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"‘Nith or w1thou

S ABSTRACT §
ig Vitro Studies of Co]iagen Cataboiism in

: Progressive Periodontal Disease (PPD) in Beag]e Dogs“

\ .

- The destructive phase of chronic PPD is characterized by .a dec-

rease in co]iagen content of the gingival stroma. and periodontai

;—membrane. Bacteria] piaque piays a maJor role in the ifitiation and
progre551on of the disease. Beagie dogs routineiy deve]op spontaneou B
ligingiv1tis and subseqdent periodontitig which c]ose]y resembies thal
’f found 1n i humans. Exp]anted beag]e dog gingival tissue has ‘been u;7d‘
| to assess proteinase physio]ogy and co]]ageno1ys1s in both healthy/ nd ‘
,Adiseased states, and has Erovided an in vitro mode] to study the _
yeffect of homo]ogous denta] pTaque on these tissues. .
' Hea]thy and diseased tissue expiants were cu]tured separate]y

g

‘modified EagTe s medium w1th ant1b10t1CS for up to-10 days at 37 C.

»'fMedia were c anged da11y and assayed for the fo]]owing activities

7”»act1ve and 1aLent coi]agenase,_e]astase, Cathep51n B Iike thiol pro-
fifteinase, piasminogen activator iike (PAL) proteinase, ge]atinase,.
neutral protéinase, 1ysozyme and B glucuronidase | Co]iagen01y51s in .
‘the cu1tured expiants was assessed by measuring the total. and diffus-_'
-f‘abie hydroxyproiine re]eased 1nto the media Ce11 V1ab111ty waS'»
o assessed by giucose utilization, re]ease of 1actate dehydrogenase'
rf(LDH) and histoiogica1 examination of cultured expiants at various'
fytimes. The reiease of. prostag]andin E2 was also monitored in the:
~explant. media.

In generai diseased exp]ants re]eased higher 1eveis of - proteinasev\

""act1V1t1eS and co]]agen degradation products into the cu]ture media;,‘

"than heaithy exp]ants Coi]agen degradation was e]evated in. those'f

:'cuitureSfconfaining piaque and this was associated w1th increased -

t dentai plaque (100 Hg piaque protein/m]) in Duibecco s_‘:

1evels of coiiagenase, neutra1 proteinase,vpiasminogen activator andf i




| either culture med1a, and cathepsin B- 1%$e ﬁ@%b%ﬁ'

*were simi]ar for non- p1aqUEwsupp1emented explant éed1a Prostag]and1n :

o d1seased t1ssue.

gelatinase. Howéter,:thé response of healthy or diseased exbﬁants.to ,

p1aque'exposure varied with each'en£}Me, for instance, the 1ncrease'in '

;co]lagenase and PAL activities was signif1caﬁt? J‘rated in hea]thy .

tissues Neg]igib]e elastase or lysotxmeﬁgctf agagt*were found in

”f%nase act1v1t1es

E2 was re]eased ear]y in. cu*ture and exp]ant media 1evels were sign1-

ficantly h1gher for d1seased tissues. - _ Ce

The- healthy and d1seased g1ngiva1 tissues were also extracted

d1rect1y and the b1ochem1ca] and enzymatic components deta1]ed above“

’V:were assayed and compared. H1gher levels of th1o1 proteinase andg.:

elastase were found for di eased tissues re]at1ve to hea]thy but no.

"~f_d1fferences were found fo LDH or B- g]ucuron1dase act1v&§1es No?
: co]lagenase, PAL or neutra] proteinase act1V1t1es were. extractab]ea
N ~~

from t1ssues e1ther at the beginning or at the end of the culture,

,.per1od even when chaotropic thermal or fonic dissoc1at1ve methodSQ

were usedJ H1sto]og1ca1 oLservat1ons f cell d1str1but1ons and inte-

gr1ty of/the stroma] matrix supeorted '1ochemicaA data which showed o

s]1ght1y 1ncreased DNA and reduced am unts of hydroxypro]1ne for

f we now have a better 1dea of the po ent1a1 prote1nase act1V1ty of

the who]e twssue part1cu1ar1y the base eve]s and the extent of its .

response to so]ub]e p1aque products : T.1s pre11m1nary or background

'1nformation now 1ends 1tself to further stud1es on spec1f1c ce]] ce]]
;.f1nteract1ons involved 1n the. degradat1ve phys1o]ogy of per1odont1t1s

