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Ras/MAP kinase L8z PI3 kinase Signaling pathways flll“nm“né’]ﬁ'mﬂumi
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AILANNTULIA mimﬁauﬁua:miqﬂgﬂmaaLmaﬁ (muﬂuqmawwﬁugmmm
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LIARNLLTINLNINIZTINY) NNANTNARBINHIUNLI IFLEAIIN MAP kinase Junuin
fagluns nsieReunuszmIyninvesaasuziTdougnuann darululasinisii in
2 o =2 2 A A . =2
fumaamiﬂﬂmmnavlﬂ"uaﬂumimuqumimaaumaa MAP kinase a8 @nsnuaTad
MEK1 inhibitor, PD98059 ¢ialus@iud1s ghaiuqunisnafend wanani imdsazdnsi
ANNNBITBIVY PI3 kinase @iam‘sqﬂgﬂmaamaﬁ
AIPULINNT PI3 kinase @28 LY294002 ﬁwaa@ﬂwmﬂgnmaamaa‘mﬁa
1 a 1 & v Q v % g: dq’Q/
daugnnANNPRTRALNINTZNY (MLL) TIR0AARINUNIAANTNTZGU Akt B1TEUHINRT
RNUITNAANILARAUNLAZNNIEI UPA lag liinadansidiauazUSunns MMP-2 Niviad
28N31 HANTNARBIUTUULIN PI3 kinase AanudAnydansuninvadioad MLL Uaz
Ly294002 lddugamayninvassaalaslUfuginisnfaunuazmiaia uPA udlilug
@8 MMP-2
NNTHULINS MAP kinase @28 PD98059 ﬁwaa@mnawgwaaLW@ﬂﬁﬁ'ﬂﬂsau
paxilin lag'laidinasdansidunyWasinavaildsfiu myosin regulatory light chain uaz
focal adhesion kinase L88 NANNINARAIRLUSINMTIULINTIARAUNVAI PDI8059 a3
Lﬂuwammﬂm‘m@mslﬁwgwamW@ﬂﬁﬁuIﬂsau paxillin
119 MAP kinase and PI3 kinase ﬁuﬂmﬂﬁ’]ﬁaﬂumsmuq&Jmmngﬂmawma‘
=3 d'd 1 % gﬁ =1 Qj gd 1 & [y nl' U gﬁ
Vs TINIMIUWINTENLgE muﬂﬂmumaaamau’mLﬂmqaLﬂmmmmmﬁlmsmm
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Project Code : RSA43-8-0013

Project Title : Involvement of PI3 kinase and MAP kinase pathways in motility, invasion
and metastasis of rat prostatic adenocarcinoma cell line

Investigator : Dr. Tuangporn Suthiphongchai Department of Biochemistry, Faculty of
Science, Mahidol University

E-mail Address : sctsc@mahidol.ac.th

Project Period : 3 years (2003-2006)

Abstract

Metastasis is the major course of death in cancer patients. Thus, it has become
one of the primary concerns in cancer therapy.

Ras/MEK/ERK and PI3 kinase are the two most important mediators implicated
in diverse biological activities including cell survival, invasion and migration, the
characteristic of cancer metastasis. We have previously shown that MAP kinase plays
an important role in invasion and motility of Dunning rat prostatic adenocarcinoma cells.
In this project we study the mechanism by which MAP kinase controls cell motility by
investigating the effect of PD98059, MEK1 inhibitor, on various proteins regulating
migration in high metastatic Dunning cell line, MLL. Besides we also examined the role
of PI3 kinase, another important signaling pathway, in the invasiveness of this cell.

Inhibition of PI3 kinase with LY294002 resulted in a dose-dependent reduction
in the in vitro invasiveness which correlated with the decrease in the level of
phosphorylated or activated Akt, its major downstream effector. This specific PI3 kinase
inhibitor also suppressed cell motility, and urokinase plasmniogen activator (UPA)
without any significant effects on cell survival, and matrix metalloproteinase (MMP)-2
secretion. These results suggested that PI3 kinase is necessary for MLL cell
invasiveness and the suppression of cell invasiveness upon LY294002 treatment may
be due to the impairment of cell motility and uPA secretion but not MMP-2 secretion.

Inhibition of MAP kinase pathway by PD98059 reduced paxillin phosphorylation
without significant effect on myosin regulatory light chain and FAK phosphorylation.
This implied that the inhibitory effect of PD98059 on MLL cells motility may be due to
suppression of paxillin phosphorylation.

Both MAP kinase and PI3 kinase play an important role in regulation of cell
invasiveness of high metastatic prostate cancer cell line, thus becoming the potential

targets for inhibition of cancer metastasis.
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UNUI
= a ai 6 ad ai o v a Aa
szaiennnfwaddndlinafsuwudadly dldszuunsauqunaaiydule s
uasAaUnG imadazutidiunniadnduasldaansnaiuguldatgndes sunaddnyded
A A . . a A A 3 o a a [l [
matasunlasuasiin (genetic alteration) lagiawzduninetasnumaaiydule mMsuLmas
MIMEVBILTAN UATNIIRYYIUAILANILIUNIAINGNT UaNNNMTAINZITITIANNTD
wwinszangldgidiudu g vasiameld (metastasis) MsuniniznpveusaduTiiiaiuaing
ﬁwﬁmlumuﬁu%ﬁmmﬁﬂw mmﬁmﬁﬂmmam’ﬁugm I@ﬂmww:mmﬁlﬁmﬁumsmuqm
matsadulavedaasuazMILNINIzavadmaaNstsy it lafenszuiumaiieusiSaann
J é o 1 o aAa s U a g =3
2% Feazh ldgmanamnlunaiiiads Jasiu uazinmlauni
MIWNINIZNBVBITRANLLTI (metastasis) tTuvuinmIndugdan tHaanmatdasnudad
. a A & = ) a . = & .
wanpadd lapisnnnsh waduziisazngeanioaadnifios, dasuidulss protease utas
basement membrane NUWLTARIzIARBUNBANANTBELGN invade LINF stroma uaz INzAL
ECM lunilnald anaunisnad (ldun mingaannisaddrades, e ECM, iaRaufioanan uaz
o A 1 a I o v [ . d}/ A v a 2 &
imeiuflag) anfaduasas vinldiaasunin (invade) Wiatatnaifos uaz stroma e 31niiu
6 . Lo % A R = = o 6 < ' & A A A
\iaRas invade WikiLFWRaAITNgNIzUMAn Seashiaaduziiyldgilaiiadunvinglnasan’y [1]
a A A < | o A & o . @ &
Undasluiaibanii gazagviniulasi basement membrane (udviaduuaziiu
Pauinavaditallanug MifiwasazunInazanseannunsfiaguaiuldazdasliniany
basement membrane LAz extracellular matrix ﬁﬁaﬁ&lag AUUNNIYINANE extracellular matrix 39
faiduquandddaydsmiunisyninvesaad Inonwinsaduzsmaosiaianuamanaly
MIRIUAAAILAW lrdNvinany extracellular matrix (matrix-degrading enzymes) L7
é/ =y
collagenase I, IV, matrix metalloproteinases (MMPs) 110 Laz 13Ut matrix-degrading
enzymes HANUFNRUTIUAWIINIALUNNTYNIN matrigel (artificial extracellular matrix) LAz
1 6 =3 v = 6a L é dl dl v Qs o
MIWNINTZANLVBITARNLLTI [2] ¥anan MMPs uaa tdulaaidnalnitsiineadasnunisvinans
extracellular matrix LAz WU overexpress luradnzSanannralusiia fa urokinase plasminogen
activator (UPA) WBulaiftazisan1Ivinany extracellular matrix T,mlvl,ﬂﬂizﬁu plasminogen
. v = AV a o ' o i
activator 1¥.ilu plasmin @9L1 protease Nlidauinnuswizea substrate ¥1NWN plasmin
#BNINNITENNTDLBY extracellular matrix 19La a7 JIRINTONTZGHANTINNUVES MMPs %A
9ia laonstas pro-MMPs 14w active MMPs laan [3] wanannnsvinniniilu protease
v e o v dl 1 a v 1 vl du, s
U&7 UPA SaanannwinAsIFy I MNIEdUILIUNIIE 9BaaLEad ldan lun13ik uPA AzaNdL
a 6 =3 A Qs Qs 1 1 s
uPA receptor UBNILTRAUELIN TINTIIUNWITRINIG UPA LA UPA receptor RTNIIDRIREY UL
NITAUNMIARDUNUAZNTULIDAR HIUN integrin [4]
wado o a A A A A ¢ 24 a A
AuANUANSAYndsznInie Aa MaeRewivadsas Safennmsiddsuudasns
AALILIAIVDY cytoskeleton lagane actin polymerization TuauLINLTARE % membrane &34

(g v = a . . . { a . = a v
untaseanty Safenms polymerization U843 actin 1 uSm leading edge TITAULA



membrane BuaonlUilulassafrounuusin (lamellipodium) %38 WUULEW (filopodium) daun
membrane AfwoaNWNZIMEAARURWAY w30 extracellular matrix ludunsislng anusonsh
dmﬁ']waamaﬁawqﬂmnﬁuﬁa wiannumMIMasvasaaas asemasaulldand Ganmne
gh“ua\‘iL‘ﬁaﬁﬁ?mﬁml’mmiﬁ’]mumao actin polymer U3ztAn stress fiber (%GLﬂumﬂIwad actin “?'i
Ha321314 focal adhesion (ﬁ;@]“?‘iwﬁaﬁm’]za@aEi’]dLLﬂ%%W]fTU extracellular matrix)) AU myosin 1t
FuaalisTumMInasasnauite ruismiasialwiges vlvimasiedanfioaninanndida
& astunsnasTe9LTas nsnzda Lmzmsm;@aaﬂmﬂﬁyuﬁ's wIamsiiauazaany focal
adhesion Q:Lﬁ@"fuaé'uﬁ'uagma@nmlmwdnﬁlLeﬁaﬁmﬁauﬁaaﬂvlﬂ uazidunuauwnsamnyle
MR aRTUDILTAS

msqngmmzmsmﬁlauﬁmaoLsﬁatoi‘fful,ﬁ@%umﬂslﬁmsm:éjumaoé'tymﬂmmﬂmﬂuan il
31897%31 MAP kinase (ERK1/2) ﬁmavlﬂﬂizé;fu myosin light chain kinase (MLCK) M lAng
m:éjumm@wyjﬂaammlﬁﬁu myosin regulatory light chain (MRLC) %wﬂﬂmqudmﬁwad
myosin Lﬂuwavlﬂm:éju actomyosin contraction lag myosin 2zdulUa e actin stress fiber i
WA IMAGI10ILTad1M MCF-7 Waz cos-7 cell lines [5] %ananit §a85e9uwin MAP kinase
ﬁNNVL‘JJL(?lﬂJ‘IM;JiWE]aLWG]LLﬁIﬂSauﬁﬂ’mﬂqNﬂ’liLﬁ@LLazamEl focal adhesion 'lawn FAK way paxillin
Tuimad HEK293 @21 [6] wananWadanIsaaanil MAP kinase fafinatwnySunonduladluny
fiap@ans extracellular matrix L@wA matrix metalloproteinase (MMP 9) &% urokinase
plasminogen activator (uPA) lulraaussiadn [71.

