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Abstract

Objective: To explore the molecular network regulation mechanism of Cornus officinalis in osteo-
porosis, this study is based on network pharmacology and bioinformatics methods to screen effec-
tive active ingredients and potential targets of Cornus officinalis, then construct an active compo-
nent-action target network diagram and protein-protein-interaction network (PPI) diagram of
Cornus officinalis. Methods: The main active ingredients and potential targets of Cornus officinalis
were retrieved and screened through the Chinese Medicine System Pharmacology Database and
Analysis Platform (TCMSP). Target genes of osteoporosis were retrieved through the OMIM and
Genecards databases. The R software was used to draw the Venn diagram which was about target
genes of Cornus officinalis and osteoporosis. Perl software and Cytoscape 3.7.2 were used to con-
struct the active ingredient-action target network diagram of Cornus officinalis. The PPI network
was constructed through the STRING database, and the core genes of the PPI network were ex-
tracted using R software. And we used R language to analyse GO function and KEGG pathway. Re-
sults: After screening OB and DL in this study, 12 active ingredients of Cornus officinalis can be ob-
tained. We found that there are 30 target genes related to osteoporosis among the active ingre-
dient targets. In this study, there were 485 entries in the biological process, 36 entries in cell
component analysis, and 58 entries in molecular function analysis. In addition, KEGG enrichment
analysis has 59 signal pathways. Conclusion: Based on bioinformatics and network pharmacology,
it revealed the molecular mechanism of Cornus officinalis effective active ingredient-multi-target
gene-multi-channel network in the treatment of osteoporosis.

Keywords

Cornus officinalis, Osteoporosis, Network Pharmacology, Bioinformatics, Mechanism

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

B BiLkAE (Osteoporosis, OP)s& — ks LA™ B ZFE SN, & —Far AT E N, UE b
FLLR IR, BET B HEVESE A 5 B B T O RIE[L] . B RS A TN, B REEE
NBEER I i & . FREDRE PUSAA m R IX, 60 & UL B 24 NE BBAL B 50N 36%, i Btk
N 23%, kY 49% [2]. BEHE NI ZEAL RS RN B B ZWiE 2, Fit 2] 2050 48, KEK
OP RG22 /2 VL L, B FUSFMAE L2 RO S BRVE B N )2 A7 AR I 2 3L AR FE R3] 250967 52 MOxT
HIREAAEAR A R F B, iR . MR 2 R BRI, PR, UM RS, AR
FRR R . AN T kB ZATE LR TR (RANKL) 34 LR (I K IS5 4], TR,
ER253677 OP M7 R, Rel A8 ik /B P K hn i P2 S5 U T RO/ A2 45 20 AR A AT [5]. = A
BT ONNRRRZA, BEERS, RARE, BENFRE6]. AMEOEZ Pl A, E ETHENE
FRgba  EIRIE ) 7], CRENHED) IR b, = “ARFTRANEL, 5T
7, “HesmHaNE, ZRME, @us, IbAMER. AR, WIHESIEE. ENER, JTHM, FMNER
PRI, ERAZE, ISRRE, IEBARATT o LREAEPE RN T E RS RIRT, HEHR TGN
LR I ZAEE S R 2, A LR BT S iR R AR IR s AN B A 8] EMfE R A 5 M
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LRI AE A T LR R 2 By B B S (AR R M S A 7R — S, S 2 R T DL R G A
H 2GR AV ERINLE . AR SR A B2 K M 48 2 B2 1) 7 v AN ER 1S, 383 TCMSP. STRING %53
o F2E, O I8 T 1L 2R B 1) 32 AN 2 R oy S LT YEAE IR 5, R S5 R A B R R ORI 4, i — D
BEAT A R S B AT . AR SCE TR W LU 2R BVR YT B TR B AA I 20 T AL, o 1L 2 85 A DG S8
T 70 S AR IS FH i ARk 255 T 5 1 T A 97

