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Abstract

Cholangiocarcinoma (CCA), a bile duct cancer, is the most abundant cancer in
Northeast Thailand. Invasion and metastasis are a cause of death in the cancer patients. To
invade, cancer cells secrete variety of proteases to degrade extracellular matrix and basement
membrane barrier. The most important one is the urokinase-type plasminogen activator
(uPA). In this study, uPA was expressed in most CCA tissues. The level of expression was
correlated with invasion and metastasis of CCA patients but inversely correlated with patient
longevity in a group of patients with small tumor size. Plasminogen gelatin zymography
showed that secreted uPA and bound uPA were found in all CCA cell lines but not
cholangiocytes, H69, with the levels being high in KKU-M213 and HUCCA-1 and low in
KKU-100, respectively. Specific uPA inhibitor, 4-iodo-benzo[b]thiophene-2-carboxamidine
(B428), diminished enzyme activity concommitant with the reduction of invasive ability of
KKU-M213 cells indicating that uPA proteolytic activity is required for CCA cell invasion.
Investigation of uPA mRNA level among cell lines and determination of mRNA stability
indicated that the difference in uPA level among cell lines was due to the difference in uPA
MRNA level which did not result from mRNA stability, thus it should be caused by the
difference in transcription or upstream. Study of signal transduction regulating uPA mRNA
showed that ErbB2, PI3K or p38 MAPK inhibitor or HGF did not significantly affect uPA
secretion of KKU-M213 cells. On the contrary, MEK/ERK inhibitor, U0126, partially
suppressed its expression. Thus uPA expression is partly regulated by MEK/ERK pathway.

In conclusion, the correlation between uPA expression and invasion, metastasis and
survival of CCA patients, and its importance in CCA cell invasion suggested uPA as potential
prognostic marker and therapeutic target for CCA. Up-regulation of uPA level in CCA cell,
KKU-M213, resulted from increase mRNA synthesis which is partly regulated by ERK
pathway.

il



naanssuilszmer

UNANG

N

Y 4
Jogilszaenvoalnsams

an

M INABA

HON1INAADY
Anssitazaginamnaaes
1PNEITB1904

NMANUIN

a3y

v

10
24
26

28



1. ymn
3 a ~ 4 Aan A ) Y a a
N%Li\uﬂﬂmﬂﬂﬁ‘ﬂlﬁﬁﬁﬁ‘ﬂﬂ@]3Jﬂ"I§L‘]JaEJ‘L!LL‘IJﬁQ"L‘]JTIﬂ‘ﬁigﬁ‘ﬂ‘uﬂTiﬂ’J‘]JﬂilﬂﬁLi]iiUum‘]JI@] N3
[ Ja a 4 [ a a 1 Y 1 Y o v A A
uuaaarnlnd  wadezutsdmnAalnauas ldansoniugulaedegndes aung digael
d‘ =~ . . = d'd' 9 LY a a ] 4
msiasunasvesau (genetic alteration) IﬂmeW13ﬂu%mﬂﬁm@ﬂﬂﬂﬂﬁlﬂﬁymﬂiﬁ NITLLNLEAR

4 dy 4 S o 1 [ | A 1 Y
N1TAYUDITD u’oﬂmﬂm«naammmmmammiﬂizmﬂllﬂmmuauq GUE)\‘IﬁNﬂWEJhlﬂ

]
[

L2 ' 3 ad Ao q Yy 8 Aa
(metastasis) "INﬂTiLL‘Wiﬂiziﬂfﬂl'ﬁ]ﬂllgLiﬂulﬂuﬁ“‘ﬂi{]‘ﬂﬂﬂﬂ‘lmclﬂFjﬂ?ﬂlﬁﬂﬂﬂﬁ
. . A 2 1 da & < A
Cholanglocarcmama HID UTLIINDUIA Lﬂumgiqwumﬂiuuamm% IﬂﬂlﬂWTgﬂNﬂ1ﬂ
@ = A A . .. < a dyd
G]%’Ju’f]’f)ﬂlﬂlefViuﬂllﬁ$ﬂ1ﬂ!ﬁu@ﬂl@\3ﬂ‘i&ﬂﬁ1ﬂﬂ (Srlpa and PaerJkul, 2008) HSLINTUAUUNIT
o A o 1 A Ao [ o =S A Y1
ﬂ'lﬂﬂ'l‘imiiﬂuluﬂuﬂ ﬂa'l'Jﬂ’f]llEJGli1ﬂ'l‘iLlWiﬂigﬂ']EJLLﬂg@ﬁﬁWﬂWi@nﬂﬁ:[\i i]m’é)”lmuﬂuﬂtgm
d‘o [ a o 09/' a v J Y
ﬂ"l‘ﬁTimqsll‘V]ﬁ"lﬂiyeU@\?G]f'm ﬁﬂtmui]m’;umﬂmmdﬁmizmmwﬂmazmiﬁﬂyﬂuﬁmﬂﬂam%
[ v A o a < 1 :}d = a dy a Y @
UIN Hadadoananlumsnauzsanerialuilsumalne Aemsanenens 1yl ludy
(Opisthorchis viverrini) (Bhamarapravati and Thamavit, 1978, Sripa, 2003, Sripa et al., 2007) P13 29y
A I ¥ 9}&” 9/::' o a a 1
L‘W’aﬁlw"lﬂmmgwugm IﬂﬂlﬂWTZﬂ?ﬁJElﬂﬂ?ﬂUﬂ?ﬁ ﬂ'J‘UﬂiJﬂTi Lﬂﬁi‘gmﬂiﬂ, N1TLNINTIEIANY LA
a J <3 1 gl = o Y 9 = a < d? =& ) 1
WIITANIN VDUV AQAUSLIINDUIA %31/]11‘”!511'161‘00\1 NITUIUNTNANSLIIUINUU “ﬁﬂﬁ]$ﬂ11ﬂ@ﬂ1§
o aa o o [ <3
‘Wﬁlﬂ‘!fluﬂ"li'lu%ﬂﬂ ‘ﬂamu LagInNwI Iﬁﬂmglﬁﬁ
a I dy A £ 1 Y] =\ [ % 1 Y 3
Unarad luliomonilaazogsnnulagll  basement membrane WuUAIMRNIAZIIY
dy A 3 A o <3 ] oA 1 Y 9 Y =
UBDUVAUBDUUBDLYIDUUN ﬂ?iﬂl“ﬂﬁﬁﬂ%tﬁx‘]%&lﬂiﬂigﬁnﬂ@ﬂﬂ%TﬂLLWﬁQVI@QﬂI@QNH"lﬂilzﬁﬂﬂllﬂ"li
v 2
111218 basement membrane 1A% extracellular matrix ﬁwaﬁmg RUUNITNAY extracellular matrix

[ 9

Veollunuauidddydmiumsyngnveswad  Ienuiugaduziiiateyiainnuainnio
Gluﬂwiﬁ%’wmaswél’uﬁu"lmﬂﬁzﬁm%’mﬁumsﬁwmﬂ extracellular matrix matrix metalloproteinases
(MMPs) Uae serine protease %Y urokinase plasminogen activator lﬂﬂsﬁl‘u uaz USunar 15w lad
ma'wﬁyﬁmmﬁ’uﬁuﬁﬁummmmmiumiuﬂ;ﬂ matrigel (artificial extracellular matrix) LAENT

1 < 1
UWTNTLIBVDITAANLIS I (Crowe and Shuler, 1999) MMPs @1W150808 extracellular matrix

d‘ 1 9

. P a 3 Q s a o ' . < g
proteins 18 1agnse Tuvaeh uPA WhwoulxiTsAeanaoudisdunizae plasminogen 1Ou lasaiil
' o . ) . . . Y . .
LLTINITNIANY extracellular matrix Iﬂﬁlhlﬂﬂ‘jgﬁﬂu plasminogen (inactive) 1913 u plasmin (active)

£ g A 1 = o 1 o A . '
¥y protease #luAvelinnuTUNIZAD substrate WD (31N 1)  Plasmin z@WTDY0Y

4 v
extracellular matrix proteins Idvianeyiia i laminin, fibronectin 8¢ collagen UBNITNU plasmin
@ o a [l IS .
§aa11150n524 UM TNV MMPs Ha1ewtia 1aen15608 pro-MMPs 11U active MMPs 18
a I { 4 1 v W
90 (Andreasen et al., 1997, Mazar et al., 1999) UUAILAAN uPA receptor FU¥0INMIVUAUVA
] dyc:v’ = Y Aa o ) 1A 1 a
uPA 1 receptor HITUN5039 uPA Teguuruyaa ludumisnmmnzanlumsauasumsyngn

4 o { I
extracellular matrix Y0445a@ (Blasi, 1999, Dano et al., 2005) 4on91nM 3TN protease 1137



@ o {1 o 1 o 4 o
uPA Gaansoimihndedyanansgduauiumsaegueusaa 1aon Tunsil uPA 921190 uPA
<

a 4 % [ -Y] 1 T W
receptor UUANFARNITI HINTIUAUILHIN uPA 1182 receptor AINITDAITYAIUNTZAUNT
4 1 ] g @ 1
NaUNLATMIUUUFA] AIUNI integrin (Ossowski and Aguirre-Ghiso, 2000) (Lag 89351091
1 Y] I 1
uPA 130N 5¥AU growth factor 14U @@ pro-HGF #1111 active HGF @2 plasmin @13150052@1
Y o = @ & A a ] dy = =%
TGF-beta uaz FGF ldluieudeoddu Fuduinsiudin growth factors a1l gndlums
4 { 4 <3 a 1 A
nizdumMsnaouveuraduzisaleyia (Blasi, 1999) lasajl uPA amnsoduasumsynsn
& A PR Y . oA . 1 o v
iegeveuraauzield lasruna lnawed1s Ao W1a1w extracellular matrix, dedeyanand’l
4 { Q‘{ 4 §
mMolumad nszqu growth factors NUNFNTZAUNIITIAROUAN (Blasi and Sidenius, 2010, Smith and