” '_and other 1nf1ammatory d1seases 1n genera]

b}

K
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b}pe/lodont’T dwsease has been extens1ve1yb

:ﬁ»an1ma1»mode]s, as- we11 as 1//humans un
~induced programs- (Loe, etal, 1965 Lrndhe;le
':ﬁheﬁal, 1975 Schroeder,'1977) N Laboratoryr
r1nc1uded observat1ons 1n m1nk (LaV1ne,

:ﬂu(Page eta], 1972), macaque (Pett1grew;

'i_per1odont1um prov1dé anchorage of the gmng1va to the aTveo-'

",Resu1ts Sect1on) at the cemento enamel junct1on.”\f-:’

..,“‘ .

3

INTRODUCTION

The deve]opment of gwng1v1t1s and 1ts progress1on to};‘

tud1ed 1n severa]’

er

\1973; Payne .

etal,

980) dog (L1ndhe,;f

feta1 1973 WOolley, eta], 1978b Soames eta] 1?76) andh;c"
‘F;bov1ne g1ng1va (B1rkeda1 Hansen, eta] 1976 Pett1grew etal

.7h1980) Many of” the ce]]u]ar and patho]ogwc changes found 1ntf

/

1nf]amed g1ng1va1 t1ssues are common“to other 1nf1ammatoryfﬁfﬂ
"fdd1seases.bThe maJor effect of sMch pathophys1o1og1ca1)’
- changes 1n g1ng1va 1s the loss of connect1ve t1ssue matr1x7iaf/

;-}?jand tooth support.v;-ah”°‘“

A h/gh]y organ12ed array of co11agen f1bers in theﬂ»js

s

/

‘3"1am bone and to the root cementum (ﬂor rev1ew,vsee Page &

/ PR S

.3 fNarayanan,:1980) An attachment 1am1na produced by theo
'beJunct1ona1 ep1the11a1 ce11s norma]]ywun1tes the g1ng1va1],ﬂf

f}structures w1th the tooth surface (see Plate Ia at end of;f'

o [

The microf1ora of the ora] cav1ty and su]cu1ar.creV1ceh‘]"

"n;15 Separated from the g1ng1va1 stroma and 1ts under1y1ng!'
ﬁfsupportlve a]veolér bone by a protect1ve ep1the11um A basesf3'f

tel;ment membrane connects the ep1the11a1 ce11s w1th connect1veﬁf

' eﬁtlssue_stroma,g.EnmEShed in- the stroma,'supported by h1gh1yff?t'

Qer1menta11y— e

tudfesnhareht‘[

1976) marmoset;rjg



= organ1zed bund]es of co]]agenL is.a piexus AL blood vesse]s
” wh1ch is found next to the Junct1ona1 ep1the11um

Vascu]ar1zat1on of th1s reg1on 1n the g1ng1va1 stromao'

igwncreases w1th advanc1ng stages of the 1nf]ammatory:f‘

rd1sease, and 1s respons1b1e for the extens1ve b]eed1ng wh1chf

1accompan1es Prob1ng to eva]uate su]tular pockBt depth (an-‘

T

b'*maJor c11n1ca1 d1agnos1s of ‘the d1sease) Other features of

Q.

.yrwfthe d1sease 1nc1ude ap1ca1 advancement of. the junct1ona1ie,h

'ep1the11um, destruct1on of the per1odonta1 11gament _and'_"'

'i;bone resorpt1on 1n the a1veo1ar crest (for reV1ews of h1stoQ;'

;;{:';pathb1ogy, see SchrOeder, 1977 Payne,zetaI, 1975)

Many researchers have 11nked the Patho]og1c a1terat1onsf~"7

wh1ch occur 1n the stroma] connect1ve t1ssue w1th subsequent."

. ”f1'1mpa1rment of funct1on (Page & Schroeder 1981) DUr1ng ear]y';v~-n

"sttages of g1ng1v1t1s the maJor s1te of c011agen a]terat1onf{hbmi

"'kf occurs 1mmed1ate1y subJacent to the Junct1ona1 ep1the]1um at -

H“"the s1te of the 1nf1ammatory ce]] 1nf11trate (Page & Schroe-f;7“"

:'wffider, 1976) Th1s marg1na1 tﬁssue may be converted to granu-k"'

tdat1on t1ssue w1th great]y 1ncreased numbers of b1ood veSiijﬁ

'ViiTSe1s and dense popu]at1ons of 1nf1ammatory ce11s 1n severa]*‘~"

