 aAtiunuInTs |

dninveaya

TeeuIdgatuauysal

{eyryavil R2560B069

Folasenside
wlve) paudmrlunsiivimadusSeiusnevesnsudansuusedin
smdwead  lumswdeniinismeuuuelninda  unsmugumelugadse
guaumsasaluiuiuudluly nsifieaseyuadasy uazn1snIzdumIAUTeN

U

S1uneulana @ISRy
(N191899n9w) The selective therapy of HepG2 cell by Citrate transporter
inhibitors through apoptotic induction targeting intracellular  signaling

regulation of the de novo lipogenesis, production of reactive oxygen

- —species,and activation of ER stress -~ — | dninvoasm univerdomsens
E— - | Huamadou, 2.0 WO D05

= o/

Fovmdhlasamsidudfuny | awmeden. 1980070

U
. o @ , wuSunilede. A RC
KU28AHn319158 a5, Yusdord asagny %
VY] a a a "H4
INANIATVIEZTINGT AL AINGIFEASNITUNNG N 622 y
URNAINYIBBULSARS 2562

Teludasaudiun 1 gaten 2559 fHedui 31 dunau 2562

avuayulag YUaAYUNIITINY UNIINIFBULIAIT
NIVUTTUULLAUAY (WUUUNR) UseanUauuseanad w.A. 2560



-

"R25608069*

Fd
Tasams : anwdumzlumsSnywaduzSedunyydvosmssusimsuudeFinsnduwnd

d o a 1 J a
Tumamitsnhasameuvve T Inda mumsarugumeluaaddevuaumsadrd iy

aluTy mafamseyyadase uazmsnszduamuduvesi wimeu Tanaradnisigdy

4
Y¥0lnTINs

(wlne) euumdumsihvimadueideiuayudussanssudinsouds
Bnsmdiead  lunswdenimsmewuusTnlyda umsaugunely
wadroyuunsadluiuuuAluly msiinanseyyadass waznisnsedu
ALALYBIT U ANA a RN RRSY

(n1918909%) The selective therapy of HepG2 cell by citrate transporter
inhibitors through apoptotic induction targeting intracellular signaling
regulation of the de novo lipogenesis, production of reactive oxygen

species, and activation of ER stress

szaznmIngans 1 GOIAN 2559 09 30 AUUIU 2560.....vrvvreeseesseseemeeeersersnees

awv Yo

d‘ /s 9 9 v 4 v o A 1
wmﬁuﬂﬂsamsnﬂmunu : HTIEMIONTI0158 a5 dozia ATAIN. s

A v awv d (= A o ¢ a
‘mumﬁ)tmﬂsnm : IFLAT.AY. ABINNY WINIITY

1 1
)

Tl U 290 SUT 1 gataw 2559 BaTud 31 fluraw 2562



H3uRnvaU

v

A lAsInTg
nA.ns Uogsmi eSaine SuRnveuviinasidy 60%
dain A1ANESTINGT ANLINYIMENSAISUNNE URINUIREULTADT
Ins. 05596-4655 , 089-768-3739
Email : pivaratsenu.ac.th
A543

a [

a3.Msednn Wnnes FuRmgUYINATITY 15%

defnnimdsndunssuufun aasinduaans unninedouisens

Insdnii 055-961820

Email : dumronesakp@yahoo.com

wwIn3ng anlnea SURRYaUYINNTITY 25%

dain ATV ANLINEIANERSAISUNTE WAINGIABULTAIT

3. 05596-4655 Email : kowits@nu.acth
ardndey (keywords) vadlasen133de

de novo lipogenesis (DNL) , apoptosis, plasma membrane citrate transporter

(PMCT) inhibitor , mitochondrial citrate transporter (CTP) inhibitor , HepG2, primary

hepatocytes, reactive oxygen species (ROS), endoplasmic reticulum (ER) stress
avumsasslusiunuulvg | auiunsaesuvewenln®d , @158uinisrudadin

& | L2 s 5 1 & )
mdhwadiumaadiunusy , @rsdudsnsuudadinadnsadiiumdilnsneundei
sy wadunSueudy , wadiuuyed |, aseyyadasy , mnuduvessuieulananalinig
CRGH

9 w = = o a o
ANudAguaz i vl vniiinigide

g vt d o aa val & i a4 O a Y oA wm ¢ a
— o wwendulseinnaa@isvesiiduegeann Bnvisiivualiluiigiinisainsiia

waensdedInasanniuSens  mMPTsuazAuaiLfefmuwaznitienie  Megdanms
0 ¢ - &4 v O - . . ‘4. 3 <
ManeaauLsI wIagugensg proliferation, differentiation Way growth UBUYAANLLHN g
AngneuazliiAanansenuifuwadunilidesigaifanduld wasilulusgrereiilosnud
Tuefnulaglu Budeiiludagtuiladumivaulafinuann fe Anunweteiuan nutrients
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&4 supply N5 growth wag proliferation veswaanzide Inefilidamansenuiuigadunidug

Y99519NY
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effect” gnAunulae Otto Warburg Tl 1923 Snunefididyues Warbure effect waq
waduziSaie Insyuds glucose 1Wwwad wazuuInms glucose consumption lué’mw'ﬁ'qq
ningadun® uinudil lactate production tudnsiigese SawsHneadezegluannedil
sanBauieeweluruiums oxidative glucose consumption fina (aerobic respiration)
Aluwaduni n1sny lactate asRadulunsdl anerobic respiration 30V MBOATITY
‘Uﬁﬂgmmﬁ Warburg effect flll U7 mitochondria respiration anay activity 189 enzyme
glyceroldehyde-3-phosphate dehydrogenase L‘W'u%u Fady enzyme ﬁﬁmﬁ’lﬁtﬂ?{au
pyruvate 1y lactate  Fumzgnivesnanieadidingnszuaden  lidawndeuseus
waduriSedanmilifunse uenandidmui activity U89 enzyme glycogen synthase anad
Judu enzyme Fimthitadn glycogen 910 glucose uaziwadugiSI9idnI e
lipogenesis iR de novo fatty acid synthesis (endogenous fatty acid synthesis) G
wnnadUnidadiroutnem  Tuwedunfariinsadng lipid 91n29%15 (dietary %30
exogenous lipid) wazazll de novo fatty acid fideud1edn (Mashima T. et al, 2009,
Meadows AL et al., 2008, DeBerardinis RJ et al., 2007) ms*?‘iwaémﬁqﬁ de novo fatty
acid synthesis #igs Aleldlunsadag cell membrane wazduUsznaumeq e cell
membrane  @4lgiA phospholipids, cholesterol,  sphingolipids wag lipid rafts
?hutls::nawi'mqmﬁﬂﬁswﬁ‘sjmh microdomains GeiiAuddy Aedentestuauiums
signal transduction, intracellular trafficking, cell polarization Wag cell migration Ty
(Bagnat M and Simons K, 2002, Manes S et al,, 1999, lkonen E and Simons K, 1998)
lipogenic enzyme Afunumddaluruiunis de novo fatty acid synthesis f@
ATP citrate lyase (ACL), acetyl-CoA carboxylase (ACC) wag fatty acid synthase (FASN)
ACL agyimiifasy cytosolic citrate Tvidu acetyl CoA uay oxaloacetate o8 acetyl

