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[ Abstract] Objective: To explore the distribution mechanism of network modules in the combined

treatment of liver cancer with Jiuwei Zhengxiao granules (JWZX) based on the analysis framework of module
pharmacology. Method: The cell experiment and the animal experiment were carried out to investigate the in
vitro anti-liver cancer efficacy of JWZX of different concentrations and the effect on the survival time of H22
ascites tumor mice. By virtue of the analysis strategy of modular pharmacology, the distribution characteristics of
nine Chinese drugs in the liver cancer disease network modules were investigated based on the constructed liver
cancer disease network and module division by MCODE. In this study, the average degree (AD) of the nodes in
the modules was used as an index to screen the main modules of the disease, and the intervention of the sovereign
drugs, minister drugs, and assistant drugs on the main modules was explored. Finally, the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis was performed on the drug-acted modules by
Metascape. Result: As revealed by the cell experiment, JWZX could significantly inhibit the proliferation of
H22 cells. The animal experiment demonstrated that the medium- and high-dose JWZX could significantly
prolong the survival time of mice with H22 ascites tumor (P<0.05, P<0.01). The distribution of targets of JWZX
in the liver cancer disease network modules showed that JWZX interfered with tumor necrosis factor (TNF) ,
epidermal growth factor receptor (EGFR) , vascular endothelial growth factor A (VEGFA) , transcription factor
(JUN) , tumor protein p53 (TP53) , and other 26 targets and 8 modules. The sovereign drug Ginkgo Semen
mainly intervened in modules 3 and 8, and the minister drugs such as Centipeda Herba jointly intervened in
modules 1,3,5,8,10,and 12. Centipeda Herba and Phyllanthi Fructus intervened in module 7 and module 19
individually. Artemisiae Annuae Herba and other assistant drugs jointly intervened in modules 3,5, 10, and 12.
KEGG pathway enrichment analysis found that 135 pathways were enriched in 8 modules, and the pathway
functions involved 12 categories including cancer, signal transduction, immune system, endocrine system, and
amino acid metabolism. The functions of the four major modules involved cancer, signal transduction, and
immune system. According to the results of literature verification, the key links of JWZX on the liver cancer
disease network and the core mechanism were presumedly related to the inhibition of phosphoinositide 3-kinase
(PI3K)/protein kinase B (Akt) and hypoxia-inducible factor-1 (HIF-1) signaling pathways, reduction of the
immunosuppressive effect in the tumor microenvironment, and improvement of the anti-tumor immune response.
Conclusion: JWZX possesses pharmacological activity against liver cancer, and the therapeutic efficacy was
achieved through the multiple targets, multiple modules, and multiple functions of drugs alone or in combination
to intervene in the disease. The present study reduced the complexity of drug-disease target network analysis with
module analysis strategy and explored the network module distribution mechanism of JWZX in the treatment of
liver cancer, which provides a new idea for interpreting the complex mechanism of prescription compatibility.
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Table 2 Effect of test/control substance on H22 cell proliferation
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I b v R A 2 B A R R A A T RS Y A A
KECHR W T+ 85 (P<0.05,P<0.01), SR L #g,
T ¥ 3 4 1 LR IR R v R A R ORI
e 21 AE B AR 09 A A R AR W] B 5 (P<0.05, P<
0.01). S5 R, JUBR R UK 2 A 4K H22 K
/N RAFTE B A AE R . WL 3.
33 MmN RS FEAT T N
OMIM % 4f J5 F1 NCBI-Gene % ¥ FE 4L 3545 3 034 4
FEDR aE — 25 R HF e 0 5 0 4% 9 O I 4%
84517 45,2 725 SR I A B o X BRI I 4% E AT AL B
R3304 R 26 MR AL (5 i B B >3) , W3R 4,
JiF 98 26 A~ B e AD {28 12,63, K T
- 166 -

mice (X+s5,n=20)
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x4 FE26MRBREFHEEE(AD)
Table 4 Average degree(AD )of 26 modules in liver cancer
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(BMP4) . I3 % 1 (AFP) #8511 (APOE) . CHUK ., i 8 31 3 I 7 (TNF) | & & R % 14 84 il
JAK2(JAK2) #5511 b-100( APOB) ,C-X-C #1k [H T % {A (CXCR6 ,CXCR4) \NFKB2

s 18 44 BCL2L1 . % 5% Al ¥ p65(RELA) .NOTCH1,AKTI ., XIAP . Myc J& f & 5 % 11 (MYC) . VHL . 17.88
E2F1 T 40 4% 4 7 (HNF1A) \CREB1 . 1 40 Jitd A= i 3 (EPO) | J& 11 2 13440 6t 1 98 il 0+ 570 1B
(CDKNIB) %% ¥ (JUN) .CDKNI1A .PSMB5 .CCNDI .POUSF1 . %% 5% [H T SOX-2(SOX2)