7fjan1ma1 mode]s, but 1s 1ess common 1n human d1sease.(Page“*' :

’bj;& Narayanan, 1980) The ce]]u]ar changes observed.1n the:

e
-ua;alterat1ons wh1ch genera]]y 1

£y

7<;d1sease state accompany seVera1 we]] character1zed matr1x-“'

to a nef reduct1onpinﬂ

el

'thO11agen content (Narayanan,

'fh?co11agen composit1on and content destru6t1on of the attachaf’[dt{

i

\

"fhiment between g1ng1va and tooth and subsequent a]veo]ar bone“

1980) The changes n u;a”



hS

resorpt1on w1th Ioss of tooth support have been weI] docu—

'mented in the 11terature (Page & Schroeder, 1981 Page‘&‘ ‘77

B Narayanan, 1980)
' ' The connect1ve t1§sue stroma cons1sts of h1gh1y organ~
hnzed coIIagen f1bers and othgr oonst1tuents such as; f1bro-,

”“nectjn,.proteoglycans and g]ycoprote1ns-(KIe1nman, eta]g

g41981)~ Several changes 1n the co]]agen compos1t1on haveg*ﬂw

1i;§n reported between norma] and dmseased gqng1va/(Narayanan

t;_1n both t1ssues,;but a]terat1ons 1n 1ts proport1on to types:f'

":;etal, 1980) Type I co]]agen is the pr1nc1pa1 type foundfj'

'gfIII and V are ev1dent 1n the d1seased state (Narayanan &ja'

L7IPage, 1976) A smaII amount of type III co]]agen~% 10%) and':

?V'Qtrace amounts of type V ( 0. 5%) have been reported together;; aqt

i;*W1th a Type I tr1mer in the d1seased t1ssues (Page & Nara-"'

Te}dyanan,_1980) HOWever,lthe most 1mportant feature 1s thegt_ﬁfl

| 'f_overa]] reduct1on 1n co]]agen content of the stroma, 1ncJu§}yw

"fdd1ng the 1nso]ub1e, h1gh1y cross]1nked port1on -Increasedy'fi.f

ﬁhamounts of poorIy cross 11nked coIIagen‘are found. 17;”

vfd1seased t1ssues wh1ch probab]y ref]ects 1ncreased synthes‘s'{7?ﬁ

‘t;gand 1ncomp1ete maturation of the co]]agen f1br11$ (Pa'e & I'

""’Na"ya"a"’ 980;) G

SRy

Non coI]agen components of the g1ng1va 1ncTUde/fibrblﬁ,c:"

V.mect1n, ac1d1c egcoprote1ns and glycosam1nog]ycans/ Fibro;;,'

x“'f“nect1n is an 1mportant factor for the 1nteract1on betweenf“‘”

‘fg1ng1va1 f1brob1asts and co]]agen f1br11s (K1e1nman eta],th R

.41981) Other egcoprote1ns compr1se about 10 20 % of thegiﬂ"

1ground substance of g1ng1va1 connect1ve t1ssues and probab]y_-"



‘3vconnect7ve t1ssues Recent ev1deﬁce has suggested the earTyj-hfh

TIJ'(f urement of dxffusable GAG components in g1ng1va1 wash1ngs ]""

a,rh1st01091ca1 cr1ter1a (Page & Schro‘
'5'Stage TS man1fested as’ an acute 1nf1ammanf

:Tﬁg1ng1va, character1zed by ncreased vascuTa,

) i T S

'-'permeab111ty, enhanced PMN m1grat1on and accumuTat1on

h\p]ay a roTe dn. the reguTat1on of coTTagen f1br11 organ1za-;'

‘(t1on Proteog]ycans, compr1sed of gTyco;hm1nogTycan sub-i'

un1ts (chondro1t1n squhate, dermatan squhate, heparan5

-squhate) are aTso found 1n g1ng1va1 t1ssues and are often;r'

"11nked w1th hyaTuron1c ac1d (Page & Narayanan, 1980) Prof

.

