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Abstract

OBJECTIVE: To investigate the bioactive chemicals and mechanisms of Da-Chai-Hu-Tang in the
treatment of liver cancer. METHOD: We applied the integrative pharmacology platform (TCMIP),
combining with formulas, traditional Chinese herbs, chemical compounds, and disease gene target
to establish the pharmacological network of Da-Chai-Hu-Tang/traditional Chinese herbs/chemical
compounds/gene target/signaling pathway/liver cancer. RESULTS: It predicts that 138 major bio-
active ingredients from Da-Chai-Hu-Tang interact with 51 gene targets to treat liver cancer pro-
gression. They are involved in processes of energy metabolism, amino acid synthesis and trans-
port, protein translation, lipid metabolism, bile secretion, nervous system, purine metabolism,
nucleotide metabolism, and etc. CONCLUSION: We explore the underlying mechanisms of
Da-Chai-Hu-Tang in multiple ways, provide the theoretical support for the clinical application of
Da-Chai-Hu-Tang in the treatment of liver cancer progression, and widen the horizon on how to
explore mechanisms of traditional Chinese formula.
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1. 5|

JH-9& (hepatocellular carcinoma, HCC) &t 5 bt WAEMEMIE < —, FEZEKE, RESGET
T BE T N BRI 42.5% [1]. TPEEUA, BRI NSV RN ROIRAL, T Ewiit, 76
WAHMEE A, BRI AL, BN AR AR ks ANE, DRIk, TR PR &
B2 VMRS N, tRRER A RPHEEER, BHAFHFIR AL IR TR, SR TR w, &
AN FIFEFE A TR R B B B o S0 FYERE, O R 2. IR, RIEARKEIRIRERI, BA
KEETHAUERRE AL, 5 KGR T O B e« I 28 )5 456 1R 20 ki ZEEE AT R TS 45
BRI AT A 2]

KUz AR kAR (EEQ0mie) , HE “GREEH, AWM, O FEE, Kk
M RFIE, REESAE 27 [3]. Ho7 FBMEESIN T 85 =W, AT25 =W LEETHBE) EZ ).
RSEPUM () KA+ M), RE AR, BRI NSRRI IR FRE, K5
SRR G AT Z)YDRENS S A M R TH AT O, T ORAE FEHB G M I IR G ARREIR , Dk s idE AR, $R i
I B 2 )5 A BORAS A AR TS LR, G2 bT 29I RSO, 39 hn S i sz ¥ [4] [5] [6] [7]. 3
IR K SEEH A B ST 06 97 e & IR PR EEVE RO, Ao e B IR R, Seg BE s, KiE
3t FHE A A A DR D RE RO ME I [8] [9]. HHEEER Ny, KREEHIZE BUn B 28, BRI SoRIGTT
e R B S0 e R0, DA i v AR 3 A A I T R AR 3 o

HEEJT R “AEMEC K TTHEEHZOR” . REHHBEAT SR, R, HI7h i
PERLSY « IS PER ST 5P FEARAE SCME . W EAE RIHLE S5 07 AT 5T Rk, DRI AR 9 F i 2 8 5 24 3 27
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TH5°F- 4 (integrative pharmacology of traditional Chinese medicine, TCMIP, http://www.tcmip.cn/), & 57,
2t AR BREEARIY KSR T, A 2R - MR FHEEAR - BOIEES " EARYE I B2
KAR0], M “EI7 - T2 - WEY) - IBERLR” 2RI ZMERBE RGP AL JFRHBZ
R, BRI RIE TG R R AR E FILE],  ARSERHZ (1 5T S A R R e R SR (R 24K s

2. SR Yk
2.1. KEEMRIANUZR D IR

ETCMIP E/‘] 143 I:F]‘é‘ij*jﬁﬁﬁ” I:Fly %j}u “%g«ﬁﬂ” N “E\:—z}’\‘” N 43 57%‘” N “E':/:E” N “/_:E:%” N “« /[:1
DN NN N SN VNS R e €/
2.2. TRIEHDAR IR B FEART

