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RTK : receptor tyrosine kinase
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Mechanism of proliferation by peptide of porphyra yezoensis through
the regulation of IGF-IR and EGFR signaling pathways in IEC-6 cells

Min-Kyeong Lee

Department of Food and Life Science, The Graduate school,

Pukyong National University

Abstract

Porphyra wezoensis is a genus of marine red algae and'has potential
biological activities. Porphyra yezoensis mainly contains about 40-45%
carbohydrates, 25-50% proteins and 20-40% polysaccharides, lipids and some
vitamins. Also, Porphyra yezoensis has been extensively studied because of
its many biological properties. including anti—viral, anti—ulcer, antirinflammatory
and anti—tumor activities. In this study, peptide of Porphyra yezoensis
(PY-PE) was determined which had a proliferative effect, and examined
signal transduction pathways. focusing on -insulin-like growth factor-I
receptor (IGF-IR), epidermal growth— factor receptor (EGFR) signaling
pathways.

IEC-6 cells were incubated in serum—-free medium with various
concentrations of PY-PE (0, 125, 250, 500, 1000 ng/ml). Using the MTS
assays, we obtained PY-PE induced cell proliferation in a dose-dependent
manner.

The IGF-IR and EGFR system plays essential role in the regulation of
cell growth, proliferation and survival. PY-PE induced the increased

expression of IGF-IR and EGFR. IGF-IR and EGFR induced activation of
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multiple intracellular  signal transduction cascades, including the
phosphatidylinositol 3-kinase (PI3K)-Akt pathway, the mitogen-activated
protein kinase (MAPK) pathway and the Ras signaling pathway. Also we
observed that cell cycle analysis and expression of cell cycle related
proteins. This result through where cell proliferation has occurred and there
has increased G1 percent and increase in expression of cyclin D, cyclin E,
Cdk2, Cdk4, Cdk6 and decrease in protein levels of p21, p27.

Activator protein-1 (AP-1) regulates cell proliferation and survival
responses. The present study examined the effects of PY-PE on the AP-1
signaling pathway. AP-1 protein in the nuelear fraction was increased by
PY-PE treatment.

These results “have important implications for understanding the role of
cell proliferation signaling pathway in..intestinal epithelial cell. Therefore,
PY-PE could be a potential source of bio—functional. food to have cell

proliferation effect in intestinal epithelial cell.
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YA &=t (Anderson NS et al, 1965). ]UW]'X] 2+#12l porphyran]
7o mE AoldFraEAe 9 ! WAt (Yoshizawa Y et al,
1993; Park JH, 1998), ®Iwta} tier 3 el WA dde o
(Jenkins et al., 2000; Leinonen et al, 2000), @43} &4 (Jung KJ et
, 2002), vy 2 oy (Kwon MJ et al, 2006) 59 A7}
&Y of gk,
2 AFdAE AL FE = F U= Vs A A o

WAL FEsm Felse] P2 wA peptide% XJP%M 2

Insulin like growth factor (IGFs)+= &k 7He] Al&Z o] F9]Z peptide
2 A WA vhekgk WG] #elstE Fo3 AASIAelH (CS
Mantzoros ‘et al., 1997). " IGF-1& A% FW e S8 IGF-IRe} 2%
ste] M . Ot AsHdGHd=2E &3t el (Axel Ullrich et al,
1986). IGF-IRS}. @437k =¥ IGE-IRel ZAf st @l
IRS-1¢] <Ak} ¥o]. phosphatidylinositol 3-kinase (PI3K)-Akt
pathway, mitogen-activated protein kinase (MAPK) pathway2} Ras
pathway 22 AX W A3dY 425 A8 AlA Az A%, 23}
T2 S FHAA A A} (Tai et al., 2003).

Epidermal growth factor (EGF)+ 53 amino-acids® T4 % single-chain
polypeptide=, +At& 170kDa®] 9 T34 Gl dl EGFR¥Y A Est
A HH FgA9 A*E W domain® tyrosine kinaseE A EAIA,
downstream 7] 2 S A4tsl Al o2 A DNA HAIeF AEELS 7|8t

o] MEFAS F=3+A4 ©t}b (Pusztai L et al., 1993).



W
™ =
= &
No  m-
oL o
o X
T
o &
~ £
<
o &
Mg
L
T Mk
NF o
oo
53 -
7o
50 i)
T o
=
B
™
B X
U
%
il
= o
Bl mR
TN
oH T
T

A e W AL F
H AES) aA=A

1

o

=

=

EZ 7 peptide7} A A Abge] Fol
el ¥ o 7]

[e)

=

A
1

=0
= =
<

=N

E=N|
&

IEC-6 A3 7 peptide

B!

<

SEERCEESE

o 1

-
X

o™ ob4 744 7 peptide”}

A=A



o As ¢ 39y
1. A%
DAY 2 As

A AFg3F 7 peptide PEPTRON (Daejeon, Korea) & &%
Bl Fdstadch Aol ARgg AxE ATCCEFE 938 A &%
IEC-6 (Intestinal epithelial cell-6, Rat)S A}-&3}1t}. Al
¥ Dulbecco’s Modified Eagle’'s Medium (DMEM), Fetal
Bovine Serum (FBS), Penicillin/streptomycin (P/S), Phoesphate-buffered
saline (PBS)+< Gibco BRL (Life Technlogies, Gibco BRL," Gaitherberg,
MD, USA) A& AF838F$ 3, Trypsin, Bovine serum albumin (BSA),
Protease inhibitor 52 Sigma Chemical CO. (Logan, UT, USA) A
= Abgsila AE e HdER AEss S48 flste] | MTS/PMS
Solution (CellTiter 96 AQueous Non-Radioactive Cell Proliferation Assay

