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[ Abstract | Objective To predict the target and explore the mechanism of Gancao Fuzi decoction for the
treatment of rheumatoid arthritis (RA) by using network pharmacology and molecular docking. Methods The active
ingredients and target genes of 4 kinds of traditional Chinese medicines contained in Gancao Fuzi decoction were searched
through Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP). Data on RA were
downloaded from Gene Expression Omnibus (GEO) database, and differentially expressed genes in synovium between
patients with RA and healthy people were screened and intersected with target genes of active ingredients of Gancao Fuzi
decoction to obtain potential targets of Gancao Fuzi decoction for the treatment of RA. The Chinese medicine-active
ingredient-disease target network was constructed and the network node degree value was analyzed to screen important

key activity scores by Cytoscape 3.7.1 software. Key protein targets of Gancao Fuzi decoction in treatment of RA were
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obtained by protein-protein interaction (PPI) network analysis. Gene Ontology (GO) analysis and Kyoto Gene and Genome
Encyclopedia (KEGG) pathway enrichment analysis of the core targets were performed by Metascape database to predict
its mechanism of action. Finally, AutoDockTools-1.5.6 and PyMOL software were used for molecular docking to verify its
binding ability. Results Forty-four potential target genes for Gancao Fuzi decoction in treating RA were obtained. The
traditional Chinese medicine-active ingredient-disease target network contained 4 nodes of traditional Chinese medicines,
95 nodes of active ingredients and 44 nodes of potential target genes. Network topology analysis showed that the degree
of quercetin was the highest and might be the possible key active ingredients of Gancao Fuzi decoction in the treatment of
RA. The mechanism of Gancao Fuzi decoction in treating RA involves biological process including response to inorganic
sunstance, cellular component including membrane raft, and molecular function including CXCR chemokine receptor binding.
KEGG analysis showed that the active ingredients of Gancao Fuzi decoction mainly acted on RA through interleukin-17
signaling pathway, tumor necrosis factor signaling pathway, osteoclast differentiation, and other signaling pathways. PPI
network analysis showed that matrix metalloproteinase 9 (MMP9), C-X-C motif chemotactic ligand 8 (CXCL8), peroxisome
proliferator activated receptor Y (PPARY) and epidermal growth factor receptor (EGFR) were the key target molecules of
Gancao Fuzi decoction in the treatment of RA. And it was confirmed by molecular docking that quereetin had high affinity
with key target molecules MMP9, CXCLS8, PPARY and EGFR. Conclusion The active ingredients in Gancao Fuzi decoction
can regulate multiple signaling pathways through MMP9, CXCLS8, PPARY and EGFR to treat RA.
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Fig3 Network of traditional Chinese medicine-active ingredient-disease target of Gancao Fuzi decoction treating

rheumatoid arthritis
The blue arrows present Chinese medicinal materials. Active drug ingredients are labeled in orange. Disease targets are labeled in
yellow. The lines link the Chinese medicinal materials and the active ingredients, the active ingredients and the disease targets, and

they show the relevance separately.
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Fig4 Protein-protein interaction network of Gancao Fuzi decoction treating rheumatoid arthritis
Nodes represent proteins. The lines between nodes represent the interactions between proteins. The darker the color of the node, the

greater the interaction degree between the proteins.
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Fig5 Gene Ontology enrichment analysis of target genes in treatment of rheumatoid arthritis by Gancao Fuzi decoction

R-SMAD: Receptor-associated SMAD.
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Fig 6 KEGG pathway enrichment analysis of target genes in treatment of rheumatoid arthritis by Gancao Fuzi decoction

IL-17: Interleukin 17; TNF: Tumor necrosis factor; AGE: Advanced glycation end products; RAGE: Receptor for advanced glycation

end products; ErbB: Epidermal growth factor receptor.
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Fig7 Molecular docking diagram of quercetin interacting with MMP9 (A), CXCLS8 (B), PPARY (C) and EGFR (D)
MMP9: Matrix metalloproteinase 9; CXCL8: C-X-C motif chemokine ligand 8; PPARY: Peroxisome proliferator activated receptor y;
EGFR: Epidermal growth factor receptor.

