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Inhibitory Action of Fritillariae Thunbergii Bulbus on Breast Cancer
by Systemic Pharmacological Analysis
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Abstract

Fritillariae Thunbergii Bulbus (FTB) contains alkaloids such as peimisine and peimine, and has
traditionally been used to regulate airway inflammation and for antitussive and expectorant applications.
According to a recent study, FTB extract has anti-HIN1 virus and anti-oxidant effect and suppresses
breast cancer. Despite such diverse efficacy, there is still insufficient research on the specific mechanism
of action of the FTB active ingredient for specific diseases. In this study, we confirmed the mechanism
of breast cancer suppression of FTB main active ingredient through system pharmacological analysis.
We secured 17 potential active compounds of FTB through the Traditional Chinese Medicine Systems
Pharmacology (TCMSP) Database and Analysis Platform and screened six active compounds that
match the set ADME-related pharmacokinetic parameters. We have identified the information of 62
genes reacting to compounds through the UniProt database and secured 86 biological processes related
to the collected genes with David 6.8 Gene Functional Classification Tool. We confirmed multiple
interactions of compound-target and process-target through network construction. According to the
results of pathway network analysis, FTB targeting genes, BAX, ESR1, ESR2, GSK3B, JUN, NCOALI,
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and PGR were found in the breast cancer signaling pathway and were involved in the regulation
of cancer cell growth in the pathway. Network-level analysis, including the TCMSP database, which
describes the pharmacokinetic profile of active ingredients and drug-target-disease associations, enables
a breakthrough in silico access to therapeutic candidates. This not only adds accuracy to the selection
of research materials but also saves time and money. The secured data will lead to experimental
evidence for the effects of FTB extract and each active ingredient and will be presented as a scientific

basis for future breast cancer prevention and treatment strategies.

Keywords:  Fritillariae Thunbergii Bulbus, Anti-breast cancer activity, Gene ontology analysis, Systems pharma-
cological analysis
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FER] A ZESALE thAL 20| FEE niX]= dgAol HEF o2 &HEsto] Uit
oloFEo] HIsl S4olu BAgo] Fof Qo] 2FEQ gekg niE 4 QU9 o] 4AZzhEo] ZHot
& o] YFsks SBoIor 0159 RE BAIE0] AT JPHELE We XY Y, JAEC
HozEe gt 2ol 55t gats HYLIT Y. ot FELPROIA FET Taxol 2 ST o
Aol thstol AFg SQ1g Ee HE Ak,

i H BE(Fritillariae Thunbergii Bulbus)= @t (Liliales) W 2tuk(Liliaceae)o| &dl= S=ufid
(Fritillaria thunbergii Miquel)Q] H|=Z7]0]t}. Peimine Q2% LA U= verticine, peimisine
SS9 ZZ0IE 28 Rdlal oM, = AMFY, F44, ot2old, S Solal del AHlg
1 CH 0 AERORE 70 UBES REG L EESHE 858 0185 0] gon 1Y) Fldo=
HHEE F220] 717 g-HINI Hiol2A Sl #et 571 H1E | QoH?. 71 Qlolle i H o]
A FET THEROIA gASE 371 SOIEIQICH,

L oSt TSt @50l Etotal #THEEALS] FEHE0] EIOR she |AALY] 441 &g
of thst ¢t oFF] BESICE Aol LAAEQ] peimine @} peiminine O] estrogen receptor
(ER) positive MCF-7 cells oA FEeHe oASith= o17t7F HE|QICH Y. 112110 verticine, ebeie-
dine, suchengbeisine 0] EGF, PMA, TNF-o € E3] MUCSAC FAl QAKX W1} products &
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Traditional Chinese Medicine Systems Pharmacology (TCMSP, http://tcmspw.com/tcmsp.php)
Database Analysis Platform & O]&ct0] #HEO &4 HES Ad2|dsint. 2 A9 A
SEL = Fig 10 QoI 929 S, B3, thAL, Hidy} S E M@ % (Oral Bioactivity,
OB), &%= FAMI(Drug likeness, DL), B % (Caco-2 permeability, Caco-2) &2 7IE0=E
~FBYSIAUCHADME Screening). Az E8EE 30% 014, o2 RAMES 0.18 o4, AU Sk
-04 olg VIEOR & HiEe AHSIRIT