Kit) & Promegacl . T+, AF&33 o AX @uld w5 =A357)
#38] BCA protein “Assay kit (Pierce, USA)E -9, A}-&3} St

Western blotoll 4] Protein- standard ~marker= Dual color marker
(BIO-RAD, USA) AES AL&3tlaL, AFE3 Z+E antibody® Santa
Cruz (CA, USA), Cell signaling (Beverly, MA, USA), Bethyl (Montgomery,
TX, USA)IA 43k on, MEK inhibitor?] PDI8059¢} PI3 Kinase
Inhibitor®]l LY294002+= Cell signaling (Beverly, MA, USA) A|5&#& A}

243139 t}h. Detection Regent@® Super signal West Pico Luminol/Enhancer
Solution®} Supersignal West Pico Stable Peroxide Solution (Piercem,
USA)S o] 838 Kodac film (Rochester, NY, USA)el| 7343ttt Cell
cycle test assayi= Muse™ Cell Cycle Reagent (EMD Millipore Co.,



Hayward, CA, USA)Z ¥+-¢A1A Muse™ Cell Analyzer (EMD Millipore
Co., Hayward, CA, USA)E o]&3] =743t}

2. 439 H
1) A& Az

PY-PE (Porphyra yezoensis Peptide)™ PEPTRON (Daejeon, Korea) 2
2ZHE st PY-PEE 0.1% Trifluoroacetic acid (TFA)7} shd ©
o2 =o HPLC= ZAAlelsi=d, HPLCE AR&3F Zgl2 Shiseido
capcell pak CI18 Column ©]9, 220 nmolA YeERHE peaksS elsk &
0.1% TFA W acetonitrile & =& 10~70% 717 WS Fo 1 ml/min

o £2AAT
2) AX W

Ratoll A F#l® 2& Au A E£¢] IEC-6 Al %= American Type Culture
Collection (ATCC;~USA) S -5 F-oknkol A & - Al8-3} It} Al E

10% FBS”7} g-+%¥ DMEM (Dulbecco’s modified Eagle’'s medium) i
A5 A&t 37 T CO, incubator (5% CO, 95% air)ollA] v sttt o]
] wAEe] 2oyt TAS ASHY] 913+ penicillin (100 units/ml)-S
2o H7bstA Tk MEZEZF 80% A X confluent¥]¥H PBSE Al sk &
trypsin 2 2] ake] Al skl o wix| = 48AFtmbr} ulgkel FRAt



3) MTS assay

PY-PE7} IEC-6 A|3E2] FAo] m A= FaFs dolrn7] 95t MTS
assayE A3t th 96-well plated] 1x10* cells/well2 AXE L3}
A BF3 3 A ERZS 9Ete] 24A1 7 F<F vjokE Yl al, serum Free
medium (SFM)2.2 4A]F B kgt 5 PY-PEE 0, 125, 250, 500,
1000 ng/ml == A * 24A7F st vigsta o MTS/PMS

solution (Promega Co, USA)<S FH7tste] 37 Tell Al 301t WEgAIZ +
ELISA plate reader (BIO-RAD, USA)® 490 nm S3=olA =43

=3
4) PI3K/MEK inhibitor % &

I[EC-6 A& 10% FBSE 3%-/3 DMEM vujA|ol|A ujgs ths
serum free-DMEM wl|A| = i 8k3lo] 4A1ZF o] w3ttt 4A17F 4 3
% serum freesDMEM #}%] o] PD98059 40 nM, LY294002 50 uM9] =
=2 g 142§ PY-PEE 500 ng/mle == g3l 24

Al &t w e A S ALS S s AT
5) Western blot analysis
@D Total cell lysate F3
PY-PEE g3 IEC-6 A¥E PBS=Z 23] A#3aL protease
inhibitor (1 mg/m¢ aprotinin, 1 mg/m¢ leupeptin, 1 mg/m¢ pepstatin A, 200

mM NasVO, , 500 mM NaF, 100 mM PMSF)E 7} RIPA lysis
buffer (1% NP-40, 0.25% sodium deoxycholate, 1 mM EGTA, 150



mM NaCl, 50 mM Tris-HCl, pH 752 Yo] 942 ¢l A cell lysateE
3] 3ta 30%7F HAAIZ & 353 cell lysateE fAREE (12,000

rpm, 4 C, 10 min)ste] =1 FFo& Aol AHgstith

3 8 FE2 Park et al (20052 WHES AMEsle] FESFAATH
IEC-6 A% PY-PES w=d= A3 vth5 PBSE 23] A3 F
protease inhibitor (1 mg/mé —aprotinin, 1 mg/ml leupeptin, 1 mg/ml
pepstatin A, 200 mM Naz VO, , 500 mM NaF, 100.mM PMSF)ZS # 7}
St hypotonic lysis buffer (10 mM HEPES, pH 7.9, 10 mM KCL, 1.5
mM MgCly,)E 500 0 37kt 43 2lolA] lysation 35 15837+ HF
A Ak ©AL 25% NP-40S 65 pl ®7Fkslo] 4 Co Al 1023 Wx]A]
71 % 5000 rpmollA [15%3F AR 8 & A= A ABATE cell
lysate®l nuclear extration buffer (10 mM HEPES, pH 7.9, 100 mM
NaCl, 1.5 mM MgCl, , 0.1 mM EDTA, 0.1 mM DTT)E #7lste] 4 C
o A 2047F WA & fAlEE] (14,000 rpm, 4-C, 10 min)3te] g5 H
& W grow Agerd

e

@ @ g gl 24

IEC-6 Ao PY-PEE TL=¥=Z A3t lysis buffer (50 mM
Tris—HCL, pH 74, 150 mM NaCl, 1 mM EDTA, 1 mM NaF, 1%
NP-40, 1 mM NaszVO,, 1 pg/ml aprotinin, 1 gg/ml leupeptin, 1 xg/mé
pepstatin, 0.25% Na-deoxycholate, 1 mM PMSF)E #7}ste] 4 €T A=
o A 308 WA T T cell lysateE: FAEHI thS AEAS FHelo] &

