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2022. 3 FARHG OV SIS ER AT T o0 S, 5 HE TR Y AL AR AT AR A I CV X CNE2 41 i 1
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Exploration on the mechanisms of carvacrol-induced apoptosis and cell
cycle arrest in nasopharyngeal carcinoma cells based on network
pharmacology and in vitro experiments

XIE Zhuoliang, XU Wei, ZHAO Rui, LIU Hai
( Department of Otorhinolaryngology Head and Neck Surgery, Affiliated Hospital of North Sichuan Medical College,
Nanchong 637000, China)

Abstract: Objective To investigate the effects of carvacrol (CV) on the proliferation, apoptosis, and cell cycle of
nasopharyngeal carcinoma CNE2 cells, and to explore the potential mechanisms underlying CV-induced apoptosis and cell
cycle arrest in CNE2 cells. Methods  Network pharmacology was used to predict the potential targets of CV in
nasopharyngeal carcinoma. Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis was performed
on these potential targets using R software. Molecular docking between CV and target proteins was conducted using the
CB-Dock2 platform, and molecular dynamics simulations of CV and target proteins were performed using Gromacs 2022. 3
software. Colony formation assays and flow cytometry were used to assess the effects of CV on the proliferation, apoptosis,
and cell cycle. Western blotting was employed to examine the impact of CV on protein expression in CNE2 cells. Results

Network pharmacology predictions indicated that CV affected nasopharyngeal carcinoma through 137 common targets.

KEGG pathway enrichment analysis suggested that CV might involve several signaling pathways, including phosphoinositide
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3-kinase/protein kinase B (PI3K/AKT). Molecular docking results revealed that PI3K, AKT, PIK3CA, Bcl-2, Caspase-3,
and CDK2 exhibited strong binding affinities with CV. Molecular dynamics simulations further demonstrated that CV formed

a stable binding with CDK2. Compared with the control group, the proliferative capacity of CNE2 cells after CV treatment

decreased, the apoptosis ability increased, the GO/G1 phase of the cell cycle was prolonged, and the expressions of
PIK3CA, p-PI3K, p-AKT, Bcl-2, and CDK2 proteins all significantly decreased, while the protein expressions of Bax and

Caspase-3 significantly increased. All the differences were statistically significant (all P<0.05). Conclusion CV inhibits

the proliferation of CNE2 cells, induces apoptosis, and blocks the cell cycle at the GO/G1 phase. The apoptosis and cell

cycle arrest induced by CV in CNE2 cells may be associated with the decreased expressions of PIK3CA, p-PI3K, p-AKT,

Bcl-2, and CDK2 proteins, as well as the increased expressions of Bax and Caspase-3 proteins, which are related to the

PI3K/AKT signaling pathway.

Keywords : Nasopharyngeal carcinoma; Carvacrol; Network pharmacology; Molecular docking; Apoptosis; Cycle;

PI3K/AKT

R P 2 DL B4 Sk S G R 2 — , H R
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AAMHER, mEl ok E
S5 L BVE FIALE) 175 S I g 20 i 0 T 0 R
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alpha, PIK3CA) FLiA& M [ #0478 7 5 s 4 1
CUAIER PR AR E e 2 A O] SRl 3

T A A TR & B VLR A E AN
JEIAF & W EH Elabscience 23 w) ; B R AL B BEAL
fi 3 J i ( phosphory-lated phosphoinositide 3-kinase ,
p-PI3K) Ht 44 | # 2 1k & G B ( phosphorylated
protein kinase B, p-AKT) $iT /&, B ¥k E 20 ifd J83-2
(B-cell lymphoma-2,Bcl-2) $iL {4 Bel-2 #HK X 2 H
(Bel-2-associated X protein,, Bax) Pk bR & -3
(cysteine-aspartic acid protease 3, Caspase-3) HLiA 4
JLJE B AR M M B B8 2 ( cyclin-dependent
kinase 2, CDK2 ) FT {4 FH 7l -3 112 J3t S It ( lye-
eraldehyde-3-phosphate dehydrogenase, GAPDH ) #i
ENIORE RPN K S/
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1.2.1 B CV #HEAERFE M PubChem H( ¥
FEFRIEL CV 258915 B H 5 A Swiss Target Predic-
tion TCMSP . TCMIP ,CTD .SEA FI SuperPred %44} &
FREL CV 845, IFF Uniprot B4l P2 58— AL N 44,
BIFZEIRG CV AR A,