Marshall, 2010)

v v
0o A w a

Y
' < J
fumﬂ151/1ﬂamLﬁaqG’fuwmwmaﬁmwwamﬂmﬁmGmm KKU-100, KKU-213 8 HuCCA-

] v

= <

= . = [ 4 I a =2 3
1 alianuansnlumsyngn matrigel g9 Amsvaudulesd uPA eonuuiuilSuiags Feda
Aa 1 <3 ' oydd a a Y o Y Y |
auyagIuNzisethalanuralnalumsniugumsaie wPA Mldasie uPA eenuuilu
a & o J.
Ysnags Fuiluwalfaaatinnueaiunsalunisyngn extracellular matrix 18@
4 Y] ~
uPA gene YBINYBINUUIA 6.4 kb U52NOUAE 11 exon upstream 910 TATA box Hanumzh
9‘l = 1 I a {
FNUMIAIWAUMNT transcription 061991920 Uszaal 2kb upstream (JUU5INU enhancer F4i]
E4
binding site @141 transcription factor ¥a18%¥UA 1¥U Spl, Ets (PEA3), AP1, NF-KB UoNIN M3
@519 uPA fagnnszduAlodyaIaraINualeuy 15U phorbolester, growth factors 1ASATLINAIN
1 4
1% Ras/ERK, PI3K pathways #93tuvaniugnegliUnsedu transcription factors @20619 131
9 Y 9 o Aa
phorbolester NFzAUMITIN wPA Taglinszdumsitinuues NF-KB  Tasdnanmsuaasoonvos
Y Ay ' . . A =
uPA 3z9nAUAN HIEAIPRNLUBABINT 1Y TUAVIUMS tissue remodeling ©5D Tumstlainuwa
ddy 9 9 1 1 < < a
Tunsdltimsadie uPA 92QnNAILANAIY external stimuli 199 081 lsnaw lunziswaeyila
< a 1 a a G o J.
Tagmmzuzis wilaunsnsznelnnuialndlumsauaumsudasesnuesdu uPA hldeadil
M3514 uPA BOANININ 1AGBINUNADIN transcription factor LLﬁ%/ﬁ?@ﬁﬂJuﬂJ1mﬁﬂi$g]:u transcription
Y
factor 1Ha11 91NM3ANY11A8 Chromatin immunoprecipitation (ChIP) WU Spl UU uPA promoter Tu
7 &£ g s & a ' n o % £ g 3 Ay '
waa PC3 FuiluwaduziSariauninszoe ualunulu wad Hela Suiluuzisan liunsnszae
4 v
(Ibanez-Tallon et al., 2002) 31¥91UUDY Tanaka LLaZAMY UL TGF-beta UNaiinlTuar uPA
J 3 o R
mRNA 1ag N3zAUMIYNFNUDAUTaaNI5 95919 H1UN Sre-ERK-PI3K-NF-KB 118 Src-ERK-AP-1
pathways (Tanaka et al., 2004)
A = [ 1 <3 a v 1
UBNIAMILIANNGNTVDY transcription factor 132 FatiT18UN NS FHAUNINTZE DE1S
Y} 3 v ' A A Y . . £ g Y
dosluyziSuaiuy  wag deugnuun  Umsnlasuuaamaaiy  epigenetic  Fuilumalnunis

v a 2 o 1 1 {
LEAI9DNUDY uPA ganI1nA Ta8 promoter Y94 uPA Tunzi33AINa1Y Ny Methyl Ntue C Tu



° ' ' . I A % 3 Ay '
@19 CpG Hipena1 (hypomethylation) Tuirading e luaaauzi5 e luuniniza1e (Pakneshan
F4
et al., 2005) Az MINTZAUMIIANYY methyl 1a81F S-Adenosylmethionine Hradudsanilsura uPA
s 3 9 = ) ' ) yy a L £ g
AANTYNNUDATATNLIT UATUN FIHAAINANEMITDNNA1 IGA10M5IAY S azacytidine Fuduais
ﬂ’ﬂ!ﬁ?umiﬁﬂﬂl& methyl 990 (demethylating agent) (Pakneshan et al., 2004)
< : o 4 { J
Tawag1) uPA 1lu serine protease NANWHAYTUMTIAAOUR Hag MsynjnUouTad Tay
4
1 a ] [ J
uPA @E5UN5808 extracellular matrix HONIINH uPA mﬁwaﬂizé’umswaamumq uPA receptor
a I 3 a
nag ‘VINﬂ”Iiﬂiz{g]:u pro form U®9 growth factor vaeria iy active form lungiswvatesiianyil
I a J a @ dyd v o Jo
MILEAIenved uPA ufsmugendnlng Tagszau uPA § Nanuduiusiuanuansalums
1 <3 a a <3 1
YNINUAZUNTNIZDIBVOINITY ANVAALNATUMIAILANMIUAAI0DNUDY uPA TUNZITIA199D10
1 Y v v P
pananeiull Fadisrwaun anudalnadua mauiauves wPA U MSANGNEVRN
4

transcription factor 114 1AATaz TaodoN (AIUNINFYYIUAINT) LAY N epigenetic VADIUNN

A = 4 (4 o S= g = = o
YOINFIANTY methyl N promoter Mifasuntlasly daiu luTasamsiivedosnmsaneinennudinny

o

[ 4 < 1 g’ =y a A g Y < 1 an o
VDI uPA A19NITUYNTNUBIUEAANTIIINDUIA ﬂ’JHJWﬂ‘IJﬂﬁ‘VILﬂuﬁnﬂﬂi‘l’m&‘iﬂ‘ﬂﬂuWﬂNﬂTﬁ‘HZN uPA

g s

v o CZ L4 A 3 o o
N LLa%ﬂ'JﬁJﬁiJWH‘ﬁ"U@\‘lQ‘Uﬁﬂ15ﬂ‘!"ll@\HWZJ"ﬁu6UfJ\1 uPA nNUY ﬂ'ﬂllﬁ;ULL'ﬁ\?ﬂlﬂﬂiﬁﬂﬂ&i\iﬂ@HWaﬁluﬂuq"ﬁ}

5U7 1 M31H19Uv09 uPAUPAR Tuminszdu plasminogen (Blasi and Carmeliet, 2002)



A

TATA a7
ll_i9 1M W m a|
EXON1 EXON2 EXON3 EXON4 EXONS EXONG EXONT EXONS EXONS EXON 10 EXON 11

500 bp

B. | CpG dinucleotides

enhancer

Al region  regulatory region
AN .
2350

100 bp

C

TATA

[
730 890
EXON 1

zﬂﬁ 2 Diagram L&A uPA gene (A) AUHUININNY CpG methylation (CpG island) U1 uPA
promoter LEAY TABFUAUIAT (B) LAZUPA gne AAIAHHIN transcription factor YUY

promoter (C) (Pakneshan et al., 2005, Crippa, 2007)

(v J
2. ﬂﬂQﬂigﬁQﬂﬂlﬂﬁiﬂiﬂﬂ1i
& g Pz = Aa o o ' <
uPA L*}Jumu"lcmiﬂimeﬁ ‘VlilﬂﬁﬁJfﬂﬂﬂﬂuﬂ'liuﬂﬁqﬂ LHAaeg NITUNINTSINYUDINSLIIVIAY

a g v 4 < v g} 09}1 a 8
FUA Wﬁfﬂi‘ﬂﬂﬁf’]\1Lﬁi’)\1g]}uLlﬁﬂQ?TL%QQN%!?Q%@HT?\%Q?’HN%Hﬂ@ﬁﬁﬂﬂTNﬁ]MTﬁﬂiuﬂTiuﬂiqﬂqq
= M) a ' <3 @ v A ' A t:?’ J < '
UMINad uPA Glu‘lJﬁlﬂmq@ 't’)fn\‘iulﬁﬂgnll fl\?nllll‘l]u‘lfl‘l/lﬁTTJ'J']ﬂTHWN"UuGUf’N uPA 11!1“])’?1@1%313\1‘1/]@

9 9

o AA A = o w 1 dy 9 =2 =2 o_
umuLﬂﬂfu1ﬂmmaimmzummammamq"li GLuIﬂNﬂﬁl! ADINIANYIOIANUTIAYVDI uPA

1 L4 < 1 g} ~ A o Y < 1 :j A ) v o
ADNITUNTNUDUBAAUSLIINDUIA ﬂallﬂvwnslﬁllgﬁﬂ‘ﬂﬂu']ﬂllﬂ"lﬁﬂﬂ\‘i uPA @3 LLAZANVUTUNUD

a - a U
' 9
o a v o

wva 4? ] <3 J :I 9
VIYUANTTUVDIUNNUUVDN uPA nu ﬂﬂ?ﬂj‘ulliﬂﬂlﬂﬂiiﬂumi\WIE]HWEGI,H?]H'I"U JUU

[

agsyasAsumnz laun

v o J Y @ S
1. ANBIANUANRUTUDITEAD urokinase plasminogen activator (uPA) NUANNTULTIVOINLLIIND
J a
"I
S J

a J a A W J ] = ~ Y S o aA n vy o
2. A3 1AT 15T uPA NYAI99NINNBAANLLITINDUIA LT]FJ‘LIﬂiJW@@VIE]H?ﬂVIUhJUlm‘JJu

< = @
U159 (H69) tag MounuAMNaIuIIn TuNIYnNIn matrigel



o v 1 . J S g’
3 ﬁﬂ’]eﬂﬂ'ﬂi]ﬁ"]ﬂﬂﬁ]@ﬂ uPA ﬂ@ﬂ’J'liJﬁ']iﬂiﬂﬁluﬂﬁuﬂﬁqﬂ matrigel mmwaamﬁwamﬁ Iﬂﬂ
Y
I¥easduds
4 Any1MsnIuauTuia uPA Tag signal transduction pathways 131 ERK 8% PI3K
= Aa Aa 9 M) 4 <3 1 g/ = a 4
5 ﬂﬂ“lel"Iﬂ’J13JNﬂ‘ﬂﬂ@]111ﬂi.’lulﬂﬂTiﬂ’J‘]_lﬂ‘iJﬂﬁﬁiNuﬁgﬁaﬂ uPA 1ugmaauzgsamau1@ Iﬂﬂ’lLﬂiTZﬁ
z v a 4 3 = Y] 4 9 1
VUADUA N GlUﬂWiﬂ’JiJﬂﬂJﬂTﬁNﬁ@ uPA Glu!ﬁh’ﬁﬁll&iﬂ MyUNY t¥aa H69 llﬂllﬂ
a J a 4 <3 1 g} =
- 2A51eHUTUI mRNA Gluwaamwmamﬂ
A o <
- mnﬁaumimmmmﬁu uPA 11!&"]5?15%3&5\1
- AT A0 IUNINYOINIFIANMY methyl DU uPA promoter
- AnEIMITVVN transcription factors N uPA promoter
adA o a a v
2. IBAUHUNTIVY
2.1. Cell lines N1 luminaaes
. . . = A < 1 oy =Y
Human cholangiocarcinoma cell lines ﬂllmmﬁjﬂﬂﬂimi anetd ne KKU-100,
KKU-213 I850n1m01:n312 W10 59.A3. U390 AT UMIINGIGOVOULAY 118 HUCCA-1
a o aaa a o a g oy . . .
1N A. A3, 4OA A3a9M UMIINIRINNAS LAY 1 FAaNo1IA (immortalized cholangiocyte)
b4 4 2 v
H69 910 Prof. G. Alpini The Texas A&M University 939niaed1upIm1s@essaqa HAM Nl

10% FBS Tugo 37°C, 5% carbon dioxide

v o J Y Y 3
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aszualifuy 10% SDS-PAGE il plasminogen 1182 gelatin ¥18991174 incubate gel 1

v ' il
. ! . < . . I
reaction buffer 1U5ZHI1H uPA ﬂzﬂﬁzéju plasminogen 1) u plasmin 1 active Y9920



2.4.

