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ABSTRACT

The expression of MMP-1, TIMP-1, and
PDLs22 in replicative senescence of human
periodontal ligament fibroblast

Cho, lI-dun, D.D.S
Advisor : Prof. Jang, Hyun-Seon, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Human periodontal ligament fibroblast(hPDLF) is very important to cure
periodontal tissue because it can be diverged into various cells. This study
examined the expression of MMP-1, TIMP-1, periodontal ligament specific
PDLs22, Type I collagen, Fibronectin, TIMP-2, telomerase mRNA in a
replicative senescence of hPDLF.

hPDLF were isolated and the periodontal ligament tissue was obtained
from periodontally healthy and non-carious human teeth extracted for
orthodontic reasons at the Chosun University Hospital of Dentistry with
the donors” informed consent. The cells were cultured in a medium
containing Dulbecco’s modified Eagle medium (DMEM: DMEM, Gibco
BRL, USA) supplemented with 10% fetal bovine serum (FBS, Gibco BRL,
USA) at 37C in humidified air with 5% CO2. The 2, 4, 8, 16 passage
hPDLF cells of the replicative senescence were used in this study.

For the analysis of the MMP-1, TIMP-1, PDLs22, Type I collagen,
and Fibronectin, TIMP-2, telomerase mRNA expression levels, the total
RNA of the 2, 4, 8, 16, 18, and 21 passage cells was extracted using a
Trizol Reagent (Invitrogen, USA) in replicative hPDL cells, and mRNA
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expression level was analyzed by reverse transcription-polymerase chain

reaction (RT-PCR). Two passage cells, i.e. young cells, served as the

control, and GAPDH served as the internal control for RT-PCR

The results of this study about cell morphology and gene expression

according to aging of hPDLF using RT-PCR method are as follows:

1.

The size of hPDLF was increased with aging and it was showed that

the hPDLF was dying in the final passage.

. PDLs22 mRNA was expressed in young hPDLF of the two, four, and

six passage.

. TIMP-1 mRNA was expressed in young hPDLF of the two and four

passage.

. There was a tendency that MMP-1 mRNA was weakly expressed over

eighteen.

. Type 1 collagen mRNA was expressed in almost all passages, but it

was not expressed in the final passage.

. Fibronectin mRNA was observed in all passages and it was weakly

expressed in the final passage.

. It was expressed that B-actin was weakly expressed in the final

passage.

. TIMP-2 and telomerase mRNA were not expressed in this study.

Based on above results, it was observed that MMP-1. TIMP-1, PDLs22,

Type 1 collagen, Fibronectin mRNA in hPDLF were expressed differently

with aging. The study using the hPDLF that is collected from healthy

patients and periodontitis patients needs in further study.

Key words: =3%4 (aging), ¥4 =3} (replicative senescence), AP FAhA &

2AH¥E(hPDLF), TIMP-1, MMP-1, PDLs22, gene expression
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AFRAIFAUA FRAIZE A w3t & Aoz BAest (194, 274 g
ATh 194 &A= 214l A, 274 $kxt= 18AM oA Al2e] AHE

azdo] BEH o] vl At A ST
1941 #ab= 2, 4, 8, 16, 18, 214 A=EE, 274 &A= 2, 4, 8, 16, 18
At AIZE 10% fetal bovine serum (FBS)o] ¥ Dulbecco’'s Modified
Eagles Medium (DMEM, Gibco BRL, USA)< °]&3ate] 5% CO2, 37T, 100%

5 2AA WFF F AL SHFo) wek AGol o Skt

2. Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

60 mn WHFHAINA wiFEH AFANAEFEAEF 80-90%¢ EAol 2 w7
5% CO2, 37T, 100% +w=< wig7ldA 2¢ A= 10% FBS7F &F4
DMEM A wjFd & wAStHA AEE vidatAtt. 80-90%°] EAo] AL o
Trizol Reagent (Invitrogen, USA)E o|&3ste] Azt X Aldl megt total
RNAE FE399. widd 225222 total RNA 1 pg@d 25U9 oligo—-d(T)
primer®} premix (Bioneer, Korea)E& ©]83t] first-strand ¢cDNAE &3t}

MMP-1, TIMP-1, PDLs22, Typel collagen, Fibronectin, mTR, GAPDH
2 B-actin® FAAY G7] ML tha sense®t anti-sense oligonucleotide
primere F% #1234t (Table 1). Reverse transcription(RT) 33 & &3]
343 cDNAE template® Z-Zte] 20 pmols® primer, 1 g2 cDNA,
AccuPower Premix (Bioneer, Korea)®} B¢ THFFZ 20 we PCR &S
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Table 1. Primers for RT-PCR.