Gene Ontology
Analysis

Compound-Gene

P Network T
e ADME Active Target ek
Thunbergii| 5 coning Target

F Buibus P Compound Fishing  Genes Biological Process:
- h..f Target Network

Pathway Network - | =+~
Analysis o

B

Fig. 1. Workflow: the performance of systems pharmacological network analysis of Fritillariae Thunbergii Bulbus,
active compound screening, target fishing, gene ontology analysis, network constructions, and pathway
network analysis.
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UniProt database (http://www.uniprot.org)E O185t0] &4 G831 Q| &F HE9| Bl th
At KA AHE SHHEIIC. et st F7IAlo] ¢ Biological Process & 271 l6] DAVID
6.8 Gene Functional Classification Tool & AFZSIFILE PZF 001 HTIOE AHEGIROMH,
Benjamini-Hochberg B O 2 PZIS HASIYCE HTE Metabolic pathway & $76l7] {6H
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L EQ A (Compound-Target network, C-T network)E Cytoscape 3.7.1 (https://cytoscape.org/) &

FEE

BRI EARAT
0]gst0] LAEHALC} T3t EFAT} Biological Process O THel UIE Y (Process-Target network,

P-T network)& TE5tATHFig. 2).

OMARATHTable 1). 015 7+ OB=>30%, DL>

2. 3
D 28 489 &3
TCMSP 2404 17 7h9] &S &8 dEe 3t
0.18, Caco-2=-04 9] Z=AS WEsI= 6710 &4 HES ZHACHTable 2).
Table 1. Potential active compounds of Fritillariae Thunbergii Bulbus
Molecule name structure Formula MW(g/mol)
Pelargonidin C15H1105 271.26
G
0
2,5-Dimethoxybenzoquinone CgHgOy 168.16
0
/CI
beta-Sitosterol CagHs500 414.79
Ca2Ha608 418.48

Syringaresinol
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Molecule name structure Formula MW(g/mol)
Peimisine Co7H41NO3 427.69
Pelargonidin—3,5-diglucoside Co7H31015 595.58
&
OH
Zhebeiresinol C14H160¢ 280.30
Ziebeimine C27H43NOQ 413.71
Verticine (Peimine) Co7Hi3NO3 431.73
i |
0
6-Methoxyl-2-acetyl-3-meth- .O
yl-1,4-naph-
o o o, o Ca0H22010 422.42

thoquinone-8-0O-beta-D-glucopyrano— N
side
0 o
H
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Molecule name structure Formula MW(g/mol)

0

6-Methoxyl-2-acetyl-3-meth-

yl-1,4-naph- 5
. ’ C13H10s 260.26
thoquinone-8-0-beta-D-glucopyrano- W

side_qt 0 0 0.

Solatubin Cy7H4sNO 397.71
" oH
L<°
el
\..__7 u’H v
0SI-2040 S i CatliN;O5  623.88
Chaksine C22H38N504 45066
_0
HO
Peiminine = i C27H43N03 429.71
Peiminoside Cs3H55N07 593.89

Peiminoside_qt Co7H39NO3 431.73
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Table 2. Active compounds of Fritillariae Thunbergii Bulbus

Molecule Name OB (%)  Caco-2 DL
Pelargonidin 37.99 0.31 0.21
beta-Sitosterol 36.91 1.32 0.75
Zhebeiresinol 58.72 0.53 0.19
Ziebeimine 64.25 0.81 0.7
Chaksine 65.63 -0.01 0.66

2 B AR 47 9 B AHTAL R

17719 98 = Bl FEVE Qe 13719 29 S5FH ERE AQSt 62719 Bl KARE
FStACHTable 3). CH2C = David 6.8 (Gene Functional Classification Tool)€ 0183101 62 719
KRR Hojsl= 86 719 MESH wEe HEIRICL 0] 5 JtiF oz He |RURE Bojsh=
MESHA 1MES 153)6}10], signal transduction (n=17), positive regulation of transcription from
RNA polymerase II promoter (n=14), response to drug (n=11), apoptotic process (n=10), re-
sponse to estradiol (n=9), positive regulation of transcription, DNA-templated (n=9), tran-

scription initiation from RNA polymerase II promoter (n=8), cell proliferation (n=8) <02 F=
SHALY.

