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2 ok 2 ATOINE 7 A9 ofujieAbo @ o Rol7l YEFHEol =] M el By Z7 L Fust 2ol Ae)
N 4F oA RIS Seksich, A9 AT WeHHEol= A2l Al BobHIE 54 B A9 7] extracellular
matrix, ECM) A4 ¢1z}e] wrdo] Z71= 9k, 18] ko)Al A (ultraviolet A, UVA) AL Q8] S == P13}
Z710l|A AaE Al gEgo] Febetol 2ol 3 F7FE|QIAL, UVA Akl o] f=8 Al AME, 7| da4t
W 2] 25§ A —1(matrix metalloproteinases—1, MMP—1) W& @ A3 U] &4 AMAZE(reactive oxygen species,
ROS) =0 et elo]=of 93] HAEATE UVA ZAF A] YEFU= transforming growth factor—(3 (TGF—
B)/smad 7] A} 1o mE ECM 4 1A HE fha w35 FEpEto| 2o 93 FEEH QT ® thE Fe3}
S 2AO & heat shocksS 523 degdelo|=E& A 2] 519 W heat shocko]] 93t mitogen—activated
protein kinase (MAPK) Q14F5} % MMP—1 Wlo] o458 shelet 5 9rk, o A7kE ¢ 2 1, 2 A72)
FeHHEbol =8 A1folZS] SS SAHe, sk S5 Re AFEH UVA 24 3 hoat shock ZA10] A=
A2z W ROS oA 83tE Bof Al &4 it 38 ¢ BS a3tE Yetd= ZAox Bl olygh 2
HE R3E 2L GehgolSE F F AT SAE 242 $8E 9 Acw AgHn,

Abstract: In this study, we investigated the effects of heptapeptide on cellular activation and inhibition of cellular damage
induced by photoaging condition in NIH3T3 fibroblasts. Cell proliferation and extracellular matrix (ECM) expression were
induced by heptapeptide. The reduced cell viability under photoaging condition through ultraviolet A (UVA) irradiation was
increased by heptapeptide. And UVA-induced apoptosis, matrix metalloproteinases-1 (MMP-1) expression, and reactive oxygen
species (ROS) level were decreased by heptapeptide. In addition, the inhibition of transforming growth factor-§ (TGF-f)/smad
signaling under UVA irradiation which resulting in reduction of ECM expression was also recovered by heptapeptide. We
also tested the effect of heptapeptide under another photoaging condition through heat shock, and pre-treatment of heptapeptide
prevented the phosphorylation of mitogen-activated protein kinase (MAPK) and MMP-1 expression induced by heat shock.
From these results, it has been shown that the heptapeptide has protective effects on fibroblasts through the up-regulation
of cellular activity and through the decreasing of intracellular ROS level induced by UVA irradiation or heat shock. It is
expected that the dermal protection effect of heptapeptide can be applied as a new cosmetic material in the future.
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o= QA Hezke Btk A 0F F4, Al
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ofe} By HiYRE =, 3t GX, LAY, A BAR,
=4 T 2 2 A A1) Qo] w3kE EHlo=w
ZA Hel1.2]. Wl 3= X5, #y9] FAY AAE
Sxjo shnl, 9h4] Bl o] U2 Slelg sl
] Sole] 27k A B F8 3 Ak W] S0l
STk, % E50] T o5} R 2inj3o] 95g Beh S8
B 7} Ui B5HS 7R QoL A 9
(dermal atrophy)-2- collagen, elastin, fibronectin, proteoglycans
(PGs), glycosaminoglycans (GAGs)@} == ECM -4 il
Hof AF ZHe MVPs S 2700l mhe T chal
28 20| elgk AR, teslo] uE ROS A4 277}
20 gIglow BT, 3 Aot A ik 74
oA ¥hAJSE ROS+= extracellular signal- regulated kinase
(ERK), p38, jun N-terminal kinase (INK)E 3315+ MAPKS
23} sto] activator protein 1 (AP-1) 2] 3 f 52
Lslal ofi= MMPs9| Wl S7FE 7HA2th EAlol AP-1
o] S TGF-B =843 TEROSLE 3k AlS A <l
ARl smad3 9] &S AJfetar, TGF-Blsmad 7] gk
=7 2AAR] smad79] HES =0 ZIH O R collagen
e Asfie 7FA2t12-16]. ¥Rt ofy2} ROS= NF-kB
O] 7% SASIAIA MMPs A4S S7HA7 = 202
dA QleH16-19]. o]FA =3l wE ECME| 24, &
3] 9 4 32 collagen type 10] 747} XT] 9159
Aglo|H olF target 0= 3k F|A A Zido] Ho] A+
B3l Qli= FAllolth

