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H . DL N 2% 25 B 52 07 VARG 0 LA G 7 R KRB 5515 & (rheumatoid arthritis, RA)FJ3E S, MEWE
M HARAL IR BB R LM BT VR R RIB R TE RGNS . HvE: BB R SCERE R R L R E
WERS; i PubchemB Hl/NFAEYE B ER R Z RS FISMILESE MR, £Swiss ADME
B B ik o R A S b e AL S B4 AR = Swiss Target Prediction#(#E FE T 25 YEHERE £ BT
NREF HIE E (Gencards) . FELR AR F M /Ri#E(EHHE E (online mendelian inheritance in man,
OMIM) % ¥ P SREX B Wi 40 B AR AL AH G BE i s 211 =5 B B 3R BRI 1Ly A 14 a4 5 B 4 B AR AL B 3L ]
B ETFString' FEARAMERILRESNELEIEMS; T DavidF &5 317 2 KE A4k (gene
ontology, GO)YAEWTREth M #EE 5FF H HFl2F(kyoto encyclopedia of genes and ge-
nomes, KEGG)EH E&E 7 1r; KH Cytoscape-v3.9.03 18 “pisr - FLK - BEE” M%, NMAMS
AHrA¢ (network analyzer)Th R\ &4 BRI EIRINSE, FdR L R IE R B4 ik
L BEEE RS GO R . 458 @ISO RIREB25MN R LM E RS X186 MR A &
it Gene Cards. OMIM#EFE3R154081 EME A fa ik AL T ZERE 2 B AW TEATE R 5 E g de fatk
A REE SRS T, B3R LA E A MR IE T RAEE K 1654 GOEMTIRE B RS TRE
68114 H, HPAWidrE445%, ARHAN74%, HTHRE162%; KEGGEREEMTHREB1364
558, FEYWRHIF-1ES5EE. RRABHER. ROSHER. PI3K-AktE SHEBEENEER; W
RSB HR LM AEERARKRCNEERERSFRER. RBER. LWER. FRESK
&Y, BEEESERFEAFAAKTL. TNF. EGFRE. £1®: RILMHTRELRERER. LER. KB
BEER. FRESEBAGHBSWIZAKTL. TNF. EGFREZ AN SEFKFRIE, BEiTHIF-1/5 58 %
REARBEH. ROSHEK. PIBK-AktE S EREL /M SEBMWREIER, KIERZEERHERRLN, S
RAVRYTFIFEH .
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Abstract

Objective: To investigate the mechanism of treatment of rheumatoid arthritis (RA) with macro-
phage polarization pathway of capers based on network pharmacology. Methods: The main
chemical constituents of capers were retrieved by referring to relevant literature. SMILES struc-
tural expressions of chemical components were retrieved through Pubchem organic small mo-
lecule bioactivity database, and chemical components meeting the criteria were screened by
Swiss ADME database and uploaded to Swiss Target Prediction Database for drug active targets
prediction. Targets related to macrophage polarization were obtained from the Human Gene
Database (Gencards) and the online mendelian inheritance in man (OMIM) database. The com-
mon target of active components of capers and macrophage polarization was obtained by Wynn
diagram. The protein interaction network of common target of drug disease was constructed
based on String platform. The biological functions were analyzed based on the gene ontology
(GO) platform and the enrichment analysis of the kyoto encyclopedia of genes and genomes
(KEGG) pathway was conducted based on the David platform. Cytoscape-v3.9.0 software was
used to construct the “component-target-pathway” network, network topology parameters of
each component and target were obtained by network analyzer, and important active compo-
nents and core targets of Capers were selected to play a role in regulating macrophage polariza-
tion. Results: 25 active ingredients and 186 related targets of capers were obtained by literature
search. A total of 4081 potential targets for macrophage polarization were obtained by Gene
Cards and OMIM database. After mapping the targets of drug components to the targets related
to macrophage polarization, 165 targets of capers regulating macrophage polarization for RA
treatment were obtained. GO biological function enrichment analysis obtained 681 items, in-
cluding 445 biological processes, 74 cell components, and 162 molecular functions. KEGG path-
way enrichment analysis obtained 136 signaling pathways, mainly involving HIF-1 signaling
pathway, nitrogen metabolism pathway, ROS pathway, PI3K-Akt signaling pathway and other
biological pathways. Network topology analysis showed that isorhamnetin, luteolin, kaempferol,
apigenin and other important active components of capers regulate the polarization of macro-
phages, and the important target genes were mainly AKT1, TNF, EGFR and so on. Conclusions:
Capers may regulate the expression of AKT1, TNF, EGFR and other target genes through poten-
tial pharmacodynamic components such as isorhamnetin, kaempferol, luteolin and apigenin,
and through the synergistic effect of HIF-1 signaling pathway, nitrogen metabolism pathway,
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ROS pathway, PI3K-Akt signaling pathway and other signaling pathways. Play a role in regulat-
ing macrophage polarization mediating RA therapy.
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1. 5|15

