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Abstract

The inflammatory mediator interleukin-6 (IL-6) has been implicated in the
pathophysiology of cholangiocarcinoma (CCA), a bile duct cancer with high prevalence
in northeastern Thailand. IL-6 is capable of serving both as a mitogen and a survival
factor for cholangiocytes and cholangiocarcinoma cells. IL-6 mediates its activity via a
cell surface receptor complex composed of two subunits, a ligand-binding protein,
interleukin-6 receptor (IL-6R, gp80) and a signal transducer gp130. Transcription factor
STAT3 is the major mediator of IL-6 signaling. Cyanidin, an anthocyanidin found in
pomegranate (Punica granatum L.) and berries, is reported to possess strong
antioxidant and anti-tumorigenic properties. Interestingly, cyanidin was shown to
downregulate IL-6 expression in human adipocytes. Therefore, the aim of this study is
to examine whether cyanidin may mediate a protective effect against
cholangiocarcinoma by inhibiting IL-6 signaling. In order to determine the importance of
this cell signaling pathway in CCA, we examined the role of IL-6 in proliferation and
migration of two CCA cell lines, KKU-M213 and KKU-100. Exogenous IL-6 stimulated
tyrosine phosphorylation of transcription factor STAT3 and migration of KKU-M213 but
not KKU-100 cells, as the latter contain low amounts of IL-6 receptor (gp80). However,
IL-6 did not stimulate the proliferation of both cell lines. Cyanidin treatment inhibited IL-
6-induced STAT3 phosphorylation and migration of KKU-M213 but not KKU-100 cells,
suggesting that cyanidin acts on IL-6/STAT3 signaling pathway. This novel bioactivity of

cyanidin could be exploited as a potential adjunct treatment of IL-6 responsive CCA.
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mafeusSerainadonuunnlunaazineenidsawiiovesdszinalng annnns
Anw3sewuin IL6 TrelWimadviaing uazimaduzSeviond Snaudiwan (mitogen)
Wazagsaa (survival) Iotadin 1L-6 AIUHIUNIIAITUFY QY10 (receptor) Fa1lsznauda
sasniedasvaslls@n Aoaa9uny IL-6 (IL-6R, gp80) UaAISILND A gp130 N3
FIRTYYI 8T IL-6 AzEUGINAIAidATY Ao STAT3 Cyanidin  tilusnydsznay
anthocyanidin ﬁwuvlmuﬁﬁﬁ'uﬁmmzwavlﬁmjuLua%‘ ﬁqw%aﬁmawa’éaimazﬁm
V159 vaulafida Awan1933832Y9 cyanidin - awNINRANNIUEAdEaNTAY L6 lu
adipocyte 'lo é’aﬂ?mm‘i%’mf:%d@Taamsﬁﬂmrm’ﬁ(maamsaﬁ'@u‘%qﬂ‘ﬁf cyanidin INANase
M38uE IL-6 signaling  laasuziSeriasindlewdela 1saageuunuInves IL-6 de
maesydulawsznmaedenfivesaaduuy migration IuLmaﬁw:Léaﬁaﬁwﬁaaamﬂ'ﬁuﬁj
ldun KKU-M213 waz KKU-100 wud1 IL-6 nzdumatinngnasina Aeunialnlsdn
289 STAT3 LLa:ﬂixéunmsm?iauﬁmawnaﬁ KKU-M213 ud lidinala gaaimas KKU-100
Wasniluirasilinevauasda  IL-6  Hasanludesfdasuny IL-6 (IL-6R, gp80)
g lsfionn IL-6 VL;JVL@TﬂNa@iamim‘%zyLauimadmaﬁmﬁaﬁgﬂaaamﬂﬁuﬁf WAIIN b
cyanidin 8411 Wu31 cyanidin fANIDEUSI IL-6 ﬂs:@jumil,awyjmmmmm STAT3
wazfug IL-6 m:@jumsm'é‘lauﬁmawmﬁ KKU-M213 ug cyanidin lifinadaimas KKU-
100 uispiluaasliifinin cyanidin SuSinTdedFy M8 IL6 HAwN19 STAT3 uas

cyanidin 199zl filumninmiwiudnigihouzSviathdvilanaausuasda IL-6

o o (=4 1 &
Ad1AY : Interleukin-6, STAT3, cyanidin, 8213911211

sialasdn1s : MRG5380073

v
o A

#alassms: nniae9 cyanidin 6a IL-6 signaling lwaaduziSevianna
Fawnidy: @300l dwea

MATTEeN amAnenmans umInsnasuias
E-mail Address : waraporn.kom@mahidol.ac.th

saz9a1lA3INT : 15 ﬁqmsu 2553 D99uN 14 ﬁqmw 2555

@uidpge lifRun ldsaasninldldesdanSainauny)