i 33 5 6 RBI.FoxAl 4% A /B BERE 1(HDACL) . PML 3 % Z 1A (AR) 14.2
Kith 6 5 18 OFDI.#% % 1 (TUBB) .PLK4 .CEP290 . SDCCAG8 12.2
it 7 6 12 PSMD14 .PSMD10 ., 2 %4 J5 3% £k 25 171 3 6( MAPK6) | Ji% 25 141 /i 137 8 (CSNK 1A 1) | 10.5

NFKBIA ,PSMD4

Fidk 8 23 57 TP53BP1.PYCARD .BARD1 ATR .2 %% % [ #{f§ ATM (ATM ) \HELZ2 Hi % it % E £ i 2 10.17
(PTGES2) B & (1 i Wi i (LPL ) W IR kIR Bk % 32 2 1 ABCB4(ABCB4) \ANGPTL4 A& 14
Mt %4 % 1 p300( EP300) . XPC .USP7 .XPA .MED1 . ¥ M % % fiti T2(RNASET2) .ERCC5.RETN |
CHDIL .GLIPR1 ,PRSS3P2 ERCC4 .PARPI

Bk 22 4 5 BRERZMIEY (IRS1IRS2) e R L KK ¥ (IGF1) f#EFL % Z &k (PRLR) 7.5
itk 11 5 9 TTK.NCAPG,CDCA3 .TOP2A .BIRC5 7
i 14 4 6 SEC13.BUBIB.CASC5.CENPM 6.75
Bige 24 8 11 RAPIA.PEBP1.SMURF1 ,BCL2L11.7Z % %54 E2Q1(UBE2Q1) \TLN1,TRIM71 ,RUNX3 6.75
ik 4 6 15 60S % M 14 I L11(RPL11) \40S &% M 1426 11 S23(RPS23) 408 % A 2K 14 S6(RPS6) .40S #% 6.67
Wi 4 S15(RPS15) \RPN2.60S #% 44 2 1 LO(RPLY)
M 2 7 21 RAB25.RAB24.RAB22A .RAB21.RABIB.RAB10.RAB4B 6.29
Bk 15 4 6 LRP6.AXIN2,AXINI .APC 6.25
BEHL 10 5 10 40 {a % (CYP)3A4 .CYP3A7.CYP2B6.CYP2A6 . CYP2EI 6
B 21 4 7 CDKI12 ZLARJ% 1 B 5 &4 11 (BRCA1) NELFB ,CDK9 5.5
K13 4 6 HSP90B1.GOLMI1 FSTL3 Ji & R F:A: K H 745 4 8 1 (IGFBP3) 5.25
e 9 5 9 A0 M A 38 -22 52 PR KL -1 (IL22R A1) 140 LA 52 -24 1L24 | 11 40 i A 55 -20 32 (4% W Ak 4.8
(IL20RB) .IL20RA | Jiff % % 32 /& i JAK1(JAK 1)
i 16 4 9 SDHD.SDHB.SDHAF2 .SDHA 45
B 19 4 6  AHERMEN 1(GLUDLD) SeAr i B R A i (IDH2) K 4 2R 5% % (GOT1) . IDH1 45
B 17 4 6 PR L (PKM) . PFKM \PFKP .PFKL 4.25
b 18 4 6 RIE S E MR Z A (GRMS) .UTS2R \UTS2 . TACR1 3.5
iR 20 4 6 CCR2.CCRI ERKMZHZMAK2AI(SSTR2) .CXCL1 3.25
ik 23 4 5 ZWNEIE L4 F (ICAM1) . TRIM3 HLA-A . TRIM29 3
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3.4 JUBRIEIH PURLE 1 22 80 A 2 B H AR TR
o 0 % LR T UKL VR T 98 92 s IR 44 A e
PR AR R 1 R 3 AR S REHL 7 ARk 8 MR 124
8 itk F il T TNF,EGFR,VEGFA ,JUN,TP53
A5 26 B0 A, DL SR S R A R o e R 1
B 3 RS B 12 2 i 5 e I 2% 1Y) 32 AR
P, 5 254 B BB 50% . LI ST AR 7E
FEAY LT T 2% 5 (EGFR . VEGFA) , 7E
TR 3P F T 64 # A5 (ALB, IKBKB,
APOB .TNF TLR4 APOE) , f£ £ Z i He 5 7l T
6 > ¥ f5 (JUN, MYC. RELA., CCNDI . Aktl,
BCL2L1) , 7F &£ Z B He 12 o + il T 5 4 0 4%
(CASP8 . HIF1A . TP53 , TNFRSF10B,PPARG) . 1]
DE N IDIN SRR IR TRRUE A SSINE A 8- iR
P 2%, HHE R Z RAEAE 4 FEBIR A