Table 3. Target proteins of Fritillariae Thunbergii Bulbus

UniProt ID Target Gene name
P35228 Nitric oxide synthase, inducible NOS2
P23219 Prostaglandin G/H synthase 1 PTGS1
P10275 Androgen receptor AR
P37231 Peroxisome proliferator activated receptor gamma PPARG
P35354 Prostaglandin G/H synthase 2 PTGS2
P00918 Carbonic anhydrase 1I CA2
P08238 Heat shock protein HSP 90 HSP90AB1
P17612 mRNA of PKA Catalytic Subunit C-alpha PRKACA
Q15596 Nuclear receptor coactivator 2 NCOA2
P19793 Retinoic acid receptor RXR-alpha RXRA
P22303 Acetylcholinesterase ACHE
P06401 Progesterone receptor PGR
P08235 Mineralocorticoid receptor NR3C2
P04150 Glucocorticoid receptor NR3C1
Q15788 Nuclear receptor coactivator 1 NCOA1
P48736 Phosphatidylinositol—4,S—Eiasrgkr;c;sri)glgftgri—kinase catalytic subunit, PIK3CG
Q12809 Potassium voltage—-gated channel subfamily H member 2 KCNH2
P21728 Dopamine D1 receptor DRD1
P20309 Muscarinic acetylcholine receptor M3 CHRM3
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UniProt ID Target Gene name
P11229 Muscarinic acetylcholine receptor M1 CHRM1
Q14524 Sodium channel protein type 5 subunit alpha SCN5HA
P47869 Gamma-—-aminobutyric-acid receptor alpha-2 subunit GABRA2
P0O8173 Muscarinic acetylcholine receptor M4 CHRM4
Q14432 CGMP-inhibited 3',5'-cyclic phosphodiesterase A PDE3A
P28223 5-hydroxytryptamine 2A receptor HTR2A
P31644 Gamma-—aminobutyric-acid receptor alpha-5 subunit GABRAS
P35348 Alpha-1A adrenergic receptor ADRA1A
P28472 Gamma—aminobutyric—acid receptor alpha-3 subunit GABRB3
P08172 Muscarinic acetylcholine receptor M2 CHRM2
P35368 Alpha—-1B adrenergic receptor ADRAIB
P07550 Beta—2 adrenergic receptor ADRB2
Q15822 Neuronal acetylcholine receptor subunit alpha-2 CHRNAZ2
P31645 Sodium-dependent serotonin transporter SLC6A4
P35372 Mu-type opioid receptor OPRM1
P14867 Gamma-—aminobutyric acid receptor subunit alpha-1 GABRA1
P36544 Neuronal acetylcholine receptor protein, alpha-7 chain CHRNA7
P10415 Apoptosis regulator Bcl-2 BCL2
Q07812 Apoptosis regulator BAX BAX
P55211 Caspase-9 CASP9
P05412 Transcription factor AP-1 JUN
P42574 Caspase-3 CASP3
Q14790 Caspase-8 CASP8
P17252 Protein kinase C alpha type PRKCA
P01137 Transforming growth factor beta-1 TGFB1
P27169 Serum paraoxonase/arylesterase 1 PON1
P11137 Microtubule-associated protein 2 MAP2
P03372 Estrogen receptor ESR1
P00742 Coagulation factor Xa F10
P11388 DNA topoisomerase II-alpha TOP2A
Q02880 DNA topoisomerase II-beta TOP2B
PODP23 Calmodulin CALM1
P0O8709 Coagulation factor VII F7
Q12791 Calcium—activated potassium channel subunit alpha 1 KCNMA1
P29474 Nitric-oxide synthase, endothelial NOS3
Q92731 Estrogen receptor beta ESR2
Q16539 Mitogen—activated protein kinase 14 MAPK14
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UniProt ID Target Gene name
P49841 Glycogen synthase kinase-3 beta GSK3B
P24941 Cell division protein kinase 2 CDK2
P16444 Beta-lactamase DPEP1
P11309 Proto-oncogene serine/threonine-protein kinase Pim-1 PIM1
P20248 Cyclin-A2 CCNAZ
P42262 Glutamate receptor 2 GRIA2

KEGG database {41041 Qb0 &% BRIl &A= BAX, ESRI, ESR2, GSK3B, JUN, NCOAL,
J7]7 PGRE AHEQILE FQ TH HES golatubin, beta-sitosterol, 6-methoxyl-2-ace-
tyl-3-methyl-1,4-naphthoquinone-8-0-beta-D-glucopyranoside, = 6-methoxyl-2-acetyl-3-
methyl-1,4-naphthoquinone-20-0-beta-D-glucopyranoside_qt, pelargonidin O]ICHTable 4).
0] &OJAl beta-Sitosterol (0B=33.91%, Caco-2=1.32, DL=0.75)2} pelargonidin (OB=37.99%,
Caco-2=0.31, DL=0.21)2 FHIE ARlct= sAlol LR 0 Folshs dREOE SIHY
Ch.

