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ABSTRACT

Project Code: PDF/17/2542

Project Title: Role of MAPK in Cell Invasion and Metastasis
Investigator: Tuangporn Suthiphongchai, Ph.D.

Email address: sctsc@mahidol.ac.th

Project period: 1 July 1999 - 31 December 2001

Mitogen-activating protein kinase, MAPK, a mediator of various extracetlular
Mitogens, plays an important role in cell proliferation, cell differentiation or cell motility
(one of the requirement for metastasis). In this project we study role of MAP kinase in
cell invasion and metastasis.

In this project, we investigated the role of MAP kinase in cell invasion and
metastasis using three Dunning rat prostratic adenocarcinoma cell lines, AT-01, AT-02
and MLL, all of which derived from the same parental origin. We demonstrated that the
steady-state levels of activated MAP kinase correlated with invasiveness and metastatic
potential of these three Dunning cell lines. Inhibition of MEK, an upstream regulator of
MAP kinase, with PD98059 resulted in a dose dependent reduction in the in vitro
invasiveness of these three cancer cell lines, of which [Csy values related to their steady-
state levels of activated MAP kinase. This specific MEK inhibitor also suppressed the
cell motility whereas MMP2 secretion and proliferation were not significantly affected.
However, the 1Cs¢ values for motility were higher than those for invasiveness when
compared within the same cell lines. In conclusion, these results suggested that MAP
kinase is necessary for cell invasiveness and may responsible for the differences in
metastatic ability of these cell lines. The reduction of invasiveness upon treatment with
MEK] inhibitor may partly be due to the impairment of cell motility, however, the
differences in ICsg for invasiveness and motility suggested that some other invasive

factors (that is not MMP2) must also be interfered by this inhibitor.

Key words: MAP kinase, invasion, metastasis, Prostate cancer

N



& e = o oyt o a 93/ = =
gisufannnisianl nainisddsunlasly vldszuumsarvgumseiyau
v =] = o 1 ar o < T '
Tn nsudawadrndnd radazutadnnnaalnduaz bidunsoniugulaediegndes
a_ W M = = =1 . . o oA 3/ a
aung g faimsldouniaiuesdu (genetic alteration) IaumwizduifeI oA UMs
=3 - T o '
wiauAuTa MsuLusad MIMoUDUBAd 191A oncogene LAY tumor suppressor gene (1)
; s g e 1 a1 i 1
uenantianduzs wWamuisouns nszae ludiadiuoun ¥951910 18 (metastasis) Aug
o o - = as = = L4
NMMIMaainugIu Taumwzanuiinoifumsnisugumsesyau Tnvsasaduazns
1 = o
LWINTLLUBAFAANLIS? UNVINUDY oncogene LA tumor suppressor sz vidnlads
= =] aﬂy 4 @ [ o aa w as o
nszuIUMSIAaNzIS wIndu Feeziitlilgmswanlumsiteds deeiu uazdnuilsn
L
EARR
¥
TagnfvuiunsneEinevaisedns szinadumsldnisnrvguuesdyainuan
= é L} ar 1 . . 1 Qs T
AYUBNNAINUAEYUA FIVLAITYLYIMAIUN signal transduction pathway A13°) AIBUN
v - = = o < 'd
wu mssydsTaveusadilnd wwgnaaunnTae growth factor Tuaduess 3 ady
= P 94 v ar & v 3/ 2
s HAY e naziiaaa 14 lasdsansdyaruinnousnanaianse hideanisiay 49
» i
MsaanINABINsvaIdagInoInntousnil iunaiiieauInnauAnLlNAvod oncogene

= =& { o o 1 Qs 3
watwria Fealivifdiaglunszorumsdsdygriurnnousndiuintslusad Ras

=i

%) -d! o 3 d' ] [ d. o d‘i
i oncogene product ATHUINNIHUIN ﬁﬂﬁmuiy'lfuﬂulﬂ‘ivil'fﬂﬂ'lﬂ“.iﬂﬂ Taauiio receptor

\4

VAU ligand 1%U EGF 9¢N32AU Ras 1Az Ras 32 d90QQ) 1%t cascade 1189 mediator na1n

L]

nateria 1MTUMSULNYAd Ras veasdynnusiuadIna1elUnszdu transcription
factor %149 : Fos, Jun, Ets 499% 11l transcribe Buitinnudidnylunisadra DNA wazms

