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ABSTRAC T

The first part of our studies is focused on gi皿gival overgrow瓜・ Gingival

OVergrowth is characterized by excess extracellular matrix (ECM) accumulation. TGF-β 1

regulation of comective tissue grow血factor (CTGF) was assessed for血e first time in

human gingival ce11s and tissues. CTGF protein is strongly induced by TGF-β1 in hum紬

gingival fibroblasts. Exogenous addition of CTGF to gingival fibroblasts stimulates

PrOduction of lysyl oxidase enzyme activity up to l.5-fold after 48 hours, and 50 ng血I

CTGF stimulated insoluble collagen accunulation by only l.5 to 2.O fold after 4 to18

days of treatment. Thus, although CTGF itself contributes to increased insoluble

COllagenous extracellular matrix accumulation) CTGF does not mediate more potent

e飾ects of TGF-β1. Gingival overgrow血samples obtained from patients undergoing

therapy with phenytoin, nifedipine, and cyclosporin A and control tissues from

Systemically healthy donors were su切ected to irmunohistoohemistry by staining wi血

CTGF, and TGF-β1細面bodies. The resu鵬indicate for the first time increased levels of

CTGF protein in overgrown gingival tissues, Particularly in phenytoin induced gingival

OVergroWth.

The second part of our studies is focused on the Bnや」-related genes. The Bnやl

gene encodes bone morphogenetic protein l (BMP-1) and mammali紬Tolloid-1ike

(mTLD), both of which have procollagen C-Proteinase activity. Two BMP-1血TLD-

related protease genes named mammalian Tolloid細1ike l and 2 (H/1 and 77J2) have

recently been described. The present study detemines and compares the abilities of

recombinant BMP-l , mTLD, mTLL-1, and mTLL-2 to process a recombinant pro-1ysyl

OXidase fusion protein jn vitro・ Results suggest that recombinant BMP-l, mTLD, and

悶



mTLL-1 productively cleave pro-1ysyl oxidase at the correct physioIogical site in vifro,

and that BMP-1 itself appears to be the most e餌cient lysyl oxidase processmg aCtivity

While mTLL-2 was shown to process pro-1ysyl oxidase sIowly in vi加o. These studies

SuggeSt that pro車1ysyl oxidase processmg may depend principally on the presence of

B型〆gene products, and that mTLL-1, and mTLL-2 may contribute to pro-1ysyl oxidase

PrOCeSSmg.
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INTRODUCTION

Gingival overgrowth is characterized by an accumulation of excess gingival tissue due to

an increase in extrace宣lular matrix and cel宣ular elements wi血out excessive periodontal bone loss.

This can result from a variety of inflammatory and/or fibrotic conditions that may be influenced

by homonal, nutritional, and other systemic factors (Carranza 1996). The hereditary condition

known as familial宜bromatosis characterized by gingival overgrowth has also been ident脆ed

(Hassell and He餅, 1991; Tipton et al・, 1997). The most common foms of gingival overgrowth

OCCur aS Side e能加S Of血erapy with certain antihypertensive calcium chamel blockers, the

immunosuppressive drug cyclosporin A, and the anti置Seizure drug phenytoin (Hassell and He触,

1991). Recently, increased levels of several cytokines have been found in drug-induced gingival

OVergroW血tissues. Thus, bFGF, TGF一β, IL-6, PDGF, and IL-1α are a11 elevated in human

gingival overgrowth tissues in vivo (Dill et al., 1993; Iacopino et al., 1997; Plemons et al., 1996;

Saito et al・, 1996; Willianson et al・, 1994). The activity, meChanisms and mediating factors that

Stimulate production of different components of血e extracellular matrix initiated by these

CytOkines in gingival fibroblasts is only partially understood, but seem likely to play important

roles in all foms of gingival overgrow血・ Interestingly’eVidence for a contributing role of

increased antocrine TGF一β mediated stimulation of extrace11ular matrix production by human

gingival丘broblasts in familial gingival fibromatosis has been reported (Tipton and Dabbous,

1998).

TGF一β1 is a fibrogenic factor that stimulates extracellular matrix accumulation in

di飾erent tissues. For example, TGF-β1 is known to stimuIate collagen production and mature

insoluble collagen accumulation by範broblasts, OSteOblasts and keratinocytes (Centrella et al.,

1 992; Meisler et al・, 1 997)・ Extrace11ular enzymes that post-tranSlationa11y modify procollagen in



the fomation of a mature insoluble collagenous extracellular matrix have been shown to be岬-

regulated in fibroblasts and osteoblasts by TGF-β 1. For example, PrOCO11agen C-Proteinase qee

et al・, 1997), and the ex億acellular enzyme lysyl oxidase (Boak et al., 1994; Feres-Filho et al.,

1995; Shanley et al・, 1997) are up-regulated by TGF葛β1 in a variety of fibrogenic cell types.

Lysyl oxidase catalyzes the final known enzymatic st印required for cross-1inking and

insolubilization of collagen and elastin precursors in the fomation of a mature and functional

extrace11ular matrix (Kagan, 1986; Kagan and Trackman, 1991). It has been suggested that lysyl

OXidase may be a key regulatory enzyme in controlling extracellular matrix accunulation, aS a

CrOSS-1inked matrix is less susceptible to proteolysis (Kagan, 1 986).

Among the genes stimulated by TGF-β1 is comective tissue growth factor (CTGF)

agarashi et al・, 1993; Oemar and Luscher, 1997). CTGF is strongly induced by TGF一β in skin

and kidney fibrogenic cells, and has been found at elevated levels in several di飾erent

hype町lastic or fibrotic tissues including skin,紬d aort観qrazier et al., 1996; Igarashi et al.,

1996; Igarashi et al・, 1995; Oemar et al・, 1997). CTGF production is also increased by

dexamethasone in murine fibroblasts, and decreased by TNF一α (Dammeier et al., 1998).

Interestingly, CTGF production is not stimulated by TGF一β1 in large vessel endothelial cells

indicating that CTGF is not universally stimulated by TGF-β,s in all ce11 types. Some of the

bioIogical e飾ects of TGF-β, including stimulation of extracellular matrix accumulation, may be

mediated by CTGF (Frazier et al・, 1996). The CTGF protein is a 42 kDa cysteine-rich

glycoprotein and has conserved structural moti鰹including a von Willebrand factor-1ike r印eat

domain, and a血rombospondin-1ike repeat domain・ These features suggest that in addition to

Stimulating cells by receptor mediated events (Nishida et al., 1998), CTGF may also interact

With o血er structural components of the extracellular matrix, and exert bioIogical e飾ects (Oemar
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and Luscher, 1997). In addition to its e飾ects on extracellular matrix production, CTGF is

mitogenic, and has recently shown to promote angiogenesis in vivo (Babic et al., 1999;

Nckanishi et al・, 1999). The hypothesis of血e present work is that CTGF may be expressed at

elevated levels in hypeaplastic glnglVa and may contribute to developmeut of gingival

OVergroWth and excess extracellular matrix accumulation.

Lysyl oxidase catalyzes瓜e oxidative deamination of peptidyl-1ysine in elastin

PreCurSOrS, and lysine and hydroxylysine residues in collagen, tO fom peptidyl-α置aminoadipic-

6-Semialdehyde and paptidyl-8-hydroxy一α-aminoadipic-8-Semialdehyde residues, reapeCtively.

These aldehydes then undergo non細enZymatic reactions resulting in the cross-1iIlkages knoⅦ to

be critical in the fomation of mature insoluble elastin and collagens (Kagan, 1986; Kagan and

Trackman 1991). Lysyl oxidase is a copper-d印endent enzyme, and is spec綿cally inhibited by

β-aminopropionitrile (BAPN). Comective tissue abnomalities knoⅧ aS lathyrism resulting

from in vfro i血ibition of lysyl oxidase activity by either BAPN-feeding or feeding animals a

COPPer deficient diet have been described qlucker et aら1975). Abnomalities include

malfomed and weak bones, aS We霊1 as increased development of hemias (Bedell-Hogan et al.,

1997). Lysyl oxidase is syn血esized as a 50 kDa glycoprotein and is processed extrace皿arly to

Produce血e 30 kDa molecular fom knoⅧ tO be active (Trackman et al・, 1992)・ The sequence of

the proteolytic processing site in pro-1ysyl oxidase resembles that of the fibri皿proco11agen C-

teminal proi)印tide processmg sites cleaved by proco11agen C葛PrOteinase. Moreover,

PreParations of highly purified procollagen C-PrOteinase activity have been shown to process

PrO-1ysyl oxidase at the correct physioIogical site, and procollagen C-PrOteinase has been

implicated as血e principa=ysyl oxidase processing activity in鮎trogenic cell cultures

(Panchenko et aら1 996). In mammals, PrOCOllagen C-PrOteinase activity is provided by products

3



Of the Bnapl gene (Kessler et al・, 1996; Scott et aら1999), Which encodes altematively spliced

mRNA’s for bone moaphogenetic protein l (BMP- 1 ) and maImalian Tolloid (mTLD) (Tckahara

et aら1994). The mTLD protein product contains a longer C-teminus血an BMP-1, reSulting in a

domain structure identical to that of the Dros`やh脇protein To11oid・ Domains in BMP-1, mTLD,

and Dmsaph紡Tolloid include the astacin-1ike protease domain, and EGF-1ike domains and

CUB domains that may mediate binding to other extrace11ular proteins (Prockop et aら1998;

Hulmes et al・, 1997). Dros`phila Tolloid plays an important role in pattem fomation during

embryogenesis by cleaving血e secreted protein Short Gastmlation (SOG), Which foms latent

COmPlexes with the transfoming growth factor β一related protein Decapentaplegic (DPP)

哩arques et aら1999)・ BMP-1 may play a similar role in maImalian embryogenetic patteming,

Since it cleaves the SOG vertebrate homoIogue chordin, Which binds and inactivates血e DPP

Vertebrate homoIogues BMP-2偲MP-4 (Scott et aら1999; Mullins, 1998). A皿ough mammalian

BMP-1 and mTLD both are procollagen CiITOteinases, Only BMP-1 hydrolyzes chordin,

indicating that B〃や」 gene products have di飾ereut substrate apecificities and some di飾erent

biological functions (Scott et aら1 999).

The mammalian Bnや」 gene is a member of a multigene family and two genetically

distinct manmalian Tolloid-related proteases, mammalian Tolloid-1ike l and 2 (mTLL-1 and

mTLL-2)’have recently been cIoned and expressed (Scott et aら1999). Interestingly, despite

highly similar sequences狐d domain s血CtureS,血e substrate specificities of BMP-l, mTLD,

mTLL-1・ and mTLL-2 di飾er・ BMP-1, mTLD’and mTLL-1 a11 have readily detectable

PrOCOllagen Cずoteinase activity, Whereas mTLL-2 does not. BMP-1 and mTLL-1 readily

Cleave chordin,孤d mTLD and mTLL-2 do not (Scott et aら1999). It has yet to be detemined

Whether differences in specificity occur with other substrates, SuCh as lysyl oxidase.
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Mice homoaygous null for the B坊や」 gene have impaired ossi宜cation of calvaria,

hemiation of the gut, do not survive beyond birth, but have grossly nomal axial and

appendicular skeletons (Suziki et aら1996). h vitro,帥roblasts from B型タI null embryos

accumulate less insoluble collagen, and collagen fibrils are not nomal in appearance.

Procollagen processing is diminished and res皿s in accunulation of intemediates血at retain the

C暮PrOPePtide言n addition to Iow anounts of餌Iy processed tropocollagen (Suziki et al・, 1996).

These results indicate that in Bnやl null embryos and fibroblasts related proteases are able to

partially, but not fully, COmPenSate for the loss of the proco11agen C中TOteinase activity nomally

ProVided by BMP-1 and mTLD. Interestingly’the Bnやl null phenotype that includes gut

hemiation and skeletal abnomalities, Particularly calvaria maturation appears similar to

lathyrism (Selye, 1957). As noted above, 1athyrism is caused by a deficiency in lysyl oxidase

enzyme activity (Kagan, 1 986; Kagan and Trackman, 1 99 1).

The lysyl oxidase pro-enZyme PrOCeSSlng aCtivities of血e di飯井ent BMP-1輸related

Proteinases have not previously been measured’nOr has the m勧Or enZyme reSPOnSible for

ProCeSSmg Ofpro-1ysyl oxidase in vi事o been iden描ed. The present study compares the abilfty of

BMP-1, mTLD, mTLL-1, and mTLL-2 enzymes to process pro-1ysyl oxidase in l’itro・ ResuIts

indicate that mTLL章l, and mTLL-2 may co血ibute to lysyl oxidase processmg, but that lysyl

oxidase processmg may depend principally on BMP-1. We show that pro+ysyl oxidase is the

first known substrate for mTLL-2.
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LITERATURE REVIEW

Dru箪Induced Gin箪ivaI Overgrowth

Phenytoin Induced GingivaI Overgrowth

D則g-induced gingival overgrowth was first reported in 1939 and resulted from chronic

administration of血e anti-ePileptic agent’Phenytoin. According to this article血e inciden∞ Of

gingival overgrow血was　57% among patients undergoing therapy with phenytoin (Kimball

1939)・ Ever since there have been m紬y Studies publishedわout血e inciden∞ Of drug induced

gingival overgrowth, and phenytoin induced gingival overgrowth in particular has been

extensively docunented・ Phenytoin-induced gingival overgrow血was evaluated in a cross-

SeCtional’印idemioIogical study among　60 epileptic patients. Gingiva1 1esion severity was

Statistica11y compared with other clinical, laboratory’and histopathoIogical findings. Obvious

gingival overgrowth was observed in 50% of 60 patients. Even血ough positive correlations were

detected between overgrow血severity and oral deb正s, Calculus accumulation, Plaque score,

gingival inflammation’and probing depth, nO StrOng COrrelation was found between lesion

SeVerity and patient age, mOuth breathing, daily drug dose, Plasma phenytoin level, Or duration of

d調g intake @enarrocha-Diago et aら1990). The incidence of phenytoin-induced gingival

OVergrOW瓜anong epileptic patients and healthy patients was later eval明細d investigating

relationships wi血clinical parameters including plaque score, gingival index, and血e amount of

OVergrOWn gingiva.珊e conelation between plaque score and gingival overgrowih was high in

the patients taking phenytoin.皿e incidence of clinically very sign描cant gingival overgrow血

WaS around 13% (Thomason et aら1992).血ano血er study, 134 patients tcking phenytoin were

evaluated in a community based cross sectional study. The investigators used a grading system
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indicating the severity of gingival overgrowth (Angelapulos et aら1972). The overall frequency

Of phenytoin induced gingival overgrow血was around 40%. Among these patients, 68% showed

mild㍉md 32% showed moderate or severe gingival overgrow血・ The mean plaque index was

higher but not statistically significant in血e patients exhibiting drug-induced gingival

OVergrOW血　even血ough瓜e moderate to severe gingival overgrow瓜group had higher plaque

index scores th{m血e mild drug-induced gingival overgrowth (Casetta et aら1 997). Interestingly,

in an earlier study, a Plaque contro宣progran was applied for two years on 20 children tねking

Phenytoin, and no reduction of d珊g induced gingival overgrow血was accomplished (Dahlof and

Modeer, 1986). Taken together, Studies suggest that 40 to 50% of the patients taking phenytoin

Show drug-induced gingival overgrowth to varying degrees・ It is more likely that血e plaque

accumulation has a minor role in血is mechanism, and that phenytoin may trigger a bioIogical

CaSCade causmg gingival overgrowth. Since in general one of the main constituents of a丘brotic

extracellular matrix is collagen, it is important to understand whether血ere is evidence in血e

literature linking lnCreaSed collagen syn血esis and accumulation wi血drug induced gingival

OVergrOWth・ Experiments perfomed with fibroblasts generated血om the overgrown tissues from

epileptic patients taking phenytoin had twice the level of protein synthetic activity compared to

fibroblasts taken from rrm-ePileptic co血OI patients as we11 as宜om agematched epileptic

Patients taking phenytoin who did not have drug-induced gingival overgrowth. Ce11s from the

OVergrOⅥm tissue syn血esized collagen as 20% of total protein content. This amount was only

l l% for cells tcken from the co血01 patients (Hassell et al., 1976). The e能加S Of exogenously

added phenytoin on human gingival fibroblast co11agen syn血esis were also studied. Seventeen

healthy individua量s, VOlunteering for the study’Were Surgically excised tissue specimens from

the interdental papilla between the premolars・ The samples were immediately minced and
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Su助eCted to tissue culturing m Order to generate fibroblasts. Then the generated cells were

Cultured for 24 hours with control or medium containing 5 Hg血I of phenytoin・ After 24 hours,

the cells were s西ected to pulse labe宣ing with 3H-PrOline for 25 hours in order to evaluate

PrOtein狐d co11agen syn血etic activity and accumulation. Collagen synthesis was estimated by

the use of chromatographically pur抽ed bacterial collagenase・ Seven out of seventeen cu血res

increased co11agen syn血esis in response to phenytoin・ It is not easy to make conclusions based

On the results given, because even though certain ceH cu血res showed statistically sign綿cant

increased collagen syn血esis’SOme Others showed statistically diminished co宣lagen synthesis.