2. M5 %
2.1 TFik. MMLESECERS RIEAES

F LA Hotis PEAS B AN AAS BRI I ZE B A 22 i B AE AR s AT 4280 . AW T Th 2 R 23
20 B 5 73 M- & (Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform,
TCMSP, http://tcmspw.com/tcmsp.php) TN - 252454 BEARFIZR 2 A58 & 7E TCMSP ¥ 2 G &R

“IiZEBE” , HAT 30N Cornus officinalis Sieb. Et Zuce., 76 “Ingredients” #5Hedy 4k 31111 48 B 7 1% 508
PErP BT A T o LR B AR 7 B3 e 2 3800 B 9 1 IRAE W) L JE (oral bioavailability, OB) > 30%.
52514 (druglike, DL) > 0.18, FHKiiide 4 (1 Ll 2 B A0 2 o R AE T Ko 4REETE TCMSP %4 1Y) “ Related
Targets” BEER A 1 AT L2 B (RS 5 AR A7, I Perl 38 5 0Rdext RAL 22 i/ O #E 5, IF HIg A Uniprot
H4% FE (https://www.uniprot.org) Fl Perl 15 5 % ¥ s EAT 2 R VR RE, DA T fa 2200 iT o

2.2. REERHEMEFRER

A H B SRR S50 A R AT I % 2 B 28 . ARBIFFLLL “Osteoporosis” it & i,
JET OMIM #(#E FE(Online Mendelian Inheritance in Man, http://www.omim.org/)PL & GeneCards #4f %
(https://www.genecards.org/) s 2 Hi T 5 N S8 & BT B A AH < 1 FHBE A0, 950 4o B 53 6 X)) R 45 395 0
iy

23. RABRESRFRERMEEER

L L ZR B4k 2 o3 S A PSR ST AT, 256 B LB A 50 B A () TN 2R AT AH B oG R IR ST
A5tz H R Bt (vennDiagram A1) 7€ LU 2R B A 7 570 #E i 5 B BUBAA B B0 AU SC 4R, RIS 220 5 1
B, IR AR NI E R VE R Al FERE IR L 2R g4 22 oy S B s F Perl 35 & B 0F 5 - “network ()
BIRR)” “type ()" “molLists (B F17)” =ACH, Z )55\ Cytoscape3.7.2 H 447 nl #i4k
A, MRS - VR A 2 B, AT T H Ll 2R 2 5 R T R BB PR P R A3 B AR
AR

2.4. PPl M4EH

A L 2R B VAT B AA TR PPI 4 () DGR RE R 1, 4 Ll 2RV T o FH B A 5B A
PIpi 0 AT T FE R SN STRING #3is J% (https://string-db.org/), FREVFFA “homo sapiens” , %k
P ZEGETE T R R PP 26 I 0 AT A3 B AZ O JE AL, W 123 — B s LR Cytoscape3.7.2 F A H 146
4 Biogenet, #J 2 PPI 48 5 7 M 8 N S B A % & “homo sapiens” , “Data settings” W& “Protein
Proteininteraction” % e i 3 40,35 A5 W3 FH 4038 )% (BIOGRID) . A1 AR F & (A 55 % (DIP) . A:47%%
A A 28 45080 PE(BIND) - 43128 HLAE FE(MINT) . AR A 225 50805 2 (HPRD) AT InAct. SR/ 4T
J¥ Cytoscape3.7.2 #4146 CytoNCA, RAESHEEH .01 DC (degree centrality. #»fEErLE BC
(betweenness centrality) it 175 5 A% O 2%
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2.5. GO 4l KEGG BREE ST

ik — 5 WA LR SRS B B AA A DR LS S iE s, H el R 15 (org.HS.eg.db 1)
P IR 285 () 5 TR 42 R Ak R ZE IR ) 1D, R J5 R R 15 5 (colorspace . stringi £, ggplot2 3. DOSE
£ clusterProfiler 1. enrichplot )% 7E/E LS 3T GO & &b K KEGG M &£ 0. ME
Y2447 ( biological process, BP) . 4Hf4L % ( cellular component, CC). 43T Zhfit(molecular function, MF)
=i, LA p < 0.05 NIEFHE, XSRS T GO EHEM. d—HiEH Perl i F WA K&
Cytoscape3.7.2 A KEGG W25 5 5 o AT T HH Ll 2K B3 V6 T 71 Jo B P PRI FE (1045 5 2%, Lz gd
PR TR — 8 R

