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TR S0 T DT F R SR 5400010 TR, TR BERF A MR AR — BEBe il (LN AL 5400016 FPE, F PCEE AL IR
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(BE] BN Bt 7-«B Z 55 L X T Bl {4 (receptor activator of nuclear factor kappa-B
ligand , RANKL) 75/ BUF E AR (hepatic stellate cells , HSCs) T4k S 21 4E A 72 v 8 AR W27 VE o
Jiik #4526 H 6~8 kMM CSTBL/6 BUBENL Y}y (n=13)  FFEFAEALIEACAL [ F2 IR S /g I TSR
R85 10% 11 PU 54K ( carbon tetracholoride, CCL, ) IV, 2 U/ A5/ BRI EF 44k ] xR 20
([ S AR JC ) o 6 J8J il i RT-qPCR \IHC il Western blot 25 75 #: 46 I 2040 54T
4 fif ( hepatocyte, HC) il HSCs H1 ) RANKL, o-F- ¥ WL3h & F (o-SMA) F1 T B g )i ( Collagen- T ) 1Y
mRNA N8 I RGEKF- o TS [k BE S0P 2 RANKL i i R 35 5% S5 AR HSCs, R i RT-qPCR #il TF
SRR 54 RANKL , a-SMA Al Collagen- | mRNA % 25 (1A K. &5 B4/ RUF 44
RANKL fJ mRNA I8 3 1K K .35 1 5 (P<0. 05) , H38E [ 320K S R 0o A s X IR AL/ BRI,
RT-qPCR Fll Western blot 2% 53 i 7x HC 1) RANKL mRNA FI7E 335 /K 5 T7E HSCs H iy 335K F
(P<0.001) , HAE CCL, ¥ S/NRUITLF4E1L)5 , HC (i RANKL 235K — 48 71 , 1l HSCs A RANKL
FARKF- BT B s TEAR M AR HSCs 35 Ak I im A [) € 32 1) RANKL H 2 40 i PR F5, 50 B H
HILE, WA RANKL J5 /9 HSCs 7E{f fbad #2 f* RANKL .a-SMA Al Collagen- I mRNA 18 [ 32 157K
BIREAIR (P<0. 05 B¢ P<0.01 5% P<0.001) , HAFEMHPE. 858 7o/ BUFLF4Ebimiffed  HC K3k
Kit RANKL, [fij RANKL aJ i) HSCs 354k .
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[ Abstract | Objective To explore the biological role of receptor activator of nuclear factor kappa-B
ligand (RANKL) in the activation of hepatic stellate cells ( HSCs) and the process of hepatic fibrosis.
Methods Twenty-six male C57BL/6 mice (6~8 weeks old) were randomly assigned to control group and
liver fibrosis group (n=13). The mice in the latter group were injected intraperitoneally with 5 pL/g 10%
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carbon tetracholoride ( CCL,, twice/week) to induce liver fibrosis, while those of the former group were given
same volume of sterile oil solution. In 6 weeks later, the expression of RANKL, «-SMA and Collagen- [ at
mRNA and protein levels in liver tissue, primary hepatocytes ( HCs) and HSCs was detected by quantitative
real-time PCR (RT-qPCR ), immunohistochemical assay and Western blotting, respectively. After primary
HSCs were treated with different concentrations of exogenous recombinant RANKL, the mRNA and protein
levels of above molecules were measured with RT-qPCR and immunofluorescence assay. Results The mRNA
