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Effect of ligustilide on proliferation, apoptosis, and epithelial-mesenchymal
transition in oral squamous cell carcinoma by mediating HIF-1a/Notch1 signaling
pathway
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Abstract: Objective To investigate the effect of ligustilide on the proliferation, apoptosis, and epithelial-mesenchymal transition of
oral squamous cell carcinoma cells by regulating HIF-1a/Notchl signaling pathway. Methods CAL-27 cells were divided into the
control group, ligustilide (25, 50, and 100 pmol/L) group, cisplatin group, and ligustilide + HIF-1a activator (CoClz) group. Cellular
functions were evaluated using CCK-8, colony formation, flow cytometry, Transwell, and wound healing assays, and the protein levels
of PCNA, Cyclin D1, Bcl-2, Cleaved Caspase-3, Bax, E-cadherin, N-cadherin, Vimentin, Snail, HIF-1a, and Notchl were determined
by Western blotting. Results Ligustilide inhibited the survival rate of CAL-27 cells, ICso was 99.67 pumol/L, while showing no
significant cytotoxicity toward normal Hacat cells. In vitro experiments demonstrated that ligustilide significantly suppressed
proliferation, migration, and invasion, and induced apoptosis of CAL-27 cells. It also downregulated the protein levels of PCNA,
Cyclin D1, N-cadherin, Vimentin, Snail, HIF-1a, and Notch1, while upregulated cleaved Caspase-3, Bax/Bcl-2 and E-cadherin (P <
0.05), and it shows a concentration-related pattern. The regulatory effects of ligustilide on the aforementioned indicators were reversed

by CoCla. Conclusion Ligustilide may inhibit the proliferation and epithelial-mesenchymal transition process of oral squamous cell
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carcinoma cells and induce cell apoptosis by suppressing the HIF-1o/Notchl pathway.

Key words: ligustilide; oral squamous cell carcinoma; HIF-1a; Notchl; epithelial-mesenchymal transition
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Table 1 Impact of ligustilide on survival rate of Hacat and
CAL-27 cells ( x£s,n=6 )

i3 Wl Hacat ZiJff1 CAL-27 4/
(umol-L™) TEE % TEE %

of e 0 100.00+2.96  100.00+4.02

EA N 125 99.12+359  88.61+8.36"

25.0 98.06+4.15  75.2347.49"

50.0 97214623  63.58+6.17"

100.0 95.43+561  52.81+5.02"

200.0 93.644+5.32  33.67+341

SR e "P<<0.05,
“P < 0.05 vs control group.
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Fig. 1 Results of colony formation of CAL-27 cell clones in each group (*40)
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Table 2 Growth and apoptosis of each group of CAL-27 cell lines ( X+ s, n=6)
451 R/ (umol L) Gl L7375 1% TERE TR 1% YL T2 1%
xR — 100.00£3.78 51.63+5.21 3.67£0.41
E N 25.0 73.29+7.35 37.25+3.82" 17.23+1.85"
50.0 61.57+6.22"* 26.47+2.49™ 28.11+2.92™*
100.0 50.32+5.14"#& 15.23+1.67%& 39.37+4.03"&
4 100.0 48.79+4.93%& 13.81+1.42™#& 40.69+4.15™&
FHAABE+CoCly 100.0+-100.0 80.11+7.12@ 39.21+3.28@ 13.45+1.420
EXIHAL A *P<<0.05; SEEAINE 25.0 pmol-L ™' 4LELEL: #P<<0.05; HEEA NG 50.0 pmol L™ 41 EL#K%: €P<<0.05; 5384 100.0 pmol-L™!
HELE: @P<0.05.

“P < 0.05 vs control group; *P < 0.05 vs ligustilide 25.0 pmol-L™! group; P < 0.05 vs ligustilide 50.0 umol-L™! group; @P < 0.05 vs ligustilide 100.0

pmol-L™" group.
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Fig. 3 Migratory and invasive graphs of each group of CAL-27 cell lines (Transwell chamber, x200)
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Table 3 Migration and invasion of each group of CAL-27 cell lines ( xXts,n=6)

A5 R /(umol L) TR AU 12 2840 M B4 RIR A 2%
X e — 293.74+30.25 276.43+29.11 61.23+6.15
EAR AR 25.0 231.52+24.06" 213.42+21.16" 49.38+5.16"
50.0 173.64+18.27*% 152.34+16.08" 37.25+4.03*
100.0 122.71+13.05#& 103.21+11.24"#& 25.48+2.61"&
ksl 100.0 120.63+12.16™& 101.34+10.16™& 23.69+2.42"&
FANEE 4 CoCl2 100.0+100.0 236.24+24.21@ 225.67 +23.14@ 52.75+5.33@

5B "P<0.05; SHEANES 25.0 pmol- L A1 LEAL: *P<<0.05; S5EA A 50.0 umol L™ 41 HL#L: £P<<0.05; S5 #H AP 100.0 pmol-L!

