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Az R AR V7 dIAELS A en, 2% FBS7F H7FHd RPMI 1640
Wl Zd A MEK1/2 9 A14191 U0126€ A 23 F flow cytometryS S 3] A
AR ARl A RstE AEsAT. M EgAN U FAEAe wE o]
A EoFe] FZo] #A]Ei=A adhesion assayES EaA #@EA T U01269
Zgol MG oug e WA =A dolry] 918 MTT assays T
st th FzEAte] wE S FZU7HAI7]IE U01269 #F&o] U937 AlEe] 5ol A<l
AAANA dolr 7] A TE TR MEF F dHNIAAE, T HZAXE,
AfrobAMaze Al 01269 ©lgt F2Exe w¢d WstE confocal microscopy &

Sl gkl
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A A = Aok SNSOZ LY90062¢ A&l s wWell+= U0126°] €3 CDI11be &77}+
AA = A kkrh U01269 g0 bt 79 MEoA= Yelvs ddAA
U0126< A ldte] <ol Azl T PZA LA U0126°1 28] CDI1be] & o
S7tE = s RS, HIAAEe A fobA £ A U126 ol& ICAM-1

o Wl FAHA B

o
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gk o AT
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o] Z7tateE dAS gt U01269 H22x 271283 U01269] <
St ERK9] &< =& 7t correlation©] €74 YElStomn=Z 7 ZFgo] A2

dzslelgle Ths el AL,

12

AEE e U0126, A AIE, ¥ A4, ERK

_ii_



TEEL Q OF oottt s i
S| cevereeeeee e e iii
TR FF ] ceeeeeeeeeee s v
FE OB e vi
QEO] serersuessessustssustusisiistsiustssisistsistsis sttt s s s Ss s SsERbE 0s vii
I A B o 1
AL A SE T ZFEL ] oot 1

B, AlZFZE RO} Al S ] Th e 3

C. Oﬂ?%}_—} ............................................................................................................. 5

IL AT T HFE sttt st ssssssstssisens 6
AL A B 7] 7] HD A O et 6

1. 2B A] QF ottt 6

0. AL B] 7] T et 7

B. G TJEHEH] oottt ]

1. AL SEHI GE cooeeereieeetntiee e ]

0. AL B] 7] et ]

3. A FEAFE =1 MTT aSSay s ]

4, AEBZEA} Z A Flow CYLOMELTy e 9

5. Al EILFFZE R et 9

6. T Q) R BFBF 7 A H] coeereieiriieitii s 9

7. WESEErn BIOLLING - eeeeeesersersemsemssmmsimssmiisis s 10

8. T T A B ceereeerreeeeere e e 10

TIL. 78 T} coreeeeserreseesetneie e 11
A. U01269] ) 3F A FEEZE O] HEE] BB} e, 11

B. U01269] o3 &l E ot W3] Al EZFS] A FEEZF oo, 11

-1l -



C. UOI269H] O 8F A SE AL coeveesemssessssseisessssss sttt 11

D. U0126¢ <3t MEK¥ ERK MAPKS] g H G} v 17
E. U10269] &3 §-2E A Z7kek ROSS PRCFe] A3 wooveeeeeeeeeeee 17
F. o8& AlZzFoA4 U01260] o3k Al EFZE 2] T S; oo 17
N - O 26
V g % ......................................................................................................................... 31
FETTELG] cevvererstssmerstsiisiiiisisisis st s s s st 39
O B @ O ettt 38

_iV_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

1. Leukocyte infiltration « e 2
2. Expression of CD11b by U126 in U937 cells - rrwseeerremseessemsemseeseene. 12
3. Expression of CD11b by UQ126 in U937 cells wereerereememssesesssninaneas 13
4. Expression of CDB2L by U0126 in U937 cells «wewermersrmmmmssmseeninnnns 14
5. Effect of U0126 on adhesion of U937 cells to endothelial cells -« 15
6. Effect of U0126 on the cell viability in U937 cells -woeeeeeemermreeeeeeeeenes 16
7. Activation of ERK and MEK by U0126 in U937 cells «eeeeeeeeeeeees 19
8. Effect of LY90062, SN50 and PKC inhibitors on U0126-induced

CD11b expression in U937 Cells « s 20
9. Effect of rottlerin & trolox on U0126-induced CD11b expression

11 U937 CEILG wererreresrsesersssmsmsesesstsssse st bbb 21
10. Expression of CD11b by U0126 in Jurkat cells weeeeeeemeemeeemmmennennn. 22
11. Expression of CD11b by PD98059 in Jurkat cells -weeeeemseeeeeeeeeenes 23
12. Activation of ERK and MEK by U0126 in Jurkat cells «eeeeeeeeeeees 24

13. Expression of ICAM-1 by U0126 in bEnd.3 & NIH3T3 cells - 25

14. Diagram of U0126-induced adhesion molecule expression oo 31



£ A9

Table. 1. Adhesion molecules in leukocyte Infiltration =,

_Vi_



CD11b: CD11b/CD18 (Mac-1)

CD62L: L-selectin

CTL: control

DMEM: Dulbecco’s modified Eagle’s medium
ERK: extracellular signal-related kinase
ICAM-1: intercellular adhesion molecule-1
MAPK: mitogen activated protein kinase,
NF-kB: nuclear factor-kappa B