and protein levels of RANKL were significantly increased in the liver tissue from the model group than the
control group (P<0.05), and the protein was in a diffuse distribution. In the control mice, the mRNA and
protein levels of RANKL was obviously higher in HCs than HSCs ( P<0.001), while CCL, treatment induced
liver fibrosis resulted in the expression level of RANKL was further increased in HCs, while decreased in
HSCs. After different concentrations of recombinant RANKL were added to stimulate the activation of primary
HSCs, the expression of RANKL, a-SMA and Collagen- | at mRNA and protein levels in HSCs activated by
recombinant RANKL was decreased in a dose-dependent manner ( P<0. 05, P<0. 0l or P<0.001).
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Conclusion
can inhibit the activation of HSCs.
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In the process of liver fibrosis in mice, HCs express a large amount of RANKL, and RANKL
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JH-ET A LR 25 P 5 AR T 75 & i)
A0 1 52 B o, G52 T g 48 Ak JE (extracellular
matrix, ECM) 7E JiF N 9 K TR, B LT R 2 5018 1
JF 1 95 B 5 At o JIF A2 IR 40 M ( hepatic stellate
cells, HSCs ) /& JIFZH 2L v ECM 1 = 2R I8, I H. HSCs
WO I A WURLET 4 B 41 i ( myofibroblast, MFB ) J&
PR LA 2 Ry D BR 51, HSCs J2: P41 8T iy —
RIS, 24 o5 A A0 S 80 10% . HSCs 8 2
T8 H ARG FE 0 IR 18] A7 M B AE ) LT 3R 3E a-F
LA B (a-smooth muscle actin, a-SMA) \ECM 1%
FhAN A IR 7 B9 MFB 5678 (3 2. HSCs 75 1652
TGF-B \IL-17 ,1L-22  hedgehog Fig & F1 CXCL10 &£ Fp
20 L PR ) A 3 4 20 i PR - 3 R U T T b R
41l (hepatocyte ,HC) |5 4TI  kuffer 415 0 #%
K T-«kB % & 3% 4k [ 7 Bt & ( receptor activator of
nuclear factor kappa-B ligand , RANKL) J&—F if 8 TR 56
K5, 5 TNFSF ji% 51 TRAIL  FasL. fil TNF-o H.G 5]
PES . TEE B R G RANKL fEHS 5 ThEZ /& RANK
Tl OPG 54, S 1B 20 M0 T 5 Py S e 4 PR 107
TERIZR G, WALy T 40 i fr 35 1) RANKL 55 44
ZERAN AT 1) RANK AH 255 5 P45 T 40 i S v
FEIRANML R LhE
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WA R RE I A P RS 48 8 8 1 O T bk IX R T
fil i o B A R 26k RANKL 19 90 3 48 it 2k 1 12 3k
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A RT3 T 1 5% A £ A RANKL Hpfk
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RANKL %3835 F HC, SCIUE B 32 465 19 I 40 i P e
fig b 77 4k K RANKL 40 jg 5 7, 3F 4 5 & K i
] 2 fH RANKL ZERFEF A I R 28, A
5T 3 B 1 0 X HE 4 /)N BRURIIF &1 4 AL i B2 /N B
JFAEAL 2L AR AL HC \HSCs H RANKL Rk 481k, I i
—HWF 5% RANKL %} HSCs 1% 1k 09 82 i, M 1 38 3F
RANKL il 51575 HSCs 520 fF£F 4L A TE

