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Dioscin Suppresses Prostate Cancer Stemness and Induces Apoptosis via
Inhibition of the EGFR/STAT3 Signaling Pathway

Yi Hyun Choi, Hong Lae Kim, and Hye Jin Jung*

Department of Pharmaceutical Engineering and Biotechnology, Sun Moon University, 70, Sunmoon-ro 221,
Tangjeong-myeon, Asan-si, Chungnam 31460, Korea

Abstract — Prostate cancer stem cells (PCSCs) are increasingly recognized as the primary drivers of therapeutic resistance in
advanced prostate cancer, establishing them as a pivotal therapeutic target. This study investigated the inhibitory effects and
potential molecular mechanisms of dioscin, a natural steroidal saponin, on the stemness of PC-3-derived PCSCs. Dioscin sig-
nificantly suppressed PCSC proliferation, tumorsphere formation, self-renewal capacity, migration, and invasion. Furthermore,
it induced GO/G1 cell cycle arrest and mitochondrial-mediated apoptosis, accompanied by increased reactive oxygen species
(ROS) production and collapsed mitochondrial membrane potential. Dioscin also effectively downregulated key PCSC markers
(CD44 and ALDHIAT) and pluripotency transcription factors (NANOG, SOX2, OCT4). Mechanistically, network pharma-
cology and protein expression analyses suggested that this robust suppression of prostate cancer stemness is closely associated
with the concurrent inhibition of the EGFR/STAT3 signaling pathway. Collectively, these findings highlight the potential of
dioscin as a novel therapeutic agent to overcome resistance in advanced prostate cancer by targeting PCSC characteristics and

the EGFR/STAT3 axis.
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(autophosphorylation) 232 AX|H 19| Ale & &4dsls}r,
wokx] ZARRIZIOl STAT3E Al 52, Z-&(invasion),
739719 Hol(EMT) B =714 24 FAlE
Aahks Y A2 2 2Hg-ge0

Dioscorea < V& A B FE2H A ZHZo|=A A}
3 (steroidal saponin) $F3HEQI dioscine A XZF7] AA],
A EAE A apoptosis) frE R AlE F2] A 5 Bl
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Ao ZM, M2 P=7 M| 22 314 A|A| (CSC-targeting agent)
2A19] 7k go] Barg ul ok Zejut #R7EA] 1legg
AGALL, 53] AR Z71M 2 (prostate cancer stem cells,
PCSCs) 7914 dioscino] PIX|& 23 #¢l A azte}
222 7140l A= ob2] WEs] 8 EA] STt

olof & Atoxe PC-3 AGHAYL MEFE &85
PCSCs B4S g93taL, dioscin®] PCSCs®] 521, TF+
(tumorsphere) ¥4 2 7M1 FAlol A= FFE H
7¥starzt gtk Yozt thg A (multi-targetyS 2 A A
& el = 28 7S Aske dl f-8 3 vIEY A
oF2]8H(network pharmacology) 415 AMEA R E<is)
o] dioscin®] A F8 FAE o5aL, o|& HlEeR
PCSCs WollA] EGFR/STAT3 Alsdg7 2 2 a4 £7]%
HAIAFES] W 24 AR5 dF oz A4S Aol
o] &8l dioscin®] A& A AHAY F5S 91
AR HAE 7]k csC 4 A8 FEEA Y S
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Alef A S| — 2 Aol A% dioscine MedChemExpress
(South Brunswick, NJ, USA)IIA #4381 dimethyl sulfoxide
(DMSO)l| 100 mM == g3l 20Tl Raat & AR
SHth Al vk 918 RPMI 2 DMEM/F-12 HiX|=
BANDIO (Pocheon, Korea)°ll*], EGF:= Novus Biologicals
(Centennial, CO, USA), basic fibroblast growth factor (bFGF)
+ ABclonal (Woburn, MA, USA), fetal bovine serum (FBS)
+ Neuromics (Edina, MN, USA), B-27 supplement 2! penicillin-
streptomycin-amphotericin B= Lonza (Walkersville, MD,
USA)PIA 743131t} 4,6-diamidino-2-phenylindole (DAPT),
JC-1, heparin, extracellular matrix (ECM gel), hematoxylin,
eosin, gelatin 5~ Sigma-Aldrich (St. Louis, MO, USA) A|
5 AMESI 48 AlekS 2 CellTiter-Glo®= Promega
(Madison, WI, USA), Muse® Annexin V & Dead Cell kit 2
Cell Cycle kit= Luminex (Austin, TX, USA), MitoSOX
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Red= Invitrogen (Carlsbad, CA, USA) A| &S ©]-&3}5t).
Western blotS I3t 12} &A|(CD44, ALDHIAL, SOX2,
OCT4, NANOG, p-EGFR, EGFR, p-STAT3, STAT3, B-actin)
9 horseradish peroxidase (HRP)-conjugated rabbit IgG=
Cell Signaling Technology (Danvers, MA, USA)ol|A] %13}
k.

