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The effects of hot water extract from Chlorella vulgaris on the
IEC-6 cells’ proliferation

Seo-Hyeon Song

Department of Food and Life Science, Graduate School,
Pukyong National University

Abstract

Chlorella is a unicellular microalgae that is ubiquitous in freshwater environments.
It contains highly nutritious substances such as protein;—carbohydrates, vitamins,
minerals, fatty acids, dietary” fibers and nucleic acids and exerts various biological
effects. Hot water extract of chlorella is a biological response modifier (BRM)
which modulates immune responses.against tumors, bacteria and viruses. '‘But the
effect of hot water extract of Chlorella vulgaris on normal cell proliferation has not
been studied.

In this study, the hot water extract of Chlorella vulgaris (CVE) was  gained
which had a proliferative effect, and examined signal transduction pathways focusing
on insulin-like growth factor-I' receptor (IGF-IR), focal adhesion kinase (FAK)/Src
signaling and Wnt pathways. “The IGF-system plays essential role-in the regulation
of cell growth, proliferation and survival.—-FAK is-a protein tyrosine kinase that
appears to have many functions in cells, linking integrin signaling to down stream
targets, acting as part of a survival signal pathway and having connection with cell
motility. CVE induced the increased expression of IGF-IR and the activation of
FAK and Src. IGF-IR and FAK induce activation of multiple intracellular signal
transduction cascades, including the phosphatidyl-inositol 3-kinase (PI3K)-Akt

pathway and the mitogen-activated protein kinase (MAPK) pathway. In this study,

Vi



CVE induced the activation of ERK but not the activation of JNK and p38. And it
induced the increased expression of p85 and the activation of Akt.

At least three different Wnt pathways are currently recognized: the canonical Wnt
pathway, which is mediated via [-catenin and T cell-specific transcription
factor/lymphoid enhancer-binding factor (TCF/LEF) factors; the planar cell polarity
(PCP) pathway; and the Wnt-Ca>* pathway. The canonical Wnt pathway is essential
for cell proliferation and development. As a result of the experiments, CVE induced
the increased expression of nuclear -catenin and cyclin DI.

Tyr-397 site of FAK can mediate interactions with SH2 domains of a number of
other signaling proteins including PI3K, PLC-y, Shc, Grb7, Src and Nck2. Because
we confirmed that CVE has proliferative effect on IEC-6 cells via FAK activation,
we examined whether FAK inhibitor-can effect on canonical Wnt pathway. As a
result, the treatment of FAK-inhibitor induced the decreased expression of nuclear {3
-catenin, cyclin D1, c-myc and increased expression of cytosol [B-catenin.

These results indicate that ' CVE stimulates cell proliferation via MAPK pathway,
PI3K/Akt pathway  and canonical Wnt signaling pathway. And activation of FAK
influences canonical ‘Wnt signaling pathway: translocation of cytosolic [-catenin to
nucleus. Gastrointestinal damage associated with the use of ‘non steroidal
anti-inflammatory drugs (NSAID) and chemotherapy. Therefore CVE has a, potential

application as functional “foods. for protecting gastro-intestinal tract.
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4 (Lee et al., 2010), &< 37 &4 2 BHEFay (Park et al, 2002;
Kim et al, 2003), ©]At3teta 143} 28 (Yun et al, 1996; Sung et

srdd F=
At |
Aoty F2det FEEodv W, ofn it ko]l =, G, 4k A
e, F7]" 2 CGF (Chlorella growth factor)E #3lx lon
(Kang et al., 2004), W9 75 &% (An et al, 2010; Hsu et al., 2010),
28 (Konishi et al, 1996), 4453148 (Kanno et al, 1996; Kim
et al., 2002), H&E% /A 2 oA, Alx A T A7 dokar &
A A

Fzdg g #3 ApE%E Po| HaFar 9 Sheih et al
(2009)& Chlorella vulgaris®] FAHE25-E pepsin 7F5F38] & 3hakst
g4 & 7HA = peptides 8o, Chu et al. (2006)< “Chlorella
pyrenoidosa= 58 A2 E#AQ haemagglutining -] s ST
Kang et al. (2004)> trypsine #]glsto] ksl Chlorella vulgaris
Z25EH AgdAdes el = @l E S 2gst%al, Noda et al. (1996)2

Sz vk Yol 33 glycoproteing E8]ste] ddaE gel
sttt 2244 #g AT "l REE gy 2 FJsEH AN
o HT ¢ FRIAY EFFEE ANAMEY BIE FHdTE
ATFAe gt d WAool _BaFHAnE (bee et al, 2003). 12 il
Choi et al. (2010)2 354t S22 {F7] & FE=EEZ5YH FE5

