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W OE: B BN IS K R ER PR FR KB L (Yanggan Ruanjian Wan, YGRIW) X AF£F4E{k (hepatic
fibrosis, HF) MITTW/ERH LM . FE& RABMAERKREF-B1 (transforming growth factor-Bl, TGF-B1) 5 LX-2
YHMFARR, 85T CCK-8. 4B RIIR. qRT-PCR. Western blotting S22 %% YGRIW & 24 LI X 40 A3 Jo. W0, #AER
F[E4MIN2-1B (interleukin-1B, IL-1B). IL-6. MBIASEF -0 (tumor necrosis factor-a, TNF-a) ] XA bR EY o1
WIWEh&E A (a-smooth muscle actin, a-SMA). 1B EX T al 5 (collagen type I alpha 1 chain, COL1A1). A JFE&E A
al % C(collagen type Il alpha 1 chain, COL3A1) JZREHIFEM; il R H M FEORTHE YGRIW & 24 i T Hii& 4k LX-2 44
) 25 S RIS R B oG BiE , IR qRT-PCR A 58 6 SEER ISR I F /A4 e /DBl ip & 10% US4k (carbon
tetrachloride, CCle) [ KIMIFR TGS HF %Y, L TAYTIE, BEENEmE. M Ei. FEIhae. FFHgme s
SR FFHRRAER T R AR EMNFRIL M35 2ER T R MUK, L6 0F YGRIW X HF /N RIFETT 1
F, FFERUE YGRIW S8 5 20 5500 i S SR BB PR PR AR R IA s . 45 R MRAbSIR 45 IR EIR, 10% YGRIW 224 35 T Tl 24
h AT IE] LX-2 0H0iE L (P<<0.01), F£ FIHAIER 7RIS 4E4bbr EMIH mRNA FiA/KF (P<0.05. 0.01. 0.001), #I
AR T 10%7K 6B 52 25 245 ML 54 S 4 5 0 B SIAIE 25 SR 7R, YGRIW 1] BE I8 I 4275 33 5 1 3 3244 (colony stimulating
factor 3 receptor, CSF3R) /Janus ¥/ 2 (Janus kinase 2, JAK2) /M5 51% 5 M FEFIIEIR T 3 (signal transducer and activator
of transcription 3, STAT3) BEKIEYL HF /EH; SHEMALLE, YGRIW & 24105 T HiAe 3% N i CSF3R. JAK2. STAT3
) mRNA FIEFRE (P<0.05. 0.01). PRSI R ER, YGRIW RERE M HF /MR =G KEE (P<0.05),
FEARAFESR S, IRAESREO AT S ShAESRAR (P<<0.05. 0.01. 0.001), JRHFELIREREEHTIR, BRAFAESAS TGF-
B+ INF-on IL-6+ a-SMA~ COLIAI. COL3Al. %&J@%E ABHHLMHIA T-1 (tissue inhibitor of metalloproteinase-1, TIMP-1)
mRNA FIEKF (P<0.05. 0.01. 0.001), FFERer4iamiusEK K7 7 (fibroblast growth factor 7, FGF7) mRNA FiL/KF
(P<<0.05. 0.01), B&ARIMFEH 2R 7 LA HKE (P<0.05. 0.01. 0.001), F FMATALZ! CSF3R. JAK2. STAT3 ]
mRNA FIE [k (P<0.05.0.01). £5i¢  YGRIW iliid % CSF3R/JAK2/STAT3 15 Sl #%, #HIHT 2RI Chepatic stellate
cell, HSC) JHALI/ANAANER (extracellular matrix, ECM) TR, 3t & IEHi HF /EH .
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Abstract: Objective To explore the effect and mechanism of Yanggan Ruanjian Wan (FEHF % H., YGRIW) in prevention and
treatment of hepatic fibrosis (HF) based on in vivo and in vivo experiments and transcriptome sequencing technology. Methods LX-
2 cell activation model was induced by transforming growth factor-p1 (TGF-f1), CCK-8 method, cell scratch assay, qRT-PCR and
Western blotting were used to detect the effects of YGRJW-medicated serum on cell viability, proliferation, expressions of
inflammatory cytokines [interleukin-1f (IL-1B), IL-6, tumor necrosis factor-a (TNF-a)] and fibrosis markers [a-smooth muscle actin
