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(Abstract in English)

Lipopolysaccharides (LPS endotoxin) are cell wall components of
most gram-negative bacteria. During sereve bacteria infections, as
occurred in post-operation or immune suppressed patients, large amounts
of LPS may be released into the blood stream and leads to various
pathophysiological reactions such as fever, septic shock, and multi-organ
fallure. Since Gl tract is the tissue that exposed to LPS most, we are
interested to study its effect on colon epithelial cells. In the study, we
observed that 10 pug/ml LPS can enhance the growth rate of Caco-2 cells
(colorecta adeno- carcinoma cells), and improve their metastatic ability
to migrate on dish coated with collagen. Furthermore, we found that LPS
could upregulate the expression of ¢Src protein that in turn caused the
enhancement of tyrosyl phosphorylation of Shc and ERK and promoted
celular growth. In addition, LPS induced FAK Tyr-397 phosphorylation
might attribute to cell mobility.

Curcumin, an active yellow pigment of Curcuma longa, possesses
anti-inflammatory, antioxidative and anticarcinogenic properties. To
delineate its antitumorigenic mechanisms, the colorectal adenocarcinoma
cell line, Caco-2, was utilized as the materia in our study. Like what has
been described in other cells, significant growth inhibition of Caco-2 was
detected in the presence of curcumin. At the same time, we aso found
that curcumin could reduce the metastasis ability of Caco-2 cdls. And
when the profile of tyrosyl phosphorylated proteins was analyzed,
significant reduction of overal tyrosyl phosphorylation was observed in
curcumin -treated cells as compared to that in control. Surprisngly,

suppression of ¢Src expression in response to curcumin was observed



while no change of the expression level of actin was detected. The
curcumin-mediated reduction of c-Src expresson resulted in the
aborgation of c-Src activity as evidenced by reduced tyrosyl
phosphorylation of cortactin, a Src substrate. Interestingly, accompanying
with downregulation of ¢Src in curcumin-treated cells was the reduced
tyrosyl phosphorylation and the enzymatic activity of FAK, an important
player in integrin signaling. With these findings, we suggested that
curcumin-mediated reduction of the expression and activity of c-Src

might attribute to curcumin-mediated anticarcinogenic effects.



APS
BSA
cDNA
COX
DEPC
DMEM
DMSO
DNA
DTT
ECL
ECM
EDTA
EGTA
EtBr
FAK
FBS
HRP
kDa
MRNA
NC membrane

NF-7B

(Abbreviations)

Ammonium persulfate
Bovine serum abumin
Complementary DNA
Cyclooxygenase

Diethyl pryocarbonate
Dulbecco’'s Modified Eagle Medium
Dimethylsulfoxide
Deoxyribonucleic acid
Dithiothreitol

Enhanced chemiluminescence
Extracellular matrix

Ethylene diaminetetraacetate
Ethylene glycoltetraacetate
Ethidium bromide

Focal adhesion kinase

Fetal bovine serum

Horse radish peroxidase
Kilo-dalton

Messenger RNA
Nitrocellulose membrane

Nuclear factor kappa B
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NSAID Nonsteroidal anti-inflammatory drug

PAGE Polyacrylamide gel electrophoresis
PBS Phosphate-buffered saline

PCR Polymerase chain reaction

PM SF Benzylsulfonyl fluoride

RNA Ribonucleic acid

RT Reverse transcriptase

SDS Sodium dodecyl sulfate

SH2 Src homology 2

TAE Tris-acetate/EDTA buffer

TBS Tris-buffered saline

TEMED N,N,N’",N’ -Tetramethylethylenediamine
TNF Tumor necrosis factor

Tris 2-Amino-2-(hydroxymethyl)-1,3

-propanediol



Colorectal cancer

1997)

APC

FAK
FAK protein

( Introduction )

K-Ras
P53

c-ScC c-Src
(Brunton et a.,
motility



c-Sc

LPS
Lipopolysaccharide (LPS) (endotoxin) 1892
Richard Pfeiffer (Pfeiffer et al.,
1892) (lipid)
(polysaccharide) lipopolysaccharide LPS

(Rietschel et a., 1992)
LPS
(Nogare et a., 1991)

LPS 3
lipid A LPS
(Gdanoset d., 1977)
O-antigen
(Knirel et d., 1990) core-polysaccharide

(figure 1)(Unger et a., 1981)