PI3K: phosphoinositide-3 kinase

PKC: protein kinase C

ROS: reactive oxygen species

VCAM-1: vascular cell adhesion molecule-1
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I. A

M ERZE 2} (adhesion molecule)= AEZHANAM WTFHAEE glycoprotein

© 2 neoplastic diseases®t S FSHESoA T3 IS st} WEHFol ¥
W A receptorZ2A THAEHE BAEY 259 XHAME xWe ligand=A

Iy = BAE 7Fe Hazae AxEe AEAole AN A FRI FHgow
d#H A Atk (Elangam &, 1997). dSHANA @A ot &yl AH L}

Aoz AEFAd (nfiltration)S Mo WA 2 Fd] o2 F2EA)

o

of WIS viyjE sl WA A EZFE A= immunoglobulin superfamily,
integrin family, selectin, cadherin® ® ¥ 4= At} (Table. 1). Selectine # &
Aol 27|dA Wy E BRExE A4 9o F£ 24 O F hetrophilic 23S 3§
H 574 oligosaccharide?} A3dS 3t} Selectin® &9l = leukocyteo A &
%= L-selectin®t &A% WA FE A wE 5= P-selecting 28] a2 Wu A E
ol 2&E = E-selectin®] ATl Integrine T2 W FoA ddHEH=E HIE
A2 B2-integrin family?! LFA-1 (CD11a/CD18)3 Mac-1 (CD11b/CDI18), —1g]
I pl50, 95 (CD11c/CD18)°] <lt}t. Integrine Al E¢F A E¥®wt wholz} A E o}
Alzel 71de] s aE&S wilsks FREAIY. AlxEIF 52 AX 7] E e
FEAEe AAHA AES Jlss FAsteH Wy 2 E oflg, R R
A dw B4

Ce g WA dhdAE G459 qee dvn deld Ao (A8,

ofN

0,
1
o

>,

ha
0
offt
_VLI
2

0%

2003). Integrine immunoglobulin superfamily® receptor® Z}&3fe] &4
o] et uw W7} YWIHERZ Gud] g ¢ A 29T 9F8S

o Cadherin® F&W gl 44 wpolata gom AEsh AEAols 54§

ok

o #A3 = FFE Aotk Immunoglobulin superfamilys= F2 W3 A Eo| A &

dH= FREAE ICAM-1% VCAM-1, PECAM-1 S° 92w, integrin
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familyet 23S A "d. @ ¥W F9elM TNF-av IL-B 5¢

proinflamatory cytokine©] 8] &3 U IME FH  immunoglobulin
superfamily, integrin family, selectin 52 HF-ZEAE0] ddagozn wgyg Lo

gal T Sate 4uagel FhEE dAS 93y

g

olN
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&S A%z H&eA 7
oRA dREWe ST dEA g (Fig. D). 22 I3t g

PARAS Bd 24

202 Y AET 4F03e Ak Festtn I & gk
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Wy ot
A CD11b 23l _

firm adhesion
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[= ey

Fig. 1. Leukocyte infiltration



Table. 1. Adhesion molecules in leukocyte infiltration.

Adhesion . .
Name Ligand Function
molecule
L-selectin GlyCAM,
(CD62L) sialyl-Lewis™
Selectin ) SSEA-1, .
E-selectin (CD62E) . . Rolling
family sialyl-Lewis’
P-selectin PSGL-1,
(CD62P) sialyl-Lewis™
CD11a/CD18 ICAM-1,
(LFA-1) ICAM-2
CD11b/CD18 .
ICAM-1, iC3b
(Mac-1)

. . Adherence and
Integrin family

CD11¢/CD18 transmigration
iC3b
(p150,95)
CD49d/CD29 L
fibrinogen
(VLA-5)
ICAM-1 (CD54) LFA-1, Mac-1
ICAM-2
LFA-1
(CD102)
Immunoglobulin Adherence and
S VCAM-1 VLA o
superfamily (CD108) transmigration
PECAM-1 CD31
(CD31) (homophilic)

B. Al

Fl

PaRgs Nsdg

EQdAFe] o3k FzREAe] dWEe dAdsittn dy R deAER =
protein tyrosine kinase, PI3-kinase, MAP kinase, PKC, ROS S°] Jt. 1 &
MAP kinasei= intracellular signaling< "j7}3}+ serine-threonine protein

kinases familyZHX QF - ZHE AdH IS AxHoziyg dog HAUIsto

¢

=a AEe g 23, aEa AHEes &

>

¢

d3l= 8 A HdEA ot MAP
kinaset extracellular signal-regulated protein kinases (ERK), p38 MAP

kinase and c-Jun N-terminal protein kinases (JNKs) / stress—activated protein



N

kinases (SAPKs) % 3 7}A o]xel £HF 2 o] 2tk MAP Kinase pathway

= dEusdA st LA

0|

o gdA3E MAP Kinasexs H-zHi

30

o] wd Frbel Fod AE&S stal vk B wolx vk HUVEC Al¥
AN CoClel <& fFr® ANEHdde] VCAM-1& 2dA7]&=d ol MAP
Kinase®}t NF-kBE #4d3stA]7]a, 1831 PKCe &84S E3l4 PECAM-19]
Axtsl "z d#lAd Atk (Chand 5, 1999). 12]a MEKI1/2 inhibitor$!
PDY80597F U937 Al EelA GM-CSFy TNF-0E& 23S W ERKE 53 &
7b¥l CD11be] 2daS At Bi ¥ vt (Emiko &, 2002).

