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Astragaloside IV Enhancing Chemosensitivity of Cervical Cancer Hela Cells to
Paclitaxel by Regulating JAK2/STAT3 Signaling Pathway
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Dongguan People’s Hospital Affiliated to Southern Medical University Dongguan Guangdong China 523059

Abstract: Objective: To study the enhancement effect and mechanism of astragaloside IV on the chemosensitivity of cervical cancer
HeLa cells to paclitaxel. Methods: Cervical cancer HeLa cells were selected in the experiment and treated with different concentra—
tions of paclitaxel and astragaloside IV and the cell viability was detected by MTT assay. Flow cytometry was used to detect cell
cycle changes and apoptosis. Hoechst 33342 staining was used to observe the changes in nuclear morphology. Cell scratch experi-
ments were used to detect cell migration rate. Western Blot was used to detect the expression levels of proteins related to the Janus
kinase 2 ( JAK2) /signal transducer and activator of transcription 3 ( STAT3) signaling pathway. Results: Compared with the con—
trol group when the concentration of astragaloside IV =40 mg * L.™" and the concentration of paclitaxel =40 pwmol * L' the sur—
vival rate of HeLa cells was significantly decreased ( P <0.05) . Compared with the control group the cell survival rate cell cycle

cell apoptosis cell migration rate and the expression levels of related proteins in the paclitaxel group had no significant changes
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( P >0.05) . Compared with the paclitaxel group the paclitaxel + astragaloside IV medium and high dose groups showed cell sur—

vival rate S phase and G2/M phase cell proportions cell migration rate and p-STAT3 pJAK2 B-cell lymphoma-2 ( Bcl-2) pro—

tein expression level was significantly decreased ( P <0.01) . The proportion of cells in GO/G1 phase the proportion of early apop—

totic cells Bel2 associated X protein ( Bax) Cyclin D1 cyclin dependent kinase 4 ( CDK4) protein expression level was signifi—

cantly increased ( P <0.05) . Laser confocal microscope observation showed that the nucleus of the control group was uniformly

stained while the cells in the paclitaxel + astragaloside IV medium and high dose groups had obvious apoptosis characteristics

such as cell deformation nuclear shrinkage and chromatin condensation. Conclusion: Astragaloside IV can enhance the chemosen—

sitivity of cervical cancer Hela cells to paclitaxel and the mechanism may be related to the regulation of the JAK2 /STAT3 signa—

ling pathway.

Key words: cervical cancer; paclitaxel; astragaloside IV; JAK2/STAT3 signaling pathway; chemosensitivity

b 50% m .

o ( astragaloside IV)
6-7
§-9

HeLla
1
1.1 HelLa
TCHul87.
1.2 (

=98% :170768) ;

( =

99. 8% : 100382 —201904) . Hoechst 33342,

( methylthiazolyldiphenyl — tetrazolium bromide
MTT) (

* 2650 ¢

C1011.ST316) ; .DMEM( ) .
( fetal bovine serum FBS) ( Gibco
: 250200 - 056, C11995500BT. Z7186FBS -
5); 4% (
20220512) ; ( propidium iodide PI) .
( phosphate buffer saline PBS) (
: C0080.P1020 - 500) ;
( dimethyl sulfoxide DMSO

Sigma —

Aldrich : D2650) ; Annexin V — FITC/PI
(
:20190314) ;
3( signal transducer and activator of transcription 3
STAT3) p — STAT3 - Janus 2 ( janus
kinase 2 JAK2) p - JAK2 N
D1( Cyclin D1) N 4
( cyclin dependent kinase 4 CDK4) B
- 2( B - cell lymphoma —2 Bel -2) N
Bel -2 X ( Bel — 2 assaciated X protein
Bax) ( Abcam . ab68153.

ab76315. ab76315. ab32101. ab16663. abl108357.
ab32503.ab32124) .

1.3 Co, ( FORMA
(3111) (
. Centrifuge 5424 :8.5 c¢m) ;
( Olympus :BH -2); (
- . AL204) ;
PCR ( Applied Biosystems : ABI) ;
( . Spec—
traMax ID) ; ( Wetzlar Leica
: TCS SP8) ; ( Becton
Dickinson : CantoTM 1II) ; Western Blot

( BIO -RAD ).

