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ABSTRACT Objective: To investigate the effects of bone marrow mesenchymal stem cells (BMSCs) transplantation on liver
regeneration, inflammatory response and TGF-Breceptor (TGF-BR) in rats with acute liver failure (ALF). Methods: 90 SD rats were
randomly divided into model group (n=30), healthy group (n=30) and treatment group (n=30) according to the random number table
method. The healthy group was given no treatment, the rats in the model group and the treatment group were intraperitoneal injected with
the solution of castor oil tetrachloride to make the ALF rat model. Rats in the treatment group were treated with BMSCs via portal vein
injection, while rats in the model group were treated with the same amount of normal saline. On 7 day after modeling, the liver function
indicators levels, inflammatory responses and TGF-BR-related indicators of the three groups of rats were compared, and the correlation
was analyzed. Results: The levels of serum alanine aminotransferase (ALT), transglutaminase (AST) and total bilirubin (TBIL) in the
model group and the treatment group were higher than those in the healthy group, and the levels of above indexes of liver function in the
treatment group were lower than those in the model group (all P<0.05). The level of serum tumor necrosis factor -« (TNF-a) and liver
tissue TNF-ae mRNA expressions in the model group and the treatment group were higher than those in the healthy group, and the level
of serum TNF-« and liver tissue TNF-a mRNA expressions in the treatment group were lower than those in the model group (all P<0.05).
The expression of TGF-BR1 and TGF-BR2 in the model group and the treatment group were higher than those in the healthy group, and
the expression of the above proteins in the treatment group were lower than those in the model group (all P<0.05). Spearman correlation
analysis showed that the levels of ALT, AST and TBIL were positively correlated with the expression levels of serum TNF-a and TNF-a
mRNA and TGF-gR1, TGF-BR2 (all P<0.05). Conclusion: BMSCs transplantation has a significant effect on promoting liver
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regeneration of ALF rats, effectively reducing inflammatory response, and down-regulating the expression levels of TGF-gR1 and

TGF-BR2.
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Y E P IIRE S, WA T LA S R T 100, 45 30 D9 4
R SR , B e & R G BE TR R DL TS AN R
SRR 1B IR IR YT TR R M — 1), SR T
MAEIE HATERS EANRIRYT ALF a8 TB, 20, R AE
FLRIEE B Ry Ji it LA B B AE S e HE I S5 In) 8, S BORIR YT =
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marrow mesenchymal stem cells, BMSCs) F=Z 25 WA E#E N
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growth factor - B receptor, TGF-BR) 521, § 1£ & BMSCs hi
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1.1 Rz

H4 90 H SD G R BN ARGE, TG REHLEF R o B il
20 (n=30) {22 (n=30) SIAI7 4 (n=30) . JIrA K BRI &
g 200~240g; 357 h RS S 25 B0 A BR A ml B 43, s &
MAES g SYXK(J11)2019-222, Fd35 4 U0 F  JRLEE 24°C , { B
55%~60%, H HIxK S,

1.2 Hx#HH5iKH

UG Akl (W H 251 Sigma /A ] ), DMEM {IGHE R 7523 (1
H 25 # Gibco /A ] ), Trizol i%5] (14 [ 35 [ Invitrogen A H] ),
R SERAR & (W AL B R/ AE Y ARG R A ), TNF-o fif
I o 8 W% B R & (W A 36 B BD /A &) ), TGF-BRI1 Al
TGF-BR2 #HIHL (1 H S5 Abcam AH] ).

1.3 ARA*

(1)ALF KRBT S AR ST AR RAE & 12h JRHL
dml/kg 75 (14 DU ST BEIRRI I VRS T 1 A v 5 R RR ZH K B
AHATAEATAE R, (2)BMSCs 43253555 : b3 B SD Zifit K R,
LRI 250 2 AL B J SR BB RS, o B R A T U B, 8
i, R JH] DMEM 85 3520 58 10 B 09 vh gk , SR A AN B, #¢
1B 8000 r/min Y2514 55.0> 10 min, FEYK L DMEM 4 bk 2
K, B T7RE DMEM 5353 BB A 37 CAMF T Y 5% %Ak
BB FRAA TR R (PR 2d 33 1 YR . T8I T A A K

