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Regulation effect and mechanism of natural borneol on
biological behavior of cervical cancer cells
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Abstract ; The purpose of this study was to investigate the effect and the mechanism of natural borneol (NB) on the prolifera-
tion , apoptosis and migration of cervical cancer cells. The phenotypic changes of cells were observed and recorded by inverted
microscope ,and found NB could significantly alter the morphology of SiHa and Hela cells, which causing the cells turn to
round and loose the intercellular connection. CCK-8 assay and colony formation assay showed that NB significantly inhibited
SiHa and Hela cells proliferation and colony formation. Flow cytometry results showed that NB induced cell apoptosis in a
dose-dependent manner. Transwell and scratch assay showed that NB could inhibit the invasion and migration of SiHa and He-
La cells. Western blot results demonstrated that NB downregulated the expression of Bel-2 , hypoxia-inducible factor-1oc ( HIF-
la) ,Erk1/2,Snail as well as N-cadherin,and upregulated the expression of p-Erkl1/2. mRNA sequencing combined with sig-
nal pathway enrichment results showed that the mechanism of NB mainly involved in MAPK signaling pathway and cell apop-
tosis. In conclusion, NB may inhibit the proliferation and migration of cervical cancer cells, induce cell apoptosis through
MAPK and HIF-1« signaling pathway.

Key words : natural borneol ; cervical cancer;cell proliferation ; apoptosis ; cell migration

BRI R R T 2 40 A B BT H R RE R RN S 5, B
WA B AN 90% LU B BE R R K, AR R I A0 Hh BB o 5 4 B
T B AR BT A 0 20 5 =, H RAARRAGE SRR, T E R A R A SR AT B H TG
I7 T B AFENLIR S D RERRAR , A5 I RAE , B2

VR FJ 2023-10-16 RS 120240229 FEC-AS e o EAEOR, o B 25 1 T RS

HEG I AR B QDR SO G T (20230104) 5 AR A AR \ s R e e S §
B3 H (021KTSCX126) 5 ™ H 2 AR R R i 3 & gﬁﬁﬁﬁ#ﬂ]ﬁﬁﬁﬁﬁ? Eéﬁ%é@{éﬁ(ﬂ a{a;ﬁékﬁ
1 (pdjh202020547) PRI BARBILH i A TEHE

# WAE1EH Tel:86-753-2186624 ; E-mail : wangnan@ jyu. edu. cn



1192 KIRF=YIBE R 5T K

Vol. 36

KARVK F (natural borneol, NB) M FR K 8K I i,
Je— M E L G b 25 AR BE R R LR IR UK R B
A AR BRI R TR, A PR
2150 ) 1S TR S 245 W) 78 A% e A 2 s v 1) £ 32
A RERERS . AR R, KR UK B34
B 2 10 a5 ) 22 28 )5 A0 2 1B ( MAPKC) Al
1l s R -k B (NF-B ) 38 % 09 1 Ak 800 #% A 1
E2 ARG ¥ (Nef2) 2 1 | FEARRH S S 4E R — %Ak
F(NO) By R AKFA L [k, KRR VKA A g
G REAR I 2255 5 19 RAW264. 7 F 40 g v NO
I RBE IR 5o ( TNF-a0) 1 40 A 3R -6 (1L-6) 45
RAE T 17T, T RE A REAR AR 22 W5 5 1) N B 1
RMEARIR S RARVKR I R N AT SR
I I PR 5 ik A T PR S (ROS) A 1 i JI g 400 i
FIFF98 200 JH X5 245 0 %) BORR M | 1 5 24 1) 1) 0 9 1R
FM2 1S BRI, AR VK A S 75 5 i 250 400 L Fr) £
WAt R, BT BFEARGE

AW I SE MRS K- S8, B0 26 PR IE R IR UK
X B SR A ) G 5 R T ST RS SR 455 i ok
LRI P 3 — 20 43 BT AR UK P R B S0 A= W) A T
AIBILR] , S AR VK R 5 A7 25 Wi & I G o7 3
ST PR A5 S A SR
1 #HEE57F=E
11 #