25 43 B LR LI ORL Y 24 3 SR AR
Bide, Z UL E26 D rp 2558 b 18 MR s 2 b 2l
4 (] B A, 8 S I U b 24 B T R AN AR
ARG EAA G I T B TNF, E 2R 1
R A = 1T AN A T NN A v ol [ e
PPARG. FIR AR RHF 5 &0 5
T #i LPL,RELA . NFKBIA . GLUDI1 ., IKBKB 4§ !
AU WER S N JUBR I ORI 9 8 ML HUOR &
BHAAREN T FEBER3IMEL S, R AE
BORHE T H KBRS IR AR T R AR
1.3.5 12 i 8 .10, 4 2575 & ALAF 4L AR 58 3t 6]
YERF R M3 5 12 ffibe 10, AEE 54
H 5 B B AR ] AL H 7,19, AT L& B JL ik
ST R A 2GR T T T R A R 2 A 2y
FE T T 32 AT FE A P T R R R o e I 4%
A FH A B — 20 5l B, 24 1 0 5 o D 245
3.5 BBk E LN XL 8 AR 43 ) it
1T KEGG il }% & 4 40 B , R 1 A B i ) 6E .
S AN B B A Y 135 45l I L 4 BB L
125 500 B, o R E e SR A R 92.6% ., IR
KEGG %45 i 38 % D) Be 73 268, 8 B B & 46 Y 3
B KRBT DL A3 12 K38, A B & 42 38 % 2
D3 i L RRCBRE IR R o A HR 1R AR 69 A i,
B I E 2w LR 5SS NI R G
PERGE . M3 AW 77 S, 3B ROEE
MR MRERG ., BRSEEN 64 KHE K, £
B PR FS S RIERGEMNG W R G
Bt 7 HUw A 1S5 B, V5 B e 1 R g PR RN
B 8 B 4 Y 4 4538 [, 32200 M B R PR
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YA AR AT s AR AR BN T AR v i A2 RS
52 10 B4 S A I, 2V RO R AR .
PP 12 & 4 93 kil %, FEE W MR RS
S RERGEMAMAER ST B 195 E N
3AE B, REW A SR . 44 R BT
RE#R Vs KX EEIE (oS mERG., FILER
I, JU AR T ORL VA 0 A0 AR L AT RE S T
HfE 57 3 RERGA K

RS5  JURREUEBRLR PR A F0 8 M E AR BR

Table 5 herb targets and 8 action modules of Jiuwei Zhengxiao

granules

gy EiLp= UEER S-S
RUF HE EGFR PR 1
RN AN e VEGFA B 1
RHF HE ALB T3
F AN 0N AN A APOB Wik 3
FER R E T R BIEL B5E APOE B 3
T IKBKB H 3
KT A TLR4 3
EEE ¥ N TNF H 3
RHF R 5 Aktl K 5
G BCL2L1 i 5
T AR ARG LL CCND1 Hidk s
AHF RS JUN B 5
TR B R MYC Bk 5
L N RELA i 5
A A NFKBIA i 7
RH T ML ANGPTL4 Fide 8
EES LPL Fide 8
S 558 PARPI1 i 8
HERS e o VAN N T FAN CYP2A6 R 10
S 58 CYP3A4 ik 10
W A2 CASPS8 Rt 12
T HIF-la Rt 12
K F ML HE GL A5E PPARG R 12
T TNFRSF10B e 12
RN E T Bt TP53 e 12
KHF GLUDI B 19

