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Effect of salidroside on the occurrence and development of HPV positive cervical cancer cells by regulating
the FAK/MEK/ERK signaling pathway

ZHANG Yaosheng,REN Xiao,SHEN Ling, YANG Xiuli (The Third Ward of the Oncology Department o f
the First Affiliated Hospital of Nanyang Medical College s Nanyang » Henan 473000,China) *

Objective To investigate the effects of salidroside (Sal) on the occurrence and development of human
papillomavirus (HPV) positive cervical cancer cells by regulating the focal adhesion kinase (FAK)/mitogen-activated
protein kinase ( MEK) /extracellular regulated protein kinase (ERK) signaling pathway. = Methods HPV18 positive
human cervical cancer cells Hel.a were treated with 0,2.5,5,10,20,40,80,160,and 320 pg/mL Sal, respectively. The
appropriate Sal concentration was determined based on cell survival rate for formal experiments. Hel.a cells were divided
into control group, low-dose Sal group, medium-dose Sal group. high-dose Sal group. epidermal growth factor (EGF)
(FAK activator) group,and high-dose Sal4 EGF group, CCK-8 method and 5-ethynyl-2'-deoxyuridine (EdU) staining
were applied to detect cell proliferation; Transwell was applied to detect cell migration and invasion; qRT-PCR was applied
to detect the mRNA expression of proliferating cell nuclear antigen (PCNA), migration and invasion enhancer 1
(MIEN1) ,and matrix metalloproteinase-9 (MMP-9) in Hel.a cells; Western blot was applied to detect the expression of
human papillomavirus 18 (HPV18) E6, HPV18 E7, p-FAK, p-MEK, and p-ERK1/2 proteins in cells.  Results Sal
concentrations of 40,80,and 160 pg/mL were selected for formal experiments. Compared with the control group,the A,;,
value, EdU positive cell rate, cell migration and invasion numbers, PCNA, MIEN1, MMP-9 mRNA expression,and HPV18
E6,HPV18 E7,p-FAK,p-MEK, p-ERK1/2 protein expression of HeLa cells in the low-dose, medium-dose,and high-dose

Sal groups were reduced, and were dose-dependent (P <C0.05) ; compared with the control group,the A,;, value. EAU
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positive cell rate, cell migration and invasion numbers, PCNA, MIEN1, MMP-9 mRNA expression, and HPV18 ES6,
HPV18 E7,p-FAK, p-MEK. and p-ERK1/2 protein expression of Hel.a cells in the EGF group were increased (P <<

0. 05) ;compared with the high-dose Sal group.the A,;, value, EdU positive cell rate,cell migration and invasion numbers.,

PCNA,MIEN1,MMP-9 mRNA expression,and protein expression of HPV18 E6, HPV18 E7, p-FAK, p-MEK, and p-

ERK1/2 in HelLa cells in the high-dose Sal+ EGF group were increased (P <Z0. 05).

Conclusion Sal may inhibit the

occurrence and development of HPV positive cervical cancer cells by inhibiting the FAK/MEK/ERK signaling pathway.
QGG | salidroside; focal adhesion kinase/mitogen-activated protein kinase/extracellular regulated protein kinase

signaling pathway; human papillomavirus;cervical cancer; proliferation;invasion
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B AR R
2 FERF

ST SR T BR M i (AR =98 Y0) W 1 B 18 /K A ) B
AR 2 Al FAK B0 0 38 5 40 g 8 KW 7
(epidermal growth factor, EGF),CCK-8 i #| & H
SEE MCE 2 Al 5 5-Z Je k-2 Jji 40 R 1F (5-ethynyl-2'-

deoxyuridine, EAU) #: A3 7 & 1 H L R = AR
BA BR 2 Al 4 —$i HPVI1S E6, HPVI1S E7. p-
FAK. p-MEK. p-ERK1/2, FAK. MEK, ERK1/2,
GAPDH K —#Hi¥y A %[ Abcam A #],
3 ERIEHER Sal iR EHIIFIE

¥ HeLa ZHM 8 T 5 A 10% 54 1% B9 DMEM
R sE g%, W1 X 10" A~/ Hela 40 L £ 5 96
b, 43 A 0.2.5.5.,10,20,40,80,160.,320 pg/
mL Sal Kb ¥ 48 h, F 1 & fL A CCK-8 i3 10 pL,
BEE 1.5 h J5 Wi Ay (8, I 7 5 240 M A7 16 % =
(A TH-Aspm T/ (A TH-Ag i fH) X 1002,
T ) O BE3E B Y Sal ¥R FIE U505
4 HERLE

