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Abstract

Objective: This study aims to integrate GEO microarray data, network pharmacology, and molecular
docking to elucidate the mechanism of action of Curcumol in the treatment of cervical cancer. Meth-
ods: Potential targets of Curcumol and cervical cancer were identified using multiple databases. In-
tersection analysis was employed to determine common targets, which facilitated the construction
of a protein-protein interaction (PPI) network. Subsequently, Gene Ontology (GO) and KEGG path-
way analyses were conducted, followed by molecular docking to validate core genes. Results: A total
of 239 common targets associated with Curcumol and cervical cancer were identified, primarily im-
plicated in biological processes including lipopolysaccharide response, carboxylic acid binding, and
protein tyrosine Kinase activity. Notable enrichment was observed in the PI3K-AKT and MAPK sig-
naling pathways. Molecular docking analyses indicated that Curcumol demonstrates stable binding
affinity to targets such as EGFR, HIF1A, and TNF. In conclusion, Curcumol may exert therapeutic ef-
fects through the modulation of multiple signaling pathways.
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1. 3]

5 20 (cervical cancer) & 2 PEREAAR HR B L BB MR 2 — LR 2R BUIE ZEAE At A iR
KR SA T[], Tk, FRE T 0@ A0 5 £ IR 2B 2], KEZHCEH B2 W 30
B, T AT HAM B3], HAT, 097 5308 EZE R TR BT fyy, HE45 50
Jie B E AR X LIRSS NI R R, FERTREZ I 2 P A RIS,  KOKBEAS 1 B ARG L & [4].
DRI, I R 22 46 3 BLEIE FH /NI 2PN T e Aes A e (R0 DR T 7

FHAREE(Curcumol) & FA P FIE BTG R S, BF RIFHIPUEE J1[5]. JRikiE, AR B 2040 i
WA R IEIER, %S SAR AR AT, BABENIRT S8 KIEM6], (HIH28
ER MR UINLHEATE 2 . ABFAR B R8I GEO (&R 08T, A MBS 50 TR, HiTEAR
REAE N B SR V8 AR VR TT 29 P s RN ZG BRI, N B SR IT IR S

2. RIS
2.1. BAREERELTAN

F F] PubChem %3 F (https://pubchem.ncbi.nlm.nih.gov/) FRELFEARBE ) 2D 4544 F1 Canonical SMILES,
BFHARE 2D 454 EAEF] PharmMapper 4 FE (https://www lila-ecust.cn/pharmmapper/) 35 B H A FH#E 55,
PRI Uniprot % £ (http://www.uniprot.org/) %} 8 s AT IE s FIFHAELL R 2 Swiss Target Predictio

][l
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(http://www.swisstargetprediction.ch/) fl TargetNet (http:/targetnet.scbdd.com/) %7 3R A BE 8 7E 1 F #E 25 347 1
s A, £ CTD %35 % (https://ctdbase.org/) ', L “Curcumol” 1E N IS E, FREGEAE/E FH 50
Ro DL BB e oy M 3RAR B B A SR S RO H T 5 2290 HT s

2.2. GEO B A M E T fE 40 M 7R B

M GEO %4 % (https://www.ncbi.nlm.nih.gov/geo/) F# GSE9750 F1 GSE63514 FKiA itk ths i Hida 4 . F
M RIEF 432 A “limma” A5 R RIS BR AT Z 57 007, K ¥ |logFC| > 1 & P < 0.05 HIffiiLhR
T i e 22 53 R 1A FE [Hl (differentially expressed genes, DEGs), 742l K 111 ¥ 7k DEGs 4347 - . GeneCards
(https://www.genecards.org/)$ 4 7 #1 LI Cervical Cancer " o< B 1] , K 2% & 2 AH IS FE M, K5 H 5 GSE9750
1 GSE63514 PN 381310 DEGs #HT &9, 313 S S0 M <A,