‘ :teogTycans are respons1b1e for the degree of hydrat;on of3~¢~’
v\rbreakdown of proteog]ycans 1n d1sease, as Judged by meas—“’

.from pat1ents (G Embery, persona] commun1cat1on)

The progress1on of th' d1sease has been c1ass1f1ed 1nto ;?

v?three stages,-w1th a fourth b sed on c]1n1ca1 rather thanf‘r

“dn the -
N

lfsuTcuTar crev1ce | EarTy 1nf1ammatory Tes1ons (stage II) are_r--:

‘:_Character1zed by ceT]uTar 1nf11trates wh1ch conta1n var1ous]f(h
o :lymphocytes,h few macrophages and p]asma ceTTs The th1rd'
'm'stage,‘the estab11shed Tes1on,r1s characterwzed by the dev-,rj°A
'treTopment of a suTcuTar pocket w1th th1nn1ng of the suTcuTarffdﬂ(
ahep1the11um and extens1on of the Junct1onaT ep1the]1um ap15(~x

2fca11y a]ong the root surface Var1ous rat1os of T and Bf.h

e e

ﬁ‘]ymphocytes, pTasma ce]Ts and macrophages, together w1th.‘
vaMN s make up the 1nf1ammatory Tes1ons throughout the Taterh_g-
f5stages of ging?b1t1s (Seymour, etaT 1979a) These 1esions;3ffm

";may d1sappear spontaneOUSTy, rema1n stab]e or transform 1ntofv‘

1976) _ Tehe mmay;
n of the marg1naﬁ}';Af

zat1on and,.f



_~the destructive 1es1on (per1odont1t1s) with subsequent at-
veo]ar bone resorpt1on Other features inc]ude a]teredh
L ;"Lf L\topography and permeab111ty of b]ood vesse1s whwch may",t
4;. S ‘f- - esu]t qn 1ncreased crev1cu1ar flow of g1ng1va1 f1u1d 'w r‘
?.//~$$\\~yéf$ _‘f Severa] workers have tried to e]uc1date the ce11u1ar"”
2 RN "“‘mechan1sms 1nvo1ved 1n 1n1t1at1on ‘and progress1on of the,é

d1sease (Seymour,.etal 1979a,§Page eta] 1980 Cowqey,f‘

fear1y g1ng1v1t1s, the1r number recovers 1n per1odont1tls butf
:f;f'irthere may be marked patho1og1ca1 changes in thefr appearance'
_gfdur1ng 1ate g1ng1v1t1s, often 1ncreas1ng 2 3 fwmes in s1ze;”
:Snand posseSS1ng swo]]en m1tochondr1a and endop]asm1c ret1-~
l:cu1um (Page & Narayanan, 1980) The 1nf1ux and act1vat1on ;
'q:of PMN s and macrophages, together w1th 1mmuno]og1ca1 reac-

odt1ons 1n1t1ated by m1xed popu]at1ons of 1ymphocytes, a&&

,lfg'returned to hea]th after remova] of the st1mu1atory plaque'
appear norma] h1sto]og1ca11y, but some d1fferences 1n the
“’,*collagen f1bers ressemb11ng those found 1n scar t1ssue haveb’

13

c?fbeen noted (Page & Narayanan,_1980) f-ff'..ff fm;fffféff;"

“

7 a

“"i}/the} main et1o]og1c factors of g1n91V1t15 and periodont1t1S
“ffb(fdr reV1ew, see Krasse, 1977) A]though there is rarely 2
g "f'FVdirect m1crob1a] 1nvas1on of the per1odont1um (Ranney, 1978 fr
t’fdt y,tfgﬁ3lahSChroeder & Attstrom, 1980),. a var1ety Of tox1c prOdUCtSf‘b‘

ivihave been character1zed w1th regard to the1r ab111ty td'A

. 1976). A]though res1dent f1brob1asts decrease in: number 1nb fv

'”m~contr1bute to the progression of the rnf]ammatory 1es1on andc."

'”’subsequent 1oss of the connect1ve t1ssue matr1x T1ssues:;“

M1crob1a1 denta] plaque and 1ts metbb011c products are -



induce tissue,jnjury‘by‘
sky, 1970; /'Siots,
‘etal, 1970; Tsai, ¢

ffpatho]og1c a]terat1o s in var1ous g1ng1v

&

o

dct or in 1rect action (Socran;
_ 'anyi &:Lehner, 1970 Baboo]al

1979) Direct f\ssue 1njury usua11y
resu]ts from cytoto

ic effects of p]a ue components but
21 ce]]s may result

Jfrom the d1rect action of proteo]yt1c enzymes found-in;

Gou]d 1976)