CoA wduunas immediate carbon source Tunsasne fatty acid , triglyceride way

cholesterol acetyl-CoA @ ACC yhmifilumsa1s malonyl-CoA 910 acetyl CoA o

FASN vimthita$a long chain fatty acid s138eflanU3una citrate nngluwed laonisan
N5 transport citrate 990 mitochondria wenaNideilAseRsuds enzymes l¥ly
YUIUNIT de novo fatty acid synthesis $1891UTNNITARAUDY fatty acid Aelulaaugse
Fedanaan cell proliferation NMsgeyide cell viability wazan tumor size (Brusselmans K et
al., 2005, Hatzivassillou G et al., 2005, Pizer ES et al, 1996) dluvniziiniséuds tipid
biosynthesis THlaidanansenusiory cell proliferation wag viability veusadun® (Chajes V
et al,, 2006, Brusselmans K et al., 2005, Pizer ES et al., 1996, Kuhajda FP et al., 1994)
uanINNATINETILEY N158UER de novo fatty acid synthesis §3fiusz@nsamlunisannis
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iindnszuandon uasAumalugieyizmieg metastasis fetnduawwamdnuesnindedin
Tuffiduneida falunsduda de novo fatty acid synthesis dnnsoifaduldtulgaduzise
5 :J . n‘ N N 5 o - | a
VAARYIAT primary tumor wagfl metastasis tissue Snviedadidmenfianudmnegalu
n156UEan1s growth , proliferation Uagn1s metastasis yoavaduzfauviiulaglifinans
WwadUnRduweIsNeMe
R . \ o
Lonuiea1n commerdal chemicals %38 chemotherapeutic agents @15iina
Sudamsvuds ditrate Wwad iausungseiwaduzddas lavan substrate fiazidng de
novo lipogenesis pthway Tnglirelifanaideseisadunfivessanie Wasdudaniaden
A o ve gy 1 o )
nisnlednwugisalmauieaiu
v & vaw 2 Av ¢ 1w i , T
ﬂquum%mmmqﬂszaqmqmuiﬂwﬁnmwmmaa citrate transporter inhibitor
feuUUN1s intracellular de novo lipogenesis Wae ER stress Taydanaliiy reactive oxygen
. ¢ a ' . R ¢ o o ¢ & oo
species Aezilnanonis growth wag proliferation YOUYAGULLIY N1FNAANZLIUDNIIVBY
lipogenesis N snnigadundeiAeutiei Usenautiunishi dtrate (Huunased
{ o . . v O O il | o
substrate Aisndunagldluruiuns lipogenesis MIUUNITBULY citrate 7y substrate Tu
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AU de novo lipogenesis tasimuifiululdgaiag duisfiamisaannis growth uag
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proliferation vosigaALzI3elAANIIEaWY wazthardnnud i sAe et Uiy
Tnelifinadosiowadund wasillugnisvnasdldludminaass Mefunmsing Jeetuuese
wazdudams metastasis vouzds Fsannsaimuilugnisasisenldivaywdlaluaung

wnuMs chemotherapy
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Tguszasdaadlasaniiigg
Fogusgasavan Ao
\fofinwinavesans ditrate transporter inhibitor Tunssnwnazdudenisifinuziie

HepG2 Ingliifinadhaifvdowadiuunfsneuesuyed

o

Foguszasdton fie Anwinaresns

1. Plasma membrane citrate transporter (PMCT) inhibitor

2. Mitochondrial citrate transporter (CTP) inhibitor

3. PMCT inhibitor weisiiu CTP inhibitor

lumsanmsiasreemsids  HepG2 cells  Wiwuifiguiu  primary  human

hepatocytes‘luﬁ”xu

1. mswiletiiAn apoptosis

2. ﬂ’lié’J’Uéljﬂmi expression #ag enzymatic activity ¥e3 intracellular de novo
lipogenic (DNL) enzymes

3. Intracellular signaling pathways ﬁﬂwqu ONL



4 msnsw’jumsa%w intracellular reactive oxygen species (ROS)
5. ﬂ’l'iﬂ'izﬁu endoplasmic reticulum (ER) stress
6

N15aeaUaY intracellular malonyl-CoA

7. n58ud3 intracellular carnitine plamitoy! transferase-1 (CPT-1) activity
VBULUANITIYE
a o A’ 14 a v . . o
mma]autﬂumiﬁﬂwﬂwawgumms T in vitro model vhmswaaesly cancer cells

WAz primary normal human hepatocytes eiUSeulfisunavesans PMCT inhibitor waz
! CTP inhibitor Yiwwiawayszazailasu ludu anticancer activity Tagwdlentilsian
| apoptosis #efinalnamannisaiuauneluaduesuiuns DNL pathway n1siin ROS

: WAEASNTEAY ER stress

e auyfigiu (§1%) uaznseunurauAnradlaTanisve

’ AUNE T 9Ty ﬂgdﬂﬂi proliferation , growth Wa ¥ metastasis V94
P waduiSe uaziionanssnuifuiadunilvides figesuilslutaquuilldsusmuaileinu
I wIN fie ANILNYIEINEN nutrients & supply N5 growth wag proliferation vauwaduesa
!' Tﬂaﬁlﬁdawaﬂsswuﬁ’umaéﬂnﬁﬁuwaw’wma \leaannasiiigaduzidedl de novo
| lipogenesis ﬁqaﬂd"maéﬂna ATeTanUIIN citrate nneluivad Wienssudy enzymes
fl#luruannis de novo lipogenesis T8RN Sanawes fatty acid nelueaduzde @9
dawaan cell proliferation n1sgayde cell viability tazan tumor size uavdsiiuse@nsnw
lun1sann191fin metastasis #78 weninidosln commerdal chemicals #3e
chemotherapeutic agents Wa2d15 citrate transporter inhibitor deaunsoa citrate ity
substrate lurU71M15 de novo lipogenesis Jeausadiudanig proliferation UavYadu3e
%]

o e — —— —hnlufNe i ingusTasdyuduluinui unuivives citrate transporter

- — inhibitor MaYUIUNTT de novo lipogenesis was ER stress AONTS growth Wag proliferation
ARz uashasfimudimgseisadundog Tnghifivadedewadund uawiilug
nmaaesdliludninaans Wadunisine destuusids wagdudinms metastasis YDILI5 S
%qmmmﬁ’cfum’lﬂﬁmsa%’wmﬁ'l%’ﬁ’wwﬁlé‘luaummLmum{l‘ﬁ chemotherapy

s . o A :
NITVUNIUITTUNTIN/E158UNA (information) Mithedvag
INNANTTIIBIIUYDY The World Health Organization 11l 2008, Tsauzidedninduy

" nildluduveslsaitns#imimyud
(http://www.who.int/whosis/whostat/2008/en/index.html). ilofionsangifinisainisian

] ' kY] N . $ PN
si3dlunguauieiy azwud uadeiueln hepatocellular carcinoma (HCC) Fafiuszited



o Y { L = A ey £=3 L2 Y
\Redufwaduaadiu (hepatocytes) iuninvomziieifigiRnisaimsdePimdududu 1 fa
2 waluriieaiufdaninduriavessdsidgtiniseimsideindududu 3 vedlan ua
giRnsalidunndu lidaaduluivewsnvfelunivglsufinm (Lovet JM et al, 2008, .
Walzer N and Kulik LM, 2008) Iaeviald ffthefidiu HCC aiifinet flusud 6-20 ioudle
a an_ o 1 & v - N . o Y v & d EY
GiAtedrinduuds 1flesnann liver failure wagmsvhauveawasiuidely Astuasifils
Flisdunedeialagfiny  undsdnindulsainaudisvesiiluediann  Bnvisdl
wnltiufigtnisaimsifnuasmsideTineanniubos]  mveuazfuninftednuuas

ad <l Y ° ¢ o 4 o b . s . L
#ABMaWy Nerdnmsyinatuaansisys vsegudenis proliferation, differentiation Ua
growth veawadunde Inefwensuarliifonansenuiuwadunilitosfigaiiiasituld

] | | 5 L% s, 4 { LY L Vel

wandulvegetafiosfudluofinouilagtu FBuileilutagtuildsunnumilafinenn fe
ANUNENELAR nutrients 39 supply N3 growth Wag differentiation YeuwaduLIT NS

o o v & a e a vty 1 , . py 5 ! ¢ o
wilh femsdudaSevhaemafndudenivd  (angiogenesis) WilUiABINGuIvaNRIT
(Ribatti D, 2008, He T et al, 2007, Zhong H and Bowen JP, 2006) usiadnslsfnm 351

