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Hispidulin Exhibits Anti-Cancer Activity against Human Breast Cancer
Cells and Cancer Stem Cells
Joomin Lee’

Professor, Dept. Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

Although hispidulin (4, 5, 7-trihydroxy-6-methoxyflavone), a natural flavonoid, is reported
to exert anti-tumor activities in various cancers, the molecular mechanism related to breast
cancer stem cells (CSCs) remains to be elucidated. CSCs are found in several human cancers,
including breast cancer, and possess self-renewal properties that aid cancer recurrence and
impart resistance to chemotherapy. The present study investigates whether hispidulin can
modulate breast cancer stem cell-like properties. Exposure to hispidulin markedly decreased
the size and number of cell spheres in human breast cancer cells (MCF-7 and HCC3S).
Hispidulin-treated HCC38 cells also showed reduced markers of CSCs, including aldehyde
dehydrogenase 1 (ALDH1) activity. Moreover, treatment with hispidulin also downregulated the
protein expressions of CSCs markers Nestin and Sox-2. We further observed that breast cancer
cell apoptosis was induced subsequent to hispidulin exposure. In conclusion, we believe that
hispidulin is a potential natural compound that targets breast cancer cells and breast CSCs.
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H
og FET 4 qloH, A7 Y FYY oF E71
M|E B35} ulARE CD44, CD24, gHsio|l= &
$484 1(ALDH1) S°] JtHAl-Hajj et al.
2003; Ginestier et al. 2007). F4<¢ S71AE
e Mg E AMolof] F2% JTZ 5,
ol5Z &I A &2 AR 4le 9 F4]9
%93k g@40]cKPlaks et al. 2015).
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37 Luminal A (estrogen receptor (ER)+/
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progesterone receptor (PR)+/human epidermal
growth factor receptor 2 (HER2/neu)
(HER2-); Luminal B (ER+/PR+/HER2-/4);
HER2-overexpression (ER-/PR-/HER2+),
triple negative breast cancers/TNBCs
(ER-/PR-/HER2-)2 #4d%¥ItHFerlay et al. 2021).
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1. @M=

Ado]] AR83E hispiduline Sigma-Aldrich(St.
Louis, MO, USA)IIA F4st3lom 24 Al7HA]
-20TCoNA Eysto] ARESHRIT

2. MIEHIQYF XA

JUAFHFIAZEFR! MCF-73 HCC38
AN ZF23(Seoul, Korea)ollA EFytol 285
Aot 1% penicillin/streptomycin® 10% fetal
bovine serum(FBS; Gibco-BRL, Grand Island,
NY, USA)7} 23+ RPMI 1640 HiA|(WelGENE
Inc., Seoul, Korea)& AH&sto] 37C, 5% CO,
Z7ol A st

3. Cell viability assay
A% Y28 2957] 98] MCE-77 HOC38
AZFE 7¥2F 24 well plateol] welld x 1049

MEE B9t 1 & Hispidulin® 5222
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oftt. I & activated ALDEFLUOR reagent

¢} diethylaminobenzaldehyde(DEAB)
Sgstar 37CoA 4587 vigstitt. ALDHI

48A17F A7|gE 3 2,000 rpmOlA] 58 SO ¥4
EE71E o|8sdtod &3l trypan blue dye
(Sigma Aldrich, St. Louis, MO, USA)E ©|-&3
of GAI519 0™ hemocytometer® Ao+ A F£4L2 BD FACSCalibur flow cytometer(BD,
29| & Aloj AT Franklin Lakes, NJ, USA)E o]-&3lo] &I}
Art.
6. Western blot assay
T AIZFE phosphate-buffered

Ao o
77te)

