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Abstract: To explore the mechanism of Jianpi Chutan Jiedu Decoction (JCJD) on lung cancer based on integrated pharmacol-
ogy and experimental verification. The integrated pharmacology based research platform of traditional Chinese medicine (TC-
MIP) v2.0 was used to retrieve and obtain the target and function information of JCJD and lung cancer disease target and
function information. The " disease prescription" association network was constructed with the help of the Chinese Medicine

Association Network mining platform,and the network topology characteristics were calculated The user-defined multidimen-
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sional correlation network visualization ( prescription-Chinese herbal medicine-core target-pathway-disease ) , gene ontology
(GO) function and the path information based on the reactome database were enriched and analyzed ,and the key network tar-
gets and mechanism of action of JCJD for lung cancer were found. Finally, the results of integrated pharmacology were further
verified by animal experiments. A total of 53 core targets of JCJD for lung cancer were obtained ; GO enrichment analysis re-
vealed the presence of 20 items in biological processes,11 items in cellular components,and 20 items in molecular functions;
11 items were obtained from the enrichment analysis of react pathway, mainly involving respiratory electron transport, TP53
regulates metabolic genes,SUMOylation of intracellular receptors,interleukin-4 and interleukin-13 pathways and other signa-
ling pathways. The results of animal experiments showed that compared with the model group, the content of lactic acid in
tumor tissue in the combined group was significantly decreased (P <0.05). The combined group could significantly increase
the average optical density of phosphatase and tensin homolog (PTEN) protein in tumor tissue (P <0.05) ,and reduce the
average optical density of pyruvate kinase M2 (PKM2) and hexokinase 2 ( HK2) protein (P <0.05) ; Compared with the
model group ,the combined group could significantly increase the expression of tumor suppressor protein ( P53) ,PTEN mRNA
and protein in tumor tissues (P <0.01,P <0.05) ,and reduce the expression of TP53 induced glycolysis and apoptosis regu-
lator (TIGAR) , glucose transporter 1 (GLUTI ) ,PKM2, HK2 mRNA and protein in tumor tissues (P <0.01). In conclu-
sion, JCJD can down regulate glucose metabolism by regulating metabolic genes through TP53 | thereby inhibiting the prolifera-
tion of lung cancer.

Key words :integrated pharmacology ; experimental validation ; Jianpi Chutan Jiedu Decoction ;lung cancer; TP53 ; metabolism
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Table 1  Primer sequence
FEH ElL/2]) PP
Gene Primer sequence Product length(bp)
P53 F:5"-GGCAGACTTTTCGCCACAG-3’ 130
R:5'-GATGATGGTAAGGATAGGTCGG-3'
. F.5'-ACTTTCCTCCATCACTCCCA-3’
TIGAR R:5'-CTTCTCAGTCACTCCGTTCA-3’ 127
F:5-GTATCCTGTTGCCCTTCTGC-3’
CLUTL R:5'-GACCCTCTTCTTTCATCTCC-3" 108
PKMD. F:5'-CCACTTGCAATTATTTGAGGAA-3’ 146
R:5'-GTGAGCAGACCTGCCAGACT-3’
HKD F:5"-CAAAGTGACAGTGGGTGTGG-3' 179
R:5'-GCCAGGTCCTTCACTGTCTC-3’
PTEN F:5'-ATCCTTCCAAGCAAAGCATC-3’ 215
R:5'-CTGAGACATCAAGCCCGTTC-3’
CAPDH F:5'-AAATTCAACGGCACAGTCAA-3 133

R:5'-TAGACTCCACGACATACTCAGCA-3’
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Table 2 Effective ingredients of JCJD
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Chemical component

TG TR
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e A5 Elemol
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Germacra-1(10) ,4,11(13) -trien-12-ol
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1,5- " TH-3,3-ZHEL[3,1.0) IR
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i EHABR FiE Dehydroabietic acid methyl ester
ZHRFTESEE Trimethylapigenin
5-% I HESE4T 5-Demethylsinensetin

0.726
0.722
0.703
0.69
0.673
0.856
0.716
0.707
0.671
0.677
0.895
0.88
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2:5% 2 ( Continued Tab. 2)

