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2 O B AT 92 ARl TS A 9IS ASAY INF-aF A2labe Azl vzt MMP-19] Welo]
27 e, ol Aol MMP-1 =R mE of S Aol ofsl A tehdg wsl7] g8l saE T ARt
23 9| primary 4§obAZo] tishe] MMP-1 L@ E 0] 1607 £910] FAFE BT A} 6 /49 16/1G
429, 10 /o] 16/26 $4F, 7 719) 26/26 $HEE 7H JHobAES BHI% 4 99UTh He683} Detroit
S51 AEFE 1626 §HHE AL 202 SIHGITh 16/10 §AHE INF-a Helo] o4 ol 2ol ¥l
wp-10] 2 W] A rRsIsion], 4OHoq Sl A9l WA 9. 16/26 FAHe) A TR
H o] ofa) MMP-10] 2.45 W) 7 HAE o], Al 4lo] AL 1.4 ¥ MMP-1o] A= ST}, 26/2G
FAHY O] 79 TNF-a Aol O3] MMP-10] 135 v} WA on], AelAel] oJslAt 2.5 M A WA
Atk = 16 4% INF-ao] 93, 26 $HBL Ael4o] ofs) WHo] fEEE Ao 253 5 glon,
“1607 $170e] stk B A Goll SahA Bis HAFLATE AR 2 U siterh WSO AA MMP-19] WEol
Zrheleha 24a 5 qlou], MR wsje} Paste] A gobAl Lol AL olo] tat A7t A3 AqE o A
orobA BEF F7hE A Elofof 3 Rolth Wi Yely wate} Hinsto] Qg FAlo] vz 7o ng,
o5 eshs sty 98 BACR MMP-19] HE S BAT Aol A% 2o 48T $HES A
AES Aestol QA7 s Ak Aol ¢ Dol fre

Abstract: The skin fibroblasts of different origins showed different expression levels of MMP-1 in response to TNF-a
treatment or UV irradiation. We hypothesized that this is caused by polymorphism in the MMP-1 promoter region. To
elucidate it, first of all, we analyzed and classified the genotype of the -1607 site of the MMP-1 promoter in 23 commercially
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available primary fibroblasts, and then we examined the expression of MMP-1 by TNF-a or UVB stimulation for each
classified genotype. As a result of the analysis, fibroblasts with 6 1G/1G genotypes, 10 1G/2G genotypes, and 7 2G/2G
genotypes were identified. Hs68 and Detroit 551 cell lines were confirmed to have 1G/2G genotypes. In the 1G/1G genotype,
MMP-1 was expressed twice as high as that of the control group by TNF-o treatment, and was hardly expressed by
UV light. In the case of the 1G/2G genotype, MMP-1 was expressed 2.45 fold higher by TNF-a treatment, and 1.4
fold by UV light than the control. In the case of the 2G/2G genotype, MMP-1 was expressed 1.35 fold by TNF-a treatment,
and was highly expressed by 2.5 fold by ultraviolet rays compared to control. It can be estimated that MMP-1 expression

is better induced in the 1G genotype by TNF-a and in the 2G genotype by UV light. In addition, it can be presumed

that MMP-1 expression is increased by creating a site where the Ets transcription factor can bind by another G inserted

at the -1607 position. These studies have not been conducted at all in fibroblasts in relation to skin aging, so it is an

area that needs to be further studied in the future. In conclusion, since the skin is an organ that is affected by both

intrinsic aging and photoaging at the same time, when analyzing the expression of MMP-1 as a target for improving