23. BRE - EHTEXEESANREBNEDREFMEEE

1 Venny2.1.0 (https:/bioinfogp.cnb.csic.es/tools/venny/){E £k T H. , ¥ FRAEE A E 0008 () #E 55 HUAC 4,
2 Venn . HAZEESE S5 N STRING (https:/cn.string-db.org/) B &, #4728 PPI W45 I N4 TSV X
. i H Cytoscape(3.9.1) AT P44k, R CytoNCA fiffiH 5 #23x H 0o 1 (closeness centralities, CC)-+
A% rh 0 M (betweenness centralities, BC). J& HH 04 (degree centralities, DC). #F1iE 1] &2 7100 P (eigenvector
centralities, EC) Ja i1 3Ji&E % (local average connectivity-based method centralities, LAC)HI R £ .00
(network centralities, NC)FFHFME, VAR T EiR 6 WUE R Ar 8ONbRHE, 7 128 A B3 ) 5 2500 ) (5 126 1%
DB R[]

2.4. GO M KEGG B&EN

FIH R EKAFHT “clusterProfiler” F1 “org.Hs.eg.db” BT IIRETERE, X4 ZH 53 (cellular components,
CO). 4 FIjhE(molecular functions, MF)F14: )i FE(biological process, BP)#17 GO & & /Hr. #/H “en-
richplot” A1 “ggplot2” fi#17 KEGG & &4, &M GO " HEZ T 10 £25% H A KEGG 4 Al 20 (il
22 HIFIRE . MRS GeneRatio HE 44 1 i S8R (115 = 8 2% b AT nT AL
2.5. BARE - ETEXEEREE

FIH UALCAN (https:/ualcan.path.uab.edu/) %5 22 73 A7 i 126 5¢ B 5 [N E 5 S5 v R B K1 Jd i
GEPIA2 (http:/gepia2.cancer-pku.cn/) ¥ #& FE 48 1 H R 1A K5 B35 5 447 W (overall survival, OS)IAH K
P, R AE B B AR 2 R RIS S B TS B3 A DG B R e SO FROR S - B B0 G B A, A
Spearman F UM JC BN fUEATAH OG0T

2.6. ERESXREFERNS TXHE

I PubChem ##fs 2 SRENFRAEZ 1) —4E451, KA Chem3D (14.0.0.117)# 8 H = 4E 451 I BEAT I
1o FIH PDB 4k P (https:/www.rcsb.org/) SR SZ AR 8 IR d A 451, 48 Autodock Tools (1.5.7)1E47 &5 14
Ak, FIH AutoDock Vina #47 7> FX14%, FH1EE) PyMOL (2.5.7) 52BN 4244 G A T M AL S 90

3. 58
3.1. BREBIERMANEE

FIH PharmMapper. CTD. SwissTargetPrediction Al TargeNet VUANELHE 22, 73 Al FIA3 2 213 28,
100 A1 67 MERE AL, & IFEIR1E 359 M FRAREEAE H AL A
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3.2. EFUEMEXEETN

7E GSE9750 H¥adEd, Lkt 1570 4~ DEGs, H - 849 NMERF mEIE, 721 MEERZELE 1(A)).
7£ GSE63514 g b, frill 2] 791 4 BA Giih 55 LK DEGs, (4 431 M3ik FiAR R 360 3R
B R UARIEE R (L E 1(B)). Genecards UH FE 43 M1 3k 453 5225 AN UM I N, KL E&5 AT 6 0F, &
£33 6637 5 E AR LA
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Figure 1. Differential gene volcano maps for the GSE9750 and GSE63514 datasets
B 1. GSE9750 #1 GSE63514 #iEs&E = FEFE N LE

3.3. BARE - EHEXKERNEBREIEMESH

PSR BEAE FHBE 55 5 5 20008 AH DGR R A 4R, SR A SRR B [ 7 2008 1 1 A A5 239 ML 2). PPI
TSR B IRAE 234 AT A A 3830 AL 3). MRIRIHINHTEE R, TREE ] 16 AMiEk SR S (0

4)o
[ d
Curcumol Disease
Figure 2. Venn diagram of curcumol and cervical cancer intersection genes
2. BAE: - EHEREEAEFEE
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Figure 3. PPI networks for intersecting targets
3. 3ZER¥E PPI 4%

