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Abstract: Geniposide is the main bioactive ingredient of traditional Chinese medicine Gardenia jasminoides. It has attracted substan-
tial attention due to its pharmacological activities such as anti-inflammatory, antibacterial, hypoglycemic, antidepressant, antioxi-
dant, immune modulation, and anti-tumor. However, the target and underlying mechanism of geniposide in colon cancer (CRC) cells
remained elusive. Herein, we mainly screened the common targets of geniposide and CRC via network pharmacology, and construct-
ed the target protein interaction network, and utilized the R package to perform enrichment analysis of biological functions (GO) and
pathways (KEGG). The results indicated that the anti-CRC effect of geniposide is closely associated with cellular senescence. Drug
affinity responsive target stability (DARTS) combined with mass spectrometry analysis was conducted to explore the potential tar-

gets of geniposide in regulating CRC cell senescence. Moreover, molecular docking was utilized to predict the specific binding sites

i H 8 : 2024-05-09; #3% B #1: 2024-07-01
BEETRE : [F5K A ARA RS (82270217)
PEZ B I : 2 E(1999-) , &, ZRONZN AL W57 10 TR e PE M Z I LRIPTSE . E-mail: 1584933900@qq.com
* {@E1EE 252 (L1 Zongwei) , E-mail : lizongwei@ahmu.edu.cn
SICAEI A, IO, T I, A5 T 0 26 2 B BRSO FEAILAR LT . v o224 ( A SRR R
2024,47(5):1097-1107. DOI:10.13451/}.sxu.ns.2024113



1098 PN === Q2PN s = I0Y)

47(5) 2024

of geniposide and target proteins. We revealed that geniposide exerted anti-CRC eftects by directly targeting FKBP prolyl isomerase

1A (FKBP1A). Cell function experiments further confirmed that geniposide significantly induced CRC cell senescence. Altogether,

these results demonstrated that geniposide may trigger CRC cell senescence by targeting FKBP1A, which provides a theoretical ba-

sis and reference for the research and development of geniposide for CRC treatment.

Key words: geniposide; colon cancer; cellular senescence; network pharmacology; targets; molecular docking
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Fig. 1 Venn diagram of the targets of geniposide and CRC

2.2 REERMEABRMEEER (PPI) MR
F AT EA/ER (PP M ZE A E &Y
JI A A WA B R LA e S 0 R P R AR R L
YEM . 7E NP, PPI A 2 8 & 5 W) B9 2%
SN I R R R VI G . PPLELSR 2 5 5
S5 R 4 1) 8k R A TR L B S A
Wi A . 200 0 J) B 47 ) 45 20 AR S e S R b Y
MMPNSHEANM LU EZEAZGY
SEULC A, ok 4R D B PPT I 2% BE AT & S8

9%, AT DAV G- b B 400 A 5 3 8

AR B0 L DX 1 5 0% 8 JE (degree fH) 4 Wi
PEFE AR , M 4d String B | B S [F] HE 5 A B PPI
W 4% 5 5 A Cytoscape X 4 i#F — 25 ¥4 4 i 1% 15 %)
() 50 A1 5 B T AL 38 B 4% (| 2) o 5 A1
B (6, 3% 7 AT AR 2% b i M B B R A
KEFRHNBEZ ., HIL, Wrds LR\ H
7E CRC H 1 ¥ 76 0 5 nT BB S5 P08 1285 1 BCL2
JifEg SR AE IR - TNF |8 M AKT1 %A ¢ .
2.3 GOMKEGGC E&ENH

% DAVID 84 g i — 20 & 50 i T4
FH 5 CRC 52 4 1Y 308 /N W 75 8 &5, # 17 GO
M KEGG & 0 #r . LL P<<0.05 My fifi e 4 1F , iz
R 85 A W 24 3 42 (BP) 14 F D1 BE (MF )
EHNEEFHLAOMAHLZH WK . GO
BT E R BRI PT CRCAE FH E 29 )
B R R R A AE T | 40 e R
W10 o Al — A R A R R s R A T
O BRSO B O N M DL K
T Re = 45 T (B13) .

¥ KEGG & 5 43 7 45 2] 19 134 2% 38 % i 1]
i 8 R 4 ads AR AT HE Y, 48 R S 4% % Y A
KI(E4) . KEGG & 4 Bt 45 R R, i+
AT CRC B AE FHHE & 32 2295 K Jihgeg v ik A
G I | R A A G 32 R TR L pS3 {7 ol B
R 7 Tt 25 . 40 i 4] LSSk HE B S I F O (Fork-
head Box O, FOXO ) {5 53 #% . 1 M 5 LA S 20 g
WREHFIRA, X I RN T 1 P CRC E
HS M UMC. Wik, KR EEER
FENE F 1 0T CRC 4 it 52 Z 1 520
2.4 DARTS LI BA##E FH £ CRC HAifa A #E
EIERA

245 W) S A HE AR E M (DARTS) & —
it 25 58 FAE 98 85 1 B 5 /0 4 A0 BRSO
2, EEMR IR T EXT N F AT A 45
P48 1 B AT 25 2 /N A T AT DARTS
RN SR A A G SRR e E A
() 45 1), A L X B 1 A i A2, G A R
YRR M Ak DT 48 7 A B i 25 9 oy F
SEARMAHEEAER T . T IRE R T B
fisgE MLAD , Fe A1 R F T DARTS 5K I Ol % %E 4B
FHECRCHAI M PR E A (K 5(a)), Eid



