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matrix metalloproteinase-19] &&

QA RIS 1 B zAoz HBAIE AATANA 2L
AQsds mdAe WS Az 7129 Wgol WAt wepd ejs U

zAZtel A Axe] 714 g FaAEA mAde Aol dF Badel 2

¥} matrix metalloproteinase-1(MMP-1) 2&o| n X = JFS dolwuz 3
o} AR v S 913t poly-lactic-co—glycolic acid(PLGA) A A A& o] &3
i, o] HAA AF7Izre] Ak wiF Al MMP-1¢] ojg Al 13 wddo &3
2 JA57] Yslel MMP dAAl2 2482 doxycyclines #1838t th. PLGA A
AA Hell A" wdd2 A g Mo r FE5oH, o5 HAdnA

d wdAd western blot anaylsis® E3] EAsAvk w3
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¢

syndrome , AIDS)©]

o ok &) dakeo]

e (hepatitis) &3 22 AWAA Ao g £AE

4

i
t}

ded 2AYRVL FAA 2Fshe] THSE AT ol T AFHGL

oA 7EA in vitrool A WA S AR sE A= oF 7HA olEEe] U
F3lg A7 vEbA] &3 itk 1998 Business Week |l ‘Biotech Body'
e AlsoE Agdd uwdde Ao wdd= gA Jbest, dgr ks
= WA e, Fae] Al Ao ZAE A & dvkar sto]

Ao AP v BeAe FxsAry.

gAol Eapgko] £ ¢ & HA4A(zymogen) AHE Hu|Ho] ~AxAF A3

12
2,
2
2,
lo
:Oé
I
e
ox,
o

=

™ tissue inhibitor of metalloproteinase(TIMP) % t}&
AA Tt MMPE A 47HA =2 E/5 & d&d, 3 HA 225 interstitial
collagenase® MMP-13 MMP-80] o]7]o] &8}y, olE TAE A [ I, I, VI
nYPd 2 gelating &3 T+ HA o &= AL gelatinase® 72kDa<]
MMP-2(gelatinase A)¢} 92kDa®] MMP-9(gelatinase B)7} 7] £33, o]&
At gelatindl F3tE7F ok Al WA Lo EZE stromelysin (MMP-3, 10, 11)
o] Qi wA]H9r S 7 putative metalloproteinase-1 (PUMP-1, MMP-7)& &3+
g,

wAdE Falshs A MMPol ofs aelde] N-wedoll M of 3/491 A
e Adelel £ 2 g oldA Ae wdde g8 44 Hejda,

Aol = 2007 o]dez AeHo] Gly-X-Y FE] fetel=g wrer
Doxycycline2 tetracyclineZl &E 24 A3t 7] H2 ofz s A x] &4gkx|
9k collagenase®} gelatinase 52 MMP9 X =S JAstE Aoz LA 9l

0 A me MMP AAA 7 A - AT Q= ol d AAAE 23



] AA A wrH g otE st &S FSAIZ TheA ol ol AV Ha
T2 doxycyclined] gl A ZA el vlg g o}
Fgo dFe FA Fodd MMPY 2L AT & dvks max gow’
A FHol ) FEFo| 3 FERZ DA doxycycline HZlol| 23 MMP-1 ¢ A
92 & Adgsd gt
a8y HT Beckman S (1997)2 doxycyclinex 8] 8Fo 24 MMP-1, 29 &
A& AT Byt ol in vitrool ] mdAe] §AS AT Bustgln”,
Uk Steffen 5 (2002)2 657 <F HAN Al doxycyclines A &lsle] #| 13 wgd
o] Fre Ho FAEZ A3 in vivo A A}, AE A F& ol v wY
Aol a7t A dojupA gstom, Al 18 wdde] v 9 Fo FA St
Fobar 1oashe o
o]} 7+o] doxycycline?] MMP-1 9 714 2 A 18 mYAo Qe o
g 71l disiAs obd B g AEiolw, 53] in vitrool A AR Aol A €
3

9 A 18 wdd Ao oW <3k

=

—

717k ¥l Al doxycyclinee] MMP-1 &
< WA= Ao dig A= 9 vu g deolth

wepA o] Ao E ol d EAHS SEste] AME wdHS A7) 93|
A QA 9 AFEAEE PLGA AXA A 29 wldste] in vitrodl A Abg
°of wdHE WA

E9 MMP-1 2o g wdde] B31e @] 98] MMP A4z defz

32

R /RS AR e Ao QLA ds A fw A

doxycyclineg A @&ttt T3 doxyeycline® MMP-1 oA 7]4& RT-PCR,
western blot analysis, zymographyS %3 3e}do s PLGA A A A WA
AA Hu HFEAELE A dldst= 4ol doxyeyclineo] Al 138 w2 <]