Executive Summary

& 1o a . . & Ao o
Uz139v1811@ (cholangiocarcinoma) Lﬂuﬂrymmammsmqmm’mrymaaﬂizmﬂ
Tny Tasanwizadedelulszmniniaazinaanidasinite NosdnIvzuIavaInen syl
Tuay 1uﬁﬁ1ﬁ3ﬁ'uﬂ’15%'ﬂmiiﬂuu§aﬁaﬁ,’]ﬁlﬁmwmﬁLﬁUﬁ%Lﬁm fanstnfaaLaLitadan

o & ad v a o Ao @ A o Ao " Y v & & a
Munuiladnagdadssaan MIbaitnte nIaTsaTnen ludeslang a9t 398aN
Aa A o %

o & \ aa o A A @ A o o @
ﬁﬂl,‘]_]ua&lwﬂ ‘Ylﬁ]:ﬂuﬂ’n%ﬁﬂ’]iiﬂﬂﬁ“nuaﬂmuavl,ﬂﬁﬂﬂﬂﬁiwﬁ(ﬂ@ LNBNIIUIUATINEN

[
= 1 =

TsauzSaviatin@atnalUssansnw

g 6 o [ &

VLS9 ANNAANUFNANBTNUNNTONLRULIDII (chronic  inflammation) 21N
FIENUITENUT Interleukin-6 (IL-6) @91l inflammatory cytokine TRawits funun
sanlumafauzSmeihd usstolisasuniidmafinswnldd (cell proliferation)
fdndymansaamaiasay 116 Idludsuvesfihonzsmiend uazmansalfidu
biomarker TunsiftadeuzSerfiailuszozBudule IL6 vnnulasiuny IL-6 receptor
Fatsznaudiosasiiodasuasllsiin fadrsuny IL-6 (IL-6R, gp80) WATAIEIRTY T T
Ao gp130 WRIVIFIA LI MNIWNIY Jak/STAT pathway laufl STAT3 Folu
transcription factor ﬁmﬁwﬁ%é’n‘lumsmuqummamaanmaaﬁu@me] AReTasnzse
umTuAeEN §9rumsEuss signal transduction 189 IL-6 lagnnseiusia STAT3 Saillu
‘é‘ﬂmaLﬁaﬂﬁﬁamaaﬂws§ﬂmw§ﬂawn%a'ﬂ'aﬁwﬁﬁmﬁ]zﬁﬂizﬁﬂ%mw

ﬂaﬁ;ﬁuummamiﬂaqﬁ'ul,l,azmi%'ﬂmimmﬁai@ﬂ’l"ﬁmsaﬁ'@mﬂﬁmmaﬁwu
1uﬁ°naag]uvlwsvlﬂzmuﬁy'asTﬂLLazNavlﬁﬁwé'a"l,ﬁ%'um’maulaasmmﬂ BNA20L19L T J1T
’NAINNNUNAY (promegranate) wavlﬁﬁﬂgﬂvlﬁjluﬂs:mﬂvlm AMNAFANBIATIWLIN
ﬁuﬁwﬁmsﬁmmma%mwmMﬁ@%qﬁmnﬁv’ﬂu Waan wie wazinvuisleud
polyphenols, anthocyanins, anthocyanidins, ellagic acid derivatives L& hydrolyable
tannins m'ﬂumjuﬁ: ﬁqmauﬁ&ﬂuﬁ's@i’ma%a%m:ﬁﬁ lasdasIngmanainIaniay

g; o A t;n v = [ v t:‘ o @3’ [ & Aa b 3 o v =
‘Y]\‘iEl\‘lllf]‘ﬂﬁ@]FJ@]’]%&IZL?GVLSJEL%LWQJ%’]%’J%TM LW UELIINTIRU NZL?GZ\]’]VLET UILinaa