3. &R
3.1. LLUZREE SRR 2 TFiE

L TCMSP H B er il it i 43 2 LR BTG VE A7), 3L 226 Ak &4, 754 OB > 30%. DL > 0.
18 HITEPE R 3L 20 B, ERnE 1 ffian. b Ethyl oleate (NF). Leucanthoside. malkangunin. 3,4-De
hydrolycopen-16-al. 3,6-Digalloylglucose. gallic acid-3-O-(6’-O-galloyl)-glucoside. gemin D. lanosta-8,24
-dien-3-ol,3-acetate iX 8 Fi b &4 T B o BAA JoI AE/E FHAE A5 o

Table 1. Bioactive components of Cornus officinalis and their OB and DL parameters
F 1 WREEYEMR S R H OB #1 DL 28(E

Mol ID Molecule name OB (%) DL
MOL001494 Mandenol 42 0.19
MOL001495 Ethyl linolenate 46.1 0.2
MOL001771 poriferast-5-en-3beta-ol 36.91 0.75
MOL002879 Diop 43.59 0.39
MOL002883 Ethyl oleate (NF) 324 0.19
MOL003137 Leucanthoside 32.12 0.78
MOL000358 beta-sitosterol 36.91 0.75
MOL000359 sitosterol 36.91 0.75
MOL000449 Stigmasterol 43.83 0.76
MOL005360 malkangunin 57.71 0.63
MOL005481 2,6,10,14,18-pentamethylicosa-2,6,10,14,18-pentaene 334 0.24
MOL005486 3,4-Dehydrolycopen-16-al 46.64 0.49
MOL005489 3,6-Digalloylglucose 31.42 0.66
MOL005503 Cornudentanone 39.66 0.33
MOL005530 Hydroxygenkwanin 36.47 0.27
MOL005531 Telocinobufagin 69.99 0.79
MOL008457 Tetrahydroalstonine 32.42 0.81
MOL000554 gallic acid-3-O-(6’-O-galloyl)-glucoside 30.25 0.67
MOL005552 gemin D 68.83 0.56
MOL005557 lanosta-8,24-dien-3-ol,3-acetate 44.3 0.82
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3.2. WWEEFEMR S - BRERERAE ST

i OMIM. Genecards H# P 2 B BTHAAAH R IR AL fL70 )9 42 4273 />, it S5 A28 R34S
F) 4305 ML A, 5 TCMSP Hda e b il 23 12 Fhid v plesr (1 70 AN S8, HE3R98 30 AN 008
FERE R 1(A)). FFi2H Cytoscape3.7.2 FAFH G LR B RS - B BLBAATE AL sl 2 1 (14 1(B)),
H beta-sitosterol {EH#E s 16 4>, Stigmasterol /EFH# 55 14 4>, Tetrahydroalstonine fEH#E T 11 4>, 3 FH 3k
FIEFSE A3 AN B2 B LR AEZIR(ADRB2). RIFIIR R Wik A& 1 (PTGSL) LA L HTF IR 2 P id 4
W& 2 (PTGS2).
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Figure 1. Venn plot and network plot of the osteoporosis target-bioactive components of Cornus officinalis
B 1 LREEEMR S - B REAERE RS R EMMEE