£ TCMIP [ “ B #EAR{E B ¥eE” w, BL “liver cancer” JyoR8iAl, R AIRMEIRIEERS, AT
T AR RERR s AR “ T ZGEEARTIEN S b, JEECZYIARIE B > 0.7 AOAL AR IR AL AR 2
L AEARRIR, TCMIP FIRH] 45 BEAT AU R, IR 5261 FDA i i 25 Wt AT 1k
SEEER( L7 T )R, XPRSEIIm ThSE . B AT CRRL R SR RO
KB 8 WREGM AT AR T, HFHEAT IAT #EAR M [10] [12]

23. EBR - EEREEERER
TCMIP #4778 ANELAT Sl i b (4R 11 — 8 1515 AR L4 FH (protein-protein interaction, PPI)4#f %

V8, %A~ Human Annotated and Predicted Protein Interaction Database. Reactome. Online Predicted Human

Interaction Database. InAct. Human Protein reference Database. Molecular Interaction Database. Database of
Interacting Protein 1 PDZBase. i TCMIP [ PPI #it#ia 22, B A] 3845 K S48 1F F bR 5 i 2 (814 PPI

29

Hitho

2.4. MBS ST

I TCMIP [ IR 28 3 AT, B %o KSR A8 AE 2580 5 i < [R) 1K) PPI S 28 SR AMRFAEAE , DL Y
FREREE (degree)” B 2 5 A 8O RAB, eI 2 75 SR IE S0 R AT 2% I R B BE AR I 2 . BT, WK
FRERAR N2 F AT M AR, LI P-Value {HHT 30 MIOCHREEE, ME “ LM - B - B0EE - %
S PR - R BERIIA T 2 IR, M 7~ K SEEH i IR T AL R0 25280 ST R i
2.5. ERINEEMBREESN

TCMIP ik 1 3K 444 (Gene Ontology, GO)XHfE 27 Al 5t A1 & [A] 5 35k [K1 41 7 R} 4> i (Kyoto Encyclope-

dia of Genes and Genomes, KEGG)if i £ 2 BT, X B RE bR 1) BE R A IR = S0 i, 29 onllide ¢
P-Value {1 20 1 P-Value & il 15 <8 iEER {5 B 5 TR H.

3. SELER
3.1. KEEHANE RS BA MRS

B, T TCMIP T &, WEREKSEHIZALTT 250 ATAR SR, WERai R 1 s, KEEN
A 8 R ZALN, I A E M) 543 4, TIELRRIEAT 3650 4 i FIRZGH (AT AR 70 HT, 45
U B K Sem137  24 B AR L B0 W [R] B S S0 F (W0 2 TR
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Table 1. Basic information on “Traditional Chinese Medicine-Ingredient-Target” of Da-Chai-Hu-Tang

=1 ORSHRS “E - o - B ERER

2 AR J S B L s
S 62 657
WE 54 524
125 50 169
L3 41 237
A% 127 257
sz 49 51
A 72 1172
N 88 583

Table 2. Common targets of single herbs in Da-Chai-Hu-Tang
T 2. KERHAZh BIRZ5H B AL BRI AT

S A3 e Kig A5 P SE) FH

(95) (133) (133) (83) (21) (429) (119) (196)
4511 (95) - 8 64 20 15 79 49 22
A 35(133) 8 - 3 3 0 89 2 5
#%5(133) 64 3 - 69 18 128 94 19
K (83) 20 3 69 - 21 69 72 18
Fsz(21) 15 0 18 21 - 18 17 12
KH(429) 79 89 128 69 18 - 101 28
FA5(119) 49 2 94 72 17 101 - 24
3 5 (196) 22 5 19 18 12 28 24

3.2. KEEHAIRIEHEREINEER RS SHER S

akmin, AW KSERIZ B E L ¥EEAT GO ZERThRE#r, Tiiik P-Value {E AT 20 A E ZEAE (K T g
fE R, RWE 3 Pow, BATAMERIL, KREEHHRELRRNTEES S | Ha R e, LRk &4,
RERAH. MMt R o SIS AEME B IIRE. HR, XRSHZ B EZG LT KEGG @ = 470 #T,
W H P-Value {HHT 15 FISRHEEEHE S, 48R ER, KEWDIRELRNEESS T HEAR. WAR. K
KRR EAIERRA AR TR AR AR Y5 SR (0 4 FT7R).