2.5.
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Usingilunanle ¥a'litsng lunai'liil plasminogen

1 a 4 lo o 4
AU uPA VUAIAA 0T84 TAY elute uPA NIUNL uPA receptor UHIFAGAIY glycine
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fiuaz 1l uPA inhibitor (20 uM B418, 4-Iodo-benzo[b]thiophene-2-carboxamidine HCI) Tag
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g gelatin “luﬁmazﬁ”lajﬁ reducing agent ﬁﬁqmﬂifu incubate gel 14 reaction buffer u
ﬁmazﬁﬁuaz”lajﬁ uPA inhibitor Gl‘Lliz‘H’ijT uPA %zﬂizﬁju plasminogen T plasmin ﬁ
active G‘]:;Qﬁlzii’ﬂfl gelatin Tuma Waendounadls Coomassie blue u?nmﬁﬁ plasminogen
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AUYAATIUIU 10° 15Aa 1 plate YUIA 100 WU 1d21i11) incubate 1u@ CO, incubator

a 0, o Y 2 o L. s A
gungQu 37 C Wuan 2 u (ﬁ]z"lﬂﬂﬁszmm 80% confluence) IWNINIT trypsinize KHAAIND
"nsaauana RNA @28yaana RNA, RNeasy mini kits (Qiagen) 1131181 RNA 91 OD260
udafuIw5ua RNA 9Ingas (RNA (ng/ul) = 40 x dilution factor x OD260) 1n1511/aeu
RNA fanald 1w 2 ug Tilu cDNA @ae Superscript III-Reverse transcription
(Invitrogen) 4&2111 cDNA #7118 Tshmsmlsunavesmsuanseonvesdunauladieds
realtime PCR A381A504 Applied Biosystems 7500 Real-Time PCR System Uag¥iins
InT1zrinadle 1UsunTy 7500 system SDS software version 1.3.1 Tag 1y primers SRR ERNET
ueraa 13dnaang

AT NUT A primers 1un13911 Realtime-PCR

MRNA Primer sequence 5" —» 3’ Product size (kb)

uPA TTGCTCACCACAACGACATT 193
ATTTTCAGCTGCTCCGGATA

UPAR GGTGACGCCTTCAGCATGA 93
CCCACTGCGGTACTGGACAT

B-actin CTCTTCCAGCCTTCCTTCCT 100
AGCACTGTGTTGGCGTACAG
GTAACCCGTTGAACCCCATT

18sRNA CCATCCAATCGGTAGTAGCG 151
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2.7.4. ANTTHADIUNINUVDINTIANYY methyl YU CpG 1y uPA promoter
& A " 3 v 3 ' 2 v
Meenisienuesdeeluuzis un 1y uag HEIINDNYNHNIN NITIWUNITATN
a = . 9 £ o Y A .. tig} = 3
uPA INA91N promoter J CpG methylation HDYA ¥ Ieud transcription gRUU LT1IIA
a 1 S 3’ = = a a o = 1Y
ﬁ'lllql@]ﬂWLl’J111&113&5\1‘1/]’01“@@1%%?1')1%Nﬂﬂﬂ@ﬂuﬂWU@ﬁmﬂ')ﬂu
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Tuvmeil methylated C 92 liignifdeu ;M DNA fign modified 55 Tnodoiidail lyse
Iyagiazayna DNA A1Y phenol chloroform isoamyl alcohol NAN91N denatured Illg DNA
A28 0.2 M NaOH 9911 DNA 11 modified Taovi11/§n3e181 30 LU of 10 mM hydroquinone
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AuSanFuniind o (amplify) @10 PCR 10019 primer A$UM1zA0 methylated 1102
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Primer name Sequence 5’ —» 3’ Product size (bp)
Methylated AAG TAC GCG GGG TTC GGG TC 93

TAT ATC AAAACCCGC CCCGACG

Unmethylated TGT GGA AGT ATGTGG GGTTTGGGT T 103

TACTCT ATATCA AAACCC ACCCCA ACA
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A3 LAAIAINAUNUT T2 HINITZTAUMILAAIDDNVB uPA 11 AnbazMIne T an mvedile

uPA
Parameters P-value
Low High
<50 22 23 0.801
>50 66 63

Male 61 55 0.571
Female 27 31

<5 29 28 0.852
>5 59 58

Well diff. 36 36 0.313
Moderately diff. 19 24
Poorly diff. 16 7
Papillary 23 25
L mese
Absent 24 9 0.005*
Present 64 77

Absent 50 36 0.048*
Present 38 50
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32, M3ATIIATLRD uPA ANAIEONIN 1A UPA VURITAE VuwadUIS e 1A

nAmsinTzilne uPA  AndweennnmaduzSaiohdcwaiia ez wad
immortalized cholangiocyte 1 ¥H# 1a@1i1 conditioned medium fiAannmaEsuTadu 6 92Tus
IIANTILHH uPA ‘ﬁﬁgﬁﬂi’)ﬂﬁi conditioned medium f?u A183% plasminogen zymography WU
USias wPA Faszanaananuaivesnulalugumsfinansal13umea zympgram (~43

kD) 109 KKU-M213 tiag HuCCA-1 #13uamnn Tuvazh KKU-100 HUSuaios uaz Tiwy
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ad A

4 a ' 1 1 <3

uPA uad immortalized cholangiocyte (H-69) Tumsas193ns 1210351 (317 54) edelsn

I A o 1 ~ ~ Aa A A = a9 [
g unindang Ty KKu-100 Suovladnuon alimsmasunvueadan las IWGsadina
o 1 = 1A . .. a qul Y = Y 1 ' dy
AUNUIUDY uPA FauaA913 proteolytic activity UTIUNUAY Fevz lanaaevse 1 uovlai
S A o A . =~ ' . a A Jg .
1y uPA NUMIAA 1150 modified NUANANINNIT activate uPA Un@ 1iTo11U proteolytic enzyme
A
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A < ' A A A .

iﬂﬂgﬂ‘ﬂ 6 %mu’mmﬂﬁmguumam 43 1az 48 kDa wumwz lumani plasminogen Lag

. n o A A . 1A . 1 < o a o =
gelatin u@"lmﬂumammm gelatin Tﬂﬂ"lm plasminogen L&A mullcmslumnmumma 24U

= & 1G9 1 1 ~ 1 I
an5tHu plasminogen activator 14§19 gelatinase activity Iaga1a31 o 43 kDa W19y uPA
~ o Y a S & Y] dy I [
uPA Na909nN1 92 TUN receptor (WPAR) UUAIAA Famsdunuil idumsass uPA aglu
a A Y £ o %] . 2 v o Y a 4 Y
V3nuidesns Feeziiaulaellda plasminogen FIUNY receptor vouiHUUAIYaa Mhilu
o oaj 1 1 a 4 o o 1
active plasmin @411 uPA NOgUUHNTAT (bound uPA) FelianudrAylumsgos ECM 15194
75393013118 bound uPA TAB¥E uPA NIUNV uPAR A8 glycine buffer pH 3.0 11A3111M1ATIIN
U5 lae plasminogen gelatin zymography 9 1¥ Wl UIReIRY secreted uPA NA1IAD bound uPA
f1nTu KKU-M213 11ag HuCCA-1 uaz wutleslu KKU-100 3141 5B dmSuuoulauumai 48
oaj [ 1 v v A 4 Y [ o % a
kDa v04 KKU-100 Wu ldwudusuiusad wenanid 518e1dsinsiassuna uPAR mRNA
1agWLI1 HuCCA-1 UM3Lanaieonusd uPAR mRNA 11Nga a1 KKU-M213 tag KKU-100
v A 4 4 4

uPAR mRNA W01 A9 1J58114ATIM1199839 HUCCA-1 (319 7)

Y [
UONINH uPA activity Qﬂﬂ’)‘ﬂﬂlléhﬂ plasminogen activator inhibitor (PAI) PAI nannina

v '
a4 %

gﬂéjﬂ uPA activity A9 PAI-1 31AMsnAandlagly western blot WU HuCCA-1 L‘VI'TL%‘L! a9
PAI-1 #7u KKU-M213 1ag KKU-100 lsiwa (3141 8)

Lﬁam’maauﬂnmuiﬁ ﬁ 48 kDa UU zymogram U84 KKU-100 ﬁ”ugﬂu uPA 1130 protease é'u
ﬁﬁqw%ﬁumiﬂizﬁju plasminogen 15118111 conditioned media mﬂmaﬁmdwﬁ}umm’mﬁau uPA

{ o 1 4
T@g western blot 728 antibody N 1UN1ZAB UPA Laz 1ae1319539WD uPA U 1908 HuCCA-1 uag

ER
T

KKU-M213 ug 1wy uPA 1u KKU-100 waminaaodiauan uoula 91 48 kDa 199 KKU-100

3 IS A Ao . . - G A
Hulu protease  ®UNY  plasminogen  activator  activity 13l upA (gﬂ‘ﬂ 8)
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H69 HuCCA-1 KKU-100 KKU-M213

48 kDa
A 43 kDa
B

43 kDa

51UN 5 Plasminogen gelatin zymogram LHAINAUDI 15 uPA ﬁﬁﬁﬂ@ﬂﬂd conditioned media (A)

L1l

a ’ ¢ d S ad a <. . .
1A VUANFAA (B) Vodsaanzs mMetaniauyia (g 1%aa immortalized cholangiocyte

MCF-7 H69 HuCCA-1 KKU-100 KKU-M213 RMCCA-1

48
43

1l plasminogen

135 plasminogen

{ d { ]
317 6 1fSeu1Hio Gelatin zymograms Y94 conditioned media Youwaga199 luvan & (A) uaz |l

(B) plasminogen

(e

0.8 1
0.6 4
0.4 1

0.2 1

O L] L] L]
Hu-CCA-1 K100 KKU-M213 RMCCA

—t—

Relative uPAR mRNA
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3 1171 7 USu1at uPAR mRNA 11 CCA cell lines Ia# real-time RT-PCR normalized ﬁ’w 18sRNA

o -AAC1 d’ = [
fuaulee 2 Wweameuni HuCCA-1

HuCCA-1 KKU-100 KKU-M213

PAI-1 =

H69 HuCCA-1KKU-100KKU-M213

_— - 50 Da
uPA

- 30 kDa

3 1/7 8 U5uau PAI-1 (A) ua uPA (B) 11 conditioned media Mt@&4 CCA cell lines 1A8 western blot

33. mIasvdannuensolumsyngneIu Matrigel (Invasion assay) Az MsAdow
(Migration assay) 19 819 Transwell
=® dY am | . . . Y A .
NNTANYINITUNTNUDIULAANIYIT in vitro invasion assay Taold Transwell N1 Matrigel
A ° Iq 1 . 9 ) Y R o
inaou Taeriuesaa laly upper chamber U89 Transwell 18¢ incubate 13U 6 ¥ TH9 LAV
o A 1 [

FUIUFAANYNINUIAIUAUDI Transwell membrane WU KKU-M213 fianmawnsalums
1JN3N Matrigen and Transwell membrane gNqA 59989110 KKU-100 4ag HuCCA-1 Mua1ny
' 1A % = o A 7 Y o 9
dau H-69 unv hifimsyngnveusadias (UM 9) Wude msynynveusaanoudaliuul Iy

a v (a A o s ) A )

@eITUTIe uPA NridIeeNIINAa TAsgaInANMTNURIMaL 1A 43 kDa #n1Il HuCCA-1
1 [ 4 Y

93 secreted uPA 1ag bound uPA §In31 KKU-100 salianueninsalunmsyngndina netienn
N 4 1 v {

11499910 KKU-100 § proteolytic activity 84%28 datiulain uovlai 48 kDa uag HuCCA-1

J 1 <. 9
nad PAI-1 GallgnF lumsduss uPA acitivity
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gﬂ% 9 Lﬂifmmfmmilqlﬂ?.j'ﬂ"lj6&&%ﬁﬁﬂ$tiﬂﬂ®u1ﬂﬂiﬁ1uﬂmﬂ e 1¥aa immortalized cholangiocyte

v 1A o s
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Y
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3.4. AnpanudIAgues uPA ABANNEINTOIUNTYNTN matrigel VOUFAAUZITNOIA TaY
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Abstract

AIM: To investigate the role of hepatocyte growth
factor (HGF) in cholangiocarcinoma cell invasiveness
and the mechanisms underlying such cellular responses.

