
n1~fl n'li1 qVJ~ezJeJ.:J&=~1~v~cW'u5eu1~ Lfl'U 1 un1~V'U ~.:Jn1~b~'U l~env.:J&lf&=~,] 
il 

ltJbBlf~~wb~~ 11ACl.:Jthlu1~ 
~ 

Effect of chalcone derivatives on cyst enlargement in an 

in vitro model of polycystic kidney disease 

il 

b~~\101~1,)vffi~~U'VI'Uvfi\1'U'U01~1,)v"il10~1UO\IU'\J~~:U1WLL~'U~'U 
~ ~ ' 
tJ~~~1U'IU'lJ~~:U1ru 2562 
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m1i~CJ b~e:J-:~ n11Pi n~1~'Vli'lle:J-:~"'11e:J~~'I.J5'1J1~ 1F1'1.J 1 '\.Jm1Ei''U §-:~m1b~'U L~'~'tle:J-:~'11"' (;)1 '\.J b'I!Gl~ 

b:IJb{;]G'Jb1Flfi-:Jtl11 'W11'1 1~r'U'Vl'\.J€J{;]VI'\.J'\.J f111i~CJ~1 flbF11-:J f111CJ m~~'U"'l.J11fi'\.J~,j' fli~CJ1 'VlCJ "1 'lh~~lU 
't q .. .. 
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m1i~CJ L~e:J'l m1~ m~1~'VIB'1J e:J'l?l11e:J'4oW'WB'Il1G'lLrl'W 1 'Uf11 1 t!u ~'~ fl11L~u LW~'1Je:J'l'1i?t W~1 'U L'1lG'l ~ 

LlJ L~G'l hr1q'!J11 'W 1W~ L U'Wtl11l~m ~e:J ~ m~1nG'l1n tl11e:Je:J n ~'VIB'1Jm?l11e:J'4oW'WB'Il1G9Lrl'U ~'~ LU '!.1?1111 'Ufl~lJ 

'1J e:J'lyjG91L1'Ue:J CJ :W~'VIB'Vl1'l;g1l'Vl CJ 1lJ1 fll.Jl CJ ~1 fl (:.J G'l f11 'j'VJ ~ G'le:J'l'Y'lU';h ?11 1e:J'4 oW'UB'Il1G'lLrl'U ( CHAL -005) 

?11lJ11~'1l~G'le:Jf111L~u LW~'1Je:J'l'1i?1~~1 m'1lG'l~ MOCK L~m~ CJ'l1 'Ur1e:JG'lG'l1 L~'WL~G'l LLG'l~t!u ~'ltl11 LL?I~'le:Je:Jfl'1Je:J'l 

hh~'U CFTR LLG'l~ ERKl/2 tl11Plmnd:B1~L~'Ul1?111e:J'UoW'Wi5'111G'lLrl'U :Wi'i'nCJm'Y'l1 'Ufl11oW\J).J'U1LU'UCJTrm~1 
' 
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bl'l~'ltl1lu1(;1'1J'W~~'Uqn11lH~'U (autosomal dominant polycystic kidney disease, 

AOPKO) btl'U bl'l'VI1'1~'U6f111:lJ'1leJ'I1~'U'U 1(;1~Yl'UUeJtJ l:i6'11 b'VI(;'J"iJ1f1n11~1 b 'V1~1'1Je:J'I~'U PKD 1 'V11e:J PKD2 m1 
' ' 

L1i'l G'l11€l'4oW'UTI'111~ Li'l'U (chalcone isoliquiritigenin) ii~'VI~'VI1'1b.f1"''11l'VIcmnnmtJ mi1 ~'VI~I'i'1'Uf111 

B'mG'lu f1'VI~I'i'1u"il~;gYl f1'VI~I'i'1ue:JulJ~~G'l1~ LL~~f1'V1~1'11u hl'llJ~ L 1'~ "il1 nm1Pi m!i1~~1'UlJ1Yltr:h6'111eJ'U'Wuli aj , al , 'U Ql , 

'111~ Li'l~G'lllJ11t:l'11~~e:Jm1L~'U L(;1'1Je:J'I~G'l1i"il1 m'll~~ MOCK 1~ m1Pif1'!;-1-dii1(;1~th~G'l'lfl L ~eJPifl't;-1~'VI~bb~~ 

n~ 1nm1e:Je:J n~'VI~'V11'1 L.f1"''11l'VItJ1'1leJ'IG'l11eJ'4W'UTI'111~ Li'l'U~e:J f111'11~~e:Jf111b~'U L(;1'1Je:J'I~G'l1i"il1f1 b'IJ~~ MOCK 

"il1f1~~f111'VI~~€l'l'rl'Ul16'111 CHAL -005 btl'UG'l11€l'UW'UTI'111~ Li'l'U~~~G'l~~'11~~€ln11b~'U L(;1'1Je:J'I~G'l1i"il1 flb'IJ~~ 
' ' 

bb~~cJ'IG'l1lJ11t:l~~fl11bbG'l~'le:JeJ f1'1le:J'IL th~u~m~~'Ufl11bb U'l b'1J~~1 'VIlle:J ~1'1 phosphorylation ERKl/2 bb~~ 

phosphorylation S6K 1~eJ~1'1ii'l!tJci'1ri'qJ'VI1'1G'l~~ ~~'1Je:J'If111Pif1'!;-1.Qbb6'1~'11 ~b ~'Ul16'111€l'4W'UTI'111~ Li'l'U 

'11~~€ln11b~'U L(;1'1Je:J'I~G'l(;11'UL'1J~~ MOCK ~1'Ufl11~~f111vl1'11'U'1le:J'I hh~'U'1l'U61'1i'l~e:Jbri CFTR bb~~cJ'IcJ'U~'I 

hh~'UbLU'Ib'1J~~1 'VIll ERKl/2 bb~~ m TOR!S6K ~'l,f'UG'l11€l'UW'U5'111~ Li'l'U~'I~m tl'UG'l11G'llJ'U 1 Yl1~iif'i'ntJ.f11Yl 
' ' 

fhil1Aty: G'l11€l'4W'UTI'111~ Li'l'U, hl'l~'ltl11 'U 1(;1, f111b~'U L(;1'1Je:J'I~G'l(;11 'U b'1J~~'1lJ b~~ hl'l~'ltl1 MOCK, 1 th~'U 

CFTR, hh~'U ERKl/2 
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Abstract 

Autosomal dominant polycystic kidney disease (AOPKO) is the most common 

inherited renal disorder caused by mutations of either PKDl 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 isoliquiritigenin (ISLQ), had 

various pharmacological properties such as anti-inflammatory, antimicrobial, antioxidant, and 

anticancer activities. Previously, it was found that ISLQ slows MOCK cyst growth. The present 

study was aimed to determine an inhibitory effect and detailed mechanism of chalcone 

derivatives on MOCK cyst progression. Among 5 compounds of chalcone derivatives tested, 

CHAL-005 (100 1-JM) was found to be the most potent for inhibiting MOCK cyst growth in a 

dose-dependent manner without cytotoxicity. CHAL-005 inhibited CFTR protein expression in 

MOCK cell. CHAL-005 strongly reduced phosphorylation ERKl/2 and phosphorylation 56 kinase 

in MOCK cell. Taken together, these findings suggested that CHAL-005 slows MOCK cyst 

progression by inhibiting CFTR expression and by reducing ERKl/2 and mTORIS6K 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, AOPKO, MOCK cyst enlargement, CFTR, ERKl/2 
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hfl~,nl11'W1~ (autosomal-dominant polycystic kidney disease, ADPKD) bU'Whfl'V11~ 

~'Wqm1:w~~1t.J'Vle:J~~1'W~'Wb~'U ~1'W 1 vtqj"Wumn1 tJth~'111 n11 tJ'Vli'IJ~ 11u m1~m:w1m e:J~1~11n~1:wil 

11t.J~1'U':hcrtht.J 11F1rm1'11 'U 1~'Wu'I.Je:Jt.J~'W1 tJ'\.J1~ b'Vll"11 'Vlt.J 11fl(l~J11 'W1~il~1 b vt~~1nn11~1 b vt~1''1Je:J~~'U 
'U .. " , 

PKD1 bbft~ PKD2 ~A1U~:Wtl11bb~~~e:Je:Jtl'lle:J~1'1J1~'W polycystin 1 (PCl) bbfl~ polycystin 2 (PC2) 

~1:W~1\1i'U [1] ~~e-Jrt'Vh 1 ~'IJ1:W1t\Jbbflft b61ft.J:w.tl1t.J 1 'Ub'llft~V!fte:J~ 1~rt~ft~bb6"l~t111 'IJ~tl11b~:W~'U'lle:J~'IJ1:W1tl.l'lle:J~ 
" 

1 mJ (cell proliferation) ~u1nruvt6"le:J~ 1~e.Je:Jt.J~1'WI'i1~1 V!ft1t.Jtl11~tl'1~1'WU'h btl~~1tl tl11fl1~~'Wtl11 

'Vi1~1'W'lle:J~1'1J1~'W MAPK/ERK pathway ~~nm~~'W1~t.J~11 cAMP 1'Wb'll6"l~vJe:J1~ [2, 3] 'We:Jtl~1nd~~iJ~n 

V!ft1t.Jtlrt1n~"'1:W11(ltl1~~'Utl11b~:!Jiih'U1'Wb'll6"1~61l"'\Ji1vtlle:J1Vi mTOR signaling pathway [4] bL6"1~ 

canonical Wnt!P-catenin pathway [5] bU'W~'W ~tl~~b'll6"1~61l"'!Ji~btl~~'W~~"'1:W11(1V!~~Flfle:Jb\Plbb6"1~J1rt~ 

1'W"Il"'\Ji (fluid secretion) ~1'W'V11~'1ie:J~1'1J1~'W'll'W~~Flfte:Jb\Pl~il~e:J'h cystic fibrosis transmembrane 

conductance regulator ( CFTR) [6] u~~U'W'WU':h CFTR bU'W 1 U1~'W'll'W~~~1ri'qJ1 'Wtl11V!~~Flrte:J b\Pl6"1~~~~ 

"ll"'!Ji'~"~~e:J:w~~~~ 1'1lb~t.J:w bb6"l~tl1vt~~~1:w~"ll"'!Jivi11 ~"ll"'!Jiil'lltJ1~ 1~~'W [7] u~~utJ~~1lliln111m~11~~il 
" ' 

"'l.J'W 1 '1"111 vtli1 ~il'IJ1~~'V16m'W 1 'Wtl11EJU~~n6"11n~vi11 ~bn~'Wmfi"'m'W'lle:J~ 111"1 ~~~1'W 1 vtqj~~e:J~1 'Wi'W~e:J'W 

tl11'Vl~fte:J~1'Wfl'W (clinical trial phase Ill) ~1tltl11~mn~~1'W:W111t.J~1'U':h tl11EJU~~n6"11tl'lle:J~tl11"'~1~ 

"ll"'~1vtll e:J1Vi tl11EJU~~ MAPK!ERK pathway [9], tl11H't.J1 rapamycin (mTOR inhibitor) [10] 1'Wtl11 

Ei'u~~ m TOR signaling, vt1mblJbLI'itl11~U~~ Wnt/P-catenin pathway "'1:lJ11(1'11~6"le:Jtl11b~1qJb~U 1~'lle:J~ 

"ll"'~1~~~~ 1 'Wvt'W 1:wb~rt 11fl(l~J1'1li1~1'11~ 61 
" ' I 
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Pln~1 ~Vlibb~t n~ 1nnTHJvf1~Vli1 'Uf11'H?l'1l.l?lh~~'IJ.f11'Yi Uv'ltl'U bb~:::1'n~11 'JAV11'1f11'Hb 'V'lVl~ ~1VI1'U f11'J 

.W~'U1EJ1~SJ'li 'Jt~Vl5m'V'lffi -1!1'n~11 'JAm~11 'U 1~ SJV!~1E.Jf11'JPin~11-tl?l1'J?ltl~:U1f1?ll.l'U 1 'V'l'Jbb~:::.r;'llu'J'Jl.l'll1~ 
' ' 

?l~'U1'V'l'J~'U (Triptolide) [13], ?l1'J?ltl~lil1f11'Ubbtl:::fi1EJ (Ginkolide B) [14], ?l1'J?ltl~lil1f11'UVItY1VI11'U 

(steviol) [15, 16] ~'In~ 1nm'Jv v n ~Vli'U v'l?l1'Jb V!~1;5 bb?l~'11 ~ b i1'U11 ?11 'J?ltl~:U1 n.r;'llu'J'Jl.l'll1 ~?l1l.11 'Jtl 

cJ'U~'If11'Jb~'U 1~'1Jv'l'zi?l~1 'U 1 'JAm~11 'Ll1~ 1~VI~1 t1 n~ 1mb~::: b ~'Ue.J~~~TU1l.11ti'J:::E.Jn~1-1!1n~11 'Jfltl'l~1 
' ' ' 

~1l.l n'U nu EJ1V!~v ?11 'J~'I bfl'J1 :::l-1~'U ~ b ~v 1 ~v v n ~Vli b?l1l.l tl'U ?l1'JB'4oW'UIT:U1 f1'1!1~ 1A'U (chalcone 

isoliquiritigenin, ISLQ) b ~'U?l1'J?l~'U 1 'V'l'J 1 'Uf1~l.l flavonoid ~lJ~VliV11'1 biological activity ~V!mnV!mtJ 

f11'JPif1~1~~1'Ul.11'J1ti'11'Ul1 ?l1'J isoliquiritigenin SJ~ru?ll.l'U"i1 'Uf11'J1f1~1 bAI'i1'1 ~ m-Yi lJ~Vltl 'Uf11'J~1'U 

b'll~~l.J:::b~'l (anti-cancer), ~1'Ub~mb'UAVib~tl (anti-bacteria), ~~f11'JeJf1b?l'U (anti-inflammation), ~~f11'J 

b fl ~ bb e.J ~ 1 'U f1 'J::: b 'V'l1::: v 1 VI 1 'J (anti-peptic ulcer) bb ~::: ~ ~ f11 'J bb ~ '11'11 'U v 'I bij ~ b ~ v ~ (anti-platelet 

aggregation) 'Uv n:u1 ni5c!'!SJ ~Vli1 'U f11 'J~1'U B'4l;J~ ~?l'J::: (anti-oxidant) [17 -19] ?l1'J isoliquiritigenin 