1 #B5HE

LIt R

6~8 JE IS SPF 2%k C57BL/6 /NER 26 H, {A
it 18~22 g, E KERFR S b oS, 1R SR T E
PREERM R 2E R LB B ¢ JLUBHIFSE BT sl vh o0 i 37 38
SEAFRES . FTA /N AR ERDE, B B ROK,
BRI SR ST 6 SE 50 S YA AR B, TR B A G
PG [ R I R ERR g b A s e 3
HE B 55451
1.2 ZEZEXHNEMNSE
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& POtE 5 PCR IR & B T F AV E 2R
AMRA R, AEER R & B T st A PR
ABRA TP o-SMA $i 1k Hi Collagen- T Hi 41 5
2 [E abcam /&), PL GAPDH Hii4E { T35 E BBI life
science /), §T RANKL $riA  FE 41 sRANKL 4 fifd K -7
g H T2 [ Proteintech 23 7] s HRP ARic I P4 1eG
Pk HRP #59c S bt Bl 1gG HTiR 1 A T 3£ [ Cell
Signaling Technology /A ®], OGS A B HMGEIW A T
HAJERRA B, e B BB RS A T HA
Olympus 2\ #]

1.3 JFeFdedb s Rk

AT R FH 28 ML) DU S5 4L Ak ( carbon tetracholoride
CCL,) if5 5/ N U £ Ak iR B R A7 52 55 - 4 /)N Bl B
BLoT AT R RO (n=13) . &8RS pl/g [
L /IS U S 1 S AR 70 K 10% Y CCL, iR
2 R/ S8 5 [ s o) o B2 /) B S S A RR ) TS T b 9
1.4 J&AK HC 5 & F= 7 KX HSCs 4 & B 3%

1.4.1 HCHsrE 6 JWE, /DEUKEEEALSE, &
A IV B 5 ) DMEM 59805 46 I , 3545 & A
JIEE A R 2SR 20 Y A 2, 7E 4 °C,50 g, 5 min &4
TELLIEFE UG T A A A ok B AR Y 4
JH DMEM #2541 .

1.4.2 HSCs B4 8 M55 AR 1. 4.1 A5 TAE
A B W, Pl 1k 70%  optiprep 73 B VA S S 0
(24 °C,1 600%g,20 min ) FIEFEE RS 15 21 20 B 42
AR HSCs. 1500 J5 1 77 25 3 42 240 M 141 e 45 10
RERE SR R o B AR B 1Y )5 HSCs (& 2% iR 4
7% 2% 100 pg/mL )75 -5E 5 2R 1 = 6 DMEM K
Fib 18 37 C,5%CO, AT HFR. #RARSMATE
ARGNML R BT 105 & g /N I AT PUIR 21 4E 40 48
F14) 240 L 5 T it o SRR 2 L% 3% A, 48 L P L A48 i 4
R MG AH e o 40 5T rp BRI 2%, VitA & &b
I3 AL TET AR | e 2R A Gk O B RE R R
Bt aife . BT EUSAC HSCs 15375, i ok
HAME ST WS B 5L HSCs (RSP FR 1 Ky
iERES HSCs 557 3 KRG AIRZS HSCs, K 5%
5 RFsE iR 4 HSCs!

1.5 RREL P& R % 9% 44 K (immunohis-

tochemistry , THC) % &,

FAR LY /N AL AL IS 7325 ST, SBUTFREEAH )
HRALLL 4% 22 5 B e [ 7 , A7 W5 A0 L, B e Jis 5 A /K
b, 3236 AT AR B LT IR BRI R MR U £ B K, B
JaHPERI IR B SR IR, e A g o H 2R
FEYI R 4L BR A ET, 7R KA S AT iR R P
5 G A S R R  HE LU s B S H

AR TR 4 Cad i, SRS T B 5 4816 ) it

IO P E o IRJEIIN DAB S SRAR & Y5 o

PER RS 5 40 BRI

1.6 5 af 5 & 2 % PCR( quantitative real-time PCR,
RT-qPCR) #o1]

RNA G207 6 P B ZH 2Ll 4 A 19 5 RNA | 42 18 s
SR & VLW A5 A B cDNA, L cDNA S #5417
PCR RN, PG4 : 94 CHALYE 3 min; 94 CAE
P 20 5,60 CiE k 20 5,72 °C ZEAf 30 min, §FFF 33 K,
72 CRAAES . B 3 DMEAL, il AL CT {H, LA
3AE ALY B EAE O f &85 R AW 5E L
GAPDH Ry %, R 272 3174001 5191741
i F . mRANKL; 5'-CAGCATCGCTCTGTTCCTGTA-3’
( %) . 5'-CTGCGTTTTCATGGAGTCTCA-3 ( F i) :
Collagen- I : 5'-TGGCGGTTATGACTTCAGCTT-3" ( I
%), 5'-CTCAAGGTCACGGTCACGAAC-3' ( F i) ; a-
SMA ;5'-GATCTCTATGCTAACAACGTCCTG-3' ( _EJiF) ,
5'-CTTCGTCGTATTCCTGTTTGC-3’ ( F %) ; GAPDH:
5'-AACACGGAAGGCCATGCCAG-3" ( i) ,5'-TGCA-
TCCTGCACCACCAACT-3'( Fif) o
1.7 Western blot