T Y
@ =l

fReiszavmdsarafifagausadld esnannmsfivuaunts angiogenesis Uy

1
)%

physiological ~ process %\agﬂm‘uqumwmumsLLasﬁaﬁ’aﬁwaﬂﬂﬁv%@u 1991
angiogenesis  auAaudioinAuliaugaiusening  the proangiogenic factors uae
angiogenic inhibitors ﬂalﬂﬂﬁiﬁ'l\‘l'm'i’mﬁﬁmm’mﬂu angiogensis U84 proangiogenic
. 3 3 @ A 3 o o Y 7] LY
factors wag angiogenesis factors NEsivUIUNTT signaling pathway VIABUTITULEU UATHY
Liflfeyafiiivswaivzeiurelaetstniay (Mousa SA et al,, 2006)

e/ c.u/ ' o a @ (Y a $ A 2/ i i = {
Fasufideddmmuddyiudnituiiandanudululdnaiigeion it
aunsaanns srowth uag proliferation vasiwaduziiald uaziiveldluseuinnninitouy fie

N N :l'o ‘s'u [3 o © 1%
msann1s growth Uag proliferation ASuwzfidiwadueise lnemsaamsiitnves

nutrients 8s91dulunsinluldng erowth wag proliferation veswadwss Ineiilsidena

) ¢ | _ad \ ) ad & aw = a R
_ nsgnuifusaduniguguesiiniy vanmsvesisnsd dleyaiiannsnetuisliegedaiay

Ao esnwaduziSelldnsivesuuiums  aerobic glycolysis  gandnaaaund Fazen
Usmgmszﬁﬁfh “Warburg effect” gnAunulag Otto Warburg Tull 1923 Snwaiiddnes
Warburg effect veatadusiisfio Smsauds glucose iWnwad wazaniums glucose
consumption ludasiigenineadund uinwudndl lactate production Tusnsitgeshe
faudieadazegluannziifioondinudivewaluruauns oxidative glucose consumption
A (aerobic respiration) dluwadund mawu lactate aufintulunsdl anerobic
respiration wsovneaniau (Ferreira L.M.R., 2010,DeBerardinis RJ et al., 2008, Meadows
AL et al., 2008, (DeBerardinis RJ et ét., 2007, Fukuda H et al., 2002) Uswngmsaﬂ Warburg

effect §§ WU mitochondria respiration an@ad activity 189 enzyme glyceroldehyde-3-



phosphate dehydrogenase Lﬁu%u Falu enzyme fivhnihfaey pyruvate \Ju lactate
Jovgnivesnmnadidngnszuadon  vhlidanndeuseupeaduzddanmitiunse
yananiiganu activity 484 enzyme glycogen synthase anas alu enzyme vt
a519 glycogen 911 glucose uaziwads139:i8ns 184 lipogenesis MAinT N de novo fatty
acid synthesis (endogenous fatty acid synthesis) qammdﬂwaéﬂnﬁ*’?ﬁeﬁﬁau%’wﬁ"w Tuag
Unfvzdinisasne lipid 9115 (dietary %30 exogenous lipid) wazagll de novo fatty acid
ﬁﬁau‘iﬁqﬁw ( Mashima T. et al., 2009, Meadows AL et al., 2008, DeBerardinis RJ et al.,
2007) msfheadueidell de novo fatty acid synthesis fige Ateldlunisade cell
membrane WazduUsENBUAI7 Y84 cell membrane #4l#uA phospholipids, cholesterol,
sphingolipids Uag lipid rafts dvusgnausegwaiismdenin microdomains 3481
mudRey Aeiieatestiuruiums signal transduction, intracellutar trafficking, cell
polarization wag cell migration Husy (Bagnat M and Simons K, 2002, Manes S et al.,
1999, lkonen E and Simons K, 1998) 9uun15 de novo fatty acid lulwaduziSefidnue
fddyfunninsnsadund fle  Fesordarsiadunelumaddo dtate  sauanisd
lipogenic enzyme expression Wag activity ﬁtﬁlu%u citrate Fadu key
intermediate Tuwuaun15 catabolism Way anabolism 289 eukaryotic cells Sumaaitunsia
luwadiesasuonivad unasiinneluwad citrate svgnadianazfvedly mitochondrial
matrix wagldluruinms dtric acid cycle Tunanfiisadianis enerey citrate 9¥gn oxidize
il NAH waz FADH, 5ouvis ATP wiiileranflisadedlutas excess energy citrate ggn
transport ®anan mitochondrial matrix @1 inner mitochondrial membrane Ipg
mitochondrial citrate transport protein (CTP) (Kaplan RS et al.,, 1990 , Aluvita S eal.,
2010, Sun J et al., 2010) wa¥azH1IU outer membrane Iae anion selective channel 98N

g cytoplasm  mitochondrial CTP 9gviwtidl exchange tricarboxylates 1 citrate,

isocitrate %30 dicarboxylate 1u malate, phosphoenolpyruvate CTP WudanWnvesngy

" mitochondrial transporter family fsflvwiauseana 300 amino acids wawdl basic

isoelectric point (Kaplan RS, 2001) dauuvaeneusnivadial citrate wgn uptake Wty
wadlng sodium-dependent citrate transporter Hundn (NaCT) (Inoue K et al,, 2002,
2003, Fei YJ et al, 2004) v3oiSennguves transport proteins i plasma membrane
citrate transporters (PMCT) (Sun J et al,, 2010) NaCT (Jugun@nves SLC13 gene family
9984l high affinity sle citrate 4NN substrate FaBug FaeA1 Km Uszanas 0.6-6 mM Tu
Uy

lipogenic enzyme fiffunumdadalusuauns de novo fatty acid synthesis fie
ATP citrate lyase (ACL) , acetyl-CoA carboxylase (ACC) wag fatty acid synthase (FASN)



ACL aevhuiiflaey cytosolic citrate 1y acetyl CoA uwazr oxaloacetate R acetyl
CoA aziluunas immediate carbon source lunsadne fatty acid , triglyceride way
cholesterol acetyl-CoA @ ACC Vit ilunsadig malonyl-CoA 910 acetyl CoA Uay
FASN vhutiiitasns long chain fatty acid

Aefaadiing citrate meluwed lnenisaems transport citrate 97N
mitochondria Tnan15v selectively silencing mitochondrial citrate transport IngimnAsia
small interfering RNA (siRNA) sauﬁu’amﬂﬁ' selective inhibitors $189MUKNaIEMTANAIUDS
lipid biosynthesis Tuladuzidslduseanm 40% (Mizuarai S et al, 2005) venaniidal
MATeRTud enzymes AHluvLUNTT de novo fatty acid synthesis 189U Sana
v fatty acid neluiwaduzde Ssdwmaan cell proliferation Nsgaude cell viability uas
an tumor size (Brusselmans K et al., 2005, Hatzivassillou G et al., 2005, Pizer ES et al,,
1996) Feluvaedinnsduds lipid biosynthesis Hlaldwansynusens cell proliferation Way
viability YaavadUnd (Chajes V et al., 2006, Brusselmans K et al., 2005, Pizer ES et al,,
1996, Kuhajda FP et al, 1994) wonannaiingau1udn nstfuds de novo fatty acid
synthesis Saflusg@nsnnlunisannisiia metastasis fae (o997 metastasis RTINS
fwaduzifandoudian primary tumor Whdnszuaden  uasAumdlugseteazsine
metastasis fioindumimamdnvesmsidetinlufiiunmde fdunsiuds de novo fatty
acid synthesis mmamﬁm%ﬁlﬁ'ﬁuLeﬁaéuzt,%mm‘ziaéﬁy’aﬁ primary tumor uazfl metastasis
tissue SnvataiuiBmsfifianusumegelunsiiudens growth , proliferation WAz
metastasis fuamaéuzL%Whﬁ?uimalﬁﬁmawiaL%aéﬂﬂﬁé"quméwmﬂ 18N911 enzyme ACL,
ACC uaz FASN ua2 carnitine palmitoyltransferase-1 (CTP-1) ‘Tilxim‘UﬂaJ mitochondrial
fatty add oxidation fadu enzyme fifosArdisds 1losainn1sfnun anticancer drugs

o oA Y oo A oa . , P o »
wangulianudn duatiafesfioin anorexia wazbody weight loss tHasanfimensesiu