W4 FE5FS S4RA0 9Nd $ES 30 w/mos FI5A 3



23 t}2 SDS-PAGEY #7]9% 3% & PVDF membrane (Millipore,

R4

[e]
USA)2 2 Transfer 3¢t} olw] EFEA %S dual color markerE A}

HN

£33tk 1719 % 3 membraneS A4 1% BSA/TBS-TZ 147+
30% &9 blocking A%l & #Qlstazt k= 2z Z+e] 1A antibody &

1:1,0003& slA&] 10 T 16A17F ¥3-A1Z1 & TBS-T=Z 15%3F 23] A
ek tfg 22k antibodyE 1:10,000 W& 2 g Aste] 1A]7F 3083 WS-
A A ¥EE A2l membranes THA] TBS-TZ 1533t 23] A3k =
Super Signal West Pico Stable Peroxide Solution¥ Super Signal
West Pico Luminol/ Enhancer solution (Rockford, IL, USA)S A}-&3}
] KODAK X-ray_filmoll #33A12 thg &4 $ scanning 3¢ 2
M=o 7} E Science Lab 2005 (Fujifilm, Japan)E ©}-&3lo] H]u &4
s

6) Reverse transcription polymerase chain reaction (RT-PCR)
O RNA F% ¥ cDNA &4

RNAE FZ=317] f8tol-TRIzol £ (Invitrogen Life Technologies,
Carlsbad, CA)& ©]-&3F phenol-chloroform = 71'HS AF&-3ith TRIzol
SAS ZF welld 22 1 mlA €1, 200 xl2 chloroform= &l sfe] =
Hdol+ 5 4 T, 12000 rpmell A 153 &<t A2 sttt dFd=
223t isopropanol®} 1:19] H]&E 4JojF F, 4 T, 12,000 rpmol A
1027F A4del stk A% pellets DEPCE 3|48k 75% EtOH
AolaL, 4 C, 12,000 rpmelA 5&3F A& sidv. AF F=9
pellets Ao A 1027F ¥ 5 0.1% DEPC water 50 plol] =91 3
UV F3% 600 nmollA %25 FAsATH cDNAE #4337 98 1
e/ 2] RNAE 5x Buffer 4 ¢, random primer 2 gf, 25 mM dNTP 2



@0, Rnase inhibitor 05 pf, ZI2]3l reverse transcriptase 025 w0
(Invitrogen Life Technologies, Carlsbad, CA)2} =3t3te] 25 T 1034,
42 C 60, 18] 95 T 5% 7F Revoscript RT premixE ©] &3] cDNA

s FAsA
@ mRNA 2d 9 24

AA = 20 wol 242 3 wel ¢cDNA, 5pmol primer, dNTP 0.2
mM, 10 mM Tris-HCl, 2 mM MgCl,, Tag polymerase 1 unitS 33}
sl £33ttt AREE ZHE primers Cosmo Genetech (Seoul, Korea)
AN FE AzZsle] AFE3EA T (Table. 1). B §1xE 7129 24
o YrAl polymerase chain reaction WL 2 ZE AT}, polymerase chain
reaction AFEES 1% agarose gelS ©]8&ko] #7|9%3t1 Red safe™

£ o] &3t A 5 Ultra violet (UV)stel 4] &<l3} At



Table 1. Oligonucleotide sequences of the primer used in RT-PCR.

Gene name Primer sequence
pp | forward 5-AAATGTGCCCGAGCGTGTG-5
reverse 5'-TGCCCTTGAAGATGGTGCATC-3"
08 1 forward 5'-GCATCTTATTGGAAGGATTT-3
reverse 5'-CCTCTCAGGTGAGACTGCTA-3"
RS- forward 5~ACTTGAGCTATGACACGGCT-3
reverse 5’ -GGTTGGAGCAACTGGATGAA-3”
i forward 5-GCCGAACACCTTTTTGAGTC-3
reverse-5"~AGGAGCGGTACAGEAAAGAA-3"
PO forward 5=AAGGGTACGGGCCTCTCAAA-3’
réverse 5"-CCCACGTGATGGACTGAAAGA-3
At Owfiaid 5 -CAACTICTCTGTGGOGLEGTO 3"
rederse JIF GACAC TR G ACAGCTEE-8"
el thrwargdilh 2CTCACG CHBG GGCACTIT=3
rever 5 TCATOGC NN C T TCAGTES
ol forward 5~CGGGATCATGGAAGCCATCGCCAAA-3
] teversSik SCTAGC HEBEII. GAC G TTCC G TTCACTG-3
. forward Wi OCCG TGP GT'A C TGGIC5)
S reverse 5'-ATCTTGGATACGGCAGGTCA-S
Pt forward 5 -AAGGCAGTCGTGCAAGCTCA-3"
& réverse 5 =@ATGATGGCAARCTEACCGATTC-3
VEK forward 5 =CGATGGATCECCEAAGAAGAAGCCGACG-3
reverse 5'-CGATCTCGAGTTAGACGCCAGCAGCATG-3"
ERK forward 5'-GATTGCTGACCCTGAGCA-3
reverse 5'-GGGGGCCTCTGGTGCC-3
y forward 5'-TCAAAATGTTTGCAACTGCTGCG-3"
crun reverse 5'-ATGACTGCAAAGATGGAAACG-3"
" forward 5 -GGAGAATCCGAAGGAAGG-3"
cTros reverse 5'-GCTTGGGCTCAGGGTCATTG-3
cappy | forward 5-CAGCCGAGCCACATCG3
reverse 5'-TGAGGCTGTTGTCATACTTCTC-3