skin aging, it is necessary to select cells with a genotype suitable for the experimental conditions of the study.
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ot gt A7t ool o, 22k Hioks 7Ee =
She Al ol FuE ISk ARt
SRR AIE, JuE Hdsks AdfelEs SR ¢
771 ZegE o] ek [1,2]. wFe] st Hek2 7|5/}
A TAEES] FElEold Hol= AR o) 44
chalRle] ZalAle] ek T Hajlo)] o] oA
ZegElo] gtom, 5 7hA 71sAdAIES == AR,
Ze}A A (matrix metalloproteinase, MMP)EHA] 2JA], ek
o) 2 A o101 SIeH
MMP+= matrixin © 2% d2]#] glon] Ca™ o Zn 3
& endopeptidaseo|™], A|32L] 7]&(extra cellular matrix,
ECM) SRS Bajet 4= Qs AR 19624 S| 1
27k el Sl Hae sy NP A
24, ol 25} WA, AFAEAE %2 WolzFEolA
S0t o S glow), AES] 4% Lk 2
= mdeehs Bl FubEls v H(rheumatoid
arthritis) %! 9 59| o] 7HA] WAQ AR A=
0] YISA Itk MMPS 715402 Lier, g2l
B3}5H= collagenase (MMP-1, MMP-8, MMP-13), Al2}€l:
Hl5l= gelatinase (MMP-2, MMP-9), 33HH |5t A|329] 7]
ElzS E3f5l= stromelysin  (MMP-3, MMP-10),
membrane type MMPs & L=0jc, 30| tsjoji tey
3k MMPSo] Tlofstigl HEdoR Sk ek
MMP-1, MMP-8, A2}el-E F6fisk= MMP-2, MMP-9, t}2
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MMP$] propeptide S #ei<0 24 Z/JSIAA
0] S2%F MMPE o AX|AL JITHS5,6].
MMP= ofe] A} p<ofla] 28s)=d|, ZAtranscription)
I, mRNA QP A (stability), 1S F-E(translational efficiency),
enzyme compartmentalization, proenzyme 2Hd, endocytosis
5ol oJsf =EFETE MMPO] 242 AjaLe] F7toflA] 5=
2 W14 inhibitor$] tissue inhibitor of MMP (TIMP)o]| 2]
o xRk AoR deld glos, TRl sEEA

= MMP-3

MMP-13} MMP-38- 2715}, TIMP-1.8- ZHashs Ao
el QleiT]
MMPO] e sk ol e @54 AlolErt

2L ARIA, SRS EESO|E, YE|olt FolH, o]
oF IAER= AARIAR= NFkB, MAPK, STAT, Smad 5]
], o]&= IL-13, TNF-q, oncostatin Mz} Z-2 2]7tEo] &
o] Egstel= Al Hd 2o g MMP 5k
z24o] W TR ek F£Q sitel= AP-1, PEA3,
NF-kB, STAT responsive elementso|H, o]+= 25 QX592
Hslo]| wet thekRt MARIZES] At AdERAl
o) 24E 4= USE AR T 9] Wol =R
AUANE S FAsHH o RE AR, TRWE 79
o] CpG islands @] methylation} &)= thal 2] 0] acetylation
of o 2dE 4= Sl5ol AR BiEFon, A4l
Ol MMP-19] 2 W E| 4o histone aceyltransferase?l

P3000] F-23F ke o] oA qArhel.

MMP Z2HE| g g(polymorphism)o]] o]
A= 248 5 = 7P 4 sl AR MVP 2
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Zuee] chyiol] that AT el Bol Ao
], MMP-1 (-1607 1G2G), MMP-2 (-1507 G/A, -1306 C/T,
735 C/T), MMP3 (-1171 5A/6A), MMP-7 (-181 A/G),
MMP-8 (799 C/T, -381 A/G, +17 C/G), MMP-9 (-1562 C/T),
MVP-12 (82 A/G)]l Tt ei77h matelo] glom], =&
=E9] 7|7t HEIA ElE, MMP-1, MMP-7, MMP-S,
MMP-90] TRuwE| BHJS Holx3, MMP2, MMPS3,
MMP-129] ZRmE] g wolickn mase] gtk
[68]. 2015 29)2 A7zle] Wae] wEy, B A
73.5 Ao] oA 697 o] B EATo)A] MVP-1 2G allele
B MMP3 6A alleleo] S5} 7| =siet GApHol
Lrb SSATHO). MMl ZRuEo] TR -1607
1G2G, -519 A/G, -422 T/A, -340 T/C, -320 T/C2] 5 7} site
7} Barsje] glou, o] % -1607 1X]9] thAle] Zagh
o] ofe] Ao HILE]QITH10-12].

