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ABSTRACT

Effect of hispidulin on epithelial-mesenchymal transition

in breast cancer cells.

by. Kim, Hyun a

Advisor : Prof. Lee, Joomin, Ph.D.
Dept. of Food and Nutrition,

Graduate School of Chosun University,

Gwangju, Korea

Breast cancer is a leading cause of cancer mortality for women
worldwide. However, many anti-cancer drugs have been associated with
adverse outcomes. The epithelial to mesenchymal transition (EMT) is the
conversion of epithelial cells into mesenchymal cells, which is an important
mechanism of epithelial tumor progression, invasion and metastasis.
Phytochemicals have been reported to interfere with a specific stage of the
carcinogenic process. Herein, we investigated the effect of hispidulin, a
polyphenolic flavonoid, on EMT in human breast cancer (MCF-7 and HCC38)

cells. Hispidulin inhibited cell proliferation in both MCF-7 and HCC38 cells.
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Hispidulin (1.25, 2.5 pM) increased the mRNA and protein expression of
E-cadherin and occludin and decreased the mRNA and protein expression of
vimentin in both breast cancer cells. In addition. co-treatment with
hispidulin and TGF-B up-regulated the protein of expression E-cadherin and
occludin against TGF-B-induced in MCF-7 and HCC38 cells. The protein
expression of vimentin in HCC38 cells were increased after TGF-3 treatment,
but these effects were reversed by hispidulin and TGF-B co-treatment. We
also showed that hispidulin decreased TGF-B-mediated phosphorylation of
Smad2/3 in MCF-7 and HCC38 cells. These results revealed that hispidulin
inhibits the TGF-B-induced EMT via down-regulation of Smad2/3 signalling
pathways of breast cancer cells. Findings from wound-healing and transwell
migration experiments provided that hispidulin inhibits TGF-B-mediated
migration in MCF-7 and HCC38 cells. These results suggested that the
inhibitory effect of migration by hispidulin may be linked with the inhibition
of EMT by suppression of Smad2/3 signalling pathways in breast cancer

cells.
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Yol Al 2 9Al, Holy B FUPHY So| HPACHIL). FA

2 BERE = A 182 vljolwAl (embryogenesis), JHid A (gastrulation),

Al7dE= & A (neural crest formation)o]] 285k, A 28L& £ X19] 1A (tissue

ot

regeneration)a} 4&A X7 (wound healing)o]l #siEfo] lon, & 382 Lo

+ (invasion)1} o] (metastasis)ol] #o{gth(13). Aoje] £7] HAFoM = £7]9

=

WS FYoIA OFE £F 02 o]5sy] ) EMTE Uojun e £KOZ ofF

S B231517] QsiA]l+= mesenchymal-epithelial transition (MET)o] dojubA] =

in)

djm

(14). EMT= M= 9] 8% S, Al29 34 4A Az &4 571 59
gol  len, FME7F EVIMEY  fARE FES A "ok

L5,
E-cadherin, occludin, claudin 59| epithelial marker7t Zr4sH Y

2

k

N-cadherin, fibronectin, vimentin 9] mesenchymal marker?} Z7}st= Z1-&
EMTO] 7124l d%FoltH(16).

Cadhering NJz°| mHof| EAlists FEWMA 2 Nm-Alz 7to] FAF (Cell-Cell
adhension), AlZ2] FEfFA (morphogenesis), & Sof £Q3st dste 5l0, Ca™
of ©9J&ste] adherens junction (AJs)ef= AME-MEZE  [ARS FAJSHCH17).
Cadherin2 200 7HA] &77F lon, drtdoz AJmA|iLo= E-cadherino] &
A v FAME A= N-cadherino] ¥AHCH18). E-cadherin ¥39 74 =
N-cadherin H#9] Z7h= M2o] BAYPS HSMA[7]L N2 o]zo] &Hsx|y
M ZE 2T A= Q] 7189] WHels Fof Holet Aes F7HIRITHIY, 20).