NaCl, 0.1% sodium dodecyl sulfate(SDS), 1%

Triton X-100, 50 mM Tris-HCl, pH 8.0)2t

protease inhibitor, phosphatase inhibitor(Sigma

Aldrich, St. Louis, MO, USA)E #7}sto] A

S N YURIIE olg3tel HSAS

qrowd
saline(PBS)Z A|A3IAL lysis buffer(150 mM

4, Mammosphere formation assay
Hispidulin A&7} 9 E714Z &
28l mammosphere

A= JFs TEPI
formation assayg 435ttt Mammosphere

S 98] MEBM ®iA|(Lonza Group Ltd,
Basel, Switzerland)®l antibiotic solution(1%),

Ao 53

F 5t & Bradford reagent(Bio-Rad, Hercules,
o
gel

B27(1:50), insulin(5 #g/mL), hydrocortisone(1
ng/ml), epidermal growth factor(20 ng/mlL),
basic fibroblast growth factor(20 ng/ml),
2-mercaptoethanol, methylcellulose® %7}
sto] ARESHITE. MCF-73 HCC38 MZFE  USA)E olgsto] diids
A 8-10% SDS-polyacrylamide
electrophoresisg A5t 2 ™ polyvinylidene
fluoride membrane(Immobilon; EMD Millipore,
Burlington, MA, USA)2& 271 &, blocking

buffer(1 x Tris-buffered saline, 0.1% Tween-20,

ultra-low attachment 6-well plate(Corning,
5% skim milk)ell ¥al AR2ofA 1A17F HRSAIZ]
cleaved PARP, Bcl-2,

NY, USA)l 5 x 10° cells/well®] S== seeding 3t
T mammosphere A& Lol o]

% 79 B¢t
% FsAu|3(CKX41, OLIMPUS Co., Tokyo,
Japan)& ol&slo] 200 Hi&E TSI
& Nestin, Sox-2,
cleaved caspase 9, p53, B-actin(Cell signaling,
Danvers, MA, USA)®} 22+ FAQ] anti-mouse
IgG-HRP ¥ anti-rabbit IgG-HRP(Santa Cruz
= WA

5. Flow cytometric analysis of aldehyde
Biotechnology, Dallas, Texas, USA)
T} o]% chemiluminescence reagent(Amersham

dehydrogenase 1(ALDH1) activity
Biosciences, Buckinghamshire, UK)& ©]-83%

74710 FHRAAETOA  hispidulin 227}

ALDHI activitye] m|Al= dF= &3] HAsh

ALDEFLUOR assay kit(Stemcell Technologies;
AN

Cambridge, MAYE ©]-8-5to] &5t} MCF-7
o] TA5FE O™ Image] 1.41 software(National
Institutes of Health, Bethesda, MD, USA)Z

3} HCC38 HIZEFE 22t 6 well plated] 1 x 10°
cells/well9] 522 v & hispidulin® &%
Ha2 ATt 24A17F Fo trypsin-EDTA
(WelGENE Inc., Seoul, Korea)g A2 AL o] g3to] BAFIT}.

= Ha]st & ALDEFLUOR assay buffer?} &
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7. SAXNzE

= A ol 334 5HA HHES B9
A= A om, GraphPad Prism 6 program
(GraphPad Software, Inc., La Jolla, CA,
USA)E o]&sto] 7+ AdT 7H] /o4 A5=
AAIBHAAL HaH(mean)?}t EFZHAKSD)E L}ﬂ'
WAt p<0.05 =0l Alone-way ANOVAS &
Alste] AR Folde ASSHAH

I 234 9 &

1. HispidulinO] SUAMIZESO| MZESA0| OJX|

= gg

Hispidulin 2|7} 3AAZ] F-4lo m]%]
= G2 =4517] Y9l trypan blue exclusion
assay= APt MCF-73 HCC38 Al
hispiduling Z+Z+ 2.5, 5, 10, 20 uM SEZ 48
AIZE At Ad F A EF RRolA tRatat
Hwste] 10 pM sE=5E 94 FAaE Y
Rl Rek(Fig. 1). Hispidulin Ao oJsj A&
=42 AR el I HHoly TAE ALY
A, 7t 59 AlZFo| A= Rl It Han
et al. 2018; Chang et al. 2021; Wang et
al. 2021). Kim & Lee(2021)9] dFtolA=
MCF-73 HCC38 A|ZFE 0]-85}9] hispidulin
o] M&5¥S 3-(4,5-Dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)
-2H-tetrazolium(MTS) assay® E3o] #2135}
Rom o= & Ao Ayt FARRE: ERIT &
AU o] AF}=HE hispidulin©] AAE
27 584 F43Q0 MCF-73} A AEZA 584
=79%1 HCC38 A|ZF HFolA {HehA| o]
FA& JAlot= aE Helvk= A
At