CTP-1 (Puig T et al,, 2011) ﬁqﬁumﬁﬁaﬁwmumam'lm3ﬁﬁﬂmauﬁﬁlymjéfu§qﬁdre novo
fatty acid synthesis laiinaufiunisanuBina ditrate 52090 enzyme saqlusuiunis fe
ACL, ACC uaz FASN Tnglsifinasie CTP-1 aiuisiiussavsnmunniigadnigwilslums
ShwuwiSe

INNITANWINAVBY commercial drugs c«iamsé’uéu'qms transport 184 citrate 1ay
n13 purify plasma membrane citrate transporter PMCT Wa¥ mitochondrial inner
membrane citrate transport protein CTP 91ntds incorporate lu liposome wavfinw
A5 transport 84 [1,5-1C citrate] fiamuidudusinedfu faus 0.05 f¢ 0.75 mM uazldiaan
A3 uptake 3-6 WATINUT ZINC compound 792949 fiemuidudu 1 mM finaduga CTP 85%
uiifinasie PMCT (fies 6% uunueil ZINC 4180643 fnaduduita CTP uay PMCT uaz ZINC



39396 fadusaua PMCT Wity fanavasansviavusmanidelulainisnaassluwadviely
¢ $ ' . . " - { o v o )
dnivnaes B9AM3T inhibitors wallanidusnmadenuileiltidueisneiusiSals waydl

AT INZgalwadiuz T
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ForfugfidededngussasdyaiiuluilAnwunumues citrate transporter inhibitor e
UYUIUNIT de novo lipogenesis Wag ER stress #ON1T growth Wag proliferation ve9
wadupiss  msTleadusdedidnsives lipogenesis gun wnniiadunAdedeutiei
Usenaufiumsil citrate ihuuvsaves substrate A5 uuaglfluruiums lipogenesis ey
ﬂﬂiﬁ'UE:Jl'\‘l citrate ﬁIL‘fJ‘u substrate TuruUA1T de novo lipogenesis ﬁﬂﬁ]sﬁﬂ’lﬂﬂtﬂﬂﬂ‘lﬁ@dﬁ
w38 fiansnanns growth wag proliferation veswadusidsldind¥38ug waztihexd
i wzsolsaduzSsgatuientu Inghifinadodowadund wezhlugmaveaeddlu
dwivaass vierunisinu Jostunde vazdufams metastasis Tosi3s Feamunsawamn
lugnsaiandilifuaydlsluauanumumsld chemotherapy
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Tneld Synergy HT Microplate Reader $138 Gens Data Analysis software  Cytosolic

proteins wgmwﬂimﬂ SDS-polyacrylamide gel electrophoresis W transferred
a9 PVDF membranes (Merck Millipore, Darmstadt, Germany) feirses iBlot®
7-Minute Blotting System using 8 minutes for transferring (Life technology,
Invitrogen, Grand Istand, NY, USA) w&NT Membranes aviiun incubated
primary antibody 1nen15l4 B-actin (Abcam, Biomed Diagnostics Co.Ltd, Thailand)
i internal standard \eBus integrity uag equal protein loading. Nt
protein band agausn developed 1neld Lunimata Crescendo Western HRP
chemiluminescence detection reagents (Merck Millipore, Darmstadt, Germany)

Tned intensity ¥4 protein bands annsnialagiAses CCD camera (ImageQuant



LAS 4000; GE Healthcare Life Sciences, Pittsburgh, PA, USA) USu1ed Protein
expression @1113030ANAY Image) software version 1.46 wagianNally ratio
283 FASN, ACC and ACLY band intensity w3 uslauiiu B-actin band intensity
Tu blot uWuAwAEIN (FASN/B-actin [%])
7. WAL FASN activity
FASN activity anunsadiasizilalagendundnnisves spectrophotometric method
Tne Kant S et al. [25,26). extracted protein ls wthumaniy reaction mixture 7
U3¥NoUMIY potassium phosphate buffer, EDTA, dithiothreitol, acetyl-CoA, az NADPH
uaz1ninA1 Absorbance FelA3ed spectrophotometer fianueniady 340 nm Tng
Synergy HT Microplate Reader \usgeiian 30 undl oA NADPH oxidation %3910
i Malonyl-Con flmudutu 50 mM avgniddnanly reaction mixture Fafh
Absorbance fadn 10 w17 \edadr FASN-dependent oxidation of NADPH FASN
activity aunsauansidudl nmol NADPH oxidized/min/mg protein
8. B34 intracellular long chain free fatty acid quantification assay
FASN activity a@uniniinsien lilaensinuSunames long chain free fatty acid
synthesis laan1sld Free fatty acid quantification kit (Abcam, Blomed Diagnostics Co., Ltd,
v Thailand) [26] Sewdnns fle nswasy long chain free fatty acid i extracted 419N
cytosol i CoA derivatives uarld fluorescent probe adhl wasnsaniluaen fe
\3eq fluorometric 7 Ex/Em 535/590 nm Ingld Synergy HT Microplate Reader #7¢
Gen5 Data Analysis software  ANUBIUTU long chain fatty acid avuanadu percentage of
intracellular long chain fatty acid \fleUSeuiflsuiiu control
9. MIUATIANTAN ROS Meluiwas
Tagleans fluorescent dye 5-(and-6)-chloromethy!-2',7'-

dichlorodihydrofluorescein diacetate, acetyl ester (CM-H,DCFDA) (Molecular probe,
bregon, USA) sTiﬁL‘TJu chloromethyl derivative df7HigiDiC'I;bxiihréja’lwiﬁ'fﬂéu;;vrﬁﬁ'n%aé
acetate group 9N cleave Ing intracellular esterase 19u H,DCF &2 ROS 9% oxidize
H.OCF Wu DCF (2',7’ dichlorodihydrofluorescein) annsainluia fluorescence &
Fn1sfe wad avculture T dish 7 5x10° cells il 24 v \wARIEgN treated fe 2.5mM
PMCT inhibitor Tu 0.2% DMSO Taedl 0.1mM C75 u positive control 1Wuian 24 wu
. VEINTAWadN incubate 78 10MM CM-H,DCFDA Tu CO, incubator Wuan 45

Wit melinnagliifiuas wazily incubate fe EMEM (10% FBS) Wuwan 20 wift 91 37

°C wadargni1ly analyze e flow cytometry 7l Ex/Em ~892-495/517-527 nm

(CellQuestPro software (BD)



10. JwAs1g3 CPT-1 activity
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Mitochondria/Cytosol/Fractionation kit (Merck Millipore, Darmstadt, Germany) U
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MATERIALS AND METHODS

Cell cultures

Human colorectal carcinoma cell lines, HCT116 (ATCC CCL-247™) and
HT29 (ATCC HTB-38™) were kindly provided from Assistance Professor Dr,
Damratsamon Surangkul and Assistance Professor Dr. Metawee Srikammul,
Department of biochemistry, Narasuan University, Thailand. Cells were cultured in
McCoy’s medium (Corning, USA) containing 10% fetal bovine serum (Gibco, Thermo
fisher scientific, USA) and 1% antibiotic (Gibco, Thermo fisher scientific, USA) and
incubated in 37 °C at 5% CO, humidifierincubator. In addition, human hepatocellular
cell line, HepG2 (JCRB1054) and HuH-7 (JCRB0403) cells were obtained from JCRB
Cell Bank (Osaka, Japan). HepG2 and HuH-7 cells were cultured in DMEM medium
(Corning, USA) consist of 10% fetal bovine serum and 1% penicillinstreptomycin
(Gibco, Thermo fisher scientific, USA).

