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Photo-aging regulation effects of newly bred Green ball apple

Eun-Ho Lee' - Seung-Yeol Lee? - Hee-Young Jung® - In-Kyu Kang® - Dong-Hyun Ahn* - Young-Je Cho!

AFFT TAE A B3I 2283

sl olsdl AP FAF - FFA -

Z9A!

Received: 30 January 2020 / Accepted: 25 February 2020 / Published Online: 31 March 2020

© The Korean Society for Applied Biological Chemistry 2020

Abstract In this study, extracts from the Green ball apple peel
(GBE) and the newly bred green ball apple from Korea showed
inhibition effects on photo-aging factor regulation associated with
skin aging. To investigate the inhibition effect on photo-aging
factor regulation in skin, GBE was treated with UVB to induce
photo-aging related factors in CCD986sk fibroblast cells. Photo-
aging factor regulation effects showed that GBE inhibited UVB-
stimulated matrix metalloproteinase (MMP)-1 and MMP-9 protein
synthesis in collagen type I alpha 2 chain (COL1A2), MMP-I,
MMP-9, and tissue inhibitors of metalloproteinase (TIMP)-1
protein expression. The expression of COL1A2 and TIMP-1
protein was significantly increased. The mRNA expression levels
of COL1A2, MMP-1, MMP-9, hyaluronan synthase (HAS)2,
transforming growth factor (TGF)-3, and TIMP-1 were decreased
by GBE. The expression of TIMP-1 and TGF-f, which are
regulators involved in matrix metalloproteinase and type I pro-
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collagen expression, was found to increase with increasing
expression of COL1A2. The expression of HAS2, which is
involved in the production of hyaluronic acid, one of the structural
proteins constituting the skin, was also confirmed. Therefore,
GBE showed excellent efficacy against photo-aging factor
regulation and could be used as functional material to prevent and
treat skin aging.
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o oJs] Al2££]714S H3lSh= matrix metalloproteinase (MMPs)
L,

o] w&o] f=Hr} =" MMPso| 23l collagen, elastin 5

o] 71d Eal7F S7k=EA 18] W] Uvell 9jgt Eodo] HAEH
=, #3319 HAR7} 9= 7‘«4 a7} 7HEslE o] 1
F7F gfolA| AL, ©@heo] haele] FE SV #R] 7T
o] AalA[6], 71 ], T 2 7534’}1 ol AdsEE Fx=st
218 ETH7.8].
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ek Aok Al DHg3t Aol Eessaae e
A 2] &4 84 S (procyanidin, chlorogenic acid, caffeic acid,
epicatechin, catechin, p-coumaroyl qunic acid, rutin, phloridzin,
quercetin etc.)[12,13]°] TFF Shi-=o] Qo] WA, <4 =
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A1) AlFAFaol A AL A= lﬂ% A} REEE
9ge g3t A e S F olEEE AASA sAAR
(freeze dryer, FD8518, llshinbiobase, Yangju, Korea)d}] =&
S A A F 40meshE F 5T B Al B
ethanol 9—"—‘12 4 wlg (1: IOO)E 718l 4°C2] shaking
incubatorol| A 24A17F §9F wHt =3+ & Whatman No. 1
filter paper (Whatman inc., piscataway, New jersey, USA)=
oA3pet MES A FEAXRS 4°C B -20°C AlERS
WA A2 Bsin Ao ARSI

AE W

American Type Culture Collection®|A] CCD-986sk (Human
fibroblasts) A|3ZE TFHlstA Tk ME+= Iscove’s Modified
Dulbecco’s Medium (HyClone Laboratories, Inc, Logan, Utah,
USA)°ll 10% fetal bovine serum (HyClone Laboratories, Inc.)