LPS
LPS NO
(Rietschel et a., 1994)
MAPK pathway
transcription factor (TF) ---- NF-?B AP-1 TF

(Lutz et ., 1998)



LPS
(Mayeux et a., 1997 Wright et ., 1990)

LPS
(Masayuki et al., 2000) LPS
LPS NF-?B NF-?B COX-2
COX-2
(Inoue et d., 1998) LPS
Src
Sc tyrosine kinase (Levy et d., 1984)
oncoprotein 60 kDa c-9C
Rous sarcoma virus  v-gcC (Stehdin et d., 1976

Cross et d., 1985) c-Sc protein (cellular Src) 6
domain N’ C : SH4 domain (Src homology

domain 4) unique domain SH3 domain (Src homology domain 3) SH2
domain (Src homology domain 2) kinase domain regulatory domain

(figure 3A) (Resh et dl., 1994 Megan et dl., 1996)

domain SH4

domain  Gly-2 myristoylation c-Src
(Courtenidge et d., 1980) SH3 domain 50 amino
acids proline  peptide (Moran et a., 1990) SH2

domain 100 amino acids tyrosyl phosphorylated
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(Anderson et d., 1990) kinase domain  regulatory

domain 416 527 tyrosine residue (Tyr-416

Tyr-527) c-Src (Smart et 4.,
1981) Tyr-416 c-Sc (Smatetad.,
1981) Tyr-527 Csk (C-termina Src kinase) c-Src

(Rosen et d., 1995)

c-Src
c-Src
(Jacqueline et al., 1999) c-Src
kinase activity c-Src
40
c-Sc c-Sc (Rosen et al., 1986
Bolen et a., 1987) c-Sc
FAK
Focd adhesion kinase (FAK) 125 kDa focal
adhesion tyrosine kinase (Parsons et d., 2000
Schlagpfer et a., 1999) FAK  tyrosine
phosphorylation
extracel lular
matrix (ECM) integrin

FAK integrin signaling pathway
(Michadl et d., 2001)
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FAK protein 6 tyrosine

phosphorylation tyrosine residues ( Tyr-397  -407
-576/577 -863  -925) (figure 3B) Tyr-397 FAK
autophosphorylation site FAK Src family kinase

SH2 domain (Schaler et d., 1994) kinase domain
Tyr-576/-577 FAK C
Tyr-925 Grb2  SH2 doman
Ras MAPK pathway (Schlagpfer et a., 1994)

motility integrin

signa pathway Src-FAK complex (llic et a., 1995) Integrin

ECM integrin FAK
kinase autophosphorylation  Pi-Tyr-tyrosne 397
Src SH2 doman complex FAK Sc

FAK C  proline-rich sequence
p130®  SH3 domain Tyr-576/-577 p130*®
migration (Klemke et al., 1998)
FAK motility
Curcumin
(curcumin) (Zingiberaceage)

(Curcuma longa Linn) (figure 2A)

curcumin
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Curcumin diferuloylmethane
(figure 2B) aspirin
(Wargovich et
al., 1995, 2000 Rosenberg et a., 1998) curcumin

(Kunchandy et al., 1990) curcumin HIV
integrase HIV (Mazumder et
a., 1995) 1988

curcumin
(Huang et al., 1988, 1992, 1995)
Aspirin (NSAIDs)
(cyclo-oxygenase, COX) COX
Isoenzyme COX1 COX2 COX1
COX2
COX1 COX2
curcumin COX2
COX1
Curcumin tumor initiation  promotion (Huang et al.,
1988, 1994 Rao et d., 1995) cancer cell  apoptosis
(Jang et d., 1996) curcumin
7,12-dimethylbenz[ alanthracene (DMBA)
DNA (Keith et a., 1996)
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0.5-2.0% curcumin ra&a mice

(Huang et dl., 1994)

curcumin
ML-1a curcumin
TNF NF-?B (Sanjaya e 4.,
1995) transcription factor AP-1 Egr-1
curcumin
curcumin transcription factor
(McMahon et d., 1996) curcumin
phophorylation 12-O-tetradecanoylphorbol-
13-acetate (TPA) protein kinase
C (PKC)
curcumin PKC

(Linet d., 1997 Luetad,,
1994) Curcumin

p185™ oncoprotein

curcumin
p185™ oncoprotein curcumin p185™
oncoprotein  chaperone p185™ oncoprotein