2 WA AAZEE= retinoic acid receptors (RARs)2}
retinoid x receptors (RXRs)of| ZF25}o] type I, I, VII
collagen JAkS F7IAZIAL MMPs &S A=
retinoids 7} tHEZo|cH20-23]. E3SF ROSo| 2J3t Al
AEGAS W RASIA|Q] ascorbic acid, niacinamide
Y 5 VW BeE duA 9lom [2426], GAGset
collagen AJAFS- =7FA]7]+= alpha hydroxy acids (AHAs) =
FE A AR EgEa QITH27,28].
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ojtx= I AR 7o wet A Al 7= Uss 4= ek
A W= AR Al Ze fiesto] ey BOM
20) e HAeke A W] (sienal pepide)7}
ULt 5 A HElelE A F 7MY & e s,
e EHEgEe]=T(palmitoyl tetrapeptide-7), ZH|E
o slElHElo] =-4(palmitoyl pentapeptide-4), Zn|EY E]
SlEfo] = I(palmitoy] wipeptide-1) 5] olo] ik T
N 2= 7liE]o] Fefo]=(carrier peptide) 7} L.2m, ThiE
o2 BOM Aol Tlofoh o] TS fofrs
o olee] egslE Bn AERY o5 BE
Giy-His-Lys Hefo| =7} Sick mpxjutos 417 Hg
oJA| #HElo]= (neurotransmitter-inhibiting  peptide) 7|
AlAE A3 (neuromuscular junction)2] 417 A 52 B
H| SAIE Bl & 755 ot 75 S 25 oAl
9 SRREEll=aceyl  heapeptide3),  EfHEOE
-3(tripeptide-3) F©] ©Jof iFTITH31-39].
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2.1, Alef

Heto|= M IAollA] ARERE 2-CTC resin BeadTech
(Korea)Al2] A AESILL fimo-ofoiedt hycronyberertiazle
(HOBt),  NNN/,N-tetramethyl-O-(1H-benzotriazol-1-yl)uronium
hexafluorophosphate (HBTU)+= CSBio Co. (USA) Al&2 At
235193t} Dimethylformamide (DMF), NN-diisopropylethylamine
(DIEA), piperidine, trifluoroacetic acid (TFA), thioanisole,
phenol, ethane dithiol (EDT), triisopropyl silane (TIS), diethly
cher O} 2 THo] ARGl AJokS HEE (Korea)o]
AL ste] gtk

A2 A3ollA| A8t fetal bovine serum (FBS)+= thermo
fisher scientific (USA)ollA] F-J8}153a7, Dulbecco's Modified
Eagle Medium (DMEM), phosphate buffered saline (PBS) 2!
penicillin/streptomycin-- &X(Korea)ofl A T+t 3-[4,5-
dimethylthiazole-2-y1]-2,5-diphenyltetrazolium ~ bromide ~ (MIT),
2,7 -dichloroflucrescin ~ diacetate  (DCF-DA), N-Acetyl-L-cysteine
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(NAQ), trolox = Sigma-Aldrich (USA)olA] elato] A&
3199tk phospho-JNK, phospho-smad2, smad7, TSP-1, Bax,
(-actin, a-tubulin®f] th$t &A= Santa cruz biotechnology
(USA)oflx] -315134a, phospho-Akt, phospho-Fik, phospho-p38,
cleaved caspase-3 o] Tt SAl= Cell Signaling Technology
(USA)ollA —#3Jatsict. s MMPIo| gt &+ ¥
pro-collagen T al ELISA kit+= Abcam (UK)of|A] 1315
O, recombinant human basic fibroblast growth factor
(bFGF), recombinant human transforming growth factor-(31
(TGF-B1) ThlE-2 R&D systems (USA)OllA F-JsH3ATk