IROL, B ZE AN TR G i 90% s (31 55 77 ¥, SR AR 4 i
SEMAGAIEFE I 2 AR A G THF = G
24 h, G721 K FUIR BMSCs 38 o8 [ T ki AT , AR ZH T
PLAE A IR T (4) M3 AL F -a( Tumor necrosis
factor-ar, TNF-o0 ) ST DI REFE Al « SR 4R 4% 20 K B ik i
2 mL, %57 15 min 3000 r/min {2500 J5 2 UL , SR FH W EE G
PEW BRI TNF-o K, 3 H A H S /A RIE 7170A 48
Bl A A 43 BT ASC R A B 23X 7R S T I 975 4 9 %% 24 il (Allanine
transaminase , ALT ) . £ ¥ %% 2 [if ( Aspartate transaminase, AST)
) % 5 JH 21 2% (Total bilirubin, TBIL ) 7K, ELAARER1E 24187
SRR, (5)TNF-a mRNA #5:i0 : 5% H 520 5 PCR 12
HEATRZIN U, H L B-actin fE R NS, G551 2-2 @ RoR. (6)
TGF-BR1 Il TGF-BR2 £ R /K FEAM . L Western blot
HEAFRHIN , 15 SRIBOK B R A ALY 100 mg, >R PBS E& o
Uk 2 W, A A VR 5T, #i R 12000 r/min (14 2% 1 55 0
10 min, JRE &R T BCA 5 & 58 i AR BER I, 3 L4
BEMEHLUK I IEAL I . SRS BEIRC BT PVDF B L, 43 5% 0
TGF-BR1 Hl TGF-BR2 —#7, i Ja il . B PBS WM 2 5
B EA E IR AR A BT BT B K S 60 min (1) 5F
Ho AT ER, AN KIEE MR, B GAPHD N2,
PR IR LUABAE A B A 23RO
1.4 Frit4biE

L AREAE I SPSS 22.0 #A4HT, THEFERLL (wxs )3
7, SEHE t R, 22 21 R) LU AR S R 3 0y 2245 BT, THECEE B
L In ()] R, S92 Kder, DI RE AN 58 A 4 M K A &
TGF-BR1.TGF-BR2 # H#K k% M Spearman AH5EH#E1T 4047,
1 P<0.05 ICfEEF AR E XL

2 &R

2.1 =4AKEMiE ALT.AST IR TBIL 7k ExTEE

RERIZH 5A74H KBS ALT AST L) TBIL K34 55
TR HIG YT 4 R B LR T D e e Ak PR AR RIZH (3
P<0.05), W% 1,
22 ZAKERMFE TNF-o KF AR FFHLER TNF-a mRNA Fik
ol

A 20 53697 41 KR M 7 TNF-a 7K 7 DL K4 21
TNF-o mRNA Fk ¥ 5 TR, (HI5)7 4K BULTE TNF-a
IR LA B JFF 240 41 TNF- mRNA R TR (¥ P<
0.05), W3 2,
2.3 =#AKHF TGF-pR1 #1 TGF-BR2 BERHFIAIT L

R ZH 553697 41k B TGF-BR1 #1 TGF-BR2 & [ #3515
TR HGTT AR R B RS ARSI (3 P<
0.05), .3 3,
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%1 =Z@HKRIME ALT AST IR TBIL /K FEXF b (xts )
Table 1 Comparison of serum ALT, AST and TBIL levels in three groups of rats(x=s )

Groups n ALT(U/L) AST(U/L) TBIL(pmol/L)
Model group 30 614.82+22.01* 721.05+38.29* 91.84+9.37*
Healthy group 30 40.82+4.87 40.81+£7.49 14.92+1.39
Treatment group 30 487.27+31.85" 541.92+27.85" 55.47£1.05"
F - 33.598 42.015 39.852
P - 0.000 0.000 0.000

Note: Compared with healthy group, “P<<0.05; compared with model group, *P<<0.05.

& 2 ZHEKRMFE TNF-o UK AFAL TNF-o mRNA FRIEXT EE (x5 )

Table 2 Comparison of serum TNF-« and liver tissue TNF-amRNA expression in three groups of rats( x=+s )

Groups n TNF-a(pg/mL) TNF-o mRNA
Model group 30 88.72+9.24 18.74+2.26"
Healthy group 30 20.48+6.11 1.00+0.01
Treatment group 30 45.68+8.05"* 6.29+1.39"
F - 25.923 19.853
P - 0.000 0.000

Note: Compared with healthy group, “P<<0.05; compared with model group,*P<<0.05.

% 3 ZZHK R TGF-BR1 1 TGF-BR2 F A FRIAXTEE (x5 )
Table 3 Comparison of TGF-BR1 and TGF-BR2 protein expression in three groups of rats( xzs )

Groups n TGF-BR1 TGF-BR2
Model group 30 2.05+0.05* 2.61+0.04*
Healthy group 30 0.13+0.01 0.43+0.01
Treatment group 30 1.02+0.03* 1.67+0.03"
F - 11.305 12.044
P - 0.000 0.000

Note: Compared with healthy group, “P<<0.05; compared with model group,*P<<0.05.
2.4 BFThEEFIRIELRBEE F LK TGF-BR1.TGF-BR2 BHKIE  IfliE TNF-a . TNF-« mRNA } TGF-BR1,TGF-BR2 & HFik/K