(Ruey et d., 1999) curcumin
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LPS LPS

LPS
LPS
(curcumin)

curcumin
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(Materialsand Methods )

Caco-2

44208 mg  curcumin 12 ml DMSO
(curcumin final conc. = 10 mM)

25mg Lipopolysaccharide 5ml DMSO
(LPSfinal conc. =5 mg/ml)

anti-cortactin (4F11) : anti-cortactin monoclonal antibody
anti-ERK : anti-ERK polyclonal antibody

anti-pERK : anti-ERK tyrosine polyclonal antibody
anti-FAK : anti-FAK polyclonal antibody

anti-FAK Tyr-397 : anti-FAK Tyr-397 polyclonal antibody
anti-Shc : anti-Shc polyclonal antibody

anti-Shc Tyr-317 : anti-Shc Tyr-317 polyclonal antibody
anti-Src : anti-Src monoclonal antibody

HRP-protein A : HRP-conjugated protein A

HRP-rabbit anti-mouse antibody



PY 20 : HRP-conjugated mouse pTyr monoclonal antibody

rabbit anti-mouse antibody

Centrifuge

Centrifuge

Digita analysis system
GeneAmp PCR system 2400
Hemacytometer

Hoefer semiPhor

pH meter

Power supply

Protein-A sepharose beads
Protein Assay Kit

PV DF transfer membrane
Shaker

Spectrophotometer
Stirrer/Hot plate

Verticd dab gel unit
\ortex

Water bath
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Eppendrof 5415C
KUBOTA1720
Kodak EDAS120
Perkin Elmer

BOECO

Pharmacia Biotech TE70

JENCO 6071
EPS2A200
Pharmacia
Bio-Rad
NEN
TKSRS01
Beckman DU640
CORNING PC640
Hoefer SE400
GENIE SI-2 G560
TKS ZX-400



Acors (New Jersey, USA) :

deoxycholate
sodium orthovanadate

American bioganics (New York, USA) :

acrylamide
bisacrylamide

AMmersco :

Chloroform
50X TAE buffer

Amersham :
Protein A Sepharose
Arch:
| sopropanol
Bio-Rad (Hercules, CA, USA) :

gd dryer
Protein Assay Kit

Fisher Scientific (New Jersey, USA) :
acetic acid, glacial
methanol

Tween 20

Fisons Scientific Equipment (Bishop Meadow
Road, England) :

Sucrose
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10.

11

12.

sodium chloride
Gibco BRL (New York, NY, USA) :

agarose
ammonium persulfate
DMEM

EDTA

fetal bovine serum
glycine

L-Glutamine
penicillin-streptomycin
SDS

Sodium Bicarbonate
TEMED
trypsan-EDTA (10X)

Nunc (Roskilde, Denmark) :

100 X 20 mm petri dish
60 X 15 mm petri dish
35 X 10 mm Petri dish
15ml cornical tube
50ml cornical tube

Promega :

5X RT buffer

dNTP

OligodT

DTT

RNase inhibitor
Reverse transcriptase
Taqg polymerase

Sigma (St. Louis, MO, USA) .
2-mercaptoethanol
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37% Formaldehyde
gprotinin
bromophenol blue
curcumin

EGTA

gelatin

glycerol

IGEPAL CA-630
lipopolysaccharide
PM SF

Methanol

13. Tedia (Fairfield, Ohio, USA) :
hydrochloric acid
14. USB :
coomassie brilliant blue R-250
Tris-HCI
Acryamide
SDS

Glycine
Tween 20

(cdl culture) :

1. DMEM 1 liter

1 DMEM powder 37g NaHCO,  600ml
dd H,O pH HCl 7.1 ddH,0 1liter
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hood  0.22 pm 4

2. Fetal bovine serum

50mli parafilm
-20

3. 10X Penicillin-Streptomycin (10000 unit/ml-10000 pg/ml)

450m  DMEM 5ml P-S

4. 10X L-Glutamine (200mM)

450m DMEM 5ml L-Glutamine

5. 10X trypsin-EDTA

IXPBS 10X trypsin 1X trypsin
6. 10X PBS 1 liter
NaCl 80 g
NaH,PO,.H,O 12 g
500 ml dd H,O pH 7.4 dd
H,O  1liter 4 dd H,O 1IX PBS
7. culture medium 500 ml
DMEM 400 mi
Fetal bovine serum 100 mi



(fina conc. = 10%)