P13 kinase signaling pathway Lﬂuﬁﬂﬁtyty’]m%ﬁ\‘iﬁfli.l“ﬂ‘ﬂ’msluﬂ’]‘imuquqaﬂ‘i‘iwﬂ’m
TININARINAANLBENT bALA msﬁ%‘%@ag’ MSULILEaE Was NMsadaufivasimas PI3 kinase an
nizguldlasdyamannauanianuanssiia 15w growth factor H1UN19 receptor UUAINTAR
Wae extracellular matrix HIWN4 integrin UBRILTAE Lfial,sﬁaﬁgﬂm:@ju PI3 kinase 90Na93NE4R7
LIRS LLaz"Lﬂﬂsz@j”uﬂniLau%gwamWwﬁﬁumﬂaﬁ 3 1%nU phosphatidylinositol bisphosphate (PIP,)
UL sulEn phosphatidylinositol triphosphate (PIP5) PIP, ftiaduiiazifiugaaslnlysainds
PH domain 1% Akt, PDK1 kaz8u e 319U ﬁ’fﬁLi’flumidaﬁrymgmﬁalﬁﬁmmuﬂﬁsuuﬂmma
Tnendna g da’ld wulunsdiuas Akt Lﬁagﬂﬁamﬁmmmm:gm@wyﬂamﬂm AT DNNIZE
lag PDK1 G’f}aﬁgﬂﬁamﬁmmmu‘[m PIP, twt@pnis 9701w Akt #9181 protein kinase 221116
ﬁ%iWaaLWWFLﬁTﬂi?mﬁaﬁu 9da 134 Bad ldlnadunsansvedsad vldiaaddiiaagle 8]

PI3 kinase UNUINABNITAANZTI MIUNTNLAZMIUNINTZNHVBITATUZLTIRAINRAY
1Ha NI wumuﬁu%maaé’cymﬂmluﬁﬁf: LML wion1sNa WSS catalytic
subunit U84 PI3 kinase, Akt (downstream effector 284 P13 kinase) luuzi591Ra6199 1w 1215959
o whua daa &8 uss Bu9 [9, 10] MITuEs PI3 kinase pathway Juaduisnnusansolums

UNINTRITAR N TIUND NNz dulanaug@n [11]



fygmnisasiilanuimdglunsaiugunninsiuneEinemannaneat e TINning
a A { { |2 AI J =3 a Q/
Wigdula Mmauefeud war nsynInvedmas uaz JdSanoudniulwasduninsia dygam
U J = 6 =3 3 1 = ]
wsnfazfiununlumyninesasduziisdeugnuannaingls uaziinalnagngls

Y I3
aqilezan
dl v 1 v 3 1 A a 1 1 cj’n J v
NN ldnaIuaIRAR BDIUNINMIEAIne et anaiiialunsldniaiuga
s ﬁ 1 a [} . . ! . .
VOIRYUIWINNNNEUAN DITRIREYYIWNIWN signal transduction pathway 6113¢)  Signaling
{ o Q 1 L= { { A | . ¥
pathway Nilunumadglunsaiugumaudsdn uazmaafaunvasaad (Todugmauddnugiu
maumaﬁ‘mﬁaﬁuwimza’m) léun PI3 kinase, Ras/MAP kinase 8% Rho pathways 37NN1INAKD
v a wa ' 04 . A . = @ o 6 v o
Tukasd JUAN1T 19IWU41 3201 MAP kinase 1 active HAMusUNUTFOAARBINLANEINITD L
MIUWINTZY (metastatic potential) VBITANULTIAONINUNINVDINY HBNANT HINUTN MAP
kinase Siunumdaluns invasion waz araidusngnviliioaddanusmansalunig
WWIN3ZDFIAE
i g o =2 = A A i & =
lulasansit indasmsinmiisnalnmIniugunsiafeunzas MAP kinase lulmaduzi3s
daugnuann wananit indsazdnmiinnuiuItasvad PI3 kinase AoN1IUNINVBITAR UAZ

NITNUNBAR I WIUNY PI3 kinase ©9 PI3 kinase 8198981 MNIHNIS MAP kinase

1.1, @nsaNUfmALTaY PI3 kinase @anuaunsnluns invade maomaﬁmﬁwiaugﬂ%mﬂ
lagls specific inhibitor (LY294002)
1.2, @nwnalnlumsdudsnsyninuesiaaslay PI3 kinase inhibitors laBasIagaUHazas
inhibitor ¢ia1la381614 9 ﬁLﬁm‘*ﬁaaﬁummwimzmULLa:m‘ﬁ_qlm;nmawrjaﬁ"l.@i”l,m'
A A
- maaRauilas Transwell assay
[~3 (d‘ [l . 1 & [ < (d‘ <
- Lau"l,snumasl extracellular matrix L% MMP2, uPA mlmmmau"lfnm%maaﬂm
LaZIZAL mRNA
o a o L & o @ . A A &
- M390389@1709 actin A ludansinlaunvoimas
1.3, @NWINIEINYYIMIZHIN PI3 kinase L8z MAP kinase
14, @nmnalnuas MAPK lumiaiuguanumaninlums invade luimaduziiidangnnann
3] metastatic potential FaLAALGY T@Uﬁﬂmwamaamiﬁuﬂ'q@iaﬂﬁLawy;WamW@ﬂﬁﬁ'u
. . . . . ‘é o o 1
myosin regulatory light chain (MRLC) wa¢ focal adhesion kinase (FAK) sﬁda’]ﬂmulu@aﬂ’li
A A &
LAROUNVDILTAR
1.5. @N®IMIFNNBIINAULEI MAP kinase wae PI3 kinase slumimuqumsmaauﬁ ez N3

qﬂEﬂﬂJadL‘ﬁaE\i(



A5N1Inaaad

2.1) cell lines NlFlunmaaad
\BASNZLIIdaNgNWAN Dunning rat prostrate tumor sublines AANWENANINlUNT
WWINTZEI (MLL) azgnifssluamiaidoaisad RPMI 18 10% FBS lugau 37°C, 5% carbon

dioxide

2.2) MIIAANMNUEINITD LWNNTHUIGIVB DA (Proliferation assay) lag3s MTT assay
Trypsinized LTARINNNWLRLILTAS 130U TLRLITARNG 10% FBS 1A la

USunousas 2500 Lad o 100 laimadasln 96 well plate nauaz 2500 1oad e i uAn
o . & = & aa & P v @
393U 1Wapuilu media A% DMSO w3a LY294002 (PI3 kinase inhibitor) Naatiutuens g

faAAAA

incubate 1{lugay carbon dioxide 37°C w1 48 Ta. iwaaNNTinagaz gndandis MTT lasn1s
\fia 5 mg/ml MTT a9l media Tudasaam 1:10 incubate @a8n 3-4 1. LHasNATINZLUS U
MTT T#iilunan Formazan dye 958179 #a331n5i0ton media sanuazazansnanlagnisida
DMSO 200 LUl gnudnmsgananuuasi 540 nm lasld microtiter plate reader $mwinimadnisineg

a:uaﬂlﬂu@hmig@ﬂﬁmmﬁ 540 nm

2.3) MIATIIAANNEINNIOLUNNTYNINENY Matrigel (Invasion assay) Lasld Transwell

ﬂ’;'}&la’m’ﬁﬂ"uadlfﬁaar1uﬂ’1§1_qlﬂ§ﬂ|>\'l’1u Matrigel (synthetic extracellular matrix) LLaz 8 Llm
LWALLTU (W38 N8N invasive ability) 329n@173970 lagl$3F Transwell in vitro invasion assay

I@]il@ﬁ]’]ﬂﬁﬂu’)%L‘ﬁagﬁﬁ’]&I’]‘iﬂﬁ%ﬂEﬂ advlﬂﬂ%iﬁ’]%fﬂl’]\‘i“llﬂd FUNLLI

AAUANINITNARBIZABIVNNTLARALLNNLLTUV DS upper chamber U84 transwell @78 30 g

matrigel (Collaborative Research, Becton Dickinson, U.K.) Ium%’mﬁmmﬂﬁﬁuﬁ serum “7701’3’1
au lugiau 37°C Trypsinize madmadonly wazFensluomsiasaimasn il FBS uell DMSO
W38 LY294002 (PI3 kinase inhibitor) A3t utud199 sierad 2 X10° 1was dbi upper chamber
filndausas Matrigel 1Tud daulu lower chamber ldowsiapaiaasfia 10% FBS 600LU

incubate lugan CO, 37°C 6 Ta. ianTufMuaALTALTARLY upper chamber aan wazdauiTaaT

qngnmﬁ"[ﬂlﬁmmmuﬁ’m 0.5% crystal violet 1% 25% Methanol 20 w11 S19FFLARaaNG 18N
< @ o v o & o o v ° &, .

naw uaziudnmadlanassanssest Maswens 10x ldandu wrmaad/ field

2.4) NMI97INUINTH matrix metalloproteinases (MMPs) ﬁﬁﬁdaaﬂmim Gelatin zymography
L‘gmmaﬂummuﬁmmaﬁﬁﬁ 10% FBS ’i]%vL(ﬁ 80% confluent mﬂﬁf’mﬂﬁsmﬂua']mn‘gm
iaan bl serum weidl LY294002 Tuanuidudueng g incubate tHwiaa1 6 1.4, WEIFILAL
conditioned media 4193338 8L gelatinase activity 1ag gelatin zymography NEUFTA28E
(conditioned media) AU SDS sample buffer ﬁ"l,ajﬁ reducing agent WATLENGBNTZUR AT 7.5%
SDS-PAGE ﬁfl gelatin 1 mg/mi wad N gel 48196128 2.5% tritron X-100 La< incubate gel Tu



reaction buffer (500mM Tris-Cl pH7.5, 100mM CaCl,, TmM ZnCl,, 10% triton X-100, 2% NaN; ) 17

7.4. 9 37°C fau gel @28 Coomassie blue USLIWNA gelatinase activity ’%zﬂi’]ﬂglﬂmmﬂa

2.5) NMIATIIWIUINNTH urokinase plasminogen activator (UPA) ﬁ'%ﬁ"aaaﬂm LLa:ﬁa%iﬁﬁ’JLﬁliaﬁI@U
Plasminogen gelatin zymography