oF

[e]

o

19

EMT L T3t= QAXtRE= transforming growth factor-B (TGF-B),

uju

epidermal growth factor (EGF), hepatocyte growth factor (HGF), fibroblast

growth factor (FGF), insulin-like growth factor (IGF)?}F 9lon, XArA
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(hypoxia) &golM = EMT7} f=9ck21). £35] TGF-p7F EMT {%= QA= & &
24 Qltt. TGF-B signaling> EMTRQF ofy2} A|ist, MEAR, Fofe #ofst
0, smad-dependent signaling® smad-independent signaling2 UYxo{& 9Qlt}.
Smad-dependent signaling= Smad2/30] UAIs} &0 Smad49] =2 Hro} 3H
o2 E0j7} E-cadhering A735t1 Smad binding elements (SBE)o| ZA3grsto]
EMTS & %54 =tH22). Smad-independent signaling= MAP kinase (MAPK)
pathway, phosphatidylinositol-3-kinase (PI3K)/Akt pathway =< I35,
MAPK pathwayoll= ERK/tyrosine phosphorylation pathwayy JNK/p38

pathwayo| QJTH23).

P
ol

Aot Hsd 2

Hispidulin (4',5,7-trihydroxyl-6-methoxyflavone)2 % & of
2t¥rolt 31§tE 2, Grindelia argentina, Arrabidaea chica, Saussurea
involucrate, Crossostephium chinense®t 22 AlE2E53y} &4 (Artemisia) 12] 1
HIAAFEY] 4 (Salvia)oll S0l EAiITH24). o2 AAE01A hispiduling U]
(anti-obesity), &8t  (antioxiant), $=9dwHo| (antimutagenic), FHZS
(anti-inflammatory), &% (antineoplastic) £9] &35 9raiylitH25-29). E3ST
52178 ERAsto] hispiduling @¥-+ FHS U= 9™ 2t qlod,

bupivacaineo] °Jsf FdE A=) it AHES gyt &M ItH30-31).

¥8F ofYz} hispiduling WA AAlzof Qst AF g4t = A S YAIeH,
=035 WA a5 98 Zthes A 2A2A hispidulin®] 7HsAS AlAlEIcH
(32-33)

AN =7t gAEo] o] wE £z SAstke A2 Az giaAQl E40]
of YA g 7] AN e SAEE AASHs ol &8 FAo|loy, A
A= dAZQ HolE Aslishe Aoz HalsIITH34). EMTof gt A7t o] F0f
AHA EMT 28 =2 o9 RolE A 4 k= Aol Ysidon, EMT 442
ARt LA NEe] 7Hs/d= AAISEAT(35). & AolA= A4 E2u=7
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otgd=9 ¥F<Q hispiduling 0]85t0] AA FHL A3l MCF-732F HCC38 A

Z30] g mRle ¥dS Felsk TCF-B A= f=d EMT 28] njx=
K
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M2 A8

1. Reagent

(o))
=]

of AFE-E hispidulin® Sigma Aldrich (St. Louis, MO, USA)ojJA]
Fa5t9 o0, dimethyl sulfoxide (DMSO)9] 40 mM =% 2 stocke U=
Ahg Al sEWE 8)astol Algalgict. Hispiduling 7%: Figure 17} 2t}
MA, USA)IA FYstA o

S
T

TGF-B= Calbiochem-EMD Millipore (Billerica,
4 ng/mL =% 2 distilled water (D-W)9]] =9 stockS e & AFRS5HGIT

OH

HO O

H3CO
OH O

Hispidulin

Fig. 1. Structure of hispidulin.
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2. Cell culture

B Ao AFRE QA SHIIAN|ZZE estrogen receptor positive (ER+) MCF-7
I} estrogen receptor negative (ER-) HCC38L sI=2AN|Z 7238 (Korean Cell Li
ne Bank, Seoul, Korea) 258 Fofgtop & AALOA AThujstHA ARE-st
ot MCF-71F HCC38& 1% penicillin/streptomycinit 10% fetal bovine seru
m (FBS)& =3tst RPMI 1640 8jX] (Gibco-BRL, Grand Island, NY, USA)E AR
st o, 5% CO,; AEj7F SX]E]= 37°C incubator (MCO-18AIC, Sanyo, Osaka,
Japan)ofl Al v ST

Cell stocks> HR|AA0] HHSIHA ARESIROU, NZE HigE 4% 2,000
rpmofl A 57 F<t AiEe|sto] stock® DMSOE A|7sto] vieshict. ATulet
< 2J8l mediaS A|A5tal phosphate buffered saline (PBS)Z 23] washingst H
o Trypsin‘'EDTA (Gibco-BRL, Grand Island, NY, USA)S A|2|sto] A|ZE T©of
T2, 2,000 rpmof|A] 587 PAlE2]5te] cell culture plated]] E4335to] viYFs}H

