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MILWINITABVBINIFT (cancer metastasis) I ugunadmAguamnsaTiaves
Qﬂ’lﬁhﬂ&i:ﬁd msﬁuﬁ%mmwim:mwaamﬁﬁamwﬁwaﬂa"smmnﬁﬁ%ﬁwaog
Yaelsauniele

u:f“]‘aﬁﬁmmmmm‘lumnmimzmug\ﬂﬁamauﬁ'ﬁLL@m@ha‘lﬂmnw:L‘%a’ﬂﬁﬂﬁ‘hj
uwsnIzy wie TieRdenusmusnlumsuwsnizedmanslisns AMENTALN
Uszmsifaswly erfu mafisemasaniolumaatoud (motility), nswaalilsd
wa, Myt liiAamsaianasaiianlnd (angiogenesis) uas nmﬂﬁ"ﬂugﬂ‘ﬂwaq
lad Buuzdn myosin activity Muluaadanagnnazdi uss srauflusvgddnivinl
ErasuziSaENnsounInszansaan lule

Myosin activity ans:éju”[@‘i’ﬁmm’mn’rs phosphorylation ﬁuu subunit ﬂaﬂﬁ‘i‘a
7971 MRLC (myosin regulatory light chain) ﬁ\‘lﬁ?u luIﬂidﬂﬂiﬁ i lavinns@nenindnng
N3261 MRLC phosphorylation TwassuzSofidenumansalumauninszanewiala
Lta:mi‘n?:@'u MRLC phosphorylation ﬁﬁﬂiﬁuﬁﬂﬁty@iaﬂ”a’lumNﬁiﬂlummﬂ‘gn‘nm
asuzSesfiauninzoinesnls Tenn lddudiwuiuwnis MRLC phosphorylation &g
chemical inhibitor L§IATIIROUNANITNUAONITYUNINEIU matrigel TaTaduzITITA
WWINTZRY in vitro

PINNTANWILTARNISA rat prostatic adenocarcinoma THaUNINT=IY 2 76
Tald chemical inhibitor 2 @@ 15TWLF MITVEI MRLC phosphorylation finavildnns
ynynzeasaduziiiaass lopfdldinanazmuadaiifsindyso mydsndinvamad
(cell survival), NWAY gelatinase Uz mamzfanuRuiaves matrigel (adhesion) L@
mmmmmhmsqn;ﬂﬁaﬂmﬁ wwnsgasuzdafianumusolumsiefoud
(motility) aaa9 Namiﬂﬂaaai{aa@i’ﬂﬁasﬁummj’lﬁlmﬁ'uu*nmmaa myosin lwlaading
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Project Code: RSA/08/2540

Project Title: Myosin in metastatic breast carcinomas: Its possible roles in
metastasis and its use as anticancer drug target

Investigator: Dr. Rutaiwan Tohtong

E-mail address: scrth@mahidol.ac.th

Project Period: 1997-2000

Cancer metastasis is the major cause of death among cancer patients. Inhibition
of this process should serve as an effective strategy to reduce death rate in cancer
patients.

Highly metastatic cancer cells are different from poorly-metastatic and non-
metastatic ones in a number of ways. Some of these include increased motility,
protease secretion, angiogenesis and cell shape change, all of which imply increased
myosin activity, rendering cancer cells to acquire the metastatic phenotype.

Myosin activity is stimulated by phosphorylation of the regulatory subunit,
namely the MRLC {myosin regulatory light chain). In this project, we attempted to
understand if MRLC phosphorylation is activated in metastatic cancer cells, and how
this activation attributes to cancer invasiveness by assessing the effect of inhibiting
MRLC phosphorylation on cancer cell invasion in vitro using chemical inhibitors.

Data from 2 prostatic adenocarcinoma cell lines with different metastatic
potentials and 2 MLCK inhibitors showed a consensus result that reduction of MRLC
phosphorylation parallels a decrease in cancer cell invasion without significant effects
on cell survival, gelatinase secretion and adhesion to matrigel surface; but with marked
reduction in cellular motility. These data are, nevertheless, not unexpected given the

well-defined role of MRLC phosphorylation in normal cells.