L8 @P<0.05,

*P < 0.05 vs control group; *P < 0.05 vs ligustilide 25.0 umol-L™! group; €P < 0.05 vs ligustilide 50.0 umol-L™! group; @P < 0.05 vs ligustilide 100.0

umol-L™! group.
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R4 HE CAL2T BRCATHXEARIAER ( X+, n=6)
Table 4 Expression of apoptosis-related protein in each group of CAL-27 cell lines ( Xts,n=6)
i R A REE
(umol-L1) PCNA Cyclin D1  cleaved Caspase-3 Bax Bcl-2 Bax/Bcl-2
o HE — 1.15+0.12 1.01+0.11 0.32+0.03 0.28+0.04 1.06+0.11 0.26+0.03
B A B 25.0 0.914+0.09"  0.70+0.07" 0.61+£0.06"  0.54+0.05° 0.85+0.09" 0.64+0.08"
50.0 0.58+0.06" 0.46+0.05™ 0.95+0.11%  0.73%0.07% 0.63+0.06" 1.16+0.12"
100.0 0.3940.04"%& 0.224+0.03"&  1.1940.13"%& 0.95+0.10"%& 0.31+0.03"& 3.0640.29™*&
g% 100.0 0.36+0.04"& 0.204+0.02"&  1.21+0.14"& 0.97+£0.09"%& 0.29+0.03"& 3.3440.32"*&

#F AN ES+ CoCl2 100.0+100.0 0.964+0.102  0.754-0.08@

0.57+0.06@  0.48+0.05¢ 0.81+0.082 0.59+0.07@

X4 P<<0.05; HEAPAES 25.0 pmol- L AL LLAS: #P<<0.05; S5EAR MRS 50.0 umol L' 41 H#K: €P<<0.05; S5 #A P 100.0 pmol-L™!

MLk @P<0.05.

“P < 0.05 vs control group; *P < 0.05 vs ligustilide 25.0 pmol-L™! group; P < 0.05 vs ligustilide 50.0 umol-L™! group; @P < 0.05 vs ligustilide 100.0

pmol-L™! group.
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Fig. 6 Expression bar graphs of EMT biomarker protein
in each group of CAL-27 cell lines
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Table 5 Expression of Epithelial-mesenchymal transition biomarker protein in each group of CAL-27 cell lines ( Xts,n=6)

A3 W /(umol-L ") - %EM:EX#%%%E_ - -
E-cadherin N-cadherin Vimentin Snail
pagict — 0.5540.05 0.5340.06 0.6140.07 0.6540.07
AN 25.0 0.68+0.06 0.42+0.04* 0.50+0.05 0.53+0.06
50.0 0.82+0.07** 0.31+0.03* 0.38+0.04" 0.41+0.04"
100.0 0.95+0.09™& 0.20+0.02"#& 0.26+0.03"#& 0.30+0.03"#&
[igss 100.0 0.9740.08"#& 0.1840.02"#& 0.2440.02"#& 0.2740.03"#&
FAWEE +CoCl2 100.04-100.0 0.65+0.06@ 0.45+0.05@ 0.53+0.05@ 0.56+0.06@

X RA L "P<0.05; S5EANEE 25.0 pmol L' AH ELEL: #P<<0.05; HEEA AEE 50.0 umol- L A ELEL: #P<<0.05; 5 EEA NS 100.0 pmol L™
HILE: @P<0.05.

*P < 0.05 vs control group; *P < 0.05 vs ligustilide 25.0 umol-L™! group; €P < 0.05 vs ligustilide 50.0 umol-L™! group; @P < 0.05 vs ligustilide 100.0
umol-L™! group.
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Fig. 7 Protein expression bar graphs of HIF-1a and
Notchl in each group of CAL-27 cell lines
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Table 6 Protein expression of HIF-1a and Notchl in each
group of CAL-27 cell lines ( xts,n=6)
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