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Abstract Objective To investigate the regulatory mechanism of Notch signaling pathway by YAP in non-alcoholic steatohep-
atitis (NASH) liver fibrosis, and assess the intervention effect of Cigu Xiaozhi prescription in detoxification and phlegm treatment.
Methods C57BL/6) mice were randomly divided into different groups,including a normal group, NASH liver fibrosis model group,
verteporfin (VP) intervention group, VP + Chinese medicine (Cigu Xiaozhi prescription) low-dose group, VP + Chinese medicine high-dose
group, and dimethyl sulfoxide control group. The methionine/choline-deficient diet combined with low-dose CCl, was used to construct the
NASH liver fibrosis model. The degree of liver fibrosis was evaluated using hematoxylin and eosin (HE) and Masson staining. Four protein
factors associated with liver fibrosis were detected using enzyme-linked immunosorbent assay , and hydroxyproline levels in the mouse liver
was determined using the alkaline water method. The localization of a-SMA , Col I , YAP,and Notchl proteins in the liver was determined
using immunohistochemistry. Additionally,the mRNA and protein expression levels of the Notch signaling pathway molecules,namely
Notchl1/2,Jaggedl ,and DLL4 ,were assessed using real-time quantitative PCR and Western bloiting analyses, respectively. Results The

HE and Masson staining results revealed that the liver cells of NASH liver fibrosis mice were swollen and the cytoplasm was transparent.
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Additionally, evident fibrosis was observed in the hepatic lobule, portal area, and sinus;it was accompanied by heightened levels of inflam-
matory cell infiltration, a large number of fat droplets, and instances of local hepatocyte necrosis , dissolution , and cirrhosis. The four factors
associated with liver fibrosis showed a substantial increase (P < 0.01) . a-SMA, Col I , YAP,and Notch1 were localized in the cytoplasm of
hepatocytes. YAP,Notch1/2,and Jagged1 were highly expressed in the liver (P < 0.01) but were downregulated after intervention with VP
and VP + high and low doses of Cigu Xiaozhi prescription (P < 0.05) . Meanwhile, DLL4 factor was upregulated in the VP + high-dose of
Cigu Xiaozhi prescription group (P < 0.05) . Conclusion YAP may inhibit activation of the Notch pathway by downregulating Notch1/2
and Jaggedl and upregulating DLLA4, thereby interfering with the occurrence of liver fibrosis in NASH. Treatment with Cigu Xiaozhi pre-
scription may inhibit Notch signaling pathway activation by downregulating YAP, Notch1/2,and Jagged1l and upregulating DLL4 through

its multi-components and multi-targets properties, ultimately slow the progression of liver fibrosis in NASH.

Keywords non-alcoholic steatohepatitis liver fibrosis; Yes-associated protein; Notch signaling pathway; Cigu Xiaozhi prescription
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%1 PCR3|#1F5l
Tab.1 PCR primer sequences

Gene Primer sequence (5°-3") Length(f)i}))roduct
GAPDH 183
F GGTTGTCTCCTGCGACTTCA
R TGGTCCAGGGTTTCTTACTCC
YAP 292
F CCATAAGAACAAGACCACATCC
R TCCATCCTGCTCCAGTGTAG
Notchl 299
F GATGATGTCGCTGGATAC
R TCACTCTCACAGTTGCG
Notch2 295
F TGATGAGTGTATCTCCAAGCC
R GGTGTAACTGTTGACATAGTCGG
Jaggedl 200
F TGTGGGACTCATCAGCC
R CAGCCTCCAGAACACTCAC
DLL4 225
F ACCAACTCCTTCGTCGTCAG
R TTGCTCGTTGTTCGCC
Col I
F CTCGTGGATTGCCTGGAAC
R ACAGCACCATCGTTACCGC
a-SMA 210
F TGGTGTGCGACAATGGC
R TGGTGATGATGCCGTGTTC

HEE T R PORH X £ s8R, 241 18] Ho 852K FH
SEREARHRG IR, 2220 ] LU AR FH S R 207 253 i P<
0.0528 22 5 A 4e it 27 & X . K JHGraphPad Prism 9.0
AT

