H ST RRRFSE, 2019, 23
(21) : 3364-3370.

A, 2, BhEe, A ORBUEBER SER T A0 4 B %
TE S URAT KO AR AR RO ()], SRR 2540, 2018,
30(5): 1-4.

Kumar B, Madabushi SS. Identification and isolation of mice and
human hematopoietic stem cells [ J]. Methods Mol Biol, 2018,
1842, 55-68.

TR, BEA, TR, B RULE 25 10075 7 5 K A B
)5 T A A S T AR AR RS2 5T [J]. P B2 Sl
2019, 25(1);: 35-38.

U, TERE, W, . VAT 26 SO %07 250 M Rt
1) 72 0T 20 B S 52 ()], 1D T BESRAR, 2014,
41(1) . 172-173.

Zhou XL, Yang JQ, Liu Y, et al. Observation of the effect of
bone marrow mesenchymal stem cell transplantation by different
interventions on cirrhotic rats [ J]. Braz J Med Biol Res, 2019,
52(3) . e7879.



o P A R Ak 2021 4F 9 A 5B

31555 9  Chin J Comp Med, September 2021, Vol. 31,No. 9

135

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Tk, THH, TLFMK. )R HRE 1L A 2R 1 5 2R 0 i
SR AL PE 4> B F P68 Child-Turcotte-Pugh 4325 14 FH 56 PR 151
[J]. EbRRERZEARE, 2013, 35(4) : 292-294.

THE, BRELE, 5, &5 — BUE S B REE SE BT 4 i)
AT AR A SE R T (1], W R P R4S 5 208

2014, 34(3) : 348-354.
W6, BRITMG. JT A0 A A P A e JEE R0 I [R) X

6] 780 1240 L 1y I 200 A A it e [0, R, 2013, 18
(6): 382-385.
Putra A, Rosdiana 1, Darlan DM, et al. Intravenous

administration is the best route of Mesenchymal Stem Cells
Migration in improving liver function enzyme of acute liver failure
[J]. Folia Med (Plovdiv), 2020, 62(1): 52-58.

RIIE, RRAIR, 2200, &5 FFUMBEE R -3 B HOF
R 5] 58 5T T A0 o AL oA AR AR (], R,
2016, 45(15) : 2043-2047.

W, RTR, WOIOK, % Galectin-3 ¥ K B i [H] 5T
B A e FEREANMLL T ] me T BERR RS2, 2018, 38
(9): 1076-1082.

Fu LL, Pang BY, Zhu Y, et al. Ex vivo stromal cell-derived

factor 1-mediated differentiation of mouse bone marrow

mesenchymal stem cells into hepatocytes is enhanced by chinese
medicine yiguanjian drug-containing serum [ J]. Evid Based

Complement Alternat Med, 2016, 2016 7380439.

Wit , af3cH:, LlE, 4 BRRASEMA AR T4
SrACBUTAN [J]. Fakh, 2014, 36(6): 1124-1128.

I, B, B, % ﬁ%m%ﬂ@i*ﬁxﬂrﬁﬁ%%fm?%
816 30 T 40 434k & IDO 2R Rk sz [J]. BRAEY
BEZHERE, 2019, 19(8): 1455-1458, 1493.

Razban, Vahid, Khajeh,

collagen IV surfaces improve Human Mesenchymal Stem Cells

et al. Engineered heparan sulfate-

differentiation to functional hepatocyte-like cells [ J]. J Biomater
Tissue Eng, 2014, 4(10) . 811-822.

2o, TEAR, WA, SF. BRI 5 S i A I ST BT T 0 A 1
JFA A [J]. R SUTRBIZE, 2016, 20(6) : 771
=776.

Zhang QH, Chen XG, Cui GH, et al. Spheroid formation and
differentiation into hepatocyte-like cells of rat mesenchymal stem
cell induced by co-culture with liver cells [ J]. DNA Cell Biol,
2007, 26(7) : 497-503.
Liu MY, Yang JC, Hu WJ, et al. Superior performance of co-
cultured mesenchymal stem cells and hepatocytes in poly (lactic
acid-glycolic acid) scaffolds for the treatment of acute liver failure
[J]. Biomed Mater, 2016, 11(1); 15008.

