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Effect of chalcone derivatives on cyst enlargement in an
in vitro model of polycystic kidney disease
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lsngeunlulaydaWugnssuisu (autosomal dominant polycystic kidney disease,

ADPKD) 1fulsamaiugnssuvessyuulaiinudes fatvmainnisiuvaivesdiu PKDI wia PKD2 M3

wulavesadlulafinainnszviumsuiseaddadimivasmsndiansinasggedad duwwalvidasing
< &v o ¥ a &y g < v 1l L ‘ol aa o !
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13A a1saynusenalau (chalcone isoliquiritigenin) fignsniundyingiuinuie 819 grdaunis

'3

gy grssugatn grdsiueauyadase wazavdiiulsausiiy Mnmsinwiidunmuiatseyius

oy ¢ o

yialpaaunsaszaensiiulnvedadnnead MOCK 1§ msfnuniliiingussasdifednugviuas
nalnmseenqudmunduingrvesanseyiusualaudoniserasnisivlavesdadainigad MOCK
PINHANINARBINUTIANT CHAL-005 Tuanseyiusualaufinfianfizaonisiulavesdadaniead
MDCK snainsiiumnandudueesans ngans CHAL-005 awisnanannisiuanisenvasiussiu CFTR
u,axqumminaﬂmmamaamathsﬁuﬁﬂszﬁumsl,l,ﬁmaa"lmﬂaEJ'N phosphorylation ERK1/2 uag
phosphorylation S6K laatsiitsdrAgynieais Namaamsﬁnmﬁuam’lﬁLﬁudwmsaqﬁuéma‘lﬂu
graontiulnvesdailuead MDCK dumsanmsviietuvassiuaudenaslsd CFTR uavdadud

Tsfuwvawadlni ERKL/2 uay mTOR/SEK detiuansaywusualendafiaduarsauulnsfifidngnin

Tunswmwiugninwilsaguitlulald

ArdAty: anseyusyalay, lsaganlule, madvlavesdadluwadlumalsagair MOCK, Tusiu

CFTR, TUs@u ERK1/2



Abstract

Autosomal dominant polycystic kidney disease (ADPKD) is the most common
inherited renal disorder caused by mutations of either PKD1 or PKD2 gene. Bilateral fluid filled-
cyst is associated with abnormal epithelial cell proliferation and transepithelial fluid secretion.
The progressive cyst enlargement could lead to end-stage renal disease and no specific
intervention is currently available. A chalcone derivative, chalcone isoliguiritigenin (ISLQ), had
various pharmacological properties such as anti-inflammatory, antimicrobial, antioxidant, and
anticancer activities. Previously, it was found that ISLQ slows MDCK cyst growth. The present
study was aimed to determine an inhibitory effect and detailed mechanism of chalcone
derivatives on MDCK cyst progression. Among 5 compounds of chalcone derivatives tested,
CHAL-005 (100 uM) was found to be the most potent for inhibiting MDCK cyst growth in a
dose-dependent manner without cytotoxicity. CHAL-005 inhibited CFTR protein expression in
MDCK cell. CHAL-005 strongly reduced phosphorylation ERK1/2 and phosphorylation Sé kinase
in MDCK cell. Taken together, these findings suggested that CHAL-005 slows MDCK cyst
progression by inhibiting CFTR expression and by reducing ERK1/2 and mTOR/S6K signaling
pathways. Therefore, a chalcone derivative could represent as a promising natural plant-based

drug candidate for the treatment of polycystic kidney disease.

Keywords: chalcone derivative, ADPKD, MDCK cyst enlargement, CFTR, ERK1/2
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Ul 1 navasanseyiustalausansiiulavesdanainisad MOCK (sUdad)
UMl 2 nsminanesansayiusyalaudanisiiuTnvasdaiannisad MOCK

UMl 3 nyminauesans CHAL-005 mumnudududansiiulnvasdas

NNwad MDCK

UM 4 wawasansayWus CHAL-005 renssudansuaniaanyad
WsAuvudsnaslsn CFTR Tuwad MDCK

SUA 5 wamasanseyRus CHAL-005 san1sdiudanisuansoanyes
Tusiufinsefumsutawaddasiya phosphorylation of ERK1/2 Tulwad MDCK
SUA 6 nampamsayRus CHAL-005 siamsdudanisuanseanvedlusiu

fAnsyumsutamaddaimi phosphorylation of S6K Tutead MDCK
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Iiﬂq\iﬁﬂuim (autosomal-dominant polycystic kidney disease, ADPKD) tulsanas

[ <

wugnssundreneaduduay dulngwuainludssenslunivglsluazewing egrslsianudl
seawidiaslsaguitlulanussiululssmealng Tsaquirlulefiaungainnisivaesdu
PKDI way PKD2 Vimurqumnmmaanwaﬂﬂsﬁu polycystin 1 (PC1) way polycystin 2 (PC2)
g (1] dewavhliviinaueadsunslusadvasnlnanauanilugmaiuiuresfunuees
AP wasitaidiutiafandnlunisnssfunsiianeBaisineveslsaquilulslunsadaseddas
s (cell proliferation) fiudinmasalalssdiusiieg varensAnsmuinfinannisnseiunis

vhauvadlusiu MAPK/ERK pathway fignnszdulasans cAMP Tuimadviels 12, 3] uenanildsfian

varpnalnfaiuisanseiuninifivdiuvIugaaganluianl mTOR signaling pathway [4] uag

€

U [
< [

AdaTudausavdsraslsnuaziias

&

canonical Wnt/B-catenin pathway [5] Judu Snviseadtan

'
=4 4

1%9731 cystic fibrosis transmembrane

(3

Tudad (fluid secretion) HruneteslusAurudsnaslsid
conductance regulator (CFTR) [6] Yagtiunuin CFTR Wulusiuaudsddnlumsvdenaslssagnq
FadnSounsdlaivunazdmdsmugiaiminlidasiuialatu (7] Sagtusdliiinnsinwladi
anusumy msdnmdthelsagairluladalugdumsinsuuuussAuussassmuninseesding
219 msligranainisuan, annnuduladings, uaznisenta Wusiu (8] sgrelshauauidelud
msimueildlunisinulsagailuladanubaulafimedunisdumen arsed vieans
aylnslviq AifvssannmlumssudanalaivilhAane saninueslse asnlvgdeaglutumon
nsmaaasluay (clinical trial phase Ill) 3NN15ANWIRRILLISIB9WI1 Asdudanalneanisadig
Fadlual 017 n138uds MAPK/ERK pathway [9], nslden rapamycin (mTOR inhibitor) [10] Tunns
fuds mTOR signaling, Wiouiusn1sud Wnt/B-catenin pathway anunseteasnisiasqiulnues

ganlsavalumlumalsnguitedesiieg
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Tagduiinnsfnwiiuegnunsvanglunmsieransayulnsvisansanaanivsssuyifun
ﬁmsnqwéuaxnalﬂmsaaﬂqwé'lumsm%ma%’wq*umw Jasfuuasinwilsanianisinng dmsunms
Faweiiusyansamilidnulsagnilule fmanensinwildasafnnnanulnswas s s
wmaaesiunyliaalinguiuarldnad 017 arsanainviiu (curcumin) [11, 121, a1saiagin
ayulws3u (Triptolide) [13], arsadmanluudsfiae (Ginkolide B) [14], a1sadnannlunginatu
(steviol) [15, 16] Benalnniseengndvasansivariuandliidiuin asasaanfivsssumdause

[
LV )

ufsmaiivTavesdadlulsaguilulalivarenalouasiiunaddniuyszgndldsnslsngai
ffufusiniearsdansesisug ielisengniiaiuiu arseywusainuialau (chalcone
isoliquiritigenin, ISLQ) Lﬂumiayulwﬂuﬂejm flavonoid ﬁﬁqwéma biological activity fivarnvany
MsfnYITNTULNTIB9UI @15 isoliquiritigenin ﬁﬂmauﬂ'ﬁlumi%’nwﬂiﬂﬁhﬁ 917 figuslunss
lwaduzide (@nti-cancer), fuliauuaiiSe (anti-bacteria), ann158NLEY (anti-inflammation), AN
LinunalunszinizeIns (anti-peptic ulcer) wazanni1sudefivesidaldan (ant-platelet
aggregation) UenA Nl “aﬁqw%{'l,unﬁﬁ’hua%aﬁaiz (anti-oxidant) [17-19] @15 isoliquiritigenin
awmmé’ué‘?&msLﬁcgLauimamaémﬁﬂwgiumaiiﬂmﬁaLé\"\umhumsaﬂv‘\"m'm'uaﬂﬂsﬁu B-
catenin (20] 8nvsans isoliquiritigenin §4nTE§uN19¥1971uvR3TU AU AMP kinase-mediated
inhibitory phosphorylation GSK3p lumssueyyadaszuaznmsanmaiaslulnasuessluigad
HepG2 [21] uenaniinsfniiusnvesesfidowuitarsayiusarnaaleu (soliquiritigenin)
annsnannImdnaslsflasn1sdudimsvhauvedusiuudsnasled CFTR Saqvamnd1iansnse |
TFnwlsavioataslunyluinalinviadsas (mouse closed-loop model of secretory diarrhea) [22]
wazniluiivraulesg1edainans isoliquiritigenin auiserzasnsasaivlnvedananadvieln
MDCK [22] waidunsfinwinalnidsdnlunisezasnisiivinvesdaslugadvoln MDCK Wiunis

[
LV

fugalusiurudsnasliuazlusiuninsrdumsuuagaddadinl Snviansimnatsoyiusyalaud
Ussdvsnmindstuuazirlugmaiauidueinvilsaguirlulalusuing msdnwifsauladnm
qvsuaznalnniseangniidadnvesarseuiusyialaulumssrasnisiivinvesdanluwadviels

MDCK frunalnnisdugimsvinanuresdusiurudiaanlsawaznalanistudusiuiinendalunis

wusRvangasganinyluasvials MDCK
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nmsfnwdilinguizasAinefinmngusuarnalnnisesngniresaseyiusualaulunis