The suggestion of the au血ors about the cel1 1ine specificity may be reasonable, but still, there

Were nO data presented representing the mean values. Moreover, mOSt Of血e data have been

generated after one set of experiments’and have not been reprodu∞d by o血er group of

investigators (Hassell and Gilbert, 1983)' It is therefore unclear whether phenytoin directly

St血ulates gingival fibroblasts to produce more collagen, Or Whether indirect mechanism are

more important.

The microscapic evaluation of the biopsy specimens from patients taking phenytoin and

COmParison to血e controI specimens has great importance. Samples from 12 patients taking

Phenytoin with moderate to severe gingival overgrowth were fixed and sectioned and compared

With the samples from five age-matChed healthy individ脚ls and with samples taken from宜ve

age matched co血OI patients. Direct counting of範broblast nuclei and stereoIogical point-

COunting procedures were perfomed on the samples sectioned in 5叫m血ickness. The results

Show no di飾erence in between the groups in tems of hyperce11u量ar activity, aS it had been

Previously suggested and summarizedわove, Or COllagen per unit tissue (Hassell et aら1976).

Even though血e results show that collagen amounts may not be different between血e phenytoin
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group∴and control groups by microscopIC evaluation, nO teC血ique such as

irmunohistochemistry to apecifica11y identfty different types of collagen or other ECM

molecules was utilized・ Moreover the finding of similar nuclei counts per unit area may allow

血e conclusion that phenytoin induced gingival overgrowth is not hypeIPlasia, Sin∞ gingival

hypeaplasia is a condition describing血e gingival overgrowth by the increased nunber of cells

ra瓜er than瓜e increased anount of ECM components. These studies invalidated血e tem

“hype町lasia” to describe a phenytoin-induced gingival overgrowth (Hassel獲et al., 1978). In the

Sane COnteXt, the amounts of extracellular matrix components such as collagen, tyPe IⅡ and type

IV, VeSSels, fibroblasts, fibronectin’and elastic fibers were investigated in d珊g induced gingival

OVergrOW血caused by the usage of cycIoaporin, Phenytoin and nifedipine and compared wi血the

CO血Ol group. The study empIoyed histoIogical狐d irmunohistochemical狐alysis・血general,

histoIogic investigation showed similarities in gingival overgrowth induced by di鴨rent drugs.

When血e same samples were evaluated by usmg immmunohistochemistry methods,血e

fibroblasts were sign・ificautly di鮎nent in phenytoin groxp but not in the nifedipine and

CyCIoaporin groxps than it was in healthy gmglVa and chronic gingivitis, but the areas of

COllagen and fibronectin were signi範cantly greater in the nifedipine gro岬血an in the other

groups (Bomaure-Ma11et et aら1995).

Other e餓加s to describe the extracellular matrix (ECM) components in drug induced

gingival overgrowth have been made. Proteoglycans,狐d glycosaminoglycans were evaluated in

the papillae of the children taking phenytoin and control tissues obtained from age-matChed

hea皿y children. Biochemical extraction of the proteoglycans and glycosaninoglycans was done

and evaluated by gel electrophoresis and HPLC. The results showed血at nomal gingiva

COntained O.8% uronic acid per dry tissue weight where as phenytoin induced gingival
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OVergrOWth samples contained 2. 1%. Thus, this study supports that the composition of the ECM

is changed in phenytoin induced gingival overgrow血のchlof et al., 1986). The　宜bronectin

distribution in the healthy’inflamed and hypeaplastic human gmglVa WaS Studied. In the hea皿y

gingiva,触tronectin had a fibrillar structure in the lamina propria・ In the phenytoin induced

gingival overgrowih samples fibronectin showed para11el fibers in the in鱒amed specimens狐d

had thin fibers with variable length penetrating in the basement membrane. Hi如er length and

the parallel distribution of血e帥ronectin in the cycIoaporin A induced gingival overgrowth

SamPles showed that there was a di飾erence from the phenytoin induced DGO apecimens.

Moreover,触ronectin showed a cIoud-1ike micro帥rillar network in the nifedipine induced

gingival overgrow血・ All these observations have great importance in tems of distinguishing

drugs血at cause similar clinical a押eaImCe, b調POSSibly di能鵬nt kind of biochemical e能舶S

(Romanos et aら1992).

T血e EvaIuation of Phenytoin Induced Gingiva獲Overgrowth with Animal Studies

In addition to the studies that have focused on in l,細りexperiments, and血e apidemilogy

Of gingival overgrowth, a few s巾dies have investigated bioIogical mechanisms. One of血ese

Studies was done using ferr軸administrated phenytoin ( Hall et aら1991). The experimental

ProtOCOI consisted of 32 male ferrets being de-SCented狐d castrated and fed a soft diet four

Weeks before血e experiments. Then when血e ferrets were 14 wecks old　血e experimental

prooedure began. The study consisted of control’banded control, Phenytoin, and banded

Phenytoin groups. The ferrets in the banded groups, reCeived wire mesh bands attached to血e

maxiIlary tee血to cause plaque accunulation and to induce gingival inflammation・ Phenytoin
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groxps had 40 mg/kg phenytoin mixed into the紬imals daily food.皿s dosage results in a

Plasma concentration of phenytoin 16 Hg血l, whch is equiva重ent to the human clinicaI

therapeutic dose (10-20 Hgrfu). Biapsies were taken at one and five month time points.

HistoIogical quantitation was done by evaluating the area a匝ent cemeto-enamel junction

(C助川e most saperficial portion of the gingival crest, and血e area around free gingivaI

groOVe. The results showed hea皿y glnglVa in the control animals despite increased

inflammation in the banded groxp animals. HistoIogicaI appearance was consistent with healthy

Primates in control animals. There was some crestal epithelial proliferation軸e banded control

animals. The gingiva軸e phenytoin-fed animals showed bucco細Iingual enlargement compared

tO the control animals. An inflammatory reaponse was seen in the banded phenytoin grolxp.

MicroscopIC lnVeStigation revealed that collagen was more diapersed and irregular in the

Phenytoin-fed anima量s. The anount of collagen was increased at the free gingival grcove-CreSt

area in phenytoin administrated animals. Banding did not have any effects on the severity of血e

Phenytoin induced overgrowh Even though this study showed the strength of phenytoin in

inducing the gingival overgrowth, it also contradicts some findings claiming increased plaque

COntributing to血e etioIogy of drug induced gingival overgrowh According to the same study,

血e relative volume of interstitial material (ground substance) was signfficantly increased after

Phenytoin administration, deapite no changes in cell numbers. The authors claimed that the

ultrastru血e of fibroblasts was changed. These cells showed a decrease in the relative volume

Of phagosomes, eVen though the rough endoplasmic reticulum and Golgi zones, Which are the

Organelles related to biosynthesis in the ce]ls, Were not changed.脚l et a白982). Phenytoin

王nduced gingival overgrowh was also investigated by uslng a mongrel cat model in which time-

dapendent changes in developing phenyto王n-induced lesions were investigated by measuring the
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number of fibroblasts per unit of tissue in papi獲la biopsleS COllected over a 3-mOnth period.

Ei如teen cats between the ages of 9-24 mon血s were used in血ese experiments. The

experimental group received 4 mg/kg of phenytoin daily. The biopsies were collected at intervals

OVer 3 months・ Four out of eight cats administered phenytoin showed clinical gingival

OVergrOW血・ The number of fibroblasts per unit of tissue increased dram誼cally at 6 and 8 weeks.

However, later on, When the lesions matured,血e fibroblast-tO-matrix ratio retumed to initial

levels after血ee months・ Despite the interesting findings, the dosage of phenytoin adminis調ion

WaS relatively low, and the species used in two studies were d胴erent. It is therefore unclear

Whether phenytoin induced gingival lesions in this study represe血hypexplasia or overgrowih

(Hasse11 et al., 1982).

An ultrastructural study of rat hypeaplastic comective tissue revealed increased

myo帥roblasts compared to the co血OI samples. In this study, eight rats were坤yected daily with

lOO mg / kg ofphenytoin, and eight rats were used as controIs. No myofibroblasts were detected

in血e samples taken from control animals, Whereas numerous myofibroblasts were ident綿ed in

the phenytoin treated animals. In this article, the study was supported by several electron

micrographs but no quantitative analyses of the samples were presented. @ill and Iacopino,

1 997). Myo宜broblasts are known to produce high amounts of extracellular matrix, and contribute

to宜brosis (Gabbiani, 1994).
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Cytokine Invo量vement In Drug Induced GingivaI Overgrowth

Gingival overgrowth is caused by phenytoin, and also by cycIoaporin A and nifedipine.

Since di塙灘ent drugs may trigger di締着ent kinds of biochemical e能加S tO Various degrees, it

SeemS POSSible血at di能3rent levels of cytokines also play important roles in drug induced

gingival overgrow瓜. In血at context immunohistochemical analyses of TGF-β1 , TGF-β2紬d

TGF-β3, and bFGF, their rec印tors and heparan sulphate glycosaminoglycan was studied in

nifedipine- induced and phenytoin-induced gingival overgrown tissues, aS Well as in contro宣

tissue samples. Positive staining with antibodies against TGF-β1, bFGF,血e receptors of血ese

two growth factors and glycosaminoglycan were localized in the lamina propria of overgrown

gingival tissues. All of the samples were evaluated per unit area. In phenytoin induced gingival

OVergroW血samples, TGF-β1 was present in 8.4+3.7 cells, bFGF was present in 19.5+8.7 cells,

TGF-β1 receptor was present in 28.9+6.9, and the bFGF receptor was present in 23.3+6.5 cells.

In nifedipine induced gingival overgrowth sanples, TGF一β1 was present in 7.2+3.3 cells, bFGF

WaS PreSent 14.5十10.4 ce11s, TGF-β1 recaptor was present in 25.7+8.8 ce11s, and the bFGF

receptor was present in 23.3+6.5 cells. Less positive staining was observed in血e control

apecimens, TGF-β1 was present in O.5+0.8 cells, bFGF was present in 4.2+1.9 ce11s , TGF-β1

receptor was present in 7.9+3.2 cells㍉md bFGF rec印tor was present in 6.4十3.5 cells. Despite

the high error margin in some of the data, the increased anounts of TGF-β, bFGF, their

rec印tors’and glycosaminoglycan may be related to血e pathogenesis of d調g-induced gingival

OVergrOW血, aS Well as血e other components of ECM such as collagen (Saito et aJ, 1996). In

addition to the positive staining for TGF-β1 in drug-induced gingival overgrow血samples, it

WaS also detected at血e tips of the dermal papillae of血e overgrown gmglVa. It was shown in

Vitno血at the fibroblasts derived from overgrown gingival tissue are more reaponsive to TGF一β 1
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than normal gingival宜broblasts when cultured in type I collagen gel (James et aら1998).This

finding may be important with regard to a possible grow血factor stimulation of gingival

fibroblasts harvested from overgrown g宣nglVae, eventua11y causmg gingival overgrowth.

Production of PDGF-B and IL-1β in tissues sanples of the phenytoin treated patients

Showing gingival overgrow血was compared wi血controI patients wi血or wi血out gingival

inflammation. Quantitative competitive reverse transcription polymerase chain reaction (QC-

RTPCR) techniques were utilized to measure PDGF-B and IL-1 beta mRNA levels in

experimental groups. CycIoaporin A caused a dramatic increase in PDGF levels but did not cause

any changes in IL-1β levels. Patients treated with phenytoin with gingival overgrowth had a

Significant increase in PDGF-B mRNA compared to controIs. Patients w皿severe gingival

inflammation also showed a signi丘cant increase in PDGF-B mRNA. However, Phenytoin

induced PDGF-B al)Out Six times more than in patients having severe gingival inflammation

Wi血out phenytoin血erapy. The clinical samples were also investigated for macrophage

Phenotype by using immunohistochemistry me血ods. There was a sign脆c狐t increase in the

reparative佃roliferative macrophage phenotype in the hypeaplastic gingival tissue. It is血en

reasonable to claim that one cytokine is likely to be more expressed in the gingival overgrowth

CauSed by phenytoin (Iacopino et al., 1997). Considering血at PDGF-B may play an impo虹ant

role in the drug-induced gingival overgrowth, its gene expression was evaluated in tissue

SamPles紐om patients taking cycIoaporin A.血situ hybridization and irmunocytochemical

analysis showed signi宜cant upregulation of PDGF-B gene expression in tissues from the patients

taking cycIosporin A. Macrophages were shown to produce PDGF-B in these samples. It was

Suggested that cycIoaporin A induced gingival overgrowth was caused by enhanced macraphage

PDGF-B gene expression rather than an increase in the number of PDGF-B producing
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macrophages (Plemons et aら1996). In another human study, IL-1β and IL-6 1evels of the

Peripheral blood mononuclear cells in nomal, inflamed, and cycIosporin A induced gingival

OVergrOW血tissue samples were investigated. It was suggested that cycIosporin A regulated

expression ofcytokine such as ILlβ and IL-6 in gingival tissue (Myri宣las et al., 1999).

The androgen or its bioIogical萱y active metねolite 5 alpha- dihydrotestosterone (DHT)

may stimulate ECM synthesis in connective tissue and bone. The fomation of DHT from

testosterone in response to phenytoin, interleukin-1, and epidemal grow血factor (EGF) was

investigated. EGF and IL-1α PreSent in inflanmatory exudate may have e飾ects on phenytoin-

induced gingival overgrowth suggesting that steroid metabolism may be another mechanism

triggering gingival overgrowth (Soory et al., 1 997).

Another attempt to understand drug induced gingival overgrow血was血e evaluation of

PrOStaglandin E2 fomation in human gingival fibrob獲asts generated from patients taking

Phenytoin. Gingival tissue sanples were taken before and nine mon血s after the administration of

Phenytoin. In血e fibroblastic cultures from the sanples tcken bef re the drug administration, IL-

1α, IL-1β, and TNFα Stimulated fomation of PGE2 in a dose-dependent manner. In the

宜broblasts from the samples taken nine months after the drug administration, IL-1α, IL-1 β,狐d

TNFα Stimulated the significantly higher fomation of PGE2 COmParing to the pretreatment

Phase. The authors suggested血at血e administration of phenytoin results in an upregulation of

PrOStanOid fomation in gingival fibroblasts related to血e phospholipase A2 aCtivity and to an

increased cycIooxygenase activity (Modeer et aら1992).
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Other Drugs Inducing Gingival Overgrowth

As it is mentioned in the sections al)OVe, drugs other th狐Phenytoin are known to cause gingival

OVergrOW血. As it is stated in the materials and methods, We also have investigated cytokine

levels in gi血gival overgrowth tissue sanples taken from the patients taking drugs other then

Phenytoin・ It is important to detemine whether di飾erent drugs cause drug-induced gingival

OVergrOWth through the same mech狐ism as phenytoi皿, and whe血er specific cytokines may play

an unlque rOle in the gingival overgrowth caused by a particular drug.

CycIosporin A is an immunosuppressant, and causes gingival overgrowth. It has been

SuggeSted that individual hypersensitivity of each patient to cycIoaporin A may contribute to the

incidence of gingival hypeaplasia. This study is based on the electron microscapic findings of

gingival biopsies talren缶om only four transplant patients (Deliliers et aら1986).

CycIoaporin A-induced gingival overgrowth pathogenesis was evaluated in v;t砂in

hunan gingival珊troblasts in order to investigate e鴨cts on 3H thymidine incoxporation, and on

CO11agen production, and co11agen mRNA levels in fibrchlast cu血res obtained from nomal

human gingiva. The concentrations of lOO, 500, and lOOO ng/ml cyclosporin A did not modify

thymidine inco申oration after 24 and 72 h of incubation. However, after 24 hours血e level of 3H

Proline-COntaining proteins signi宜cantly increased in血e medium, and cycIosporin A increased

the production of α一PrOCO11agen chains by three fold. It was suggested血at cyclosporine A

stimulated collagen production without changes in the DNA syn血esis (Schincaglia et aら1 992).
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The correlation between the severity of gingival overgrowth and blood cycIosporin A

levels as well as its dose d印endent e飾ects were investigated in rats given oral cycIosporin A.

