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— Analysis using real-time quantitative PCR with the TagMan probe —

Naoko TORIYA", Toshiya ARAKAWA?, Taishin TAKUMA®,
Yshihiro ABIKO® and Itaru MIZOGUCHI"

”Departmems of Orthodontics, School of Dentistry, Health Sciences University of Hokkaido.
?Department of Oral Biochemistry, School of Dentistry, Health Sciences University of Hokkaido.
¥Department of Oral Pathology, School of Dentistry, Health Sciences University of Hokkaido.

Abstract

Versican is a large chondroitin sulphate proteoglycan distributed in a variety of interstitial connective tissue. Versican is
thought to be involved in extracellular matrix assembly and various biological cellular interactions. This study examined
mRNA expression of versican isoforms in the temporomandibular joint (TMJ) disc of growing rats using a real-time quantita-
tive PCR (QPCR). Male Wistar rats of 2, 4, 8, 16 and 24 weeks of age were used. Total RNA was isolated from the TMJ
discs, and cDNA was generated by reverse transcriptase (RT) reaction. The quantitative analysis of mRNA expression of the
target genes, QPCR, was performed using sequence specific TagMan probes. The copy number of versican was calculated by
an external standard (plasmid including target cDNA diluted serially in log steps from 10° to 10 copies) and was normalized
to a reference cDNA, GAPDH. The QPCR showed that expression for versican mRNA was highest at 2 weeks and decreased
thereafter. With respect to mRNA expressions for each versican isoform, the mRNA expression of VO, V1, and V3 gradually
decreased with the growth, while the expression of V2 increased up to 8 weeks and decreased after that. The mRNA expres-

sion of each versican isoform showed age-related changes in the TMJ discs of growing rats.
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versican isoform?® mRNA%E 3 % real-time quantitative PCR
(QPCR) Z#WVTHET L7z, EREIWE LT, A% 2
Versicanid, K#D 3> oA F o iBproteoglycan 8, 438, 8, 164, 24:BEGOHEHEDOWistari 7 v b
T, o e MEMRESMRIZST T 5. Versicanid, v, FAEE MR L D otal RNAZHE L, reverse
FasL G DGR 4 T Y ML R E /e CRBIMRE  transcriptase (RT) & 1) cDNAZFHE L 72, BHRYEIEF
T4, ABFZETIE, REHT v M OFEEEHTARIZBITS DOmRNAFEIHOQPCRIX, D EMETEINOHFEN L
St FR174E 3 A31H
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TaqMan probe % V> T4T 5 72. Versican® 3 ¥ — g,
BB EEF ORI % & A FZplasmid % 10°0 5102 € — F
THEMGAR L TER L Z2AFHES A £ GAPDHIZ X - THE
B L7/, QPCRIZ & 1 versican mRNADZEIR L, Ak 2
BERIIBVWTRbE L, ZOBEBAICHI L. $72,
F N F N Dversican isoform®mRNAFEIR L, VO, V1B
LU VITIEHBR EHICEAICEA L, —F, V2TiEE
%8BT THML, ZO®BEA L. 7 v MEREN
M2 BT B versican isoformDmRNAFEIRIE, BEIIHWV
BT HIEFHLPE L o7,

®

FHRAET L, MIBES L FTHELEMLTABETHY, &
FROBEEOPTOROEMLIVEL L UHEEAET 5.
fRE) 9 ZFABAENIE, BISEE T oA - MEISE, THEE
TEEEE, BAETFUMR, FIRAERALE, RIS, BRSO
L&D (Bell, 1990). HERERYIZA S &, FABIETIE O
BB LRI EERE A EL T LS, ginglymo-
arthrodial joint/Z 773N 5.

HEMOBREZOVD Lo TH A HES NI, BI5HE
HETHEOBIINET 2HRMEEOBERSHEKTDH
4. FHRAEIFRIE, MEEZEEICHEL, BEEL L
T2 Twab, LizdS >, SN, MEEE & MR
MO LR, BLUMRE TEHEMOTHEE»S 258
BHEETH L EALT I EANTE, EEEIEEICEEE
Bi%, THEEOEERTED (Bell, 1990). BIEIFIMN
13, FEMEOEE, [DELEE)LC io“(?ﬁbé@;’”ﬁf‘ﬁ%

il

ERT 1@/1&{%%7 v b OFEBET IR IZ BT 5 versican isoform mRNADZEIR

:ﬁﬁ“ﬂ’af{:%{‘ﬂ: (E591t, ZHbB &L UEERL) 254 U7
a2, FEREIOME 2 EB A HE S, FEEEED O
D ’5‘23) % BRI ABE (internal derangement; 1.D.) % 4
% (Scapino, 1983; De Bont et al., 1986; Stegenga et al.,
1991).

ARAEIFR O EE 2 Mt~ b ) v 7 Zidcollagen &
proteoglycanT& % (Kopp, 1976; Mills et al., 1988; Fujita
1989; Nakano and Scott, 1989; Scott et all,
1991; Nakano et al.,
1996; Nakano and
1998; Sinde-

Proteoglycan i, core

and Hoshino,
1989; Gage et al, 1990; Milam et al.,
1993; Scott et al., 1995; Landesberg et al.,
Scott, 1996; Mao et al., 1998; Mizoguchi et al.,
lar, 2000; Kuwabara et al., 2002) .
protein & & 1L IZAF & T B M A
GAG) 725 7% Y, core proteinDFH A5 KE L 2200
% A4 7, 7 4 Hmodular proteoglycan & small leucine—
rich proteoglycan & {253 b 5
1996). Modular proteoglycan iZJ& 3 4 versican i3 £ HE 2F
B 5 EE XN (Zimmermann and Ruoslahti, 1989),
core protein D4 & 1335074 5 550kDIZE L, A T20
A HI 1% D chondroitin sulphate B $8 % & 3 5 (Yamaga_ta et
al., 1993; Shinomura et al., 1993; Zimmermann et al., 1994;
Ito et al., 1995). Versicani, M, &, K&k, &
B, B, S04 MBI 5% L (Yamagata et al.,
1994), HEOFEEM R, AL
IE5E (Yamagata et al., 1994),
MiBi3E7% (Yamagata et al., 1989; 1993; 1994; Ang, 1999),
R (LeBaron, 1992; Landolt et al., 1995) 7 & D%