Boamasuazlsonluinuea@ietumsm MMP fiu conditioned media snvinlidudn uas
AU UPA ﬁ%é’ﬁaaﬂm #7% uPA UBAILTaS La3aulas elute uPA ﬁ’ﬁlﬁ"].l uPA receptor Ut
\madee glycine pH3 UPA activity 1w conditioned media uaziafaanALmas anaaia lag
Plasminogen gelatin zymography 14 10% SDS-PAGE “ﬁﬁ gelatin 1 mg/ml L8z Plasminogen 10
Hg/ml ¥R99NIN gel AN81NAE 2.5% tritron X-100 La incubate gel 44 reaction buffer (100 mM
Tris-HCI pH 7.8, 0.15 M NaCl, and 1% triton X-100) 17 .4. ﬁ 37°C ffau gel @18 Coomassie blue

U3mN¥ uPA activity aztnngiuuauls

2.6) msnsnmMaagwlasUSuno mRNA 2895% uPA uaz MMP2

RILTRSEIUIN 5 x 10° Las L plate 210 60 NN wa21in 1 incubate lug O, incubator
amnnd 37 °c {luian 48 Falug ansuinvue \TARATYN treated 618 LY294002 fianudutn
25, 50 uaz 100 uM laeld DMSO 1flw control ua incubate datflwiaan 6 T2lus LansUiAuAT
¥m3 trypsinize LoasLABIITaSANARA RNA duyaana RNA, RNeasy mini kits (Qiagen), 1@
U510 RNA 7 OD260 udadnwim/Sanas RNA 31nga3 (RNA (ng/pl) = 40 x dilution factor x
0D260)

Fmsiasu RNA fiafald $10495 2 ug 1tifls cDNA ¢ Superscript lll-Reverse
transcription (Invitrogen) u&21n cDNA 7ild luvhmImdsunamasmsusasaanvasiuiianladae
37 realtime PCR ﬁwm’%a\‘] Rotor gene 3000 (Corbett) wazynMIAta Nz e lUsunsy Rotor-

gene 5.0 lauld Primers @4a1571970&a9 1349819

ANINN 1 UFAS primers lun13¥i1 Realtime-PCR

F-Primer ( 5—>3’) R-Primer ( 5—> 3’)
Actin GCCCTGGCTCCTAGCACC CCACCAATCCACACAGAGTACTTG
MMP2 TGACCTTGACCAGAACACCA CCCATACTTTACGCGGACCA
uPA GTGGAGAACCAGCCCTGGT GGCAGGCAGATGGTCTGTAT

fawilsznavulunnsvia PCR reaction

10X buffer 2.0 ul
dNTP 04 1]
F-primer 04 ul



R-primer 04 i

HotstarTag-Polymerase 0.1 ul
SyBr-Green 0.5 Ml
Template 1.0 i
DW 152 i

lasduinvad Template NlEl1A15¥IN Realtime-PCR 28481 Actin UWazf uPA 1¥inAL 5 ng
waz §%IVEU MMP2 LYinNU 50 ng

qmﬁgﬁﬁiﬂumiﬁw Realtime PCR

Initiation 95 °C 15 Wl

Denaturation 94 °C 30 3w

Annealing 56 °C 30 Jufl 40 Cycles
Extension 72°C 30 3w

2.7) Western blot lam11/50104 MAP kinase, MLCK, Akt, FAK sz Paxilln 3naa uaz fignidy
ENLENL

{18990 MAP kinase Qﬂm:@:fuimﬂ’maam%iWaaLW@ \n39l93eAUTas MAP kinase ‘ﬁlﬁ%y;
Waswa (phospho-MAP kinase) 14119019 MAP kinase ﬁgﬂmz@iu US3104 MAP kinase 11IMua
e MAP kinase ﬁgﬂmz@ju lutras w'lalay western blotting lagld anti-MAP kinase Waz anti-
phospho-MAP kinase antibodies il primary antibodies

lurinuaadaans Akt, phospho-Atk, FAK, phospho-FAK, paxillin W& phospho-paxillin "L@Tg]n
#7739 198 western bloting lagld anti-Akt, anti-phospho-Akt, anti-FAK, anti-phospho-FAK, anti
paxillin Lazanti-phospho-paxillin (VL@%’%'UWJ']NE’J‘L#L@‘I‘S"I?IE%WT] Prof. Ishibe S) i primary antibodies

R UILTARINETMNTLABINIE 10% FBS anunseriadUSanmuszanms 80 % confluent Treat Lsas
&8 inhibitor 1 w30 6 T2la9 w50 DMSO Liaiilu control Harvest cell lyse wazugnlusdiuluiaas
lysate denszud Wi las SDS-PAGE Iﬂiﬁﬂ%ﬁlﬂﬁl:gﬂ transfer 89U% nitrocellulose membrane
dronszus i e lusanussoslnlysdufidasnisarnds western bloting lasle antibodies
@iaiﬂsauﬁ?uﬂ \{l4 primary antibodies au&78 secondary antibodies fisiany horse raddish

peroxidase kazasramwnuldsfinudranisvingd §i3uny ECL plus (GE Health Care)

2.8) NNI&319 cell line “ﬁﬁ active MAP kinase §

LTRR ﬁfl active MAP kinase gdﬁ]zgﬂﬁ%”]ﬂ@ﬂm‘i transfect AT-01 cell ‘ﬁﬁ metastatic
potential LLaz active MAP kinase @‘iﬂ @28 MEK-EE plasmid lagld Lipid Fugene6 (Roche)

MEK-EE pcDNA3 l¢annm1da@aannMEK-EE gene 284032618 910 MEK-EE pGEX3X 9
'l&27n Prof C Marshall @140 pcDNA3 vector MEK-EE pcDNA3 1w plasmid finnainaznan
MEK mutant “71' active %0 MEK 1Hulds6u kinase ﬁLamﬁ%i phosphate 19 uaz ﬂiz@;’u MAP kinase

plasmid Tty neomycin \Dw selectable marker



Juusndnsnanazfmanzanlums transfection lagle plasmid g9 beta-galactosidase
(PCH110) 1lne 19 an A INYRINT transfection L@N 2-12 ul FUGENE 6 aslw media 6039
gownnAWad 5 Wil uan woaadlunaaaiiil 1-2 ug DNA (pCH110 plasmid) asli8n 15 wift Sslaas
TR 9L Taa 7T LTas 70-80% confluent UAZWAINNT transfection 48 T2 luafauiaad de X-gal
\TaaTE pCH110 9zHaR beta-galactosidase Fovz hydrolyze X-gal T leaninGu

Transfect AT-01 cell §78) MEK-EE plasmid lagl% condition fitnanzay fivinlwaanusansn
luns transfect g4g@ wazvinmsdaiRan Taoiansly media 713 0.5 mg/ml G418 gasdUay Ly
wrnsmasiulaldlugnasiinnamaseunSano MAP kinase nanua uaz active (phospho) MAP

kinase lag western bloting aNNTD 2.7

2.9) MIANBINNTIALTLIGIBS actin MALTRE
g & . & o o ed o o . o
LNEILTRAUW coverslip Uaaalaia 2 1% Lasitoaanaadn1igad actin cytoskeleton 1814
Y Y \ \ . \ 4 %
LTa8 2 J9U6Y PBS a2 Fix Loaa b Fixative solution @91vznaveay 3% Paraformaldehyde, 2%
sucrose 10 W11l 819628 PBS 8n 2 58U &2 Permeabilize \aaent 0.5 % TritonX-100 Nazanslu

PBS 5 w1 URI819LT88 928 PBS 8nA3y annudaniaasas 0.4 Llg/ml phalloidin-TRITC

. =) dﬁ P v % . @ @ @
(Sigma) 5 N (T4 phalloidin 9zaUNY F-actin) Laza1a38 PBS 10 38U @ua18n137 mount
coversilp U slide lagld 75 % glycerol 1w permount L&2398i0 lUAnwAeldnaas Fluorescence

microscope

2.10) ANIANENHATEI PDI8059 faNITILNKIZAING paxillin Lk8s FAK lag immunoprecipitation

R UILTARININWRLITIA 100 Wy, 9uld 80% confluent L§39 Incubate LTad 1w media 713
uazlaifl 100 puM PD98059 6 1dl. Harvest Uaz Lyse LIaReY EBC lysis buffer (50 mM Tris-HCI pH
8.0, 120 mM NaCl, 0.5% Nonidet P-40, 0.2 mM sodium orthovanadate, 100 mM sodium fluoride,
1x protease inhibitor cocktail) 41 cell lysate ‘ﬁmﬂiau 1500 dN. Y1 immunoprecipitate lasng
LAY antibody #ia FAK @628 protein A-sepharose bead 113614 FAK LLa:IﬂsauﬁLm:agiﬁu
FAK 9208989316128 anti-FAK @91U5ury protein A-sepharose bead LAZANAZNAUSINT KRIIN
819 bead Iﬂiau‘ﬁ'%‘ua%}ﬁu bead 9zpnilaanaananlasmaiin SDS-loading buffer ugI39usn
lds@ulusnsarasninszuawiinlas 7% SDS-PAGE uaz blot 638 antibody @@ paxillin

2.11) msﬁnm@i%mﬂoﬁagmao FAK, paxillin wa vinculin lag immunofluorescence

L'gﬂ\wﬁaﬁuu coverslip ﬂaam%a 2 1% Fix LTAR LAz permeabilize LIWLAEINUNSE AN actin
nnindoumadlay incubate B primary antibody ﬁﬁﬂLWﬁs@iﬂIﬂiaufuq WRIINA antibody
FIULABBAN WA incubate N secondary antibody ﬁ@iaﬁ'ﬂmiﬁamﬁd mount coversilp wen393i0 1)

dnsnelénaad confocal microscope



HANIINAADY

mM3@ns1unuINYas PI3 kinase luauwnisyngnvanisasxzSinangnuain

3.1) Anwnavad PI3 kinase inhibitor (LY294002) 1ums€1’u§wmums invasion
mldihnsnsanudayaes PI3 kinase lunsyninvasaasuziislasly PI3 kinase

inhibitor (LY294002) wazWu3 inhibitor ﬁawmsnﬂ'u&mmn;mhu Matrigel Wz LUNLLUTH

(invasion) mawﬁaﬁmﬁmawgﬂ%mr} rat prostatic adenocarcinoma, Dunning subline Tia

uwinszansgs (MLL) Ie (3U9 1) Tasdl é1 1Cs (50 % inhibition concentration) 1323tk 40 UM
A & A e, o & . . AN Vv A
LNBLTWNITE B WIN ﬂ’]iUUEl\‘iﬂ’ﬁlqlﬂEﬂ Matrlgel Uad inhibitor ¥ VLNVL@]Lﬂ%NaLuE]GQJ’]%’mﬂ’]i

daaanianuduiisal inhibitor 3916viNIAnBINaad inhibitor dan1INTInatvaTad (cell

A o =S

survival) LaTWUI LY294002 (luaﬂ’l’.lz MNTENEINTEUES invasion) fnada cell survival #ag

an lasnanudutugiga (500 UM) (AGUL invasive ability va4 MLL léifiausuysal) awnn

v
o

fU3 cell survival ldieslainie 20% winuu (3UN 1)