AL QAN AE A 3

insulin-like growth factor (IGF) system-2 <A W tjf-&o 7] &4 o

dae v IGF-1& A4dd} FA8 725 7440 44 Z2 3



Az A A EHE YERUY, A2z W] IGF-IRe Adste] Alx
U o AsdGAd=2E €4d3kst (LeRoith and Roberts Jr., 2003).
IGF-IR7} &A1 3} %™ insulin receptor substrate (IRS) family @2 &
o] Ql4k3l¥ o] phosphatidylinositol 3-kinase (PI3K)-Akt pathway$}t
mitogen-activated protein kinase (MAPK) pathway$} & AX ] 2
THGAERE SANA AxFH B AES FstA dd (Tal et
al., 2003). MAPKs+= AlE oA 4% 2 #3to] #dd JadGd=
oA Fagh s Fdele QAstaAE ME & A=
ZFA Al 9as sk, MAPK groupol & extracellular-signal related
kinase (ERK), c-jun amino-terminal kinase (JNK), p38 MAPK”7} 3+
d % ERKE Axe F4 3 £3t& xdsta, JNKS p38e o5
S 3 M EAFES #o]dkt} (Zhang and Liu, 2002):
Wnt @922 Az A 3 54 59 g duERgd s -0
24 Attt (Logan and Nusse, 2004). Al 7} o] 74
canonical wnt pathway, planar.cell polarity (PCP) pathway, Whnt-Ca”'
pathwayZ ©|E % B-catenin¥} TCF/LEF SIAES S dAEds+=

canonical Wnt pathway”} A S 2o Aot} (Pinto et al, 2003).
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Z2dgE 1 7ol A9 An[ Ao R de F&EHIL 3
A gk 51 in vivodll A SHE A HREolth AE Tl FEE
FFEEY AYSLS HAs Y O FE7HdE Wi Sete MY, d4E
T SOl #S Hart e o e gy A E ] S 2G| HIt
ATE AT B Ao E ratdl A FEE AN A2 AgAEd
[EC-6 Mo SF2d} dF-FE2ES AdS u AT S HESA
o, I AE7HE AR 1A At o] & Ay TS HE
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7L A 2 As

2 A AHEE FEREd s (F) AN AT FEAEHY A
(Chlorella vulgaris)S AH&3F9th AlE wie] AFE%¥  Dulbocco’s
Modified Eagle’'s Medium (DMEM), Fetal Bovine Serum (FBS),
Penicillin-streptomycin< HyClone (Logan, UT, USA)olA %3} t}.
Phosphate-buffered saline (PBS)<2 -Gibco/BRL. (Invitrogen Co., USA)
A ES A3 AL, trypsin, protease inhibitor 5< Sigma-Aldrich Inc.
(St. Louis, MO, USA)o A 439 tF. Western blotting®l] “AF-&3F 7+
< antibody+ Santa Cruz Biotechnology Ine. (Santa Cruz, CA, USA),
Cell Signaling Technology Ine. (Danvers, MA, USA)°lA <4341,
focal adhesion kinase (FAK) inhibitor (1,2,4,5-benzenetetramine
tetrahydrochloride)= Tocris Bioscience (Missouri, USA) A|3&& Al-83}
% t}h. Bovine serum albumin (BSA):= Bio Basic Inc. (Markham,
Ontario, Canada)oll*] <3k 3, protein standard marker® dual color
marker= Bio-Rad Laboratories;Inc. (CA, USA) AFS AF-&3FA T}
Detection reagent$] SuperSignal® West “Pico— Chemiluminescent
Substrate®t A2 @A E5 ZA35t7] 93¢ bicinchoninic acid (BCA)
Protein Assay Kiti= Pierce (Rockford, IL, USA)olA 43ttt AlE
HELS =437 998 CellTiter 96° AQuews Non-Radioactive Cell
Proliferation Assay Kit= Promega Corp. (Madison, WI, USA)el| A

A3t M XSS culture dish, 48-/96- well plate, corning tube,
scrapper= Corning (USA)®} Falcon (Becton Dicknson Labware, USA)
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7b AR Az

1) 22498 d43F5E (Hot water extract of Chlorella
vulgaris, CVE)9 A%

2009 7ol (F)tideld a2 FEEe (chlorella
vulgaris) 40 g& 75 2 Lo ¥ uws & 253 HZE 1A
ok etk 121ColA 1583 e ngAE oA FE3 g AR
2 (8,000 rpm, 30 min, 4€)ste] FFqs AAES AT oA E F

="

Arzx § Togstod AR ol&slan, o&

2) SDS-PAGE electrophoresis

15% SDS-PAGE (Laemmli, . 1970)2 H7|¥&= & $ CVES o

= 3t} =, staining

<
S coomassie blue stainingS &3 band=S &<l
solution (7% Acetic "acid; 409 -Methanol, 0.1% Bromo phenol blue)S
2 A2 A dAAZE T WEFAIZ  § destaining  solution (7%
Acetic acid, 20% Methanol) 2.2 E-AAIZI % bandE &<ttt 17
3l periodic acid-Schiff (PAS) stainingS %3] CVES glycoprotein -
B 39139t} PAS staininge Pierce® Glycoprotein Staining Kit

(Thermo Fisher Scientific Inc.)S A}-& 3} t}.



| Chiorslla vulgaris |

Sonication (1 hr)

| Fxtraction (121°C, 15 min) |

[
| Centrifugation (8,000 rpm, 30 min) |

|
|
Supernatant

| Chloralla extract (CVE) |

Precipitate

Fig. 1. Extraction process from Chlorella vulgaris.



