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Molecular mechanism of sophoridine in the treatment of prostate cancer
based on cell experiments in vitro and network pharmacology

WANG Le,LU Chun-bin”

College of Life Science and Technologies , Jinan University , Guangzhou 510632 , China

Abstract : The effect of Sophoridine (SRI) on the proliferation and apoptosis of DU-145 prostate cancer cells,as well as its
mechanism of action were investigated based on cell experiments in vitro ,network pharmacology and molecular docking. MTT,
colony formation,and immunofluorescence assays were used to detect the effects of SRI on DU-145 cell proliferation, and flow
cytometry was used to detect cell apoptosis. qPCR was used to detect the mRNA expression of Ki67 ,PCNA , Caspase-3/7 , Bel-
2,Bax and p38MAPK. The protein expression of PCNA , Caspase-3,Bcl-2,Bax,p38MAPK and p-p38MAPK were detected by
Western blot. Several databases,including TCMSP ,HERB, Swiss Target Prediction, and PharmMapper were utilized to obtain
SRI targets and the OMIM and GeneCards databases were used to collect prostate cancer targets. Common targets between the
two datasets were screened using Venny2. 1. 0. The STRING database was used to construct a protein-protein interaction
(PPI) network,and network topology analysis and PPI network visualization were performed using Cytoscape3. 9.0 software.
GO enrichment and KEGG pathway analysis were performed by DAVID database. Molecular docking was performed using
AutoDock1.5. 6 software. The results of cell experiments showed that SRI significantly inhibited DU-145 cell proliferation and
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promoted apoptosis. The PPI network analysis revealed 16 core targets including ALB, MAPK1, CASP3, MAPKS, and

p38MAPK. The GO enrichment analysis yielded 158 entries (P < 0.01) ,were mainly concentrated in apoptosis process,

protein phosphorylation,and protein serine/threonine/tyrosine kinase activity. KEGG enrichment analysis obtained 84 signa-

ling pathways (P < 0.01) ,involving cancer pathways, proteoglycans in cancer, MAPK signaling pathway and other signaling

pathways. Molecular docking results showed that SRI can stably bind to the core target pP38MAPK. qPCR and Western blot re-

sults confirmed that SRI can promote the expression of p38 MAPK. In conclusion, this study shows that SRI can inhibit the

proliferation and promote apoptosis of DU-145 prostate cancer cells,which may be associated with p38MAPK activation.
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FRZH

1.2 #am5iH

SRI(4it5 221116, 2l & > 98% , W #l 48 Fin 1k 218
ARG IRA ) s DMEM B 535 (4t = 8122653,
22 Gibeo 2\ A ) ; i (k5 2458323, 22 [H Gibco
AT sFBS (L5 124299, 11 75 ZAK AL 38 44 W
HAR W) ; DMSO (#1645 Y190601, 3 [5 MP 2
H]) s MTT (4t 5 8297056, b st R FRHHL AR A
) s 45 (41t 5 RS6527B219 , | i Fiit ik 2 #RH 4%
AFRZAT]) ; Annexin V-FITC/PT 4f i 4 15 ] 12057
& (S AKI2112, 3B 3 S 5 AR R AT BR 2
A)) ; AG RNAex Pro RNA $2HURF] (5 A4A0616,
I B A R A BRA A s Evo M-MLV iz % 5%
PRI PR (L5 ASALS12, )7 i AW H R A
FE/N#]) ; SYBR Green Pro Taq HS FiliE Y qPCR i
& (5 A5A2693, )7 M I 5L AE ) HR A R A
A]) s Ki67 Hiik (fit5 AC220907054 , L FE 4k /R A=
PRHEA R F)) s FITC ARic iy 1 Fi o 1gG (5
CR2203121 , BRI FE 4 /R A= W R A FRA 7 ) 5 B-ac-
tin HLIA (Fit45- AC230205002 , 3L FELE /R A W BL 4L
AR  GAPDH Fi4k (-5 AC221016006 , 587X
TEYE IR LR W BB BR A W) ) 5 PONA $7 K (dit 5
AC230612023 , IRIXFEAE /R AE Y RHE A FRA 7] ) 5 Bax
Uik (A= AC230612029 , BRI FEAE /R A= W RHE A R
A ) s p38MAPK HipfA (445 1000220-9, 34 ( |
1) R 5 A R/ F] ) ; Anti-active + pro Caspase-3 Anti-
body (#1t*5- H660063003 , Ht | 4 % A= Wy £ R A PR
A)) 3 Bel-2 HfAk (k5 10092580, 3¢ b 34y = 245 BL B
(L) A R FED; p-p38MAPK $it {f (it =
10049598 , 3L L ¥ e B2 25 BH B ( Bl ) ARR A H)) 5
Goat Anti-Rabbit Mouse IgG-HRP (it5 10042368 , 3¢
FE B RR R 2GR (i) ABRAF]) s ECL &6k (41t
52207149, Z£ [# Millipore /& ) ; W 4L & (4 marker
(10-180 KDa) (4it*5- 00785996 , ik PX| A= ) 4 A [ b
5 (L) A BRAF]) s BCA 8 1 e 3 I 1R &
(#t5 B1A9001249 , b3 &[5 B B A= Wy H R A R 53
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A7) s LEICA CW4000 B4 4% 5 43 B1 2 4 (7815 LEL-
CA Aw)) 5%,