B AgE|T Qs ol AlqohESe| st
£ FEsh] S8l AedS 2ARBEAW, W =3
=517] f1sl INF-aE #|2]515= uf MMP-1 9] o] A
3o whah AR o2 yepdel ofFS FaL 11 o]
Z2mE|e] chgado] szt opdrteks ZHES Al
ol5 ¥5]7] {8l 43 3ick

2. M= 3 gy

2.1, MIZHHQF

AGObHIEL QIte] Amjolx] BelEl primary AEe
Lonza (Lonza, USA), Cefobio (CEFO CO. Ltd, Korea),
Biosolution (Biosolution CO. Ltd., Korea)o|A] 11| = 7]
i opA] ARRSEGlom, Hs68 W Detroit 551 AlZF~=
ATCC (american type culture collection, USA)of| A a5}
AREBFITE. AlfFOIAIREE2 10% fetal bovine serum (FBS;
Hyclone, USA)2} 1% penicillin/streptomycin - (10,000 U
pen/mL, 10,000 ug strep/ml) (Invitirogen, USA)S F7IRt
DMEM (Dulbecco's Modified Eagle's Medium; Hyclone, USA)
HIZ S o]g3to] 37 C, 5% CO, Z719] uljd7|ol|A] Hljok
Ik AllE= 85 ~ 90%9] confluency & 7HA| =52 ~ 3
Ao Al wijdS Al3Y5kaL, passage 4 ~ 6] s
F= AlEEE Aol ARgsHSTh

o

0 e

[¢]

22, INF—o X2| H Xted AL
AfrotlE= 24 h FF €% Q= DMEME[RJof|A]

FBI3laL, ©]%- TNF-a (10 ng/mL) (Sigma-aldrich, USA)E
HeJsl7]L, UVBS ZA} (20 mifent) 313 @4 gl Wi
ollA 24 h T HjeFsIITE W ATIERo] 280 ~ 360 nm
o|™, 2|t} 312 nm¢] Sankyo Denki G15TSE (Sankyo Denki,
Japan) UVB ZE UV FYO7 ARsIglon, UVB &
o] A|71i= UVB 1]E(HD2102.01, Delta Ohm, Italy)& =7
sk3ick

2.3, GMIA| DNA FF, PCR 2 G7INE 24

QO ZE 100 mm dishof] 1 x 10° cellswell Q] HE=
w55kl HAAIZ] 2, 24 howfjokstal, MEE A 3o
QIAGEN FlexiGene DNA kit (QIAGEN, Germany)S ©]-83}
o] AMA] DNAE FZ519lt}: =3 DNAE ARSSE] A
7HA] 20 Cof| Baslolrt &% DNAS o]83o] MVP-1
ZREQ] -1607 F29l0] FHAES 2ol E TR
primerE TIARRISIY] F34210] TS SE31910m, ARE-
= primer= forward; 5TCA CCC TTIG TIT CCC AGG
C-3’, reverse; 5“CGG TGT CAC CAG TGC TAT CT-3’ ©]
th Z3tas Aaek(polymerase chain reaction, PCR)-S
TAKARA Ampilification kit (TAKARA biomedical co., Japan)
S AMEBFOo™, DNA 1 4L, 10x EX taq buffer 2 ul,
dNTP MIX 1.6 uL, EX Taq 0.1 4L, 10 pmol/L®] primer 2+ 1
UL, DW 133 uL2 o] & ukS-Qo1S 20 (L& 3}o]
denaturation 95 “C 5 min, 95 C 30's, 58 C 455, 72 C 30
sof| 30 cycle®] A2 2 PCR AF53}7|A(T100™ Thermal
Cycler, BIORAD, USA)ollA 58S Al¥sl3ick PCR
AHE2 1.5% agarose geloll X719 3o bandE ERIgH
%, SHIEASolGent Co., Ltd, Korea)ol] H7]4 A4S 2]
glato] A7IMES Aojal B4 ARESBFAT