[
s

fugimsiiulavesdasiugadviols MDCK lne@nwinalnigednlunisesngmovasansayiuswalau

sensfiugansinuredusiurudiraslsduasiusiuiinszgunsuiasaddanin
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TsagatnTula

Tsagatilule (polycystic kidney disease, PKD) Wulsaiugnssuvasiniinuvssiian lng

[ v 1

fignignaiatuinnuninlunaealauaznadeanisviturealielaung viligihedamazlaiieg
(393414 (end-stage renal disease, ESRD) lsAgathlulautsaanidu 2 via fo lsaguilulauia
NUFNIIUAU (autosomal dominant polycystic kidney disease, ADPKD) ﬁﬂLﬁﬂ%ﬂWﬂ%ﬂj IGETY
Uaeiign §ﬂ‘uﬁmﬁaisﬂqaﬁﬂulm‘uﬁﬂﬁ’uqnssué’as (autosomal recessive polycystic kidney
disease, ARPKD) \uriiafiAntuludnusniin danuquussedlsadeudiogs fiaelsadaemelue
3N [8]

Sanmaialsaguilulaedausnssusutnnulunduusyains 1:500 & 1:1000 pulu
Uszmnsvemivglsuuagauidnm fufnanmseivarueadiu kDI vide PKD2 luwadvielndaualy
nsviureslusiu PCL way PC2 Aaun@ll nisnumaveastu PKDI avdaaneniainlsasosay

85 lurpugiiniseinmaiuesiiu PKD2 auiinsaslsaieasasay 15 [8] mnutisunfusalUsiu PC1 way

PC2 91nA1sHMa1rasdunsagawintilsunanradsumeluwadantosasnariusuias cAMP Tu

v
{ o o o ¢

wadvielinTudwanseaunsruiumsaiagadiviidugadgaiviadas (cell proliferation) lu

9

[

vdefudasiaietuasiinivdsnaslsduanit (luid secretion) [3, 23] Fasmlatuazlunaden
wazhaswadiielaund silinisvheuresnandsyaninmas uinnindesas 50 vaegelsnge
ilulpianniglniade wanduanmnismevadtsed Jaatunsinulsagaiiluladsliiing
Tafiduszansamn AUgazdasinwseitn1ments (hemodialysis) wIen1swdsugiela (renal
transplantation) [8, 24]

Tsavdennzunsndouiinulugvaslsagainlule 1Hud ern1suantiosuazuds
(abdominal and back pain) #ufialdainnisiidensen uiedndedle Azaufulalings
(hypertension) #saywuvesluftaslsagailuladesniimsiuredinanas masdansenty

Uaany (gross hematuria) Wusmsaeannisifiarnudulaingaaznisignidneia Jafnldide
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( [%
a

fureflavunaluginn amsindenaiuliaans (urinary tract infection) 9nn1sfigaiidnuiauas
finsAndesauie uavansaiianaziivlule (nephrolithiasis) léssniund (8]
wendingvaslsagainlule

\losninmaninavesiiu PKDI wie PKD2 eflwaresnisadrsuavnisvheiuresiusiiv

PC1 way PC2 muaisu Wsiuwaituanieanddevsiaanasnlainonsiadunisuasuluaves

gnnnsinavesvaanailuvaenls Bnvislusiutidanssiunisaigredalunisniiegluassduisen

TUsAu PC1 dvarnvianantind MsduginsinnureRiddygiunnssaunsuuisad iviuazayinay

1

¥

sfulusiu PC2 Aivhwiidulusiusudiwpai@on setulusiu PC1 & PC2 complex 3avinti

=

swiilunisshwszduuraleuneluwadivasale ienszqunaidvlavedadvasale faiulle
= 1 1 ] ‘a‘ = o v L = I3 ) 1

innisiurd1vesiululsagauntuls Juihlisviuvewna@sulugadvasnlnanas danananis
WuAuresiunuans AMP luwaduaznszqunisinnuremateIndygranineitesiunisuls
waatial iiiiAane Sa3sinevelsaguiilule Faudswenilu 2 nssuiumswdndsil

AIuUIRvDTaaTan sl (cell proliferation)

Y e 1| o o9 a o e g
n1swdsivegaddasindilunalniiliiiniuinveseaddndlulsageuilule 21n

'
g <

nsAnwiiiiuinwudn Svanenalnflanmnsanszfumsuisiiveusaddad fufnanasnssiuves
CAMP ﬁﬂﬁiﬂsﬁuﬁmuammmﬂaﬁwaqLsuaa"l,miﬁa cAMP-induced ERK pathway ¥11971u11AA77
Und [2, 251 wenarnisanudn nalndufamnsonsedunisutaaddadinilidae o1fi mTOR
pathway [4], Wnt/B-catenin pathway , STAT5 signaling, nsduda cell cycle arrest nalnsananail
nalviradvielaianisudsilmivasissgdulnidudadiule

namdsansindngaedan (fluid secretion)

nsvdsansihasgndadidunszuaunisivilifiniseersmuiavesdad silinadon
vanewiolausnadiafiss mnnsfineidiunnuiinsdiuiiuees AMP enszdun1sineuues
lUsAuvudenaslsavila CFTR T.‘LJiﬁuﬁLﬂuIUsﬁwﬁﬂﬁﬁﬂﬁLﬁmmswé"aﬂaaliéaag:%aﬁ 7, 26] \ile
ﬂaaliémé"auﬁaﬂu%ammﬁﬂLLsaﬁaQﬂiﬁLﬁaMLLasﬁwmwmL‘ﬂ'wm‘lu%aﬁ Wunenaln transcellular
and paracellular pathway Ransusngrnauaznaiouiiols mwé’aﬂaalséaaqjqq%amﬁmmn

nalnnisuimaslsamdngaanalas1unig basolateral membrane WiulusAuvuds Nat-KH-2CU
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cotransport, Na*-K* ATPase, potassium chann‘el KCa3.1 LLaaﬁﬂalﬂﬂ’lWﬁ"dﬂaaliﬁaddqq:&aﬁlﬁﬂ
NN13n3EAUNIIINURIlUAuTUdIRaslsn CFTR (cAMP-mediated CFTR chloride channel
activity) uananinisvinnuvesusiuuda aquaporin (AQP2) é‘qﬁﬂﬁmiﬁwwﬁqdqq%am“lﬁﬁw
n'li%'nv'ﬂiﬂqe‘l:‘i"ﬂu'lﬁ (treatment of polycystic kidney disease)
HagtiunsinwdiaslsnguilulaliinsinuuuuussAulsznsuazsnmauennig
o nsTvenseiutan nslvensinge niswenls wagnswdsudiels [Wudu 8, 27 egalsfina
nsfnwweBasTinevaslsagui lulailslfundedeyafeldiduuuimalunisindugninulse
wialmidivszavsam anmsAnulumylisalsagailulawud farvaswiafannsoszasns
wiiulneasdadliulauwazinwinsvinnueaslale (4, 28] Faansivaniiuszneude asdaasiey
asayulng vioriifinalnniseangnisudauiutn cAMP lulead (nhibition of CAMP Level)
Fega vasopressin V2 antagonist [29], somatostatin analog [30] Wusiu ansfinalndudanis
wUsFvaueaddndlui (inhibition of cell proliferation) 81% mTOR inhibitor [10], MEK inhibitor
[31], epidermal growth factor and Src inhibitor [32] 1 usu wazansfiinalndudenisvdanseua
paolss 877 CFTR inhibitor [28], KCa3.1 inhibitor [33] Wludy a1sfieengrisiunalnwmanilannse
zaamm“ifyLﬁu‘[maq%aéuasLﬁmﬂizﬁwﬁmwmiﬁwmwaﬂm‘luwaa’vialmLLas’lumImmaIsﬂqaﬁw

wazausadrluimuiginelsagailules geansvsesuesinegseninnimaaadduuyed

(clinical triats)

a1saynudyralau (chalcone isoliquiritigenin)

a5 isoliquiritigenin 1¥ua1s chalcone lungu flavonoid ﬁﬁqw‘ﬁ( bioactive wuunlu
Licorice root v3a3invasunzienme dadufiniinuainnlutssmedu venaniasnguiisonulsly
waldl fin vise1msiidians Ravonoid ge f51891ud1as isoliquiritigenin anunsaafnléanaen
1841217 (flower of the Butea monosperma) [34] Fadullinenfinuunluwsniamieuazaia
dauveslsznalve ais isoliquiritigenin ﬁqwé biological activity 410118819 anti-cancer, anti-
inflammation, anti-fungal, anti-microbial activity, anti-peptic ulcer, anti-platelet aggregation,

anti-diabetic anti-diarrhea, and anti-oxidant [17-19] 910 A1SANYARK UL INUI 1A S
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isoliquiritigenin uUszlowilunisinwlsnsieg anfilgu ﬁqw%‘aummnau‘[maqLﬂdaémﬁﬂwg
TusalsruziSadualasannisvineuweslusiu beta-catenin [20] uenainiians isoliquiritienin &
ﬁq*n‘éﬁmnﬁa%'wwaéaawnis@p (anti-osteoclastogenic activity) #runalanstiudenismenea
\WaduUY NK-xg-dependent autophagy [35] uenanilans isoliquiritigenin Seaunsadudlsa
Hoeazanmsiivlnvesdasianwadvieln MDCK dunstudinsiauradusiuaudanastse

CFTR [22]
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35andunisivg

NaA3BNa1TaYRUSYaY isoliquiritigenin

anseynusyalaulauauaynEiaINAugIdY Excellent Center of Drug Discovery
Angivgaans aminerdouiing deflenudmdetuiniefianvateaodu lngldsusnans
é’l’amswﬁuaxaﬁu%qwéﬂuaa chalcone ViUsgunas 20 @13 §9A1uuTanivesans chalcone
isoliquiritigenin Qﬂm’maauiﬂﬁ% thin layer chromatography Wag nuclear magnetic resonance
spectroscopy Iﬂﬂmmu‘%q‘ﬂ%‘mmms chalcone isoliquiritigenin dFunninIasay 99

anseyusalau 5 a5 (CHAL-005, CHAL-006, CHAL-007, CHAL-011, CHAL-025) gn
avanusny 1% dimethyl sulfoxide (DMSO) Wivlugamail -20 ssrniwaidea dslumiveasgidoas

nandyens freeze-thaw cycling Uaen31 5 A33i0 1 aliquot uasAnwignalneduduaIUNAIRITE

