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Abstract

Objective: Using network pharmacology methods to predict the potential signal transduction
pathways of Fuzheng Yiliu Prescription on PD-1 and CTLA-4 immune checkpoints. Methods:
ETCM, TCMSP databases screened the active ingredients of various medicines in Fuzheng Yiliu
Prescription, and used STITCH, Swiss Target Prediction and other databases to predict the ac-
tion target of each active ingredient, and constructed the ingredient-target set, which was com-
bined with MalaCards, DisGeNET and other databases Intersection of relevant targets for PD-1
and CTLA-4 immune checkpoints. Use STRING database for protein-protein interaction network
construction, DAVID database for enrichment analysis, use Cytoscape to construct a “drug-com-
ponent-target-pathway” network diagram to visualize the data. Result: 195 active compounds
were screened from Fuzheng Yiliu Prescription, involving 676 related targets; 44 liver can-
cer-related key targets were screened, and 16 were mapped. The protein interaction network
screened 5 key targets HIF1A, STAT1, STAT3, CD80, and CD86, mainly through PD-L1 expres-
sion PD-1 checkpoint pathway and CTLA4 mediated T cell receptor signal transduction. Con-
clusion: Fuzheng Yiliu Prescription can play a role in tumor immune Killing through multiple
components and multiple targets, which is highly related to T cell receptor signaling pathway
CTLA-4 and PD-1 checkpoint pathway.
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2.1. RIEHNEAEEH S SRR

3 W LA “ Astragali Radix” « “Ganoderma” . “Dioscoreae Rhizoma” . “Ligustri Lucidi Fructus”
N % B ] AE R 2 R G025 B 4 M P & (TCMSP,  https:/temspw.com/temsp.php) 5 1 25 25 & Bl 4 H
(ETCM, http://www.tcmip.cn/ETCM/index.php/Home/Index/) #4748 2%, Ve 15k IE 4008 75 BT & 36 v
5 )

i#id PubChem (https://pubchem.ncbi.nlm.nih.gov) & #& I SRH IR TEE 22 5y (1) SMILE 45#43K, 12
F STITCH (http://stitch.embl.de/) Swiss Target Prediction (http://swisstargetprediction.ch)# 47 X I ft) A= W 1E
FHHE s 7500 . F A UniProt (hitps:/www.uniprot.org)¥4 % 42 545 B H— 4 Gene Symbol.

2.2. RERERZDERBE

PL“PD-17.“CTLA-4”.“immune checkpoint "3 <17 , /£ MalaCards (https://www.malacards.org)+

DisGeNET (https://www.disgenet.org) %5 54 i H #E 4748 2%, IR B4R 5 15 B 0 4G 23 55 AH e A% 0 B
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2.3. EFEBRGT SMEI9E

A4 T3 128 P A5 B EK T 40098 77 W PR R o B RS A R UM A% OB AT BRI, A5 RIS AR IR R I
F|H Venny (https://bioinfogp.cnb.csic.es/tools/venny) s il 16 &l » K5 L 3h AT 45 W & S K@ if STRING
(https://string-db.org) & 32 8 17 - & A BAE R (PP . B i, Bk 0988 5 07 346 A 73k 1 49
FSCA3 A P A S Bk 2 URE DA% O B I B S5 1T RS B 5 LU X R 3N Cytoscape A HEAT R4 43 #T
Fexs & T B AT PR RS, AR 25 - gy - BEAT - R g .

2.4. GO EESTS KEGG EBREES

T Rstudio #AFHINZE, clusterProfiler ¥ &€, X} PPI 4% A1 f1)4% 0o #E £ 3547 Kyoto Encyclopedia of
Genes and Genomes (KEGG)ifi % & 42 11 Gene Ontology (GO)Mifig & &£ 0, #—THFIH ggplot2 ¥ B4
P 45 SR AT A
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3.1. RRIEEME S ES S SEER

£ TCMSP [ ETCM #¥fs e it it i 545 Bk IEHR 7 o & R 25 WE PR R4y 195 AN 1), d@d
SwissTargetPrediction 4% 2 & STITCH H#fs FE P, 2% 5 J5 43 2% ML AT 676 /o

