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[Abstract] Objective To investigate the effects of curcumin on the biological behavior of oral squamous cell carci-
noma (OSCC) cells and its potential molecular mechanisms, as well as to provide experimental evidence for the applica-
tion of curcumin in the prevention and treatment of OSCC. Methods All animal experiments in this study were ap-
proved by the Institutional Animal Welfare and Ethics Committee and strictly adhered to relevant animal ethics guide-

lines. Potential intersecting targets of curcumin and OSCC were screened using TCMSP, SwissTargetPrediction, Drug-
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Bank, and GeneCards databases, followed by construction of a protein — protein interaction network and gene ontology
(GO) /Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses. Scratch and clone formation experi-
ments were conducted using CAL-27 and SCC-9 cells to detect the effect of curcumin on cell migration and prolifera-
tion ability. Combining RNA sequencing analysis of differentially expressed genes, and verifying the changes in mRNA
and protein expression of key cellular molecules by curcumin through real-time fluorescence quantitative PCR and
Western blot, respectively. Simultaneously establish a CAL-27 xenograft BALB/c nude mouse transplant tumor model
and use immunohistochemistry to detect the effect of curcumin treatment on the expression of related proteins in the
transplant tumor tissue. Results A total of 178 intersecting targets were identified, mainly enriched in the PI3K/AKT
signaling pathway and lipid metabolism-related pathways. Curcumin significantly inhibited migration and colony forma-
tion of CAL-27 and SCC-9 cells in vitro. Transcriptomic analysis identified 828 differentially expressed genes enriched
in lipid metabolism and PI3K/AKT pathways. Real-time fluorescence quantitative PCR showed downregulation of
PIK3CA, CCND1, BCL2, and FASN, while western blot demonstrated decreased expression of p-AKT and FASN. /n

vivo, curcumin markedly suppressed tumor growth and reduced the expression of Ki-67, BCL2, and p-AKT in tumor tis-

sues. Conclusion Curcumin may inhibit the migration and proliferation of OSCC cells by regulating the PI3K/AKT

signaling pathway and the expression of lipid metabolism-related genes.
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Table 1 Primer sequences for real-time fluorescent quantitative PCR

Gene Forward primer(5'—3") Reverse primer(5'—3")

BCL2 TGCTGCTTTGCATTCTTGGACGAG ATTTCCTGCATCTCATGCCAAGG
MMP13 ACTGAGAGGCTCCGAGAAATG GAACCCCGCATCTTGGCTT
FASN AACCGGCTCTCCTTCTTCTT TTGGGCTTCAGCAGGACATT
CCND1 TATTGCGCTGCTACCGTTGA CCAATAGCAGCAAACAATGTGAAA
PIK3CA CATGCATTGTTTTGCACCCC ATGGAAGACGGGAGATTCACAT
GAPDH AACTTTGGCATTGTGGAAGG GGATGCAGGGATGATGTTCT

BCL2: B-cell lymphoma 2; MMP13: matrix metalloprotease 13; FASN: fatty acid synthase; CCND1: cyclin D1; PIK3CA: phosphatidylinositol-4,5-bisphos-

phate 3-kinase catalytic subunit alpha; GAPDH: glyceraldehyde-3-phosphate dehydrogenase
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B IR CAL-27 40 i, W B J5 18 R 40 i 2
WP A 1x10°9~/100 wLo #REUE 1% G H 28018
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EIEZ/ ISR S N N R IR 2 S =
W EE AT 5 min, IBRARSET: . % RAE S 315
I iEs H ZOF PR HA B A AR R RO o iR 4
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JE AR . T VE AL 22 0 MR A K 9l
EHI .

112 5 9% 2a 4046 ) 5 ML JE 40 27 F Ki-67 .BCL2 &
p-AKT & & £ %

SEW TR 111, B 6 MREA . R R AR
MM G E T 4% Z R B EE % RBOK A
ALY A V)R R 2 4w, A BEY) 4
FHOR R s B B A UK, SR A R 3 9% 1o
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P P U Ao A Ak A il 1 O R LA i v AT
M. FH S 43 A Ki-67(1:800) .p-AKT(1:100)
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GJE L MAMRN P E RN E , R DAB B, 75
ARKE R G IR K BRI E R . ¥ BT
WLEETF R AL IR o AR Him Y €0 58 i K BH M- 240 I L 157
XF fo 8 20 A 45 R AR AT P AT, T IR 22 0
FRO0T i JeE 2H 43 BB R G 8 11 L PI3K/AKT 3 % S
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113 it 2 547

JIT A A A S 6 B4 37 AT 3K, n AHAR SR I AT
S YRR AL/ RS, B0dl DL B v 25 R
/N o K& HH GraphPad Prism 9.0 4% 4 ( GraphPad Soft-
ware, 2 [ ) BTG 1T 0 o B e R R ST IE RS
PERS 55 (Shapiro - Wilk £ 55 ) K J5 26 55 M4 55 (Lev-
ene Ki %) o X ARG IEA 404 H Oy 25 55 9 88l
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K H PR R 22007 (one-way ANOVA) ; 242 55 H
A Geit o 8 SO, gt — 20 R ] Tukey 555 16 50 21 T
AL PP UL . K 3R 7K ME «=0.05 .