(a-SMA), collagen type I alpha 1 chain (COL1A1), collagen type III alpha 1 chain (COL3A1)]. Transcriptome sequencing was
employed to identify differentially expressed genes and key pathways in activated LX-2 cells treated with YGRJW-containing serum,
followed by validation through qRT-PCR and immunofluorescence experiments. A HF model was induced in mice via intraperitoneal
injection of a 10% carbon tetrachloride (CCls)-containing corn oil solution. After drug intervention, the therapeutic effects of YGRJW
on HF mice were comprehensively evaluated by measuring body weight, organ indices, liver and kidney function, pathological changes
in liver tissue, expressions of inflammatory factors and fibrosis markers in liver tissue, as well as levels of inflammatory factors and
four liver fibrosis indicators in serum, while also verifying the effect of YGRJW on potential pharmacodynamic targets and key pathway
indicators. Results In vitro experiments demonstrated that 10% Y GRJW-containing serum significantly inhibited LX-2 cell activation
after 24 h (P <0.01) and downregulated mRNA expression levels of inflammatory factors and fibrosis markers (P < 0.05, 0.01, 0.001),
with superior inhibitory effects compared to 10% silybinin-containing serum. Transcriptomic analysis and validation results showed
that YGRJW may exert anti-HF effects through the colony stimulating factor 3 receptor (CSF3R)/Janus kinase 2 (JAK2)/signal
transducer and activator of transcription 3 (STAT3) pathway. Compared with model group, YGRJW drug containing serum intervention
could significantly downregulate the mRNA and protein expressions of CSF3R, JAK2 and STAT3 (P < 0.05, 0.01). The in vivo
experimental results showed that YGRJW could significantly improve the slow growth of body weight in HF mice (P < 0.05), reduce
liver index, spleen index, liver and kidney function indicators (P < 0.05, 0.01, 0.001), alleviate liver tissue inflammation infiltration
and collagen deposition, reduce the mRNA expression levels of TGF-f, TNF-a, IL-6, a-SMA, COLIAI, COL3A41 and tissue inhibitor
of metalloproteinases-1 (7/MP-1) in liver tissue (P <0.05, 0.01, 0.001), increase the mRNA expression level of fibroblast growth factor
7 (FGF7) (P <0.05, 0.01), and reduce levels of inflammatory factors and four indicators of liver fibrosis in serum (P < 0.05, 0.01,
0.001), and downregulated mRNA and protein expressions of CSF3R, JAK2, STAT3 in liver tissue (P < 0.05, 0.01). Conclusion
YGRIW exerts anti-HF effects by regulating CSF3R/JAK2/STAT3 signaling pathway, to inhibit hepatic stellate cell (HSC) activation
and reducing extracellular matrix (ECM) deposition.
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1.1 ApRSE)