13 Ay38 HPLC wn 3 Ay

\wadvials MDCK

\ad Madin-darby canine kidney (MDCK) \luitadvasnalnaia losunisaduayuain
Prof. David N. Sheppard, University of Bristal, Bristal, UK lnednwaisuaagad MDCK Wuiwad
naanlaunfludiuves collecting duct 1waad MDCK doutunldlun1svaass in vitro cyst model
voalspgailule iesmneadiannsanigivinduiadluneaanauld Weldars forskolin
n3zAUN1SIR3AUlANTY CAMP/PKA pathway

\wad MDCK gniaBadenims DMEM/F12-Ham finay 10% FBS wavld supplement

insulin, transferrin, selenium X (ITS) uagway P/S uazdesluguungamail 37 ssmalaldoa
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/meaed
Wi liiiadadangasd MDCK (MDCK cyst growth model)
vhmsvaasslasinzidsaeadviols MDCK luroaanauiaa iwadviels MDCK tasney
Tureaaiauaiudes Tdownsidsaeaduarats forskolin (10 uM) nszdunIsaseivlavesdad
Tupoaaniau Treideslilugruquenmail 37 ssmeaidoa in1sudsuemsidsavadinasans
forskolin Nna@siu usvezamaawnty efleiudl 6 ldemsideaeadiinauans forskolin fu
a13 DMSO (nquAIuAL), @15 GlyH-101 (ngumuauideuin) uazanseyiusmalauiieanaududu 10

s

f19 100 UM (nduvinaes) Unfiuganainiwasd MDCK wasiisutmsideagadnnasaiu sausiiug 6

'
= « LY v o

flatuit 12 ¥imseneguiasmnatuiu o Yufl 6, 9, wag 12 fendes inverted microscopy (Nikon,
TE 2000-5) Mntuhnsavuudusiugudnansvesda (cyst diameten) felusunsy image ) wa
MIMARBIRz AN ALAABTBTLATR IR UAUdNaNRITas WisuIfisusEnitanguitldans
ayRusTalAuLAZNEUAIUAN

WiansuansaanvaslUsiunie3s western blot analysis

¥msveaedlasnsimeidseadiieln MDCK Tu petri-dish auin 60 x 20 mm @Eesld
Wunan 1 Yy tuwadsmeanseyiusyalauimududu 10 fa 100 pM funan 24 Falug vinns
Fulusiulagl¥ansazandosaatsisad (RIPA lysis buffer) santiutiludunndroiedastiumied
10000 g t¥uvian 20 Wit gaerdulaluusnsisndnnisves gel electrophoresis (8-10% gel
SDS-PAGE) Mntiudnelusiuvunaasglulmsieaglaaiuuiusu (nitrocellulose membrane) Usiaiy
wiudsuuwdaslutu 5% (non-fat dry milk) Wuian 1 9alus wdemniuvusmusuiu primary
antibody #18 polyclonal CFTR (cell signaling), phosphorylation ERK, total-ERK, phosphorylation
S6K, total-S6K, B-actin antibodies t1uAulugumgll 4 esmigaiiva udue secondary antibody
Wunan 1 9l Srawnun udduuusuldieseinisuantesnvalusiudlsnisdon
ansarany chemilumunescence (ECL) ievAnaduraiun (band intensity) vaslusiuiidne

nanmIvaaasRzkaneantuuieiigudanudureauullsiiui@ng sswianguldanseyiusua

lauSeuiisuiiunguaiuay
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nsdaTzidayanieein
Tfadifdanssan laen1suanuaedadsuard1auwsusiuiasilisudisudeya

FEMINNGUAANUAYNGUNARDY (nauldanseyiudyalan) Mmeaii one-way ANOVA post hoc

Q_ W aa i

Bonferroni test fAMuuaAIALLANARE19iTEd AN NEDRA A1 p-value Wosnii 0.05

()
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NAN15I38

wavasssaywusmalaulunsiutimasiyiulavasdadluwadlunalsagai MDCK

Adevinsfnwignivesanseuiusyalauia 5 ayius (CHAL-005, CHAL-006, CHAL-
007, CHAL-011, CHAL-025) Tunsuraenisiiulnvesdanannisadvioln MDCK F1e35nsiieedard
31Nwa8 MDCK 91ARANTTNAaBINUIIaIsoywudealay 2 ylinfe CHAL-005 way CHAL-025
ansavzaemsiiulaveadnnead MDCK Tutuil 12 Tasvuuvesdusigudnansves@adanas
ogaiifedndymneadd (Ul 1 uae 2) uasiloviims@nwiguivesanseyiusuialau CHAL-005 Tu
nsfufanafivinvesdadiainead MDCK munududuresans wuians CHAL-005 annsnuzas

v S

n1siulnreadaduuy dose-dependent manner agsifivaddgmnsada WelIsuifisufungy
AIVAY é’aLLam'Lugﬂﬁ 3 gannanisaasshuanslifiuinans CHAL-005 uay CHAL-025 @1unsa
Braan1sAulareedananead MDCK wasannuanisnagauailufiveesaisienisenead
MDCK (data not shown) wui1ans CHAL-005 Lifigisanissinead MDCK Tuvmuzdians CHAL-025

flgndluniseiniwad MDCK dadulunsmaasssiall §ideduden@nwinalnniseengnivesans CHAL-

005 lun1swzasnisiulnvasdasannead MDCK
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Day é Dy 9 Day 12

Gyl 161

CHAL-00%

CHAL-006

CHAL-DG?

CHAL-DYL

— 0
100 pm

U 1 navosansoyiusyialausie 5 4da (CHAL-005, 006, 007, 011, 025) damsiFulavas
Fadaniead MDCK Wlanszduiieans forskolin imaududu 10 pM iuna 12 Ju JUnanszuna
Wurugudnansvestadannisad MDCK iileldansazats DMSO (ngueiugy, sUuw) ans GlyH-101
(positive control), CHAL-005, CHAL-006, CHAL-007, CHAL-011, CHAL-025 #in21uidudy 100 pM

o Yuii 6,9, 12
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CHAL derivatives (100 uM)

U 2 wanesarseyRuswialausis 5 vlla (CHAL-005, 006, 007, 011, 025) Aenisidiulaves
Fananiwad MDCK Lﬁ'aﬂsxﬁuﬁwms forskolin finaududu 10 pM WWuan 12 Sy nsmuans
PUAFURNUAUENA1VDITAR (Um) dieldans omso (NguAIUAN) @15 GlyH-101 (positive control)
@139y WuS CHAL-005, 006, 007, 011, 025 mnuidudu 100 M InsneTusunsy image J au Jufi 12
(mean + SE, 4 independent experiment, n > 45 cysts/condition, *P < 0.05, ***P < 0.001, NS;

not significant as compared with control)
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CHAL-005 (1:M)

Ul 3 navesans CHAL-005 siensiAulnvosdanainiead MDCK Wansedusagans foskolin
Fanududu 10 pM Wunan 12 Ju sUkanv A uRuALGNa DT dioldans omso (nex
AIUAY) A13OYWLE CHAL-005 Aanuidiudu 1, 10, 50, 100 pM Yadelusunsy image J u Yudl 12
(mean = SE, 4 independent experiment, n > 45 cysts/condition, *P < 0.05, ™*P < 0.001, NS;

not significant as compared with control)

navasssaywusyalaulunsiudnisuanseanvadlusiuvudenaslsd CFTR luwadvoln
MDCK

ynsAnsnalnniseangqnivesans CHAL-005 lunswzasnisiiulnvesdasaniead
MDCK #1833 iansuanseanuaslusiiuiiisadasfunisudaanndt (CFTR) wansmeasewudn ans
CHAL-005 @u1sadudansuansoentaslusiu CFTR finnududy 50 fa 100 M aghadived Aty
ysadfdlanSsuiisutunguaiuey (Uit 9 nnmmesesidiiduians CHAL-005 aunsavzas

madulaves@asnunstudinsianseanaalUsrunvudsrastss CFTR
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[CHAL-005] (uM)

U7 4 uanswavasarsayRusYalAL CHAL-005 Aantsdiudamsuansaanveslusiy
qudnaslsd CFTR Tuwad MDCK dlaldans CHAL-005 fimansndudu 0, 1, 50, 100 uM dunan 24
L 3U A uaasununisuanseantadlusiu CFTR uag B-actin JU B Aeninnuansisgasyed
1UsAu CFTR#® B-actin (mean of % control + SE, n = 4, *P < 0.01, NS; not significant Lﬁa

WisuiWsuiunguaiun)

navasEseyusyralaudantsannisuanaanvaslusiu ERK1/2 uaz S6K finszdunisiianis
RINCTTIATY

vnsfnwinalnniseengqysvesans CHAL-005 lunsrzasnisiiulavesdasanead
MDCK fae33iantsuanseanveslusiufiuusieadlung (p-ERK & p-S6K) NaNISNARBINUST a7
CHAL-005 anansasufanisuansaantaslusiiu phosphorylation of ERKL/2 fimuidiudy 10 &

100 pM (U7 5) uazdudanisuanseanvaslusiu mTOR/S6K fimnududu 10 4 100 pM (Uil 6)

[
]

sgniidedrAgnisadaiiielIsuiisudunguaiuau 91nn1snaassidvifiuinars CHAL-005
ausnrzasmMsiiulnveasiiunsudinisuanieaneaslusiu ERK1/2 wavlysiu mTOR/S6K #

nNsrRUNITLUNERdTas N
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U 5 uanssavetenseywus CHAL-005 m’am‘ss}”‘u€1"’amsu,amaamaﬂﬂsauﬁﬂssﬁums
uwamad@anlny phosphorylation of ERK1/2 Tuiwad MDCK ialdans CHAL-005 finanandudi o,
1, 50, 100 uM Juiaan 24 Falus 5U A wansUunisuanseanyadlusiu phosphorylation of
ERK1/2, total ERK1/2, way B-actin 3U B Aansinuaniiesazuselusiu p-ERKL/2 fe t-ERK1/2