HHE, AL, BAmE, SF. B AL i R X A R FE B

F 4 1] SAL B ROMILIRIDFSE [J]. IR RRA R - P R 2y
AL, 2014, 16(11) ; 2400-2405.

PN 0 ) SR IR A 5 BMSCs 8 52 K B 2 M I L 4
HSZHRBTSE (D). ki, RHERSE K, 2019.

LiF, LiuY, Cai YY, et al. Ultrasound irradiation combined with
hepatocyte growth factor accelerate the hepatic differentiation of

human bone marrow mesenchymal stem cells [ J]. Ultrasound

[40]

[43]

[44]

[45]

[46]

[48]

[49]

[50]

[52]

[53]

Med Biol, 2018, 44(5) . 1044-1052.

Rehn M, Kertész Z, Cammenga J. Hypoxic induction of vascular
endothelial growth factor regulates erythropoiesis but not
hematopoietic stem cell function in the fetal liver [ J]. Exp
Hematol, 2014, 42(11): 941-944.

VEIRIEE, S E A, BB 78 BT 40 0 15 37 B AR AR 2% A b
S [J]. EBRREI AR, 2017, 37(15) : 1132-1136.
Hwang S, Hong HN,
of mesenchymal stem cells in a rat model of thioacetamide-
induced liver cirrhosis [ J]. Cell Biol Int, 2012, 36(3): 279
-288.

Jang YO, Kim MY, Cho MY,

Kim HS, et al. Hepatogenic differentiation

et al. Effect of bone marrow-

derived mesenchymal stem cells on hepatic fibrosis in a

thioacetamide-induced ~ cirrhotic rat model [ J ]. BMC

Gastroenterol, 2014, 14(1): 198-210.

Wi, 2, B, S B R A L ICR /D RUEBEI T
BT A AT A (1], fe R R A 24 (B2 2
fZ), 2017, 46(2) : 139-144.
Zhang GZ, Sun HC, Zheng LB,

et al. In wvivo hepatic

differentiation potential of human umbilical cord-derived

Therapeutic effect on liver fibrosis/

2017, 23 (46). 8152

mesenchymal stem cells:
cirrhosis [ J]. World J Gastroenterol ,
-8168.
Wik, XKD, #7F, %5, Notch {5538 P& 75 B H 1R 72 5T T 40
JieL 1) A A A AR T A B AS R AFAE [T, DI PR A )
IR, 2013, 31(3) : 308-313.
TRULRR, TR, ZR57R. Notch-1 I FIE TS T Bl 72 B
AR T AR o b Rk (D] ”é‘%@llzﬂjt'??ﬁ,
2009, 43(2): 122-125.
Yang TX, Wang Y, Jiang SS, et al. Hepatocyte growth factor-
induced differentiation of bone mesenchymal stem cells toward
hepatocyte-like cells occurs through nuclear factor-kappa B
signaling in vitro [ J]. Cell Biol Int, 2016, 9(40) ; 1017-1023.
Tlh, BT, HE, 5. NF-«B il P38MAPK 7£ BMSCs /if
ML EPERT [J]. T 5 E B 24 pei i, 2017, 53(2)
181-185.
Xiang Y, Pang BY, Zhang Y, et al. Effect of Yi Guan Jian
decoction on differentiation of bone marrow mesenchymalstem
cells into hepatocyte-like cells in dimethylnitrosamine-induced
liver cirrhosis in mice [ J]. Mol Med Rep, 2017, 15(2): 613
-626.
EFr, B4, £, 4. miR-26b T84 Wnt/B-catenin {5
5 O U RE O MSCs SEB A ST [J]. ZMEERN K2
274, 2020, 55(12) ; 1850-1857.
WA BHRTE, RERE, 4. 17B-ME EEX) fBMSCs AT AH 4N L
ﬂiﬁﬂ’ﬂk& Wt {5 Sl EIREAE N (T]. T2 W SiRT
Z%ids, 2020, 12(4): 459-463, 482.
FRYE, WM, BObR, %8, Ca® S 5 BEIR] ST BT 4 A7 1Y
BRI P 5 S0 46 (D], R EUT RIS, 2013,
17(40) . 7028-7033.

(Y75 BHA)2020-09-15