%t

Collection @ chosun



3. MTS assay

Hispidulin &J2jo] gt MCF-7at HCC389] & Al awts F4s5t7] st
MTS assayS 48§53t
96 well plated] MCF-73} HCC38L 3x10° cells/welle BZ5t0] 24A|17F Z9
HiFAIA  QPgeRAIZATE. Hispiduling ©@= A2jgt 4¢ 10% FBS mediad
hispiduling =%=% (1.25, 2.5, 5, 10, 20 pM)Z X{st¥or, TGF-BLt
hispiduling = A]of] A2]st 74 20= serum free mediad] TGF-B (10 ng/mL)2}t
hispidulin (1.25, 2.5 pM)& 24A|17F =9F X85ttt I 3, 7t wello]] CellTiter
96® AQueous One Solution Cell Proliferation Assay (MTS) €9 (Promega
Co., CA, USA) 20 pLE o] 4A)7F =9I ®¥FEA]7|HA] UV-spectrophotometer
(Bio-rad, Hercules, CA, USA)S 0|85t 490 nmoA] 308 T =2 SLE =
st A
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4. Reverse transcription polymerase chain reaction

(RT-PCR)

Hispidulin #2]o] 9]t MCF-7x} HCC382] EMT ¥ mRNA & & &HQIstH]
2]5to] reverse transcription polymerase chain reaction (RT-PCR)S 385191
o}

60 mm disho] 5%10° cells/dish?] ML= EZ3 & hispiduling =9
(1.25, 2.5 pM)2 X85ttt 24A17F ¥ vjYgo] B4 AN|ZE= RNeasy mini Kit
(QIAGEN, Maryland, USA)E  ARE5}o] RNAS  FEs5IYt) RNAE
UV-spectrophotometerS ©o]83sl] A=Fst & RNA 1 ugdt oligo dT (Bioneer,
Seoul, Korea) 1 pLE Y1 70°ColA 58 =9 incubationstgtt. Z]E volumeo]
20 pL7t =% diehtyl phosphorocyanidate (DEPC)S Rj¥ 42°CojlA 60&, 94°C
oA 5E =9 cDNAES 3Hdst9ct. 43St ¢DNAS PCR-premix (Bioneer,
Seoul, Korea)E ©|-&3ll S5t . 2% agarose gelo|A| R7|F&5to] RAIAY] &
318 =I5I3it;. House-keeping genef 2@ B-acting AR35IGOon AFRH

Primer= Table 13} Zc}.
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Table 1. Sequences

of primers used for reverse transcription

polymerase chain reaction.

Gene

Primers

E-cadherin Forward

Reverse

5-AAAGGCCCATTTCCTAAAAACCT-3

5-TGCGTTCTCTATCCAGAGGCT-3

occludin Forward

Reverse

5'-GCAGGAAGGTCAAAGAGAACAGA-3

5-GGACTCGCCGCCAGTTG-3

vimentin Forward

Reverse

5-CTCTTCCAAACTTTTCCTCCC-3

5- AGTTTCGTTGATAACCTGTCC-3

B-actin Forward

Reverse

5-CTGGAACGGTGAAGGTGACA-3

5-AAGGGACTTCCTGTAACAATGCA-3

Collection @ chosun



5. Westerm blot

Hispiduling A2]gt MCF-71F HCC389] EMTad TheRZlo] disig 2hQlstr| £
3l western blot2 AlA|5}SICT

60 mm disho]l 5x10° cells/well®] cellS seedingsto] 24A17F SoF wjFA|Z ch
Hispidulint ©@=0 2 Xa|st 749, 24A|7F =oF 7H7ho] =rd (1.25, 2.5 uM)Z
At & ARgSHRTh. TGF-Bot hispiduling o] -FAJo A|2|gh FLoll= 24249]
NEZZS 16A1ZF =9 serum free mediad|A] starvationst H TGF-B (10
ng/mL)e} hispidulin (1.25, 2.5 pM)2 A 2]= st 24A13F F prepsto] Ao Ab
&stict.