(mean of % control + SE, n = 4, **P < 0.01, NS; not significant Lﬁ@Lﬂ?UULﬁUUﬁUﬂdumUﬂu)
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31]1‘7i 6 LARINAYDIATOUNUS CHAL-005 GiamsaTuvaqmsuamaaﬂmmiﬂsﬁuﬁnszﬁums
winwaddaslu phosphorylation of S6K luwwad MDCK wiieldans CHAL-005 fimnududy o, 1,
50, 100 uM a1 24 $2lug U A uaasUSunun1suaniesnveslusiiu phosphorylation of S6K,
total S6K, way B-actin JU B AansMuansdouazvealusfiu p-S6K s t-S6K (mean of % control +

SE, n = 4, *P < 0.01, NS; not significant laiFeufisufunguaiugu)
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nmsfnuiifiinguivasdivednugrsuasnalnniseengvisvesarseyiusvialaulunis

zaensiiulaesdadaniwad MOCK Tnswwadlumalsngailulaienldioad MDCK Eeosluwanea
asuuatldomnsidsasaduazans forskolin nszdunsiivlavesded Saildnuasmmeaisine
ﬂﬁ']&Jﬁ’uiiﬂqqﬁﬂulmﬁaﬁmwé"aaﬁ'ugw (fluid secretion) waslin1suusigaadasnivi (cell
proliferation) [7] 9N smadaugvslun1sdudanisvdsnasladvasarseyiusyialawis 27 vilalu
1wad MDCK Wla 30838 Ussing chamber experiment wuinfianseuwus 5 wiafiannsodudns
wianaslselulead MDCK Fahaseynusyalaudiuiu 5 ¥ile (CHAL-005, CHAL-006, CHAL-007,
CHAL-011, CHAL-025) fimnadudu 100 pM umaaeugnilumsvzasnisdulavesiadainiead
MDCK wan1snaasanuinfianseyiusyalauifios 2 viiadeans CHAL-005 uaz CHAL-025 Aifign?
srasnsivlnvesdadeinigad MDCK agraiifeddynieads snmanisvaassiidenadesiu
nsAnwiEILanI a1smalau 1SLQ annsovsasnisAulnvesdadluisad MDCK 1# [22] waziile
Wisuifeunalunsyraensiulnvesdadluwadviola MDCK fuans GlyH-101 #dudalusiu CFTR
wuians CHAL-005 qvilunisdudaindt Snvieans CHAL-005 laifigvlumssinigad MDCK datfu
Jathans CHAL-005 Wanwinalnniseenguilunistzaenisidiulavesdadaingad MDCK Kunis
Fudinisvdsnaslsduazanmaudaeadlvl
Tunsfnwnalanisesngvdueass CHAL-005 {ifedusuannisinwigvivesans
CHAL-005 siemsdiufansyurunisvasnaslsduaztiasiuiast (uid secretion) Sadunszuiuns
ddglunsiliRaduerevmnadiuiu Tnsmsheuvedusiveudsraslsd CFTR hwehiivdnly
mswdsaaalsd [6, 36] :INNsANWIARIULINUIT arseyRudutalau (CHAL-025) anunsndude
Wshiu CFTR Twiwadanld T84 uazdnwilsaviassisla [37] annisTanisuansesnveslusiu CFTR
A8 western blot analysis NaN1SNAABINUINETS CHAL-005 @1unsaannisuansaanvedlusiu

'
o =

CFTR leegsfivedAgvieadad @

<

LY o

\‘mamswmaaaﬁ’andnaamﬂé’aaﬁ’umiﬁnmﬁmumdwmiaqwuﬁ

%1alau ISLQ awsaduganisiiulaves®anaineas MDCK 61un1sdudanisvinanueadlusiu CFTR
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[22, 37) wonanii wanswvaemaiulnuesdaruass CHAL-005 Svaanadasfumsdnuiiiuin
Tansigudansvinauvesusiu CFTR (CFTR-inhymy, GlyH-101) anunsnvzaamaiivlnvasdanann
wad MDCK wazvylnsalsnguirluleld (28] warasaedasfumsdnnilsenugvisvesasaiions
fmzaanisnfulavasdaiunalnnsannisvdseaslsfuarannisuanseanyasiusiiu CFTR waly
waduazvyluinalsageilule [15, 16] fafuars CHAL-005 JswzaanisiivTnvasdadanniead
MDCK tun1sann1suantaanvadlusiu CFTR

AsTLILMsLUnadlmi (cell proliferation) iiudnnilsnalndrdglunisadrauazaens
vnavastalulsagaiilula Mnmsdnwiiiusnuitnisiaiuveslusiu MAPK/ERK pathway 7
Anenusina cAMP luigaduaenlafiinnlunsedu PKA uaz MAPK/ERK [2] wananniinisnui
HIUNINUIINAtAYBY MTOR signaling pathway [4] Wag Wnt/B-catenin pathway [38] @1u150
nsvdunausueaddarld uasnssudimsvihaumealusiu p-ERK1/2 [39] uazTusiu mTOR
[40, 41] annsarzaenisiiulavesdarlumylunalsaguilulaldegneddoddamieada fufunts
fufanaiauvesusiu p-ERKL/2 way mTOR Sufudnnisuumdumsiaunisinulsngad
Tulald nnsfnunitiuanenuitassalay 1SLQ awnsodudiniaiviavedeaduy i
adenoid cystic carcinoma ’un1sdiuanisuanseanvaslusiiu mTOR uaw ERK1/2 [42] athslsf
munalnvssanseyudmalaulunsszaenaiivlavesdadlumadlumalsaguiluladiunisdudy
nalnnsuneadlmigdhifirudaeu minnanisvaasstunisdnwiinui ars CHAL-005 Sgvidlu
nsdudinsudagadlniiunalnnisannisuanseanvaslusiu phosphorylation ERK1/2 agnedl
ded1Agneaa Imawamswmaaqﬁaammé’aqﬁ’umsﬁﬂmﬁmumﬁswmu'jwmsaqﬁuﬁ“maiﬂuﬁuéy'q

nafiulnvesieaduzid adenoid cystic carcinoma HuN1SaANISHANIRNYRIIUSAY P-ERK1/2

[42] uananUaNs CHAL-005 deamnnsuandaanyadlusiu mTOR/S6K luiwad MDCK 18 91nua

v
< @ 1

nisveassiiinenuaivayuiaseyiuivalan ISLQ a13sadudinmsuuieaduaznsnsz g
vasigaduziavandunsdudinalnnisuiaeading PIBK/AKT/mTOR [43] 91nan15naaeddl
FWiiudnans CHAL-005 geaensiivinvesdadluiwadlumalsaguirlulaiunisdudalusiu

nszRuNILULLadlwlogs ERKL/2 uaz mTOR/S6K
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dyduazdaiauauus

d3UNan1TINAasg
msfnnineaugriuaznalansaengviivesaseyiusmalaulunsvzaomsidula
vosFadluad MDCK Fufuwadlumaraslsrguiluln nansvanomutians CHAL-005 awnsa
yeaemuAulavesdanainigad MDCK dun1sannisuanseanvadlusiuruadsnaalss CFTR wazan
nsuanseenvalusiuiiuaeadlu phosphorylation ERK1/2 kas mTOR/S6K a1nuanI1sAne
Frosuifuandbiiiuihansoyiusmalau (CHAL-005) Wuansayunsifignaawlunswaundue
Snwilsaguiluln Snsdsanunsaldmsayiusmalausaufunisliondulunmsinelsaguilula
wislvoengvidiaduiu
nsfinwdeluaisinisAnwigninasnalnniseangnivesarseyiusualauly
nsrzasnisiulavesdailunyluialsagaiilule yenandnisdnwinalnidsdnesans
suwuswalauiifinasenisannisuanieanyeslusiu CFTR, ERK1/2, S6K waznalnyaa cell

proliferation pathways 8u avvilwiarseyiusyialaudanuindetio wasiluvuniwalunis

ueraseywusalauluimunlusineilsaguilulalalusuies
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Folycystic kicrey disease (PKD) is an inberited renal disorder caused by mutations of either KD or
P2 geoe. Blateral Auid filled-cyst is associated with abnormel epithetial <ell profiferation. The progressive
Cyst entargement destrays the renal parenchymal cells, leading 1o end-stage renat disease and no effective
wreatment & currently available. Iscliquiritigenin (ISLQ), a chaicone dervative, has various phamacological
properties such as anti-inflammatory, antimicrobial, antioxidant and anticancer activities. Previously, it was
found that 15LQ could slew MDCK cyst growth by inhibiting CFTR chlonde channel activity. The present study
was airmed 1o deterrnine an inbibitory effect and detailed mechanism of ISLD o MOCK cyst growth fan in vitro
modet of PKDY. Thie rexults showed that ISLQ strangly retands MDCK cvst growth in 3 dose~dependent mannes
wathout cytotoxicity effect. Using BrdU cell proliferation assay, it was found that 150Q {100 M) significantly
supEresses MOCK ceil probiferation compared to that of control interestingly, ISLQ diminisned phosphorylation
of EX¥X1/Z protein expression in dose and time dependertt manners, Taken together, these finding suggested
thay ISLL stews MDCK Cyst prngression by reducing cell proliferation threugh the suppressicn of ERIL/2 signaling
patrwaay, 100 represented a promising natural plamtdased drug candidate for polycystic kidney disease
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Abstract

Background Renal bilateral fluid filled-cyst in polycystic kidney disease (PKD) is associated with abnormal
epithelial cell proliferation and transepithelial fluid secretion which leads to end-stage renal disease (ESRD). At
present, there is no specific intervention for the treatment of PKD. A chalcone derivative, isoliquiritigenin (ISLQ),
has been shown to have various pharmacological properties. Since several studies have shown that ISLQ could
inhibit CFTR channel activity, it is interesting to see whether it can inhibit renal cyst enlargement. The present
study was aimed to determine an inhibitory effect and the mechanism of chalcone derivatives on MDCK cyst
progression and Pkd! mutant cells.

Methods MDCK cyst growth and cyst formation experiments, MTT assay, Ussing chamber experiment, BrdU cell
proliferation assay and western blot analysis were performed in this study.