METHODS: Effects of HGF on cell invasion and motility
were investigated in two human cholangiocarcinoma
cell lines, HUCCA-1 and KKU-M213, using Transwell
/n vitro assay. Levels of proteins of interest and their
phosphorylated forms were determined by Western
blotting. Localization of E-cadherin was analyzed by
immunofluorescence staining and visualized under
confocal microscope. Activities of matrix degrading
enzymes were determined by zymography.

RESULTS: Both cholangiocarcinoma (CCA) cell lines
expressed higher Met levels than the H69 immortalized
cholangiocyte cell line. HGF induced invasion and
motility of the cell lines and altered E-cadherin from
membrane to cytoplasm localization, but did not
affect the levels of secreted matrix metalloproteinase
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(MMP)-2, MMP-9 and urokinase plasminogen activator,
key matrix degrading enzymes involved in cell invasion.
Concomitantly, HGF stimulated Akt and ERK1/2
phosphorylation but with slightly different kinetic profiles
in the two cell lines. Inhibition of the phosphoinositide
3-kinase (PI13K)/Akt pathway by the PI3K inhibitor,
LY294002, markedly suppressed HGF-stimulated
invasion of both CCA cell lines, and inhibition of the ERK
pathway by U0126 suppressed HGF-induced invasion
of the KKU-M213 cell line but had a moderate effect on
HuUCCA-1 cells.

CONCLUSION: These data indicate that HGF pro-
motes CCA cell invasiveness through dyslocalization
of E-cadherin and induction of cell motility by distinct
signaling pathways depending on cell line type.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor of the
biliary epithelium associated with a high metastatic and
mortality rate. Incidence of this cancer has increased
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wortldwide™, and in Thailand the highest incidence is
in the northeastern region, where Opisthorchis viverrini
infection is also prevalentm. Although the exact molecular
mechanisms of cholangiocarcinogenesis are still under
investigation, alterations in important growth factor
pathways, such as hepatocyte growth factor/Met and
ErbB2, have been suggested as being involved'.

Overexpression and deregulation of Met, a receptor
tyrosine kinase, have been reported in many types of
cancers”. Met is activated via binding to its ligand,
hepatocyte growth factor (HGF), also known as scatter
factor (SF), a soluble factor first identified as a growth
factor for hepatocytes and a dissociation factor for
epithelial cells!”. Hitherto there have been a limited
number of investigations into the role of Met in cho-
langiocarcinoma. Several reports have demonstrated a
correlation between Met expression and CCA"™. Immu-
nohistochemical data indicate high expression of Met
in well-differentiated CCA and hyperplastic bile ducts
of nontumorous liver surrounding CCA, whereas Met
expression is low in poorly differentiated tumor ™. Met
expression is increased in early developmental stages
of CCA, suggesting a role in cholangiocarcinogenesis[9].
Moreover, there is a correlation between Met expression
and CCA invasion through adjacent connective tissues' ',
HGTF level has been shown also to correlate with CCA
differentiation stages in both human and rat models" .

HGF/Met activation induces a variety of biological
processes, including cell scattering, invasion, proliferation
and survival "', Among the various cellular responses
induced by HGF, cell invasion and metastasis have been
implicated strongly in numerous cancer types. HGF has
been reported to promote the main requirements of
tumor invasion, namely, distuption of cell-cell adhesion
complex, cell adhesion to extracellular matrix (ECM), cell
motility and production of matrix degrading enzymes,
such as matrix metalloproteinases (MMPs) and urokinase
plasminogen activator (uPA)"*"". Phosphoinositide
3-kinase (PI3K) and mitogen-activated protein kinases/
extracellular signal-regulated kinases (MAPKs/ERKs)
are the main intracellular signaling pathways implicated
in HGF-induced invasion"”*".

The present study focuses on the role of HGF/Met
in CCA cell invasion and the mechanisms underlying
cellular responses. Here, we demonstrate that Met is
overexpressed in human CCA cell lines and that HGF
stimulation induces CCA cell invasion, motility and
E-cadherin translocation, but has no effect on MMPs
or uPA activity. Use of inhibitors of MEK and PI3K
indicate that HGF induces invasion in two different
CCA cell lines zia distinct signaling pathways.

MATERIALS AND METHODS

Cell culture

Human CCA cell lines HuCCA-1 and KKU-M213
were kindly provided by Professor S Sirisinha (Mahidol
University, Bangkok, Thailand)"”"*? and Associate
Professor B Sripa (Khon Kaen University, Khon Kaen,
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Thailand)*>**, respectively. Cholangiocyte H69 cell
line was kindly provided by Professor G Alpini (Texas
A&M University, TX, USA) and Professor G Gores
(Mayo Clinic, MN, USA). CCA cells were grown in
HAM/F12 medium (Gibco Invitrogen Corp., Auckland,
NZ) supplemented with 10% fetal bovine serum (FBS),
100 U/ml. penicillin G sodium, 100 pg/ml streptomycin
sulfate, 0.25 pg/mlL amphotericin B (Invitrogen Corp.,
Auckland, NZ) and 15 mmol/L HEPES (USB Cotp.,,
OH, USA) at 37°C under a humidified 50 mL/L CO:
atmosphere. H69 cells were cultured in DMEM/F12 and
DMEM (1:1) (Gibco Invitrogen Corp., Auckland, NZ)
supplemented with hormones, epidermal growth factor
and 10% FBS as previously described™.

Western blotting analysis

Levels of Met, ERK1/2 and Akt and their phosphorylated
forms, and E-cadherin, were determined by Western
blotting. Cells (2 X 10°) were cultured in 30-mm plates
for two days, then incubated with 50 ng/mL recombinant
NSO-produced human HGF (R&D Systems, Inc., MN,
USA) in serum-free media for 15, 60 and 360 min in the
presence or absence of LY294002 (Calbiochem, CA,
USA) or U0126 (Tocris Bioscience, MO, USA). Cells
were then lysed with 1 X SDS loading buffer (50 mmol/L
Tris-Cl pH 6.8, 2% SDS, 10% glycerol and 100 mmol/L
B-mercaptoethanol) and lysate proteins were separated
by 8% SDS polyacrylamide gel-electrophoresis. Proteins
were transferred to nitrocellulose membrane (Hybond
ECL, GE healthcare, Buckinghamshire, UK), which was
incubated with antibodies specific for Akt, ERK1/2 and
their phospho-forms (Cell Signaling Technology, Danvers,
MA) or with anti-Met, anti-E-Cadherin, anti-B-actin (Santa
Cruz Biotechnology, Santa Cruz, CA) and anti-phospho-
Met (Cell Signaling Technology, Danvers, MA) antibodies,
followed by HRP-conjugated secondary antibodies. Signals
were developed using Enhance Chemiluminescence kit
(GE Healthcare, Buckinghamshire, UK) and detected
with FluorChem SP (Alpha Innotech Corporation, San
Leandro, CA). Band densities were quantitated using
AlphaEaseFC software (Alpha Innotech Corporation,
San Leandro, CA). The data were presented in the relative
band density when compared to those at zero time points.

Invasion and motility assay

HGF-induced CCA cell invasiveness was determined
by Matrigel Transwell iz vitro invasion assay as described
by Albini ez al*” with some modification. In brief, the
upper chamber of a Transwell unit (6.5-mm diameter
polycarbonate membrane with 8-um pore size) (Corning
Incorporated Life Science, Corning, NY), was coated with
30 pg of Matrigel (BD Biosciences, Bedford, MA). Cells
(80% confluent) were harvested using TrypLE Express
(Invitrogen, Corp., Grand Island, NY) and resuspended
in serum-free media in the presence or absence of 50
and 100 umol/L LY294002 or 1 and 5 umol/L U0126.
A 200 pl aliquot of cell (10°) suspension was added to
the upper chamber. The lower chamber was filled with
600 pL of serum-free media containing 10, 50 or
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100 ng/mL human HGF as chemoattractant. BSA (0.1%
in serum-free medium) was used as negative control.
After 6 h of incubation at 37°C under CO:2 atmosphere,
non-invading cells in the upper chamber were removed
and cells that invaded the Matrigel and had attached to
the lower surface of the Transwell membrane were fixed
with 25% methanol for 30 min and stained with 0.5%
crystal violet. Invaded cells were counted in 5 random
fields under light microscope at 100 X magnification.
The reported values represent mean * SE of the results
obtained from three independent experiments.

Motility assay was performed using the Transwell
chamber in the same manner as in the invasion assay but
Matrigel coating was omitted.

Determination of gelatinase and urokinase plasminogen
activator activities

Gelatinase (MMP-2 and MMP-9) and uPA levels secreted
into conditioned media were determined by gelatin and
plasminogen gelatin zymography under non-reducing
conditions. Cells (80% confluent) were incubated with
serum-free media in the presence of HGF (0, 10, 50 and
100 ng/mlL) for 6 h. For gelatinase activity assay, 20 X
concentrated conditioned media was mixed with SDS
loading buffer in the absence of sulfhydryl reducing
agent and electrophoresed in 7.5% SDS-polyacrylamide
gel containing 1 mg/ml gelatin. uPA zymography was
petformed in a similar manner except that 10 pg/mL
plasminogen and 1 mg/ml gelatin were copolymerized
with 10% SDS-polyacrylamide gel and conditioned media
was not concentrated. Gels were washed twice with 2.5%
TritonX-100 for 1 h to remove SDS, then incubated for
18 h in reaction buffer (for gelatinase: 50 mmol/L Tris-
HCI pH 7.5, 10 mmol/L CaClz, 1 pmol/L ZnClzand
1% TritonX-100; for uPA: 100 mmol/L Tris-HCl pH
7.8, 150 mmol/L NaCl and 1% TritonX-100). Gels were
stained for 2 h with 0.25% Coomassie blue and destained
with 45% methanol and 10% acetic acid. Unstained
bands in gelatin gel with estimated molecular weight of
65 and 85 kDa corresponded to MMP-2 and MMP-9
respectively, and that of 45 kDa in plasminogen-gelatin
gel corresponded to uPA.

Immunofiuorescence analysis

CCA cells (3 X 10°) were grown on sterile coverslips for
two days. Then the monolayer cells wete treated with
0-100 ng/mL HGF for 6 h. Cells were washed twice with
PBS, fixed in solution containing 3% paraformaldehyde
and 2% sucrose, permeabilized with 0.5% Triton X-100
and incubated with 10% FBS, 0.1% Triton X-100 in PBS.
Cells wete then incubated overnight at 4°C with mouse
anti-E-cadherin monoclonal antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA), followed by fluorescent
Alexa Fluor® 568-conjugated goat anti-mouse IgG
secondary antibodies (Molecular Probes, Eugene, OR).
After washing with PBS, the coverslips were mounted
with 0.01% para-phenylenediamine dihydrochloride
(Sigma Aldrich, Inc., St. Louis, MO) in 70% glycerol, and
visualized under a confocal laser scanning microscope
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(Olympus FV1000; Olympus Corp. Tokyo, Japan)
equipped with Olympus FV10-ASW 1.7 software.