3.2. $BRBRETSMEI9E

V40 146 75 2 15 LE 098 5 o BT Ak B 01 T HE 43 Uniprot 20305 8 1 —#445 Gene Symbol #3205 ,
£ MalaCards. DisGeNET 54§ 22 45 H245 21 1) S e kor 2 s AH OCHEAR HEAT X o, 2l e I (LI 1),
P3G B RGBT A A OB RR 44 A4S, Fob 16 AN S SERIENR TR S ES

i STRING HHE ekt b 25 e 15 1) G 2 6 25 AURH DR AZ 0 BB AR - Bk TE 400981 75 A FH B8 R A8 SR R TR gk AT
M. P AT A Multiple Proteins, % E## 25N Homo Sapiens, EAE/FURE BTN EE
15(0.700), 53] 16 77 i, WH 58 %, P SUEAH 7.25, PR R IE R %0 0.752 1 PPI W 4% & (L
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Figure 1. The petals diagram of drug targets associated with

immune checkpoint
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Table 1. Active compounds contained in Fuzheng Yiliu decoction

=1 RIEMBA R EEE T EY

Mol Herb Mol Herb Mol Herb
(-)-ABA Dﬁisi;glrgze DTY Dﬁisi;glrﬁze lucidenic acid L Ganoderma
Ganoderma Ganoderma lucidenolactone Ganoderma
(—)-alpha-Pinene . . L. EIC
ng%s:;g::smdl Astragali Radix lucidone A Ganoderma
()-Borneol ng;s:l?ct]:;smdl ;2%?:::;:{’166183(_1;)6’ Ganoderma lucidone B Ganoderma
()-Cuparene Ganoderma Ergosta-7,22-dien-3-one Ganoderma lucidone C Ganoderma
Ligustri
(—)-Drimenol Ganoderma  ergosta-7,22E-dien-3beta-ol ~ Ganoderma Lucidumoside D Lucidi
Fructus
. . - Ligustri
. Ligustri Lucidi ergosta-7,9(11) . . L
(—)-nopinene o AP A Ganoderma Lucidumoside D_qt Lucidi
Fructus 22-trien-34,5a,60-triol Fructus
NP Ligustri Lucidi Astragali
(—)-Olivir Fructus Ganoderma lupeol Radix
ergosterol
. o Dioscoreae Dioscoreae . Ligustri Luci-
()-taxifolin Rhizoma Rhizoma luteolin di Fructus
. . - . . o Ligustri
()-Terpinen-4-ol Ligustri Lucidi eriodictyol Ligustri Lucidi luteolin-7-o-glucoside Lucidi
Fructus Fructus
Fructus
Ligustri Lucidi . Dioscoreae
(+)-alpha-Curcumene Ganoderma eugenol Fructus L-Valin Rhizoma
. . . . . . Dioscoreae
(+)-Syringaresinol Astragali Radix FA Astragali Radix L-Xyl Rhizoma
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Continued
Ganoderma FERULIC ACID (CIS)  Astragali Radix Mairin Af{;i%i“
(R)-linalool
Ligustri Lucidi . . . .
Flavaxin Astragali Radix methly lucidenate L Ganoderma
Fructus
(R)-p-Menth-1-en-4-ol Ganoderma formononetin Astragali Radix Methose Dlos.coreae
Rhizoma
Dioscoreae Ligustri
(S)-Allantoin . Fucopyranose, L- Astragali Radix Methylcinnamate Lucidi
Rhizoma
Fructus
(s)-carvone Ganoderma FUM Ganoderma Mnk Ganoderma
1,8-Cineole Ganoderma Ganoderma Ganoderma
Dioscoreae MTL Ligustri
3,9-di-O-methylnissolin Astragali Radix GABA Rhizoma Lucidi
Fructus
3-Hydroxy-2-picoline Astragali Radix Astragali Radix Mucronulatol Ag;z%zh
7-O-methylisomucronulatol ~ Astragali Radix ganoderal B Ganoderma myristic acid Ganoderma
Dioscoreae Ligustri
ABK . ganoderenic acid H Ganoderma Nerol Lucidi
Rhizoma
Fructus
acteoside Ligustri Lucidi ganoderic acid E Ganoderma nicotinic acid Astragah
Fructus Radix
AIDS180907 Dlos_coreae Ganoderic acid T Ganoderma Nonanal Ganoderma
Rhizoma
alexandrin Astragali Radix ganoderiol 1 Ganoderma nonane Ganoderma
Ligustri Lucidi L .
alpha-humulene Fructus ganolucidic acid E Ganoderma nonanoic acid Ganoderma
AMG Ligustri Lucidi GCS Ganoderma Nonanol Ganoderma
Fructus
anethole Ganoderma geraniol Ligustri Lucidi Nouracid CS 80 Ganoderma
Fructus
apigenin Ligustri Lucidi GLB Dloscoreae OCTENAL Ganoderma
Fructus Rhizoma
Arabinose,d Astragali Radix GLY Dloscoreae 0-Cymol Ganoderma
Rhizoma
. . Ligustri
ASI Dlogcoreae Gulutamine Dloscoreae oleanolic acid Lucidi
Rhizoma Rhizoma
Fructus
Dioscorea Ligustri
Astraisoflavanin Astragali Radix GUP oscoreae Oleoside dimethyl ester qt Lucidi