MIZ HiF 3 E1(Tumorsphere) &M — <17 A AL
A EF PC-3= A £7-23) (Seoul, Korea)ol| A i-Fio}
10% FBS % 1% FAA17} 238 RPMI wiX 2 37T, 5%
CO, vl 1o - FA18HA T AP AL E7 141 2Z(PCSCs) =2
S fJall, E2lE PC-3 Al 2E F8% DMEM/F-12 HjA]
(20 ng/mL EGF, 20 ng/mL bFGF, B-27 supplement, 5 pg/mL
heparin, 1% A H7Hell dEste] F-i- vl Y(suspension
culture) 35T 3~4Y & FHE FTYTE Accutase (EMD
Millipore, Temecula, CA, USA)E A 2J3] ©d A2 £
she S 2-33] WHESl] PCSCsE S 531%ler, 271
AE 5o)H vl WAL Bl 1 5L AZSAk)

MEZ B4 % B9 &4 BM —PCSCs (5x10° cells/
well)}E 96-well E#|0]Ee] 3} dioscin (0.195-6.25
uM)S 427 AP esinh S % 42 7 Dol CellTiter-
Glo® 714 &9& Hrketar oA 1087 vHeA1 2,
microplate reader (BioTek, Inc., Winooski, VT, USA)Z
F(luminescenceys S43ItE Ant oA F=(IC, )=
GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA)S
o] g3l AH=EsIdith. FUg A2 7oA FAE TFTe
3715 S13=}F €v)Z (Olympus, Center Valley, PA, USA)S
2 #Fatar, J70] 100 pm oAl FEF] £ ASst
of T IS B

=5t Mgt 5|14 22X (Extreme Limiting Dilution Analysis,
ELDA) - PCSCsZ W A EE £33 96-well ZH0|E
o @AH R st oIt -2k Al 2ok FUT Al
Eo| AHIAE Bl AlYlE 200-1,000 cells/wellE, 2F&
(dioscin 0.5, 1 uM) #2]=2] H]2L AlollE 50-800 cells/well
2 H7Yeto] 497 wiFanh. 1Rt And o g 7t Ao
FRE TE A A7 R NTE AR e, &7
A3 QI%=(stem cell frequency)= ELDA A3 E ] (http:/
bioinf.wehi.edu.au/software/elda/y& A&-3Fo] £249315 T}

MIZEZF7| Y MZXIEAL 24 - PCSCs (2x10° cells/dishys
60-mm B Al B33 dioscin (0.5, 1 pM)yS 2441 7F
S A sIAnh Al EF7] A4S S8 AEE 70% ehEE
20°CollA] 24417+ 7173}, phosphate-buffered saline (PBS)Z
A3 5 Muse® Cell Cycle A|2Fo 2 3087F A5
A ZAPEA} 828 35 A ZE Muse® Annexin V & Dead
Cell AoFo2 2027 HAste] St F+ £4 25
Muse® Cell Analyzer (MuseSoft V1.8.0.3; Luminex Corporation)
£ o]&3ato] A4St Bgk, Al EAPEA] wE 3] FE
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W3S #zkelr] fJal 24A17F oF= A2 XS DAPI
(20 pg/mL)=E 30:%F S $ 33m)7(Optinity KI-
2000F, Korea LabTech, Seung Nam, Korea)>-Z #2413} t}.