140

Oinvasion
120 1 .
l % survival
'S 100 1
5
o 80
o
T 60
5
2 40
2
20
0 : : : : :
control 10 50 100 150 200 500

LY294002 (uM)

E‘ﬂ‘ﬁl 1 Nawad PI3 kinase inhibitor lunﬂsﬂ'uE]y'aﬂ’lmﬂgml,azmiagsamaaLsﬁaa‘ MLL Resuspend
imadluanIng wazlaifl Ly294002 uhuniaanumanInlumayninds Transwell fidau
@18 matrigel Uaz incubate 1A 6 7. lUNMTIAAIINBETBAVBILTAA treat adherence cells
froamnIng uazlid LY294002 1u 96 well plate 1ilwiaan 6 ma. uwaziannuagIanvadTaalay

MTT assay TayafiLandfia mean + SEM 31nMinanad 3 ATINBaI:

3.2) @nWavad PI3 kinase inhibitor (LY294002) lun38UEa U umIsiARa w8l Tan
MNMINARBINHIUNINLI PI3 kinase HANUEATYAONTYNINVLILTAR tWaANINDY
2 X = o ' wa A A @ o
nalnlun1sarugunisynin i13sEnsiisnazal inhibitor deqmant@dndgfitieatasiunis
FLETNAINANINIUNIYNINVRILDAS LdUn MIAREUNTBITAN ez NIFANY extracellular
matrix 31NNITNARBIWLIN PI3 kinase inhibitor (LY294002) Suginsinfeunvadiaas MLL laaf

A A A o o & & A
NE‘]JLL'U‘U“]J@\‘] dose response curve Lae [Csy NERNaWNU ﬂﬁiﬂﬂﬂdﬂﬂigﬂ?ﬂ“ﬂadl,sﬁaa (Eﬂﬂ 2)



% Control

100
——Invasion

—&— Motility

80

60 I

40 -

20 ‘

0 I I T I I T I I T
0.1 1 10 100 1000

[LY294002] (uM)
gﬂﬁ 2 Wawad PI3 kinase inhibitor ‘Lumsi’fméizamsl,ﬂﬁauﬁl,tazmmﬂgnmawﬁaﬁ Resuspend
Lrasluomsnd wazlaf Ly204002 u,a'”mﬁmi'@mwummm’tumsmﬁauﬁ'LLa:mmﬂgﬂﬁm
Transwell flsitaR0U Waz WADUAIY matrigel MNEIGU Waz incubate LlwIan 6 T4, ﬁagaﬁuam

fa mean + SEM 91nM3Na8ad 3 ASINDET

3.3) @nsmaad PI3 kinase inhibitor (LY294002) daySanmnnsnas MMP2

MNIMa9 matrix metalloproteinases (MMPs) Lﬂuﬂaﬁ'ﬂﬁﬁﬁmﬁmmﬁa lunsaane
extracellular matrix LLazﬁﬂﬁ’Lsﬁaﬁqﬂgﬂ basement membrane LAz stroma LLazLﬂﬁauﬁaaﬂmmmdd
ﬁa%il,au"l@i” NMIANBINAVDY inhibitor #oN13%&I MMP Lag gelatin zymography w131 LY294002
lifinaaaySunm MMP2 finasannisasansfituidn (gﬂ“?'i 3)

LY294002 0 10 25 50 100 150 UM

MMP-2-

Eﬂﬁ 3 Gelatin zymogram LL&AINEVBY PI3 kinase inhibitor ¢an1I1ad MMP2 Treat adherence cells
aa8a1m3N Ll serum N waz & LY294002 1Tluiaan 6 1. w211 conditioned media 11@32aMN

MMP-2 uaz 9 lag gelatin zymography



¥ '
o >

3.4) Anwnawad PI3 kinase inhibitor (LY294002) 618 urolkinase plasminogen activator (‘mﬁ‘ﬂm
1 . A Aa [
0ang media Uaz AMzNRILTAR)
urokinase plasminogen activator (UPA) fa serine protease ﬁ"lﬂm:@ju L5 Lemsa] plaminogen
[ = M 1o ' . 1Y [
Tk du plasmin D% protease Alaidwne swnIatas extracellular matrix %38 nzan MMPs 14
lueiay extracellular matrix azii uPA Saidudulodniianudaylunszuiunmyninvas
LTRANZLSI wana1nih MLL cell ﬁﬁﬂmummsnlummws’mzmm;m 9NMILEAIADNVAS UPA G
d °/ v o a { 1 °| 1 v n' J
LN UNULTRR AW NTAIMURINITD LBNITUNI NIz @10879 AT-01 LaazdnILN U w8
uPA T MLL cell Y3104 uPA N1483908N91NTaa89nIa 801N 3931 udasvinliiuduns 100 1¥in
AawiunaTziele plasminogen-gelatin zymography
INMILRLILTRA LAIWIINL PI3 kinase inhibitor W31 U331k uPANS ﬁﬂé'aaamj media
A Aa & | Ao o @ & A a X A A
waz AmenRees aasdadvivedayuazdwllauamevasenniiiadn (3UN 4n, 2) Taan

v o A A & A ' & v .
ANMULT NI WHYINANULT WN A DLTRRWBININ (311 survival)

LY294002 0 10 25 50 100 150 UM

U
Eﬂ‘ﬁ' 4 Plaminogen gelatin zymogram L&a3INa4 PI3 kinase inhibitor dialIu1ts uPA ﬁﬂﬁi‘igj
media (N) WAz uPA fimefinamas (2) Treat adherence cells froawn I laid serum 718 uazlaid
LY294002 114281 6 Tw. L& conditioned media (M) LLa:Iﬂiauﬁl elute MNANTAR () ¥

737391 uPA lag Plasminogen-gelatin zymography

3.5) ANwINAUad PI3 kinase inhibitor (LY294002) 68 336U MMP2 uaz uPA mRNA luwsad
NNMINA[BINHIBIINDIN PI3 kinase inhibitor aa1/3un0w matrix degrading enzyme 11
L & 2 o = " v & Xa X A o = &
NAIBBNINLTAR L31IINMIANBIGEI1 MITULIRAATWIEINNTANTZAL MRNA VLD s
waald 18 treat LUAR 628 LY294002 NANUTNTNA1E 9 &0 RNA LagtannInsuaadaanuad
Sufigwlani realtime RT-PCR L&z ¥NMIIATZRNAG83T Comparative quantification (1{un1s
WisudTunos mRNA vasbunaunla (UPA waz MMP2) AuLSunas mRNA 284 actin Nlaiduan

normalize) laaltlUsunsy Rotor-gene 5.0 W31 USunok mRNA 289 uPA aaadauaNNLTuty
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d QI é/ { d d v v 1
284 LY294002 Miinau (U7 5) luumizfl mRNA 289 MMP2 fianaidududiiguas LY294002
un fUSinahivandwiuadsiitbidn (U0 6) naninaaadlunmwiduel mean £ SD ann3
naaad 3 A3 ﬁnﬂwamimaaaagﬂvléﬁ']ms{m51?1 PI3 kinase @28 LY294002 ¥inl# 30U mRNA

A & = v a < = ¢ a Ao W A ' o
Pad uPA a@‘lmsﬁ\‘mﬂﬁ]uﬂumm@l%u\‘mﬂﬂ%ﬂimmmi%mLauvLGIjaJ"liu@uuaUa\‘l LLW%NNN@@@?&@‘U

mRNA 283 MMP2 ugiatingls

0.25

0.2 =

0.15 -

=

0.1 -

mRNA Ratio

0.05 -

HH
i

|—I—|

Control 10 uyM 25 uM 50 uM 100 uM

LY concentration

UM 5 WAY8d LY294002 diaszdu mRNA 28481 uPA meluloas Treat Loasene LY294002 L1l
IR 6 TX. Lyse LOas wae 82na RNA Lauwnsuaadaanaadiit uPA 1ag realtime RT-PCR

Wisunudu actin fN'leidudn mean + SD was 3 independent experiments #%8921N normalize

@28 actin

0.005

0.004 1 T
s | [ [
~N—
5 0003 | T T
< l i l
Z 0.002
% v T
g

0.001

0
Control 10 uM 25 uM 50 uM 100 uM
LY concentration

gﬂﬁ 6 WaTad LY294002 ¢iavzal mRNA aadtiv MMP2 Treat laaeae LY294002 11281 6 wal.
Lyse LIAR Wae 82na RNA uiihannimsuaadaanuadiin MMP2 lag realtime RT-PCR figuny

84 actin @NleLdud1 mean + SD 289 3 independent experiments #8990 normalize @28 actin
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3.6) ANWKAVDY PI3 kinase inhibitor (LY294002) ¢ia nM330L38963289 actin LLas

A o & . ‘ o & A A o =2 v A

\8991nNNIHUEY PI3 kinase ddKaliimasansiafeuitasas 39ladnsdaininng
wWasuudasguuumsdaissaaivad actin Saduiadviaglunsinfeunvesaadniala idsle
ANENaNI=NUaY PI3 Kinase inhibitor (LY294002) @anN13AALILIAVBY actin cytoskeleton 83D

L. & adan M o A o ' A A = .

Fluorescence staining tIaaUn@n lu'le treat snazlianwouzun uasddiuvasiuaiusnduduins
(lamellipodia)iay mumaammmuﬂmﬂmamaﬂ6] 138N filopodia lasiamizuSmlaaseniniin
e VS annaniesiimsseauaas F-actin #9aziisldannmsdouimadads Phalloidin-TRICT 3 517
7) \ile treat @28 LY294002 finnauidaudu 100 uM 1fuaan 6 Falus ridunafildlumsdiamesy
ﬂm_qmgﬂmammé‘) ﬁﬂﬁlﬁ@msm‘é‘ﬂuLLﬂawaogﬂs’wwaamaaha:mﬁm%mﬁfmaa F-actin lag
nan1InaaadLaadtdunwanaaaNinae e 40X Fluorescence Light LY294002 ﬁwa@iagﬂsﬁa