_10_



7) Cell cycle analysis

PY-PEo] 93t Alx F7]¢ Bxm W32 w7 ¢&A [EC-6 A*E
£ 6-welldl 10% FBSE 33 DMEM A& 8|43 =539k A
27} 80% FAekH SFM< 44 gstal o] & PY-PEE =4
24717 A2, vttt PBS= Aﬂzé FiAA &= (5000 rpm,
10 min, 4 C) sk pellets 3|53
o} 440} 5%7F vortex 3 F 30%7F ?:}{%_]Oﬂ/ﬂ A Eskan e+

Muse™ Cell Analyzer #H]Z o]&-el} =439t}

=

&
f

Ji
AQ
<+

ube°ll Cell cycle test Reagent

8) TATH A=

2 Age FAMAHE 7o dHE Hid ZTAA (meantS.D)E

om, BE AR+ window& SPSS Z=Z 1% (Statistical
Package for Social Science, SPSS Inc., Chicago, IL, USA)S o] &3}
2]t o, WhE=A o] ol ANOVA test®} Duncan’s multiple range
testE A&ttt ol #, XE A4 #ok FxS p<o.05od A A
H okt

_11_



m. 2% 9 3

1. 3 (Porphyra yezoensis) peptided A%

A (Porphyra yezoensis) peptide= 0.1% Trifluoroacetic acid (TFA)
7} g5 go] 420 =] Shiseido capcell pak C18 Column® HPLC
2 gAste] 220 nme] WA peakE 1 F (Fig. 1), 0.1% TFA
W acetonitrile #%=E 10~70%7+4 ®3stE Fo] 1 ml/min FHE=E &
SA AT o]9} e Algo) BAHEFS Mass analysis (HP 1100 Series
LC/MSD)E o]&3] 1916 Da HHoA 3telstsl o  Sequence=
A-L-E-G-G-K-S-S-G-G-G-E-A-T-R-D-P-E-P-T e|t}. uwja}r &
Ay AR AlRE A péptide=M PY-PEZ ™3 Arh

_12_



iseido capcell
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2. PY-PE°|| 9% IEC-6 A 2% AAAE AF =X 23
1) PY-PE7} IEC-6 B &3 AIJAME T4 vX&= 9F

Ratoll A frefigh B4 & A9AEQ IEC-6 MEe] F2 ol thato

PY-PE7} oW &S mx=A] &Qlst7] fls] MTS assays A3

o} IEC-6 M PY-PEE 0, 125, 250, 500, 1000 ng/mle] §XE=Z 24A]

b 9 AHelsk A3 oF 129%, 143%, 159%, 163% =2 S 245t F% 9

LA o] #EERem (Fig. 2),¢] Fo AFdA= O] =
]

HelolM ddS Dl

o2 IEC-6 Al¥9] PY-PEE A< W A H3E
et =R Beletz] sl At dplE. doll A AlEe] FeE #as)
At (Fig.'3). 71 23/ PY-PE A& Al "&£ vluste] AxEe]
g Wste #EE g Ao AES] A o] &3 S gelet
ATk =, MTS assay9t s<LstA duld oA = Axe] F245 &<l

& 4 AT
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Fig. 2. Proliferative effect of PY-PE on IEC-6 cells.

IEC-6 cells were seeded in 96-well plates at a density of 1x10*
cells/well with medium supplemented with 10% FBS. After incubation
for 24 h, cells were.serum-starved for 4 h and then treated with PY-PE
in the indicated concentrations for 24 h: The results indicated mean +

S.D. in the three independent-experiments:
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3. PY-PES] & A¥34 A35ASEH

1) IGF-IR%} 2 39 A A 2He v A= FF

Type I IGF receptor (IGF-IR)°l| ¢l&l mi7j= ™, o]+ IGF-Zg ez
(IGFBP)°l 9] =4 d o} IGF-IRS A 300,000 - 350,0008] membrane
glycoprotein®:& 27F2] a-subunit¥® 27§ B-subunite] B-a-a-Bo =
AZE B39 heterotetramer ©]t}h. IGE-IRS) disulfide ZA3tol] <3|
AZAE F 709 a-subunitel IGF7h A &3 AW B-subunit®] tyrosine
kinase domain®l] autophosphorylation®] YdojuA o] o 7} gkl
AL 24k3} Al 7] tyrosine kinase® &4 3t ®©t} (Axel Ullrich et al,
1986). & st © IGF-IRel ZAdst= A ko] vud F 7bg & 4
Z Ao] insulin-receptor substrate (IRS) family$¢ldl IRS¢ PH F+=
PHB domain®] IGF-IRel| ZAgstA =™ IRS7F ¢14kst €t} o] &7
phosphorylation¥®l IRSel] ZA&3st= dala Zoa] 7b4 g A2 Aol
phosphatidylinositol 3-kinase (PI3K)¢] p85 regulatory subunit®]th.
PIBK= A4 IGF-IRel Aeso] 24 3t5 Ay IRSO ofsf 2735 o
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AktE AAFSAI I O 2 A cell proliferations 78t A= dHA 9l
t} (Alessi DR et al.,, 1998; Vanhaesebroeck B et al., 1997).
oA FEl= MTS assayes &at] & AIHAEL IEC-6 Ao
PY-PES A2dl& o AxTHEAE oA & 5 AAgrh 2 AFelA
PY-PES A= AEZZF2Ho] FExvE Aol Mx F4 Aadd
42 T stuel IGF-IR& S8l o]Fo&d Zojg} 7Fdste] IGF-IRS] =
A 2 o9 Aedd AR gk &S Ay gk

S

rlr
O]N

$4, PY-PEE H3Aq& W IGF-IRS el e 4FS 2on
Stth 1 A3k, 9yt mRNA- BdF BF T EH R FUIEE
AL AT 5 AT Bgo® IGF-IRS 39149 IRS-1, She,

She, PY99 5% & &E4o 2 vuad gl mRNAS e wro] F7tste=
AL AT 1)t Mg, 4, Fig. 5%
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0 125 250 500 1000 kDa

Fig. 4. PY-PE affect the protein expression of IGF-IR, IRS-1,
Shc, PY-99 in IEC-6 cells.

