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Mechanism of collagen synthesis by Pyropia yezoensis peptide

in human dermal fibroblast Hs27 cells

Cho-Rong Kim

Department of Food and Life Science, The Graduate School,

Pukyong National University

Abstract

Pyropia yezoensis 1s a marine algae that exhibits anti-oxidative,
anti-inflammatory, anti-tumor and anti—aging activities. In this present
study, we investigated the effect of P. yezoensis peptide (PYP) on collagen
synthesis and the mechanism focusing on the TGF-3/Smad and IGF-1
signal pathways in human dermal fibroblast Hs27 cells.

Hs27 cells were incubated in serum-free medium with various
concentrations of PYP (250, 500 and 1,000 ng/ml) for 24 h. Using the MTS
assay, we found that PYP did not affect cell viability. Moreover, we
confirmed that PYP increased type 1 collagen expression using
enzyme-linked immunosorbent assay (ELISA), western blot and real-time
PCR analysis. In addition, we identified changes in various enzymes as well
as the mechanism behind PYP-induced collagen synthesis. PYP decreased
MMP-1 protein and mRNA levels and increased TIMP-1 and TIMP-2
protein and mRNA levels.

Transforming growth factor-8 (TGF-B) plays important roles in regulating

cellular processes such as cell growth, differentiation, migration, apoptosis

_Vi_



and ECM components. PYP increased TGF-B1 ligand protein and mRNA
levels. TGF-B1 induces activation of various intracellular signal pathway
including mitogen—activated protein kinases (MAPK) and TGF-B/Smad
signal pathway. PYP activated TGF-B/Smad signal pathway, but did not
influence into MAPK signal pathway. Furthermore, activated TGF-/Smad
signal pathway by treatment with PYP induced transcription factor
specificity protein 1 (Spl). To investigate effect of TGF-B/Smad signal
pathway on PYP-induced collagen synthesis, cells were treated TGFB-RI
inhibitor (10 uM, SB431542) for 2 h. SB431542 reduced the increased
COL1Al1, COL1A2 and TIMP-1, 2 mRNA expression levels by treatment
with PYP, and increased the decreased MMP-1 protein expression level by
treatment with PYP.

Insullin-like  growth factor-1 (IGF-1) regulates cell metabolism,
differentiation, growth, survival and ECM component synthesis. PYP
increased IGF-1 ligand expression and activated IGF-1 signal pathway
including phospatidylinositol 3-kinase (PI3K)/Akt/mammalian target of
rapamycin (mTOR)/ribosomal protein S6 kinase beta-1 (p70S6K) signal
pathway.

These results indicate that PYP promotes collagen synthesis by activating
both TGF-B/Smad and IGF-1 signal pathways. So, PYP could be a potential
source of functional cosmetic and food materials to have effect of promoting

collagen synthesis.
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al., 2008). w3t 3] 5 <] ﬂ% AAlst7] Sl g A7 Ao
gtom, v Fwst a3s yYeds 7leA sEE 32 AEEl A
Hkw) 31 9l th(Mukherjee et al.,, 2011).

= Ay Z2Q %9 (epidermis) 2t 2 A Z2 ¢l X 3] (epidermis) L]
T 9 3A LS (subcutaneous) 2.2 o] FolA o 1 T Hye= 7]FE
(ground substance)@} A -(collagen fiber) 2 ®= Al f-(elastic
fiber) S¢ A4 @HidE A5 o, dF-9 90% ol
3= 8% FZo]H(Costin and Hearing, 2007). A3 &x)3}+=

A S
=

dwgr

ol Ao 9ls| MEe 7]H(Extracellular matrix, ECM) A& wid
frob AR T oY udd 1d ARe] wEoxd Xy AZE9
80-90% 5 AAst= @uldel FepAle y R FHS AFs|Fa e

Aok Agtstel F i @9 Ady A4S FodiF=tH(Yoon et al,
2012). F&Ae gxdqez &3 I, I,0,IV,V,VI 5°] Mg x5
2111, % 190l oF 80%, M& ol o 15%2] Hl&S AA st =t
dAE Y TR BAEY A&ow Qs A ET =AY
3= matrix metalloproteinases (MMPs)9] 2F8o2 <ld| FHZ ¥
tissue inhibitors of metalloproteinases (TIMPs)ol el&] A Ht}. =3}
7F s MMPse] 2de M3 F7b5 i TIMPse] 2de =]
th ool ZEHle] EalE S8 v ©@HS fgAaA7|aL R w3}
5 2714 @ (Kim et al, 2010; Kahari and Saarialho, 1997).
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facs

2
©
of'

[t

H

N
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3t wsldAto] ER Ko7 yebdoh ol w=3lo] v vFAo] A
I FEo] Fa A A7IH v©EH HAfrt Srkske] v WAool Ao
Y 7, F27 5o Mz zd Aol yEbd T (Naylor et al., 2011;

Kammeyer and Luiten, 2015).

Transforming growth factor-8 (TGF-B)= AlXxe] A% E3} ol&

Az AR B AEe] TE AR A Z2 AE W oY HAFS =
AgS g} (Dennler et al, 2002). TGF-B& Z&4, A

2" g yEzdd Fo ECM g s fresta 4 &

4 9 profibrotic cytokine®] A= & tds wlAYF

. TGF-B= 183 289 &A1 7HA=, st¢

A3tA7171 918l TGF-B ligand7t A EWe

(TGFB-RIDe Z¥slH, 28 F84= 13

of stE A7l sk AsHAE FE7F

Abraham, 2004).