Keywords: cancer, metastasis, invasion, myosin, phosphorylation
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i intehadufaadealniiNauvaalfoatauusie, nudensiidalesssuy
piiduiusasione uas Inssivananzde (adhesion molecules) ithulsauRLEN W
1Y ' e '3 & 4 ' v o \ a
wedaalwil (12) wanand iadunBifimusouninsznelddilizling uas naikes
#1289 cytoskeletal proteins NddlUaNLAN naade dnazdlasseefidielumaefon
L 1 filopodia Waz lamellipodia LWSJ“U'H. Uz NILIEveIzad cytoskeletal proteins "nvlmﬂu
a . - A o . Vo
wdoy Yerihlsdwmaritaglumazinuadndaiies (3)
[ys A ) A . o A & .
amsutafilfowlimai Tuuzid myosin activity vRntiwlweas Myosin
activity DNNIz¢UA18YLIUNTT phosphorylation i subunit tia (MRLC, myosin
regulatory light chain) Tamdwlal MLCK {myosin light chain kinase) (4) PINMIANT
Tuhuman glioma cells wun Wald MLCK inhibitor (150U MLCK ¥inl# MRLC
. o L 3 (3 ] o o o] '
phosphorylation ana4) a4l lwimadiwaritlianuanlumueiaufianss aaugly
AUAIRAE UL stress fiber uaz MItdfouguinsvenaad lashlufinansznuanalis
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fanaon I Tiavamas (cell viability) (5) WaNMIMaaadl UEAII MRLC

phosphorylation HUNUNEATYE AomMILAR eI TAsINS UaL BUuusin N1atue

MRLC phosphorylation 813%88U5amMIYnIn wazmis uwinszasvasunieldlasand



HaTnaLfingsia cell survival Hasun waz erallanmaienludlunsthdeinenunse
Lmuﬁ%msﬁl%ﬁ’uagtau fa malfiafithde, S9fhTa war nsHnee
Tulasams3sei 1 lduSoufisnszéuves MRLC phosphorylation 1w rat
prostatic adenocarcinomas 2 1% fiauaInlumauwinrzarsludainasasfionmu
I8E ASIREOUNANIZNLVBINTELIITLINTT MRLC phosphorylation daquaNLiasng g
-

ﬁi‘hLﬂudanﬁiqn‘gﬂmmmaﬁu:f"}a leur maeReaufl, nsinza, Nswas gelatinase,

MILLILTRR LAz NISLTHIEIU8S actin-myosin filaments MuluLTaa
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wrasuzi At lumnaaaaiiy rat prostatic adenocarcinoma il38n37 "The Dunning

L g =t as ]

Lines' tlsznavtinpimaduziameiugang giifduriniiadoaiu ualdkumade
Bantuny rat uldaneiuge sfienuaanolunsuwingzany (in vivo) @1afu (8)
MLL dailwan uﬁuﬁﬁﬁmmmmsn'luﬂ’m.t.ws'm:mﬂ (in vivo) uaz Tumaynin ( lagls
in vitro invasion assay) g4 Yyaed AT-02 Lﬂuﬂwﬁufﬁﬁﬂ’nummmﬁd 2 dszmsey
Tuszauthunasfisen (7)

& , & Ao A
iraduzFImaikgniaasln RPMI Al 10% FBS (fetal bovine serum) T 5% CO,

37 °C

MLCK inhibitors

Tulasensit 13114 MLCK inhibitors 2 78@ @8 ML-7 (1-(5-lodonaphthalene-1-
sulfonyl)-1H-hexahydro-1 4-diazepine, Hydrochloride) Wi ML-9 (1-(5-
Chloronaphthalenesulfonyl)-1H-hexahydro-1,4-diazepine Hydrochloride) 97111 Toronto

Research Chemicals, Inc. (Canada)

& 3
luertaan

Monoclonal anti-MRLC 20 Kd L&z Polyclonal HRP-conjugated geoat-anti-mouse

IgM (LL-chain specific} 31N Sigma, FITC-conjugated mouse anti-rabbit 1IgG uaz



Phalloidin-TRITC 970 Sigma, Transwell 3710 Costar, Matrigel 370 Beckton-Dickinsoen,

Fibronectin 37N BRL

eFHERIEELE
1) Invasion assay

L3131 invasion chamber #19z1% Tazti transwell anieRoufian insert 6 30 g
matrigel 1100 LU T adafisly 1 @n Intiu reconstitute fnamEpIda 100
W dawianldnasay

diaduzi3e 30,000 imasluFunas 200 (i anlalu insert fiafiay matrigel 1iudn

. . y ¥
%0 lower chamber l&a1IlRBToNEY 25 Llg/ml fibronectin uaz 10% FBS 1w

30787 0.6 ml 9% UNlU 5% CO, incubator 91 37 °C win 72 93139 4 insert aan

undaufiaadfianaein 0.5% crystal violet 1u 25% methanol \luiian 15 wifl, 8198

aan 2 ANMILINNAK ATIRT 5 Wf LLﬁaﬁuLmaﬁmnlﬁﬂﬁaaqamsﬁﬁﬁﬁﬁwm 10X

2) Motility assay
{ilawny invasion assay ud lidadnday insert 618 matrigel 14 150,000 Lfnaﬁmqu