Cells were treated with PY=PE after preincubation with SFM for 4 h.
Whole cell extracts' were prepared and analyzed by western blotting
using anti-IGF-IR, ~anti-IRS-1, anti=She, anti-PY99 and anti-GAPDH

antibodies.
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GAPDH e T R 'I"“ r———

Fig. 5. PY-PE affect the mRNA expression of IGF-IR and IRS-1
in IEC-6 cells.

Cells were treated with PY-PE after preincubation with SEM for 4 h.
cDNA extracts were prepared and analyzed by RT-PCR using IGF-IR,
IRS-1 and anti-GAPDH primers.
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2) MAPK signaling pathwayol] " X]= <3

oA, ojuf AE FHA S ATE A FETe BEHEo] 9l Receptor

2 AT S0l AEHA
. ol st Aodd Aol A dAA] 9SS 3= Mitogen- activated
protein kinase (MAPK)+= cytokine, growth factor, hormone, mitogen
T AME R AsHdGELdS MEES B3 3 =2 dgets A
9 Ao wishA R MEY A w3k 3 A= o A vkEs
%4 3t} (Levin DE et al, 1993; Garrington TP-et al., 1999). MAPK
family+ extracellular signal-regulated kinase (ERK), c-Jun NH,
~terminal kinase (JNK), p38 MAPK (p38) &°o2 u-Fojx|=d MEKI1/2,
SEK, MKK3/6 52 thY3d MAPK kinaseol <]3] <Ars} zlof &3}
) FAGM A serine/threonine 7H7] & Q1Ak3st A1 71Th (Seger et al.,
1995; Heineke et al., 2006). MAPK 7}&H A A<l xte] o3 AsAG
Aol = MEKel ¢s) FRK1/29 &A43st7F dojun o= /AMxe A&
I} FA +d 2 e =4 stod (Marshall CJ, 1995). 8o, JNK ¥}
p38 MAPK®| % BF A FAlek A4 A 43 22 o
¥ 2EYEEHE e AEJ g Fo% 4TS vt gl
At (Lee et al., 2002).

St AFelA, PY-PEE IEC-6 Aol AR w IGF-IRe| Zd
S TR oEFHo g Z7IA17]aL IGF-IR9] Z$3}+= binding protein®l
IRS-1, Shc, PY99¢] &3 F7l= AlxF2H o] Fye 2s sttt
(Fig. 4). ©1€9 319 AMzAd HAZo|= ofH &S v x=% T2l
7] 93] MAPKs¢! ERK, JNK, p38 kinase®] ¢1AF3}= 2y W gkt}.

7 A3, PY-PEE A@&e o, izl vls) ERKe| A1tahrt &
L YEA R FUleteE AS AT AN, JNKSF p38e] Ql4tst=
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T gEHoR faste AS AT F AdT (Fig. 6). AlxES2
ddE AFA3E 49 EE Chouhury G. G et al. (1997)2 Platelet

derived growth factor (PDGF)ell 23t @ #7babAx o] FZ243) o]lF %
Ao MAPKZ7} #ojsttla 3193, Lovicu et al. (2001)< fibroblast
growth factor (FGF)Z %% lens celld 523 #3}d MAPK7} ¥
ofghrhal sto]  AFtet T AFAIAE HolFATH

o] 475 wigo® PY-PEE IEC-6 A¥el Azads& # IGF-IR
B oAdE s AZHAGHR F MAPKZE #efdtia @ & gled,
ERK®] &43} 9 JNK, p389] &4 Azt AEF2Ae] fFrse A
o7 Azheth
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Fig. 6. Effect of PY-PE on MAPK signaling pathway.

Cells were treated with PY—PE after preincubation with® SFM for 4 h.
Whole cell extracts were prepared and -analyzed by western blotting
using anti—phospho—ERKl/Z, anti-ERK, anti~phospho-JNK, anti—-JNK,

anti—-phospho—p38, anti—p38 and anti-GAPDH antibodies.
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3) PI3K/Akt signaling pathwaydl] "X = <3