The blood levels of cyclosporin A increased with dose, and overgrowth was more severe in

buccal than in lingual gingiva. A positive correlation between gingival sulcus depth and the

blood cycIosporin A level was found. The overgrown gmglVa COnSisted of a thickened epithelial

layer and an accumulation of subepithelial fibrous comective tissue components w皿out

important changes in their proportion (Morisaki et aら1997). Another in vivo study investigated

the e能加S Of cycIoaporin A on rat gingiva. The overgrow血of瓜e gingival comective tissue

resulted from vasodilatation, and increased volume of血e extracellular matrix, and from

increased epithelial thickness. All of these moaphoIogical changes may be due to cell

hypeftrophy in血e keratinized印ithelium and ce11 hype町lasia in the junctional印i血elium

(Ayanoglou et al・, 1999). The distribution of the peripheral blood leukocytes in a group of renal

transp量ant patients undergomg CyCIoaporin A therapy was analyzed, and possible correlations

Were analyzed between periodontal and phamacoIogical variわles and lymphocyte

Subpopulations, natural killer cells, and monocytes. Several previously unsuapected ce11s and

accessory activation mechanisms for T lymphocytes were suggested to play a role in the

Pathogenesis of drug induced gingival overgrowth (Cebeci et al., 1998). In addition to

Phenytoin, and cycIosporine A, it was shown that nifedipine can also cause gingival overgrowth

Showing clinical and histological similarity to phenytoin (van der Wall et aら1985). D調g

induced gingival overgrowth was also investigated in patients previously taking nifedipine and

then switching to a dihydropyridine derivative (isradipine) with a low incidence of gingival

OVergrOW血・ Probing d印th, gingival margm’gingival thickness, Plaque index, and gingival index

Were eValuated. Patients were r狐domized for either continued treatment with nifedipine, Or for
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treatment with an equivalent dose of isradipine・ It was found that in hypertensive patients with

nifedipine induced gingival overgrow血・ SWitching hypertensive therapy to isradipine may result

in a regression of the problem in co巾unction with meticulous oral hygiene (Westbrook et

aら1997).

Twenty-four dentate patients who received verapamil, Which is a calcium channel

blocker, for more than one year were iden舶ed after reviewing the records of 5,000 dental

Patients for history of verapamil use between 1987 and 1990. Among these 24 patients gingival

OVergrOwih o∞urred in one patient. The overgrow瓜was associated with drug dosage, bacterial

accumulation, and gingival inflammation. HistoIogically血e gingival overgrowth was similar to

that caused by phenytoin, CyCIoaporin, and other calcium chamel blockers. The au血ors suggest

that gingival overgrowth caused by verapamil occuned less frequently than nifedipine-induced

gingival hypexplasia (Miller and Damm, 1992)

Amlodipine’Which is another calcium chamel blocker, has also been reported to cause

gingival overgrow血after its chronic use. Gingival changes occuned within 3 months of

administration of the drug and apparently were related to a patient's periodontal condition. A

trace of amlodipine was also detected in the crevicular fluid (Seymour et aら1994). Recent

Studies indicate a low frequency of drug-induced gingival overgrowth in patients taking

amlodipine (Ellis et aら1999).

血dogs’PreSenCe Of p量aque and gingiva量inflammation was shown to be an import紬t

COfactor in gingival overgrow血caused by血e adminis調ion of nitrendipine, an antihypertensive

dihydropyndine. Histopathology studies showed that the main di飾erence in moIPhoIogy was that

areas of non-in餌rated comective tissue in test animals showed an increase in vascularity and

Seemed to be less dense compared to the dense tissue in confrol specimens・ Essentially, the 20一
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Week period of drug administration causes signi宜cant overgrowth of the gingival tissues even

tough the composition ofthe gingival tissue is apparently nomal (He卸et aら1 989).

Connective Tissue Growth Factor

Discovery, Structure, and Di鱒drent Forms of Connective Tissue Growth Factor

CTGF was first discovered during analysis of proteins secreted by human vascular

endothelial ce11s, uSmg anti-PDGF IgG and antibodies specific for the A or B chain peptides of

PDGF. The main PDGF immunorelated molecule was a monomer of approximately of 36-38

kDa・ The newly discovered protein was then cIoned using the anti-PDGF antibody to probe an

expression library. This resulted in the isolation of cDNA’s with an open reading frame encoding

a 38葛kDa cysteine一正ch secreted protein naned comective tissue grow血factor (Bradhan et al.,

1991)・ The CTGF gene as we量l as its family members nov, Cyr61, Wispl and wisp2 encode

SeCreted proteins with conserved domains including an IGF binding domam, a VOn Wi11ebrand

factor r印eat’and a thrombospondin repeat as well as insulin like growth factor binding protein

moti鳥in their NH2 temini (Oemar and Luscher1997; Kim et aら1997). Moreover, highly

truncated, heparin binding foms of lO, 16’and 20 kDa CTGF proteins were found in uterine

luminal fluids a3rigstock et aら1 997). In vitro experiments revealed cell-aSSOCiated and solub量e

foms of CTGF as well as a lO kDa active fom, a11 produced by fibroblasts. Human foreskin

宜broblasts as we11 as mouse 2555 and 2472 fibroblasts and balb/c mouse 3T3 cells were cultured

in order to identify the CTGF fragments・ Cells were incubated in serum free mediun when they

had 70 to 80% confluency・ The media were s叫ected to high perfomance liquid

C血omatography (HPLC) in order to purify the CTGF fragments. CTGF fragments (10-12 kDa)
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Were iden舶ed in all of the cell lines investigated・ F血hemore, these fragments were mitogenic

for cells. Mouse cells were also pulse labeled wi血35cys伽et and the presence of both 38 kDa

CTGF狐d lower molecular weig匝fragments was veri航ed by immunoprecipitation usmg human

CTGF antibody. (Ste飾en et aら1998)・ Moreover, Pig uterine luminal flushings were analyzed

and the processmg Of 38kDa CTGF was found to be concentration and time-dependent. Levels of

lO to 20 kDa foms of CTGF peaked on day 12 to16 ofpregnancy and were highly correlated

With the levels ofproteolytic activity for 38 kDa CTGF ( Ball et aら1998).

The Mediation of TGF-β Eifects on Extrace獲賞u量ar Matrix by CTGF

The宜nding that human foreskin fibroblasts produce high levels of CTGF mRNA and

PrOtein after stimulation by transfoming growth factor beta (TGF-β) suggests that CTGF could

POSSibly mediate e飾ects of TGF-β・ Moreover, Cytokines such as PDGF, ePidemal growth factor

(EGF), and basic fibroblast growth factor (bFGF or FGF2) did not stimulate CTGF production.

The stimulation of CTGF gene expression by TGF-β could not be blocked by cycIoheximide.

This showed that the synthesis of other proteins was not required, and indicated血at TGF-

β directly stimulates CTGF production. In order to confim and evaluate this cascade human

newbom foreskin宜broblasts were cultured and treated with TGF-β, PDGF, EGF, Or FGF. Cells

Were harvested , lysed, and su切ected to Westem blotting using anti-PDGF IgG. Only TGF-β

treated ce11s expressed the 38 kDa PDGF-related peptide. As it was mentioned above, CTGF

CroSS-reacted wi血PDGF antibody. Highly specific aritibodies to PDGF A or PDGF B were used

in order to detemine血at the highly expressed protei皿after TGF-β stimulation was CTGF, and

not PDGF. Moreover, this showed that CTGF functioned as the autocrine mediator of DNA
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Synthesis in TGF-β treated human newbom foreskin fibroblasts. The investigation of the

expression of CTGF transcripts in various cell types such as human umbilical vein endo血elial

Cells (HUVEC), human foreskin範broblasts, TGF-β 1 treated human foreskin fibroblasts, human

Peripheral neutrophils and human peripheral blood monocytes, Showed that CTGF expression is

limited to TGF-β1 stimulated cells, and to the endo血elial and fibroblastic cells during wound

repair. This article is a strong verification of the biological presence of CTGF, and partial CTGF

Stimulation by TGF葛β (Igarashi et al. 1993). CTGF stimulation by TGF-β was further evaluated

by the same group of investigators, m Which Northem blot and run-On tranSCription experiments

Showed evidence of the direct TGF-β activation of CTGF gene transcription. The experimental

PrOtOCOI consisted of the linkage of the 51 flanking region of human CTGF gene fragments to

luciferase reporter gene constructs・ The evaluation of lucifおse activity was used as a tool to

investigate the direct TGF-β activation of CTGF gene transcription. TGF-β induced 30 fold

increase in luciferase activity in NIH/3T3 fibroblasts compared to untreated ce11s after 24 hours

Of incubation. PDGF and FGF induced 2-3rfeld increases. Moreover,血e stimulation of di能汀ent

Ce11 1ines by TGF-β to produce increased levels of CTGF occurTed in a ce11 type specific mamer.

Thus, TGF-β stimulated CTGF production by human skin fibroblasts, fetal bovine aortic smoo血

muscle cells, and NIH/3T3 fibroblasts but not by epi血elial ce11 1ines. More interestingly, this

Study demonstrated that a 13-nuCleotide sequence for a nove案TGF-beta cis-regulatory element

WaS also the CTGF promoter sequence. This proved the presence of an important TGF一

β regulatory element on the CTGF promoter sequence. Furthemore, TGF-β was not able to

induce CTGF transcription in de重etion mutants or point mutations in the reglOn Of血e CTGF

PrOmOter SequenCe. These studies expIored possible mechanisms by which TGF-β stimulated

CTGF production, and presented important data regarding iden舶cation of specific ce11 types
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that produce CTGF, and iden舶cation of functional transcriptional mechanisms (Grotendorst et

aら1996). Whether CTGF has mitogenic activity or not has great importance, Since it is clear

that it plays an important role as血e downstrean mediator of TGF-β. Nomal rat kidney

fibroblasts orRK) fibroblasts were cultured in order to evaluate the mitogenic activity of CTGF.

CTGF (20-50 ng) caused up to a six fold dose dependent increase of mitogenic activity ofNRK

帥ooblasts. Interestingly, in these experiments, the investigators could not find any synergistic

mitogenic activity between TGF-β and CTGF. Comparison of the effects of CTGF with TGF-β

On the regulation of type I collagen, integrin,紬d fibronectin mRNA levels was evaluated in

Cultured NRK fibroblasts. Recombinant CTGF and TGF-β (10 ng/ml) added to NRK fibroblasts

血en incubated for　24　hours. Northem blot analysis of integrin mRNA levels,

irmunoprecipitation experiments for fibronectin, and狐alysis of p印sin digested collagen were

Perfomed. No血em blot analysis of integrin mRNA levels showed a t血ee fold increase by

TGF一β・ and a 15 fold increase by CTGF. More importantly, the immunoprecipitation

experiments for fibronectin and SDS-PAGE of pepsin digested collagen showed a 2.5 fold

Stimulation of collagen synthesis and a 3 fold increase in fibronectin synthesis by TGF-β and a 5

fold stimulation of co宣lagen and fibronectin synthesis by CTGF (Frazier et aら1 996).

Studies have investig如ed whe血er additional factors or agents∴Stimulate CTGF

PrOduction. In血at context, in vitro stimulation of CTGF by dexame血asone but not TGF-β was

Shown in cells. Even though TGF-β stimulation of CTGF has been emphasized in血e literature,

dexamethasone stimulation of CTGF is of great interest because CTGF may have more wide

SPread functions than being a doⅦ Strean mediator of TGF-β. In血ese experiments,

触ooblasts were cultured with or without l叫M of dexamethasone・ CTGF expression was

Stimulated by dexamethasone in a time (1-10 hr). Addition of l ,10 and 100 nM of
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dexamethasone stimulated CTGF O’8 and 14 fold’reSPeCtively・ The authors suggested that there

WaS nO Stimulation of CTGF by TGF-β, Since its expression may be down regulated by

dexamethasone (Danmeier et aら1 998).

The Detection of CTGF in Abnorma賞Tissues

The clinical appearance of phenytoin induced gingival overgrowth is丘brotic, Showing

excessive stippling and fim appearance. Interestingly, SeVeral articles suggest that CTGF might

be invoIved in fibrotic skin disorders such as skin sclerosis. Skin丘broblasts generated from 5

hea皿y controI patients and 1 5 sclerodema patientS were cultured and stimulated by TGF-β血en

範xed and subjected to in situ hybridization, tO detect CTGF mRNA. CTGF mRNA was not

PreSent in nomal skin tissues whereas 12 of 15 sclerodema sanples showed the presence of

both CTGF and sclerosis. Moreover, fibroblasts expressing CTGF were more al)undant in tissue

SamPles at the sclerotic stage血an at the inflammatory stage and no CTGF mRNA expression

WaS found in the samples from the atrophic stage (Igarashi et aら1995). The same group of

investigators showed similar pattems in localized sclerodema, kelloid, and other fibrotic skin

disorders (Igarashi et aら1996). Indeed CTGF mRNA appears to be expressed whenever血ere is

fibrosis in different tissues or organs such as in renal宜brosis (Ito et al., 1998) as well as

bleomycin-induced lung fibrosis (Lasky et al., 1998) and liver宜brogenesis (Paradis et aら1999).

Moreover CTGF is also likely to be invoIved in atherosclerosis. The isolation of a cDNA cIone

from human aorta showed血at it was identical to CTGF. The expression of CTGF mRNA levels

WaS muCh higher in atherosclerotic blood vessels compared to nomal arteries. TGF一β stimulated
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CTGF in vascular smooth muscle cells’and high levels of both CTGF mRNA and protein were

expressed in advanced atherosclerotic lesions ofhunan arteries (Oemar et aら1 997).

Furthemore㌧ frozen sections taken from l l human mammary carcinomas as well as

SeParate mOuSe mOdels were obtained and su切ected to RNA extraction and Northem blotting,

and加s初dybridization for CTGF and TGF-β probes. Despite the absence of human control

mammary samples and low samp量e number, it was also suggested that TGF一β1 and CTGF

might have roles in cancer stroma fomation as a consequence of wound repair. (Frazier and

Grotendorst, 1997). In this aspect, CTGF may be used as a marker for malignancy. CTGF gene

expression was thought to be important to differentiate between benign and malignant

mesenchymal tumors (Igarashi et aら1998). In addition, high levels of CTGF transcripts were

expressed in human pancreatic cancer tissues (Wenger et aら1 999).

The Presence of CTGF in Various Types of Normal Tissues

CTGF was detected in a chondrocytic cell line (Nakanishi et aら1997) and in the rat

Central nervous system (Kondo et aら1999). A novel comective tissue growth factor-1ike

(CTGF-L) cDNA encoding ce11s a 250-amino acid single chain polypeptide was also iden舶ed

and cIoned from primary human osteoblasts (Kumar etaら1 999).

24



Transformin箪Growth Factor Beta

The Discovery and the Struc仙re of Transforming Growth Factor Beta

TGF-β1 is a fibrogenic frotor血at stimulates extra∞1lular matrix accurmlation in

di飾erent tissues. Initia11y, twO tyPeS Of transfoming growth factors were isolated from murine

Sarcoma Virus- tranSfomed 3T3 cells.皿e one competing wi血epidemal grow血factor @GF)

WaS naned TGF-β, and the o血er one not competing wi血印idema宣growth factor GGF) was

naned TGF-α・ TGF後β was o血y able to st血ulate血e fomation of large cell colonies in soft

agar with血e synergy of TGF-α Or EGF Qnzam et aら1982). TGF-β was then isolated and

Purified from human placenta仲rolik et aら1983), and TGF-β was found to be a 25 kDa protein

consisting of two subunits of 12.5 kDa (Assoian et aら1983). Functionally, TGF-β was also

Shown to ac∞1erate experimental wound healing in rats (Roberts et aら1983).皿ere are血鵬

known maIrmalian TGF-β genes which are a11 homologues, TGF-β1, TGF-β2 (Chei劇z et

aJ,1987) and TGF-β3 (Kiritsy et aら1993). TGF一β,s are a萱so important immune system

modulators, Since TGF-β1 and TGF-β2 were shown to i血ibit the proliferation and function of

SeVeral types of immune cells (Sing et aら1988).

E餓鵜tS Of Transforming Growt血Factor Beta on Extracellular Matrix

TGF置β1 is known to stimulate collagen production and mature iusoluble collagen

accumulation by fibroblasts, OSteOblasts and keratinocytes (Centre11a et al., 1 992; Meisler et al.,

1 997). Extrace11ular enzymes血at post-tranSlationally modify procollagen in血e fomation of a

mature insoluble collagenous ex億acellular matrix have been shown to be up-regulated in

fibroblasts and osteoblasts by TGF-β 1 - For example, PrOCO11agen Cproteinase (Lee et al., 1 997),

and血e extrace11ular enzyme lysyl oxidase q3oak et al・, 1994; Feres-F皿o et al., 1995; Shanley

et al・, 1997) are up-regulated by TGF-β1 in a variety of fibrogenic ce11 types.
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LvsvI Oxidase

Lysyl oxidase catalyzes血e oxidative deanination of peptidyl-1ysine in elastin

PreCurSOrs, and lysine and hydroxylysine residues in co11agen, to fom peptidyl-α-aminoadipic-

8-Semialdehyde and peptidyl-6-hydroxy-α-aminoadicpic-6-Semialdehyde residues, reSPeCtively.