2.4. RNA =&, cDNA & 2 RT-PCR
(Reverse Transcriptase—PCR)

AfrotAlsEe] INF-aE A2fstAd, UVBE AR 5
Total RNA+= Qiagen RNeasy Mini kit (Qiagen, Germany)S
ol-gste] A|xA7t AXEE protocolth = afste] Agick
W] RLT Buffer2 A|3ZE &[5t e 712+ RWI buffer,
RPE buffer= washad}al 4l2e]sh= 2 &8l 43l
t}. 53t RNAE=  diethylpyrocarbonate (DEPC)-treated
water (Invitrogen, USA)o] %<1 ] nanodrop 2000 (Thermo
Scientific, USA)S o]-&5}0] A2F513iT]. Total RNA s
1 ug© & RA3}31 ¢DNA synthesis Kit (TAKARA biomedical
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CO,, Japany&- ©]-83}0] cDNAE /d3t 7 Aol AM&st
k. 34t cDNARZSFE] MMP-1 ¥} GAPDHO| 2 <
2 3RRI5}] 95t TAKARA Ampilification kit (TAKARA
biomedical co., Japan)S ARE-3}o], DNA 1 ul, 10x EX taq
buffer 2 ul, dNTP MIX 1.6 ul, EX Taq 0.1 gL, 10 pmol/L
of primer 2} 1 4L, DW 133 4L o] % WH$-8o18 20
uLE 3] denaturation 95 C 5 min, 95 C 30s, 58 C 45 s
72 C 30 s 30 cycle®] 22 Z PCR A58l |Ao|A 5
FHg-S ik POR W8] ARG primer’= MVP-1
of thsfjAl= forward= 5-CGA ATT TGC CGA CAG AGA
TGA-3’, reverse= 5°-GTC CCT GAA CAG CCC AGT ACT
T-3" o] AL8E|% o, GAPDHO]| thaAl= forward= 5-ACC
ACA GTC CAT GCC ATC AG-3’, reverse= 5-TCC ACC
ACC CTG TTIG CTIG TA-3 o] AMEE|Qit] S5 DNAY
A= QIAxcel® Advance system (Qiagen, Germany)2- ©]
B3] A719s D I oF 24 agsiick
2.5, ZEHRl FARIXL At 29 84

-1607 Z39] 110 Ho]~9] A¥LS ALGGEN PROMO
(http://alggen.Isi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?di
DB=TF 83) Z27o] Agslo] A ow A 7k
e HARIAS A5

2.6, S7AIX2|

2 Aol A AJRYE A Al %3 3] 43
3L, glolE o] FAA Fold A student’s rtest2 A
=|Qic}. A} ZHE-S mean + standard deviation (SD)©&
FABIAAL p Fho] 0.05 wWR] A5 FAR = ol
o] e AoE TSIk

3. Zat & 1E
3.1, MSOIMZL| MMP-1 25 E| -1607 {|X|2]
Crad 84

ZERE] TS 4517 fI6te] CefobioAl Al|E 6
7, BiosolutionA} A|3E 7 7}, Lonzail A3 10 7} Hs68,
Detroit 551 5 & 25 7)) A|ZE ARg310] -1607 912 A
T2 A7IAEE B A7 g TS 1G/1G,
1G2G, 2G2G= Vet thFigure 1). 4 23} 1G/1G 4
F2 6 7, 1GRG 9HFL 10 7f, 2G2G 9AFL 7 7=
HElleh & o ARAS] A EH, Hs683 Detroit 551 Al

o) &b 35k A, A478 A 3 3, 2021

-ﬁL.uﬂI-L__~.

£ 162G fAge=s sRI=glom, Cefobiorl A=
162G 49 2 719F 2G2G 7419 4 7= SRRlEglon,
BiosolutionA} AE= 1G/1G §43 17)], 1G2G 48 4
7N 2G2G A% 2 7= ERIEGLO™, Lonzakl Al
1G/1G 849 571 1G2G 848 4 7, 2G2G {2418 17)
= SIQIEIQITKTable 1), AT ARG 2} Al A4
4709 9 AR Table 20 A3 71451500k

(A) | 1G1G |
AAAGATA TATCTTT
(forward) (reverse)
(B)
| 1626
AAAGATA TATCTTT
AAAGGATA TATCCTTT
(forward) (reverse)
(C)
\l«\l« 2G2G
AAAGGATA TATCCTTT
(forward) (reverse)

Figure 1. Nucleotide sequences of single nucleotide polymorphism
(SNP) for MMP-1 promoter at —1607 site. (A) 1G/1G. (B) 1G/2G.
(©) 2G2G.