6 o A > . 6 ai 1 1 [l
YDILTAN AT NIIIALILIAIVAY actin cytoskeleton I@ﬂmjaaumnﬂauuuﬂaagﬂﬁomﬂgﬂiwuw

wunlthilusnwmzasonszamouazlsonsdannanenndudiwlng usslinsaassvas F-actin lu

3uuuy lamellipodia waz filopodia (3U71 7)
Control 100 M LY294002 6 hr

A ' o & ' o A [ . o &
3‘]_]7] 7 Eﬂi?dL‘Hﬁﬂ%ﬂﬂﬂﬂ'ﬂqaﬂiiﬂ% LL'&@]GEI]TNLLE‘]ST]’]T{]@]L?UG@]TIJQG F-actin I@]ﬂﬂﬂa\iﬁgﬂﬂiiﬂ% fluorescence

luwadfifauday Phalloidin-TRICT lulmadngai treat 28 100 LM LY294002 (437) sz ng control (418

q

(718 objective lens AU 40x)
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3.7) Wawad PI3 kinase inhibitor (LY294002) ¢ia miﬂizﬁu MAP kinase

INNINARBINAEIUAN L3IWL1 119 MAP Kinase uaz PI3 kinase anudranea
AMUENANIDIUNITUNINTBITASNZLTIAaNNANINAUTAALNINTZANY (Dunning MLL cell line)
lag MAP kinase inhibitor (PD98059) ﬁwa@iamiqﬂgmmzmimﬁauﬁ"uawﬁaﬁ 874 PI3 kinase
inhibitor (LY294002) ﬁwa@iammﬂ;ﬂmsmﬁauﬁLLazmSLLamaaﬂmadLSuvlsﬁﬁﬁziaﬂ extracellular
matrix Magasdy R IRiinuFuiuiAdandenlsaiulumsrhldiRanademndouudami
FrAnewanitnse’lal PI3 kinase ANASIN QI MHIUNS MAP kinase 13134 16 AN BNT8IRTY Q06
321319 PI3 kinase W&z MAP kinase ﬁnngﬂﬁ 8 M3 PI3 Kinase ﬁwaﬂ'u&ms@wyj%lamwm
1% MAP kinase Tuzaaraswils (lu15 wifiusn) (Transient effect) mm:ﬁmsﬁm‘iﬁmmawg
Wasnazas Akt Fudulusdunandmilifinouausssa PI3 kinase faaddnssatsallan 6 Talug

8 o &, . | o o & '
TGL{]%WJ%'J'] P13 kinase m%mmgnwmag

Time (min) 0 15 30 60 360 0 15 30 60 360
P-AKT o M—— e |
- -~ MAP
—— P-MAPK e e

gﬂﬁ 8 WaUad PI3 kinase inhibitor (LY294002) @an1inazdu (Aungwamna) MAP kinase uaz Akt
Treat adherence cells 14191304 waz 18 LY294002 tHuiian 6 . waziin cell lysate 8190
YSunmlysdundasnisers western blot ¢ia antibody va3lUsAutne

Gnwnalnyas MAP kinase inhibitor (PD98059) Twn156ugawuI%nI5 migration

MNMINARBITHUIILTIWUTT MAP kinase ﬁmméﬂﬁ'ty@iamwmmsnlumiqn;ﬂmaa
L%ﬂéﬁl:ﬁd@iﬂ&l@ﬂ%ﬂ’lﬂ Dunning MLL cell line 1at) MAP kinase inhibitor (PD98059) El'usf]y‘ammﬂgﬂ
wazmsaaeuivasas ualidnadansnassulod MMP2 uas uPA 3nHas extracellular matrix
Tulassnsit sold@nsnalnlunmsiussmaadaufvesmad lag PDI8059 wananit &9 le
WENNRIILTAR “ﬁlﬁ constitutively active MAP kinase Lﬁaﬁﬂmwalumdmstﬁu activity a4
MAP kinase

3.8) MIFIILTAK N4 constitutively active MAP kinase

] ]
aA

ARG ERREEY constitutively active MAP kinase 1ag transfect AT-01 cell NN metastatic
potential LLa active MAP kinase ¢ @28 MEK-EE plasmid Fouaa MEK 7 active %dvlﬂl,awmﬁi
phosphate L ﬂszéju MAP kinase 1 active

Juusndnsnanzfmanzanlums transfection lagle plasmid g9 beta-galactosidase

(pCH110) 1JuaI1L 4T wAINUBINNT transfection LazauLaanl8 X-gal BaINT3 transfection
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21nN17 vary Y3um lipid (Fugene6) Waz DNA (pCH110 plasmid) Wu3N Sansninanzaude
(lipid (ul): DNA (ug)) =12:1

Transfect AT-01 cell 628 MEK-EE plasmid lael% condition #9na17 uazvinmsaatden lag
Beslu media 718 0.5 mg/ml G418 gasdUenyt radfiiTiasen vhazilweas A3 MEKEE plasmid
AuLTas nasennasasauUSanm MAP kinase Hanaa uas MAP kinase ﬁgﬂﬂizéju Tuioadn
transfect @28 MAP kinase {1gUNy Lsﬁaagﬁvl&ivl,ﬁ' transfect LLaz ﬁ transfect @28 vactor WUINLIU
MAP kinase ﬁgﬂﬂs:éjuvlmﬁu%ﬂwmﬁﬁ transfect ¢28 MEK-EE plasmid (Eﬂﬁ 9) anatflasan
m3 transfect lidszaunadisa uaz iasnawdaiedlidass G418 ldunniu suasyluanedia

G418 ¢ luszaunagnsaluniiasns cell line N3 active MEK 849

1 2 3
-P-p44MAPK
-P-p42MAPK
n.
-p44MAPK
-p42MAPK
.

gﬂﬁ' 9 153124 MAP kinase ﬁgﬂm:@ju (M) WAz MAP kinase h3wua (1) luLmaﬁﬁVLajvlﬁgﬂ transfect
(lane 1) transfect @28 pcDNA3 vector (lane 2) w8z transfect @18 MEK-EE pcDNA3 (lane 3) ¥
cell lysate dNW1UIU1H MAP kinase 1az phospho-MAP kinase @28 western blot

WnLasunane DNA uazas2am MEK-EE lag3s PCR Tagld specific primer 71 amplify
MEK 2840326118 (310 MEK-EE plasmid) usi lal amplify MEK 84%% (endogenous MEK lulmas)
WU 1aW1ZDNA extract IMNLTAST transfect 828 MEK-EE (ualdlgimadlaleann transfect n3a f
transfect 628 pcDNA3 vector) AinAanusivas PCR (Eﬂﬁ 10N) WAz NAANIHNVEY PCR ﬁgmjay
¢ Hindlll w&ad3n plasmid 1 TUluwinas udanala express w38 express we bifl activity 193U
anuuanasluen species (tHasa1n MEKEE Wuaasnizens s AT-01 \Dwaadny)
ulidsion iiesann msld overexpress Huit Twaaany NIH 3T3 ilddi3a wazvihliil MAPK

o o o o L A= a 2 a LA
activation 's;(\‘] (L%Bx‘]"ﬂ']ﬂL'Jﬂ']LLﬂZVJ%N’i]']ﬂ@ unﬁﬁuﬁﬁ]dgﬂﬂﬂmﬂvlﬂ LLﬂtvLﬂLWNL@]NI%ﬁ’JHQHLLVI%)
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M12 3 45

n U
Eﬂ‘ﬁl 10 WRAA MM PCR 284 DNA extract (n) mmmaﬁﬁ transfect AT-01 (lane 2) AT-01 ﬁ transfect
@28 pcDNA3 vector (lane 3) WL ﬁgﬂ transfect 628 MEK-EE (lane 4), negative control ﬁv[,sjﬁ
DNA (lane 5) ez positive control PCR MEKEE plasmid (lane 6); NRAN T VE9 PCR ﬁgﬂﬂ'aﬂﬁaﬂ
Hindlll (v) DNA extract 370 AT-01 ‘ﬁlgﬂ transfect 628 MEK-EE (lane 2), 370 MEKEE plasmid

(lane 3) M = 100 bp marker

3.9) @nMIHALAI MAP kinase inhibitor (PD98059) lumatiiunyWasmnauas MLCK, FAK uaz
Paxillin

1$18997n MAP kinase ﬁmwuéwﬁ'zuﬂumsqnqnua:nwmﬁauﬁmawﬁaﬁmﬁmawgﬂ%mﬂ
witl1a3zNA Dunning subline 1%51smuffnﬂﬁﬁnmnavl,ﬂmsmqumsmﬁauﬁim MAP kinase
18398 UNAURI PDI8059 @a downstream effectors U89 MAP kinase ﬁﬁlﬁm“ﬂ'ﬂdﬁ'ﬂmi
naeud 7lmasfivaeuan laun Myosin light chain kinase (MLCK) /Myosin regulatory light chain
(MRLC) Focal adhesion kinase (FAK) waz Paxillin IuLsﬁaﬁuzL‘%a@iauQﬂ%mr] Dunning subline
TRAULWINTEANFI (MLL) méiv'oamqlagmdﬂ MAP kinase mqumsm‘é"auﬁimmuma mMILéw
winamWauazNIZEU MLCK FAK uaz/wia Paxillin lag MLCK azldiduniwasinaliud MRLC 9
i liiAa actomyosin contraction \Jw contractile force Sl,umimﬁauﬁmmuﬁaﬁ LAINNANTT
NARBIIBITILFUIN PDIB05Y luanuidutuisnansasudimainaanildifiay 100 % lidua
ﬂ'uﬂv'omﬂaw%iwgmmﬂﬁﬁu MRLC (3ﬂ°7i 11) luvmse? ML-7 B985 MLCK inhibitor snansa v
madunywasmnaliio MRLCE lasiinldainanuiduzes band phospho-MRLC Aanadiilotreat
LIARGE ML-7 luﬁ’luaaLamﬁ'umilﬁwgmmwm Ser910 wa9 FAK Alufinsiasuuyas
WRIIN treat LIARGY PDIB059 (gﬂﬁ 12) mafldvnmneasslagmudsiussmauesass e
WATLIANLUNNT treat I@uﬁann:ﬁaﬁiﬁuﬁg\ammmﬁ'u&ms@uméﬂaam@flﬁuﬁ MAP kinase 19
seaulianansnasronanlaly western blot lunnIasanuinunnssuss MAP kinase Snaaan1s
Lawyjmam@lﬁﬁumm Ser83 wa4 Paxillin s‘fiaLﬂuiﬂiauﬁﬁwﬁtylumnﬁ@LLa:amﬂ Focal

adhesion complex
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3.10 AN®INAVEI MAP kinase inhibitor (PD98059) @an3auniuuad FAK waz paxillin Laz
localization W83 FAK waz Paxillin ‘ﬁ Focal adhesion 1@t} immunofluorescence