G493t MMP-1 @] v §g& Foluuz sHart



II. Az 2 U4

1. a7A4=

7h QA Y AFEAXE

. AR A A A

Az v kol o]8wH XX A= Poly-lactic-co-glycolic acid (PLGA, Innotech,
Korea) 241 A7 10mm, 77 3mel tl=zagejoln Hat 7]F 7]+ 300-500ume]
3, 90%9 T3S 7HA

2. A Ay AFEAE] v

AA X x|} AWFS AAstL ZA ZE collagenase® 9o} 1T

3 & Ay Z2AS 0.25% trypsin £ E3 36TCoA] 103 s

i
A
kil

o

L O F vortex® AWHe] HARALE FAAL Fel ALE Wop AH

o

10% fetal bovine serum (FBS)°e] #7t® DMEM (GIBCO, MO, U.S.A.) Hj#]
G wlekatdch 70-80% BE AbEbW 11302 EFske] Adiudsie 4-63F
Alh W et MEE Aol o] &3ttt

PLGA A A A el Aol a2 Alxzufeks 98] 4TelA 100%, 90%, 70%,
10% =2 AAAZS AA g5t phosphate buffered saline (PBS)2} wf &Fnvf =] =

Wl

AolzE & AzdE A AAA 1x10°719] AEZHETH 100S BFe & 2=

60mm=27] o] wiFH Al A wiFEkdet. 2413 5 6muiAlE H7FSFLAl orbital



shaker (30 rpm)& o] -&3to] w7l A w3ttt AEX 2+ 29 $F 39 7
Ao R A WA E Hrlsle 2, 4, 657 vkt

RE AYo AedFo=R 200uM doxycycline (tUAeF 3=)S gl st
A 18 wgd B FA oz HEXE Ing/me transforming growth
factorfi-1 (TGF@E-1; PeproTech Inc., Rocky Hill, NJ, U.S.A.), MMP-1 23] <
A HETFoZ 10ng/ml® tumor necrosis factor o (TNFa; Boerhinger Mannheim,

Mannheim, Germany)Z 37}t

3. AXEZE 54

Doxycycline A #lo] w& Axo &S A7 918te] 96 well plated]
2004F 3x10°70e] QA W3 HAFEALE ol 24A 5k wjgd F BIH
2] o] doxycyclineS 0, 25, 50, 100, 200, 400, 600uM FEZ=Z 2| s}e] 37Tl A
727 7F HWES-A]1 71 & N-methylthiotetrazole (MTT; Sigma, US.A)AALZ AA A

ofr

9 AFEAEe] MEAGES I MTTHAN: Z7te] 52 Agsk <l
A A9 AFEAEE PBSE F ¥ AlFHS MTTE S 37Tl A 3A1F A g
3 & wjklS Blgla dimethyl sulfoxide (DMSO; Sigma, US.A)E 5ojfo]

4. Conditioned media & ¥ ¥

6 well plated] welld 1x10°70e] A XS Ma]a 244 7}

ﬁ
=
o2
<
o
-
o8}
wn
f
-

H oA st Fd8A viA 1meol] doxycyclines ZF 5%

e
t
S
AL
ol
o
)
w
]
(@)
=2
R

24N 7Y F k2 wiEAlZ] B ouiA kS o} 15000 rpmol A 1087 94 E e s}
o] AEZE HAAAZ F centriprep centrifugal filter device (Millipore, Beverly,

1A
&l

MA, US.A)=E F5staL,

i

i

AEFS BFsle] -20C W BAsct v
e bovine serum albumin (BSA; Pierce, US.A)S ¥+ Wold=z 3o

bicinchoninic acid protein assay reagent (BCA; Pierce, US.A.)%E A Z3]ALe] AL



$4Ae et Sgsqch

5. Total cell lysate &

6 well plated] welld 1x10°7019] M EE 231 24A17F wjekst 3 2334w«
0, 200uM<®] doxycyclines A 2]&te] 24412 71 v skt PBSE 2448 A3
3 & A EZE Holx NP-40 lysate buffer [ 50mM Tris-Cl (pH 7.4), 150mM
NaCl, ImM CaCl;, 1mM MgCl, 0.5% NP-40, 2ug/ml aprotinin, 10gg/ml
leupeptin, 1mg/m¢ 4-(2-aminoethyl)-benzenesulfonyl fluoride ]of ¥t} o]& 4
S SolA 458 7 ks T 4T A 13000 rpme 2 1583 A B3] A3
WS Hsta @l AS JeFegh & EFete] 20T Eashaith
6. Zymography