1.4 TAESHEE
1.4.1 TA2&

WAEAEE L & (hitp://www. bioinformatics.
com. cn/ ) ; Venny2. 1.0 7E£E T E. (https ://bioinfogp.
cnb. csic. es/tools/venny/ ) ; Cytoscape3. 9. 0 % {4,
AutoDockl. 5. 6 4% f4:; PyMol %k {}; Image] %X 14:;
GraphPad Prism9. 0 #{4-4,

1.4.2 B4E%

TCMSP %4 /% ( https ://tcmsp-e. com/ ) ; HERB
BHE 2 (‘http://herb. ac. cn/Detail/? v = HBIN044
394 &label = Ingredient ) ; Swiss Target Prediction {4
FE (http://www. swisstargetprediction. ch/) ; Pharm-
Mapper %% 3% J& ( http://lilab-ecust. cn/pharmmap-
per/) ; Pubchem {#& J%E ( https : //pubchem. ncbi. nlm.
nih. gov/#query = Sophoridine ) ; Uniprot % 4% £ ( ht-
tps://www. uniprot. org/) ; OMIM %i 4l J% ( https://
omim. org/) ; GeneCards £} J%£ ( https://www. gene-
cards. org/) ; STRING %5 #}& J&£ ( https://cn. string-db.
org/ ) ; DAVID 45 % (https : //david. nciferf. gov/)
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BB SE2EE  REG R T d 124, A AE VR W]
WIE . 4% Z2 5 W 2 0 [ 2 40 M 15 min, 1 x
PBS 351 3 ¥, 5 0. 1% 25 527 i 44 7, 10 min, 1
x PBS W1 3 o T 54, { F Image) 4%
i v BT LA H i Tt S Ak
1.5.4 % 9% % k% 5 34 m SRI 3 DU-145 48 fie
Ki67 & & &L 6% h

WeBE A K B9 DU-145 40 i, 42 00 T i 55 i
EANME F i) 24 FLAR S, BEL 1 x 10" A4, 15
F:24 h 5, 489 A 0.35.0.7 1.4 mmol/L [y SRI
AFRZAE 48 ho 1 x PBS V1% 3 K, 4% Z R W%
VEL [ G 4 M 15 min, 1 x PBS J§ ¥ 3 &, 0. 5%
Triton100 25 Ji38 3% 20 min, 1 x PBS J ¥ 3 ¥k,5%
BSA ZEJEE A 1 h,Ki67(1:1 000)4 CIHEF %K, 1
x PBS 15U 3 W 40 (1:1 000) 50 H M 1
h,1 x PBS 74t 3 ¥k, DAPI % & 5 min, 1 x PBS
THVE 3 I, BB NS PO TG, 55 40
HC 7, D A SR AA IR . i Tmage] 14Xt
DU-145 4fijfi Ki67 & H KA EH#HITGTH Sk
1.5.5 AKX AR¥%n SRI & DU-145 48 i 8 T