( glycosaminoglycan;

(Iozzo and Murdoch,

1993; Zimmermann et al.,

1993; Zimmermann et al.,

DeWiX - e L, BETOMEZESZ ML LTw5 BB L TWwa I ErHL»E R o/ (Wight,
(Osborn, 1985; Tanaka et al., 1994). 3 L, FARIEGFIMHK 2002) (0 1).
vo [z l BESNNSE
HABR GAG-a GAG-B C-terminal
v LBz [y |
HABR _ GAG-B C-terminal
2 W - Raagse] |
GAG-a C-terminal
-WII\\L Pe] |

HABR C-terminal

Hyaluronic acid binding region (HABR)
[ Glycosaminoglycan attachment region (GAG)

[ EGF-like domain
Lectin-like domain

KA Complement regulatory protein-like domain

1 Versican® 4 2 Disoform D[

Versicanld N-FKigl A 5 & 7 )V 0 » EEE 4 EAL (HABR),

7 a3/ s h vEPREET 5 GAG-adomain & GAG-Bdomain, % L T

EGF-llke domain, complement regulatory protein-like domein, lectin-like domein7* 5 &M & 1L A C-terminal >R Y, 7)) IH I/ 7Y 5 VA

A A OsplicinglZ £ A 4 D Disoformd V0, VI,

V2, V3BHFETAS.
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1 Primer$ & U'TagMan probe® #%F

versican GenBank accesion #AF(072892

, sequence Length (bp) . Tm (C) |

forward primer ~ VC-F cctgcaagaagggaacagttg - 21 58.5
F-0 aaaacaacttccaaacctcaagagtt 26 55.8

F-1 gggtgagaaccetgtategt : 20 55.4

reverse primer VC-R ttccaaaggcttggcattttc 22 54.8
R-0 cctecactgtgatatatgtctatttcg 26 573

‘ R-2 gtaggatagcaggtgcctecat - 22 60.4
TagqMan probe Tag-VC tgcggccaaceeeetgttgt 20 62.5
TaqR-116 tgtcagggtggaatitggtcectgee 26 65.2

TaqR-141 cagtaggcatcaaatctatcagggagagg 32 65.7

Taq-183 tgatctctgcaaaacaaacceatgect 27 60.5

rat GAPDH  GenBank accesion #ABO017801 ‘
sequence Length (bp) Tm(C)

forward primer ~ GAPDH-F tgcaccaccaactgcettage 20 58.4
reverse primer GAPDH-R ggcatggactgtggtcatgag 21 60.4
TaqMan probe Taq-GAPDH cctggecaaggtcatccatgacaactt 27 63.5
% 2 Primer & TagMan probe & DF &
primer combination TagMan probe amplicon size (bp)
vC VC-F and VC-R Taq-VC 66
Vo F-0 and R-0 TaqR-116 268
Vi F-1 and R-0 TaqR-141 240
V2 F-0 and R-2 Taqg-183 161
V3 F-1'and R-2 Taq-183 133
GAPDH GAPDH-F and GAPDH-R Taq-GAPDH 87
i 'l ﬂ L . - J
A | T - m— | - Sm— T 1
- TaqR-116 R-0
VI p——Fg~ = = = = = = = ¢ — i
TagR-141 R-0 aa
v2 3 E‘Q_' fon e s o e e e - +<_..’_.|
1 ] L | ‘_]i_—z
F-1 Tag-183
Vi p——rp = = = = = = = b el —
R-2
VC-F Tag-VC
VC } t -t —
VC-R
HABR GAG-o GAG-8 C-terminal
— Forward primer 4— Reverse primer <4—» TagMan probe

2 Primer & TagMan probe i & B & O &+t
2 T DForward primer (F-0, F-1) & 2 4 Dreverse primer (R-0, R-2) Dt 4 FHF Dprimer D A2 L D, versican isoform? 4 T % Hi
TBEEHTES.
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Versican (I BIFI R ICB VW TLEECFETH I &
(Mao et al., 1998; Mizoguchi et at al., 1998), & U'F
T2 ViversicanDmRNA & & ¥ 8 7 BEREBEARL T 5
ZENHS I ENT WD (Toriya et al., 2005). L&
L, B&EIZHE S versican D Fisoform D & & FF IR D ZEAL
WELTEAHTH 5.

AEFZE T, FAEEAROMBEI < b v 7 2Ok
rHOPITAIEERFEMELT,
(TagMan probe) % F\>7:real-time quantitative polymerase

hydrolysis probe

chain reaction (real-time QPCR) 12X ¥, versican iso-
form mRNADFEHDEAL % #75T L 7=,

B, KHETIE, BRIZHEAL
%, real-time QPCRD 2 DD HFEDEEN, BREIZEHL
THEHE D47 7.

P == d

versican mMRNAD E =%

(EEBEW B L U HiE]

EEREMWITIE, £% 28, 48, 88, 16ABLU2A
BRSO MY Wistarsh 7 v PEH W B, £EE (0
BER) ©F v MEEREEMRIC OV TIE, mRNADER IS
VELZFBEZRNT LI EPRBETHALZ L, BLUS
DA TR & THEHKSREBHBSLTBY, M
WORHPRETH o722 00, EBENZEILLBV
7. ‘

1. Total RNADIHIH & reverse transcription (RT) K&
ER2BE»C2BEETOT v M X DRI L /-5
BB L 0% 8EED T v b D 5 RNeasy
Mini Kit (Qiagen, Hilden, Germany) % V> Ctotal RNA
7.