a s (%

81913 WLISIAU 989 TINNISINAENTR NI AU TRENZITINREADIAITUAEN LT

q
A

Twadndan lwnwisonmeatuiidnswansivasindufindanudnit dinrufiad
ﬂi:ﬁ'ﬂ%mwgﬂumiﬂaaﬁ‘umlﬁ\a@iau@jm&mn (prostate cancer) Ltazﬁqmawﬂ’aﬁmmm
Treflasnvmaiialiauzsadiualuan ﬁa@ﬁuﬁanuﬁ%’mmaaﬁwﬁuﬁuﬁaﬁmaa@nm lag
fumliuflasshasstaunansiaia

Cyanidin ({lussisznay anthocyanidin Awylelwirufia LLa:Navliijmuaﬁ'ﬁ
qw%@aﬁwuawaﬁmz wasfignidnands Maulafiae Inan199983zydn  cyanidin
SUNTNAAMNILEAIaNT8 IL-6 T adipocyte l¢ datiulasimsdspisedasmsansnant

a A £ - ' ' o & . . ' 2’ '
VBIFIINALTENT cyanidin ITNadanITULY IL-6 signaling TuwiaauziTviaindwnialsl



waziinalnlumssudsadnals

IMNMITENHUNUIMVES IL6 Waz cyanidin lwwaduzi5evionnd 2 afia Aa KKU-
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Cell lines N 1% lWN1INAAD:

Human cholangiocarcinoma cell lines 3 o#a ﬁw’lﬁnﬂé/ﬂ’aElllzl,%dﬁat{’la"ﬁ’nvlﬂﬂ laun
KKU-100, KKU-M213, az HUCCA-1 Liaz immortalized cholangiocyte 1 1@ Ao MMNK1
ﬁ]zgm‘gmlummsmmLgmoLmaﬁf(HAM) 71§ 10% Fetal bovine serum (FBS) luﬁauﬁ'
muquqmmgﬁﬁ 37°C uaz 5% CO,

1. A5ADUNSAITU 1M IL-6 HIWN9 STAT3 Tu CCA cell lines Taa3s
Western blot

Boaadluanm1snia IL-6 a1 aniuanalusdin 990 CCA cell lines Taan13ans
\TadenY PBS pH 7.4 889033 91Nl lysis buffer (Hepes buffer Aisznaueas 20
mM HEPES, pH 7.4, 1% Triton X-100, 100 mM NaCl, 50 mM NaF, 10 mM B—
glycerophosphate, 1 mM sodium vanadate, 1 mM phenylmethylsulfonyl fluoride &
protease inhibitor cocktail (Complete Mini, Roche), 844/ va'lTuwinuds 30 wdl snniu
W¥wad b centrifuge # 13,000 rpm 10 WLlAaAN9a cell debris LaianNNEITHYDS
Tels8iuseATuas Bradford 90 Wauldsdi (40 ug) NU SDS sample buffer @ 5 w1
#i 95°C udhlusanly load s9un SDS-PAGE  tiausnldsaudonszualwin aniiu
transfer proteins Juu PVDF membrane lag semi-dry blotting 1Jwtaan 1 %;?Iu\‘l ‘ﬁl 120
volts Tagl#iiinasfitsznoudas 25 mMTris base, pH 8.5, 200 mM glycine, 20%
methanol 91n%w block non-specific binding &8 5% BSA lu TBS-N buffer 1 $21asil
amnniiviag MNELAY phospho-STAT3 primary antibody wa21a 1-2 Tala a9
TBSN 3 @39 1fia secondary antibody wdaUwdadn 1 Talus nazquayymlasly
Enhanced Chemiluminesence (ECL, Amersham Pharmacia Biotech) wadUsznuiay