2B RIE 5275 4 (rtheumatoid arthritis, RA) & —FUi R AR FI#T . REMEE G RBEE, HER
(5 B AR R C T I IR JORE IV BE A, Rt BT B R B IO REER 5 BOOCT W TE R T i
(1. 7E R E RA B IS 2] 0.42%, H 2IA W w83 2N 5~10 4F B 5 8RE N 43.48% [2],
B 3t A SR B AR R R, T LA A BT R B R R O™ E A BF R B . RA ROE R R
KA o B G000 TLCs VAN IE N 1 G 28 28 6 10 200 i 2 i LA B 4 i DR 7 1 3 O T S5 R R 42 (3], B
Wik 200 i [ A e R B AR L, ANAT LA A R EUR A, 3 R A 7 2 R i 25 4l i IR -1
MEAET25 RA UG TEARMMASLE T, Bl A F A, R IR 5
LR A FE (4], X — P B AR O B A AR A [S] . MR B8 B J0E K7 23 Wh /K~y l
HAr NWiFh R —F N8 £ ¥ (lipoplysaccharides, LPS)AI(5%) T % (interferon, IFN)-y Z542 4 K 1%
TR MEE MRS, B M1 B E RGN, 2 MR KA i TNF-a. IL-12. IL-6, 3% ¥ 4 (reactive oxygen
species, ROS)FI— % k. & (nitricoxide, NO)&F. 2 —F N IL-4. IL-13. IL-10 1 TGF-B % FE MK E
WEANM, BE M2 BYEWE4NM, W 4» i TGF-B. VEGF. EGF %51, BHRFHLZBE. mEmEE &
AL TIRE[6]. M1 AT M2 H AL G /& RA BB HAS L —. 7E RA B, MUThl 0% kKA
toll FEZM(TLRM T RAFNVE S E M RIEIHREEH, TALH Mg IR SEH F TNF-o. EAE IL-1.
IL-12. IL-18 Al IFNy. #&fb N 7RI 48 E AR KR4, SEBE A RFE . 2R 4T M
TIN5 —J7 T, M2/Th2 J N IRB0E Y8 T Bt 48 5 F Hh A K DR 7 A i i IR 7 IO RE S, AT 33 RA
(I R R AR 7] -

R (Capparis spinosa L) EACSERNLA EEAEDY),  CGHraBs Y E) 0 8HA R
BRE. IR T EETHRL[8] [9], SABrsmHh X 4k IR B IR YT KGR I FH 28, JEEER, VEZ 23 st
FEPURGIE T VR I BEAT TR ST, MR 10155 3h W) S8 R BRI LAAS S SR ), REA 2 il o IR e 4
TR TT ZY R IR 5L PR R BR T PR (e ke, LA FE LG AT g R d i R 3 TNF-as IL-1+ IFN-a S5AH 5
i PR 7 B 295 o T AR 11458 o T LU AHH R B % T YA 48 Rl 7 TNF-a IL-18-IL-17 F1_E 401 28 R 7 IL-10
FIRKT, IRBIEMARERIRRTTSOER . iamfE Xa T i M .. Ldmfekm, siLHa)T RA
MU AT B A2 % B AR A, (E B FH ML AN B