?l1l.11'JtlcJ'U~'I f11'Jb:U1'1J b~'U 1~'1Jv'l b'll~~l-1::: b ~'11 'UV11d 1l.l b~~ 1 'JAlJ::: b ~'~ b~1'Ul.1~1'Uf11'J~~vi1'11'U'Uv'l1 ti'J~'U B

catenin [20] ~f1~'1?l1'J isoliquiritigenin cJ'If1'J:::~'Uf11'Jvi1'11'U'IJv'l1ti'J~'U AMP kinase-mediated 

inhibitory phosphorylation GSK3B 1 'Uf11'J~1'UB'4l;J~~?l'J:::bb~:::f11'J~~f11'Jvi1mtl 1l-1 1~Av'Ub~~tl 1 'Ub'll~~ 

HepG2 [21] 'Uv n:u1 ni5m<JPI f1~1~~1'Ul.11'1J v'IAru:::efj~ EJ'V'l'U'.h?l1 'JB'4oW'UIT:U1 f1'1!1 ~ 1A'U (isoli qui ritigen in) 

?l1l.11'Jtl~~f11'JV!i'IA~v 1 'J~1~E.Jf11'JcJ'U~'If11'Jvl1'11'U'IJv'l1 ti'J~'U'IJ'U~'Ifl~v 1 'J~ CFTR ~'I~Vl~~'lf1~T"J?l1l.11'Jtl 

H1'n~1 hm1e:J'I~1'11 'UV11d 1l.lb~~ hAVJ€1'1~1'1 (mouse closed-Loop model of secretory diarrhea) [22] 

bb~::: b~'U~tJ1?l'U 1:uv~1'1~'1l1?l1 'J isoliquiritigenin ?l1l.11'Jtl'll:::~e:J f11'Jb:U1qJb~'U 1~'1Je:J'I&zi?l ~lil1f1 b'll~~vie:J 1~ 

MOCK [22] b~€lb~'Uf11'J~f1~1f1~ 1m:a'l~n1 'Uf11'J'Il:::~vf11'Jb~'U 1~'1Je:J'I'zi?l~1 'Ub'll~~vie:J 1~ MOCK ~1'Uf11'J 

c!u~'l1 ti'J~'U'IJ'U~'~A~v 1 'J~ bb~t 1 ti<J~'U~m:::~'Uf11'Jbb tJ'~ b'll~~'zi?lm Vll.l ~n~'lf11'JoW~'U1?l1'Je:J'UoW'UIT'Il1~ 1A'USJ 
' ' 

~Vlibb~:::n~ 1n n1 'Jv e:J n~Vl ib :a'~~ f1'1J v'l?l1 'J€J'4oW'UIT'I!1~ 1A'U 1 'U m 'J'Il:::~v f11 'J b~'U 1~'1Jv'l'zi?l~1 'U b'll~~vi v 1~ 

MOCK ~1'Uf1~ 1nm'JcJ'U~'If11 'Jvl1'11'U'Ue:J'I1 ti'J~'U'IJ'U~'IA~v 1 'J~ bb~:::n~ 1nm'JcJ'U~'I1 ti'J~'U~ b~ t~1iv'l1 'Uf11'J 

bbU'II'i'1'1J€l'lb'll~~&zi?l~1 Vll.11'Ub'll~~vie:J 1~ MOCK 
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m'JPim~1ifij1 (;1~'\.J 'J~61~ flb ~eJ Pi mn {]Vl Bm'l ~ n6'11n f11'JeJ eJ n {]VlB'tleJ~611'JeJ'4~'WTI'tl16'11A'W 1 'W m 'J 

tJ'U~~f11'Jb~h.J 1(;l'tleJ~"ii61(;11 'Wb"llG'l~vleJ 1(;1 MOCK 1~tJPimnn6'11n b'8~~n 1 'Wf11'JeJeJnqVJB'tleJ~611'JeJ'4~'WTI'tl16'11A'W 

~eJf11'JtJ'U~~f11'JVll~1'W'tleJ~ 1 '\.J'J~'W'tl'Wci~AG'leJ 1 'JvlbbG'l~ 1 'IJ'J~'W~m~~'Wf11'JbbD~b"ll6'1~6li61(;11 Vlll 
' 
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'VI 'U 'VI 1 'U 1 1'Hu n 11 :u 

bF1~'lJ11u1~ (polycystic kidney disease, PKD) LU'UbFI~'Uqm1ll'1leN1~~'l"jtJUeJEJ~~~ 1~CJ 

ijt'l'lJ1t'lfl?l~1'l~Wil1'U1'Ull1fll 'UVI~eJ~ 1~LL~~n~ L uCJ~fl1TVl1'l1'U'1leJ'l LifB 1mJ n~ vh 1 ~~tbmii~.rn1~ 1~11CJ 
' " " 

~uqmilJL~'U (autosomal dominant polycystic kidney disease, ADPKD) irmii~~u1u0V!rY LL~~'l"jtJ 

tJ eJ CJ ~ ~ ~ ~ fl '11 iJ ~ A e1 11 Fl ~ 'l J 11 'U 1 ~ '11 iJ ~ ~ 'U q m 1 lJ ~ e1 CJ (autosomal recessive polycystic kidney 

disease, ARPKD) L U'U'IlU~~Ln~~'U 1 'UL~fl LL ifl Lii~ ijm1ll1'ULL 1'1'11-eJ'l 1 1FirleJ'U-iJ1'l?l'l ~tbCJ 1 1A.O:u~~1CJ 1 u1CJ 
' " " 

'V11'jfl [8] 

fl11vl1'l1'U'1Jel'l hh~'U PC1 LL~~ PC2 ~~tJn~hJ fl11~1LVI~1'1Jel'l~'U PKDl :U~?i'l~~(;\eJfl11Lfi~ bFI~eJCJ~~ 

85l 'U'11ill~~fl11~1LVI~1'1Jel'l~'U PKD2 :U~Lfl~ieJCJ bAL~CJ'l~eJCJ~~ 15 [8] Fl11lJ~~tJfl~'1JeJ'l1tJi~'U PCl LL~~ 

PC2 :U1fl fl11~1 L VI~1'1J el'l ~'U~'l&'lel'lvl1l ~tJ~mru LLFI~ LonCJlJ.fl1 CJ l 'U L"1f~G9~~1.Je1 CJ~'lLL~~ijtJ~mru cAMP l 'U 

L"1f~G9vieJ 1~ L ~ll~'U?i'l~~ m~~um~m'Ufl11&'1~1'l L"11~~1 Vll.l dJ'UL"1f~G9t'l'lJ1VI1eJon?ll'i' (cell proliferation) 1 'U 
' ' 

'1Jru~L~CJ1tl'Uon&'ll'i'~G'l~1'l~'U:U~ijfl1'j'Vf~'lFI~el h~LL~~J1 (fluid secretion) [3, 23] on?tl'i'm~~'U:U~ 1tJn~ LUCJ~ 

LL~~vl1m CJL"1f~G9L ife1 1~tJfl~ vl1l ~fl11vl1'l1'U'1JeJ'l1~~~tJi~~'V15.fl1'\"j~'J lJ1flfl'J1~eJCJ~~ 50 '1JeJ'l~tbCJ bAm 
" ' 

transplantation) [8, 24] 

11A Vl1eJ .fl11 ~ LL 'V1 1 fl ie1 'U ~ 'l"jtJ l 'U ~U 1 CJ 11 Fl t'l'lJ 1l 'U 1~ 1~ LL ri eJ 1 fl1 1tJ 1 ~ Vl eJ 'l LL~ ~VI~ 'l 
" ' 

(abdominal and back pain) ~'lLii~1~:U1flfl11ijL~eJ~elelfl Vl~eJ~~L~eJ~1~ il11~FI11ll#i''U1~~~~'l 

(hypertension) ~'l:U~'l"jtJUeJ CJ 1 'U~U1CJ 1 iFI~'lJ11 'U 1~ L ~eJ'l:U1flij fl11vl1'l1'U'1JB'l1~~~~'l .fl11~L~ eJ~eJ eJfl ntJ 

\1?1&'111~ ( oross hematuria) LU'Uel1fl11(;\eJ:u1flfl11Lii~FI11ll#i''U 1~~~?f'lLL~~fl11ijmJ1ofl'1J1~ ~'lLii~ 1~L~eJ 
::, " ' 
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~'\};mi11(;1'tJ'W11'l1V!'lJ:w1fl m1::;~\11L~'€l'V11'lL~'W\1?1?111::; (urinary tract infection) :U1flfl11~~'ltl1Ufl'tl1\11LL~::; 

lJfl11~1'lL~eJ11:w~1tJ LL~::;?I1:w11mnl'lm1::;~11'W1(;1 (nephrolithiasis) 1~tJmm:h'\Jn~ [8] 

'Wen 51vu~n 'tm .:~ 1 -a A fi.:~J 1 t 1.J 1 ~ • 

L~'€l'l:U1flfl1')~1 LV!~1'tl'€l'I~'W PKD1 Vl1'€l PKD2 ~'llJt:.l~'tl'€l.:Jfl11?1~1'lLL~::;m1vl1'11'W'tl'€l'l 1 U1~'W 

PC1 LL~::; PC2 (;11:WG'i'1~'\J 1 U1~'WL V!~1ilLL?II'l.:J'€l'€lfl~BiiL~tJ'tJ'€JW1l~~V!~'€ll'l1(;1L~'€)(;1')1:U~'\Jfl1')L U~tl'WLL '\J~.:J'tJ'€).:1 

B\9111 m1 1 V!~'tleJ.:J'tleJ.:J L '\1!~11 'WV!~eJ\111(;1 Bm~.:~ 1 'll1~'W-dt!.:~m::;~'Wfl11L:U~ru'tleJ.:J1(;11 'W'V11')fl~eJ~1 'Wfl11il:W11\111 , v ~ 

1 '\J1~'W PC 1 lJV!mnV!mtJV!U1~ ~.:JtJ'\J~'lfl11vl1'l1'W'tleJ.:Ji~~~~1ru~m::;~1.Jfl11LL uw11~~1 Vll.JLL~::;t!-:Jv11.:~1'W 

11:Wn'U1'\J1~'W PC2 ~vl1V!U1~L~'W1'\J';i~'W'tl'W~'lLLfl~L<iitJ:w ~.:~J'W1U1~'W PC1 & PC2 complex ~.:Jvl1V!U1~ 

11:Wtl'W 1 1.Jfl1')1fl'I~1')::;~'\J LLfl~ L6iitJ:Wfl1tJ 1 'WL'Il~~V!~eJ\111(;1 L ~eJm::;~'W fl11L~'\J 1(;1'tJ'€J'l L'll~~V!~eJ\111(;1 ~.:JJ'WL~'€l , 

L~:W~'W't!eJ.:J'\J'1:w1ru?111 cAMP 1 'WL'Il~~ LL~::;m::;~'W fl11vl1.:J1'W'tl'€l.:JV!~1 tJi~~ ~~1 ru~ L~ m.rreJ'ln'\J m1 LL tJ.:~ 

L'11~~1 V!l.J v111~Lnl'lvm15?1~1i'VltJ1'tleJ.:J hflt~-:Jtl11 'W 1(;1 ~'ILL u-:JeJeJm ~'W 2 m::;m"Wm1V!~n~".Q , 

m-au.ti.:J~1''llei.:JL'!fa~Biifl~1~1J (cell proliferation) 

fl1')Lb tJ.:~~1'tl'€l.:J b'll~~Bil?l\911 V!l.J b ~'Wfl~ 1n~v1'11 ~ L ~:wlil'1'W1'W'tleJ.:J b"ll~~Bil\91?11 'W 1 ')fl t~-:Jtl11 'W 1(;1 :u1 n , 

cAMP vl11m'\J1~'W~fl1'\J~:Wfl11bbU.:J~1'tl'€l.:Jb'11~~1VIl.JA'€l cAMP-induced ERK pathway vl1.:!1'W:W1flfll1 

'\Jn~ [2, 25] 'W'€lfl:U1n-d't!-:J'Yi'\Jl1 n~1n~'Wfl?I1:W11fim::;~1.Jfl1')LbU'lL"Il~~Bil?11'i1VIl.J1~~1tJ '€l1Vi mTOR , 

pathway [4], Wnt!~-catenin pathway, STATS signaling, fl11tJ'\J~.:J cell cycle arrest n~1n~.:Jfl~11lJ 

and paracellular pathway Lnl'lfl11'tltl1tJ'tl'W11'lLb~::;nl'l LDtJ'WL -d'eJ1(;1 fl11VIi.:Jfl~'€l btil~.:~~~.:~Bil?ll'i Lnl'l:U1 n 

n~ b fl1 ';i'\l1fl~ '€l btii L .rr1 L"ll~ ~vi eJ1(;1 ~ 1'W'V11.:J basolateral membrane ~1'W 1 '\J 1~'W'tl'W~.:J Na+ -K+-2o-



activity) 'U'Elf1"ii1f1.Qn1'l"Vh:J1'U"ll'El-:J 1 th~'U"ll'U~-:JJ1 aquaporin (AQP2) Ekvh 1 ~?f1'i"J1V!~-:J~~-:J08?11'11~~bEJ 

m-a~n~nhfl~·nh1'W1(;1 (treatment of polycystic kidney disease) 
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U"ii"iJU'Un1Trmn~u--w 1 'lfltNJ11 'U 11'11 mfimTrmn ~~ 'l.J'l.JD'l~fl'U'th~fi'El-:J ~~G1~-rm~1\911lJ'El1 f11'l 
' 'II ' 

mVi m'l1~m'l~rtJLJ1~ m'l1~m~h~~'El m'l'V'l'Eln11'1 ~~G1~m'l~'tJ~EJ'W~1EJ11'1 biJ'U~'W [8, 27] 'El~1-:Jhnl'11:w 

m'l"Pim~1YlEJ15?11'li'VlE.I1"1l'El-:J 1 'lflfi-:JJ11 'W 11'1vi11 W.~:w1sfi-:JeU'El:WG1 ~~'El1-ff~ ~'U~~ 'W1'Vl1-:J1 'Uf11'l~~fi''WEJ11'mn 1 'lfl 
' 'II 