L S
2.2,
221, HEOl= &4

Capacity 0.84 mmol/g2] CTC #|7-& DMF {2 23}
g HES7IoIA B WhSS AAISITE 919 BEE7]of 2
FF fimoc-lysine 1}, 2.5 G DIEA & DMF 842 7|5t
T 2 h B ¥R SIGIcE vlolA HIAE 7]E(Sigma

Aldrich, USA)Z2 ¥18-0] =28 30I5lal DMFZ A|A s}
Sk AlH ekm 'l Fl-ofl 20% piperidine / DMFE 2 3]

Aol ofulicAte) fiwe A Bk Aol HrEz
ukgol FAS solslal DMFE AlE itk o] &
arginine, lysine, arginine, arginine, arginine, lysine <>A]= T}
& THe wEsle 2 W focolulAlil 2 B
HBTU, 2 ©=F HOBT, 2,59 DIFA £ DMF £4l= 713t
shck ZlolA HAER WS 24
RIskal DMFRE A2 sisick Ald ¢k = #lxlol 20%
piperidine / DMFE 2 3] 7}510] ofu]iette] fimocs A7
SIYCE 7IolA] HIAER Rkgo] FAS SISkl DMF=
M2 sicE 2E A 9= &, cleavage solution (TFA :
:EDT: TIS=81.5:55:5:25

% 2 h =01 vk

HO : thioanisole : phenol

: DS ARl HEl|EE YRIoA EE] 3la, diethly
etherE o]_Q_s].o:] ZTX‘] /\]7 _?}‘_ _?_ T,\=_L{—Q7]E o]_Q_zs} /\ﬂ;d

25 3] A B9k o] F A%
F AHBS B4k

W Heol=e #kE  high-performance  liquid
chromatography (HPLC, U-3000, Thermo fisher scientific, USA)
HAS F3) ERIsIem, Cg (Pursuit XRs, 250 x 4.65 mm
100 A, Agilent, USA) L 0]83}o] o]5At 0.1% TFA in
water / 0.1% TFA in acetonitrile gtadlent 0}01] 2=~ |1 ml/min
Z710% UV 214 nm o4] HES 2 SR EP

AR RIS S8l IC-MS/MS (3200 Qtrap, AB

= Akl Hepol= 4

3}

oAl Bs& wol= Al fEREI= 159
Table 1. Synthesized Heptapeptide
Name Sequence Purity (%) M.W. (Da)
Heptapeptide NH,-KRRRKRK-OH 96.6 1027.3
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Figure 1. Analysis of synthetic heptapeptide. (A) The purity of
heptapeptide was confirmed by HPLC analysis and it was more

than 96%. (B) The estimated molecular weight of heptapeptide
was confirmed by LC-MS/MS analysis.

SCIEX, USA) #4415 Hggsiglon Cy HAHe ol8sto]
o]=A} 0.1% formic acid in water / 0.1% formic acid in
acetonitrile gradient 3ol < 025 mU/min ZASRE
MSMSZ AHE Rl 39tk MSMS B4 AL ESI
Positive mode, Source/Gas : CUR = 20, CAD = High, IS =
5500, TEM = 350, GS1 = 50, GS2 = 50/ Compound DP =
50 ~ 80, EP =10, CE=10 ~ 50, CES =1 ~ 10= 2]

St Table 1, Figure 1).