Insullin-like growth factor-1 (IGF-1)& A¥¢ A%, F24, 23} A&,

Azl 71" Ao A4S 2ds= 73 ARl (Edmondson

et al., 2003), =842 type I IGF receptor (IGF-1R)¢}e] A2 &3}

of sk9] AzHE FRES ST &4 3kE IGF-1R< insullin

receptor substrate 1 (IRS1)¢] 4tstE fF=star A4kstE IRS12
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e
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@)
Q
w0
2.
job)
=
(ol

phosphatidylinositol ~ 3-kinase  (PI3K)/Akt/mammalian target of
rapamycin (mTOR)/ribosomal protein S6 kinase beta-1 (p70S6K)
signal pathwayE Z43tAA AE e v vEs doyA 9t
(Tai et al., 2003).
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O A5 2 94
1. A=
DAY 2 As

oA r ALE3 7 peptide PEPTRON (Daejeon, Korea)o =5
B AT Ade] AME3E M¥:= American Type Culture
Collection (ATCC, Manassas, VA, USA)S. 2 5¢ 3+ 214 ¥5 A
frofAl 227l Hs27S  Ab&stadth Alzujekel]l  AR&¥ Dulbecco’s
Modified Eagle’'s Medium (DMEM), Fetal Bovine Serum (FBS),
Penicillin/streptomycin  (P/S), Phosphate-buffered saline (PBS)& Gibco
BRL (Life Technologies, Gibco BRL, Gaitherberg, MD, USA)A| &S A}
23} 32 Trypsin, Bovine serum albumin (BSA), Protease inhibitor %
£ Sigma Chemical CO. (Logan, UT, USA)A|&<& Abg3tsith AlE 9
S AEES 43 9] MTS/PMS  Solution  (CellTiter 96
AQueous Non-Radioactive Cell Proliferation Assay Kit)< Promega®ll 4|
7Y, AHgstden Ax dwd sE=5 SA4s7] $18l BCA protein

Assay kit (Pierce, USA)E T, AF&3F3

s}
==

Western blotell 4] Protein standard markeri= Dual color marker
(BIO-RAD, USA)AFS AF&3tHa, AF&3gH 7% antibody+ Santa
Cruz (CA, USA), Cell signaling (Beverly, MA, USA), Bethyl (Montgomery,
TX, USA)elA 943k 2m, TGFB-RI inhibitore SB431542 (Tocris
Bioscience, Bristol, UK) Al&#& A}F&3l3th Detection Reagent® Super
signal West Pico Luminol/Enhancer Solution?} Super Signal West Pico
Stable Peroxide Solution (Pierce, USA)E ©o]&3 Kodak film



(Rochester, NY, USA)el| 733341} Bioanalytical Imaging System
C300 (Azure Biosystems, Inc., Dublin, CA, USA) &4 #u|2 ¢z
HEE sttt Real-time PCRolA M2 RNA 3|4+ Trizol
reagent (Invitrogen, Carlsbad, CA, USA)E A}&3}1 1, cDNAS &4
& RevoScript™ RT preMix (Intron Biotechnology Inc., Seongnam,
Korea)E o] &3ttt 4 A 2+E Eco™ Real-Time PCR system
(lumina Inc., San Diego, CA, USA)S AFE3%3, cDNA2 F =9l
TOPreal™ gPCR 2X PreMIX SYBR Green (Enzynomics Inc., Deajeon,
Korea)& AH&3F3AT.

2. 4

D A5 A=

Pyropia yezoensis peptide (PYP)+= PEPTRON (Daejeon, Korea) 2. = 5-E]
g3l PYP= 0.1% Trifluoroacetic acid (TFA)7F $h-d gol25]
o] HPLCZE A8t +=dl, HPLCZ A3+ Z+H-S Shiseido capcell pak
C18 Columne]™, 220 nmoll4 Yeh= peakEs &1% 5 0.1% TFA W
acetonitrile FEE 10~70% 7k#] ®W3E Fo] 1 ml/min FH522 &=

A7,

2) AX W

AA T FH AdfetAEel Hs27 (ATCC/CRL-1634) AEE 10% FBS,
1% P/SE #H7}3 DMEM< AF&3ste] 37 C, 5% CO, incubatoroﬂ Al
st AIE7F 80% AHE confluent® ™ PBS®E Al 23k & trypsin *
glste] Althuj et wiA = 2-3Y vtk wskellon) 153 o]stE A



el Fe A 2E Aol AHEsAT

3) MTS assay

PYP7} Hs27 Alazol] thste] =45 vetli=A &elstr] $1ete] MTS
assayS Al ARt Hs27 AMEE 48-well plateo] 2x10* cells/well =
skl 24A1%F wjFst $o PYPE Wiz 4 250, 500, 1,000
ng/mle] TEE AHgstgct. A=A 2447 & MTS/PMS  solution
(Promega, Medison, WI, USA)<S #7}8to] 37 TollAl 30&3F vESAIZI
ELISA plate reader (BIO-RAD, USA)Z 490nm &3 &=l 543}
o},

3@ b

4) Type I procollagen EIA kit assay

=

Hs27 AlEE 6-well plateo] 1x10° cells/well®] =2 EF31aL
FBSE 33 DMEM Ao Al 24A1ZF w3t $of PYP7) s =
X3t serum free media (SEM)o 24A17F o wjeFstdt. aix] & A A
st AlEE PBSZE 2W washing §F 5 cell extract buffer (PBS, 0.5%
Triton X-100, ImM EDTA, 1mM PMSF, pH 72)2 MXE&E 3|48
A2 (14,000 rpm, 10min, 4 C) ¥ FS5AqES Ao A&tk
=4 WY procollagen U2 procollagen type I C-peptide EIA kit
(MK101, Takara, Japan)& A}F-&3lo] HHston, F duld o=
HA skt