phosphatidylinositol 3-kinase (PI3K)+= & S AEHZA %
A48e ot o dMd F st AEY T4 B AE AY, 38
X Vs 2dse Zeow deAd Advt (Cantley LC, 2002).
PIBKE= F 709 subunits &, =4%8&S st pd&het Fuj#&S sl
plloo & o]Fojx glom o]= IGF-IR, EGFR, non-receptor tyrosine
kinaseol ¢j&) &3} Frt (Klippel et al., 1996). PI3K¢] &4 3lo &= F+
744 ﬁiﬂ EAs = s *’F%Zﬂﬂ p85 subunit®] SH2 domain}
o] 43 AEE T4t He AFH BEolA, HE F UHA A
= focal adhesion §-917} #Hojsts HH A A=Ad 015 T3l %Lo
37 dojuyAl Fvd (Kilppel et al, 1996 ; Wyman MP et al., 1998).
PI3Kell gt Al25219 A5 A9 EH, Ebner S et al. (2000)2 3=
Z1al AFAEL] S8 Ao PI3BK7E #ofdktiar 81%1aL, Calabro P
et al. (2004)= ERK1/29} PISK 4 ZE %38} resistin® HETHEL Z
AFH 71l fFEdrtar stk e Goncharova E.A et al. (2002)2
H H& AEe F23 o]Fd PIBK7F #o gttt skSit
Akt 57 kDa9). serine/threonine kinase® upstream kinase?l PI3K
RS Tl st He Ao m ddA e, Alxe] AEI By
S, 3 du, AlZFY] 5o o AYEdes dee =48R
24 #Zg3rh PI3KeF Akt A &4 2+ IGF-IRY 22 A=A A 9
3 PIBK= 257} "AEE™ Akt Serine 473 #7]7F <14ksl ¥ o] 319
A4S AN eRA AlEY F4I £3ES A H (Bellacosa
A, 2005).
obd AgelA IEC-6 M*Ee] PY-PEE A dS o ERKe 2437}
S E9215}% 7] v, PI3K/Akt signaling pathway
T3 IEC-6 AME] F2ol #hold Aolg} 7Pt e dujd o)

X

v

>
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ol oJu gt FaFe mA=A Ao RSkt 1 A3 p8set pl10e] WA
o] thxFol He F7hskgi PDK1o whuld wd 3 Akte] 914k}
T3 FZ7kete RS ATt (Fig. 7). =38 PISK, PDK1 12]31 Akt
°] mRNA Wdo] %% g&EFHo7 Frlates AL 1 & dArt

(Fig. 8). w&tA, IEC-6 A% PY-PE A& A] IGF-IRel ¢ls] %A%
= 319 AsAg A& MAPK pathway®t PISK/Akt pathway?] &4
StE friste] [EC-6 Ao S2o] ffEsve o= Hozih
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Fig. 7. Effect of PY-PE treatment on PI3K ‘and Akt protein
expression in IEC-6 cells.

Cells were treated with. PY-PE after preincubation. with SFM for 4 h.
Whole cell extracts ~were prepared and -analyzed by western blotting
using anti-p8ba, anti-pll10, anti-PDK1, anti-phospho-Aktl/2/3, anti-Aktl and
anti-GAPDH antibodies.
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PY-PE (ng/ml)

0 125 250 500 1000

Fig. 8. Effect of PY-PE treatment on PISK and Akt mRNA expression
in IEC-6 cells.

Cells were treated with PY-PE after preincubation with SEM for 4 h.
cDNA extracts were prepared and analyzed by RT-PCR,using PI3K,
PDK1, Akt and GAPDH primers.
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4) EGFR$ Grb2, SOS19 @4 v A= F3F

23 g 2ZAl 7]yl A (receptor tyrosine kinase ; RTK)+= %2 A
2202}, cytokine ® hormoned] Az HES 93 AEXEEH S8 ot}
(Pawson T, 1995). RTK+= AAAEe] S2% 23 59 A gAHS =
Ad Wk ofygt B2 AT B Ao Tad 9FS v o
49l RTKE= AuAl &2zt (EGF : epidermal growth factor) =84,
PDGF (platelet-derived growth factor) &4, I At
(VEGF : vascular endothelial growth factor). 584 o] <t} (Robinson
DR et al, 2000 z <<ol|4 EGFE 53 amino-acids® TAYH
single—chain polypeptide®, tyrosine kinase &4 S zt1 9= AE EH
o] &4 (EGFR)¢ Z3sfe] thfsh dHjo A=
E d /A g Aot Cohen sl 5o = AF o ofstAd
B FET olF Algte] o, M ¥ FoME FZ3 EHol B
A 7H Al E Atk (Cohen S, 1962 ; Cohen S et al, 1975). A3 A
Aol 287 (EGFR, epidermal growth factor receptor)s= ThE3E A
o] Mxute] EAsts A 170 kDagl = T34 oAz EGFY
TGF-a¢ 2& & Ad-dAsce] Astshes AlxEel 235 (domain)
oF #E WA$ (transmembrane), Al ¥ W E]ZAl 7| yolx] Atz F
A ¥l 1 (Ishitoya J et al, 1989 ; Zwick E et al, 2001), 432 F2o

mO(

FH
N

o|\
)
ftlo
do
k1
o
rlr
o

r
Sh o
o

fr
1z

N
§

rlo

ke

4

WA dolups o Fsel AmMAxs Auzdelx waw
(Christensen ME et al., 1992). Green et al. (1977)2 34§, Au QlF=x
Ao A freElete ZstAEY FAAFe EGF7F #odtia §F A,

Cohen et al. (1974)e] 23} in vivod] dAFo4 EGF= o3 F¢9
Ay 22 7AFe] FAS 2R Bkt 28] 32 Niederlechner
et al. (2013)2 heat-stressol] ==% IEC-6 AlX2] X HE 7] & oA

EGFR®| w@de AgAolet atglth. EGFY TGF-a 22 39]4d7¢<04
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7} AE ] A Euto] EA)5tE EGFRo| AdtslA W =849 AxE 4

domain®| tyrosine kinase® &/d3} A|7]A = +=dl, €/43tE tyrosine
kinaset™ downstream 7] &S AA4Hs AlF1 24 DNA HA e MxEE

= Op7I%Hh ofok o] ¥ A= EGFRY Ao AE F

iy
=] F23 9SS = E (Pusztai L et al, 1993), & =50 A

-2

=
LA, IEC-6 cellel PY-PEZ A &39S W EGFRe
e gko] WslE A ugt a1 A3, Tk JEHO
= AE AT F A EGFRE-#d o] Sk RS FRlsigoenz
= =]

st % A A Grb2ﬂ SOS12|, &2 =

HU o
.
1=
i)
::1
8
=
Z,
>

AN} (Fig. 9, Fig. 10).
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Fig. 9. PY-PE affect
|

cells. \

Cells were treated ‘with

' /
incubation with /Sﬁ*‘ M for 4 h.
Whole cell extracts: were prepare

and analy@)y{v(estem blotting
using mﬁ—phospho—H}R aﬁ}b‘tﬂlman ’ 1 and anti-GAPDH

-

antibodies. e
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0 125 250 500 1000

SOs1

Fig. 10. PY-PE affect the mRNA expression of EGFR, Grb2, SOS1
in IEC-6 cells.