3} 1% penicillin-streptomycin (HyClone Laboratories, Inc.)S
A7t vjR & HjgA o Z 37°C, 5% CO, incubator (311,
Thermo Fisher Scientific, Waltham, MA, USA)°lIX w313l
ok A BE AXE 80-90% FEo UWER A5EE A
A S AL, 20 passagesS B71A Z2 HET A}

g3ttt

Fibroblast cell line MTT assay
GBES} GAlES] AXEAS H71sh7] $18] Carmichael 52
WA[14]0] =38t MTT assayES A8 EE. CCD986sk Al E
(5%10* cells/mL)S 96 well plateol] 533 5% CO, incubator
(311, Thermo Fisher Scientific)ollA] 24417+ W% & FEE3}
AAes FEEE Hrlet] 4827 widsiich Hﬁ%k =,
mg/mL FE=Z #|Z$ MTT (Sigma-Aldrich Co., Louis, MO,
USA) AFE 20 uLE F7kstod 42170 A wiFst - wfoklS
AASIL 2+ wellell dimethyl sulfoxide (DMSO) 200 uLE 7}
3] A2olA 1087F 98- A7 F enzyme-linked immunosorbent
assay reader (SPECTRO star Nano, BMG LABTECH, Ortenberg,
Germany)Z 540 nmollA FZ =2 23Ut} Cell viability
(% of control)= (sample absorbance/control absorbance)x100
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Western blot& ©]43 COL1A2, MMP-1, MMP-9, TIMP-
1 protein $dF =3
UVBE 7= CCD986sk A1E2] COL1A2, MMP-1, MMP-9,
TIMP-1 protein &3 HF 4L 6 well platecl] 1x10° cells/mL
o] EFlxE EF3E3 5% CO, incubator (311, Thermo Fisher
Scientific)ollA] 24x17F wliekstar, 83 w2 w3kt & 5A]
7F o4 cell starvationsFth. Ao UVB ZAF A28 (Bio-
LinkCrosslinker; VilberLourmat, Torcy, France)>= UVB (24
mllem?) AF3 FE2EY GAES FEHE Aste] 4847
A ¥R phosphate-buffered saline (PBS)E A& &13th. M-
PER (Thermo Fisher Scientific)©} protease inhibitor (Thermo
Fisher Scientific)& 4‘13 mixtureE 7} welld 70 pL 713k
4°ColA lysisAlZl F-, 4°C, 16,000xgollA] 2057F 44 £e
(Gyrozen, Seoul, Korea)dlo] A|Zu AR 55 AAsIIH
A BEEsle] A& supernatants BCA kit (Thermo Fisher
Scientific)2 g #3l92™, ¥ 20-30 uyg/mLe] THHA-S 10%2]
sodium dodecyl sulfate—polyacrylamide gel electrophoresisE &
3l 110 V2 1A7F 307 A7) dEsted skt weld
AL transfer cell 7]7](Hofer.)E ©]-85} PVDF membrane
(Millipore Corp, Bedford, MA, USA)2Z 60 VE 2|7} 30%
ZF transferst & A20A 1475t 5% BSA (in TBST) &
NS Z blockingsIAT}. Blocking®] ' membranedl] COLIA2,
MMP-1, MMP-9, TIMP-1, B-actin antibodyE AF&-3}] 4 °C
oAl over night ¥ ¥, TBST buffers |85l 338 M5t
t}. Goat anti-mouse IgG secondary antibodyS [A]7Fsot wt
SA1Z1 F TBST buffers |83t 33] A|Hslem, ECL
kit (Millipore Corp.)2} ®E-8-A|H Azure Biosystems (C300,
Azure Biosystems inc., Dublin, CA, USA)E ©]&3l] 7}AIs}t
2 AZS sl
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Table 1 The primers sequence of real-time PCR for anti-photoaging activity