ANHFETE LX-2 40 (525 CL-0560) 1 H
DS E AR IR AT .

SPF 2 SD K 18 R, MEMERF, 8 ks, &
JiE 200~250g, HHJT N AR 2R AE SR S G
Peft, ZNPAEFVFES SYXK (%) 2023-0068,
SR B A RIES NO.44837000000268 . Bh¥1H 3%
TN A B 2 K B — i I B S B B P L SPF
LAY, SR VAR S SCXK(#)2018-
0034, ZNWSEIGET MR 25 K 2E B e % o
feuE (JitHES 20240816004) .

SPF 2t C57BL/6 /NER 50 A, 6 Fls, 1
I ARAE RS SOy, BhA PV AT IE S
SCXK (%) 2018-0034, Zh#) i & & ¥ iE 5
NO.44007200132017. shPiEFETF T M B2 K%
SIS AL SPF RINER, B VTR S
SYXK () 2018-0001. Z¥sSEibZe i) M rh ey
KBS 24t (HES 20240310002) .
1.2 @5

FE IR L (B2 - 220071206, ik
20240496), FEEEHHSEAL AJE . F T W
HERR. BiIZRAR. Ttk WERTFR. LK. &4
PR, SRIERRE R, SO0 A BOE 577 R R ARy
KT 0.5%H% F A4 ZHK N (carboxymethyl
cellulose-Na, CMC-Na) &+, il il E ik & H
K RE R (E 2587 H20040299, b5 50012434)
V)RR IR e B IR AT s A AR -
B1 (transforming growth factor-p1, TGF-p1, #t*5 HZ-
101D o-FIFIILENEH (a-smooth muscle actin,
a-SMA) Fifk (5 14395-1-AP). IRRHEH al
B (collagen type I alpha 1 chain, COL1A1) Hiffk (it
5 66761-1-1g). MR JFEHEH ol 5 (collagen type
Il alpha 1 chain, COL3A D ik (L5 22734-1-AP).
B-actin Fif&k (5 66009-1-Ig) I 5 35 F Proteintech
oAl PUEALER (carbon tetrachloride, CCly, b5

C15152771) F K ($it5 C16082922) 1 [ Macklin
AF]; LX-2 M HEFRE ('S CL-0560) 1 H
RO E R Em R A R AR B AR HE R
(b5 C100C1) W H 75 M T 2 = A= RHE A IR 2
F]; DMEM $5353E (k5 C11995500BT) 1 H 3£ [
Gibco AH]; CCK-8 iljfll& (it's C0038) MH L
WEZREMHEARBATHR AT Trizol (L5
DP424) 1 H RARAEAEH: (AbsD) ARAR; Ri%
SR TR (LS AG11706). SYBR Green Pro
Taq HS FiiRZY qRT-PCR il & (5 AG11701) Iy
B R R AR THEA PR A 7]; Alexa Fluor 488 %
6 IS A-11008). DAPI (iS5 D3571) [
2 [E Thermo Fisher Scientific A& ; £EV&HIIEA T 3
A4 (colony stimulating factor 3 receptor, CSF3R)
Pifk (b5 WL04137). Janus ¥ 2 (Janus kinase
2, JAK2) Fifk ('S WL02188). {5 5465 Ml
¥uE A ¥ 3 Csignal transducer and activator of
transcription 3, STAT3) Fifk (5 WL01836) i H
BRI AR A R AR HhEE-3- B R i S
(  glyceraldehyde-3-phosphate  dehydrogenase
GAPDH) #ifk (L5 ab181602) I [ T Abcam 2>
Al MBI AER F-o (tumor necrosis factor-o, TNF-
o) WA (S 04102901B2M) . A 4H A -6
(interleukin-6, IL-6) iX7& (5 04102901A49M) .
EWH R Chyaluronic acid, HA) 7 & (Ht5
04102901F89M). JZFH#EF I (laminin, LN) &7
& Git'5 04102901C3MD . TMIAHTALJE (procollagen
type Ill, PCHD F|& (5 04102901B68SM). 1V
ML (collagen type IV, Col-IV) k7l & (fits
04102901D209M) 1 [ SR JH T BAE MR BR 2
Ay NRARZAILH N (alanine aminotransferase,
ALT) A& (185 C009-2-1). REARAILELHS
M (aspartate aminotransferase, AST) {F|& (15
C010-2-1). HLEF (creatinine, CRE) /& (15
CO011-2-1). JRE (Urea) idFl& ($85 CO13-2-1)
) R EY) TR AR IR AR AR R-F
2] (hematoxylin-eosin, HE) #fa il 7| & (85
BH0001) Masson 457 & (£55 BH0002) J& [
B R RAEMBHE A R A
1.3 {43