5) Immunofluorescence analysis

Hs27 AEE  &-well glass coverslip (SPL Lifesciences Co.,
Gyeonggi—-do, Korea)oll 5x10* cells/well = vjF3t %, PYPES thx++3



sHAl 250, 500, 1,000 ng/ml &= =2 24X < At 1 & AlXE
= 712 PBS®E 33] A3 5 4% paraformaldehyde &9 o & 154
Fot wkgs] A7, 05% Triton X-100 & A 10% &k wHS-
d FHAIZ v 1% BSA & 1A%+ F<F blocking ST
Primary antibody = Anti-COL-1 (sc-59772, anti-mouse, 1:100)& 4 C
o 4 overnight ¥4A171 & Alexa Fluor® 488-conjugated secondary
antibody (Invitrogen, 1:500)& 1A]7F &<t HE3FH oW 2 ug/ml 5%
314 gk DAPI &4o=2 #S AMAIZl % chambergE A A3l slidedl
mounting medium (sigma, M1289)& A &3 & AW EHO=Z 143}
o PPN Hor HEsHAT

6) TGFB-R 1 inhibitor (SB431542) = &

Hs27 Ax2E 10% FBSE &3 DMEM wjAol A wjkst o5
serum free-DMEM #JA| 2 L 3kslo] 4A17F O HjFal ATt 4A17F 74

o SB431542E 10 uMe TE= AT 2413+ & PYPE 1
ng/mle F=2 AHgsto] 24X 7F FF v e = Aol A&t

7) Western blot analysis
@D Total cell lysate 5=

PYPE sxH=E g3 Hs27 AEE PBSE 23] A FH3taL protease
inhibitor (1 mg/m¢ aprotinin, 1 mg/ml leupeptin, 1 mg/ml pepstatin A, 200
mM Na3;VO,;, 500 mM NaF, 100 mM PMSF)E # 7}t RIPA buffer
(196 NP-40, 0.25% sodium deoxycholate, 1 mM EDTA, 150 mM NaCl,
50 mM Tris-HCI, pH 75)% &3t 3021 4 TollA BAg & d5
HelA E73 cell lysates 9A4+2 (14,000 rpm, 10 min, 4 C)ste] 1



A}Z=9S BCA protein assay kit® gz oS A akslo] AL-g3¢dc).

1=}
24

@ i gy

NE

30 pgo= AEE owAS SDS-PAGE  (sodium  dodecyl
sulphate—polyacrylamide gel electrophoresis)e]l 7|9 %3 % PVDF
membrane (Millipore, USA)© 2 Transferstith. o] w XF=EA#HS

stoldl 7] &l dual color markerE AM&3LSith 719 %3 membrane
2 AL A 1% BSA/TBS-TZ 1A%t &< blocking A7l & &<lstar
2} ke 77+ 1xF antibodyE & AEl 4 ColA] sF&dr vESAIZL &

TBS-T=Z 103t 33] Al th5 23k antibody & 1:10,000-20,000 B]&
2 8435t WESAIZH T WFSAlZ] membranes THA] TBS-TZ 10&3F
33 Ax3 F Super Signal West Pico Stable Peroxide Solution¥}
Super Signal West Pico Luminol/Enhancer solution (Rockford, IL,
USA)S Abg3tel KODAK X-ray filmel #H33A17] A4 Bioanalytical
Imaging System C300 ¢]n]#] 4] o2 @ Hes dAgst = W
T o] WEE Science Lab 2005 (Fujifilm, Japan)E ©]-&3&}o] v] &2 3}

o

AN

8) Real-time polymerase chain reaction (Real-time PCR)

O RNA = ¥ cDNA 34

NAE F=3}7] 9139 TRIzol €4S ©]&3F phenol-chloroform F%
7S ARE-EA T TRIzol &= welld 1 m® Yo 343t 200

7)
2] chloroforms A #ste] 2 AojFE % 4 C, 12,000 gl A 15% &<t
A shslvh T S HE 28] isopropanoldt 1:19] Hl&

=

et



Aol H, AolA 1087 ¥EE & 12000 goll A 1087 9AE
stttk AAE pelletS 1% DEPC water® 3|43 75% EtOHeol| Aol
AL 7500 gell A 5E7F dAAEE it HF FEE pellets Aol A
1023 A= 5§ 0.1% DEPC water 50 woll =<1 % 60 ToAlA 10%
7} heatingd}e] RNase?] &4S& A 73 ¥ UV spectrometers ©]-&3}
FAEE FA4sF 260/230, 260/280 nme| ratiocs A3 Tk
7} 3tel®l RNAZS Reverse Transcriptase PreMix KitE AF-&3te] 50 C
o 5] 1A1ZF, 95 TCollA 5i3F ¥H-g-A1A cDNAE #H/d3sHA

glstaat sk 4 FAdAS] mRNA 2ES #Qls7] 3] real-time
PCRS A8t} Real-time PCR ¥FS-2 & 20 u ol cDNA 2 0
2} 10 ple] 2X SYBR Green PreMIX, 5 pmol forward primer 1 w, 5
pmol reverse primer 1 W= 73t , Y A= RNase free =HFT=
AT Real-time PCRS Z7|WA 95 TolA]l 10, WA 95 C
o 4] 10%, annealing= 60 TCollAl 15%, AWg 72 TAAA 15x=
3l 40 cycles APt ZE Hkgo] FEH ¥ primerd Sol4dS &
2187l 93l melting curve 413 AAI5 o A= housekeeping
gene?¢l GAPDHY 42} w3 &0 & normalizationdtith. A& A&

% 7} primer sequencet= Table 19 7] = oflth



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

Gene name Primer sequence

COLIAL forward 5" -AGGGCCAAGACGAAGACATC-3"
reverse b'"-AGATCACGTCATCGCACAACA-3’

COL1A2 forward 5" -TCTGGATGGATTGAAGGGACA-3~
reverse b'-CCAACACGTCCTCTCTCACC-3"

lasti forward 5" -CTTCAGAGCAGTTCCCATTC-3"
n

eas reverse 5~AATCCCCAAATATCCAGGACAA-3"

MMP-1 forward 5'-CCCAAAAGCGTGTGACAGTAAG-3”
reverse 5'-CTTCCGGGTAGAAGGGATTTG-3"