BNAREAK, KERE, HelraEz. ”

HWIC o HRE —m (), B4 O, %

(OiZgig ) rhicsl “WURAHRE, &R, B B, ), FORT, BERIEm (K5 o (BET5
TG SR, G2 R, T, AMEAF, %) s M2, ATLUROERR; AL

3 3t it



5511 A, AR R T IO 2% 2 B R R R H RN TR T R KOG R LR e 1295 -

AU AR s H ROl g, DU AE ;s FORHRE, Il
AR I, Uk, B Ramiaie, iz
TZH, fRRAEEZ, ANAEImEE, MG —
B o T BEUCHH R R 25 s REAH
B, BUESLE I PRIBIRIE, [ RGRZAE NI
it LR, G RAEFE A0 E 52 H 5B 717 BE A% PR AIX
RA 8 FLL LTI AR, BRI % 28 XU A
S TNF-o 555808 17K, sl e AR I 22 i
ﬁﬁ%[m»w] 5

AHIE 5T 38 X B oA, A T
25 = IEVERL T - VR TRE SR 25 . I 45 43 B Sk 7 95
TR OS5 RA MG, JFARIE EE (R 2R L 1l
Z5Wy . 7- WAL -2- EE S I . Al R L U ARAE
RS AT S . I R R
B 2N U RS G o 32, bz
R AEfS I 8 Y TLR4/ B8R 5016 F 1 88 (myeloid
differentiation factor 88, MyD88 ) /NF-kB {55 ji%
AR JRE Y, PR T AR AN Y R AT TG,
[Fi) BF 410 4l 78 )5 % FE 12 3% 4K 1 ( programmed death
1, PD-1) /REJFHEIET-Z K 1 BLf& ( programmed
death-ligand 1, PD-L1) M E/EH", BAH —&E
g6 . BRI P o I ZE M T A IL-5
IL-13. AL 20 B - B W 40 B 4 % ) i N 7
( granulocyte-macrophage colony-stimulating factor,
GM-CSF) 7KF, A0 2 0%, (A B2 08 02 7 al
B BT A 2 e 2 AT RA IR
FEAG LY H A 2 9 E R TR, B —E Btk
FH, AR MMP2 AT MMP9 f4 35 1, 00 61 98 41 it
TR 2 5 PRI BA TR R, RETI
Bii /N B B e IR, S ORI R 1
(silence information regulator 1, SIRT1) /#% B +
E2 #H ¢ A F 2 (nuclear factor E2-related factor 2,
Nrf2 ) {5538, M s A Tiais s

X 44 A A2 B R AT 40 H, 45 R R
MMP9. CXCLS. PPARy il EGFR % H & [ff T 1%
YEH T RA B CEESE . MMP FROMIE TR, 25
TG VEIREE N VI, B EAEERE N . IR
FEF 8 A ZE 5 . MMPY & MMP 5% 1Y B 2
B, O H G R S AR R Y, IR
PR s Th B A AR AR R R T 1 . A4k
TR SRR 1 T RAR (220 [l MMPY 1] {2 i
IREFHEAMIITRS . SN AR I T B B 1
PR AR RA M HER R R B, RA B
Il 3% MMP9 FHi5 H 5 B35 T R IR 9 15 15
Fe 4 B S FE B YIALE . CXCL8 (1IL-8) J&—7if

FATLIR T, nf SRR R AN . PE B R A A AN T
YA, RA B BAECE 40+ CXCL8 /K F-TH A,
S E A RSEE I N E 4 E DY . PPARY JB TH%
WMRZWBZIE, v ZFAIgE, AIENE i
Al MRFUAEYA L. RERIHFERGEIE . RAEFS)
b, JEREMS T NF-«B {425 " . EGFR j&%
Bz 4 K F (epidermal growth factor, EGF) A%
&, "5 EGF. TGF-a., X[ 157% (amphiregulin,
AREG) . |}z 90 Ml A 2 53 %4 & 1 (epithelial
mitogen, EPGN ) S ZFEARAASS G IF LEZFE
Yy ohig, feut RA ROBERED o ik al WL, H
F 7 I fig i i 4% RA B 1 MMP9 . CXCLS,
PPARy. EGFR % XCHES A HL S X E RS . &5
RIENE IS B IEAT I, LAZEME RA JH TS .