3]38F A|Zof| protease inhibitor?t phosphatase inhibitor (GenDEPOT, TX,
USA)7} mgte lysis buffer (150 mM NaCl, 0.1% SDS, Triton X-100 and 50

mM Tris HCI, pH 8.0)5 il 4°CojlA] 30& =9t vkSA]7l & 14,000rpmoj| A 25
w1 A5t pellets Alefet 45AS 2sAt. @A 2 Bradford assay

(Bio-rad, CA, USA)E o]&3] XA

ot

5t9ion Laemmli's SDS-Sample Buffer
(GenDEPOT, TX, USA)o| =3t <o

2 ALg3ICY,

1o
r
1z
i)
tlo

gy 587F 2o loading sample

8~12%9°] SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide  gel
electrophoresis)o  10~30 pg9 ©THAES 24K 308 AVIFEd &
polyvinylidene difluoride (PVDF) membrane (Bedford, MA, USA)o| &7 2A|7F
=0t transferstgitt. Transfer’} Y membraneL Ponseau S solutionoz &
Msto] CHBAlO] sizeZ e9lstn TBSo| 0.1% Tween 200] ZEH TBSTZ

washingst &, 5% skim milk2 1A]ZF =9F blockingst¥th. 5% skim milko]] 3]
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A5t primary antibody: 4°CollA] overnightst Hof TBSTZ 30% washingd}til
secondary antibodyS room temperatureoA 2A]7F =oF ¥FSA|Z T TBSTZ
308 washingst H AoA enheanced shemiluminescence (ECL) solution
(Amersham Biosciences Co., Buckinghamshire, UK)S& A}838t0] X-ray filmoj
GEAA Tl HadS Felstlnt

Ao A= primary antibody®l B-actin, total-Smad2/32 Santa Cruz
(Santa Cruz Biotechnoiogy Inc., CA, USA)ofA] JLU§5}¥ 1l phospho-Smad2/3
2 Cell signaling (Cell Signaling Technology, MA, USA), vimentin® Sigma
Aldrich (St. Louis, Mo, USA), E-cadheriny} occludin& BD science (BD, USA,
NJ)oflA  tofjste] ARESHSTH secondary antibodyQl horseradish peroxidase

(HRP)-conjugated anti-mousex Santa Cruzol|A], horseradish peroxidase

(HRP)-conjugated anti-rabbit2 Cell signalingof|A] +43sto] A2},

_11_
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6. Confocal microscopy

Hispidulino] QIA| H{uret ANZZQl MCF-71 HCC380o4 TGF-p= S=9
EMT <Al 23} & E-cadherin®] 232 Jgolujx|z A

12 well plated] coverslipS 7t § 1x10°7§2] AM|Z2 seedingdlil 24A17F
TGF-B 10 ng/mLe} hispidulin 1.25, 2.5 uM& ZA|of| A2|stgct 24A17F 5,
PBSZ 23] washingdtil 4% paraformaldehyde (Biosesang, seongnam, Korea)
2 1AIZF ZoF AlofA TASH & 0.5% Triton X-100 solution2 A7} 108 =
oF YF2 A7t} 1% bovine serum albumin (BSA) solution© 2 1A]7F=-QF Al20
Al blockingst H primary antibodyS 1% BSA9]| 3]A3to] 4°CojlA] overnightd}
gt PBSZ 23] washingdt § secondary antibodyS 1% BSAo| 3]Asto] A
ol 1A]ZF &2]5tal PBS=Z washingst Fof 4',6-diamidino-2- phenylindole
(DAPI) staining solution2 Al20A] 1587F X 2|8t confocal 0|73 (LSM-700,
Carl Zeiss Microimaging Inc., Stockholm, Sweden)E ©]83l 4008j&= HASH

At

_12_
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7. Wound healing migration assay

Hispidulinofl oJgt QIAl R2fet Al (MCF-7x2F HCC38)9] o]&/d9] Al A&
grolst7] 298 wound healing assayS A|385}3ict.

12 well plateo] 4x10°7§2] MCF-71} HCC38 MZZ seedingslo] 90~100% & T
Atet==et F, mediaE A|SHAL pipet tipQ2 well 7F2HE =0l woundE U=
ott. 1% FBS7F 3 mediac] TGF-B 10 ng/mLe} hispidulin 1.25, 2.5 uM<
A2lsto]  24A17F BiYERYITH MediaS A|Asta PBSZ 23] washingdt H
methanol2 58 =0F WA A|7|1 Giemsa stain solution (St. Louis, Mo, USA)Q
2 IARE 3¢ AT S/42 washingstil 71xst & Fshadolg (CKX4l1,
OLIMPUS Co., Tokyo, Japan)2 ©o]&3}o] 200882 A5ty &3510] Image ]

program (NIH, Bethesda, MD, USA)S o| &3] £4519ic].