10X Penicillin-Streptomycin 5ml
(fina conc. = 0.1X)

10X L-Glutamine 5ml
(fina conc. = 0.1X)

8. 40% DM SO stock solution 10 mi
DMSO 4ml
DMEM 6 ml

0.22u m -20

9. Freezing medium 10 ml
DMEM medium 5.5 mi
40% DM SO stock solution 2.5 mi

(final conc. = 10%)

Feta bovine serum 20ml

1. culture DMEM (20% FBS 1% P-S 1% L-Glu)
CO, (37 5% CO,) 90% confluency

2. (subculture) --

a medium 2ml 1X PBS PBS
b. 2ml IX trypsin CO, (37 5% CO,)
trypsinization 20

21



C. 8 ml fresh medium

12 13
3. -
a  medium 2mi 1X PBS PBS (
fresh medium )
b. 2ml 1X trypsin CO, (37 5% CO,)
trypsinization 20 3 ml culture medium
C. 50 ml cornical tube 4 1000 rpm 5
d. 1 ml freezing medium
4. -
a 6cmdish 16~18 hemacytometer
seeding number 4 x10°
b. curcumin (UM) LPS (ug/ml)
CO, 24 48 72 hemacytometer
SigmaPlot
lysates :

1. Lysis buffer (RIPA buffer) 500 ml
NaCl 4389
Tris-HCl 3.0285¢9
Deoxycholate 1259



IGEPAL CA-630 5ml

350 ml dd H,O pH 75 dd H,0

500 ml 4
2. Modified RIPA buffer 1ml
RIPA 1mi
200 mM Sodium orthovannadate 5ul

(fina conc.= 1 mM)

200 MM EGTA 5ul
(fina conc. =1 mM)

0.5% Aprotinin 5ul
(fina conc. = 0.0025%)

200 mM PMSF 5ul
(fina conc. =1 mM)

1.  medium 1X PBS PBS
2. 400 pl modified RIPA buffer (6cm dish)
( ) eppendorf
eppendorf  rake
3 4 10000rpm 10 eppendorf
-80

1. BSA (1 ug/l)
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2. Protein Assay Kit

1. BSA standard curve
0 5 10 15 20 25 30 BSA(1 pg/ul)
eppendorfs
2. dd H,O eppendorfs 800
3. 200 Protein Assay Kit (dye) eppendorfs vortex

4. sample 10 Wl cdl lysates 790 pl dd H,O 200

dye

5. Bradford Protein Assay BSA 595 nm

standard curve sample O.D. sample
(SDS-PAGE) :

1. 30% Acryamide/0.8% bisacryamide 500 mi
Acryamide 150 g
N’ N'-Methylene bisacryamide 49

350 ml dd H,O ddH,O 500 ml
4
2. Tris-HCl (2 M, pH 8.8) 500 ml

Tris-HCI 121.14 g
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Tris-HCI 350 ml dd H,O pH 8.8 ddH,O 500
ml
3. Tris-HCI (2 M, pH 6.8) 500 ml
Tris-HCI 350 ml dd H,O pH 6.8 ddH,O 500
ml
4. 10% APS 10 ml
APS 1g
APS 8 ml dd H,O ddH,O 10ml 4
5. Resolving gel (8%) 30 mi
H,O 15.8 ml
2M Tris-HCI, pH 88 6 ml
Acryamide/bis (30%/0.8%) 8ml
20% SDS 150
10% APS 150 pl
TEMED 20 ul
6. Stacking gel 10 ml
H,O 8ml
2M Tris-HCI, pH 6.8 0.625 ml
Acryamide/bis (30%/0.8%) 1.33 ml
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20% SDS

10% APS

TEMED

1M Tris-HCI, pH 6.8

SDS

Sucrose

Bromophenol blue

2-mercaptoethanol

350 ml dd H,O
Spacer
1 ml dd H,O
dd H,0O comb
pipette
comb

running buffer

sample

10X sample buffer (10:1)

26

dd H,O

20 )

50 pl
50 pl
10 ul
1ml
59
259
10 mg

5ml

500 ml

pipette

200 ml 1X

Soin



5

1. micropipette

V. 20mA

18

sample wdll

200V 30mA

Western blotting analysis :