(3% B PR R
Chemical component Druglikeness weight
R H R 1 Skulleapflavone 0.823
F% 7 % Tangeretin 0.772
3-0-2 S PTELHEZE TR 3-0-Trans ferulylquinic acid 0.718
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(18,3R,6R,7R) -1-Methyl-7-[ 2-(2-methyl-1 ,3-dioxolan-2-yl ) ethyl ] 4-propan-2-ylidenebicyclo[ 4. 1. 0 ] heptan-3-ol 0.807
(4aR,5R,5aS,6aR) -6a-Hydroxy-3 ,5a-dimethyl-5-(3-oxobutyl ) 4 ,4a,5 ,6-tetrahydrocyclopropa[ £][ 1 ] benzofuran-2-one 0.784
3-2 333 1S oM 5§ 45-17 - 3-Ethyl-3-hydroxy-5a-androstan-17-one 0.782
LHWER Curcolone 0.765
—SUMi5HH Dihydrocurcumenone 0.765
4-[ (1S,6R,7R) 4-(2-Hydroxypropan-2-yl) -1-methyl-7-bicyclo[ 4. 1.0 ] hept-3-enyl ] butan-2-one 0.759
Ml P& A Curcumenolactone A 0.719
F AR Curzerenone 0.717
FHAM Zedoarol 0.715
PREEUM T Oxycurcumenol epoxide 0.713
FAMIEE Curcumenone 0.703
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F5 3 WM Ar-turmerone 0. 684
SO FLEERE Tsovelleral 0. 684
57207 B L 5-Azulenemethanol 0.674
Z{# W A Clemaphenol A 0.872
S P e Agrimonolide 0.842
#5 [ % Kumatakenin 0.904
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Table 3 The core target of JCJD in the intervention of lung cancer

bk R RS 3.3 WA
Node Degree Closeness Betweenness
MMP1 7 0.147 60.260
MMP9 7 0.147 60.260
JUN 14 0.161 316. 194
ESRI 10 0.155 52.054
NCOAL1 9 0.152 47.201
NR3C1 11 0.158 117.434
ATP5C1 15 0.149 30.262
COX5A 15 0.149 20.700
COX5B 14 0.16 256.742
COX6B1 14 0.15 64.738
COX6C 13 0.158 195.403
COX7C 14 0.149 10.782
CYC1 16 0.15 51.045
UQCRC1 16 0.15 51.045
NFKB1 10 0.155 63.792
HSP90AAL 10 0.156 152.988
NCOA2 7 0.149 16.270
AR 9 0.165 277.579
FOS 7 0.162 210.204
MMP14 5 0.134 0.750
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Fig. 1 The core target network of JCJD intervention for lung cancer
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Top 20 enriched biological processes

negative regulation of apoptotic process L]

negative regulation of transcription, DNA-templated ]
neutrophil degranulation e
positive regulation of apoptotic process [ )
transcription initiation from RNA polymerase II promoter
transcription by RNA polymerase 11 L)
Fc-epsilon receptor signaling pathway

cytokine-mediated signaling pathway [ ]

negative regulation of transcription by RNA polymerase II k=l
regulation of transcription, DNA-templated [

positive regulation of transcription, DNA-templated L ]
cellular response to cadmium ion
positive regulation of transcription by RNA polymerase II &

cellular response to reactive oxygen species

proton transmembrane transport

electron transport chain

transcription, DNA-templated

response to muscle stretch

mitochondrial electron transport, cytochrome c to oxygen
cellular response to hormone stimulus
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Fig. 2 GO function enrichment analysis

®4 GOhEESHR

Table 4 GO function analysis

2

neg_log10_pvalue

C7/punis BUFEDA Hbr% PE
BP description Target gene Target count P value
4 op. 1785 14
ﬂﬂ@ﬁ@iiﬁh&kﬁﬁfiﬁj_ NCOA2 \NCOAL1 ,JUN FOS 4 1.29E-07
Cellular response to hormone stimulus
- S 2 -
. /k*ifﬁg%?{g@,,ﬁﬂﬁ‘@,? C R COXS5A ,COX5B ,COX7C 3 3.17E-07
Mitochondrial electron transport , cytochrome C to oxygen
WL AR 2 it NFKBI ,JUN,FOS 3 4.88E-07
Response to muscle stretch
. SR AR [ 55
o D.N/.\ HBLRAIE NR3C1 \NCOAIL ,JUN AR ESRI 5 2.02E-06
Transcription , DNA-templated
T b . COX6B1 ,COX5A ,COX6C ,COXT7C 4 2. 14E-06
Electron transport chain
N
FIy s PR A COX6B1 ,COX5A ,COX6C ,COXT7C 4 2.63E-06
Proton transmembrane transport
4 T M 4 L -
i ORORT Ii%ﬂ’]!im ' MMP9 JUN FOS 3 S 63E-06
Cellular response to reactive oxygen species
RNA B4 11X 55 i 15 42 NCOA2 \NR3C1 ,NCOA1 FOS 8 6. 28E-06
Positive regulation of transcription by RNA polymerase 11 ESRI JUN AR \NFKB1 ’
4 S 3
,EHH@XT%ITJI%%E’J&& ‘ MMP9 _JUN _FOS 3 6.68E-06
Cellular response to cadmium ion
) yoL: 5 A
. VL DNASHBURAYFE R IET £ NCOAI .FOS .ESRI JUN AR NFKBI 6 2.53E-05
Positive regulation of transcription , DNA-templated
LI DNA AR (%% st P8 5 NCOA2 \NR3C1 ,NCOAI FOS, 3 6. 59E-05