] o i R =] 3/ . =BT 3
HUABRD (2, 3) NIINTTAU Ras/MAP kinase pathway 3¢0nalH cyclin DI H13u1mnnau

& ] a  ar oq W yaé' o A =] [ -:g
WQ%S‘H’JUNaﬂﬂuL%’aaGlHN'\UTI"Iﬂ G, lJ].“IJ S phase u!ﬂﬂ"ll‘u HUAD IFAANNTUUIANTUTINUU (3)

)
ol L] =

] as 1 =Y =y v o [~
Ll'ﬂﬂ‘l]'lﬂﬂ'l‘ill‘lJ\'iﬂ’)ﬂU'walﬂ‘l_lﬂﬂufa{’l NTIUNT ﬂi%i]'lﬂ‘ilﬂdl"ﬁﬁﬂllzl'iQulﬂUQﬁ’J‘HBN

] R =] [} A& Ao w @ s b1 o o o o b
VDI3 1IN0 (metastasis) Lﬁu‘f]ﬂﬂ']uﬂu\i‘l‘lﬁ"lﬂiy l!'ﬁ:ﬁﬂﬁu‘u"lﬂ'ﬂl‘ﬂllﬂ’llﬂﬁ!ﬂ"lﬂﬂ]ﬂﬂ'lclﬁﬂu

vy - Y = o :.':, A & L] 7] 95 o Qs U ar
HAoudodia Unmwadlwiieweniiaqszegsuiuldlaoradozsimeiutasdidygn
0 k4 [ » »
dFoa135M13A U uazl) basement membrane iduvoLIvATDUTBITOTHG NITTIBAAIZUNT
v |
nIzvIwesnINuMasnegye iU ldvedesganfoauaouiatl vurumsunsnsenovouxad

o L. o a9 = a t =
2159 (metastasis) i uvvrIuns nFudou inaninnmsuldounlasvatsedie Taoisusinnis



o o o I = [ -1 4
N FAAUSHINWTHRRINIYAAUIUALI LD basement membrane, WERHTGITNERY protease
U collagenase I, IV, matrix metalloproteinases (MMPs) WD extracellular matrix (ECM)
» » ] . "
$IUN basement membrane UAL stroma PIMTUIBATITIAADUNDOANY TAvseiimsildou
A o 4 - a1 oa ‘
1a3ued cytoskeleton Favzir Iiradindounoons1Insyian invade 191¢ stroma uoz
Qs P ] [ Y 1 o 1
iy ECM Tui i 18 vuaumsivaril (1dun msugavinaaddufios, dov ECM,
& P o o v -y ° 3/ o ) g A 13
indounoonut uag MR Iny) seifaiiuees ¥ lllaadynin Govade) iloitoda
a ¥ - s o ¥ oA ¥ ™ & o .
1103 1AL stroma 1A DINMWIYAARVY invade WiTATWRoMmIIgNIzumTn Favsrinyad
o Vet M 1
visa ldghnouaely (4,5)
1 = Y ] o ar ] { J
[FUIRLIAUMITUL AR UAYUYIUDINNIVUDAYAINYAIUDENINUNIRDATTUIU
[l a a s [ = Y i s a ' =&
A5A 199 MDoITBaduMIsUNS NI VDAFAANZISI Fyyufdfyodavilsfe
o 4 o = @ Y 4 =
dyaaen Ras Falinudoiteadumsinisdinazmsindouiveasans Growth factor
=~ i i - 1 . =&
VAW IAIAY integrin 9L0ONGNTNIU Ras 1A9¥NIzAU Ras 1Moy lugil active Ras (6) %3
wwadyanuoonll Tdvaromalaok1uanaia (mediator) 199 191 RaUMEK/MAP kinase
= I w ' o
pathway, PI3K pathway ¥ufo19030UN15UL A 3UD1¥AD, Ral/PI3K pathway M3 Rac/Rho
4 a4 ar 4 1 o :l.yn/ = Qs 1
pathway BNUIVDINUMITAAOUAVDAHAA (7, 8) UDNDINNTITI WIUMTUAYUIT MAP
1 ar P P o
kinase :NYIVDINUNISINADUNVDIFAA 1T phosphorylate Hag ﬂs:ﬁ’u myosin light
) ) = o o o W * - = « o o .
chain kinase (MLCK) $uiluidulminiinnudrdaynonisindouiiveusad i9uled myosin
light chain kinase U ﬂz"lﬂns:ﬁ’u myosin Tao phosphorylate myosin regulatory light chain
= = . . ] =] A =
(MRLC) nazmsiAuUT i active MAP kinase noluadezirlfiwadiinisindounuin