3111 B A ik3% 5748 (3£ Thermo Fisher
Scientific A#]); LD108 HE§FR{C. CFX96 %Y RT-
PCR 1X. ChemiDoc MP %4 RERVELHG % R4t
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CFX Opus 384 RUsiisf & &8 PCR 41X (3£[H Bio-Rad
AT 5417R BUIKIHE Sl & 0L (ZE[E Epperdorf
AF]D; CytationS B4 AAL 2 DhAe AL I &
4t Cytation10 BY H B4k L R ARG R G (3£
BioTek A #]).
2 Bk
2.1 FHhSELG
2.1.1 FAMBRIGE K 18 X SD KEBENLI:
RNAEAM. K HEITE (63 mg/kg) HFFEHFHIZ A
(6gkg) 4, M 6 H. @ERMHEWFE1FAGE, 25
ig N 259 (10 mL/kg), =AM ig AR A2
K, 1R, ESLZ7d. TRRGZ 1 h)E,
ip S LG Z A BRI, 22018 3k, B5OH bz
Mg, AW MEYSRERS 0.22 um FFLIEREE
i, 56 C/KWKIE 30 min, 73358 T-80 CL#
7M.
2.1.2 CCK-8 fillAff g /7 B BAE K LX-
2 4HHI LA 3X 103 AN/FLEFIT 96 FLARCH,  Fr2H At
BEAKZE 60%~70%, 437l NN AS [R5
(2.5, 5.0, 10.0. 20.0. 40.0. 80.0ng/mL) TGF-BI
BN FEFR B (5% 10%. 15%-. 20%- 25%) &5
M5 S TR L T-10 24 48, 72h. MHRZALMAAR
TR, HREREMNARNTEAAH. &
LI CCK-8 ¥ 10 pL, T 37 CH:FRF B
B E 2h, RFABEFRCE 450 nm K AL e OG EE
A fH, THEYHME T,

MMIE T =(A 55— A w0)/(A sw—A 211)
2.1.3 U RIESRE KR K I LX-2 40
T 6 fLRP TR R, UAIREEAN 80%~
90%It, HBEATRR, BEEXTIRAL. BRI, KK HE]
TEHFNFE IR IR AL, XTI 10%2 3 &2
MiE R 7R, BB E 10 ng/mL TGF-B1 I
10%7* & 25 MG 3G 72, K RET =4 A E 10
ng/mL TGF-B1 A1 10%7K &80 55 24 i 3 752k,
FERTER AL NN A 10 ng/mL TGE-B1 A1 10%77 T
BRI AMEREEFREE. T 0 120 24 h XHFE—
KR AT, F Image J BAF M MR AR,
THE YRR &A%

KR EAZE =0 h RYRTA —12 h 5 24 h KR
/0 h KR
2.1.4 RT-PCR FillAHSGIE R ik 4% “2.1.37 T
T T A RS 2, AhEE 24 h JEREELIAL, R
F RNA $2BUGRFA SR EUS RNA, Kl RNA ¥

FIAtfE, HHL Aoso/Aaso N 1.8~2.0 FRIAE S EAT 10054
KA E] cDNA. 2 BRUE B F k R T HI A R 51 P01
qPCR RMARFR, 3 HIIMAZIRA R NALHF, KR
LR B O HLES O B FLIS, T9¢ 6 & PCR A L%
SE MR AT RN . L -actin NN SR,
KA 2788 H ISR AR RIA . ST
I 1, 5190 Bl E Y TREE R A A K.
=1 5475