Results Among 4 compounds of chalcone derivatives tested, CHAL-005 (100 uM) was found to inhibit MDCK
cyst growth in a dose-dependent manner without cytotoxicity. It inhibited short-circuit current of chloride
secretion as well as CFTR protein expression in MDCK cells. CHAL-005 significantly suppressed cell
proliferation. In addition, CHAL-005 strongly reduced phosphorylation ERK1/2 and phosphorylation S6 kinase
in MDCK cells. Interestingly, CHAL-005 activated phosphorylation of AMP kinase protein expression in MDCK
and Pkdl mutant cells.

Conclusion CHAL-005 slowed MDCK cyst progression by inhibiting CFTR expression and reducing ERK1/2
and mTOR/S6K signaling pathways as well as activating AMPK expression. Therefore, a chalcone derivative
could represent as a promising drug candidate for polycystic kidney disease intervention.

Keywords Chalcone, MDCK cyst enlargement, CFTR, ERK1/2, mTOR/S6K
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Introduction

Renal cyst progression in polycystic kidney disease (PKD), a common renal inherited disorder,
caused by mutation of either PKD/ or PKD2 gene encoding polycystin-1 and polycystin-2 protein, respectively
[1]. The characteristics of PKD is the proliferation and accumulation of fluid-filled cysts along the nephron [2].
The numerous fluid-filled cysts destroyed normal renal parenchymal cells leading to the loss of renal function and
ending up with end-stage renal disease [3]. Currently, there is no specific intervention for PKD.

It is known that cystic fibrosis transmembrane conductance regulator (CFTR) chloride channel
activity is involved in fluid secretion in PKD pathophysiology [4]. Of note, several compounds which inhibited
CFTR channel activity and expression could slow renal cyst enlargement both in an in vitro and in vivo model of
PKD [5-7]. In addition, it was found that several complex pathways including the upregulation of Raf/MEK/ERK
pathway [8, 9] and mTOR/S6K signaling pathway [10] were involved in cyst-lining epithelial cell growth. In
contrast, the activation of AMP kinase, a cellular energy sensor, was found to strongly retard renal cystogenesis
in a mouse model of PKD through the inhibition of both CFTR channel and mTOR/S6K signaling [11]. Therefore,
the combination of target therapies might be more effective for the inhibition of renal cyst enlargement in
polycystic kidney disease intervention.

Chalcone derivatives have found to possess several pharmacological properties such as anti-
inflammation [12], antiproliferation [13], and anticancer [14]. In addition, there was a report that chalcone
derivatives have an anti-diarrheal effect by inhibition of CFTR though the activation of AMPK activity [15].
Chalcone isoliquiritigenin (ISLQ) was found to inhibit ERK1/2 and mTOR signaling in adenoid cystic carcinoma
cell [16]. Moreover, the chalcone ISLQ derivative has been shown to inhibit CFTR activity in human colonic
epithelial (T84) and MDCK cells [17]. However, the mechanism of chalcone derivatives to slow an in vitro cyst
progression on fluid secretion and cell proliferation pathway was unclear. Therefore, this present study was aimed
to determine the inhibitory effect and the possible mechanisms of chalcone derivatives on fluid secretion and cell

proliferation using an in vitro model of PKD.

Materials and Methods
Reagents and compounds

Chalcone derivatives were synthesized and their identities were checked by spectroscopic data.
Collagen type 1 (PureCol) was purchased from Advanced BioMatrix (Fremont, CA, USA). DMEM/Ham F-12,

penicillin, streptomycin, and FBS were purchased from Invitrogen (Carlsbad, CA, USA). Interferon v, blasticidin,
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GlyH101, and ECL-solution were obtained from Calbiochem (San Diego, CA, USA). Primary antibodies
including anti-CFTR, anti-p-ERK1/2 (Thr202/Tyr204), anti-t-ERK1/2, anti-pS6K (Thr421/Ser424), anti-t-S6K,
anti-p-AMPK (Thr172), anti-AMPKao, anti-B-actin, were purchased from Cell Signaling (Beverly, MA, USA).
Protease inhibitor was obtained from Roche (Indianapolis, IN, USA).
Cell cultures and treatments

Madin-Darby canine kidney (MDCK) type I cells [18] were kindly give from Prof.David N.
Sheppard, University of Bristol, Bristol, UK. Cells were cultured in DMEM/F-12 Ham medium supplemented
with 10% FBS, 5 pg/ml insulin, 5 pg/ml transferrin, 5 pg/ml selenium X, 100 U/ml penicillin, and 100 pg/ml
streptomycin. Mouse renal cystic epithelial cells (Pkd! mutant) Pkdl- (PN24, homozygous) and Pkdl™ (PH2,
heterozygous) cells [9] were kindly give from Prof.Stefan Somlo, Yale University School of Medicine,
Connecticut, USA. Cells were cultured in DMEM/F-12 Ham medium supplemented with 2% FBS, 5 pg/ml
insulin, 5 pg/ml transferrin, 5 pg/ml selenium X, 5 pg/ml interferon y, 100 U/ml penicillin, and 100 pg/ml
streptomycin. These cells were grown at 37 °C and 33 °C, respectively, in a humidified atmosphere with 5% CO.,
95% Q.. Cells were trypsinized with 0.25% trypsin and centrifuged at 600 g before seeding.
MDCK cyst experiment

Type I MDCK cells were added in an individual well of a 24-wells plate and suspended in 0.4 ml
of 3.0 mg/ml ice-cold collagen supplemented with 10% 10x minimum essential medium (MEM), 27 mM
NaHCO;, 10 mM HEPES, 100 U/mL penicillin, and 100 ug/ml streptomycin (pH 7.4 with NaOH) as described
previously [6]. For MDCK cyst growth experiment, MDCK cyst photographs were captured at x 10 magnifications
using an inverted microscope (Nikon, TE 2000-S) at day 6. Then, the MDCK media containing either chalcone
derivatives (CHAL-005, CHAL-006, CHAL-007, CHAL-011) (100 pM) and forskolin (10 uM) were incubated
with cysts on this day. The MDCK media containing forskolin and test compounds were changed every two days
for 6 days onwards. Photographs of individual cyst were taken before adding the test compounds. Cyst diameter
(um) was measured using the Image J software. For MDCK cyst formation experiment, the MDCK media
containing forskolin (10 pM) with either modified structure of chalcone (CHAL-005) (100 uM) or GlyH-101 (50
uM) were incubated with cysts for 6 days onwards. MDCK cyst photographs were captured at x 10 magnifications
using an inverted microscope (Nikon, TE 2000-S) at day 6. Cyst diameter > 50 um were counted as cyst colonies
and cyst diameter < 50 pm were count as non-cyst colonies.

Cell viability assay
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The 20,000 cells of MDCK were seeded and grown for 24 h on individual well of 96-wells plate.
Chalcone derivative compounds (CHAL-005, CHAL-006, CHAL-007, CHAL-011) at doses of 100 pM were
added and incubated with MDCK cells for 24 h. Media containing test compounds were removed, and adherent
cells were exposed to serum free media containing 10% MTT solutions (5 mg/ml) for 4 h in humidified
atmosphere of 5% CO3, 95% Oz at 37 °C. Then, the serum free media containing MTT were removed and 100 pl
of DMSO was added. The absorbance of the solution was measured at 530 nm and percentage of cell viability
was expressed as 100% of control.
Cell proliferation assay

Cell proliferation assay was measured using BrdU cell proliferation kit (Calbiochem, San diego,
vCA, USA). MDCK cell (8,000 cells) were seeded into 96-wells plate in DMEM/Ham’s F-12 media supplemented
with 10% FBS and ITS-supplement and grown for 24 h. Then, cells were incubated with serum free media in the
presence or absence of a chalcone derivative at doses of 1-100 pM for 24 h. BrdU reagent was added at 18 h later
and incubated for 6 h. Blasticidin (20 pg/ml) treatment was used as a positive control. The absorbance was
measured at 490 nm by automated microplate reader and BrdU cell proliferation was calculated as 100% of
control.
Ussing chamber experiment

MDCK cells (5x10° cells/well) were seeded on Snapwell inserts. MDCK media were changed every
two days. On day 8, media from the apical side of MDCK cell monolayer were removed to form an air-liquid
interface to enhance CFTR expression in MDCK epithelia. On day 10, only MDCK polarized epithelia
monolayers with resistance > 2,000 Ohm.cm?® were used for subsequent Ussing chamber experiments. Apical
chloride current measurements were performed as previously described [6].
Western blot analysis

Western blot analysis was performed as described previously [6, 19). Briefly, MDCK, Pkdl™",
Pkdl” cells were lysed with ice-cold RIPA buffer (50 mM Tris-HCI, 150 mM NaCl, 1 mM EDTA, 1% Triton-X
100, 1 mM NaF, 1 mM Na;VOs, and 1 mM PMSF) containing protease inhibitor cocktail. Samples were
centrifuged at 10000 x g and supernatant proteins (40 ug) were separated in 8-10% SDS-PAGE gel. Then, samples
were transferred to a nitrocellulose membrane. After blocking non-specific binding by 5% non-fat dry milk at
room temperature for 1 h, membranes were incubated with primary antibodies of interested proteins overnight at

4°C. The membranes were washed by TBS-Tween 20 solution three times followed by incubation with secondary
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antibody for 1 h. After that the membranes were washed by TBS-Tween 20 solution three times, the band intensity
of interested proteins was developed by chemiluminescence (ECL solution).
Statistical analysis

The data of all experiment were expressed as mean + SEM. The statistical significance of data
between control and the treatment groups was determined by one way analysis of variance (ANOVA) followed
by Bonferroni’s post hoc test, and repeated measure ANOVA, where appropriate. A value of p < 0.05 was

considered statistically significant.