N'E 85U A Mok SiHa  HeLla W 5 )™ JH 344
PIRHEATBR 2 W] RIRVK R (40 99. 9% , | AR A8 i
el A=Y LA R | H1E45-: 0210096 ) 5 Jif 2 1L 1H
(RATAHy, #1t 5 : 110118611 ) ; Ji& /i ( Solarbio, It
5. T1300) ; i (A5 EDTA) ( Gibeo, 15 :25200-
056) ; F 455 2 1R 5 W ( HyClone, it 5 SV30010) ;
RPMI1640 15 #% 4 ( Gibeo, 41t %5 : 8122129 ) 5 JE IfiL 7%
DMEM % 5% W ( Gibeo, it %5 : 2522727 ) ; Annexin V-
FITC J8 1A 50 & (U EAAAE AR BRA #
L5 : C1062M) ; Cell Counting Kit-8 ( GLPBIO, L5 .
GK1001) ; PBS 2% i ¥ ( HyClone, it %5 SH30256.
01) ; Phospho-p44/42 MAPK ( Erkl1/2) ( Thr202/
Tyr204) ( Cell Signaling Technology, it 5 : 9101 ) ;
p44/42 MAPK (Erkl1/2) ( Cell Signaling Technology,
#it = 9102 ) ; Anti-alpha Tubulin ( Abcam, #it =
7291 ) ; HIF-1« ( Proteintech , k5 : 20960-1-AP) ; Bcl-
2( Cell Signaling Technology , #it5 ;15071 ) ;Snail ( Cell
Signaling Technology , #1t5-:3879T) ; N-cadherin ( Cell
Signaling Technology, #t 5 : 13116T) ; 2& [ B il 57

(FE 2B A R A AL 44501392 )  HRP fRid
ML PSR 1gG (R =8 A= W He R A BRA A 4t
*5:20000258 ) ; HRP i (9 L F470 B TeG (I =&
EVEARA R ]S :20000374)

1.2 {(U&E5i&

Infinite M200 Pro BFRAX (B 175 H A A ) ;5 Ac-
curi C6 Plus 7 240 e /% ( BD Biosciences ) ; Chemi-
Doc XRS + £ U REBE MR R 58 (3£ [F Bio-Rad 2
A]) ; DMIL LED {8 & 52 5% B i 5 (FEE R KA A 5
IC1000 A 3h 40 i 71 A (31 R A= M BHBCA FR &

Al) o
1.3 7%
1.3.1 fmpisi

# SiHa 5 HeLa 20 AR S 5% T & 10% Jify 4 1ML
1 1% HHER R M DMEM 8555, 76 5% CO,,37
CH—E W s TR s 7% . AR, 2 40 i
I BE R K T0% ~80% B, ffi F EDTA-JBR & 1 BiH
AT 20 LA T AR AR AR TR AT
1.3.2  Zhapes)

KARVK - FH = W L A ( DMSO ) 5 fift e 1 ok
0.50 g/mL FYEEWE, i I FHIE L7 DMEM £ 5% 8
el % 1 mg/mL B TAEWR o
1.3.3 kA 5t SiHa 5 Hela 20 fo7 A 69 % vh

W X B K1) SiHa 5 HeLa 20 i3 FEOT 8%
MM RS 2 x 10° A/FL, 280 T 6 FLAR, 4G 57
24 h IiEEJ5 , SiHa 4 iE7SFLAR ST 546 h 2 ml 284k
7 0.0.40.0.45.0.50.0.55.0. 60 mg/mL (17K H %
IR, HeLa 4l 7S FLAR 530454 2 mL 28y FE R O
0.50.0.55.0.60.0.65.0.70 mg/mL [KuKk K B 321,
ZHIE 24 h 5 e EE B A  IERXT H SL s 4l
XA M2 S A RIE 5.