B Hela 41} 4320 fy - XF B4 | Sal K57 & 41 | Sal
rh )4 Sal AR EGF(FAK BI% 70D 41 . Sal
it +EGF 41, Sal 741 . Sal 55 & 41 | Sal &7
a2 Hela 41 Me 535 40.80,160 pg/mL Sal Ab# 48
h; EGF 4" HeLa 40 i ] 10 nmol/L EGF &b 3 48
h;Sal @5l # + EGF 41 Hela 4088 160 pg/mlL Sal
A1 10 nmol/L EGF [F] AL HH 48 b X BELH ] Ay 1 # 15
iy Hela 4000,
5 CCK-8 #:illl HeLa £H B ¥ 35

B Hela 0 LA 1 X 10" A4 /4L 19 %5 & $2 70 T 96
UM L. 37 CHE3R 12 h 5 4% Bk 4 diqe 37 °C
TALFE 48 h, B 5 7E &AL o A CCK-8 3K (10
pl) VHIEAE 37 °C 5% CO, FIEHE 2 h, M HIEEFRIL
TEP K 450 nm ARG 00 S R
6 EdU &40 HeLa 4HBE1E%H

HeLa 200450 T 96 fLAR (1 X 10" A~/4L) J5 , 1)
HALINA 50 pmol/L EAU 85 2 h.4 % £ B H#E [ €
Y 1 h, BTk B Y )5 B DAPT B4 8 40 i #% 20
min, 50 BB T WL I IHE EAU BH % 40 i
F (V) =EdU FHPE 24 Mo/ S 40 L% < 100 %6,
7 Transwell 1l HeLa 4T 52 %

TSR 4520 Hela 40 8 2 77 75 JC i 45 13 )
DMEM Kigd e, B A4 (2 < 10" 4~/ T
JEA 0.6 mL & 20% fit 4 1L 9 DMEM #% 37 5,
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FE 37 °C 5% CO, HBFEMTIET 24 hJ5, OB 2
TR MM ERTH 4% 2 R EERFEE 20 min,
FH PBS ¥e¥ =R SR G 7E SR T H 0. 100 45 i 28 4
8 30 min, 386 WSS I ITES .

1RZETG - 454 Hela 4 J 72 1% 76 T0 G 4 1 35 19
DMEM $5 3% 5 v, 5 56 A J 00 i b Js i A 248 JfL (2 X
10" AN/FL), FE A 0.6 mL & 20% i 4 i % i
DMEM 5 5 58, HAb B AE [F] 4 i i 4%
8 qRT-PCR # il HeLa 48 At f© PCNA. MIENI1,
MMP-9 mRNA RiZT{L

FH Trizol i #| U 45 Hela M9 5 RNA, ¥ RNA
Wi cDNA J5 . SYBR Green PCR TR & %F
¢cDNA #47 PCR, L GAPDH N2, ] 25 J5 ik
THE B M B B (proliferating cell nuclear
antigen, PCNA) ¥ #5128 28 1458 [l F 1 (migration and
invasion enhancer 1, MIEN1) . & )8 & A 9
(matrix metalloproteinase 9, MMP-9) mRNA #H %} %
k&, 5% ~. GAPDH IE [6]: 5'-AAAGGGTCAT
CATCTCTG-3", & [i]: 5'-GCTGTTGTCATACTTC
TC-3"; PCNA IE ] : 5'-GCGGATATGGGACACTT
A-3", K& Ii: 5'-TGGCATCTTAGAAGCAGTT-3';
MIEN1 iF Jf] : 5'-ACTCTCCTCACTCACAAG-3', &
M : 5-GACGACCAGATCATTCTTAT-3'; MMP-9
iE 6 5 -AACTGGTATTCTGTTCTG-3", K I : 5'-
GGTTAGAGAATCCAAGTT-3',
9 Western blot #ill] HeLa 48 ffi 8 HPV18 E6,.HPV1S
E7.p-FAK.p-MEK .p-ERK1/2 &8 &%

JH RIPA 24fi#% 2% vh W W 4E Hela 40 M B9 25 H 5T,
M 12% SDS-PAGE ¢ ¢ 43 &5 8 11 i T 4% #% %] PVDF
B b, 7837 CNH S WA 2F W E PR 2 h, FH PBS
Ve T K I 5 — 4t HPVI1S E6(1 : 5000), HPV18
E7(1 : 5000),p-FAK (1 : 3000),p-MEK(1 : 5000) .
p-ERK1/2(1 = 4000), FAK (1 : 5000), MEK (1 :
2000) \ERK1/2(1 : 5000) \GAPDH(1 : 3000)7£ 4 °C
TWFESRAR . WH RS P s 40000 7E 37 CT
$iE 1.5 h, ] ECL a5 I & M ER3E , 3 1] Image]
AT VPG AR K BE AR,
10 FHitZEHH