P2 232 — FE I R 250 - P - SRR 2N G, R S R ORIk, IR R
oy T RIFE R KPR 25 et e B LI 121 ARG B2 RGE T 71k . A F0 R FH I 4 24 HL 27 7
P, IREEZGH LA I R E RS, ANE R AR R R R 4E 2RI LA 4 RA (AL, Sl AH
i Y7 S S E R e
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2. BRERE
2.1. RILHEER S RAERE SRS

B AH R SCHR[13] [14] [15]1 3R BUR) M6 22 B 23 97 5 46 2% 170 44 B N Pubchem i 4f5 F2
(https://pubchem.ncbi.nlm.nih.gov/) K KIHATRIZR , IR 5] SMILES £5#450, 8 Swiss ADME #{4f
JE (http://www.swissadme.ch/) , FE— 25 12 51 L LA T 3508 76 3 FITE AL G4 4 04 BTS84 S\ Swiss Target
Prediction “F 5[ 16], ik th B 15 & (probability) > 0.1 [JHE A5, FF7EE F5UF 51408 F (https://www.uniprot.org/)
[17], JEATHESEE A RRARAEIL AN, B 2 AH R A5

2.2. EREARRAR LA R R SR

BT N R 35 A% B 7 (https:/www.omim.org/) [ 18]+ A 3 [KIE 4 FE (https://www.genecards.org/)
[1913 T4 %, LA “Macrophage polarization” fE NG 21, B4 FHE, FRACE WG A0 AL 1b 138 70 #E 5T
2.3. FLHFEEMS - EEARRALEERELSRNRBEREAHEEERMNE

(Protein Protein Interaction, PPI)AY443E

0 LAV 1 S 53 A DGR R e 1 R 4 AR A B AU Venny 2.1 I3
(https://bioinfogp.cnb.csic.es/tools/venny/)E r A HE 22, TRk AZHE R A, £ B Bl (Venn diagram).

W85 FIH String ~F £ (https:/cn.string-db.org/) [20]F0M “ A LAE PR RS> - ERRAAMEARAL” $E SAH B
TERZRR, WEYMNE N (Homo sapiens), /N HAHVEH BIE N “highest confidence (>0.9)” , HAthZ%
TRFFBRABCE, R PPI HHE /9 2% .

2.4. BEDHT

B LA AR T B 4R B B AL O S8 45 2 A% & David (https:/david.nciferf.gov/) [2 115085 %, 253k
1T GO RREAMAEYThEE /M Al KEGG JEME £, WE P < 0.01, ZiRNHELZE RS Hiplot
(https:/hiplot-academic.com/) i /7 HHE P A4k, IEHLAT 10 2% B &bl & 40 Hr K .

25. “BYIRS - R - FSIER MENEE

K25 o FEE 555 B S\ Cytoscape-v3.9.0 T, H3E “Z9WRisr - BEA - 5507 raE,
A 2% 3BT (network analyzer)FELF IG5 2 05 &0 Fh S8, A5 30 LA VR 32 B 41 i A
A 1) B B 1 A B A% OV

3. 458
3.1, FLUHEEER S REEC#EA

T SCRRAS R SRAF RN ML 22 5, 48 Swiss ADME U4 /22, #4525 251 7l (egan, Lipinski, veber,
ghose, muegge) 4 R 2 M 2 ANBLE “YES” AN 5k, BARMERIEIR. ks, LRmes 25
AN LA S R (LR 1) @ IKs SMILES 258930 FA% 2 Swiss Target Prediction (4% 22, Tl 45 22547
TERRE AL SRR, LSRR L HHEE R A SCHE 186 1o
3.2. EREAAERLHEXER

L “Macrophage polarization” {9 2174 A <8R, 7 GeneCards 45 K 2 15 21 3930 /N E W4
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MO I LERE 55, OMIM a2 h 318 151 AN BV iR AL B E A 0. RIGER M A, Kl
JSAE Uniprot 2088 B TR R A AR,  H3R1G 4081 MNEEHE &,

33. “UY - &fR” XRFEEL K PPI W%

NP Venny 2.1 P35Ks 186 ANHI Ll AH P 20 #E 55 5 4081 AN W20 R A R S 5 5 3 AT I i, %
KRR ) - PR FLEEE S 165 S, L] Venn BRI(ILE 1), B3REM 165 A “25% - 5w~ 3t
RS AL String B¥E ), MIEE PPIINES, Z M4 AL S 165 AN EAEH 9 SR 1210 26 EAERH KRR
2).