Determination of cell viability by MTT assay

3-(4,5-Dimethylthiazo}2-yl)-2,5-Diphenyltetrazolium  Bromide (MTT)
(AMRESCO, Solon, OH, USA) assay was used to evaluate cancer cell viability after

¥ treatment. Cells were plated in 96-well plates for 24 h. After 24 h, cells were incubated

with EGCG (CAS Number 989-51-5) (Merck Millipore, USA) with various
concentrations for 24 h. The control cells were incubated with 0.1% DMSO only. After
24 h of treatment, cells were added MTT solution (10 mg/ml) and incubated for 4 h in

a COz incubator. Formazan violet crystals of MTT were dissolved by DMSO and
detected absorbance at 595 nm wavelength by a microplate reader (BioTek instrument,

> Inc., Winooski, VT, USA) (BioTek). In addition, percentages of cell viability were
o *’*f‘eﬂlﬁﬂ&t@dﬁﬂd@@fﬁp&fedﬁ?ﬁ'thfhetomroi‘by@rapirpa&pr'rsrrrvers'rcjrrji"’* —

Evaluation stages of apoptosis by Annexin V/PI staining

Apoptosis assay was performed using double staining including Annexin V and
Propidium Iodine (PI) (Life science, Thermo fisher scientific, USA) which conjugate
with phosphatidyl serine (PS) at the outer membrane of cells to indicate an early state
of apoptosis and DNA content in the nucleus to indicate a late stage of apoptosis,
respectively (30). Cells were seeded in 24-well plates and incubated overnight. Cells
were collected after 24 h of treatment and stained with annexin binding buffer

containing Alexa Fluor 488 annexin V and PI at room temperature under light



‘protection. Apoptotic rates were analyzed by FACScalibur flow cytometry using
CellQuestPro software (Becton Dickinson, Franklin Lakes, New Jersey, USA).
Investigation of mitochondrial membrane potential (MMP) by JC-1
staining
Mitochondrial membrane potential (MMP, A%¥m) damage is a center and
initiator of apoptosis in various cancer cells (31). Cells were stained using 5,6-dichloro-
2-[3-(5,6-dichioro-1,3-diethyl-1,3-dihydro-2H-benzimidazok2-ylidene)-1-propeny!]-
1,3-diethyl-, iodide (JC-1) (Invitrogen, USA), a cationic mitochondrial membrane
potential fluorescence probe. A high polarization state of A¥m presents the positively
charges of JC-1 accumnulated in the electronegative interior of the mitochondrial matrix
and exhibits red fluorescence emission at 590 nm, while disruption of A¥m shows
decreasing of dye accumulated in mitochondrial matrix and increasing of monomeric
from in the cytoplasm which emits green fluorescence at 530 nm. The decreasing of
red/green fluorescence intensity ratio represents a dissipation of A¥m (32). Cells were
cultured in 24-well plate for 24 h of seeding period. Cells were harvested after 24 h of
treatment. CCCP at a final concentration of 50 uM was used as a positive control to
verify the depolarization state of A%¥m. Cells were subjected to 20 pM of JC-1 in COz
incubator for 45 minutes and detected by FACScalibur flow cytometry using excitation
at 488 nm and emission 585/42filter. Data were analyzed usingCellQuestPro software.
Xenograft nude mice models
All experimental procedures of animal were complied with the standard
research protocol of animal care and use established under the ethical guidelines and

policies of Naresuan University and Office of the National Research Council of

Thailand (NRCT) and the Act. Animals for scientfic purposes B.E. 2558 and approved
by the Animal Experimentation Ethics Committee of Naresuan University of Thailand.
Male BALB/c nude mice (aging 4-8 weeks) were purchased from Nomura Siam
international Thailand. Mice were acclimatized and housed in pathogen-free
conditions (sterile food and water) in air-controlled rooms with a 12-h light/dark cycle
at the Center for Animal Research, Naresuan University, Thailand. HCT116 cells at
density 1 x 107 cells were injected subcutaneously at the right frank area of mice. After
tumor reaching of 100-150 mm3, mice were randomly divided into 4 groups which
were treated with 1) 0.1% DMSO (Vehicle), 2) 30 mg/kg EGCG (Low dose), 3) 50
mg/kg EGCG (High dose), and 4) 20 mg 5-fluorouracil (5-FU) (Sigma, Millipore,
USA) acting as a positive control (33, 34). Vehicle, EGCG and 5-FU were administered
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intraperitoneal injection every day for 7 days. Tumor size and body weight werk R

measured every day. At the end of experiment, all experimental animals Were’(ﬁﬁ'ﬂaﬁuﬂ
euthanized to collect tumor and internal organs. Tumor weight was also measured.
Percentages of tumor volume, tumor size, and body weight were calculated and 27 Wiy 2565
compared with the control by Graph pad prism version 5.
Measurement of protein level by immunoblotting assay
Both colorectal cell lineat 1 x 10 cells/35-mm?® dish and Fresh tumor tissue at
50 mg were homogenized in M-PER (Thermo Fisher Scientific, USA) and RIPA buffer
containing 2% phosphatase inhibitor and 1% proteinase inhibitor cocktail (Thermo
Fisher Scientific, USA), respectively. Concentration of protein was measured by BCA
assay reagent (Thermo Fisher Scientific, USA). Aliquots of 50 ug lysate were separated
by 8-12% (SDS) polyacrylamide gel electrophoresis and transferred to PVDF
membranes. Then, non-specific proteins on membrane were blocked using RAPID-
BLOCK solution (Thermo Fisher Scientific, USA). Membrane was then probed with
specific primary antibodies: PI3K, P70S6K, p-P70S6K, ERK1/2, p-ERK1/2, ACLY,
DAPK2, and Bcl2 (Merck Millipore, USA) at 1:1000 dilution; mTOR, Akt, p-Akt,
4EBP1, ACC, Bak, and B-actin (Cell Signaling Technology, Beverly, MA, USA) at 1 :
500 dilution; p-mTOR, SREBP1C, FASN, and BNIP3 (Abcam, USA) at 1:500 dilution;
caspase8 and caspase3 (Thermo Fisher Scientific, USA) at 1:400 dilution.
Consequently, specific protein was conjugated with anti-rabbit IgG (Cell Signaling
Technology, Beverly, MA, USA) or anti-mouse IgG (Santa Cruz Biotechnology) at
1:7000 dilution. Finally, LuminataTMForte Western HRP Substrate (Merck Millipore,
| USA) was added for visualizing proteinband which was then detected by CCD camera
- 74,Chemiluminescence4magefQuantﬁLASAOO&;J}E—Healthcare—lgifeﬁ%ienees, _ — -
- Pittsburgh, PA, USA). Protein bands were calculated-into percentage of relative
expression level of protein/actin compared with the control by Image J software version
1.46.
Immunohistochemistry (IHC) and histological assays
The tumor tissue specimenswere fixed in 10% neutral formaldehyde, embedded
and sectioned at 3 um thick slides. Tumor slides were performed antigen retrieval by
“ sodium citrate buffer, Block endogenous peroxidase activity by 3% H;0,, and
permeabilized by 4% FBS. Consequently, each slides were incubated with specific
primary antibodies for 4 h at 4 °C overnight. Then, tissue slides were conjugated with

horseradish peroxidase-conjugated goat anti-rabbit (Cell Signaling Technology,



Beverly, MA, USA) or anti-mouse (Santa Cruz Biotechnology) secondary antibodies.
Finally, specific proteins were developed intensity of brown color by 3,3’-
Diaminobenzidine(DAB) substrate (Dako North America, Inc, USA), counter stained
by hematoxylin, and visualized by light microscope ().

Cytotoxicity effect of EGCG on tumor tissues and internal organs was
investigated using hematoxylin and eosin staining. A whole tissue of every animal in
each group were sectioned and examined. Paraffirembedded tissue specimens were
sectioned at 3 pM thick and mounted on coat glass slides. The tissue section was
deparaffinized by xylene and rehydrated by serial concentration of alcohol from 100%
to 70%. Then, slides were stained by hematoxylin for 6-7 min followed by eosin
staining approximately for 1 min, Finally, morphology changes of cell in tissue section
was visualized under light microscopy ().

Fatty acid assay kit

Level of free fatty acid in tumor tissue was investigated using the Free Fatty
acid Quantification Kits (US, Biological, MA, USA). Tumor tissue at 10 mg was
homogenized in 1% Triton-X in Chloroformand centrifuge at 15,000 g for 10 min. The
lower phase of homogenized fatty acid was collect by vacuum dried chloroform for 30
min at 60°C. Next, dried lipids were dissolved in free fatty acid buffer and then Acyl-
CoA synthase (ACS) was added. Reaction mix was added into lipid sample and
incubated at 37°C for 30 min. Finally,level of free fatty acid was detected by microplate
reader at Ex/Em 535/590 nm and calculated percentages of free fatty acid level
compared with the control by Graph pad prism version 5.