1.2.2 HoBE#HER 509K LI Nasopharyngeal
Carcinoma” ;& 5 17] , i i& GeneCards . CTD , OMIM
Btk 20k e M e S A EA T O 8, Heh CTD e 7% LA
Inference score = F-#J{H (5. 209) 1F R i ik &1, &
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T A, BT RAE PPT I 45 [ 1 TSV 4% X3¢
4,5 A Cytoscape 3.9. 0 &Kt 47 ] AL AL BE A1)
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FIXT A AR S 7 S P 24 B B2 5 (kyoto encyclo-
pedia of genes and genomes, KEGG ) i % & = 77#7 .
1.2.4 5-Fst4  ffiH CB-Dock2 ¥ & #4715 F
X% A PubChem $045 PEFREL CV 1Y 3D 4544,
FA CB-Dock2 “F-H @ faf MU T, M PDB %4
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&€, 1B PLIP Fl PyMol v2. 6 #4EX CV 54 5
A EAE AT AT AL AL ], 2 = 4,
PyMol v2. 6 #F () Align” fir 25 CV AHXHE H
BRI T A R 22

1.2.5 5F#HFEM & Gromacs 2022. 3 %k
PEZEAT 100 ns B4 TF3h J12 840 /NGy F LA T
AbFE A F] AmberTools22 ¥ il GAFF Jj 47, {4 H
Gaussian 16W JIIE A5 RESP 3 76 B SR
26.85 °C Fl% T, L Amber99sb-ildn & 137, L)
TIP3P /KA 55, Us in Na* i FISE AL 28 48 7 A
HLfar o AT 10 7 20 55 T 55 45 38 G0 T R A5 TR 5 I
E R 7 o NS s a R WA K 22 K VY U R R R
B E T B A BCR A 307 M 25 345 ARk v
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1.2.6 ZmfiEic CNE2 Mtk T 58 1% W0
BUHI 10% 16 45 135 79 RPMI-1640 5E 4855500, &
T 37 °C .5%CO, I FF PR,

1.2.7 %% Hm LR miesgsiteh Mok
42 K% CV AL X B2 (0 pg/mL CV 4) |
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CV 5284, % 0.30.40 .50 pg/mL CV (5241
FRMALEE 48 h, I A CV 158 R R IR IR Ak 2k
Rige, AR A IR T WA A v, kbR, £
R EEEE 15 min, 45 Y42 20 min, PBS &5
FARBT  AHMLIARE . ] Image J 3k 0FA0 R E A, 3
RTLRERAIEL,

1.2.8 #mX e Rtem miaA i WEANM,
B 100 pL Binding Buffer, & 2J, il A 2. 5 uL
Annexin V-APC 1 2. 5 pL 7-ADD I {0, | % & ke
10 min [GFFXINA Binding Buffer 400 ML,TLE“J:M
i

1.2.9 AXzminARsm s e840 WL, A
0.3 mL A PBS fil 1.2 mL fYJC/K 0%, IRA) R BT
20 CUKAH LB, A RNase A Reagent 0. 1 mL,
37 C K 30 min JGAIA 0. 4 mL BLAK P IE % 40 4
EEYE 30 min S5 _EHLAT

1.2.10 Western blot =4 m| 2 it N 5 28 I 8 == &
RmXEa ek RF FRRSHAEA, A
Buffer J& %], 100 °C JI# 10 min FRAGHEE S, MK E
7 bEAE Pk IS B0, TBST Ve, M H —die
FE,4 COKFE N, FE R TBST e & 9t
1 h, PRI A2, B R A28, A Image J #0453
BT EEAA
1.3 Gileorik

i1 SPSS 26. 0 FAF i AT GE it o0 b, T B
FH xs Fon, Z 4 0] L BER FH R R 7 22508, H
LSD W T FHIE RS, R GraphPad Prism 9. 1.0
2SR, P<0.05 TRt BAGH4E X,

2 #R

2.1 CV SN 0 T e VR R0

g 222 A4~ CV G EAE R AR 7 407 A~ 5
M 9 Y5 7E A T HE 25, 38 JH Venny TEREF ¥ CV
B0 A5 M OSSR A 137 AN SR HE A

(E1),
2.2 FygE PPT MIZ RO 5 5 KEGG &
LE o4 R

CV HLERMAE PPT RIZ UL 2,9 K 132 A~ H
TR 1205 FAHEAE I EEL, Uim T S E (8
{H 18.258) A&k (9{E 0. 009 46) K L
PE(IIME 0. 465 ) - IE 1E R i 0k 55 1 , 4R 75 24 >
e s (B 3) . KEGG i i & 5 4 #r, HL 3k 15
151 Z5A5 51l g%, R4S P ELIBCHT 20 ZR2z BT (&1 4)
FE W K R NE BEULEE 3 BCBE/E RS B
( phosphoinositide 3-kinase/protein kinase B, PI3K/
AKT) | 22 % J5 3% 4k 2 1 3 B ( mitogen-activated
protein kinase, MAPK) %51 %

