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Mechanism of quercetin in tuberculous ulcer treatment using network pharmacology
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Abstract Objective To explore the underlying molecular mechanism of quercetin in tuberculous ulcer treatment using network phar-
macology and molecular docking. Methods We identified quercetin drug targets by searching the PubChem, SwissTarget , and TargetNet
databases, then combining our results with those of previous tuberculosis ulcer gene sequencing in our group,thereby obtaining inter-
section targets. Using the DAVID database, we performed intersection target gene ontology functional enrichment analysis and signaling
pathway enrichment analysis of the Kyoto gene and genome database . We analyzed the intersection target using the STRING database and
Cytoscape software and screened the hub node. We used PyMOL and AutoDockTolls software to complete quercetin molecular docking
with the hub node, then screened the core drug target of quercetin. Finally,we constructed a macrophage model to verify the above-men-
tioned core genes. Results We screened overall 54 drug targets. Our enrichment analysis indicated that the signaling pathways involved
in quercetin-mediated tuberculous ulcer treatment were e.g., metabolic pathways, lipid and atherosclerosis,or the MAPK signaling
pathway. In addition, ALOX5,TNF,SRC,MMP9,and EGFR might be the key genes in quercetin-mediated tuberculous ulcer treatment.
Results of our cell culture experiment demonsirated that upon quercetin intervention ,SRC and EGFR expression increased significantly
while that of MMP9 decreased significantly in M1 and M2 macrophages. Conclusion Quercetin could potentially regulate macrophage
polarization by influencing SRC, EGFR ,and MMP9 expression.

Keywords compound Wufengcao liquid; quercetin; tuberculous ulcer; network pharmacology; molecular docking technology
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SMILES#; B it A SwissTarget30 8 )% (http: //www.
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1.1.4 A B-H A B T AR (protein-protein in-
teraction , PP1) [ 25 F4 2 K A% 00 B 5007 12 < R B2 31—
TUAS 4 HE 45 b A% BESTRINGY- &5, B A2 4l oy
N7 EAR B R A (0.7), Bt 45 B (9757
A AR B AR BRI A PPTIR 45 18] 7 SO LA “TSV” 4%
5 ACytoscape3.9. 185 1, fifi Fl CytoHubbadffi /- H'MCC
AL T Hh AR HEA TR 10AYSE R A% JE A

115 25WH0 s SR 20 M -l i DA VID RS 78 X
FIAA (gene ontology , GO) & #4341 5 5t #5  PR Al
FEHAEIEE (Kyoto encyclopedia of genes and ge-
nomes , KEGG) 15518 B4 T & 27007 , T Al #4
PEFETHES (P < 0.05), BUAT1045(5 Bt ATl #i Ak .
116 M “P— S Y -8 B 4% 52
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PF AR - W) - - B M 2, 24N R 2%
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1.2 4 C e

1.2.1  SEBGAARL KA : N2 B8 40 U937
A E R 2= B4 6 U R (phorbol 12-myristate
13-acetate , PMA , 3€ [E|Sigma/A 7)), J§ Z ## (lipopoly-
saccharide, LPS, Z& [ SolarbioZy i), A FAZHMI/Z -4
(interleukin-4,11.-4, 3% EPEPRO TECHZ F]96-
200-04-5), Bl h 22 i (3¢ E Gibeo/A H), FastPure
Cell/Tissue Total RNA Tsolation Kit V2iRF| & (iMEEe
APIFRHEA BRA FD, i R (et =R E R A R
/7)), CCK-8i 5 (UEL-C6005M), DEPC/K (- ¥ I
A YR A FR 2N F] ), PrimSeript RT Master Mix (H
ZRTaKaRaZA H]),ChamQSYBR qPCR MasterMix(Fg 5%
Vazyme/sw)), 514 (LA T Y20 ), RPMI1640
B 7% i (€ [H Corning A 7)), ExCellfifi 4 1L ¥ (32
GibcoA ), PS (EEGibco N H]) - ZINREBIHRIX (32
& Molecular Devices PR ] ), = i (IR B2 O HL (75
FEHettich/A 7)), IMS-254% F 3l 5 {66l vk BL (5 A
FHAH]), TI008: BEPCRIX (SE[EIBIORADA H)), 4 H
1 HPCRAMTY (Fiit-Roche A F]) o

122 ZRAERE %« AR S50 T o A ARUE o i e
Y RS 2013 mL5E 485 92 B 1975 THE S, 7637
C 5% COFGFRAATP SR RS A R A 2
A PEAT R, B IR A0 I >S90 %0 HEAT AL AR,
JEURSEEE SR R FH200 ng/mL PMAE 524 hidr K%
AL RIMOZH il , 200 ng/ml LPSiE 548 hidt vy 22 Mk 4k,
RIMIZH I, 40 ng/mL IL-4175 348 hi 37 VL5 15 fb Y
M24iJifd .