Table 4. Compounds of Fritillariae Thunbergii Bulbus and target genes in the breast cancer pathway

Compounds Genes involving in breast cancer pathway
Pelargonidin NCOA1
beta-Sitosterol PGR, BAX, JUN

6-Methoxyl-2-acetyl-3-methyl-1,4-naphthoquinone-8-O-

beta-D-glucopyranoside ESRY

6-Methoxyl-2-acetyl-3-methyl-1,4-naphthoguinone-8-0-

beta-D-glucopyranoside_qt ESR1, EeR2, GoK28

Solatubin PGR

OIR9FO 2 KEGG Mapper (https://www.kegg.jp/kegg/tool/map_pathway2.htm) & AFE35H0] &
2 AHEo] EPloZste SARPT #0i5k= signaling pathway & BHIGIATHEig. 3).
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cancer pathway.
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FRFe TR AR, hinggol (GIEEE, WITE, I, W, A8, SERK 9 858 4=
OFRIZ 71ZE 0] QUTE 5 AlTH(1695 W)9] FALEE o= iR E JI|HEeL HEZE &5l &
RO 25 YiE B A &F BUE —UEHES XSt HAIGIRILL B ARHES 00
FESI] HHES RS AAYH oRsH oz BA5I0] fEY oAete] (dtde vrAsIAITH

SRRl AlAH] oF)sHE] ZE1EQ] TCMSP Database and Analysis Platform 2 9F=1} 35 =2
9 ZY Ajojo] AHTAE HoJFEL] HolEH o) 0lE oiet B2 -8, e -8A HEY I £
Fo] Ut} vopt dEE oFE-3A -2 HEYT W oral bioavailability, drug-likeness, intestinal
epithelial permeability & Z4& A HghzE0l oFssHA 5401 AEEH0 rh mEts AlAE
HEYD FEolA oSt st & X GE9 AM0] 7hstt EUIAQ in siico o2
1 g 4 At BA A AES ADME T 71E0] BElEs ofE SHYF E 4 9= FHije
o] BYHEOTE pelargonidin, beta-sitosterol, zhebeiresinol, ziebeimine, chaksine 0] 2
A2IEEATHTable 2).

Pelargonidin 2 I#:H|2], ALAZHEHE], ZIHE], EFHE, 7], B2 7 A%, 2493 SoAl
HIAL = Al OFF 0l OFEAJONH (anthocyanidin)©] ¢F R8O R 4 oY, 2 Sy
59 tist MESE 28 ZH=r Y. Pelargonidin & CYP1A1 FH0jo] &4&
NRf2-ARE ASHEZZ0IA NRf2 T2HE G0 DNA HESE dAARICE 12|10 antioxidant
response element O] MAMEES 451601 M2 FERES ZAar]7|e g 7170z iR 9l
[}, E5), 2 ¢I310] BA Al breast cancer pathway o ZHOJ5H= NCOA1 SAXIE EFlOZ
shg EQI5HILt

B-Sitosterol 2 TIESH AlB0|A] g = A BEUE FEY, Mg, HY, A, dae 2 9g
Hol oist &t 171 UL} B-Sitosterol 2 FAS 9] =% 57}, ERK QIALS} caspase-8 9 433}
712131 p53 dependent MAPK Q1Ate}t 58 E5 YAMIZES] BAIS AAFIGHL apoptosis & ERIH} 19,
Breast cancer pathway ol Z0J5l= PGR, BAX, JUN SERIE EFZIOR ST}, Zhebeiresinol S 7HAL
A%, E|FUE, HUR, FeAdudx 5o EgE gEoln % NF-«B 9 ¥dS sk 2igs
sh= Aoz AEA AT, Chaksine € phytochemical O] YEORE Streptococcus hemolyticus Ol
SHENE0] QIOH, Atz, &, B d O] e SFEARICL Lot 47, Ad 55 4 55
z2S ARsks &1 QOM, B-sitosterol I A phytoprogesteronic property & 7FRITEH .