u (9)

o o
Taguszasnvealnsans

1399 09N15NVTANHININNUTIATUUDI MAP kinase signaling pathway Tun1s1ia

i dv Y - a ar o =Y
metastasis 1aoTuTasanisil 151 18D NN TUWUSURIUS LI LAz D IUN TWUD Y

ar » I [~ o [=1 v P
MAPK fiu anuamisalunsunsnszavveugaduzsy luwaduziSwougnuuin

d' & 3 o o=y r=1 %] i
Waruudasunnn aaduiuia@eanu uazdAnyina Inves MAP kinase Tumsaiuaunis
o e o .

1NN (invasion) YBUFAANLITI TAUMIANYINANITYBITLTINSNTZAU MAP kinase A0

1 : o Qs 4 of
ATEUIUMIANE IPoIdesfumsynynvoawaduzii



Isimsnaans
1) Cell lines NHluMsnaaes uazmsdeasan
'3 =] ' '
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Cell line | Metastatic potential

AT-01 Low
AT-02 Low to moderate

MLL High

Dunning rat prostatic tumor
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Heterogeneous subline
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AT-01 AT-02
\
MLL
gﬂﬁ 1 uwurﬁ'«uﬂmﬁnwm cell lines 1146153@‘:‘1 Dunning rat prostrate tumor sublines
B8 AT-01, AT-02 11Ag MLL T&5unIiBeIieIn A3, K. Pienta, University of
Michigan, Ann Arbor, ML waﬁmﬁwﬁygmgﬂﬂummisﬁvﬂawaﬁ(RPMI-1640, Gibco, Inc.) fi
1 10% fetal bovine serum (FBS, Life Technology, Inc.) lumuidsusad uas oulugou

H o
37°C RS ueu lasenlaa 5%
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11194910 MAP kinase gnnszduTasmsidumvoaia 5134145 eduvee MAP
Kinase ‘ﬁﬁﬁl\jﬂﬂﬁlﬂﬂ {phosphorylated MAP kinase) 1421989 MAP kinase activity Ut
phosphorylated MAP kinase luwad w1ldTao western blotting Taely anti-phospho-MAP
kinase antibody RIRY primary antibody
2.1) MSATOY cell lysate

BuusadiuennsiBoawadiiil 10% FBS 3114 70-80% confluent San/aowiily
61H131§Udlmaﬁﬁﬁ MEKI1 inhibitor, PD98059 (Cell signaling technology, Inc) CRRPUTIEY
‘{’l’uﬁﬁﬂ incubate AN 6 ¥.3. Harvest 1¥ad LAy lyse AU lysis buffer ﬁﬁ phosphatase
11@1e protease inhibitors (Roche Diagnostics, Corp.) centrifuge uruadonn wau e
(cell lysate) 11inl1UsAuTab Bradford reagent (1% solvent fr'i“l‘i’fa:mﬂm (DMSO) 1y
Control)

2.2) msuonlds@ulwaad lysate Aronszua i Tau SDS Polyacrylamide gel
electrophoresis (SDS-PAGE)