1.2.3 CCK-84 M I3 45 I - O 0 A K U937
4 (2 x 107/mL, 100 pL/AL) 250 FoefL H, il
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B [E] i A 200 ng/mL PMA, T 37 °C.5% CO,%
TR PR SR 15 24 WG E] U937-MO 4 i, & )5 H
200 ng/mL LPSi#5-5:48 h, 53] U937-M1E Wg il . it
Rz ZRBEE5.2.5.1.25.0.625.0.313.0.156 .0.078
mmol/L, #% UL I ¥& B 45 24, T #i24 b5 & fLn A
CCK-8itF 10 L CEVARLK1/10), 52 i BEFR{X
FEW 450 nm K DE % (optical density, OD)
(B TSR3, W SR S50 VR B

1.2.4  SZEFPCRAGIN . U9374H i A3 x 10%/4L4%FD T
6fLH 2 BU937-M1,U937-M2 . U937-M1+4fi jiz £
FIU937-M2+Hit Fz ZRALH AT T-H0, 24 h/F WAL,
Fie FOAR) & U 5 0 BREEIRNA | 30 5% 5% A eDNA
K HqPCRIAH & A TSL BT PCRAGIN , 5 | 97 51 an &
VTR, LIGAPDH N N S 36 X, Rl 272 2“9k 1545
TR IR

1.3 Gt

%1 319F5
Tab.1 Primer sequences
Gene Primer sequence (5°-3") Length (bp)
TNF Forward primer AGCCCATGTTGTAGCAAACC 227
Reverse primer TCTGGTAGGAGACGGCGATG
MMP9 Forward primer CCTGGAGACCTGAGAACCAATC 188
Reverse primer CCACCCGAGTGTAACCATAGC
EGFR Forward primer GATGTCTGGAGCTACGGGGT 194
Reverse primer TTTGGGCGACTATCTGCGT
ALOXS Forward primer GTCAACTTCGGCCAGTACGA 271
Reverse primer CCTCGAGGTTCTTGCGGAAT
SRC Forward primer ACCTTTGTGGCCCTCTATGAC 243
Reverse primer CAGTAACCGCTCTGACTCCC
GAPDH Forward primer GGAGCGAGATCCCTCCAAAAT 140

Reverse primer

GGCTGTTGTCATACTTCTCATGG

K SPSS 26,084 748 153 B 4L TR) e S
PEATFIEAS TEAG S, 25 IR IEZS 204, DA = s 85 4%
2 ] 22 S5 LU AR B R 3 07 224317 , 2K F Graphpad
prism 8. O3 VFHATEE S T AL E 1k 22 7 4T, P<
0.05 2 A Gt L,

2 R

2.1 AEWE B

211 Mt R S S5TUR 3 BAS 4 « 7ESwissTarget
Bes E 3RS 106 #1 5, , Targetnet B4 ZE A BRAE AR
B JE ARAF 10950 45, A1 L 8 5 L3R5 176440
A RS BT ATU A8 B T 2 20 S B T 5% 1E 2 2
FE DR R4 R rp, 24T 3 2704 22 L, AR SRS
SANSEAEFE WLIE 1.

2.1.2 PPIIZSIR] KAzt Fik R ) i e « 4 5 R T v ag
AR LR 5 ASTRINGE &, W Fh e £ <& N7,
2 HIPPIM 2% (5] ([512), IR A5 UL “TSV” kg i
I 4% 2 Cytoscape3.9.14K {f, iz FCytoHubbadi {4

MCCH- A5 B Ak 27 B S TUSL [ HE 55 HE 44 BT 10AY
R FE PR D P AR B AL TR, BB LT 2R %Yy
SR ORHR i (F3) o

Quercetin Tuberculous ulcer

3216

(94.8%)
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Fig.1 Venn diagram of the common quercetin and TU disease

targets

2.1.3  GOMIKEGGHHr ¥ A= Wyl 78 oy F Disie 4l
MIZH 4 B fE & 42 W FIKEGGIE B & 52 /0 M7 T 1545
RFEP < 0.053H 78 IEJF-HEF , PEHLRT 105515 BAERL
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Fig.3 The top 10 genes in the quercetin-TU common target list
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2.1.5 TR R 45 R R, ALOXS TNF \SRC,
MMP9 .EGFR-5 i Bz 28 % 2 3+ 45 & BB 1 <0, 7R
FEAEXTEENT AR, L33,
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2.2.1 itz ZAS R B Xt I 4 B 7 (0 i < 5
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Fig.6 Compound-disease-target-pathway network diagram for quercetin-mediated TU treatment
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Tab.2 Top 10 targets and pathways