2 HR

2.1 SUU/NRFFIEAE B LA
5 IEH 4/ U E$S %52 (0.042 1 £0.002 7) L
A, BEHIZH (0,056 2 +0.008 7) B i FH (P < 0.01) ;
554 R 4 H %5, VPZH (0.049 3 £ 0.001 7,P < 0.05).
VP+rp 24 5 7 5 4 (0.044 4 + 0.000 5,P < 0.01) . VP+
FZG R4 (0.048 4 £ 0.002 8, P < 0.01) AT AFFE%L
B EREI,
2.2 HA/NRIFRRI AR S 0E M AT A i L
AR 246,10 128 B, 20 25 W0 52 -2 4L 21 4k
945 , HE  Masson %t (.45 5 (K[1) 5o, Bl i A
[ S 4 JHF 200 B M 7 2 32 8 o o L+ 22 i g

/NI, JEREAT JERE A Gk L2 200 J A0 P P 4 i) 352
8 2 21 Y 4 48 1 5 3 A I 30 J) 0 L ST 440 i O
L i, BRI (S

A, steatosis and fat droplets; B, hepatocyte necrosis, lysis, and inflamma-

tory cell infiltration; C, fibrosis, liver cirrhosis.
El1 NASHEFLF4EL/NRIFALRHESRE x 100
Fig.1 HE staining of liver tissue from mice with NASH liver fibro-
sis x 100

22.1 HFAHZHEG A (K2)  IEH A A 2185452
H PR HEDVAE T, 20 M K B A Y 25 0E
TR ZE /)N BRUJH44H JE Fek JH S L B3 W, JHE /NI (1)
DX NS JH A YR 25 4 A SR I R AR B R 2
B IR AR TE . SRR LB, VPAL VP+H 241K
e 0 S 2 AT A AL SN D AR PE R ) b b, BEAR T
B AFTE . Jh VPR G Th 25 2 7 TR YT RUR B
2 N 7 AR M B D o R 2% DMSO¥ f# VP
WA, BDMSOZEAE R VPLLAY XS BAZH | F£F AL 5 i
05 AR HEATY A AE AR TS K 19 BT 20 ISR B et b 55
J 1 B R BRI R 29% DMS OV 0 I 1
BEMER/IN, AN S 2
222 JFZH 4 MassonZe {4, (JK13) « @ BLEE10, 1204,
B S LA ZURF/INE TR K X DA B 52 F 3 A AE ]
LT YR TT 5 12 JR A AR 2 /)N U g i 2T 4 T
T2 40% , 3% = FIEE 41 (P < 0.05),
RV /INERUFFE & A6 T OH 0 i 2R A 22
R, 5 IR 2 A, A ZH /N U R 1D 2 M L
FETEDRIBVERE R 27 4 s SRIRIZHAR 1L, VP+rh 2 5557
T AR T LT YR AL, VPZE B VP+rh 25 (5 1 4 AT
L[] B AT A7 AR /D s £F 4RSS 45 AH 2 2 . DMSOXT
MRS T VP AT 2 VR R 2T 4
ZE B ARA  ARBFIE T AR 128 R s 1/

Masson¥
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Control

VP, verteporfin; CGXZ, Cigu Xiaozhi precription.
E2 ZHNRAFAEALRHESRE x 200
Fig.2 HE staining of liver tissue in each group x 200

Control

VP+low-dose CGXZ

E3 &A/INRBTAEELAMassonf x 200

Fig.3 Masson staining of liver tissue in each group x 200

NASHJH-£F A A AR Horpr, 1~6J8] BL4EMCDIR B 5
/N BT A0 MR i 1D 28 P BRI P e 1 BB A /I
3 7T~ 128 I/ NRIR CCLJR , P20 e i o R 18
PRI REFAERSLE . VPR VP+H 25 25058 T A
2340 i 0k T NASHATZF 44k /I B T4 4L 31
W05, BLVPS 2845 14 I8 7 A FH 25 5PN ASHAT £F
AALANIRI TR 2
23 BHE/NRITAYEL TR AL (322)

5 IEH U1 A, SR AL/ BRUF£T 4 4k DU 0T 6 b
PC T .Col IV .LNFIHAZK V-3 5 3 F} 25 (P < 0.01) .
SRR L oA, VPE BV P+ 24 2575 T IS 7 4L/ B
JFREFRPC T, Col IV \LNFTHAZK -4 i 2 A (P <
0.01) .