TIMP-1 forward 5'-TGACATCCGGTTCGTCTACA-3~
reverse b'-TGCAGTTTTCCAGCAATGAG-3"

TIMP—2 forward 5'-GCGGTCAGTGAGAAGGAAGTGGA-3"
reverse 5'-GAGGAGGGGGCCGTGTAGATAAAC-37

TGF-B1 forward 5'-AGCGACTCGCCAGAGTGGTTA-3"
reverse 5'"-GCAGTGTGTTATCCCTGCTGTCA-3"

IGF-1 forward 5"-TCTTCAGTTCGTGTGTGGAGACAG-3~
reverse 5'-GGGTGCGCAATACATCTCCAG-3~

GAPDH forward 5" -ACCCACTCCTCCACCTTTGA-3"
reverse 5'-TGGTGGTCCAGGGGTCTTAC-3"

_10_



9) TATH A g

=l

BAANE Z2be] R Hid 3 EFHA(meantS.D)E

o, HE AEE window-g SPSS =2 713 (Statistical
Science, SPSS Inc., Chicago, IL, USA)& o] &3}<]
gk ar, wrE-=Ao ol ANOVA test®t Duncan’s multiple range
testE A&ttt o W, EE A4 7ok F5& p<0.0500 4 A
Bk},

Package for Social

_11_



m. 43

N2
R
1

1. ZA(Pyropia yezoensis) peptide®] #|Z

A (Pyropia yezoensis) peptider= 0.1% Trifluoroacetic acid (TFA)7}
Sl go]l &40 o] Shiseido capcell pak C18 Column® HPLC®E
AAEe] 220 nme] MM peakE el F(Fig. 1), 0.1% TFA W
acetonitrile ¥%=5 10~70%7t# W35 Fo] 1 ml/min F+H2E §FA
At} 9] 2o Age HAZEHL Mass analysis (HP 1100 Series
LC/MSD)E o]&3] 1622 Da xelA EAstA o Sequences
D-P-K-G-K-Q-Q-A-I-H-V-A-P-S-F o|t}. £ Ao ALEH A==
71 peptide®4 PYPZ w3}l th,
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1.0 4 1.0
Detector A-1 (220 nm)
P93201-11a
o84 Retention Time Lo.s
O.GJ +0.6
£ S
= =
0.4 -0.4 ks
0.2+ r0.2
q A\
0.0+ TR = -0.0
-
w
0 2 4 6 8 10 12
Minutes

Fig. 1. Purification of P. yezoensis peptide (PYP) on Shiseido
capcell pak C18 column chromatography.
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2. PYPl 93 Hs27 AE54 &

PYP9] Hs27 A X0 that SA4e ZASH] Y3te] MTS assay =S o] &
sto M AEES ST Hs27 AXeo] PYPE dlx&v¥ 37
250, 500, 1,000 ng/ml == 2413t * 2]} T}

MTS #4] A3 PYP+ Fig. 2014 YeEbY A= PYP AHEldto] =
T3 Hasle] ®TE xfolrt glorm g PYPIE AEAAEE = F
nAA S 0T 5 AJn WA PYP7F Hs27 AlE
Aol ol Wsts YehliA] e rw 9o vRe 2 A4AE ﬁﬁgé}

kel
o_>|1
o
~|
% b
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100

Cell viability (%)

0+— - —

CON 250 500 1000
PYP (ng/ml)

Fig. 2. Cell cytotoxicity of PYP on Hs27 cells. Hs27 cells were
seeded in 48-well plate at a density of 1x10* cells/well with medium
supplemented with 10% FBS. After incubation for 24 h, cells were
treated with PYP in the indicated concentrations for 24 h. The cell
viability was confirmed by using MTS assay. The results indicated

mean * S.D. in the three independent experiments.
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3. PYPol| 93 Hs27 Al 24 &4 =2 &3
1) Type I collagen o4& =7}

UM A A Hs27 Alze digh PYPe HAo] flas st
o] % PYP9 ¥ wshiAlol ik & 37F d=A &Qlsty] 91sko] Hs27
Al PYPE 24413 AEd & Foha & :
ot 93] w3k HT Foll EAee FebaAl EEek oA
= AEE 71del EAete T8 9 Fo stuE 159 X A|A
&g gk A= yolrb Eoittel weEl v R
o de}x®} A MM FaEo] HFAcA H
< FyEgL F5 A4S 2 AZHKim et al, 2010).
ZeAS procollagen AT-AZFE A=, 27 COL1AL (collagen,
type I, alpha 1), COL1A2 (collagen, type I, alpha 2) fFdAx}2Z5E 23]
= al A F % a2 AFE 3 RV 3% U FElER moA AAE

o},  28]3  procollagens  obv] = eH(N-terminal) @ FFEA Tek

Y
o
rr
o
I
lo

(C-terminal)©ll propeptidez} &&= peptide sequenceE 7FA| L 9o

£

5

o] Eo] peptide sequence= ©]&3f procollagen? U =AT
2 tHLee et al., 2008; Rossert and Dupont, 1999).

ZgAle] Wy W3lE dolH 7] ¢]3)] procollagen type I c—peptide EIA
kitE ©]&3to procollagen®] A &S SHstAh 4 A3 djz=atd
HlLste] PYPE A3k (250, 500, 1,000 ng/ml)e] procollagen%©]
9.9%, 21.0%, 349% % T% oFEH oz F7I5AtH(Fig. 3). 183l typ
I collagen® w2z a3yt COL1IA1Z COL1A2¢9] mRNA 43
western blot, immunofluorescence analysis “L2] 3L real-time PCR %
o2 g3 A3} procollagene] Ao} sUSH EF L oEHL

Z=7}s A tH(Fig. 4, Fig. 5).

ek
o)

o=
% o

h
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Procollagen (%)
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140
be
120 ab
100
80
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40
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|
0 +— . T s
250 500

1000

CON

PYP (ng/ml)