24 A1l 9J5 pelargonidin, B-sitosterol 210l breast cancer pathway ol Zt&dh= RAAES
OF 3l= HAEES Table 4 0] BAISIALL

ATEEC S oA 24 Ry #H-0] =2 Bl RANREE BAX, ER1, ER2, GSK34, JUN,
NCOA1, PGR 7} breast cancer pathway O ZF&3I4C} BAX & 7} &o] A% pro-apoptotic
QIXIOIL}. YHFN O ps3 & apoptosis 18|11 cell cycle arrest & ZAGHE SRSt factor 2 2 &
A ALk Bel-2 family = p53 9] downstream QIAFE AZ|Q1 apoptosis & FHHAIOILE . DNA
A e AEHAV HHAIEIH Bax & HIEZERIOF QO R 0153810 Fakde S7HAZ1Al cy-
tochrome-c £ E8} apoptosis & LI, T2 UIOF ITL0JA] p53 BHEAIS Bel-2 @F BAX
QIXE X£E510] apoptosis B Fieshs A0Z HIE L ACt .

JUN §8AR= N RAA H8lg 25 2-510] MES4] 2 apoptosis O A0 Foigic} 2,
JUN 2 {AXI9] promoter &83IE &8l SCF (stem cell factor)@t CCL6 & S7IAIZIEH, Ol

o
Y
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s UMz A 2eg SH60] gRlo] @58 S7IIZICHY. B 7oA breast cancer
pathway oAl FIH O] beta-sitosterol O] target ©F dh= JUN O] ZE&ES SQIGIATHFig. 4).

Estrogen Receptor 1 (ER1) FFAR= 8 7]9] A&g 7HX|al Qlon, FAF] 6 ol 300kb O]AF<)]
712 EXskE SAKXMOICE o|AEZAOE OlL|2} Estrogen Response Element(ERE) DNA A{Ho]
AgE = U= WAL QRS YSSIottY. Joly gkt 53] WIS, fEeto

| S2E Qo
3t Breo] QEke nixl= AR}, U2 Estrogen Receptor 2 (ER2)= SE4] Sui9} T
0] Y= HAoZ AHA YUt P, FEAOA= ESR2 AR L30] Z445610] ST} ESR2 &= oA

t

TAZ ATkl RAEACH?,

Glycogen synthase kinase 3 beta (GSK3/)+ serine-threonine kinase F-&AIZ glycogen syn-
thase & Q1418 2 OJRIGH= 2H2S SITHY. GSK3BE MIE IEQ] tigkst 2o Folgto] S50
oJers ST, GSK3= A4t FEb Aol HIshA FRILAIEONA A8F T8 (upregulated) == Z10]
Lo, FEe X0 MEE Aot ATo] A= ZAeT HAFACHY,

Progesterone receptor (PR)2 AHZO|E 52591 progesterone O 9l5] 43}E = 4~&x0]IC}
PR & ER I} &7 fEolA 7He Q3 oe | o W5k immunohistochemical) OFEA
Z BHIOITEH”. NCOAL = p160 SRC family o] £8H= SAKIZ nuclear hormone receptors 9F CH:
BARIRIRC] doatgs Sdf MAF HE S50 Age FXlcke 9ge St NCOAL 9 uhds
o3t 2 AW Aol At P, FERHIA NCOAL FHase iyl Fol, EH Ho
ot Agadal ogo] Q= oz A Ark,

ATAES] FEet Ao Bt OJFS] HFO|A= MTT assay E Sdll peimine O] MCF-7 9] E4]
X9t apoptosis FESITH= ZAE HOFQUCE Peimine 2 Bel-2 & A4AIZ|AL, AlE —"'i—oe =S
G17] BAE RESIACOH, 48 AlZt S0 apoptosis 2 DHTIRACH. Peiminine & A, HZLHY
MIZHo] BE3H1 peimine 2 A} HZQYo] RIS} Y,

2 AoAe AlA" oelshE B4 e BH ALY JRE2 FHY AIE signaling pathway Ol
Agsthe Ag BASI%AL, BAX, ER, PGR S0 &80ct0] 254 W AMdg ZATOEN [ulgte
Arlste AE71de Rl

&2 oA FEE HELSY fYY IR Sl
Itk 58 AA ool Exfishs € ERQ] S =5
=8, AlZEL J8] HiEs £Y o U E8-8E Y HhEshe Al

ﬂl

o
e

i

ML
>
B
N
o
E

ESR1; estrogen receptor 1

/ ESR1, ESR2 ESR2; estrogen receptor 2

GSK3B; glycogen synthase kinase 3 beta

A NCOA3, NCOA1 JUN; Jun proto-oncogene, AP-1 transcription factor subunit

PGR; progesterone receptor
BAX; BCL2 associated X, apoptosis regulator
FOS, JUN, 5P1 2 1 i
L ! NCOAl; nuclear receptor coactivator 1
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Fig. 4. Fritillariae Thunbergii Bulbus targeting genes encode proteins in the breast cancer pathway.
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