PKCE &9 &dsgtel <ibste] o& xdu= didz Ax U 4

k=X
& A, FAA 2, a9 AxdE 2 4 Sl #dds Ae=m

12

7

o

=3
=

ol

’

284 9l PKCY isotyped 127147 4d A Qg ol: gSy e =4
oz A 7R = EF=2 4 v}l phospholipids (PS), calcium, diacylglycerol
(DAG) ¢4 <l conventional PKC (a, BI, BI, y)¢ calciumol = 5§ Ao a
DAGY = 942l novel PKC (8, ¢, n, ©, n), 28l calcium¥ DAG®] X+
5yl atypical PKC (g, 1, M7} A9 (Hongyu &, 2003). ©]# 3 PKC

isotypeE < &S FHAAE BT 2T I A=Y Vs

Ao R A F 7HAQ 7]ES gl A A, neutrophil 5o A M ¥ E 2 HE
WEd B2 49 ROSES HrH golet ¥ Az 9 Axvta Axuged &4
St A2 g d S Al 7)a, A E4S doA Mre 54& uE

WAl v =4, A AE 2o AEZEA ROSE AEW Asdded dad

S
A}

2} ARz #8319 protein kinase C (PKC), mitogen activated protein
kinase (MAPK), nuclear factor-kappa B (NF-kB) 5¢ t}%3l g9 Az dd

AE A4 A AT €A A, =3 ROSTE pathogen invasiond] W3k =<
712}, myocardial infaection, neurodegenerationm ischemic reperfusion injury,
°

atherosclerosis, adult respiratory distress syndromed % inflammatory



disorder® $xalttn <ted Qo o 9= A A HA3E ROSE 319

NEABAE BFS) BHSAANGORA LARA] BAZ ] Bl @i n
3 5] gk,

A ¢lom MAPK pathwaye 4279 #Hdso] 9tz ®Bi o it u
g B Ao eE dAAES U937 AEAdAM MEK1/2 dAAZ <48

V01269 ol &ala R uxpe] uwa Walzdy MEK/ERKS #78 Stoln 7
b ot



II. Al 2 44y

A. 237171 2 Ao

1. A3 A%

0.25% Trypsin-EDTA¥} penicillin-streptomycin, 18|32 RPMI 1640
GibcoBRL (Grand Island, NY, USA)d| A, fetal bovine serum< Hyclone
(Logan, UT, USA), dulbecco’s modified Eagle’'s medium (DMEM)< JBI
(Seoul, Korea)oll A Flstdow, Axujte] Ab&stdvt. el U01264%
PD98059, 8]al  trolox®  calbiochem  (SanDiego, CA, USA)d| A,
myristoylated PKC-e V1-2+ Biomol (Plymoth Meeting, PA), rottlerin<
Sigma (St. Louis, MO) A F+<3FFtl. Western blotS €3k antibody+ cell
signaling technology (Beverly, MA)9 4 p-ERK, ERK, p~-MEK, MEK, L3 i
HRP anti-rabbit antibodyE TY3A . Flow cytometryE €3 antibody+
Becton Dickinson (NJ, USA)elA anti-mouse CDI11b, anti-mouse CD62L
antibodyE T3t 2, FITC-labelled anti-mouse IgG antibody+= Molecular
Probes (Eugene, OR, USA)olA FY3tAt}l. Confocal mocroscopysS ¢ 3F
antibody = Santa Cruz Biotechnologyoll A ICAM-1 antibody%, Sigma (Louis,
MO)e| A Hoechst 33258< F+3tath. 18]a 22 antibody® FITC-labelled
anti-rabbit IgG antibody (Alexa 488)% Molecular Probes (Eugene, OR, USA)
oA skt



2. 2471+

AE g 2 A EE vE o) incubator (Sanyo, Japan)®} clean bench
(Sam Ki, Seoul, Korea), =22 1L centrifuge (Vision, Seoul, Korea)E A}-& 3}
t}. Western blote western kit (Bio Rad, CA)S A}83}49 LAS image analyzer
(Kodak, Japan)e. & 3}telstitt. Flow cytometryS ¢ wjdl FACS vantage
(Becton Dickinson, NJ, USA)E A}-&3F99th. Confocal microscopyEs 2 w4l
confocal laser scanning microscope CLSM (Olympus, Japan)S AF&3l9 oM
o] 9|4  Micropipette (Gilson, France), Microscope (Nikon, Japan),

Ultrasonicator (Sonics & MAterials INC, Danbury, CT, USA)E A}-&3F ).