£3 PCROFILSGMH

denaturation annealing extension
LightCycler” “95T, 2min 60C,15sec  72C,30sec
GeneAmp 95C,10min  60°C,1min 95T, 15sec
%P, genomic DNADKE~NDIRAZHILT 4720

total RNA D H i1 8 %2 TRNase-free DNAse (Qiagen) Llﬁ
ZATo 72, FHHE 2 17ztotal RNAIZXY L Omniscript reverse
transcriptase protocol (Qiagen) % iV TRTRIC % 1T o
7z.
2. Primer$ & FTagMan probe D F%ET

KIZ, rat versican4F D C-terminal (VC),
isoform  (V0, VI, V2, V3) B & U'rat GAPDH % & H}
T & % primer & TagMan probe % F%&t L7z (£ 1).
can isoform DRI D7z 121, 4 FEFE Dprimer & 3 FEEH
?TagMan probe & DA EZEA LA (K2, £2).

rat versican

Versi-

~ mRNA expression for versican isoforms in temporomandibular joint discs of growing rats.

Amplicon sizeld, V0 T286bp, V17T240bp, V2T 161
bp, V3TI133bpTH 5. Hprimers FH\> TPCREAT W,
% L 72cDNA % £ 7L € #Lplasmid pDrive (Qiagen) iz
subcloning L, mRNAE & D 7= ® OZEF K = {3
7z.
% B, primerDELETICI

(version 1.0, Applied Biosystems, Foster, CA, USA) % H

RVAS

I, Primer Expression software

3. Real-time QPCRIEDFEE DiRE

Real-time QPCREIZ & A mRNADEELD FikB L O
SMEAMEL S %729, VC&rat GAPDH O AZ # 5 4 7
5, 102510°2 ¥ —HOEHGEHRAXE L ER L 7.
C OEFEAHFRFARFE % H v TLightCycler iZ & % TagMan
probei® B & F'GeneAmp 5700 Sequence Detection System
(Applied Biosystems) 2 & % TagMan probeiE % @M L,
TB % B EEB L U2 2D FEOEEN & BE # K
L7.

QPCREDNZMIFK 3 IT/RY. 72, DNAK ) £ 7 —
¥ & LT, LightCycler!Z & % TagMan probe % T i Plati-
num Tag DNA Polymelase (Invitorogen, Carlsbad, CA, U.
S.A.),
TaqMan probe % T X AmpliTag Gold (Applied Biosys-
tems) * fv 7z

GeneAmp 5700 Sequence Detection System{Z & 5

4 . FABETFHIMRIZ BT 5 versican mRNADE

H1% 28, 48, 88, lﬁmibi024lzlﬂ"ﬁ®7 v b &
DA L7 BAET AR A S total RNAZ il L, RTRIGHE
& UfTagMan probe % f§ \» 7= real-time QPCR % 1T o 7=.
VC, versican isoform3 & FGAPDH (23 3 4 cDNA O &
EAFRARL0'2 510°7 ¥ —HOEGEATRF AV T
7FDmRNA % E&1b{%, GAPDHOD 2 ¥ -+ 5
versican cDNAD I ¥ — = & H L 7.

= ES

1. Real-time QPCRIEED E = 1 & A

LightCycler |2 TagMan probe & F V272 FiE Tl, 102
E—HLL LT DNABKE L cycle$ I EARAY 72 BIFRHTR0
LNz, FOARFEEIE0.997, slopefEid3.62TdH » 72
(data not shown). BERIKBIO# R TIZ, 10'8 & U nega-
tive controliZ 3\ TIEFF R ZPCREW ATER S T
25, BARIGIERBOOLN G o7z,

GeneAmp 5700 Sequence Detection System (Z TagMan
probe V72 FETIE, 1000 €~ Ll ETDNAEE &
cycle B ICEMP 2 EARIFBDO SN, FOMBEREKE
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0.999, slopefBiZ 3.37 (data not shown). BRIKEIDOHK
AT, 1009 —LLEDRE CHREN L PCREY M A4
SN TW5 Z & AHEFR S #1172, Negative control Tld,
FRIF R L PCREY AER S N TV 72S, #HIEFUL IR
ool

2. FARAETFIARIZ BT 5 versican mRNADFEIR
GAPDH 10°Z ¥ — 4 ) OB FDVC cDNAEE % E

2 LR, 7 v MEEBETFMRIZ BT 5 versican mRNA
D#EFEHEE, 2 BEERA IS LT &, 1681
IYiRiz—E L rsEAPBRDLN (K3).
copy number of versican /
10* copies of GAPDH
400 .
350
300 \\ —
250 \
200 \
150 -
100}
50
0 ‘\?
0 8 16 24 weeks

B3 Versican mRNAD#FEHEDELL

Z v FFEBIETFARIZ BT B versican mRNADHEFEIREIL, 2 B
DRBEL2 B L TwE, 6B L D IZIZ—%F L & 2EHMIFED
Y (A

Versican isoform (V0, V1, V2, V3) #hLZFh D
mRNAZEHIZ, VO, VI, V3 IZBWTERB2ALYEE
WA L7 (4). V2OmRNAZIRIZ A% 8B
THML, Z0®%ELS L.

copy number of versican /
10* copies of GAPDH

12
10 ‘\ ——V0
8 \ —— V2
4 —¥—-V3
? ém ]
0 = = =

0 8 16 24 weeks

B4  Versican isoform®mRNAD IR E DAL
V0, V1, V3 OmRNAZBBIZER 2B L ) KEICHEVED L7,
V2 OmRNAZIRIZ AR S B FE THIML, Z0%EA L7,
Versican® 4 2 Disoform® F T, V1DmRNAFKIEATH
% 280524 B0 % 18 L TversicanE K DO mRNA%E
Hioho 880 Kk&Enro7 (K5).