3.3. H4i2 PPI MEHTHIE X BT S

£ T STRING 5 g, K 30 AL fiBE R b A% J5 482 LL 2R B3R YT IEAA 1Y) PPI 25 (1] 2(A)), 1521
R PTGS3. CASP3. JUN (15 2(B)). itk — 2 [ W Ll 2R 94 35 14 40 YR 97 B o i B 2 BT, 4
B SN Biogenet #fE,  EESTIEAE HOHE S5 4R (2175 ANV UM 42797 ANIAZE), I T T A P B
PR R 2 R IR 3% H b ARFESGF CytoNCA (¥R IhEE DC > 61 ik B it 250 25 0 45 (421
ANYT 13,714 ANi0 %), 35l iE BC > 600 fifiid H AR5 I & k4% (61 415 R 856 N ZE) (1412(C)).
TEAH I HH FNERAEFD PPI 2% 40 [5] 2(C) T

3.4.GO e E&E

o L2 B S M B VR T R AR S N BP. CC. MF =2 THHHT GO Thit & %0 (P < 0.05,
3(A)~(C)), H Wyt HE BP 34 486 N5 H, 1l 20 25 WLIE 3(A), KIS BEREEE . AR B
TSR E AL TS O U CC b3y 37 A4 H, BT 20 LA 3(B), EEAFE
JIES 4% (membrane raft). 545 #4485, (membrane microdomain). i [X (membrane region). 5 il ji5 54 43 (integral
component of postsynaptic membrane)%5; Ifi 7£ 4> F DI BE MF 23 #ir 345 59 AN 2% H , B 20 2538 % L& 3(C),
F2 BB K K [ W 2% 52 4435 P (steroid hormone receptor activity). #% 324435 ¥ (nuclear receptor activity). '
IR 25 R 52 4435 P (adrenergic receptor activity). JLASER & 45 £ (catecholamine binding) %5 i i .
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Figure 2. Treatment of osteoporosis target and key target screening strategy; PPI network construction and screening of key

targets

2. AT BRI S R X I R iR R ; PPl M52 H 7 X 50

A.

integral component of postsynaptic membrane {

intrinsic component of postsynaptic membrane {

421 nods and 13714 edges

response to steroid hormone:

regulation of blood pressure

DNA-templated transcription, initiation:
response to oxygen levels:

response to cold

transcription initiation from RNA polymerase Il promoter-
reproductive structure development+

regulation of membrane potential

feproductive system development

response to antibiotic

multi-multicellular organism process:

maternal process involved in female pregnancy {
response to nutrient levels:

response to hypoxia

response to decreased oxygen levels:
regulation of tube diameter-

regulation of blood vessel size

regulation of blood vessel diameter:

regulation of tube size

cellular response to steroid hormone stimulus:

o
o
N
o

|

o
o

membrane raft:
membrane microdomain {

membrane region

integral component of presynaptic membrane {
integral component of synaptic membrane 1
intrinsic component of presynaptic membrane {
intrinsic component of synaptic membrane 1
presynaptic membrane {

postsynaptic membrane {

dendrite membrane {

synaptic membrane {

myelin sheath

neuron projection membrane {

leading edge membrane {

mitochondrial outer membrane {

dopaminergic synapse

organelle outer membrane-{

caveola

161 nods and 856 edges

=

"

padjust
250-08
500-08
750-08

1.00-05

~
o
9.
°

padjust

00005
00010

00015

o
o
N
o

o
o

~
o

DOI: 10.12677/acm.2021.114258

1799

MNP


https://doi.org/10.12677/acm.2021.114258

steroid hormone receptor activity
C i M F nuclear receptor activity
transcription factor activity, direct ligand regulated sequence-specific DNA binding
adrenergic receptor activity
catecholamine binding
cysteine~type endopeptidase activity involved in apoptotic process
G protein-coupled amine receptor activity
steroid binding st

protease binding
sodium:chloride symporter activity 0002
BH domain binding 0004
death domain binding 0008
peptide binding
anion:sodium symporter activity
amide binding
cation:chloride symporter activity

death receptor binding

anion:cation symporter activity

adrenergic receptor binding

chloride transmembrane transporter activity

°
~
I
>

Figure 3. GO analysis of active components of Cornus officinalis acting on osteoporosis targets. (A) BP analysis; (B) CC
analysis; (C) MF analysis
& 3. IWERBEMRSMER T BRI SE GO Z&E 2. (A)BP EE21; (B) CC E&MN#; (C) MF E&ESHH