3.3. KEEHAPER BRI DRSS . EERTREMBRERI

3.3.1. KEEHAIARGIAFT R Z L EEARMI 4%

WRAE AT K SEW A B BERR, THk /53] 528 NOCHESIAR, 25 EBERIEEAR 156 4, C40
FITR AR 89 A, B S 2RI EHEE bR 3 A, [HEEEFR 280 1~. R¥E degree fH, Kl 1 W<l 100
AN RS 1 PPI R A HAEMLS, B SN G degree (B R IEA G, ZLGRFRWEE, & EARFRBHTHE
b, REARFR AR,

3.3.2. KEERAIARGIARTER GO £EINEER KEGG BEBEE S

BT TCMIP mEdn(s B, X REEEHZ B 6 3T GO BEKThRE#r, ik P-Value {AHT 20
MEEREFIGERE, ERER, KEETHIMGE I A R I TR 1) 3 DR AR IILTE 2 A F A 4
AERARU. MR C AL, IR, RNA RAMA SRR 5 Fin). 4k, AWFF ks
W76 1) KEGG @i & 15 5, %% P-Value /T 15 MBS, 250 a1E 6 frn, FEEPT
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TR R R RS .

Table 3. The gene function information of candidate target of Da-Chai-Hu-Tang
= 3. KEAAIFEEARRENERIREESR

ID %H #H P-Value
G0:0005234 extracellular-glutamate-gated ion channel activity 18 3.43e-031
G0:0035235 ionotropic glutamate receptor signaling pathway 18 4.12e-026
G0:0005829 cytosol 149 3.99e-022
G0:0005739 mitochondrion 76 6.69e—018
G0:0005524 ATP binding 84 1.21e—017
G0:0006418 tRNA aminoacylation for protein translation 14 5.43e-015
G0:0070062 extracellular exosome 116 1.59e-014
G0:0004129 cytochrome-c oxidase activity 13 2.62e-014
G0:0007215 glutamate receptor signaling pathway 10 3.60e-014
G0:0006123 mitochondrial electron transport, cytochrome ¢ to oxygen 11 3.78e-014
G0:0005759 mitochondrial matrix 32 2.98e-013
G0:0003924 GTPase activity 27 3.13e-013
G0:0016594 glycine binding 9 1.18e-012
G0:0015171 amino acid transmembrane transporter activity 13 2.25e-012
G0:0007268 chemical synaptic transmission 25 7.47e-012
G0:0045211 postsynaptic membrane 24 9.63e-012
G0:0004972 NMDA glutamate receptor activity 7 1.23e-011
G0:0006810 transport 28 2.70e—011
G0:0006091 generation of precursor metabolites and energy 13 3.29e-011
G0:0089711 L-glutamate transmembrane transport 8 3.75e-011

Table 4. The pathway information of candidate target of Da-Chai-Hu-Tang
4. KEAAIFIERRS SNBRESR

ID %H #H P-Value
hsa04724 Glutamatergic synapse 36 1.38e-021
# Nervous system 58 7.07e-013
hsa00250 Alanine, aspartate and glutamate metabolism 15 8.70e-012
hsa00970 Aminoacyl-tRNA biosynthesis 19 2.95e-011
hsa05031 Amphetamine addiction 17 3.71e-009
# Amino acid metabolism 35 1.03e-008
hsa05030 Cocaine addiction 14 1.89e-008
hsa04720 Long-term potentiation 16 2.21e-008
hsa00330 Arginine and proline metabolism 15 2.46e-008
# Nucleotide metabolism 26 7.11e-007
hsa05014 Amyotrophic lateral sclerosis (ALS) 12 1.57e-006
hsa00230 Purine metabolism 23 1.79e-006
hsa00471 D-Glutamine and D-glutamate metabolism 4 3.81e-006
# Neurodegenerative diseases 34 7.13e-006
hsa01230 Biosynthesis of amino acids 13 1.57e-005
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Figure 1. The candidate target network of Da-Chai-Hu-Tang for liver cancer