ANBWE1 membrane W1 strip e reprobe lagld STAT3 antibody

2. fnsununzes IL-6 damsosuidvlavenmasazSerionndlagis MTT assay
esimasuziSale 96-well mictrotiter plate t{WIA" 24 T4, UEI34 treat e IL-6 AAINY
idintudng g Wunan 24, 48 uaz 72 Talag ’?@f{hu’mmaﬁﬁﬁaﬁ%%agﬁw MTT assay
lagta @uasazans MTT 10 pl asluluisadusdazngy uda incubate # 37°c lu co,
incubator 3n 4 71w eATUIAN gmmmngmmaa(aaﬂ Wiy DMSO a4l 200 i
LoazanuFaanNNINNLTas 30 OD flanueIean 540 nm 1WSsuifisuiuen OD 289

waufi laid 1L-6 (control)
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3. @ns1unumaes IL-6 deaNaEaNIaluNIYUNINVadTaaNzSI lnaans
iARanNadltag lna3s Wound healing assay
g & & . o a & ¢ _a & a_  a A a
RedLTasuziSviat@le 6-well plate luarmsidsaimastn@auemasiasgidulafdidsanm
ANWE (90-95% confluence) LAuddadn 24 Tw. luaMIRBUTAANT IL-6 NUUYA
wraseantuuuwiduatilasldUaioves pipet tip wazidssdalugnIsldn FINALTART

iwnRaufiinantatasinnyald fazuziaieeeg du (12-24 u.) dogdiauld

4. @nw1gNa289 cyanidin @a IL-6 signaling TaasnziSorianna

\TRRAZYN treat 618 cyanidin fanuTudn 100 uM twaan 24 52lus wasan
Hud IL-6 sl LLa:@rm‘ﬁ(mm cyanidin @8 IL-6 signaling lan@n1inszgu STAT3
phosphorylation laalg3% Western blot 9998 1 Uas t]“n%f‘nad cyanidin @iam'ﬁﬁug\a cell

migration 1a3% Wound healing assay a4la 3

5. ﬁnm1qw§maa cyanidin @iamsnsxé’ummamaanmaaﬁu IL-6R (gp80) 11 CCA

cell lines Tag35 Real-time RT-PCR

MIATIIFBLNTUFAIB8NVES IL-6R (gp80) T=@U mRNA 21477 real-time RT-PCR lasg
iimadunana RNA da87aana RNeasy mini kit N asn RNA Aarale 1
1J cDNA @728 ImProm-II™ Reverse Transcription System L&211 cDNA Al lvims
wdSinmaasnsusasaanvesdufiauladieds reaime RT-PCR Tauld beta-actin 1ilu
@72 normalizer 1U38ULNIBUNY MMNK @283% comparative Ct method (AACT) lagsa
real-time RT-PCR ¥inl 96-well Optical Reaction Plate 82WN&UUD reaction mixture
sznayeie 5 pl template cDNA, 1X SYBR® Green PCR MasterMix taz 300 nM
forward primer, 300 nM reverse primer &% PCR condition ivznauaiy initial
denaturation ‘ﬁ 95°C 10 minutes @1u@28 denaturation 94°C 30 seconds, annealing

55°C 30 seconds LAz extension 72°C 30 seconds 31474 40 JauU

gene primer

human gp80 forward: 5- CTCCTGCCAGTTAGCAGTCC-3’

reverse: 5- TCTTGCCAGGTGACACTGAG-3’

human PB-actin | forward: 5"~ CTCTTCCAGCCTTCCTTCCT-3'

reverse: 5- AGCACTGTGTTGGCGTACAG-3’
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1. A3FOUNIIFIFY YWD IL-6 WI%WN19 STAT3 TwmasazSovionnd

IL-6 LT inflammatory cytokine ﬁﬁ@ﬁﬁdﬁﬁlmmﬂﬁ’lﬁmﬂuﬂ’mﬁ@]&lu%ﬁaﬁ'}a
IL-6 vhlfiAamIasnudasmeluaas laarineunin receptor 2 THa Ao gp 80 Uas
gp 130 mnfuﬁa:m:ﬁué’ty@ﬁmmu Jak/STAT pathway @olUlasdi STAT3 @aiiln
transcription factor 1JUGIRANVINIAILAUMITUFAIDANVDITUAII 9 Tumsnaaasii
Fa9mIwILTasuzISiaNnd ( CCA cell lines) Aimnunsnnauawosda IL-6 slwﬂy'uﬁugmvlﬁ
lasld western blot g}i:ﬁl} phosphorylation Va3 STAT3 Iﬂi@%%§0ﬁ]’lﬂﬂ‘i:é§%ﬁ’;ﬂ IL-6
(20 ng/ml) e 15 Wit 910 Fig.1 amsnasasuaasliifinin Lrasuzisons 3 oiia
R MMNK1, HuCCA-1 ar KKU-M213 ANInaUaweIsa IL-6 anLiulras KKU-100 b
WU phospho-STAT3 tilasanimasiiinisugadoanaas IL-6R (gp80) MRNA tasnin

