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Isoliquiritigenin Inhibits Ovarian Cancer Cell Metastasis by Antagonizing

the Racl Signaling Pathway
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(nstitute of Interdisciplinary Integrative Medicine Research, Shanghai University of Traditional Chinese Medicine, Shanghai 201203,
China;, *School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

Abstract This study investigates the molecular mechanism by which ISL (isoliquiritigenin) inhibits ovarian
cancer cell metastasis. GLISA assays were employed to assess the effects of ISL at non-toxic concentration on Racl
activity in ovarian cancer stromal-like cells SKOV3 and OVCARS. Establishing an OVCAR3 ovarian cancer cell line
with constitutively active Racl: OVCAR3/Racl1G12V. MTT assays evaluated ISL’s impact on OVCAR3/Rac1G12V
cell viability; morphological changes in ISL-treated OVCAR3/Rac1G12V cells; Scratch wound healing assays and
Transwell assays assessed ISL’s effects on cell migration and invasion in OVCAR3/Rac1G12V cells; Western blot
experiments measured expression of key EMT (epithelial-mesenchymal transition)-related marker proteins; qRT-

PCR was used to measure mRNA levels of Vimentin, E-cadherin and ZEBI. Results showed that non-toxic concen-

ek H 1: 2025-09-24 H252 HI: 2026-03-05

K AR IS HEHES: 82274157, 81703543) % B ¥R

E(EIE#E . Tel: 021-51323081, E-mail: wldxk_zj@163.com

Received: September 24, 2025 Accepted: March 5, 2026

This work was supported by the National Natural Science Foundation of China (Grant No.82274157, 81703543)
*Corresponding author. Tel: +86-21-51323081, E-mail: wldxk zj@163.com


https://cstr.cn/32200.14.cjcb.2026.04.0007

ANEMN S 5 H B IE I P TRac S 5@ P40 1 U9 S0 0 565 1001

tration of 10 umol/L ISL inhibits Racl activity in ovarian cancer cells without affecting total Racl protein expres-

sion; ISL reversed Racl-induced morphological changes in OVCAR3 cells, as well as Racl-induced migration and

invasion capabilities. And reversed Racl-induced expression of EMT marker proteins and their mRNA levels in
OVCARS3 cells. Additionally, 10 umol/L ISL reversed Racl-induced expression of p-Src and p-Erk1/2 in OVCAR3

cells. In summary, ISL inhibits ovarian cancer cell metastasis through reversing Racl-induced epithelial-mesenchy-

mal transition via the Rac1-MEK/Src signaling pathway.
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Table 1 Genomic DNA removal reagent list

Ewil il
Reagent Amount
RNA 1 pg
10x reaction buffer with MgCl, 1 L

DNase I, RNase-free (#EN5021#)

Water, nuclease-free

1 uL (1 U/pL)
Supplement to 10 pL

*2 EEFAIR

Table 2 Reverse transcription reagent list

vl A/ pL
Reagent Volume /pL
5x reaction buffer 4
RiboLock RNase inhibitor (20 U/uL) 1
10 mmol/L dNTP Mix 2
RevertAid M-MuLV RT (200 U/uL) 1
Total volume 20
&3 SI¥IFTIER
Table 3 Primer sequence list

e[ S
Gene name Primer sequences
Vimentin F: 5'- AAT GAC CGC TTC GCC AAC T-3'

R: 5- ATC TTATTC TGC TGC TCC AGG AA-3'
E-cadherin F: 5'- ACA GCC CCG CCT TAT GAT T-3'

R: 5- TCG GAA CCG CTT CCT TCA-3'
ZEBI F: 5-CAC CAT CCC CAT CAC CTC TAA-3'

R: 5'-GCA CCCT CAG CTG TGT ACA AGT-3'

#*4 PCRREIFFH
Table 4 PCR reaction system

vl AR/ uL
Reagent Volume /pL
SYBR® Green (2x) 5
Primer F (10 pmol/L) 1
Primer F (10 pmol/L) 1
cDNA 1
ddH,O 2
Total volume 10

PBSHEM 20k ABE 2 1] Ja (VR A A, DI\ TG i s
FEFHE(E BAE 10 pmol/L ISL), 37 °C+5% CO, 157724 h,
FEE BB N T0h, 24 WA

1211 #Esit 5o SRRIMTEEIX,
FlGraphPad Prism 10.02E47 Gt i+ 2720 41, 12 8dE %
FH DR 2 7 22 4 M idh A7 2 IR LU, 9 F LSDiEAT

PRI LLER, 45 R DL R AR iE 22 (xts) R 5 P<0.05
ERAGIF RN

2 SLIGZER
2.1 FEFMRE TRVISLANEIDPE SR LA Racl 5514
BT RAFRATIE B4 D F B T AR R IR B 1)
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= 40+
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12345678910
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©
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EH OVCARS
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LI
0 1 510 0 1 510