222, MIZ HHQF

Aol ARERT NIEBT3 AJ227== ATCC (USA)llA ¢
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319331 10% heat-inactivated FBS, 1% penicillin/streptomycing-
2335 DMEM HjAE 37 C, 5% CO,Z7Z 3dlo|A] ufek
sh3ick
223 M= B4 H 424 =0l 4
AfotlEZe] FAlo] ditt B SRSk fis
NIH3T3 A|EZE 5 x 10° cellswell =R 96 well plateo]]
B350 16 h vjjoF 51k Serum-free DMEM R A4
oA efElol=5 FEE A 7 72 h F9F ek
stk 4 tiwtolli= 100 nM bFGFE A 2fs3ict Hl
ol emE AL olgsto] thaat o] MIT assay s
23 5190k 4 mgmL MITS 7} wello]] 20 @A 78t
Il 4 h Bt 37 C 2rdoflA] wlieke zlegst & vz E A
3k DMSO 500 (L5 Ae|ste] Eupi(formazan)e 5
ol Bt A|(SpectraMax M2e, Molecular device,
USA)E AR&SHe] 570 nmof|A o] F3=5 574513t
UVA AL 2704 Al &S EjIsk] flsh
NIH3T3 A|ZE 1 x 10 cellywell 'EE 96 well plateo]]
0}04 16 h HjoF 3}tk HjXE PBSZ w A5kl UVA
6 Ve ZALS X3S 5 ¥ Fepelo| =g 2t
serum-free DMEM & #|2J5lo] 72 h &<t vk sk3ic). &
A Tzl 50 (M trolox S A8t o] & A7) v
I S USA| MIT assay= 219 sh9ict:

Jon

2.2.4. Pro—collagen Type | Alpha 1 251 St01 Al
NIH3T3 A|EZE 5 x 10° cellswell UEZ 96 well plateo]]
H3=510] 16 h vjoF 31tk Serum-free DVEM H|A| 2 3
3hslal FEMNE|EE Hrda 72 h B9 sk
oFA tlzdol= 5 ngmL TGF-B1S 2|5}k 4 T,
13,000 rpm ZZofA PAIEZIEE vljx] AlEHS FhHslo]
pro-collagen T al ELISA kit £ 0|83t 2418 23 3}5ich

225 M= Lj ROS X &0l AlS
NIH3T3 HJEZ 5 x 10° cellswell D=2 6 well plated]]
H3510 16 h vljoF 31k wix|S PBSZ WAkl UVA
3 Jen? ZARE AsE & =r ¥ JelElo| =2 3}
serumfree DMEM 2 ] 2|5}od 24 h 52t vfeF 3}k oF
A zoll= 50 @M troloxS A2k ©] & 10 M
DCF-DA #2J5}e] 2[5 27404 30 min HjUSIaL AJEE
SRt frAl2EE4171(BD, USAYS ARESto] FLI g
SAs15ick

ekl el A, A48 Al 2 &, 2022

2.2.6. RTX & EXM(RT-PCR)

elHElo| = 9] collagen, fibronectin, elastin 2o that
P TEsE| SRt A2 242 vt Ek NIHBT3
MEZE 2 x 10 cellsywell DEZ 6 well plateo] £33}
16 h v 33Ick Serum-free DMEM Hj%] 27104 e}
Hefol=5 FredE A7) 3t 5 24 h FF uleF skt
P dizol= 5 ngml TGF-B1S #|2313ick.

UVA A} 2704 FIERgEle] =9] collagen, fibronectin,
elastin *I&lof] ohgt kS Tsl] fIet A2 =08 ok
S} 7} NIHBT3 A|ZE 5 x 10° cellsiwell WER 6 well
plateo]] 5510 16 h | 33ick HiA|E PBSZ A5t
3L UVA 6 Jem® ZALE Mgt & 5 Fepeto|=g
3531 serum-free DMEM 2 #]2]8}o] 6 h <t wjoF 31
o} oFA diRaol= 2.5 mM NACS 2|51tk

HijoF S5 & A|AZE 34512l RNA extraction kit (Qiagen,
Germanyy&- |83 RNAE #2JgF & RT-PCR premix
(iNtRON Biotechnology, Korea)S ©]-&3}0] cDNA $HAJS
8y sk3ick o] 3 PCR premix (iNtRON Biotechnology,
Korea) %! 2} F-314}F ¥ sZefo]ui(Table 2)5 o|-gsto] Al
4] %, PCR 7H|(Vapo. Protect, Eppendorf, Germany)
0]83F PCR A5l A7|95-S &3 Wd oS 3
8M1:} olmz] & W EAL molecular imager” Gel
Doc XR System (Bio-Rad, USA)S o|-g3}o] 2188 5}tk