\TaRa%e) (data not shown)

IL-6 -+ -+ -+ - =
(2 ng ml})
— — - PY-STATS
| | — — ——-‘ o [ STAT3
WY | (B e P* e s | Beactin
MRAINKI] Hu(C'C'A-1 KEKU-M213 KKL-100

Fig.1 Cells were stimulated with 1L-6 (20 ng/ml) for 15 min or left untreated. Total cellular
lysates were analysed by Western blotting for the presence of phosphorylated STAT3 before
re-probing of the blots with antibodies to STAT3 and B-actin.

1 A [ 1 &
2. IL-6 AuUNuUIMABNITIAN migration VadlBAANZISINOWNG KKU-M213 Taals
a . M 1a 1 a a 3 S & a
in@Aita wound healing assay ua lidnananissatdulavasnasnziSevanidlas

B/ MTT assay

MINARaYRaINTANININ IL6 TunumasiTasuzSivatindanls namnaaes
WU 16 nazdumIefenfivadad KKU-M213 lagiia migration 64% 1W3suifinuniu
iaanlaild IL-6 aaly Fmsadondt 46% (Fig.2) ue IL-6 liifinada migration vagias KKU-
100 B9\ flwerasfilinanauasdo IL-6 wananiinsadeniiveisad KKU-M213 1aldiiuna
AINMILRLIIHIUDOILTRS INTIZHANNINARBIINFIG.3 UaadliFuI IL-6 anuidudu
aaud (20-60 ng/ml) aldfinademanasyiiulavasioas KKU-M213



24h

IL-6 (20 ng/ml)

Fig.2 Cells were allowed to form a confluent monolayer in a 24-well plate before wounding.
The wound was made by scraping a conventional pipette tip across the monolayer. Cell
migration was induced by adding IL-6 (20 ng/ml). Cells were monitored at various time
points and were fixed with 3.7% formaldehyde and stained with crystal violet staining
solution

KKU-M213

0.8

07
——rcont.

06
05 7 —m— 20 ng/ml IL-6

0.4 —a— 40 ng/ml IL-6

ASA0nmn

0.3 —e—50 ng/ml IL-6
0.2

0.1

Day

Fig.3 KKU-M213 cells (5000 cells/well) were seeded into 96 well plates and cultured for
different periods of time in the presence of IL-6 or with no cytokine added. Growth was
assessed by MTT assay. Error bars represent the standard deviation of triplicate samples.



3. Cyanidin iAAL3AF 100 pM §3N3ATUE IL-6 Tailinszaw STAT3
phosphorylation wazduss IL-6 N3zduNsLARenTizasIEad (migration) KKU-M213

’Lumsmaaaﬁﬁaamsﬁnmqw’ﬁfmaammﬁ'@u’%qn% cyanidin F1fiuasansdud
IL-6 signaling lwaaduzSeriarindnioliss nansmasasfilduaasliiiuin cyanidin 4
ANULTUT 100 UM @1RNTATUES IL-6 lail#nazeu STAT3 phosphorylation (Fig.4) uaz
migration Va9LTRRNI5IMe1NG KKU-M213 (Fig.5)

20 ng/ml IL.-6

Cvanidin
(100 pM )
pY-STAT3
STATI
B-actin

KKI'-}M213
Fig.4 Cells were pretreated or not for 24 h with cyanidin and then stimulated with IL-6 (20
ng/ml) for 15 min or left untreated. Total cellular lysates were analysed by Western blotting
for the presence of phosphorylated STAT3 before re-probing of the blots with antibodies to
STAT3 and B-actin.