Cells were treated with PY-PE after preincubation with SEM for 4 h.
cDNA extracts were prepared and analyzed by RT-PCR using EGFR,
Grb2, SOS1 and GAPDH primers.
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5) Ras signaling pathway?l] "X & 3

A2 GTP binding protein®! Rase AE9 F243 #3t& g3k
Tkt A2 U wkgol] Fagh 9ges st 4l vk (Bouguski et

al, 1987). Rast ¥A% 21 kDa® E4FdAe] d£°S =2 guanidine

ro

nucleotide-binding proteine codedtt}. Ras -+ Abol+= Kirsten-ras
(K-ras), Harvey-ras (H-ras) ¥ N-ras® A 7}A F7F7F A3} A
7FA Ras @9l A S 22 Holx oz WAFNANA thEA e ¥ =),
o] Ras @@ 50| M2 & 7S e 7Hs4dS o549, Ras
ol o3t Aodd FEo= Aolzh vk dE A Stk (Carbone
et al, 1991). AGAAT} A2 F&Ao Agste] FAH Vo= 4«
o] A4 @A AgS A Ras &4l21#tel SOSI1 proteing A&

+ guanosine triphosphate (GTP)el 4l guanine nucleotide 3
o] Ras @Ay Ags =38 02A RasE A A 714 €t}
2/dste Ras-GTP= &M AI} A3ete] tpekdt N5 ddo] o] Fo] 3] A

.

=4 o] T4 Raf-MEK (mitogen-activated and extracelluar—signal
regulated kinase)-ERK (extracellular signal regulated kinase) 2+
Axzel T2, A& 2 Es5S HX18H (Sechubbert'S et al., 2007).
o83 = g8 3k 7AA-A 22l Ras-PI3K - (Phosphatidylinositol 3-
kinase)/Akt A% X3k G protein®] "i7ist= A XE 9] Ao WHE-d)=
83 T small GTPase Rasol 98] &A43l¥ o] (Rodriguez et al.,
1994; Rodriguez et al., 1996) M3 2, MX o], 3} @ apoptosis
= z4A3t (Keely et al, 1997, Yao et al, 1995). ¥ 23glo]|A+=
PY-PEE A &3 IEC-6 A *o|A Ras signaling® wuza w3 aky)
mRNA 2@ ol thel] s 23}, Rase @& @23 mRNA
By mFdA sk oEA R Frteke Ae AT 5 AL, 1 E

AN
A2 Raf, MEK, ERK®] &&= gt o9z (Fig. 11)¥ mRNA
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Fig. 11. Effect of PY-PE treatment on Ras signaling protein expression
in IEC-6 cells.

Cells were treated with PY=PE after preincubation with SFM for 4 h.
Whole cell extracts. were prepared and analyzed by western blotting
using anti-Ras, anti=Raf anti-MEK, anti-phospho-ERK1/2, anti-ERK
and anti-GAPDH antibodies.
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Raf m *"‘“m - l

Fig. 12. Effect of PY-PE treatment on Ras signaling mRNA expression
in IEC-6 cells.

Cells were treated with PY-PE after preincubation with SEM for 4 h.
cDNA extracts were | prepared and analyzed by RT-PCR using Raf,
MEK and GAPDH primers.
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6) AP-1¢] 2 dd] WX = 9F

A A 2 T 24 d7]d 50| DNA 2% @S o
promoter cis-acting elements®} ZAgdrowA FAEA H+=d Activator
protein 1 (AP-1) ¥} cyclic AMP response element binding (CREB) &
o AARIAE A BHE 2H sl de] A Atk (Branchi et
al.,, 1993 ; Liou & Baltimore., 1993).

AP-1 (Activator protein 1) transcription factor@Z4] Eo]%x oz <
A9 gene Wd Ao #oJst=ul-(Chiu R et al, 1988 ; Morgen LM
et al, 1992), ol AMEx F2, &3k AFZTAE H3 5o FHLE
HFo| A AE JA ZFHo HAHPAHor ol gt} (Murakami Y et al,
1991 ; Kovary K et al, 1991). AP-12 Jun= @l A3} fos= o7 9
o] FolAE FAH o Qlon olF GEHlEOS AASLY e T FH
ol ZA3tslE sluhe] leucine zipper domaine &3] homo-$} heterodimer
2atAE #@A4 3t (Abate C et al, 1990; Angel P et al, 1991;
Johnson PF et al, 1989; Karin M., 1995). o5& A 3 Hlo] =
Ras, Src, Raf, Mos, Sis, ErbB & °|4 Growth factor, Growth factor
receptor signal, cytokine Z#]il AFstA A E el 22 thekdt zxp=o
oJste] activation H O RA AR FA I FEE % A7tk (Schonthal
A et al, 1988 ; Schonthal A et al., 1992).