2 7 B
2.1 PA% 2528 5 f ik £ 5 A 41 OSCC £ $u 4

i £f TCMSP | SwissTargetPrediction Sz DrugBank
B P G A5 22 B M G AT 1304 i 3 Gen-
eCards . DisGeNET . OMIM Az TTD %% #& J& ¥ & 3Kk 15
OSCC A KL [H 4 864 1~ 5 W & 47 28 4 0 M,
AT 178 MV AEAE RO 2 (18] 1a) .

P 58 4 5 T A STRING Hi 3 P2 #0221 -
HAMEERM Y, 85 EEE N 04 L) 1,
5 3 41 5 146 A5 45 .2 398 45 i1 il PPI R 4% (4]
1b) o £ Cytoscape X144 $8 53 Hr , i degree {H %5
R A% O B2, f9 4% AKTL, TNF . STAT3 . JUN,
NFKB1 2 BCL2 % (4] le & 1d) o | A 35 R 7 ) 2%
P P
22 BFHEASMER

Sk W 28 S B S T e 4 A L % 178 T EAE
HBEHPETT GO K KEGG B4 Hr. GO TR,
X e B R AE A o AR O T R A T R AL N IR
N B AR I Ao A R R T A S A A A A O e R (]
2a) o TEANMILL 4y O T, R B A T RS LS L a0
Ji 5 R A A R B IX 8 (] 2b) . KEGG 3 ji
rRTES SR R SR N W A T 2 A MR A
KefE S5 % , Horb PIBK/AKT {553 %  NF-xB (5 &
T [ S MAPK {7538 I 55 240 1 35 a1 4538 % (FDR
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2.3 E 3k Z ) OSCC A8 £ 4m Mo iE A5 B BT A%,
Giowl

BE T W 2% 24 B 2 RO AR e T A R O E
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a: Venn diagram illustrating the overlap among 130 curcumin-associated targets and 4 864 oral squamous cell carcinoma (OSCC)-related targets;
178 shared genes were identified for further analysis; b: protein-protein interaction (PPI) network of the 178 overlapping targets generated using
the STRING database with a confidence score threshold of > 0.4, comprising 146 nodes and 2 398 edges; c: cytoscape-based visualization of a sim-
plified PPI network after topological filtering, highlighting nodes with higher degree values selected for subsequent hub gene analysis; d: Hub
genes identified by topological analysis using the CytoHubba plugin. The node size represents the degree value, and darker colors indicate higher
connectivity. Core hub genes, such as AKT1, TNF, STAT3, EGFR, SRC, HSP90AA1, JUN, and NFKBI, were identified as key mediators of cur-

cumin’s anti-OSCC effect

Figure 1 Screening and identification of potential therapeutic targets of curcumin against oral squamous cell carcinoma
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a: GO and BP enrichment bubble chart. The results show that the intersection targets are mainly enriched in biological processes such as oxidative
stress response, lipid metabolism process, and apoptosis signal regulation; b: CC enrichment bar chart. The results show that the related target pro-
teins are mainly located in cell structures such as membrane rafts, cytoplasmic protein complexes, and plasma membrane regions; ¢: KEGG path-
way enrichment bubble chart. The results show that the intersection targets are significantly enriched in multiple lipid metabolism-related path-
ways; d: KEGG pathway enrichment significance ranking bar chart. The results show that lipid metabolism pathways have a relatively high enrich-
ment degree. KEGG: Kyoto Encyclopedia of Genes and Genomes. GO: gene ontology; BP: biological process; CC: cellular component

Figure 2 GO and KEGG enrichment analyses of curcumin-oral squamous cell carcinomatargets
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a: representative images and statistical chart of the CAL-27 cell scratch assay. Compared with the control group, the cell migration distance in the

curcumin treatment groups (0, 1, 5, and 10 wmol/L) was reduced, and it was positively correlated with the drug concentration; b: representative im-

ages and statistical chart of the colony formation assay. The number of CAL-27 cell colonies decreased after 14 days of treatment with different

concentrations of curcumin, and this reduction was dependent on the increase in drug concentration; c: representative images and and statistical

chart of the SCC-9 cell scratch assay. Compared with the control group, the cell migration distance in the curcumin treatment groups was reduced,

and it was positively correlated with the drug concentration; d: representative images and statistical chart of the cloning formation experiment.