HE— 25X b 4 A~ 32 TR Y 3E B, R B R A
ez (8] f74F 30 4% 56 5 08 i . 3 2ok S0 5 SCHR 90 UE &
AT 12 2% [ 5 98 A 5G| UL 1 5 R B n A R
Hodr i AR BRI 3- 34 /2K 1 %8 B (PIBK/AL) {5
5 3E N CHIF-1 {5 5 38 B TR S B R o s A
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S R A0 T R A R T A K R T R
Jed B BE L ER S5E , 7E T S 5 3k 3 b S B O Y
PE I 4 R b PISK/AK (5 5 58 4 0 5 7
e M 40 PE T BE R -1 (PD-L1) 2 3k 3% i £ 1E #
K R R M AE T & (-1 (PD-1) 5 H i K
(PD-L1) A B4 FH A& 8 410 il T 40 Ma 1% 4k Fn 38 5, A
SO e PR AR R I o g kO 1 DG B Akt
5 O 4 HE — 25 UK B HIF-1 X 98 E f P 1
B2 HIF-1 B0 5 80m & W B K7
(VEGF) = 4k | DT 75 5 il Jgg ot 28 A= 1> L ke 9 7
TR TG 97 98 0 A% 0 LD T BB 5 B0 ) PI3K/Akt.
HIF-1 155 38 B , B3 A0 Jie 928 ol 0 355 1) 4 92 400+ 12, 34
ST I IR B T S A R o
3.6 JUPRIEIH ORI P 40 0 SCRR S TIE DA AR S
50 45 v R B U AR T AR T T 98 R e T 46 A
Per iy 26 AN H0E A5 o O TR R UKL UKL BE 5 il
it bR IR T B & R SR IE | b &G
EICIE R S DINU SRR TR A SR
EOARH T RN R BRI R S o A Sk
IEWVER TR 1348800, Wk 6. Hih 6 M AT
TNF™' | EGFR™ | VEGFA"” | JUN"" | TP53" |
MY CP¥JE: i iE 19 B T HE 25 . R B TE#E 25H ALB.
IKBKB.,RELA,CCNDI1, PARP1, ANGPTL4, LPL,
CYP3A4 Caspase-8 .PPARG %5 13 4l i , J& JU R 9%
T WURL Y A 13RI # A5
4 itig

AW 53 38 3 1A S 20 H S 56 RN 3l P S 5k B
IR I R T S 2 M R H22 A0 4 A G g, O H B
A IE K H22 JE K /D BRI 25 38E . Sy
— PR R H 2GR AL, AW 5T iz P AR B 24 1L~
Sy ATHESE ) AT T BC AT A BE & B0 T LR SR R
B2l B2 AR 2 TE TR B N 4 v 0 S 2R
1 53 A AR RN 22 3R AR ) D RE AR AE , R i — PR R T
HoAZ .0 A FTHLEI AT 68 5 90 i PI3K/Akt HIF-1 155
A [, A AR P TR ol I 05 1) G 2 410 o M 38 SR T i R
B BE TV O o Ry filk % 5 R C AT Y 52 A PIL T 4 it
TR S TR — 25 I R U T UKL 1 2 B L
WS AR T B %
4.1 N J5 AR B AT AR RE BRI U T Uk R AR 24
XoF JHF s 95 9 ML R 00 4 R A s S OF 50 o R B
P B 7 1%, R I U AR ST R B T A 24 A T 9 9
BEHCHE S5 i 22 5 B2 AR T 1 32 B B 3 A
g, MAGHERGMEHGEAETH 4N E
IR LA A T T A 7.8.10.19, 8K T

F6 T RFCHEPAREHBHECEIERR
Table 6  Verified targets of Jiuwei Zhengxiao granules in

published literature

gl B 50 TEHE £ 22 ik
SES TNF [26]
SES APOE [27]
HiE EGFR [28]
HiE TLR4 [29]
i JUN [30]
G Aktl [31]
T BCL2L1 [32]
o CYP2A6 [33]
HH TP53 [34]
KT APOB [35]
RHT GLUDI [36]
Tt R VEGFA [37]
AL MYC [38]
AR CYP2A6 [39]
W Rz VEGFA [37]
W Bz APOE [40]