_13_
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8. Transwell migration assay

uju
ot

Hispidulinof] 9]gt QIx] GuFet A= (MCF73} HCC38)9] o]= <A st ol
5171 ¢l Transwell migration assayS A|S§s}iCt.

MCF-71F HCC38< serum free mediaS ©o|&35to] Transwell plate (Costar,
Cambridge, MA, USA)Q] upper chambero]] 1x10° cells, TGF-B (10ng/mL)Q}
hispidulin (1.25, 2.5pM)2 =A]9] &X2]st¥tt. Lower chambero= 5% FBS7F &
gtel medias 500 24A1%F $, o]FokA] &2 transwell chamber $%9]
MEES HEeo=z AAst, vEgEZ ol&sto] b7 ¢ AlZE 1AAIZH.
Hematoxylin (St. Louis, Mo, USA)S o]&3sto] 108 =oF HAST H eosin (St.
Louis, Mo, USA)e 2 5F FMsitt. 5/4= washingsto] AXRA7]

s
d= ©l8sto] 400df&= AMS #9Gsto] insert offi 2 o]53h NS HISHAU

_14_
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HE Age S5Y40R 38 dhs ARgstolon, 24 ddd e gold de2
SPSS (Statistical Package for Social Science)S Argstgch 7 ZAts H4

(mean)¥t BEZFWHXL (SD)2 UEJY 1 UAPHR] BAFEA (one-way analysis of

variance)e £8l AlASIRo0], 7t Ao BAAM olde p<0.05 LEOA

_15_
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1. Hispidulino] & Al x30] UX]= 9T

3. 1. A. Surot Azl AAto| n|x]= AT

Hispidulino] QIA|-88kQt M®ZQl MCF-71} HCC380] njx]: d3Fe H7]|9dl
HA NZEA 922 MTS assayz =45t Hispiduling DMSO0] =0 40
mM stocko & Ut= & 1.25 2.5, 5, 10, 20 pM& 3]Asto] MCF-7x1F HCC38 A|
H o 24A17F =9t A2lst¥ o, DMSOE A2|$t controlg 100% 7|50 2 AN
A dAles BAsHRH. 1 ZAate Figure 29F o MCF-71 HCC389
hispiduling 1.25, 2.5, 5, 10, 20 yM=Z X|2]5t9S © MCF-72 7zt 2.6%,
7.9%, 12.2%, 21.9%, 50.6%2] A= A% AX&S HFon, HCC38L 0.9%,
1.9%, 4.9%, 9.5%, 13.2%29] N&x 4% AX&S Bt MCF-71F HCC38 AN|Z=ZF
D5 5 uM o9 F=olA N;O dio] foAer AFEHE= dTde Bioh o
2t oFZo] Mlzo] =40 dTFe UAIA ¥ s= 1.25, 25 pM 55 2 ¢

Tol ALgst712 stk

_16_
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MCF-7

150

=3

[=]

=]
1

Cell proliferation
(% of control)
S

0 -
Hispidulin (pM) 0 125 25 5 10 20

HCC38

150

=3

=]

=]
1

Cell proliferation
(3 of contral)
g

o -
Hispidulin (pM) 0 125 25 5 10 20

Fig. 2. Cell proliferation of MCF-7 and HCC38 breast cancer cells after
treatment with the indicated concentrations of hispidulin for 24 h
by a MTS assay. All the values are expressed as the mean * SD
of at least three replicate experiments. Significant at "p < 0.05

versus DMSO-treated group.
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Fig. 3. Effects of hispidulin on EMT-related mRNA expression in breast
cancer cells. RT-PCR analysis of E-cadherin (MCF-7 and HCC38
cells), occludin (MCF-7 and HCC38 cells) and vimentin (HCC38
cells) after treatment with 1.25 or 2.5 uM hispidulin for 24 h. Each
value was normalized to B-actin as the housekeeping gene. All the
values are expressed as the mean * SD of at least three replicate