Fig. 3. Effect of PYP treatment on type I procollagen synthesis
in Hs27 cells. Hs27 cells were seeded in 6-well plate at a density of
1x10°% cells/well with medium supplemented with 10% FBS. After
incubation for 24 h, cells were treated with PYP in the indicated
concentrations for 24 h. The pellet were collected from each well and
procollagen type I c-peptide was determined using the EIA kit. The

results indicated mean = S.D. in the three independent experiments.
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(A)
PYP (ng/ml) CON 250 500 1000

cor [0
Gl e

(B)

COL-1

DAPI

Merge

PYP (ng/ml) CON 250 500 1.000

Fig. 4. PYP affects the protein expression of type I collagen in
Hs27 cells. Hs27 cells were treated with indicated concentrations of
PYP for 24 h. (A) Whole cell extracts were prepared and analyzed by
western blot using anti-COL-1 and anti-GAPDH antibodies. (B) Type 1
collagen proteins were probed by anti-COL-1 primary antibody and
Alexa Fluor® 488-conjugated secondary antibody. The nuclei were
stained with DAPI and the images were captured by confocal

microscopy analysis.
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=
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b
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COL1A1 mRNA level (for CON)
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PYP (ng/ml)
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Fig. 5. PYP affects the mRNA expressions of COLl1Al and
COL1A2 in Hs27 cells. Cells were treated with PYP for 24 h. cDNA
extracts were prepared and analyzed by real-time PCR using (A)

COL1Al, (B) COL1A2 and GAPDH primers.
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= d(proline)# =24l (glycine)o] ®o] 35 o]
dgtrelel 7|Eu9E ER I A ~E (tropoelastin)o] W, o] A 9
Zd dgtx~"o] A E Y (Ryhanen and Uitto, 1983; Debelle
amburro, 1999). vol7t EHA o] EAste= Zehalo] Hy=
aL, ol ¢k A ARl Fof o] At FAA #Folxl AAH
ol 7} Fropxith o= Qlaf I o ®Ho] FHAdte] ¥FRTE oA L
Eo] A7]A ¥rH(Sephel and Davidson, 1986). =3t2 <13+ v 9]
gtad ghkel AaE WAskE Ao vF st WAd FastA A5t
7] wioll, & AFlA PYP7l bl mpxriA 2 depado)
ZATI=A Fd i
Hs27 Aol PYPE 24A1F A8 $ western blot#} real-time PCR<
o detxvle] Wl Ay mRNA @d WHslE S4sdch 4 2o
<ol vlulste] PYP Ag] wtellA dAepxvle] Wilo] Frlste A
gtolst 4= 9l tH(Fig. 6, Fig. 7).

o
=)
[aR
= o

1 AN AN

ro
mO*'
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PYP (ng/ml) CON 250 1000

T T
S —

Fig. 6. PYP affects the protein expression of elastin in Hs27 cells.

Cells were treated with PYP for 24 h. Whole cell extracts were

prepared and analyzed by western blot using anti—elastin and
anti-GAPDH antibodies.
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CON 1000
PYP (ng/ml)

Fig. 7. PYP affects the mRNA expression of elastin in Hs27 cells.
Cells were treated with PYP for 24 h. cDNA extracts were prepared
and analyzed by real-time PCR using elastin and GAPDH primers.

_22_



3) MMPs¢ @& 7Z+4A 9 TIMPs9 @d 7}

MMPst o} (zinc) &4 T4 dWd Eaaihdoz Axe 714
Aol Balo #Ast= T8 gholt) ol Fxef V|F 5ol uke)

Collagenases [MMP-1 (collagenase 1), MMP-8 (collagenase 2),
MMP-13 (collagenase 3), MMP-18 (collagenase 4)], Gelatinases
[MMP-2 (gelatinase A), MMP-9 (gelatinase B)], Stromelysins
[MMP-3 (stromelysin 1), MMP-10 (stromelysin 2), MMP-11
(stromelysin  3)], Matrilysins [MMP-7 (matrilysin 1), MMP-26
(matrilysin  2)], Membrane-type MMPs [MMP-14 (MT1-MMP),
MMP-15 (MT2-MMP), MMP-16 (MT3-MMP), MMP-17
(MT4-MMP)]¢} others MMPs® &7 %™ wfo} e e 24, x4
AN T3 ZF2 dRbAl BEshH A ECM diES AAstE 9

2l
g FAsE FRHe Grold = 9%, 443F, B4, 9 A3
E:

2 s RS B F8 HeTE #AHI

o] wRAPole we FLIF AARE Afste=dH, 2 FoA 5F
MMP-1°] Z87S SolH oz ZaAIA 959 =315 FIAT] = F
2 9&S 3H(Peng et al, 2012; McCawley and Matrisian, 2000).

o o

=l A 7= MMPsE o592 WAAd AAS TIMPsol ¢ &)
ZH¥t. 5 TIMPs= Alx9] 7[4& #3471 MMPs9
T8 2HAARA FHe] EE AT FES HEETh o5
1-30 kDa®] ##-#< 7™ TIMP-1, TIMP-2, TIMP-3, TIMP-4 %
o] 4Fo] <A Ut o5 vFF FF O Aol o BAHM 4F
H5 MMPse] 848 oA Al 71t (Ries, 2014).