witnlY 6 T lasneutuimaduy insert daun1TTaNE crystal violet

3) Proliferation assay

. . - & g
WUBERIIUIN 3000-5000 L8 W1307103 100 LU vasamsiRenTafid 10% FBS

inldasluusiaznguues 96-well plate 1INUUNIU 5% CO, incubator Al 37 °C



72 Flyy Haunaden 0.5% crystal violet 11 25% methano! 1uiaa1 15 wafl

elute &8l 0.1 M sodium citrate 1% 50% ethanol 1N 81Ue71 OD 540 nm

4) Adhesion assay
= [} ] a3 dv A’

LA38U 96-well plate IﬂULﬂaaULLﬂﬂ:ﬂQNG\’JH 30 Llg matrigel /100 LU 21W1ILRE9LTD
wuldpan Ul invasion assay (1) La2 block Aufia matrigel @28 3% BSA ilwiiar 2 77
19l 5% CO, incubator 814 BSA aanat PBS 2 assudtassliuisiszunm 30 wfl

Taraddiuan 3000-5000 ioadlulFanns100 pmaw udatulu 5% CO,

) .:' [ o b4 AN a & Y & a
incubator 7 37 °C wiw 1 Falus nwugaLrasH llimziafiely doumadniinizdae
0.5% crystat violet 14 25% methanol Lutaa1 15 WAl a7 destain 14 running tap water

1wan 30 wiA LLé"Jﬂ'mfnaﬁmﬂlﬁnﬁaaqammﬁﬁﬁwé’wma 10X

5) Gelatin zymography

Boasdluomnaoasenlidl FBS Wwauwu 24 Tl udufusmisdesis
144 (conditioned media) 3NATI9FO gelatinase activity laauesnlsaudas 7.5% SDS-
F’AGE ﬁwa:u 1mg/ml gelatin WUIRNIRIG8 2.5% triton X-100 2 ﬂ‘?\‘] 98z 30 Wi 9N
hugiealu activation buffer Farlsznaudat 500 mM Tris-HCI pH 7.5, 100 mM CaCly, 1
mM ZnCl,, 10% triton X-100 U8z 2% NaN; w1% 17 52%uefi 37 °C Sanaasay 0.5%
Coomassie blue Lmu'la'ﬁLﬁ@ﬁuLﬂuwamaanﬁﬂau gelatin Taenduland gelatinase
6) Urea-glycerol gel electrophoresis & Immuncblot

wwIsyldsdusinradlasdustazansfial 10% TCA waz 10 mM DTT waus 1 iuu
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shudoun 30 Wi ansiuilulu microfuge tsanaznanlisain usdeaznaudae
diethyl ether 3 f33 9az 2 w1fl Uaeslv diethyl ether TzinaufInzaoRznawlUsdRa18
sample huffer ﬁﬂizﬂauﬁ’w 23 mM glycine, 8 M urea, 20 mM Tris base, 2% triton X-
100, 100 mM DTT uaz 0.004% bromophenol biue 1gas’l¥ 30 wifildazany udailwuen
dufiazans (supernatant) uenTusiulasld native PAGE fifsznaudas 10%
acrylamide, 0.5% bis-acrylamide W8z 40% glycerol 71 370 V, 4 °C w1 6 $2la9 antias
transfer 1Us@ulUuuuds nitrocellutose lasldmiazatuuss 10 mM Na,HPO4, pH 7.6 i
25 V W 1.5 Talug

1 blot 3wty blocking buffer (5% skim milk 1w TBST buffer) fefiufi 4 °c
e ¥ fA381MY 1:200 dilution 289 monoclonal anti-MRLC lu blocking buffer W%
149lug &9 primary antibody aaneaumsdalu TBST buffer 3 a%s 98z 10 uIf L&D
MUfA38NM0 1:1000 dilution U89 HRP-conjugated goat anti-mouse IgM 11 blocking
buffer Wit 1 52lud §19&28 TBST buffer 3 AS39az 10 wifl udil§ASeniv ECL

reagent 1 w1l Usznu x-ray film

7) Fluorescence microscopy
(7.1) m3yfang myosin
- x Yy v S & L
LAHAULTAR AN TIREIUL glass coverslip L& ML-7 udafialy 2 Talag anim fix
WIANeIl paraformaldehyde U180 30 w1f @WAI8MT permeabilize LEaAG2E 0.5%
triton X-100 s TBS 1Huiian 20w

niu incubate 1w blocking buffer fidsznavsay 5% BSA 1w TBS (iwaan 20

U U128 1:25 dilution 189 rabbit anti-myosin 1gG (nonmuscle) Tu blocking
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buffer 1112871 60-90 wIfiluhla &79 primary antibody 8an#at blocking buffer Laz