35. KEGG BEESE T HHIE KEGG X AMLEE

I R TSR 1D HA AR 4, HRHHET KEGG @ik = £, s HA 60 sidik, JH
HT 20 MESCIEIEI(P < 0.05, 15 4(A)), H78 LR BRAEIRTT B JSUBAA (115 F AT B 5 A 2000 1 e A4 52 4
FHEAEH . MR AR ISR NNt . FTIERG . p53 55 M. IL-17 (5 5 @IS, t—0il
it Perl i 5 #2 0 KEGG {55 5 4 (I AH OCHE A5 (PTGS2. BCL2. BAX. CASP9. CASP3. RXRA. NOS2.
CASPS8. JUN. ADRB2. ADRA1A. OPRM1. GABRA1. ADRA2A. ADRB1. NR3C1. OPRD1. HSP90AA1.
PLAU. AR. PTGS1. PGR. SLC6A3)F1 KEGG i@ ID(20 1), izH Cytoscape3.7.2 i #4H# KEGG %
R, FFRIALERST R H AN E SCEDTZRIR N, DAREIAN R m B 221 (] 4(B))»
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Figure 4. KEGG pathway of Cornus officinalis acting on osteoporosis target
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i

RETT, T

P, BREE[LOHRZR T i B 6 B BB AAE (0 AE AL, 38 23 A LL 2R B0 N BB B AA R A B TS 22 5
W R B, 2RI AL R R . /N AR B AR B 5 T S S e R e R
S, 2 B LU 2R B fh S e X /N BRUPR BB IR VAL o

AHIE GO T L2 85 20 FiE sy, FHam it 12 P %R o3 (78 78 B8 £ 1 0 B A T T B AN
TR, BB 30 ANJLAAE s . iR - SRR E R, B REEE. SR, PO AR XL
BAY AT DAE R T2 N0 o M SCHIF e 5 SRR B[ 11], P-4 56 B Ak ELHE R M0 v 40 A B AR 3 S5 i A e o
LR T L2 (OPG/ODF), (it e (ibfe, JEH B-% (6 B A MR B = ok, JemT LU 500
HRURLA AL E2 HITE R, HE— DA ik i A R AR M 3 32 AR 45 &, HE 3 B 1 - Srivastava Z5[12]0F 70 K 30,
MEWCR v MR AL IR 1 B S ARG R T ECAR I AR 2 s 1, 3B A AR R AR s B, TR
FIG7 b E R ER . JSEIEREE A B2 B LIREAEZ K (ADRB2). FiFIIE &= N A& 1
(PTGSL) LA KR HI i 2 Wit E A & 2 (PTGS2). 1) IGIRIATIHRFEFE[13]R M, BB LR 2 BEAZ ARRH
AT DL AR 2 N B8 B BRI 25 NI 4 XU, Pasco 5 [14]14E5%F 569 il & A &4 4
MLt B EH B E IRRBE AR, KRR B 2R, FACE I, B %4k
P OB T4 - BCR 4B I B2 1 IR R R S A R 1 Y AR bR IR B AR KT 1 (IGF-1)mRNA
ZIE, (AR | BT 7 IGR-I I3 TR RGRE /1, TR 5 & AR [15] . 2) ATZI iR ER i %db
Y&EE 1 LARHT AR R NI A &8 2 YT SRR A U R EERERE, AT IR R T A R E A s
IR T LA K RANKL RIS, (R A s, S0 scE 4 D AE[16], 1X 1 fg A 1 2 4 s 2R A
AL 3) ULAMARHSZAR(PGR) S 2 AN RS ME L/ FHOCHK, 70 o 4 B w0 N i 240 AT N ki PAY RS
MG-63 4 ifa i & 2 SZAR IR (IRS)MRNA Eik B, KA E AN RIRIT AL 5 B B FA[17], PGR 2
L1 24 B4 g R R A