Regulation of transcription, DNA-templated

ESR1 JUN AR \NFKB1
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214% 4 ( Continued Tab. 4)

EX7/pun i BUIEDA Hbr%k P A
BP description Target gene Target count P value

RNA A 1105 Sy s 2

Negative regulation of transcription by RNA polymerase 11 NCOAZ NR3CIESRI . JUN AR .NFKBI 6 L 1TE-04
4 1A B 2 L
AR T A 30915 S 3 MMP9 . HSPOOAAT MMPI FOS 4 1. 84E-04
Cytokine-mediated signaling pathway
g A
' Fe-g Z 4k ”_Fﬁ% NFKBI1 _JUN FOS 3 1.92E-04
Fec-epsilon receptor signaling pathway
< A tids 2
R,Nj_x a1 9% NFKB1 \NR3C1 ,FOS JUN [ESR1 5 3.06E-04
Transcription by RNA polymerase 11
N = hi A pn
RNA SRS 11 o) PO PR NR3CI AR ESRI 3 6. 6904
Transcription initiation from RNA polymerase II promoter
TAT R 0 TF a4
- (Jﬁfﬁ&ﬁ’]iﬂf& NCOA1 ,JUN MMP9 3 6.69E-04
Positive regulation of apoptotic process
e 2 L B
R A BN HSPOOAAT MMP9 NFKBI 3 1.20E02
Neutrophil degranulation
. o DN.A j{l’l‘ﬁ*ﬁﬂ'}%%ﬁl}nﬁi NCOA2 \NFKBI ,JUN 3 1.86E-02
Negative regulation of transcription , DNA-templated
T R R T
TR B2 NFKB1 ,JUN ,MMP9 3 1.94E-02

Negative regulation of apoptotic process

Top 20 enriched pathways

Neutrophil degranulation L] s
Senescence-Associated Secretory Phenotype (SASP) [ ] 9
Transcriptional regulation of white adipocyte differentiation ° 8
Circadian Clock ] 7
HSP90 chaperone cycle for steroid hormone receptors (SHR) [ ] 6
Nuclear Receptor transcription pathway L]
Interleukin-4 and Interleukin-13 signaling [ ] :
SUMOylation of intracellular receptors 3 4
TP53 Regulates Metabolic Genes @ 3
Estrogen-dependent gene expression & 2
Respiratory electron transport|
neg_logl0_pvalue

0 10 20 30 40 50 60

Odds ratio

3 Reactome Pathway E&E 5347

Fig. 3 Reactome pathway enrichment analysis

#*& 5 Reactome Pathway 43 %7
Table 5 Reactome pathway analysis

(gl FOLHE A EE7N PAH
Reactome description Target gene Target count P value
I .
. P fleik COX5A ,COX5B,CYC1,COX6B1 ,COX7C ,COX6C UQCRC1 7 5.98E-11
Respiratory electron transport
WERE AR AR [ 23 NCOA2 NCOA1 FOS, 6 1. 12E07
Estrogen-dependent gene expression ESRI JUN (HSP90AA1 ’
S S [
1S3 IHTMJUQJ% COX6C ,COX6B1 ,COX5A ,COX5B,COXT7C 5 2.38E-07
TP53 regulates Metabolic Genes
AR 32 R A SUMO 1 . .
SUMOylation of intracellular receptors NR3CI.AR ESRI 3 1. 39E-05
e
14 L IL-13 {553 MMP9 HSP90AA1 MMP1 FOS 4 3.02E-05