2.4 KA/ Hyp & & LR

B 7K A 00 5 /I BRURF I P Hyp e £, 45 2R 12
8, 5 IEH 40 (0.105 8 + 0.003 0) A L, #5428 BT A
Hyp & (0.286 5 +0.001 6) AW T+ (P < 0.01) .5
FERIZH AR L, VPZE (0.150 7 £ 0.020 1) KX VP+H 254
FHE | m 7 2H (0.078 2 £ 0.001 2,0.186 7 +0.002 1)
Hyp 7 i W W FEAIR (P < 0.01)
2.5 4/ L Ha-SMA [ Col T \Notch1ZE
TGO LR
251 a-SMA.Col I ([14~5) : s 2 4k 2 e (o 25
IR, a-SMA | Col | #5 3R 3k 32255 067 T 48 g
5 IR AL, B I ZH 2 P a-SMA L Col T
FIRBEIN; SRR LA, VP R VP 2 IG5
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F2 BENRAENLIEIRLE (x+s, ugl)
Tab.2 Comparison of fibrosis indicators in each group (x s, pg/L)

Group PC I Col IV LN HA
Control 43991+0.2571 53.5304+2.302 8 401.3228+9.1796 61.0087 +2.4727
Model 7.9673+0.197 1" 88.073 8+ 1.726 7" 579.365 1 + 17.872 3" 947925 +1.967 2"
VP 5314 8 +0.590 0 64.683 8 +3.612 7% 412.169 3 + 20.083 87 68.634 2 +5.466 47
VP+ low-dose CGXZ 5.6717+0.106 6 72.324 4 £3.953 17 520.899 5 + 30.329 6” 88.180 5 + 4.281 0%
VP+ high-dose CGXZ 5.4632+0.202 8” 70.538 6 + 3.676 9 472.486 8 +21.126” 68.827 2 +4.178 2"

1) P <0. 01 vs. control group;2) P < 0. 01 vs. model group.

A B, EVP+h 2wl s it B,
252 YAP Notchl (El6~7) : 5IEH 20 Hohs , ARl 2H
/NERFFIE FR Y AP \Notch 1285 (4 B S U0 25 (iR,
Y MO A% T Y APTUARIU S W 8, SR L 8%, VPAL LA
FVP+H 2 AR AU E Y AP Noteh 11945 €4,

DD A LAV P+ 2 ) 0 TR
2.6 YAPKZE#EIF AR J7 T WINASHAT£F 4 AL J5 Notch
& Tl E N #RA

Western blotting%¥ 5 (#3 . [K18) r, H1EH 4
b5, 4575 45 T 2H 21 i Noteh2  Jagged 196 1 5 5 6

Control

VP+low-dose CGXZ

VP+high-dose CGXZ

DMSO

B4 EHNRATBEALR Po-SMAS G HAW FLE x 200

Fig.4 o-SMA immunohistochemical staining in liver tissue of mice in each group x 200

Control Model VP
VP+low-dose CGXZ VP+high-dose CGXZ DMSO

E5 FH/NRAFAEALFCol | REHANFLEE x 200

Fig.5 Immunohistochemical staining of Col | in liver tissue of mice in each group x 200
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Control Model VP

S P

VP+low-dose CGXZ VP-+high-dose CGXZ DMSO

E6 &H/NFRAFAFE L FNotch1 B A LN 4 x 200
Fig.6 Notch1 immunohistochemical staining in liver tissue of mice in each group x 200

Control Model VP

VP+low-dose CGXZ VP+high-dose CGXZ DMSO

E7 EHNRAFEARPYAPEREHANFELE x200

Fig.7 YAP immunohistochemical staining in liver tissues of mice in each group x 200

ik (P<0.05),DLIAE HRIA T 22 57 SEAIA VP+h 2yl E4lDLLAE H 2 m %Rk (P<0.05)
FL#, VPAL (P < 0.05) M VP+Hh2h s R4 (P< 2.7 %41/ U 2H 21 F Notehid B4 4H 54 I FmRNA
0.01) Notch2ZE ¥ 2L KA VP+h 25 | AR B AORIAEDL (R4)

41 (P < 0.05) Jagged 125 IR 1L, VPALTC i 35 22 575 S A2 EPCRAG TN 25 3 W ow , 5 1E 5 41

R3 BAHANRIFALAHNotch2, Jagged1 BRDLLAE B RIEER
Tab.3 Protein expressions of Notch2, Jagged1 and DLL4 in liver tissue of mice

Group Notch2 Jagged1 DLL4
Control 1.00 = 0.00 1.00 £ 0.00 1.00 = 0.00
Model 1.37+0.15" 237 £0.65" 0.62 £0.24
VP 0.93 £0.19” 1.88 +0.69 0.92 £0.51
VP+ low-dose CGXZ 0.57 £0.29" 1.32+0.52” 0.97 +0.29
VP+ high-dose CGXZ 0.47 +0.17” 1.36 £0.65” 1.19 +0.20”
DMSO 0.65 £0.28 1.42+0.57 0.70 £ 0.20

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.01 vs. model group.
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L LD
RERIKN K QQX QQX QQ

Bractin | e e c—c—c— - 50 x 10°
=
Jagged1 180 x 10°

pLLA h::gllj 7510

K, control; M, NASH liver fibrosis model group; VP, VP intervention;
VP+D, VP+low-dose CGXZ; VP+G, VP+high-dose CGXZ; DMSO, DMSO

control.