Statistical analysis

Invasion and motility results are expressed as mean T
SE. Multiple comparisons were performed using one-
way analysis of variance (ANOVA) with P value < 0.05
considered statistically significant.

RESULTS

Met expression and phosphorylation in CCA cells
Western blotting analysis of both CCA cell lines (HuCCA-1
and KKU-M213) showed higher Met expression than in
normal cholangiocytes (H69) (Figure 1A). Stimulation of
cells by exogenous HGF resulted in induction of tyrosine
phosphorylation at the critical autophosphorylation sites
(pY1234/1235) in the catalytic domain of Met, but with a
slight difference in the kinetics of Met activation between
the two CCA cell lines; i.e. HGF stimulated a more rapid
Met phosphorylation in HuCCA-1 cells (reaching a
maximum at 15 min) than in KKU-M213 (maximum at
about 15-60 min) (Figure 1B and C).

Effects of HGF on CCA cell invasiveness and motility
HGF has been reported as being able to induce invasion
of several cancer cell typesm]. Here, CCA cell invasiveness
and motility in response to HGF were investigated
using a Transwell 7 vitro invasion/motility assay. In the
absence of HGE, CCA cells showed abilities to migrate
and invade, which were stimulated further by HGF in a
dose-dependent manner over the concentration range of
10-100 ng/ml. (Figure 2). Although basal migration and
invasion abilities of HuCCA-1 were relatively low when
compared to that of KIKU-M213, they were dramatically
stimulated by HGF to levels comparable to those of
HGF-induced KKU-M213.

HG69 cells, immortalized cholangiocytes, possessed
very low invasive ability. Of 10’ cells added to the upper
compartment of the Transwell chamber, only 70 £ 21
cells invaded in the control and 335 + 72 cells invaded
upon HGF treatment. Although the HGF could induce
H69 invasion, the level of invasion was marginal when
compare to those of CCA cell lines.

Effects of HGF on E-cadherin expression and
localization and matrix metalloproteinases and uPA
secretion

HGF is able to induce changes in expression and
localization of E-cadherin resulting in cell movement in
several type of cancers™ ™. To investigate the possibility
of an involvement of E-cadherin in HGF-induced
CCA cell migration, we determined the effects of HGF
on E-cadherin expression by Western blotting and on
localization by immunofluorescence staining. E-cadherin
protein level did not change within 6 h of HGF
treatment (Figure 3A). However, immunofluoresence
demonstrated that HGF altered E-cadherin localization
from the cell boundaty to the cytoplasmic compartment
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Figure 1 Steady state level of Met expression in cholangiocarcinoma cell lines and activation by hepatocyte growth factor (HGF). Cell lysates from 80% confluent
cells cultured in 10% fetal bovine serum (FBS) medium were examined for Met expression by Western blotting analysis (A). Lysates from HUCCA-1 (B) and KKU-M213
(C) cells treated with or without 50 ng/mL HGF for various times were analyzed by Western blotting for levels of Met and phospho-Met (pY1234/1235). The graphs show

band densities of phospho-Met relative to those at zero time points. Data are presented as mean + SE of results obtained from three independent experiments. °P < 0.05,
compared with untreated control.
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Figure 2 HGF induction of cholangiocarcinoma motility and invasiveness. In vitro invasion and motility assays of HUCCA-1 (A) and KKU-M213 (B) cells were
conducted in a Transwell unit coated with and without Matrigel. Cells (10°) in serum-free medium were plated in the upper chamber of a Transwell unit and 0-100 ng/mL
HGF added to the lower chamber. After 6 h of incubation, cells invading to the lower compartment of the Transwell unit were stained and counted. The numbers of invaded/
motile cells are presented as mean + SE of results obtained from three independent experiments. °P < 0.05 and °P < 0.01, compared with untreated control.

(Figure 3B and C). MMP-2 and/or MMP-9 at basal levels. However, these

The effect of HGF on secretion of matrix degrading enzyme activities were not increased following HGF
enzymes, a major factor contributing to cell invasiveness, treatment (Figure 3A). Similarly, high basal activity of
was investigated by gelatin zymography. Zymograms uPA was found in both CCA cell lines, which was not

from conditioned media of HuCCA-1 cells showed a affected by the presence of HGF (Figure 4B).

clear band indicating MMP-2 activity, while those of

KKU-M213 cells revealed both MMP-2 and MMP-9 Involvement of ERK1/2 and PI3K signaling pathways in
activities (Figure 4A), demonstrating that the two CCA HGF-induced CCA cell invasiveness

cell lines constitutively expressed high amounts of The mechanism responsible for HGF-induced inva-
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Figure 3 Effects of HGF on E-cadherin expression and localization. A:
cholangiocarcinoma (CCA) cells were treated with HGF for 6 h, then cell lysate
was analyzed by Western blotting with anti-E-cadherin and -B-actin monoclonal
antibodies; B: After treatment with 0 and 100 ng/mL HGF for 6 h, cells were
analyzed by immunofluorescence using anti-E-cadherin antibody and visualized
under confocal laser scanning microscopy (60 x objective magnification plus 2 x
digital magnification).

siveness of CCA cell lines was investigated by examining
the signaling pathways of ERK1/2 and PI3K. HGF
(50 ng/mL) stimulated both HuCCA-1 and KKU-M213
phosphorylaton of ERK1/2 and Akt, with the latter being
the major downstream effector of PI3K (Figure 5A and B).
However, different time response profiles were observed
between these two cell lines in HGF-induced ERK1/2
and Akt activation. In KICU-M213 cells, HGF significantly
induced activation of ERK1/2 and Akt at up to 360 min,
whereas in HuCCA-1 cells, after 360 min of induction,
activation decreased to neatly those of unstimulated levels.

To confirm the roles of these two signaling pathways

(44
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Figure 4 Effect of HGF on levels of secreted matrix degrading enzymes
from cholangiocarcinoma HuCCA-1 and KKU-M213 cell lines. Cells were
treated with various concentrations of HGF (0-100 ng/mL) in serum-free
medium for 6 h. Conditioned media were then analyzed for MMP-2 (approximate
65 kDa) and MMP-9 (approximate 85 kDa) gelatinolytic activity by gelatin
zymography (A) and for uPA by plasminogen-gelatin zymography (B).

in response to HGF stimulation, we tested the antagoni-
stic effect of U0126 and 1.Y294002; a MEK1 and a PI3K
inhibitor, respectively. LY294002 (50 pumol/L) inhibited
HGF-stimulated phosphorylation of Akt in both CCA cell
lines to an undetectable level (Figure 6A) and markedly
inhibited HGF-induced cell invasion, but did not have any
significant effect on the invasion of non HGF-stimulated
cells (Figure 6B and C). U0126 (1 and 5 ymol/L) reduced
HGF-induced invasion of KKU-M213 cells (to 29%
and 18% of untreated control, respectively) (Figure 7C).
However, U0126 only had a marginal inhibitory effect
on HGF-induced invasion of the HuCCA-1 cell line
(Figure 7B). Nevertheless, U0126 completely inhibited
ERK1/2 phosphotylation of HuCCA-1 cells, whereas
phospho-ERK1/2 was still detectable in KIKU-M213 cells
even at the highest U0126 concentration used (Figure 7A).

DISCUSSION

Overexpression of Met has been reported in CCA and
is correlated with progression and invasion of this type
of cancer™" In this study, we demonstrated that HGF
induced cell invasion, motility and change in E-cadherin
localization in two human CCA cell lines, HuCCA-1 and
KKU-M213, both of which overexpress Met; but without
affecting secretion of the matrix degrading enzymes,
MMP-2, MMP-9 and uPA. However, the signaling
pathways underlying HGF-induced invasiveness of the
two cell lines were different, with ERK1/2 activation
being more important for HGF-induced KKU-M213 cell
invasion than for HuCCA-1 cell invasion.
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Figure 5 HGF induction of ERK1/2 and Akt phosphorylation in cholangiocarcinoma HuCCA-1 and KKU-M213 cell lines. About 80% confluent cells were
treated with 50 ng/mL HGF in serum-free medium for 15, 60, 360 min. Lysates from HUCCA-1 (A) and KKU-M213 (B) cells were assessed for total and phosphorylated
forms of ERK1/2 and Akt by Western blotting assay. The graphs showed band densities of phospho-ERK1/2 and phospho-Akt relative to those at zero time points.
Data are presented as mean + SE of results obtained from three independent experiments. “P < 0.05, compared with untreated control.

Two major factors contributing to an increase in
cancer cell invasiveness are enhancement of extracellular
matrix degradation and activation of cell motility. The
effects of HGF on induction of these phenomena vary
with different cell types. For instance, HGF enhances cell
motility but not MMP-9 or uPA activities in breast cancer
MDA-MB-231 cell line"’, while it induces both motility
and matrix degrading enzyme expression in colon cancer
Caco-2, prostate cancer PC-3 and DU-145 cells®",
In our study, HGF induced invasion of both CCA cell
lines by increasing motility but not MMP-2, MMP-9 or
uPA levels. As the expression of the basal levels of these
matrix degrading enzymes was already high in both CCA
cell lines, this may be sufficient for providing cellular
transmigration. Therefore, induction of cell motility
alone by HGE, without augmenting extracellular matrix
degrading enzyme levels, appears to be sufficient for
cell invasiveness. Alterations of only some process(es)
required for cell invasion have been reported as being
able to alter cell invasiveness. For instance, inhibitors of
ERK1/2"" and myosin light chain kinaseP! suppress
prostate cancer cell invasion by decreasing cell motility but
not matrix degrading enzyme activity.

E-cadherin is the key mediator of cell-cell adhesion.
Cell scattering induced by HGF results from disruption
of E-cadherin function, either by reducing expression ot

changing its cellular localization™. In this study, we found
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that HGF caused E-cadherin to move from membrane to
cytoplasm but had no effect on amount. These results are
consistent with previous studies in a keratinocyte cell line,
in which HGF reduced E-cadherin at cell-cell boundaries
without changing its protein level™, Although we
did not investigate the mechanism of HGF-disrupted
E-cadherin function, previous reports have implicated
the involvement of Ras-RIN2-Rab5 and B-catenin in
this process. Kimura ef al’™ demonstrated in a cell free
system that HGF activates Ras which binds and activates
RIN2, a Rab5-GEF (guanine nucleotide exchange factor
of Rabb), leading to Rab5 activation. This active Rab5, a
small G protein regulating endocytosis, in turn promotes
E-cadherin endocytosis. In addition, Shibamoto e# /™
showed that HGF promotes tyrosine phosphorylation
of B-catenin and decreases E-cadherin at the cell-cell
boundaries resulting in the reduction of cell-cell adhesion
mediated by E-cadherin.

