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ABSTRACT

Collagenolysis in periodontitis is thought to be modulated by the expression of three
genes, one for collagenase and the two others for tissue inhibitors of metalloproteinases—1
and -2 (TIMP-1 and —2). We assessed possible difference in TIMP-1, TIMP-2 and collagenase
mRNA levels between gingival samples from patients with periodontitis and those from
healthy subjects by reverse transcription—-polymerase chain reaction (RT-PCR). The
technique allows detection of transcripts from a very small sample quantity. The experiments
showed levels of_TIMP—l and collagenase transcripts relative to p-actin to be significantly
higher in the diseased group than in healthy controls (8.11+0.83 versus 1.38+0.28% for
TIMP-1 and 0.50+0.10 versus 0.0075+0.0024% for collagenase, respectively). The
difference in TIMP-2 was not signifcant between the two groups (2.91+0.46 versus
1.84+0.87% ). Our results suggest that the host responded to the increase in collagenase
level by preferentially producing TIMP-1 to overcome tissue destruction due to periodontitis.
‘The differential g=ne expression of TIMP-1 and TIMP-2 in our study may be accounting for
a distinct genétic regulation of TIMP-1 and -2 i viw. |
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S ZFRICH L, TIMP-2 @ mRNA L <0 oW
 CRAELEEECEEERBLRA,
(2.9140.46 5 1.84+0.87%) o |
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BE BN TEIYIR, Bt TIMP-1 &1
e inhibitor (TIMP-2) 287 a—=v /7 &h
FHINTWA* ™, Adachi & Nohara X7 ~
R D B

HBE DR A 3FEED collagenase
L NERICBWTY
TIMP-1, TIMP2 2 {Z UL EdT AW DD

- inhibitor 24, FHERICEMICEDY &>

TWAHZENTHEITES, RRRATICBT 5
collagenase & % ® inhibitor DFKBEERE M3
T &0 RERICHE S RSB OB EHE

eV bbb LTINS DERDbN LM,

BRI U RNV TORBIRE 2 ZHAER elastase
- ROEMEARIC L A TIMP ANFHL s K22V ORNEMD

HDRTHL, T TEEGRT VXNV TOBREN L
DEHELD, SRIEEDIE, HmERRED S TIE
WICEI., ey v IO RRE/s s
PCR (reverse transcription—polymerase chain
reaction: RT-PCR) H**ZICH L. $% 11&
FrosJE A 7 » + B0 B EERIZ 3 % colla-
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Table 1 Clinical assessments of the sampling sites

No. Age(y.) Sex site GI PD(nm)  LACmm)  BOP BL(%X)
Diseased samples
1 45 ¥ 27xML | 8 12 t 69
2 44 M 37 MB 1 7 g9 t 40
3 o7 F 34 MB | 9 8 + 70
4 48 F 26 8B 2 8 13 + 75
5 52 F 16 MB | 9 9 + 90
6 49 M 47 MB 2 6 7 t 60
7 54 M 26 MB 1 6 7 + 80
8 98 F 37 DL 1 5 13 + 35
9 51 ¥ 11 DL 2 8 8 t 50
10 46 ¥ 1548 2 9 10 + 40
Mean+SD 50.4+4.9 1.4%+0.5 6.9%x1.5 9.6%x2.3 60.5+18.8
Healthy samples
| 1 15 F 24 B 0 1 1 - 9
2 17 F 148B 0 l 1 - 10
3 14 F 24 B 0 0 0 - 9
4 13 M 44 B 0 0 0 - 5
) 12 F 44 8B 0 1 0 - 0
¥ean+ SD 14.2+=1.9 0+0 0.6+0.6 0.4*0.6 5.0+£2.5

All values are expressed in meanzSD.
M:Uale; F:Female. x*:Tooth type.

¥B:Mesiobuccal; ML:Mesiolingual; DL:Distolingual; B:Buccal.