皿ese aldehydes血en undergo non-enZymatic reactions resulting in血e cross-1inkages known to

be critical in the fomation of mature insoluble elastin and co11agens (Kagan 1986; Kagan and

Trackman 1991)・ Lysyl oxidase is a copper-dependent enayme, and is spec綿cally i血ibited by

β-aminopropionitrile a3APN). Comective tissue abnomalities known as lathyrism resulting

from jn l,海i血ibition of lysyl oxidase activity by ei血er BAPN-feeding or feeding animals a

COPPer deficient diet have been described (Rucker et aら1975). Abnomalities include

malfomed and weck bones, as Well as increased developmeut of hemias (Selye 1957). Lysyl

OXidase is syn血esized as a 50 kDa glycoprotein and is processed extracellularly to produce the

30 kDa molecular fom known to be active (Trac血an et aら1992). Since lysyl oxidase co血Ol

One Of the most important steps in collagen biosynthesis’and since it is an enzyme functioning

extracellularly , it may well be the main target of CTGF in order to stimulate collagen

accumulation・ Mechanisms of stimulation’if they occur, COuld cousist of CTGF being the

downstream mediator of TGF-β1 , Or by CTGF itself trigge血g the stimulation of lysyl oxidase

biosynthesis or activation.
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CoH租箪e血aSe

It was suggested血at gingival overgrowth might result from increased ground substance

CauSed by decreased extracellular matrix breakdown due to the decreased amo皿t Of collagenase

岬a11 et al・, 1982). In order to evaluate this血eory, Ce量l cu血LreS Were generated from biopsy

SamPles from也e interdental papilla of six patients taking phenytoin and three control patients.

Then the conditioned media were proteolytically pre-aCtivated under serum free conditions, and

co11agenase activity was measured by using 14c-glycine labeled collagen fi皿gels (B糾er et aら

1972). No statistically significant co11agenase activity secreted into se即m葛free medium was

found in human gingival fibroblasts taken from hea獲thy patients or from patients taking

Phenytoin. Total immunoreactive co11agenase per cell cu血ne was defined in也e nomal狐d

Phenytoin patients’丘broblasts. Certain cell cultures showed high levels of active, and inactive

foms of collagenase’but collagenase levels could not be related to phenytoin e能畑S. In general,

血e co11agenase activity decreased wi血time as the ce宣l c山tures became more confluent. Even

though血e cell lines showed v狐iatious in collagenase activity, Only released collagenase was

measured and cell layer was not assayed for a more definitive conclusion urassel1 1982). More

recent studies showed血at phenytoin and cycIoaporin A were able to suppress MMP-1 and

TIMP-1` Hum狐gingival fibroblasts were cultured with or without 20 mg血l of phenytoin or

200 ng/ml of cycIosporin A. RT-PCR analyses were done after harvesting total RNA and ∞皿ar

PrOteius and lysosomal proteolytic activity was also detem血ed.血addition,血e investigators

used irmunohistochemistry me血nds in order to detect lysosomal enzymes in overgrown gingiva
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SanPles from patients taking phenytoin. The resu賞ts of the RT-PCR analyses showed that both

Phenytoin and cycIoaporin A sxppressed血e expression of MMP-l, TIMP-1, and cath印sin A,

but not cathepsin B in a time-d印endent mamer. Northem blot analysis showed that the

inhibition of enzyme expression was stronger on human gingiva=ibroblasts treated with

Phenytoin then with cycIosporin A (Yamada et aら2000). Based on these studies, it m王ght be

impoftant to understand whether CTGF is an important inhibitor of collagenase or that i血ibition

WOrks through狐Other mechanism independent of CTGF.

血munohistochemistry methods were also used in order to conelate collagenase to drug

induced gi皿gival overgrowth・ Specimens from control and d則g induced gingival overgrowth

Patients were taken and matrix metalloproteinases, MMP-1 (CO11agenase) and MMP-3

(Stromelysin) were localized on the sections. MMP-1 positive staining was seen in血e mgivrity

Of帥roblasts in血e comective tissue of the control samples, Where血e positive staining for

MMP-1 in overgrown tissue samples was only present in a small number of宜broblast$

(Thomason et aら1998).

Our interest in collagenase centers on whether this enzyme is actively irIVOIved in a

CTGF related mechanism, and the studies cited above indicate that血ere may be a relationship

between CTGF and collagenase.
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BMP_1. Tol萱oid and To萱看oid Like DrOteins

The Discovery and the Distinction of Bmp-1? Tolloid and Tolloid Like Proteins

The identity of Procollagen C-Proteinase (PCP) and bone moxphogenetic protein-1

(BMP-1) is one ofthe most important discoveries about BMP-1 gene family members (Kessler et

aら1996). Bone moxphogenetic protein-1 @MP-1) is a metalloproteinase that is the C-

propeptidase of procollagen types I, II’and IⅡ・ Unlike the other bone moxphogenetic proteins,

BMP-1 is not a transfoming growth factor-beta (TGF-β) superfamily member, but it is the

protcrtype of a family of proteinases implicated in pattem fomation during development in

different organisms (Takahara et aら1994). Even血ough BMP-1 itself is not a TGF-β

sxperfamily member, twO Of血e TGF-β sxper family members; BMP-2 and BMP-4 show

sequence similarities to BMP-1 (Shimell et al・, 1991)・ BMP-1 may also induce TGF-β-related

genes during embryogenesis (Fukagawa et al・, 1 994).

The stmctural similarity between to11oid and BMP-1 was first noticed after the cIoning of

血e tolloid locus in Drosophilla. Tolloid has an N teminal reglOn Similar to astacin

metalloproteinases, twO EGF-1ike repeats, and five copleS Of a repeat found in human

complement proteins Clr and CIs. It was found血at血e Drosaph紡to1loid sequence is 41%

identical to human bone moxphogenetic protein l (Shime11 et al・, 1991)・ Tolloid itself is in the

same gene family as Decapentaplegic (dyp) which is a important for dorsal patteming of

embryos (Ferguson et aら1992). The isolation of a BMP-1 related gene in mice showed that
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there may be other gene products resembling either tolloid or BMP-1. This宜nding is important

because BMP- 1 and To量loid may have its distinct functions (Fukagawa et aら1 994).

Tolloid and its related foms may have evoIved independently and may acquire distinct,

tissue specific roles in Drosaph紡development orguyen et aら1994). Human, and mous。

marmalian tolloid (mTLD) is血e altematively spliced fom of the Bxpl gene, and is a longer

PrOtein wi血a domain structure identical to that of Drosophila Tolloid. A thnd fom was also

detected in Dros`xph海tissue samples. Each of these foms has been located in di飾erent tissues

and some, SuCh as BMP-1, is not present in血e brain at all. These findings show that di飾erent of

the sane gene products may have distinct functions (Tckz血ara et aら1994). The same group

described the organization of the 46-kb, 22-eXOn human Bnapl偽物gene血at encodes

altematively坤liced foms of一心e gene (Takahara el aら1995). Fu血emore, the B即l gene has

a third altematively spliced isofom. This isofom is ca11ed bone morphogenetic protein l/His. It

is structurally shorter and has a modified C- teminus. All three altematively spliced foms of

Bx〆gene are expressed in placeuta but showed diiferences in their expression pattems in other

SOft tissues (Janitz et aら1998).

A novel manmalian gene w紬a domain structure identical to that of BMPl, mTLD was

discovered and named as mammalian to11oid-1ike l (m7711)・ Mammalian tolloid-1ike l (mH/1),

has 76% identity with b7やl for amino acid residues including the proteinase domain. By

COn億ast’the Nieminus domains showed l珊e similarity Marmali狐tolloid-1ike (m77りshows

additional strong expression in structures of血e developing, neOnatal, and adult brain where血e

expression of B〃やl gene and m77d gene has not been observed (Takahara et aら1996). The

tolloid-1ike genes were named as tolloid-1ike l (m7祝) after the discovery of manmali狐tOllo王d-

1ike 2 (m棚)・ m77/1 is essential for the fomation of the mammalian heart and interventricular
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S印tum (Clark et aら1999). Mammalitm tolloid-1ike 2 (m椛) has high sequence similarities to

m77/1 (Scott et aら1999).

FunctionaI Differences of BMP-11 Tolloid and ToIIoid Like Proteins

TI紬Sgenic animals null for血e B〃apI gene’Were generated by homoIogous

recombination’and deletion of DNA sequences encoding the active site of the protease domain

COmmOn tO a11 of the apliced foms of the B即l gene. Homozygous mutant embryos had a

nomal skeleton, but had hemiation of血e gut in血e umbilical reglOn.珊e homozygous animals

did not survive beyond birth. The extracellular matrix of the amn主on contained collagen軸Is

With an abnomal moaphoIogy, and contained partially processed procollagen molecules

detemined by electron microscapy (Suzuki et aら1 996).

BMP-1 processes lysyl oxidase and laminin 5・ Moreover’BMP-1 is叩-regulated by

TG叩1・ The secreted fom ofBMP細1 has to be processed to an active fom, but this activity is

Ce11 type置d印endent. Procollagen Cproteinase e血ancer (PCPE) is a glycoprotein that stimulates

the procollagen C-PrOteinase activity of BMP-l. The lack of PCPE in keratinocytes left BMP-1

and mTld as unprocessed pro-enZymeS. Morcover, eVen stimulation by TG叩1 does not raplace

the absence ofPCPE (Lee etaら1997).

B岬-1 gene products also pattem ventral tissues of the zebra fish and Drosophilla

embryo while BMP- 1 inhibitors, SuCh as chordin, nOggln’孤d剛istatin’are inxplicated in dorsal

mesodemal and neural development. A BMP-1 activity gradieut occurs at the end of

gastrulation, when the ventralmost marginal cells of the embryo are cIose to the dorsal chordin_

expressing cells. At this time’Chordin may d珊se to血e most ventral regions and inhibit high

BMP-4 activity levels・ Interestingly, when mTld is present chordin activity would be inh王bited
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by the proteolytic cleavage of chordin by mTld. This inactivation of chordin leads to the

increased BMP-4 activity. This appears to be a inhibitory mechanism for BMP-4 activity

(Comors et a自999). Chordin was also found to be a BMP-4 a血agonist in zebra fish wh。r。

m77d also antagonizes chordin activity・ Tolloid activates BMP-4 by proteolytically cleaving and

inactivating chordin a3lader et aら1997). BMP-1, mTLD, mTLL-l, and mTLL-2 have

di塙erences in the processmg ability of血e fibrillar co11agen precursors and in the cleavage of

Chordin・ mTLL-1 is able to speci範cally process procollagen C-PrOPaptides at the right site same

as BMP-1, and mTLD, While mTLL-2 is not・血tems of distinguishing血e di飾erences among

血e BMP-1 ge樅family members, BMP葛1 and mTLL"1 are able to cleave chordin, at Sites

Similar to procollagen Cprapeptide cleavage sites while mTLD does not cleave chordin. Despite

the di飾erences between the family members, BMP-1 is the m劉Or Chordin狐tagOnist in early

mammalian embryogenesis and in pre- and postnatal skeletogenesis・ Indeed our focus on BMP-

1, m-TLD, mTLL-1, and mTLL-2 is to detemine whether these enzymes are able to cleave pro-

1ysyl oxidase with血e sane e能ciency or whether they may have di能鵬nces in cleavage activity

as it is the case for chordin cleavage (Scott et aら1999).

32



MATERIALS AND METHODS

Pa巾One

Rea寧entS.

Human recombinant TGF-β1 was purchased from Austral BioIogics (San Ramon, CA).

Human recombinant CTGF was provided by FibroGen Co申oration (South San Francisco, CA)

and was produced using a baculovirus expression system. A能nity pur描ed rabbit anti-hrCTGF

のAb2) and preimmune IgG was generously provided by Fibrogen Coaporation. A11 o血er

reagents were purchased from Sigma/Aldrich unless o血erwise indicated.

PreDaration of FibrobIastic CuItures

Non-hype岬lastic gingival tissue from di能鵜nt hea皿y adult subjects undergomg routine

Periodontal procedures were obtained from the Boston University SchooI of Dental Medicine

Department of PeriedontoIogy Clinic after infomed consent according to Boston University

Institutional Review Board approved procedures. Fibroblastic cells were obtained from explants

a}iche et al・, 1989)・ Comective tissue was sungically s印arated from血e epi血elium, and血e

COmective tissue was diced into 2 - 3 mm3 pieces. Tissues were placed in Dulbecco’s Modified

Eagle’s Medium (DMEM) containing lO% heat-treated new bom calf serum O{BS) plus O. 1 mM

nonessential amino acids and a血biotics in a lOO mm tissue cu血ne plate and cultured at 370 c in

a 5% CO2 atmOSPhere. Medium was changed weekly until ∞11s were confluent. Ce11s were血en

dissociated w皿trypsin侶DTA and cult皿ed in five new plates and grown to confluence. Cells
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Were then frozen in aliquots containing 500,000 cells/ml and were designated passage 3 when re-

Cultured・ Ce11 cu血res are designated as fo11ows: N5 and N6 and N7 cells were cu血red fi.om

tissues obtained from 29’30’and 32 year old females, reSPeCtively, N4 cells were obtained from

a 35 year old male. NHcT 8, NHCT ll and NHCT 12 were obtained from a female donor age

30, and from male donors age 42 and 43, reSPeCtively.

Ce〃 c初t鋤t?. Human gingival fibroblasts at passage 3 from frozen stocks were cultured at

37 Oc in a 5% CO2 atmOSPhere in DMEM containing lO% NBS, 0.1 mM non-eSSential amino

acids and antibiotics in lOO mm tissue culture plates. Cultures were re-fed with fresh medium

twice per week. When confluent, Ce11s were passaged at a ratio of l :7, Cultured to confluence,

and passaged again at a ratio of l:7. Cells were grown for three days to about 75 - 85%

COnfluence’and were placed in serum-froe DMEM containing O. 1% bovine serum albumin, 0. 1

mM non-eSSential amino acids and antibiotics and cultured for an additiona1 24 hours. Cells were

血en re-fed with this medium containing either the test cytokine or vehicle. Cells were harvested

at intervals as described below. Cells were utilized only up to passage 7 in order to minimize the

POSSibility of phenotypic variability that might occur after additiona宣passages.

LvsvI Oxidase Enzvme Activitv

Lysyl oxidase enzyme activity was detemined utilizing a tritium release assay with

human血iated recombinant tropoelastin as substrate @edell○Ⅱogan et al., 1993). Aliquots of

media samples (0.5 ml) were incubated in the presence and absence of血e lysyl oxidase i血ibitor

(0.5 mM β-aminopropioni皿e) in a final vo宣ume of l ml ofO.1 M borate, 0.15 M NaCI pH 8.O

and 160,000 cpm oftropoelastin at 55O c fu 60 min. Released tritiated water was recovered by

Vacuun disti距ion,狐d quantitated by liquid scinti皿ion spectrometry. Lysyl oxidase activity is
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defined as tritium released above reactions containing β-aninopropionitrile. Enzyme activity

deteminations were nomalized to血e nunber of cells counted from血e sane cultures utiIizing a

hemocytometer・ Reactions were perfomed in quad則Plicate to pemit analyses of the statistical

Significance of differences in enzyme activity between cytokine treated cultures and untreated

COntrOI cu血res by unpaired ‘一teSt. Di飾erences were considered significant when p = 0.05・ Data

紬e generally presented as fold-Changes compared to controIs.