1. RERERIAIATT AT RER IR EEAR P 45

Table 5. The gene function information of key target of Da-Chai-Hu-Tang for liver cancer

5. KSEHAATTITEXRETAGNERERER

ID %H #H P-Value
G0:0004129 cytochrome-c oxidase activity 13 2.19e-022
G0:0006123 mitochondrial electron transport, cytochrome ¢ to oxygen 11 5.46e-021
G0:1902600 hydrogen ion transmembrane transport 13 1.71e-017
G0:0006091 generation of precursor metabolites and energy 10 9.81e-014
GO0:0045277 respiratory chain complex 1V 4 3.17e-009
G0:0005751 mitochondrial respiratory chain complex IV 5 3.88e-009
G0:0005743 mitochondrial inner membrane 14 2.96e-008
G0:0005739 mitochondrion 22 1.99e-007
G0:0006629 lipid metabolic process 8 2.18e-007
G0:0004879 RNA polymerasielcl1 J;rgseii ;):c?fr: Cf%::\?;rﬁx al;t:gltr)\/g ligand-activated 5 771e-007
G0:0006367 transcription initiation from RNA polymerase Il promoter 8 1.10e—006
G0:0030522 intracellular receptor signaling pathway 5 1.56e—006
G0:0070542 response to fatty acid 4 3.56e-006
G0:0003707 steroid hormone receptor activity 5 7.36e-006
G0:0008289 lipid binding 7 8.57e-006
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Table 6. The pathway information of key target of Da-Chai-Hu-Tang for liver cancer

6. REHRZaTT IR MRS 5RRRGER

ID %H #H P-Value
hsa04260 Cardiac muscle contraction 12 2.90e-011
# Circulatory system 18 2.42¢-010
hsa00190 Oxidative phosphorylation 13 1.39e-009
# Energy metabolism 13 1.36e-008
# Neurodegenerative diseases 17 1.08e-007
hsa04932 Non-alcoholic fatty liver disease (NAFLD) 11 6.01e-007
# Endocrine and metabolic diseases 13 1.37e-006
# Endocrine system 20 2.67e-005
hsa04911 Insulin secretion 7 3.82e-005
hsa03320 PPAR signaling pathway 6 9.76e-005
hsa04913 Ovarian Steroidogenesis 5 2.18e-004
# Lipid metabolism 12 6.71e-004
hsa04976 Bile secretion 5 1.09e-003
hsa01212 Fatty acid metabolism 4 1.79e-003
hsa04961 Endocrine and other factor-regulated calcium reabsorption 4 1.79e-003

3.4. KEEHIZPTERTER “HPE - Bobas - R - TERBIK” SHEMEXRSF

BRI G RS AR M IhRE, XRSEHIZA% DL 48 BEAT AT AAL 738 SR B #EAR DI RE = R 0T
RUERLARRIE S E R 2 - LR - RHEZGHE - Bt A FTALA AT, SR 2 foR, vl
Forhdy, ROFRNERT, WORORAYIER, ARG SER. ME 2 T, REEHGHTE
MIfEREZE 138 MEZe i AHRER, fEH T 30 2 1 2 HIEER ) 51 MZ L KR, X2 %I KAEBHA
IHE 253 A% Lo e, BRI T 2 i 5 2 80 R 2 BRI E OB, FF e R R D7 ks sl di
2 "I, RSB 3225 138 MEZE ARG, /AT 30 2% 2 RS 51 %L
FUbR, XAR%TT KAEDTE IR 2 A LT AE, WAREL T 2 B 5 238 2 ML RE T fALE, fF e
BT 1R S

4, &g

ST R PRI W EETE, EhERAALK. KFEHERAR O ERGEENES PRI
FsRiE “HMEZ TR THERZEH” , Ra, HTala T R o SRR R, T
FAEEBERS BT ZRSRRD & RN SIETE A —BEE R, XERUAIER T A HLES
5B LA TT IR, RO B AT B A R R s