GI:Gingival index; PD:Probing depth; LA:Loss of attachment; BOP:Bleeding on probing.
t:Presence of BOP; -:Absence of BOP. BL:Alveolar bone loss on roentgenogram.

kit, Invitrogen, CA) A, dry ice—ethanol
FRIC TS I, —T8CIC TR Lz, B
BRARE, ERRAICEREZRREEEET 5 5480
WIEETE X 0 EERERHIC KIS A & Bk ik
TEHL L7z |
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2. B RNA O S F55)

P RNA OfH SR8l kit fED 7 =2 b 22—
v (Total RNA isolation kit, Invitrogen, CA)
ICHE> CTLATD X S1ICiT o720 KD GSCN &
R OB Z Polytron (Kinematica, Luzern)
ICTRED 2= b L2, 5.7M CsCl s LI
fEE LEEO o (175,000 g, 20°C, 18E:RH)
21TV RNA ZHhiH « 58 L7z, BB, RNA
IR OBE IR IEE260nm JIEIZ & > TEDT.

3. AYAXILAFER«T547—
TTCIEHREENR T 5 e b TIMP-1¥, TIMP-
2 fibroblast collagenase®™, B -actin® @
cDNA &R 2 FiIc, TN E TR 7
54 < —Z et LIREEAR Lz (EIBSRIE. =

CH)o ZOWETHWL T 5 A <—% Table2 1T

Ko 774 X—DFGHCBIZ>TEPCRIZE -
THIEE N34 DNA 75O & 2 23%9100bp 372
Bixb L5 EELT [ B-actin (300bp),
TIMP-1 (386bp), TIMP-2 (496bp), fibroblast
collagenase (611bp) l\ N Z D mRNA FH
B2 FFHCETTE D LI Uiz, BIEEI NI
DNA ik zhZh 3EEOFIREESR (B-actin IZ
DOWTIE Hinf I, Mfi1, Hapll, TIMP-11ZD
Wi Hinf1, Neol, Haell, TIMP-2 125>
Tk Hapll, CfﬂSI « Kpnl, fibroblast collage-
nase I OWCix Dral, BamH1 , Clal . 4R
BRI TN TCEBES L OBEA) I XUy Lok
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Table 2 Synthetic oligonucleotide primers used for RT-PCR

Primer Sequence Length(mer) Location Length of PCR
| product(base pairs)
B -actin - :
Forwvard 5’ -GCGAGAAGATGACCCAGATCATGTT-3’ 25 388-412* 300
Reverse 5 -GCTTCTCCTTAATGTCACGCACGAT-3' 25 663-687
TIMP-1 | |
Forward 5  -AGTCAACCAGACCACCTTATACCA-3’ 24 - 225-248° 386
Reverse 5 -TTTCAGAGCCTTGGAGGAGCTGGTC-3’ 25 586-610
TIMP-2 |
Forward 5 -GGAAGTGGACTCTGGAAACGACATT-3’ 25 413-437¢ 496
Reverse 5° -CTCGATGTCGAGAAACTCCTGCTTG-3’ 25 884-908
Fibroblaét collagenase
Forward 5 -CATCCAAGCCATATATGGACGTTCC-3’ 25 833-85T7¢ 611
" Reverse 5’ -TCTGGAGAGTCAAAATTCTCTTCGT-3' 25 1419-1443
*The sequence for the human B—actin(ZB).
*The sequence for the human TIMP-1(15).
“The sequence for the human TIP-2(18).
iThe sequence for the human fibroblast collagenase(27).
B, FHRENEEOMABEONIZZ EnD, n;72C3450D&Ec PCR MIG%1T>72, H

A& $ 2B FHRRETH S Z EE2MHER L1z

4. H¥IEE PCR
il AU N

[Sunil

e RNA (0.5¢g) ZHW,

Tl Bk e HE2IHE - T, 10U avian

myeloblastosis virus WERERE, 100ng random
hexamer, 5 U RNase inhibitor, _% 1 mM
dNTPs (dATP, dCTP, dGTP, dTTP) (5%
5, RUEF), 50mM Tris-HCl (pHS.3), 140mM
KCl, 10mM MgCl., 4 mM dithiothreitol (0
ek, KPR % &trl0 ¢l RIGHK I T42°C,
2 BT o 720 DMK 10 p IOMERE R T %
PCR It [10mM Tris=HCl (pH8.3), 1.5mM
MgCl;, 0.1mg/ml J gelatin, 0.2mM dNTPs,
10uCi La—*P] dCTP (6000Ci/mmol : Amersham
| Japan), 5pmol 4% oligonucleotide primer,
2.5U Tag-DNA polymerase (AmpliTaq: =i#
& TAR) ] 90 xlicinz . DNA thermal cycler
(Perkin—Elmer Cetus, CT) IZC, denaturation;
94C 1 47, annealing ; 60C 2 47