Doxycycline # 2o W& <A v A
it AAb kel Aol MMP ZHAEE  Fofstr]  9ske]  gelatinase,
collagenaseE 7]&E 3}+ zymography WS Adstgrt. B2 Al
sample buffer (62mM Tris-HCl, pH 6.8, 2% SDS(w/v), 10% glycerol(v/v),

0.05% bromphenol blue (w/v)) 5ul<s Fo 72} 1% gelatin?} collagens £33t

)

EAIEZS] MMP A 9% 9 @5

Jo

8% SDS-PAGE gelol #719s st A79E F, gele d2olA 25%
Triton X-100(v/v)2. & 1A17F A& 3}al, incubation solution (10mM CaCls, 50mM
Tris, 0.15M NaCl, 1% Triton X-100)2 ¥ o] 37CelA 48413+ wkg-A ATt Q1A
A3 AFEAEY 54 FAHE FAS 8t gel 0.05%(w/v) coomassie blue,
10% acetic acid(v/v), 10% methanol(v/v)Z 1A]7F&et M3, 10% methanol,
10% acetic acid® 2A17F @43ttt ojw] YE Y= bandE &3 MMP7F & &
= Ao FFAm, AEE AyE JAEATI] (Densitometry TINA 2.0,

US.A)E ol &3l AaFstg ).



7. Western blot analysis

Doxycycline # gl w& MMP-I3} A 19 wdde] Tds nlastr] 9|8t
o] western blot analysisE Al&3tth. ZFZbe] sample & @l 581e] SDS
sample buffer (60mM Tris-HCl, pH6.8, 4% SDS, 25% glycerol, 14.4mM
2-mercaptoethanol, 0.1% bromophenol blue)E % ¢ 8% SDS-acrylamide gelol] 2
AN A7) G5 e, A7) GEE gelS semi-dry transfer (Bio-Rad, U.S.A.)
o /] 303} nitrocellulose membrane2. 2 ©]5 Al Z1t}. Nitrocellulose membrane<
5% fat-free dry milk-PBST buffer (PBS, 0.2% Tween-20)914 2A]7F &<t
blockings ¢ ol PBST buffer® 3¥# 5&3F A=ttt MMP-1 ©d2&%

A (Oncogene, US.A), A 18 ngd TdF2%A (Abcom, US.A)E 3%
fat—free dry milk-PBS bufferoll z}z} 1008, 10008] 3] 3k == ¥ o] g
o] transfer® nitrocellulose membranesS ¥ o] 2A|3F ¢ &5, tA] 58 7HF

o2 PBSTE oA 33 A3ttt Membranes Z}7} anti-mouse-horseradish
peroxidase conjugated-secondary antibody®} anti-rabbit-horseradish peroxidase
conjugated—secondary antibody”’} PBSel| 20009 3]A1® folo] Wi A2 1
AlZEERE  WEEAIZ T PBST  &9ow  5#3F 33 AlHdtal  enhanced
chemiluminescence (ECL) detection kit (Amersham Life Sciences, Arlington
Heights, IL, US.A)E Al&38}e] X-ray Z&o #Fste] AAste] 292 #AZs}
gt #AZI AxRE= JAEA 7] (Densitometry TINA 2.0, US.A)E o] &35t A

Fotanal, A& A= fractin® S B gow WA

8. mRNA F&3 IAA-FFE4L dHY9< (Reverse Transcriptase-
Polymerase Chain Reaction ; RT-PCR)

Doxycyclines 0, 200uM<e] F%=2 A st 2tz dZulda PLGA XA A
Woll A A vkt AFRAEZEHE RNeasyTM kit (QIAGEN, Germany)Z

il

o]g3led F RNA F%3l9 1}t Spectrophotometer (Eppendorf, Hamburg,

-9 -



2h5}o]
FE3% RNAS AFsta «=8 A5t cDNA d4d+ #8ke] 05182l RNA

o
a:
Q
=}
N
il
S
>
fo
ol
2
[\
S
<
[\)
o}
S
=}
8
=
R
ook
ofd
k1
i
AN
o2l
ol
o
2
=
Z
>
lo
o2
o
)
N

£ reverse transcriptase (Boehringer Mannheim, Germany)$} oligo-d(T) primer
E  ol&3dtel 42Tl WS AU " cDNAE g oe=w
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)%} #| 13 w3, MMP-1
Faa AANSES AT FTHEL AHRESS 94T A bERE