1. Alxu] g

gl A

2l <l human monocyte cell

rlo
5]

2 AT A= ATCCO A Lk
line U937 Al¥<} human T lymphocyte cell line Jurkat A|XE A}F-&3FS .
U937 Alx<et Jurkat AEQ #vlLL 10% fetal bovine serum, 1% penicillin/
streptomycin, 0.1% amphotericing $FF3 RPMI 1640 #lA] & o] &3}4], 5%
COz7}F &A8= 37T incubatorel A wlF3Fth. 12]3 bEnd.3 H 3 & A xEe}
NIH3T3 5o} Axel wde 10% fetal bovine serum, 1% penicillin/
streptomycin, 0.1% amphotericin, 45 g/L glucose % 15 g/mL sodium
bicarbonateE 33 DMEM A & o]&3&t], 5% CO7k &Ask= 37C Wl
A R i e

2. A xA

Incubator (5% COp, 37T)elA wW&atd 5 X 10° cells/mle] U937 A EE
2% FBS RPMI 1640 s A& Zol H, 1~2A17F wjgs ek, 1 &, =34 gt

A MEK1/2 A AS Aelste] #2ad,
3. AAXAE ZA: MTT assay

Cell viabilityE =A37] €3 Wy o=r 2ol celld activity=
mitochondrial dehydrogenase”} soluble MTTE water-insoluble formazan® =
vt = RS SA-skeE Aolth U937 AMlEE 2% FBS7F i€l RPMI 1640 Wi
Ao A U0126€ b= 1247 &<t Ao, MTT solutions 5 mg/ml7}k

HEE A 24z &<t 37T  incubatorell A wids & 100 wul9
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solubilization buffer (5% acetic acid, 5% IN-HCl, DMFZ 1:12 &3%3}

SDS bufferE A 7HE Yo overnight & 540 nmol A TFE=E

A ZA : Flow cytometry

e

4. 27
2 A, 1~24M3b8 < 2% FBS7F 9
9

U937 Al £ U0126€ =
ol 1X PBS®E A #H &gt}

¥ RPMI 1640 wiA ol A wigst ¥ AxE

o

H HAE (5 X 10%cells/mDE 05% BSA7F #7FE 1X PBS (FACS buffer)dl

Integrin-B2 (CD11b), L-selectin (CD62L) monoclonal antibodyZ (1:300) 2 &
ki, FITC7F

o} 1A1ZF 5 FACS buffer® A 2 3}
FACS bufferg 23, 233t 4

Al # sk, 500 ml FACS

H, S 1~2A 7 HrS A F
Z% anti-mouse IgG antibodyZ (1:300)
buffer=

A 1A H
.

4e Ex 483 nm, Em

£

=4

%
o
o
e
r

it}
Jo
Y
5
M
£
N
it
O
o2

W o
T

bufferg %

520 nm¥ ?loll A FA43A
b. A EFAZA

<t

1640 #i Al A U0126€ A B dta] 124 7H&
a5 x| &e DMEMY A & stavationAl

i3k ¥ 1X PBSE &k A & A%

& AAdAvFdow HEEA

2% FBS7F g% RPMI

A= stk FBS7H

Ot

R R AR

7l bEnd.3 Al ¥t A 1~2A17F 2o

2 22y AHE H AR A

U0126€ A gl st wjds =

12 mm glass$l°l bEnd.3¢} NIH3T3 A %=
LA AT A 1X

MAska, 1053 100% methanol®

1IX HCSS=Z A ®
3% BSARE 30%3F RESAIZAH. IX HCSS= Al W Al

HCSS= Al W Al #4355



33l 0.3% BSAZF #H7FE 1X HCSSel ICAM-1 monoclonal antibody (1:400)
2 Yo 5 25ToA 3A7 3& 4T A overnight ¥FE3lth. 1X HCSS®E
A H A HE 3 FITCZ7F d7FE Alexa 488 antibody (1:4000& Yo+ H #3323
of 1~2A%F whgA A Y. L & F W AlH 3L hoechstE (1:1000) ¥ 102 &
oF WS A Z k. Al A3 5 mounting solutionS 2ulS slide glassol ¥ 1 9
E71E < AASL glassE FARHAAN =HEUC. glassTHES Wy Fo 2 B}

Fg 3k 42 confocal microscope® ICAM-19] ¥dWH3slE #Z5A ).

7. Western blotting

gl g o] wd S dolH | 95t MEKI1/2 Al A< o] mjgst U937 Al
X E Holr A7 1X PBS (pH 7.4)2 washing & SDS sample bufferg& ¥ &
), 5% 3% Ao ® 53¢ sonicatione E A EE 7=t WS X samples
10% SDS-PAGE A& ol&ste dA7|ds<s & 5 nitrocellulose membrane®
transferdt Aok, 2 3 1AI7F &< 5% skim milk® blocking3d} iz, TBS-0.05%
tween (T-TBS)® AFHsAth 3% BSAS 0.02% NaNz7b %3t% TBS]
p~ERK ERK, p~-MEK, MEK monoclonal antibody (1:500)& Yo} 25T Al 34|
F 5L 4T9dA overnight W3y, 2 & wAlS 913 HRP7F H7td
rabbit-IgG antibody (1:1000)¢} 1A]3F &<F WA 7l 5§ T-TBSZ Al %3l
LASE ©|&3to ERKe wdWssE AEstqi.

8. SAA4

7 A2 e Adgel e % goR dedm, RE A4RE PALEF

22t (mean+S.EM)E YEPUATH F942 student's ttestZ EA 23k

P<0.05 =59 HAZ38F ).
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A. U0126°0 9l AEXHFZAEA 2&d W3t

A E A MEK1/2 <A A U01269] <3k F2EApe] vy WH3ts o}
B 93] U937 Aol U0126€ A3 F flow cytometry® 43, U937

A Ze] U026 (10 UM)S A &8 & 4, 8 12, 24 A7+ F CD11be] & wigs
e A, 4N CD11bel wreo] F7Fskivr (Fig. 2). U0126= 1, 3,
10, 20 pM s=® = g el 1243 Fo CD1lbe] 2dS #2s A3, 3
UMl A58 CD11be] W&ol F7Fsklth (Fig. 3). CD62Le & W3tE U0126
1,3 10, 20 uM s=¥ =2 Agsta 1243 Fo] #F3 Aw 3 Mo A FE
ol kst (Fig. 4).