TBS ati9azA3d Wa" incubate AU 1:200 dilution U&9 FITC-conjugated mouse-anti-

" L

rabbit 19G tHwan 30 Wit ludfle §190en6 blocking buffer uaz TBS 2519azA39

=9

AR LANABY fluoresence microscope

(7.2) mIdaug actin

Incubate LTRAT permeabilized wan luanIazanBad 50 Lig/ml fiuorescein

¥
T

phalloidin conjugate lu PBS i1fluian 40 w1l fgunpliviasluiifie druasdedan PBS

LLE'I"J@L‘H@EW’JEI fluorescences microscopy
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HAN1INAA DS
Hazd9 MLCK inhibiters ¢la n1sunya, n1steRani, n1sudamad uar Mmsinzia

ML-7 mmmﬁ“m]v'ommn;n (invasion) 1Bt TRaNZITY rat prostatic
adenocarcinoma Tiia AT-02 & T@aﬁmmﬁuﬂ'ug@q@ﬁl‘ﬁ (75 M) sanTneuTIng
yninletia 66.9% Tuvmedt mandsufivosoasd (motility) Qnﬂ’uﬂv'a 72.4% (gﬂﬁ 2) M9y
LLﬂaLmaﬁgnﬁuﬁqLﬁﬂa 24.7% (gﬂﬁ 1) usz anwaNInlunInz@ia matrigel laign
futs (gﬂ*ﬁ 3)

ML-7 mmm{fmﬁgﬂmmﬂgﬂ (invasion) TENTREA MLL I@ﬂﬁﬂ’awwLﬁuﬁugﬂqﬂﬁlﬂﬁ'
(75 M) mminﬁuﬁgaﬂﬁqngn‘lﬁﬁa 82.4 % luwmusdi manRoufivaaiaad (motility)
Qnﬂ’uév'a 60.7% (gﬂ"?i 9) miL-LﬂaLsnaa‘gﬂﬁ'uﬁv'sLﬁm 20.5% (31J°?'i 8) W8z AMURINIIN
lunrsinz@ia matrigel "l;igjnﬂ'uﬁa (gﬂﬁ 10)

ML-9 mmma‘fuﬂ"’amiqﬂgn (invasion) V89LTRE AT-02 Iﬂnﬁmﬁmﬁuiugjaqﬂﬁ

1 (75 M) sanadugamaninleiic 52.8 % luvaeh msiefaufivauaas
(motility) Qe 63.9 % (3U7 5) mIutsadgniusafios 20.7% (A 4) uaz
anuEuITalNMTNE@a matriget Linnduds (319 6)

[
L

ML-9 §130fUEIn1IUngn (invasion) eILwaS MLL T@mﬁmmgﬂ’uﬁuguq@ﬁ
14 (75 uM) snanandudanimyninldie 63.9 % luwwned nmaefaufivesaas
(motility) anfUHs 60.8% (UM 12) mMsuLwsdpndudunisg 9.1% UA 11) uaz

AnuEInlunTimziia matrigel lugnduss (U7 13)
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Haua9 Methotrexate GAN1TUNTN UAT MIULIBRS

Methotrexate ﬁmwmﬁuﬂ’ugeqaﬁlﬁ (1000 nM) mmmﬁuz?anﬁqn;n‘uawnaﬁ
AT-02 16 63.0 % ‘Lumm:ﬁmnmwnasfgnﬁ'uga 83.9 % (311'1?‘{ 7

Methotrexate finunauudugagaiild (1000 nM) sansadiugamsyninuasimad

MLL 'lef 60.1 % Tuamizfinsusisaadgniimgg 64.9 % (gﬂ"?i 14)

simlm MLCK inhibitors @@ gelatinase activity

Uy gelatin zymogram U84l aa8 MLL wuhiiwoulsdudafiszanos 72 kd @9
Laasfie gelatinase activity h. GUMUITH naanuduiuyes ML7 Flalifuadud
gelatinase activity e aduduues ML7 # 75 uM s‘ﬁammmﬁ’uﬁammn;n‘uaa
larns MLL 16