K SPSS25. 0 G i 114 %k 5 3 B 48 2 47 53 Hr
B (Gt Fom, 24NN ER LECRHBRHE RN
ZE M E— L 22 5 LR SNK-¢ K236, P <<
0.05 NN EAF G5 XL,

# =X

1 RERE Sal 3t HeLa 4075 & RH I
Wi Sal % BE (192 5 T » HeLa 20 AT 15 R 2 %

W R R (P <<0. 05) 7 Sal ¥ A 40.80,160.,320
pg/mL Sal 4b P F Hela gIF NG R & T Hikix
50%,H 160 pg/mL Sal 5 320 pg/ml Sal X} Hel.a
Y0 M AE 0 R R 25 SO 3 (P >0, 05), L, i
B Sal #JE R 40.80.160 pg/mL A FIEA LK, IR
1.

F 1 FREKE Sal X HeLa AMFFERMZM (xLs,n=06)
Table 1 Effect of different concentrations of Sal on the survival
rate of HeLa cells

Sal(pg/mL) ?lﬂﬂﬂﬁ(ﬂ%(%)
Cell survival rate
0 99.97+0.03
2.5 97.7840.15"
5 92.23+0.21"
10 85.56+£0.37"
20 80.334+0.26"
40 67.9640.23"
80 60.514+0.27"
160 53.2540. 34"
320 52.8440.28"

F.50 pmol/L Sal i, " P<<0.05,

2 Sal Xt HeLa £ B0 38 58 19 22 i

EjRF FR A L #5, Sal IG5 & 4H | Sal Hh ) & 2H | Sal
BRI EH Hela 400 A, {H.EAU FH M 41 R (FE 1K,
S F] P (P <<0. 05) ; 5% B4 L%, EGF 41
HeLa 4l A, {8 .EdU BH:4H i 2 55 (P <<0. 05) ;
5 Sal @A =4 b4, Sal & F&E -+ EGF 41 Hela 401
Ao [HEAU FH% 48 A 6 A5 (P <<0. 05) , WAl 1 Sk
2,

#2 KB Hela il A, E.EdUFAMEBMBTHLLE (x+s5,n=6)
Table 2 Comparison of A450 values and EdU positive cell rates
of HeLa cells in different groups

Pl Ay 1l EdU FIHEAII (%)
Groups A,;, value EdU positive cell rate
popiiEAi| 0.99-+0.08 57.65+2.33

Sal I3 i 41 0.86+0.08" 51.0342.19°
Sal 7 5 2H 0.75240.07 "% 42.684£2.05" 7
Sal 4 0.474+0.04" 7% 28.8541.36" ¢

EGF 4 1.2140.12" 63.34+2.55"

Sal & #l 4 + EGF 41 0.78+0.07% 46.68+1.95¢

Heox SATHAMIL, » P<<0.05; £ 5 Sal R 441k, P<
0.05;& 5 Sal FHIEAMIEL, P<<0.05; @5 Sal mEAHAMIL, P<<
0.05,

3 Sal ¥ HeLa M EB REZHIZ T

50 B 2H LG 85, Sal IR & 4, Sal b ) & 41 | Sal
il i 2 HeLa 40 i iE 3% 12 2250 B AR, H 250 &
A E (P <20, 05) s 5%t B4 4% . EGF 4 Hela 4l g
TR M AR 28R H T (P <<0. 05)5 5 Sal & #4841
i, Sal B+ EGF 20 Hela 40l iT % M2 2% H
THRE (P<<0.05), WLIA 2 Fi1 3,
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B 1 HeLa {ABEIEHEA EdU B EE (200X)
Fig. 1 EdU staining results of HeLa cell proliferation
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Sal fIGHI =4
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EGF 4
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Bl 2 HeLa T R 2 FH Transwell # Ml 2 R (200X )
Fig.2 Transwell detection results of HeLa cell migration and invasion

4 Sal X} HeLa 4 fl f PCNA MIEN1,MMP-9 mRNA
RIZT UM

5% R L #5, Sal IG5 & 41\ Sal Hr | & 4 | Sal
777 & 41 Hela 40 it 7 PCNA. MIEN1, MMP-9
mRNA F AR, H & 5 &40 M (P <<0. 05) 5 5 XF
MR 2H [ %, EGF 4 Hela 40 M b PCNA, MIEN1,