ISL /umol-L"!
(E)
ISL /umol- L' 0 1 5 10
G —————
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Wi, 25 40 1CATE 1D, 10 umol/LIFJISLAEH 72 h
Jii, Al 4] 7 SKOV3AIOVCARSYH It Rac 1 P,
HEBG 252 L. [F Western blot=256 45 5L 3% 1,
ISLIEAFE M Rac i 8 [ 13RI (BIE) . X WP R,
AEEF R FE T 0 57 H R 2K AT e a0 ] Y S 4 A
Rac 17 P A & FE BT O S0 e A A
2.2 EFMHREMISLIEZ0VCAR3/RaclG12V
RS

TEFRATRT AW 5T TAE M 2 M & T Racl #F
SR MR IOS I OF B 41 il R OVCAR3/RaclG12V, FF
HAERA T 45 S\ Rac1 G12VIER OVCAR3 K E
EMTiZ#E, [FF OVCAR3/RaclG12V4H i E A 7] 5
FERFAE L 22868 ). N T — 2D W70 ISLA& f5 il i

(B) 150+
- 1254 SKOV3  OVCAR3
2 100-
£ 754
=
= 507
S
257
0 T T T
NSC23766 - + - +
(D) 3 SKOV3
= 1504 B OVCARS
g
3
S 100
2
Z 50
2
3
~ T T T T
0 24 48 72 0 24 48 72
Time /h
- 15 Racl
B
[}
E %01.0
£5
0305
Ze
T
(o)
0
a 0 1 5 10
ISL /umol-L"!

A: 1. 5 10 pmol/LIWISLANFESKOV3ZHAET72 hfid, FIMTTSL0 A M 4HMLE /7. B: 5 pmol/LIFINSC237664L#ESKOV3. OVCAR34H/72 hi5,
MTTEE K A0S /7. C: 1. 5+ 10 pmol/LIJISLALBSKOV3. OVCARSZHNfET72 h/F, FIGLISASZE kil HRac 13 M. *P<0.05, 50 pmol/L
ISLALLE# . D: 10 umol/LIYISLAL#ISKOV3, OVCARS#HNI24. 48, 72 hJi, FIGLISASLE KN HRac 175 . *P<0.05, 50 hZ4H L4, E: 1. 5.
10 pmol/LIYISLAESKOV3ZM i1 72 h/, F Western blotSZ 5 A5l Rac 1 1) & [ I I o

A: cell viability assessed via MTT assay following 72 h treatment of SKOV3 cells with 1, 5, and 10 umol/L ISL. B: cell viability assessed via MTT
assay following 72 h treatment of SKOV3 and OVCARS3 cells with 5 pmol/L NSC23766. C: Racl activity in SKOV3 and OVCARS cells treated with
1, 5, and 10 pmol/L ISL for 72 h, assessed by GLISA assay. ¥*P<0.05 compared with the 0 umol/L ISL group. D: Racl activity in SKOV3 and OVCARS
cells treated with 10 pmol/L ISL for 24, 48, and 72 h, assessed by GLISA assay. *P<0.05 compared with the 0 h group. E: Racl protein expression was
assessed by Western blot analysis in SKOV3 cells treated with 1, 5, or 10 pmol/L ISL for 72 h.

E1 S MR EAVISLANG IR &2 2B Rac 1354

Fig.1 ISL inhibits Racl activity in ovarian cancer cells at non-toxic concentration
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YIRS FIRZE
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AAREMTIZFE

EMT A2 93X 50 B 59 41 i 3T #8 A2 28 (1 4% O WL
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(A) 1501 (B)
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1 OVCAR3 Ay T &5 Ak S 4 i Rac 17 14 75
() OVCAR3AMLIT AR 28 . DRI L AT HE M ISL 2
330 1 Rac 1V PR 15 5 00 EM T R AT 40 1) B
SR AT A 22 ? AT 7 7 H B T
OVCAR3/RaclG12V4H il J5 %F AP Rac 13 P4 521
S EMTHR & A G H A RIS 20 . GLISASEL
UE A, ISLAf L REFF{KRac 115 P (E14A). Western blot
SR 4BFIE 4CHTR , Racl RFERIEE Ll T OV-
CAR3H ffu A 8] 5 FE b5 25 2R A Vimentin ) #R1A , T
T b e REbR B HE-cadherin ) 1710 pmol/LHY
A HERLHE T2 hE, W T Racl Fre US55 S
[ EMTHR & ARk . qRT-PCREZEG 45 R (K 4D)
HE—DUESE, Racl FFEEMEI0E B T Vimentin % 5%
Bl ZEBI)mRNAJK-, i | E-cadherinffimRNA
AKF, TS H R R S 88 7 EMTIX —id fE . B
AR R, R H R A i ) Rac 13 1
Rac L6 75 3 (1 EMTIERE , M #9011 B9 596 40 A 11
TSR,
2.5 ISLXJRacliFSHIErk1/2F0SrcZE BRI
7 B 145 B rh 3R AT 2 0F B S H B R R g 4
Y1 95 SKOV3FI OVCARSYNAL I Rac 1% 14, FF HAE
PATRE AR TAEH O ZLUEH T Racl-MEK/Sre
5T 5 S b RORE O S A i EMT O R U2,
Erk1/2:2 MEK[#)C88 TS 570 1. B3R AT T )
7 ISLX OVCAR3/Racl1 G112V 4 ) Erk 1/2 1 Src
R AP AR LS . S2a6 45 AN S FTR, Racl
FESBE J5 , OVCAR3HNE p-Srcfl p-Erk 1/23R 1A
JKFHR B R0 ; 110 pmol/LIY 7 H B KA 72 h
5, SRG TR HEROBA L, S5 TR