From research in m1crob1a1 et1o1ogy, ft is. understood

't1ssues change froﬂ non motn]e gram pos1t1ve Streptococc1

[l

'naes]und11) to h1gh1y mot11e gram negat1ve anaerobes (Bac-f

mtero1des g1ng1va11s) in d1seased crev1cu1ar pockets (for

3°arev1ews, see S]ots, 1979 Krasse, 1977) Other spec1es have‘
?been found in very advanced d1seased states, unaccompan1ed

by c11n1ca11y apparent 1nf1ammat1on (E; me]an1nogen1cus X

.(1ntermed1us), E1kene1]a corrodens),,but where 1nf1ammat1on

'kand“other V1br1os and p]eomorph1c Bactero1des are found inf

3,ma” - The presence of these and other species do not neces-‘

j: st111 rema1n to be 1dent1f1ed

e

Denta] p]aque e1ements can st1mu1ate a var1ety of host

responses (see F1gure 1 for th1s author s 1nterpretat1on of ".‘

”'denta1 p]aque (A]fano, t 1974 Ho]t 1975,vTatevossJan7&h o

"r-that the p]aque m1crof1ora at subg1ng1va1 s1tes Of hew]thy~ o

fand facu]tat1ve Act1nomycetes (Act1nomycetes V1scosus, A;

?

'1s st11Lfev1dent B g1nnga11s, Fusobacter1um nuc]eatum,, o

,f sar11y 1mp11cate them as causat1ve agents, and as: yet these'f}i:

fj rev1ews by Page & Schroeder,‘1981 Seymour, 1979a, N11de,:
'"':etal 1977 and N1sengard 1977) The maJor effects are\j?_e
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1n1t1ated by (1) the secondary metabo11tes of p1aque wh1ch,
act1vate the norma] defence funct1on,‘eg PMN S; (2) act1va-\
t1on of certawn host ce]]s with plaque ant1gens or non-f

spec1f1c m1togens which resu1t 1n a continued 1mmuno1og1c

response; andr(3)a direct effect on.spec1f1c;ce1ls such as

.n‘macrophages Which,subsequently-modify the response of other

cells by the production of soluble mediatorsr

Some p]aque e]ements may 1nduce ear]y 1nf1ammatory"

react1ons by the1r chemotact1c propert1es or by comp]ement

'act1vat1om»y1a the a]ternate pathway (Tsa1, etal 1977‘John;'”

son, etal, 1976 Ho]t 1975)‘ Comp]ement act1vat1on may p]ay'

:-an>1mportant ro1e in mediation of per1odonta1~d1sease..

,/‘

Vibecausé- comp]ement.'can‘be’actjyated»byvbacterial pIaque
,,substances{Yia the a]ternate pathway or'bymeniymes released
bebPMN‘s;agd macrophages (A111son, eta]““1976°*Page7&"
Schroeder: 1981 Kahnberg, gt_l 1976b) Reeent exper1mentsv”;
have shown°that 1ymphocyte act1vat1on can attract and act1-v}
fvate 1arge numbers of PMN 'S and macrophages (Goodman &‘ ‘

'Su1tzer, 1979)

Three mechanxsms have been proposed for the part1C1pa-'
t1on of the immune system 1n g1ng1va1 t1ssue destruct1on:

(Page & Schroeder, 1981) These may be,summar1zed,as.

(1) Spec1f1c induction by antigens of T-cell mediated im-

':mune ~response and subsequent deVe]opment;inxthe7tissue of a

!

delayed hypersensitivity’reaction;‘(Z) activationAOfvthe
"comp1ement cascade-by\immune,complexesiformed{as a result of

B lymphocyte activation; and, (3) stimulation of lymphokine

LA



[

production by activated T or B cells. Current evidence

-favours the mitogenic compﬁnents of. p1aque as the probab]e

stimu]atdry mechanism for lymphocyte act1vation 1n the di-

sease process (Page & Schroeder, 1981, Seymour, etal,

B 1979b) o S

The 1nf1ammatory react1on 1nvo1ves a var1ety of cell.

types such as PMN's, mononuc]ear phagocytes and macrophages,

lymphocytes and mast ce]]s (N1sengardv 1977) The d1str1bu—‘

.tion and frequency of each ce]] type is known to change

throughout the course of ‘the d1sease (Seymour,“eta],_

1979a&b; Schroeder, 1977; Payne etal, 1975).—

| “PMN‘s are first-1ine protect1ve agents against micro-
bial 1nvasion and act in the med1at1on of host t1ssue injury.
in wnf]ammatory 1es1ons (Attstrom, 1971,,Bagg1io]1ni, etal,
1978).‘ They'are short lived (half 1tves'of 24;36yhOUrs) and'