Xof JHF 9 99 5 B B 11 T 009 L A B B 1 T 1 R
AN [ SO AR T8, U B JIURE I 2 T AN ] 1Y
Reri s, & 51857 IFE 0 A Y 2gad #2
FEEHR 3 EE ST R R
PI3K/Akt, TNF 4515 538 [ . PI3K/Akt il #% 5 it Jif
T G AR O e PE T R I R T R R
5 U] J R G e T AR AE R e s ki T R R &
REBMAEY, 259 M PI3K/AKF 538
AN A S I A T . TNF J&2 — Fh 2
M 7 BENS A T AN IE T R AE g S 2 R Al
JL P9 {5 530 B% . TNF {5 53 B 8006 76 T 98 22F Jie A
R R A AR B 8 2 A0 i A A S A
He, J2 2w A B0 40 M B A SR P UK HEFE 1 O
(FoxO) % {5 51l % . FoxO F M HIA M &1 5 40 iy
JE 300 BEL ¥y RO T A b g A R o T R B 5 R
B, FoxO 25 [ 76 9 £ % 1 = 3R 3K, Fox O 3 B% I
23 5| i A N O 40 i DNA 8 05, 5 5 e &
A, A 2 B T WURL B 3.8 th APOEY |
TNF S5 80 5, nT B 2 5 00 97 i 98 60 92 T 3A Bg L 4
FELR T L 5 i A0 M R R A R R DDA G
OREER Y/ SUN 8
FEBY LS 128 S5FES S W R
P8R DG I A5 B, 5 4 3] aat 4 Ak W K B B ) O 2
& (PPAR) . HIF-1, VEGF . PI3K/Akt % {5 5 i & .
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JHF IO 2 A 2 A AR R N 3 WA #% B . PPARfEW2
E T JEE O R AR i 0 Bk 2 3k, 2 5 08 B AU fk A 40
L B4 58 . WF 5T R B, 24 ) 38 5 40 ) HIF-1a/PPAR-y
B AT SRR R A, IO OGN R AN B G A AR O R A
ML JR T2 S VEGF {5 5 38 8% BE 105 vl 55 968 v i
IR AH DG B I 20 R i 3% M R A R A0 A 28 RN T
Bl BRI R ORI — N EE N R
HIF-1 & 20 it 3 1o 6 4 ik B v 3 2 (0 5 SR L,
JELE N A K HF-a(VEGF-A) 19 3= 225 15 A
T, E MG | o kg | iR I A AR BT R A
BRI, W HIF-1 A 2 a0 8 R 36 7 10 8
FmE Y PI3K/At {5 5 38 % B 0% 78 14 45 JIF 98 40 it
14 B B R T RTOBE I i b R PEAE YL BEER 10 AR
He 19 #0255 2 R AR AH G B H | 4 B A L iR
ARG AH OC T8 % . 2 R Wk B 1 R Ak nT L2 ) i
4l A K WFgE R B, EE S JL R (BCAA) TE
/N RS AR w5 B 2F 4R A6 B AE L #b 75 BCAA 7T Bl
B1SRANY Wi 1ok i e i R Y (O A e S S
gyl THPL 44 BB S 7.8.10.19,
FIRE S 5 R T R I A A L 40 M A S R T
95 40 M AR 28 R B 5 5 R R R B VI A G 2B )
St B o AR SCHEVT T UM T UL B A 2 A
S I 28 L L v (1) 43 A 25 R R D) AR . R 4
A F BB DR R AF 5 e g X —
FE TR L ER R T JUBR IS OB AR T 98 5
25 14 O B BT R AZ O ML Ry i 2 O R CATL Y 2 2%
B4 T B i S

4.2 P 25 S50 oy B AR T U R R OB Y
YERALE]  TNF-o 26 779 105 A R0 & s &
K, A 25 WA ] TNF-a 19 35 0] LU 5 & fr JE e
PUIF R 0 AR FH > RS R S P A h 2 R
Oy Z— HWESE &I BT DL PR AR TNF-a (1
B SEIKOF I e i A K O E PR R R
[HER A R il e O N N 2 B G U i
200 e 8 T AR 1 (Bax) B F A M R BT TR
1 (Bel-xL) 19 2% 35 58 % 110 1 L A g Jofogg 1 A= %
T 75 B TR 2 — OB 0 TR BT R 25 L RE 5
L7 96 PN Bz 200 6D P 38 5 42 2% , I L IR st 1) #f % 7T
B 3 WA 1M 45 9% 40 IS VEGFA . VEGFR-1,VEGFR-2
B EE S F-la(HIF-1a) B %355, AR K
M, T O BEHE B fig i i BH W PI3K/Akt/mTOR {5
3E U5 N I A0 R T, N g AN A
Kl SRR R A A RO 2 — B
K BT 3R RO g A0 A o s M kBl
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PI3K/Akt/mTOR i % 7% S 40 L 98 7 Fn [ '™ . 7E
i 98 ol B 355 v, 40 B R 4 20 8 A T B AR S 4
i 300 o 9 05 HIF 38 [ 5 0 AIK 4C, HIF A 28 8 T 96
RS WETRIT BB R0 7 N R BR R AR B
TOAG 21 09 A 80O o 2 — R 58 % BN B A 38 o Akt
HIF-1o i 2 5% W0 i 51 B 96 40 0 VEGF 1) 2357,
A% 3C N H 2 B 43 RRE AR R T T LR T R
AN TR Hh 2 g VR L, R 30 TE YA O T 98 B 4R AL
il P A T SCHER AR IE o T 24 80 S SCHR B2 R
AT A R — B X — e R BN T L
WA IRV RV A I AZ O AE AL, S — 2 R R L
WA SR T UKL 1) 2 BRI S I A R AR L T S %
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