WA K R ARG DU-145 4006, 4650 T 6 LR
L BEFL 2 x 10° AN, 15 9% 24 b, 3 A
0.35.0.7.1.4 mmol/L [ SRI ZbF40 i1 48 h, WetE
FEFR BN A0, AR B0 5 B3, A 500 L 1 x
Annexin V Binding Buffer 2 20 g, F- 1A 5 pL
Annexin V-FITC Reagent fil 5 wL PI Reagent, }2%47R
5], EEOEEE 15 min, EALKI
1.5.6 %2532 5 Fm SRI 3657 PCa #94F A HLhl

i of TCMSP . HERB , PharmMapper F1 Swiss Tar-
get Prediction (4l 2 W £ SRT Y25 AL 2, B %%,
1E TCMSP %4fi i Fl HERB %40 PR A SRI 193 3¢
ZFR WSR2 B 55 . SRS, i it PubChem 0¥ &
K15 SRI 1 — 445 4 Fl Canonical SMILES, ¥ SRI
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Fif £ Homo sapiens, 3% & S (K AC B EUR T 0. 4,
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SIHT AR A A [E] B G E (degree {H) , FTAR R
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fd I DAVID %8s FE A T BRI AAA (GO) FL
B SR A B4 45 (KEGG) & 84017, SRI
55 PCa pyFL[m M HIHE A5 A DAVID Fdig 2, BRIA
DAVID ¥l ES ¥ & . GO ‘& & i ds 497
4 #2 ( biological process, BP) | 40 Jitd ZH 43 ( cellular
component, CC) . 43T ZJ HE ( molecular function, MF)
=5k, GO FI KEGG 23 MR ] P <0. 01 /i
18, DR 0 rh b 5 8 B2 2 i e AR 0, AR
I AR B AT HE R, T AR (S AR P
B T2 H KEGG L EIF GO A9 id #E K
1.5.7 4-F3t4

1£ PubChem %i(4f 54k 15 SRI 254 314, &
A Chem3D A, Akl 3D 4544, I pEATRE = e/
16, 5 H mol2 #% =30, i 44 SRI. mol2, SRI 5 #4
S AutoDockl. 5.6 B4 AT N A 1A HL
b PR S, K E A BC AR, 72 PDBOEL 4R R #
p38MAPK [ {44544 (1D : 2FSL) , ¥ p38MAPK i {4

SER T PyMol 1, it A7 oKk R BCIRAL B, SR 5
T£ AutoDockl. 5. 6 Ff b ma Ab 3, & &~ %2
&, ¥ &b BB )5 9 p38MAPK, SRI 3 ff § A
AutoDock1. 5.6 #fff >R FHH 04207 20, IRAFXT 452 &
TSR B IBAT autogridd , A7 dock. dpf ST, iz
Jeia 1T autodock , U B2 FEMEXT 42, X H vk 50 vk,
AW TS EANG G BRE, B PyMol
A AT AR AT A
1.5.8 qPCR #m 485 JA B 89 mRNA &k K-F

WCAE A K R DU-145 4, 3:%0 T 6 FLAR
H, AL 2 x 107 A4, 5535 24 h s, A
0.35.0.7 1.4 mmol/L ¥ SRI ZbFE4Hfif1 48 h, f#
AG RNAex Pro RNA $&H0L ] H#E IR RNA, B2 5
(% RNA H] Nano %2 &, A260/A280 > 1. 8, LIl
I T 5 5 A i cDNA F-80 C R {_fF. qPCR
ST AE TAYG R, 51 P WL 1, gPCR Z&1F
995 CHiAEME 30 5,95 CAEPES .60 CiE Kk 30 s,
340 MG,

%1 qPCRE|YFFI

Table 1 qPCR primer sequences

H LR

Target gene

FPa(5'-3")
Sequences(5'-3")