Isolation and anaIvsis of RNA

Total RNA was isolated from three lOO rm culture dishes utilizing TRIZOL Reagent

(Gibco伯RL) (Chomczynski, 1993)・ Aliquots of RNA (10雌) were su助ected to l%

agarose伯emaldehyde gel electrophoresis followed by No血em blotting. BIots were analyzed

With radiolabeled cDNA probes utilizing random primer methodoIogy for lysyl oxidase (Mariani

et dl・, 1992), α-l-tyPe I collagen (Genovese et al., 1984) and hunan comeetive tissue grow瓜

factor (CTGF) provided by Fibrogen Co町., South San Francisco, CA, Collagenase (hMMP-1),

and with a DNA probe for 18S血ENA (珊Iis and Dixon, 1991). Signals were quantitated by laser

SCaming densitometry, and values were nomalized using血e signal obtained for 1 8S rRNA.
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Western BIottin箪Analvses

Human gingival fibroblast cu血nes were treated wi血or wi血out TGF-β1 as specified in

serum-free media containing O.001% BSA. At each harvest, conditioned media from two lOO

rm plates were pooled,孤d proteins precipitated by血e addition of l/9 volune of lOO%

trichloroa∞tic acid at 4O c for 18 hours. Pr∞ipitated proteins were collected by centrifugation,

抑d washed twice with l ml ice cold acetone to remove residual trichloroacetic acid.皿e pellet

WaS then air dried and dissoIved in O.5 ml SDS PAGE sample bu能連Sinilarly, Cell layers from

the sane plates were directly extracted into a total volune of O.5 ml SDS PAGE sample bu飾er.

Sanples were then boiled for宜ve minutes and宜fty microliter aliquots were subiected to SDS

PAGE and Westem blotting (Towbin et al・, 1979). Each 50巾loading is equivalent to lO per

cent of血e media or cell layer protein produced by two lOO mm ce11 culture plates. Typically

each plate contained l.5 - 2.O x lO6 cells. Cell nunber per plate co即Paring different plates

Cu血red at the same time did not vary by more than 20% e紬er in血e presence or absence of

TGF-β1 ・ A能nity pur拍ed ral}bit anti-CTGF antibody (PAb2) or pre-irmune IgG were used at a

COnCentration of O. 1 mg血1. Signals were detected with goat anti-rabbit IgG coxpled to alkaline

Phosphatase,紬d Westem Blue det∞tion reagent a)romeg亘).

Co獲la箪en Accumulation

Hunan gingival fibroblasts at passage seven were cultured to confluence in DMEM

COntaining lO% NBS, and l mM non-eSSential amino acids and antibiotics in lOO mm ce11

Culture dishes・ Cells were血en cultured in 15 ml of this sane medium containing 50 Llg血I

asco血ate ei血er in血e presence or absen∞ Of 50 ng厄I CTGF. Cells were re-fed fresh medium

COntaining ascorbate +/葛50 ng血1 CTGF once every 48 hours for the duration of the experiment.
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Cells were harvested after O, 4, 10, and 18 days as follows. Ce11 layers were rinsed血ee times

With phoaphate bu能鳩d saline,紬d were血en scraped and suspended in 5 ml of O.01% Triton-X

lOO・ Aliquots of this suspension were analyzed for DNA content (Vytasek, 1982). Additional

aliquots were hydrolyzed in 6N HCl at l lOO c for 22 hours, and then su助ected to amino acid

analysis. Collagen content was calculated based on血e hydroxyproline content of 1 3% by weight

仲ranceschi et al., 1994).

SamDlin箪Of Gin箪ival Tissues

Gingival tissue samples were obtained from patients undergomg periodontal surgery m

the Depa血ent of PeriodontoIogy and Oral BioIogy of Boston University, the Franciscan

Children’s Hospital and Rehabilitation Center,血e Department of Pediatric Dentistry of Boston

University, and the Department of PeriodontoIogy of U正versity of Istanbul. Sanples缶om 27

Patients were included in the study. Classification ofthese samples was as follows: 1) phenytoin-

induced由ngival overgrow血aHE, n=9), 2) nifedipine-induced gingival overgrowth (NIF, n=4),

3) cycloaporin-A-induced gingival overgrow血(CSA, n=5), and 4) control tissues (C, n=9) from

SyStemically hea皿y donors. Consent from the patients was obtained before the study. The

consent foms were判proved, reapeetively, by the Institutional Review Board of Boston

University Medical Center血e Insti請ional Review Board of血e Franciscan Children’s Hospital

and Rehabilitation Center, and by the Department of PeriodontoIogy of血e University of

Istanbul. All patients in血is study were 20 years of age or older. For CSA patients, at least 6

months wi瓜no rQjection of血e renal grafts had passed after瓜e transplantation, and no patients

received multiple transp宣antation. Gingival biopsleS Were Obtained from the attached gingiva of

血e anterior buccal, meSial, Or distal aapects of血e teeth during gingivectomy (Groups l-3)狐d

組ap surgery for pocket elimination or preprosthetic crown lengthening procedure for the con億Ol
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group (Group 4). The teeth neighboring the gingival overgrowih were宜ee from endodontic and

O血odontic complications. No血e of the patients had any restorations, CrOWnS Or bridge

COnstruCtions at their dentition around the gingival overgrow血and血ey did not show any slgr Of

Clinical attachment loss.

I町中叩Ohistochemistrv of Over寧rown Human Gingival SampIes

Tissues were丘xed in 4% parafomaldehyde in phosphate buffered saline (PBS) at 4Oc

for 4 hours and were incubated in 30% sucrose ovemight・ They were then placed in 2-

methylbutane at -80O c・ At least 20 seria1 6 prm frozen sections were made for each tissue sample

On a CryOStat・ Immunohistochemistry was carried out using a temperature controlled staining

SyStem in order to standardize the staining conditionsl. primary antibodies used for

immunostaining were a能nity p血桁ed ral)bit polycIonal antibodies against CTGF (pAb2) and

Pre-immune IgG (PCAb2) generously provided by FibroGen Co町oration2, a能nity pur綿ed

POlycIonal TGF-β1 antibody #sc-146. Working concentrations for primary antibodies were 8

いg/ml for CTGF and 3いg血1 for TGF-β1. Serial sections were routinely stained wi血pre-

immune IgG or non-immune rabbit IgG and served as negative controls. After application of

Prlm紬y ar競ibodies, SeCtions were washed in PBS + 0.01% TWEEN 20, and treated wi血0.3%

H202 in NaN3 me血anol to suppress endogenous peroxidase activity. Visualization of primary

antibody binding was achieved using avidin-biotin-horseradish peroxidase complex empIoying

dianinobenzidine as血e chromogen and Elite Vecta Stain kits3. sections were counter-stained

With hematoxylin.

1 Fisher Biotech, Microprobe System, Fisher Scienti範c, Pittsbur封u PA

2 FibroGen Corporation, South San Francisco, CA

3 vector Laboratories, Burlington, CA
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里麺ign of the Immunohistochemistrv of the Human Overgrown Gingiva」壁gs!堅

塁塑tio血S理由壁

皿e orieutation of each sample and iden舶cation oftissue sites were detemined at lOOX

and 400X magnification, reSPeCtively. Five sites with corresponding areas of O.09 mm2 were

defined and utilized for quantitative analyses of immunohistochemical staining in all tissue

SamPles. Quantitation was done by computer-aSSisted image-analysis4 and data were co11ected

from 3 - 5 serial sections per tissue specimen per assay. The tissue sites, aS ShoⅦ SChematically

in Figure l ’enCOmPaSSed the following areas:

1. Oral-Su量cular Epithelium and Subapithelial Comective Tissue

2. Oral Ep血elium and Subapi血elial Comective Tissue

3・ Oral Epithelium and Sub印ithelial Comective Tissue

4. Sulcular Ep皿elium and Subepithelial Comective Tissue

5・ Middle葛De印Comective Tissue

Immunostaining for intracell血CTGF was evaluated by counting the number of stained

Cells per unit area・ In addition, analysis of extracellular staining of CTGF, intra- and extrace11ular

Staining of TG叩1 was acco叫plished by grading the intensity of staining between O and 4. This

grading was done as follows:

Grade O: No staining

Grade l : Staining in less than % ofthe total inapection area

Grade 2: Staining in more than % but less than % ofthe total inspection area

Grade 3: Staining in more than % but less than % ofthe total inspection area

4 Image-Pro Plus 4.0, Media Cybemctics, Silver Spring, MD.
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Grade 4: Staining in more than % ofthe total inspection area

Conesponding pre-immune (for CTGF) or non-irmune (for TGF-Bl) stained slides宜om

Serial sections were used as controls in order to detemine background staining which was Iow or

negligible. The same grading system was used to analyze the degree of fibrosis measuring the

abund孤Ce and density of fibroblasts and collagen-1ike comective tissue fibers in hematoxylin

Stained sections. The number of inflammatory cells per O.09 mm2 unit area was also detemined

from hematoxylin stained sections to assess the relative degree of inflammation. Two

investigators utilizing coded samples with excellent agreement made quantitative measurements

and assessments of histoIogic samples independently. Results are expressed as mean ± standard

deviation for each evaluated site. Data were collected from 3 - 5 serial tissue sections per assay

Per apeCimen. For statistical analysis,血e Man-Whitney test was used for the comparison of

di餓nences. Significance was defined as p=0.05.

Sta備s慣ca賞a皿aⅣsis

Results are expressed as mean ± st.dev for each evaluated site. For statistical analysis,血e

Mam-Whitney test was used for血e comparison of di節eren∞S and血e Speaman raIlk

correlation test was used for the analysis of relationships between血e variables. Signi宜can∞ WaS

defined as p<0.05.
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MATERIALS AND METHODS

Parttwo

The ma寒tose bindin空PrOtein仙sy萱oxidase巾sion prot垂

The maltose binding protein/lysyl oxidase fusion protein was produced and purified as

PreViously described (Feres-Filho et aら1995). PolycIonal rabbit anti・maltose binding protein

antibodies were purchased from New England Biolabs (Beverly, MA), and rabbit anti-bovine

lysyl oxidase antibodies were a能nity purified utilizing immobilized lysyl oxidase fusion protein・

A能nity purification of a血lysyl oxidase was accomplished uti案izing recombinaut rat lysyl

OXidase fusion protein cova重ently attached to Sulfolink (Pierce), and apeci宜c antibodies were

Pur描ed according to the manufacturer,s protocol. Titer of the purified lysyl oxidase antibody

WaS detemined by Westem blotting against recombinant rat lysyl oxidase. Alkaline

Phosphatase-COuPled goat anti-rabbit antibodies and Westem Blue detection reagents were

Purchased紐om Promega.

Pro十ysy1 0Ⅹidase Processi唯Assay墨

Maltose binding protein/lysyl oxidase fusion protein (7雌) was incubated wi血30 ng of

recombinant mBMP-1, mTLD, mTLL-1, Or mTLL-2 for e紬er 45 min or 4 hours at 37O c in a

final volume of 200山50 mM Tris, 150 mM NaCl, 5 mM CaC12, PH 7.5. Reactions all

COntained 40 Hg/hl soybean trypsin inhibitor, 10鵬血I leup印tin, and O.4 mM PMSF to inhibit

non-SPeC拍c proteinases. Reactions were stopped by adding an equal volume of SDS PAGE

SamPle bu飾er, and boiling for three minutes. 50山aliquots were su髄ected to lO% PAGE and

Westem blo請ing (Towbin et aら1 979) to PVDF membranes O[EN Products),紬d dxplicate blots

Were blocked with l% bovine serum albumin in 20 mM Tris (pH 7.5), 150 mM NaCl, 0.05%
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Tween 20・ BIots were incubated with anti“maltose binding protein antibody or a能nity pur拍ed

anti-1ysyl oxidase antibody at a dilution of l : 10’000 at room temperature ovemight. BIots were

WaShed and血en incubated with alkaline phosphatase goat anti-rabbit IgG according to the

manufacturer. Bands were detected using the stal)ilized nitroblue tetrazolium/5-bromo-4-Chloro-

3-indolyl-Phosphate Westem Blue reagent (Promega).

Recombinant Hnzymes

Recombinant human BMP-1, mTLD, mTLL-1, and mTLL-2 were produced as C-

teminal Flag巾ugged proteins in transfected 293-EBNA cells, and pu軸ed as previously

described (Sco請et al・, 1999), and were provided by Dr. Daniel Greenspan. Activity of each

enzyme agaiust known proco11agen and Chordin substrates was ver縦ed before initiating

experiments with pro-1ysyl oxidase.
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RESULTS

Pa巾O皿e

Re堰uIation of CTGF bv TGF-β1

Regulation of collagen and lysyl oxidase by TGF-β1岬ong et al.1999) is slow compared

to previous studies perfermed with murine osteoblastic ∞11s (Feres-Filho et al., 1995). As noted,

CTGF has been proposed to mediate effects of TGF-β l on extracellular matrix accumulation in

SOme Cell types (Frazier et al・, 1996). of Thus, TGF-β1regulation of CTGF was investigated in

Order to evaluate血e possibility血at CTGF might partially or fully mediate血e fibrogenic e飾ects

Of TGF-β in hunan gingival fibroblasts・ Time-dependent regulation of CTGF mRNA levels by

400 pM TGF-β1 in N-5 human gingival fibroblasts was detemined. CTGF mRNA levels

increased dramatically from nearly undetectal,le levels in untreated controls, tO eaSily detectあle

levels after four, 24, and 48 hours of treatment. Scaming laser densitometry indicates that the

stinulation of CTGF mRNA levels was at least 20-fold, and was maximally st血ulated at 24

hours of treatment. CTGF was not induced by IL-6 or by bFGF in these cells. TGF-β1-dose

d印endent increases in CTGF mRNA levels were found at 48 hours of treatment岬ong et

aら1999). Consistent with studies perfomed in hun紬glioma ∞lls (Xin et al., 1996), minor high

mol∞u重ar weight CTGF transcripts of about 3 and 7 kb were sometimes observed in RNA

isolated from TGF-β 1 treated hunan gingival fibroblasts伸ong et aら1 999).

In血e present s血dies CTGF protein levels were determined in the media紬d ∞11 1ayers

Of TGF-β1 treated fibroblasts by Westem blo血g狐alysis utilizing an a能nity-Puri農ed

POlycIonal antibody (Figure 2). Cu血res treated w肌400 pM TGF-β1 for 4, 24紬d 48 hours all

had increased levels of 42 kDa CTGF protein in the cell layer compared to untreated co血OI cell
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Cultures. Interestingly, in the medium, a time-d印endent increase in CTGF immunoreactive

bands was observed in both CTGF and control media, but clearly more CTGF-related proteins

Were found in the media from TGF一β1 treated cells. At 24 and 48 hours of treatment, mOlecular

SPeCies of 38 - 42 kDa and approximately 20 kDa were clearly apparent in血e media, but only 38

- 42 kDa molecular foms CTGF were present in the cell layer. Pre-immune IgG resulted in no

Staining (Figure 2, lane P), and demonstrate the specificity of the a能nity-Purified CTGF

antibody. These results establish that CTGF is induced in human gingival丘broblasts by TGF-β1,

and are consiste血Wi血血e notion that extrace11ular proteolytic processing of a CTGF precursor

OCCurS.

Re里uIation bv Exoge皿OuS CTGF

Next, We eValuated whether CTGF exogenously added to human gingival fibroblasts

regulated lysyl oxidase enzyme activity, and mRNA levels of lysyl oxidase and α-1 type I

CO11agen・ In these expe正ments O, 1 ng/ml, 10 ng/ml and 50 ng/ml CTGF was added to hunan

gingival fibroblasts in serum-free medium’and lysyl oxidase enzyme activity in media samples

WaS detemined after 24 and 48 hours nomalized to cell number. Data from two experiments are

PreSented in Figure 3, and show l.3rfeld and l・7-fold stimulation of lysyl oxidase enzyme

activity by 50 ng/ml CTGF at 24 and 48 hours, reSPeCtively. Lower leve宣s of CTGF were weaker

Stimulators of lysyl oxidase enzyme activity. Northem analyses from both experiments indicated

no increases in lysyl oxidase and co11agen mRNA levels at 4 and 24 hours, and increases at 48

hours not exceeding l.2-fold compared to untreated contro=eve宣s (data not shown). Stimulation
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Of lysyl oxidase enzyme activity by 48 hour 50 ng/ml CTGF treatment of gingival fibroblasts

Cu血red from six di能nent subjects was evaluated to detemine whe血er this e鮮bet was unlque tO

One Su切ect. Data pooled from quadruplicate assays of media samples缶om cells c皿ured

ind印endently from each of six different su切ects indicated a mean l.3-fold stimulation by CTGF

Of lysy量oxidase enzyme activity compared to u関山eated controI cultures (P<0.001, uapaired fr

tesD. All assays were nomalized to cell number. Tcken together, these results indicate that

CTGF is a weck stimulator of lysyl oxidase enzyme activity, and does not stimulate lysyl oxidase

Or CO11agen mRNA levels in hunan gingival範broblasts. Because CTGF regulation of gingival

fibroblast lysyl oxidase and collagen is weak, and regulation by TGF置β1 is strong, it appears血at

CTGF may only partially mediate TGF-β 1regulation of these products.