=
T 5 HANSS 94TCAA 30%, AFHESS 55TCAAA 18, T3HHSS 72T A

of

1270 25578 WhEatn b ut FEuee 720 1087 gake] WeAZ

2, 4, 67 MEFT ME-AAAE L5d A2 A A2 5 PBSE 23] A3}
3 0.2M acetic acidE A A AT 20me2 Fo] 4TColA 2¢ &<t ks £ 9000g
2 4TAA Az A skt 2A 214 2L tubed S VS FH
NaCl (30%)& 3] Hof, 4Tl 1AF FAFE 7, 4000g= 4TelM 1413 <
A wEgete] A dvks 2AAHA HYEg g2 AdEe] WY Aed s
0.05M acetic acidg i @olz|7t AA=E
Na;HPO, (50x volume)ell thafjA 29 &<t &ds F244]

7 2vAS Fa 3 0.02M NaHPO,2 A8t T4 417

10. 23 dn A4 #F
2, 4, 65 Wk 7175t AAA Weol A doxycycline 28] wE w2 g4

_10_



=g stelst] slstel MeH AE-AAA BEAZ 10% FA4 E2uel] 84

Zboold skl FAR el os dhetdel] 2uid §F Sme] A5 dHE

A ZsFe] Masson” s trichrome (TRC) A& Aldste]l PLGA A A A ol A9

11. A= v 34y #F

2 @40 F23 udde ¥

o
it

AAAN HE 5 AA A9 A

1 o
HE gotstr] Yste] FAF A @n 7 (scanning electron microscopy, hitachi

=
B

L

S-800, Japan)¥ F3 A=} Aw]7 (transmission electron microscopy, Philips
CM-10, Germany) #HAHE Al&@stdnt. T3 Az dAnAdS 9s) AE9 A=E
0.1M PBS (pH 74)o =2 =59 2% glutaraldehyde®} paraformaldehyde® 7114
2 1.33% OsOs= FuAHS Adgsdtt. ¢ZF = &9 F propylene oxide® = 3
3la1 Epon &9 ¥ufdt & xu AHL w50 uranyl acetate 9 lead
citrate® o|F QAste] FHHAAN Ao R AFsATE FAF WA Ao A
¥, ¥4 § isoamylactate= X ZtA| A, oF 6A1ZF FHel dAH AZ (critical point
dry)gt & ion coater (Eiko IB-3%)& ©]&3le 300A F4AZ =395 (gold

coating)ste] FAF Hat AwjH o v yEseiv

12. FAA4

EE Ao 3 AgEor tixa W zold tid #f9ALe two sided

t-test WS ol&sto] SAA Y st 2 = FA= B FEAAR Y

Ehfglom, P = 0014 #2445 A4ttt

_11_



1. Doxycycline®] %= A A

7}. Doxycycline®] MMP &4 =] w X & 93

AA W9 AdfrEAEZe] MMP #4749 doxycycline®] F%3¥ MMP A4
T2 19}Elr] $18te] gelatin zymography @} collagen zymography S 22 A3 sf
9th  Doxycyclines AH#3h# &2 dixdy HweRS W, 200uMe]
doxycyclines A #etA& A5 AA 39 AFEAELY MMP Edo] 50% 74

HATHIE 1).

Doxycycline (BM)

0 25 50 100 200 400

Doxycycline (M)
0 25 50 100 200 400 600

(b)

_12_



12
10
08
06
04
02
00

Intensity

0 25 50 100 200 400 600

conc.(uM)

23 1. Doxycyclinee] MMP &X x| wnx+E 9F. ZymographyES E3
doxycycline A glol w& MMP o] A4 Ar=s sotspdirt. 199 g2 9
FEA7IE Sl doxyeyclines AHEeHA @8 WXt d Hlalgh Aol A ghol
k. 200uMolA  MMP 3ol 50%E  #Asth.  (a)collagen, (b)gelatin
zymography

BN

1. Doxycyclineo] W3t A4 Ay HAFRAXLY JE& A

Doxycycline Aol wgl MMP 2& o] 50% ZAaHE F=ICs) oA a4 =

I AFEAEL] AEE v A= TS dolr ] 98, 72AE < doxycycline
S FEEE AEste] MTT assay® #HE3FATE 400uMeoll A Q1A 23] A f5A

xo] FAEC WoE FAFASH, MMP Hdo] vto=w Zhars= F% 200uM

oAM= 75%017de] AE7F AEd AATHAHE 2).