i 11f Metascape X 22 4 5 A i#£17 GO #1 KEGG
RSN, KBH R T HIET RA M FUIREE
BAR T T JRAE MR PEMIETT, 45 CXCR LA+
TR B IR A TS . DNA
SRR TS A T2 kY 5% . KEGG
T [ A AT R S 2 45 RA B
HIERE S, WIL-17 (55 @, TNF {5548
B R M A L S . TLR 558 5, Ak
S A RE ARG M ol B, RS IE
SZ, 0 RA FBREHME A5G 2H 4 IL-17A 7K P Tt
g O TL-17 R LA R RO LI A A A
FE 20 M 2R RS LR 2 e L A, IL-17
TNF-o 2 [i] AJ 38 28 P [m] /6 R ARE 46 PR 7= A,
WIL-18. IL-6. IL-8. Hi%I#RZE E2 (prostaglandin
E2, PGE2) MIMMP, 7£ RA - 3] #F ¥ g it
Je 4 TN Al T g A P R AR A SR TR 4
TG RAE RN, (RIS i L R 40 2 T 2 B S
FEV B AN e ik, EMTSEAE (40, R dF 5E
JZ R, I R SEEIERT T TNF #0451 50 % 98 S w5
FNAYT I L RA B BRI A O T Wi
IR R AN, I A AR oAk T e
BREEIR T o N T RHELS R, HE W T
R BTG A B A e R AT U R
7 1) S FEHT 5 MMP9 . CXCLS, PPARy. EGFR 4%
BILEER, 15 T2 m ERAE T HEHFEm
YEFHBLA

LE L RTIR, AWFIEIE FHIN S 25 B2 2555y T 5F
P, INH R BB T o AT
ST HAE RAIRIT TR ol BB VE ML, Aarpgly -
TR LAY — PR A S 4% . PPT LS . #E4T GO &
L5 HTFN KEGG 38 B 5 501, PR as A4 e



1296

MR PE AR 20224F 11 H L5 43 4%

M F 20 PE it 2= . 1Lz . 7- A
BE-2- WAL S0l . Ml 2. PoARAE R AT i
MMP9, CXCL8, PPARy, EGFR 450 s 5 48 5
JIVE P A 2 e B AT IR YT RA

(& % X #f]

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

RANA A K, LT1Y, DANG Q J, YANG F. Monocytes
in rheumatoid arthritis: circulating precursors of
macrophages and osteoclasts and, their heterogeneity
and plasticity role in RA pathogenesis[J]. Int
Immunopharmacol, 2018, 65: 348-359.

GIANNINI D, ANTONUCCI M, PETRELLI F, BILIA S,
ALUNNO A, PUXEDDU I. One year in review 2020:
pathogenesis of rheumatoid arthritis[J]. Clin Exp
Rheumatol, 2020, 38: 387-397.

CONIGLIARO P, TRIGGIANESE P, DE MARTINO E,
FONTI G L, CHIMENTI M S, SUNZINI F, et al.
Challenges in the treatment of rheumatoid arthritis[J].
Autoimmun Rev, 2019, 18: 706-713.

Fo L, RTINS R 25 9K 1 5
WEFE b (1], 2470, 2019, 44:3908-3916.
ZHANGLY,CAOZY,YANGYY, TAN XY,MAOJC,
SU L. Traditional Chinese medicine on treating active
rheumatoid arthritis: a protocol for systematic review
and meta-analysis[J/OL]. Medicine (Baltimore), 2020,
99: €20642. DOI: 10.1097/MD.0000000000020642.
LUS, WANGQS,LIGY, SUN S, GUO Y Y, KUANG
H X. The treatment of rheumatoid arthritis using
Chinese medicinal plants: from pharmacology to
potential molecular mechanisms[J]. J Ethnopharmacol,
2015, 176: 177-206.

LI X Z, ZHANG S N. Herbal compounds for rheumatoid
arthritis: literatures review and cheminformatics
prediction[J]. Phytother Res, 2020, 34: 51-66.

RO S I IS S M S R S ST T S L A 7T
KA o N2 PR TR P S it e (D], B2y,
2021,52:2438-2448.

RERKT , 285 s BBk, BRI W GE 05, 2 1. B 5
AN AR B B s e T REAE FH B4 LAk
58 [J]. P22 51 IR, 2017,33:123-127.

ZEE iR T WABERH . AR a3 M A AR
WFgERERE (V). 07 PR 25 R4, 2021, 23 :6-9.
R R PSS WE S R 775 iy N 25 R E AV R RV S
WGRRICTT R IFFE R (7], KGR 5 65 48, 2021,
10:58-62.

XSBeIA , s hl, AV, AT AR S R AR, B0 H AL
23 2 AR HIWE S 2k Je K B iR S AT [T,
Hh [ 224, 2021, 46:2660-2676.

BLEEr. R0 (D] K& AR
#,2013.

PERRETTI M, LEROY X, BLAND E J, MONTERO-

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

MELENDEZ T. Resolution pharmacology: opportunities
for therapeutic innovation in inflammation|[J]. Trends
Pharmacol Sci, 2015, 36: 737-755.