CTGF-Induced Co置la箪en Accumulation

It is possible血at small increases in lysyl oxidase enayme activity over time may be

functiona11y血portant, and might result in increased insoluble collagen a∞umulation. Lysyl

OXidase catalyzes the宜nal enzymatic st印required for cross-1iul血g of collagens and elastin・

These cross-1inks serve to stabilize collagenous e如間鴨11ular matrices and contribute to the

e能ciency of accumulation of insoluble co11agen・ In addition, it is possible瓜at CTGF promotes

insoluble collagen accumulation by gingival fibroblasts by o血er unidentified mechanisms. Thus,

COnfluent N5 ∞1ls were grown in血e presen∞ and absence of 50 ng/hl CTGF as described in

`Materials and Methods", and ∞l1 1ayers were analyzed for total DNA, and for total protein, and

hydroxyproline levels by anino acid analysis. At day zero there was皿Ie collagen accunulation

in both血e co血Ol and CTGF treated c山tures, as expeCted for cultures, Which have not yet
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accumulated extracellular insoluble collagen. Cel1 1ayer collagen/DNA increased after 4, 1 1 ’and

18 days in controI cells’aS expeCted for cultures accumulating insoluble collagen. CTGF

increased cell layer collagen by l.5-う2.0, and l.5-fold on day 4, 1 1, and 18, reSPeCtively (Tal)1e

l) experiment was perfemed twice with similar results. These data support that CTGF

stimulates insoluble mature collagen accumulation in longer-tem Cultures of gingival

宜broblasts.

The Inhibition of Co書Iagenase Irv CTGF

We evaluated whether CTGF, eXOgenOuSly added to human gingival fibroblasts,

regulated co11agenase (MMP-1) mRNA levels. In this evaluation, 0, 1 ng血l, 10 ng血I and 50

ng/ml CTGF was added to hunan gingival fibroblasts in se調m-froe mediun’tOtal mRNA was

isolated 24 and 48 hours later. The Northem blots were obtained, and analyzed with radiolわeled

cDNA probes utilizing random primer me血odoIogy for collagenase (MMP-1), and nomalized to

1 8S RNA. Data were generated by evaluating optical density of the radiographs with phosphor

imager. Data from血e experiments are presented in Figure 4 and quantitative analysis indicate

O.72 units, 0.79 units, 0.80 units, 0.75 units of optical density after血e addition, 0, 1 ng/inl, 10

ng/ml and 50 ng/ml CTGF, reSPeCtively for the 48 hour time point. However,血e quantitative

analysis ofoptical density after the addition, 0, 1 ng/ml, 10 ng/ml and 50 ng/ml CTGF fort the 24

hour time poi血was not possible since the signals were very weak. Visual inspection of the

results from the 24-hour sanples did not show evidence of co11agen regulation. These results

indicate that CTGF had no i血ibitory e能加on collagenase mRNA levels in human gingival

fibroblasts.
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Ana萱ysis Of Connective Tissue GI.owth Factor In Drug Induced GingivaI Over寧rOWt旦

Hematoxylin stained sections made from all gingival overgrow血tissue specimens reveal

hypeaplasia with dense’elongated’and血in rete pegs inserted in deep comective tissue. In血e

Phenytoin group, these elongations are more obvious and abund狐t COmPared to other types of

drug-induced gingival overgrowth and the nomal controIs・ Fibrosis, aS detemined by the

abundance of宜broblasts and fibers, is clearly higher in phenytoin samples. Semi-quantitative

data shows that this di能nence is statistically significant at all tissue sites compared to the controI

SamPles. Similarly’Phenytoin samples are signific狐tly more帥rotic血紬nifedipine samples in

Sites l - 3 (P<0.05, Figure 5). All five di熊鵬nt sites in phenytoin samples are equally fibrotic, aS

detemined血om statistical comparisons of data obtained from each individual site. The

CyCIosporin A groxp contains the least degree of fibrosis compared to the other drug-induced

gingival overgrowth groups, and is not signi範cantly elevated compared to co血Ol in any site.

Althou如瓜ere is a trend toward more fibrosis in nifedipine samples compared to co血OI

SanPles these di能nences are not statistica11y significant (P>0.05).

The degree of inflammation, aS aSSeSSed by the nunber of mononuclear and

POlymoaphonuclear inflammatory cells per unit area, is highest in cycIospo血A samples

COmPared to the other drug-induced gingival overgrowth tissues and the control group (Figure 6).

Inflammation in cyclosporin A samples is signi宜cantly higher than in controI samples in a11 five

Sites (P<0・05), and is signi範cantly higher in sites 3 and 5 compared to nifedipine samples

0<0.05)・ Inflanmation in nifedipine tissues is significantly hi如er compared to controI sampIes

in site 4 (P<0.05). In contrast, inflanmation in the phenytoin samples is not sign描cantly hi如er

血an co血OI samples in any site. A11 groups have血e hi如est concentration of蘭ammatory ce11s

in the subsulcular comective tissue-ePithelium inte申hase (Figure l , and Figure 6).
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The level of both extra- and intracellular CTGF is significantly higher (P<0.05) and

Obviously elevated in all tissue sites in phenytoin samples compared to co血OIs and compared to

Other d調g-induced gingival overgrow血samples (Figure 7a and 7b). As shown in representative

micrographs, eXtraCellular CTGF staining is much more obvious in phenytoin samples (Figure 8,

Figure 9)・ Extrace11ular CTGF localization is seen in comective tissue stroma (Figure 8). Pre-

immune CTGF staining for a11 groups was negative as expected (Figures 8). Extrace11ular CTGF

in the phenytoin group is high in all sites (Figure 8, Figure 9). Cellular CTGF staining is higher

血an contro量obviously elevated in all tissue sites in phenytoin samples compared to controls狐d

COmPared to other drug-induced gingival overgrowth samples (Figure 8). As∴Shown in

representative micrographs, eXtraCe11ular CTGF staining is much more obvious in phenytoin

S紬nPles (Figure 8). Extracellu宣ar CTGF Iocalization is seen in comective tissue stroma,

Perivascular areas, and in the endothelial layer of the blood vesse量s (Figure 8). Pre-immune

CTGF staining for all groups was negligible as expected (Figures 8). Extrace11ular CTGF in the

Phenytoin group is hi如in a11 sites (Figure 8). Cellular CTGF staining is hi孤er than co血Ol in

all sites, but cellular CTGF staining is the highest in血e subsulcular layer of phenytoin tissues

町igure 7 site 4, P<0.05). nifedipine samples contain the second highest extra- and intracelIular

CTGF staining. The pattem in this group is very similar to血at ofphenytoin samples (Figures 8).

The extracellular CTGF in nifedipine samples (Figure lO) is significantly higher in all sites

COmPared to血e control group, While血e di能nence compared to cycIosporin A is signi鯖cant in

a11 sites except site 4 (P<0.05)・ Intracellular CTGF staining in nifedipine samples is sign描cantly

higher compared to co血Ol(Figure l l) and cycIosporin A(Figure 12) specimens at sites 4 and 5

の<0.05). In cycIoaporin A samples, bo血the intra- and extracellular CTGF staining is im鳩ased

at site 4 compared to other sites (Figures 8), and extrace皿ar CTGF staining is signi範cantly
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higher than control tissues at site 4 (p<0.05). The intracellular CTGF staining is not significantly

di節erent compared to controI samples in any of the evaluated sites (p>0.05). Control tissues

express Iow extracellular staining of CTGF and no sign拍cant differences between the宜ve tissue

Sites were found (P>0.05). Similarly, the controI samples show the lowest cellular CTGF

distribution t血oughout all the areas studied and did not show any signi範cant diflbrences between

血e宜ve sites assayed (P>0.05). In summary, CTGF staining is clearly and dramatically elevated

in phenytoin gingiva量overgrowth tissues in all sites. Nifedipine overgrowth tissues contain

modest賞y elevated CTGF staining m a Similar fashion, Whereas in cycIoaporin A overgrowth

SamPles CTGF levels are, in general, CIose to control levels.

Phenytoin sanples contain the highest TGF-β1 staining in all tissue areas (Figure 8,

Figure 13). At site 4, the difference is statistically significant (P<0.05) compared to all o血er

SamPles. At sites l and 5, the TGF-β staining is signi宜cantly higher than in C samples (P<0.05).

The other variations among tissue sanples and sites are not statistically significantの>0.05).

Thus, although phenytoin sanples contain both the most CTGF and TGF-β staining compared to

Other sanples, there is not a strict pattem of elevated co-eXPreSSion of CTGF and TGF-β in all

sites.
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Results

Part富wo

Recombinant maltose binding protein/1ysyl oxidase fusion proteins have been created and

used as substrate to assess pro-1ysyl oxidase proteolytic processing activity (Panchenko et al.

1996, and Feres-Filho et al. 1995). As shown in Figure 14, the an血0-teminal end ofthe intact

fusion protein consists of血e maltose binding protein, and血e ca血oxyl-teminal end is血e rat

lysyl oxidase pro-enZyme・ Fo11owing proteolytic processing by procollagen C-PrOteinase, tWO

Products are generated: 30 kDa mature lysyl oxidase, and a 56虻)a maltose binding protein/lysyl

OXidase propeptide product・ Immuno blotting of products utilizing anti-maltose binding protein

and anti-30 kDa lysyl oxidase antibodies allow assessment of lysyl oxidase processing activity.

Thus, the intact 86 kDa fusion protein is recognized both by maltose binding protein antibodies,

and antibodies raised against mature 30 kDa lysyl oxidase, Whereas after procollagen C-

PrOteinase processing the released 30 kDa lysyl oxidase is recognized only by lysyl oxidase

antibodies・ The 56 kDa maltose binding protein/1ysyl oxidase propeptide product is recognized

by maltose binding protein antibodies (Figure 14).

Fusion protein processing by pur綿ed recombinant BMP-1, mTLD, mTLL-1, and mTLL-

2 was assayed in order to assess for e珊ciency of conversion by these di能灘nt enzymes. Thirty

ng of each purified enzyme was incubated wi血7雌of fusion protein for 45 min or for 4 hours,

and products were su切ected to PAGE and Westem blotting with maltose binding protein and

lysyl oxidase polycIonal antibodies as described in “Materials and Methods”. As expected,

incubations containing fusion protein and no added proteinase exhibited a single mgivr 86 kDa

band and sometimes an additional minor 84 kDa band when probed wi血either maltose binding

Protein (1ane l in Figure 15, A) or lysyl oxidase (1ane l in Figure 15, B and Figure 16)

狐tibodies. Note that, aS PreViously described (Feres-Filho et al. 1995, and Kagan 1986), uSe Of

也e lysyl oxidase andbody results in artifactual bands at -68 kDa, found in sample bu餓瓢alone

and present in all l紬eS, despite a能nity pur輔cation of the antibody (Figure 15 and Figure 16).

50



Incubation of the fusion protein with each of血e enzymes resulted in processmg Of the 86 kDa

PrOtein. This is evident in Fig. 15, Where decreased intensity of the 86虹)a fusion protein is

accompanied by increased intensity of the 56 kDa maltose binding protein/1ysyl oxidase pro-

PePtide fusion product in all reactions containing recombinant enzymes・ The conversions are

time-d印endent, aS greater COnVerSion occurred after four hours incubation (COmPare Figure 1 5,

and Figure 16). Pr9duction of 30 kDa lysyl oxidase is also time-d印endent. Thus, 30 kDa lysyl

OXidase was clearly detected in 45 minute incubations only in BMP-1 reactions (Figure 15),

SuggeSting血at BMP-1 more rapidly processes lysyl oxidase than mTLD, mTLL-1 or mTLL-2・

By contrast, 30 kDa lysyl oxidase was found in reactions incubated for four hours co鵬aining

BMP-1, mTLL-1, Or mTLD (Fig. 16, 1anes 3, 5, and 2, reSPeCtively).A sma11 anount of30 kDa

lysyl oxidase was found in 4 hour incubations containing mTLL-2 (Fig. 16, 1ane 4).
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DISCUSSION

Part One

The mechanisms of increased extracellular matrix production狐d accumulation in

di飾erent foms of gingival overgrowth are only partia11y understood. It has recently been

recognized血at gingival overgrowth may partially d印end on altered levels and activities of

CytOkines that nomal量y help to maintain the balance between extracellular matrix production and

reso町tion・ Indeed, aS nOted, increased levels of bFGF, TGF一β, EL-6, PDGF, and IL-1, have been

found in gingival overgrow血tissues caused by di鴨rent drugs (Di11 et aら1993; Iaccopino et aら

1997; Plemmons et aら1996; Saito et al., 1997; Williamson et al., 1994).

Evidence for increased collagen and non-COllagen protein synthesis and accumulation in

di餓鵜nt foms of gingival overgrow瓜has been reported岬assell and He飾, 1991; Mariani et

al・, 1996; Tipton et al・, 1997). Mature collagens and elastin contain lysine-derived cross-1inks

nec亭SSary for noma宣function of the extracellular matrix・ Cross-1ink fomation d印ends on the

extracellular enzyne lysyl oxidase. This enzyme catalyzes the oxidative deamination of lysine

and hydroxylysine residues in co量lagen, and lysine residues in elastin, tO generate reaCtive

P印tidyl aldehydes that undergo condensation reactions to ultimately fom lysine-derived cross-

1inks (Kagan, 1986; Kagan and Trackman, 1991). Increased cross-1inking, 1ysyl oxidase activity,

and lysyl oxidase protein are associated with fibrotic tissues in animal models and in human

diseases, and studies suppoft血at increased levels of lysyl oxidase derived cross葛1inks confer

resistance to proteolysis and promote accumulation of collagen and elasti皿in the extracellular

matrix (Kagan, 1 986).
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TGF-β1 promotes accumulation of extracellular matrix and insoluble collagen by

di飾erent complementary mechanisms. For example, CO重lagen syn瓜esis and insoluble collagen

accumulation are increased, and concomitantly, matrix-degrading proteases are inhibited by

mechanisms that include altered production of plasminogen activators and of plasminogen

activator i血ibitors as we11 as ma庇x metalloprote王nases and tissue inhibitors of matrix

meta11oproteinases (TrQjanowska et al・, 1998). Proteoglyc糊口md宜bronectin syn血esis are

Stimulated, and elastin biosyn血esis is increased by TGF-β (Liu and Davidson, 1988). Consistent

With血ese e節制S, Our laboratory狐d o血ers have shown that TGF一β1 increases lysyl oxidase

enzyme activity and mRNA levels in di餓aent animal cell culture models (Bock et al., 1994;

Feres-Fi量ho et al・, 1995; Shanley et al・, 1997). Results of our past study in gingival fibroblasts

Were Suprisihg in血at血e time-COurSe Of stimulation of lysyl oxidase and collagen mRNA levels

and lysyl oxidase activity levels were delayed (Hong et d. 1999) compared to our previous

Studies perfomed in murine osteoblastic cells cultured under similar conditions (Feres-Filho et

al・, 1995). We therefore considered血e possibility血at an intemediate factor induced by TGF-

Pl might more directly stimulate collagen and/or lysyl oxidase production in hum紬gingival

鱈broblasts.

Comective tissue growth factor is induced by TGF葛β1, and has been found at elevated

levels in fibrotic tissues and fibrous stroma surro皿ding mammary tumors (Frazier and

Grotendorst, 1997; Igarashi et al・, 1996; Igarashi et al., 1995; Ito et al., 1998; Lasky et al., 1998).

CTGF is a member of a multigene family known as the CCN family characterized by

COnServation of 38 cysteine residues and a high degree of sequence homology among di飾erent

fami宣y members (Boak, 1993). CTGF itself cont祖S multiple structural moti鰹including an IGF

binding domain, a VOn Willebrand factor repeat, and a thrombospondin repeat (Oemar and
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Luscher, 1997). CTGF may have multiple bioIogical activities, has been shown to stimulate

extrace11ular matrix accunulation in NRK cells (Frazier et al., 1996). Proteolytic fragments of

CTGF found in uterine fluid are mitogenic for di能邪nt ce11 types’and CTGF and homologues

may contribute to chondrogenesis (Brigstock et al., 1997; Nakanishi et al., 1997; Nishida et al.,

1998; Wong et al・, 1997). Recent studies show血at CTGF is a potent angiogenic factor (Babic et

al・, 1999; Shimo et al・, 1998). CTGF expression and activity in gingival cells and tissues has not

been previously studied.

We evaluated the hypothesis that CTGF may be induced by TGF葛β1 in gingival cells and

tissues, and that CTGF itself might stimulate insoluble collagen accumulation・ In addition, the

POSSibility that CTGF is elevated in hypeaplastic gingival tissue was evaluated. Interestingly, We

had found that CTGF mRNA levels are strongly induced in human gingival fibroblasts by TGF-

β1, but not by IL-6 or bFGF (Hong et aら1999). In our present study, Westem blotting of cell

layers revealed elevated levels of 38 - 42 kDa CTGF in TGF-βl巾eated cells, Whereas media

SamPles revealed in addition elevated levels of 20 kDa foms of CTGF. These results suggest

血at extracellular proteolytic processing of CTGF by human gingival宜broblastic cultures occurs.