(35)

copy number of versican /

104 copies of GAPDH
20
16
— 8v3
12 av2
avi
8 \ avo
4
=
0
2 4 8 16 24  weeks

B 5 Versican isoform®mRNARIH D E &

Versican® 4 2 DisoformD T, V1 OmRNAFEIEHHET% 2 AH
532:BDOHE % 58 L Tversican 2D mRNARIRIZ H 0 2 EEHK
Aol

% £

1. Real-time QPCR%* Fl\*72mRNADE &

fiE#, mRNADE =L % H# & LT, Northern blot
%, RNase protectioni® 3 & Ufcompetitive PCREAS— % 1Y
ICHWH T E 7 (Yin et al, 2001). TNRHDHEE,
BERIKE), REEE, probelEil % & DR O H 0 5 EME
B HDH L, BLUHEKNEEDDNARKE %L
HLTHLVIREND L. iFE, —HEELRE (SNP)
D, REMOKEEFERRNEZFORESE2zEME LT
real-time QPCR & W9 $1 L V2% B FYPCRIE AF 5
2. ZoORFER, (DEVWRAREL D OWTFHELER
B 22 R BE I8 D B \ inetic 22 IR BE KT & B UG HRE 0 42
HE, (2)EX T AT L2 L Breal-time TOEHE, (3) Kt
Dend point TlL 7% <, J)TLJJ:FF@%[:%‘%E"J ZEHANC £ B IERE
ZEBEVO)EFHEAL, AETERELREE{LPCRE
TEELC LTV B (Wittwer et al., 2001),

Real-time QPCRIZ X, LLTFIZR$ 3 2DHENH 5
(Meuer et al., 2001). (1)dsDNA, ¥ 7% b LPCREY IZHE
ETAHIELITL o THNEEL HSYBR Green [& 5
BFE V5 H 2 (Yin et al, 2001), (2)forwardd & O
reverse primer [ (245 & A9 % BLS Dprobe % &2FF L, £
M 2 H#OE B 3K & % Dquencherfl & % {417 72 probe % i
&4, Taq polymerase?5’-exonucleaselii 4 (2 £ - Tprobe
MIKFIEEN, WROBEENIENS I LIL o TEE
¥ETAHIEEFHT A AE, B L U(3)primerfH (24
EW R ES % b D 2 D Dhybridization probe % Ko & &
FRET o % FI 4 A /= T&H A. TagMan porbe 1T
iE, dimerB & UIERHFE L PCREYWFRIGH IR S 1L |
Th, BHE T HcDNAIZKFRE ZporbeS € 1L 6 (ZI3HE
ALz, HENICRIFRRLEEORETEL L
2000; Yin et al., 2001) HE- T, 1£&z‘%
FEDCDNA%Z ¥ =7 v M EFTHBEITIE, L DERED

W (Kreuzer et al.,
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V:TagMan probeEx HH T A LENH 5 Z LRI
TVvr3 (Yin et al., 2001). ARHBFEIZ B> T b GeneAmp
5700% A V> TTaqMan probei: Z #H L 723561213,
CEB'TE T TODNADEENTRETH B &
WO PR o7z, £ 2 TARZETE, KiREDCDNA
¥ T b IEFE % & D BE % GeneAmp 5700 & Fi \» 7
TagMan probei® % @& H L 7.

b

2. Versican isoform®mRNAFSE O LG i% £

Modular proteoglycan T & 5 versicanid, & 7 )b 1 B
#4981 (Hyaluronate Binding Region ; HABR), GAG#H
PREHEET S0 N A1 Y (GAG-a), BN X4 ~ (GAG-
B), BLULEBERTH N XA >~ (EGF-like domain),
L7 F Uk FAA >~ (lectin-like domain), #ifFHE S >
X7 B Kk N A4 (Complement regulatory protein-like
domain) % & €rC-terminal7* 5 5 & L5 (Zimmermann
and Ruoslahti, 1989). 3 F&EYEMREFT» 5,
I¥, RNA splicinglZ & % 4 2 DisoformHFIET 5 2 &S
BHoricash, aBXUBFAL ¥ % E&D versican VO, o
FAALYORIMLZ VI, BRAA VHBRIILA V2, B
UM XA »RINL 7 V3 2SF1E$ A (Shinomura et
al., 1993; Zimmermann et al., 1994; Ito et al., 1995; Zako et
al., 1995; Sztrolovics et al., 2002).
I, MBIL--TELLEATHET S, 7282
W, WMAEEEASMETIE Vo A, BHEETIE V2
(Schmalfeldt et al., 1998) 7°% < fF7ET 5. AHFFEDHER
76, FHEEEIFIAR O E 2% versican isoformid, SEEREAMH]
XBLT VLI THold, TOILiE, FEREBMRE
IARMESEMAA D SRR S N B Z & (Mills et al., 1988) |2
LH5bDEEZLNS.

versican {2

Z Dversican isoform

3. VersicanDFARET R BT 5 BIZFRBROZEAL

KIFFETOQPCRDFER A 5, versican mRNAZEIH A
EthR2HEEE— 2 & LTIEWICEVRD LT, &
OFERIE, MO ESHBETH 2 EHKE, B, K
B, HEBIR, FIZBIT BT TDisoform % & ¥ 7= total
versican®mRNAZEIRIZBI 3 % #4E (Melching et al., 1997,
Hart et al., 1998; Carrino et al., 2000; Melrose et al. 2001;
Grzesik et al. 2002) & —F L T 7z,

—7, RIEDWIFEIZL S L, versican DL EIZLE D 38
HdversicanDisoformiZ L > TRL B I L AFEINT
VWA (Milev et al., 1998). Versican®o N X £ ¥ LB N X A
KT B 2 O DHUEE A 7 B ALE IR (Milev et
al., 1998) 12 & % &, versican®P N A 1 ~ % & {risoform
THHVOBLUVIE, HERZEY-2Z L, 28T

(36)