{ru il

s

2,27, THHEl Hi5 —E—*"(Western Blotting)

AlEz S4) Ald RS 91eh Ae] 242 oheat Aok
NIH3T3 AJEZE 3 x 10° ceus/weu e 6 well plateo]] £
51o] 16 h H|FBIST) Serumfree DMEM A2 12l5}0]

24 h 5RF ek & ErjElo|EE FEER 15 min F1L
A2lsict. A dizatol= 100 nM bFGFE: A2J5Hch

Table 2. Primer Sequences

Gene Primer
Forward 5°- CACCCTCAAGAGCCTGAGTC -3’
COLIAL Reverse  5’- AGACGGCTGAGTAGGGAACA -3’
Forward 5’- CCAGGAACCGAGTACACCAT -3’
i Reverse 5’- ATACCCAGGTTGGGTGATGA -3’
Forward 5’- GCAAGACCTGGCTTTGGACT -3’
FLN Reverse 5’- GGGAGTTTCTGGTTAGGGCTG -3’
GAPDH Forward 5’- GGAGCCAAAAGGGTCATCAT -3’

Reverse  5’- GTGATGGCATGGACTGTGGT -3’




AfrobA TN AT B4 E2 B B
UVA ZAF 2704 Al APE T QIR 9 MMP-19]
TS et A7 272 theatt ZAth NIH3T3 A|lZE 5
x 10° cellywell DEZ 6 well plateo] E310] 16 h vjoF
3lAck HIAE PBSZ WAIB}T UVA 6 Jem? ZARE Z13)
gt 3 w5 eRgEto] =5 AR serum-free DMEM &
Aelste] 24 h Fok vk Silth Y diRtoll= 25
mM NACS #g)5kch
UVA AL 2704 TGF =84 319 Al1d #2&
ot A7) 2L oheat Uk NIBT3 AlZE 5 x 10°
cells/well ‘=2 6 well plateo]] 255107 16 h v|%F 3}ich

s JEEo| =S 313t serum-fiee DMEM 2 2]
3lo] 5 h <t ik SiYick g diRtoll= 25 mM
NACE A=]sl9ict

Heat shock 7oA MAPK ¢lAksl o2 913 A2
2L thga} ek NIHIT3 AlZE 5 x 107 cells/well 2
%2 6 well plateo]] 535197 16 h vljoF 319t} Serum-free
DMEM Hjjz] 7oA JEfgElol=s sreda A2 o
324 h B3 e SI%ick P4 tiRtoll= 2.5 mM NAC
5 At o] & 4 T gpxoa] 30 min 2t
heat shock2 &= Th2, serumfree DMEM B X ZZo)A] 15
min 7} Bl 3k

Heat shock Z710f|A] MMP-12] 328 $13t Ag] 242
theal Zh NIH3T3 AJZE 5 x 10 cellywell WER 6
well plateo]] E335}0] 16 h ) 514t} Serum-free DMEM
2] 24N FEE|EE Srda A7) gk 5 24 h
Bt vio skt A tizolls 2.5 mM NACE A2)3}
gtk o] & 44 C 8F2<=%0)4] 30 min 7t heat shockS &
Th2; serum-free DMEM HijZ] Z740f|4] 8 h 8ljeF a}oick.

oy S & MBS SJ4estal lysis buffer= APLE -85ifigh
3 BCA kit o83 T2l Aeke Jagsioict zt Aelae]
T ok 9 AE M) S SDSPAGE Yl PVDF
membrane 0 29] transfer A3HE}T 0.5% Tween 202 Z35}
PBSO]| 521 5% AR 0] % blocking 9 2 thalof| o
o oA H2b bge Zgelick Aol F2RE HRPE
wester detection reagent @} ¥-S3F 5 Amersham ImageQuant”
800 (Cytiva, USA) 0 o]u]] 2448 Xiasigict