i IR 4R IBCR) 6 100 B 5 42 JBCZH 2 s A i )
HH R BCA I E & H S, B0 IK VAR
YR IEEN LIS, & 5% W95 83 i TBST Ft ]
1 he TR IR 22 5 AR BT R (R
Fefil 34 1:1 000) Hr, F 4 CHEF oK. 71 TBST
VR 3 WS, B IEE TR I Y AR o S A Tl bR e —
PUMBSR  H LB E 2 h, TBST ¥k 3 K. o i
ECL b2 & 60 W
1.8 % 9% % % (immunofluorescence , IF ) &)

FRIUGAR HSCs T A SR A g A ny 15 R 1L
£ 37 °C,5% CO, 1T A S A A M E RANKL
() DMEM 1 % BE b 47 15 9% 72 b, [ 5€ J5 6 1] 0. 5%
Triton X-100 iEE 10 min . PBS ¥ 2 K, 5% 45 Il i H &
FIVA W BT 30 ming 175 45 3% 7 568 2% H &R
FIPUAR R B (R RS L 121 000) Hr, - 4 °C i
JEIFE R, PBS Uk 3 WG, IS —Ht (F R L
S 1:10 000) i EEEIE T 60 min, DAPI Y4 4% 2= IR 6
JEIFE 1S min, S5 HUPEEEE TG B 7 1B 'S5 5O
(DECAUESIRE AL
1.9 “%itFr%

K] GraphPad Prism 8 H % W58 B dla #EAT 48 11
S3HT, AHIRI 22 BRI S ST FEAS ¢ K3, DL P<0. 05 3%
mEFEAGIEE L,



142

il 25 %2 B R, 2023,45(2)

http : //aammt. tmmu. edu. cn

2 R

RANKL f2 AT 4F 4 Akt A2 p 04 Rk
KAR B LTIM G 5] B B A ZH /N BRUH 2 e it
UG 2 R T BT 4 L (B 1A) . THC
Jeta o/ U ZH 20 RANKL 3655 W 8 3, H 44
X YRECE T A (B 1B) . RT-qPCR 453 i1
INTE LA A 24 RANKL mRNA Rk KP4 5 (P<
0.05,K 1C) , Western Blot 455 7 . 85 2 X B 2H |, &
/N B4 2 RANKL SR R AW B EH W&
(E 1D E) . iX$#&/R RANKL 7£ IF£F 4 i & A % i
HORHE TYER .
22 AR ELIREY, Felsrit KT
RANKL
4t P RANKL 78 48 i o G 1l 5 7T 4300 22 210 i
SN IEIRE , AR IE G 28 LA 245 St S /s 7R T 21 41
RANKL 2 yRECHE 1 o B 2 2R b 43 3 RANKL
B2 S 7R AF 5 4 B BE 41 /) BRI HC A HSCs,

2.1

RT-qPCR £ 4 ffd o RANKL ) mRNA 33K B R« %
HRZ/INERAAR Y RANKL (1) mRNA 75 HC Hr i 3634 1k
B THAE HSCs 113535 7K -, Western blot 4 5 3% B
RANKL ()35 1 2835 7K1 22 30 1 (W] A 1 i 4 (181 24
B) . FIULXTREZ /N R A 4H 21 h RANKL F: %2y HC

