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40 umol-L™") combined with doxorubicin (0.5, 1.0, and 2.0 umol-L™") on cell viability was assessed using the MTT assay. Flow cytometry,
scratch, and Transwell invasion assays were used to analyze the effects of isoliquiritigenin (20 pmol-L™"), doxorubicin (1.0 pmol-L ™), and
their combination (20 pmol-L™! isoliquiritigenin + 1.0 pmol-L™!' doxorubicin) on cell cycle progression and invasive capacity. Western
blotting was performed to detect expression of key cell cycle proteins. Transcriptomics was applied to screen signaling pathways
involved in the action of isoliquiritigenin plus doxorubicin on TNBC cells, and molecular docking and Western blotting were used to
validate the results. Results Compared with the control group, both isoliquiritigenin and doxorubicin inhibited proliferation of MDA-
MB-231 cells in a time- and concentration-dependent manner (P < 0.05, 0.01). All selected concentration combinations showed
synergistic effects, with corresponding combination index (CI) values all less than 1. The lowest CI value (0.62), indicating the strongest
synergistic effect, was observed at 1 pmol-L™" doxorubicin and 20 pmol-L™" isoliquiritigenin. Flow cytometry revealed that treatment
with isoliquiritigenin plus doxorubicin arrested cells in the S phase and significantly upregulated P53 protein while downregulating
CCNDL1 protein (P < 0.05, 0.01), with effects superior to those of single-agent treatments. Scratch and Transwell assays demonstrated
that the combination therapy more effectively suppressed cell migration and invasion compared to monotherapy (P < 0.01). Western
blotting showed that, compared with the control group, the combination group exhibited reduced expression of Vimentin, B-catenin
and increased expression of E-cadherin (P < 0.05, 0.01), with better outcomes than either single agent. Transcriptomic analysis
suggested that the PI3K-Akt pathway regulating epithelial-mesenchymal transition (EMT) may be involved in the regulatory effects of
the combination on MDA-MB-231 cells. Molecular docking confirmed that the binding energies of isoliquiritigenin and doxorubicin
to PI3K and Akt target proteins were significantly lower in the combination group than in the single-agent groups. Western blotting
results indicated that, compared with the control group, isoliquiritigenin, doxorubicin, or their combination significantly suppressed p-
PI3K and p-Akt expression, with the most pronounced differences observed between the combination group and the control group
(P <0.05, 0.01), showing the strongest effect in the combination group. Conclusion Isoliquiritigenin enhances the anti-proliferative
and anti-migratory effects of doxorubicin on MDA-MB-231 cells by inhibiting the PI3K-Akt signaling pathway and modulating EMT-
related proteins.
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A-FHERPHSB A HR S EMT X EREFFEE; B-FHERE EMT MXER K KEGG & HE(H TiE; CR&HEKS EMT MHX
E 3R KEGG #4EE Tl D-FHER+IEZERSE EMT MXERER KEGG & 4E(F Tl

A-Venn diagram of differentially expressed genes related to EMT when using isoliquiritigenin alone or in combination with doxorubicin; B-KEGG enriched
signaling pathways of differentially expressed genes related to EMT when using isoliquiritigenin; C-KEGG enriched signaling pathways of differentially
expressed genes related to EMT when using doxorubicin; D-KEGG enriched signaling pathways of differentially expressed genes related to EMT when
using isoliquiritigenin in combination with doxorubicin.

5 RHERPASHANERS EMT HXEFEBRREEST
Fig. 5 Analysis of EMT-related differential genes and enrichment when isoliquiritigenin used alone or in combination with

doxorubicin
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Table 1 Binding energy and binding site interaction residues in molecular docking
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Akt (2JDR) -37.66 ALA-232, THR-292
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Akt (2JDR) -32.64 LYS-390. GLY-396. ARG-329. ASP-303. GLY-328
RHEE+ PI3K (4J61) —45.73 LYS-425. THR-229. SER-230
R 25 2% Akt (2JDR) -50.12 AGR-437. THR-436. LYS-156. ASP-441. ASP-440. ASP-441
frgi e &
[ %

A~C-RHEHE, MER. FHERKHIEHRS PBR MEHAK: D~F-FHER, IER. RHERHMERS Akt WHESE: HoRx

FHER, LOREMER.

A-C-Docking mode diagrams of isoliquiritigenin, adriamycin, and isoliquiritigenin + adriamycin with PI3K; D-F-Docking mode diagrams of

isoliquiritigenin, adriamycin, and isoliquiritigenin + adriamycin with Akt; blue represents isoliquiritigenin, and red represents adriamycin.

6 DFIERAE
Fig. 6 Molecular docking patterns

37 REERHKAMEREZEHH PBK-AKt 55
BERHUE

DNk — D HIE S R R A P A = A0 MD-
MB-231 i RA1258. HALMERNLH], AT
MHREA (B 7)) . SXTAkR, 55 Rk
2 AL B MDA-MB-231 41 48 h J& il 41 p-
PI3K. p-Akt [k, BAHZAMRHREHE
FiE (P<0.05. 0.01) , BEAHZHMER R E .
4 e

27 AH B, AT 7 RAE TNBC JRIT
R I SR I AT 28, ARy B AT L R
PEECIRIF VRS 25,  FLIDCEr P 24 e B 58 7™ 28 1) B il
01K I I = 7B S WY 2 R N S VA P T
TR R A B BA IR IT R NE LA THT RO B
Bt AFSTIESE, BHBERSHTAMEAYE D

JRE A FHUS, ek DRI ST IR RIS, W1 Zhang
LR, T HERIEL p38 MAPK {5 5@ i
BEL W 19 Wk, 1 () 398 P A Vo0 ke e ) o A5 1
i, R sh s ot gt B0 7R 5 H 53 F 4 Hp kb
MRS T TR T RS RN R E DT
g7 B  FEARHIT T, SR 2 45 R K L PI3K-
Akt 15 5 BB RIAEMH R+ F HERHATHENE
oo FRER, RMFHERERS
PI3K. Akt B RIFLEIEH, REnfeeRt
TR PRI B R AE TNBC A R FE B 1 FH 11 ¢ B
K. AHMSRIRUESE, SH B R ARHIH] TNBC 4
(P01 GEF SRV T, S FEL T &4 e Jd B e

[A]f}, Western blotting 5 R 27, R HERSE
W& RBAIER G, mt—2 Ll PS3. P27 &
Fik, JF NI CCNDI1 ik, HiZfEERE R



* 2354 - FOEFTH 2026578

%¥ry4ak £ Drug Evaluation Research

Vol. 49 No. 7 July 2026

p-P13K|— — - -—-ll.lxwﬁ

AKTl- o -gs_sxw

pAkL [ ——— e | 5.6 107

AR AT

GAPDH | M A A — | 3. | 0"

M FEK BRH OMEEL
BER RHER

x4t "P<0.05

% —1
i I -
-
- o TEERLREER

o
*

PI3K p-PI3K Akt p-Akt

*P<0.01,

*P<0.05 ""P<0.01 vs control group.

7 FHEZRBAMEERES MDA-MB-231 41 PI3K-Akt (S5 BIRHEXEARENFNE (X £s, n=3)
Fig.7 Effect of isoliquiritigenin combined with adriamycin on expression of proteins related to PI3K-Akt signaling pathway
in MDA-MB-231 cells (X *s, n=3)
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