experiments. Significant at "p < 0.05 versus DMSO-treated group.
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of hispidulin on EMT-related protein expression in breast
cells. Western blot analysis of E-cadherin (MCF-7 and
cells), occludin (MCF-7 and HCC38 cells) and vimentin

cells) after treatment with 1.25 or 2.5 pM hispidulin for

24 h. All the values are expressed as the mean * SD of at least

three replicate experiments. Significant at p < 0.05 versus

DMSO-treated group.
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Fig. 5. Cell proliferation of MCF-7 and HCC38 breast cancer cells after
treatment with the indicated concentrations of TGF-f (10 ng/mlL)
and hispidulin for 24 h by a MTS assay. All the values are
expressed as the mean + SD of at least three replicate experiments.
Significant at *p < 0.05 versus DMSO-treated group and *p < 0.05

versus TGF-B-treated group.

_23_

Collection @ chosun



3. 2. B. Hispidulin¥} TGF-B #2]7} EMT @4t t]X]&= I

TGF-B 4 JWAZAN Mz Lafeh A Afolo] FYe gAlst: AEe
FTH38). SHAIZ Qo] AIWE|A TGF-pi EMTS ABREY A2 SxIsto], 2oix]

Aol 2F-gsto] o] S FAAZTH39).
Hispidulino] TGF-Bo] 9o =% EMT o] DjX]e FFS Lotr 7| sk

TGF-B2} hispidulin (1.25, 2.5 pM)S =A]o]] A2t & EMT 314t #ojsh= ot

UiA HelS western blots &5l #ASICH L Aut= Figure 62 Zt}.

0l
L

MCF-7 MZz9] TGF-f& A 2|3t 732 DMSO-controly}t 8B]u35to] E-cadherin
1} occludin®] THEEZAl dfslo] QojxMo g ZFASHYETH TGF-Ret hispidulin 1.25,
2.5 iMS FAlo] A2lslE o, E-cadherin® TGF-f ©5% A2]atat H]ws}o]
hispidulin®] %7} ZolA4=2 Goldog =715ttt Occludin® TGF-p ©=
A2ltoll s TGF-B} hispidulin 1.25 pM3& A2J5tS o FHA 718 &
At

HCC38 AM|Z=%9] 74%, DMSO-controly} H|wsle TGF-& A|2]st¥& T
E-cadherin®] ©HRAl ¥Whslo] 7FAShH= F3FS H T, occluding §9o]jdoz ZHa
SATH EF TGF-B ©= X2]wto]l vls] TGF-Pet hispidulin &A] A]2]wof| A
E-cadherin®} occludin®] ©HiAl disjo] @ = ©O0lX0o] =712 W rh Vimentin
of Tl HAZFZ TCF-BE A]2jste DMSO-control o8] FoAQl S7He HA
o0, TGF-Be} hispidulin 1.25, 2.5 pM ZA] X 2]LoA] §oAlo 2 F4AsHYT)

Western blotQ & 315t E-cadherin®] &g A|ZtA oz 3H0I517] 95

E
confocal @072 o|-&er FFFAMG AlsYsto] WA, 1 ZBat= Figure 7, 8

3} 2t
_24_

Collection @ chosun



MCF-71} HCC38 M|Z=Zof TGF-RE A|2|5t9 S ™ DMSO-controli}t H|ws}o]

E-cadherino] 7ZtAst= Z1& A6y T TGF-BRF hispidulin 1.25, 2.5 ptME =

%

Ao g 49 TGF-p @50z At Al2o d|s] TGF-BL} hispiduling &A|
A2]gt Ma&Lo] E-cadherin @¥do] 716t A& & 4 A} o|= <QIs} hispidulin

o TGF-goll ofsl §EH EMT Mol &3} QIcks A S

_25_

Collection @ chosun



MCF-7

Ecadherin  p—— Occludin |G-
FET e SANN o ——

(=]
=
in

£ —4 E
B2 12 = 53 4

'\E_ =T
2 = 1 B T
U = =
o2 L} 3 0.5
2805 287

o4 o]

] ]

TGF-§ - + + + ) T.GF.-E - + + N

Hispidulin (M) 0 a 125 25 Hispidulin {uk} 0 a 128 28

HCC38

E-cadherin e Occludin [ Vimentin [

B-actin S ot S——— -2C1 S

_ 2 3
£ -— | = = £ o —
B 5% 1 | = pd g | —

EEZ, Bz EE

z k u 3 3§

EE 2F e E

£ o} =

=0 0 1]