Table 1 Primer sequences

B MR SIS (5°-37)
IL-1 N F: TACCTGTCCTGCGTGTTGAAA

R: GGTGCTGATGTACCAGTTGGG
IL-6 A F: ACTCACCTCTTCAGAACGAATTG
R: CCATCTTTGGAAGGTTCAGGTTG
TNF-a. N\ F: GCTGCACTTTGGAGTGATCG
R: ATGAGGTACAGGCCCTCTGA
a-SMA A\ F: CGACCGAATGCAGAAGGAGAT
R: CTTTGGCTAGGAATGATTTGGA
COLIAI N\ F: TGGCAAAGATGGACTCAACG
R: TCACGGTCACGAACCACATT
COL341 N\ F: CCCCGTATTATGGAGATGAACC
R: CCATCAGGACTAATGAGGCTTTC
CSF3R A F: GAGCTGAGAACTACCGAACGG
R: GGCCTGAGGGTCTCCAAGA
JAK2 A\ F: TCTGGGGAGTATGTTGCAGAA
R: AGACATGGTTGGGTGGATACC
STAT3 A\ F: CAGCAGCTTGACACACGGTA
R: AAACACCAAAGTGGCATGTGA
p-actin - A\ F: CACCCAGCACAATGAAGATCAAGAT
R: CCAGTTTTTAAATCCTGAGTCAAGC
TGF-f /N F: CTCCCGTGGCTTCTAGTGC
R: GCCTTAGTTTGGACAGGATCTG
TNF-o /M. F: CCCTCACACTCAGATCATCTTCT
R: GCTACGACGTGGGCTACAG
IL-6 /N F: CCAAGAGGTGAGTGCTTCCC
R: CTGTTGTTCAGACTCTCTCCCT
FGF7 /M. F: ACCTGAGGATTGACAAACGAGG
R: CCACGGTCCTGATTTCCATGA
a-SMA  /Mi. F: CCCAGACATCAGGGAGTAATGG
R: TCTATCGGATACTTCAGCGTCA
COLIAI /M. F: GCTCCTCTTAGGGGCCACT
R: CCACGTCTCACCATTGGGG
COL3A41 /N, F: CTGTAACATGGAAACTGGGGAAA
R: CCATAGCTGAACTGAAAACCACC
TIMP-1 /Mi. F: GCAACTCGGACCTGGTCATAA
R: CGGCCCGTGATGAGAAACT
CSF3R /MR, F: CTGATCTTCTTGCTACTCCCCA
R: GGTGTAGTTCAAGTGAGGCAG
JAK2 /MR, F: TTGTGGTATTACGCCTGTGTATC
R: ATGCCTGGTTGACTCGTCTAT
STAT3 /MR F: AGCTGGACACACGCTACCT
R: AGGAATCGGCTATATTGCTGGT
f-actin - /N F: GGCTGTATTCCCCTCCATCG

R: CCAGTTGGTAACAATGCCATGT

FGF7-FRAF YA A=K N F 7 TIMP-1- 0434 8 (A gl 71
FGF7-fibroblast growth factor 7; TIMP-I-tissue metalloproteinase
inhibitor-1.
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2.1.5 Western blotting ¥l # ¢ & Kk %
“2.1.37 TN ik T o HML 25, AbFE 24 h JEUR
YN, I RIPA REEIRIER, HEOFR L
TEW, KA BCA ERCIEE FIREE, il mAs
PE B FAFE RS 10% T br S0 R4 - 5 T A I e
LYK, ¥4 PVDF %, A 5% 1MiE A& H,
F=ERE A 2h, AN a-SMA Fifk (12 2000),
COLIA1 Fifk (1 1 2000), COL3AL & (1 : 500
B-actin (11200000 —#i, 4 CHFE IR TBST 5
Y3 Wa, AP (1:2000), FEEMEE 1.5h,
TBST 3% 3 WJa, #H ECL &6 Gidt 4 h
RUEER AR RBATIR R . D B-actin ANZ,
il Image J #AFX) Sk AT € &0 A, tHEHIT
EAMMXRIEE,

2.1.6 FESERAMF 4% “2.1.37 WUR kAT A
M%), WP 24h J5, $RHCH IR . AR 2RI R T
IR FLH AN S RNA BT B R4ith, B A%
J& H Tllumina Novaseq™ 6000 24l J& 43347005
M7 PE150. SRASIN T FHLEOE 5, 83k
SR E RN EdE (clean data), 552 % FE K4
boxt, a7 IR E BT . Lhlog, % A4k
(fold change, FC) =1|H. ¢ 1H<<0.05 /E A BB bR E,
ik 72 S AR TR R, R 22 S R IA JE PR AT HE R A
& (gene ontology, GO) Ihfig M i #i &K 5 B 21
H #}4= 15 (Kyoto encyclopedia of genes and genomes,
KEGG) &£ 0T,

2.1.7 GIEwOLY sl GCSF. JAK2 F1 STAT3
RKiIE % “21.37 WU kAT R4 25, abEE
24 h J5, FEREFE, PBSIRVE 3 K A 4%%
5 H I [ %€ 15 min, PBS W& %% 3 ¥ M 0.3% Triton-
X #iEZEE 10 min, PBSIR¥E 3 K MM 3%
EHEEATEIEEE 60 min J5, A GCSF (1 :
5000 JAK2 (1 :200). STAT3 (1 :200) —#i, 4 C
i E . X H, PBS 123 3 I IMAZE (1 -
500), iR HE 1h; PBSIZ¥E 3 kU5, A DAPI
FEiRA% 10min; PBSIRPE 3 5, #Hi, MHA
B IL TR TR AR AR R ST R -