B. U0126°] 9 & IAMES} U AES A EFH

U937 A EelA 01269 o st F2AExe wd F7h7F dAAEe Ay
A EIRe] B3 B E Sf=A] Fotry] fldke] U0126S 124135 <t U937
AMES} W FS ¥, bEnd.3 AxEste] BAdw=g AFsqivt. 1 A3, U937 AE
ol U0126 (10 uM)= A7 5ol AgstA &2 25 Ht bEnd3 Alxe @
o] ¥z =3t (Fig. 5).

C. U01269 <3 MG

2R ate] wd S F7FA 7= U01260] Al w3t &S v =
A ol 7] f3] U0126< 1, 3, 10, 20 pM s="E =2 APt 12A]7F F9
MTT assayS 33 Ay U01260] AlEAFdd = d3S v x# ZUdrt (Fig.

6).
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Expression of CD11b by U0126 in U937 cells. U937 cells were

with U0126 (10 pM) for indicated times (4, 8, 12, 24 h). CDI11b

was detected using mouse anti-CD11b antibody and FITC-labeled

anti-mouse IgG antibody. CD11b expression was analyzed by flow cytometry.

Data shown are representative of 3 separate experiments. * P<0.05 vs control.
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Expression of CD11b by U0126 in U937 cells. U937 cells were

with U0126 - 1, 3, 10, 20 pM for

12 h. CD11b protein was detected

using mouse anti—-CD11b antibody and FITC-labeled anti-mouse IgG antibody.

CDl11b

expression was analyzed by flow cytometry. Data shown are

representative of 3 separate experiments. * P<0.05 vs control.
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Fig. 4. Expression of CD62L by U0126 in U937 cells. U937 cells were
treated with U0126 - 1, 3, 10, 20 pM for 12 h. CD62L protein was detected
using mouse anti-CD62L antibody and FITC-labeled anti-mouse IgG
antibody. CD62L expression was analyzed by flow cytometry. Data shown are

representative of 3 separate experiments. * P<0.05 vs control.
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cell number

Fig. 5. Effect of U0126 on adhesion of U937 cells to endothelial cells.
U937 cells were treated with U0126 (10 uM) for 12 h. U937 cells and bEnd.3

cells were co-cultured for 2h after treatment.
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Fig. 6. Effect of U0126 on the cell viability in U937 cells. U937 cells
were treated with U0126 - 1, 3, 10, 20 pM for 12 h. After 12h, cell viability

was determined by MTT assay. * P<0.05 vs control.
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D. U01269] ¢]$ ERK MAPK¢Y &A W3}

U937 AlEel A U1026°] MEK1/2¢F ERK®] &4el oWl &S n xE=H
Srolr 7] 9l U0126S 0.25, 05, 1, 2, 4, 8 12 ArEE A3 F western
blotg &3] ##3 Az, MEKI1/29 &4 2 ERK &/do] 2417t A @ol <A
HREd 1 A" Aot 12A074A A &EE e #Esth U0126€ 1,
3, 10, 20 M = = 12413 A 23 § western blote = ¥#E A3 U0126

o] T= oFH o2 ERKS 4o dAHAT (Fig. 7).
E. U01269] <g ¥ FH A F7F9 ROS9 PKCHe 434

2] & ROS, PKC, PI3K, NF-kB %9

e

535 og 5
pathway”} #elgvha B vk =] vk weba U0126¢] o g Fapdape] w
& Z7bl ROS, PKC, PI3K, NF-kB G| #o3t=2 717t AAAE A&}
o olr Qkrh. U937 A2 FAikstAl ¢k PKC, PI3K, PKC, NF-kBe| A&
30 A AHZE 3 F U0126 (10 pM)S 1241759 A 2189 flow cytometry &
SalA #Es AT 1 A3, PIBK A AAeF NF-kB A A= F-2HEzke] #d
wate] S mAA Lkt (Fig. 8). z#vh @4kakAQl trolox (50 pM)<t
PKC-8 A4l rottlerin (3 uM)E A= S o U126 <o Fapdape] o
& 77 dA A G (Fig. 9).