WFoE4R I 2 2/ R J54R HC, 3@ it RT-qPCR A5
D mRANKL 23k, 45 50 iR il 4 /N B s 4G HC
RANKL ) mRNA 3k 7K F- B i T % B 4H (18] 2B) ,
Western blot #:J] HC ¥ RANKL ()25 [ ik 281kt 5
H mRNA 7B {E @3 —F (K 2C) , R 5 X R4 /)N B
FHEL, 27 4E A/ B AR HC 23 34 1) RANKL B i 3%
file Western blot 45 5 ik i 7 : 5 %k BEUZH /N BUAH T,
RANKL 7EJIF£F4E 4L/ B B AR HSCs Hh iR H
FEry B H, uEBI7E X AN BRI, 5 HSCs A1 1T,
RANKL F2y HC 7314, 10 27 4k Ak ik 722 25 5 3 HC
H) RANKL i — 203 5y, 5 0 AH S 02 27 4k Ak it
FErh HSCs %35 RANKL (7K P4 T R

pogisEa| T T AR
vl.»;':';*-.;s\ ¥
& \‘\\ ; i
; 74
E & N = . L
~= 20 mm ¥ 20qm Z L e
R N =
=N — '_4 B <F
4 - .
4 > w
5mm smm. | A
207 200
a a
» 154 P il Xif HEZH » 1504
J
5 1 2 3 1 2 3 k7
o _ 1 -
® 10 RANKL > | ——————— 0 S— K 100
ey =
E z
- 50_
3 GAPDH—> | i —
0- 0

YPHRAL ] C

D

E

XHRZE A

a:P<0.05 A RIRE L3 G EMT 4 L A2 B ;B ok 40464 RANKL & ik 45 50 ; C: RT-qPCR 4 RANKL mRNA 4 A K

;D .E:Western blot # RANKL & & & ik 15 Ao g st R ik &

B 1

5 2H4L . RT-qPCR Western blot # i/ S216 /) FR A28 42 RANKL mRNA f1&E Q&%

(n=6,x+s)
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1 100 000 a 25 a
1,000 000
900 000 0
800 000 0 HC HSCs
%= 600 000 B 154 XHAL bl A el
P 1 o
% ® RANKL—> | S_—_———
jzaY o
= =
g 05 GAPDH—| A —
5
0 = ~
HC HSCs A YR R4l B C

a:P<0.001 A.xf 21 HC 4= HSCs  RANKL mRNA A8 %34 % B2 21> & HSCs ¥ RANKL mRNA Ag#t &k 8 :C.2 28/ &

HC #= HSCs ¥ RANKL & & & %

2 RT-qPCR Western blot #3236 /)\fi HC #1 HSCs RANKL mRNA f18E [ &Kk

2.3 RANKL #p4] 24X HSCs #9714k
WFFE R FH AP IR RANKL #3548 HSCs Sk AR 4L
INEUR I T 4 Ak 3 72 b i RANKL X HSCs 1 82
Wi, 284 [) ¥ 3 1) RANKL 5 25 41 Jfd PR -5 ofil 33 St A
HSCs, #0155 5% 72 h J5 19 HSCs # RANKL ,o-SMA I
Collagen- I #3235 7KF. RT-qPCR £5R BoR, 5% I
ZHAH EE , RANKL %13 5 i HSCs A7 RANKL , o-SMA Fil
Collagen- I fY) mRNA ik /K- 255 F, H B A ] 54K
e (B 3A) B A RANKL ¥k i 3 25 HSCs Hr i
AR FIERIA K B R AR . [ RE, BIFE R ) f g2
Pk RANKL 41 33 I AX HSCs 72 h )5 46 Jfd o
RANKL, a-SMA FI Collagen- | & [ W) % ik, b &
RANKL & 340, 25 1 RYZOGam B 1 7 W 1 B
(B 3B), 1] RANKL DL & AR08 i 7 208 3 AR
HSCs # RANKL ., a-SMA F1 Collagen- | mRNA #1145 H
2K K5 $2 78 RANKL Al HSCs f36 1k