2.3 rTXHELR

T U CV X PI3K/AKT 38 8% 19 /E B
PIK3CA J& PI3K/AKT i ¥ I Ji7 i) 56 f 3 H1Y
Bel-2  Caspase-3 S CDK2 4351 2 4t i 4 T~ 1 J&) 1 i
PP OCHE R T B PIBK AKT  PIK3CA |
Bcl-2  Caspase-3,CDK2 5 CV #4755 F Xf %, 45 1
W 1T HE 5, —BON S-S RE/N T -5 Keal/mol
T Z g A fchae R bR AEA S
CV HARGF IS5 R,

— RO AR AR 22 < 2. OA IE W Xy s m]
FEUY Bel-2 B ARG 25 > 2. 0A, 2% B X 422 AH X6
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A PDBID  ERARLAID  XHEIARHOMAPR(x,y,2) SHEO KN (x,y,2)  HAERE(Keal/mol) B2 (A)

PI3K 40YS ITT 16,-19,-24 17,26,17 -6.5 1.67
AKT 3096 1Q0 5,-7,13 35,35,31 -6.8 1.60
PIK3CA 7310 VBS -14,10,26 17,25,28 -5.9 1.48
Bel-2 41XD 1XV 28,28,5 17,17,17 -5.9 5.53
Caspase-3 3DEK RXD -39,16,-17 17,17,17 -5.2 NA

CDK2 1AQ1 STU -1,27,13 24,2523 -7.0 1.83

1 PIBK(WEAEBENLEE 3 P47 ) ; AKT (FE % B) ; PIK3CA (IS BENLEE 3-PAmE AL I 3 o) ; Bel-2( B WREL4HIEIE-2) ; Caspase-3( R R4
fi§-3) ; CDK2 (JEIIUI 2R MO mE 2) . Rl
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AGE-RAGE signaling pathway in diabetic complications -
MAPK signaling pathway |
IL-17 signaling pathway{
TNF signaling pathway
Relaxin signaking pamway=
HIF-1 signaling pathway
Calcium signaling pathway
Sphingolipid signaling pathway {II —loge(pvalue)
Prolactin signaling pathway
Neurotrophin signaling pathway

NOD-like receptor signaling pathway- 8
NF-kappa B signaling pathway I 6
PI3K-Akt signaling pathway 4
Toll-like receptor signaling pathway I
Adipocytokine signaling pathway JI]
CAMP signaling pathway IR
FoxO signaling pathway I
C-type lectin receptor signaling pathway -
VEGF signaling pathway IR
Fc epsilon R signaling pathway -JRN
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PSR 4T O £ 2 5 A A S0 TR S5 5 40 L 0130 BELR 4 4 L %3 1
Caspase-3 AU AR 22450 0 NA(CARTTH) , 7] 5.03.,129.00=10. 00,66. 33+ 11. 68, ik T XF B £ (1)

RERIA B L R ATt 1AL, PI3K AKT,
PIK3CA .CDK2 4 ¥ )5 R 22 ¥ < 2. 0A, & W X} 32
AR,
2.4 Tl JsERE
XFe2. 37 G5 5 OV 454G el HAT Ak S iF 5T
B ZARE H CDK2 AT 5r F3h Ji2pasidil, 907
MR 22 S5 B 2 1 0 M) 4 1 U8 o A B, TR 6A R
20 ns VUG, B im0 TR . Bk
WS LR AR JE A U B0, &1 6B i 7 B A 45 44 AH X A
T, EEECE R B AR B 6C R B R
FEL A2 R, AR R T R R R R
Pkl B 6D SR [mFE 2 42 8 R 43 B R
FEAHXRRUE 7 ] R 3R R s B 4 5 3 5 A A
HAEH, B 6E 7 ¥ 50 ] K T ARUE A X AR E
 6F s sk 4 A B BE b -26. 50 keal/mol , #rHL 3
BE A —14. 21 kcal/mol, yu fE4¢ J7 Fl # HL #BEFE CV
5 CDK2 Mg &R ESIEM, Rl cv 5
CDK2 25 A3 FRGE .
2.5 CV X} CNE2 4fij{g X858 RE 11 i 52 M