ERF M RERT v b OFEBETHARIC BT S versican isoform mRNADFH

TIBEIRD, TOBBLIIPLERCLLED, £58
MT—Ftho/bLTWAE,. T/, aF XA 2&0
VOB X UV2TIE, HAEDOKSHAZE—27 & L 285
FTHhITDPIEL, £ORMI6HER T THRAIZHEML,
FOHITI—EL B o7,

AT O KisoformDEHOE G2 HTHD L, 2
A TIIVOA24.5%, VIH552%, V27h° 7.4%, V3
129%TH B DI L, 24:BETIEVOD 9.8%, VIH
50.3%, V2753.5%, V3759.4%TH 1Y), V2O LEIINE
R EEIE A % 7R L, AR L 7-Milev & O #RE & F1
L7-f@Em &R L7,

4. FABJHEIMEL & versican

B RO EHRIC BV TS AE (Internal De-
rangement; L.D.) &, [BAEIERRBIZATES 2 BAMMERIZ L o
THBSOME 2 ESAHE S NRKE] EERSNTW
5. FHEEHNEORRK L LT, FMROEM, B35, B
THD L VRREERB L EVH LD, ROVEEOFV
FRIZMHR DL TdH 5 (Scapino, 1983). T F, FHBIHEN
NI % & CTRMEEE D EE O L £ D& ELEM A
HESERTORELEEL Z-oTETEY, 2OERED
FEASRKRO LN T WA, BIEWFOBEBIZE VTS, 58
MEED—D2 T 5 THEDRITHENLIIL > T, BEE
DEEOTEZEIE, »5WVIEFEGHEI&RI T
&AL E N TV B 9% (Schellhas et al., 1993), FEREEIA
BEDFIEIZET HDEML AN = AL ITHTH 5.

WEE, FHEENBED L ZBUHEETHE, RELEE
V) 2OORFMIZBITAMENT ¥ ADHFEIL & -
TERTHEVIZINREINTETE), BEER
ELT, T 77 rrvay, BEHNIME, KERESE
EREF L L THBS N TWwAH (Osbon, 1985;
Stegenga et al., 1991). —7, WEER & LT, HKEER
& B \VIT B O T IC & A BHBET A ONESSL, 5
LOBLHBD AN ZH NV L AT BEFEOET
HSHEHE S LTV B 4% (Osborn, 1985), & O fIET 5 3%
PRI RO TZ L\,

#E G M ORI E O EEFMEIL, collagen % pro-
teoglycan & Vo 72N EE OMBIZ L o TR E - TH
Y (Jurvelin, 1988; Danielson et al., 1997; Tanaka et al,
2003), MM DOEEHZEAL 24k ) sARET A E O RFRE I
&, MBENEEOMBDEIPRELEELTWEZ L
WEZLND.

Versican® HREIZ RS L T3, MR 12 35> Tamino-
terminal (G1) F XA ¥ & OREEIC L 5 IEEEM (Ang et
al., 1999; Yang et al., 1999) BL FG3I N A A V2 X 5%
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EERAE (Wu et al. 2002), 7z, MIHETEIEE (Zhang
et al., 1998, 1999), #ifZ# B (Henderson et al., 1997;

Camenisch et al., 2000), G1 N X £ > & hyaluronan D # &
12L& AHBsL e b v 2 AOFEEE (Wight et al,, 1991) %
EDOEPZFERRENRE SN TS, 3612, R
HENDOBEM & L Cfibulin-1, fibulin-2 & 4 A /£ F
(Aspberg et al., 1999; Olin et al., 2001), fburilin & & {E
2002), BRHFRIZHEET 5ECMODre-
1998), 7 & DHERE
HETHI L LHE SN TS (Wight, 2002).

Versican 0)#3%‘,"‘0)()‘2:9k LG, fhofifgst~ry v
JAEHETHI LI , MRANEEOMEL JUHE
%%!z’\@ﬁ&mﬂ’ﬁ%‘lﬁﬁ@ﬁ%ﬁf% % . VersicanidtenascinB &
Pe7ia yEEE#ESTSH T & (LeBaron et al.,, 1992) 7%
HMoNTWwaE, EEHAEORRNO—2 LT, €7V
O AR X B RIETEE A T L OBGEATER S
N Tv % (Nitzan and Etsion, 2002). = DIRFHIZ & 1id,
BB 2B EH T Cide 7 v VERE B
PREVSHEIE S, BETTE CoOBEBIKAEmL, MRAE
BB OREARLHRDOMENLEN, %0 b HEEEEIPIRE
FRlERITELTA

7 RS O EERAER E T A4 ¥ U 4
T URRKE, LU= HE, B X ORISR & DM
BIRIFEN S, versican & DAY FRIEEEMEAERH ST
W5, BEMERMERIL, elastin& microfibril A & HERL & M,
BT Delastinl LM i 72 & O 0 E L oME% & O
RIZBWTECFRL, MBICHEEEF5 355 82
ETHhb. 72,

A (Isogai et al.,

modeling (Westergren-Thorsson et al.,

{& microfibril-associated
glycoprotein (MAGP) (Kumaratilake et al., 1994), B &
Utfibrillin-1 (Sakai et al., 1986) 23 & T4, N5 I35 M
BAERIZB T B versicanDligandfEH & L THEZ HNT
V1% (Zimmermann et al., 1994), TEPEMEHERIT ¢ - FHE
HARERRICDFEET A2 LN T VB, §FI,
FMRRBEEEBICBOYTRIBFEI BV LEINTVD
(REF, 1989). FABMEOEIS, 5\ IIMOEEB D
B, FARIEZFEBEIC[FIRA L “Cﬁﬁﬁb: AL, MREANE
ERICIEAED R L OfffE - ?ETELEJJ#UMO% 5L, HR
DEERFEASET 31, P?’F)ibi?gu‘l‘ét._, & B VIdIEE
MHEOENZRT LR, HEHAEZ RIS
AEEENE Z 51D, Versican & AR DBEMBYEE & D
FIERICEA L C, BYIR TIXVO isoform D i A5 M BE D%k
W LR ET S8, BROEAEZERT LFN
s SN TV % (Theocharis et al., 2001). F 7z, V3 iso-
form % @ F| S I & £ 5 & elastin-binding protein D 5 IR B
L OO BERIMEE S NS Z EFREEN TS

microfibril 12

(37)