Interleukin4 and interleukin-13 signaling
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%% 5( Continued Tab. 5)
17 53 BUIEDA Hbr%k PE
Reactome description Target gene Target count P value
= Siom iz
Pz et NR3C1 AR ESRI 3 7.96E-05
Nuclear receptor transcription pathway
K [F B R Z /K (SHR) B9 HSPOO FEAR{EER
BN
HSP90 chaperone cycle for steroid hormone receptors ( SHR) HSPOOAAT.NR3CL AR 3 1.05E-04
. ﬁi%ﬁi NCOA2 \NR3C1 ,NCOAL 3 1. 17E-04
Circadian Clock
=3y k SeE e
o HIGIRERG feRetiat: NCOA2 \NFKBI ,NCOAI 3 3.52E04
Transcriptional regulation of white adipocyte differentiation
AR T I FRAY
Senescence-Associated Secretory Phenotype ( SASP) NFKBIJUN.FOS 3 775504
M 4 b4 B e
il HSPOOAAT MMP9 \NFKBI 3 4.41E-02

Neutrophil degranulation

2.4 (RRERMREMRSTIATT IR AR -P A&
D EBAR-B RG-S UM B AT
T SRR A 5 D7 24 -5 e # AR B PPT )
204 R T TSR R i D7 U e 4 T 5 -
H A A% L R - - " 2 R R P (DLIAT 4)
HIPE 4 AL, TR 2R T 7 2R Bk Y

L] [] []

19 MZOHEER . JET LR ZT7 248 , A DR AL ik
$ TPS3 8] 1 A QI DAL A7 JRE Al S5 36 36 £t AR B3R K
fRE T AT ] LS B A S B A il i 2R A
ZJZ U IR T, DT (A SR e R K fip 2 77
TENE IR B

*

JCJD

[] []
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A
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Fig. 4 The multi-dimensional network relationship diagram of " prescription-Chinese herbal

medicine-core target-pathway-disease" for JCJD in preventing lung cancer

2.5 SCIgHER
2.5.1 SERYIBLALR P SLER KT 04 %R

5 MO ZHAH I, JCID-H 20 A1 TO 4 b igg 20 £ rp
FLRR S =W W FRE(P <0.05) (W3 6)
2.5.2 sthbsg 4L PTEN PKM2 HK2 & & & ik
O]

5 MO ZHAH I, JCID-M 41 JCID-H 21 i g 4 21

t PTEN 25 P H00 % BEE S (P <0.05) ,TO 44
ATEA S b 8 b e 41 21 PTEN 28 17 350 % FE(E
(P <0.05) ;TO ZH fifyig 40 21 b PKM2 75 [ °F- 1010 %
FEAE R (P <0.05) ,JCID-M #H . JCID-H 2H i3 20
Zirh HK2 35 [ 200 % BEE AR (P <0.05) , TO
20 AT B d AT bR 0 40 HK2 27 (1P 34 6% B (E
(P<0.05)(WEI5~7.%7),
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F6 (RIMBREMREH X IEARIBAKTHEM (x50 =10)

Table 6  Effect of JCJD on lactic acid level in tumor tlssues(x +s,n=10)

il Filk LR
Group Dose(g/kg) Lactic acid( mmol/gprot)
MO - 5.56 £0.98
DDP 0.002 5 4.04 +£0.71
JCJD-L 10.32 3.30+0.55
JCJD-M 20.65 3.09 £0.52
JCID-H 41.3 2.58 £0.56 "
TO 0.002 5 +41.3 2.18 £0.44"

E:5 MO 4H#IL, " P <0.05; " " P<0.01, F[A.
Note ; Compared with MO group, * P <0.05, * * P <0.01,the same below.

BS (RS IMEASR PTEN Rikp 20 (SemAL, x400)
Fig. 5 Effect of JCJD on PTEN expression in tumor tissues ( Immunohistochemistry, x 400)
7E:A:MO 4;B.DDP 4H;C.JCJD-L 41 ;D.JCID-M 41 ;E.JCJD-H 44;F:TO 44, F[d)., Note:A:MO group;B:DDP group;C:JCJD-L group;
D:JCJD-M group;E:JCID-H group;F:TO group,the same below.