1.3.4 CCK-8 %%

OB K B 00 20 R A 7 g, 0T 96 FLAR
o, BESFL 100 (1000 A4/ L) o g ix & 3
ANEAL IFF R E S AN IR, FRAn MG BE J5 3k KR
VKR R #R (SiHa SZEGZH e 4 0. 35 mg/mL; Hela
SCHS AR R 0. 40 mg/ml) |, 4kLEHEFE 6 .12 .18 24
130 h J5, BAFLINA & 10% CCK-8 % 7 Il i
DMEM ¥: 554 100 wL, FHEFR4 5% 1 h, Fifa
AR SRR (0 f B AT A . il AR A DU L 450 nm 4b OD
{H, LI EE —IK,

1.3.5 wmpedk %7 m % i
P ECA A T %) 20 B R A R B S D T 6 LA



Vol. 36

ZRSEAE  RIR VKR X 8 S0 A0 L L W 41T M IR B LR B 72 1193

(1 000 4/ L) , 537 — s Ja A K IR vk 7 (&
FE40.40 0. 60 mg/mL) , 4k ks 35— J5 , F PBS
PER 2 UGIMA L mL 4% ZRHRERE | h, [55E )5
FIA 0. 1% 45 f 5 e R = R Y4 €2 2 b, PBS ZZihif
VR IR T SR 2 DI REBEIR AR R GE4R IR, b 2
Ao
1.3.6  Zmie A —im

Fi2 B3 2H 2R FHANIR) v B2 (0. 40,0 60 mg/mlLL)
AIRIRVK T B 3R W i 7 SiHa 5 Hela 40/ 24 h J5
PEATI AN, PBS PR M I AL IS , A 500
pL Binding Buffer J5 il A Annexin V 5 uL #% 5
min, FRAA 10 L PL, 5 f5 3t =X 240 SRS ) 48 i 74
T B o
1.3.7 s &5

W A0 A TS A LR T, T A LU BE 90% J
730 IR 4 B, 10 s KR AL, A TR ik
(0.40.0.60 mg/mL) i RIRIK 47403 ,24 h J5
WLER S B AN A A R B R e S
1.3.8 Transwell 5235

TS A A S B 240 3 Ak, P G T R v AR
DMEM &, 40 M % B % 1 x 10° 4~/mL, B4l
M2 300 L T Transwell /N2 /N W SEEG 2H
AR #E (0. 40.,0. 60 mg/mL) B RIRIK 7, /)y

= FIZIA 500 L 7 30% B2t 1% #9 DMEM $55%
e AN LR IR 24 bR TR BB T R A9 40
HH 4% Z B HEERE 1 h, MR LR AR T B 140
JHiL,0. 1% 45 28 = i G4 €5, 30 min, PBS 2% phifg Ui it
et 5, 7 S BB T WA ] ik 3L 200 i Y 42 28 1
B S Tah e

1.3.9 Western blot 5%

I LM S 0. 60 mg/mLL 1 K AR UK Fr 15 57
7,24 h J5 H RIPA 3548 B4 il 2 & 11, SDS-PAGE
HLUK , LUK JE % 2 PVDF JBE, 30 2 h 5 m A —$i i
H 12 h, )5/ HRP () — 5 2 h, ZIHAREEEERN
TRAGRLINAS R 5 280 2 HIF-1a Bel-2 (Exk1/2
Snail Fl1 N-cadherin 2548 1334,

1.3.10 it o7

K H Graphpad Prism 7. 0 #{4 X 5o e 17 B &
HIFESMHT , S5 SR B + AR 2% (x £5) FOR,
ZHIAPEE LLBCR ¢ K30 One-way ANOVA 347, 52
Bsr A 3 WP <0.05 HZEFHAG AR
2 HRESHW
2.1 REAWK X E TR AR AR R

55X HRAL (0 mg/mL) AH Fb , AN [R] ¥ B2 19 R 4K vk
FAERTT SiHa( WLIET 1A) F1 HeLa( ULIE 1B) 41l ffd 24
h 5, SR 2R AN G L REME , O H A 4

| ---

B1 XAKREIIETEARES
Fig. 1  Effect of NB on the cell morphology of cervical cancer cells
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Fig. 2 Effect of NB on the proliferation of cervical cancer cells(; +s5,n=3)
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Fig. 4 Effect of NB on apoptosis of cervical cancer cells(x +s5,n=3)
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Fig. 5 Effect of NB on the migration of cervical cancer cells(x +s5,n=3)
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Fig. 6 Effect of NB on the invasion of cervical cancer cells (; +s,n=3)
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Fig. 8 Differential genes and KEGG pathway of NB treated cervical cancer cells
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