1. Transfer buffer

Tris-HCI
Glycine
SDS

M ethanol

2. 10X TBS
Tris-HCI

NaCl

500 ml
3. Blotting buffer
10X TBS

BSA

350 ml dd H,O

350 ml dd H,O pH

27

dd H,O

8.8

(50

100 ml

500 ml

500 m
303 ¢

4383 ¢

dd H,O

50 ml

5ml



Tween 20 (USB) 25 ul
35 ml dd H,O ddH,O 50ml

4. Washing buffer 500 mi
10X TBS 50 ml
Tween 20 500 pl

350 ml dd H,O ddH,O 500 ml

1. methanol PVDF transfer membrane 10 dd
H,O 5

2. semi-phor transbl otter transfer PVDF
transfer membrane (25 300mA 1.5 )

3. PVDF membrane 30 ml blotting buffer 4
preblotting overnight shaker  preblotting 30

(shaker 5rpm)
4. preblotting buffer 10ml  primary antibody (1:1000)
blotting buffer shaker  blotting 1.5 (shaker
5 rpm)

5. washing buffer membrane 50ml 5 50 mi
5 100ml 10 (shaker 40 rpm)

6. 10ml  secondary antibody  blotting buffer(1:3000)
blotting 1.5 (shaker 5 rpm)

7. washing buffer membrane 50ml 5 50 ml
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) 100 ml 10 150 ml 15 150 ml 15 (shaker

40 rpm)
8. membrane (0.125 ml/cn) ECL kit
(Amersham) solution | : solution 1 =1:1 1 X-ray

film

(Immunoprecipitation) :

1. Protein A Sepharose beads

Protein A Sepharose CL-4B 0159
IX TBS( ) 10 ml
600p 1X TBS 30 ( 4 )
IX TBS 15ml 1IX TBS 4
1. 5ul antibody 35l Protein A Sepharose eppendorf
4 1.5 ( 12 rpm)
2. 500ug lysates 1.5 ( 12 rpm)
4 5 (10000rpm) ( beads)
600 RIPA buffer Protein A Sepharose beads 4
5 (10000rpm) 3
3. ( beads) 60 ul 2X sample buffer 100

3 Sin loading
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total RNA :

1. RNA extraction reagent 4

2. Chloroform
3. Isopropanol

4. DEPC

1 liter 1 mIDEPC 1000: 1
H.O
121 30

5. 75% ethanol

75 ml 100% ethanol RNA only (Merk)
75% ethanol -20

6. 50X TAE buffer

DEPC

25 ml DEPC H,0O

DEPC H,0O 0.5X TAE buffer

7. 2% agarose gel
0.5X TAE buffer

agarose

dd H,O

50 ml
1g

50 ml



agarose powder  buffer
30 10 10 agarose tray

comb
8. 37% Formaldehyde

9. 4X RNA loading dye

1. medium 1X PBSwash
1 ml RNA extraction reagent (1x107/1 ml)
15 ml cornical tube 5
2. 0.2 ml chloroform 15 2
4 12000 rpm 15
3. 15 ml cornical tube
( 5ml) isopropanol 4
10 4 12000 rpm 10
4, pellet  cold 1 ml 75%
ethanol RNA vortex
4 12000 rpm 5
5. pump ethanol
RNA ( 5 ) pellet
DEPC H,O 60~65 5
6. vortex 1 RNA 99 ul DEPC H,0O

O.D. raio (RNA DNA RNA
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7. 2pgtota RNA (1 2W) DEPC H,O B) 37%
formadehyde (25 ) 4X RNA loading dye (2.5 )

65 5 2% agarosegel  0.5X TAE buffer
20 (100 V) agarosegel  EtBr
RNA
RT-PCR :
1. DEPC H,0O
2. 5X RT buffer

3. dNTP (2.5 mM)

4. Oligo dT (0.5 pg/p)

5.DTT (0.1 M)

6. RNase inhibitor (40 U/W)

7. Reverse transcriptase (200 U/ul)

8. Primers

c-sc: (PCR 390 bp)

Forward : 5 -CCAGCTTGCGGATCTTGTAGTGC-3
Reverse : 5 -CGCTGGCCGGTGGAGTGAC-3

primers  PCR c-¢ MRNA

9. 10X PCR buffer
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10. Taq polymerase (5U/l)

1.  5Spugtota RNA ( 6ul) 26ul DEPC H20 70
5
2 10 pl 5X RT buffer 4 pl NTP (25mM) 1 pl Oligo dT
(05ug/ul) 1 DTT (1 M) 1l RNaseinhibitor (40U/ul)
42 5
3. 1 Wl reverse transcriptase (200 U/ul) 42
1