37

(Hinek et al., 2004). L7z%5o T, FIRICHIT 55 MR
HERB & Uversican DB RE IS, FHEABNBEORIED X 7
ZALICHES LT WS H S, 4kid, MR
F5F, B LU EE % proteoglycan T & 5 decorin,

biglycan, fibromodulin, limican, chondroadherin, aggre-
perlecan’z &% #fE L LT, F v MEEM
EHIAM O ER, Bld 5 WVIZFABE DN FHRED
ANBWEER EIZ LB BBIIOWTRI LTV X, Y

=

can, syndecan,

EHREDRIED A DAL AL TWELWEEZ T
w5,
i B
F v MEEET YA 3BT A versican isoform @D mRNAZE
ﬁ@,&ﬁtﬁwme%’&ﬁ%%#k&ot oh
12, Ty FOREICHE D SRR ORI L B R

@ﬁi%%ﬁ%@@%ﬁ#@ﬁbfwé%@t%x%h
5.

X 3

Ang LC, Zhang Y, Cao L, Yang BL, Young B, Kiani C, Lee V, Allan
K and Yang BB : Versican enhances locomotion of astrocytoma
cells and reduces cell adhesion through its Gldomain. J Neuropa-
thol Exp Neurol 58 : 597-605, 1999.

Aspberg A, Adam S, Kostka G, Timpl R and Heihegord D : Fibulin-1
is a ligand for the C—type lectin domains of aggrecan and versican.
J Biol Chem 274 : 20444-20449, 1999.

Bell WH(I990)N0rma] craniomandibular structuré. In ”Temporoman-

, ed.by

18-

dibular Disorders : Classification, Diagnosis, Mari'agement”
W.E. Bell, Year Book Medical Publishers, London, Chicago :
37, 1999,

Camenisch TD, Spicer AP, Brehm-Gibson T, Biesterfeldt J,
Augustine ML, Calabro A, Jr., Kubalak S, Klewer SE and McDon-
ald JA : Disruption of hyaluronan synthase—2abrogates normal’ car-
diac morphogenesis and hyaluronan — mediated transformation of
epithelium to mesenchyme. J Clin Invest 106 : 349-360, 2000.

Carrino DA, Sorrell JM and Caplan Al : Age—related changes in the
proteoglycans of human skin. Arch Biochem Biophys 373 : 91-101,

2000. -

Danielson KG, Baribault H, Holmes DF, Graham H, Kadler KE and
lozzo RV : Targeted disruption of decorin leads, to abnormal colla-
gen fibril morphology and- skin fragmty J Cell Biol 136 : 729-743,
1997

De Bont LG, Blankestijn J, van der Kuijl B and Boering G : The role
of the articular disk in temporomandibular joint disorders. Ned
Tijdschr Tandheelkd 93 : 345-350, 1986.

Fujita S, Hoshino K : Histochemical and immunohistochemical studies
on the articular disk of the temporomandibular joint in rats. Acta
Anat 134 : 26-30, 1989.

Gage JP, Virdi AS, Triffitt JT, Howlett CR and Francis MJ : Presence

of type III collagen in disc attachments of human temporomandibu-



38

lar joint. Arch Oral Biol 35 : 283-288, 1990.

Grzesik WI, Frazier CR, Shapiro JR, Sponseller PD, Robey PG and
Fedarko NS : Age-related changes in human bone proteoglycan
structure. Impact of osteogenesis imperfecta. J Biol Chem 277 :
43638-43647, 2002.

Hart DA, Sciore P, Boykiw R and Reno C : Pregnancy induces com-
plex changes in the the pattern of mRNA expression in knee liga-
ments of the adolescent rabbit. Matrix Biol 17 : 21-34, 1998.

Helen M. : The development of teeth in the albino rats. Brit Dent J76 :
76-86, 1939.

Henderson DJ, Ybot—Gonzalez P and Copp AJ : Over—expression of
the chondroitin sulphate proteoglycan versican is associated with
defective neural crest migration in the Pax3mutant mouse(splotch).
Mech Dev 69 : 39-51, 1997.

Hinek A, Braun KR, Liu K, Wang Y and Wight TN : Retrovirally me-
diated overexpression of versican v3reverses impaired elastogenesis
and heightened proliferation exhibited by fibroblasts from Costello
syndrome and Hurler disease patients. Am J Pathol 164 : 119-131,
2004.

Iozzo RV, Murdoch AD : Proteoglycans of the extracellular environ-
ment : clues from the gene and protein side offer novel perspectives
in molecular diversity and function. Faseb J 10 : 598-614, 1996.

Isogai Z, Aspberg A, Keene DR, Ono RN, Reinhardt DP and Sakai
LY : Versican interacts with fibrillin—1and links extracellular mi-
crofibrils to other connective tissue networks. J Biol Chem 277 :
4565-4572, 2002.

Ito K, Shinomura T, Zako M, Ujita M and Kimata K : Multiple forms
of mouse PG-M, a large chondroitin sulfate proteoglycan generated
by alternative splicing. J Biol Chem 270 : 958-965, 1995.

Jurvelin J, Saamanen AM, Afokoski J, Helminen HJ, Kiviranta I and
Tammi M : Biomechanical properties of the canine knee articular
cartilage as related to matrix proteoglycans and collagen. Eng Med
17 : 157-162, 1988.

REFILE] : IR EMESHEBICB T 52 ZBHMOBFHRET. F28M
R SR O B & ORI & OBtk HEERIRE 1:43
~54, 1989.