,,although present in hea]thyvgingivajandfthe sulcular cre-
lVice; they do'not’normajly reside there (Schroeder, 1977).
: In'disease they accumu1ate‘in the gtngiva1'stroma and

'crev1cu1ar space, probab]y through chemotact1c attract1on by

N- formy] pept1des (and other bacter1a1 e]ements) or comp]e-

i'ment der1ved factors, and are probably respons1b1e for 1oca]"

t1ssue destruct1on (Schiffmann, eta] 1978 Holt 1975l

Johnson eta] 1976) D1ffus1on of bacter1a1 agents 1nto the

"stroma may induce the release of proteo]yt1c act1v1ty fromh

'PMN s-_e1ther by secret1on or ce]] lysxs (C1anc1o1a, etal,

1977 He1ssman, et a] 1979) Page & Schroeder (1981), have

4

'suggested that such a. reaction 15 probab]y more important in



xear]y gingivitis.

10

‘Mast ce11s are norma]]y reswdent in gingival stroma .

(Aesch11mann, etal, 1980; Schroeder, etal, 1973) and may

prov1de an ear]y defence mechan1sm to bacter1a1 1nvasion

'(Schwartz & D1bb1ee, 1975 a&b) They contain electron dense

\

"granule& which sta1n metachromat1ca11y w1th to1u1d1ne b]ue\

These granu]es conta1n hepar1n, histamine and seroton1n and
\
other potent med1ators of 1nf1ammat1on,.as we]] as proteases

'eof tryps1n and chymotryps1n like spec1f1C1ty (Schwartz &

J

__Austen, 1980)

.\‘

Mononuc]ear phagocytes or macrophages are present in
4 _

diseafed g1ng1va1 tissues and can rema1n res1dent in the

stroma -as h1st1ocytes (Schroeder;teta],\1973 Spector,_\

1979) - They can actively secrete co]]agenase, neutral

wprote1nases and 1ysosoma1 .acid hydro]ases (Page, etaT 1973)

~and react: d1rect1y to plaque bacter1a (Page etal 1978b

| LeV1ne eta1,1973) or to 1ymphok1nes secreted by 1ymphocytes

(Page & Schroeder, 1980) Thi macrophage not only produces '

prote1nases but seems to have an 1mportant ro]e 1n regu]af‘

t1ng the degradat1ve act1v1ty of other ce]] types, for

,examp]e the production of mononuc]ear cell factor (MCF)j'”'

“wh1ch stimulates f1brob1ast cells to produce prostag]and1nsh

and co]]agenase (Dayer Ql,l 1980 Meats etal, 1980; Mizel,

etal, 1981).

Res1dent g1ng1va1 f1brob1asts also part1c1pate'1n4MHt?T*ﬂ'

’rix degradat1on,vand.1ntrace11u1ar co]lagen\f1brnls have

been observed in variousiultrastuctnral studies (Ten Cate &



Cashi, 1980; Poole & Mort, 1980).

‘based on theghemi

.1980 Bagg1o11ni,'éta1, 979)

- 5, N A .
s, B A
A . A\
\

Depdrter, 1975; Melcher & Ch\n, 1980;Soames & Davies, 1977).

Al

ginghyitis is most likely caused;directly By enzymatic‘deg-

vradat1on' Proteinases have received particu]ar attention in

the past decade for their possible ro]es 'in the destruct1on

of tissue components'dur1ng inflammation (Cimasoni & Kow-

o

There are hour c1asses‘of proteinases, these being

cofactors required\ for. the enzyme's activity (Barrett,

.\ .

1980). The four classes  are s@r1ne, thiol, meta11o- and

carboxyllbroteinases, 'The term\‘protease infers both exo-

and endo- pept1dases, exo- pept1da€es are limited to those

prote1nases wh1ch hydro]yze sma]] pept1des near carboxy] or

amino reg1ons

'Ser1ne prote1nases‘(EC34 21) possess a ser1ne residue .
Cin their act1ve swte and are sens1t1ve to such 1nh1b1tors as
'd11sopropy] phospho f]uor1date (D1PF) and pheny] methy] su]—
'f§my1 f]uor1de’(PMSF) Three 1mportant serine prote1nases,

are potentwal]y 1mportant enzymes in connect1ve tissue deg-'

radat1on-assoc1ated,w1th 1nf1ammat1on (C1mason1 & Kowashi,

Co]]agenase, thought to be the rate 11m1t1ng enzyme in

many examp]es of co]]ageno]ys1s,-1s a meta11o endopept1dase’

(EC 3.4.28).

i

L 4+ ++
vity, with-Zn anduCa '_be1ng/essent1a¢ for collagenase.