Table 1. Polymorphism of MMP-1 Promoter in Primary Human
Dermal Fibroblasts

Polymorphism (-1607) Cefobio Biosolution Lonza  Sum

1G/1G 0 1 5 6
1G2G 2 4 4 10
2G/2G 4 2 1 7

Sum 6 7 10 23
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Table 2. Detailed Information of Fibroblasts Used in This Study

209

Cell Cat. No. Lot No. Company Passage SNP (-1607) Year
HDF CB-HDF-0010 40F05-045 Cefobio 6 2G/2G 2015(P)
40T12-062 Cefobio 5 2G/2G 2015(P)
40T11-059 Cefobio 5 1G2G 2015(P)
50T06-070 Cefobio 5 2G2G 2015(P)
50T09-071 Cefobio 5 1G2G 2015(P)
50T11-069 Cefobio 5 2G/2G 2015(P)
HDF-A - HDF074 Biosolution 6 1G2G 2017(D)
HDFO078A Biosolution 6 1G2G 2017(D)
HDF084 Biosolution 6 2G/2G 2017(D)
HDF079 Biosolution 6 1G2G 2017(D)
HDF080 Biosolution 6 2G/2G 2017(D)
HDF082 Biosolution 6 1G/1G 2017(D)
HDF054B Biosolution 6 1G2G 2017(D)
NHDF-neo CC-2509 - Lonza 4 1G/1G 2015(D)
- Lonza 5 1G/1G 2017(D)
NHDEF-ad CC-2511 - Lonza 6 1G2G 2017(D)
- Lonza 6 1G/1G 2014(D)
- Lonza 6 1G/1G 2010(D)
- Lonza 6 1G2G 2009(D)
- Lonza 6 2G/2G 2016(D)
- Lonza 6 1G/1G 2017(D)
- Lonza 6 1G2G 2013(D)
- Lonza 6 1G2G 2012(D)
Hs68 CRL-1635™ - ATCC 20 1G2G 2012(P)
Detroit 551 CRL-110™ - ATCC 25 1G2G 2011(P)

SNP; Single nucleotide polymorphism, P; purchased, D; donated, Year; purchased or donated year

3.2, —1607 £2/e| Crg40| MMP-1 &340l O|X|=
Ak 24

oFo] FoflAl 2RRIE ARl thste] MMP-12] o]
ofd = vRl=A] BRIs] flsted, Wild kolkE
T5l7] $faliAe TNF-a (10 ngml)E, 3esls F=s7]
$151e UVB (20 ml/enr)y 5 ZARBIACE 1G/1G 43 6 7H
of difsl] 2443t Ax} TNF-a &zjof| oJglial= oF 2 v H=
MMP-18] o&lo] F7Isilom, ARl ZAl] sfii=
MMP-12] 'edo] 9] fiewx] itk 162G F713efl 10
ZHell 3l Bt Axt TNF-a &]2]o] QJ3lla= oF 245 b))
745 MMP-18] o] 718131 o, ARl ZeAfoll ofsliA
+ OF 14 v H= MMP-19] W&o] S718I3ick 2G2G
Aol 7 Aol el ARt Ak TNF-a Z2jo] sfixl=

OF 1.35 v} A= MMP-19] o] S8l om, zpejd =
Aol el oF 2.5 v 1= MVP-12] o] F7elck
(Figure 2). Hs687} Detroit 551 A= TNF-ao]| Ol
MMP-19] Wi&do] 2 R 1|9t zpejido] ofsia= Z-5ol
ujebd wEle] WIS Zo| Algt 20l 162G HRHE 7
7] upio AE 4 Sk Sl ALl Helg v
AZE Tufdl= Cefobio2} BiosolutionAle] Al F&2
1G2GS} 261G 89S 7o, 7HRIek Sola] Helet
o7 AlZS #shs Lonaite] AEZe= 2 161G
1G2Ge] 2038 7iAje AoR SRIFE s} ¥
W 978 49T e ZRuH $URS B 5 &
Leof| whba] Aeisto] ARgSh= o] ARY] s 7sd=

Seols Bl S 5 U A0 A
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(A)
3
CON TNF-a uve § 25
g 2
MMP-1 -
g
ﬁ 15
d
GAPDH s 1
H
0.5
1]
CON TNF-a uve
(B)
: 1G/2G  *
§ 25
CON TNF-a uvB i
= 2
MMP-1 g ¥
ﬁ 15
GAPDH 3 1
H
05
1]
CON TNF-a uve
C e
(©) . 2G/2G
g 25
CON TNF-. uvs ]
e 2
o
MMP-1 g s %
&
GAPDH e
05
0

CON TNF-a Uve

Figure 2. Analysis of the expression levels of MMP-1 in
primary fibroblasts with three types of SNPs. The expression
levels of MMP-1 was measured after treating fibroblast with
TNF-o. (10 ng/mL) or UVB (20 mJ/cmz) for 24 h. The left
panel shows a representative picture of RT-PCR for 1G/1G
(A), 1G2G (B), or 2G/2G(C) genotypes. And each bar of the
right panel represents the mean + SD of three independent

experiments for each genotypes. *p < 0.05 vs. control (CON).