B o6 {ZRRRREEMREAIAMEELR PKM2 RiEMFN (fREL, x400)
Fig. 6  Effect of JCJD on PKM2 expression in tumor tissues ( Immunohistochemistry, x 400)
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7 ERBRRREEAXMEALR HK2 RiXHNE (FRBEEN, x400)
Fig. 7 Effect of JCJD on HK2 expression in tumor tissues ( Immunohistochemistry, x 400)
F7 BEREMRESMEAS R PTEN PKM2 HK2 kB EERBM (v £5,0=10)

Table 7 Effect of JCJD on the average optical density of PTEN [PKM2 and HK2 in tumor tissues (x + s,n=10)
45 Group F4+ Dose(g/kg) PTEN PKM2 HK2
MO - 0.081 +0.005 0.220 £0.018 0.220 £0.013
DDP 0.002 5 0.117 £0.010 0.166 £0.012 0.165 +£0.016
JCJD-L 10.32 0.121 £0.013 0.133 £0.013 0. 157 £0. 006
JCJD-M 20.65 0.135+0.007 " 0.119 £0.011 0.150 +0.006 *
JCID-H 41.3 0.160 £0.007 * 0.109 £0.009 0.136 £0.006 *
TO 0.002 5 +41.3 0.165 +£0.007 * 0.076 £0.013 " 0.124 £0.004 "

2.5.3 sFhbsgaa st PS3 . TIGAR . GLUT1 PKM2
HK2 .PTEN mRNA %k 64 %R

5 MO 4 A H, JCID-L 4 . JCJD-M 4 . JCJD-H
4 TIGAR ,GLUT1 ,PKM2 'HK2 mRNA ik F[& (P
<0.05,P <0.01),TO 41 nf #H & F J4 TIGAR,

RS (BIERBREMEA X MIEAL f P53, TIGAR,GLUTI PKM2 HK2 ,PTEN mRNA FRixgI2500 ( xEs ,n=10)
Table 8 Effect of JCJD on the expression of P53, TIGAR,GLUT1,PKM2,HK2 and PTEN mRNA in tumor tissues(; +s,n=10)

GLUT1 ,PKM2 \HK2 mRNA 33k (P <0.01) ;JCJD-L
20 JCID-M 44 .JCJD-H #H P53 . PTEN mRNA #ik |
F+(P <0.05,P <0.01),TO £Hr[ B & |34 P53,
PTEN mRNA 23k (P <0.01) (L% 8) .

23] Group  Ffli Dose(g/kg) P53 TIGAR GLUTI PKM2 HK2 PTEN

MO - 1.00 £0.00 1.00 £0.00 1.00 £0.00 1.00 £0.00 1.00 +0.00 1.00 £0.00
DDP 0.002 5 1.65+0.46 0.91 £0.03 0.85 £0.04 0.82 £0.07 0.88 =£0.04 2.26 £0.25
JCJD-L 10.32 2.80£0.40*  0.82+0.03*  0.84£0.03*  0.5920.05°  0.76 £0.03* 3.59+0.25*
JCJD-M 20. 65 4.57+0.41*  0.68+0.02** 0.72+0.02*  0.49+0.05*  0.72+0.04* 3.58+0.23*
JCJD-H 41.3 5.61£0.29*  0.57+0.03"* 0.56+0.03*  0.38+0.05°  0.69+0.03" 5.20+0.22* "
TO 0.0025+41.3  7.74+0.21** 0.400.02** 0.36+0.01** 0.29+0.04** 0.50+0.02** 7.30+0.18**

2.5.4  xPRYJE4LLRF P53 TIGAR GLUT1 PKM2
HK2 PTEN % & £ 3% 04 %
5 MO 444 I, DDP 41 JCJD-L 21 . JCJD-M 21

5 JCJD-H 41p P53 1 EE FFH(P <0.05,P <
0.01),TO ZHn] B & Fi# P53 SR FE ik (P <0.01);
JCJD-M £ JCJD-H #H5 TO #H+ PTEN % ik F
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F+(P <0.05);JCID-M 41, JCJD-H 415 TO 4+
PKM2 HK2 1%L FHE(P <0.05,P <0.01),
DDP 41+ TIGAR & [13235 FI& (P <0.05) ,JCID-L

24 JCID-M £ . JCJD-H #H 5 TO £ ] B i T i TI-
GAR .GLUT1 & ik (P <0.05,P <0.01) ( LA

PKM) Wy s s — —
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Fig. 8 Effect of JCJD on the expression of P53, TIGAR,GLUT1 ,PKM2 ,HK2 and PTEN proteins in tumor Lissues(; +s,n=10)
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