REEHAZNAR DGR RPTE), B AT (EERERD) , WRTREE, NAZ, HEITRHTRSE
Wz P S BA AL BATAIEZ DIRG, BCSE RIE#y, DA B2 B R B AR S AN
FHEIEGS, AT0HHE: ARSI, 5RMEMECTA I SOR, SRS IS, AR
ORI CEEAE Y, RAKEAZE, DUARKEA L, KR EEZMEC, s DA, i
APRHE o ZTT R WSR2 A7, ERRIRIR )2, JE30ikic e, EEEH T IE
MU PR 2E R SR S AL AT B kit ZE B E AL T R . BT FE LI R R 9 9R 5, (B BD & 24 3 2
Tiik, WZRr. 2R, ZMERBZATNIGITHHERIEE D THLE], iR RIS R,
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Figure 2. The multidimensional network relationship of “core component-key target-main pathway” of Da-Chai-Hu-Tang for
liver cancer

2. RERHRITIATTATRE “RolBRSY - RHEEAT - EREIR SUEMLE K RE

4.1. REEMZIGTT AT RYEE S T

KREEH AR TT I £ 25 138 MU SR, HAIR TR AT X 2R 2 20l A5 0T T
RN, HAEH R SRR BRGNS, AR, R, 0. MERg.
AR AR A RN S DA 0, IS i S BB 5 SCIR AR v A2 e A 2R K e REAR DL IR
[12]-[18], ¥ KB AR HLHIF AN EEIATT, HRY TCMIP fE TN J7 1677 Jm T AR FILEI 77
HHA B ESYE. 25 BATR, AT TCMIP 76 AT SERR U 4T, R B K LR i 0 22 JF e ik
REEEAR R T REEACH. RS, B RS ARG, MARGENOI,
T TR A A A SR IRERE, B FE 4 R T O RS 6T I R TR it — 2 2% . eAh, Tl
25 AR R SEIAAE QTR R« RS VR 5 TS5 0 6T TR AAE — B RIS RN EL, S5 I A AR SR 38K
NREEH R SE0F 78 5 N SR 1A%

4.2. REEHZTEMERL ST IGTT R R ERHLHI

44 TCMIP HBFFE 45 S5 [H P A SCHRIRIE ,  FRATTX K SEi iz b S s e R U B A3k AT — — 1)
W KGRI 23585, JL R T ROETE R NS B R A, Hd, SEERAF AL C. D el
TR AR b 2P aa A R 3E P SRR 1 29 E 4 R IR BE[19] . SEEHE AT D nr s R AR R R T
Al Bel-2. Baxs TNF-a 55 2 P Ad i A P25 5 e 0B 08 12 001 FT-Jes 40 A ST 1 3 7 60 Lt Fev 8 4 ff
JAMARIPER[20]. AR FOkIE, SEEHE T D 15 & T S Be s (2t s 4 i )8 T H B4 S S s E A,
TMAEARFE I fe gl it i P38/IMAPK, il NF-kB S E K E I H S AR 10[21]. thAt, S
EF D e IEIT Caspase-3 i@ % & IF Caspase-3 i 4% 175 S AL sh W AT 2 IR A HSC-T6 A1 LX-2 4 T
HARfS HSC 4tiffart BAX Al BAK HiJE i [ 2k RiAAFE A, 3 EERLAR T RE S 1 5 I FL AL IR, {8 HSC JA
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W, RERIFER22]. REGHATME 2305, HEEM REIRRsy, HhmsaE, mEER,
DU 2% PR VR FAE B A AN FUBORNIR N o B B i) MEK/ERK 553l %, AT A 3 4] i
J6q A M 34 5 L5 S A M O 00 I [23], RIS S5 A P 5T I S0 R Hhod I S ATF6 {5 5k 75
AN T2 [24] . WS FEE R E TIMP2 Zak . S 40 B BA AR AR DGR R B 1 MMP2 ik il Bt
43F E-cadherin A FI{E i3 integrinB1 31K, MIIHIHI @AM BEL-7402 IE2123), 4% e 41 i
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