. AlEE

Ratoll /] a9 2% Ay AEQ [EC-6 A¥EE American Type
Culture Collection (ATCC, USA)ER-E #okdtol A& Al-g3}t}.
AEE 10% FBS7F ¥ DMEM A& ARg3te] 37T, 5% CO.7t
FAEEE st o] w nAES] edoy S-S oA 9
penicillin (100 units/ml)¥} streptomycin (100 pxg/ml)S wiA ol % 7}sFA
ok AE7F 80% A% confluent® ™ PBSE Al H 3+ 3 trypsinz] 2] &t 7
el s o wiz] = 484 7kek 1 kel ol

t}. FAK inhibitor 2]

I[EC-6 AM*EE 10% EBSE &3 DMEM bBjAolA. ujeFst ot
serum free-DMEM HJA| & gtsto] 12A17F ©] wi<FelSiet 124 7F
I} & serum free-DMEM #j | ol FAK inhibitorS 2 yM2 %=
Zlstelth 1417 5 CVEE 25 pg/me] s =2 Aelshe] 24417t 53k

Fa ohe AEEAES FA

ol dlo

H
N

2}, MTS assay

CVEZ} IEC-6 A8 F4ldl ~rj 2= FaFs dolr7] 9 48-well
plated] 2x10" cells/well® AEZ-RF3 5 ALEZS 98 2427 ol
3}al, phenol red free-DMEM ®i X2 12A]7F ©] w3k tfe- CVEE
FEHEE AElste] 24A1 st vl ek Th 3-(4,5-dimethylthiazol-2-yl1-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS)/ phenazine methosulfate (PMS) solutions %7}t 37°C ol A
30%7F k32171 % ELISA plate reader (BIO-RAD, USA)Z 490 nmell



u}, Western blot

1) Total cell lysate =

CVEE AHg 3 [EC-6 AMES PBS= 23] A23}al protease inhibitor
(1 mg/ml aprotinin, 1 mg/ml leupeptin, 1 mg/m¢ pepstatin A, 200 mM
NazVO,;, 500 mM NaF, 100 mM PMSF)7} & RIPA lysis buffer (1%
NP-40, 0.25% sodium deoxycholate, 1 mM EGTA, 150 mM NaCl, 50
mM Tris-HCl, pH 75 9o €& folA cell lysateg 3|3t 30+
F A A AY. 353 cell lysate= YAl #2] (12,000 rpm, 4C, 10 min)

sto] 1 4FAe Agol A
2 AXY ¢ 7%

AEZA g& FF2 Lin et alp(2007)9] B S AHE3HTH. 5, CVE
g AHgd IEC:6 Al¥E PBSE 23] A #HSEAL, buffer ‘A (20, mM
HEPES-KOH, pH 7.5, 10 mM KCI, 1.5 mM MgCl;, 1 mM EDTA, 1
mM EGTA, 1 mM DTT, 0.1 mM PMSF, 250 mM sucrose)S % 7}3}
o] A5 QoA lysation 3+ ¥ 30%3F WA Al AT 3500 goll A 10&7H

AEFds BEolsla oAl 4 e (1,400.g, 4C; 15 min)

ot

¢

A48

i)
ot
o

2 ¢
£

dl 3 E FZL2 Park ef al. (2005)2] WHS AME3Y. &, CVEE
28] 3 [EC-6 AEE PBSE 23] Al23}al, hypotonic lysis buffer (10
mM HEPES, pH 7.9, 10 mM KCl, 1.5 mM MgCl)E 500 pl 3713k
A3 9ol A lysation g & 1537F WA A AT ©HA] 25% NP-402S #



M
off

7valke] 4ColA 1087 WXAZ F 5000 rpmolA]l 1587 A st
of AZ=HS AUt cell lysateo] nuclear extraction buffer (10
mM HEPES, pH 7.9, 100 mM NaCl, 1.5 mM MgCl,, 0.1 mM EDTA,
01 mM DTT)E #7}sto] 4CelA 2023 HAlskar A4 (14,000

rpm, 4C, 10 min)3te] F3hS 8 FRow ALgahgith

4) Western blotting

BCA protein assay kitE o83 7 &9 dwld F=& FAH3SA
ot 9wd FEE 50 pg/lane 2 FUEAl F kel SDS-PAGE= 77
953 S polyvinylidene fluoride (PVDF) membrane (Millipore,
USA)o.2 &HAY. ol R FEAFS dual color-markers AF-&3}31
Faw wwd e Super Signal West Pico Chemiluminescent Substrate
£ o]&st @Al wds  FAstdo. 0.1%. BSAc), E3H
Tris-buffered Saline-Tween 20-(TBS-T, 10.mM Tris-HCl, 150 mM
NaCl, pH 7.5, 01% Tween 20)° 4 1A]7+5<F blocking?d thS TBS-T
2 1683k 23] AAsAo MAH3S membraned] 1% FAE| 1%
BSA-TBS-Tell 1:1,000 =% 1:5000.2 s]43ke] 4Cell A 33k vH&-A]
At TBS-TZ 151t 23] AFHAIZ membranes 22 @A (1:10,000)
22N we A FpotiA] TBS-TE 1683 .23 AFHsta
SuperSignal West Pico-Stable Peroxide Solution® SuperSignal West
Pico Luminol/Enhancer Solution="A}-83%k¢] KODAK X-ray Z&o°l 7
FAAY. X-rayZES d43 T scanningste] U W= FLE

Science Lab 2005 (Fujifilm, Japan)E ©]-&3}o] ®| w#2A]3}9] o}



Hh, FAIA g

Age] EAANE 747 FRE Fd ) 2FHA (meantS.D)E A
f3le] HEI|EPeH, REE AEE windows SPSS ZE ¥
(Statistical Package for Social Science, SPSS Inc., Chicago, 1L, USA)
S ol&3te A st a, wHES7go] 9 ANOVA test®} Duncan’s
multiple range testS A &3ttt oW, RE EA4 FIr FFS

p<0.0501 4 ¥ 1.Qktt,
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1. CVEY] Az 2 duAgs B4

Fzdg gdU2RE 44355 (hot water extract of Chlorella
vulgaris, CVE)S A x3dtE= #AL Fig. 19 AA s 2498 22
40 g0 ®=FH 696 g¢ HFT FEES L& T A, )AL °F 174%
o FE&E Yeyr. =" dEe] ARk ES  Association  of

= =
Analytical Communities (AOAC) ®W¥ol| ols] A3 Ay S0l

121T oAX @52 F d2 F2EQ CVEY RS 243 23}
o] 5.17+0.08%, A
gal gstEo] 1918% % © de] AR @ de AAste S o
A&ttt (Table 1).