It seems possible that cell type or tissue-SPeC綿c proteolytic processing of CTGF may result in

frngments w柵di飾ering biological activities血at may partially account for the varied bioIogical

activities attributed to CTGF noted above・ Treatment of human gingival宜broblasts with intact

CTGF resulted in modest and sIow stimulation of lysyl oxidase activity, and an increase in

insoluble collagen accumulation by cultured human gingival fibroblasts. Exogenous

administration of CTGF might result in a non-PhysioIogic distribution of proteolytic宜agments

derived from CTGF, Which may underestimate血e true activity and role of endogenously

PrOduced CTGF in stimulating extracellular matrix production・ In addition, Synergistic action of
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TGF一β1 and CTGF, and CTGF fragments may collectively account for regulation of lysyl

OXidase and collagen observed for TGF一β l administration alone. CoQPerative interactions in血e

stimulation of collagen gene expression in smoo血muscle cells by TGF-β1 and PDGF-A have

been suggested (Halloran et al., 1996). It is clear, however,血at simple mediation of TGF一β1

e飾ects by intact CTGF camot fully account for血e relatively sIow induction of lysyl oxidase and

COllagen by TGF-β1. Future studies examining s血.Cture血nction activities of CTGF and

analysis for possible synergistic e飾ects with TGF-β will be highly infomative.

TGF置β1 (400 pM) increased collagen mRNA levels 3-4 fold in the presence and absence

Of CTGF blocking antibody. As noted, this antibody blocks血e CTGF mitogenic activity in a

hunan cel=ine. The lack of e餓畑Ofthis antibody in preventing or i血ibiting TGF一β 1 stimulated

COllagen mRNA levels supports the notion that following stimulation of CTGF levels, TGF-

β 1 stimulates extracellular matrix accumulation by pathways independent of CTGF. The finding

that CTGF itself stimu宣ates lysyl oxidase enzyme activity and insoluble collagen accumulation

indicates that CTGF does contribute to extracellular matrix accumulation. These findings suggest

that TGF-β1 and CTGF have mostly ind印endent roles in stimulating extracellular matrix

Production in human gingival fibroblasts. It is important to note that CTGF has additional known

bioIogical activities including mitogenic activity and angiogenic activity. Future studies will

focus on whe血er血ese other activities of CTGF may be important in the bioIogical functions and

role of gingival CTGF.

It is interesting that CTGF stimulates lysyl oxidase enzyme activity w弛out increasing

lysyl oxidase mRNA levels. This finding predicts that CTGF in some way mCreaSeS the amount

Of active lysyl oxidase by influencing either lysyl oxidase stability, Or by stimulating secretion or

PrOCeSSmg Of the inactive lysyl oxidase pro-enZyme. It is notable that pro-1ysyl oxidase is
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PrOCeSSed extracellularly principally by proco11agen C葵Proteinase (Panchenko et al., 1 996),紬d

血at extracellular processmg Of lysyl oxidase contributes to the regulation of血e level of active

enzyme in some ce11 types (Feres-Filho et al., 1995).

Hum狐　gingival overgrowth tissues contain detectable levels of CTGF protein.

Di能鵜nces in the cel珊ar staining pattem between CTGF and TGF一β1 observed suggest that a

Simple in vivo stimulation of CTGF production exclusively by TGF置βl does not account for the

PreSenCe Of CTGF・ It should be pointed out that there is currently no infomation available

regarding血e relative stわility of TGF-β1 and CTGF proteins in v加o. Thus, CTGF may not

Stably accumulate in a宣l portions of tissues due to high tumover of CTGF. h上V紡O Studies

SuPPOrt血e idea that CTGF may be rapidly tumed over, aS CTGF protein levels in TGF置β1-

treated cells increased less dramatica11y than CTGF mRNA levels. Studies of CTGF protein

Stability in bovine endothelial ce11s indicate low CTGF stal)ility in micro vessel endothelial ce11s,

and higher stability in large vessel endo血elial ce11s (Boes et al., 1999). This further supports the

notion that regulation of CTGF protein tumover co血ibutes to the levels of CTGF accumulation

both in vivo and in vitro. Altematively, CTGF may be induced by TGF-β in a subset ofgingival

Cells, Whereas TGF-β is produced by a greater variety of cell types. This could partially account

for the di能鵜nt pattems of cellular expression of TGF-β1 and CTGF in gingival sections.

h血e in高vo part of our studies, We have investigated the abundance and血e localization

Of CTGF in various drug-induced gingival overgrowth tissues and compared its intra- and

extracellular distribution at di飾erent tissue areas・ Our results demonstrate that drug-induced

gingival overgrow血due to phenytoin therapy has significantly higher amounts of CTGF in all

tissue areas compared to control and other d調g-induced gingival overgrowth sanples. This is

the紐st time to evaluate the possible role of CTGF in di飾nent drug輸induced gingival
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0VergroWth samples and to compare CTGF levels in various tissue areas on the histoIogical

SeCtions. The abundance of CTGF in血e extracellular area was in parallel with血e範ndings at the

intracellular level. Phenytoin samples had signi航cantly higher staining for CTGF in bcth the

Cel宣s and the extracellular matrix suggestive of a double function of this growth factor in

inducing tissue changes. Phenytoin samples showed components that are more宜brotic compared

to the o血er overgrown tissues while less inflammatory cell counts were det∞ted. This indicates

that CTGF expression in phenytoin induced drug-induced gingival overgrowth representing

mainly a fibrotic overgrow血, underlies an important pathoIogical change that is related to the

action of宜broblasts. Indeed, it has been suggested血at CTGF could stimulate fibroblast

PrOliferation and insoluble co11agen accumulation (Hong et al. 1999). These suggestions are

SuPPOrted to a ce巾ain extent by血e data from the present study by simultaneous finding of an

increase of fibrosis and CTGF expression. This aspect, however, Should be veri鰯ed by further in

vitro and in vかo studies.

Dexane血asone, a POtent glucocorticoid, Stimulates the CTGF expression in nomal

tissues and organs but not in inflamed areas (Dammeier et al. 1998). Based on this丘nding, it

may be predicted血at in cycIoaporin A-induced gingival overgrow血, Where patients are also

under simultaneous glucoco巾icoid treatment, CTGF expression would be induced. Our findings

indicate that the abundance of CTGF in cycIosporin A samples is not statistically di飾erent from

血e control tissues. This suggests血at the inflammatory component of血e gingival overgrow血in

血ese samples should be considered as an important reflection of the clinical lesion. Since CTGF

Ievels went down at the inflammatory stage of sclerodema, it could be fu血er血ought that the

inflarmation mi孤t suppress the stimulation of CTGF. Observation of an increased

in軸ammatory cell counts in cycIosporin A tissue samples also supports this suggestion.
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Previously9 it was r印orted that although 60% of the gingival overgrowth correlates with the

fibrosis in cycIosporin A巾eated patients, 40% of the lesion is related to the inflammation

SuggeSting the local e能知Of the bacterial impact (Kantarei 1 999).

Investigations on the relationship between CTGF and TGF-β have showed血at TGF一β

apecifically stimulates CTGF in宜broblasts (Igarashi et aら1995; Grotendorst 1996). While

TGF-β acts as an initiator of the repair process, CTGF functions as an autocrine and paIacrine

Signaling molecule to maintain and perhaps amplify and synchronize the response of宜brob宣astic

Cells in the tissue (Frazier言996). Similar to TGF-β1, CTGF is able to stimulate type I collagen,

integrin α5,狐d fibronectin in宜broblasts. Thus, these two proteins would function in a

regulatory cascade in healing or regenerating tissue (Igarashi, 1993; Frazier, 1996) suggesting

血eir importance in血e fomation of範brotic tissues. This assumption has been further con範rmed

in skin sclerosis where the existence of CTGF gene expression is strongly correlated with the

lesion (Igarashi, 1996). While CTGF has been continuously detected in血ese lesions, TGF-β

regulation has been seen only in血e very earliest stage. In addition, the suboutaneous i垂ection of

TGF-β and CTGF into the mice caused granulation tissue and fibrosis (Frazier, 1996). It has

been proposed that in addition to transcriptional regulation of CTGF gene expression by TGF一β

in some cell types,血ere are one or more controI points in the CTGF biosyn血etic pathway, that

Serve tO regulate qualitative and quantitative aspects of CTGF secredon (Steffen, 1998).

Althou如it has initially been suggested that CTGF is associated with血e presence of TGF一β, it

is now accepted this is a cascade葛1ike relationship rather than aノ℃o-expreSSion pattem. This

assumption has also been justified by our範ndings. We have failed to identify血e simultaneous

わundance of these two grow血factors and there was no correlation between血em. Moreover,

血e di能粕nces in TGF-β1 expression between the groups were not statistica11y signi宜cant in
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most tissue areas・ This finding, however, does not exclude the possibility of a cascade-1ike

relationship between CTGF紬d TGF一β1 and demands the conduct of longitudinal, Well-

COntro11ed experimental studies.

In summary, Our findings show that CTGF is strongly stimulated by TGF-β1 in human

gingival fibroblasts. This is pe血aps very important’ProVing that CTGF is a functional cytokine

released by human gingival fibroblasts. Indeed, the pattem of CTGF stimulation by TGF-β1 , aS

it is stated in the literature review section, is very consistent with findings of other investigators

WOking on other systems and fibroblastic cell lines. Our results indicated that CTGF is initially

elevated at four hours at RNA level’then it is maxima11y elevated at 24 hours and stayed

elevated at 48 hours. We also detected 38-42 kDa CTGF at protein level consistent to血e RNA

expression pattems. Moreover’the presence of a 20 kDa CTGF fragment in human gingival

fibroblasts has great importance shoving one more time that CTGF is highly functional and due

to血at undergoes proteolytic cleavage. This kind of processing pe血aps happens after ceftain

functional activities’SuCh as possible stimulation of gingival fibroblasts for co11agen synthesis.

Perhaps CTGF functions on ECM as a mediator of TGF-β in human gingival fibroblasts. As an

evidence of CTGF functions, We also showed the stimulation of long-tem CO重量agen

accumulation by exogenous CTGF addition.

One of our important findings, in vivo, is the distinction between phenytoin-induced

gingival overgrow血and nifedipine and cycIoaporin A-induced gingival overgrowth. We can

Certainly say that phenytoin-induced gingival overgrowth is much,叩Ore fibrotic in nature and

local inflanmation and oral hygiene of the patients has much less importance. We also found

that in phenytoin-induced gingival overgrowth samples exhibited inflammatory ce11 counts

Similar to the co血Ol group. Consequently’Patients su節ering of phenytoin-induced gingival
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OVergrOWth should undergo gingivectomy surgery rather th狐1ong tem recall type scaling and

root plannmg treatment. Nifedipine-induced gingival overgrowth also exhibits, C宣inical and

microscopic characteristics of触rosis’eVen血ough inflammation and poor oral hygiene are

triggemg factors for nifedipine-induced gingival overgrowth. In this case, Patients should

Practice strict oral hygiene supplemented by professionaI scaling and root plaming before any

need of surgical血erapy is detemined. Opposite to血e phenytoin- induced gingival overgrow血,

CyCIosporin A-induced gingival overgrowth tissues are more inflamed than fibrotic, Since

intracellular CTGF numbers are much less and infl紬血融Ory Ce11 counts are much more then

Phenytoin group and control tissues. In this case, the clinical approach should be more

COnServative・ Oral hygiene should be very much emphasized狐d scaling and root plaming

Should be initially perfemed every mon血and that longer intervals in the course of trea血ent.

The systemic status of cycIosporin A-induced gingival overgrow血　patients should also be

CO壇dered in clinical applications. In that context, the choice of clinical trea血ent modality has

great importance’Since bacteremia may be caused by vlgOrouS treatmentS and eve血a11y

Patient’s health may be jeopardized. Our findings suggest that CTGF may be a crucial cytokine

血at stimulates触ootic gingival overgrow血, and CTGF may be part of a cascade of molecular

events that lead to drug-induced gingival overgrowth. The presence or the absence of CTGF may

also detemine what kind of clinical treatment modality should be chosen.

Future studies may address, time and dose depende加expression of TGF一β,s and CTGF

in gingiva in developing phenytoin, nifedipine’Or CyCIoaporin-induced gingival hypeaplasia in

experimental animals models. Experimental animal models may also help detemmmg Whether

TGF一β1 strongly induces CTGF in the oral environment.血addition, detailed clinical

Characterization coupled to histoIogical and immunohistochemical analyses of hum紬gingival
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OVergrOWth tissues may result in new iden描cation and class綿cation of di能鵜nces among these

tissues血at may provide insight into the etioIogy and treatment of di飾erent foms of gingival

OvergrOWth・ An in vi加o and in vかo blockage of CTGF may also explain more what its functions

One of the well known intracellular messenger systems is the adenylate cyclase system.

In血is system, Chemical signals like neurotransmitters and homones are recognized by several

di鴨rent kinds of membr狐e reCePtOrS triggemg Cell membrane bound enzyme adenylate

CyClase. Then, adenylate cyclase converts intrace11ular ATP to cAMP eventually c餌smg

i巾acellular events (Champe et a1 1994)・ As it is stated before, the presence of a TGF-β response

element in the human CTGF promoter was shown. The TGF-β response element s轟ares partial

SequenCe homoIogy with cAMP reaponse e宣ement. TGF-β activation of CTGF瓜rough血e TGF一

β response eleme血WaS inhibited by cAMP analogues and agents that elevate intracellular

CAMP. Furthemore, increased intracellular cAMP inhibited TGF一β stimulation of collagen

Synthesis. The stimulation of CTGF by TGF-β was also blocked in vivo by cAMP-elevating

agents. Indeed, CAMP-elevating agents suppressed CTGF stimulation by TGF-β and collagen

Synthesis in NRE cells. The addition of CTGF did not stimulate collagen synthesis in cells

treated with both TGF-β紬d cAMP“elevating agents. Interestingly, this blockage did not affect

TGF一β stimulated changes in the moaphoIogy in NRK and NIH/3T3宜broblasts, SuggeSting that

O瓜er TGF-β signaling pathways such as Smads are still active. Additionally, POSSible CTGF/

TGF-β dependent and independent pathways are described. (Kothapalli et al. 1998, Duncan et a獲

1999)・ It appears血at cAMP-elevating agents may be used as therapeutic agents, Since血ey

apecifica11y block TGF-β stimulation of CTGF for collagen synthesis. In addition, POSSible

CTGF/ TGF-β dependent and independent pathways are described. This may suggest that CTGF/
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TGF-β pathway may only be stimulated when there is a fibrotic event while ind印endent

Pathways are also e能加ive for regular celIular functions. Furthemore, the other functions of

TGF-β are not blocked by cAMP-elevating agents increasing their therapeutic value. Indeed, this

SeemS tO be more important for phenytoin induced gingival overgrowth since the biopsies from

Patients taking phenytoin exhibited much abundant fibrotic component・ Furthemore, it appears

that altering CTGF stimulation by TGF-β wi血cAMP-elevating agents may not effect o血er

Ce11ular functions. Further investigation is needed in order to detemine, Whether human gingival

fibroblasts follow a similar pathway, Or Whe血er a di能ae重虹, unknown mechanism is active.

Then, Since our u宣timate goal is to soIve and treat bioIogical questions, an in vivo model should

be estal)lished and detailed molecular紬alysis should be made. This may very well ease the

understanding of血e changes as a cascade of events in drug-induced gingival overgrowih, both at

microscopIC and molecular level.

It is also interesting to show whe血er other CCN early gene family members such as

Cyr61, is also present in drug-induced gingival overgrowth sanples. The pattem of cyr61

PreSenCe may also occur as a function of di飾erent drug therapies that stimulate gingival

OVergroWth. Even though cyr6 1 has homoIogy and similar conserved sequences to CTGF言t has

a serum response element in the promoter sequence rather than a TGF-β response element. It is

known that TNF-α Stimulates cyr6 l. Elevated levels of inflammatory mediators such as TNF-α

. may activate transcription of cyr61 by binding to the se調m reSPOnSe element. This may

especia11y be the case for cycIoaporin A-induced gingival overgrowth since it exhibits high

levels of i血ammatory cells. This may also explain why CTGF levels are much lower then the

Other two gingival overgrowth gro岬s.