ATP assay kit

Adenosine triphosphate (ATP) level was detected using ATP Quantification

~ Kits (US, Biological, MA, USA). Tumor tissue at 10 mg was extracted in ATP assay
buffer and centrifugedat 13,000 g for 5 min. Then, supernatant was harvested, reaction
mix was added and incubated for 30 min at room temperature. Finally, the level of ATP
was measured by microplate reader at Ex/Em 535/587 nm and percentage of ATP level
was calculated by Graph prism version 5.

Statistical analysis

All statistical analyses were conducted using Graph Prism Software version 5.
All data were analyzed and shown as mean = SEM using unpaired Student’s t test with

Turkey’s post-hoc analysis or one-way analysis of variance (ANOVA). At least three



with triplicated samples were analyzed and compared with the control to consider

statistically significant differences at p<0.05.

Results
The inhibitory effect of EGCG on cell proliferation of Colorectal and Hepatoma
cell lines

Cell lines including HCT116, HT29 and HepG2, HuH-7 were incubated with
EGCG 0.2-1 mM for 24 h and cell viability was evaluated by MTT assay. As show in
figure 1, EGCG inhibited cell proliferation in HCT116 and HT29 cell lines in a dose
dependent manner with inhibitory concentration at 50% (IC50) approximately 0.56,
0.89 mM, respectively. In contrast, HepG2 and HuH-7 cell linesshowed less efficiency
to EGCG with IC50 more than 1 mM for 24 h of incubation period. Taken together, all
of these results demonstrated that EGCG treatment for 24 h has the highest capacity to
suppress cell proliferation in HCT116 cell line.
Apoptotic cell death effect of EGCG in colon cancer cell lines

We next evaluated the inhibitory effect on cancer cell proliferation of EGCG
mediating through triggering apoptosis cell death. Following treatment of EGCG at0.5
and 0.8 mM for 24 h on HCT116 and HT29 cell line, respectively, cancer cells
undergoing early stage and late stage of apoptosis at 42.9% and 22.4% respectively (in
figure 2). This results defined that effectof EGCG cloud induce apoptosis cell deathon
both colon cancer cell lines following IC50 concentration.
The effect of EGCG decreased mitochondrial membrane potential (MMP) in colon
cancer cell lines
r— ————————Disruption-of MMP-is a-one of characteristic-of mitochondrialdysfunctiom— ——— -
- - ——leading to releasing cytochrome C' to cytoplasm and activating effector “caspase
mediated apoptosis cell death. In above figure 3, red fluorescence present JC-1 dye of

high aggregated within mitochondria and emitted fluorescence at 590 nm, while JC-1

in decreased MMP becomes monomeric forms in cytoplasm and presents green

florescence emission at 530 nm. After treatment of EGCG compared with controlcells,

show decreased ratio between red and green fluorescence from 9.37% to 95.16%

I most cancer cell increased intensity of green fluorescence from 9.47% to 93.74% and
| indicated that loss of MMP. In this results suggested that effect of EGCG increased
|
b
|
|
\



mitochondrial dysfunction leading to apoptosis cell death in both colon cancer cell
lines.
The antiproliferation activity of EGCG and SFU reduced tumor progression in
xenograft nude mice model

As above figure 4b-d, we evaluated the effects of EGCG and 5FU in HCT116
xenograft model of nude mice. EGCG concentrations of 30, 50 mg/kg and 20 mg/kg of
5FU suppressed growth rate of HCT116 tumor and decreased tumor volume, tumor
weight significantly. In addition, EGCG not had influence on bodyweight in eaclgroup
of animal experiment. Finally, these results demonstrated that effect of EGCG
suppressed proliferation of HCT116 tumor xenograft nude mice.
EGCG increased apoptotic morphology and expression of apoptosis protein in
tumor tissue

In further study, we observed effect of EGCG on feature of DNA braking
represent apoptbtic morphology in tumor tissue of all animal experiment groups. The
results show that EGCG concentration at 50 mg/kg found DNA braking more than low
dose and 5FU group. In addition, we evaluated protein expression in apoptosis pathway,
found that in high dose and SFU group can increased BNIP3, DAPK2, Bak, Caspase 8,
and Caspase 3 expression. In the meantime, expression of Bcl2 was decreased.
However, in low dose not altered all protein expression when compared with control,
as show in figure 5b. All of these results demonstrated that effect of EGCG can increase
expression of BNIP3 and DAPK2 lead to inhibit expression of Bcl2. Moreover,
reduction of Bcl2 and Increment of DAPK2 expression can promote expression of Bak

and caspase8, respectively. Finally, elevating expression of caspase 3 and promote

apoptosis in tumor tissue. All of these results demonstrated that EGCG at high dose

 increased apoptosis in tumor tissue more than 5FU group.
EGCG decreased expression of enzyme and product in DNL pathway together
with energy of tumor tissue |
Overexpression of enzyme in DNL pathway can elevate free fatty acid level in
cancer cells, resulted in promoted cell proliferation and suppressed apoptosis. The
resulted found that at high dose group decreased expression of ACC and FASN when
compared with control group, respectively. In contrast, at low dose and SFU group not
affect with expression of ACLY. In addition, all of experiment group show that reduced
free fatty acid level, as show in figure 6a-c. Moreover, reduction of free fatty acid level

leads to decrease translocation of free fatty acids to mitochondria, resulted in decreased
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ATP level from B-oxidation. Following figure 6d, the resulted show that EGCG and 5-
FU decreased ATP level significantly In all, the results show that EGCG decreased
expression and product of DNL pathway leads to reduce ATP level in tumor tissue,
EGCG decreased expression of proteins involve in cellular signaling pathway in
tumor tissue
Increment of enzyme in DNL pathway arise from overexpression of

SREBPIC, is a transcription factor of lipogenic enzyme, which modulated throughtwo
signaling pathway including PI3K/Akt/mTOR and MAPK signaling pathway,
respectively. In this present study, we found that effect of EGCG not altered total from
expression of PI3K/Akt/mTOR and ERK1/2. However, effect of EGCG decreased
active from of p-Akt, p-mTOR and p-ERK1/2 resulted in reduced expression of p-
P70S6K and SREBP1C more than 5-FU group. Moreover, EGCG not show affect with
expression of p70S6K and 4EBP1, as show in figure 7. Thus, all of these results
demonstrated that effects of EGCG decreased expression of cellular signaling pathway
protein, is important for overexpression of enzyme in DNL pathway.
EGCG not induced cytotoxic effects on internal organ of animal model

Finally, we determine effect of EGCG and 5FU on various internal organ of
animal experiment. In figure 8, Histology of internal organ of each group not show

cellular damage or morphology change when received EGCG and 5FU for 1 week.
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Figure 1. The inhibitory effect of EGCG on cell viability of (A) HCT116 and HT29
(B) HepG2 and HuH-7 cell lines. Cells were incubated with EGCG for 24 h and
subjected to MTT assay to evaluate cell viability Percentage of cell viability following
treatment was compared to 100% of the vehicle control group. SFU and sorafenib were

used as anticancer therapy for colorectal and hepatocellular carcinoma cells,



respectively. Data from at least three independent with triplicated experiments are

presented as mean £ SEM, n=9, p*< 0.05.
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cell lines. (A) Cells were incubated with EGCG at IC50 concentration for 24 h in
HCT116 and HT29 and then evaluated apoptosis by AnnexinV/PI staining with flow
cytometry. (B-C) The quantitative bar graphs show percentages of viability, early
apoptotic, and late apoptotic cells compared with the vehicle control group. Data from
at least three independent with triplicated experiments are presented as mean + SEM,
n=3, p*and p* < 0.05 are significant different of viability and early+late apoptosis of

the treated group compared with their own control group.
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Figure 3. EGCG exhibited mitochondrial membrane damage in both HCT116 and
BT29 cell lines. (4) Mitochondrial membrane potential was investigated by JC-1