2.28. S

Aol Al A F 3 3] off HEEIT
dojee] FAA e AL student’s rtest= Al =
it} ATt ZF5-2 mean + standard deviation (SD) .= L}

oAl Bs& wol= Al fEREI= 161

for

YL p value 0.05 wlTke] 92 BAE folo] Qi
Ao 1 sk

3. Zut A nH
3.1. TEFHEI|=2| HFOME 2 =T ut 2ol

= =
AepielolSrt HRoMZS] F4E %Y & A

A= 712 Sl 4 LT Figwe 24). F71, A 54
7% B QAR proein kinase B (PKB, Ak) 2
extracellular signal-regulated kinase (Erk) ©] Q1Al5}2 b
517] 516} westem bloting 545191c}. 1 7z} HEfol:= |
gt AAlelA Fofet Qs S eI Figure 2B).
chao Feleol=st AgolilEel] 2asto] EM
T4 Thizle] welg 25k SRls] 98 S o
HEelol= AE] & collagen type 1 alpha 1 (COLIAI),
fibronectin (FN1), elastin (ELN) 2] mRNA & $£Z2
RTPCRE. PHlelAs, Al S40A}] aio] dlealelol=
Aol sl FofstA S7He= s SRl o AUSdH
(Figure 2C). E3} collagen type 1 alpha 1 2] thaiz] €is 4~
2 ELISAZ PHASIEIC) 1 4% 5 oledel 574 74
ol THREISIT 100 (M 2] A] oF 24 %] Wl 27t
olol < TH1et 4 glgickFigre D). o]e] 2
2 o] FEIEI=s) AfolHize] £ W EM 7
X ] A B2 ENS Uehde o 5 9

3.2, EEFHEIO|=E9| UVA &40
sl= sat &0l

Rl =dsto] Aol S48 fri=shn] =3t
2 gosle ZAow Jeldl WVAS Abgobdlae] 24 =
ARste] AR 4 friestar olof sl Fepgeto] =7}
ok} BIE ez A% sk

UVA 24} 5 Flebfieto] =8 = Aejsta MIT
assayS Aefsto] Al AEeS wEsislch 1 2y
UVA Aol OJaf] Aliz AJEgo] oF 40 %= AAE AL
AeHlEfol=r} o) B SEHoR BjEAA Wik
A ok 44 %2] Z71E Ueile AS RIS 4 At
(Figure 3A).

ESE UVA 24} 5 qlelefol=g e Aelsha

BEQ| HROIMIZ

J. Soc. Cosmet. Sci. Korea, Vol. 48, No. 2, 2022



162 ol-&A - Agtol - 3

pal

western bloting & 1510} A AP A Q14 2 MVP-19)
HIE QPARS TSI 11 2k VA ZAlel] o) 37 %7}
£ A1 AR Q1] bax 2 cleaved caspase:3] Tl 4520]
SlepgElol= Hejo] ofs] olsh] Zeiglr Figure 3B)
5 UVA ZAJ0] 18] Z7HEl MVP-1 ghildl S22 sl
Eol= Hejo] ofa) 7 AFE LrerolckFigwe 30).
ChE0R UVA Akl of3 Aotz U ROS 2715
SEpgElol =7t 7l 4 Sl THISIAE, VA =
A} 4] OF 26 v 7HEL Al U] ROS 40| Slebgero]
= Aol ofaf = ojErow gwlo] 2 oF 15%¢]
Do UeRls A2 8IS 4 2191E(Figwe 3D)
ool ZaellA] 2 A7) HepmEto] =7} AfobylE
4 & fvjel o] A W) ROS o] FnE Ut
WO UVA ZAjel] Ofgt Aol 40 esfat 4=

O O oF A
9&1\:!2 E]— T 9»}\9»1\4]:]—
50 100

Heptapeptide (uM)

Cell viability
Relative rate (fold)

4
2
1

0.8

0.6
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o
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Heptapeptide (uM)

bF GF

100 nM ‘

Control

mCOLIAT
=FN1
EIN

mRNA level (fold)