62



It is been shown that mechanical stimulation induces CTGF expression in rat osteocytes

(Yamashiro et al・ 2001). In皿s context, eXOgenOuS addition of CTGF in to critical size mouse,

and rat calvaria; Or ral)抽tibia and may enhance the understanding of CTGF functions in ECM

Stimulation, and/or osteogenesis・ Fu血er clinical applications, COuld be the tried by usmg rCTGF

in combination with bone a11ografts during guided bone regeneration procedures・
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DISCUSSION

Pa巾冒wo

Two recent discoveries lead to the notion that certain enz)meS, Which provide

ProCOllagen C-PrOteinase enzymes’may be key in initiating and controlling a cascade of

extracellular transfomations critical for extracellular matrix deposition. The two discoveries are

(a) that enzymes with procollagen Cproteinase activity have multiple extracellular substrates,

and (b) that the Bnやl gene, related to genes血at regu量ate moaphogenetic patteming in non-

mammalian species, enCOdes procollagen C-PrOteinases・ In addition to the biosyn血etic

ProCeSSing of procoHagen types I, II, and IⅡ, ProCO11agen Cずoteinase enz)meS PrOteO宣ytically

ProCeSS PrO書1ysyl oxidase (Panchenko et aら1996), inactivate Chordin to release grow血factors

from latent complexes (Scott et al・, 1999; Mu11ins, 1998), and may also process pro・α1(V)

COllagen (血anura et aL 1998) and laninin-5 (Amano et aら2000). The conc印t of a key

enzymatic activity that controIs a series of subsequent activities leading to a bioIogical

Phenotype is well know in catabolic cascades, in which extracellular matrix dest鵬Ction is

initiated by co獲宣agenases (MMP- 1 , MMP-8, MMP- 13), Or Plasmin oragase狐d Woessner, 1 999).

The existence of analbolic or synthetic extracellular enzymatic cascades now seems likely

following characterization of developmenta11y regulated enzymes such as those with procollagen

Ci)rOteinase activity.

As with key catabolic enzymes such as the co11agenases, a Certain degree of redund紬Cy

appears to exist for anabolic enzymes’Where key enayme activities may be encoded by di飾erent

genes in a tissue-apeCific and developmenta獲ly regulated mamer. The present study investigates

theわility of proteinases derived from the B叩p1 gene itself; and of two hi如Iy similar

PrOteinases encoded by Bnpl-related marmalian genes to process pro-1ysyl oxidase in vitro, In

addition, the e飾ects of血e absence of proteases encoded by the B型〆gene on lysyl oxidase

activity and biosyn血esis was studied in fibroblasts cultured from wild type and B型〆-null mice.

The in vitro data indicate血at BMP-1, mTLD, mTLL-1孤d mTLL-2 enzymes process pro-1ysyl

OXidase with di節erent e飾ciencies and, Perhaps, in somewhat di飾erent ways. Thus, BMP-1 is the

64



most e能cient at processmg PrO-1ysyl oxidase to produce the mature enzyme, Whereas mTLL-2

does less productively process pro-1ysyl oxidase into a stal)1e active fom. The observed trend in

relative pro-1ysyl oxidase processmg Parallels血e previous重y r印orted activities of血ese enzymes

against type I and type II procollagens (Prockop et aら1998). Thus, the high e純ciency ofBMP-

1 processmg Of both procollagens and pro-1ysyl oxidase points towards BMP-1 as a principal

activity in the biosyn血esis of functional insoluble collagen. Previously r印orted expression

PattemS Of BMP-1, mTLD, mTLL-1, and mTLL-2 in developing hindlimbs indicate BMP-1 and

mTLD to be expressed at high levels throughout limb mesenchyme, While mTLL-1 expression

appeared more restricted to perichondrium or periosteum, and mTLL-2 expression a押eared

Principally in skeletal muscle. Thus, PattemS Of expression of BMP-1 and mTLD in highly

CO11agenous tissues are also consistent with a principal role in lysyl oxidase and mature co11agen

biosyn血esis. The more restricted expression pattems of mTLL-1 and mTLL-2 may indicate

SeCOndary or more specialized roles for these products in the nomal development of co11agenous

extrace11ular matrices.

The analysis of N-terminal sequence of lysyl oxidase fusion protein after the processmg

by BMP-1 , mTolloid, mTLL-1, mTLL-2 produced 30 kDa lysyl oxidase・ Furthemore, the

availability of embryonic fibroblasts, and tissue apecimens from Bn〆, mHL-1 and m7LL-2

nu11 mice defined more clearly which gene product is essential for lysyl oxidase process宣ng

(Uzel et. a1 2001).

血sunmary, Our findings sxpport the idea BMP-1 having versatile functions・ This fits

this enzyme in a much larger bioIogical picture’SuCh previous findings as BMP-1 being the

inhibitor of chordin, the inhibitor of BMP-4, SuPPOrtS the ubiquitous presence of BMP-1.

Moreover, mTLL-1 and mTLL-2 are partia賞ly al)le to replace BMP-1. This is also evidence

Showing that when BMP-1 is lacked during its other functions, Other molecules such as MLL置1
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Can eaSily replace it. It is also proves the likeliness of BMP-1 versatility in other functions,

Other血an pro-COllagen, PrO-1ysyl oxidase c量eavage and chordin inhibition. In that context, eVen

though BMP-1 is not a TGF-β superfamily member, BMP-1 may also have many synergistic

functions with the other BMP’s.

血our studies it is showed for the first time, that pro-1ysyl oxidase is the紐st known

Substrate for mTLL-2. Further studies on mTTL-2 should be also done, eXPerimentation of

mTLL-2 nu11 and mTLL-2 and BMP-1 nu案l mouse cells and animals may illuminate more its

functions.

醒
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Figure l Gingival tissue areas used for evaIuation of帥rosis, eXtraCelIular TGF一β1, intra

and extracelIuIar CTGF, and in組ammation:

1. Oral-Sulcular Epithelium and Subepithelial Comective Tissue

2・ Oral Epithelium and Subepithelial Comective Tissue

3. Oral Epithelium and Sub印i血elial Comective Tissue

4・ Sulcular Epithelium and Subapithelial Comective Tissue

5・ Middle-Deep Comective Tissue
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Figure 2　Western BIot of TGF-β1 (400 pM) Treated Human Gingiva量Fibrob萱asts

Probed with Anti-CTGF Antibody Westem blots probed with anti-CTGF antibody of ce11 1ayer

and media s創mPles from TGF一β treated hunan gingival fibroblasts. N5 cells were treated with

400 pM TGF-β (+), Or With no cytokine (-) for the indicated periods oftime, and cel=ayer狐d

media samples were pr印ared and su髄ected to SDS PAGE and Westem blotting as described in

Materials and Methods. Human recombinant CTGF was also analyzed as a positive control (S).

Specificity of the antibody was verified by lack of staining with pre-irmune serum ofthe media

SamPle taken from 48 hr TGF-β treated cells (P).
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F主gure 3 Regulat王on of gingival範broblast lysy量oxidase enzyme activity by CTGF. Human

recombinant CTGF was added to human gingival fibroblasts (N5 cells) at the indicated

COnCe皿trations as described in “Materials and Methods”, and lysyl oxidase enzyme

activity/million ce11s was detemined after 24 and 48 hours of treatment. Cells were re-fed w紬

fresh media +/- CTGF after血e first 24 hours of treatment. Data are from two experiments

COmbined. Error bars indicate standard deviation. Asterisks indicate statistica11y sign範cant

di能汀enCeS in lysyl oxidase enzyme activity compared to untreated controI cells detemined by

unpaired t寸est.

92



93

e

M

 

e

績

∴

椅

　

e

 

e

 

e

M

e

○

　

○

　

e

 

e

(

葛

毒

も

阜

S
富
∃
e
占
∞
寸

誓
言
e
j
寸
録

<
N
讐
i
S
∞
,

十
d
量
目
壱

O
q
e
富
d



Figure 4 The Inhibition of Collagenase by the Exogenous Add圭t王on of O,10,50 ng/ml CTGF

a耽er 24 and 48 hours. The regulation of co11agenase (MMP-1) mRNA levels after exogenous

addition of CTGF to human gingival fibroblasts. In血is evaluation, 0, 1 ng/ml, 10 ng/ml and 50

ng/ml CTGF was added to human gingival fibroblasts in serum-free medium, and 48 hours after

mRNA was isolated, aS it is stated in materials紬d methods. The Northem blots were obtained,

and紬alyzed with cDNA probes radiolal班ed utilizing random prlmer methodoIogy for

COllagenase (MMP-1), and nomalized to 1 8S RNA. Data were generated by evaluating optical

density of血e radiographs wi血pho坤hor imager. Data from血e experiments, 0.72 units, 0.79

units, 0.80 units, 0.75 units of optical density after the addition, 0, 1 ng/ml, 10 ng/ml and 50

ng/ml CTGF, reSPeCtively.
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Figure 5　　The degree of鯖brusis as assessed by the semiquantitative relative grading

The degree of観brosis as assessed by the semlquantitative relative grading of血e of collagen-1ike

fibers and theわundance of帥roblasts (PHE: Phenytoin group, NIF: Nifedipine

gro叫), CSA: Cyclosporin-A group)

* Statistica宣ly significa血tの<0.05) compared to CSA and C

# Statistically significant to<0.05) compared to NIF
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Figure 6・ The degree of inflammat王on The degree of in組紬nmation as assessed by the counts of

in餌ammatory cells per unit area G}HE: Phenytoin group, NIF: Nifedipine group支CSÅ:

Cydosporin-A group) # Statistically signific勧請の<0.05) compared to NIF

Statistic拙y sign描cant @<0.05) compared to PHE and C
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Figure 7 the degree of extra- and intraceIluIar CTGF staining

(a) The deg鵬of extracellular CTGF staining (PHE: Phenytoin gro岬, N冊

N鴨dipine group, CSA: CycIosporin-A group)

* Statistica11y significa加の=0.05) compared to NIT, CSA,紬d C# Statistically

Significantの<0.05) compared to CSA狐d C

据Statistically significant (p<0.05) compared to C

(b) The degree of intrace11ular CTGF stalning as assessed by the cell counts per unit

area G)HE: Phenytoin groxp, N皿Nifedipine group, CSA‥ CycIoapo血-A group)

掌Statistically signific紬t (P<0.05) compared to NIF, CSA, and C

# Statistically signi亜cant (p<0.05) compared to sites l-3 and 5

*掌Statistically signi航cant @<0.05) compared to CSA and C# Statistically signi範caut

む<0.05) comp紬ed to CSA and C

彊Statistically significant心<0.05) compared to C

@) The degree of intrace11ul紬CTGF staining as assessed by the cell counts per unit

area (PHE: Phenytoin group, NEF: Nifedipine gro岬, CSA: CycIosporin細A group)

* Statistically signific祖t @<0.05) compared to NIF, CSA, and C

# Statistically significa血の<0.05) compared to sites l-3 and 5

** S融stically sign王ficant (P<0.05) compared to CSA and C

100



<
U
七
〇
d
s
〇
一
〇
ゝ
U

筆
意
p
省
N

①
白
雪
毒
舌
音
,
①
"
d

富
山
e
富
合
①
七
d

一
〇
〇
盲
○
○



Fi邸re 8. Compa附ble mier喝raphs showin蜜CTGF, Pre-imm櫨鵬e, TGF_β s融n圭鴫in

Phenytoin, nifedip王ne, Cyslospo血A, and controI groups HistopathoIogy孤d

immuno鵬st(鳩hemical staining of gingival overgrowぬtissues from Phenytoin,

nifedipine, CyCIosporin A, and cont脚l gro岬s w軸CTGF (a置d), TGFβ1 (i・l) and p購-

immune staining is∴Shovun in figu輪e-h. “車, starrds for印ithelium. (Original

magn綿cation x400; each b艦=2.5甲m).
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Figure 9・ Representative micrographs∴Showing CTGF, Pre輸immune, TGF-β staining in

Phenytoin group HistopathoIogy and immunohistochemical staining of r印resentative

Phenytoin-induced gingival overgrowth tissue samples with CTGF, TGFβ1 and pre-

immune staining is shoⅧ・ Block arrows represent intracellular staining, “*” stands for

extracellular staining and clear arows point out the blood vessels. “ep” stands for

apithelium. (Original magnification x400; eaCh bar=2.5叫m).
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Figure ll・ Representative micrographs showing CTGF, Pre-immune, TGF-β staining in

COntrol group HistapathoIogy and immunohistochemical staining of r印resentative

COntrOI group tissue samples with CTGF, TGFβ1 and pre-immune staining is chown.

BIock arrows represent intracelluIar staining,毎*" stands for extracellular staining and

clear arrows point out血eらIood vessels. “印” stands for印itheli調. (Original

magni範cation x400; each bar=2.5叫m).

108



109

占
D
案
○

一
千
回
D
案

里
毒
舌
雪
目
音
-
登
d



Figure 12. Representative micrographs showing CTGF, Pre-immune, TGF_β staining in

CyCIosporin A group HistapathoIogy　狐d immunohistochemical staining of

r印resentative cycIosporin A-induced gingival overgrowth tissue samples with CTGF,

TGFβ1 and pre-immune staining is shown. BIook arrows represent intracellular

Staining, “掌,, st狐ds for extfa∞llular staining and clear arrows point out the blood

VeSsels. “ep” stands for apithelium. (Original magnification x400; each bar=2.5叫m).
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F王gure 13. The degree of re量ative grading of TGFβl staini皿g (PHE: Phenytoin group, N冊

Nifedipine group, CSA: CycIoaporin-A group)

* Statistically signi範ca血の<0.05) compared to NIF, CSA, and C

# Statistically signific加の<0.05) compared to C
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Figure 14・ Maltose binding protei皿丑ysy看oxidase血sion protein, Schematics showing血e

StruCture Of血e maltose binding protein/lysyl oxidase fusion protein,紬d products following

ProCeSSing by procollagen C-PrOteinase.
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Figure 15・ Incubation of the enaymes with the血sion protein for 45 minutes Westem blots of

incubations of maltose binding protein/1ysyl oxidase fusion protein alone or w紬BMP-1 , mTLD,

mTLL-1, Or mTLL-2. For all blots fusion protein was i皿cubated with: nO enZyme (lane l); 30 ng

mTLD (lane 2); 30 ng BMP細1 (lane 3); 30 ng mTLL細2 (l狐e 4); 30 ng mTLL-1 (1ane 5). In panel

D, 56 kDa maltose binding protein/lysyl oxidase propeptide was detected with紬ti-1ysyl oxidase

due to cross-reaCtivity of anti-1ysyl oxidase with the maltose binding protein at瓜e lower

雛追body dilution used for this blot (1 :5,000 instead of l : 10,000).
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Fi蜜ure 16・喜ncubation証鵬enaymes with the請si伽pm職王珊虹柑4 h側鵬Westem blots of

inoubations of maltose bind主ng pmtein/lysyl ox王dase fusion prcte王n alo鵬or with BMP- 1 , mTLD,

mTLL-1, Or mTLL_2. For all blots fusion pnatein was inoubated with: nO enZy鵬(l紬e l); 30 ng

mTLD (l孤e 2); 30 ng BMP-1 (l紬e 3); 30 n蜜mTLL-2 q紬e 4邦O ng mTLL-1 (霊紬e 5). In p磯的I

D, 56 kDa ma恥se bindin宮Prote軸ysyl oxid稀e propeptide was dc鵬cted w触anti後Iysyl oxidase

d鵬to cruss-憫融vity of an叫ysyl oxidase w組the maltose binding pmte王n如the lower

a融body dilution鵬d励o掘s blot (1:5,000 insteed of l : 10,000).
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DayofHarvest �Collagen/DNA(叫g仙g) 

mean十/-SE 

NoCTGF �+50ng血ICTGF 

0 �4.96十/2.5 �5.94十/-3.0 15.35春十/-0.69 3158*十/152 

4 �重0.5十/一0.12 

11 �15.34十/置067 

18 �　● 17.54十/-0.32 �26.44*十/細0.96 
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TabIe重・ StinuIation of celI layer co看霊ngen levels in gingiva霊鮮broblasts try 50 ng/m霊CTGF.

Human gingival宜broblasts (Cu血re N5) were grown to confluence in DMEM containing 10%

NBS紬d antibiotics. Cells were then cultured in this medium coITtaining in addition lOO鵬んul

ascorbate (day O). Treatment with CTGF (50 ng血重) or no CTGF was begun on day zero. Media

Were Changed three times per week. Cell layers were harvested after washing with PBS by

SCrapmg into O.01% Triton-X lOO wi血a rubber policeman. Aliquots were used for co11agen

determination calculated from hydroxyproline levels measured in triplicate by amino acid

analysis,紬d for DNA detemination (Vytasek, 1982) (See “Materials and Methods"). This

experiment was perfomed twice with similar results.

* Statistica11y greater than control (no CTGF) by unpaired t-teSt (P<0.05).
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