__ staining assay with flow cytometry after EGCG at IC50 concentration incubated for 24

hinHCT116 and HT29 cell lines. (B) The histogram showed percentages of decreasing
}nitochondrial membrane potentialcompared with 100% of the vehiclecontrol. (C) The
effect of EGCG on the expression of apoptotic proteins Bak and cleaved caspase3 was
determined by immunoblotting. (D) Quantitative protein expression levels are
expressed in histogram. Data are express as mean + SEM from at least triplicate

experiments of n=3. p*< 0.05.
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Figure 4. EGCG decreased the DNL in both HCT116 and HT29 cell lines. (A) The
expression of DNL proteins, ACLY, ACC, and FASN were measured by

immunoblotting ad (B) quantitated in percentage of relative protein/B-actin expression
after incubation of EGCG at IC50 concentration for 24 h in HCT116 and HT29 cell

lines was compared with 100% of the vehicle control. (C) Intracellular fatty acid and

(D) ATP levels were evaluated and expressed in percentages compared with 100% of

—- - — —thevehiclecontrol. Data are express as mean+ SEM from at least triplicate experiments ——

——of n=3. p*< 0.05,
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Figure 5. EGCG suppressed HCT116 tumor proliferation in xenografted nude
mice. (A) HCT116 cells were subcutaneously xenografted at the back area of nude
mice. After tumor reached 100-150 mm?®, mice were consecutively injected with 0.1%
DMSO (vehicle), 30 mg/kg EGCG, 50 mg/kg EGCG, and 20 mg 5FU for 7 days at
subcutaneous nearby the tumor area. (B) Tumor volume and (C) body weigh were

measured every day. (D) Tumor weight at the sacrificed day (the 7" day) of experiment

was measured. Representative data from 5-7 micein each group are presented as mean

% SEM, p*< 0.05.
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Figure 6. EGCG promoted apoptotic bodies and expression of pro-apoptotic
proteins in tumor of HCT116 xenografted mice. After tumor reached 100-150 mm?,
mice were consecutively injected with 0.1% DMSO (vehicle), 30 mg/kg EGCG, 50
mg/kg EGCG, and 20 mg/kg 5FU for 7 days at subcutaneous nearby the tumor area.
(A) EGCG increased apoptosis bodies showed in red arrows and cleaved caspase3
expression in tumor slides measured by H&E staining and immnumohistology assay,
— — — -~ respectively and visualized by light microscope. (B) The expression of apoptotic — —
~ proteins in tumor were measured by immunoblottingand (C) quantitated in percentage
of relative protein/B-actin compared with the vehicle control. Representative data from

5-7 mice in each group are presented as mean = SEM, p*< 0.05,
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Figure 7. EGCG suppressed the DNL in tumor of HCT116 xenografted mice. After
tumor reached 100-150 mm?®, mice were consecutively injected with 0.1% DMSO
(vehicle), 30 mg/ kg EGCG, 50 mg/kg EGCG, and 20 mg/kg 5FU for 7 days at
subcutaneous nearby the tumor area. Lipogenic protein expressions in tumor were
measured by (A) immunohistology visualized by light microscope and (B)
immunoblotting assays. (C) Quantitative percentage of relative protein/B-actin is
expressed in histogram compared with the vehicle control. (D) Free fatty acid and ATP
levels in tumor were measured. Representative data from 5-7 mice in each group are

presented as mean + SEM, p*< 0.05.
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Figure 8. EGCG decreased p-AKT and p-ERK1/2 levels in tumor of HCT116
xenograft mice. After tumor reached 100-150 mm?®, mice were consecutively injected

with 0.1% DMSO (vehicle), 30 mg/kg EGCG, 50 mg/kg EGCG, and 20 mg 5FU for 7

days at subcutaneous nearby the tumor area. Signaling protein expressions in tumor

were measured by (A) immunoblotting and (B) quantitative percentage of relative

protein/B-actin is expressed in histogram compared with the wvehicle control.

Representative data from 5-7 mice in each group are presented as mean= SD, p*<0.05.
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Figure 9. No cytotoxic effect of EGCG on internal organs of HCT116 xenografted
mice. After tumor reached 100-150 mm?®, mice were consecutively injected with 0.1%
DMSO (vehicle), 30 mg/kg EGCG, 50 mg/kg EGCG, and 20 mg 5FU for 7 days at
subcutaneous nearby the tumor area. The morphology of internal organs was
determined by H&E staining and visualized by light microscope compared with the

vehicle control. Representative data from 5-7 mice in each group.



Discussion

EGCG is a high anti-oxidant activity and most abundant active polyphenol
compounds in green tea dry leaves extract. Numerous previous studies have been
reported that effects of EGCG can inhibit proliferation of cancer cells through
suppressed various signalingpathways (27, 32, 34). In present studies, we demonstrated

that effects of EGCG decreased cell viability and increased apoptosis in colon cancer

- celllines. Consequently, Increment of mitochondria membrane potential is related with

~ apoptosis after treatment EGCG in both colorectal cancer cell lines. Next, we used in

vivo study for investigate molecular mechanism pathways of EGCG inhibiteddCT-116
xenograft models. Notably, the effect of EGCG suppressed rate of tumor growth, which
observed from tumor volume and weight but not change body weight of mice. From
previous studies, enzyme in DNL pathway is highly expression in various cancer cells
which can promote cells proliferation andresistance to apoptosis. In addition, mutation
of tyrosine kinase receptors can elevate expression of two signaling pathway including
PI3K/Akt/mTORC1/SREBP1C axis and MAPK pathway, leads to increase expression
of enzyme in DNL pathways. In current studies, we found that EGCG decreased



enzyme expression in DNL pathways and reduced expression of SREBP1C through
decreased active form of p-Akt, p-mTOR, p-P70S6K and p-ERK1/2 but not change
total form of PI3K/Akt/mTORC1 axis and MAPK pathway. Moreover, we suggested
that depletion of free fatty acid levels which arise from decreasing of enzyme
expression in DNL pathway maybe inhibit activity of CPT-1, leads to decrease ATP
levels and increase apoptosis in HCT116 tumor tissue. From previous studies,
increment of BNIP3 and DAPK2 expression, is a pro-apoptotic proteins, are induced
through inhibited expression of FASN and reduction of free fatty acid levels. Here we
show that effect of EGCG inhibited enzyme and product in DNL pathways, leads to
increase expression of BNIP3 and DAPk2, respectively. Thus, elevation of BNIP3 and
DAPKk2 expression decreased ratio of Bcl2/Bax expression after treatment EGCG and
promote mitochondria membrane potential together with expression of Caspase 8 and
Caspase 3 in HCT116 tumor tissue, respectively. Finally, all of this results
demonstrated that effects of EGCG increased apoptosis in tumor tissue through down
regulation of DNL, PI3K/Akt/mTOR, and MAPK pathways.

From previous studies has been reported that in various cancer cells are highly
required energy for supported cell proliferation through aerobic glycolysis.In contrast,
non-differentiated cells rely on primarily source from OXPHOS in mitochondria for
generated energy (7). Increment of high rate of glucose metabolismin cancer cellsleads
to elevate pyruvate level, which the most part convert to lactate resulted in generated
acid environment and promoted invasionin cancer cells (9). In addition, reduction of
pyruvate level is translocated to mitochondria, leads to diminishenergy through TCA

cycle and OXPHOS in cancer (7). To modify proliferation of cancer cells arise from

alternative source of energy and up-regulated for supported substrate in cancer cells (9).

Over expression of key enzyme in DNL pathway that is ACC and FASN, are highly
expressions and promoted proliferation in various cancer cells. In contrast, in normal
tissue has lowest expression of enzyme in DNL pathway or undetectable excepted
lipogenic tissue including mammary breast and liver tissue (9). From previous studies
has been reported that in colorectal carcinoma cells, ACACA and FASN expression
was elevated and promoted proliferation of cells (16). In addition, Increment of mRNA
expression of FASN can promote HCC-development in liver tissue of mice (21). In
recent studies have been reported that alleviated expression of ACC and FASN can

suppressed growth rate of cell proliferation and tumor development in various cancer



cells (35, 36). In current studies, we found that effect of EGCG decreased expressions
of ACC and FASN in HCC-xenograft nude mice meanwhile expréssion of ACLY not
alter from control. Following previous studies have been reported that effects of EGCG
can decrease expression of FASN through inhibits phosphorylation of EGFR related
PI3K/Akt/mTOR axis in lung adenocarcinoma cells (37). Moreover, Increment of
phosphorylation of AMPK expression after treatment EGCG leads to decrease
expression of mMTOR/4EBP1 resulted in suppressed expression of ACC and FASN in
HepG?2 cells (38).