Table 1. Capparis spinosa L. active ingredients

F 1 RILHEMERSY

1D Effective component Canonical SMILES
CSG1 3-7, 3 15 M k-6 i % CCN1CSC2=C1C=CC(=C2)S(=0)(=0)O
CSG2 IER 7 CIN+](C)(C)CCO
CSG3 BT 2R 1 COC1=C(C=CC(=C1)C=CC(=0)0)0
CSG4 SE S C1=CC(=CC=C1C=CC2=CC(=CC(=C2)0)0)O
CSG5 WE AR C1=CC(=0)0C2=CC3=C(C=C03)C=C21
CSG6 THER COC1=CC(=CC(=C10)0C)C(=0)0
CSG7 XTFR IR R C1=CC(=CC=C1C(=0)0)0
CSG8 X R C1=CC(=CC=C1C=CC(=0)0)O
CSG9 AR C1=CC=C(C=C1)C=CC(=0)O
CSG10 TR C1C(C(C(CC1(C(=0)0)0)0)0)O
CSGl11 BEFR C1=C(C=C(C(=C10)0)0)C(=0)0
CSG12 RBEZ C1=CC(=C(C=C1C2=CC(=0)C3=C(C=C(C=C302)0)0)0)0
CSG13 HRE C1=CC(=CC=C1C2=CC(=0)C3=C(C=C(C=C302)0)0)0

CSGl4  JE3EZET-OMERE  C1=CC(=CC=C1C2=CC(=0)C3=C(C=C(C=C302)0C4C(C(C(C(04)CO)0)0)0)0)O

CSG15 L 23} C1=CC(=CC=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)O
CSG16 R COC1=C(C=CC(=C1)C(=0)0)0

CSG17 HEEK C1=CC=C2C(=C1)C=CC(=0)02

CSG18 A C(CCNCCCN)CN

CSG19 FAME RS C1=CC2=C(C=C02)C3=C1C=CC(=0)03

CSG20 SRR Ll CCN=C=S

CSG21 S T CC(C)N=C=S

CSG22 SRR T e CCC(C)N=C=S

CSG23 FRER COC1=C(C=CC(=C1)C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)O
CSG24 Ji LA R C1=CC(=C(C=C1C(=0)0)0)0O

CSG25 i CCCCCCCCCCCCCCCC(=0)0
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Figure 1. Wayne analysis of drug targets versus disease targets
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Figure 2. PPI network diagram
2. PPI 4&[E
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3.4. GO £ ¥IThEER KEGG 1B EE N

H 165 4> “25%0) - B SEHRL R David T 5, #H47 GO EMTIRED T KEGG I = £ 0 HT,
HAEAYd R (biological processes, BP). 4ifuZH 7 (cellular components, CC). 43¥ Zfig(molecular functions,
MF), AP <0.01 AEEGFLbRME, P15 GO AYiResk H 681 5, b BP445 2%, FEW KRS B (5
S S IE [ i (positive regulation of protein kinase B signaling). 2% [ /fi i iR {t.(protein autophosphorylation).
Xt 25 WH) I S (response to drug)- HLERA 1S 72 (one-carbon metabolic process); CC79 4%, == B & i I (plasma
membrane). M2 (cytosol). 4HALJH (cytoplasm). A7/ 1A (cytoplasm). K 73F & & ¥ (macromolecular
complex)Zs; MF154 %%, FE3 MoK RBHE VE(hydro-lyase activity) BRIt /K B % 1% (carbonate dehydratase
activity). 454 (enzyme binding). ATP 454 (ATP binding)% (A4 3).