Results
Chalcone derivatives slowed MDCK cyst enlargement

Previously, it was found that 4 chalcone derivatives (CHAL-005, CHAL-006, CHAL-007, CHAL-
011) could inhibit chloride secretion mediated by forskolin in permeabilized MDCK cell monolayers (data not
shown). Therefore, these 4 compounds were examined for their inhibitory effect on MDCK cyst enlargement. To
rule out the toxic effect, firstly, the effect of chalcone derivative compounds on MDCK cell viability was examined
prior to the evaluation of their effects on MDCK cyst growth and cyst formation. Using MTT assay, it was found
that all chalcone derivatives tested had no effect on MDCK cell viability (Fig. 1b). To further determine the
inhibitory effect of the chalcone derivative compounds on MDCK cyst progression, MDCK cells were suspended
in the collagen gel media with or without chalcone derivative compounds at the concentration of 100 uM in the
presence of forskolin for 6 days (between day 6 to day 12). The result showed that among 4 compounds examined,
only CHAL-005 could significantly inhibit MDCK cyst growth compared to that of control (Fig. 1c). Then, the
dose-response of an inhibitory effect of CHAL-005 on MDCK cyst growth was performed. The result showed
that CHAL-005 could also slow MDCK cyst growth in a dose-dependent manner (10-100 pM) (Fig. 14, f). To
test whether an inhibitory effect of CHAL-005 on inhibiting cyst colony, MDCK cyst formation experiment was
performed. It was found that CHAL-005 inhibited cyst formation by 79% compared with GlyH-101 (a CFTR
inhibitor) and the control group (Fig. le). These results suggested that CHAL-005 significantly inhibits MDCK
cyst progression in a dose-dependent manner without cytotoxicity. Therefore, only CHAL-005 was selected for
further study on mechanism of actions in slowing cyst progression in MDCK cells (in vitro) and Pkd! mutant

cells.

CHAL-005 inhibited apical chloride secretion and CFTR expression in MDCK cell
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The effect of chalcone derivative (CHAL-005) on CFTR-mediated apical chloride secretion was
determined by short-circuit current measurement in basolaterally permeabilized MDCK cell monolayers. Of note,
the CHAL-005 at doses of 50-150 uM significantly reduced an apical chloride current stimulated by 20 uM of
forskolin in a dose-dependent manner (Fig. 2). To determine the effect of chalcone derivatives on CFTR
expression, western blot analysis was performed. Incubation MDCK cell monolayers with CHAL-005 at the
concentrations between 50-100 uM for 24 h significantly suppressed CFTR expression in these cells (Fig. 3).
Taken together, these findings suggested that CHAL-005 inhibits MDCK cyst progression, in part, by inhibiting
CFTR chloride channel activity and expression.

CHAL-005 inhibited cell proliferation through the suppression of ERK1/2 and mTOR/S6K signaling in
MDCK cell

An inhibitory effect of CHAL-005 on cell proliferation was investigated using BrdU cell
proliferation assay. The results showed that CHAL-005 at a dose of 100 uM markedly suppressed cell proliferation
in MDCK cell compared to that of the control (Fig. 4). To determine the mechanism by which chalcone derivative
compound (CHAL-005) suppressed cell proliferation, western blot analysis of ERK1/2 and S6 kinase
phosphorylation levels was performed. It was found that CHAL-005 at doses between 10-100 uM significantly
diminished the expression of phosphorylation ERK1/2 in MDCK cell monolayers (Fig. 5a, b). In addition, CHAL-
005 at these doses also strongly reduced the expression of phosphorylation of S6K in MDCK cell monolayers
(Fig. 5¢c, d). Therefore, our findings suggested that CHAL-005 slows MDCK cyst progression, in part, by
suppressing cell proliferation through the suppression of ERK1/2 and mTOR/S6K signaling pathways.
CHAL-005 stimulated AMP-activated protein kinase in MDCK and Pkd1 mutant cells

It has been shown that an activation of AMPK strongly retarded renal cystogenesis through the
inhibition of CFTR and mTOR/S6K expression in a mouse model of PKD [11]. Since CHAL-005 could reduce
CFTR expression as well as mTOR/S6K expression in MDCK cell, its action to slow MDCK cyst enlargement
may involve AMPK-dependent mechanism. Thus, the effect of CHAL-005 on AMPK protein expression was
determined. Using western blot analysis, the result showed that CHAL-005 at dose of 100 pM stimulated AMPK
expression both in MDCK and Pkd! mutant cells (Fig. 6). These results indicated that CHAL-005 retards MDCK

cyst progression through the stimulation of AMP-activated protein kinase.
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Discussion

Chalcone, an a-P unsaturated ketone, has been shown to possess several biological activities
including antiproliferative effect [20], anti-inflammatory effect [12], anti-diarrheal effect [15], and antitumor
effect [13]. Considering the effect of chalcone derivative, we performed the experiment using MDCK cyst model
to determine whether chalcone derivative could retard renal cyst growth and cyst formation in this in vitro model
of PKD. An induction of MDCK cyst model to mimic the renal cystogenesis in PKD, MDCK cells were grown
and suspended in three-dimensional collagen gels containing forskolin [21]. Chalcone derivatives were incubated
with MDCK cyst from day 6 to day 12 onwards. Our results showed that among 4 chalcone derivatives examined
(CHAL-005, CHAL-006, CHAL-007, CHAL-~011), only CHAL-005 markedly inhibited MDCK cyst enlargement
without cytotoxicity. Interestingly, the effect of CHAL-005 in reducing MDCK cyst growth and cyst formation
was much greater than that of GlyH-101 (a CFTR inhibitor). This finding suggested that CHAL-005 may slow
MDCK cyst progression not only through an inhibition of fluid secretion but also through the inhibition of cell
proliferation pathways as well.

Transepithelial fluid secretion is an important mechanism for cyst enlargement. Several previous
reports revealed that CFTR chloride channel plays a major role in drawing fluid into the cyst lumen [4, 18].
Inhibition of CFTR function by CFTR inhibitor (thiazolidinone & glycine hydrazide) could retard renal
cystogenesis in MDCK and ADPKD mouse model [5]. In the present study, we demonstrated that CHAL-005
significantly inhibited chloride current-mediated by forskolin in permeabilized MDCK cell monolayers in a dose
dependent manner. Furthermore, our western blot analysis confirmed that CHAL-005 significantly reduced CFTR
expression at doses between 50-100 pM in MDCK cell. This result correlated well with the previous study
showing the ability of a chalcone ISLQ to retard MDCK cyst growth by inhibiting CFTR channel activity [17].
The cell proliferation pathways that trigger the cyst formation are also important for PKD progression [3].
Inhibition of several cell proliferation pathways could retard renal cystogenesis and improved renal function in
cell and mouse models of PKD [9, 10, 22]. In this study, we found that CHAL-005 suppressed MDCK cell
proliferation through the reduction of phosphorylation of ERK1/2 expression. Moreover, it also significantly
inhibited mTOR/S6 kinase expression at doses between 10-100 pM after 24 h incubation in MDCK cell
monolayers. These findings suggested that CHAL-005 inhibited cell proliferation through ERK1/2 and
mTOR/S6K expression. In line with this notion, chalcone ISLQ was found to inhibit lung cancer cell proliferation
and migration through the suppression of PI3K/AKT/mTOR signaling [20]. In addition, it was reported that ISLQ

and chalcone derivative significantly suppressed adenoid cystic carcinoma cell growth via the inhibition of mMTOR
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signaling and ERK1/2 pathways by an upregulation of TSC2 protein [16]. Previous study reported that chalcone
ISLQ did not alter cAMP levels in human colonic epithelial (T84) cells [17]. Therefore, the broad effects of
CHAL-005 in slowing MDCK cyst progression did not likely to involve an alteration of intracellular cAMP level.
Taken together, CHAL-005 slowed MDCK cyst growth in part by inhibiting CFTR expression and by reducing
of ERK1/2 and mTOR/S6K signaling pathways.

Cell metabolism is one of the targets for the treatment of PKD [23]. AMP-activated protein kinase
is a regulation of cell sensing energy. In line with this notion, it was fund that PC1 regulated mTOR activity via
phosphorylation of ERK [24]. In addition, an upregulation of AMPK by metformin can downregulate ERK1/2
and mTOR activity in PkdI” cell [25]. It has been revealed that an activation of AMPK by metformin strongly
slowed MDCK cyst growth and rodent model of ADPKD by inhibiting mTOR/S6K signaling as well as CFTR
channel activity and expression [11]. CHAL-005 was also demonstrated to retard MDCK cyst enlargement by
inhibiting CFTR activity and expression as well as suppressing mTOR/S6K signaling. Therefore, CHAL-005
might exert its effect to slow MDCK cyst progression via AMPK dependent mechanism. As expected, CHAL-
005 (100 uM) was found to significantly increase the level of AMPK both in MDCK and PkdI mutant cells. This
result was correlated with the previous study reported that a novel chalcone derivative (CHAL-025) inhibits CFTR
chloride channel via AMPK activation and has antidiarrheal effect in a mouse closed loop model of cholera toxin
induced fluid secretion [15]. Several lines of evidence suggested that ISLQ stimulated AMPK-mediated GSK3§
which protected mitochondrial against iron-catalyzed oxidative stress [26]. In addition, ISLQ also had a
cardioprotective effect against ischemic injury through the activation of AMPK [27]. Therefore, it is interesting
to observe in the present study that chalcone derivative (CHAL-005) also activated AMPK expression which
suppressed MDCK cyst progression.

The pharmacological effect of CHAL-005 to slow MDCK cyst progression observed in the present
study was found to involve multitarget proteins. CHAL-005 at low concentration (10 uM) was significantly inhibit
cell proliferation through the suppression of ERK1/2 and mTOR/S6K expression. While, the high concentration
of CHAL-005 (50-100 pM) was found to suppress CFTR expression and activated AMPK expression,
respectively. These combination effects of CHAL-005 in inhibiting cyst enlargement may offer the effective
treatment since it likely to suppress several pathways of PKD pathogenesis. However, the detailed mechanisms
of CHAL-005 on CFTR, ERK1/2, mTOR, and AMPK are further needed to elucidate.