CVEd EAste duidgh 3 i flskr] Sl 15% SDS-
PAGEZ #7]9% 3 & coomassie blue stainings £3] @22 band
g9ttt (Rig. 2)..2 2%, CVEd EAst= @ds} Jo F»
teFsk B R elel 2A EAets Aom UEu

Rl

o

_11_



Table 1. Proximate composition of Chlorella vulgaris and

hot water extract of Chlorella vulgaris (CVE).

(%)
) Crude o Carbo-
Moisture ) Crude lipid Crude ash »
protein hydrate
Chiorella 54.53+0.11 trace 3.88+0.02 38.11
. 3.48+0.03
vulgaris (56.43) (trace) (4.02) (39.44)
61.41+0.18 trace 14.24+0.10 19.18
CVE 5.17+0.08
(64.58) (trace) (14.98) (20.17)

1100 - (Moisture + Crude protein + Crude lipid + Crude ash)
() = Dry base

_12_



" | ]
150 b= 150 =
100 = 100 =
75 [ - 75 [
50 = 50 =
37 = 37 | .
25 25
20 20
15 — 15 —
10 — 10 —
M @ @ M @ ©

Fig. 2. SDS-PAGE bands of CVE.

CVE was separated by.-15% SDS-PAGE, and then. stained with
coomassie blue staining and PAS staining. A! coomassie blue
staining. : positive control (albumin, 10 wg/mé) @: CVE (50 ug/ml)
B: PAS staining. @: positive control (horseradish peroxidase, 10 ug/
ml) @: CVE (50 pg/m¢) M: protein standard
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2. CVE®] IEC-6 A A% 23 &3
7}. CVES] AZZA ] tg 4

2 Ao Alg" [EC-6 AE+= ratoll A Fa3 AN 2% F9A
X2 CVEE 247 7F A8t 3 tetrazolium compound?! MTSE F

AAGAIZHEQE WA A MTS7F AlE W vlEZE=gfolol A A4k
succinate dehydrogenase®l] ¢]&] 484 formazan® = WEAF HAES
490nmoll A Z43te] Aol FA JEE At

HA, IEC-6 MEZF2 el tete] CVEZE oW S x| =A &2lst
71 98l 0, 125, 25, 50 pg/mle] FEZ 24X &t AHEste] MTS
assay2 A3, o A3, CVEE TEHE=Z AYstydS o, <
124%, 135%, 155% % S48k sk oEX o2 AEzIT Aol AL
™ (Fig. 3), o] 9 A= c| sE@EllA d43E APttt
Kim et al. (2002)2 €4+F& & 92 CGFE keratinocyteol '0.015,
0.15, 15 pg/mee] s == 44 &<k AZdS ®W AE 571 S7ketsdeH,
102 &<te] @713k A= Aldl= 22 sEolA &nte Js Holtrt
150 pg/ml oA =243 extracellular acidification rate (ECAR) <7}
o] Uehgs BEustd A5E A =8 AIZe Apolzp qlA|
B Ao M o o] v FEoA M XY TG e E A3E

Rl
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conc. (29 /m?)

cell viability (%)

Fig. 3. Proliferative effect of CVE on IEC-6 cells.

IEC-6 cells were seeded in' 43-well plates at a density of 2x10*
cells/well with medium supplemented with 10% FBS. After incubation
for 24hrs, cells! were serum-starved for 12hrs and then treated with
CVE in the indicated concentrations for 24hrs. The results indicated

mean = S.D. in three independent experiments.
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Fig. 4. CVE multiplies IEC-6 cells and photomicrography (x40).
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3. CVES] AE34%4 713

7}. IGF-IR$} FAK, Src ¥ 3ol "X &= 9%

A 220 AL o= AsHel EEeA HY ARYSHS 1
YA H, 2249 A Ao thF FYA, peptide, TEF T 0]
I 2 3}t}. Insulin-like growth factors (IGFs)& A¥Ee] tiAl, A3 A
wils 2date Fo% dwEdz 97 Eg o] A EolA HdE
t}. IGF-I& IGF-IR9F ZAgsle]l Axe F2, AEF7] 18 2D AlxH

s, 7] YA #A3tH apoptosis %*Xﬂ’%%% el (Baserga
et al, 1997). IGF-IR<= 2709 a-subunit¥} 2701¢] B-subunitoz T4 5
o] =4, B-subunit transmembrane domain, juxtamembrane
domain, tyrosine Kkinase domain¥® C-2¢  ZglZ FAFHo] Ut}
Ligand7} ZAgstd  As4  <QAbsrE dojyal, insulin receptor
substrates (IRSs), Src homology (SH), collagen domain protein, (shc)
= T3 Ax i Asdg d&7F A A F A F8 5
AR7F EA%=d, MAPKSF PI3BK/Akt d&Zo]t} (Pa'rrizas et al.,
1997; Kulik et al., 2008).