3.3. YEFEE|=S| TGF— +EA| 7| 3|5 =2t 2i2)

UVA ZAJo]) ©fs TGR-B 587 al9] 415 727}
EfeEfol=o] ols) Bl 4 9J=A] Selsh] 91 UVA
24 7 AEER|ES SRR Ao TG 48
Aol Az A QAR smad29] QAIE} == 9 TGF-B
fsmad 714 A8l QIAQI smad79] W 5 western
blotting © & ERI5IItE 1 A} UVA ZAl] 2J8f] 34
A smd29] QAP el Helo] ols) = o
EHo=m F7IEQAL UVA Al o8 Z7HE smad72)
i e gebmeols Aelo] o) A A U
ERH ick(Figure 4A).

o] % WeElo|=] TGRB 4§74 3H9] ALE 3
RIS 271 GE5P7] 905 UVA 24 5 dlebeetol=g
=g AHElslal ECM A ¢Ix}el collagen I al,
fibronectin, elastin®] mRNA & 432 RT-PCR=Z 0I5}

)

Heptapeptide (uM)
—_—— DBFGF
Control 10 50 100 1000M

Phospho-AKT

-— -—-—-‘

Phospho-ERK

uPhos pho-AKT
= Phos pho-ERK

Protein level (fold)
PN

D)
25000
= 20000
=
)
=
S 15000 . -
=
2
= 10000
3
¢
<)
5 5000
0
10 50 100 5 ng/mi
Control Heptapeptide (uM) TGFB1

Figwe 2. Effects of heptapeptide on NIH3T3 fibroblast proliferation and ECM production. (A) Cells were treated with various
concentrations of heptapeptide for 72 h and cell viability was measured by MTT assay. (B) Cells were treated with various concentrations
of heptapeptide for 15 min and the levels of phospho-AKT and phospho-ERK were analyzed by western blotting. (C) Cells were treated
with various concentrations of heptapeptide for 24 h and the expressions of COLIAI, FN1 and ELN genes were analyzed by RT-PCR. (D)
Cells were treated with various concentrations of heptapeptide for 72 h and pro-collagen type 1 al protein level was analyzed by ELISA.
The results were expressed as the mean + SD from the three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 3. Inhibitory effects of heptapeptide on UVA-induced damage in NIH3T3 fibroblasts. (A) Cells were treated with various
concentrations of heptapeptide for 72 h immediately after UVA exposure. Cell viability was measured by MTT assay. (B)(C) Cells
were treated with various concentrations of heptapeptide for 24 h immediately after UVA exposure. Protein levels of bax, cleaved
caspase-3 and MMP-1 were analyzed by western blotting. (D) Cells were treated with various concentrations of heptapeptide for 24 h
immediately after UVA exposure. DCF-DA-stained cells were analyzed by flow cytometry. The results were expressed as the mean +
SD from the three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4. Recovery effects of heptapeptide on TGFR signaling pathway inhibited by UVA irradiation in NIH3T3 fibroblasts. (A) Cells
were treated with various concentrations of heptapeptide for 5 h immediately after UVA exposure. Protein levels of phospho-smad2
and smad7 were analyzed by western blotting. (B) Cells were treated with various concentrations of heptapeptide for 6 h immediately
after UVA exposure. The expressions of COLIA1, FN1 and ELN genes were analyzed by RT-PCR. The results were expressed as the
mean + SD from the three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5. Protecting effects of heptapeptide on heat shock-induced damage in NIH3T3 fibroblasts. (A) Cells were treated with various
concentrations of heptapeptide for 24 h followed by 44 °C, 30 min heat shock. After 15 min incubation in serum-free DMEM, cells

were harvested and protein levels of phospho-ERK, phospho-JNK and phospho-p38 were analyzed by western blotting. (B) Cells were

treated with various concentrations of heptapeptide for 24 h followed by 44 °C, 30 min heat shock. After 8 h incubation in serum-free

DMEM, cells were harvested and MMP-1 protein level was analyzed by western blotting.
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