138719013 (cell lysate) 9zQnuena1onIzud TWA1UY 10% SDS-PAGE Tau w03
Laemmli wﬁdmmfuiﬂsﬁuﬂlumﬁi}sgn transfer 89U U nitrocellulose membrane A0
nszue I nazdaudae primary antibody 164A rabbit polyclonal anti p44/p42 MAP
kinase antibody 110% anti phospho-p44/p42 MAP kinase antibody (Cell signaling
technology, Inc.) ﬁ 4°C 97UAU MUAIY antirabbit secondary antibody conjugated with
horse radish peroxidase (Cell signaling technology, Inc.) 1% enhance chemiluminescence
(Amersham, IL) Hﬁ'amnﬂsxﬂu?\lﬁmmﬁu bands ‘ﬁ molecular weight Uszuiw 44 uaz 42
kDa fi9 p44 t10Y p42 MAP kinase n3o phospho-MAP kinase ‘ﬁuﬂtjﬁh%ﬁﬂﬂﬂd primary
antibody 1119
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0.8 Llm (iU y (‘H?’ﬂ SN invasive ability) ﬂzgﬂﬂi’)iﬁﬂ Taol43s Transwell in vitro
invasion assay (15) Taugoindiudwmadnanisoynin aliegduanveanuusy
AOUNIINMTNARDIVTADININITIPADUILNIVITHUDY upper chamber ¥D4 transwell AU
¥ P e
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6) M550 13188 matrix metalloproteinases findisenuilae Gelatin zymography
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15719814 (conditioned media) Q0N treated #18 SDS sample buffer ﬁ‘lﬁﬁ reducing
agent taznendionszua MR U 7.5% SDS-PAGE #ii gelatin 1 mg/ml n&391mi7 gel
VIR WA 2.5% tritronX-100 L1AZ incubate gel 11 reaction buffer (S00mM Tris-Cl pH7.5,
100mM CaCl,, ImM ZnCl,, 10% tritonX-100, 2% NaN, ) 17 %.35. 71 37°C fou gel #10

Coomassie blue 15170111 gelatinase activity ilxﬂ‘i'lﬂglﬂ unovla
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1) ﬂ’Jmmuﬁﬂumsmgamﬁunzm51,!n;nm’m Matrigel Y93 Dunning cell lines ‘ﬁfl
metastatic potential fafiu

mﬂm'sﬁﬂmmmmmsn"lumimﬁiauﬁuazmsuﬂqnw'm Matrigel UDZ INUIVTU
1au in vitro motility and invasion assay U89 Dunning sublines (AT-01, AT-02 uag MLL) WU
1 cell lines A UE N30 IUNITUNT N3ED18 (metastatis potential) 73, MLL, § A1y
mansolumsindoufinasmsyngn (invasive ability) 3N AT-02 @74 AT-01 Aiflaw
mmm"lumsuws'ﬂszmﬂﬁwqﬂ‘lu 3 cell lines & Al mmmmiﬂ”lumsm?{auﬁua:mmﬂ
10 Mgadae (GUT 24 & B) mmmmm“luﬂﬁmﬁ"auﬁuazﬂﬁuﬂqﬂmu Matrigel Y83
Dunning cell lines HANMUFUWUTAY AN wisalunsunsaszae
2) a0IuNNUYed MAP Kinase Tu Dunning cell lines ‘ﬁﬁ metastatic potential Fanu

Tumsnaaosil U3u1as MAP kinase Wavua uaz U3u1o MAP kinase fgnnszdu
(active MAP kinase) éﬁﬂmﬂszﬁuvm MAP kinase ﬁﬁﬂy:ﬂi)mﬂﬂ (phosphorylated MAP
kinase) Gluwaﬁ'ﬁﬁ metastatic potential Ghdf] '1¢’llgﬂﬂi’m’3’ﬂiﬂﬂ western blotting udSunm
Tﬂi?‘luﬁl‘ﬁF] Au) 1019 anti-MAP kinase 1102 anti-phospho-MAP kinase antibodies (i
primary antibodies 1A 2 bands ‘Yd} 42 unt 44 kDa %QHNWU&Q p42 UaZ p44 MAP kinase

o3 oI ou a0 1unIWYDI MAP kinase 11 Dunning cell lines 3 #1in#i) metastatic
potential A13AU WU cell lines 3 %ﬁﬂﬁy(AT—Ol, AT-02 1Az MLL) Th/511a1 MAP kinase W4
wua Tuszdpiilndifosiu il dadIuves MAPK fignnssdu (active MAP kinase) #13fu
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qn 7 WA0 AT-02 naz MLL (31 3) msvaneosil F1Midudl s2duv09 MAP kinase 7