22 ARG

221 WA, R4 C5TBL/6 /NRIE M
PEVFE 2 G, BENL NXTIRZE . ARAIZH . /KR
7 (4742 mgkg, MM TRANIRKARE) AMIFFF
BOIRAL. R (2250 4.50 g/kg, 2 BIA 2Tk
NIERHAZER 0.5, 145 4H, 4 10 H. BrXFiE

Hip EKMAL, HARANR ip & 10% CCls 1) E K
W (SmL/kg) i FHFAF4ELBTY, &R 2 K, HF
SRIG 6 J. R [FIP AR 2, S4aHA ig ML
254 (10mL/kg), XFHRAIFBEAIA ig ZARFRIK,
1 IR/ds FESRGZ5 6 .
222 MIEHTHFTIRE. BIRE. FFEF4EuE SSHa bR
ARIE F AR RIRGZ I, /R E iR
=, ip 1% ELZ8 (3 mL/kg) FRIE, FTHFHEE
HHAT T bk, 2503815 M5 /5 B T80 CI&
fEo I S Ut BT Th R B IhRE. F4F
YELLAH I FR BRI JIE KTk F
223 JHAHALURHEEUE WU AL, I
BIFRE R R, THEMESTES. TIBUNR — R &
T 10% AR R B ARz ppil b e, %R St
BHE5 34T HE Y f1 Masson Jefh, WELATZH
S5 B S AT AEA IR AR 1 D«

I B8 = R A
2.2.4 qRT-PCR F AT LI FRIE  BUIF
A, IR S U B BRI MIAMA S RNA JF
A% cDNA, #E4T qRT-PCR 73#7. SI¥F 5 £ 1.
2.2.5 Western blotting Al i 2H 2R AH K Br 3R &
HUHHZ, o RIPA R IEH. 1% “2.1.5”7
TR 7484, 43 3N CSE3R (1 X 1000). JAK2
(1:500). STAT3 (1 :500). GAPDH (1 : 10000)
—¥, 4 CHWBELR; AP (1:2000), =i
5 1.5h, #HATIEAER. UL GAPDH AN, {#
F Tmage J A% S db AT @ B0, IHH HIME
H AR Rk &
23 GUtESH

KA SPSS 26.0 B AF#EAT HHE M, KH
GraphPad Prism 10 B4 HIE f, SRUX s
N, PZLIE LU ISR ST AEAS ¢ 1650, 20 2H IR LLER
KRHBERGTZHN, F)5 WM ELECRA
Bonferroni V%
3 #R
31 FAFREBRASAMEX TGF-p1 iFSH) LX-2
4 e SR AL RO 2
3.1 ANEZYIT-H LX2 S s
Kl 1-A BoR, LX-2 4036 /75 TGF-B1 i S 5 1)
W 2T = FACRES, 4 TGF-pl FiEHK
JE8 10 ng/mL Ty 24 h B, 40HE3E 7734 2
WEAE (P<<0.01), #JE2sisn it HIb% %S LX-
2 JHHEIEL . @Ik 1-B C FToR, 5%~20%77 AT 4K 1%
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- 24h -e-24h
e = 48h =48 h
300
S X X
5 200- ] ]
& 1004 = =
G T Ll T T I 1 O T T T T 1 O T T T T 1
iR 2.5 5.0 10.0 20.040.0 80.0 X5 10 15 20 25 X5 10 15 20 25
TGF-B1/(ng'mL™") TR IR AL 2 1035 /% K 5 2 IS/ Y%

XA R *P<0.05 *P<<0.01.
*P<0.05 ""P<0.01 vs control group.
1 TREIZHYFIRT LX-2 HAE7EIRIFMm (X +s,n=23)
Fig. 1 Effect of different drug interventions on viability in LX-2 cells (X + s, n =3)

FE MG HM 5%~ 15%/K CEI =S AIMEHA  3.1.2 FEFR RIS AIMES TGF-p1 %S LX-
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Fig. 4 Validation of transcriptome sequencing results (X £ s, n =3)
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Fig.5 Effect of Yanggan Ruanjian Wan on body weight (A), liver index (B), spleen index (C) and liver/kidney function (D—

G) in mice with liver fibrosis (X + s, n =8)
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