[\8)

2.1



2022 12 10 12 37 295
No. 12 10 December 2022 ACTA CHINESE MEDICINE Vol. 37 No. 295
80% PBS 1 I mL  V-FITC.5 uL PI 10 min PBS 2
0.25% 2 min Flow—
I mL 10% DMEM Jo7.8 .
o 2.5 Hoechst 33342
10 mL 1 000 r * min "' HelLa 0.25%
2 min 10% FBS DMEM 2 mL ( 1.0 x10°
1/4 . ) 2.3
5% CO, o 3 o 24 h
2.2 MIT + 24 h.
0.25% PBS 2 4% 10 min
96 160 wL( 4.5x10° PBS 2 Hoechst 33342(5 mg * L")
) (5mg=L" 10 min ~ PBS 2
I0mg*L "' 20mg+L"'40 mg+L"'.80 mg+ L'\ o
100 mg * L.7'.200 mg * L") 2.6 Hela
(5 wmol * L™'10 pmol * L™'.20 pmol « L7\ 0.25%
40 pmol + L™'.80 pmol * L'\ 100 pmol = L' 2 mlL ( 2.5x10° ) 6
200 pmol * L7") 9 o 2.3 3 o
24 h 40 pL 95% 10 pL
40 plL 44 h PBS 3
20 L MTT 4 h 150 wL DM- DMEM
SO 30 s 0h Sl
570 nm ( optical density OD) . + 37 €C.5% CO,
2.3 HelLa 24 h
0.25% 2 mL 24 h S2 o
( 2.5x10° ) 6 . = (S1 -S2) /S1 x100%
(20 wmol * L.7") (20 pmol * L") + 2.7 ( Western Blot) JAK2/
(20 mg * L7") . (40 mg = L"), STAT3 HelLa
(80 mg* L") 3 . 0.25%
24 h 24 ho 2 mL ( 2.5%x10° ) 6
PBS 2 100 pL PBS 2.3 3 .
2 mL4 C 70% . 24 h 24 h
-20 C 2000 r * min~' RAPI (1 mmol * L™' PMSF)
5 min PBS 2 500 pl BCA o
100 mg * L™' DNAse — free RNAse PI SDS - PAGE
(50 mg * L") o 80 V 30 min
1.0 x10* 120 V 70 min. 200 mA
o ModFit LT 3.2 90 min. 5% 1.5 ho
o (B —actin. STAT3.p — STAT3.JAK2.p - JAK2.
2.4 HelLa Bel - 2. Bax. Cyclin DI. CDK4 1
0.25% 4 000) 4 C TBST 3
2 mL ( 2.5x10° ) 6 10 min. ( 1 :2000)
2.3 3 . 1h ECL
24 h 24 h. Image J o
PBS . PBS 2 2.8 SPSS 22.0
500 pL Binging Buffer.5 pL Annexin * (xx5s)



2022 12 12 37 295
No. 12 10 December 2022 ACTA CHINESE MEDICINE Vol. 37 No. 295
=40 wmol * ™' Hela
LSD P <0.05 ° (P<0.05). N
(20 mg » L")
3 (40mg+L7") . (80 mg-L"")
3.1 HeLa (P<0.05) . 1.
=40 mg * L™
TA: ; B: ; C: + °
* P<0.05 % *P<0.01l; AP<0.05 AAP<0.01; AP<0.05 AAP<0.01
1
3.2 HeLa (P<0.05) GO/Gl (P <
0. 05) Hel.a
(P>0.05); + GO/G1 . 2
. S G2/M 1o
2
1 (x+5s)
n GO/G1/% S/% G2/M/%
3 60.89 £2.25 26.82 +1.12 12.30 £2.10
3 58.39 £1.90 27.90 £2.18 13.71 £1.26
+ 3 65.73 £3.08 24.05 £2.27 11.21 £2.35
+ 3 75.67 £4.074 15.06 £1.19% 9.28 +1.054
+ 3 82.21 £3.9344 12.49 +0.984% 5.29 £0.7344

* 2652 ¢

AP<0.05 AAP<0.01



2022 12 10 12

37 295
No. 12 10 December 2022 ACTA CHINESE MEDICINE Vol. 37 No. 295
3.3 HeLa 3 4,
3.4 HeLa
(P>0.05) . +
. (P<0.05), (P>0.05) .
+ N
+ . (P<0.01)
N N o HeLa 5.
CA: B X * P<0.05 % *xP<0.01; AAP<0.01
3
. Brightfield: ; Hoechst33342: ; overlay:
4 Hoechst 33342
3.5 HeLa JAK2/ . p — STAT3.p - JAK2.Bel -2
STAT3 (P <0.05) Bax.Cyclin DI1.CDK4
(P<0.05) STAT3.JAK2
(P>0.05) . + (P>0.05) . 6.