F. U0126] 93 T & AEFAA AEFFZE A B A3
U0126°] o3 F-2EAake] A S 77 U937 Al Lol A oA oz yEhs
AN A eolr 7] fs) T MES] Jurkat A2, {3 AEQ] bEnd3 AxE, L

2lal A oAl Q] NIH3T3 AlxellA U01260] €& FHEAe] S3Wsts

flow cytometry®} confocal microscopes E&|A #&AsA . 2 A3}, Jurkat Al
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3o U0126€ 1, 3, 10, 20 uM A 3 o CD11b7F S7ek3la (Fig. 10), @&
MEK1/2 A1 A<l PDIS059E 10, 20 pM A &R E wel = CD11b7F S7Fskaoh
(Fig. 11). &3 ERK®S &/do] A=At (Fig. 12). 24y bEnd.3 Al X<
NIH3T3 Al U0126€ A s wel= ICAM-19 2do] S7he A &dtt

(Fig. 13).
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Fig. 7. Activation of ERK and MEK by U0126 in U937 cells. (A) U937
cells were treated with U0126 - 1, 3, 10, 20 UM for 12 h. (B) U937 cells
were treated with U0126 (10 pM) for indicated times (0.5, 2, 4, 8, 12 h). ERK
activation was examined by western blotting using phospho-ERK antibody.
(C) U937 cells were treated with U0126 - 1, 3, 10, 20 pM for 12 h. MEK

activation was examined by western blotting using phospho-MEK antibody.
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Fig. 8. Effect of LY90062, SN50 and PKC inhibitors on U0126-induced
CD11b expression in U937 cells. U937 cells were pretreated with PI3K
inhibitor (LY90062 50 pM) NF-kB inhibitor (SN50 5 pM) and PKC inhibitors
(Myristoylated PKC-¢V1-2 10 pM, PKC-{ inhibitor 10 pM) plus U0126 (10
UM) for 12 h. CD11b protein was detected using mouse anti-CD11b antibody
and FITC-labeled anti-mouse IgG antibody. CD11b expression was analyzed
by flow cytometry. Data shown are representative of 3 separate experiments.

* P<0.05 vs control.
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Fig. 9. Effect of rottlerin and trolox on U0126-induced CD11b
expression in U937 cells. U937 cells were pretreated with PKC-90 inhibitor
(rottlerin 3 M) and antioxidant (trolox 50 UM) plus U0126 (10 pM) for 12 h.
CD11b protein was detected wusing mouse anti-CD11b antibody and
FITC-labeled anti-mouse IgG antibody. CD11b expression was analyzed by
flow cytometry. Data shown are representative of 3 separate experiments.

* P<0.05 vs control.
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Fig. 10. Expression of CD11b by U0126 in Jurkat cells. Jurkat cells were
treated with U0126 - 1, 3, 10, 20 pM for 12 h. CD11b protein was detected
using mouse anti—-CD11b antibody and FITC-labeled anti-mouse IgG antibody.

CD11b expression was analyzed by flow cytometry. Data

CcTL 1

J 10 20 {pM)
L0126 {12h)

representative of 3 separate experiments. * P<0.05 vs control.
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Fig. 11. Expression of CD11b by PD98059 in Jurkat cells. Jurkat cells
were treated with PD98059 - 10, 20 uM for 12 h. CD11b protein was detected
using mouse anti—-CD11b antibody and FITC-labeled anti-mouse IgG antibody.
CD11b expression was analyzed by flow cytometry. Data shown are

representative of 3 separate experiments. * P<0.05 vs control.
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Fig. 12. Activation of ERK by U0126 in Jurkat cells. (A) Jurkat cells
were treated with U0126 - 1, 3, 10, 20 pM for 12 h. (B) Jurkat cells were
treated with U0126 (10 pM) for indicated times (2, 4, 8, 12h). ERK activation

was examined by western blotting using phospho-ERK antibody.
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Fig. 13. Expression of ICAM-1 by U0126 in bEnd.3 & NIH3T3 cells.
(A) bEnd.3 cells and (B) NIH3T3 cells were treated with U0126 (10 uM) for
12h. ICAM-1 protein was detected as green stains using anti-ICAM-1 IgG
and fluorescein-labeled anti-rabbit antibody (Alexa 488). Nuclei were stained

blue by hoechst to identify all present cells.
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collagenase®} 2 proteases] BHIE FE3ta] 24 &S 7HE5 A 71
FZd2o FAdseE AFE FFL bronchial asthma, rheumatoid
arthritism atopic dermatitis, tumor metastasis, =22 i allograft rejection®] #<]
Stota A doem (Springer 5, 1990; Wegner 5, 1990; Isobe %, 1992),
M gto] ] FHES2 &3 autoimmune encrine diseases® ¢ # 7 autoimmune
thyroid disease (AITD)AlA #ZHATh T3k =0 #Holdgts FRERE=
asthma, atherosclerosis, inflammatory bowl disease, acute respiratory distress
syndrome, ischemia reperfusion injury, 18] 2 autoimmune disease2} Z& T}
&3t inflammatory diseaseo] A @a @At 2dH A At (Roebuck %, 1999). F
222 skl ICAM-12 vt dSnkga dgitbgo] #odvta <A
A=d (Staunton %, 1988), &7l" ICAM-19 w3d- rheumatoid arthritis,
psoriasis, atherosclerosis®t Z<2 tdsk autoimmune diseases®t pathologic
inflammatory disorders®] developmente] #Ssttia B o] Jqu} (Davies,
S 1993; Szekanecz &, 1994). H3 A5 AL HIAAS AP
HEF Gz QA AEHAQ oAl ELFLAA YEUA He=dH ol xHA
TR Hxd B HEHAgAe ASREEl 9 st dn. A& =

o
o

o)

brain ischemic model®] 4] lekocyte adhesion recetore] 5-©]% <l monoclonal
antibody = @ stA W dFA HEds Aadts 2 27 E4s #FaA
kol ®Bar ol Qv of¢k & HiEg Edto] o
of F-AEAIE s, o AWA wdH= FRERY FUE 2dde