Predicted
Primer Sequences 5 —3’ size
(base pairs)
B-actin Sense CCTCATGAAGATCCTGAACCG 458
Anti-sense TCCACACAGAGTACTTGCGC
MMP-1 Sense GGT GAT GAA GCA GCC CAG 438
Anti-sense  CAG TAG AAT GGG AGA GTC
TIMP-1 Sense TGC ACC TGT GTC CCA CCC CAC CCA CAG ACG 551
Anti-sense  GGC TAT CTG GGA CCG CAG GGA CTG CCA GGT
TIMP-2 Sense CCG AAT TCT GCA GCT GCT CCC CGG TGC ACC CG 590
Antisense  GGA AGC TTT TAT GGG TCC TCG ATG TCG AG
PDLs22 Sense CGGAATTCATGTTACCGAGTACTT 500
Antisense  CACTTTTTATTTCACTCTGAC
COLT Sense TTG CTA CTG GTG AGA CTT 470
Anti-sense  CGC CAC CAA TGT CCA AAG
AN Sense ACC ACG TAG GAG AAC AGT 665
Anti-sense  ACA GTA TTG CGG GCC AG
Sense GAGGACAGGAATGGAACTGG 171
telomerase

Anti-sense  CTACCGTCTCACACCGAAGC

MMP-1: matrix metalloproteinase-1, TIMP-1: tissue matrix metalloproteinase inhibitor-1,
TIMP-2: tissue matrix metalloproteinase inhibitor-2, COLI: Type I collagen,
FN: Fibronectin.

PCR< denaturation, annealing, extension3t+ I3 2 35-453 F = HbE-3}
A3 (Table 2), PCR 714l PTC-200 (MJ Research Inc., Watertown, MA,
U.S.A)o] A&9Y. PCR &S 1.5% agarose geld A7|GE3te] F4x &

d= s



Table 2. Conditions for RT-PCR.

Temperature (C)

MMP-1, ) Time
FN  TIMP-1, PDLs22 COLI TEI‘O?;&;E (min.)
TIMP-2
Predenaturation 94 94 94 94 94 5
denaturation 94 94 94 94 94 1
Annealing 55 58 45 55 60 1
Polymerization 72 72 72 72 72 o

** Polymerization time

and Annealing time : 0.5 min, COLI

minute.

© MMP-1(1.5 min), TIMP-1,2 (1.5 min), PDLs22, COL 1
(1.5 min), FN (2 min), B-actin (1.5 min), Telomerase (1.5 min), Denaturation

: Type I Collagen, FN @ Fibronectin, min.:
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Fig 1. Cultured human periodontal ligament fibroblast (hPDLF) of passage No. 2
from a 19-year-old donor



Fig 2. Cultured human periodontal ligament fibroblast (hPDLF) of passage No. 16
from a 27-year-old donor.

Fig 3. Cultured human periodontal ligament fibroblast (hPDLF) of passage No. 18
from a 19-year-old donor.



2. RT-PCRE 0|28t FHAt| &l A4t

AP FRANAE F A E= =gt ol kA MMP-1, TIMP-1, PDLs22, Type I
Collagen, Fibronectin, TIMP-2 @ Telomerase mRNA FAx}7} thksiA L&
H A (Table 3).

1941} 274 32 RHEE =333 uwat Type I Collagen® Fibronectin
mRNAZ} oFehA dd == 43S Bolthrh, Type 1 Collagens PRI AldiolA =
wEE A @tom, Fibronectin vHA2 Althell M &= vl oA 2d = Aot (Figd-5) .

MMP-1 mRNAE 184t o] delMut ot mjfairA 2dd Wi (Figs), TIMP-1
mRNAE 241t ¢t 441the] &2 AliolA & F=213 B = dvtd A3
& Yehi o (Figd-5).

PDLs22 mRNAE 194 &xfel = 24, 4Athet 6AIth7EA], 274 fhatel A=
2, 4AI7HA R O ol Folle A FUtH(Figd-5).

i)

r U
o
T

Table 3. Summary of differentially displayed cDNAs during aging of human periodontal
ligament fibroblast (hPDLF).