MMP-9 mRNA ik T 5 (P<<0.05) ;5 Sal EHIE4H
Lb#s, Sal & #| & + EGF 41 Hela 40 it 1 PCNA.
MIEN1.MMP-9 mRNA ik F} & (P <<0. 05), WL 5§
4,

X3 EZHHeLaHIBREZHBTHILE (XEs,n=06)

Table 3 Comparison of changes in migration and invasion numbers
of HeLa cells in each group

il MLERAECE IR Z2ECH (45
Groups Number of cell migrationNumber of cell invasions
o e 4 95.5643. 15 81.1443. 65
Sal A& & 20 84.43+2.93" 72.5543.41"
Sal 15 45 4 73.36£2.76" 7 60.66+2.15" 7
Sal 1304 4 42.2342.02° 7% 31.3241. 25" 7%
EGF %4 113.35+5.78" 91.8344.15"

Sal & % +EGF 41 78.25+3.13¢ 65.58+2, 34

e x GATHAM L, » P<<0.05; £ 5 Sal {RF w4l 4 1. P<<
0.05; & 55 Sal Hl & 4LH 1L, P<<0.05; @5 Sal & & 414 1k, P<<
0.05,

% 4 %4 HeLa fifash PCNA MIENI ,MMP-9 mRNA
RIETHEER (xEs,n=6)
Table 4 Comparison of mRNA expression changes of PCNA,MIENI1,
and MMP-9 in HeLa cells of different groups

S

Groups PCNA mRNA MIENI mRNA  MMP-9 mRNA

Xt HE AL 1.0040. 00 1.00£0.00 1.0040.00

Sal %5 & 241 0.9140.07" 0.85+0.07" 0.8140.07"
Sal 7] 41 0.75+0.06" 7 0.6940.06" %  0.63+0.06"F
Sal & #4441 0.5640.05" 7% 0.41+0.05" 7% 0.36+0.03" "

EGF 41 1.36+0.11" 1.4340.12" 1.5840.13"

Sal BB +FEGF 4 0.8340.07¢ 0.7140.07® 0.6640.07

Heox S0 IRAIMI L, * <20, 055 # 5 Sal I BAIMI I, 2<0.05; & 5 Sal
3 AR H, <20, 055 @5 Sal ) i 41 A [, 2 <20, 05,

5 Sal X} HeLa 4ifsh HPV18 E6.HPV18 E7 EH K
FAK/MEK/ERK BEBEXEARETZTLHNZIN

5% B ZH L 8K, Sal IG5 & 41 L Sal 5 & 41 Sal
w7 B 4] Hela 40 b HPV1S E6, HPV18 E7. p-
FAK.p-MEK,p-ERK1/2 & [ £ ik FEAL, H 257 &K
i (P<0. 05) s 54 R4 HL 4, EGF 41 Hela 40 il
HPV18 E6, HPV18 E7.p-FAK, p-MEK, p-ERK1/2
AR IKRTHE (P <C0. 05); 55 Sal & il & 41t %L Sal
= 7 & + EGF 41 Hela 4 i b HPV18 E6,HPV18
E7.p-FAK.p-MEK,p-ERK1/2 % H %1k J & (P <<0.
05), ULIE 3 F1k 5,

Wi

BHUEFE N G HPV B 5] &, sk
ROE R R L B SR AT B — A EE PR AE T
HPV i 8 A 5 10 b 96 240 1t 3206 ke £ 328 W WL AR B g, 7T
A BT B L S B0 R U R RV IR, JF
RAHTIRIT T WA it 2 2
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%X 5 %% HeLa 4§fa s HPV18 E6 . HPV18 E7,.p-FAK,.p-MEK,
p-ERK1/2 EARIETKELE (¥£s,n=6)
Table 5 Comparison of protein expression changes of HPV18 E6,
HPV18 E7,p-FAK,p-MEK,and p-ERK1/2 in HeLa cells
of each group

M HPVIS E§/  HPVIS ET/ pFAK/ p-MEK/ pERK1/2/
Groups GAPDH GAPDH FAK MEK ERK1/2
T4l 1.56+0.13 1.21£0.13 0.86%0,07 0.80%0,07 0.73+0,07

SalfEMEA  1.21£0.10%  103£0.11°  0.72£0.07°  0.65£0.05°  0.61£0.05"

Sal PAEA 1.03£0.09" F 0.85£0.07° % 0.63£0.06" 7 0504004 F 0.40£0,04" 7
S BARA 0.6520.05" % 50,430,047 7 %0,5120.05" #%0.3240.03" % ¥0,1840.01" # ¢