&8 Western blottingt £
Fig.8 Results of Western blotting

) 20 Hha-SMA | Col I . YAPLL JNotch1/2.Jagged]
mRNAY 253k (P <0.01),DLIL4 mRNATGCH] 4%
b (P>0.05) , SHERIZH H B, VPLH R VP+rp 2 5

1% 57 & 21 ha-SMA , Col I , YAP Notch1/2 K Jagged]
mRNA T (BIP < 0.05) ILAh, SBR[ AL,
DLLA mRNA{XAEVP+H 24 157 57 & 20 5t v R 3k (P <
0.01), HoAth T Fid h Il B 22 5 (P> 0.05) . ik
R34 5 Western blotting & 598 2H 24k 27 46 0 45 SR Ak
AR—F,

3 it

NASHIFEF el A R 2 — A2 (5538
B 45 1 52 2% 3 %, Hedgehog . TGF-3/Smad . Notch .
Hippo-YAP/TAZ \Wnt/B-catenin 51 % LA K — 22 51 4
PR 5~ Z T )52 % 1 52 B 0 45, S [m] 52 i JiT- 21 4
TR % 45 2 JE Ot BTN BE HoA A
() {H M AL A 7 12 2 B8 e 7 8 I 2 0 i
JRE B E N ASH I e R A2

F4  FH/NFRAFEALR B Notchif B8 X E FmRNARIEE R
Tab.4 mRNA expression of Notch pathway-related factors in liver tissue of mice in each group

Group Col T a-SMA YAP Notchl Notch2 Jagged|] DLL4
Control 1.000£0.000  1.000+0.000  1.000+£0.000  1.000+0.000  1.000+0.000  1.000+0.000  1.000 = 0.000
Model 2.600+0.246"” 1.285+0.178" 2.282+0.196” 1.485+0.010" 3.958+0.139" 3.051+0.125” 0.936+0.140
VP 1.682£0.122”  0.593+0.098” 1.853+0.152" 1.243+0.032” 2.839+0422" 1323+02177 0.990 = 0.404
VP+low-dose CGXZ ~ 0.799 £0.014”  0.118 + 0.009”  0.803 =0.009”  0.582+0.060”  0.5390.155”  0.881£0.194”  2.399 + 0.252
VP+high-dose CGXZ  0.725 +0.098”  0.470 +0.029”  1.178 £0.019”  0.223 £0.039”  0.451 £0.065”  0.838 £0.043”  6.753 + 0.905”
DMSO 2700+ 0444  0.829+0.104 1978 +0.643  1.199+0.066  3.856+0.534  1.700+0278  1.268 +0.249

1) P < 0.05 vs. control group;2) P < 0.01,3) P < 0.05 vs. model group.
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F{Notch1/2 Jagged 1 F2 35 T ¥, DLLAZE i5 L9, 411



- 400 -

HREERRESR H53%E

Notch{i 5 #%35 1k T FNASHIT £F 4 AL i % 1F %
&,

P b B e LA, A BRI L MR (R 7E
NASH 27 2 Ak 1) 2 9 1L v e G B4 i 28 4
T IR 7 W B R b Ty LA SR B e g o 32 o v 245 26 4
THRE 7 & T i, BA 2 s 28 i EH,
NASHFET b/ B 28 b 2 2 g 1M IR O 16wl I
JHE 2 H1a-SMA (Col T YTAR i Z 8 /D, -4 4k 4k U
T8 A5 K Hyp &5 5 W 5 B AKX, HE 5 Masson# £, i,
TN T EF A AR BE Wk A, UE I T 2R T S O AR IR T
NASHHEF AL T7 86 )57 34 [ B] , Western blot-
ting 5 SE A A 2 PCRAS I 45 SR AL R AR IR B T 2505
ZELHTH NG J7 1 2250 mUVE T DRIt 000 v 24 2 4 0
JIE 75 AT BE 18 3 I 2 o-SMA K Col T 4 AR M HIHSC
T A, DT & #E BT £F 4 Ak VR HT; TR s, R IR YAP K
NotchfF =3 A OC 8 [ 19 235, AT T FINASHJF
YAl BLAN, ABI G & BUVPEL A v 25 263 T AR
TR IRIT AR AL