Rhizoma
Fructus
Dioscoreae Ligustri
beta-Bazzanene Ganoderma hancinone C . Olitoriside_qt Lucidi
Rhizoma -
Fructus
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Continued
Ganoderma hederagenin Astragali Radix Ononin Astragall
Radix
betaine
Astragali Radix hexanoic acid Ganoderma Ostreasterol D10§coreae
Rhizoma
beta-Irone Ganoderma Hirsutrin Astragali Radix palmitic acid A}s{tar‘z}i;;:h
Ganoderma h-Met-h Dlogcoreae PEL ng}lstrl Luci-
Rhizoma di Fructus
beta-sitosterol
Ligustri Lucidi Hyacinthin Ganoderma Pellitorin Dlogcoreae
Fructus Rhizoma
BGC Dioscoreae hydroxytyrosol Ligustri Lucidi  pp\rAppCyLIC ACID  Ganoderma
Rhizoma Fructus
Bifendate Astragali Radix isoferulic acid Astragali Radix PENTYLFURAN Ganoderma
C09704 Ganoderma Isofucosterol Dlogcoreae PHA Dlogcoreae
Rhizoma Rhizoma
Caffeate Astragali Radix isomucronulato_l-% Astragali Radix piperlonguminine Diogcoreae
2'-di-O-glucosiole Rhizoma
caffeic acid Ligustri Lucidi isorhamnetin Astragali Radix Dloscoreae
Fructus Rhizoma
Prolinum
. . . - Dioscoreae Astragali
Calycosin Astragali Radix Istidina Rhizoma Radix
. . . Ligustri Luci-
campesta-7,22E-dien-3beta-ol ~ Ganoderma Jaranol Astragali Radix .
di Fructus
quercetin
campesterol Dioscoreae Kadsurenon Dioscoreae Astragali
pestero Rhizoma surenone Rhizoma Radix
- Ligustri Lucidi Ligustri Luci-
caprylic acid Ganoderma Fructus QUOSP di Fructus
kaempferol
Ganoderma Astragali Radix Ligustri Luci-
di Fructus
Cedrol RAM
Ligustri Lucidi . Ligustri Lucidi Astragali
Fructus ketologanin_qt Fructus Radix
Cerevisterol Ganoderma kingiside qt Ligustri Lucidi Rhamnocitrin Astragah
Fructus Radix
cis-p-Coumarate Astragali Radix Dioscoreae rhamnocitrin-3-O-glucoside Astragali
p = Rhizoma & Radix
L- . .
. . Lo Ligustri
cis-Thujopsene Ligustri Lucidi Astragali Radix Lucidi
Fructus Fructu
rutin fuctus
. . . . Astragali
citral Ganoderma Lariciresinol Astragali Radix -
Radix
Dioscoreae Ligustri
CLR . lauric acid Ganoderma salidroside Lucidi
Rhizoma
Fructus
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Continued
. Ligustri Lucidi Ligustri Lucidi . Ligu y t?i
Coniferol L-Bornyl acetate Sinapyl alcohol Lucidi
Fructus Fructus
Fructus
Ligustri
copaene Ganoderma l-carvone Ganoderma Sitogluside Lucidi
Fructus
Cosmetin Ligustri Lucidi Leucinum Dloscoreae ST5330609 Ganoderma
Fructus Rhizoma
coumarin Astragali Radix lignoceric acid Ganoderma stearic acid Ganoderma
Crystal VI Astragali Radix L1l Dioscoreae Stigmasterol Dioscoreac
1ys strag ¢ Rhizoma gmastero Rhizoma
Ligustri Lucidi LINALOOL (D) Ganoderma sucrose Ligustri Luci-
Fructus di Fructus
daidzein
Ligustri
Astragali Radix linolenic acid Astragali Radix taxifolin Lucidi
Fructus
Damascenone Ligustri Lucidi L-Limonen Ligustri Lucidi Tetracosane Ganoderma
Fructus Fructus
Daucene Ganoderma L-Lysin D10§coreae Threonin Dlos_coreae
Rhizoma Rhizoma
Ligustri Lucidi Dioscoreae Ligustri
DBP gu LPG . Tormentic acid Lucidi
Fructus Rhizoma
Fructus
dec-2-enal Ganoderma L-Serin Dlos'coreae trans-2,4-decadienal Ganoderma
Rhizoma
Ligustri
Decanal Ganoderma Lucialdehyde B Ganoderma Tyrosol Lucidi
Fructus
delta-amorphene Ganoderma lucidenic acid B Ganoderma undecanal Ganoderma
Di rea Ligustri
denudatin,a OS.CO cae lucidenic acid D1 Ganoderma ursolic acid Lucidi
Rhizoma
Fructus
Dioscoreside C_qt Dlos_coreae lucidenic acid E1 Ganoderma vanillic acid Astragall
- Rhizoma Radix
Dioscoreae Ligustri
diosgenin . lucidenic acid G Ganoderma Vomifoliol Lucidi
Rhizoma
Fructus
dl-Thujone Ganoderma Lucidenic acid K Ganoderma XLS Af{;z%zh