Basement membrane normally acts as a barrier for
tumor cell invasion; therefore, it is generally expected
that the rate of invasion at which a cell degrades this
barrier should be slower than or equal to the rate of cell
migration. However, with the HuCCA-1 cell line, the
basal cell invasion rate (with no HGF stimulation) was
higher than that of migration. This suggests that some
component(s) in Matrigel may have a role in inducing
HuCCA-1 cell invasion. In support of this notion,

February 14, 2010 | Volume 16 | Issue 6 |



Menakongka A et a/. HGF-induced cholangiocarcinoma invasion

A
HGF (50 ng/mL) + + +
LY294002 (umol/L) 0 10 50
<— p-Ser473 Akt
HuCCA-1
<— Akt
<— p-Ser473 Akt
KKU-M213
<— Akt
B 16000 [ [ Untreated control
B 50 umol/L LY294002
o
S 12000
3
]
& 8000 -
®©
>
£
© 4000 -
o
P b
0 +
0 100
HGF (ng/mL)
C 16000 0 Untreated control -
W 50 pmol/L LY294002 -
ko
E 12000
E
2 8000 f
g
£
= b
© 4000 -
o
=2
ol [ —
0 100

HGF (ng/mL)

Figure 6 Suppression of HGF-induced cholangiocarcinoma cell
invasiveness by PI3-kinase inhibitor, LY294002. HUuCCA-1 and KKU-M213
cells were treated with 50 ng/mL HGF in the absence (control) or presence of
10 and 50 pmol/L LY294002 for 6 h, and subsequently Akt phosphorylation
was determined by Western blotting (A). In vitro invasion of HUCCA-1 (B) and
KKU-M213 (C) cells was evaluated in the absence or presence of HGF with
or without 50 umol/L LY294002. Numbers of invaded cells are presented as
mean + SE of results obtained from three independent experiments. °P < 0.01,
compared with control.

Chintala ¢ 2/ have shown that Matrigel and components
of ECM (namely, type IV collagen and fibronectin) induce
migration and invasion of many glioma cell lines.

In the KKU-M213 cell line, HGF was better at
inducing invasion than migration, and this was not re-
lated to the stimulation of secretion of matrix degrad-
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Figure 7 Suppression of HGF-induced cholangiocarcinoma cell
invasiveness by MEK1 inhibitor, U0126. HUCCA-1 and KKU-M213 cells
were treated with 50 ng/mL HGF in the absence (control) or presence of 0.1,
1 and 5 pmol/L U0126 for 6 h, and subsequently ERK1/2 phosphorylation
was determined by Western blotting (A). In vitro invasion of HUCCA-1 (B) and
KKU-M213 (C) cells was evaluated in the absence or presence of HGF with
or without 1 and 5 umol/L U0126. Numbers of invaded cells are presented as
mean * SE of results obtained from three independent experiments. °P < 0.05
and °P < 0.01, compared with control.

ing enzymes. A possible explanation is the existence
of a synergism between HGF and extracellular matrix
component(s) in the Matrigel. A combination of HGF
and Matrigel induced higher motility than HGF alone
(data not shown). Cooperation between HGF and ECM
component(s) to promote cell migration could occur by
enhancing the function of integrins“ﬁ’m, adhesion mol-
ecules regulating a variety of cellular properties includ-
ing adhesion and migration by binding to ECM com-

February 14, 2010 | Volume 16 | Issue 6 |
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ponents. HGF induces cell scattering and migration by
increasing integrin a2 expression in MDCK cells™
also promotes breast cancer MDA-MB-231 cell invasion
and adhesion by inducing integrin aggregation at lamel-
lipodia, thereby enhancing avidity of integrins to their
ligands in ECM and increasing association of integtin to
actin, which may participate in cell migration[m].

A variety of signaling pathways are involved in HGF-
induced cell invasiveness, including PI3K, ERK1/2 and
St In CCA, Stc, FAK*" and ERK1/2"* are involved in
HGF-induced HuCCA-1 cell invasion. Here, we showed
that HGF induced Met activation concomitant with the
promotion of both ERK1/2 and Akt phosphotylation
in these two CCA cell lines. To reveal the involvement of
ERK and PI3K pathways in HGF-induced invasion, in-
hibitors of specific signaling transduction pathways were
used. PI3K inhibitor (1.Y294002) significantly inhibited
both HuCCA-1 and KKU-M213 cell invasion stimulated
by HGE, while basal invasion was marginally affected.
As for the ERK pathway, U0126, a specific inhibitor of
MEKI1, drastically reduced HGF-promoted KKU-M213
cell invasion, while slightly reducing HGF-induced HuC-
CA-1 invasion, even though it inhibited ERK1/2 phos-
phorylation of the latter cell line to a greater extent than
in the former. The insensitivity of HGF-stimulated HuC-
CA-1 invasion to U0126 treatment suggests a reduced
dependence of this CCA cell line on the ERK signaling
pathway, whereas HGF-induced KIKU-M213 invasion is
dependent on both PI3K and ERK1/2 activation.

ERK1/2 activation is known to regulate a vatiety of
cellular functions, such as proliferation, differentiation,
migration, and invasion in response to diverse extracel-
lular stimuli™, Duration of ERK1 /2 activation is one of
the factors determining a particular cellular responsem’44].
McCawley ¢t al™ showed that EGF and HGF have the
ability to induce SCC-12F keratinocyte migration. These
two growth factors induce sustained ERK1/2 activation,
which is associated with enhanced MMP-9 expression and
SCC cell migration[45’46]. In MDCK cells, HGF induces
sustained ERK1/2 activation, promoting cell scattering
and migration zz the enhancement of integrin-o.2 expres-
sion, whereas EGF induces transient ERK1/2 activation,
which has no effect on cell scattering”™. Our data indi-
cated that prolonged ERK1/2 activation was crucial for
HGF-induced invasion of KIKU-M213 cells, but was not
necessary for HuCCA-1 cells in which HGF rapidly and
transiently activated ERK. Thus, sustained ERK activa-
tion provides a possible explanation for the difference
in downstream signaling pathways observed in HGF-
induced invasion of the two CCA cell lines. Moreovet,
this sustained ERK1/2 activation may be responsible for
a synergism between HGF and Matrigel in KKU-M213
cells by inducing integrin expression, as in MDCK cells™.

In summary, this study provides evidence for the con-
tribution of a HGF signaling pathway to the induction of
CCA cell invasion. HGF promoted invasion #a stimula-
tion of cell motility, but not MMP or uPA secretion. HGF
regulated invasiveness of two independent CCA cell lines
by different signaling pathways, with PI3K being a com-
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mon pathway underlying HGF-induced invasiveness in
both cell lines, whereas the importance of ERK1/2 was
determined by the duration of ERK1/2 activation. How-
evet, the mechanisms regulating temporal ERK1/2 activa-
tion and possible synergism between HGF and matrix in
inducing invasion remains to be elucidated. Understanding
the signaling mechanism responsible for CCA invasive-
ness will be valuable to help identify better targets for can-
cer therapy, such as that associated with a common rather
than a cell specific pathway.
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Cholangiocarcinoma (CCA) is a malignant tumor of the biliary epithelium
associated with a high metastatic and mortality rate. Incidence of this cancer
has increased worldwide, and the highest incidence occurs in northeast
Thailand. Overexpression of Met has been reported in CCA and is correlated
with progression and invasion of this type of cancer.

Research frontiers

Hepatocyte growth factor (HGF)/Met activation induces a variety of biological
processes, including cell scattering, invasion, proliferation and survival.
Although several reports have demonstrated a correlation between Met
expression and CCA, hitherto there have been only a limited number of detailed
investigations into the role of Met in cholangiocarcinoma.

Innovations and breakthroughs

HGF induced cell invasion and motility and altered E-cadherin localization in
two human CCA cell lines overexpressing Met, without affecting the matrix
degrading enzymes, matrix metalloproteinase (MMP)-2, MMP-9 and urokinase
plasminogen activator (uPA). This is the first report of a difference in the
signaling pathways responsible for the HGF-induced invasiveness of the two
human CCA cell lines, in that ERK1/2 activation is more important for HGF-
induced invasion of one cell line than of the other.

Applications

Understanding the role of HGF/Met in CCA invasiveness and the molecular
mechanisms underlying this process provides valuable information to help
identify targets for future treatment of CCA patients.
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Phosphoinositide 3-kinase (PI3K) and ERK are signaling molecules
downstream of many receptor tyrosine kinases including Met. These proteins
have been shown to play an important role in cell invasion, a crucial factor of
cancer metastasis. In this study HGF is shown to stimulate cell invasion and
motility of CCA cell lines through PI3K and/or ERK pathways.
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CCA is a common malignant tumor with a high metastatic and mortality rate.
Investigation into its molecular mechanism is important for understanding
the pathogenesis of CCA. This study focused on the role of HGF/Met in CCA
cell invasion and the mechanisms underlying cellular responses. Although a
number of papers on this field have been published, this study still adds some
new information into the knowledge already documented.
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ABSTRACT
AIM: To examine level of urokinase plasminogen activator (uPA) expression in
cholangiocarcinoma (CCA) tissues, correlate it with various pathological parameters

and study its impact on CCA cell invasion in vitro.

METHODS: Level of uPA expression in CCA tissue was determined by
immunohistochemistry. Level of uPA, PAI-1, uPAR from CCA cell lines were
mornitor by zymography, western blot or realtime RT-PCR, respectively. Two uPA
inhibitory methods, a specific protease inhibitor (B248) and siRNA against uPA,
were used to disrupt uPA function. Cell invasion were detected using Transwell.
RESULTS: Immunohistochemical study showed that 85.3% (131 of 174) of CCA
tissues expressed uPA in bile duct region. High uPA expression was correlated with
invasion and metastasis of CCA patients and with short survival rate of patients
with small tumor size. Plasminogen gelatin zymography showed that secreted uPA
and bound uPA were found in all CCA cell lines but not cholangiocytes, H69, with
the levels being high in KKU-M213 and HuCCA-1 and low in KKU-100, respectively.
(Plasminogen gelatin zymography and western blot showed that three CCA cell
lines, HuCCA-1, KKU-100 and KKU-M213, secreted higher levels of uPA compared
to cholangiocyte, H69, with the level being high in KKU-M213 and HuCCA-1 and
low in KKU-100, respectively. Levels of bound uPA among these cell lines were also
similar to that of secreted uPA.) On the other hand, HuCCA-1 expressed highest
uPAR mRNA and is the only cell line secreted PAI-1. From zymography, KKU-100
also possessed another plasminogen activator (PA) band which was proven to be
other protease rather than uPA by its inability to be detected by uPA antibody.
Moreover, inhibiting uPA with specific uPA inhibitor, B428, as well as siRNA
against uPA reduced invasive ability of KKU-M213, high uPA expressing CCA cell
indicating the importance of uPA in invasion process of CCA cells.

CONCLUSION: High uPA expression correlated with invasion, metastasis and
survival of CCA patients, and is important for CCA cell invasion, suggesting uPA as

potential prognostic marker and therapeutic target for CCA.



Introduction

Cholangiocarcinoma (CCA), a cancer originated from biliary epithelium, is an
incurable cancer with very high mortality rate. It is the second most common liver
cancer. Although it is considered a rare malignancy, during recent decades, its
incidence and mortality rate are increasing worldwide (Patel 2002). The highest
incident rate was observed in Northeast, Thailand where there is high prevalence of
liver fluke (Opisthorchis viverrini) infection (Sripa B Liver fluke induces cca 07).
People in this region are used to eating fermented raw freshwater fish which can be
contaminated with liver fluke as well as nitrosamines produced by bacteria during
fermentation process. It is believed that the intake of liver fluke plus nitrosamines
contributes to CCA development. In fact, both O. viverrini and nitrosamine have
been classified by IARC as group I carcinogen (ref). Moreover, Ov and N-
nitrosodimethylamine synergistically induces CCA development in hamster (ref).
This disease is difficult to diagnose and patients usually present at the late stage,
with high invasion and metastasis, thus resulting in high mortality rate.