Kopp S : Topographical distribution of sulphated glycosaminoglycans
in human temporomandibular joint disks. A histochemical study of
an autopsy material. J Oral Pathol 5 : 265-276, 1976.

Kreuzer KA, Bohn A, Lass U, Peters UR and Schmidt CA : Influence
of DNA polymerases on quantitative PCR results using TagMan
probe format in the LightCycler instrument. Mol Cell Probes 14 :
57-60, 2000.

BEARIEDE : SHEIEEB AW & o OISO B ICE
BEMHERINZ. MILEEE 9 179-195, 1990.

Kumaratilake JS, Gibson MA, Fanning JC and Cleary EG : The tissue
distribution of microfibrils reacting with a monospecific antibody to
MAGP, the major glycoprotein antigen of elastin—associated mi-
crofibrils. Eur J Cell Biol 50: 117-127, 1989.

Kuwabara M, Takuma T, Scott PG, Dodd CM and Mizoguchi I : Bio-
chemical and immunohistochemical studies of the protein expres-
sion and localization of decorin and biglycan in the temporomandi-
bular joint disc of growing rats. Arch Oral Biol 47 : 473-480, 2002.

Landesberg R, Takeuchi E and Puzas JE : Cellular, biochemical and

Naoko TORIYA et al. , mRNA expression for versican isoforms in temporomandibular joint discs of growing rats.

molecular characterization of the bovine temporomandibular joint
disc. Arch Oral Biol 41 : 761-767, 1996.

Landolt RM, Vaughan L, Winterhalter KH and Zimmermann DR :
Versican is selectively expressed in embryonic tissues that act as
barriers to neural crest cell migration and axon outgrowth. Develop-
ment. 121 : 2303-12,1 995.

LeBaron RG, Zimmermann DR and Ruoslahti E : Hyaluronate binding
properties of versican. J Biol Chem267 : 10003—-10010,1992.

Mao JJ, Rahemtulla F and Scott PG : Proteoglycan expression in the
rat temporomandibular joint in response to unilateral bite raise. J
Dent Res 77 : 1520-1528, 1998.

Melching LI, Cs-Szabo G and Roughley PJ : Analysis of proteoglycan
messages in human articular cartilage by a competitive PCR tech-
nique. Matrix Biol 16: 1-11, 1997.

Milam SB, Klebe RJ, Triplett RG and Herbert D : Characterization of
the extracellular matrix of the primate temporomandibular joint. J
Oral Maxillofac Surg 49 : 381391, 1991.

Milev P, Maurel P, Chiba A, Mevissen M, Popp S, Yamaguchi Y,
Margolis RK and Margolis RU : Differential regulation of expres-
sion of hyaluronan—binding proteoglycans in developing brain : ag-
grecan, versican, neurocan, and brevican. Biochem Biophys Res
Commun247 : 207-212, 1998.

Mills DK, Daniel JC and Scapino R : Histological features and in-vi-
tro proteoglycan synthesis in the rabbit craniomandibular joint disc.
Arch Oral Biol 33 : 195-202, 1988.

Mizoguchi I, Scott PG, Dodd CM, Rahemtulla F, Sasano Y,
Kuwabara M, Satoh S, Saitoh S, Hatakeyama Y, Kagayama M and
Mitani H : An immunohistochemical study of the localization of
biglycan, decorin and large chondroitin—sulphate proteoglycan in

adult rat temporomandibular joint disc. Arch Oral Biol 43 : 889—

898, 1998.

Nakano T, Imai S, Koga T, Dodd CM, and Scott PG : Monoclonal an-
tibodies to the large chondroitin sulphate proteoglycan from bovine
temporomandibular joint disc. Matrix 13 : 243-254, 1993.

Nakano T, Scott PG : Changes in the chemical composition of the bo-
vine temporomandibular joint disc with age. Arch Oral Biol41l : 845
-853, 1996.

Nakano T, Scott PG : A quantitative chemical study of glycosamino-
glycans in the articular disc of the bovine temporomandibular joint.
Arch Oral Biol 34 : 749-757, 1989.

Nitzan DW, Etsion I: Adhesive force : the underlying cause of the
disc anchorage to the fossa and/or eminence in the temporomandi=
bular joint-—a new concept. Int J Oral Maxillofac Surg 31 : 94-99,
2002.

Olin Al, Morgelin M, Sasaki T, Timpl R, Heinegard D and Aspberg
A : The proteoglycans aggrecan and Versican form networks with
fibulin—-2through their lectin domain binding. J Biol Chem 276 :
1253-1261, 2001.

Osborn JW : The disc of the human temporomandibular joint : design,
function and failure. J Oral Rehabil 12 : 279-293, 1985.

Sakai LY, Keene DR and Engvall E : Fibrillin, a new350-kD gly-
coprotein, is a component of extracellular microfibrils. J Cell Biol
103 : 2499-2509, 1986.

Scapino RP : Histopathology associated with malposition of the hu-



tiEEFRRERESR 240)FRITE

man temporomandibular joint disc. Oral Surg Oral Med Oral Pathol
55 : 382-397, 1983. ‘

Schellhas KP, Pollei SR and Wilkes CH : Pediatric internal derange-
ments of the temporomandibular joint : effect on facial develop-
ment. Am J Onhod Dentofacial Orthop 104 : 51-59, 1993.

Schmalfeldt M, Dours—Zimmermann MT, Winterhalter KH and Zim-
mermann DR : Versican V2is a major extracellular matrix compo-
nent of the mature bovine brain. J Biol Chem. 273 : 15758-15764,

1998.

Scott PG, Dodd CM, Ghahary A, Shen YJ and Tredget EE : Fibro-
blasts from post—burn hypertrophic scar tissue synthesize less
decorin than normal dermal fibroblasts. Clin Sci 94 : 541-547,

1998.

Scott PG, Nakano T and Dodd CM : Small proteoglycans from differ-
ent regions of the fibrocartilaginous temporomandibular joint disc.
Biochim Biophys Actal 244 : 121-128, 1995.