F: TGACATCAAGAAGGTGGTGAAGCAG

GAPDH R:GTGTCGCTGTTGAAGTCAGAGGAG
PIRMAPK F.GTGCCCGAGCGTTACCAGAAC
R:GGAGAGCTTCTTCACTGCCACAC
F.AGTGACAGGTATGGGCGTTC
Caspase-7
R:CGGCATTTGTATGGTCCTCTT
. F:AGAGGGGATCGTTGTAGAAGTC
Caspase-3 . . .
R:ACAGTCCAGTTCTGTACCACG
Belo F.TTTGAGTTCGGTGGGGTCAT
o R:GCCCAGACTCACATCACCAAG
. F.CGGGTTGTCGCCCTTTTCTA
a R:GTCCAATGTCCAGCCCATGA
PENA F.GCGTGAACCTCACCAGTATGT
R:TCTTCGGCCCTTAGTGTAATGA
Ki67 F:CCAAGCCACAGTCCAAGAGAAGTC

R:TGCTGATGGTGTTCGTTTCCTGAG

1.5.9 Western blot | 48 % & & #9 & ik
AR A K R DU-145 40 if0, 4280 T 6 LR
i, AL 2 x 107 A4, B5 3% 24 hJE, S BinA
0.35.0.7.1.4 mmol/L %) SRI ZbFRANfit7 48 h, ZI}E
LA W VK AR A B EVER 1, BCA BRI E 2R R
i, SDS-PAGE Hiyk, ¥ % 0.22 pum PVDF 5, 5%
BSA ZE @4 1 h, —$7: GAPDH(1:2 000 ) ,B-actin
(1:2 000) ,p38MAPK (1:2 000) ,p-p38MAPK (1:2
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000) . Anti-active + pro Caspase-3 Antibody (1 : 1
000) Bel-2(1:1 000) .Bax(1:1 000) .PCNA (1:2
000) ,4 CUKFEME LK. YWH,1 x TBST P fiE 30
min, K 10 min, H ZHT(1:5 000) =M F 1 h,1
x TBST ¥EJE 30 min, 5K 10 min, ECL %G
J&  BERE AL R G A Image] BAE 44T B A0 4 451
JKPEAH
1.5.10 st adf

fiJH] GraphPad Prism9. 0 #PFEATHEH 704, B
B AR = BRI 2E (x ) FOR 0 PHLLAHR HOE
K K5, 2 H B LR N 3R 07 220047, P
< 0.05 N H2EFHAGITHE L,
2 FR
2.1 SRI#J#l DU-145 ZHAm i85

J T RGN IR B SR X DU-145 4 it 3% 4

100— 24h

~
[

| 1C5=2.47+0.45 mmol/L

50—

25

HFEHIHIZE Proliferation inhibition rate (%)

---r—r—TTTr
-5 410 05 00 05 10 L5
Logio[SRI (mmol/L)]

JIMSZR , 15 2R ] MTT 52064 i 2 > 850 80 il
WE 1C,, . 45w, SXF A AH L, SRI RERH W 41P
il DU-145 4ff ffd (% 384 58 8 77, SR /E H 24 .48 h [y
1G5, 4331k 2. 47 £0.45 1.41 +0. 17 mmol/L ( U, [&]
1) ARHE MTT SCI6G 25 5L, 5 825056 43 50 W B
0.35.0.7 1 1.4 mmol/L f#j SRI 4b¥E DU-145 Zi jitg
48 h, WL NSRS BN, SRI 4b# 48 h 5,5
X HEZH AR L, SR ZHRE A A il DU-145 41 fitd 55 7% 7%
UL 2) o Ki67 Sufe 9t S gn 4 R R, SRI 4
DU-145 Zifigrf Ki67 & i) 22 25 30 0T B 2H B AIK ( L
Kl13) . qPCR SZIGZE LRI, 55X FRZAH LL , B 5H AR
FKFH[H PCNA (Ki67 () mRNA ik 7K F 8 (WL
4) . [A]i} Western blot 45 -t iIF5Z PCNA &5 1 #iA
AETFRECILE 5) o DL 25535 3 00 SRI RE #0 Hl
DU-145 Zfiffd ()34 58 .