BARDOU P, MARIETTE J, ESCUDIE F, DJEMIEL C,
KLOPP C. Jvenn: an interactive Venn diagram viewer
[J/JOL]. BMC Bioinformatics, 2014, 15: 293. DOI:
10.1186/1471-2105-15-293.

LI, B, B ARG, IR H R T
TRTT IR 4 34 il RWLER [J]. 25 24,
2013,19:35-37.

TS T IR ST R SO BT SRR Ik
PR RIR I T 2 ma iF 5 [V ], WoRAE G B2y,
2018,14:191-192.

ZHAO B J, ZHANG Q, LIANG X C, XIE J, SUN Q.
Quercetin reduces inflammation in a rat model of
diabetic peripheral neuropathy by regulating the
TLR4/MyD88/NF-xB signalling pathway[J/OL].
Eur J Pharmacol, 2021, 912: 174607. DOI: 10.1016/
j-ejphar.2021.174607.

JNGL,LINJR,YANGY, TAOL,LIYY, LIU Z X, et al.
Quercetin inhibiting the PD-1/PD-L1 interaction for
immune-enhancing cancer chemopreventive agent[J].
Phytother Res, 2021, 35: 6441-6451.

D’ANDREA G. Quercetin: a flavonol with multifaceted
therapeutic applications? [J]. Fitoterapia, 2015, 106:
256-271.

UTHRA C, SHRIVASTAVA S, JASWAL A, SINHA N,
RESHI M S, SHUKLA S. Therapeutic potential of
quercetin against acrylamide induced toxicity in rats[J].
Biomedecine Pharmacother, 2017, 86: 705-714.

ZHU Q, LIU M X, HE Y X, YANG B. Quercetin
protect cigarette smoke extracts induced inflammation
and apoptosis in RPE cells[J]. Artif Cells Nanomed
Biotechnol, 2019, 47: 2010-2015.

MOLITORISOVA M, SUTOVSKA M, KAZIMIEROVA 1,
BARBORIKOVA J, JOSKOVA M, NOVAKOVA E, et al.
The anti-asthmatic potential of flavonol kaempferol in an
experimental model of allergic airway inflammation[J/OL].
Eur J Pharmacol, 2021, 891: 173698. DOI: 10.1016/
j-ejphar.2020.173698.

KIMIR, KIM S E, BAEK H S, KIM B J, KIM C H,
CHUNG I K, et al. The role of kaempferol-induced
autophagy on differentiation and mineralization of
osteoblastic MC3T3-El cells[J/OL]. BMC Complement
Altern Med, 2016, 16: 333. DOI: 10.1186/s12906-016-
1320-9.

ZHU L P, WANG J, WEI T T, GAO J, HE H, CHANG
XY, et al. Effects of naringenin on inflammation
in complete freund’s adjuvant-induced arthritis by
regulating Bax/Bcl-2 balance[J]. Inflammation, 2015,
38:245-251.

SHI X Y, LUO X P, CHEN T, GUO W, LIANG C J,
TANG S H, et al. Naringenin inhibits migration,



5511 A, AR R T IO 2% 2 B R R R H RN TR T R KOG R LR .

1297 -

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

invasion, induces apoptosis in human lung cancer cells
and arrests tumour progression in vitro[J]. J Cell Mol
Med, 2021, 25: 2563-2571.

LIU G W, ZHAO W X, BAIJ M, CUI JJ, LIANG H W,
LU B P. Formononetin protects against concanavalin-A-
induced autoimmune hepatitis in mice through its anti-
apoptotic and anti-inflammatory properties[J]. Biochem
Cell Biol, 2021, 99: 231-240.

HUANG J J, CHEN X F, XIE A H. Formononetin
ameliorates IL-13-induced inflammation and mucus
formation in human nasal epithelial cells by activating
the SIRT1/Nrf2 signaling pathway[J/OL]. Mol Med
Rep, 2021, 24: 832. DOI: 10.3892/mmr.2021.12472.
VANDOOREN J, VAN DEN STEEN P E,
OPDENAKKER G. Biochemistry and molecular
biology of gelatinase B or matrix metalloproteinase-9
(MMP-9): the next decade[J]. Crit Rev Biochem Mol
Biol, 2013, 48: 222-272.
LIJX,LONGY,GUOR,RENKB,LUZZ, LI M, et al.
Shield and sword nano-soldiers ameliorate rtheumatoid
arthritis by multi-stage manipulation of neutrophils[J].
J Control Release, 2021, 335: 38-48.

LEY K, LAUDANNA C, CYBULSKY M 1,
NOURSHARGH 8. Getting to the site of inflammation:
the leukocyte adhesion cascade updated[J]. Nat Rev
Immunol, 2007, 7: 678-689.