4, %4 5 ( 20 )

S. 1l cDNA 37.5ul 5ul 10X PCR buffer 4 pl dNTP
(25mM) 1l forward primer (10 uM) 1 ul reverse primer (10
uM) 0.5 pl Tag polymerase (5 U/ul) PCR (94

5 7 30 60 30 12 30
36 72 5 )

Cell migration assay :

1. collagen coating buffer 10 ml
collagen (10mg/ml) 125u
1X PBS 10 ml
15u | stock collagen 6m PBS, 12.50
g/mi coating collagen, filter



2. 50% methanol

3. 10% Giemsa stain reagent

1. 1ml collagen buffer 3cmdish dish
4 O/N

2. buffer 1X PBS wash

3. 3cmdish

4. 6x10° cell/ml 1ml

5. dish incubator O/N

6. 1X PBSwash medium
Giemsadan migration



LPS

LPS
1991)
LPS
18
48 72 9%
24

( Results)

Caco-2

(Nogare et d.,
(Caco-2)
Caco-2 subculture

LPS(O 1 5 10pgml) 24

1 5 10pg/mlLPS Caco-2
106% 116% 125% 48
103% 135% 72

102% 102% 137% 9% 101%
101% 117% (Figure 4) LPS
Caco-2
LPS Caco-2 tyrosyl phosphorylation
LPS

tyrosyl phosphorylation LPS

LPS Caco-2

Caco-2 tyrosyl phosphorylation

10 yg/ml LPS



Caco-2 0O 6 12 24 48 72 96 cell lysates
anti-pTyr Ab (PY 20) western immunobl otting
LPS Caco-2 tyrosyl
phosphorylation time-dependent (Figure5)
tyrosine kinase activity LPS

LPS tyrosine kinase
LPS c-Sc
c-Sc tyrosine kinase
(Jacqueline et d., 1999) LPS
Caco-2 96 tyrosyl
phosphorylation LPS c-Sc
LPS c-Src
Caco-2
Caco-2 10 pg/ml LPS (O 6 12 24 48 72
96 ) cdl lysates SDS-PAGE transfer
nitrocellulous membrane anti-Src antibody western
immunoblotting LPS Sc
Sc LPS
(Figure 6) LPS Sc
tyrosyl phosphorylation time-dependent
LPS c-9¢ mMRNA



Caco-2 LPS c-Sc LPS
LPS c-9cC
MRNA c-Sc
c-gc primers (242~260  609~631 nucleotides)

RT-PCR c-3¢ mMRNA LPS
LPS(O 1 5 10 pg/ml)
96 total RNA reverse transcriptase  total RNA
cDNA C-g'C primers PCR
[3-actin internal control Caco-2
LPS c-9¢ mMRNA LPS
(Figure7) c-Sc LPS

c-gc  transcription

LPS Shc  ERK  tyrosyl phosphorylation
St ERK c-Sc
LPS c-Sc
LPS c-Sc Sc ERK
10
pug/ml LPS Caco-2 0O 6 12 24
48 72 96 ) cell lysates anti-Pi-Shc (pY 317)
anti-Shc  anti-Pi-ERK  anti-ERK Ab western immunoblotting
Sc ERK LPS

Shc Pi-Tyr-317 ERK  tyrosyl phosphorylation LPS
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LPS c-Sc

Shc ERK c-Sc
(Figure 8, 9)
LPS FAK  tyrosyl phosphorylation
FAK 125 kDa Sc LPS
Caco-2 tyrosyl phosphorylation
120~130 kDa

Tyr-397 FAK  auto-phosphorylation state

FAK LPS
FAK
10 pg/ml LPS Caco-2 (O 6 12 24
8729% ) cell lysates Pi-Tyr-397  anti-FAK Ab
western immunobl otting FAK
LPS FAK  auto-
phosphorylation state LPS (Figure
10) LPS c-Sc LPS
c-SC FAK
LPS Caco-2 migration
LPS Caco-2 FAK  autophosphorylation
FAK metastasis