MINAFALLTA] MLL 71U ML-9 Tnattwdennuny ML-7 (lalldusasnanis
NABD)

AINARAUNAEI ML-7 ez ML-9 ¢i8n151ai MMPs 189 a8 AT-02 lisanin

n3zvile 118997N gelatinase activity Aszaudnunluiwad AT-02

Ha2d9 MLCK inhibitors Aassaua8s MRLC phosphorylation

Eﬂﬁ 16 LENINTTLEN phosphorylated variants 984 MRLC logls urea-glycerol
gel electrophoresis monoclonal anti-MRLC antibody Ynif3znasindwsanvlysinly
1312m 20 Kd $119n 3-4 unuiiliiegratas MRLC vialuSuwie ~ 20 Kd 4) foin 13
FadeunuvaslUsiuAinsiam 20 Kd $iilu MRLC Pattern 89 MRLC fiadnsnsiu

v JL g ~ o '
mIAnwweIngudL (5) wanani failunuzaslys@udsingluudiam 200 Kd Ssgandn
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PUIABEY MRLC 17 Faezfieannaahdideniy MRLC Agsduiiiu complex ag
- . . o [ [
N1) myosin heavy chain ‘mvl,ugnamﬂmﬂ 8M urea
WatRuanududunes ML-7 Wudenauvasiny MRLC variants W@8awils)

ﬁqﬂ readiiainuny control

Ha299 MLCK inhibitor 2191389072809 actin-myosin filament n1aluwizad
A‘ 1 1] d‘ 1 A "] Qs
nnnfnwuissduluasd MLL wudzdisessdnldldaudsiu MLk

inhibitor (ML-7) Lu3Unazaas uazl actin U myosin nszatwatnuaas laglufindy

Fududu (flament) aENIARTA e § NIFZENVLY actin AU myosin annluaIwi i

]
I=]

L ' pr v o o v & .
lamellipodia (gﬂ‘ﬁ 17, 21) Weanuidutuuad ML-7 LRNTU LTS NAaIRUaIIIN AT
Inghillugunszans sudugUnan wisuiuiswin lamellipodia uaz filopodia ARaY (U
P o Q- . . 3 [ 9 - J -
1 20,24) P5L389AVDY actin LAz myosin LAULT LAY (stress fiber) NTRLAUTU (EEJ‘YI

v a ! w g . o . .
19,23) LTRRFUINUNITHANIZNUWHAD coverslip e N1INIZINAIVAY actin-myosin Tu

lamellipodia 711 filopodia §@& (zﬂﬁ 18,22)
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gﬂ% NATAN ML-7 619 invasion WAY proliferation 989 AT-02

control  solvent 2.5 10

50

{ MW %invasion

|1 Y%proliferation

100
80

control  solvent 25 10

[ML-7T(uM)

50

M % invasion




gﬂ“?]:% NaTDd ML-7 f® invasion WA adhesion 184 AT-02

100 —- -~ i -

control solvent 2.5 10 25

[ML-71(uM)

50

16

B cinvasion

_| %Adhesion

control  soclvent 2.5 10 25 50
IML-9](uM)

5

B %Invasion

| %proliferation



715 1a189 ML-9 A8 invasion WA motility 184 AT-02

%lnvasion

%motility(X0.1}

control  solvent 2.5 10 25 50 75

[ML-9](uM)

100 — SR

B %:invasion

[F %adnesion ‘

|
|
{ control  solvent 25 10 25 50 |
[ML-9}(uM)



100

100

3U77 wa189 methotrexate 9 invasion WAz proliferation 18 AT-02

control solvent 10 50 100 1000

< ) ,
5198 waes ML-7 Ae invasion uaz proliferation 984 MLL

control solvent 25 - 10 25 50 75

[ML-7](uM)

18

M o invasion

| %Proliferaticn

M o:invasion

%Proliferation
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= )
g'ﬂ"ﬂQ NAUd ML-7 FID invasion WRZ motility 989 MLL

M % \rvasion |

L] %Motility(X0.1) |

control  solvent 2.5 10 25 50 75

control solvent 25 10 ) 0 |

[ML-71(uM)
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100
80
60
40
20 -

B % Invasion

E %Proliferation

control solvent 2.5 10 25 50
[ML-S]{(uM)

519112 piamee ML-9 6ie invasion Hae motility 218 MLL

100
Q-
s8]
40 -
20 Yelnvasicn
0 %%eMotiity(X0.1)

control sohent 25 10 o5 50 75
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= | .
31113 ua194 ML-9 Fie invasion Wa¥ adhesion 989 MLL