937 PD98059 mmsnﬂ‘u&mn@wﬂﬂamﬂmlﬁﬁu paxillin Faufluldsduiifnana
d’nﬁagmawgmmm axgn@adnanUiIh focal adhesion 3UAL FAK Uazlinasa19aimiiia
WaERANY focal adhesion complex 139 eAnEINaVEd PDI8059 6lan13aLNUUd FAK LAz paxillin
a8 immunoprecipitation gﬂﬁ' 14 uaaslFiAni1 PD98059 lufinadanIduAUIzRING FAK Uaz
paxillin uanmnf:ﬂ'a?iﬂmwa@ia focal adhesion complex LLazN17 localize Va4 paxillin ay FAK ﬁ
focal adhesion site I@m@ﬁl’mmi colocalize NU vinculin %ﬂlﬂﬂﬂiaulu focal adhesion complex
vinculin Sfauaae7 fluorescence THiIuRLAS mﬂgﬂﬁ 15 U8z 16 921N vinculin agiiluga s un
RLUALLT% Tuaasfiofumilinas Focal adhesion 3nHan1snasas linueanauanasuasns
localize U84 vinculin 5=RINILTART treat 618 PDIBO5I WAZLTRANGN control &34 paxillin Waz FAK
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PD98059-inhibited invasion of Dunning rat prostate cancer cells
involves suppression of motility but not MMP-2 or uPA secretion

TUANGPORN SUTHIPHONGCHAI, SUCHADA PHIMSEN, USAWADEE SAKULKCO and RUTAIWAN TOHTONG

Department of Biochemistry, Faculty of Science, Mahidol University, Rama 6 Road, Bangkok 10400, Thailand

ibstract. Up-regulation of extracellular-regulated kinases 1/2
ERK1/2) has been implicated in tumor progression and
setastasis in many types of cancer. We have previously
hown that ERK 1/2 is necessary for invasiveness of Dunning
a3t prostatic adenocarcinoma cell lines in which levels of
ictivated ERK 1/2 correlate with the metastatic potential.
flere, we further examined the biological effects of elevated
ZRK1/2 in the highly metastatic Dunning cell line, MLL,
n which the abilities 1o invade and metastasize are enhanced
zlative 10 its progenitor strain. Inhibition of ERK1/2 activation
»¥ the MEK inhibitor, PD98059, dose-dependently reduced
MLL cell invasivencss and motility with similar IC, values.
On the other hand, the abilities of MLL cells to adhere to
e extracellular matrix, phosphorylate myosin regulatory
ight chain and secrete matrix-degrading enzymes, matrix
netalloproteinase (MMP)-2 and urokinase plasminogen
wtivator (UPA)Y were marginally, if at all, affected by
"DI80S59 treatment. These data indicated that the inhibitory
ffect of PD98059 on the invasiveness of MLL cells was
rimarily due to the suppression of cell motility, and the
p-regulation of ERK1/2 is, at least in part, responsible for
he enhanced cellular motility and invasiveness of the ML

wells.
atroduction

detastasis, the spreading of malignant cells from the primary
+te to form a tumor mass at distant organs of the body, is the
najor ‘cause of death in cancer patients. One of the critical
naracteristics of a metastatic cell is invasion, the ability to
cnetrate and invade the extracellular matrix and surrounding
ssue. Invasion is 2 multistep process, requiring the
sordination of various events, including alteration of cell

orrespondence to: Dr Tuangporn Suthiphongchai, Department
{ Biochemistry, Mahido!l University, Rama 6 Road, Bangkok
400, Thailand

-mail: scisc@mahidol.ac.th

{ey words: extracellular-regulated kinases, invasion, metastasis,
nalrix metalloproteinase-2, motility, PD98039, urokinase plasminogen
wivator

adhesion, promotion of cell migration, and degradation of the
extracellular matrix barrier (1). Specifically, metastatic cells
adhere to the basement membrane, secrete matrix-degrading
enzymes [viz. matrix metalloproteinases (MMPs) and urckinase
plasminogen attivator (uPA)] to degrade the extracellular
matrix barrier, and migrate from its original site. Many of
these processes are regulated by various signaling pathways,
one of the best characterized being the Ras/MEK/ERK
signaling pathway.

ERK1/2 is a mediator that can be activated by a phos-
phorylation cascade caused by a variety of growth factors,
cytokines and adhesion molecules such as integrins. Up-
regulation of the MEK/ERK pathway has been found in
many types of cancer, including breast, prostate, colon, and
kidney cancer (2), and is correlated with wmor progression
and metastasis (3.4). Apart from proliferation, ERK1/2 has
been associated with diverse biological processes involved in
acquisition of the invasive phenotype, such as cell motility
and extracellular matrix degradation. Inhibition of the ERK
pathway by the MEKI] inhibitor, dominant negative MEK or
antisense ERK inhibits cell migration in a variety of cell types,
such as COS-7 (5) and MCFE-7 cells (6). In addition, ERK1/2
is involved in the regulation of matrix-degrading enzymes,
such as MMPs and uPA. A MEK inhibitor, U0126, suppresses
uPA expression as well as MMP-9 and MMP-2 secretion in
an ovarian cancer cell, OVCA 433 (7).

The Dunning sublines are a family of rat prostatic
adenocarcinoma cell lines developed from the same parental
origin, a Dunning tumor. Their invasion, migration, adhesion
and matrix-degrading enzyme production correlate with their
metastatic ability (8,9). Previous studies from our laboratory
on these cell lines showed that inhibition of ERK1/2
activation suppresses their invasive ability, and the level of
activated ERK1/2 also correlates with their metastatic
potential (10). Here, we further explored how ERK 1/2 regulates
the cell invasiveness of MLL, a highly metastatic Dunning
cell line, and whether the enhancement of those metastatic
factors results from an increase in ERK activation. The role of
ERK1/2 in cell invasiveness was investigated by determining
the effects of ag MEK1 inhibitor, PD98059, on features
critical for the invasiveness acquired by MLL cells. We show
that PD98059 inhibited cell motility at a level similar to its
inhibition of cell invasiveness, whereas its effects on adhesion
and matrix-degrading enzyme?aetiaitias. were minimal,
implying that PD98059 primarily inhibited cell invasion by
suppressing cell motility.
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gure 1. Effecis of MEK1 inhibitor on in vitre invasien, motility and cell
arvival of MLL cells. MLL cells were resuspended in media containing
sdicated concentrations of PD98039 and plated on the upper compartment
{2 Matrige!-coated (for invasion assay) and non-coated (for motility assay)
ranswell chamber. Cells treated with the same vehicle were used as the
ontrol. After 6-h incubation, the number of invaded cells was counted. In
zll proliferation assay, cells were piated on a 96-well microplaic for 48 h,
splenished with media containing PD98058, and incubaied for 6 h. The
iable cells were analyzed by MTT assay, and OD was measured at 540 nm.
e resulls represent mean = SEM obtained from three sepamie experiments,
ach performed in duplicate. “Significant difference of P<0.05.

{aterials and methods

ell lines and cidture condition. The highly metastatic Dunning
at prostatic adenocarcinoma cell line, MLL, was kindly
rovided by Dr Kenneth Pienta (University of Michigan, Ann
ubor, MI). In animal models, the MLL celis exhibited high
wetastatic ability to the lymph node and lung. (11). The cells
rere maintained in RPMI-1640 medium supplemented with
0% heat-inactivated fetal bovine serum (FBS), L-glutamine
nd 1X antibiotic-antimycotic liquid (Life Technologies Inc.,
.ockville, MD) at 37°C in a humidified atmosphere containing
% CO,.

n vitro invasion and migration assays. Cell invasiveness was
jetermined using Transwell chambers (Corning Costar
Jorp., Cambridge, MA). Transwell inserts (8.0 pm pore) were
wated with 100 pl of 0.3 mg/ml of Matrigel (Becton-
dickinson, Bedford, MA) (12). Cell suspension (2x1(° cells)
a serum-free medium containing PD980359 (Cell Signaling
lechnology, Inc., MA) was added to the upper compartment
if the Transwell chamber, and culture medium containing
0% FBS was added to the lower compartment. Control cells
vere treated with the same vehicle (dimethylsulfoxide,
IMSO0). Afrer incubation for 6 h at 37°C in a humidified
mosphere containing 5% CO,, non-invaded cells on the
pper surface of the membrane filter were removed using a
otton swab. Cells that traversed the Matrigel and membrane
ayer were fixed and stained with 0.5% crystal violet. The
umber of invaded cells in five random (3187 microscopic
‘eldd was counted and expressed as the average number of
avaded cells/field. Migration assays were also performed
sing Transwell chambers in a similar fashion to the invasion
isay, but with no Matrigel coating on the upper Transwell
ompartment.
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Figure 2. Effect of MEKI inhibitor an adhesion of MLL cells 10 Matrigel.
MLL cells were resuspended in media contining PD98059 and plated on a
Martrigel-coated 96-well microplate. After 1-h incubation, the adherent cells
were analyzed by MTT assay, and OD was measured at 540 nm. The resulls
represent mean = SEM obtained from three separate expeniments, each
performed in triplicale.

"

Cell survival assay. Cells were plated onto 96-well plates for
48 h to allow attachment and then treated with medium
containing PD98039 for 6 h in the same conditions as those
of the invasion assay. After incubation, viable cells were
analyzed by MTT assay (13). In brief, 50 pg of MTT (USB
Corp., Cleveland, OH) was added to the cell culture. After 3-h
incubation, the solution was aspirated. MTT was converted
into water-insoluble formazan in live cells and then dissolved
by the addition of 200 pl of DMSO. The absorbance was
measured at 540 nm.

Adhesion assay. Adhesion was determined as previously
described (14). In brief, a 96-well plate was coated with
0.3 mg/m! of Matrigel followed by incubation with 3% BSA
for 2 h. Prior to the addition of cells, wells were washed
twice with phosphate-buffered saline (PBS). Cells (5x10% in
medium containing 10% FBS with various concentrations of
PD98039 were added. After 1-h incubation at 37°C, non-
adhering cells were removed and the wells were gently
washed twice with PBS. Living cells adhering to Matrigel
were quantitated by MTT assay as described above.

The reported values of invasion, migration survival and
adhesion assay are the means = SEM of results obtained from
three independent experiments, each conducted in duplicate.
Statistical significance, as determined using the t-test, was
set at P-value <0.05.