30 ML[FIAE sTiE It STRING % PP M4, 19 2#%.00%: K PTGS3. CASP3. JUN. HH Caspases3
R—MAAVIEEOMME YR, XRS5 RS B, 29 CASP3 #ME R, 4HMIsET KA AT
Wi (18], XI5 JE S [19]0F FL A I, CASP3 RENALELE 5 H R B AARE ACRATL, 7 F 0T B FA AE 4 1) 2497 o
CASP3.CASP9 7 &3 1, 3X 32 B AE 1 5T B A ik 14 1 240 B T3 Rt b, Caspases3 A il 14 ) T3 A2 M0
AR A R L WI[20], 259 B TRAT LIS 3 AH OGS 51l % [z Caspases3 UG K 51 S HCE AL A T
HE— P SE I S S BT AL  H degree (B RT 5 1H BT AA A OCHE s A AR T 1 900-AlL (heat shock
protein 90-alpha A1, HSP90AAL). #A 7% & 4 90a-B1 (heat shock protein 90 alpha B1, HSP90AB1). [ & iR
BHF3Z K 1 (neu-rotrophic tyrosine kinase receptor type 1, NTRK1). /{98 £& [9 p53 (Tumor protein p53, TP53).
2 R ESERE E3 22 H(Cullin-3, CUL-3), HEM 1l 2 54 32 EE 3K L4982 4 s R FE BT A B B EAR B T 3

Wi GO TRk B, KRR E R ZRK T 5 LR BR YT A A AR B iy o [ B
FoE I BT WA — R B SRS MR SRR, BT S B R vT DA B A R A B
HIRW, SEECRVERIRSS IALRETTRE, B TR BRI, KIREMH SR R Z
FEEAN R, JOH B BB AAE R A A B i 82 [21] - & GO L& 87 i1, ¥ 45 PGR.NR3C2.
RXRA. NR3Cl. AR. PPARG & £/ L2 iR 7 B B s 3 08 A 1 S8 [ i = AL, | T 2g
YA RS B4 S I AT SRR I AR 2= T, FLRAT PGR ML B T8 Y7 B ek, TR otk 4
L E RS . HRBTRRR, B, SR g, iR g LS 23 B TRARAE 3 B UM R 2 Ak
97 FH R A P 5 ] I 52 AR S B0 TS BT RO, BRSO, B S R B SRR T RS R
JR GRS A VAT E I [22], NR3CL. NR3C2 15 Ay h Fe 0 38 52 M i ik R $ 7 LU 2R BO0) T4k R PR B
JUFIE K ER AR 25 L 51 EE B B BAS BA R IR T HE 5
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IS KEGG &8R4, TRk H 1L 20 B8 52 e B TSR IR DG % A5 0 22 3% 1k P A 52 A4 AH ELAE
IZIBATHASR R NIl . FETER . pS3 g, IL-17 /5 5l . KEGG BN H, 1%
YUVRIT B BB AA AN ALHE S A I B 2R [ B 3K 52 R (NR3CL. PGRAR) BL A B I IR 3 e 52 14 (ADRBL1.
ADRB2. ADRAIA. ADRA2A)Z 5 & i MERC RS2 A BLAE @, P8 T mEg L& p53 il ER7E L2k
YV R A B R N B, i A KEGG Sk R4, BCL2. BAX. CASP9. JUN. CASP3.
CASP8 1E N HE ML NS 5 Tl % A K pS3 s, B HLUEN—F AW E AR, HAEMR AR
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