EMAMAZ(ROS) ¥ O|EZ2E2|0} of MQ(MMP) X —
Dioscin 2|9l Wh2 A+8}2] ~E#X HIE 15| 9ls
PCSCsE 24-well =& 96-well S0 E9] £33} dioscin
(05, 1 pMyS- 24X17F A =)ekich mlEF =2 ok -f2H superoxide
=42 MitoSOX Red (5 upM)ZE- 30827+ 2]2]5to] F33n
74 (Optinity KI-2000F)°Z #2351 th MMP Hsh= JC-18
2087+ A2l GAgk & Th% microplate reader (BioTek,
Inc.)Z AME-31o] =4 53490 nm) thE] 228 &33(590 nm)
o] = vl&-S B Estsiint.

MIZ 0|Z(Migration) ¥ &2 (Invasion) 24 — Dioscin®]
o] 2Ad-& Transwell AW (SPL life sciences, Pocheon,
Korea)g ©]-8-3te] B7}stt. s Awell 600 pL wi=] 2k
SHA| dioscin (0.5, 1 pM)y 22|18}, A5 Ju]o] PCSCE
deste] B8 THelE B4 1x10° cells, & #4:
2x10° cells). & 4 Aloll& 245 AW WEH IS ECM
gel2 W|2] I35t ARSIITE 2441 7F vl F A HE Q]
oz olF 3 ARH AEE 70% HEERE g,
Hematoxylin & Eosin® 2 &3} A X 28 A5 H ofjgh22
g AE AX B0 (Olympus) o2 A2 5 &3z
skt

CHHE 8 BEM(Western Blot) — PCSCs (1x10° cells/
dishyE 100-mm vl HAlol| B33+ &, Z7|A L vl W
1S Y= dioscin (0.5, 1 pM)yS 72417, A5 4G
2 EAE flEiAE 2407 Bt ATt 3 A EE
2x Laemmli sample buffer (Bio-Rad, Hercules, CA, USA)®]|
gallstar 95CellA 3087 7Hgste] whdS WgAIF T
whla AJEE sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)Z #2]3}% polyvinylidene
fluoride (PVDF) W EZ|¢l o2 AARSE 3 5% skim milk (in
Tris-buffered saline with Tween 20 (TBST))Z £ZF It}
12} Ao} 4TCollA] WA WHg-A17] 5L TBSTR Al X5 5], A
2ol|A 457 HRP Z 9 22} 3|9 whEA|Z T W Bhg-2
enhanced chemiluminescence (ECL) substrate kit (DoGenBio,
Seoul, Korea)® 7&3151.2™, Image] A3 E o] (version
1.5; NIH, Bethesda, MD, USA)ZS AR&-alo] thalz wi= o)
LS A= EA 8T

HIE|3 ot2|&H(Network Pharmacology) 41 —Dioscin®]
3}8} 2= PubChem Bl|©]EH|©] 22} ChemDraw Ultra 4>
e o(version 12.0.2.1076, CambridgeSoft)s F3l &1
31312, o] & PharmMapper A1H ol & ste] A% 14
FARE dlSaideh. AP A A F-33 2= NCBI PubGene
tlolguo] ol R8I, 7 vlolE AES] {12t ID
+ UniProtS 33l @2 =502 Hasiict. 35 14
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A= Venny 2.12 2H31910H, STRING Ho]E{H| o]
Z(version 11.5)& ©]83l Tz chalzl 35 28 (protein-
protein interaction, PPI) W EH IS 7=313 0} AAE PPI
YIEL|Z= Cytoscape (version 39.1)E A28 2, CytoHubba
ZeaRle] =& X4 (Degree) ¥EFS H-83sl] A9
10711¢] 4] & E Tl (Hub protein)yS A4 3T Lo}
7h A8E 34 fRbEe] sk AETH 71 2 8
AEAGARE s)4s17] 98] ShinyGO 0.772 AE-31]
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysisS =3} 5} t}.

SAH 2 - BE AP FH4 33 o] AR NhE
TR, A= Wt B FFHAE JERAITE S
F298 SPSS 14.0 (SPSS Inc., Chicago, IL, USAYS- 28317
AH-2] (analysis of variance, ANOVA)S AA| 513t A2
ZHe] ol zfol= Tukey®] T Blal 7% (Tukey's
multiple comparison testyS AFE-31] p <0.05 ol &
AZ o3& A sk