~"ii1(\!~&i'l.J 11'1"1l'El-:J~?fl'lb 'U 1\91 ~~G1~1'mn m'lvi1-:J1'U"ll'El-:J 1\911~ [ 4, 28] 'it-:J?f1'l~ V!~1-d'LJ'i~f1'El'l.J~1EJ ?f1'l~-:J~fl'l1~,; 

?f1'l?f~'W1Yl'l 'Vf1'ElEJ1~i1nG11f1f11'l'El'Elf1~'Vl~eJ'l.J~-:J'tJ1:w1ru cAMP 1'W~'1fmi (inhibition of cAMP level) 

l'i'1'El~1Wli'W vasopressin V2 antagonist [29], somatostatin analog [30] ~~'U~'U ?11'l~i1nG11nei'tJ~-:Jm'l 

~L D-:JI'i'1"1l'El-:J ~'1!G1~08\91?11 V!ll (inhibition of cell proliferation) mVi m TOR inhibitor [10], MEK inhibitor 

[31], epidermal growth factor and Src inhibitor [32] ~~'U~'U ~LG1~?11'l~i1nG11nei'tJ~-:Jf11'l'Vf~-:Jfl'l~~~?f 

fiG'l'Elh~ mVi CFfR inhibitor [28], KCa3.1 inhibitor [33] ~~w1i''W ?11'l~'El'Elf1~'Vl~~1'Uf1G11m'Vf~1e?f1:W1'lfl 

'll~G1'Eln1'l~"ii1ru~&i'l.J b\91"1l'El-:!~?ll'l~LG1~ ~~:w'tJ'l~~'VlB.fl1Ylf11'lvi1-:J1'W"llm 1\911 'W~'1!G1~vl'El1\91~~G1~ 1 'WV!'U 1:w~~G11 'lflmtl1 
v 'II ' 

(clinical trials) 

fl17v'l.f~·'Wli"'11~ bfl'U (chalcone isoliquiritigenin) 

?f1'l isoliquiritigenin ~ ~'U?f1'l chalcone 1 'U n~:w flavonoid ~ii~'Vl~ bioactive Yl'l.JlJ1fl1 'U 

Licorice root 'Vf1'El'l1f1"1le:J-:J~'U'll~~e:J:w ~'VIP! sfi-:J ~~'W.W'll~Yl'l.J:W1n1 'WD'lt~'VlPI~'W 'Ue:Jfl"ii1ne?f1'ln~:weei'-:!Yl'l.J 1~ 'W 
' 

t:.JG11~ ern 'Vf1e:J'El1V!1'l~i1?11'l flavonoid~-:! i1'l1EJ-:J1'U'".h?f1'l isoliquiritigenin ?f1lJ1'lfl?ftl~1~"ii1fl~e:Jfl 

'Vle:J.;jfld11 (flower of the Buteo monospermo) [34] sfi-:J~~'W1~~e:Jf1~Yl'l.JlJ1f11'W~'1J\91.fl1fi~V!tim~G1~.fl1fl 

B?f1'U"1JeJ-:J'tJ'l~~'VlPI1'VlEJ ?f1'l isoliquiritigenin ii~'Vl~ biological activity lJ1f1lJ1EJ'El1Vi anti-cancer, anti-

inflammation, anti-fungal, anti-microbial activity, anti-peptic ulcer, anti-platelet aggregation, 

anti-diabetic anti-diarrhea, and anti-oxidant [17 -19] "ii 1 n n1 'l Pin ~ 1 ~ ~ 1 'U :w 1 Yl 'lJ 11 ?I 1 'l 
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isoliquiritigenin ihhi::: 1CJ'I1'W1 'U f11 'j-rm~n 1 'jfl~1'11 e:nVi L 'li'W lJ']'Vl~EJ'U ~..:Jf11'j"L~'U 11P1'1J €1'1 L"'l~ ~:w::: L ~ ..:~1 'UVI\1 

1:wLI1mbfl:w:::L~'IL~h'W:w11'1CJ~I'lf11Tvl1'11'U'1JeJ'I hh~'U beta-eaten in [20] 'WeJmnnd?f1'j isoliquiritigenin EJ'I 

lJ']'Vl~~1'Ufl1'j?f~1'1 L"'l~~?f~1 CJm:::~ tl (anti-osteoclastogenic activity) ~1'Utl~ 1flfl1'jEJ'lJ ~..:Jfl1'j\PI1 CJ'1J €1'1 

L"'l~~LL'U'U NK-K8-dependent autophagy [35] 'U€Jtl~1tld?f1'j isoliquiritigenin EJ'I?f1:1J1'jrlEJ'U~'Ibr1 

Yl€1'1~1'1 bb~:::~lilfl1'jb~'U 11P1'1JeJ'161i?t~~1tl b"'l"'~viv 1~P~ MOCK ~1'Ufl1'jEJ'lJ~'Ifl1'jvi1'11'U'1JeJ'I1 th~'U'1J'U?i..:Jr1~€l 1 'j\9i 

CFTR [22] 
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n1'1L~~~lJ~THl'4~'1J5'!1v.:J isoliquiritigenin 

?111€1'4~'1 .. !15'1!1~ 1Y'I'W1~-r'IJF111lJ€1'4bY'I11~v1"il1fl~'W~i~t.J Excellent Center of Drug Discovery 

Y'l ru~i'Vl t.J11"11?1 ~rf lJ'VI1i'Vlt.l1~ t.Jl.Jt:;~~ ~'liJ m1111111iJ€l n'IJ'l! mY'IiJ "il1 n'VIm t.J?I m U'W 1~ t.1 1~11'\J11lJ?I11 

isoliquiritigenin ~fl\1111"il?l€l'IJ 1~t.J15 thin layer chromatography bb~~ nuclear magnetic resonance 

spectroscopy 1~t.JY'I11lJ'IJ~~'VlB'1lm?l11 chalcone isoliquiritigenin iJFi1lJ1flfl':h1'€lt.J~~ 99 

?111€l'W~'W15'll1~1Y'I'W 5 ?111 (CHAL-005, CHAL-006, CHAL-007, CHAL-011, CHAL-025) tifl 
' " 

I II ~ I 

'VI~flb~t.l'lfl11 freeze-thaw cycling U€lt.Jfl':h 5 Y'l-r'l~€1 1 aliquot bb~~Pifl~1tj'Vl'5b~€l~'WeJ'WY'I11lJY'I'I~1'1J€l'l 

?111 ~1t.Jiti HPLC 'Vlfl 3 b~€l'W 
' 

b'IJ~~ Madin-darby canine kidney (MOCK) bU'Wb'1J~~'VI~€1~1(;1~U'1J 1~-r'\Jfl11?1U'IJ?I'4'W"il1fl 

Prof. David N. Sheppard, University of Bristal, Bristal, UK 1~t.J~fl~ru~'1J€l'lb'11~~ MOCK bU'Wb'IJ~~ 

'VI~€1~1(;1'l.Jfl~1'W~1'W'1J€l'l collecting duct b'IJ~~ MOCK Ut.JlJU1111H1'Wfl11'Vl~~€l'l in vitro cyst model 

'1J€1'111Y'I~'IJ11 'W 1(;1 b ~€l'l"il1fl b'11~~-d?l1lJ11tl b"il~tyb~'IJ 1(;1 bU'W~?I(;11 'W\'1 €1~~1 b"il'W1~ b~€11~?111 forskolin 

m~~'Wfl11b"il~tyb~'IJ1(;1~1'W cAMP/PKA pathway 

b'IJ~~ MOCK ~flb~t.J'I~1t.I€11'VI11 DMEM/F12-Ham ~t:.J?IlJ 10% FBS LL~~1~ supplement 

insulin, transferrin, selenium X (ITS) bb~~t:.J?IlJ P/S bb~~b~t.J'I1'W~i\JlJ~€lru'VIfli1 37 €1'11"11?1b'11~b~t.J?I 
" ' " 
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1crnTlvh1~LnV~~~~lil1m"11a~ MOCK (MOCK cyst growth model) 

'Yl1f111'Vl~a'iJ'l1~m'l'l1~b~Cl'lb'1la~vl'iJ11'1 MOCK 1tJfl'iJaawilt.Wila b'1la~vl'iJ11'1 MOCK ~'l~l'iJ~ 
'IJ 

1tJfl'iJaa1b';i]'I.Jb';i)a~bb~'l~l 1cimm1b~Cl'lb'1la~bba~6'111 forskolin (10 iJM) m~~'Uf111b';i)1fljb~U 11'1'1.1'iJ'l"li?!~ 

1tJfl'iJamb';i)'I.J 1~m~CJ'l111 tJ~fllUfl:lJ'iJruvt.niJ 37 'iJ'll"11b'1lab"liCJ?! 'Yl1n11btl~CJ'U'iJ1V!11b~CJWlia~~t:.J?I:lJ6'111 
'U , 'I \I 

6'111 OMSO (n~:lJfllU~:lJ), 6'111 GlyH-101 (fl~:lJfllU~:lJb'fi'lUlfl) bba~6'111'iJ'lf~'tJ5'lJ1a1fltJ~fll1:1JbeV:lJeV'U 10 

ti-:J 100 iJM (n~:lJ'Vl~a'iJ'l) uwl'u61i6'f~';i)1flb'1!a~ MOCK bba~btl~CJ'U'iJ1V!11b~Cl'lb'1!a~'Vlfl?l'iJ'l1tJ ~'lbb~i''U~ 6 
' ' 

ti-:J1tJ~ 12 'Yl1fl11~1CJ~tl"li?!~'V!fl6'11:lJ1tJ ru 1't1~ 6, 9, bba~ 12 ~lCJfl~'iJ'l inverted microscopy (Nikon, 

TE 2000-S) ';i)1fl1ltJ'Yl1fl111~'1.1'U1'Ub~'U~1'U~'U~fla1'l'l.l'iJ'l61i6'1~ (cyst diameter) ~lCJ1tl1bbtl1:lJ image J t:.Ja 

fl11'Vl~a'iJ'l';i) ~ bb?l ~'~ ~lCJfh bO~ CJ'I.I 'iJ'l'l.ltJ1 ~'l.l'iJ'l b~'U~1'U l"l'U ~ n a1'l'l.l'iJ'l61i6'1 ~ b tl1CJu b ViCJu 1~V!l1'l n~:w~1ci6'111 
'IJ ' 

1cr1V~fl1'lbb~VI.:JeJeJn"lleJ'I1th9hJfi1fl1cr western blot analysis 

'Yl1fl11'Vl~at1'11~CJfl11b'l'l1~b~Cl'lb'1la~v1t~11'1 MOCK 1tJ petri-dish 'I.I'U1~ 60 x 20 mm b~Cl'IH 

btlt~nm 11't~ u:wb'1la~~lCJ?I11t~tJ~w5'll1a1At~~fll1:wb.V:weV't~ 10 ti-:J 100 iJM btlt1na1 24 i11:w-:J 'Yl1m1 
' 

10000 g bU'Ubla1 20 tJTVi ~~b€11ciltJ16'1t111tlbbCJfl~lCJV!~flfl11'1.1€J'l gel electrophoresis (8-10% gel 

505-PAGE) ';i)1fl,!'Ufl1CJ 1 tl1~'UU'I.Jb';i]aa'lci1 'ULI'l'H'I!aa 1a6'1b:IJ:IJ bU1'U (nitrocellulose membrane) U:lJb:lJ:lJ 
'IJ 'IJ 

antibody ~'iJ polyclonal CFTR (cell signaling), phosphorylation ERK, total-ERK, phosphorylation 

S6K, total-S6K, P-actin antibodies eV1:lJ~tJ1tJ~ruVIIJii 4 tl'l1"11b'1lab61iCJ6'1 bb~lbb'd secondary antibody 

b Uti b 1a 1 1 i11:w'l ~1'1 b:IJ:IJ b u1t1 bb~1t11 b:IJ:IJ b u1t1 1 tl1 bf!11~'1-1n11 bb?l~'l'iJ€1 n'l.lt~'l1 tJ 1~tJ~lCJfl11fl t~:w 

6'111a~mCJ chemilumunescence (ECL) b~tiV!1fll1:1JbeV:lJ'I.Itl'lbbU'U (band intensity) 'l.ltl'l1tl1~'U~?'imn 

t:.Jafl11'Vl~a€J'l';i]~ bb?l~'l€1€1 n1 t11tJ~ b tJ t~1 b~'U~fll1:1J b eV:lJ'I.I€1'1 bb Uti 1 tJ 1~t1~?'lmn 1~V!l1'l n~:w 1ci6'111ti'U~tJ5'lJ1a 
'IJ ' ' 



18 



19 

0~crvi1 n11Pim~1~'Vl~'lle.J-:!?111e.J~Vi'Ut5-!n" 1rl'l.!~-:! 5 e.J~Vi'Wt5 ( CHAL -005, CHAL -006, CHAL-

007, CHAL-011, CHAL-025) 1'Wtl11'll~"e.Jtl11L~U1~'lle.J-:!~?1~~1m'll"~'Vle.J1~ MOCK ~1CJ1Btl11L~CJ-:!~?I~ 

e.J~1-:~~'\Jmh~'ry'V11-:J?I~~ (~'\.J~ 1 LL"~ 2) LL"~L~e.Jvi1m1Pim~1~'Vl~'lle.J-:!?111e.J~Vi'Wt5'll1" 1fl'W CHAL-0051 'U 

n11EJ'\.J~-:!fl11L~'\.J 1~'lle.J-:!~?1~~1m'll"~ MOCK ~1l.lfl11l.lboUl.loU'U'lle.J-:!?111 ~u11?111 CHAL -005 ?11l.l11tl'll~"e.J 

tl11L~'U 1~'lle.J-:J~?I~LL '\.J'\.J dose-dependent manner e.J~1-:~~'11CJci'1 Afll'Vl1-:J?I~~ L~m'\.J~CJ'\.J L ViCJu nu n~l.J 

1"11'\.Jfll.J ~-:!bb?I~-:J1'W1'\.J~ 3 ~1m,mf111'Vl~"e.J-:!~LL?I~-:J1~L~'W11?111 CHAL-005 LL"~ CHAL-025 ?11l.l11tl 
' " 

MOCK (data not shown) ~'U11?111 CHAL-0051lJ~~'Vl~~e.Jf111~1L'll"~ MOCK 1'W'llru~~?l11 CHAL-025 

~~'Vl~1 'Ufl11~1 L'll"~ MOCK ~-:~J'U 1 'Un11'Vl~"m~e.J 1 '\.J 0~CJ~-:!L~e.Jf1Pim~nn" 1nf111e.Je.Jf1~'Vl~'lle.J-:!?111 CHAL-

005 1 'Uf111'll~"e.Jf111L~'U 1~'lle.J-:!~?1~~1m'll"~ MOCK 



_,.,. 
, .... 

