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Inhibitory effect of royal jelly acid on proliferation of human
colon cancer SW620 cells and its network
pharmacological analysis
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ABSTRACT Objective: To discuss the effect of royal jelly acid (10-HDA) on the proliferation and
migration of the human colon cancer SW620 cells based on the network pharmacology, and to clarify its
related molecular mechanism. Methods: The active ingredients such as 10-HDA and their corresponding
targets were retrieved by using the keyword “royal jelly” from the Traditiomal Chinese Medicine Systems
Pharmacology (TMSCP ) Database and the Traditiomal Chinese Medicine Integrated Database (TCMID );
the small molecule targets were predicted by the Swiss Target Prediction Database. The GeneCards
Database and the Online Mendelian Inheritance in Man (OMIM ) Database were used to obtain the targets
with the keyword “Colon Cancer” ; the protein-protein interaction (PPI) network was constructed by using
the String Database and Cytoscape 3. 8.0 Software to screen the core targets; the Gene Ontology (GO)
function enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway
enrichment analysis were analyzed by Metascape Database; the specific ingredient 10-HDA was screened
for the in vitro activity experiments. The human colon cancer SW620 cells with good growth status were
divided into control group and different doses (1, 5, 10, 15, and 20 mmol-L™") of 10-HDA groups. The
viabilities of the cells in various groups were detected by MTT method and the survival rates of the cells
were calculated. The SW620 cells were divided into control group, low dose (5 mmol-L™") of 10-HDA
group , middle dose (10 mmol-L™") of 10-HDA group, and high dose (15 mmol:L™") of 10-HDA group;
Hoechst33342 staining method was used to observe the morphology of the cells in various groups; cell
scratch test was used to detect the scratch healing rates of the cells in various groups; flow cytometry was
used to detect the percentages of the cells at different cell cycles in various groups; biochemical method was
used to detect the activities of total antioxidant capacity (T-AOC) and superoxide dismutase (SOD) in the
cells in various groups; Western blotting method was used to detect the expression levels of B-cell
lymphoma 2 (Bcl-2), Bel-2-associated X protein (Bax), cysteine-containing aspartate proteolytic enzyme-3
(Caspase-3) , cysteine-containing aspartate proteolytic enzyme-9 (Caspase-9), glycogen synthase kinase 3§
(GSK3B), B-catenin, and cyclin D1 proteins in the cells in various groups. Results: Six active ingredients
of royal jelly were screened out by the TCMSP Database, and 28 core targets of 10-HDA in the treatment
of colon cancer were obtained. The GO function enrichment analysis mainly included the signaling
pathways such as cell proliferation and apoptosis. The KEGG signaling pathway enrichment analysis
included the cell cycle, prostate cancer, cell senescence, and p53 signaling pathways; the GSK3B/B-catenin
signaling pathway was closely related to the cell cycle. Compared with control group, the viabilities of the
cells in 5,10, 15, and 20 mmol+ L ~'10-HDA groups were decreased in a dose-dependent manner (P<C
0.05 or P<C0.01), the numbers of apoptotic cells in different doses of 10-HDA groups were significantly
increased, and the scratch healing rates of the cells were significantly decreased (P<Z0. 05 or P<C0. 01); the
percentages of the cells at S phase in middle and high doses of 10-HDA groups were significantly increased
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(P<C0. 05 or P<C0.01) , the activities of T-AOC and SOD in the cells in different doses of 10-HDA groups
were significantly decreased (P<Z0.05 or P<C0.01). Compared with control group, the expression level of
Bel-2 protein in the cells in low dose of 10-HDA group was significantly decreased (P<C0.01), and the
expression level of GSK3B protein was significantly increased (P<Z0.05); compared with control group,
the expression levels of Bax, Caspase-3, Caspase-9, and GSK3 proteins in the cells in middle and high
doses of 10-HDA groups were significantly increased (P<Z0.05 or P<C0.01), and the expression levels of
Bel-2, B-catenin , and CyclinD1 proteins were significantly decreased (P<C0.01). Conclusion: 10-HDA
can significantly inhibit the proliferation and migration of the colon cancer cells and promote the apoptosis

and oxidation levels of the colon cancer cells, and its mechanism may be related to the activation of the

GSK3B / B-catenin signaling pathway.
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(Bcl-2 associated X protein, Bax) . W& R W
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B OH K B9
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Caspase-9) . 4 Mg 4 ¥ & 1 DI
(CyclinD1) . ¥% J& & B B ¥ B 38 (glycogen
synthase kinase 38, GSK3B). p-i%& ¥ &HH
(B-catenin) FEE L ECL k2% A6 I fl & (X
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J# (oral bioavailability, OB) FZ§¥+HELE (drug
similarity, DL), i % T WA A L5, 1

and  Analysis
Platform,

com/tcmsp. php)
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5 /R 35t /£ (Online Mendelian Inheritance in Man,
OMIM) #t¥i e (https: //omim. org/) 3R 1545
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Fig. 1 Crossover targets of royal jelly active ingredient-
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rectangle: Colon cancer.
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2.6 ZumpAEE FF24hE, SXBAHANL
B, 5. 10, 15F1 20 mmol-L"10-HDA #H 41 il 7
T %6 5 3R] o KO 1 B IR (P<<0. 05 8¢ P<<0.01) .
U S