Factors Accession primer Sequence (5'-3") Amplicon (bp)
Forward AGAAACACGTCTGGCTAGGAG
COL1A2 NM_000089.3 105
- Reverse GCATGAAGGCAAGTTGGGTAG
Forward TGGGAGGCAAGITGAAAAGC
MMP-1 NM 002421.4 135
- Reverse CATCTGGGCTGCTTCATCAC
Forward CCTGGGCAGATTCCAAACCT
MMP-9 NM_004994.3 172
- Reverse GTACACGCGAGTGAAGGTGA
Forward GAGGACGACTTTATGACCAAGAGC
HAS2 NM_005328.3 121
- Reverse TAAGCAGCTGTGATTCCAAGGAGG
Forward CAATTCCTGGCGATACCTCAG
TGF-, NM_000660.6 86
- Reverse GCACAACTCCGGTGACATCAA
Forward CTTCTGCAATTCCGACCTCGT
TIMP-1 NM _003254.3 79
- Reverse ACGCTGGTATAAGGTGGTCTG
Forward TGCACCACCAACTGCTTAGC
GAPDH NM_008084.3 87
- Reverse GGCATGGACTGTGGTCATGAG

Table 2 Real-time PCR conditions for photoaging-related factors

Factors Real-time PCR condition
COL1A2 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s
MMP-1 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s
MMP-9 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s
HAS2 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s
TGF-, 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s
TIMP-1 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s
GAPDH 95 °C for 5 min, followed by undergoing 40 cycles of 95 °C for 10 s, 60 °C for 20 s, followed by each 95, 60, 95 °C for 15 s

Real-time PCRE ©]4-3t photoaging-related factors (COL1A2,
MMP-1, MMP-9, HAS2, TGF-p, TIMP-1) @33 &3
UVBZ A=% CCD986sk AlE 2] photoaging-related factors
dHE =242 100x20 mm culture disholl 1x10° cells/mLe]
HEE ekl 24207 A wieFeta, A wiAE wdsk §
SAIZF o)A cell starvation3ITh Al Eo UVB (24 ml/em?) At
S FEEY GAES s=HE ATl 48217 A st
3 PBSZ AH3SI ). photoaging-related factors®] mRNA gt
HAgS vl #24317] 98] total RNAE GeneAll*Ribospin
RNA extraction kit (GeneAll Biotechnology Co, Seoul, Korea)
< ARgate] FESITE FEF total RNAE —80 °Co Bat
o] AMg-5l e, gPCRBIO cDNA synthesis Kit (PCR Biosystems,
London, UK)S ©]&3l] cDNAE 35T T4E cDNA
= Tris/EDTA buffers A7Fste] 2% A4 ARE3
3 %E c¢DNA 1pL, Real time PCR master mix 5pL
(GeneAll Biotechnology Co.), primer ¥ nuclease-free waters
Y PCRmax Eco 48 real-time PCR system (PCRmax,
Staffordshire, UK)S ©]-83F FAE mRNA TS HA
7F BA43819921, PCR condition¥} primer sequences= Table

1, 201 71As3Act.
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Ae W FEI SISl AE AYEE0] 98.09-95.70%=
95% oo ® JERtoH, 500 uyg/mle] TEEE XSRS
o AE AYEEo] 95% ol ® FolEle] 7FEe] GBE A
2 Al AEZ A& A FF2 HA Ze AL ERF F
AATH

9le] Azo] wal GBEZ’F CCD986sk cellell that AEZEAL
TRA 3-8 BRlEe] 500 pg/mLe H FEE sl F
3 western blot 2 real-time PCR =4 23S R3Ys3Th.

O

Western blotZ ©]-8-3F COL1A2 protein ¥@%F &4
A TFe] 75H 5L HFoA s FHESHA EAs)



Concentration (ng/mL)

78 J Appl Biol Chem (2020) 63(1), 75-82
2 UVB (312 nm) = + & & B
100 | GBE (ug/mL) - — 100 300 500
COL1A2 | — m— |
- 80 | .
S P-actin | e —— a— — |
B 60| 120
E £k
= = 100
B 40 | S -
w
= g g 80 sk
o 20 | 2 F #
} §2 60
g
0 . 28 40
Nor 100 200 300 400 500 &
20
0
- + + + +

Fig. 1 Effect of GBE on cell viability in CCD986sk fibroblasts in MTT
assay. CCD986sk fibroblast (5x10* cells/mL) were incubated with various
concentrations (100-500 pg/mL) for 48 h. The values are mean = SD of
three independent experiments (n=3). #p <0.05 compared with Nor group
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pgmL)E AEste] S 5783 A3 Fig. 2049 2ol
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UVB 24 mJ/cm?