100

B % 1nvasion

YAdnesion

control solvent 2.5 10 25 50

[ML-9{uM)

100

W % invasion

control solvent 10 50 100 1000

[MTX](nM)

%Proliferation -
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< 5 ' el 1 " ’
3" 15 Gelatin Zymogram ifougaai1 ML-7 fianatndnds qlilinasa
gelatinase activity ADNUTBAD MLL

unphosphorylate
<—/

' phosphorylated
MRLC

control 10 uM 25 uM 50 uM [ML-7]

= o
gﬂﬁ 16 Urea-glycerol gel electrophoresis IHauaaIn phosphorylated form 283 MRLC
aAadiloa N NTWYRs ML-7 1AnTw




Fig. 17 1588 MLL flaniens Phalloidin-TRITC, f@awang 40X

Fig. 18 188 MLL Tun1edl 10UM ML-7 Saaien Phalloidin-TRITC, finddueny 40X




Fig. 19 188 MLL lunma2:Aifl 25M ML-7 San@dae Phalloidin-TRITC, fasuany 100X

Fig. 20 1ras MLL lun1azfill 50UM ML-7 Soufes Phalloidin-TRITC, fasusnes 40X




Fig. 21 188 MLL dauf@ Anti-myosin antibody, fN&32E1E 100X

Fig. 22 188 MLL lun11:Ai% 10uM ML-7 faufiehas Anti-myosin antibody, fnaineny 40X




Fig. 23 La@a MLL lun1zidl 25UM ML-7 faufdan Anti-myosin antibody, fiNfizene 40X

Fig. 24 188 MLL lun17znil 50UM ML-7 Sau&dn Anti-myosin antibody, iaaueny 10X
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FTHANINARDI
#a289 MLCK inhibitors dasAuBas MRLC phosphorylation

msﬁ‘uEt"‘anm_qlﬂ;nmmvnaﬁmﬁrﬁﬁﬂ uWInszany 2 wika A AT-02 (moderately
to poorly metastatic} LLaz MLL (highly metastatic) 1a8 MLCK inhibitors (ML-7 & ML-9)
ROAARBINLNTAAAINTUTBILIL MRLC ﬁLﬂﬁauﬁL"‘iaﬁq@uu urea-glycerol gel LD
289 MRLC fitnfoufiiafl 4s MRLC variant ﬁ?ﬁﬂi:fgau (phosphorylated MRLC
variant) %amﬁauﬁuu urea-glycerol gel 1é152n91 MRLC variant ﬁ"laiﬁﬂi:'-g 8) A
i ﬂ"liET‘]JEiTﬂ’I‘ij_Jﬂ?ﬂI@ﬂ MLCK inhibitors Tun1snaaaswadist 3oMrezifiaannmssud
MRLC phosphorylation

‘i]'mjll]'ﬁl 16, control Sunuwag MRLC variants Aadmagatas 3-4 Loy @979
s3uneldnmsfii MRLC 1%3'1_' non-, mono- UW&s di-phosphorylated variants Fafa
nnmadamywasinalagiulaod MLCK fi 2 $IURUILU MRLC (9-11) unuBugfiifia
1 onaulunaunan posttranslational modification 5us]°?iﬁﬂﬁ’ﬂi:qmaa MRLC 1/&tm
T 5wl kinase Tiia8n 1w PKC uas PKA Amusnidungwasaliud MRLC 1
wed i dufuidaiuisounaiifioduleese in vivo wialyl uszfiununathals (-
11)

T d7FuraTU MLCK inhibitors 9:8id7%7w Wwaz aaiduuas phosphorylated
MRLC variants aagJ (Qﬂﬁi‘% phosphorylated MRLC ﬁmaaa) ‘fi\‘]mﬂ:lﬂu mono- L
di-phosphorylated MRLC ﬁLﬁ@mnmnﬁwgwamwﬂIm MLeK  unuldsdufidnnda
atl (gﬂﬂi% unphosphorylated MRLE) a1adsznavld@ing MRLC ﬁ"l,ajﬁﬂ‘::g %38 MRLC

d' -y = £ A dl'
ﬂgm@mﬂ‘s:qiﬂmau‘lmu'nuﬂau
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MLCK inhibitor Lslvhazfuantenudnadosdaiduladriadn wisfites twme
affinity ( 91061 K; ) 189 ML-7 610 PKA Waz PKC siaani1 MLCK ©i9 70 uas 140 winilu