Two Four Eight Sixteen  Eighteen Twenty-one
-passage -—passage -passage -passage -passage passage
A B A B A B A B A B A
PDLs22 + + - - - - - -
TIMP-1 + + + + - - - - - - -
COL 1 + + + o+ o+ o+ o+ - - - -
FN + o+ o+ 4+ o+ o+ o+ o+ o+ : +
MMP-1 - - - - - - - - + + +
TIMP-2 - - - - - - - - - - -
Telomerase - - - - - - - - - - -
GAPDH + 0+ o+ o+ o+ o+ o+ o+ o+ + +
B-actin + + + o+ + + + o+ + + +
+ : positive, - @ negative, A : Niteen-years old patient, B : Twenty-seven years old

patient, MMP-1: matrix metalloproteinase-1, TIMP-1: tissue matrix metallopro-
teinase inhibitor-1, TIMP-2: tissue matrix metalloproteinase inhibitor-2, COLTI:
Type 1 Collagen, FN: Fibronectin.



passage No 2 No 4 No 8

— « PDLs22
=== « Bactin

den 0.41 0.27 0.05
B.
passage No 2 No 4 No 6 No 8
R <
=== « Bactin
den 0.80 0.22 0.04
C.
passage No 2 No 4 No 6 No 8
e « 0o | Collagne
=== « B-actin
den 1.79 0.99 0.40
D.
passage No 2 No 4 No 6 No 8

I « Fibronectin
=== « Bactin

den 1.85 1.35 1.12

Fig 4. Expression of differentially-expressed genes during aging, detected in hPDLF
from an 19-year-old donor by RT-PCR. den, relative amount of mRNA.



passage No 2 No 4 No 6 No 8
E" N « rDLs22
=!== « Bactin

den 0.04 0.01 0.16

B.
passage No 2 No 4 No 6 No 8
I « p1
==I= « Bactin
den 0.78 0.02 1.18
C.

passage No 2 No 4 No 8
— « Type I Collagen
==!== « B-actin

den 0.80 0.56 0.27

D.
passage No 2 No 4 No 6 No 8

BN < Fibroncctin
| —— - R

den 1 14.85 3.97 49.20

Fig 5. Expression of differentially-expressed genes during aging, detected in hPDLF
from an 27-year-old donor by RT-PCR. den, relative amount of mRNA.
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passage No 18 passage No.18 No.21

- 4Fibronectin _ 4Fibronectin
B <5actin e <G-actin

den 1 den 0.04 0.01

Fig 6. Expression of Fibronectin in passage No 18 and passage No 21 of hPDLF by
RT-PCR. A, hPDLF of final passage from a 27-year-old donor; B, hPDLF of
No 18 and final passage from a 19-year-old donor. den, relative amount of
MRNA.

_11_



o

=
o
Ao

Apel A AR o ol

[e]

pu

5174 (aging)

.
S

ol

A AEH o A st

A Hdozx 7]

_ZT
TR

22 7}

2}
oA Loth gy

Ko
)

PEA] A T ol A

™,

s

S

33

al

EEE

hva

AEE wi7t A8

e R
Al

1

.

i

9
piA

2
AA7HA

°]¥
Al

9

[e]
=
2

R

A =3} (replicative senescence)z}t
-

ZE A o]
A e 7] W=,

F A% Aol

E_
U

KN
=
°
L=
g
=

T

]
N
A

A
o]
2

7}

1= A7t

|
a-

o]

=4

9
B

2
<]
o2l 7R 7k

3

=

=23

[e]
[e]

A
e

] ©

L
T

7} Folzba X Fd

SFurge] A

1

[e)

-
X

A
2}
|

|

24 =371 A o

14-15)

o
=

]

0s
B

Ho

R

A

i

A7 ol

1

kel
o

m]H]

1

L

FANYFEAEL] w3y o] e AT

I

A X

oj
e
el
o)
A

N
K
au
Y
od

;O#

Jo

_12_



F w=3lg A AEE pH 9 &4 b-galatosidase activitye 2d, AXE

o A" A7), fAAe Wk Fol 2R ot AR F AU f A £

w3t 9 3o mE fe] wH Gt #e dFe 5 Aot 7 4

TolM e AP FANA F2A 2] =stapy o] mE Ao Fejehy wshet At

e, =3age] APLeEs Az e AAL FEEA

o 2 AT 10He] A5 214 A, 20tHe] A% 18A4ItHol A 357 H =5

71t Hote AlEo] FA 2 dojux] ol A Az HFerglen, ojue] &
AL MEZL FAHF2A Axs7t 24 FaTE deEd AT