Focal adhesion kinase (FAK)&=+ol&] F7°] Azt Mz eoA =&
¥+ non-receptor tyrosine -kinase@, integrin¥ growth factor® 4%
Ads ZHstL AZY AL, T 61 SAAM 7= 75 A
w3k Integrino] ]3] &43}%¥ o] extra cellular matrix (ECM) ¥}2] A
X Fzho) #Aosl, MXE W) MAPK pathwayel PISK/Akt pathway
ZA37]% ) (Andersson et al., 2009). Jeon et al. (2010)2 =24
(Patrinia villosa) FZ%°] FAK®] €432 angiogenesisE %= 3Hthal
SFAaL, Avraham et al. (2003)2 WI Ao AEF} o]Fo FAKZF ¥
oJgtthal Rtk 28 Al in vitro A @A FAKZE ZA = A

A AEY AE FA, ol%S 7HAAZItE Bzl 9t (Shen et al

N
X
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2005).

Src= AMES F24, F2 9 o5& X433 non-receptor tyrosine
kinase® SFKs (Src family kinases): Src, Fyn, Yes, Lck, Hck, BIK,
Fgr, Lyn, Yrke] 97}#] @uld g A4 5o Qv o] &2 247 N-2ehd
SH3¢} SH2 -9, tyrosine kinase F¢7F A3, C-Zdto] negative
regulatory elementE 7}F%th (Thomas and Brugge, 1997). Src®} FAK
© Src® SH2 @ <ol FAK®S #A7F 14bst F-9fo Agtsto] Mz s
ZAgatA ok 1 % Srcrb FAKS o2 H-9E Qg Al71a 8k 4l
THAYE AR FEFS vAA He Aotk

Al 2l A AIMEQ IEC-6M X CVEE A dlS uf MTS
assay A2¥=2 MEFANIHE AT F QST F2AY EFFEE
U g CGF7F AAE A A A A 2T HeCaT cellol Al EGFeF A}
& WS Uetld L AEe] tAE B S YFS HATE B
7F 95k (Kim et al, 2002). ¥ Ag°lA+= CVEY A= MEZF
FEE = o] AME F2] pathway = 3¢l IGF-IRE S8 9]
|

Aoleba 7bgstel IGF-IRS #el 2 s8] Aad =g

o =

2
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CVE
pro-IGF-IR I

10 08 11

27
IGFIR [ S ——— ©7 D2
13

10 15 18

10 16 16 21

FAK 125 kDa

10 10 10 i0
&0 kDa

p-5rc
10 13 16 16

Src 60 kDa
10 10 10 10

GAPDH

Fig. 5. Effects of 'CVE treatment on IGF-IR, FAK-and Src
expression in IEC-6 cells.

Cells were treated with CVE after preincubation with SFM for 12hrs.
Whole cell extracts were prepared and analyzed by western blotting
using anti-IGF-IRB, anti-phospho-FAK, anti-FAK, anti—-phospho-Src,
anti-Src and anti-GAPDH antibodies.
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1}, MAPK signaling pathwaydl] "X 3

MAPK cascadet™ A ¢ 213 & Ax = ddst=d S48 9
S dtha deA dorn, MAPKs: extracellular signal-regulated
kinase (ERK)1/2, C-Jun NH,-terminal kinase (JNK), p38 kinase”’}
t}. MAPK pathwayl:— Mol F2) 3t WHRkS apoptosis 52 A
g4 wkgoll gty dxpH o Axute] EAsts AN AE ¢
3 AlEZ2]o] 2HT 1, MAPK pathwayS ¥3%F3F ]2 protein kinase
cascade= M XEF2 Zdo] 52 A3S A H+= Aotk (Zhang
and Liu, 2002). MEK1/2°] ¢l3]l ERK1/2 7} &3 ™ AARIA}E ]
dAsH 1 A, Est B FAREE S SXA7IA " INKe| &4 8=
TETAAe] AT oy ARSI dPEE FEe dudth
o] IAHANA c-Jun®l transactivation®] 2.3k H<S A H+=d JNK
= A3ZE WA 7 dolA apoptosis®t AMEALG AR BT A
2 £ Ao p38skinase gl UMl T2 MEQHN 2A
lipopolysaccharide (LPS), w2l stA] oA 4|, IL-1¢]Y TNEF-a
proinflammatory cytokine, mitogen 59 AllEZ2] 2EFH 2= FAsidA
(Kyriakis and Awvruch, 2001). p38 kinasex= AlEe] A= Z2 73 o
ZukS . apoptosis,. UFE ~E# A kS A Fo HstS dirha dE A

AT F2 Cded2Z F g AEF7]Q G1/S7]1E arrestste] cyclin D1

®
US)
rlo

o] HHS AAzIvtar. dH A YA (Molnar et al; 1997),
Nebread (2000)8 p38¢] @A sl= HF T8 WAL AlZAFE, 24
FAE, HolAE, TolAE NAAE o BiyAd #oldria &%

ot Adelx, CVEE IEC-6 Aol A o IGF-IRS 23S
7N 7130 FAKSE Sree] Q1Abstz AlZF o] fusts & F2lsks
th (Fig. 5). °ol59] 39 AsdDd ARl ofd FFS v
37] 918l MAPKsSl ERK, JNK, p38 kinase?] 4tsls Ao it 1
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A3, CVE Al A tizxate] B3] ERKS <14kst7t F71ekgl ot JNK
o} p38e] <Akt FIFE MAA Fe AR YUyt (Fig. 6). Al
Iy AdEH AT A¥E A9 KH A Page et al. (1993)8 fibroblast
o AxzF2el dofA pd2/pdd MAPKZF dAoletal a3, Lovicu
and McAvoy (2001)2 fibroblast growth factor (FGF)Z %% lens
celle] A ZZF 2] MAPK7} #olgttial stof 2 A9 543 A3s
HolF= AT

o] A7E ngo® CVEE IEC-6 Aol H#sds w IGF-IRY
FAKS} 3% 319 AZAEHZ 5 MAPK pathway’} F-&E4 o=
ofgtttar & 4 qde=d, ERKY @43t AZxFA 0] Ry

Azt
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Fig. 6. Effects of CVE treatment on MAPK pathway regulators
expression in IEC-6 cells.