In conclusion, the present study demonstrates novel mechanisms by which CHAL-005 slows

MDCK cyst progression. These occur via the stimulation of AMPK and inhibition of CFTR, ERK1/2 and
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mTOR/S6K signaling. However, further study is required to elucidate the detailed mechanism of chalcone
derivative (CHAL-005) on renal cystogenesis in an in vivo model of PKD. Our findings suggested that chalcone

derivative (CHAL-005) could represent as a drug candidate for the treatment of polycystic kidney disease.
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Figures legend

Fig. 1 Effect of CHAL-005 on MDCK cyst progression.

a The structure of CHAL-005 compound. b MDCK cell viability was assayed by MTT assay. The graph
represented cell viability after incubated with DMSO (control) or CHAL-005, CHAL-006, CHAL-007, CHAL-
011 (100 uM) for 24 h (mean of percent control £ SE, n = 4, NS; not significant). ¢ An Inhibitory effect of the

chalcone derivative compounds on MDCK cyst growth was shown. The graph represented MDCK cyst diameter



53

at day 12 after treatment with DMSO (control), GlyH-101 (50 uM), CHAL-005, CHAL-006, CHAL-007, CHAL-
011 (100 uM) for 6 day onward (cyst diameter + SE, n> 50 cysts, 4 independent experiments, ***P <0.001, NS;
not significant). d Dose-response of CHAL-005 on MDCK cyst growth was shown. The graph represented MDCK
cyst growth at day 12 after treatment with CHAL-005 at doses of 0, 1, 10, 50, 100 uM for 6 day onward (cyst
diameter + SE, n > 54-66 cysts, 4 independent experiments, *P < 0.05, ***P < 0.001, NS; not significant). e An
Inhibitory effect of CHAL-005 on MDCK cyst formation was shown. The graph represented percent of MDCK
cyst colonies at day 6 after treatment with DMSO (control), GlyH-101 (50 pM), and CHAL-005 (100 uM) for 6
days (mean + SE, 4 independent experiments, n = 4 well/condition, ***P < 0.001). f Representative of light
micrographs of MDCK cyst growth in collagen gels was shown. Light micrograph was captured at day 6-12 after
cell seeding of MDCK cell presenting with 10 uM of forskolin (control), 1, 10, 50, and 100 uM of CHAL-005
were added for 6 day onward after cell seeding in gels. Scale bar = 100 pm and 10x magnification.

Fig. 2 Effect of CHAL-005 on forskolin-mediated chloride secretion in MDCK cells.

Under permeabilized condition, MDCK cell monolayers were mount in hemichamber bathing with chloride
gradient buffer. a Representative current of apical chloride current after stimulating by forskolin. CHAL-005 at
all dose was added into both apical and basolateral hemichamber. The current was record at dose of 20, 50, 100,
150 uM and at the end of the experiment, GlyH-101 (50 uM), a CFTR inhibitor, was added. b Representative of
apical short-circuit current tracing after incubation of CHAL-005 at dose of 20-150 uM was shown as a bar graph
(6 independent experiments, mean of percent control + SE, *P < 0.05, ***P <0.001, NS; not significant).

Fig. 3 Effect of CHAL-005 on CFTR protein expression in MDCK cells.

a MDCK cells were incubated with CHAL-005 at all dose for 24h and were performed by western blot analysis.
Representative bands of CFTR and B-actin were shown. b The band intensity was represented as a histogram of
indicated proteins in CHAL-005 at dose of 0, 1, 10, 50, 100 uM in MDCK cells. Data were expressed as mean of
100% control + S.E, 4 independent experiments, **P < 0.01, NS; not significant.

Fig. 4 Effect of CHAL-005 on cell proliferation in MDCK cells.

MDCK cell proliferation was measured by BrdU incorporation. a The graph represented mean of percent MDCK
cell proliferation after incubation with DMSO (control), CHAL-005 at dose of 100 pM, and 20 pg/ml of blasticidin
(a positive control) for 24 h (mean of percent control + SE, n =4, ***P < 0.001 compared to that of control).
Fig. 5 Effect of CHAL-005 on phosphorylation of ERK1/2 and phosphorylation of S6K proteins expression

in MDCK cells.
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a MDCK cell lysates were performed by western blot analysis. Representative bands of p-ERK1/2, t-ERK1/2, and
B-actin were shown. b The band intensity was represented as a histogram of indicated proteins in CHAL-005
treated MDCK cells (0, 1, 10, 50, 100 pM). Data were expressed as mean of 100% control + S.E, 4 independent
experiments, **P < 0.01, NS; not significant. ¢ MDCK cell lysates were performed by western blot analysis.
Representative bands of p-S6K, t-S6K, and P-actin were shown. d The band intensity was represented as a
histogram of indicated proteins in CHAL-005 treated MDCK cells (0, 1, 10, 50, 100 uM). Data were expressed
as mean of 100% control + S.E, 4 independent experiments, *P < 0.05, NS; not significant.

Fig. 6 Effect of CHAL-005 on phosphorylation of AMP-activated protein kinase expression in MDCK and
Pkdl mutant cells.

a MDCK cell lysates were performed by western blot analysis. Representative bands of p-AMPK, AMPKa, and
B-actin were shown. b The band intensity was represented as a histogram of indicated proteins in CHAL-005
treated MDCK cell (0, 1, 10, 50, 100 uM). Data were expressed as mean of 100% control + S.E, 4 independent
experiments, **P < 0.01, NS; not significant. ¢ PkdI*" cell lysates were performed by western blot analysis.
Representative bands of p-AMPK, AMPKgq, and B-actin were shown. d The band intensity was represented as a
histogram of indicated proteins in CHAL-005 treated PkdI*" cell (0, 1, 10, 50, 100 uM). Data were expressed as
mean of 100% control + S.E, 4 independent experiments, **P < 0.01, NS; not significant. e Pkdl”" cell lysates
were performed by western blot analysis. Representative bands of p-AMPK, AMPKa, and B-actin were shown. f
The band intensity was represented as a histogram of indicated proteins in CHAL-005 treated PkdI™ cell (0, 1,
10, 50, 100 uM). Data were expressed as mean of 100% control + S.E, 4 independent experiments, *P < 0.05, NS;

not significant.
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Chalcone Derivative slows MDCK cyst Growth through

the Inhibition of Cell Proliferation Pathway
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'Biomedical Science Program, College of Medicine and Public Health, Ubon Ratchathani University
Division of Medicine, College of Medicine and Public Health, Ubon Ratchathani University
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Abstract

Autosomal dominant polycystic kidney disease (ADPKD) is the most common renal
genetic disorder. It caused by mutation of either PKD1 or PKD2 gene which activates fluid filled- cysts
along the nephron. ADPKD pathophysiology is characterized by abnormal cell proliferation which could
stimulate through the activation of p-ERK1/2 signaling corroborates with fluid secretion. Cyst progression
reduces renal function and could lead to end-stage renal disease. Currently, there are no specific
interventions. Chalcone derivatives have various pharmacolegical properties such as anti-bacterial, anti-
inflammation, antioxidant, and anticancer. In addition, chalcone was found to slow MDCK cyst
progression through the inhibition of CFTR activity. However, the effect of chalcone derivative on cell
proliferation in PKD was still unknow. Therefore, the present study was aimed to determine an effect
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and underlying mechanism of chalcone derivative (CHAL-025) on cell proliferation in MDCK cyst model
of PKD. The results showed that CHAL-025 significantly retards MDCK cyst growth. Using BrdU cell
proliferation assay, it was found that CHAL-025 strongly suppresses MDCK cell proliferation. Interestingly,
CHAL- 025 reduced phosphorylation of ERK1/2 protein expression. Taken together, these findings
suggested that CHAL-025 slows MDCK cyst enlargement by inhibiting cell proliferation via the reduction
of ERK1/2 pathway. CHAL-025 can be used as a drug candidate for the treatment of autosomal
dominant polycystic kidney disease.

Keywords : Chalcone derivative, Cell proliferation, ERK1/2, MDCK cyst growth
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Usznaudag 10% 10x minimum essential medium (MEM), 27 mM NaHCOs, 10 mM HEPES, 100 U/mL
penicillin, and 100 pg/mL streptomycin (pH 7.4 with NaOH) lu 24-wells plate ﬂuﬁqmﬂqﬁ 37 8441
waidea iuaan 90 wiil iilelfiauded antuld MDCK media finas 109% FBS waz forskolin 10 lulas
Tuand adluienssduliiead MDCK ad1adad Vsinasviquas 1.5 Sadans Wuna 6 Yu Seazifeuiiidenn 2
Hu laiindadudrarldars DMSO Tunquaruan wazans CHAL-025 fiedududy 100 TulasTuand lungs
naaas naufuiidewas forskolin 10 tulasluans Wuan 6 Yu Lﬂﬁauﬁtﬁanﬂ 2 u dhenwiad o Yudl 6, 9,
way 12
4. NMsAnNSUUAYAa INIA2873 BrdU cell proliferation

famsutueadlueidieds BrdU cell proliferation ¥msiwzidsueadsuiu 8,000 wad Tu 96-well
plate Mefidsidsasadiinay 10% FBS 1unan 24 alus 9nduldans DMSO (nduaruAn) warlunga
naaas ldans CHAL-025 arududu 100 lulasTuand lnswaufufildediusimandsudunat 24 dalus
Bisans BrdU Tudlueit 18 wastnsaliinsy 24 $alus vinmisTarmnisganduuasiientugndedu 490 wilusms

08 microplate reader uazdtuin % cell proliferation Wisuiiisuiunguaiuau lnansAmin

) ] OD 8angusiege
% cell proliferation = =—————x 100
OD 19anguAIuRY
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5. MsAnEINsuaasaanvaslusaulasis western blot analysis

Tanisuansoanuedlusiu ERK1/2, p-ERK1/2, B-actin #1878 western blot analysis lagvinnisada
TWsiuanwadaae RIPA buffer sntuvhmsuenlusiiulagld 10% SDS-PAGE gel electrophoresis 31ntuge
TusAuasusiu nitrocellulose membrane uaztne 5% nonfat dry milk Higamaiivies Wunan 1 42l e
ATURIUAYASULLILUTUAY primary antibody Tlgaumgdl 4 sseiwaides Wuna 1 Au mduvhnsdng
WHULUSUS e TBST solution Uszaneas 3 ae Wuiian 30 uait antutude secondary antibody 1o
1 $lue wdrdadae TBST solution wawidisl chemiluminescence (ECL) daamudiswaslusiulaglélusunsy
Image J
6. MTAATIZUNNEDA