Metastasis is a multi-step process which involves spreading of cancer cells
from primary to secondary site. During this process, cancer cells first invade the
surrounding tissue, penetrate the blood or lymphatic vessels, and form a new tumor
at the distant sites. In order to invade, cancer cells acquire the ability to degrade
extracellular matrix and basement membrane to generate a space for cell to migrate
out of its original site. This is accomplished by secreting variety of matrix degrading
proteases including matrix metalloproteinases (MMP) and serine proteases,
plasminogen/ plasmin system (ref).

uPA is a serine protease which regulates plasminogen/plasmin system and
is involved in ECM degradation, cancer invasion and metastasis. uPA is synthesized
as a single-chain proenzyme which can be activated by proeolytic cleavage to be
two-chain active uPA or single chain low molecular weight uPA by other proteases
such as plasmin, kallikrein, cathepsin B, etc. (Bansal V 06 Production and
purification of urokinase). Active uPA cleaves inactive plasminogen to active
plasmin, a broad-specific serine protease, which is capable of degrading variety of

ECM proteins. Besides, plasmin and uPA can also activate several types of matrix



metalloprotenases (MMPs) which can also degrade ECM. Therefore, uPA multiplies
protease power in ECM degradation which is critical step for cancer invasion. uPA
system is composed of uPA receptor (uPAR) and plasminogen activator inhibitor
type 1 and 2 (PAI-1 and -2) which regulate uPA activity. Once secreted, uPA binds to
uPAR on the cell surface. This binding focalizes uPA on the cell surface which in
combination of the binding of plasminogen to its membrane receptor enhances its
plasminogen activation capability. uPA and plasmin regulate each other with
positive feedback loop as uPA activates plasminogen to plasmin which in turn
activates uPA. Reciprocally, uPA activity is negatively regulated by PAIL The major
one is PAI-1. (Dano K PA and cancer or uPAR signal nature rev).

Up-regulation of uPA has been reported in many types of cancers (Dass K
evolving role) and plays an important role in invasion and metastasis of cancers such
as breast (Thelma C. Hurd et al. 2007), prostate (D. Gavrilov et al. 2001), colon
cancers (Shashikumar Harvey et al. 2007), and etc. Hitherto, there was no report of
tissue expression of uPA and its correlation with clinical symptom in CCA patients.
However, its expression has been demonstrated in some CCA cell lines (O paper,
Chinese paper). In this study, we investigated the involvement of uPA in CCA by
examining the correlations between its tissue expression and various
clinicopathological parameters of patient, and studying its role in CCA cell invasion
by inhibiting uPA function in high uPA expressing cell lines using siRNA against

uPA or specific protease inhibitor.

METHODS AND MATERIALS

Patients and tissue samples

Archival paraffin-embedded tissue samples obtained from 174 patients who
underwent liver surgical resection at Srinagarind hospital, Khon Kaen University,
Thailand during 1999-2009 were used to generate tissue microarray in this
retrospective study. All cases are intrahepatic CCA. Ages of the male patients
ranged from 32 to 75 years with the mean of 56 + 9 years and female patients ranged

from 33 to 68 years with the mean of 57 + 9 years.



Cell lines and cell culture

Human immortalized cholangiocyte cell line, H69, was a generous gift from
Professor G Alpini (Texas A&M University, TX, USA) and Professor G Gores (Mayo
Clinic, MN, USA). Three human CCA cell lines developed from Thai patients, KKU-
100 (1), KKU-M213 and HuCCA-1 (2), and were kindly donated by Dr. B Sripa,
(Khon Kaen University, Thailand) and Prof. S Sirisinha (Mahidol University,
Thailand), respectively. The CCA cells were cultured in HAM’s F-12 (Invitrogen,
Grand Island, NY, USA) supplemented with 10% heat inactivated fetal bovine serum
(FBS) (Invitrogen, Grand Island, NY, USA), 2 mM glutamine, 15 mM HEPES and 14
mM sodium bicarbonate, 100 U/mL of penicillin G and 100 U/mL streptomycin.
The cells were incubated at 37°C under humidified 5% CO. atmosphere. H69 was
grown in DMEM/F122DMEM (1:1) (Gibco Invitrogen Corp., Auckland, NZ)
supplemented with 10% FBS, hormones and epidermal growth factor as previously

described (ref).

Tissue microarray and immunohistochemistry staining

Tissue microarray (TMA) was generated manually from the paraffin-embeded
tissues. In brief, the region of interest from each paraffin block was identified on
haematoxylin eosin-stained slide. Then, the slide was aligned with the surface of
original paraffin block to locate sampling area. The area of interest in paraffin block
was punched with 1-mm-diameter needle. Each punched tissue was transferred to
new recipient paraffin block to generate TMA block manually. Five-um-thickness
section was cut from TMA block and mounted on silane-coated glass slide. The slide
was used for immunohistochemical staining using monoclonal antibody against
uPA (American diagnostica Inc., Stamford, CT, U.S.A., Ab No0.3689). Briefly, the
specimens were deparaffinized and dehydrated, then endogenous peroxidase
activity in tissue section was blocked with 0.5% H2O: in methanol for 30 min. After
washing with PBS pH 7.4 and blocking with blocking solution containing 5% normal
horse serum in PBS pH 7.4 for 30 min, the specimens were incubated with 0.5
pg/mL anti-uPA antibody, followed by horse radish peroxidase-conjugated
secondary antibody (Invitrogen, Carlsbad, California, USA). The brown color

corresponded to peroxidase activity was developed using diaminobenzidine (Sigma



-Aldrich, Seint Louis, Missouri, USA). The specimens were counter stained with
Mayer’s hematoxylin. Negative controls were performed in a similar way, but with

no primary antibody.

Determination of plasminogen activator (PA) activity by plasminogen gelatin
zymogram
uPA activity secreted from cells into conditioned media (CM) were determined by
plasminogen gelatin zymogaphy under non-reducing condition as described by
Heussen C and Dowdle EB (ref). Cells (3.5x10°) were cultured in 6-well plate for 2
days, then washed twice and incubated in serum-free media for 6 h. CM were
collected, mixed with SDS loading buffer in the absence of reducing agent and
electrophoresed in 8% SDS-polyacrylamide gel containing 10 pg/ml plasminogen
and 1 mg/ml gelatin. After electrophoresis, gel was washed twice with 2.5%
TritonX-100 for 1 h to remove SDS, and incubated for 18 hours in reaction buffer
containing 100 mM Tris-HCI pH 7.8, 150 mM NaCl and 1% TritronX-100. Then gel
was stained with 0.25% Coomassie blue and destained with 45% methanol and 10%
acetic acid. A clear band with estimated molecular weight of 43 kDa represented
uPA activity band. To confirm its PA (not gelatinase) activity, plasminogen-free
gelatin zymogram gel was run in parallel as a negative control.

For detection of bound uPA, cells were washed twice with PBS and bound
uPA was eluted by elution buffer (100 mM NaCl and 50 mM glycine-HCI pH 3.0).
The eluate was neutralized by adding 0.5 M Tris-HCl pH 7.8 in the ratio of 4:1
(elution buffer : neutralization buffer) and analyzed by plasminogen gelatin

zymography in the same way as that of secreted uPA.

Determination of uPA and PAI-1 proteins by immunoblot

uPA and PAI-1 protein levels in 40x concentrated CM, prepared as described in
zymography, were determined by western blot analysis using anti-uPA, anti-PAI-1
antibodies (American Diagnostica Inc.,, Stamford, CT, U.S.A). Proteins were
separated by 8% SDS-PAGE and transferred to nitrocellulose membrane (Hybond
ECL, GE healthcare, Buckinghamshire, UK), which was then incubated with anti-
uPA and anti-PAI-1 antibodies, followed by HRP-conjugated secondary antibodies.
The uPA and PAI-1 bands were developed by enhanced chemiluminescence ELC



Plus reagent (GE Healthcare, Buckinghamshire, UK) and visualized by Fluor Chem
SP (Alpha Innotech Corporation, San Leandro, CA).

Knock-down of uPA using siRNA against uPA

KKU-M213 cells were transiently transfected with siRNA against uPA (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) using siRNA Transfection Reagent (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) by reverse transfection following
manufacturing’s protocol with some modification. In brief, 6 pL of siRNA and 6 pL
of transfection reagent were separately diluted in 100 pL of siRNA Transfection
Medium. The diluted siRNA solution was mixed with the diluted transfection
reagent and incubated at room temperature for 15 min. The mixture was added onto
6-well plate that have just plated with CCA cell (2 x 10%) in 0.8 mL transfection
medium. uPA mRNA and secreted uPA were determined at 48 and 72 h after
transfection. Control siRNA-A (Santa Cruz Biotechnology, Inc., Santa Cruz, CA),

scrambled sequence, was used as si-RNA negative control.

Semiquantitative realtime RT-PCR

uPA and uPAR mRNA expression was determined by realtime RT-PCR using ABI
7500 (Applied Biosystems, Foster City, CA, USA). RNA was extracted using RNeasy
mini kit (Qiagen, Valencia ,CA, USA) following the manufacturer’s protocol, and 2
ng total RNA were converted to cDNA by SuperScript™ III Reverse Transcriptase
kit (Invitrogen, NY, USA) using random hexamer primer. cDNA was amplified by
realtime PCR in a 20 pL reaction volume containing 0.5 U of HotStart Taq
polymerase (Qiagen, Valencia, CA, USA), 1x FastStart Universal SYBR Green Master
cocktail (Roche, Mannheim, Germany) and 4 pmol of each specific primer (5'-
TTGCTCACCACAACGACATT -3 and 5- ATTTTCAGCTGCTCCGGATA -3 for
uPA (Nielsen A, 2005), 5- GGTGACGCCTTCAGCATGA -3 and 5'-
CCCACTGCGGTACTGGACAT -3 for uPAR  (ref) and 5-
GTAACCCGTTGAACCCCATT -3 and 5- CCATCCAATCGGTAGTAGCG -3’ for
18sRNA (ref), an internal control). The reactions were started with an initial heat
activation step and followed by 40 thermal cycling. The mRNA levels among the test

cells were analyzed by relative quantification 2-AACt method.



Transwell in vitro invasion assay

CCA cell invasiveness was determined using Matrigel-coated Transwell chamber (8-
pum pore size polyvinylpyrrolidone-free polycarbonate filter with 6.5-mm diameter)
(Corning, NY, USA) pre-coated with 30 ug Matrigel (BD Biosciences, CA, USA). Cell
suspension from 66-hour-siRNA-transfected cells (105 in 200 pL) in FBS-free media
was added to the upper chamber of the Transwell, while the lower chamber was
filled with 600 pL 10% FBS media. After incubation for 6 h at 37 °C in a CO2
incubator, non-invaded cells were removed from the upper chamber, and invaded
cells were fixed and stained for 30 min with 0.5% crystal violet in 25% methanol. The
number of invaded cells in 5 random fields were counted under microscope (10x
objective magnification) and expressed as means of total number of invaded cells +

SE obtained from three independent experiments.