np =190 3o gola £ B w3} (replicative senescence) 7} Al EF7] 23

AR, 2 AFolA Bractin®] A Fol wiAIT Al A |

H
A debdEdl, 1 olfre AR Foltte =M LAvh adta wmik Al

7 Hellio "9 wA%stn 443 £719 meniscus® Fdx ddd] B A
£ Rauslged, 453 F9dMde MMP-1°] 3713 9, v 53 B9 e
type I collagen®] Z718t9<< B u3tdtt. Khorramizadeh 7€ 2w A4
EAEY =33 w2 collagen®}t collagenased Zd o] T3 A AA Ao
A, =371 AgE F5 Ll
collagenase® T 7l AAsHAA, w=QlolA e FAAF 9] #HAa
ste 78 doler AW, Wrtopet Alzet Alx, Alxet 71H o] Fshzbgol
#3sl= Fibronectic Type I collagen® fFAFSHA w3lell gS whgo] o
AFSo Humm g,

o] B AFNAE e HRRALEANA w38 A5 dde] WaPLe nad

MEZ20] ¥ =& A1, Type I collageneo] 743

a0



FAAES Wder AFANHAFEAZS] w3tapyd &g ¥WstE vusdv. &
ATl E MMP-1 mRNAE HA=351e] vpA| e @A oA qtk ol nlAlsHA T &
= A%< Yeidila, TIMP-1 mRNA+E 2419} 441d19] &2 At Axt dd 5]
AT ol Aaes vE AAlxzAe AFEAZEANA e Aaet FASHAT.

= A7elME 1009 A% 2, 4, 8, 16, AltholA, 209 25 2, 4, 8Althl
A Type I collagen® 2@ Fdo] #Haste AFoz TAHAM, o] o529 Al
A= TAHA &%t Fibronectin mRNAE 2 A7 BE AdoA Yere
U, mAl g Al el A = obF mlAlsHA AT, o2 AFHELS E AFolA o] &
& Bractin® A= 10thHet 200 25 mpA 2 Agiel A A9 vk T FFS
Uetd 23 ddE F dAden, AEr 53 7 oS EYe eSS HAE
ga At ET

o] FAAA MEe =37t JP=HE telomere Zol9t Fx9 o]} Fyb
st=dl, °]& telomered] thal HFz8S @3l telomerase’t AA3sHA &3t
7 2ar] W2 Aoz wshe] dezx AusoAw Ut FAA
EX = telomeraseZt 79 Tdo] HAZEHL Hudojgont, AFAUA
Az thet A= vlElsttt. w=3trh AP E Ax5e FAAE 4 A Kol

E AR 27 B9 dna Rann 9y gRd F2 ST TdEY

&
u
il
™
=
=
v
)
B
=
z
>
Lo
Jo
—d
i
Mo
1%
=2
P
ot
ol
2
%
®

AtRE 7] W&ol

2 ATl PDLs22 mRNAE A =37F APgd4s 0 TPl HaH0e
o, 10t 20t 25 24l A Zgh Hd S, 4A A e dde JEAa,
10t A = 6AItAAE ofF wAleHAl BAHAoY 2 o] Fe] At s EH
A Eskth. 2 A5 23 TIMP-2¢ telomerasews @A %ot

_14_



o FAAZA ol

E
=

el

B2A

[e]
T

| < el

=
- X

1 PDLs22 mRNA

9]

Nr

wr
Jlo

—

NJo

o
23

%

=3

ojp

r o e

k)
RF

oF

ze) %

AAAA iz Al

or

B

ol

_15_



V. 2 £

A% 249 A4 FAE e AEER PAY 5 e 5L A A5
B REAL HS Fodteh B AFAHE RT-PCR WHE o] &3te] A7
RYREAZAN w2ty hE AZHA Fu WA 2 FAAY TH IS =
AL A3}

1. AR U FRA 2 w37F P55 27070 AR, vpA g Algd A=

2. ARAFANA A 22 So] F449 PDLs22 mRNAE 24, 44d, 64
e &2 AP FAU A F A Zoll A T AT

3. TIMP-1 mRNAE 241, 44tHe] & AFEAFANA F A Lo A T = ATt

4. MMP-1 mRNA= 184t o] 4l wAsA dds = ddFs dehf i

5. Type I collagen mRNAE AL EE Ao AL, mx]w Aol A
= 2AHA i

6. Fibronectin mRNAE EE AltiolA TAEAT. 2y vk 2 Al & v
Al TE S JER AT

7. B-actine vHAIE Aol A L @@ FAol mAlSHA YErET

B AFolA TIMP-2, telomerase mRNA+ & A ¢kokrt.

oo

olifel A, AFAFARHFEAEZE =37 AYPHWEA MMP-1, TIMP-1,
PDLs22, Type I collagen, Fibronectin mRNAES U =4 &AL #&FS
AATH, B A7 AFRERE ofY ) X FE SxEoA AFH ST AR FANAE FE

AEE o] &3 A7 Zastelg AlsdT)
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