R A T MR BRI T H T

28 g VR FBIL 1101

2 BETH S 4R OIS PPT M2 4]
Fig. 2 PPI network diagram of core targets of geniposide and CRC

regulation of ion homeostasis|  ®
agingr @
regulation of programmed cell death |- & —|Og10(P value)
30
regulation of cell cycle | @
20
cell differentiation @
10
count
nitric-oxide synthase regulator activity |- [
T ® 10
apoptotic signaling pathway ®
® 20
lipase activator activity - % L 30
protein kinase activity | @
molecular function regulator - @
0 50 100 150 200

Enrichment

B3 GOEENIEER
Fig. 3 Results of GO enrichment analysis

SDS-PAGE #E J& H Uk £ Ml A2 + 1 1 T CRC
20t %) AR R R KO A B R T AT AR Y Ak B
(B 5(b)) o XF B2 A 245 21 19 2 A 45 R AT
Wi it I, 38 3 LC-MS/MS 43 B FE R R 4y
Mro kg 85 HE M. 5T FKBP &R 5
P4 1A (FKBP1A) 78 i 98 w5 3 35 H 5 40 g
LY H L, BT FKBP1A fE A

HE F 1 7E CRC 4 B H A 185 7 B0
2.5 DepMap ##& FE 43> # CRC ZHA 1 FKBP1A B
ERE &

DepMap 7E 26 804 2 B 7E & 40 Hh 48 22 i 4
i A A7 T 5 35 DR 5 43 AT o 9 ke X e 36 A ) 4 o
PE L T 48 R 5 55 PR A OG Y v 7E R
AT 5E 5 %) ok B DepMap %k 8 45 9 CRISPR



1102 PN === Q2PN s = I0Y)

47(5) 2024

Central carbon metabolism in cancer

Chemical carcinogenesis-receptor activation

p53 signaling pathway

Platinum drug resistance

Cell cycle

FoxO signaling pathway

Chemical carcinogenesis-reactive oxygen species

Cellular senescence

—log, (P value)

A OO N

0

10 20 30
Counts

B4 KEGG#E# T
Fig. 4 Analysis of KEGG pathway enrichment

() -
(28, )

CRC cell lysates

vehicly \0 Gen

.O. e O N
e 4y &

lProteonsisl

0y -« n . n
PO o oom

&

w == w @b
\ /
&

Target

KD  Marker Cont 50 wmol-L™'

250 — pmesm OO P

100 —
70— —
50 —
40—
35—

30—

25—

E5 DARTS S84 5E e 775 CRC A0 P i fF L
(a) RHIDARTS S50 € HE 7 H 455 8 AR 2K (b) SRS RS E e T I EE S 8
Fig. 5 DARTS experiment was performed to identify the target of geniposide in CRC cells

(a) Schematic diagram of using DARTS experiment to identify geniposide-binding proteins; (b) Silver staining results of geniposide-

binding proteins

Fl SIRNA 85 #F 47 7 41 43 87 , 5 o R £ FK-
BP1A 7£ CRC 4t Jifg iy 5 PR i 14 o ] A Dep-
Map B 2 $2 B T FKBP1A #4& #i v 5 43, —1
4y FR BB A BOEHE 0 43 3 R 3 PR il
A A AW A A R, 4R WOR
DepMap ) CRISPR 1 siRNA %% 42 4 th FKBP1A
RERZEFE(EG6(a), (b)), EW T FKBP1A
J& CRC 4fi i A5 A7 1 b 75 L 1A, FKBP1A AT AE
CRC 1 ¥ 75 8 45

2.6 EFEHESFKBPIA KIS FXIE

i 58 % B, FKBP1A 76 B % 45 7 9 . 3k
fi% 98 45 22 o b g vh e RO, © LA IR E R RN
PG MEZERNER  fEiiE , FKBP1A 5 g
KBRS ALY 25 DL R A0 R L R
YIRSt 15190 5% B AutoDock B4 # 4E + 1
5 FKBPIA 8 fi b 4770 70 4 0 45 R B, B8
T 1 5 FKBPIA 8 & 2 (0] H A 5520 19 45 & fig
71,7 L5 FKBP1A ) PRO-16 , ARG-18 . GLU-



2 A T M 2 B R THE T H DTS i I LR 1103

(a)

Cell line

0.0
©
(N
=
(M

2 -05
[}
O]

CRISPR
-1.0

(b)

Cell line

0.0

Gene effect
5
w

RNA

-0.6

BE6 it DepMap $dt % i CRISPR-Cas9 i 1 (a) Fl RNAI i 1% (b ) 4347 FKBP1A 75 CRC 41 Jifd 2 H i 3k PR A 1
Fig. 6 Analysis of gene dependence of FKBP1A in CRC cell lines by CRISPR-Cas9 screening (a) and RNAI screening (b) via
DepMap database
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Fig. 8 Geniposide inhibits the proliferation of CRC cells
(a) HCT-8 cells were treated with different concentrations of geniposide for 24 h. After EAU and DAPI staining, the cells were observed

under fluorescence microscope. (b) Cell viability was calculated from (a)
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Fig. 9 Geniposide triggers cellular senescence in CRC cells
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(a) HCT-8 cells were treated with various concentrations of geniposide for 24 h. After B-galactosidase staining, the cells were ob-
served under microscope. Scale bars represent 100 pm. (b) The statistical results of positive senescence-associated -galactosidase

(SA-B-gal) staining cells
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