20 

cJ il iJ 

(positive control), CHAL-005, CHAL-006, CHAL-007, CHAL-011, CHAL-025 'Vlf111l.H'IJ~'IJ'U 100 1-JM 

... .. 
ru 1'U'Vl 6, 9, 12 
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_soo NS 
:;: 
:::L 

":"600 
$ 

*** e400 

li *** .~ 

~200 

I II) 
>. 
(.) 

0 

CHAL derivatives (100 J!M) 

~tlvi 2 ~6'l'1leJ~?f11eJ'U~tll5'll16'l1r1'U~~ 5 'lllJ~ (CHAL -005, 006, 007, 011, 025) ~elf111L~'U 1~'1leJ~ 
v ' 

6SMhnm"ll6'l~ MOCK L~mm~~'U~1CJ?f11 forskolin vim1llL-irll-ir'U 10 1-JM LU'Ub16'l1 12 l'U m1'l"lLL?f~~ 

'1J'U1~L~'U~1'U~'U~tl6'l1~'1JeJ~6S?t\>l (1-Jm) L~eJ1G'i?t11 DMSO (n~llr11'U~ll) ?111 GlyH-101 (positive control) 

?111-el~~'UB CHAL-005, 006, 007, 011, 025 r111llL-ifll-iJ'U 100 1-JM 1~~1CJhJ1LLmll image J ru 1'Uvi 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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NS 

CHAL-005 (J.LM) 

(mean ± SE, 4 independent experiment, n > 45 cysts/condition, *P < 0.05, ***P < 0.001, NS; 

not significant as compared with control) 

MOCK 

'Y11m~Pim~nn~ 1nmTtreJn~'Vl~'UeJ\IG'l1~ CHAL -005 1 'Ufl1~'1l~~€Jm~b~'U bt'1'11€J\I~~I'i"il1 n b"lf"'Gi 

MOCK ~1EJ1ITi'~m~bb~~\l€l€lfl'U€l\lbth~'U~b~El1oU€l\ltl'Ufl1~'VI~\1~1~J1 (CFTR) t:·mfl1~'Vl~"'€JW~'Ul1 ~1~ 

CHAL-005 G'l1ll1~t1iJ'U~\Ifl1~bb~~\l€l€lfl'11€l\lbtJ~~'U CFTR ~fl11llboUlloU'U 50 t'i'l 100 1-JM €l~1\li1um11ri'qJ 

'Vl1\l~~~b~mtJ1EJubViEJ'Utl'Ufl~lJA1'UAll (~tJ~ 4) "il1flfl1~'Vl~~m-d~ ~b ~'Ul1~1~ CHAL -005 ~1ll1~t1'1!~"'€J 
' ' " 
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A 
CHAL-005 0 1 10 50 100 Ill'\{ kDa 

CFTR 168 

jl-a~tfn 45 

B 

150 
NS 

c 
;:I 
(.) 100 

Dll 
'P 

** co. 
i:i 
~ 50 u.. ** CJ 

Iii 0 

~a-
... ... I;) "I;) 1;)1;) 

" vo 

[CHAL-005] (11M) 

'1J'Uci~A~e:Jbii CFTR 1'UL"1!~~ MOCK b~e:J1G'iii11'j CHAL-005 ~fl11lJL'IJlJ'IJ'U 0, 1, 50, 100 1-JM Ltl'Ub1~1 24 

i1llJ~ TU A bbii1~~'1J~mrun1'jbbli1~~e:Je:Jf1'1Je:J~hh~'U CFTR bb~t R-actin 'j,j B ~e:Jm1vJLLii1~~1m.J~t'1Je:J~ ~ p ~ 

1 LJ 'j ~ 'U CFTR ~ eJ ~-actin (mean of % control ± SE, n = 4, **P < 0.01, NS; not significant b ~ eJ 

LL ti·naz~aa'i:"n.J 

vi1 f11'j~f1'\~1 n~ 1nm'je:Je:Jf1t"]'YIB'1Je:J~ii11'j CHAL -0051 'Uf11'j'l1~~e:Jf11'jb~U bl'l'11e:J~~ii1~~1 m"l!~~ 

MOCK ~1CJi51~f11'jbbii1~~e:Je:Jf1'1Je:J~b'IJ'j~'U~LLtl~L"1!~~hnJ (p-ERK & p-S6K) ~~f11'j'YI~~e:J~"i''U"ll ii11'j 

CHAL-005 ii11lJ1'jflcJU~~f11'jbbii1~~e:Je:Jf1'1Je:J~b'IJ'j~'U phosphorylation of ERK1/2 ~fl11lJL'IJlJ'IJ'U 10 ~~ 

100 1-1M (~LJ~ 5) LLa~cJU~~f11'jbbli1~~e:Je:Jf1'1Je:J~ blJ'j~'U mTOR!S6K ~fl111JL'IJlJ'IJ'U 10 ~~ 100 1-JM (~'IJ~ 6) 

eJ ~1~ih!CJ~1 Fl qj'YI1~ii1~ ~ b~ eJ b LJ~CJU b ~C.IU flU milJfl1Ufl1J ~1 f1 f11'j'YI~ae:J~ii:ff1 ~ b ~'Ul1 ii11'j CHAL -005 
' ' 
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A CHAL-005 0 1 10 so 100 11M kDa 

phospho-ERKl/2 
44 
42 

total ERKl/2 44 
42 

IJ-actin - 45 

B 
~ 

150 
,.... 
~ NS 0::: 1 w 

D 
~ 
~ ,.... 

50 ~ 
0::: 
w • c. 

0 

~ ... ... ~ ':>~ ~~ §S " c,O 

[CHAL-005] (11M) 

bbU~b"ll~~~G'11111VJJJ phosphorylation of ERK1/2 hn"ll~~ MOCK b~e:J1ci6'111 CHAL-005 ~m1~b~~~'W 0, 

1, so, 100 IJM b'IJ'Wn~1 24 -&'11~~ ~u A bbG'l~~u~~1tufl11bbG'l~~e:Je:Jfl'tleJ~1u1~'W phosphorylation of 

ERK1/2, total ERK1/2, bb~~ ~-actin ~u B ~e:Jm1~bbG'1~~1eJCJ~~'tleJ~bU1~'W p-ERK1/2 ~e:J t-ERK1/2 

(mean of% control ± SE, n = 4, **P < 0.01, NS; not sionificant b~mmCJ'UbVlCJ'Utl'Ufl~~m'IJI"l~) 
::> ' ' 



25 

A 

CHAL-005 0 1 10 50 100 JIM kDa 

phospho-S6K 85 
70 

totalS6K 85 
70 

fl-actin 45 

B 

150 

~ NS 
co 100 U} 

~ * * * co 
U} 50 
c. 

0 

~ .... ~ "~ ~~ 
~ " 0~ c; 

[CHAL-005) (J.LM} 

bb tJ~ b'I!G'l~"iJ~~1 VJlJ phosphorylation of S6K 1tH'IlG1~ MOCK b~€1 1~~11 CHAL -005 ~1'111ll b.rrll.rr'U 0, 1, 

50, 100 IJM bU'UbdG'll 24 i11ll~ ~tJ A bb~~~tJ~ll1illfl11bbMl~eJ€Jn'1J€1~ 1tJ1~'U phosphorylation of S6K, 

total S6K, bbG'l~ ~-actin ~tJ B AeJm1'1'Jbb~~~1mm~·~m~1tJ1~'U p-S6K ~€1 t-S6K (mean of% control± 

SE, n = 4, **P < 0.01, NS; not sionificant ~mtJ1m.Jb'Yi~unumilll"l1'\JI"lll) 
:::, ' ' 
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tl11Plfl'l;-1'ifii11'1~U1~?1..:JflL ~eJPlf1'1~1~'Vl~LL~~n~ 1nm1eJeJn~'Vl~'lleJ..:J?I11eJ'4~'UB'll1~ 1fl'U 1 'U tl11 

'll~~eJtl11L~'U 11'1'lleJ..:J~?II'i:U1nL"1m~ MOCK 11'1CJL'1m~··bl.JLI'l~ hr1mtl11'U 11'1iit.Jl.J1otlL'IJ~~ MOCK L~t.J..:J1'UL:U~fleJ~ 
' 

' ' " 
L'IJ~~ MOCK LlJeJll'l~'Jt.Ji5 Ussing chamber experiment ~u-;hii?111eJ'4~'U5 5 'lliil'lVi?l1l.J11C1tJ'UtJ..:Jtl11 

Vli..:Jfl~Bhl'l1'UL'IJ~~ MOCK ~..:J111?111eJ'U~'UB'll1~1fl'U~1'U1'U 5 'lliil'l (CHAL-005, CHAL-006, CHAL-007, 
' 

CHAL-011, CHAL-025) ~fl11l.JLoVl.JoV'U 100 J.!.M l.J1'Vll'l?leJ'U~'Vl~1'Um1'll~~eJtl11L~'U11'l'lleJ..:J'ii?!l'i:U1nL'IJ~~ 

MOCK t:-J~tl11'Vll'l~eJ..:J~'U':hiJ?111eJ'4~'UB'll1~1fl'UL~t.J..:J 2 'lliil'l~eJ?I11 CHAL-005 LL~~ CHAL-025 ~iJ~'Vl~ 

'll~~eJ tl11L~'U 11'1'lleJ..:J'ii?!l'i:u1 nL'IJ~~ MOCK eJ~1..:JiJ,Jmh•i'qj'Vl1..:J?I~~ :U1 nt:-J~tl11'Vll'l~eJ..:J'if?IBI'lfl~eJ..:J nu 

tl11Plf1'1~1~~1'Ul.JT-J1 ?111'1:!1~ 1fl'U ISLQ ?11l.J11C1'll~~eJtl11L~'U 11'1'lleJ..:J~?I1'11 'UL'IJ~~ MOCK 1~ [22] LL~~LlJeJ 

LU~t.I'ULVit.J'Ut:-J~1'Um1'll~~eJtl11L~'U11'1'lleJ..:J~?I1'11'UL'IJ~~vleJ11'1 MOCK tl'U?I11 GlyH-101 ~tJ'U~..:J1tJ1~'U CFTR 

~'U11?111 CHAL-005 ii~'Vl~1'Utl11tJ'U~..:J~n11 Bn~..:J?I11 CHAL-005 hlii~'Vltl'Um1~1L'IJ~~ MOCK ~..:J,f'U 

~..:J1.J1?111 CHAL -0051 tJPimnn~ 1nm1eJeJn~'Vl~1 'Un11'll~~eJtl11L~'U 11'1'1JeJ..:J'ii?!l'i:U1nL'IJ~~ MOCK ~1'Un11 

tJ'U~..:Jtl11VIi..:Jfl~eJ 1 114LL~~~I'ltl11LL U..:JL'Ij~~1 Vlli 

1 'Um1Plm~n n~ 1nm1BeJn~'Vl~'lleJ..:J?I11 CHAl-005 ~i~m~l.J~'U:u1nm1Plm~1~'Vl~'lleJ..:J?111 

CHAL -005 ~eJtl11tJ'U~..:Jn':i~'U1'Utl11V!i..:Jfl~eJ 1114 LL~~J1~..:J1 'U~?I!'i (fluid secretion) ~..:JL ~'Un':i~'U1'Utl11 

~1fi'qJ 1 'Utl11'Vi11 ~'ii?ll'i'llm t.J'll'U11'1 L ~l.J~'U 11'lt.Jtl11vl1..:J1'U'lleJ..:J 1 tJ1~'U'll'U~..:Jfl~eJ 1114 CFTR vl1V!U1~V!"' n 1 'U 

tl11VIi..:Jfl~Bhl4 [6, 36] :U1nm1Plfl'l~1~~1'Ul.J1~'U11 ?111eJ'U~'UB'll1~ 1fl'U (CHAL-025) ?11l.J11C1~'U~..:J 
' 

~1t.Ji5 western blot analysis t:-J~tl11'Vll'l~eJ..:J~'U11?111 CHAL -005 ?11l.J11C1~1'ltl11LL?II'l..:JeJeJn'lleJ..:J 1 tJ1~'U 

CFTR 1~-eJ ~1..:JiJ,j' t.J~1 1"1 UJ'Vl1..:J "~ ~ ~..:J t:-J ~ m 1'Vll'l ~ eJ..:J~..:J nci 11?1 eJ 1'1 fl ~ eJ..:J nu m 1Pi mn~ ~ 1'Ul.J111?111eJ'U~'U 5 ... ' 
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[22, 37] 'Ue:lf1\11f1i1' ~~n1'j"'l.f~~e:lf11'H~U 11'1'1l&161i?l~'1le:l-16'lTI CHAL-005 tJ-16'le:J(;ll"l~e:J-1fi\m1'j"~f1~1~~1'U:W1 

l16'l1'j"~tJU~-1n1'j"vl1-11'U'1le:l-1 hh~'U CFTR (CFTR-inh 172, GlyH-101) ?l1:1J1'j"f:1'l.f~~e:Jn1'j"L~U 11'1'1lm"li?l~\11f1 