KBk IEAR 75 o 2k o 245 68 REE P 20 A FH JE TR HE

.
ARSI A

N

S WL O R TN Cytoscape #fF,

BEAT AT 0 M E X R TR PEREAT W E, BRI 3 Pron “249%) - il - #Ea - 7 Mg, Eh
FEM g S TEARR R IE MR 77 rh kb 2y, A1 S oM R 2R B A R a8, A BB = TA SR AR X g 3
DRI R, A O €75 10 3R SR I A v 3
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Figure 2. Protein-protein interaction network diagram
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Figure 3. Drug-component-target-pathway network (Green: single Chinese medicine, yellow: Chinese medicine chemical
composition, orange: protein target, blue: acting pathway)
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3.3. BRAEYIFETIRES I

F Rstudio #fFHINEK clusterProfiler #™ &£, XF PP 4% b iifiidk t A% O 8E 23T KEGG 7% & 4
F1 Gene Ontology (GO)MIfE & 457 #HT, pvalueCutoff 55 qvalueCutoff {HIY W E N 0.05, 15 F$HK EHIE 7T
JHHEE LA R ) A2 43t B (Biological Process, BP) 4H g 2H 73 (Cellular Component, CC). 4 I fE(Molecular
Function, MF)5 KEGG i & H 1500, #F— PRI ggplot2 ¥ AL EELE T ik, SHl &R RS

&,

Gene Ontology

positive regulation of hemopoiesis -

positive regulation of immune sys -
positive regulation of cell differenti
regulation of intracellular signal tra <
regulation of hemopoiesis -
regulation of immune system pro -
intracellular signal transduction
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Figure 4. The GO enrichment analysis chart
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Figure 5. The KEGG enrichment analysis chart
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B 5 S5 5EnT DLHENT, $RIEHRE 7 s E AL T REFD PD-L1 Rik5 PD-1 fu#f sl (PDL1
expression and PD1 checkpoint pathway in cancer) 2 T #ii}fd 52 /45 5 I8 #4(T cell receptor signaling pathway)
A G