Aol el Arel ek AL I £ 9

i)
ul%
olN

)
=)
18

¢

B =19 A= human monocyte cell line?l U937 Al¥Ee|x MEK 1/2
inhibitor U01269l <3 Az F-zHiExte] Ha e E AFstdet. 1 d 3, U0126
S == AYde o U0126] ¢ st CD11b¢t CD62Le] S7tst= 2& ¥
Zard k. U937 Al Zel A U0126°] ols) S7Fd F-2EA7F daaA e 7
zZho o stEx Folr ] f1d U937 Mxe dAYIMEQ bEnd3 AEE 2
o] wWjdste] FAPEE gl 1 A, U0126] o3 U937 A*Ee d
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At aem AERFRA] Zobe] o)

£ U01269] F&o] Axe] AtEolyt A Soll F#stvh= 2 & cell viability =

=

—

3 At o2 U0126°0] U937 Ao A F2EAe] HdHS F7HA 7] AL
ol% sh W AEste] FHYL FAANPEG AU

GZwgd dF RAEAS WA xA/AeEE PKCH PlKinase,

ROS, NF-kB =8 31 MAPKinse’} $83ttta Hil o Q. d#H Hi1ES
2 S 3 2tk Human monocyte Al Eo A lactosylceramideS # 2] 3 S

ol PKCo/ee] €45 F3dlA PECAM-19 #dS S7FA7]3L, monocyte Al3E<}f
W A EZFe] BFeS Z7HA 79 4y A v (Gong 5, 2004). Human
endothelial cell line?l ECV304 A4 PMAY TNF-ae] o&] wado] F7h
ICAM-1°] AP-1¢] #/43} JNK pathwayE &34 doldrtia B Ho glo
H (Hirotsugu %, 1999), HUVEC A *%°] A thrombine] <& wWaw® ICAM-1
o] PKC-09 p38 MAPKel ©g NF-kBe &4& &3 F7tatha B =
9t (Rahman %, 2001). Human epithelial cell?]l NCI-H292 A 3ol A
Interferon-yoll <3 @& ¥ ICAM-1°©] PKC-a¢] <& &4 3% o] monocytet
o Fzg FU7HANZIY g#A J3 (Chang &, 2001), F# FAFHESlA
cytokined] 9ls] F7Fd VCAM-1¢ & o] ERK-independentd} Al NF-kB7} &
dstee] FrkstH, ¥ £ 359 e W¥F Ige] #est= angiotensin
el o8l g% S7Fdva B =HoA dth (Jiang & 2004). Neutrophilel] A
IL-1BE AH#st¥ p38 MAPKE &3] CDIlb7F E7Feoha ®a He] lx
(Suzuki 5, 2001), asthma mouse model®] ¥ ZZ A ERKE 3 <713
VCAM-1o] 9d5Wgs S7HAZttar Bal 5o vk (Martin &, 2004). SRt

29 A neutrophils®] &4 NADPH oxidased] €3] superoxide®E ¥*33F ROS

il

Be &g BHls HEd oy ROSe Aol p38 MAPKS PKCE &
d8AAA CDIlbE F7HAZtta & A Atk (Wang 5, 2003). o8& H1
g nutgo® U0126e] o3 ¥Rl Z7ke PKCY PI3Kinase, NF-kBe|
g4 7 ROSe Aol #Hast=x], 3 ERK S AA| 2 2183t U0126°] MEK
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7 ERK®| &/ w3 FFe mA=A dopr k. U026 s 57t
CD11be 2&o] rottlerind FAFsHAIE Agstdes W HaHE A& t
uo0126¢ o g F-zExate] @ F7lke]l PKC-09] €73 ROSS A/do] #o g
olg}t FAHEAUY. 281l weatern bloteZ MEK¥ ERKES #Ao] U0126<9

o
of
ol
w9 M

off

=7 SUbskel mel JAHE Ae #FFe=s ERKS #4 x7F U0126
of ol&) F7tske F-AEA B Aolgt FHHU