Gelatinase and plasminogen activator assay by zymography.
Gelatinase activity of MMP-2 and MMP-9 secreted in the
conditioned medium was analyzed in SDS-gelatin gel under
non-reducing conditions as described previously (14). Briefly,
20% of 1otal concentrated conditioned medium was mixed
with non-reducing SDS sample buffer and electrophoresed in
a 7.5% SDS-PAGE containing 1| mg/ml of gelatin (Sigma-
Aldrich Cerp., St. Louis, MQ). After electrophoresis, the
gel was washed twice with 2.5% Triton X-100 and incubated
in 50 mM Tris-HCI pH 7.5 buffer containing 10 mM CaCl,,
! mM ZnCl; and 1% Triton X-100 for 16-18 k at 37°C,
before staining with 0.5% Coomassie blue. After destaining,
the gelatinolytic activity, appearing as a clear band on a blue
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figure 3. Gelatn zymaography showing the cffect of MEKI inhibitor on the
imount of MMP-2 scereled in conditioned medium of MLL cells. Cells
were reated with PD98059 in serum-free media for 6 h and then 20% of the
otal concentrated conditioned medium was analyzed by gelatin zymography
{a). The clear band at approximately 72 kDa represents the gelatinase
wctivity of MMP-2, The relative band densities (b) were quantitated using a
zel densitomeler, and the data represent the mean = SEM of band density as
: percentage related (o the control from three separate experiments

background, was quantitated using a Bio-Rad GS700 gel
scanner.

wPA_gctivitv in conditioned medium and bound uPA eluted
from the cell surface jvere analyzed using SDS-plasminogen-
selatin gel under non-reducing conditions as described by
£vans et af (15). The conditioned mediZ Was concentrated
|00 times, and the total amounts were used for analysis. The
concentrated conditioned media and bound uPA were electro-
phoresed in a 10% SDS-PAGE containing I mg/ml gelatin and
10 ug/mi plasminogen (Roche Diagnostic GmbH, Mannheim,
Germany). After electrophoresis, the gel was washed twice
with 2.5% Triton X-100 and incubated in reaction buffer
containing 100 mM Tris-HCI pH 7.8, 0.15 M NaCl, and 1%
Triton X-100 for 16-18 h at 37°C, and then stained with
Coomassie blue dye followed by a destaining step. The clear
band at the molecular weight of approximately 40 kDa
represented urokinase plasminogen activator. Plasminogen-
free gel was used as a negative control to confirm that the
activity in plasminogen gelatin gel required the presence of
plasminogen.

Quantification of total and phosphorylated forms of ERKI/2
and myosin regulatory light chain (MRLC). The levels of
total and phosphorylated forms of ERK1/2 and MRLC were
analyzed by immunoblotting using antibodies specific to total
and phosphorylated forms of ERK1/2 and MRLC, respectively.
Cells treated with various conditions were lysed with lysis
buffer containing 0.1% SDS, 1% sodium deoxycholate,
1% Nonidet P-40, 1X protease inhibitor cocktail (Roche
Diagnostics GmbH), 2 mM sodium orthovanadate, 40 mM
f-glycerophosphate and S0 mM sodium fluoride. The lysates

were centrifuged at 12,000 x g for 10 min and then proteins
were electrophoresed on 8% SDS-PAGE for analysis of
ERK1/2 and 15% SDS-PAGE for analysis of MRLC. After
electroblotting, the nitrocellulose membranes were incubated
with primary antibodies specific to ERK1/2 and phospho-
ERK1/2 (Cell Signaling Technology Inc.) and to MRLC
(Sigma-Aldrich Corp.) and phospho-MRLC (Thr18/Serl9)
{Santa Cruz Biotechnology, Inc., CA). The protein bands were
visualized using an ECL kit {Pierce Biotechnology, Inc.,
Rockford, IL).

Results

Effects of PD98059 on in vitro invasion, migration and
survival of MLL cell lines. We have previously shown that
ERKI1/2 is essential for the invasiveness of Dunning cells
(10). Here, we further investigated how ERK1/2 regulates
cell invasion by studying the effects of a MEKI inhibitor,
PD98059, on cell migration and adhesion, which are crucial
events that occur during cell invasion. MLL cell invasiveness
and migration were assayed using the in virro Transwell
method. Fig. 1 shows that treatment with PD98059 resulted
in a dose-dependent reduction of cell migration with an
inhibition profile similar to that of cell invasiveness.
Moreover, the IC, values of cell migration (8.9x1.3 M) and
invasiveness (7.7=1.0 pM) were not significantly different.
Both cell invasiveness and motility were almost completely
inhibited by 100 pM PD98059.

To ensure that the migration inhibitory effect was not the
result of PD98039 toxicity, the effect of the drug on cell
survival was determined using the same conditions for the
migration assay. Fig. 1 shows that 0-50 pM PD98059 did not
have a significant effect on cell survival. At 100 uM where
migration and invasion were aimost completely blocked, cell
survival was inhibited by <10%.

Effect of PD98059 on adhesion of MLL cells to extracellular
matrix. Given that MLL cells acquire great ability to adhere
to the ECM component compared to their parental, low
metastatic cells, and adhesion to ECM is a critical requirement
for cell migration, we determined whether ERK activation was
important for cell adhesion. Cells were treated with various
concentrations of PD98059 and then allowed to adhere to
Matrigel for | h. Surprisingly, PD98059 weatment had no
effect on MLL cell adhesion to the artificial extracellular
matrix, Matrigel, at doses where migration and invasion of
MLL cells were drastically inhibited (Fig. 2).

Effects of PD98059 on levels of secreted MMP and uPA.
Besides migration and adhesion, extracellular matrix
degradation is another key factor required for cell invasiveness.
Many types of cancer cells secrete a large amount of matrix-
degrading enzymes. The MLL cells overexpress MMP-2 and
uPA, correlating with its enhanced metastatic ability (9). We
determined the levels of MMP-2 and uPA secreted in the
conditioned medium and uPA bound on the cell surface using
gelatin (for MMP-2) and plasminogen-gelatin zymography
(for uPA). Although PD98059 slightly reduced secreted
MMP-2 levels in some experiments (Fig. 3), this inhibitory
effect was neither dose-dependent nor statistically significant.
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Figure 4 Plasminogen-gelann zymography showing the effects of MEK]
inhtbiter on the amount of soluble uPA secreted in the conditioned mediem
(a and b) and cell surface-bound uPA (¢ and d). Cells were treated with
PD9805Y in serum-free media for 6 h. Then. the 10wl concentrated conditioned
media containing soluble uPA {2) and glycine-cluted cell surface-bound
uPA (c) were analyzed by plasminogen-gelatin zymography. The clear band
represents the plasmirogen activator activity of uPA. The relative band
densines of the soluble (b) and bound uPA (d) were quantitated using a gel
densitometer. The data represent the mean = SEM of band density as a
percentage redated to the control from three independent experiments.

Fig. 4 shows that both soluble and bound uPA were marginally,
if at all, affected by PD98059,

To show that the lack of change in MMP-2 and uPA
activities was not due to the inability of PD98059 10 execute
inhibitory effects, we showed that phospho-ERK1/2 was
drastically reduced in a dose-dependent manner (Fig. SA).
Furthermore, ERK1/2 phosphorylation was suppressed after
the first 15 min of treatment with PD98059 and continued to
be suppressed throughout the assay period (6 h) (Fig. 5B).
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Figure 5. Effect of PD98059 on ERK phosphorylation. {a) Cells were reated
with PD38039 in serum-free medium for 6 h and then cell Jysates were
analyzed for total and phospho-ERK1/2 by immunoblotting with anti-ERK1/2
and phospho-ERK1/2. (b). Cells were treated under the same conditions and
harvested and lysed at varicus lime poinis before assaying for total and
phospho-ERK1/2. The results are representative of three independent
experiments.
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Figure 6. Effects of MEK] inhibitor on levels of total and phospho-MRLC.
Ceils were treated with PD98059 or ML-7 for 6 h and then cell lysates were
analyzed for total and phospho-MRLC by immunoblotting with anubodies
specific to MRLC and phaspho-MRLC. The results are representative of
three independent expeniments. :

These results suggest that downstream effectors of phospho-
ERK /2 should have been affected under this assay condition.

Effect of PD98059 on myosin regulatory light chain
phosphorylation. The data shown above indicated that
ERK /2 activation is critical for cell migration. To investigate
if the regulation of cell migration by ERK1/2 oceurs through
phosphorylation of MRLC, we determined the levels of
MRLC phosphorylation upon treatment with PDS8059 by
immunoblotting. Treatment with up to 100 pM PD98059 had
no significant effect on the levels of phospho-MRLC,
although this concentration had earlier been shown o suppress
in vitro invasion of MLL cells by >95% (Fig. 1). On the
contrary, cells treated with ML-7, ag ML.CK inhibitor, showed
an approximate 23% reduction of MRLC phosphorylation
after normalizing with total MRLC (Fig. 6).

Discussion
There is a large amount of evidence demonstrating the role of

ERK in invasiveness in many cancers, including prostate
cancer (2). Our previous study showed that ERK1/2 is
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necessary for cell invasion of several cell lines in the Dunning
rat prostatic adenocarcinoma family, and the steady-state
evels of phosphorylated or activated ERK1/2 correlate with
iheir metastatic and invasive abilities (10). When compared
1o the low metastatic progenitor cells, MLL cells with a high
active ERK level exhibit enhancement of metastatic potential
as well as other key characteristics of metastatic cells,
namely enhanced cell adhesion, cell motility, and secretion
of extracetlular matrix,enzymes (8,9). This suggests that
ERK activation, at least in part, underlies the development of
these metastatic phenotypes in MLL cells. To investigate if
this was the case, we inhibited MEK1, an upstream regulator
of ERK1/2, with PD98059 and observed the biclogical effects
of treated cells. The results showed that PD98059, a specific
MEK] inhibitor, suppressed the cell motility and invasion of
MLL ¢ells with similar inhibition profiles and IC; values but
had no effect on MRLC phosphorylation, attachment to
Matrigel or the levels of secreted MMP-2 and uPA.

These data indicate that ERK activation promotes cancer
tell invasiveness by enhancing its ability 1o move. Consistent
with our data, ERK1/2 has been shown to play an important
role in regulating cell migration in numercus cell types (16).
Inhibition of the ERK pathway by MEK] inhibitor, PD98059
or UQ126, or by dominant negative ERK suppresses cell
motility in diverse cell types in response to extracellular
matrix components, growth factors and uPA (6,17), while
constitutively active MEK 1 promotes cell migration (5).

MEK! promotes cell migration by phosphorylating MLCK,
which leads to the phosphorylation of myosin regulatory
light chain and enhanced cell motility in COS (3) and MCF-7
cells (18). Previous data from our laboratory have demonstrated
that MLCK is also critical for the invasiveness and motility

of MLL cells (14), suggesting that inhibition of ERK1/2 may
also result in the reduction of MLLCK phosphorylation, thereby
inhibiting cell motility and invasion. However, our present
results showed no change in MRLC phosphorylation after
PD98059 treatment, suggesting that MLCK may not be a
major substrate of ERK1/2 in MLL cells. Other ERK substrates
likely to participate in cell migration are focal adhesion kinase
(FAK), paxillin, and calpain (16). Phospherylation of paxillin
oy ERK promotes paxillin-FAK association and FAK phos-
phorylation and activation, which regulates focal adhesion
urnover and PI3K-Rac mediated lamellipodia protrusion
(19-21). M-calpain is also phosphorylated and activated by
ERK. This active M-calpain then degrades FAK and tyto-
skeletal proteins to promote focal adhesion disassembly (22).
These proteins may also play roles in the ERK-induced motility
of MLL celis.