* 2653 ¢



2022 12 10 12 37 295
No. 12 10 December 2022 ACTA CHINESE MEDICINE Vol. 37 No. 295
 B: X AAP<0.01
HeLa
: A JAK2/STAT3 ; B: JAK2/STAT3
AP<0.05 ANAP<0.01
13

4

0 MRP2

o 14 AKT/NF - kB
12 15
B7 - H3

* 2654 ¢



2022 12 10 12
No. 12 10 December 2022

ACTA CHINESE MEDICINE

37 295
Vol. 37 No. 295

G1.G2 S

HelLa

N HelLa GO/G1
Hela °
HelLa G0/Gl1
G2/M

MCF -7
G2/M P,

MDA - MB -231

HeLa

HelLa
JAK STAT3
CyclinD1. Bel - 2.
21-23

VEGF.MMP - 9 o
STAT3 “ i

24 -26
o

Try705 STAT3

27

C33A
JAK2 /STAT3 B

p — STAT3.p - JAK2
Bel -2
HeLa o

Bax

Cyclin

» Cyclin

o Cyclin
D1 G1/8
CDK4

GO/Gl S

E2F

10

11

30

o N

CyclinD1.CDK4
Hela

HeLa
JAK2 /STAT3

HeLa
PI3K/Akt I
2020 26( 17) :56 —63.
LIU Y H ZHAO Z J ZHANG X X et al. Effect of paiteling on HeLa
cell proliferation and metastasis ability and PI3K/Akt signal trans—
duction pathway J . Chin J Exp Tradit Med Formulae 2020 26
(17) :56 -63.
PENG J X ZHAO J ZHAO Y M et al. HeLa cell — derived paclitaxel —
loaded microparticles efficiently inhibit the growth of cervical carcino—
ma J .Int J Nanomedicine 2020 15:6409 —6420.
DELLA CORTE L. BARRA F FORESTE V et al. Advances in pacli-
taxel combinations for treating cervical cancer J . Expert Opin Phar—
macother 2020 21( 6) : 663 —677.
DHANASEKARAN S. Augmented cytotoxic effects of paclitaxel by
curcumin induced overexpression of folate receptor — o for enhanced
targeted drug delivery in Hela cells J . Phytomedicine 2019 56:
279 -285.
ABOREHAB N M OSAMA N. Effect of Gallic acid in potentiating
chemotherapeutic effect of Paclitaxel in HeLa cervical cancer cells
J . Cancer Cell Int 2019 19: 154.
ZHANG J Q WU C X GAO L et al. Astragaloside IV derived from
Astragalus membranaceus: a research review on the pharmacological
effects J . Adv Pharmacol 2020 87:89 —112.
. Hela N
I 2018 34(3):39 -42

192.
LI W KUANG Y MENG L F et al. Research on effects of astragalo—
side IV on hela cells of cervical cancer about its proliferation migra—
tion and invasion J . Pharmacol Clin Chin Mater Med 2018 34
(3):39-42 192.
YE Q SUL CHEN D G et al. Astragaloside IV induced miR - 134
expression reduces EMT and increases chemotherapeutic sensitivity
by suppressing CREBI1 signaling in colorectal cancer cell line SW —
480 J . Cell Physiol Biochem 2017 43(4):1617 —1626.
XIET LI'Y LIS L et al. Astragaloside IV enhances cisplatin chem—
osensitivity in human colorectal cancer via regulating NOTCH3 ] .
Oncol Res 2016 24(6) :447 —453.
. pRb

Hela J .
(14) : 1674 - 1680.
MAJY ZHAO Y L. QU D N et al. Lappaconitine hydrochloride
mediates the cell cycle arrest of human cervical cancer hela cell
through p Rb pathway J . Chin J Mod Appl Pharm 2020 37( 14) :
1674 - 1680.

2020 37

* 2655 ¢



2022 12 10 12 37 295
No. 12 10 December 2022 ACTA CHINESE MEDICINE Vol. 37 No. 295
] 2020 29(9): 23 JAK2 /STAT3
710 =712 715. I 2021 24(4):
LIM X XUZ SHIHT et al. Research progress of targeted therapy 617 —624.

17

19

20

21

22

immunotherapy and their combination in the treatment of cervical

cancer J . Prog Obstet Gynecol 2020 29(9) : 710 =712 715.

J . 2020 51(15) :4042 -4049.
XIONG L B TANG HJ SONG X W et al. Recent advances in syn—
thesis of paclitaxel antitumor pharmaceutical raw materials J . Chin

Tradit Herb Drugs 2020 51( 15) : 4042 —4049.