Cells were treated with CVE after preincubation with SFM for 12hrs.
Whole cell extracts were prepared and analyzed by western blotting
using anti-phospho-ERK1/2, anti-ERK, anti-phospho-JNK, anti-JNK,
anti-phospho-p38,anti-p38 and anti-GAPDH antibodies.
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t}. PI3K/Akt signaling pathway®l] "] X g3

ot AFeA [EC-6 AEe] CVEE A S vl ERKO &Astrt
nuRHoa AxXEFA Hodria 319 7] wiol, PI3K/Akt signaling
S2oll #ofd Folgha rpAgsta dHEE
o] whgel ojw gk FEFe v A=A AHEskd (Fig. 7). 1 A3
p85¢] W&ol el nBls| Frhsklar Akte] Ibst EE k=
Ao = eyt

PBK«= o8 Aadgd 2o 235 88 24 aid F9 s
2 AEY AH, T4, B3t ®H &4 9 AE Vee £Hse AL
2 48A drt (Cantley, 2002). o]+ 5 7FA2] subunits (p85, pll0)=
TAEY, o5 IGF-IR, EGFR, PDGFRY non-receptor tyrosine
kinaseE %3 A3 E e PBK7F AlZEES Zdsi=d 274 247
ol &4elx d+=d (Klippel et al., 1996), PIE A4 3sk= PI3K lipid
kinase activitye} AlE W] Al @l A alo] Hxix ol Ao #g }

PI3K protein kinase activity®]t}. A= 7}A] phosphatidylinositides7} A

ftlo
ol
i

=

fic]

XIS 2Hs = A AEFTEA receptor tyrosine kinaseoll 2] sl
A3l E = & 492 phospholipase Coll 23k Ao|gtar Wol=g oL AE
o phospholipase’, Coll ¢]&] AAJ¥ phosphatidylinositides = (inositol
phosphates, diacylglycerol)€] - 7}23l @ A4 &°] protein kinase C
(PKO)E EAA7]aL 71 Foekrladd A8E A=5drir el
t} (Krasilnikov, 2000). Calabro et-al- (2004)->-ERK1/2%} PI3K 4l& %
GAZE B resistino @ Q13 FI LA Eo ZFAo] SEHATL 319
31, Duan et al. (2000)2 IGF-I12Z %
(VSMO)9] F213} o] Fof PIBK7} #ofgtrtar st

AktE A =Fo] 57kDa?l serine/threonine protein kinase® 37}A &
Bjel  Aktl/a, Akt2/B, Akt3/y7}F <A 3t} Akt phosphoinositide-
dependent kinase-1 (PDK1)ol ¢J&] Thr308 7} <latslsar C-get

% vascular smooth muscle
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o] Serd73 F-917F AAFstEWA FE 7 Wikl b & stE =
N-Zehe] PH F-97F PIPsot s 2r&stA ®vh (Alessi et al, 1997).
Akt7b 2AdsteE Alxda How olFsta How olFd Akt7h
apoptosis® P H= AL Aot @A7A 10091 7FA9] Akt 714
ol FYHAL 2 F 400] 7HA o] 7[HEo] AEe AL T2, &35l
#ojsttta &el A Atk (Manning and Cantley, 2007).

webA] IEC-6 Ao CVE A Al IGF-IR9} FAKeO] s =4
= 3¢ AeAdY =22 MAPK pathway®t PISK/Akt pathway”} &4
= Fste] IEC-6 Ao S4°] Fis= Ao "oz,
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Fig. 7. Effects of CVE treatment on PI3K and Akt expression in
IEC-6 cells.

Cells were treated with CVE after preincubation-with SFM for 12hrs.
Whole cell extracts were prepared and analyzed by western blotting

using anti-p85a, anti-phospho-Aktl/2/3, anti-Aktl ~and anti-GAPDH

antibodies.
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Z}. Wnt signaling pathwaydl] "] X 3

A F7kA Al 7FA9] Wnt  signaling pathwayZF <&1x =4,
canonical wnt pathway, planar cell polarity (PCP) pathway, Wnt-Ca®'
pathway©|t} (Staal et al., 2008). ©] Al 7}A AZ & B-catenin®} T
cell-specific factor/lymphoid enhancer-binding factor (TCF/LEF) <1#}
S 53] Addx = H 22 canonical Wnt pathway7} Al XEF2]o] 4=
¢l Aew el vt (Pinto et al, 2003). AlE7F Wntell o] & ==
| HA E= d
polyposis coli (APC) w9 & E-3k4]] o 4] glycogen synthase kinase 3
B (GSK3R)ell olaf 14kste]ar #afjso] 1 o] WA A€ 1
 Wnto] Ap=e] @A 9, Axino] 2 ¥ 2 GSK3pel &Ael A
ol AEZA W B-catenin® FFo] =A FXHL HAsFACE FAs)
% B-catening o olFalo] HAQIA TCF/LEESt Adtslo] t}ok
s fAzke dS =dshAl @tk (Staal and Luis, 2010). @A) 7FA]
Wnt Azl o8] =dde FHAZ °F 509 7HA7F WA A=
U, 1 5 A¥ F7E Z4d8= cmycTeyclin D1, 7] @S =4
3t Aol A}Ql siamois®t ‘brachyury §°] tlE A olt} (Dang, 1999;
Arnold et al., 2000).