95 we3tE BAS] A8 9P A9 Fd FES AAste FeAl
o] #al& dAlsls ol Fos Tl ool Aol PYPe o3 Zejil
3 , olE mig o g Hs27 A ¥l e 2t

M
N
B

M
op
o

N}

kb
o,

i
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i
oX,
ol\
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A4S xHst= Z4& MMP-13% TIMP-1, TIMP-2¢] w&g 4
mRNA®] w3 W3}lE western blot¥} real-time PCRS &3l 2213}
ot 2 Ay, PYPE T=EE 24N AYsdS Wl dixdtel s
MMP-19] W&o] % ol&Ho= 7tAas¢ 1, TIMP-13 TIMP-2¢]
e e F7FeAth(Fig. 8, Fig. 9, Fig. 10). ol¢st AxsS EU=
PYP7} Hs27 AlE WAl MMP-13 TIMP-1, TIMP-2 2d& Z43}
of Fehll FAE FHHs e Aoz FHHL.

o Mu
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PYP(ng/ml) CON 250 500 1000

Fig. 8. Effect of PYP treatment on protein expressions of
collagen synthesis regulating enzymes in Hs27 cells. Cells were
treated with PYP for 24 h. Whole cell extracts were prepared and
analyzed by western blot using anti-MMP-1, anti-TIMP-1,
anti-TIMP-2 and anti-GAPDH antibodies.
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MMP-1 mRNA level (for CON)

0

b
b
I I |
CON 250 500

PYP (ng/ml)

a

1000

Fig. 9. PYP decreases the mRNA expression of MMP-1 in Hs27

cells. Cells were treated with PYP for 24 h.

cDNA extracts were

prepared and analyzed by real-time PCR using MMP-1 and GAPDH

primers.
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Fig. 10. PYP increases the mRNA expressions of TIMP-1, 2 in
Hs27 cells. Cells were treated with PYP for 24 h. cDNA extracts
were prepared and analyzed by real-time PCR using (A) TIMP-1, (B)
TIMP-2 and GAPDH primers.
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e

4. PYPO 93 284 A A A3 AG
1) TGF-B/Smad signal pathway®l 1 X & 3
PYPS W =Z 2N A3k Hs27 AlZoAel ZFaba g4 39|

#Host= Faddx=z dHZ TGF-B19(Zhao et al, 2015) walz}
mRNA<S] Zd

Z712 gl th(Fig. 11, Fig. 12). TGF-B ligand&
TGFB-RIIY 23S W, TGFBR-RIZ} TGFB-RIY ZA%E7 34 <
2bsl Al 71T ko] SAIE AA EAstE 8 HIdAE Qs k9 4

27F @457 "o ZF8A A4 2-8d #sts TGF-BE F s &
39 AE2E XA S22 Smad-independent 2 E F 3F}el mitogen
activated protein kinases (MAPKs) pathway 7} E A8}
Smad-dependent 7d ¢ TGF-B/Smad pathway”} <73ttt MAPKse]
+ extracellular signal-regulated kinase (ERK), p38 kinase 13 il
c-Jun N-terminal kinase (JNK)7} E3t& o] lom o5& upstream
MAPK kinasesoll o]af <l4tsteo] &Adstdv. 22ja2 TGF-B/Smad
pathways ZA3sle 84 E3A7F 3¢ 21A}2]l receptor-activated
smads (R-Smads, Smad2/3)& <148} A]7]a1, o]7]¢] common-smad
(Co-Smad, Smad4)7} A3S st Smad2/3/4 H{AE FA gk
Smad2/3/4 EdA = o5l AEAA 3 fE olFs oy FHAAE
o] HAFE f-=A|ZIt}k. 18] 3L inhibitory Smad?l Smad7°¢] 29| signal
pathway®] €4S <A A1 tH(Leask and Abraham, 2004).

PYPE 24A1%F A2 g Hs27 MlEelA MAPK signal pathway ¢} TGF-
B/Smad signal pathway©°ll ojuw gt &S 1 %] =%] western blotg &3l
olr ok}, 41 A3y MAPK family?l p-ERKI1/2, p—p38, p-JNK &
chulzl dbE o] WMt Q1 a1(Fig. 13), TGF-B/Smad signal pathway ]
p-Smad2/3 Td-L F7FeH o, Smad7e] WAL AR H(Fig. 14).

b

H

o,
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o] A¥E F3| PYP’} TGF-B ligandel 93 =%+ o9 A= F
MAPK signal pathwayol+= 983 v]x % i1, TGF-B/Smad signal
pathway S Z43A1A ZeHdll A4S F3x71= slow gdd.

oko] A= EUYE TGF-B/Smad signal pathwaye] Aoz 2ls)
Ly AARIZ TR ofu g S v A=A gelsklth. Specificity
protein 1 (Spl)& GC-rich ZEZ R E o] ZA3g3sE= zine finger AAFQIAE
Az TSI AME, AEF7IZ2E, AddRHA 53 22 PH
o] 3ok (Wierstra, 2008). 28] a1 Sple Smad2/3/4 EgA e A3 28
sto] TGF-B& QI8 s s A AHES -t 484 Stk Spl
2 E3 AA IH Aol el A COL1IA1Y COL1A2 EZ=ZRE 2
3t3le] type I procollagen®] WdES FHH o= Ao=2 R IHH(Park
et al., 2012; Zhang et al., 2000).

TGF-B/Smad signal pathway2] @45 &3t b4 34 3o Spl
AARQIZ ] o w3 FFS HX glst7] 18 Hs27 A3
PYPZ 244)7F A gldk & Spl @z ulg W3S western blotg %3
A8ttt &4 A3 PYPl o8 Splel @ed o] tixtol H]
stel Z7beksith o] 23E Fd| PYP7F TGF-B/Smad signal pathway
S @471, o]l®= Q& Splel AAZE S7HEo] FEHAle] A4S =
A7+ Aoz gldth(Fig. 15).

w3k PYPol o3 Z&4 4 717 TGF-B/Smad signal pathway
s Aol A=A g1 $18] TGFB-RIC  inhibitorS!
SB4315425 10 uM s==2 241t AA 2 F PYPE 24413F A 23k
TGF-B/Smad signal pathway ¥ @z 2§ wslel bz 4y W
3t adx Zgd4 g4 24 4 MMP-1, TIMP-1, 2¢ ¢wzd o
mRNA<9] @& W3lE western blot¥} real-time PCRS %3 2213}
=3