After 7 days of treatment with different concentrations of curcumin, the number of SCC-9 cell clones decreased, and this decrease was dependent

on the increase in drug concentration. All experiments above: representative images from three independent samples and statistical analysis was

performed using one-way analysis of variance (ANOVA) followed by Tukey’ s multiple comparisons test, n=3 biologically independent samples, ns:

P >0.05, #*P < 0.05, **P < 0.01, ***P < 0.001

Figure 3 Curcumin inhibits migration and proliferation of CAL-27 cells and SCC-9 cells
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a: Principal Component Analysis (PCA) results. The samples in the curcumin treatment groups (1 wmol/L and 10 pwmol/L) were significantly sepa-
rated from the control group in the PC1 and PC2 dimensions, suggesting significant differences in gene expression profiles under different treat-
ment conditions; b: volcano plot of differentially expressed genes. Compared with the control group, a total of 828 differentially expressed genes
were identified, including 726 up-regulated genes and 102 down-regulated genes (llogoFCI>1, P <0.05); ¢: GO enrichment analysis results. The dif-
ferentially expressed genes were mainly enriched in biological processes related to lipid metabolism, steroid metabolism, cholesterol biosynthesis,
and multicellular development; d: KEGG pathway enrichment analysis results. The differentially expressed genes were mainly involved in the
PI3K/AKT signaling pathway and multiple lipid metabolism-related pathways. KEGG: Kyoto Encyclopedia of Genes and Genomes; GO: gene ontol-
ogy; PI3K: phosphoinositide 3-kinase; AKT: protein kinase B
Figure 4  Global transcriptomic profiling of CAL-27 cells following curcumin treatment
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a-d: relative mRNA expression levels of BCL2 (a), FASN (b), CCND1 (c), and PIK3CA (d) in CAL-27 cells after treatment with different concentra-

tions of curcumin (n=3 biologically independent samples), statistical analysis was performed using one-way analysis of variance (ANOVA) followed

by Tukey s multiple comparisons test, *P < 0.05,%*P < 0.01,%#* P < 0.001). The expression levels of FASN and PIK3CA decreased significantly

with the increase in curcumin concentration, while the changes in BCL2 and CCND1 were more obvious at medium concentrations; e-h: relative

mRNA expression levels of BCL2 (e), FASN (f), CCND1 (g), and PIK3CA (h) in SCC-9 cells after treatment with different concentrations of cur-

cumin (n=3 biologically independent samples), statistical analysis was performed using one-way analysis of variance (ANOVA) followed by Tukey’

s multiple comparisons test, ns: P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001). The expression levels of BCL2, FASN, and PIK3CA decreased

significantly with the increase in curcumin concentration, while the changes in CCND1 were more obvious at medium concentrations. BCL2: B-cell

lymphoma 2 gene; FASN: fatty acid synthase; CCND1: cyclin D1; PIK3CA: phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha

Figure 5 Changes in the expression of key genes in CAL-27 cells and SCCO cells after curcumin treatment
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a: representative Western blot result from three independent repeats, the left panel shows the western blot protein banding patterns of AKT, p-AKT,

FASN, and the internal reference in CAL-27 cells; the right panel shows the western blot protein banding patterns of AKT, p-AKT, FASN, and the

internal reference in SCC-9 cells. b-g: quantitative results. n=3 biologically independent samples, statistical analysis was performed using one-way

analysis of variance (ANOVA) followed by Tukey’ s multiple comparisons test, ns: P>0.05, **P<0.01, *#%P<0.001. In both groups of cells, for total

AKT protein abundance, there were no significant differences between each treatment group and the control group, while the protein abundances of

p-AKT and FASN gradually decreased with the increase of curcumin concentration. FASN: fatty acid synthase; AKT: protein kinase B.

Figure 6 Effects of curcumin on the PI3K/AKT pathway and related protein expression in CAL-27 cells and SCC-9 cells
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a: schematic diagram of the subcutaneous tumor transplantation experiment in nude mice; b: representative images of tumor tissues from the con-

trol group and the curcumin treatment group showing that the tumor volume in the curcumin treatment group was significantly reduced; c: quantita-

tive comparison of tumor weight and volume between the control group and the curcumin treatment group, showing that the tumor volume and

weight in the curcumin treatment group were both lower than those in the control group; d: representative images of tumor tissue staining in the

curcumin intervention group and the control group, showing that the expressions of Ki-67, BCL2, and p-AKT in the curcumin treatment group were

all lower than those in the control group; scale bars: upper panel = 500 wm, lower panel = 200 wm. e: quantitative results showing that the expres-

sions of Ki-67, BCL2, and p-AKT after curcumin treatment were lower than those in the control group. c¢&d: n=6 mice (biologically independent

replicate), statistical analysis was performed using unpaired two-tailed Student’ s t-test, *P < 0.05, **P < 0.01, ***P < 0.001. AKT: protein ki-

nase B; BCL2: B-cell lymphoma 2

Figure 7  Effects of curcumin on the growth of transplanted tumors in nude mice
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