N

2

o

A5, AEZA W B-catenine Axin¥ adenomatous

oﬁ

r_{

vy

==

B-catenin< canonical Wnt signaling pathway 2] 23t efféctore] th.
Wnt/B-catenin signaling-pathway= 53 A GdA|E] 3= ZIAA
ANAA L] g F8F TS ok= Aol dHA Yot (Muroyama et
al., 2004; Cui et al., 2010). Cui et al. (2010)& A AFAxZ Abejol A 2174
=71 FE7F FA8=d o] B-catenin® 1 =37 FH el cyclin D1
gl g o] kg FEo]l FUbseE s ERlEdlal, FiEAH R ANEFA
of #ojdvla a9t} 123 Rulifson et al. (2007)& Wnt A& Hd&74
o] B-MEE S ol Hofgriar st

kM Aol A, CVEE IEC-6 Al¥o] A2 dS w MAPK pathway £+
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PISK/Akt pathway & &3l AMXEZZFT2A o] Frse AL FAsAtt. CVE
o

7V AESA Tt AoewE d#F canonical Wnt  signaling

m:

pathwayol .= 43S v x=A dor7] flaf AEd W B-catenin, 3
A2Fel cyclin D1 3 c-myc?] @z 93 =
= Fls) BT A3, [EC-6 Mxd CVE A7 Al Axd o
—catenin®] A FE W37 e, 3 W B-catenin® @A A
o] T/t AS FAstA T T3, 534 {F1A] cyelin D19
2 Z7tetd ey, cmycdl Faole FFS WA A

v Aoz yet (Fig. 8).
webA] IEC-6 Al3E] CVE Az Al IGF-IR, FAK/Src® canonical
Wnt A HdEFd 27 SAdstEo] AEFA 0] ey Aow Az,

Y B-catenin, &%
1

N -1>@

&2
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CVE 0 125 25 50 (pg/ml)

10 09 09 09

10 13 14 18

10 13 13 16

e T

10 11 10 Lt

Fig. 8. Effects of CVE treatment on canonical Wnt pathway
regulators expression in IEC-6-cells.

Cells were treated with -CVE after preincubation with SEM for 12hrs.
Cytosolic fraction and nuclear fraction were prepared and analyzed by
western blotting using anti-[B-eatenin, anti-c=mye, anti—cyclin D1 and

anti—actin antibodies.
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ul. FAK®S 2@ A7} canonical Wnt signaling pathwayll
2= 93

%ol A, CVE A2l Al FAK7}F 27435 o] [EC-6 Al F2Ao o
= e g2l ‘jr (Fig. 5). FAK®] =714kl F9191 Tyrosine(Y)
397 &9l AEAEHRe Fast FAAHESCR SFKse ATHE9E
Attt &AdsE Y397-FAK®F Srco] 43482 FAKY & F

o] Q1AtslE AAA AL, pl30“Y, paxilling & EAESS QakslAA
MEZFAL] W3lel & 319 ANaAIdd2E A 312 71th (Schlaepfer
et al, 2004). B3+ Y3972 PI3K, Grb-7, Shc 2g]a t& o2 =319
AF-flol71 = st webd FAKS Alaxdde oA Y397 F g
bskeieta & 5 vk (Hanks et al, 2003).

B dTolA= FAKS Y397 ¢ d43E Al 7l= FAK
inhibitor 14 (1,2,4,5-Benzenetetramine tetrahydrochloride)E “A}-& 3} <]
FAKS] A4tstE ‘AiAH S W IEC6 AES) AdHo] ojH s ‘3]
=2 AHH etk (Fig. 9). (4, MTS assay= &FQlst A3} CV
= ﬂlj/] ol A= AEST A o] e S 2. uMe] FAK inhibitorE 14]

S AAFI F CVEE Hesk welAle dlEzarts Axs2el o
AHATE olE FHE] H8l 'CVE Azl Aol FAKS <ditstrt
inhibitore] Az =2 sl F43= 3S western blottings o83t &
o135t t}. Jeon et al. (2010)2 FAK inhibitor= # 28k <18 Ao 4
WA Zl A FAKSF Akte] drkshry gastol AL 24 0] Al et
gttt o] o= FAK inhibitore A 2 &AIA IFFA AR &
&3517] s AF7F ol M tk (Golubovskaya et al., 2008;
Tanjoni et al., 2010).