GBE (“g/lnL) = = 100 300 500
Fig. 2 Effect of GBE the protein expression of COL1A2 in stimulated
CCD986sk fibroblasts with UVB. CCD986sk fibroblast (1x10° cells/mL)
were treated with UVB (24 mJ/em?) and, 100-500 pg/mL of dissolved in
D.W was added, and the cells were further incubated for 48 h. Nor group
were obtained in the absence of UVB. Con group treated only UVB. The
values are mean = SD of three independent experiments (n =3). *p <0.05
compared with Con group, **p <0.01 compared with Con group
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A3t A3 MMP-19] 7d9-9l= Fig. 3A°|A 9} 7] 99.08,
75.69, 73.36%] LRAHS YERAIOM, 500 pg/mLe] FFE
oA 26.64%°] Al EHE YERAIIZ, MMP-92] 73-%-ol=
Fig. 3BolX9} 7Ho] 60.77, 46.27, 32.98%2] &S LERAS)
oM, 500 pg/mLe] TN 67.02%2] oA &S Ehl
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Fig. 3 Effect of GBE the protein expression of MMP-1 (A), MMP-9 (B),
TIMP-1 (C) in stimulated CCD986sk fibroblasts with UVB. CCD986sk
fibroblast (1x10° cells/mL) were treated with UVB (24 mJ/cm?) and, 100-
500 pg/mL of dissolved in D.W was added, and the cells were further
incubated for 48 h. Nor group were obtained in the absence of UVB. Con
group treated only UVB. The values are mean+SD of three independent
experiments (n=3). “p<0.05 compared with Con group, **p <0.01
compared with Con group

Sh28]. MMPse| €48 Z24Esle AA=E
TIMPs= MMPs9} H] 3-f2¢1 A3 st MMPs9
715 At Ae= 4HA U3, TIMP-12> MMP-93,
TIMP-2& MMP-2¢} 717t Zgtsto] A2 74 7149] g9t A
P 7re] FHE sk GTE S29]. AEAE, AEE
sk, AlE71E A T oSS Ak 71l Hofske o
FZ¢ )% Alo]EFIRIC TGF-p= UVBe &Jste] Z71e
ROS®l 9& #a|=w, TGF-pe] Z43tE MMPset type |
pro-collagen W&ol Fosh= Aoz dEA AvH30].

GBE®] photoaging-related factors (COL1A2, MMP-1, MMP-
9, HAS2, TGF-B, TIMP-1) &daS 31317 98] UVB
o] A=% CCD986sk cellel GBEE &%'3(100, 300, 500
pg/mL)E X2|ste] BAZS 43 A3 Fig. 4A00A 9} o]
0.48, 0.62, 0.68°] COL1A2 TS e} 100-500 pg/mL
o] RE F=oA UVB A=3F A3 Con2] 0.3490 HI3|
=2 COLIA2 BAZHS Jellth MMP-1¢] 7Sl Fig.
4BolA 9} 7ol 0.84, 0.61, 0.592] LS YeRHo] 500 pg/
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Fig. 4 Effect of GBE on mRNA expression in CCD986sk fibroblast stimulated with UVB. CCD986sk fibroblast (1x10° cells/mL) were treated with
UVB (24 mJ/cm?) and, various concentrations (100-500 pg/mL), were added and the cells were further incubated for 48 h. The mRNA expression of
the photoaging-related factors COL1A2 (A), MMP-1 (B), MMP-9 (C), HAS2 (D), TGF-B (E), TIMP-1 (F) were measured by real-time PCR. Relative
mRNA expression levels were normalized to GAPDH. Nor group measurements were obtained in the absence of UVB. Con group treated only UVB.
The values are mean = SD of three independent experiments (n=3). *» <0.05 compared with Con group, *p <0.05, **p <0.01 compared with Con

group
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