WA PYP A8 =2 S7FEJd A2 Wl p-Smad2¢t p-Smad3e] & o]

rlr
N,

2

p

lo
e

o
32
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SB431542 A= 3] #AaES FAstArh(Fig. 16). =3 ZFeba 34
x4 ZaE9 #d WsE geld 43, PYP AR FAHAA
MMP-19] wald &2 SB4315420] 93 S 7hetl i (Fig. 17), 571
A¥ TIMP-1, 2¢] mRNAS] #&de 7450w (Fig. 18), PYP A g =
7Fsld ™ COL1A1Y COL1A29] mRNA & g SB431542 A 2
o8 zFastdvh(Fig. 19). wakd PYPE Ag3k Hs27 Al¥e 2
g HRage FgA 4 =4 &4 MMP-13 TIMP-1, 29 24
2 TGF-B/Smad signal pathway®] <dgkel] 2]t o=z FAHS}

o g
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PYP (ng/ml) CON 250 500 1000

TGF-B1 T — -
GAPDH o oo -SRI

Fig. 11. Effect of PYP treatment on TGF-B1 protein expression in
Hs27 cells. Cells were treated with PYP for 24 h. Whole cell extracts

were prepared and analyzed by western blot using anti-TGF-B1 and
anti-GAPDH antibodies.
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Fig. 12. Effect of PYP treatment on TGF-B1 mRNA expression in
Hs27 cells. Cells were treated with PYP for 24 h. cDNA extracts
were prepared and analyzed by real-time PCR using TGF-B1 and
GAPDH primers.
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PYP (ng/ml) CON 250 500 1000
pERK S S S S
prg——

PP o — @D

Fig. 13. Effect of PYP on MAPK signal pathway in Hs27 cells.
Cells were treated with PYP for 24 h. Whole cell extracts were
prepared and analyzed by western blot using anti-p-ERK, anti-ERK,
anti-p—p38, anti—p38, anti-p—JNK, anti-JNK and anti-GAPDH antibodies.
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PYP (ng/ml) CON 250 1000

TGFB-RIL | E ..

p-Smadz e e - -

Suad2 l -8
p-Smad3 “‘ . - -

Smad; . —— ey @

e A

GAPDH *

Fig. 14. Effect of PYP on TGF-B/Smad signal pathway in Hs27
cells. Cells were treated with PYP for 24 h. Whole cell extracts were
prepared and analyzed by western blot wusing anti-TGFB-RII,
anti-p-Smad? anti-Smad?, anti-p-Smad3, anti-Smad3, anti-Smad7 and
anti-GAPDH antibodies.
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PYP (ng/ml) CON 250 500 1000

Fig. 15. PYP increases the expression of Spl in Hs27 cells. Cells
were treated with PYP for 24 h. Whole cell extracts were prepared and

analyzed by western blot using anti-Spl and anti-GAPDH antibodies.
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PYP (1000 ng/ml) - - + +
SB431542 (10 uM)  ~ + -t

p-Smad2 @ — . -

Smad2 W e N e

T T

Smad3 e - —

GAPDH ‘et

Fig. 16. Effects of SB431542 on PYP-induced TGF-B/Smad
signal pathway in Hs27 cells. Cells were pretreated with SB431542
(10 uM) for 2 h and treated with PYP for 24 h. Whole cell extracts
were prepared and analyzed by western blot using anti-p-Smad?,

anti-Smad?2, anti-p-Smad3, anti-Smad3 and anti-GAPDH antibodies.
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PYP (1000 ng/ml) - - + o+
SB431542 (10 uM)  ~ + -t

MMP-1 ay S S

caeoit -

Fig. 17. Effects of SB431542 on PYP-induced MMP-1 protein
expression in Hs27 cells. Cells were pretreated with SB431542 (10 p
M) for 2 h and treated with PYP for 24 h. Whole cell extracts were

prepared and analyzed by western blot using anti-MMP-1 and
anti-GAPDH antibodies.

_37_



(A)

TIMP-1 mRNA level (for CON)

c
b
- ab
a

0.8
) I

0

- - + +

PYP (1000 ng/ml)
SB431542(10 pM) i + = +
® |

% 16 c

]

=)

Sl

= b b

z a

-

$ os

=

E ‘

(o]

04

=

=

0

PYP (1000 ng/ml) _ I ! +
SB431542(10 pM) - + - +

Fig. 18. Effects of SB431542 on PYP-induced TIMP-1, 2 mRNA
expressions in Hs27 cells. Cells were pretreated with SB431542 (10 n
M) for 2 h and treated with PYP for 24 h. cDNA extracts were
prepared and analyzed by real-time PCR using (A) TIMP-1, (B)
TIMP-2 and GAPDH primers.
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Fig. 19. Effects of SB431542 on PYP-induced COL1Al and
COL1A2 mRNA expressions in Hs27 cells. Cells were pretreated
with SB431542 (10 uM) for 2 h and treated with PYP for 24 h. cDNA
extracts were prepared and analyzed by real-time PCR using (A)

COL1Al, (B) COL1A2 and GAPDH primers.
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2) IGF-1 signal pathwaye°ll "] X]& <33k

IGF-12 AA oA MEe Al 23 A%, A& Aqsin X9
Aol ZaA Zea 22 Axe] 7148 AR S =43,
disulfide bonds® ZAggHo] U= WEEAZS 71 3 79 AlEE 9]
o] A polypeptide®] tH(Yu and Rohan, 2000). IGF-1& A% S 2o 9