, polymerizatio

#)& 3% 4 B4 DNA WA (B-actin, TIM
P-1, TIMP-2, fibroblast collagenase) Z[d]
RSB S hic, HIEShRA /2% BT, 84
A TN b30T A 7 NVET2 %A 7 VEIC PCR
IG5 pla v 7Y v 7L, THr—RT L
BRIKENC T 720 |
TiEs & LT, [A—dD RNA % v 7'/ (Table
1, B&RE  No.1) 1.0prg, 0.5ng, 0.25ng,
0.05 ¢ g 2 HWTCHIEELE PCR &2 1T-72 & 2 A,

B-actin 1% % mRNA %H& (mean+SD%)

iz TIMP-1 (11.240.58%). TIMP-2 (0.82
+0.058%)., Collagenase (1.6+0.23%) &710 .
Z D4 RNA EOFFHNTIHIEFICIE G >4
BNZ EnDb, 2RNAO.5 pghk EBRRICHN S
CEFHEIETHA LW LIz, /2 A—D
RNA 4 v 7 A% A\, B-actin, TIMP-1,
TIMP-2, Collagenase D& TD 754 <—T4
FEE D DNA Wi F % RIRSGIE L2 a0 & 7 5 4
~—BOHETFTEELTI2L T A, % mRNA
B (%) ORMEFRFBERIC L > TEE S Ly
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Table 3 Examination of possible interferences in simultaneous RT-PCR.

Primer set Transcript levels(%)
B-actin TIMP-1 TIMP-2 Fibroblast relative to B-actin
collagenase

TIMP-1 A * * * 12.0
B * * 11.2
TIMP-2 A * * * 0.82
B * 0.83
Fibroblast A * * * 1.3
collagenase B * * 13

0.5 g of total RNA obtained from the diseased sample(Table 1, No.1) was used for RT-PCR.
A:All four primer-pairs were used; B:Two primer-pairs for AB-actin and TIMP-1 or TIMP-2 or

fibroblast collagenase) were used.

A comparison of the value of A with B shows the influence of simultaneous RT-PCR on the

transcript levels to be minimal.

T &R Lz (Table 3),

CO RNA Y v 7 i, Wils 5 KA1
IZ% D% F PCR %17 - 72385 &ricid PCR 40 g
WHBL L2 Enh, RNA 4 Y 7 izt
PCR Mgty L C &% L 5 7z DNA DR A
ML | AT PCRIC & 0 HBLE2 3 v K4
TmRNA KTH 5 2 &EZ2HMER Lz,

Cycles
8 10 12 14 16 18 20 22 M

Collagenase(611bp)- IS
TIMP-2(496bp)- 34
TIMP-1(386bp)- -394

B-actin(300bp)- -298

Fig.1 Ethidium bromide staining pattern of simulta-
neously—amplified PCR products on agarose—gel
electrophoresis.

Total RNA extracted from the diseased sample
(Table 1, No.1) displayed ethidium bromide positive
bands on an ultraviolet rays—transilluminator. The
bands for fibroblast collagenase (611bp), TIMP-2
(496bp), TIMP-1 (386bp) and p-actin (300bp) are
demonstrated. The number on the top of each
lane represents cycles in PCR. Lane M is the
DNA molecular weight markers.

bp

5. 7HA—X5H)ILEZKE

8HA I NAMNBIH A VT IFET2H A 7T
5 uld™ 2% v 7)) v 7 L7z PCR USHICF
1 Xloading buffer (0.042% bromophenol
blue, 0.042%xylene cyanol FF, 5% glycerol)