Reduction of expression of ACC and FASN resulted in diminishlevel of free
fatty acid and triglyceride level in colon cancer cells together with decreased tumor
volume in colon xenograft mice models (16). In recent studies have been suggested
that effects of Oroxylin A can decreased expression of FASN and decreased free fatty
acid level through inhibited expression of HIF-1a resulted in decreased proliferation of
HCT116 cell line (35). Moreover, inhibition of ACC and FASN resulted in decreased
glycolysisand ATP level from OXPHOS and fatty acid oxidation (FAQO) in Pt130 cells
(16). In current study, we shown that effects of EGCG alleviated expression of
lipogenic enzymes related decreasing of free fatty acid levels and ATP production in
HCT116-xenograft nude mice. Similarly previous studies has been demonstrated that
effect of EGCG inhibited expression of ACC and FASN resulted in decreased freefatty
acid levelsin HepG2 cells (26). Moreover, downregulation of SREBP-1 and SREBP-2
can suppressed mRNA levels of ACC and FASN leads to decrease fatty acid f-
oxidation in DLD1 and Pt130 cells (16). Interestingly, from previous studies have been
reported that FASN inhibitor(C75) can inhibitedexpression of FASN leadsto decrease

— free fatty acid and cell number of SKOV3 cell lines through accumulation of - malony}k
-~——CoA levels. In the meantime, used ACC inhibitor for reduced ievels of malonytFCoA
resulted in rescued cell number of ovarian cancer cell lines (39). Thus, Increment of
malonyFCoA is a caused of cell death via inhibited expression of FASN in cancer cells
after treatment with EGCG.

Malonyl-CoA is an inhibitor of carnitine palmitoyl transferase-1 (CPT-1)
located on outer membrane of mitochondria (40). Following previousstudies have been
reported that effects of [6]-gingeral caninhibited expressionof FASN leads to decrease
activity of CPT-1 and promoted apoptosis in HepG2 cells (41). Suppression of CPT-1
after knockdown FASN expression leads to accumulate of ceramide levels and

promoted expression of pro-apoptotic enzymes including Bcl2 which interacts with



protein 3 (BNIP3) and Death-associated protein kinase 2 (DAPK?2) in breast cancer
cells (42). In addition, effect of resveratrol can inhibit expression of FASN together
with lipid content and promoted expression of BNIP3 and DAPK2 both in vitro and in
vivo studies of breast cancer cell lines(43). In this study we found that effect of EGCG
inhibited expression of FASN together with reduced levels of free fatty acids which
influence suppressed CPT-1 activity through increased malonytCoA levels. In
addition, effects of EGCG increased expression of BNIP3 and DAPK2 in HCT116
xenograft models and decreased proliferation rate of HCT116 xenograft models.
Following previous studies have been demonstrated that concanavalin A can increase
expression of BNIP3 leads to decrease expression of Bcl2 resulted in promoted
apoptosis in hepatitis mice models. In the meantime, combination effects of EGCG and
concanavalin A caninhibit expressionof BNIP3 and promoted expression of Bel2 leads
to attenuate apoptosis in hepatitis mice (11). Moreover, effects of EGCG can elevated
expression of DAPK?2 following dose dependent manner and decreased cell viability of
acute myeloid leukaemia cells (44). Taken together, effects of EGCG promoted
apoptosis in HCT116 xenograft models through inhibited expression and product of
DNL pathway and mediated expression of pro-apoptotic protein that is BNIP3 and
DAPK2 expression.

Elevation of both pro-apoptotic protein including BNIP3 and DAPK2 after
inhibit FASN expression can promote apoptosis in breast cancer cells (42, 43). Up-
regulation of expression of BNIP3 can decrease expression of anti-apoptotic protein
such as Bcl2 and promoted expression of Bax mediated apoptosis in hepatitis mice (11).
From previous studies have been suggested that decreased expression of bcl2 can
promote pro-apoptotic protein family including Bakand Bax in hepatocellular celllines

~ leads to decrease mitochondria membranepotential (AWm) mediated apoptosis (45). In
this study, we found that effects of EGCG inhibited expression of B¢l2 and promoted
expression of Bak protein resulted in decreased A¥m and promoted apoptosis in
colorectal cancer cells line. In addition, effects of EGCG increased expression of
cleaved-caspase 3 leads to decrease proliferation rate of tumor in mice models.
Numerous previous studies have been reported that effects of EGCG can suppress
expression of Bcl2 and increased expression of bak resulted in decreased A¥Ym
mediated expression of caspase3 through inhibited phosphofructokinase (PFK) in
hepatocellular carcinoma cells (45). Moreover, effects of EGCG can inhibit expression

of Bcl2 and promoted Bax expression leads to increased expression of caspase3 through



inhibited Wnt/B-catenin pathway in colon cancer stem cells (46). All of these results
suggested that effect of EGCG promoted apoptosis in colon cancer cell lines via
inhibited expression of Bcl2 and promoted expression of Bax mediated loss of A¥m,

In various type of malignant cancer abnormally high expression of epidermal
growth factor receptor (EGFR) and human epidermal growth factor receptor-2 (HER2)
can promote cell proliferation via activate downstream signaling pathway including
PI3K/Akt/mTORC1 and MAPK pathways (47). In addition, from previous studies has
been demonstrated that in colorectal cancer found elevation of platelet-derived growth
factor (PDGF) and vascular endothelial growth factor (VEGE) expression more than
normal mucosa which can promote expression of PI3K/Akt pathway and increased cell
proliferation (48). Moreover, downstream of mTORCI can promote expression of
p70S6K/RPS6 and 4-EBP1/elF4E cascade which is regulator of cell proliferation,
metabolism and control cap-dependent translation in cancer cell, respectively (11).
Thus inhibition of activity of PI3K/Akt/mTOR pathway along with MAPK pathway
resulted in suppressed expression of p70S6K and 4EBP1 may decrease cell
proliferation of HCT116-xenograft nude mice. In these present study, from the results
shown that effect of EGCG at high dose decreased expression of phosphorylation
downstream signaling pathway including p-Akt, p-mTORCI1 and p-ERK which not
alter expression of total from of PI3K/Akt/mTORCI and p70S6K/4EBP1 together with
MAPK pathways. Following previous studies reported that effect of EGCG can down-
regulate expression of EGFR and HER2 expression leads to decrease PI3K/Akt/mTOR
and ERK expression which suppressed colon cancer development (47). In the
meantime, /n vitro and In vivo studies have been demonstrated that effects of EGCG
inhibited cell proliferation of bladder cancer cell lines through up-regulated expression
of PTEN, leads to decrease phosphorylation of PI3K/Akt pathway and Caspase3/PARP
expression (30). In generally, overexpression of PI3K/Akt/mTORCI1 and MAPK
pathway from genetic mutation leads to activate expression of SREBP1 which regulate
expression of lipogenic gene in various aggressive cancer cells.

SREBP1 is a transcription factor of lipogenic enzyme in DNL pathway
including ACC, FASN, and SCD-1. Previous studies have been reported that
overexpression of ACC and FASN arise from over activation of SREBP1 in colon
cancer cells. Thus, reduction of expression of SREBP1 leads to reduce expression of
DNL enzyme and product which promote apoptosis in cancer cells. In current study,

the results shown that effects of EGCG suppressed expression of SREBP-1 leads to



decrease expression of lipogenic enzymes and free fatty acid levels. In addition,
reduction of amount of free fatty acids resulted in decrease of ATP from reduced lipid
uptake to mitochondria for generate energy through FAO. In the recent studies have
been reported that effect of EGCG can inhibitexpression of SREBP1 through activating

expression of AMPK, leads to decrease expression of lipogenic enzymesin cancer cells.