Scott PG, Nakano T, Dodd CM, Pringle GA and Kuc IM : Proteogly-
cans of the articular disc of the bovine temporomandibular joint. II.
Low molecular weight dermatan sulphate proteoglycan. Matrix 9 :
284-292, 1989.

Shinomura T, Nishida Y, Ito K and Kimata K : cDNA cloning of PG—
M, a large chondroitin sulfate proteoglycan expressed during chon-
drogenesis in chick limb buds. Alternative spliced multiforms of PG
—M and their relationships to versican. J Biol Chem 268 : 14461-
14469, 1993.

Sindelar BJ, Evanko SO, Alonza T, Herring SW and Wight T : Effects
of intraoral splint wear on proteoglycans in the temporomandibular
joint disc. Arch Biochem Biophys 379 : 64-70, 2000.

Stegenga B, de Bont LG, Boering G and van Willigen JD : Tissue re-
sponses to degenerative changes in the temporomandibular joint : a
review. J Oral Maxillofac Surg 49 : 1079-1088, 1991.

Sztrolovics R, Grover J, Cs—Szabo G, Shi SL, Zhang Y, Mort JS and
Roughley PJ : The characterization of versican and its message in
human articular cartilage and intervertebral disc. J Orthop Res 20 :
257-266, 2002.

Tanaka E, Tanne K and Sakuda M : A three—dimensional finite ele-
ment model of the mandible including the TMJ and its application
to stress analysis in the TMJ during clenching. Med Eng Phys 16 :
316-322, 1994.

Tanaka E, Aoyama J, Tanaka M, Van Eijden T, Sugiyama M, Ha-
naoka K, Watanabe M and Tanne K : The proteoglycan contents of
the temporomandibular joint disc influence its dynamic viscoelastic
properties. ] Biomed Mater Res 65 : 386-392, 2003,

Tor-iyjq N, Takuma T, Arakawa T, Abiko T, Sasano Y, Takahashi I,
Sakakura Y, Rahemtulla F and Mizoguchi I . Expression and lo-
calization of versican during postnatal development-of rat
temporomandibular joint disc. Histochem Cell Biol, in press,
2005

Westergren — Thorsson G, Norman M, Bjornsson S, Endresen U,
Stjernholm Y, Ekman G and Malmstrom A : Differential expres-

sions of mRNA for proteoglycans, collagens and transforming

(39)

39

growth factor—beta in the human cervix during pregnancy and invo-
lution. Biochim Biophys Actal 406 : 203-213, 1998.

Wight TN, Heinegard D and Hascall V : Proteoglycans : structure and
function. In Cell Biology of Extracellular Matrix. Edited by Hay E.
Plenum Press, New York.,USA, pp 39-50, 1991.

Wight TN : Versican : a versatile extracellular matrix proteoglycan in
cell biology. Curr Opin Cell Biol 14 : 617-623, 2002.

Wittwer C : Rapid cycle real-time PCR : Methods and applications.
In : Meuer S, Wittwer C, Nakagawara K(eds)Rapid cycle real—time
PCR : Methods and applications. Springer, Berlin, Heidelberg, New
York : 1-8, 2001.

Wu Y, Chen L, Zheng PS and Yang BB : betal-Integrin—mediated
glioma cell adhesion and free radical-induced apoptosis are regu-
lated by binding to a C—terminal domain of PG—M/versican. J Biol
Chem 277 : 12294-12301, 2002.

Yamagata M, Suzuki S, Akiyama SK, Yamada KM and Kimata K :
Regulation of cell-substrate adhesion by proteoglycans immobilized
on extracellular substrates. J Biol Chem. 64 : 8012-8018, 1989.

Yamagata M, Saga S, Kato M, Bernfield M énd Kimata K : Selective
distributions of proteoglycans and their ligands in pericellular ma-
trix of cultured fibroblasts. Implications for their roles in cell-sub-
stratum adhesion. J Cell Sci 106 : 55-65, 1993.

Yamagata M, Kimata K : Repression of a malignant cell-substratum
adhesion phenotype by inhibiting the production of the anti—adhe-
sive proteoglycan, PG—-M/versican. J Cell Sci. 107 : 2581-2590,

1994.

Yang BL, Zhang Y, Cao L and Yang BB : Cell adhesion and prolif-
eration mediated through the Gldomain of versican. J Cell Biochem
72 :210-220, 1999.

Yin JL, Shackel NA, Zekry A, McGuinness PH, Richards C, Putten
KV, McCaughan GW, Eris JM and Bishop GA : Real-time reverse
transcriptase—polymerase chain reaction(RT-PCR)for measurement
of cytokine and growth factor mRNA expression with fluorogenic
probes or SYBR Green I. Immunol Cell Biol 79 : 213-221, 2001.

Zako M, Shinomura T, Ujita M, Ito K and Kimata K : Expression of
PG-M(V3),an alternatively spliced form of PG-M without a chon-
droitin sulfate attachment in region in mouse and human tissues. J
Biol Chem 270 : 3914-3918, 1995.

Zhang Y, Cao L, Kiani C, Yang BL, Hu W and Yang BB : Promotion
of chondrocyte proliferation by versican mediated by Gldomain and
EGF-like motifs. J Cell Biochem 73 : 445-457, 1999.

Zhang Y, Cao L, Yang BL and Yang BB : The G3do_rﬁain of versican
enhances cell proliferation via epidermial growth factor—like motifs.
J Biol Chem 273 : 21342-21351, 1998.

Zimmermann DR, Dours—Zimmermann MT, Schubert M and Bruck-
ner Tuderman L : Versican is expressed in the proliferating zone in
the epidermis and in association with the elastic network of the der-
mis. J Cell Biol 124 : 817=825, 1994.

Zimmermann DR, Ruoslahti E : Multiple domains of the large fibro-
blast proteoglycan, versican. EMBO J 8 : 2975=2981, 1989.