L'll~G9 MOCK LL~~VI't;d1:WL(;l~ hr1'l-1tl11 'U 11'11~ [28] LL~~?le:J(;ll"l~e:J-1fi'Un1'j"~f1~1~'j"1~-11'Ut]Vlt'1le:J-16'l1'j"?l~ie:JB~ 

~'l.f~~e:ln11L~U 11'1'1le:J-16/l?l~~1'Uf1~ 1nf111~(;ln11VI~-11"1~e:J11ii LL~~~(;lf111LL?l(;l-1e:Je:lf1'1le:J-11 th~'U CFTR ~-11 'U 

m~m'Uf111LL tl-1 L'll~~1 V!li (cell proliferation) Ltl'UBf1VI~-1n~ 1mh•i''l!1 'Un11?l~1-1 LL~~'U ~1CJ 

'1l'U1(;1'1Je:J-161i?ll'!b 'U 111"1t:1-1tl11 'U 11'1 \11f1n11~f1~1~~1'U:W1'WUl1n11vi1-11'U'1le:l-1 1 U1~'U MAPKJERK pathway ~ 
' 

~1'U:W1'WUl1f1~1n'1le:J-1 mTOR signaling pathway [4] LL~~ Wnt/~-catenin pathway [38] ?l1:W11t:1 

m~~'Uf111L~:W~1'U1'UL'I!~G961i?ll'l"l~ LL~~f111tJU~-1n11vl1-11'U'1le:J-1 1 'Ll1~'U p-ERK1/2 [39] LL~~ 1 tl1~'U mTOR 
' 

[40, 41] 6'l1:W11t:1'l.f~~e:ln11L~U 11'1'1le:J-16/l?ll'!b 'UVI\t 1:WL(;l~ hr1'l-1tJ11 'U 11'11~B~1-1ih!m11A'IJV11-16'l~~ ~-1~'Uf111 

tJU~-1f111vl1-11'U'1le:l-1 1'Ll1~'U p-ERK1/2 LL~~ m TOR ~-1Ltl'UBf1VI~-1LL'U1Vl1-11 'Uf111~\il.I'U1f1111'f1~1 br1'l-1tl1 

1 'U11'11~ \11f1f111~f1~1~~1'U:W111 CJ-11'Ul16'l11'l.f1~ 11"1'\.J ISLQ 6'l1:W11t:1 tJU ~-1f111L~U 11'1'1le:l-1 L'I!~G9:w ~ L ~-1 

adenoid cystic carcinoma ~1'Un11tJU~-1f111LL?l(;l-1e:Je:Jf1'1le:J-11'Ll1~'U mTOR LL~~ ERK1/2 [42] e:1~1-1hn 

1'11:Wf1~ 1f1'1le:l-16'l11e:l'U~'U5'l.f1~ 11"1'\.J 1 'Un11'l.l~~e:ln11L~U 11'1'1le:J-16/l?ll'!b 'UL'I!~~b:W L(;l~ 111"1t:1-1tl11 'U 11'1~1'Un11tJU ~-1 
' ' 

n~ 1nm1LLU-1L'I!~~1 V!l.Jt!-:~1l.Jlii"111:W-ti'(;l L\l'U \11f1~~n11Vl(;l~e:J-11 'Uf111~f1~1i1''WUl1 6'111 CHAL -005 lit]Vlt1 'U 

n11tJU~-1n11LL U-:JL'1!~~1 Vlli~1'Uf1~ 1nm1~(;lf111LL?l(;l-1e:Je:Jf1'1le:J-1 1 'Ll1~'U phosphorylation ERK1/2 e:1~1-1li 

'!!m11 A illV11-16'l~ ~ 1(;1 CJ ~~ f111Vl(;l~ B-1i1'6'le:J {;1\"l~e:l-1 nu f111~ f1~1~~1'U:W1~11 CJ-11'U116'l11e:l'U~'Ufi'l.f1~ 11"1'\.JtJU ~,:) 
~ ' 

f111L~U1(;1'1le:JW!!~~:W~L~-1 adenoid cystic carcinoma ~1'Uf111~(;lf111LL?l(;l-1e:Je:lf1'1le:J-11'Ll1~'U p-ERK1/2 

[42] 'Ue:lf1\11f1d?l11 CHAL-005 tJ-1~(;lf111LL?l(;l-1e:Je:lf1'1le:l-1bth~'U mTOR!S6K 1'UL'I!~~ MOCK ~1CJ \11f1~~ 

f111Vl(;l~e:J-1dli11 ~-11'U?lUU?l'U'U11?l11B'U~'U5'l.f1~ 11"1'U ISLQ ?l1:W11t:1cJU~-1f111LL tl-1 L"lm69 LL~~f111m~\11CJ~1 
' ' 

'Ue:J-1 L'l!~~:w~ L ~-1'\.l e:J(;l~1'Uf111tJU ~-1 n~ 1nm1 LL tl-1 L'I!~G91 Vlli P13KIAKT/mTOR [43] \11 n~~f111Vl(;l~e:J-1d 

~1l-1L~'U116'l11 CHAL-005 'l.f~~e:ln11L~U 11'1'1le:J-16/l?l(;lb 'UL'I!~~b:WL(;l~ 11r1mtJ11 'U11'1~1'Uf111cJU~-1 1 U1~'U~ 
' 



28 

fl1'j~ n~1tl'j1 CJ'~ TU']'VlBLL~ ~ n~ 1n m 'je:Je:J fl']'V1B'lle:~'l?t1 'je:J'4~trcr'1f1~ 1rl'u 1 'Ufl1 'j'1f~~ e:~ m 'j L~u 1(;1 

'lleJ'IBii?f(;11'UL'Ilm~ MOCK ~'ILU'UL'Il~~··h.JL~~'lle:J'I hflt:l'liJ11'U 1(;1 t:.J~fl1'j'Vl~~eJ'I~UrJ1?f1'j CHAL -005 ?11l.J1'jf:1 
' 

fl1'jLL?f~'le:Je:Jfl'lJeJ'11'\.J~~'U~LLU'IL'Il~~1VllJ phosphorylation ERKl/2 LL~~ mTOR!S6K "il1flt:.l~fl1'j~fl~1 

oU1'11'i''UtlLL?f~'l1 ~L ~'UrJ1?f1'jeJ'U~'UB'1f1~ 1fl'U ( CHAL -005) L U'U?f1'j?fl.J'U 1 ~'j~lJPlfl CJ111~ 1 'Ufl1'j~~'U1 L U'UCJ1 
' ' 

L ~el 1 ~elelfl']'VlBL?f~l.Jtl'U 

fl1 'j~ fl ~1 \91 eJ 1 '\.J fld 'j'Vll fl1 'j~ fl ~1 'l 'V1 t LL~ ~ fl ~ 1n fl1 'je:J eJ fl ']'Vl B'll eJ 'I ?11 'j eJ '4~'U B'1f1 ~ 1fl 'U 1 'U 

fl1 'j '1f ~ ~ eJ fl1 'j L ~ U 1 (;1 'lJ eJ 'I~ ?I (;11 'U Vl 'U 1l.J L ~ ~ 1 'j fl t:1 'I J 11 'U 1 (;1 'U eJ fl "il1 nlf fl1 'j ~ fl ~1 fl ~ 1 fl L otl 'I~ fl 'lJ eJ 'I ?I 1 'j 
'IJ ' 

proliferation pathways ~'U "il~vi11 ~?f1'je:J~~'UB'1f1~ 1fl'UlJfll1l.Jth L~eJ~eJ LL~~LU'UVl'U'V11'1~~1 'Ufl1'j 

U1LeJ1?f1'jeJ'tJ~'Ui5'1f1~ 1fl'W1 '\.J~~'U1 Ltl'UCJT~,fl~11 'jflt:l'IJ11 'U 1(;1 hTI 'Uel'U1fl(;l 
' ' 
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Potycy;ttc kicr.ey disease (PI<Dlis ar 111he!ited renal disorder caused by mutatl01l! of either PKJJI or 
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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 ofPKD. 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 Pkdl 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 J.!M) 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 ERK 1/2 

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 P KD 1 or P KD2 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 ofRaf!MEKJERK 

pathway [8, 9] and mTORJS6K 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 ofPKD 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 ofPKD. 

Materials and Methods 

Reagents and compounds 

Chalcone derivatives were synthesized and their identities were checked by spectroscopic data. 

Collagen type I (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 y, 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-ERKl/2, anti-pS6K (Thr421/Ser424), anti-t-S6K, 

anti-p-AMPK (Thr172), anti-AMPKa, anti-~-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 ~g/ml insulin, 5 ~g/ml transferrin, 5 ~g/ml selenium X, 100 U/ml penicillin, and 100 ~g/ml 

streptomycin. Mouse renal cystic epithelial cells (Pkdl mutant) PkdJ·1• (PN24, homozygous) and PkdJ+1- (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 ~g/ml 

insulin, 5 ~g/ml transferrin, 5 ~g/ml selenium X, 5 ~g/ml interferon y, 100 U/ml penicillin, and 100 ~g/ml 

streptomycin. These cells were grown at 37 oc and 33 °C, respectively, in a humidified atmosphere with 5% COz, 

95% 0 2 . 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 

NaHCOJ, 10 mM HEPES, 100 U/mL penicillin, and 100 ~g/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 ~M) and forskolin (10 ~M) 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 

(~m) was measured using the Image J software. For MDCK cyst formation experiment, the MDCK media 

containing forskolin (10 ~M) with either modified structure of chalcone (CHAL-005) (100 ~M) or GlyH-101 (50 

~M) 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 ~m were counted as cyst colonies 

and cyst diameter < 50 ~m 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 1-1M 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% C02, 95% 02 at 37 'C. Then, the serum free media containing MTT were removed and 100 1-11 

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, 

CA, 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 1-1M for 24 h. BrdU reagent was added at 18 h later 

and incubated for 6 h. Blasticidin (20 j.lg/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 (5x 105 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.cm2 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, PkdJ+1
-, 

PkdJ-1- cells were lysed with ice-cold RlPA buffer (50 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1% Triton-X 

100, 1 mM NaF, 1 mM Na3 V04, and 1 mM PMSF) containing protease inhibitor cocktail. Samples were 

centrifuged at 10000 x g and supernatant proteins (40 j.lg) 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 

4oc. 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 (ANOV A) 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 1-1M in the 

presence offorskolin 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 1-1M) (Fig. 1d, 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. 1e). 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 Pkdl 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 ~significantly reduced an apical chloride current stimulated by 20 J.!M 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 J.LM 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 ERl(l/2 and mTOR!S6K signaling in 

MDCKcell 

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 J.LM 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 ERKl/2 and S6 kinase 

phosphorylation levels was performed. It was found that CHAL-005 at doses between 10-100 ~significantly 

diminished the expression of phosphorylation ERKl/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 mono layers 

(Fig. 5c, d). Therefore, our findings suggested that CHAL-005 slows MDCK cyst progression, in part, by 

suppressing cell proliferation through the suppression ofERKl/2 and mTOR/S6K signaling pathways. 

CHAL-005 stimulated AMP-activated protein kinase in MDCK and Pkdl 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 J.LM stimulated AMPK 

expression both in MDCK and Pkdl 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-~ 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-0 11 ), 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 ~ 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 ERKl/2 expression. Moreover, it also significantly 

inhibited mTOR/S6 kinase expression at doses between 10-100 ~-tM after 24 h incubation in MDCK cell 

monolayers. These findings suggested that CHAL-005 inhibited cell proliferation through ERKl/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 ofPI3K/AKT/mTOR signaling [20]. In addition, it was reported that ISLQ 

and chalcone derivative significantly suppressed adenoid cystic carcinoma cell growth via the inhibition ofmTOR 
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signaling and ERK1/2 pathways by an upregulation ofTSC2 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 

ofERK1/2 and mTOR/S6K signaling pathways. 

Cell metabolism is one of the targets for the treatment ofPKD [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 ERKl/2 

and mTOR activity in PkdJ-I- 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 !JM) was found to significantly increase the level of AMPK both in MDCK and Pkdl 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 11M) was significantly inhibit 

cell proliferation through the suppression of ERKl/2 and mTOR/S6K expression. While, the high concentration 

of CHAL-005 (50-100 !JM) 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 

ofCHAL-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, ERKl/2 and 
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mTORIS6K signaling. However, further study is required to elucidate the detailed mechanism of chalcone 

derivative (CHAL-005) on renal cystogenesis in an in vivo model ofPKD. 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 !J.M) for 24 h (mean of percent control± SE, n = 4, NS; not significant). cAn Inhibitory effect of the 

chalcone derivative compounds on MDCK cyst growth was shown. The graph represented MDCK cyst diameter 
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at day 12 after treatment with DMSO (control), GlyH-101 (50 J.!M), CHAL-005, CHAL-006, CHAL-007, CHAL-

011 (100 J.!M) for 6 day onward (cyst diameter± SE, n >50 cysts, 4 independent experiments, ***P < 0.001, NS; 

not significant). d Dose-response ofCHAL-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 !lM 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 J.!M), and CHAL-005 (100 J.!M) for 6 

days (mean ± SE, 4 independent experiments, n = 4 weiVcondition, ***P < 0.001). f Representative of light 

micrographs ofMDCK cyst growth in collagen gels was shown. Light micrograph was captured at day 6-12 after 

cell seeding of MDCK cell presenting with 10 J.!M of forskolin (control), 1, 10, 50, and 100 J.!M of CHAL-005 

were added for 6 day onward after cell seeding in gels. Scale bar= 100 Jlm and lOx 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 of20, 50, 100, 

150 J.1M and at the end of the experiment, GlyH-101 (50 J.!M), a CFTR inhibitor, was added. b Representative of 

apical short-circuit current tracing after incubation of CHAL-005 at dose of 20-150 J.!M 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 ~-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 J.1M 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 J.!M, and 20 Jlg/ml ofblasticidin 

(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 ERKl/2 and phosphorylation of S6K proteins expression 

in MDCK cells. 
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a MDCK celllysates were performed by western blot analysis. Representative bands ofp-ERK1/2, t-ERKI/2, and 

~-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 !lM). Data were expressed as mean of 100% control± S.E, 4 independent 

experiments, **P < 0.01, NS; not significant. c MDCK cell lysates were performed by western blot analysis. 