N BP
mmm CC
. MF

80

70 1

2 / “ / J /
/ ]
/ " -/
-Biological process- ‘/ Cellular component / / Molecular function

Figure 3. GO Biofunction analysis histogram
3. GO = HThRE S LR E

KEGG 7 T353R 15 136 MBS0, I 29 A5 5 18 B (HIF-1signaling pathway). & 143K
J& (chemical carcinogenesis-reactive oxygen species). &t i (nitrogen metabolism). PI3k-AKT 155 i %
(PI3K-Akt signaling pathway). J# i il % (Pathways in cancer)%5 (L[] 4).

3.5. “EyIRLSY - BR - BB MRAIaE

N.F Cytoscape-v3.9.0 #AFFIEE “ 25l s - BB AT - g ” fAAei=CE, R0 200 56, 724 A
MEFRRZLE 5). EBIMZE 5> HT(network analyzer) AT W25 487047, degree FEAE FE Mk E, Fom
Z 5SS, R ERSIUMZ AR, daleR iR LR, FRR. KBEHE
o LEBLRUER, degree EAHA EHTIUIKIY AKT1. TNF. EGFR. SRC.
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hsa00910: Nitrogen metabolism

hsa05200: Pathways in cancer

hsa04914: Progesterone-mediated oocyte maturation
hsa00590: Arachidonic acid metabolism
hsa00140: Steroid hormone biosynthesis
hsa05010: Alzheimer disease

hsa05204: Chemical carcinogenesis - DNA adducts
hsa04064: NF-kappa B signaling pathway
hsa04520: Adherens junction

hsa05202: Transcriptional misregulation in cancer
hsa03320: PPAR signaling pathway

hsa04022: cGMP-PKG signaling pathway
hsa00620: Pyruvate metabolism

hsa04020: Calcium signaling pathway

| hsa04922: Glucagon signaling pathway
] hsa04080: Neurpactive ligand-receptor interaction
] hsa00350: Tyrosine metabolism

hsa00380: Tryptophan metabolism
hsa03410: Base excision repair
hsa02010: ABC transporters

T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
-log10(P)

Figure 4. KEGG pathway analysis diagram
4. KEGG B 7 E
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Figure 5. Drug composition-target-pathway network
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4. #ig

DUAREE St U 3R B B 4E A 2 5 RA BOME I SO A E 1200, FE 5 RA BIE 2% UIAH C[22]. [H]
B At 5 3 B ) LL AR X 4 A A A DGR B TR VR o AT 70 R FH X 4 24 BHL 2% 7 3 N I e 4 Al
B EIRET AT T I HE RA (WEME RS . JL3248 LA a2 25 A4S, Z59DigfERE i 186 4, B
WE AT B AR A AE JCHE £ 4081 Ay, “ 254 - i 7 SLIRIEE AT 165 1.

KROPFRINAE “25W o - L - TR W46 57 B 25 3 (isorhamnetin). - 11 2% (kaempferol). A
K (luteolin) 2R F (celery) S AL AW A B E femr . AR, IX 4 Flpesr 5t B R4 ik 1k F
M BRI, RIEEZENPATEME. FRZEZRN LPS B/ SR 20 R PR A — & MHi1E
WAt B [23 )45 @ik FH ELISA V245 I 40 A 48 ik DR 1R 780, 1 95 5 BRL 2% 22 Re 955 LPS JI¥C T THP-1 48l IL-6+
TNF-a. MCP-1 55 & AEF T IR, H-S51ERWREADG. 1L ZSMiir s s 1 f| mb Al LPS 7 5 E g
JPE AR 1 NO Je IL-14, 55 E VR m) M2 BU540[24]. S scmt 70 45 S S0 B CIA RSN o
FEAKM T RAEANMIERS PO SO ME R 25 A E R . BRI, KRR RN 25 T
p-STAT3 . Eil p-STAT6 Kifi§5 RAW264.7 ZHifutldl, BEils] M1 B ERRA s S EIL, FHLiE
M2 RUBREYHIRIE[26]. HAFFE[27]% F 100 ng/mLLPS HJ# RAW264.7 E W40 AL 2 A RER A, RBIAR
JBR L ZR TSR 2 0T AR o B W40 NF-xB {5 5@ B 0, i g iatkit. DL e siens,
FRER. WEH. KBEER. RS TR0 LA BV ARG TT RA 1 EZ SR,
Zx 55 M) 9 S A1 G 8 I Sk T R AR VR T AR FH