2 F R, M Y AP ] JE 5 Noteh {5 538 A 56
A, FfNotchl/2 Jaggedl, [ iHDLL4, 3 Notch
55 IS AL, T HINASHAT 21 4k Ak & 2E L AR TR |
AR A 5 1 Th 2 2B AR T E i 2 Uy 2 R
T J8YAP Notch1/2 . Jagged1, b JDLLAZE ik, #
Notch 553 15 1L , MGENASHIFET 4 (b k2

Sk

[1] ZHOU JH,ZHOU F,WANG WX, et al. Epidemiological features of
NAFLD from 1999 to 2018 in China [J . Hepatology,2020,71 (5):
1851-1864. DOI:10.1002/hep.31150.

(2] &0, THE MBI, A5, JETDRTIE N 5 PRI R Bohs L i A 78 0k
[J]. 4 528 AR 24 75, 2020,37 (9) £ 1761-1765. DOL: 10.3760/
cma.j.cnd21213-20200203-01047.

[3] YOKOMIZO T,IDEUE T,MORINO-KOGA S, et al. Independent

origins of fetal liver haematopoietic stem and progenitor cells [J]. Na-
ture,2022,609 (7928) :779-784. DOI:10.1038/s41586-022-05203-
0.

[4] ZHU CY,HO YJ,SALOMAO MA et al. Notch activity characterizes
a common hepatocellular carcinoma subtype with unique molecular
and clinicopathologic features 71 Hepatol ,2021,74 (3) :613-626.
DOI:10.1016/}.jhep.2020.09.032.

[5] WU N,NGUYEN Q,WAN Y,et al. The Hippo signaling functions
through the Notch signaling to regulate intrahepatic bile duct develo-
pment in mammals [J]. Lab Investig,2017,97 (7) :843-853. DOI:
10.1038/labinvest.2017.29.

[6] TSCHAHARGANEH DF,CHEN X,LATZKO P, et al. Yes-associated
protein up-regulates jagged-1 and activates the NOTCH pathway in
human hepatocellular carcinoma 11 Gastroenterology, 2013, 144 (7):
1530-1542.€12. DOI: 10.1053/j.gastro.2013.02.009.

(7] Ehaede, Uines , sate, A5, 8 TF MR AL & 245 1 X R 1 i s
A A Caspase-8 \FasL . p-c-JunZE ik AU SE M [T Fp [ g B 2%
A4%%,2020,40 (1) :85-90. DOI: 10.7661/j.¢jim.20191204.236.

(8] A, Ehedl X 75 14, 4. 24 T IR L & 24 1MLV X Hh {5 453
FASEmiRNAR 42 )] P22 [ R [ 24,2022, 33 (10) :2305-
2309. DOI:10.3969/j.issn.1008-0805.2022.10.01.

[9] ITAGAKI H,SHIMIZU K,MORIKAWA S,
functional characterization of non-alcoholic fatty liver disease induced
by a methionine-choline-deficient diet in C57BL/6 mice [J]. Int J Clin
Exp Pathol,2013,6 (12) :2683-2696.

[10] FRAILE JM,PALLIYIL S,BARELLE CJ,et al. Non-alcoholic stea-
tohepatitis (NASH) -A review of a crowded clinical landscape , dri-
ven by a complex disease 7l Drug Des Dev Ther,2021,15:3997-
4009. DOT:10.2147/dDDT.s315724.

(1] Bz, 2 Jr gt (M 3R, Jbae : A RAE H R, 2002
238.

[12] GRANNAS K, ARNGARDEN L,LONN P, et al. Crosstalk between
hippo and TGFB:subcellular localization of YAP/TAZ/smad com-
plexes [J]. J Mol Biol,2015,427 (21) :3407-3415. DOI:10.1016/
j.jmb.2015.04.015.

[13] XU XH,POULSEN KL,WU LJ, et al. Targeted therapeutics and
novel signaling pathways in non-alcohol-associated fatty liver/stea-
tohepatitis (NAFL/NASH) [J]. Sig Transduct Target Ther,2022,7:
287. DOI:10.1038/s41392-022-01119-3.

[14] WANG L,ZHANG ZL,LI MM, et al. P53-dependent induction of

ferroptosis is required for artemether to alleviate carbon tetrachlo-

et al. Morphological and

ride-induced liver fibrosis and hepatic stellate cell activation [Jl
TUBMB Life,2019,71 (1) :45-56. DOI: 10.1002/iub.1895.
(5B EX%)