Statistical analysis

Correlation between uPA expression and clinicopathological factors were analyzed
using the chi-square test. mRNA and invasion data were expressed as mean + SE
from three independent experiments. Statistical analyses were performed using SPSS

software, with the P-value < 0.05 considered significant difference.

RESULTS
Expression of uPA protein in CCA tissues by immunohistochemistry
To explore the role of uPA in CCA cell, we first examined uPA expression in tumor
tissues from 174 CCA patients by immunohistochemistry using TMA. uPA protein
were mainly localized in cytosolic part of CCA cells (Fig 1). The uPA staining was
scored based on signal intensity to be negative, weak (+), moderate (++) and strong
(+++) signals. Of all 174 cases, 131 (85.3%) of tissue samples were positively stained
for uPA, with 45, 67, and 19 specimens scoring +, ++ and +++, respectively (Fig 1).
Negative and + were grouped as low uPA expression and ++ and +++ were high
uPA expression.

Table 1 summarized the correlation between uPA expression and
clinicopathological parameters. There was no correlation between level of uPA

expression and age, gender, tumor size, or histological type of the CCA patients. In



contrast, high uPA expression in the CCA tissues was positively correlated with
invasion and metastasis with the P values of 0.005 and 0.048, respectively. However,
no correlation between uPA expression and patient longevity was observed when
total data set were used for analysis (data not shown). As the patients with large
tumor size generally have high mortality rate which is irrelevant to uPA expression,
this factor was eliminated from correlation analysis. By using the data from only a
group of patients with small tumor size (< 5 cm), it was found that high level of uPA

expression inversely correlated with survival rate with the P value of 0.027 (Fig 2).

Levels of secreted and bound uPA in CCA cell lines
Secreted uPA in the CM and bound uPA eluted from cell surface were determined
by plasminogen-gelatin zymography. In all CCA cells, 43 kDa band was detected,
KKU-100 gave another PA band at 48 kDa and no PA band was observed in
immortalized cholangiocyte, H69 (Fig 3A). Western blot of 40x concentrated CM
using anti-uPA antibody showed the major band at 50 kDa which was detected in
KKU-M213 and HuCCA-1 (Fig 3B). This corresponded well with high level of 43
kDa band in zymogram from those two cell lines. Likewise, KKU-100 and H69,
which, from zymogram, showed very faint and no band at 43 kDa, respectively (Fig
3A), gave no band in western blot (Fig 3B). Thus, these indicated that uPA was the
43-kD PA band in zymogram and was overexpressed in all three CCA cell lines
compared to cholangiocyte. Moreover, the inability of CM from KKU-100 to be
detected by anti-uPA antibody indicated that the 48 kDa band of KKU-100 in
zymogram represented other proteases capable of activating plasminogen rather
than uPA. The slight difference in molecular weight of the two assay methods
should be due to the different denaturation conditions since the protein was partially
denatured with non-reducing-unheated condition in zymogram gel, whereas it was
completely unfolded with reducing-heated condition in western blot.

In addition to the 50 kDa band, western blot of KKU-213 also showed another
band at 30 kDa which should represent low-molecular-weight uPA (LMW-uPA) or
B-chain of HMW two-chain uPA resulting from different uPA processing by

proteolytic cleavage (ref Stepanova V V multidomain).



Once secreted, uPA can bind uPAR, a GPI-anchor protein, on the plasma
membrane. This binding tethers uPA to the cell surface which will enhance its ability
to promote ECM degradation (3). We then determined the level of bound uPA in
CCA cell lines by zymogram and level of uPAR mRNA by real-time RT-PCR. Similar
to level of secreted uPA, level of bound uPA was high in KKU-M213 and HuCCA-1,
low in KKU-100, not found in H69 (Fig 3A). Besides, this zymogram also showed
that only uPA band at 43kDa, not the PA at 48kDa, bound to the cell surface. All
three CCA expressed uPAR mRNA with the level being highest in HuCCA-1, while
that of KKU-M213 and KKU-100 being comparable at about 50% (Fig 2D).

In addition, uPA activity is regulated by its inhibitors, PAI-1 and PAI-2. The
major one is PAI-1. Therefore, we determined the level of PAI-1 in 40x concentrated
CM from CCA cell lines by western blot and found that PAI-1 was secreted from
HuCCA-1, not KKU-100 nor KKU-M213 (Fig 2 C).

Effect of uPA inhibition on CCA cell invasion

Since uPA expressed in tumor tissues of the CCA patients and its level correlated
with highly with invasion and metastasis, we investigated the role of uPA in CCA
invasion by inhibiting uPA in high uPA expressing CCA cell, KKU-M213 and
analyzing its effect on invasiveness by Transwell invasion assay. Treatment with
uPA inhibitor, 10 pM and 20 pM B428, dose dependently reduced KKU-M213 cell
invasiveness to 82 % and 68 %, respectively, compared with control (Fig 4). 20 pM
B428 suppressed uPA activity to about 36% (estimated from uPA band density),
when it was added both in zymogram gel and in incubation buffer. Note that during
the 6-hour period, the inhibitor did not significantly affected CCA cell survival.

The important of uPA in CCA cell invasion was confirmed by knocking down
of uPA using siRNA against uPA. uPA mRNA expression was suppressed to about
40% during 48-72 h (Fig 5A); therefore, cell invasion was performed during 66-72 h
after transfection. Suppression of uPA expression by siRNA against uPA inhibited
KKU-M213 cell invasion to about .... % when compared to scrumble siRNA (Fig 5B).
Therefore, inhibition of uPA both by inhibitor and by siRNA demonstrated that uPA

is important for CCA cell invasion.



DISCUSSION

One of the key features required for cancer invasion and metastasis is the ability to
degrade of ECM and basement membrane barrier to generate a space for cancer cells
to move out of their primary site. This process is accomplished by the action of
variety of proteolytic enzymes that work in concert to digest ECM proteins,
including serine proteases and MMPs. uPA, a high-substrate specificity serine
protease, is one of the important proteolytic enzymes contributing to this process.
(uPA cleaves plasminogen (zymogen) to active plasmin, a serine protease with
broad-substrate specificity. Active plasmin not only digests several ECM proteins
but also activates variety of MMPs which also have ability to breakdown ECM
components.) Besides ECM degradation, uPA/uPAR participates in cancer invasion
via other mechanisms. First, it directly or indirectly activates variety of growth
factors containing mitogenic, motogenic and/or angiogenic activities such as pro-
HGEF, basic FBS, TGF-p and VEGF (4, 5). Second, it promotes cell-ECM interaction
by serving as adhesion receptor for vitronectin, an ECM protein, thus plays role in
cell adhesion and in regulation of integrin function (6, 7). Third, it relays signal to
diverse cytosolic effectors via interacting with variety of its co-receptors such as
integrins, receptor tyrosine kinases, G-protein couple receptor, etc. (7).
Overexpression of uPA has been reported in many types of cancer and correlated
with survival of cancer patients (8, 9). There were very few reports in uPA in
cholangiocarcinoma. To our knowledge, there is only one report in Chinese showing
that of invasion of uPA-expressing CCA cell line, QBC939, can be inhibited by
tranexamic acid and 6-aminocaproic acid, inhibitors of plasminogen activation, (10)
indicating that the cells require plasmin for invasion process. In this study, the
correlation between uPA expression and invasion and metastasis of the CCA
patients as well as the important of uPA on CCA cell invasion in vitro were
demonstrated.

Upregulation of uPA has been reported in many types of cancers, such as
breast (11), prostate (12), colorectal (13), gastric (14) and pancreatic (15) cancers, and
its expression level correlated with cancer progression. Similarly, here

immunohistochemistry data showed that uPA expression was observed in high



percentage (85.3%) of CCA specimens. High level of uPA expression correlated with
invasion and metastasis of the CCA patients. This result corresponds with the
various finding in several other cancers (ref, Nowichi TS 2010 Thyroid) and with its
known function in promoting cell invasion by degradation matrix barrier. By using
data from all patients, we found no significant correlation between uPA expression
and patient longevity. The possible reason for the absence in this correlation is that
several clinical features contribute to survival of intrahepatic CCA patients. Large
tumor size, multifocal tumors, positive resection margin, gross appearance as mass-
forming plus periductular infiltration, invasion and metastasis are
clinicopathological features related to poor prognosis and short survival outcome.
(16). Moreover, our data showed that patients with large tumor size have short
survival rate which is unrelated to uPA status. Influence from such factor was
eliminated by using the data from patients with small tumor size (£ 5 cm) for
analysis. In that, high uPA expression significantly related to short patient survival.
(Similar to our data, the correlation between uPA expression and survival rate has
been reported in breast cancer (8) gastric carcinoma (17) and chondrosarcoma (9).)
Therefore, uPA expression could serve as a potential prognostic marker at least in
CCA patients with small tumor size.

The role of uPA in CCA invasion was investigated using CCA cell lines.
Zymogram and western blot demonstrated that three human CCA cell lines secreted
different levels of uPA with high KKU-M213 and HuCCA-1 and low in KKU-100. On
the contrary, no uPA could be detected from non-cancer immortalized
cholangiocyte, H69. Inhibition of uPA (expression by siRNA) suppressed cell
invasion of high uPA expressing cell, KKU-M213 indicating its role in CCA invasion.
Similarly, previous report in Chinese has demonstrated that inhibition of
plasminogen activation by tranexamic acid or 6-aminocaproic acid reduces invasion
of QBC939, uPA-expressing CCA cell line (10). This observation is consistent with
those obtained from several other cancers (ref) suggesting a common role of uPA in
invasion of numerous cancers including CCA. Therefore, uPA could serve as a

potential target for preventing cancer invasion and metastasis. In fact, the drug



inhibiting uPA are in clinical trial in some cancer (ref). Our data suggested that it
should be used to prevent CCA invasion as well.(may be in conclusion)

Although HuCCA-1 secreted high uPA and expressed highest uPAR mRNA,
our previous data showed that its invasive ability is lower than KKU-M213 and
KKU-100 (18). One possible explanation is that KKU-100 secreted another enzyme
with plasminogen activator activity which may contribute to matrix degradation and
invasion promotion, leading to high invasive ability. Alternatively it could partly be
due to high level of PAI-1 expression which was secreted only from this cell, not the
other two CCA cells. This PAI -1 inhibits uPA activity, thereby attenuates its ability
to promote matrix degradation and cell invasion. Moreover, PAI-1 could also bind to
uPA-uPAR complex and promotes complex internalization and degradation of uPA
and PAI-1 in lysosome (4). This could explain why bound uPA on the cell surface of
HuCCA-1 was not the highest, although this cell expressed the highest uPAR mRNA
compared to the other two CCA cells.

In conclusion, we have showed that high uPA expression correlated with
invasion and metastasis of uPA and also correlated with short survival of patients
with small tumor size. Study in cell line overexpressing uPA also showed its
invasive ability could be drastically suppressed by inhibition of uPA expression
(activity) indicating that uPA is important for CCA cell invasion. Beside uPA, other
members of uPA system (uPAR and PAI) would also contribute to the function of
uPA in cancer invasion. Taken together, these data suggest uPA as prognostic

marker and potential therapeutic target for CCA.
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Table 1 Comparison between uPA expression and clinicopathological features
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