Iz, 3 %NuSieve 3:17 #im— 2% (FMC
bioproducts) 3 =4 /LI TL00V C 2 e A bk

) L7z (Fig.1)o WA UkE) buffer 130.5X TBE
(0.045M Tris—borate, 0.00IM EDTA) % JlJ\»
10

WA, 7 vl vacuum oven (80°C., 2
IREH]) o Tzl & LUF O Hnc vz,

6. TIMP-1, TIMP-2, fibroblast collagenase

D mRNA L~ LD

TIMP-1, TIMP-2, fibroblast collagenase,
B—actin @ mRNA IZH1Kd™ % 2 -2 AU HR LY
75 PCR HpER 0> 8 v R o JiehtiGik (Fig.2a)
%, Bioimage analyzer (BAS 2000:% -7 ¢ /v
Lfl) A HOTIE Uizo 15 B2 BUitiid x5
o707y b Ly EOEMRES L0 FERER
® PCR PEW) DI Rediz (Fig.2b)o

TIMP-1, TIMP-2, fibroblast collagenase ®
mRNA L~k house—keeping iit{s - CH O
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8 10 12 14 16 18 20 22 8 10 12 14 16 18 20 22 24 26 28 cycles

Fig.2 a: Autoradiograms of RT-PCR products.

22% 2% 19924

B

The gels were dried and exposed for 3h. Clearly different patterns between the diseased (Table 1,
No.1: A) and the healthy (Table 1,No.1: B) samples are shown.

BB L SOV —E L Wb b B-actin ® mRNA
DG VRV 32 HEEE%) & LT,
Chelly b¥DRZIGH LIZ U TOARIC L > TE
H U7z,

Ay /AB=
Yx(1+RB)"GCB/YB(1+Ry)"GCy,

CDRRFRDFERNLHBONIZLDTH %,
YB=AB(1+RpB)"GCH
Yx=Ax(1+Rx)"GCy

A : PCR #E5i®> DNA &, J7¢hHH mRNA

XS 5 &

Y : PCR J#iE# D DNA &

R : PCR##IE&)ER (FEANCiZ, 0<R=1)

GC : PCR #1gli  sense strand FHDGCH

n : PCR %1 7 V¥

B : B-actin

x - TIMP-1, TIMP-2, fibroblast collagenase

7. #EtotT
TIMP-1, TIMP-2, fibroblast collagenase ®

B-actin IZ%9"% mRNA FH L~ (%) Iz Dd0»
THEIEE A 1T > 77 Student’s t-test I T\ p
<0.05CHEZEAD & L,

& ES

ZOFFETEE L ITYHERE PCR 52 IGH L.
WE R v b3 5T AR B O R s e AL
i LT TIMP-1, TIMP-2, fibroblast
collagenase M4 mRNA % [FFHZ LA b AafiC
B2 Z LTz iz, ZOfER, wEKES
LEEFETIEZDFBL S 2 — VIZH L MITENVA
b btz (Fig.2a, Fig.2b)o ZD K5 7234iE
HIROEME S CHEUEE) = Huv, kELR
ERER O ZHE L 0 B kAdfk-+H o TIMP-1,
TIMP-2, fibroblast collagenase ® mRNA &,
LRV (%) % RO I AER% Fig.3, Table 4127R
3, TIMP-1® B—actin IZ%}3% mRNA FH L
~v (mean+SE) %, BEHTS8.11+0.83%.
EHERETL1.38+0.28% CTH D . BERIEEE
FED5.9f L AEBICE» > 72 (p <0.001), Zh
o6 LT TIMP-2Cld, BERT2.91+0.46%.
T ERTL.84+10.87% &\ BERLEEERT

_6_



B, Foftt | 77

iag )
100000 - 5
=
> -
= 10000 3 3
<J -
«
2
=
b
o
1000 4 3
—~»— f-actin
100 - —o— TIMP-1
1 ] —*= TIMP-2
=0= Collagenase
10 “+r—r—r—p—r—T——T T T T ——r— T

8 10 12 14 16 18 20 22

A

8 10 12 14 16 18 20 22 24 26

PCR cycles

B

Fig.2 b: Relative levels of RT-PCR amplification products as per the results obtained by laser image

analysis.