Cy+IL-6

KKU-M213

KKU-100 (s

9 % 9% 7% 9 %

Fig.5 Cells were allowed to form a confluent monolayer in a 24-well plate before wounding.
The wound was made by scraping a conventional pipette tip across the monolayer. Cell
migration was induced by adding IL-6 (20 ng/ml) in the presence of cyanidin or without
cyanidin. Cells were monitored at various time points and were fixed with 3.7%
formaldehyde and stained with crystal violet staining solution
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4. M35ULIIL-6 signaling laa1% anti-IL-6 antibody
A < A o 1 a 1 v A A . . 6
ot unmsdudwi IL6 JunumdanInszdumaiafanwil (migration) YadLTaa
KKU-M213 lumsnaaasiisdasmsgugsnsvinauaas IL-6 laglt anti-IL-6 antibody Wa
MNasaduaadliifindn anti-IL-6 antibody lufusamavhiuzes IL-6 damInszdu

STAT3 phosphorylation (Fig.6) L8z migration 2891 TaR KKU-M213 (Fig.7)

confrol M6 oIL-6+IL-6

ﬁ' = PSTAT3(tyr=05)
— - o

Fig.6 KKU-M213 cells were pretreated with anti-IL-6 antibody and then stimulated with IL-6
(20 ng/ml) for 15 min or left untreated. Total cellular lysates were analysed by Western
blotting for the presence of phosphorylated STAT3 before re-probing of the blots with

antibodies to STAT3 and B-actin.

¢h Z4h

KKU-(213

36 % 72 % 18 % 36 %

Fig.7 Cells were allowed to form a confluent monolayer in a 24-well plate before wounding.
The wound was made by scraping a conventional pipette tip across the monolayer. Cell
migration was induced by adding IL-6 (20 ng/ml) in the presence of anti-IL-6 antibody or
without anti-IL-6 antibody. Cells were monitored at various time points and were fixed with
3.7% formaldehyde and stained with crystal violet staining solution
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5. Cyanidin ann13iandaanaadiin IL-6R (gp80) lnalainaita Realtime-PCR

m‘i‘ﬁ' cyanidin gugd IL-6 Vl,&islﬁﬂi:(;ju STAT3 phosphorylation LLae migration V83
iasuziSeiaind onadlasinan wadiimIusadaonues IL-6 receptor (gp80) AAAY
sariuseldinafia Realime-PCR NA&aU NaMINARIWLN cyanidin laansugasaan
28981 IL-6 receptor 138 gp80 '@ blas KKU-M213 (Fig.8) ua likasdanisuaadaan
28984 gp80 luwas KKU-100

gpSU mBNA expression

m0.1% DMSO
Cyanidin 100 uM

Relative gp80 mRNA expression

KEKU-M213 KEU-100
{IL-6 responsive cells) {IL-6 non-responsive cells)

Fig.8 Cells were treated with cyanidin (100 uM) for 24 h or left untreated. Total RNA was
analysed by real-time PCR for expression of IL-6R (gp80) mMRNA (normalized to mRNA levels

of the B-actin housekeeping gene).

fytluazinnsaiwanisnaaas

IMNMTENHUNLIMTEY L6 Uuas cyanidin luimaduz3eiating 2 wila da KKU-M213
ez KKU-100 Wu3n (1) IL-6 mmmﬂizﬁu STAT3 phosphorylation L8z migration V83
imad KKU-M213 'l uet IL-6 ldfiuala g dawmas KKU-100 witasannladasfdasuny IL-6
(IL-6R, gp80) aeinvlafianu IL-6 liladdnadansiasmidulavasmasusi3e (proliferation)
vamesrhia (2) Wia treat LTAS 8 cyanidin AANNENTH 100 uM 1Tlwiaan 24 T2l
WU cyanidin §1113088NANTHULT IL-6 N3zdu STAT3 phophorylation uazfUSs IL-6
N3264 migration VaILTAN KKU-M213 udl cyanidin laifinadaiaad KKU-100 uaz (3) i
Anwinalnmsduisuas cyanidin Wuin MR IL-6 N3zdu STAT3 phophorylation JGEGER
{18997 cyanidin laamsuansaanaasiin IL-6R (gp80) ls3zei mRNA §asiusnuiseil
waaalfifiudn cyanidin GUSIN1SFIRTYYIMVDY IL6 HAUN19 STAT3  uaz cyanidin

m%ﬂﬁﬂum%ﬂms’auﬁu@%mi”mjﬂfsU&J:L%Viaﬁwﬁﬁﬁ@ﬁmauauaa@ia IL-6
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