N
&

~ 2
o o

Cell viability

(% of control)

25

0
Hispidulin (uM) 0 2.5 5 10 20

B

Cell viability
(% of control)

25

Hispidulin (pMﬂ) 0 25 5 10 20
MCF-7 (A) and HCC38 (B) cells were treated with
hispidulin for 48 h. Cell viability was evaluated by
trypan blue exclusion assay. Data are the mean + SD
of triplicate experiments (n=3).
*Statistically significant (p<0.05) compared to the
corresponding DMSO-treated control by one-way
ANOVA.

Fig. 1. Effects of hispidulin on breast cancer

cell viability.

2. HispidulinO] mammosphere formation|
0= Het

Mammosphere formation 42 self-renewal
activityE 71§02 E7|AZE Adsk= o g
AFEEE "WHolt(Wang et al. 2014). o]+ Hj
F= T B FHEVIMEE S5k YL
£ N2E g Al Bi=e] 4] g1 - FEE o
A Ak AlEEo] Jlom, olE F34 AZETt
o] ¥ MAlstaL, o E7IA1E BAIIARE st
o, FAA ] gk WS 2L A= MEZA A
AlE]ZL tHCao et al. 2018). & AFoA=
mammosphere formation2 A5 Y3l
MEBM ®iA|E o]&3t] 242 platedM
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Hol AZE kst o™ hispidulin A 27} o]
59 P4l vA= e TEHsIA. MCF-7
2 HCC38 AlZZ0] 79 &<t hispidulin(10 ¥
20 pM)E AT 2y, T AlEF ERoA
mammosphere?d] ¢} 27| {J5HA HAaH
<= ZRIsk3ItH(Fig. 2). ]2’ Z3k= hispidulin
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(A) Images show the morphology of MCF-7 and
HCC38 cells treated with hispidulin for 7 days
(Magnification x 200). (B) The relative number of
cell spheres under hispidulin treatment. Data are the
mean + SD of triplicate experiments (n=3).
*Statistically significant (p<0.05) compared to the
corresponding DMSO-treated control by one—way
ANOVA.

Fig. 2. Effects of hispidulin on the stemness
properties of breast cancer cells.

3. HispidulinO| ALDH10{| OJX|= &g
Y @A9] dE7IMIZE= ALDH isoform®

LEg 7o ® AEg 4 glom o] F ALDHI

X qAAZ g ARSHti(Ma & Allan 2011).
ALDH19| 842 o, A%, 9], ¢4, 4 2
A7 SAOIA AT7E SA] 2 YA Aet
#o] okl EHA JAtHGinestier et al.
2007). & @7= HCC38 A&EF=| hispidulin
= A=3 23}, DEAB7F J7HE 34 tiRTHolA
+ ALDH1 27d°] glou, DEAB FA 23t o
A19] ALDH1 4L 20 ¢M 5= hispidulin
Az Qs dixaEot fojdog ARt
(Fig. 3). WA % ALDHI1©]| hispidulin A&
of ogt FHt A& E oHE 91t A= #ZH 0]
2 5 9JZ AoE AlrdH

DMSO Hispidulin 10 uM Hispidulin 20 uM
+DEAB +DEAB +DEAB
H E
B ] 3
xg 021 £ .
¥ $-
8 i H
E ) E 3
Hispidulin 10 uM Hispidulin 20 uM
-DEAB -DEAB

ALDH1 Activity (%)
B

o
Hispidulin (M) o 10 20

(A) HCC38 cells were treated with hispidulin and
subjected to the Aldefluor assay. Representative
images are shown for HCC38 cells. DEAB was used
as the negative control. (B) The data on the
quantitation bar graph is the mean + SD of three
independent experiments. *Statistically significant
(p<0.05) compared to the corresponding

DMSO-treated control by one-way ANOVA.