3.3, ~1607 £9/0] FRAPI FAjRIXt 24

IG %} 2G A1) 2P 4= U ARINE
o] A= tEXE 3elslr] ¢ste] ALGGEN PROMO AR
ol oA} EAsuglc HA At ofdf 7h] HARINE
o] BILgiE, FUSHA P AE Alelska AG
7R3 AR 1Ge] Al GATAS7L Selsiglo.
H, 2Go]| thsfA+= HELIOS, Elk-1, Lvb-binding factor, P300,
FACB o] Z8oR 2% 5 gt ez 5%
Qe Table 3). 9F ATOIAE 1607 $1210] G7} St ]
AR, Bis AL TR 4 9l siter} wHEolA
A MMP-10] mRNALH B2l So4] o] 57}t
31 miso] glom ol et Al thet wigwst
Z7bls 2k PAslo] QI3 14). SRAIEIAR: 262G
RAFE A FAF] B e oS Holthe B

o) &b 35k A, A478 A 3 3, 2021

™
o
o,
o
ol
oft
o
=1
=
i
HN

A S Q- A

Table 3. Putative cis-elements Located at —1661/-1553

AAAGATA
GATA-3

AAAGGATA
HELIOS
Elk-1
Lvb-binding factor
P300
FACB

Putative cis-elements searched using ALGGEN PROMO. Only
transcription factors that differ between two SNPs were listed.

17} JIEH15]. Elk-10]] cial] Ak, ETS Like-1 protein©]
) AARIALR R8sk A717|03 4, oOFE S5, 925
ojny, theSe=t, S 85 S Wit 4
A o, AfotAlEoA wislel HHE dits 2
o] QA Ti16,17]. B FAFo] T AdfolE
£ Zgslo] -1607 5 FHoE AARIAETS] A

2ol Aol that ATE S=yste] ofE HARIAIE] £
Aol T MVP-19] o] Fa51] F%e ulAER
UlSjo} 8 Ao® AREr)

4.2 =

HATE 5 23 719 primary ArobA|aEe] diste] 4%
A7} 6 740 1G1G 943, 10 719] 1G2G 343, 7 7He]
262G %S 7H AfoRES ERIF 4= itk 161G
AR TNF-a A2je]] s MVP-10] thasto]l Hfsf 2 Hl
| s glom, Ao oAl A WaEA] o
Ak 162G F43 9] 4= TNF-a Z2jo] &Js] MMP-1
o] 245 Hl A WA= Cm, K)o 2sfi= MMP-1
o] 1.4 vl WAHSICE 2G2G F4F 9] 9= TNF-a A2
of oJall MMP-10] 135 v A= BHEglon, 2okl
SJaiAl= MMP-10] 2.5 i A EAEE £ 16 {47
& TNF-aof| diall, 2G 4132 #pejie] ofs) o] #
T Ao 3T 4 Qlrk E=SE Ao ANEE Al
7t FAE Wlele A& Fol7l= sHANE = AkdAt
oA FEE AEZES 2 162Gt 2G2G %3S 714
o, I7RARIIA fefE AlEZES =2 161G 2G2G
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Aol o B2 Aog FAE oF dAqtellAl= -1607
12ofl st o AFdE Gof| 2JaiA Es HARRIRZ} Aglst
4 9l site7} TRSO]A Al MMP-19] HWFdo| Zrlshclar
2o} gl=d], vl esfel weiste] AfobrEol=
olof| gt A7} A xls=]o] QUA| gopA] g 7t
¢AtE]ojof g Kok
o R= Yed weslet Fieste] JakE FAlo] W= 7]
Holug, oi =315 s 915t BlOE MMP-19]
WS BAT Aeolle A 2o At %S 7t
A

She RS Aok 3

j_:(o
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