AU Az affinity 289 ML-8 68 PKA Waz PKC wauni MLCK 14 8.4 uaz 14.2 viniu

Aoy

Hazad MLCK inhibitors @iaﬂ'a'la.lmu'rsn‘lun'l‘sqn;n, ASIaRawN, ASuLEas

= t o

waz MansAafafiladausis matrigel

MLCK inhibitors tTfusjv’amsqn;nmaamaﬁu:L‘%mug’”Lﬂﬁ’umsﬂ“utfam*:mﬁauﬁ
VBALTAT (cell motility) (3U 2,59 uaz 12) Awdutuves MLCK inhibitors qaqﬂ'?'i'bﬁ’
(75 uM) af]msnﬂ’ué‘ammn;nlumaﬁ AT-02 'l& 66.9% (ML-7) Uaz 52.8% (ML-9) 1u
aaeRmsodusimaesaniile 72.4% (ML-7) usz 63.9% (ML-9)  &anluiwad MLL
ANUTNTUUDI MLCK inhibitors :gaqﬂﬁlﬁ' (75 uM) mmmﬂ’uﬁy'onﬁlgﬂ;ﬂ'ld' 82.4%
(ML-7) uss 63.9% (ML-9) lwvaifimansoiudansiadondile 60.7% (ML-7) uas
60.8% (ML-9)

NANTENUT89 MLCK inhibitors famsdufansudaaadidoutnetas iwz 4
AT TUFIEATa9 MLCK inhibitor #l% (75 um) mmmsﬂ’uﬂu’ammngﬂmaatfnasﬂﬁtﬁu
A 50% lunnnydl Tl m’mmmm'l.um‘smjaLfﬁaﬁgnﬁuﬂéﬂajLﬁu. 25% (31) 1.4.8
uaz 11)

ﬂﬂif_.l"]_lF:l.:\‘lﬂ']ﬁ_qlﬂ‘g"ﬂm‘ﬁwaﬂ?z‘l’mﬁié]ﬂ"n&Jﬁﬁuﬁiﬂluﬂﬁim'}:ﬁﬁﬁuﬁ’lﬁlLﬂﬁE]‘.U

matrigel (31 3,6,10,13) WANTTNARBIYOIIIRWNNKANIINARDIY Guillespi et al. (5)

il glioma cell lines 7L MLCK inhibitors 2 fi® fia ML-7 Uz KT-5926 #ugasin
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MLCK inhibitors 101308 UEININSLARAUNVD MDA LR NITINIZRARNUEINARDL
vitronectin laglufluantznudanisuiNeras  anukandfoaluwaauianasidiass
1 =3 s 4 . . 1 @ . d |
fnsptienn wis 9Nl vitronectin a8191887 WNWNTLE matrigel o Tluansuay
. s = . . = ] = < ' E .

Vitronectin L% integrin receptor aianits uaz 1uasdsznavaininitsvad matrigel
m3ld MLCK inhibitors e19vhanamsimz@afillaianavas integrin udanalalldrinans

a A P ] J A A L A .
nmnw:@mﬁlﬂmaqa“ﬂu@auﬁ] Imaqammumwunuaaﬂﬂsxnauawaa matrigel W&
a " & s = dld . -
Al lraa sIgIu IO aa o kw1 RT MLCK inhibitors

ML-7 3 affinity la MLCK 40131 ML-9 dszanm 10 i (61 K 189 ML-7 N1
ML-9 sia MLCK &8 0.3 iU 3.8 uM sudeu) adnlsid i ldldiiuanussvena

- & a g

NIENUNDTINTNUBIRTITNN 2 Tuan (17)

AIUU mﬁaagﬂ’h MLCK inhibitors mmmﬂ'uEf'amn;‘n;ﬂmaamaﬁu:ﬁwﬁmwi
nszanele lasdugamsaianfivodiras udlnadan1sulasd oudetoy uas wny

1 1 - A’ = d. = .
Tifnadanmnz@anninfiinfeu matrigel L&t

Hazas Methotrexate m'amwmm*m‘lumsqm;nmaamaﬁ’mﬁa
tNaLAAII MIA MLCK inhibitors mm‘mﬁuﬁ'ﬂﬂﬂigngnmaamaﬁu:ﬁa Tand

nasonTTuLlaTaadawtnaan it Dua s AARAN A MLCK inhibitors §dalanlTau

A1 eytotoxic drug 1Y I laisuifisumsnasasdiansld methotrexate

MITUBIMIYNINTBAITASLaY methotrexate FuNuTlauasInuMITLGIANY
sansnlumaudasad (U 7814) lasfenuiduiugigaes methotrexate AlE (1000
- 5 1 [:3 kgt
nM) MANIATULINTYNTN WA NISULRLTAR AT-02 16 63.0% Uz 83.9% aadau lu