EIETE LA R o (B 7)), SE5 41 (30,
40,50 wg/mL CV 4 ) 4 B 5 B2 53 3 R 172. 33 +

0.35{  Gea
0.30
—~025

216.67+14. 64, 22 F HA G E L (F=103.6,P<
0.001) , #&7/R CV BEAHI CNE2 25
2.6 CV X} CNE2 4 Jd 71 S A0 520

TS g 45 R W (1 8) , SEH02H (30,40,
50 wg/mL CV 41) ZHA BT K (13.96+1. 88) % |
(21.77£1.85) % . (30. 04£0. 58) %, . & v T-XF MR £
1(8.33+1.74) % , 2 R EA G FE L (F=104.2,
P<0.01) 4275 CV R[S CNE2 48T,
2.7 CV X CNE2 4 i J& 351 BEIHE %) 5 0

AN I SE I A R B (9 4 2) , xR
FeAR, SEBR2H (30 .40 .50 we/mL CV 4H) 41 GO/G1
WISEK: (H 49. 80% THiE & 66.03% ) .S 14656 . G2/
M A0, 22 R EA SR L (P<0.05) , 7R
CV Al fii CNE2 #fiffLBH 2 BH £ GO/G1 1,
2.8 CV X} CNE2 400 1= AR OC B 1 3Rak 1Yy
Al

Western blot SZEG45 R (K 10,38 3) , 5%
WEZH H 8, 30,40 .50 wg/mL CV A0 H % 5256 2H 40 ity
p-PI3K \PIK3CA .p-AKT Bel-2 Fl CDK2 & 1K k&
18/0 ,Bax Fl Caspase-3 & H R A wI N, 27 A
A4t E X (P<0.05)

200“
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= = AEEL
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£ 1.9 E = AESURF
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# .97y 20 = ATOTAL
=196 R —~26.50]

1.95|

1.94| E 40 -37.59 F
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EFiEl(ns) EFiEl(ns)

& 6

DT EIIERANER AT R ZE AR B SRR E I 2k s C . SR, D MR AR IR E L 3R AT B SR AR £k
T : AVDWAALS ({5 784E J)) ; AEEL ( # HL 358 ) ; AEGB (i M ML R ) ; ARSURF (AR B MV ML RE)

AGGAS(F/RTHLE H HIfiE) s AGSOLV (¥ LB ) s ATOTAL( 455 FHHfiE)

CV 0 ug/mL CV 40 yug/mL CV 50 ug/mL 250
e T P 200
4 3 m*_'%“ 150 —
i
o iz 100 ﬂ
50 ﬁ
2 0 v T T T
ez B A 0 30 40 50
CV K& (pg/mL)
7 RFEVEEE CV Xt CNE2 4iffIAbBE 48 h BEAERE FI 52T A5 FR U0 UL B AR ( ™ P<0. 001, ™ P<0. 0001)
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v ] A MR O RS AR #5932 %
A CV 0 pg/mL CV 30 pg/mL CV 40 pg/mL CV 50 pg/mL
10° 10° 10° 10° 40
Qi Q| T af Q] | a Q2 | i af Q2 -
10 0.52% 6.65% '°'10.36% 8.30% '910.78% | 14.10% '©11.92% 18.85% X 30
ol 104 10 . 104 10'] o .
a p
<| 10° 10° 10° 10°4 4 20 o
~ i
10 10° 10 i 102 210
-1y Q3 Q4 |10 Q3 Q4 |0 Q3 Q4 |4 Q3 Q4 =1
S0l 9117% | 1.66% 0] 87.14% | 4.20%)| . 178.19% | 6.93%| 67.93% | 11.30% A 0
-10°~10°10°10°10° 10°10°  -10°-10210? 10°10*10°10°  _10°-102102 10°10* 10°10°  —10°—102 102 10°10° 10° 10° 0 30 40 50
> CV iR (ug/mL)
Annexin-APC
8 CV XF CNE2 4ififkb ¥ 48 h AT-IE ST A HUSE ;B HRE (™ P<0.01, ™™ P<0.0001)
-~ CV 0 pg/mL CV 30 pg/mL CV 40 pg/mL CV 50 pg/mL
= GO/G1 == GO/G1 == GO/G1 ] = GO/G1
301 =T 401 ==T 507 =S 50 s
= = G2/M = G2/M 401 = G2/M 407 = G2/M
3| 201 307
3 301 304
O 201 1 ]
101 20 20
LA 101 [ 101 |l 101 ||
20k 40k 60 k 80 k 100 k 20k40k 60k80k100k 20k 40k 60 k 80 k 100 k 20k 40 k 60 k 80 k 100 k
—
PI-A
9 N[EWREE CV X CNE2 ZHfia4bHE 48 b J& 3] RELHF 1) 52 i)
R2 RIFEHSEE CV X CNE2 4IHAbBE 48 h FIIBHI AR (% ,%+s)
el X} & 2] 30 wg/mL CV 41 40 wg/mL CV 41 50 wg/mL CV 21 F
G0/Gl1 49. 80+0. 98 55.30£0. 79 *** 61.20+0. 36 " 66.03+1.57 " 142.4
S 23.37£1.33 20. 87+0. 86 " 19.03+0.55* 15.53+1.80 21.5
G2/M 22.930.47 19.83+0.95* 15.7320. 59 “*** 12.50+1.73 *** 56. 1