EGF 4 1.8940.12"  1.39£0.10"  0.96£0.03"  0.92+0,05"  0.83%0,06"
Sl i+ “ “
540 19¢ 9+ @ N @ 3 @ € @
EGF 4 1.1520.12 0.92x0.08 0.6640.05 0.5340.04 0.43%0.04

B SHIRAMEL, « P<0.05;2 5 S EHBAAI L P<0. 058 5 Sol FAl EALH 1, P<0. 05
@5 Sal A A, P<0.05,

HPV18 E6 D S e s 0D anp
HPV18 E7 (D D S s SHD s
p-FAK "> ame sume ssse SIS SN
FAK - e o e e o

p-MEK D — —— e T m—

MEK Gl GHED GHED SR S S

p'ERK]/z —— e —

ERKIZ oo G- a— e — —

GAPDH (S SR SN 4NN SN0 S
A B C D E F

A X4 B SalfkHE4 C Sal FHIEL4 D Sal @l

4 E EGF4 F Sal &l +EGF 4l
Bl 3 HeLa 4% HPV18 E6 HPV18 E7.p-FAK.p-MEK,
p-ERK1/2 & B FKiEH Western blot #& il &

A Control group B Sal low-dose group C Sal medium dose
group D Sal high-dose group E EGF group F Sal high-dose+
EGF group

Fig. 3 Western blot detection of HPV18 E6,HPV18 E7,p-FAK,
p-MEK,and p-ERK1/2 protein expression in HeLa cells

RAR 7= R L AR Ay 7 B YA 7 391 194 Vs A A UL T 7 9
KIS 3RS T AR Y K e TN L Sal S AT SR AR
AR G E I RRI 5 S N = B S 7 = W 11 3
i s S ST he . B s Y L B 4
LR EAE T L A CHE 5T R WL Sal AT A E S
Hela 4 3858 5 Sal 7T 000 519 5 93 40 336 5 I F
AT L B R T Sal MBUEAIEM . A
WFoE 48 5 5 R — 300, A WS R, Sal Al 2 5] iR
P A ) HPV 1S FH M i B #1040 i Hela 4
B GER SR 2%, A, T HPV B AL, HPV1S
E6 il HPV18 E7 J& & % 0y BUE & 1, B AITX T 76 24
ff = A — R0 AR AR 2 DG T E HEn T A B T R &
JRE AT PCNA X T8 40 i i DNA A2 i 2
S, H ATt A0 I A G 1 T s MIENT , MMP-

9 1F Ry i DL PEAS 40 M AT B8 5 1= 22 B9 AR A L XA

MM RS RERE DB LEES ) AE LA,

Sal A 550 & AR 1 e 40 ] HPV1S BHPERY Hela th

HPV18 E6, HPV18 E7 % H M PCNA., MIENI1,

MMP-9 mRNA £k, B M 5r 57K FAESE T Sal

A3 o A1 4 A 2 A L T B AR 28 1 Oy U HPV

FHPE e 0 98 40 B 2k & . $&7R Sal W] RE M IR T

HPV Y E B8 WIS EA A2 —.
FAK/MEK/ERK 55 2 51 Z Y g,

A4 20 ML A7 05 FR AT RS L 1 ) 2 B w0k BT A] DLRH 1k

ZFE RN AR . R REE L ] FAK/MEK/

ERK 38 P& A] 2 328 5-350 R W5 0E 175 3 19 45 B 96 240 i

T ARG R, S5 A AL EGE 4 Hela 40

i p-FAK.p-MEK.p-ERK1/2 & [ & 671 E, 40

g E RS KR ZERE Tk, H EGF iy FAK #0061,

F W FAK/MEK/ERK M #1525 T HPV HMH

BUE M KA S R IE, AL, AR5 IE & B, Sal AT 55

AR M ) HPV18 BHME S HiE 4 il Hela h

p-FAK.p-MEK, p-ERK1/2 & 1 & ik, #E Il Sal nJ g

HE A FAK/MEK/ERK {553 ##0 # HPV FH M

B AR, T RIRZ RS S bR —

AW G H = A Sal f1 EGF L [A 4 # HPV1S FH

PENE S AN Hela, 255 WoR EGF W55 T = 2

Sal X} HPV18 BH P A & S 4 il Hela & 4= & F& 1)

RIPERT . UESE TR AR A B
£ b iR, Sal A fig 4 o ) ] FAK/MEK/ERK

5538 B ) HPV P ey 25098 40 15 58 L 3F 7% S =

28 TR T bR 0 R R R R AT IR N B ) S e

HE— L B UE X 4518 S & O R AR R IT A R Z

— A W Ak S IR AR T
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