Hiap-!-izslﬁi-rg[ph’} 0 ; +2"~ 2.+5 HiapTi:Gﬁi_rg[w} o ; 125 25
Fig. 6. Effects of hispidulin on EMT-related protein expression in breast
cancer cells. Western blot analysis of E-cadherin (MCF-7 and
HCC38 cells), occludin (MCF-7 and HCC38 cells) and vimentin
(HCC38 cells) after treatment with TGF-f (10 ng/mlL) and 1.25 or
2.5 uM hispidulin for 24 h. All the values are expressed as the
mean * SD of at least three replicate experiments. ‘p < 0.05
versus DMSO-treated group and *p < 0.05 versus TGF-B-treated

group.
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Fig. 7. Immunofluorescence analysis of E-cadherin expression in MCF-7

cells after treatment with hispidulin and TGF-f for 24 h. Similar

results were obtained in three independent experiments.
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Fig. 8. Immunofluorescence analysis of E-cadherin expression in HCC38

cells after treatment with hispidulin and TGF-f for 24 h. Similar

results were obtained in three independent experiments.
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Fig. 9.

breast cancer cells. Western blot analysis of phospho-Smad2/3 and
total-Smad2/3 (MCF-7 and HCC38) after treatment with TGF-B (10
ng/mL) and 1.25 or 2.5 uM hispidulin for 24 h. All the values

+

are expressed as the mean SD of

experiments. Significant at "p < 0.05 versus DMSO-treated group

and *p < 0.05 versus TGF-p-treated group.
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Fig. 10. Effects of hispidulin on the wound healing migration of breast
cancer cell. Wound healing assay using confluent monolayers of
MCF-7 cells treated with TGF-B (10 ng/mL) and hispidulin 1.25,
2.5 uM for 24 h. All the values are expressed as the mean + SD
of at least three replicate experiments. Significant at p < 0.05

versus DMSO-treated group and *p < 0.05 versus TGF-B-treated

group.
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2.5 uM for 24 h. All the values are expressed as the mean + SD
of at least three replicate experiments. Significant at "p < 0.05
versus DMSO-treated group and *p < 0.05 versus TGF-B-treated
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Fig. 13. Effects of hispidulin on the transwell migration of breast
cancer cell. Transwell migration assay of HCC38 cells treated with
TGF-B (10 ng/mL) and hispidulin 1.25, 2.5 pyM for 24 h. All the
values are expressed as the mean + SD of at least three replicate

experiments. Significant at "p < 0.05 versus DMSO-treated group and

#p < 0.05 versus TGF-B-treated group.
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OF epithelial marker:= 7t4A 35t mesenchymal marker=

%

o] A FFL M=F A2 A
o=
(o]

Z7tst= EAlo] it} Hispidulin® EMT A &35 H7|9]8} epithelial marker
o1 E-cadherinyt occludin, mesenchymal markerQl vimentin® mRNA 3 Tl
A Wehs sk oh. MCF-73F HCC38 AM|Z2Z0of hispiduling A2lot¥& 742,

NEZZ B 50|A E-cadherindt occludin® mRNAQ} THuiAlo]l wis] mT =7t

4n

F99ony, HCC389A] vimentin® mRNAQ} THixlo]l Wil 7hASHSICT

Ol

E-cadherin® EMT9] %7| @A A ZFASH] =W, adherens junctiono] o3
+ ©URAo|TH(59). £AlZ AZGNF = adherens junctiono] ZASHH AMEZ= A
S ol&sHl ==t ol & Holo Fagh dFS sH(60). Occuludin tight
sty ERlez A&