4t

S kel =AM FE ATAA FHRGT LelHAT o] F A
gie] 2H0A wARE Aow WMt IGF-19 AE W 2§
IGF-1Rell 93] wi7i=e] wkEo] AAJEY. IGF-1R< zH2h 2719

extracellular domain a-%9]A&A e} M xute] Ex8t= B-HdHaxE X
ot w2829 9 heterotetramer @A H-gHA o] th(Ullrich et al., 1986).
IGF-1°] IGF-1R®] a-@9j&Ao] At B-T9jiAe Asditstrt
Al sk IGF-1R9] tyrosine kinase®] A4S Z=x1dle] 39 ANz dg
A2E FA43r 74 "Bk (LeRoith et al, 1995). 919 A=ZE E3
insulin-receptor substrate 1 (IRS1)¢] N-terminus®l] <A)3s}=
pleckstrin homology (PH) domain¥ PTB domain°] IGF-1Rel 23§ 3}
o] o14k37E fEF oI CltEtE IRS1S PISKS p85 regulatory
subunit® Agste] k¢ ANEAdEAd Akt mTORZF A= &4
st o] 2 Qlsl PIBK/Akt/mTOR A =Z7F A&z =o M o o
WS-8 =7 AlZItH(Vanhaesebroeck et al., 1997).

el A IGF-1°0] Zehale] S At 7, ol e
IGF-19 Z&4 A5 IGF-1 signal pathway$ I &9 7H =<l
PI3K/Akt/mTOR/p70S6K signal pathway &Aool ¢ & et} Bujor
et al. (2008)° ¢Jat# <AA HHF AdfrofAlzel A Akt7} blockade A7
| Fepde NS FAaA7IH MMP-19 ©d S F7kAA Akt7F 28
A Aol AoAA T8 AR Aggtrha sk

et PYP A 2lel s Zehall 4ol S7he Hs27 Al o IGF-1

J}E ﬂ
J%

rl
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signal pathway®] W3stE 813 & Al PYP gl 93] Hs27 M*E

W IGF-19] @i o] F7bshe A& #HQlshelat(Fig. 20), IGF-1R

I IRS19] A4kst Arrt S7HHE A eS gelsk vk (Fig. 21). =3 &9

A ZAE2 PIBK/Akt/mTOR/p70S6K  signal pathwaye] &4 o] Z7}s}

= e AT F AT Fig. 22). oldF A= Hs27 AlEo] PYP

A2 Al A2Z W IGF-1 signal pathway”’} &8s b2 A4S =
3}
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PYP (ng/ml) CON 250 1000

IGF-1 [ w
caror

Fig. 20. PYP up-regulates IGF-1 protein expression in Hs27 cells.

Cells were treated with PYP for 24 h. Whole cell extracts were

prepared and analyzed by western blot using anti-IGF-1 and
anti-GAPDH antibodies.
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PYP (ng/ml) CON 250 500 1000

p-IGE-IR I > e ‘ n |
IGE-IR g - -

PR e S

IRS1 |
carot | P

Fig. 21. PYP activates IGF-1R signal pathway in Hs27 cells. Cells

were treated with PYP for 24 h. Whole cell extracts were prepared and
analyzed by western blot using anti-p-IGF-1R, anti-IGF-1R
anti-p-IRS1, anti-IRS1 and anti-GAPDH antibodies.
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PYP (ng/ml) CON 250 500 1000

PBK s s o N
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p-Akt

Akt

I‘I

p-mTOR | e SN "

mTOR | "

|
"
>
-

p-p70S6K

POSOK W - - -

GAPDH

Fig. 22. PYP activates PI3K/Akt/mTOR/p70S6K signal pathway in
Hs27 cells. Cells were treated with PYP for 24 h. Whole cell extracts
were prepared and analyzed by western blot using anti-PI3K,
anti-PDK1, anti—-p—Akt, anti—Akt, anti-p-mTOR, anti-mTOR,
anti-p—p70S6K, anti-p70S6K and anti-GAPDH antibodies.
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e AxfF F FRR S g, 9T % 2doHES
AsAE SO bR Tol GelA ol PoERH FEIF Fuv,
g Ee tYRE 3

(Yamamoto et al.,, 1987; Matsuo et al., 1993, Kim et al., 2005). #
H 53 sl 272 5E 919 22 AegArlsel waxleon, o yelrt
Frest 7lsd o @2 d7vh APgH o (Munro et al, 1987
Wijesinghe and Jeon, 2011; Samarakoon and Jeon, 2012). ¥ 7o A
= HolA dulds FEsta Beste] 725 93 $, peptideE A#
sto] Aol ARESFS
A(P. yezoensis) peptide (PYP)E A I F A folM 2T Hs27 Al
o Aeads w, AEY FHdd= IS WA Fkoy =l
& Fste AS FAAT ole AXY FHo=m QI HAA =
2470 ¢ %7}7} obd Az Wl @A FFoA ZeHAle o] Frhsks
FE ™, o] PYPel &} F7kd Zebale] shaFo] ofwgk %
| "WAUSFe] ZA4stE Ao Fwst YTl #ols=A TGF-B
/Smad signal pathway®} IGF-1 signal pathwayS 3 &<la] H gk},
At o w TGF-BF IGF-12 Az A3 31 5 e AgdAd7]
= ZAstE A Ao, IRAE el A bl & AEE] T
o FAHE st Aem dHA  drtH(Verrecchia and
Mauviel, 2007; Baserga et al., 1997).
v & ZeHle MMPs &2 o8 #a7F 31551, MMPs9] 2§
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PYP A gl 98] TGF-B/Smad signal pathway’} A3} 1 o]z <l
g Z4 o] FEHE Ao FaHHFig. 23).
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& IGF-1R9]| <l14tste] F7ket 7 IGF-1Rel 23 sk= IRS19 <14kst
7 FEREEA, o5 39 A=< PISK/Akt/mTOR/p70S6K  signal
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e Activation TGF-B/Smad signal pathway
=—p Change of TGF-B/Smad signal pathway by PYP

Activated Receptor

Nucleus

Fig. 23. Activation of TGF-B/Smad signaling pathway in Hs27
cells by PYP.
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- Activation IGF-1 signal pathway

= Change of IGF-1 signal pathway by PYP

Protein
synthesis

Fig. 24. Activation of IGF-1 signaling pathway in Hs27 cells by
PYP.
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