3 e

WFEFEAL 2 — At AR PR AT 0407 5 | R A 52 2% A 47 4
PEFIAAE i e, AUFE T BE AL 2E B 1) S JUT B B . HSCs
FEEALTRTSE N B AT HC 22 ) i 52 o] 1) B,
JE S ET e AR B JILTSCET 4 200 R ) DK LT 240 P
FERUE, IEAL I HSCs B LA S 6 240 i S0 L 5T L 42 e
A P A P07 500 1 < R A P A ) I BURE
ST R SRS R IR I A AL 1 3 AR
Jrik BRXFFAE A TR SR E . NI, PUiFer4E
BT AT e — AT

UTAF R, MOk 22 /9 SCHRFE W] RANKL 5 i 47 4k
ez IBFF e AR AR o AEFRATRTIOTFE i A e TR
RS PR 107 T 4 A= o o, TP A 41 20 RANKL
mRNA I B k80, B -5 B0 K e e B I A

(n=12,x%s)

BT H ERATHEN RANKL 76 JiF£F 48 Ak 10 72 v ol fig
PR3 HSCs [T A A SCHR R, 7 /0N BT I Bk i fiy
S FHE TR I 45 T RANKL /97, H HC " B 7 «B
(nuclear factor kappa B, NF-«kB) B 36 P B et
Ifif NF-xkB Bgifi i TLR {5515 Fi&1%2 2 5 HSCs 3G
MAE P4l 7" R it BE SR 5 AP IE kuffer 20 ity
(SR EE I B AAE IR 3% Ak HSCs' ™ o phy s 3R A1 1 AR
RANKL ] i1 2 5 HSCs {1k 5% W T 21 4E AL TE i
AR AT L B, FH CCL, 75 5 1 27 44k /1N B
JHMEZE 2R Hh RANKL mRNA Fl8 3Rk 7KF- 24 0 4
I, X BGE T AT RANKL 25 T 7 fF 41 41k
W& A & J b AR . AT SCHR 2 BH A8 6 BR AL/ BRUIR N
RANKL EZR IR T AL g HC W 5 R, 3%
T30 & 30 RANKL 75 2T 4 Ak 455 7L /N BURF I A B A% HC
Rk i — 0B & A AL HSCs A S 30T [
AR, A 25 RARE R AT — P IRFE HC K
23519 RANKL X+ HSCs ML 2 B A, Hit,
A TTEAR MR AL J5AR HSCs I fim A K 5 1 P IR
4] RANKL, i ORI 5 1A P4 27 4 A 3 o
RANKL %} HSCs M52, FATT & BAS [7] v B 1 4R S
RANKL 5 41 41 s B 7 i 38 24 e i 41 il HSCs 1936 1k,
- HL B A 1R SN il % RANKL 8 241 40 fifg B 7 R 5 1) 34
&1, AL HSCs 1 RANKL (1) mRNA Fl#8 [ 5K 5
W, B — R AR, X B =R Y
RANKL il 7 HSCs H* RANKL [ 33k, [RIB & ATE
K HSCs {54k B AR B4 o-SMA Fl1 Collagen- [
mRNA FlE H KA K -5 RANKL BAG MBI 221k &
X RW K B A RANKL B4 /E T HSCs ¥ F 3
HSCs 11938 16 52 2| FHLAS , [F] Bk HSCs 41 ffd 4< & RANKL
(R FER TR BT R
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Zi BPNR, TEAT£F 4 AL JE R RANKL 7EATIEZL TGF-B.IL-1A \hedgehog FLIAA CXCLI10 45X 26t ik fiT
YU BRI HL 5 LR A FLEE IE ARG, i RANKL 76 2R ZEqbk R it 40 i 57, T Bk B8 43 0 40 RANKL
HC IR R AI7E HSCs 30K I, MRANSER R Ak RERS ELHAI T A AR 2 0 385 A A A B IH 7, 5 D AT
JEPE RANKL AURERS ] HSCs o RANKL (93838, b2 TR AT LT EARAL AT 2T EAL iR T de fit 108
REAE—E PR LA HSCs myhfb bR de, 3 mo8.
THARITERTF L e AR P, 2 45 10 HC BRRERS w5 ik
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