Radioactivity of each band, calculated with laser

image analyzer, is plotted on a semilogarithmic

scale. The average background pixels in the areas above and below the band of interest were
subtracted from the pixels in the band. The amplification curve consists of an exponential phase
which ends in a plateau. The same samples as (Fig.2a) were used. |
A: Periodontitis—affected sample; B: Healthy sample.

- Vertical axis: radioactivity expressed in BAS-2000 analyzer unit; Horizontal axis: Amplification

cycles by RT-PCR.

EEXIIB LN o/, T/, fibroblast
collagenese IZ DWW Tty BFEEET0.50+0.10%
flrar A BET0.0075+0.0024% TH 0 . BEELTE
BEBDETIE L AEBICED - 72 (p <0.005),

4SEZEHDIZRT-PCREEVS | BT

mRNA BHOREIZEN., L EEcRER
FHEZRWZED, ZORECEI->T, HA1ME
FFOBEAYT v b Z2—7 v ME LTy FOEYT v

PERD ELSIERICHBEREAEBEPORE 4
mRNA LR ZET 25 ENAJERIZE 272,
RT-PCR I3 DNA 2SI 8418 X W 3 KIS T
HAHI28, mRNADEERICIGHT A EIXE L

W INTEZ REZTH L OMD RT-PC
R % fi\ 72 mRNA EEERRE ST 5%
W, FDENTEE LT Chelly b HE?ICEH
L. B-actin &fET % calibrator & U THW,
S HIC BROEET O PCR HIBED KX K10
EZNELDEOICEE T 7A R —2RKETTHE
I & ->7T. TIMP-1, TIMP-2, collagenase
(fibroblast—type) O mRNA FHH L~/ % [ R
ICHRFRT D Z LI Uiz, B-actin D X5 72
P2 v b B — 0D mRNA BAL WSS, HEE
2V b e —LEET OMIEDS HHLEET DRI
WEL 52 A ENRWMEINTWAP2, FED
Mg TlEs 7 54 < —DEBERREDL/105RE,
T2 50.05 L ME WS BN R ICHET 5 & b
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Fig.3 Trdividual transcript levels(%) of TIMP-1, TIMP-2 and collagenase
genes in patients with periodontitis (P,@) and healthy controls (H,O).
The horizontal bar represents the mean value of each group.

E &

3

. significant at p<0.001;

(p>0.05) by Student /—test.

, significant at p<0.005; and NS: not significant

Table 4 Transcript levels of TIMP-1, TIMP-2 and fibroblast collagenase
| relative to B—actin in human gingival tissue.

TIMP-1 TIMP-2 Fibroblast
| collagenase
Diseased samples(n=10 sites)
Mean+SE ¥ 8.11+0. 83%x 2.91+0.46NS  0.50%0.10%
Healthy samples(n=5 sites) | | |
Mean+SE X - 1.38%0.28 1.84+0. 87 0. 0075+ 0. 0024

All values are expressed in mean*SE percentage of transcript levels relative

to B-actin (X).

- ¥%:Difference with healthy samples significant at p<0.001.

¥ :Difference with healthy samples significant at p<0.005.

NS:Not significant (p>0. 05).
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IC & o T FERICIRDBRWIEIRA GO, &
D XS BBMERFLBNC S D E537 Thix 7 7 1
< — R A MR/ NERTRUE, SWIC BB
YOBEIEE (Fig.2b) 233 ARESDI/ZIRFLAT
TG4 < —FRERPEIEST D72 FDHEDOR
DHELLIEENE BRWE IR D, FDRE,