Fig. 3. Inhibitory effect of hispidulin on the
ALDH1 positive—cell population.
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4. HispidulinO] Y=7|ME QIXtof O|Xl= H&k

Oct4, Sox-2, Nestin, CD44 52 4=7|Hx
o] B fAl F483 AxE LA JtHKim
& Lee 2021). WehA FHAARZFOA o]59
o] hispidulin #2j] 2Jsf dupu HI}E QL
2] Yol v} 51k MCF-7 2 HCC38 A%
Fof 48A17F B9 hispidulin A5tES 3%,
Nestin ¥ Sox-29] Thldl W&o] tfzxko] H|5]
FAaghe BRI5HATE Nestin®] o] &2 49

TR &2 B9t Bluskele W S¥F A
2 AFAo] 9o (Liu et al. 2012) gHIet =

71AI 24 Nesting knock down A%l 39+=

oN

s

HY,

cell cycle arrest, apoptosis &, A& o]5 2
epithelail mesenchimal transition(EMT) A
2 o]ojZAtHZhao et al. 2014). E3F M =
ZIAZA A Fa% ASHAE HF=2Q Wnt/B
-catenin /435 Woflcl= A= THEIH
(Zhao et al. 2014). Sox-27} A= H9+=
mammosphere formatione 7k&53lsto] 41F
A E7IMES] A7E A FH SR = o] A
P K Mukherjee et al. 2017). & <
k2|

o]

[o]

A

=
o]

=

A3}, hispidulin o] &) o] Thg Wt
o] Z+AHEE FQlstglon ol U=7|AE

= AT = Sle Aoz AL,

el

oXx,

4. HispidulinO| apoptosisOll O|Xj= &

27 AEZ= AE W BELZ sl A= AFES
AA5h= HAYZol 2J&shH, ol=et ®HAZ 3t
st 4 A 8¥ 52 BolAE AdEVIAIRTY
AZESE = QA SFHFulda et al. 2010). djEEe
MZAPE ASAG 2= 2EHO0FE caspase?]
4312 25 (Boatright & Slvesen 2003),
3Rl F 7HA] Azdg F=Eel QQldy Wl

4 AR A AFEATAE AAE dE7IMARE

7} f35tAY dlHste BEE Aot
A HcHFulda et al. 2010). & d3=

A|ZZ=0 Al hispidulin®] apoptosis©l] T]A]|
TS dotr 7] ) western blot2 39 &
g I S ERIsklnh. A A, T Alx
F HFo)A hispidulin 2ol 9Jsf Bel-29] &
1 AL tiRatol] WIS A4St e cleaved
PARP, cleaved caspase-92] Thijd drde =
7Fes TESIT p539] -9+ HCC38 Al=Z
o] Hls) MCF-7 Mz=39] oaid o] 37t
7b ke UEhiSItHFig. 4). ol23t ATE
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Bl | e— B-actin [

Hispidulin (M) 0 10 20 Hispidulin M) 0 10 20

104 02
Sox-2 [
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MCF-7 HCC38

1 10= 10< 110 10<
Cleaved PARP [T S a-—
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Hispidulin (uM) 0 10 20

Cleaved PARP ——
B-actin | ——
Hispidulin (WM} 0 10 20

Bcl-2
Bactin |

Hispidulin (uM)

Cleaved caspase-0
p-actin [§

Hispidulin (M)

ps3
p-actin |8

Hispidulin (M) 0 10 20

practin [ —

Hispiculin (M) 0 10 20

(A) The protein levels of breast CSC markers, including
Nestin and Sox—2, were assessed by Western blotting
following hispidulin treatment for 48 h. (B) The protein
levels of apoptosis—related markers were assessed by
Western blotting following hispidulin treatment. Data

are the mean + SD of triplicate experiments (n=3).

Fig. 4. Hispidulin inhibits breast CSCs markers and
induces apoptosis in breast cancer cells.
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