Al A

dn o n@

PC-3 fr2ll PCSCs Hlo| &l W EV|MZEM S 4F -
PCSCs 2495 g9a}7] 918 PC3 AIEE 783 CSC Wl
& Z7(serum-free condition)ollA] wSSEATE. LukE 2l
10% B3 3 Wi 21(S-10%)014 A3+ Al 2E vlgo
Fatz]o] AdAsli= el (adherent)E 5-XgF WHH, CSC Hl
& 279 AEE Ff EE F2stke] 3xd4 7 7=
] ZF(tumorsphere)E A4 22 FASIATHFig. 1A).
H=7IMEL] A B F shR] A7 RIS (self-renewal
abilityyS H7Fsh7] flall 55 Algk 8]4] 741 (ELDAYS
3t A3}, ST el Alxs F2 A2l vls] T
34 Q= (sphere-forming frequency)’} F-2l5HA =4 UE}
v sk ApRdsE AV deg IRlskth(Fig.
1B). Yo7} 755 PCSCs 29 ¢] EA12 EAS gHels}r]
A&l 9128 B2 (Western blot) #2418 S8} th. 2 A3},
TETF A XM= F23 A o] dEHQ] =7 A2
HFH wQl CD44¢t 71552 71?1 ALDHIA1S] whald
Welo] FSisHll Skttt Egh, E7|AES] oheAd
(pluripotency) 2 w33} JElE FX]sk= dl 25220 A
ZALeIZIC] NANOG, SOX2, OCT49] W& oJA] f2l5H)
S7FetaAth(Fig. 1C). ol gk Fejetd, 7152, E414 Hs)h
= & AFlM F5E TS AIE7F PCSCs2A19] oM
£ S48 BARIAL a2 45t

Dioscine| PCSCs 34, 2T 84 A AP Kids x|
S0 — B Ao AL&H dioscin®] 3}8F ZE Fig. 2A9])
eIt} Dioscin®] PCSCse] A& @ =29 0|x|= o
S CellTiter-Glo® 4 A< F3ll %7151t} Dioscin
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Fig. 1. Establishment and characterization of PC-3-derived PCSCs. (A) Representative morphological images of PC-3 cells cul-
tured under conventional serum-containing conditions (S-10%) or serum-free CSC culture conditions. (B) Extreme limiting dilu-
tion analysis (ELDA) comparing the sphere-forming frequency of adherent and tumorsphere cells. (C) Western blot analysis of
CSC-associated stemness markers (CD44, ALDH1A1, SOX2, OCT4, and NANOG) in adherent and tumorsphere cells. f-actin was
used as an internal loading control. Data are presented as the mean + SD of three independent experiments. Statistical analysis was
performed using one-way ANOVA with Tukey’s post hoc test. *p <0.05, **p <0.01, ***p <0.001 vs. the adherent cells.

543 pME 19~ A AEE Y
¢ o2 T2 dioscin 22| T+
O 2% PCSCse] A& T4 & 2= 0]o.o

0.
Th(Fig. 2B). o] g+ A= w

=S ZAEsHl AT  UeE
AAREE =7 M E BolA] A5 B} AHA o= g
QA7) 3l T 4 A4S &S 0.195, 039,
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T& WA S T LS FEshe A 71Ko]
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Zo| 3L 7} Ak kY-S AlAFe

[
2 44
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(Invasion) 24X — A A e] 2Ads] F e} F7]2e] Hol=

[

PCSCs 292 £-8-314] dioscin®] < Transwell

A0 2 rtaelgitt. 24x17F &<t dioscin (0.5, 1 pM)yS A
2]3h A3k, PCSCs9] A2 o 582 tiz ¥l A
22.94%7HA] A =AM (Fig. 3A), Al Z)71- (ECM)yE F
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AM(Apoptosis) RE — b4 ER1E dioscin®] PCSCs <A
a7} ofw st Al 71 711ek=A] skl
A3 F417](Flow cytometry)s E-8-313 0t Al257] £4]
A3}, dioscin (0.5, 1 pM) A2] F=7}F S71el w2} Go/
G17] A|aze] H]go] th2] 46.9%°4 57.6%, 62.8%=
HA3) F7Fek vha,| S7)9F G2/M719] BlE-S ARSI
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Fig. 2. Effects of dioscin on the proliferation, tumorsphere formation, and self-renewal of PCSCs. (A) Chemical structure of the
steroidal saponin dioscin. (B) Effects of dioscin on PCSC proliferation and tumorsphere formation. PCSCs were treated with var-
ious concentrations of dioscin (0.195-6.25 pM) for 4 days. Cell viability was measured using the CellTiter-Glo® luminescent assay,
and the tumorspheres were observed under an optical microscope. (C) Extreme limiting dilution analysis (ELDA) evaluating the
self-renewal capacity of PCSCs following dioscin treatment (0.5 and 1 uM) for 4 days. Data are presented as the mean = SD of
three independent experiments. Statistical analysis was performed using one-way ANOVA with Tukey’s post hoc test. **p <0.01,
**%p <0.001 vs. the control.