PD-1 JHECAR PD-L1 & S8 F 5 P AR B G e A A5 i, FLRTIE Y T 2HHRF0 B 40 78 A S 2 40
R P HPEACKE RS, YEFF BRI E IR 2 [5]. FESSRRI b, PR 40 i sdid 19 hn 4 e % 1 PD-L1 HI3R3E
PLITTER 0% 2%t . PD-L1 K% 52 HIF-1, STAT1, STAT3 f20i[6], FHWT PD-1/PD-L1 421G T MEPiA
g R Bt (Opdivo) 7E MR IR PR VA T E ) 2, BA B 19734 7].

5% CTLA4 /v 510 T 4 32 44 DL K 33800y (Bl CD28)il it 5 CD28 3 1k B7-1/B7-2 43 HIAH )
HMJEHLJE(CD80, CD86) AR HAE Fl 58— RVNME 5 HIK IR B8], WiFE AR - MR FMNG, BERRRY, GTP
S RPN B EAE9], ATIXS T 4G5, 2A0R 77 AR R oA R AR SE 0 B 7 A R o
4. i1

AW FEIEIE ETCM. TCMSP s P2 i i £k IR H1V8 77 o S IR 2GS ML R A3 195 A4S, 3838 KA AR AT #E
¥ 676 1~. M MalaCards. DisGeNET <55 e H i 126 753 2 G e A A U DA% 03RS 44 A, Hir 16 /M5
MEPRIEMRE T E RS B G I ) - o - B - EER T WIS, ARBILAR IR 2GR T i
% N5 22 B R A AR AR P AR 55

W, $RIEHR 7 F B PD-L1 FiA T PD-1 A2 SOEEK S CTLA4 /S0 T 40 321445 53
MR IEVUMIREE ], 9 & HIF1IA. STATI1. STAT3. CD80. CD86 2544l kr. fEIGA L, PDI 05
g A I HT(Opdivo) 5 CTLA4 HH 57 VLA Ffi(Yervoy) Bk FH 2 55 [ FDA L i i St /2 i —— XL
HEPITIE, “OY A&7 3K FDA #itikic F Tk s T an i, 5B, BafeE. BEz8. 380
2 0 St 7 N B TR SR A E [10] 0 35 [F)J& A e 2 fAatl 00, 20 Ve F T B e s A R B Bt
CTLA4 #IiI7) F ZAEH T T 4K & 50, PD1 #6170 32 2 4E T AR A8 M B EH . & B A
AU FEIERAER, T AERIRIGIER, &AL, SE G yT g 8 s 7 B3 B A H(0S),
(p < 0.05) & SR ZRf#E A (ORR), (p<0.05)[11].

5. &t

A FE3E S X 25 T2 AT T B IEAR T “ 259 - RSy - HBS - IR MR, IR
AR 7 4B (O AT BV PR . S5 R B IEHR 7 AT 2 A SN, S R UR M A
EE Y PD-L1 £ik5 PD-1 K AUBES & CTLAS A S0 T SHIMZ 1K1 28, NG SR AT FE 4k 40
SR IE T IR (R 1E FE WL A 28 5 B i

HEEmE

R HAREL#HE42(2020]01249), H 5] S i 5 BB R L T01(2020L3012), SR « BE2ARL A4
FHE4(B19003CS).
SE ik

[11 MRBAE, #i6z, BICEH, xI&EEE, fhE. Application of Serum Pharmacology in Evaluating the Antitumor Effect of
Fuzheng Yiliu Decoction (¥£1E#1J# 77) from Chinese Medicine [J]. " [E &5 & EF A& FECAR, 2014(6): 450-455.
21 =K, Bz, g PRI TINREC &AL IR T ALTE R[] AR P B 25 K544, 2014(2): 43-45.

[3] BAZLEE, FLEE, BRER, BROZEC, BR3EME, TN, ¥ KN, R IEIR T B [F) R v mh s o R IR R AL 0],
FE AR 45 A A&, 2012, 32(1): 32-34.
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