KEGG i@ 4 & £ 70 1 & B0 L M =5 B0 i i 4% HIF-1 15 538 5% . R R AQHHE K . ROS M. PI3K-Akt
T I S AR ) A IR AR T R PR A ST A R SORE A B I N AT B R E R . KRR R
[A-¥(hypoxia-inducible factor, HIF), #&ZH 2341 MR EUIRES 75 A i ELER IV M — TR IR, EH IR R 1)
INREN BN o WHE(EHE las 2a~ 30)FIEEF AT p I A[28] [29].

T R A 3 P Bt A AP I AR Ak . ML R [ T i DR B2y 32 B A s R IR . SR
HIF-10 383 B2 S 280 g b 4 R e S8 58S 1 (pyruvate dehydrogenase kinase 1, PDK1)f2£[5, PDK1
1 DI RR AR Mt BTG, AERIR TCIE AN B A, SRR = RRIGH b o ik pl it — S,
ZIRFRAGIAG A 52 230 o K 2 PR A NGB T BIRE R, 5 5 BRI M1 BURRAK[30] [31].
5k [FERy, UM AT IR TS, 1E 6-BER R BE-2 B (6-phosphofructo-2-kinase, PFK2)MELAEH T,
PEA(ROS)FI— AL E(NOYE MG L, ROS 5 NO F=A I8, AR AE 5 W2 i 4 v i R H 7, A
FEWRAN M1 BIRAG[32]. BT330I N RA-FLS 4003 777 S 41+ TNF-o. HIF-1a.
iNOS LA NO 45 E Wi 4t fu i b 175 5 8 7 1) 2> 18

PI3K P41 R IR JULRE 2 B IR (PIP2) B R AL s FRIGE LI 3 W R (PIP3) . 25 P A= K DR 7RI 4 it R 1450
Reif s PIBK VA PIBK/AKT i Eg, HEm oI MN . AKT £ MR rittEailE, 257 PIB3K
B9 M2 NiEE2), FIRGESEE PIBK/AKT AL F(E A EE M, AKT #iE40 o7 340 7
W SETEAIRE T A A [34]. BFAT SR PIBK/AKt 13 50 6 78 W 20 i e R RE Rl e ik rh R AE B 6
EER, Akt iS5 EVEAMRL AR, ik Akl ZER G M1 Rk, M, iR Ak 5] M2
WeAK[35] [36]. A kRIS, PI3K #E 5 S E0EILIA T SDF-1 ik 0, iR &40 OC w4
HEshm., TR, 530 RA HIIR[37]. MhAh, SCBEEE UL E BRI RFE R HER A& RS T s &
AT A 00 ON BEZH A AR % I, R L R PR A TR S N AR A

PPI £ 40443 B m] i, o) LLpH i 2 B W 4 i B AL 1 32 2280 208 TNF. AKT1. EGFR %%. TNF K&
£04% TNF-a 1 TNF-, W5 TNF-a 755 00 I 90 ) N2 RA R EZ ) JFE R 2 —. HAME R
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IL-1. TL-6 F1 MMPs %5 %S IR 7 IR0, S0 At i 40 it 43l B (A R A0 1 5, 2 B R IR 1 S Lo
[38]. TNF-o #HIF NG A FHZEYHIF), AEL R TNF-o 524454, CLRNREIT RA BIH 80K
W&[39]. AKTI j& PI3K/Akt B EE— R, ZBKS 5 TMREY. SHFETCEEL hm. ST
FREERR A T FR[40]. RA AT EGFR SR ATaRIA 1 AP-1 & F/KF IO T w38 n 1L-6 (774,
e ETE R T A0 B B A (411

5. 4518

AR FH W28 2GR 2R 0778, R ORI LA 2 gy - R AT - ERRGERR AL WS BIXE, o
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