(Klemke et a., 1998) Caco-2 LPS
migration

12.5 pg/ml collagen coating  culture dish 16 ~ 18

collagen culture dish
collagen coating Caco-2 collagen
motility (Marc et d., 1992) (Figure
11) 3x 10°
16 ~ 18
O 1 5 10pg/ml LPS 48 9% 144
migration LPS
Caco-2 migration LPS
LPS Caco-2 migration
dose-dependent (Figure 12)
(Figure 13)
curcumin Caco-2
curcumin
curcumin
Caco-2 subculture 18
curcumin (0 10 30 50uM) 24 48 72
10 M curcumin
Caco-2 (24 48 72
5% 73% 70%) curcumin
30 uM Caco-2 (24 48 72
58% 40% 41%) curcumin
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50 LM 24 48 72
47% 18% 7%) (Figure 14)

curcumin Caco-2 tyrosyl phosphorylation

curcumin Caco-2
curcumin
tyrosyl phosphorylation
curcumin
tyrosyl phosphorylation
curcumin (10 50 100 125 150 uM)
12 cdl lysates (SDS-PAGE)

transfer  nitrocellulous membrane

anti-pTyr Ab (PY 20) western immunoblotting

curcumin tyrosyl
phosphorylation 120~130 kDa
50~70kDa tyrosyl phosphorylation

dose-dependent (Figure 15) 10 50uM
curcumin 12 tyrosyl phosphorylation
curcumin 100 uM
tyrosyl phosphorylation (Figure 15)

tyrosyl phosphorylation curcumin

curcumin



curcumin c-Sc

c-Src 60 kDa  nonreceptor tyrosine kinase
curcumin Caco-2 12
tyrosyl phosphorylation c-Sc
curcumin
Src Caco-2

50 100 125 150puM  curcumin

Caco-2 12 cell lysates SDS-PAGE
transfer  nitrocellulous membrane anti-Src antibody
western immunobl otting curcumin
Src
(Figure 16) curcumin Src

tyrosyl phosphorylation

curcumin c-9¢ MRNA
Caco-2 curcumin c-Sc
curcumin
curcumin c-src mMRNA c-Sc

primers RT-PCR
c-3¢ mMRNA curcumin
curcumin (0 50 100 150 uMm) 12 tota
RNA reverse transcriptase  total RNA cDNA c-SC

a4



primers (242~260  609~631 nucleotides) PCR

R-actin - MRNA internal control
Caco-2 curcumin c-s'¢ MRNA
dose-dependent (Figure 17)
c-SCc  transcription curcumin c-Sc
curcumin c-Sc  tyrosyl phosphorylation
curcumin Caco-2 c-Sc

Src kinase activity

curcumin (0O 50 100

125 150 uM) Caco-2 12 Sc
cortactin Sc tyrosyl phosphorylation
Sc
50 uM curcumin Caco-2 12 cortactin  tyrosyl
phosphorylation 100 uMm
cortactin  tyrosyl phosphorylation curcumin
tyrosyl phosphorylation (Figure

18) curcumin c-Sc

c-Sc  kinase activity

curcumin FAK  tyrosyl phosphorylation

FAK 125 kDa foca adhesion
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Src curcumin c-Src
kinase activity
curcumin tyrosyl phosphorylation
120~130 kDa FAK
curcumin(0 50 100 125 150 puM)

Caco-2 12 cel lysates FAK antibody
(immuno-precipitation) FAK immunopreciptates
SDS-PAGE protein transfer western blot
anti-FAK  anti-pTyr Ab FAK tyrosyl
phosphorylation FAK
curcumin tyrosyl phosphorylation
curcumin (Figure 19A)

FAK tyrosine kinase Tyr-397 FAK  auto-
phosphorylation site FAK  auto-phosphorylation site  FAK
Src SH2 doman Sc Tyr-576 -577
-863 -925 Tyr-576/577 FAK

curcumin Caco-2 FAK tyrosyl
phosphorylation FAK
Tyr-397 phosphorylation curcumin
curcumin cell lysates

Pi-Tyr-397 Ab western immunobl otting
50 uM curcumin 12 FAK Tyr-397
curcumin 100 pMm FAK



Tyr-397

curcumin c-Src

tyrosyl phosphorylation

curcumin

FAK
(Klemke et al., 1998)
FAK  tyrosyl phosphorylation
Caco-2
migration
pg/ml collagen coating

collagen

3x 10°

50uM  curcumin

migration

collagen coating

collagen coating

migration
curcumin Caco-2

does-dependent

Caco-2

culture dish
culture dish

(Figure 21)

(Figure 19B)
FAK

autophosphorylation
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