Myc-Rac1G12V

Myc-Rac1G12V+ISL

A: 10 pmol/LIJISLAE#EOVCAR3/Rac1G12VAH 72 hig, FAMTTSELG A M40 MI7E /). ns: KW 2. B: 10 umol/LIIISL/EELOVCAR3/Rac-
1G12VAIET72 h, A 2R 7758592 OVCAR3/Rac1G12 VAL &k OVCAR3/puroZi i1 72 h/g, 76 5 flie N 424 i J A5 IR 1
A: cell viability was assessed via MTT assay after treating OVCAR3/Rac1G12V cells with 10 umol/L ISL for 72 h. ns: no significance. B: following
72 h treatment of OVCAR3/Rac1G12V cells with 10 umol/L ISL, and after 72 h culture of OVCAR3/Rac1G12Vcells and OVCAR3/puro cells in drug-
free medium, cell morphology was observed under a microscope and photographed.
E2 ESFMREISLIEFOVCAR3/RaclGI2VHERZS
Fig.2 ISL alters the morphology of OVCAR3/Rac1G12V cells at non-toxic concentration
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A: treatment of OVCAR3/Rac1G12V and OVCAR3/puro cells with 10 pmol/L ISL or vehicle medium for 24 h; representative scratch images at 0 and
24 h. B,C: treatment of OVCAR3/Rac1G12V cells with 10 pmol/L ISL or vehicle medium for 24 h, Transwell assays assessed cell migration and inva-
sion. *P<0.05 compared with the Myc-Rac1G12V group; “P<0.05, *P<0.01 compared with the Pcdh-puro group.
B3 FEFMHREAISLINFEIOVCAR3/RaclG12VAREH TR ZE
Fig.3 ISL inhibits OVCAR3/Rac1G12V cell migration and invasion at non-toxic concentration
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A FEOVCAR3/Racl1G12VAAfE72 h, Western blotSES A IIEMTAH X bz 8 WKL L. C: OVCAR3/Racl G12VAHIOVCAR3/puro4ifIEMT
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AHEE

A: OVCAR3/RaclGI12V cells treated with 10 pmol/L ISL or vehicle medium for 72 h, Racl activity assessed by GLISA assay. *P<0.05. B: OVCAR3/Rac-
1G12V cells treated with 10 pmol/L ISL or vehicle medium for 72 h. Western blot analysis of EMT-related marker protein expression. The top figure is
representative Western blot image, the bottom figure is statistical chart of expression of EMT-associated marker proteins. *P<0.05, **P<0.01 compared
with the Myc-Rac1G2V group. “P<0.05 compared with the Pcdh-puro group. C: statistical chart of EMT-associated proteins in OVCAR3/Rac1G12V and
OVCAR3/puro cells. P<0.05, **P<0.01 compared with the Myc-Rac1G12V group; “P<0.05 compared with the Pcdh-pruo group. D: OVCAR3/Racl1G12V
cells treated with 10 pmol/L ISL or vehicle medium for 72 h. qRT-PCR assayed EMT-related marker mRNA expression. *P<0.05, **P<0.01 compared
with the Myc-Rac1G12V group; “P<0.05 compared with the Pcdh-pruo group.
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Fig.4 The effect of ISL on EMT in OVCAR3/Rac1G12V cells at non-toxic concentration
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OVCAR3/RaclG12V cells were treated with 10 pmol/L ISL or control medium for 72 h, while OVCAR3/puro cells were treated with control medium
for 72 h. Western blot analysis was performed to detect the expression of relevant marker proteins. *P<0.05 compared with the Myc-Rac1G12V group;

"P<0.05, " P<0.01 compared with the Pcdh-puro group.
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Fig.5 Effects of ISL on Racl-induced Erk1/2 and Srec proteins
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