100 48 h

IC5=1.410.17 mmol/L

~
[
1

wn
S
1

N
[
1

4TI Proliferation inhibition rate (%)

=

-1.5 -1.0 -05 00 05 1.0 15
Log o[SRI (mmol/L)]

1 REREMRERT DU-145 FBAIE5H A F00
Fig. 1  Effects of different concentrations of SRI on DU-145 cell proliferation

0 mmol/L 0.35 mmol/L

0.7 mmol/L 1.4 mmol/L

500

55125 | Number of colonies

0 0.35 0.7 1.4
SRI (mmol/L)

2 BRTEFIT DU-145 4 AE 5 BE R A BE J1 R0 %50
Fig. 2 Effect of SRI on the clone-forming ability of DU-145 cells
VE 5% IEZH (SRI O mmol/L) H#, " P < 0.05,*"P < 0.01,*"*P < 0.001,****P<0.0001; F[d, Note:Compared with control group
(SRIO mmol/L),* P < 0.05,**P < 0.01,***P < 0.001,***P<0.0001 ;the same below.
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0 mmol/L 0.35 mmol/L 0.7 mmol/L 1.4 mmol/L

DAPI S 100

2

g

g 75

] *okokk

g —

a.

s

N} - %k %k k
Ki67 el il

5 ok %k %k %k

i i

= 25+ —

~

o

N

0- I
Merge 0 0.35 0.7 1.4
SRI (mmol/L)

B3 HEMIT DU-145 4188 Ki67 & A RIERI M
Fig. 3  Effect of SRI on Ki67 protein expression in DU-145 cells

mmm () mmol/L mmm  ().35 mmol/L
== (0.7mmol/L e=3 1.4 mmol/L

mRNA FKIEKF
mRNA expression level

Ki67 PCNA

B4 REMIF DU-145 FRAE Ki67 ,PCNA mRNA RiIXHI 200
Fig. 4  Effect of SRI on Ki67 and PCNA mRNA expression in DU-145 cells

B-actin 45 kDa

PCNA # ARIEKF

PCNA protein expression level

0 035 0.7 1.4

SRI (mmol/L)

0 0.35 0.7 14
SRI (mmol/L)

5 HREWXT DU-145 48f PCNA B RIAKI M
Fig. 5 Effect of SRI on PCNA protein expression in DU-145 cells

2.2 SRI{g3# DU-145 AR AT

K T HFFE SRI X DU-145 40 08 T 5200, 1
6 R L 2 A 6 9080 T 52 6 >F A ) 240 L %) 9 T
SRI 4bFH 48 h J& , A L T BB 40, Bifi 75 SRI ik J 438
Jin, DU-145 41 fifg i T 23 & i3 i, #2718 SRI g i75 =

DU-145 4t &A= BT (UL 6) . qPCR SZ40 45
RERW], 5 X R AR L, 98 T2 AH 5C E [H Caspase-3
Caspase-7 mRNA ik 7K3F [, Bel-2 mRNA ik
JKF-F 3, Bax mRNA 3k K-F-t A7 fIr A, {5 Bel-
2/Bax mRNA & 3K 7K - bE(E 2 B S R A0 i) ( I [
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7)o [FIET Western blot 25 5t 3 B cleaved Caspase-3
+pro Caspase-3 B HFRIEKFE LIE,Bel2 FHHE
KK, Bax 8 FHRIKKFA LS, TC W%
PE2E 5, Bel-2/Bax 8 3R IA7KF LA W] i R i)
(ULIE 8) , W] SRI REfE ik DU-145 A AT T
2.3 MBHEZESN

2.3.1 ZRISRI 5 PCa #9 £ 5 ¥e &

9 T FFE SRI J2 Qrfef 520 DU-145 4 Jifd i) 4 58
ST AT T 9 2% 24 302 SR 4] 25 i 5T AR
B, T e FRH SR A AR a1, ik A R A AR
1t HERB %45 R £E 5] 4 4>, TCMSP % 22 1 5 2|
2 4, PharmMapper 45 ZEUL £E 3] 68 >, Swiss Target
Prediction 45 i 5 2] 56 4>, X5 545 ) 127 4>
SRI 25 AL 55, 7E GeneCards £ 45 [ rh i 4 3] 2

0 mmol/L 0.35 mmol/L
® ®
= Jor-uLwsen alUR@72%| T Je1-ULEsTH Q1-UR(5.58%)
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