Representative bands of p-S6K, t-S6K, and ~-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 1-LM)- 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 celllysates were performed by western blot analysis. Representative bands of p-AMPK, AMPKa, and 

~-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 1-LM)- Data were expressed as mean of 100% control± S.E, 4 independent 

experiments, **P < 0.01, NS; not significant. c Pkdr1- cell lysates were performed by western blot analysis. 

Representative bands of p-AMPK, AMPKa, and ~-actin were shown. d The band intensity was represented as a 

histogram of indicated proteins in CHAL-005 treated Pkdr1- cell (0, 1, 10, 50, 100 !lM). Data were expressed as 

mean of 100% control± S.E, 4 independent experiments, **P < 0.01, NS; not significant. e PkdJ·I- celllysates 

were performed by western blot analysis. Representative bands of p-AMPK, AMPKa, and ~-actin were shown. f 

The band intensity was represented as a histogram of indicated proteins in CHAL-005 treated PkdJ-1- cell (0, 1, 

10, 50, 100 1-LM)- Data were expressed as mean of 100% control± S.E, 4 independent experiments, *P < 0.05, NS; 

not significant. 
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Abstract 

Autosomal dominant polycystic kidney disease ( AOPKO) 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. AOPKO pathophysiology is characterized by abnormal cell proliferation which could 

stimulate through the activation of p-ERKl/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 pharmacological properties such as anti-bacterial, anti

inflammation, antioxidant, and anticancer. In addition, chalcone was found to slow MOCK cyst 

progression through the inhibition of CFTR activity. However, the effect of chalcone derivative on cell 

proliferation in PKO 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 MOCK cyst model 

of PKO. The results showed that CHAL-025 significantly retards MOCK cyst growth. Using BrdU cell 

proliferation assay, it was found that CHAL -025 strongly suppresses MOCK cell proliferation. Interestingly, 

CHAL- 025 reduced phosphorylation of ERKl/ 2 protein expression. Taken together, these findings 

suggested that CHAL-025 slows MOCK cyst enlargement by inhibiting cell proliferation via the reduction 

of ERKl/ 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, ERKl/2, MOCK cyst growth 

hl"l~,nl11u1~LL'\..J'\..J~'W~m1l.lL~'W (Autosomal dominant polycystic kidney disease VI~B AOPKO) Ltlu 

111"l'VI1~~'Wtifl'i1l.l'll€l~L~~'v'I'I..JLieJ~1 um'VIru i11:11LVI~Ln~'il1fltl11fl~1~~u5'1JB~~'W PK01 VI~B~'W PK02 ~~fl€l~1~1:1hi' 
'I 'U u 'I 'I 

hh&iu polycystin-1 LL~~ polycystin-2 ~1l.Jcl1~'\..J (Harris & Torres, 2009) 1"111l.l~1ri't1J'll€l~~~~mgudL~m.Ua~n'\..J 
fl11~Vll 'W1'll€l~ L 'll~~v\eJL~ L~B Ln~l"l11l.J eJ~tJ fl~'!J B~ ~u\11~ fl~11Vll 1 ,;'m~ l'i'um1~h.:1 LL~~ tl11L~'\..J 1~'ll€l~ fl~~~~,_t1L~ 
~~~B~oU1~LL~~ n~L D~(;l?i1'W'll a~ Ldat~~tln~ vh 1 ,;'tJ'i ~~'VI5Jl1'v'lfl1'iVh~1~'lleJ~ 1~~~~'1'il'W'l11L tl?i1 'il"l 1~1~~ Lia-!-.:~1 u 

~~~ ~'lh~'il~11'i''!'I..Jm'i'!m~n1~~mwJan1~LL~~Ltl~~u~1~B1~1~ (Chebib & Torres, 2016) ~'il~D'u~-.:~hli1~1~i1 
1"111l.l~1L'v'l1~ 1 um1-!m~n 

fl11~~1'1LL~::fl11L~'\..J 1~'11 B'lf\'1~~~1 'W 1 'il"l t:1-.:1J11 'WL~ €ll~~m~'\..J l'Wfl11LL Li-.:1 ~11 VllJ'll B'IL'll~~v\eJL~ (cell 
' ' 

Proliferation) m~l'i'u1 ,;'Ln~m'i~-r1-.:lfi'I~~~LL(;l~fl1~'\..J1'Wfl11VIi-.:~~1'i~1LoU1?i fl-.:1~~~ (fluid secretion) vh1 ,;'~~vi" 
'I 'I \J, 

'1lm~'ll'W1~ i1VI~1~fl1'i~fl1~1'v'I'\..Jl1 i~~t1Jt1J1ru (signaling pathway) Vl~1~'!lU~L~~1oU€l'ltl'Ufl1'iL~'\..J1~'1l€l-.:l~~v) LL~~ 
Vl~-.:~1 ui~~rutmru~~1ri'ru~am1L ~l.ltl~l.l1ru'lleJ'I cAMP ~ Ln~'il1fll"ll1l.l 1ll~l.l~~'1JB'ILLI"lm~~wn~ 1 uL'l!(;l~ ?f.:a:.~~1 ,;' 

u "" "" , 

1~~'\..J'!le:J-.:1 cAMP L~l.Joffu vh1,;'m~~'Wfl1Wll-.:11'W'lleJ'I1tl1&iU'lJU?i'll"l~Bhli1 CFTR (cystic fibrosis transmembrane 

conductance regulator) Ln~fl11VIi'll"l~Bhli1LL(;1~~1LoU1l.l1Jl1~1u~-.:~~~v) LL~~ cAMP ~-.:~m~~'Wfl11vi1'11'W'!l€l'l 
MEK/ERKl/2 pathway 'l11LU~fl11LLUWIJ(;l~~L~l.ll.Jlfloffu (Wallace, 2011) 'W€lfl'il1fl1tl1&iu ERKl/2 'il~Ltl'W 
~1m~l'i'u1 ,;'Ln~fl1'iLLU'IL'If(;1~1VIllLLGll ~-.:1~1l.l11flm~~um'ivi1-.:~1u'lla-.:~1 t11&iu mTORIS6K pathway t~~~m1 

' ' 
phosphorylation 1 tl1&iu TSC 1/2 complex vi11 ml.1~1l.J1'if\L tl~'I..Je~m'ivi1'11'W'1l B~ m TOR L tlu~~ 1 ,;'Ln~ fll'iLLU-.:1 

L'1!~~1 vtll 'il~ L ~uH\11 fl11 el'\..J e-.:~ fl1'ivi1-.:11'W'll a-.:~1 tl 'i&i'W ERK1/2 L tl'WB fl'\11~-.:1 L U1'\lll.J1~1 'Wtl1 'i ~f1~11 'il"\~-.:1~11 'WL~ 
(Chapin & Caplan, 2010) 

~1'i'!l1~ 11"luLtlul:11'i~tl~'il1flti1'il.l'!l1~ L~'il1fl~Bfl'VIB-.:Im11LVI~B'~ ~'IL tluiil'!l~l.lu L'v'l'i~~1l.l11fl'v'I'\..J t~,X1t t11 u 
' 

t11~L 'VI\"11 'VI~ i11"lrul:1l.Ju~'V11'~ L.fl~'!li'VIml.J1nm~ L'1lu i1'l'VIi~1um'i~m~'\..J er'\..Je-.:~n11LLLi-.:~~1'1J€l-.:iL'If(;l~LL(;l~~'\..Je-.:~m1 
L'il~ru'!JB-.:IL'If~~~~L~-.:1 (Gomes et al., 2017) ~1'i€l'W~U5'!l1(;111"lu~1l.l11t:1~1'Wtl11VIi~'1l€l'lli'111J11u1llL~~'1JB~ 
l'il"l ~ B-.:1 ~ 1-.:1 (diarrhea) 1~ ~ el'\..J e -.:1 f11 'ivi 1-.:11'W'll a-.:~\ tl 1 &i u CFTR e.i 1'W fl11 f1 'i ~ ~ 'W f111vi 1·.:11'W 1 tl 1&1 'W AMPK 

(Yibcharoenporn et al., 2019) U€lfl'il1fli1'~-.:~1:11l.l11fl'!l~~Bfl11L'il~'1J'1l a-.:~~~~1 'WL'1!~~'1l.!L~(;l MOCK t~~~'\..Je~m1 
vi1'11'W'1JB-.:i1tl1&i'W CFTR (Muanprasat et al., 2012) B~1-.:~hnml.lfl~Lf1'1l€l-.:1~1'i€l\1~u5'!l1~LI"IU1um'i'!l~~Bfl11 
L~'\..J 1111'11 €l'l~~vi"e.i1Ufl11 ~'\..J e-.:~n~ Lfltl11 LL Li-.:~ L'lf~~1VIl11 'WL'Il~ ~Ll.J L~ (;1 MOCK ~-.:!Lll'VI 'i1'\..J LL ,j-ff~ \11-.:~,1um1~ fl~1i1'i1 
l~f\U1~1:1-.:i~L ~a~ fl~1']'VIBLL~~ fl~ tn fl1'i€l€lfl(]'VIB'1JB'IIi'111€l\1~'W.s'!l1~ 11"lu 1 'Wfl11'!l~~€lfl11L~'\..J 1~'ll€l'l~li'1vle.i 1'Wfl1'i~'\..J e~ 
m~'\..J1'Wfl11LL Li'IL'1!~(;11VIl.J1 'WL'1!~~'1l.JL~(;1111"l~~J11 'W L~ MOCK 

-=---=~ .Q.., 
1tin111lil~ 

1. ~11~fli1 
~11€l'W~U5'!l1(;111"l'W (CHAL-025) (1tl~ 1) L~'!'I..JI"l11l.l€l\1L1"111~'vi''il1fl ~'1fl~l"11~~11'il1'i~ ~'i.1~'W'VI'i 'Ill~~ 

ml"li'!l1LI"li1 ~"~~~i'VIm\"11~~{ ~W1~-.:~mru~VI1i'VIm~~ l"ll1l.l'\..J~~'VIB'!la'I~11B\1~u5'!l1~ Ll"l'W ~fl~1l'il~B'I..J 1~~15 
thin layer chromatography LL(;l~ nuclear magnetic resonance spectroscopy 1~~1"111l.l'\..J~~'VI5'll€l-.:1~11€l\1~'W5 



'lh~l.I1G'lUVIfl11l.I1'Um:nJ~~'Ill.li'1J1fl1~~~~u'1J1~ l.le:Ju.i~~ r1.f-:J~ 14 1 3-4 ntlm~'U 2563 
W/I/I/IYI/I/I/I/I/I/I/I/I/illf'/I/I/IYI/I/I/I/IYI/I/I/.I/I/I/I/I/I/I/I/I/I/I/I/I/I/I/1/I/I/I/I/I/I/I/I/I/1/I/I/I/I/I/I/I/I/I/I/I/I/IYI/I/I/I/IYI/I/.I/I/I/I£.-

'1J1G'lLfl'U (CHAL -025) iiri1l.l1flfll1~€l~G'l~ 99 1 'Ufl1~L(>l~~l.I;;11~G'l~G'l1~'1Je:J-:J;;11~€l'U~'U6'1J1G'lLfl'U (CHAL -025) "ii~G'l~m~ , 
~1~ dimethyl sulfoxide (DMSO) ~fl11l.ILil.li'U 1% L~€l'\ll~f\b~~-:Jf\1~Lflt'lfi~~e:Jb'1lG'lGlvie:J1(>1 1'Ufl1~VIt'IG'l€l-:J"ii~ 
Vl~f\b~~~f\1~ freeze-thaw cycling Ue:J~f\11 5 r1.f-:J~e:J 1 aliquot L~e:J1~~VI~'IJ€J-:J(;11~ CHAL-025 fl-:J~(>]G'le:Jt'lf\1~ 
Vlt'IG'le:J-:J 

;;11~Lflii~H1 'Ufl1~Pin~Td'1~LLri Collagen type I (PureCol) "i11fl Advanced BioMatrix (Fremont, CA, 

USA), DMEM/Ham F-12, penicillin, streptomycin, LLG'l~ FBS "ii1fl Invitrogen (Carlsbad, CA, USA), Interferon 

y, blasticidin, GlyH101, LLG'l~ ECL-solution "ii1fl Calbiochem (San Diego, CA, 86 USA), Primary antibodies 

1~LLri anti-p-ERK1/2, anti-t-ERK1/2, LLG'l~ anti-p-actin "ii1fl Cell Signaling (Beverly, MA, USA) LLG'l~ Protease 

inhibitor "i11fl Roche (Indianapolis, IN, USA) 

" 2. 'tlti,.'!Jv·W11~aLL~::f\1'lLW1::L~~.:J 

0 
H3C/ 

OH 0 

L'1lG'lGlvie:J1\Jl~U'IJ MOCK (Madin-Darby canine kidney) LU'UL'1lG'lGlvie:J1\Jl~l'U collecting duct '1111t'l~ 1 

1~-rum1l.l€lltLfl11::~"i11fl Prof.David N. Sheppard, University of Bristol, Bristol, UK Lt'l~vi1fl1~L'W1~L~~-:J1'U 
€l1VI1~ DMEM/F-12 Ham ~L~l.l 10% fetal bovine serum, 5 1-Jg/ml insulin, 5 1-Jg/ml transferrin, 5 1-Jg/ml 

selenium X, 100 U/ml penicillin, and 100 1-Jg/ml streptomycin LLG'l~L~~'l1'U~UJVIJJii 37 e:J'li'11L'1lm~~G'i ~ii 
Jl 

fl11l.I'1J'U 5% COz, 95% Oz 

3. m'afim:t1fl1'l'L~u L~'!la.:~'li~~'luL"'l~~'b.JL,.~ 1 'lfl~.:~t111u1~ MOCK 

vi1fl1~L'W1~L~~'lL'1lG'lGl MOCK 'ii1'Ul'U 800 L'!lG'lGl~e:JVIG'll.l 1'Uflel"'G'l1L"ii'UL"iiG'l tl~l.I1\Jl~ 0.4 iJG'l~~m~ , 
tl~~fle:JU~l~ 10% lOx minimum essential medium (MEM), 27 mM NaHC03, 10 mM HEPES, 100 U/ml 

penicillin, and 100 IJg/mL streptomycin (pH 7.4 with NaOH) 1'U 24-wells plate Ul.l~~ruVIJJii 37 eJ'li'11 