ELiEP S el SR IEAHSER AR (B P<<0.05), L3 4.
£ Spearman A E BT A& L : ALT (AST K& TBIL /KF45

x4 FIhRERREM M E F R TGF-BR1, TGF-BR2 | H FRIXMAXEL
Table 4 Correlation analysis of liver function and inflammatory cytokines and TGF-BR1, TGF-BR2 protein expression

ALT AST TBIL
Related indicators
r P r P r P
TNF-a 0.523 0.001 0.577 0.000 0.504 0.008
TNF-a mRNA 0.487 0.015 0.615 0.000 0.499 0.012
TGF-gR1 0.613 0.000 0.633 0.000 0.603 0.000
TGF-BR2 0.682 0.000 0.547 0.000 0.598 0.000

3 Wis 1o YRR L SEEA, o BB I AEAT ORI T RO R
Wit Bl, 3240 1k, BEGE ALF BIRT M JCE— A Robnife Bz T

ALF JE—Fiih Z2 N 3 S IR E B H EER BRUE E PR AN A BT B ALZIRST 7y sUF A 7 28

BURFAE D & 1 S 2 S ARG AF D RESZAR SR AR RIS S L BRI ™ TS 2 S5 B, AN T A 1 PO+, i ]
B I D) RE R A | B DL REOKAF — RSN RAER, BT W, G — R AY 8OR B3 LB 2 AR A IR TR
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AR,

AWFFEES RRW] BRI 5507 4R BUMLY ALT \AST LA

Je TBIL KV TAERRAL, (HIG PR SRS RESE bRk

SR TR, sk EARAE NRYBFSE R ™), BMSCs # A il A

AR ALF KB FRA: . BMSCs fEy—FEA 210 7316

AE AT 20, A E AT A R B 240 M o WLZAR B LA B2 fs 4

Ha A5, LT ERRE PN AT B A R A i R IR 2

S, BN TP AE S DL KA, 2 ik B AT

A BEERTIIRERY IR F3A RHOCHIESE4E P+, BMSCs HIFSHH

AT BRI AR SR A B (R 5 S LA S 18 0 ARSI 1, K

M R 2 RS A R 55 Rl BMSCs B A5 Al i

32K A £ i) BMSCs ST AL 5 2 5 BT 4RI A 72, 2K ik

FMEE WA NERVE R o Ak, BRI 535 YT 2 R BRI

TNF-o 7K LKA 21 TNF-a mRNA 5K 1) 155 T e, (2

YT ALK BUM T TNF-o K7 DL P 4140 TNF-a mRNA ik

MR THERIA, 5 BMSCs nl 3% F 8 ALF KR AR

21 TNF-o K35, 82 90E N, Horh =25 K AT REAE T° ALF

2 FHURS GRS, I 28— FR A5 il S8 E

Wi 200 53 U8 Z2 R IR S ANM X -, 2D AR 3k T SAE FON AR &

Az TS B ) S e RAE SN 2 e HE TR ML 1, T8 BGRE PR 3R

BMSCs W RJ {1 3k 200 M0 O 14 B 5 4 , knT B A SR8 S

IR 2, # K A F -B (Transforming growth factor-g,

TGF-B)J& TR ANMIA | I3 Li TGE-B %, HAT e gt iE

WA HE AN A L S A AN T S A E D, Had Rk 5

BRI HA LT AR KB NI T ALF B R R g

. TGF-BRI1 #l TGF-BR2 J& T TGF-B KRN Z—, FEA

SRR A L LG5 T A D R I s A o A [ o P 3 ek

YRR A= PR 7 DA /NS 5 P20 Y DR 45 A ) 30 4

JRLANIEIT (47 2, e 265 | RS 1) ST A AL 0, A5 4 SR o IRAE

RIZH 53497 4 K B TGF-BR1 1 TGF-BR2 £ [ 3351 m T8

R4 (H3RY PR B RS BRI TR R4, iX 4@ 7R T BM-

SCs #Aiif1J7 ALF K BURY AT REALHIJZ 14 4% TGF-BR1 I TGF-

BR2 %Kik, Jish, 2 Spearman AHICHE/ T AL : ALT (AST K&

TBIL 7k *F- 5 Ifil #§ TNF-o.,TNF-o. mRNA } TGF-BR1 TGF-

BR2 3 HIARIAKFHRIEMAICOCR X 58 U] 1 RAE ROV L

J: TGF-BR1.TGF-BR2 1K iA M ALF UAHGHE, (HOCTH

HARAE AL T 12— AL B Sk
2 L prik ,BMSCs F% 4 il A7 2k ALF K SRR HF IR AE

() A ) TR R S N, G TR AR AL 2 — AT REA T 4

TGF-BR1 il TGF-BR2 FihA K.
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