Motile cells need to attach to the extracellular matrix in
order to migrate. Thus, cell adhesion constitutes one of the
critical properties required for cell migration. The fact that
the highly metastatic motile MLL cell shows greater ability
than its parental cell to attach to the extracellular matrix
protein, fibronectin (8), and that the chemotherapeutic drug,
pentosan, which alters cell-extracellular matrix interaction,

inhibits cell motility and prolongs the survival of rats injected
with MLL cells (23), confirm the association between the
adhesion of cells to the extracellular matrix and motility of
this cell line. However, our results showed that the number of
cells attached to Matrigel within 1 h was not altered after

treatment with PD98059, although the drug drastically inhibited
motility. This is consistent with previous studies reporting
that MEK inhibition does not affect cell adhesion but inhibits
motility (3.18). Although ERK has been shown to associate
with adhesion molecules such as integrin (24), this usually
occurs after the cells have been treated with an inhibitor for
48 h (25). In addition 1o integrin, ERK has also been implicated
in focal adhesion molecules such as FAK and paxillin;
however, these molecules are believed to play a role in focal
adhesion turnover, which is important for cell motility rather
than cell adhesion.

Breakdown of the extracellular matrix barrier is also a
fundamental step for cancer invasion. To overcome this barrier,
invasive cancer cells produce proteases such as MMPs and
uPA to degrade this barmrier. Up-regulation of these proteases
is associated with tumor progression and metastasis in many
cancers including prostate cancer (26,27). In MLL cells, two
matrix-degrading enzymes, MMP-2 and uPA, have been
shown to be overexpressed and important for extracellular
matrix degradation (9}, invasion and metastasis (15,28,29).
The rele of ERK1/2 in regulating MMP-2 expression varies.
ERK1/2 induces MMP-2 expression in pancreatic (30) and
prostate cancer cell lines (31) but plays no role in induction
of MMP-2 in MCFI10A (32) and MeWo melanoma cells (33)
and even negatively regulates MMP-2 expression in the Lewis
lung carcinoma celi line (34). ERK1/2 has alsoc been shown
to induce uPA expression in diverse cancer cells such as
squamous cell carcinoma (33), ovariar cancer (7), and
pancreatic cancer cell lines (30). However, ERK /2 appears
to have a minimal role in inducing MMP-2 and uPA activity
in the MLL cells under our assay conditions. The lack ol
change in MMP-2 and uPA activities was not likely caused
by the incapability of PD98059 1o suppress ERK 1/2 phos-
phorylation and subsequent expression of these genes, as we
have shown that phospho-ERK1/2 was drastically reduced
under this assay condition. Therefore, it may be extrapolated
that the downstream effectors of ERK1/2 were suppressed. It
is thus likely that the MMP-2 and uPA regulation of MLL
cells is independent of the MEK I/ERK pathway. Supporting
this argument is a report by Li e al, demonstrating that
LPS-induced uPA expression involves the Ras/Rafl/NF-xB
pathway, independent of MEK1/ERK (36).

In summary, we have shown that the impairment of
invasion of the MLL cell line by PD98059, an inhibitor of
MEKI, was mainly attributed to the inhibition of cell motility
rather than the suppression of cell adhesion or extracellular
matrix degradation. These findings suggest that the up-
regulation of active ERX acquired in the highly metastatic MLL
cell line results in the enhancement of cell motility and invasion
but not other phenomena associated with metastasis. Although
ERK regulates MLL cell invasion and migration, this process is
unlikely to involve MLCK. The mechanisms of ERK-induced
migration in the MLL cell line remain to be elucidated and
would help provide a better molecular understanding of the
role of ERK1/2 in the development of metastasis.
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Role of Integrin-linked Kinase in
Angiogenesis Through the Regulation of
HIF-1a and VEGF Expression
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integnn-linked kinase (ILK), a cytoplasmic betal and betad integnn bind-
ng proten. regulates the phosphorylation of Protein Kinase B (PKB/AKS
orrsenne~473, and lhereby, gosilivaly reguiates the expression of genes
critieal tor call profieration, synavdl, migrauan and invasion. Western tiot
of epithelial cells overexpresaing ILK revealed an ingrease in PRKB/Akt
phasphorylation with a subsequent ncrease n vascuiar endothelial
growth lactor (VEGF) expression. This milotic and chemotactic factar
stmulates angiogenesis, an impartant hallmark of metastatic cancer. In
arder to determine whether ILK activity 15 required for VEGF expression by
tumour cells. we exarmined the effects of ILK infubitors in PC3 and DUY45
prostate carcinoma cells, These cell lines haye high ILK actwity and
sonstitutively express VEGF. Innibition of ILK activity by transient expres-
sion al dominant negative ILK, or exposure 1o a small molecule LK
intintor, resulted in a profound downregulation of HIF-1alpha expression.
Ta investigate the etfect of ILK activity in angiogenesis. we employed the
sprouting assay and the Boyden Chamber migration assay. These exper-
inants show that ILK activily 15 pecessary in endothelial ceil invasion and
migration. as well as capiltary sprouting. Fram these results. we propose
amodel whereby ILK activation upreguiates the expression of HIF-1alpha.
and in turn, gromote the axpression of VEGF The proximal endothetial
cells are stmulatea By VEGFE, wihich then intiates the ILK-dependent
pracesses mvolved in angiogenesis.
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Effects of MEK1 Inhibitor on Suppression
of Invasiveness of High Metastatic Rat
Prostatic Adenocarcinoma Cell Line, MLL

T. Suthiphongchai, P. Promyart, R. Tohtong, and P. Wilairat
Mahrdo! University, Bangkok, Thailand

Extracellular signal-regulated wnase (ERK} s one of the most impaoriant
mediators in signal pathways in response 1o mitogenic factors. Besides
profiferation, ERK1/2 has also been implicated in diverse biciogical achy-
ies including cell invasian. I thes report. we investigated the role of EBK]
and 2 i invasiveness of metastatic cell using gh metastabic Dunmng rat
prostatic adenecarcinoma cell ine, MLL Inhibition of MEK, an upstream
requlater of ERK1/2, with PDOS8059 resulted in a dose-dependent reduc-
tion In the In vitro invasiveness that related 1o the decrease in the level of
phosphorylated or activated ERK1/2. This specific MEK! inhibitor also
suppressed the cell motility whereas the reduction in cell profiferation and
MMP secretion wers mimmal. However, the 1C50 value for motility was
about two times higher than that for mvasiveness. In conclusion, Nese
resulls suggested that ERK1/2 is necessary for cell invasiveness. Sup-
pression of invasiveness upon treatment with MEK 1 Intebitor may partly e
due to the impairment of ceil moulity, However, the differences in 1C50 for
invasiveness and motility suggested that some other nvasive factars
[besides MMF} must also be interferad by this infubstor.
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Requirement of Phosphalipase CD4 for
Ca2+ Mobilization Essential for Acrosome
Reaction in Sperm %

K. Fukami', M. Yoshida®, T. Inoue®, K. Mikoshiba®,
and T, Takenawa?

‘Genome and Biosignal, Tokyo University of Pharmacy and Science,
Hachiaji, Tokyo, Japan; *Div. Malecular Meurobiology, IMS. Tokyo
University, Tokyo, Japan; and "Div. Biochermistry, IMS, Tokyo
University, Takya, Japan

Zona-peliucida (ZPi-induced acrosome reaction in spenm s a required
step tor mammalian lertilization. Mowever, the precise mecnamsm of the
acrosome reaction remains unclear. We previously reparted that Phos-
pholipase C deita 4 (PLCd4) 15 involved in ZP-induced acrosome reaction
in mouse sperm. Here we have montored Ca2+ responses i single
sperm. and we report that the [Ca2 +[i increase in response ta Z8. which
15 essential for dnving the acrosome reaction in vive. 15 absent n PLCH4- -
sperm. Progestercne, another phystological inducer of the acrosome re-
action. faled 1o induce sustained [Ca2 +)i increases in PLCd4-~ sperm
and conseguehtly the acrosome reaction was partially inhibited. (n addi-
tion. we abserved oscillative [Ca2 +]i increases i wild-type sperm in
reésponse lo these acrosome nducers. Calcium imaging studies revealed
that the [Ca2 +|i increases induced by exposure to ZP and progesterone
started at ditferent sites within the sperm head. indicating that these
inducers dnvee acrosome reaction through a different mecnamsm. Fur-
thermore, store-operated channel (SOC) activity was severely impaired in
PLCd4-/- sperm. These results ndicate that PLCd4 15 an important en-
zyme for intracellular {Ca2 +]i mobilization in ZP-induged acrosome reac-
ton and for sustained [Ca2 +)i ncrease through SOC induced by ZP and
progesterone In sperm.
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Effect of Schistosomal Antibodies on Cell
Proliferation of S. mansoni Schistosomula

M. M, Abdel Fattah', Y. M. Shaker®, E. Ashour?, H, M. Draz?,
G. Y. Wu?, and C. H. wu®

'Ain Shams University, Caira, Egypt; *National Research Centre,
Caro, Egypt: and *University of Cannecticut Heaith Centre,
Cannecticut, USA

Schistosomula of Schistosoma mansoru (20 days old) were mcucated n
RPAT 1640 medium contaimng 10% foetal catf serum, 10% hamster poral
venous or 10% hamster penpheral venous serum in presence gt Sromode-
exyurdine (BrdUl in order 10 measure differences in cell oroliferation. The
rates of cell profiferation as axpressed by Bral labelling naices (BLis)
were determuned as a function of time of incubation by «mmunohistecnem-
istry using menocional antbody to Brald, Compared to schustosomula
cultured In presence of APMIU plus 10% fetal calf serum, BLls weme
increased by 41% in the presencea of hamster portal, but not in genpheral
serum. The expenment was repeated using hamster portal and penpheral
sera containg different schistosomal [gG antibody ttres. The resulls
showed decreased values of BLIS compared 1o sera whicn did not cantam
the schistosomal antibody(ies). The results indicated that portal venous
serum could have sumulating factord(s) for schistosomula cell graliteration
and the prasence of the antibody{ies) greatly intubit the cell proliferatan.
This could be due to the blocking of some portal serum factars wiicn
stimuiate the ceil proliferation by the antibody(ies).
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