L'!l"'L~~" LU'UL1G'l1 90 'UTVi L~B1~L"iimL~'l~1 "ii1m!t~1~ MOCK media ~c.JG'il.l 10% FBS LLG'l~ forskolin 10 1l.ILfl~ 
Ll.lm{ "''l1tlL~Bm~lil'U1~L'1lG'lGl MOCK 6'1~1-l'SG'llil tl~l.l1(>l~VIG'll.l"'~ 1.5 iiG'l~~(>l~ LU'UL1G'l1 6 i't~ ~'l"ii::Ltl~~'Ui!L~~VIfl 2 , , , 
ltA L~mfit'1~;;1tJlLL~l"ii::1~G'11~ DMSO 1t~fl~l.lfl1Ufll.l LL"'~G'11~ CHAL-025 ~fl11l.ILil.li1J 100 1l.ILfl~Ll.IG'l1{ 1'Ufl~l.l , , , 
Vlt'IG'leJ'l c.J;;1l.ltlUiiL~mLG'l~ forskolin 10 1l.i1fl~Ll.l"'11 LU'UL1G'l1 6 l'U L'll~~'UiiL~~VIfl 2 l'U ~1~i11'W~G'llil ru l'U~ 6, 9, 

' 
LLG'l~ 12 

4. fl1'l'Afl'l:t1fl1'l'LL'l.l.:IL"'l~~1VIlilil'1fl1ii BrdU cell proliferation 

lt'lfl1~LLU'lL'1lG'lG'lLVIli~l~i5 BrdU cell proliferation vi1fl1~L'W1~L~~'lL'1lG'lGl'ii1'Ul'U 8,000 L'!lG'lGl 1'U 96-well 

plate ~1~iiL~m~~-:JL'1lG'lGi'~c.~G'll.l 10% FBS LU'UL1G'l1 24 .a-11l.l'l "i11mft~1~G'11~ oMso (n~l.lfllUfJl.l) LLG'l~1t~n~l.l 
VJt'l"'B'l1~"1~ CHAL-025 m1l.ILil.li'U 100 1l.l1m1l.lm1 1t'l~c.J;;1l.lnuiiL~~~tl~11'1"i11n~rl.ILU'UL1G'l1 24 .a-11l.l'l 

L~l.IG'11~ BrdU 1 'U.a-1Ll.l'l~ 18 LLG'l~Ul.l~e:J1 ~mu 24 .a-1Ll.l'l vi1m~i't'lri1fl1~t'lt'lfl~'ULLG'i'l~fl11l.lmlfl~'U 490 1J1L 'ULl.I\Jl~ 
" 

Lt'i~ microplate reader LLG'l~ri1t11ru % cell proliferation Ltl~~uLViCJUtlUfl~l.lfllUfll.l Lt'l~fl1~ri1'U1UJ 
00 '!Jil~t1~1Jili'1il~1~ 

% cell proliferation = ·. x 100 
00 '!Jil~tllj1Jfi1'Ufj1J 



/ 

5. m~fim~1fl1'HLli'l~'le:Je:Jfl'lleJ'I hh~'U 1~t~15 western blot analysis 

1~fl1'iLL?I~'Iflflfl'1lfl'lhh~1.J ERK1/2, p-ERK1/2, [3--actin ~1t~1fi western blot analysis 1~tJVllfl1'iii'ltl~ 

1tJ~~1.J'il1flb'1lG1~~1tJ RIPA buffer 'il1m11.Jv11fi1~LLtJfiLtl'i~1.JL~tJ1-il' 10% SOS-PAGE gel electrophoresis 'il1fl,r'UrJ1tJ 

hh~1.JG1'1LL~1.J nitrocellulose membrane LLG1~UlJ~1tJ 5% nonfat dry milk ~e.Jru'VI.niJ"!XeJ'I LD'WL1611 1 -ff1LlJ'I L~e:J 
rl'i'\Jfl1,_,1.J~vl1fl1~UlJLlJlJL'\J'i1.Jtl'\J primary antibody ~~fl.IVIJJiJ 4 eJ'II'I1L'1l?!L'1itJ?!' LiJ1.J: 1m 1 ~1.J 'il1fl,r'Uvl1fl1'i~1'1 
LL~1.JLlJlJL'IJ')1.J~1tJ TBST solution tl'i~lJ1ru 3 rl~'l LD1.Jnm 30 1.J1Vi 'il1fl,11.JLilJ~1tJ secondary antibody LiJ1.JL 1611 

1 .ff1LlJ.:J LL~1~1'1~1tJ TBST solution LLGl~L~lJ chemiluminescence (ECL) 1~r111lJLoUlJ'1l€l'ILtl'i~1.JL~tJ1mtl'iLLmlJ 
Image J 

6. n1~1Lfi~1:~V11'1li1Ciili 

oU€ll.JG1i'I'VIlJ~'il~tl'i~Lil'Uri1Ut!G~1~ruV11'1?1Ci9i1~tJfl1'iLtl~tJ'ULVitJ'Url1 mean ±SEM 1~t~1-il'?!Ci~ one way 
~ u 

ANOVA (Bonferroni's post hoc test) Lvlmtl~tJ'ULVitJ'U'i~WJ1-:Jfl~lJV1~61fl'ILLG1~fl~lJrl'"l'Ui')lJ fl1,_,1.J~~hutJ~1~'1JV11-:J 
?~Ci~e:J~~ P < 0.05 ri1mruri1V11'1?1Ci~1~t~1mtl'iLLmlJ GraphPad prism 

" 

e.~am~1~t~ 

1. q'Vl5''1lv'lli11~eJtpi'UG'!I1a Lfi'U (CHAL-025) ~eJfl1~LiitJL~"'leJ'I~li1~1'WL"llaa'111L~a 1~fiQ.:JJ11'U1~ MOCK 

~fi~1'J'Vlt'1le:J.:!ii11'ifl'4~1.J~'IJ161Lr11.J CHAL -025 liiflfl1'iL~'\J L~'IJeJ-1'1i?!~i.1.JL'1lG161LlJL~G1L 'ir1'l.:!J'111.J1~ MOCK L~tJ 
fl1'iL'Ifi1~L~tJW1!G1~vieJ1~ MOCK 11.Jr1flG1611L'il1.JL'ilmLG1~fl'i~~1.J~1tlii'l1'i forskolin r111lJLoUlJoU1.J 10 1lJ Lrl'iLlJG11'f L~e:J 
m~~'U1t~\n~fl1'iii1~1-1'1iMhD'Unm 611.J <il1fl,11.J11.J11.J~ 6 ~'~ 121~ii11'i OMSO (fl~lJrl'"l'\JrllJ) LLG1~?11'i CHAL-025 

' ' ' 
r111lJLoUlJoU'U 100 1lJLr1'iLlJm~e.Jii'llJtl'\J forskolin LU~tJ1.J:iMit~~e.Jii'llJ?I1'iVlfl 2l'U vl1fl1'iri1tJ'itlLLG1~1~'1J1.J1~L~1.J~11.J 

' " 
~1.J~fl611.:!'1le:J.:!'dii1~11.J11.J~ 6, 9, LLG1~ 12 e.JG1fl1'iV1~61fl-ltl'i1fl!)'"llii11'i CHAL-025 ~r111lJLoUlJoU1.J 100 1lJLrl'iLlJG11~ 
?11lJ1'ifi'IJ~MJfl1'iL~'U 1~'1lfl-1'1i?~~i.1.JL'1lG'1G1blJL~G11 'ir1fl-ltl111.J 1~ MOCK 1~fl~1-:~ilut~~1~ruV11-l?!Ci&i L~mtl~tJ'\JL Vit~'Un'U 

' u 

fiGilJr11'\JrllJ ('itJ~ 2A LLG1~ 28) 'il1fle.JG1fl1'iV1~61€l'ILL?I~-11"1XL~1.Jl16'11'i CHAL -025 ?11lJ1'i(I'IJ~G1€lfl1'iL~'\J LlJl'1J €l.:J'd?!~11.J 
' ' " 

L'1l6161Ll.JL~G1hr1fl-ltl111.J1~ MOCK 1~ 
' 

A 
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100pM 

Day9 Day12 

Fluid 

Cyst lumen 
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~.o #' v 
au~ 2 (]VI~'1J€l-1~1"i€l'lf~'u5'!11~ Lf!U CHAL-025 ~€)fl1";j~~'ULI'1'1J€l-1'8~11i1u~'IJ~~1:w~~~ hr~~~J11 ULI'l 

MDCK "itl A ~~~~-1.fl1'Wf11"i~~'UL1'1'1J€l-1'8~\11~1nL'IJ~~ MDCK ~~'W1:::~~tJ-:~1ur~€l~~1~~u~~~ ~~€11~~11 CHAL-025 
"IJ 

m1:w~<ff:w<ffu 100 1:wlml:w~1{ ru i'u~ 6, 9, ~~::: 12 (scale bar= 100 1-1m~~~::: lOx magnification) ~tl B ~~~~-:~ 
m1i'!'1JU1~~~u~1u?lu~n~1-1'1J€l-1~~1'11ui'u~ 12 V!Gi'-.1~1n~VI~~€l'UI'i'1t.J~1"i CHAL-025 100 L:WLfl"iL:W~1{ (mean± 

"IJ 

SEM, n > 40 cysts, ***P < 0.001) 

2. qVIB'!Iv.:Jli'l1'av'4~U:f'IJ1ftLflU (CHAL-025) ~vf11'a~'U~.:Jm::mum-aLLU.:JL"Ilftfti.vn.J"I.uL"!lfl~viall'1 MOCK 

vhm"i~n'\':11(]V1~'1J€l--1~1"i CHAL-025 liiBfl1"ifl'U8~m"i~~ti--1(1]11VIl.l'1J€l~~'IJ~~vi€lL1'1 MDCK l'i'1tJiB BrdU cell 

proliferation assay e.l~fl1"iVI~~€l~'W'U':h~1"i CHAL -025 ~fl11:w~<ff:w<ffu 100 1:wlr~"il:wm{ ~1:W1"irlfl'U8~m"i~~ti-:~~'IJ~~ 
1VIl.J'1J€l-.1~'1J~~vl€lLI'l MDCK €l~1-.1i:Jumh~ruV11~~~~ d1mti~tJ'U~VitJ'Utl'Un~:wfi1'Ufi:W ("itl~ 3) ~1ne.l~fl1"iVI~~tJ..:Jd~~~~-.1 -., , , 'U 

1~~~u11~1"i CHAL-025 ~1:W1"ir!U'U8~m:::'U1Ufl1"i~tl..:J~'IJ~~'1\?l 
~1mfuvhm1~m~nn~ 1nm"iB€ln(]VIi'1JB-.1~1"i CHAL-025 liiBm"i~~~..:JtJ€ln'1JtJ-.1 t tl1~u p-ERKl/2 ~-.1b'\Ju 

LU"i~u~m:::~um"iLLti--1~1'1J€l-.1L'IJ~~ 1'11t.Jifi western blot analysis e.l~tl"i1n!J11~1"i CHAL-025 ~fi11:WL.ff:w<ffu 100 