Figure 4. PPI network topology analysis
4. PPI 4RI HA
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3.4. GO BEM KEGG BRI R

GO ThREVERBRE, FARRLEFH = 208 I USR8 RS FEACT I RUBL f JiE 22 0 1R BRE LA Bt
Y BRI T B S A2 E R . AL 4343 BT S Ik S 3 A0 A e s 00 I S o0 s R
UKL [P S AR, 4T The £ 20 K IR G BREE 1 8 E0T 22  BR 75 BRI 15 DL SR IR 25 5 45 1)
fit. KEGG /#1183 165 4415 5@, FE¥ & PI3K-AKT {5 5@ % . MAPK {5 51 Ras 5 5@ %
(ILFE 5), Horb e o 2 2 R RE A PIBK-AKT 15 518, FRAREMAE B A LA Ju A inid (L 6).
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Figure 5. GO enrichment and KEGG pathway analysis results
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Figure 6. Curcumol and cervical cancer targets of action in the P13K-AKT signaling pathway

6. HAEE -

3.5. BAREE - EHEXREREE

T HEEAE S PI3K-AKT (52BN ST

X 16 MBS AT i, AR 7 BoR, H5ESFHSUMLE, STAT1. PARPL. MTOR.
HIF1A. EGFR. CASP3. TNF Ml BCL2L1 7E & #2021+ .3 m R IA(P < 0.05). #t—5 43 Hr KL, EGFR.
HIF1A F1 TNF /&0 B8 M5 8 25(P < 0.05), 3 H EGFR. HIF1A F1 TNF 7£ = s 8 b ik K
TR B EIEMARP<0.05, WK ), , 7~ EGFR. HIFIA 1 TNF F] A8 /& 38R NS VA TT B 2008 (1) S 4 410 45 .

Expression of STAT1 in CESC based on Sample types

500
E
S 400 i
g
5 300
-9 H
<= i
k= H
E 200
=
£
=100
——— é
0
Normol Primary tumor
(n=3) (n=305)
TCGA samples

Expression of PARP1 in CESC based on Sample types

2007

ke
=
2
= 150
E
=
5}
2
E‘ " -
-
S
2
E
; 504
—
0
Normol Primary tumor
(n=3) (n=305)
TCGA samples

DOI: 10.12677/tcm.2025.145345 2338


https://doi.org/10.12677/tcm.2025.145345

R F

Expression of MTOR in CESC based on Sample types
50

Transcript per million
153 w -
s 2 ]
1 1 1

-
=
I

Normol
(n=3)

Primary tumor
(n=305)
TCGA samples

Expression of EGFR in CESC based on Sample types

60
£ 50
2 i
= i
g 40 1
- H
o) i
& i
E "
g ;
= 204
£
=
10—
R
——— !
0 H
Normol Primary tumor

n=3 n=305
TCGA samples
Expression of TNF in CESC based on Sample types

129
kdeck
g i
£ g |
= 1
2 i
=9 H
3 6 i
£ i
2 H
= 4
£
=
2]
o — S
Normol Primary tumor
(n=3) (n=305)

TCGA samples

Expression of HIF1A in CESC based on Sample types

200 s
=
£ 150
£
=
2
2 100
=3
‘=
o
£
s 50
= ————
0
Normol Primary tumor

(1=3) (n=305)

TCGA samples

Expression of CASP3 in CESC based on Sample types

80+ *

S 604

=

£

5

o 40

-

=3

=

2

= 20

£

= E——

o JR B
Normol Primary tumor
(n=3) (n=305)
TCGA samples

Expression of BCL2L1 in CESC based on Sample types

200

=
= 150
E
=
5}
£ | -
-
=3
‘=
S
g |
g S0 '
=]

0

N Normol Primary tumor

(n=3) (n=305)

TCGA samples

Figure 7. Differential expression analysis of core target genes in cervical cancer
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Figure 8. Prognostic analysis and correlation of key core genes

E 8. XL ERMESTRERXME

3.6. #%LER RS FXHELIE

#FH AR5 EGFR. HIFIA 1 TNF [ T4 R 5o, AR S EGFR 454 88 8-7.2 keal/mol,
7f ARG-841. ASP-855 AbJE A4 5 HIF1A K145 A REN—6.9 kcal/mol, H7E SER-274 A ; 5
TNF 45 &6 N—5.8 keal/mol, H:AE GLN-25. ASN-46 AbTERE S, WI4 9.