SRR B 5 O BIETF DIEIE~DFEH /]
Bicifiz bnizdDEEZ2 b3 (Table 3),

RT-PCR BT IC A D L 5 ik EOBBF O
fli4x D mRNA U SNV ERERT D ETIhrbR

WD DER b S,

CDOWFETEELIX, WERKEERAF TR
FHABRIZ A, collagenase & [E#RIC TIMP-1
DO mMRNA UV~ ERLTWAZ & £RICH
LTy TIMP2IZZ LA ER LT W &%
AR U7zo MIEFICHRT 2 PURRBZ 21007
Wy BRI Ty MRS A BRI BV TR,
collagenase FH L X NLOBE D FAICHENIER
7% collagen fXAIBERE X b L. @ 7 & ARk
REENE CARBICHH—T7 T REOETE D
LTHHFF &S5 & LT collagenase-inhibitor
(Bl TIMP-1) OB L~ EANRZ Y,

FEARDOBFERILME N TV R D EEL B b,
B B O KIEM AR EES Tk collagen &
BMET LT A DIx LIRIERS R B OfRE{ LD
)L;@ L TWAE45 Tl collagen S EEDMELE LT
AT EINZDT EEEMFT TS, £z, 18
@ﬁaﬁﬁ%t‘z’fb% ) < SRR Tk, MR
i,%@_% UTWAIRBEESTIEX, collagenase I
AR TIMP-1ORBE L ~AMEF LTWB¥DIC
xt Uy e B0 BT BRI P Tl IEH BRI &
D TIMP-TEENEWE &¥, EHICEEDS
CERIC RV T M TIE TIMP-10> mRNA
L SAARENN D 2 i situ hybridization DE
R, TIMP-1LiZEEMITIt/e<. ZhZ2RyHE
UEEMBAARE L TWAZ EP R oMmED R
b b |
A, A KEERA T TIMP-10
mMRNA VRXABREWEWS SEDFERIT,
TIMP 88485 & 0 LEEES L OhEGE
BOBED GCF PR EBEETHET S LWVS %k

B %@@ : 79

DWE"PERRTAIDTH 272, THITBF
5L\ HWELEE GCF IR\t HHERDOE
B S elastase FEMEDIEIN® O BN ITEM
2O THESE L, Thbic k> T TIMP-1D

BEAEPREREERTLE SO TH A
Do

RMEEICEI ST 291 P A4 YD 1O LT

TGF-BR LS HDbND B in wtro D EEET,

TGF -8 i collagen SEEEVICINZ T collagen-
ase BEAE OB, TIMP-17E 4 DR SELEFR® ),
TIMP-2@ A DIIEIWER® DB % Z L BHE S h
TWb, BREART v M3 5 SERBRO R
TIEHRR A 3 5 7o iz TGF- 8 3 %E. L
TW3 EEET UL, TIMP-2Tik7: < TIMP-1
HEHIZI L TN A Z LR TEREA S,
ZO &S BRERRICBT S TIMP-1& TIMP-2
OIRIT U7z R KB B0 5 8s
B —8 LIEFICERE VW, DIt &b, #
ey IR H b3, ML A U4
BFAIRG & LTy TIMP-2X b & TIMP-14%284R
HNZEN B SN ARBEMND A Z & HRIZ A,
RIEWA D 5 WIFRIERRAL L O B bz GCF
12 collagenase G H A Z L ik, THFETE
L MEIRTRYDYY, £7/2, RAMHEELE
B THE LT\ 5 collagenase 1328 B Btk
75 E DOHEACFERIE N b BT, F£& LT neutro-
phil-type TH % DI L. HEMEEAKEE T
(3= & LT fibroblast-type TH % & Eh T\ 5%
9 U LA [EEE 5% fibroblast collagenase®

D DNA HEEEF|ICERN S 754 < —2F0n

RT-PCR {EIZ & - T% D mRNA L ~XL% i
Jo& TAH, BAMBERIEERPICE T fibroblast
collagenase mRNA L ~ /LM & ORI67H% %
EE->TWAZ r %Z2ERA L. neutrophil collagen-
ase |Zfn%z . fibroblast collagenase % tg /)5 k%
DOBFEEICEI G- U TWARIEEMEY B S T L 2VRE &
Wiz. A7, neutrophil collagenase O3 FELFL
TR 7 5 4 ~—% W TRBEOER %> 1T
z X, WAHBAICBIT 5 neutrophil-type &
fibroblast—type ® collagenase DHE R Z BT L
VTR T A Z ERAJRE L 72 0 BAMEBRFE 28
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