FAK inhibitor& #213l& of o2t FARSE o= Al
AA 7] Wil FAKS &43}7F canonical Wnt AS G4 2%
kS = Aolgtal 7HA3Fe] western blotting 2 Aty B9kt FAK )

r\l

kel
of\

o]
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FAK inhibitore] Az = 3] A*EZA W B-catenin®] OS2 o] F3}=
Aol Aol Axd e FHE ZAo=m Holrh Feh 53 fFHxl
cyclin D13 c-myc %3+ FAK inhibitorE #] 2|3 oA & o]
= s FAFT F AdAdTh (Fig. 10). FAK inhibitor®] A2 & MTS
assay A3 AH = txat FEUE AEST2 ol AT oY, western
blotting A}l A= txa" FoubE FAKY AA4bsr7 A4 sts A
AE F UM oA FAKS &A4stE AsAIZIH, Alxs23 A
oy Aedd Frr7r FREACR Add Al gz

o/l d¥E ayor =4gtsidivt (Fig. 11) =, IEC-6 Aol
CVEE A datd AlEZ29] receptord] Ab=ro] A= at9 Aodd7

2l MAPK$} PIBK/Akt 425 &4 st A7]aL, canonical. Wnt 21 &%
9A2E GHINA dAHo R IEC-6 Mxe] AEZF2e] fFrErh
E3, [EC-6 A6l FAK inhibitors 2|3t .CVEe] o]&t A3 2] o
AA = A=, o3> IGF-IR® A#E 59 A AL HE =7 &4 3
= A& Ak, canonical Wnt ANad@AZoA AHxF U
—catenin®] & O & translocation® = A2 Ad|5te] AM¥EF2] o] A
v Aoz B, WA FAKS, 43+ canonical Wnt Alad e
2o} Ady dAe] ey 53] AEXF W B-catenin®) translocation©]
FFS A= Aog FE S JUTH

wEka, CVEel 93] IEC-6-Axe F2ol fxE o MAPK,
PISK/Akt, canonical Wnt pathway”} #ist=dl, FAKS &Ast7t

-
Ir

o

~

£
o

o

>
ol >
oﬁ_\"l@_\ﬁ

==

Q3 -9 AL = Ao T HATE CVEY T8 EAH Ao
AR or MET receptors: AFA7]= AA= ¢ e AGr}
Aarlojol FHE £ QS oz AZHEAY doz FIHd AFE
3 AT REgnE A= Ve HAFe=E CVEZF 829 & 3l
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A 140 b B

— FAK inhibitor - - +
£ 100 a
g a0 CVE (25pg/mf) 2 + +
£ e
& 60
= -
g
20 10 20 17

0 +
FAK inhibitor (2 pM) - - +

CVE (25 py/up) e + +

Fig. 9. Effect of FAK inhibitor on cell proliferation induced by
CVE treatment in IEC-6 cells.

(a) Cells were seeded onto 96-well plates at 1.5x10" cells/well in 100
1l of medium. After 24 hrs; cells were maintained in-SFM for 12 hrs.
After pretreatment with FAK inhibitor (2 uM), cells were. incubated
with CVE for 24 /hrs. Cell viability was measured with MTS assay
kit as manufacturer’s instruction. Values are the mean+S.D. Different
alphabets are significantly, values among, the group by Duncan’s
multiple range | test. (b) Whole cell extracts were prepared and
analyzed by western ‘blotting. using anti-phospho-FAK, anti-FAK

antibodies.
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FAK inhibitor = - +
CVE (25p9/nf) - + +

(Cytosol) B-catenin 52 kDa

GAFDH

{Muclear) B-catenin 82 kDa

10 15 09

cyclinD1 38 kDa

10 15 13

c-myc [ - o

10 11 08

Fig. 10. Effect of FAK inhibitor on canonical Wnt pathway
regulators expression in IEC-6 cells.

Cells were pretreated -with FAK inhibitor (2 uM) and then incubated
with CVE for 24 hrs. Cytosolic_fraction.and nuclear fraction were
prepared and analyzed by western blotting using anti-{-catenin,

anti—-c-myc, anti—cyclin D1 and anti-GAPDH antibodies.
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Fig. 11. The proposed model of proliferation mechanism induced
by CVE in IEC-6 cells.
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M EZ2 o] #olsli= MAPK signaling pathway %5 ERK, JNK, p38<]
AabskE Ay E 43}, ERKe| 14ksE 702171 JNKeF p38e] 14k
glol== AFEgdFS v A &ttt CVE Az Al PI3K/Akt signaling
pathway % p85¢ W&ol Z7lstar Aktel 2A2talrt S7ksts AS

el S Aw R A3 cytosol W B-catenin®] A
S FA Edoy, & W B-catenin¥ cyclin D19 2&d
= s et 28y comycd] W Foll = FEFS w XA gk
FAKE integrin®} ECM#}o] A EF-ZHo #ofstr,| IGF-IR A&dd
Azl ddEE g o]y W&o FAK inhibitor® A& 2% A *
Ao JTS = F YS Ao Jie 5= A MTS assa
3l FAK inhibitor * 2] Al M3 F2lo] tlxdt FFo 2 AT,
FAK®] QI4Fst= FAK inhibitor &= <13 A=t FAKS €4
3}7} canonical Wnt signaling pathwayel = 93Fs = 4+ Ay 71A
st ddE dAe TS mAEx FEEgit. 1 Ad \FAK
inhibitorE # 2] 8k wtol| A AEZA W B-catenin® 23d o] 718k 1L,
W B-catenin®] o] AT i 54 {F-A A< cyclin DlTJr
c-myc? T& Fo) i AL elE AT
ol el A3s FTHMEM, CVES] A= 3] IEC-6 A Ee] AEF
2lo] F w5 =4 IGF-IR; FAK/Sre9t canonical*Wnt pathway 7} A 3}
o] HFHor AxTHo] dojd HE Aew HM EF, FAK
inhibitor®] 2 + &9 ZAAE2FYH FAKS €43+ canonical

Wnt signaling pathwayell #ojghs F23 = Ao

<<
il
ot f

AL
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