Rl FABREER

Tab. 1 Survival rates of cells in various groups
(n=7,x%s, /%)

Group Survival rate
Control 100.0041.00
10-HDA(mmol-L™")

1 97.3340.15
5 90.89-+0.02"
10 77.7440.01"
15 56.91+0.01"
20 45.3840.017

"P<<0.05,""P<C0.01 compared with control group.

2.7 BAmERATHSEA Hoechst33342 JL
RN SXA R, ARG & 10-HDA 4 41
I v 2 A Sk 3 R 1) € 0 T AR Y O T 4 i A
B 2 5% & 10-HDA 4 Hede, A ) &
10-HDA A4 i A -4 g i i £ . WLIEl 6.
2.8 Z2AmBRNRELCESE HXTHALK, &0
JF1] 5 AN ] 351 10-HD A 20 41 g %) 9K i & 3R Bt B AR
(P<<0.058 P<<0.01), HPBE#H 10-HDA 7|5 I 5,
20 i R A A R WAL . WL T R 2,

29 ZUAFrE@meRBmessR SR
B, RFIE 10-HDA 41 G,/G, A1 S W 40 i i 4 %
ERIG #3E L (P>0.05), W& H &
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A': Control group; B:Low dose of 10-HDA group ; C : Middle dose of 10-HDA group ; D : High dose of 10-HDA group. Arrows indicated

apoptotic cells.
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Fig. 6 Morphology of apoptosis of cells in various groups (Hoechst33342, X 100)
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Fig. 7 Migration of cells in various groups detected by cell scratch test (Bar=200 pm)

10-HDA 41 Go/G, 1 40 fie & 43 % 01 & pE L (P<<
0.058¢ P<<0.01), SHi4iffi /W Fm (P<
0.058 P<<0.01), HEfEMEPE Wk 3K 8.
2.10 &#mmied T-AOC#SOD EH  S5X/ I
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Tab. 2 Scratch healing rates of cells in various groups

#4 BHMPEF T-AOC M SOD T
Tab. 4 Activities of T-AOC and SOD in cells in various

(n=3,x%s.,7/%) groups (n=6,x=Es)
Scratch healing rate T-AOC SOD
Group Group B B
(t/h) 12 24 48 [my/(mmol-g~")] [A,/(U-mL™Y)]
Control 11.9940.06 24.7240.06 47.98+0.01 Control 0.3740.03 22.72+0.23
10-HDA 10-HDA
Low dose 9.6140.03" 13.7140.04° 25.62+0.02" Low dose 0.2240.02™ 15.02+6.03"
Middle dose  4.43--0.04" 7.764:0.04" 8.8740.04" Middle dose 0.14£0.02"" 14.1043.82""
Highdose  1.64-£0.01" 2.81+0.01" 5.95+0.03" High dose 0.11£0.03"* 10.12+3.30""
'P<C0.05, " P<0.01 compared with control group. ‘P<<0.05, “P<C0.01 compared with control group; “P<<0.05

F3 FARRAMEEAPERE SR
Tab. 3 Percentages of cells at different cell cycles in various
(n=3,2+s,9/%)

compared with low dose of 10-HDA group.

J7 A, A A 2T IR L R T Rk RS T
S UL DR B R 25 ) B M N 240 G R e
TR BRI SS M m AE L 1 ER B
AN 28 R A Th meA%VI%%E%ﬁ
HIFM e AR, HAEGE TR PHEEADT1.4%
%%ﬁuumAmﬁ%WA,AMWmeamﬁ

TS . L, ASHIF 5 i R 4% 25 B 24 5 2 iR )
10-HDA 5 25 7 e Wy INFEBE &, #4878 10-HDA
P gk e g VE FHLH]

AT 9% 38 iF TCMSP 25 % 42 /7

10-HDA |

LK R 15 2
Wi A AE AP A6 B3R 4 6 B I T KA AU

groups
Percentage of cells
Group
Go/G, S G,/M
Control 51.37£2.16 43.4740.81 5.16+1.44
10-HDA
Low dose 49.9249.90 45.96+9.10 4.12£0.57
Middle dose  43.20+5.14" 53.92+1.74 2.88+£1.17
High dose 36.15+0.56" 58.60+0.98" 5.25+1.89
“P<20.05,"P<C0.01 compared with control group.
3 9 it
I O 1 T N IS (it B A 2R = R LS
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A': Control group; B:Low dose of 10-HDA group; C:Middle dose of 10-HDA group; D :High dose of 10-HDA group.
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Fig. 8 Percentages of cells at different cell cycles in various groups
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