FABE-HIF1A

Figure 9. Molecular docking results of curcumol and core target proteins

9. BEARBEFIZDIMER D FIEER
4. Vg

AW FEHET GEO 85 70 B R 2 0 AU T, — L3R4S 239 ANFOREEIR YT B 300 V8 7L M 1E A #E A1
T2 25 [ PI3K-AKT 15 51l #%. MAPK {5 5@ /X Ras {5 501 . AHFFHE, PI3K-AKT 15
S ARG . AT AN A A SR S R, AR R R R I AR F 8], EAEE
[OJRFF 7T I, PI3K-Akt 1553 i BE W0 (e ik 5 00 A0 B ) Y B AR 28 . 7k B N [10)BF LB, Jl i
YT PIBK-Akt 15 510 B 41 1 Jl o 76 4 M 14 B (2 gk L T, AN R HE DU/ A . 8 4iiE, MAPK 5518
PR TE B SR I e A S R R B G [11], MAPK GBS O AR YT 5 0 0 B B 2 [12]. BRIk, FRATTHE
FARBEF] R A% 2 AME 5 KR TT B S0 1AEH .

FIH UALCAN #¥i 2 Fl GEPIA2 ¥ i 1#E 4T 73 #r K BL, EGFR. HIF1A Fl TNF 765 3 4 4 2. 3%
mERIs, HEEETEAREYVIMK. EGFR ZE—MEZIhEMEEA, | Z oM T4ME -, 5405 5%
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SHUIMK[13], AHFFRE, AsbidFRIA EGFR B35 (210 & S A 5 « 1228 LA Rk LS5 56 75 [14]
EGFR 38 i k2 F i SO R Ti5 10, 0 PI3K-Akt {5 5388 15]. FIH#EE EGFR 2580697 5 2 ,
TR PRAF 72 s B R 4797 2%, PHIT EGFR BERRLAEDS B35 32 iU T R [16]. A AIESE, FARERE
% N BEGFR HIZRIE, P0H] M 4 57 40 B A 35 58 K B A0 LB RE S M R AR Rk 17]. HIF1A S —Fh{EMR A 4%
PF T I B (9 e R 7 (18], WFFUR I HIF1A B3R TE & 50 KB R ERBEVER[19], HmRIA S 5
BEREN 5 FRARAEFFIK[20]. HIF1A @ 74 8 N A K K F(VEGF)(E 3t 25088 1) 1 55 4=
F[21]. WAFFUESS, FARLEL T HIF1A 3RIE, 0306 KA KA F2[22]; TNF & — R
2R A W N R B IR (23], RIS MAPK {5 S9@ 8%, Rt s SR TR . REBLMKEE
A ER[24]. ZET251FURIL, FAREERT LD TNF RIS, RIERITEIRNIER . 77045 4 Re ik
I, 25 ANBE R P9 & 45 G AR € [26]. AT FEI 70 T a5 IR W], AREE S EGFR. HIF1A J& TNF ]
4545 HeS <—5.0keal-mol ™!, FIHFEANE 5 CHEZ A A T TE AR 8 I ECAER - 2R 6, FREE T BRI
T I = AN SRR AURFEVR YT B B0 I

AT GEO it Fr 5 W48 24 B 22 73 M A 431 X HR M S5 6, R ISR B 258 4% PI3K-
AKT {558 MAPK {5 5@ 5 K697 1EH, EGFR. HIFIA Fl TNF AJ 82 3R B F 0 S BERE 5

E&WE

R B2 5 Bt 1 L RLBT IS 2 2 & 000 H (2021 4F) s BEARER S Be K A4 QF @D I E (5 H 40 5
X202310601231).
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