FoyanamnizUssdiuaduddgnieadalasnisToufiaudn mean +SEM Tngldadd one way
ANOVA (Bonferroni’s post hoc test) iifai3suiiisuszainngumnassnaznguaiuny Avuasdodiigma
adidegd P < 0.05 duruAmadalagldlusunsu GraphPad prism

Han193dy
1. qrisvasasayustalau (CHAL-025) samsiiulavasdadluivadlumalsagaiilula MDCK
AnwnguiSuesanseyiusmalay CHAL-025 denadivlavesdadluwadlunalsaguiluln MDCK Tae
nTwwisaeadviola MDCK lursaansusauaznszdusieans forskolin arandudy 10 lulasTuans e
nszduliianisadredadidunat 6 Yu anduluduil 6 81 12 ldars DMSO (nduaruny) uazans CHAL-025
arududy 100 lastuansuaniu forskolin Wasufliieinauatsn 2 fu vimsdeguuasiavuiaidusiiu
quéﬂaw‘uaﬁaﬂﬁuﬁ 6,9, war 12 nan1vnaslinnginas CHAL-025 fanududu 100 lwlasluand
annsavzaemaidulavesiadluradlumalinganitlula MOCK Ifegeditoddgmiadi WeSsudisuiy
nauAIUAN (JUA 2A uaz 28) Tnsanisvisasandlifiuinans CHAL-025 aunsawvaemadulavesdadlu
wadlunalsagaiiluln MDCK 16

A

Day 6 Day 9 Day 12

Fluid

Cyst lumen

Cyst-lining
epithelial cell

—0
190
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Ul 2 qridvesansaywussalau CHAL-025 demadulavasdarluadluinalsagethlula

MDCK 31 A wansamnmsiiulagesdasainead MDCK Aimnzidedlunsaaiauisa ieldans CHAL-025
Aty 100 tulastuand w uil 6, 9, was 12 (scale bar = 100 pm uaz 10x magnification) 3U B uan
nymruadusiugudnatwasdadluiudl 12 udwniiveasudisans CHAL-025 100 Tulastuand (mean +
SEM, n > 40 cysts, ***P < 0.001)
2. qmévmmsaqﬁ'us’mainu (CHAL-025) samstiufanszuruntsutaadiniluiwadviola MDCK

YnsRnwgnIve3aT CHAL-025 san1sdiufimsudsialusivaeadviels MDCK #2838 BrdU cell
oroliferation assay HaMIMARBINUTIENT CHAL-025 fiensndudu 100 llastuans awnsedudimsuiaead
Imlveseadvisla MDCK atilifudrdqmuadn Wawssudisufunduaiuay (U 3) mnmanisveaasiuans
THidiuinans CHAL-025 anunsadudanssuaumsutagadle

Pntuwhmsdnwnalnniseangmivesans CHAL-025 denisuanioanuaslusiu p-ERK1/2 Sy
TusRuinssfumsuafageamad Me3s western blot analysis HaUsIngIans CHAL-025 fimnundudu 100
ulasTuany aunsaaamsuassaanvadlusiy p-ERKL/2 luwadviala MDCK sgniiudWamadd (U7 ¢A
wag 48)

150~
™
b 2
h 4
ﬁ' 100 ok
=
()
¥ 50
o
ul
o
0-
N
&
R
(4 ‘g
(&

5U 3 quiSuasans CHAL-025 (100 uM) demsuyneadlmiluieadvieln MDCK leldats
CHAL025 Wuan 24 $3lus uariamsuUagadiniéneds BrdU cell proliferation assay (mean = SEM,
n >4, *P<0.01)
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A
CHAL-025 0 100 pM kDa
phospho-ERK1/2 — — 4
42
o S =
0 RK1/2 ; R
f-actin — 45
B c 150+
R
®
[ *%
g 100+
©
8
= 504
]
o
o
S~ 0-
<
& ny
<

U 4 guduasans CHAL-025 danisuansaanvaslusity p-ERKL/2 lutsad MDCK U A uana
miuanseanyedlusiu p-ERK1/2, t-ERK1/2 uae B-actin §U B uanensmanuiduaslusiu p-ERK1/2/ERK1/2
Tunguaaugu (DMSO) uaznguiildans CHAL-025 amauidiudu 100 TulasTuand Wuiian 24 Falua (mean =
SEM, n = 4, **P < 0.01)

afuseuazagunaniside

Jagtiumitnulsaguirlulauuuiugnssmaugalifionnwagedumne Sufumsidudiona
ginwlsaguinluladujutiuluiimemnalnvesansdunsis o1 viemsayulnsitannsoanszdy cAMP
neluigad (reduction of intracellular cAMP level) Suganszuruntsuieiamaaigad (inhibition of cell
proliferation) kazdudamsvdsansthasdqedad (inhibition of fluid secretion) waEMIANWITIENUALITY
asdunrzitazeiannindudimaiuiavesdadliidueadiuea (n vito) uaslunyluaalsagedilula
(in vivo) (Y. Sun, Zhou, & Yang, 2011) uanmnﬁﬁqwuiwﬂmiagulmmﬂmﬂﬁﬁqw‘élunns'uzaamst,o?u‘[m’uaa
Famlasdufinszuiunmsuiagadiviuazmsndansthld Wy asafaaineiiuty (curcumin) (Gao et al,,
2011) ansatannulzfing (ginkgolide B) (Zhou et al,, 2012) uavarsaiaantunegwinu (steviol) (Yuaijit et
al,, 2014) arseyRusralAY (chalcone isoliquiritigenin) ansadudamsiainesdadluadlumnalsnga
Tuls MDCK 16 thunmsanmisvinaueedlusiuaudenaslsd CFTR (Muanprasat et al., 2012) MIfnwial]
Taquszasditefnugvisuaznalnniseenquisusinseyiusmalau (CHAL-025) lunsyzaemsiiulavasdad
Tueadlnalsngadilula MDCK dumstudsmautaeadlnl Taonawzdsasadvisln MDCK Turoaaiau
198 wainszduniaivlavasdadaieans forskolin nMamzdesdadaineadviela MDCK luleadluaa
Tsaguilulafifeutustaunivany FariAnsulidnvarwiioufuneiaisinewedsagailulatudeding
u,“u'awaé«iam"lmjLLaxﬁmwé'qmsﬁwmajqq%asﬁ (Sullivan, Wallace, & Grantham, 1998) NaN1INAABINUIN
aseywuivralay (CHAL-025) aunsedudiniaaiguesdailueadluea MDCK 16 Fraanadasiunsfinm
Fruinsenuiguinesanseywusualau (chalcone isoliquiritigenin) a1mnsavzasnisidulavasdaniy
wadlusalsguinlula (Muanprasat et al,, 2012) | |

nszUIIMsLUEadiRnsu (cell proliferation) Wudnuilnalndrdginssdunisairsuaznis
wulnvaadadlulsaguitlule (Wallace, 2011) MnmsAnwithunwuhiivanslusiuiiannsansydu
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nszuIuMIuUngaddadluild insenuilusiiu ER1/2 Sanuddgluniinssdunssuiunisudaead
s audasvesiaslsaguiilula Tnsmsiinuiina cAMP lumaddadazannsonszdunisinures
sy p-ERK1/2 uaztpdeuidnginedsauaziunseduduiifstestunisuaead Wunalinssdunisus
\waddasinsifiuanntu (Chapin & Caplan, 2010) wasmsudanisiauredusiu p-ERK1/2 anunsaszas
nsidulmvasdadlunylunalsaguiilulalfediediveddymaada (Shibazaki, 2008) Fafumstudimsvianu
vaalusiu p-ERK1/2 Tafudnuiiauuimdlunsiamnnisinulsaguilulald venainideilseaudn
arseyRusmalauannsasudinisiadyuansad adenoid cystic carcinoma tnedufinsvhauresiusiiu
P-ERK1/2 (Z-J. Sun et al,, 2010) aglsimudiliifistssmufeatunalanisdudinssuunmsuieaddasivg
vosasayiusyalau CHAL-025 luisadlumalsagaiiluln MDCK Wiavimmeaaumsutangadlmisaei
BrdU incorporation Wu31d15 CHAL-025 a1ansadudenisudseadlnild asvasesiinandliiiuga
a13 CHAL-025 szaemaiiularasdadneadluinalsagaiiluls MDCK shunissudimsutaeadini uas
Wetamsuanseanvaslusfuiinszdunisutauwadivn pERK1/2 #8358 wester blot analysis tan1snAaes
Wuiihauladuetinededn a1 CHAL-025 ianudiudu 100 llasTuand awsnanmsuansaanyaslusiu
p-ERK1/2 agredidudrAgn1eada Iﬂumamw\ﬂaaqﬁaaﬂﬂé’aah”“umiﬁﬂ‘mﬁmumﬁswmuiwmiaqﬁué
galaudufimaiulnvensadusds adenoid cystic carcinoma #UN1TAANTILEAIERNABLLUTHY p-ERK1/2
(Z-J. Sun et al, 2010) MaMIVAABIIALARSIRIUINETS CHAL-025 annsausaamsidulnvasdanly
\waa MDCK tun1saamsuanteanvadllsau ERKL/2

msfnwilagulsaseyiusualau (CHAL-025) fgvimandyinelunsszaemadulnvesiad
Tuwadlunalsaguilule MOCK Tnsfudinszuauniswiseadlmisunalnnisanmsuanseanvasiusiy
p-ERK1/2 agnlsfinudasiins@nwguiuaznalnniseangvivesans CHAL-025 luadvalafifanufiaund
voady PKDI warludninaaawiel naantsdnuisiriduharseyiusualay (CHAL-025) thazawnse
ihluRanduginundmiulsagailulald

nnAnssuUszne

aAeildTuGuganyunTiTennumningrdeguasastil §ifuvevevau frrsmansanse
A3 23uns 13 Medvuedl angivermans gwaansaliivends Alslimnueuesesilunisliaseyius
galaulun1svinide waz Prof.David N. Sheppard, University of Bristol, Bristol, UK mﬁmmaqmi’mﬂunﬁ
Iwadvialagy MDCK (Madin-Darby canine kidney) snldflunmsvinide
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