7Ho] Ae& gh=rk(61). Vimentin2 Al I § £7F A0 A 2 mesenchymal Al

c
]
Q
=
O
]
®
=
3l
r2
rf
E
Hﬂ
=
[+
1)
=
[+
>
ol
i)
1
Jo
2
=
re

woj go] WHEE Aoz ein glom], Amo] FA, o, Az Alsel vy
o] Ir}(62). ol
*l2lste] EMTE §&3 hispidulin®] oix] 528 stk

fu

QI5H hispidulin®] EMT A 7Hs/d& EQFon, o] TGF-BE

g dzol &eict. B doAlzoM s $F dAl I2S sHRIT S IIM =

o
o
i)

tlo

FRA710, A2 FY, Aol & &7IMxE B4, ¥ IA 59 I 59

12
et
tlo

QFTH63). TGF-pol ofsfi EMT7F Rredths AMdS AZHjdez 9isiio

0, TGF-B7} epithelial marker= 7ZtAA]7]1 mesenchymal marker= Z-7A]7]
™

=
=]
10
Mo
offl
ox,
tlo
o[\
N
N
>,
r\U

tH64). ¥ ALo|A] MCF-73F HCC38 A|ZZof TGF-B
S Agst AL, N=Zo HZAle ZItstYal, epithelial markerQ! E-cadherinit
occludin® ©HHA dbsi=ko 7FASHY O, mesenchymal marker?Ql vimentin©]

TN UHYFe ZUbstct o2 E8) MCF-73F HCC38 AM|ZZo|Al TGF-B7t
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EMT 348 doith= AMLS & 4~ Qlit} Hispidulino] TGF-B2 (&% EMT
of DlAlE §%e Lobws] $Ish TGF-Bet hispiduling FAlo] Aejst A%, TGF-
21} vjwsto] MjELo] FAlo] AR|E YO0 e-cadherinit occludin®]
QU W efo] Z7FSHAIL vimentin®] WS ATt o] Qls) MCE-73
HCC38 M|ZFoA 2% hispidulino] TGF-B= ¢Qlsf & =¥ EMTE AA|st¥ oW,
HCC38 AM|ZZXct MCF-7 AZZofA AX g3/ ¢f 2 7102 Ho}l estrogen
receptor’} E£Afist= MZ50A hispidulin®] EMT Al a37F o Hojd Zlg &
& A
TGF-B= smad-dependent signaling®t smad-independent signalingo| &Hdst
Ty, Z#=2 smad-dependent signalingo] <8 EMT7} S=z==ct. TGF-p7}
membraned| £X}5}= serine/threonine kinase receptorso] ZA3's}o] smad2/3
o Qlitetwlol 2 AW EMTE {EshAl ©HoH65-68). & AtoA+=
hispidulino] MCF-71 HCC38 AN|ZFo|A TGF-Ro] 9sf {K=¥ EMTE
p-Smad2/31} total-Smad2/39] ©HIA #1358 sHo151¢ict. MCF-71F HCC38 A&
Zol TGF-BE A2t 4% p-Smad2/39] TH¥iA elo] Zrtstgion, TGF-B7t
smad dependent signalingg %35 EMTS &%5t4 =ttt TGF-RL} hispidulin®
SAlol Al2eh F¢ TGF-B ©= X|2]et H|usto] p-Smad2/39] THEiA wedo] 2t
A5t9 00, total-Smad2/39] WHal= giitt. o]2 QI8 hispidulino] MCF-71}
HCC38 M= #F0]A] smad dependent signalingg £ S == EMTS dAsHe &
2 9k SFX|QF PISK/Akt pathway , ERK/tyrosine phosphorylation pathway@}t
JNK/p38 MAPK pathway =3 Z+-2 smad-independent signalingof tfjsht A2
M= RSt 271 9ol Rt oz Atgd.
UML) o]F/dol F7tstH thg Mz FFsto] AolE WAARIY. TCF-p=
BTN ZoA M= Ao it Zeot, Nzof o]F, ¢ Y 59 A&2 st

FRIRE FAZo A= M2 o]5dS S7HA

ol

AR XS (wound healing)?] 7152
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7 Aolet Alge LoXtH(69). & A-oA+= hispidulino] TGF-B= Qlsl 57t
HZo] o]=Ao] U]x]= AL wound healing assay?}l trasnwell migration
assayZ &Holstgict. MCF-73 HCC38 A|Zzo] TGF-fE& A2lst 3% TGF-Ro]
ofsli Mol o]F/de F7Istden], TGF-B2t hispiduling -SAlo] A2t 3¢
TGF-Boll 9ol F=% A=z o]z o] Aottt Wound healing assay?t
transwell migration assayollA] hispidulin A2]7} TGF-poj| Qs Z7te Af|xo]

M= HCC38 N=3HT MCF-7 M2 ol o & 305 2

=
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NEZH oH L EMT &4 o5 7188 Bt
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