_13_



120

| *
100
& 80 -
£
g
5 60
[}
=
= 40
E
20
0
0 25 50 100 200 400 600

conc(uM)

I3 2. Doxycycline FXo W& <A Ay HFEAES A= =A
(MTT assay). MMP &A1 =7} 50% A+ 522 200uMol A 14 3)d5
BEAxe AEES MTT assay2 3ottt olu 200uMel A 75% o)< A2

AE&s B +p=0.0007

2. Doxycycline®] MMP A 7] A
7}. Doxycycline®] 213 MMP-1 mRNA o3& £

Doxycycline # g]o] w& MMP-1 mRNA®| HdAHEE RT-PCRS T3 #3z
sttt TNFaZ 44 2o 2 3o densitometry® ©HIALE vl e S

], doxycyclineS A &g =24 MMP-1 238 Hgstx &2 +3 FoF A
ol 7F itk (p=0.073) (ZLE 3).

_14_



Doxycycline (#M)

TNFn 0 200

(a) MMP-1
(b) GAPDH
12 ¢
1
08 I
=
2 06
g
= 04
02 F
0
TNFa 0 200
conc(uM)

a9 3. A Ay AFEAEY MMP-1 mRNA RT-PCR. Doxycycline®] Al
Z oA dFe Hetstr] flskel MMP-1 mRNA RT-PCRE 333l
TNFo®] mRNAE 7|22 MMP-1°] mRNAS @&dS stofet An, NxX +F
A= doxycycline H@Z A& MMP-19] mRNA #d o= gdth
(*p=0.073) (a) MMP-1 (b) GAPDH mRNA RT-PCR.
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1. Doxycycline®] 9|3 pro-MMP-1 @9z &3 £

A el A ¥ pro-MMP7F A2 vre 2 FHl ¥ = dA9 Al doxycycline
of o3t MMP 23 oA A=Z utotstr] 98] MMP-1 western blot analysis
£ Adstdh. 2 23 doxycyclines Hzgto 2y HelstA ke 3 MMP-1
wE o] folF ztol 7k gllTt (p=0.02) (¥ 4).

Doxycycline(1=M)
TNFo 0 200

(a) MMP-1

i, esve

(b) Actin

i

o O —
o

Intensity

o O O O

o O
N o
T

TNFa 0 200

conc(uM)

a8 4. 9A A9 HAHFEAES MMP-1 western blot analysis. Doxycycline
Ao wWE pro-MMP9 & HAEZE uostr] $5e] MMP-1 western blot
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Abstract

Doxycycline effect on type I collagen synthesis
and MMP-1 expression in three-dimensional culture
of human dermal fibroblasts

Nam Hee Kim

Department of Medical Science

The Graduate School, Yonsei University

( Directed by Professor Jin Kim, D.D.S., Ph. D. )

Tissue regeneration of the wounds requires the proliferative capacity of
parenchymal cells accompanied by the supports of extracellular matrix, in
particular collagen fibers. Therefore, collagen synthesis has been one of the
target fields in regeneration medicine and tissue engineering. Collagen products
extracted from bovine or porcine tissues are widely used for support in
medical and tissue engineering. However, they may cause Immune response
and may transfer pathogens to the recipient tissue.

In order to solve these problems, we aimed to synthesize mature collagen
derived from human dermal fibroblasts and in particular, focused on the
up-regulation of collagen synthesis by long-termed three-dimensional culture
with the treatment of doxycycline, a MMP inhibitor.

Human dermal fibroblasts were cultured on PLGA scaffold and they were
treated with doxycycline to inhibit MMP-1 activity. Type 1 collagen was

extracted by acid solution and salt precipitation and it was quantitative by
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western blot analysis. In addition, we determined the direct and indirect
mechanisms by which doxycycline can inhibit matrix metalloproteinase (MMP)

activity using RT-PCR, western blot analysis and zymography.

1. Mature human collagen was obtained by long-term three-dimensional

culture of skin fibroblasts in PLGA scaffold.

2. Type I collagen synthesis was increased in three-dimensional culture by

200uM doxycycline treatment for 6 weeks.

3. MMP-1 was expressed in latent form in skin fibroblast monolayers,
whereas it was expressed predominantly in active form in the
three-dimensional cultures. MMP-1 expression in the three—dimensional
culture was approximately 2.5 times higher than that of the monolayer

culture, and its expression was markedly reduced by doxycycline treatment.

4. MMP-1 inhibition by doxycyline treatment was induced by the inhibition
of enzyme activity, rather than the degradation of the pro-MMP zymogen

or the suppression of MMP-1 mRNA transcription.

In summary, mature human type I collagen was obtained by long-term

three-dimensional culture of human dermal fibroblasts in PLGA scaffold and

its yield was increased by long-term treatment of doxycycline.

Key Words : type I collagen, MMP-1 |, doxycycline, PLGA scaffold,

three-dimensional culture.
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