Azl o8 A3t Hol HFHow AX FAHS FXATI=H, 2
=l Ae A IGF-IR¥} EGFRo] 2A43tso] 21 shefd#kel MAPK
PISK/Akt, Ras signaling pathwayE &4 3} Al7ltts S A5 S
ng 3 RS FE3o] Western blot analysis® F3] AP-19] vz
=3 < Zledla, RT-PCRe E3l mRNA @dsss gedskdl
t. 1 A3, PY-PEE Agsds wf, tixatel Ha] c-Jun? c-Fose
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w2 wE ) (Fig. 13) mRNA @ do] (Fig. 14) 2% 27hsh: 4
I 5 otk webd, [BC-6 Aol PY-PEE Ael 39< o
IGF-IR, EGFR N &4 27k 2439024 AP-1o] #4stslo] 4]

2240 frEE Aow A7,
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Fig. 13. Effect of PY-PE treatment on c-Jun and ‘c-Fos protein
expression in IEC-6 cells.
Cells were treated with PY-PE after preincubation with SEM for 4 h.

Nuclear extracts were prepared and analyzed by western blotting using

anti-c¢—Jun, anti-¢-Fos and anti-GAPDH antibodies.
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Fig. 14. Effect of PY-PE treatment on c-Jun and c-Fos mRNA
expression in IEC-6 cells.
Cells were treated with PY-PE after preincubation with SEM for 4 h.
cDNA extracts were prepared andpanalyzed by RT-PCR using c—Jun,
c-Fos and' GAPDH primers.
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7) MEK/PI3K9] &d A7 AXFA71 A4 vA= IF

UM Ao IEC-6 A E] PY-PEZ ##3l%<S w MEK$ PI3K
of wgo] FUIFORN AE FAo] FXHE AL #AET £ U7
w o] MEK inhibitor¢! PD980599} PI3K inhibitor$! LY294002E Al-&
ato] MEK9 PIBK®] &g As{AIZ S wl [EC-6 AE2 FA40 ojn
& QTS vAE=A MTS assays sotol A &S F9a] Bt
. 1 A3 PY-PE o5 AHEa A= Ax2sF
°] PD98059¢} 50 bl LY2940022 Zzk 1A Bk AAHE F
PY-PEE AZd FQAM e dHETHE AET4 ] &

g & ATt (Fig. 15, Fig. 16). o] A7 25 &, PY-PE9 Ax F2 =
KN

& AT
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Fig. 15. Effect of MEK inhibitor (PD98059) on cell proliferation
induced by PY-PE treatment in IEC-6 cells.

Cells were' seeded. into 96-well plates at 1x10* cells/well in 100 ¢ of
medium. After 24 h; cells were maintained in SFM for 4 h. After
pretreatment with PD98059 (40 u0), cells were .incubated with PY-PE
for 24 h. Cell viability ‘was ‘measured with MTS assay kit as manufacturer’
s instruction. Values are the meanS.D. Different alphabets are significantly

values among the group by Duncan’s multiple range test.
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Fig. 16. Effect of PI3K inhibitor (LY294002) on cell proliferation
induced by PY-PE treatment in IEC-6 cells.

Cells were' seeded into 96-well plates at 1x10* cells/well in 100 ul of
medium. After 24 h,  cells were maintained in- SFM for 4 h. After
pretreatment with-1.Y294002-(50 10), cells were incubated with PY-PE for
24 h. 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.
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4, AL F719 "= G
1) AE F7] &4

AEZF7I = =AA L
oA T BE (FAE4E
G17] (Gap 1), S7] (DNA &47]), G271 (Gap 2), M7] (FAEY7]) =

ol vk Al A2 oled AEF77F ASH R ubE, £

fr
— e
°
rlr
B
ke
["_8{.:
2,
o
fru
o)
=
ke
)
o
°
lo
Mz
11147

Al go] dojgow
AstAl =&t oleldt MEF71Y @A Ert SAESEES 24 €
o} (Nurse P, 1994). G171 A WA FA 7= A¥x7 2499 2 3 ¢
=9 AFAHAS A A7) oo Havk AlE W IAE F£Hlste 7|3t
o2 Axe FAo] olFoxtt. S7li= DNAS EA|7F o] F x| &= A7
2 3 AAATE s T GAAZ BEAEE Al7]olg. o 2 MEE
G271% Ho7bAl Hed 3 Ax7E F AER st dagk QA
o] B wrEol AANEH M7 oA = AlEd o) FE o] dojut AlxH

AEZE ol 7 S FASHYl fstel Al F7]= Check pointE
7FA 1 Jg=d "HA Gl17]1eF S7] Alo]ef restriction point (R point)7F 2L
oA i o] AFetx] o STIE WA G Gl HF
2 9A, 52 G0718 FAdHE UAl sobbAl dv. AEAQ
restriction point (R point)& A UAl W S7]olA DNA EHA & G27]
2 7H H=d 971 %= skuke] check point7b 910 S7lel A &
DNA A ool o MxE F717F AAE stAl "t o] o] gl

o
2 A% AE F77 Aoz A M4 AERAe] dolyitt,
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Fig. 17. Treatment of IEC-6 cells with PY-PE results in cell cycle
progression.

In the experiments on dose dependence, PY-PE added at the varying
concentrations (0, 125, 250, 500, 1000 ng/ml).
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Fig. 19. Effect of PY-PE treatment on the levels of cell cycle related
proteins in' IEC-6 cells.

Cells were treated with PY-PE after preincubation with -SFM for 4 h.
Whole cell extracts weré prepared and analyzed byt western blotting using
(A) anti-cyclin D1, anti-cyclin  E, anti-Cdk2,  anti-Cdk4, anti-Cdk®6,
anti-PRb, (B) anti-p2l, anti-p27 and anti-GAPDH antibodies.
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