(Fig. 4A). ©]%= dioscin®] PCSCs®] M EF715 G0/G1 T ERATE o] gt Al XF7] BAIE 2 Al ZAFEALR o]ojHint,
X ZHsA BAAA DNA 54 2 52415 AFHS Wb Annexin V/Dead Cell 94 24 A, T A ZAEAL HlE0]
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Fig. 3. Effects of dioscin on the migration and invasion capabilities of PCSCs. (A) Cell migration and (B) invasion abilities were
evaluated using Transwell assays. PCSCs were treated with dioscin (0.5 and 1 pM) for 24 h. For the invasion assay, the Transwell
membrane insert was pre-coated with extracellular matrix (ECM) gel. Migrated and invaded cells on the lower surface of the mem-
brane were stained with hematoxylin and eosin (H&E) and counted under an optical microscope. Data are presented as the
mean £ SD of three independent experiments. Statistical analysis was performed using one-way ANOVA with Tukey’s post hoc

test. *p <0.05
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Fig. 4. Effects of dioscin on cell cycle and apoptosis in PCSCs. PC-3-derived PCSCs were treated with dioscin (0.5 and 1 pM) for
24 h. (A) Cell cycle distribution was analyzed using the Muse® Cell Analyzer following staining with the Muse® Cell Cycle
reagent. (B) The percentage of apoptotic cells was quantified using the Muse® Annexin V & Dead Cell reagent. (C) Morphologi-
cal changes in the nuclei were observed via DAPI fluorescence staining (red arrows indicate condensed and fragmented nuclei).
(D) Intracellular ROS generation was detected using MitoSOX Red fluorescence staining. (E) Mitochondrial membrane potential
(MMP) was evaluated by JC-1 staining. Data are presented as the mean + SD of three independent experiments. Statistical analy-
sis was performed using one-way ANOVA with Tukey’s post hoc test. ¥*p <0.05, **p <0.01 vs. the control.
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T %(35.5%) THH] dioscin 0.5 uM Z2]oll4 59.1%, 1 uM
Aol 93.5%71A] FHAH 0 ' F5SFATHFig. 4B). Al
FAPEAR] FAAR] ARE BRIsH] sl FelerA, st
812 vAE B48199 T DAPI A8 Sal Al EZAPEAL]
AYZA 54U I g5 (chromatin condensation)} &)
A3} (fragmentation)S S35 #2353 tHFig. 4C). 7
EZcgols Al U AR 213 E uifshe g4 Av|HEe
2, A= SAFEFROS)0] F242 v|EZ=o v A
AMMP)] B E ZHst AMEAEARE gt
MitoSOX % JC-1 &4 &4 A3}, dioscin 412]= PCSCs W
ST S iR div] dAsH SV SH
(Fig. 4D), AA /=2 g3 vlg ag B3l nEZ=eo}
9 90 THE FUTES S THFig. 4E). o1& s 4
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Fig. 5. Network pharmacology-based prediction of dioscin targets and signaling pathways in prostate cancer. (A) A Venn diagram
illustrating the intersection of potential dioscin targets (predicted via PharmMapper) and prostate cancer-related genes (retrieved
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Fig. 6. Effects of dioscin on the expression of the EGFR/STAT3 signaling pathway and stemness regulators in PCSCs. (A) PCSCs
were treated with dioscin (0.5 and 1 uM) for 72 h. The protein levels of key stemness markers (CD44, ALDH1A1, SOX2, OCT4,
and NANOG) were analyzed by Western blot. (B) PCSCs were treated with dioscin (0.5 and 1 puM) for 24 h. The total and phos-
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ties were quantified using ImageJ software. 3-actin was used as an internal loading control. Data are presented as the mean + SD of
three independent experiments. Statistical analysis was performed using one-way ANOVA with Tukey’s post hoc test. *p <0.05,

**p <0.01, ¥**p <0.001 vs. the control.
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