. " P<0.05, ™ P<0.01, ™™ P<0.000 1,

E 10

A B

C

D

p-PIaK e e s S | 85 kDa

GAPDH | S - - 20 (02

A B C D

Bol-2[ Ml . S 8 | 26 kDa

Bax | s - - 21 kDa
Caspase-3 @ 32 kDa
CDK2 | M o | 34 kDa
GAPDH 36 kDa

AT CV X CNE2 4R N -5 4 T KR BIAH G B IR A K IIR2I AL CV 0 pg/mL 41;B:CV 30 pg/mL 41;
C:CV 40 pg/mL 4;D:CV 50 ng/mL 21

Fz 3 AEVEEE CV XT CNE2 24P -5 4008 T K& AR SCHE R H5E M (k4s)
eSSl PO 30 wg/mlL CV 41 40 wg/mL CV 41 50 wg/mL CV 41 F
p-PI3K/GAPDH 1.01+0.04 0. 69+0. 04 ™** 0.48=0.05 """ 0.34+0. 08 ™ 84.4
PIK3CA/GAPDH 0.97+0. 04 0.74+0. 03 **** 0.63=0. 02" 0.43+0. 06" 86.5
p-AKT/GAPDH 1.03+0. 06 0. 69+0. 09 *** 0.46+0.09 ™™ 0.23+0. 02" 65.2
Bel-2/GAPDH 1. 09+0. 06 0.91+0.07 ** 0.74+0.03 ™" 0.57+0. 02 65.5
Bax/GAPDH 0.59+0. 05 0.73+0.06 " 0.92+0. 07 ™™ 1.12+0. 05 *** 50.5
Caspase-3/GAPDH 0.37+0.07 0.64+0. 10 1.0420. 05 **** 1.2120.06 91.2
CDK2/GAPDH 1.11+0.04 0.97+0.06 " 0.71+0. 06" 0.70+0. 06 39.3

¥ " P<0.05, ™ P<0.01, ™ P<0.001, ™ P<0.000 1,
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FH—FRIE/N HEA BAEIR RS T R 254
X SRR IER IR YT BOCE B, CV AR B AL 1y I
WAl B JE A A3 AN AN A AT DL A Y
W A] BE S —FR A ST A RERRAR ALY T 250 KR L
(IR IR, Yousef 220 55 KB, CV Bk & R HI
A e T W3 JH- 4 M 8 ) K BRIR T 6 81, AT R IR R AR
FRrAE e X A B O R E R IR s s Rk
JEXTIHE IR AR . HENEA XTF CV X sl
VEFBIBRFFEARIE , 3X LR FRATTN 33X Fh K AR AL & W () F
TP T R

AT G 8 1k 0 4% 25 LA X6 CV T S MR g A 0 A5
HEATIO , G AS 2 24 MAZOH . 7E KEGG %
BT, CV X BRI R AT RE & A= 1E PI3K/
AKT {55, R4 R iR, CV 5 PI3K
AKT .PIK3CA .Bcl-2 Caspase-3 1 CDK2 fI45 45 RERY
/NF =5 Keal/mol, 43Tl J12# R B, CV B
R I CDK2 1Y 24514 28 Ak, I nl i o &0 5 55 o
MEAEH A S FR e e, YL g A — R
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