The reduction of connectiye tissue elements observed {n'

These enzymes requ1re meta1 jons" for acti-.

1"

al nature of the catalytic group ar the .

“neutroph11 elastase, Catheps1n G and p]asm1nogen act1vatorf”



Gelatinase is another metalloproteipase which attacks sIngIe
a-chain peptides resulting from either denaturated or colla-
génase-c]eaved molecules. Chelating agents such as EDTA,
EGTA and‘o-phenanthroline, are effective inhibitors. Macro-
phage elastase is also reported’to be a metaIIo-enzyme
(Werb, 1978). | ’ |

Thiol proteinases(EC 3.4, 22) \sucr as Cathepsin B,
require the presence of th101 groups and are 1nh1bited by
aIky]abjng agents such as p-chloromercuric benzoate, various
,organomercuriaIs, and othen‘thIOI.bIockere'(eg, the haloge-
nated ketones TLCK and TLCP). |

Carboxyl endopept1dases (EC 3.4.23) funct1on at lnw pH

and are principally IysosomaI in nature One examp]e, Cathe-

psin D, is knoyn to degrade proteoegcans, but its major

‘role is intracellular digestion (Poole & Mort, 11980) and its
aeid pH,optimum probably lTimits its extracellular action.

Cb]]agen jS*the.major structural pnBtein,of aII connec-

12

tive tissues and is resistant to atfack ;f nearly all prot-

'e1naie§ due to 1ts tr1p1e helical structu e and organwzat1on
into h1gh1y cross- 11nked fibrils (Gross, eta] 1980) Coll-
.-agen mo]ecuﬁes cons1st of three a-chain polypept1des arran-

ged in a tr1p]e he11x, and these aggregate into coIIagen

f1bri]s where each’ moIecuIe is stab1y1zed by cross Iinks'

Iocated at the non- he]ica] term1na1 ext#ns1ons of each mon07

mer (for review, see Jackson, | 1980 Gross, etaI' 1980)

CoIIagenase is the enzyme which se]ect1ve]y attacks

moIecuIes of types}I, II and III coIIagens (WOolley etaI

N T "



\
\

/

1978a) making a g‘aracter1st1c single cleavage across the
‘triple helical monomer at a locus which produces 3/4 and 1/4
fragments of the molecule (Harper, 1980). At physiological
temperature the two triple-helical reaction products ther-
mally denature into gelatin polypeptides, which are then
susceptible to other endopeptidaées (Gross,etal, 1980; Har-
ris & Vater, 1980).

Although collagenase is probably the rate-limiting step
in many examples of collagen catabolism, and especially in

processes such as remodelling, wound healing and normal

I3

collagen turnover, other enzymes may also play a role in

pathological collagen resorption probably by solubilizing
fibrillar collagen to facilitate the action of co]]égenase
(Gross, etal, 1980). These other enzymes probably attack
co11agéh molecules mainly at the telopeptide or cross-link
regions, thereby solubilﬁzing the triple helical portion of
the collagen molecule (Barrett, 1978). Other physié1ogica]
roles of somg of these‘proteinases may be to activate latent
enzyme extrace]]u]ar]y or to inactivate excessAcollagenase.

PMN elastase has been shown to attack gingival epithe-

DAl

lial structures (Heineger & Cimasoni, 1980) and possesses

significant'co]lageno1ytic activity preferehtia]]y degrading
. type III rather than type I collagen (Cimasoni & Kowashi,
‘1980). However, it has been shown’to cleave type.rIlI
collagen in a manner similar to that for collagenase (Gadek
etal; léBOL PMN Cathepsin G, a serine endopeptidase with

‘qhymotrypsin-1ike activity, has a pH optimum of 7.5 and can

13
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o 1
-,'gests these enzymes can«be found 1n g1ng1va1 f1u1d (Ctmasona

' ¢ .‘ . i _,}“

'fﬂhydrolyze qo]]agen (Starkey, 1977) Recent ev1dmnce sug-rv;

A2

2

& Kowash1, 1980 Kowash1, eta1 1980)