2019 37(9) :2121 -2124.
JIANG W JIANG S L LIU P. Research progress on pharmacologic
effects of astragaloside IV ] . Chin Arch Tradit Chin Med 2019 37
(9):2121 -2124.
QU XY GAO H ZHAI'J H et al. Astragaloside IV enhances cispl-
atin chemosensitivity in hepatocellular carcinoma by suppressing
MRP2 ] . Eur J Pharm Sci 2020 148:105325.
HE Y ZHANG Q M CHEN H et al. Astragaloside IV enhanced car—
boplatin sensitivity in prostate cancer by suppressing AKT/NF — kB
signaling pathway J . Biochem Cell Biol 2021 99(2) :214 -222.
HE CS LIUY C XU Z P et al. Astragaloside IV enhances cispla—
tin chemosensitivity in non — small cell lung cancer cells through in—
hibition of B7 = H3 J . Cell Physiol Biochem 2016 40 (5):
1221 - 1229.

J . 2018 24

(10):112 -122.
YANG M H LUO JY QIAO M L et al. Mechanism of uygur medi—
cine root of Ferula ferulaeoides in resisting gastric cancer activity
and inducing cell apoptosis and cell cycle arrest in vitro J . Chin J
Exp Tradit Med Formulae 2018 24( 10) : 112 - 122.
WIMAN K G ZHIVOTOVSKY B. Understanding cell cycle and cell
death regulation provides novel weapons against human diseases

J .J Intern Med 2017 281(5) :483 —495.

J. 2018 24

(11) : 1540 - 1543.
LI X ZHOU Y Y SONG X J et al. Effects of astragaloside IV on ra—
diosensitivity of cervical cancer cell lines and related mechanisms

J . Chin J Basic Med Tradit Chin Med 2018 24( 11): 1540 -
1543.
ZHENG Y F DALY LIU W P et al. Astragaloside IV enhances tax—
ol chemosensitivity of breast cancer via caveolin — 1 — targeting oxi—
dant damage J .J Cell Physiol 2019 234(4) :4277 —4290.
. JAK2/STAT3
Hela I 2020 42
(6):1620 -1623.
XIAOMF LUZ CHEN LY et al. Effects of luteolin on Hela cell
proliferation and apoptosis by regulating JAK2/STAT3 signal path—
way J . Chin Tradit Pat Med 2020 42( 6) : 1620 — 1623.
. IL -6.JAK - STAT3
HMGB -1 J . 2018 33
(7):1297 —1301.
JIJ CHEN Y Y. Effect of Huangqin Decoction on IL -6 JAK -
STAT3 signal pathway and HMGB — 1 expression in rats with ulcera—
tive colitis J . Acta Chin Med 2018 33(7) : 1297 —1301.

* 2656 ¢

24

25

26

27

28

29

30

ZHANG H YUAN C LU HF et al. Effects of Xiaochaihu Decoction
on JAK2/STAT3 pathway and microglia activation in depression rats
J . China Pharm 2021 24(4) :617 -624.
. JAK/STAT3

I 2018 53(23):
1973 - 1977.
GUAN L N LIU Z WANG H et al. JAK/STAT3 signaling pathway
and its inhibitors in tumor therapy J . Chin Pharm J 2018 53
(23):1973 -1977.

EGFR - STAT3
MCF -7 D .
2017.
XIA L D. Influence of inducing cyclearrest of Gui Zhi Fu Ling pillsto
human breast cancer MCF =7 cells based on EGFR — STAT3 paths
D . Zhengzhou: Henan University of Chinese Medicine 2017.
JAK - STAT
C -33A I

1525 - 1529.
WANG H L ZHAO W N LUO R et al. Study on the effect of quer—
cetin on human cervical cancer C —33A cells based on JAK — STAT
pathway J . Acta Chin Med 2021 36(7) : 1525 -1529.

JAK/STAT3

2021 36(7):

D .
2018.
WANG Y. Cryptotanshinane sensitizes antitumor effect of paclitaxel
on tongue squamous cell carcinoma growth by inhibiting the JAK/
STAT3 signaling pathway D . Nanchang: Nanchang University
2018.
. JAK2 /STAT3
C33A N J.
2020 27(5) :522 -527.

HUANG J LIU F R WEN T et al. Salidroside affects proliferation
invasion and apoptosis of cervical squamous cell carcinoma C33A
cells through JAK2/STAT3 pathway J . Chin J Cancer Biotherapy
2020 27(5) :522 -527.

. 2

I 2021 43(4):815 -827.

ZHENG N XU Y. Studies on protein function of cyclin — dependent
kinase 2 and its inhibitors J . Chin J Cell Biol 2021 43(4):
815 -827.

I 2021 27(21) :223 -231.
WANG X Z MU Y HAO Q et al. Anti — tumor effect and mecha—
nism of betulinic acid: a review J . Chin J Exp Tradit Med Formu—
lae 2021 27(21):223 -231.

:2022 - 07 - 08
(1974 -)
(1969 -)

o E —mail: 943098759@ qq. com