{ v & f o o '
poufl FNT0FUBINTYNIN was AILLSTA8 MLL 16 60.1% Uas 64.9% audieu 61
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ICso FMTUMIYNTN Az MInLasaada indifsaiuuinlwesa 92 ha  (86.59
nM uaz 104.30 nM TWTad AT-02; 66.43 nM LAz 79.36 nM ulaas MLL) Wan1Thaaas
funsi m‘sEJ'Usfamiqn;nmawnaﬁu:ﬁﬂm methotrexate (Hwnansznudnad e
dlaananmsdudimiudaoss mﬂn'hﬁanﬂumsﬂ’uEl'sommngmmuﬁam’mﬁnLW]:

VBN THVAY MLCK inhibitor

Hazuad MLCK inhibitors Giam‘mﬁ.'\‘l gelatinase PaaBasaNLse

Tu conditioned medium TaLwas MLL i gelatinase activity ﬁﬁmmﬂﬂizmm 72
kd smmediaduduladriiadoaiuiy 72 Kd MMPs fisteanulan Quax, et al.
(13) atalsna Li’lﬂ'\‘lvl&ivl,ﬁmgi}ﬁ N 72 Kd gelatinase fitswulu conditioned medium
wadlwas MLL 1w MMP mﬁﬂtﬁmﬁuﬁﬂg;u Quax et al. INUMELRIa Ll TzeUV4
matrix metalloproteinases (MMPs) maatfnaﬁlunga Dunning ﬁ FoAAsaINUAIY
AUTSDIUNIUWINIENE  Seenadufenenuaun T lunIRE e usz W MMPs (Aa
Tu (13)

ﬂ’.l’mmmmlumwﬁ'ﬂ (secretion) MMPs magnmm}uﬁw MRLC
phosphorylation atn913ne mwud'}m‘sﬂ’uﬁa MRLC phosphorylation @18 MLCK
inhibitors 11 lei¥i 1 gelatinase activity Ja3iTad MLL aaa (31 15) i 9fiTnywuri

MRLC phosphorylation fitnuméaalumamasemaesialuaasynd 3% nsnas

daoniiuann basophils (14)
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Ha2@9 MLCK inhibitors 61831151¢ uaz n1351389@2889 actin-myosin Tnisadaziss

{TIWLTY MLCK inhibitor SinanTznudazlinsuadaasd uaz madoiaisas actin-
myosin filament mMslwass  aiRuanuidutusas MLCK inhibitor 1T88RARIEHAT
wiannuaaduulasaeflfisdasnumsiafaunvaiaad (5% lameliipodia LRz

o~ W a { =
filopodia TIREAAFBIAUMTAAANURINNTOIUMIARAUATEITRE URZNTANMIVDI
. . a &= o . . - & 4 v

Guillespie, et al. (5) wanNIMNW LHRAANITUIUYSI actin stress fiber LW TIRDAFR
o =2 a = | 6ol = = - . o o o
NLUATTIANEINHIWNT NWDITRIRVIVNTTLARAUTIUINIZA actin-myosin filament 1Nz
nyzas \unwia g (fussy) uonizfiioaad laiindauiiazil actin-myosin filament fii3e
dufluduidnta fiFand 'stress fibers' (15) tunzfifinsiadaud actin U myosin 92
n7:qn€r’aa§1u‘[maa§wﬁﬁmﬁ'um‘:mﬁauﬁ 1% lamellipodia &z filopodia a0 (31) 17

uaz 21) Iwankefl MLCK inhibitors Yl actin uaz myosin lainszgnéiafilassasiomen

& = [ a o o
Wik (E‘]J 18 R 22 ) TIFAANAINUNILARAUNAARI

ISP

A A Y €al . P &
LUBLWAAINULVNVURTDY ML-7 Lsnaaugﬂﬁonau LR 'luﬂqwqmaanmnwumﬂ
" ' A r-3 [*X7] i . . = ' o s
ninzag Faonaatunulaaisntsf actin-myosin udanlnauianues focal
4 v do . o o &
adhesion FalulaTsafefisniudamsfiainte 1az LaMRLC phosphorylation TNV

. [~ o v [ . Qs A’ =
lag ML-7 fonayinldnng form 1w focal adhesion waz msdaumeiuNuigely (16)
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