CHARNI-BEN TABASSI N, DESMARALIS S, BAY-
JENSEN A C, DELAISSE J M, PERCIVAL M D,
GARNERO P. The type II collagen fragments Helix- Il
and CTX- I reveal different enzymatic pathways of
human cartilage collagen degradation[J]. Osteoarthritis
Cartilage, 2008, 16: 1183-1191.

HUBER L C, DISTLER O, TARNER I, GAY R E,
GAY S, PAP T. Synovial fibroblasts: key players in
rheumatoid arthritis[J]. Rheumatology (Oxford), 2006,
45: 669-675.

NOSS E H, BRENNER M B. The role and therapeutic
implications of fibroblast-like synoviocytes in
inflammation and cartilage erosion in rheumatoid
arthritis[ J|. Immunol Rev, 2008, 223: 252-270.
AHRENS D, KOCH A E, POPE R M, STEIN-
PICARELLA M, NIEDBALA M J. Expression of
matrix metalloproteinase 9 (96-kD gelatinase B) in
human rheumatoid arthritis[J]. Arthritis Rheum, 1996,
39: 1576-1587.

PATTERSON A M, GARDNER L, SHAW J, DAVID G,
LOREAU E, AGUILAR L, et al. Induction of a CXCL8
binding site on endothelial syndecan-3 in rheumatoid
synovium[J]. Arthritis Rheum, 2005, 52: 2331-2342.
DESVERGNE B, WAHLI W. Peroxisome proliferator-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

activated receptors: nuclear control of metabolism[J].
Endocr Rev, 1999, 20: 649-688.
DEBRIL M B, RENAUD J P, FAJAS L, AUWERX J.
The pleiotropic functions of peroxisome proliferator-
activated receptor gammalJ]. J] Mol Med (Berl), 2001,
79:30-47.
YUAN F L, LI X, LUW G, SUNJ M, JIANG D L,
XU R S. Epidermal growth factor receptor (EGFR)
as a therapeutic target in rheumatoid arthritis[J]. Clin
Rheumatol, 2013, 32: 289-292.
GULLICK N J, ABOZAID H S, JAYARAJ D M,
EVANS H G, SCOTT D L, CHOY E H, et al. Enhanced
and persistent levels of interleukin (IL)-17" CD4*
T cells and serum IL-17 in patients with early
inflammatory arthritis[ J]. Clin Exp Immunol, 2013, 174:
292-301.
KIRKHAM B W, LASSERE M N, EDMONDS J P,
JUHASZ K M, BIRD P A, LEE C S, et al. Synovial
membrane cytokine expression is predictive of joint
damage progression in rtheumatoid arthritis: a two-year
prospective study (the DAMAGE study cohort)[J].
Arthritis Rheum, 2006, 54: 1122-1131.
ZWICKY P, UNGER S, BECHER B. Targeting
interleukin-17 in chronic inflammatory disease: a
clinical perspective[J/OL]. J Exp Med, 2020, 217:
€20191123. DOI: 10.1084/jem.20191123.
VAN HAMBURG J P, ASMAWIDJAJA P S,
DAVELAAR N, MUS A M, COLIN E M, HAZES ] M,
et al. Th17 cells, but not Thl cells, from patients with
early rheumatoid arthritis are potent inducers of matrix
metalloproteinases and proinflammatory cytokines
upon synovial fibroblast interaction, including autocrine
interleukin-17A production[J]. Arthritis Rheum, 2011,
63: 73-83.
PAULISSEN S M, VAN HAMBURG J P, DAVELAAR N,
ASMAWIDJAJA P S, HAZES J M, LUBBERTS E.
Synovial fibroblasts directly induce Th17 pathogenicity via
the cyclooxygenase/prostaglandin E2 pathway, independent
of IL-23[J]. J Immunol, 2013,191: 1364-1372.
BRADLEY J R. TNF-mediated inflammatory disease[J].
J Pathol, 2008, 214: 149-160.
MONACO C, NANCHAHAL J, TAYLOR P,
FELDMANN M. Anti-TNF therapy: past, present and
future[J]. Int Immunol, 2015, 27: 55-62.
YAO Y, CAI X Y, REN F J, YE Y Q, WANG F M,
ZHENG C H, et al. The macrophage-osteoclast axis
in osteoimmunity and osteo-related diseases[J/OL].
Front Immunol, 2021, 12: 664871. DOI: 10.3389/
fimmu.2021.664871.

[(AXHE] T+ ¢