1:wtr~1l:w~11 ~1:w1"ir~~~m"iLL~~'~tJBn'1JtJ..:Jt t11~u p-ERK1!21uL'1l~~vitJ11'1 MDCK tl~1~i:lut.Jrl1~'1JVI1'~~~~ <~tl~ 4A 

~~~:: 48) 

150 

100 

50 

0 

auvl 3 (]VIB'1J€l-.1~1"i CHAL-025 (100 1-JM) lii€lfl1"iLLti--1~'1l"~1VI:wi.uL'1l~~viBLI'l MDCK L~tJ1~~1"i 
CHAl-025 LtluL1~1 24 off1L:W-.1 ~~~:rr~m"iL~ti..:JL'1l~~1VIl.ll'i'1t.Ji5 BrdU cell proliferation assay (mean ± SEM, 

n > 4, **P<O.Ol) 
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Jtl~ 4 {]V1~'1JeN~1'i CHAL-025 ~e:Jf11'ibb,Wl'le:le:lfl'1Je:l'ILtJ'i~'I.J p-ERK1/21'1.Jb'1lG'l~ MOCK ~u A bbMl'l 

f11'ibb~~'le:Je:lfl'1le:J'ILU'i~'i.J p-ERK1/2, t-ERK1/2 bbG'l~ ~-actin ~u 8 u.~~'lfl'i1~i'l11l.Jbil.l'1le:J'ILU'i~'i.J p-ERK1/2/ERK1/2 

1'1.Jfl~l.Ji'ITUI')l.J (OMSO) bbG'l~fl~l.Jv11~~1'i CHAL-025 i'l11l.Jbil.Ji'I.J 100 1lJLI'l'iLlJG'l1{ btl'i.Jb'"lG'\1 24 aff1Ll.J'I (mean± 

SEM, n = 4, **P < 0.01) 

e~i1tl~1f!U.a::a1tl~~Jan1~1,Jfl 

tl"il"ilD'i.J m'i-rm~1 t 'ii'l(l.:JJ11 '1..1 1\J\ u. uu~'i..lofl'i'il.Jb~'i.JeJ'I hl~~:n-r n"'1e:J~1'1~1b vm: ~.:~,!'i.Jm'ii~l:l ~~ e:J~ \llJ '1..11 

I:J1-rfl"'1 t 'ii'l(l~J11'1.J1\Jl~'lli'lb ,J'i.Jt u~ fl1'i'VI1flG'l 1fl'1J ~'1~1'i"''lbi'l'i1~'v1 fJ 1 Vl~e:l~1'i~l.J'I.J1 'W'i~~1l.J1'i(IG'lm~~u cAMP 
' ' ' 

il1fl1'1.Jb'1lG'!Gi' (reduction of intracellular cAMP level) eJU~'Ifl'i~U1'i.Jfl1'ibbD'I~1'1le:J'Ib'1lG'!Gi' (inhibition of cell 

Proliferation) bbG'I~eJU~'If11'iVIi'l~1'iJ1G'l'l~"'~~~~ (inhibition of fluid secretion) Vl~1flf11'iPifl"'1'i11:l'11'i.Jb~l:l1tlU 
"' 

~1'i«'lbi'l'i1~'v1bb~~fl1~~1l.J1'i(l eJU~'If11'ib~U L\J\'1Je:J'I~~\J\1~~'11'1.Jb'1l~G'l'1l.lb~~ (in vitro) bbG'\~1 'i.JVI'i.J Ll.Jb~G'l t 'ii'l(l.:JJ11 '1..11\J\ 
" ' 

(in vivo) (Y. Sun, Zhou, & Yang, 2011) 'i.Je:lfl"il1fl.QeJ'I'WU'"hil~1'i~~'I.J1'W'ilJ1fllJ11:J~~{]V1~1 'i.Jfl1'i'1J~~e:Jf11'ib~UL\J\'1Je:J'I 
~~\J\'1~fleJU~'Ifl'i~U1'i.Jf11'ibbD'Ib'1lG'l~1VIliU.G'l~f11'iVIi-:~~1'iJ11~ b'li'I.J ~1'i~tl~"il1fl'1Jrl''I.J-ti'I.J (curcumin) (Gao et al., 

2011) ~1'i~n~"il1mbudhl:l (ginkgolide 8) (Zhou et al., 2012) bbG'\~~1'i~n~"il1fl1uV1rJ1V111'i.J (steviol) (Yuajit et 

al., 2014) ~1'ie:l11~'1.JTI'1l1G'!Li'l'i.J (chalcone isoliquiritigenin) ~1lJ1'i(leJU~'If11'ib"il~f1!'1le:l'I~~\J\1'1.Jb'1l~G'!Wb~G'l bl'l~-:1J1 
1'1..11\J\ MOCK 1~ ~1'i.Jf11'iG'l~m'ivi1-:~1'1..1'1le:J-:!Ltl'i&i'I..I'1J'i.J~'Ii'lG'le:J1'i~ CFTR (Muanprasat et al., 2012) m'iPifl"'1if<S-:~il 
l\Jl~U'i~~'l~b ~BPI fl"'1{]VltU.G'l~flG'l 1n f11'ie:le:lfl{]Vlt'1J e:l'l~1'ie:l11~'i.Ji5'1J1G'l Li'l'i.J ( CHAL -025) 1 'i.Jf11'i'1J~G'le:lf11'ib~U L\J\'1Je:l'l~~t'l 
1 'i.Jb'1lG'IG'l'1l.lb~G'l hl'l(l'IJ11 '1..11\J\ MOCK ~1'i.Jf11'ieJU~'It11'ibb D'lb'1lG'IG'l1 Vlli L~l:lf11'ib'W1~b~l:l'~b'1lG'!Gi'vie:J 1\J\ MOCK 1 'i..li'le:JG'lmb"il'i.J 

b"ilG'l bb6i'1m~~'i.Jfl,1'ib~UL\J\'1le:J'I;~t'1~1fl~1'i forskolin fl1'ib'W1~b~fl'l~~t'i""il1m'1lG'!Gi'vie:J1\Jl MOCK btl'i.Jb'1lG'!G'!Ll.Jb~G'l 
' t 'ii'l(l'IJ11 '1..1 1\J\~DI:ll.l n'i..le:J~1'1bb 'W~VIG'llfl ;~t'l~~fi~~'i.J~~ n"'ru~ b Vllie:J'I.JtlU"Wmfi~~'ii'Vlm'lle:J'I t 'ii'l(l.:Jtl11 '1..1 1\J\,j''i.J~e:Jii fl1'i 

' ' 
u. D'lb'1lG'l~;~\J\1VIl.ibbG'l~~f11'iVIi-:~~1'iJ1G'l'l~"'~;~t'l (Sullivan, Wallace, & Grantham, 1998) j;.IG'\f11'i'Vl~G'le:J'I'WU':h 

"' 
~1'ie:J'I.J-w''I.JTI'1l1G'!Li'l'i.J (CHAL-025) ~1lJ1'i(leJU~'If11'ib"il~f1!'1le:l'I;~\J\1'1.Jb'1lG'!G'l'1l.lb~G'l MOCK 1~ ~'l~e:J~I'lGie:J.:~num'iPifl"'1 
~~1'1..1~1'i11:J'I1'i.Jl1{]V1~'1J e:J'I~1'ie:l't~'I.JTI'1l1G'l Li'l'i.J (chalcone isoliquiritigenin) ~1l.J1'i(l'1J~G'le:Jf11'ib~U L\Jl'll e:J'I~ ~\J\1 '1..1 

L'1lG'IG'1'1l.lb~G1hl'l(l'IJ11'1..11\Jl (Muanprasat et al., 2012) 

fl'i~U~'i.Jf11'ibb D'lb'1lG'!~b ~l.J~1'1..11'i.J (cell proliferation) b tl'i.JBflVI~'IflG'l 1n~1~ f1jvim~~'i.Jf11'i~~ 1'1bbG'l~ fl1'i 

~~u L\J\'1le:J'169~\J\1 'i.Jhl'l~'IJ11 '1..1 1\J\ (Wallace, 2011) "il1flfl1'iPifl"'1~~1'i.JlJ1'WUl1~VIG'\1flhl'i~'i.J~~1lJ1'i(l fl'i~~'i.J 
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I 



'lh~lJ1~'\J'VII'l11lJ1 1.Jtl1'l'lh~'qlJl'll1tl1'i'i~~U'!J1&i lJ'€1'\J.l~t.J 1'1-¥~~ 14 I 3-4 tltJt.J1t.JtJ 2563 
'#/I/I/I/.I/I/I/I/I/I/IY.I/I/I/I/I/I/I/I/I/I/I/I/I/I/I/I/1/I'/I/I/I/I/I/I/1/I/.I/I/I/I'/I/I/I/I/I/I/I/I/I/I/1/I/I/I/1/I/I/IYI/I/I/I/I/I/I/I/I/I/1/I/I/.II'/I/.I/.JI 

fl'i~'UdtJf11'lLL tl~L'If~~~G'IIi11 VIJJl~ ilm'l'l1t.J~1tJ'h 1 t.h~tJ ERK1/2 ill'l11lJGi1il ru 1 W11'ifl'i~~tJfl'i~'\J1tJf11'i LLD~ L'lf~~ 
~ ' 

L~lJ'ii1tJ1tJ~G'1\91"1J '€l~~tht.J 1 'il'lfi~J11 tJ lli1 1~ tJ f11'ib~lJ'I.J~lJ1ru cAMP 1 tJL'If~~~G'1\9l'il~G'I1lJ1'iflfl'i~l'i'tJm'iVh~11.J"11'€l--1 
~ ' ' 

1 '\.J'i~tJ p-ERK1/2 LL~~ Ll'l~e:JtJL 'll16'1D1LI'l~t.JG'ILL~~ l '\.Jm~l'i'tJ~tJ~L~t.J1-il e:J--lnu f11'iLL D--lL'If~~ L tltJe-~~ 1 ~m~l'i'tJf11'iLL tl--1 
~ ' ' 

L'lf~~~G'IIi11VI:IJL~lJlJ1f1~tJ (Chapin & Caplan, 2010) LL~~f11'ifJ'IJ~--1f11'lvl1--11tJ"111l--11'\.J'i~tJ p-ERK1/2 G'l1lJ1'lfl'll~~1l 
f11'ib&i'IJ 11i1"111l--1~Mi.l tJVI\j1lJL~~ 1 'll'l~--1J11 tJ lli1l~e:J~1--1i!Ut.JGi1il qj'V11--1G'I~&i (Sh ibazaki, 2008) ~--1,11.Jtl1'ifJ'IJ ~--1f11'ivl1--111.J 
"11 eN 1 '\.J 'i~tJ p-ERK1/2 ~--1 L UtJBnVI~--1 LL tJ1'VI1--11 tJf11'l~ w.JtJ1m'lr m·n 111'1 ~--1J11 tJ lli1 hi' tJ e:J n'il1 niff!--1il'i1t.J--11tJ11 

G'l1'i'€11i~tJi5'1l1~ 11'ltJG'I1lJ1'lflfJ'IJ~--1 f11'lb'il~qj"1l '€1--lb'lf~~ adenoid cystic carcinoma 1~t.Jtl'\J ~--1f11'lvl1--11tJ"1le:J--11 '\.J 'l~tJ 
p-ERK1/2 (Z.-J. Sun et al., 201 0) '€l~1--1hnli11lJtJ~l:IJil'i1t.l--11t.IL~t.J1tl'\Jf1~ lnf11'lfJ'\J~--1fl1~'\JdtJf11'iLL'\J'--1L'If~~~G'IIi11 Vlli 
"11'€l--1G'I1'le:Jt.l~tJLi'll1~ 11'ltJ CHAL -0251 tJL'If~~LlJL~~ hl'lfl--lJ11 ulli1 MOCK Lde:Jvl1f11'i'VI~G'Ie:J'\J f11'iLL D--1L'If~~1 VIJJ~1t.JlB 

' ' 
BrdU incorporation 'W'Ul1G'I1'l CHAL-025 G'l1lJ1'ifltl'\J~--1f11'ibbD--1b'lf~~1VIJJl~ f11'l'VI~~'€l--1ifbLG'I~--11~L~tJl1 
G'l1'l CHAL-025 '1l~~1lf11'iL&iu 11i1"1l'€l--1~G'I\9l'i11m'lf~~LlJL~~ hl'lfi--1J11 tJlli1 MOCK ~1tJf11'ltl'U~--1f11'lbLD--1b'lf~~1 V1JJ Lb~~ 

' 
bde:J1~f11'iLLG'I~--1'€l'€lf1"1le:J~1'\.J'i~tJ~m~~tJf11'lbLD--1b'lf~~1VIJJ p-ERK1/2 ~1t.JlB western blot analysis t:-~~f11'l'VI~~'€l--1 
bUtJ~il1G'ItJ1'ilL UtJe:J~1--1~--1-i1 G'l1'l CHAL-025 ~m1:m'lllJ'lltJ 100 llJ 11'l'l1lJ~1~ ~1lJ1'lfl~~f11'lLLG'I~--1'€l'€lf1"1l'€l~ 1 '\.J'l~tJ 
p-ERK1/2 '€l ~ 1--1ilut.J Gi1 il qj'VI1--1G'I ~ &i 1~ tJ t:-1 ~ f11 'l'VI ~ ~ '€1--l;f ~ '€l ~ fl fl e:J--1 nu f11 'i~ n~1~ ~1t.llJ 1il 'l1 t.J--11tJ l1 ~1 'ie:J1i~tJi5 
'1l1~ 11'ltJtJ'\J8--1m'ib&iu 11i1"1!'€l--1b'lf~~lJ~b ~--1 adenoid cystic carcinoma ~1tJf11'l~~f11'lLL~~--1'€l'€lf1"11'€l--11 '\.J'i~tJ p-ERK1/2 

(Z.-J. Sun et al., 2010) 'il1f1e-J~f11'i'VI~~e:J--1~--1VIlJ~Lb~~--11~b~tJl1G'I1'l CHAL-025 ~1lJ1'lfl'll~~'€lf11'lb&iu11i1"11'€l--1~G'IIi11 tJ 

b'lf~~ MOCK ~11.Jf11'l~~f11'iLLG'I~--1'€l1lf1"1!1l--11 '\.J'i~tJ ERK1/2 

tl1'l~f1~1if~~'\.Jl~11~1'l€l1i~tJB'll1~ 11'ltJ (CHAL -025) il']'VIt'VI1--1bi1~'1ll'VIt111 tJf11'l'll~~€lf11'ib&iu 11i1"1le:J--1~G'1\91 
1 tJL'If~~'1m~~ 1 'il'lfi--1J11 tJ 11i1 MOCK 1~t.JtJ'\J~--1m~u1tJf11'iLb 'll--1b'lf~~1 V1JJ~1tJn~ 1n f11'l~~f11'ibL~~--1'€leJ n"1!e:J--11 '\.J 'i~tJ 

' 
p-ERK1/2 '€1~1--11 'inli11lJI'i'e:J--1ilf11'l~n~1']'VIELL~~n~ 1nm'le:J€lf1'J'VIt"1le:J--1G'I1'i CHAL -0251 tJb'lf~~vle:J11i1~ilm1lJ~~'\.J n&i 

"11'€1--l~tJ PKD1 bb~~1 tJ~Ii1l'VI~~'€l--1~'€11'\.J 'il1tlt:-~~f11'i~f1~1ifil~L~t.ll1G'I1'l'€ltJ~t.IIT'll1(1 11'lu (CHAL-025) i.l1'il~~1lJ1'ifl 
' 

,H'\.J~w.JtJ1LtltJmrn~1Gi1VIru 1 'il'lt:~--1J11 tJ 11Jl1~ , 

n\i1~n'i'il.J'I.J'i~mfl 

--11tJ1 ~t~d1~ru L~tJe:J~VIt.ltJf11'il~t.J'il1nl.lvn1'VIt.J1~t.J e:Ju" 'i1'1lo1il ~1~t.J"1l e:J"1le:JUI'lru ~·1h t.J?!1G'I\Jl'l1'il1'l~ , , , \1 , '\J 

~'l.1~t.l'VI'i '1l1~~ i111'll'll1LI'lill'lru~1'VIt.l1?!1~\i1~ 'ilW1(1--1fl1NlJV11l'VIt.J1~t.J ffi~~l'l11lJ'€lt.ILI'l'l1~VI1tJf11'l1~G'I1'le:Jt.l~t.IIT 
, ' ' 

'1J1(111'lt.l1t.lfl1'ivl1l~t.J bb"~ Prof.David N. Sheppard, University of Bristol, Bristol, UK m~l'l11lJ'€l1ib~"~'i1~VIi.tJf11'i 
1~b'lf(l~vle:J11i1G'IU"1l MOCK (Madin-Darby canine kidney) lJ11mtJf11'ivl1l~t.J 

' 
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