Target gene/pathway Degree Betweenness Closeness
Metabolic pathways 12.0 58.428 14 0.382 35295
ALOXS 6.0 162.043 46 0.500 000 00
Lipid and atherosclerosis 5.0 11.399 52 0.357 142 87
microRNAs in cancer 5.0 10.863 86 0.357 142 87
MAPK signaling pathway 5.0 10.189 66 0.353 260 87
TNF 5.0 89.600 13 0.492 424 25
SRC 5.0 85.199 02 0.492 424 25
MMP9 5.0 77.405 82 0.492 424 25
EGFR 5.0 79.458 08 0.492 424 25
Estrogen signaling pathway 4.0 6.271 20 0.349 462 36

R3 WHEESXBEINDFIEER

Tab.3 Results of quercetin docking with key target molecules

Ligand compound Receptor protein PDB (ID) Binding energy (kJ/mol)
Quercetin ALOX5 3v98 -3.48
Quercetin TNF 2e7a -6.18
Quercetin SRC 3geq -3.81
Quercetin MMP9 litv -4.21
Quercetin EGFR Ixkk -491

ML IS5 S R Wik R Bl e BARAOPERT R I B RISRC AT LIS iR S
SRC .EGFR EMMPOZR R AL W4l — %4k & & B (inducible nitric oxide synthase,iNOS)
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Tab.4 Gene sequencing results
Gene log,FC 14

TNF 1.992 5857 0.030471 35
MMP9 4.1200100 0.004 694 50
EGFR -3.2928722 0.003 515 56
ALOXS5 3.236 446 4 0.009 073 98
SRC 2.120 8215 0.019 018 00

1.5

sk

Cell activity
)
1

=

i
]
*
*
*

Concentration/mmol - L™

*P < 0.05,%*%P < 0.01,***P < 0.000 1 vs. control group.
E7 FRERIREFHUI7-M1E EELAE24 higZHAaiE 1%
Fig.7 Cell activity of U937-M1 macrophages treated with diffe-

rent concentrations for 24 h

()32 35, THOESRCTT LIAR FFIL-4175 5 19 4 2 R 1
1 (arginase 1, Arg-1) 33k, A58 A HM R Z50] Jb 35
PTEM/M2BY I 20 ISR C I 223k, AT & HEHT R
YEM . EGFRA T 2HMIIER I , SRCIRSS & 5 9w
ARBTG5 SR BB ALEGFR AT LI I TL-415%5
I L A i N M2 A PR A, 5 AR 5 45 SR A
¥EH zlxb}ffé’{ H B EGFR mRNAZK - , FHEEARL
I Rk — 2 9E . MMPOYE Sy — e S it , © 4%
Efﬂif%ﬁmﬁ s DA R R AR,
BIF5E ™ S B, 55 e B X B LEL A L, B 45 4% F 35 i
VR TP MRS R i i 253 22, MMP9ZR Ik L]
i E M, IR AN SR 25 R R, S0 IR A
A= G5 R AT RO R S 0 Bl L W A MM PO 3 1k A,

®5 WEETFAMI/MEZOERRIEEWL (x£s)
Tab.5 Key target mRNA expression changes upon quercetin intervention with M1/M2 (x + s)

Gene Contorl-M1 Contorl-M2 M2-Q
TNF 1+0.3992 1.4022+0.3739 1204433 57880 +1.970 4"
ALOX5 1+0.499 4 54374 +6.947 4 1+03196 0.266 4 +0.125 2"
SRC 103856 23672+1.1677" 104783 63258 +1.2526"
MMP9 1+0.4842 0.284 5 £0.094 47 105116 0.9001+0.314 8"
EGFR 1+0.4839 6.844 1 +6.047 17 1+04188 2.890 8 +0.797 5"

1) P < 0.05 compared with contorl-M2 group;2) P < 0.05 compared with contorl-M1 group. n = 6.

BTG oy — TR ST A R R R AT DL
1 B AR AE 20 AT BT 38 A THP-1 5 0 240 FlE MM PO
E@%%L PNTTTIBR B ok 9 9, FR UG AHEI , A e 25 AT DA
A 1 10 5 20 MMPO P 6 TR R TU AR 75 o
AT 38 12 ) 45 25 32 Ko oy X 3R R 43 A
T RAEIRSTTU B 40 FAE 2= L, 150 AT RE
1 ¥ E V6 T 8 )5 ALOXS . TNF.SRC ,MMP9 . EGFR,
2D AE B WG AN AT A5 B B IE, 45 5 WoR %4
KR TR, M1 M2E W41 fISRC \EGFR3E A .

Th i, MMPOZE K /K- 12 35 [, 2 A B2 25 T RETE
T HSRC \EGFR S MMP9FE 35 7K - & 35 HoH s B
I 40 A AR AL BV FH

S E 3k

(1] X7 375 B b i 2y (M) dbat. ihE
25 it , 2018.

(2] FMEI, B 5 BRAEE, 45, BB AMNA S B R 456
[J] e EE2 245 ,2021,36 (7) :4037-4040.
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