001262 MEK1/29t ERK MAPK SAlAl= Ab&H=d, B2 HadA
U0126°] ERK®S &/d& Ao wn Aoty a5 o5 48 a0
3 98 A v, MAPK pathwayt inflammatory responses ¢t 5 23},
pro-inflammatory cytokine®] ++H] Zdd T Q3 dadS v dHA Aot
(Bruce & 2000). Breast, ovarian, ZL#8]3 lung tumor cell linedl] anti-cancer
drug?l paclitaxeld® *I8]3}H microtuble assembly$} pro-apoptotic signaling
pathway, prosurvival MEK/ERK pathway”} @A st®ltta <A Qdth. 13 A
paclitaxel MEK/ERK inhibitorE #Zo| * &84 ¥ W prosurvival MEK/ERK
pathway”7} A =] paclitaxel®] cell death& 25 HS SZHAZD & Aot Hw
a2 FHo] At o] ZHA paclitaxels MEK/ERK inhibition2 A} 2<% anticancer
strategy = ©]€4d 4 Aqrttar #3Fal At Acute myeloid leukemia cell line©l A
= U0126€ A gstA HH A3ty MEK 1/22 9 A8 myeloid leukemia®)
apoptosis® FEAI RN HS F3E Ut B o] glth U1026]
ot &4 H3E F3+E in vivo modeldl A= ®o] Hi Fo] Qlth Focal
cerebral ischemia modelel A ERK®|l &/dstE& U0126€ A Elste] dAdS o
Elk-1°] A ¥ IL-1B2 #4H]E A 3|4 ischmic brain injuryE #aA 71t
I X FHo 9o (Alessandrini 5, 1999; Namura 5, 2001; Wang &, 2004),
Rat primary cultured cortical neuronselAl U0126< 23S W, oxidative
stress9] W3le] MAPK/ERK kinaseE & #|82 Z 4 neuroprotectiond}thal H il
o th (Takumi &, 2000). =3 TPAC] <3 =¥ AFEol U0126S A
&tal ERK MAPKE AI#S o #ass Ae &34 inflammation #] &9 A
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B3 37 @ Aolgta Bl Ho] v (Jaffee & 2000). L] il traumas-ol
hydrocortisone®} U0126S 74 A2 &A ¥ ™ circulating neutrophildl] 4] ROS
o] S AdAFe=ZN HE g3E yEWTa &€# A <t Traumatic brain
injury model®] mouse brain®l 4 U0126¢] <]+ ERK®e| < #|+= brain injury°l A
pathophysiologydl %23t 93-S 3= MMP-99 level#} blood-brain barriere)
£ 283 truma$9 RFAFRZES FAaAHoH, T3 U01269 A o,
tight juction protein®l ZO-19] #<E& /MAAZHY. o] 24 U01269 traumatic
brain injuryE 9% MEE A5 2L AH8E & dg Zolgt B HIAT 9
¢} Zo] U0126°] 47 inflammatory diseaseo] 4] ERKE Aoz A H S g7
S et deAd Sl vbd, 2o A3 A A= U0126e A e o
eole] ASHEs TVHNZE T e FRAEAS o] FUtE e s #ES)
Ak 2y T 2 Axet dayaAEe Aol £ A U126 A 2 3

o AWstE S A3, T d2 AEdARE UL0269] <] g
FAEAbel A F7 ddol vebvba, AW Al 2t A oMl A A = v ERY
A Ee Ae #AFEIAT. ol =4 U0126] o ddol Axd weEp 24 v
Bl d4d JhsAdoe]l AAE Y. 2y BER U0126€ AsEHom o83 A
o= V01269 AHAS o Alxo] me} devs FFExe] 2dS7HE A7
of FFojopst Zlolgt AzhE

o)

ool Axg FTFsH, @I F AEQ U937 AEA V0126 <] st
252 wgo]l Frhstdth. 1gla U0126¢ 23 adhesion molecules®] 3 7F

2k-go] ERK® A4S <A|st= #E 3} correlation®] €022 F #Eo] AR
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T oEARoR 7ZtAanE A4S #AIozHA U126 93 HAEA H

¢

f
5

ERK MAPK<} 3o a5 AARSIA . EAAE A U01269 9 d&Fs
##Z3s Az, U937 A EZA CDI1bet CDE2LE Z7FA #H 1, U0126€ A2 dl&

W % 9EH o= ERK MAPK® &€& AT U01269 o3& A HAE
o U A xS F-Fe] FrhetE 3e &, U01269 o g FziEae]
o] EAWIANERS] FHEAE TS AASA . U01269] o & F-2iE
Aol Wl Fohe] FAkstAl e PKC-d AAAE AEssds o, 7t 22
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e
b
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L
rr
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Fig. 14. Diagram of U0126-induced adhesion molecule expression.
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- ABSTRACT -

U0126, MEK 1/2 inhibitor, Induces Adhesion Molecules Expression

in Human Blood Cdlls

Sung Lyea Park,

Department of Medical Sciences

The Graduate School, Ajou University

(Supervised by Professor Chang-Hyun Moon)

Bo-Integrin (CD11b) and L-selectin (CD62L) adhesion molecule play crucia
roles in monocyte transmigration and adherence to endothelia cells,
causing inflammatory responses in vascular lesion. MAPKinase pathway has been
known to be activated in inflammatory responses. In this study, we investigated the
expression of adhesion molecule by MEK1/2 inhibotors such as U0126 in human
blood cells, U937 cells. Cédll viability was determined by MTT assay. The expression
of adhesion molecule was observed by flow cytometry. Adhesion molecules were
time- and dose-dependently incresed by U0126. U0126 decreased ERK activity in a
concentration-dependent manner. To investigate the mechanism of U0126-induced

adhesion molecules, we examined the effects of various inhibitors such as LY 294002
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(an inhibitor for PI3Kinase), trolox (antioxidant), rottlerin (an inhibitor for PKC-3),
and SN50 (an inhibitor for NF-kB) on U0126-induced adhesion molecule expression.
Adhesion molecule expression was attenuated by rottlerin and trolox. In addition, to
examine cell type specificity of U0126 effect on adhesion molecule, we investigated
ICAM-1 expression in other cells including human T cells, brain endothelial cells
and fibroblast cells. In bEnd.3 cells and NIH3T3 cells, U0126 had no effect on
ICAM-1 expression. These results indicate that expression of adhesion molecule was
increased by MEK1/2 inhibotors, such as U0126, in human blood cells and the
expression of adhesion molecules may involve the downregulation of ERK MAPK

pathway.

Key words : U0126, human blood cell, adhesion molecule, ERK
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