Catheps1n B a1so possesses c011ageno]ytic act1v1ty but j"

‘fif1ts act1on 1s thought to be pr1nc1pa11y/7htra‘]ysosoma]'

,ftdesp1te reta}n1ng some act1V1ty at pH va]ues approach1ng}df’

L0740, At rap1d1y 1oses act1v1ty at neutra] pH (Poo]e & Mortv-ofjfi

'1980) : P1asm1nogen act1vator may. p]ay an 1nd1rect roTe 1ni‘;
ff_“-matr1x degradat1on through the generat1on of p]asm1n from-fff

:dp1asm1nogen.: P1asm1n 1s a potent1a1 act1vator of latentﬁf"v

1

"3c011agenase (werb eta] '1977) but no d1rect act1on of PA has

u'7ﬁpa1d to- the presence of co]]agenase 1n g1ng1va1 t1ssues'5a”a' -

--/been regerted on 1atent co]]agenase.

Ih\add1t1onrto the degradat1on of structura] sub:_¢"”"

A
N @

1strates,vprote1nases are a]so 1mportant in. 1nf1ammat1onff'
"ethrough the1r act1vat1on of the comp1ement system, aTtera-{d =
;dt1on of cel] surface propert1es and st1mu1at1on of act1ve,f~’/h

v fyinflammatory medlators (Kahnberg, eta] 1976b Vaes, 1980a;fef
}'#7;C1mason1 & Kowash1, 1980) | : o e

The rapid and ear]y turnover of co1]agen 1n 1nf1amed;.;f

?f,g1ng1va Just1f1es the attent1pn that many 1nvest1gators haveff

o

'theveral an1ma1 mode]s of gang1v1t1s and per1odont1t1s US1ng

v::7r01e of col]agenase and these other prote1nases 1n the. ff:;fy

d}cell and t1ssue cu]ture methods haye been used to studyethe«

'f@diseased state The beag]e dog mode1 has many

T

swm1]ar fea-_f

"‘thures of progress1on of the d1sease 1n humans, and has beend .

v'f»w1de1y useﬁ (L1ndhe eiaj 1973 Tyne]ius Brattha]] & Attstromi.}

Y,
Ly
Y

wh



7ﬂfi ‘etal, 1979 B1rkeda1 Hansen, 1980)
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"119?6- Page & Schroeder, 1976 C]agett & Page, 1978 Soamesa‘th:

‘peta], 1976) Such mode] systems have prov1ded 1nformat10n,
on prote1nase phys1o1ogy e1ther by d1rect assay of homoe

”genates or: by ana]ys1s of the prote1nases e]aborated in"

,cu1ture systems (Golub eta1 1978 & 1979 wool1ey eta] SR

'_"_1978b Birkedal- Hansen, 1980)

Co]]agenase has been 1dent1f1ed an cu]ture f1u1d of L

.J'g1ng1va1 t1ssues (Fu]]mer & G1bson, 1969 B1rkeda1 Hansen,"

71980 Noo]]e t 1; 1978b Ge1ger & Harper,.1980) Attemptﬁav S

: to character1ze the ce]]u]ar or1g1n of t1ssue co11agenase:v o

i

Hansen,'lga and f1brob1asts of the stroma_(B1rkeda] Han-‘“

M. Fu11meroeta1,_1959 B1rkeda1 Hansen,.1976) have sugges-Etfﬁe
' ﬁ'ted severa] sources.} Co]]agenase has been reported fromf'ﬁ:”\l”

‘”“i7,both ep1the11a1 structures (Go]ub ‘eta1 1979 B1rkedalq;my

fsen, eta] 1975 Frank, etal 1972) and 1mmuno1oca11zat1on;af;"

”'”VStud1es have demonstrated the enzyme 1n d1seased g1ng1va_fjf

'gespecia11y 1n assoc1at1on wwth 1nf1ammatory foc1-(woo11ey &

‘egenase from each cel] type probab]y re1ates to the stage °f3?:e B

tnfrom monocytes (Uitto & Raeste, 1978 S1mpson, et 1980)y'

‘aneutroph1ls (Lazarus eta] 1968) f1brob1asts (B1rkedari
'7aHaﬂSEH.;eta1 1976-Rose & Robertson, 1977 Pett1gLew, eta]v

e DaV1es, 1980) However, the re1at1ve contr1but1on of co]]a-ifi}“"

bw.fthe d1sease agd ev1dence ex1sts that co11agenase can“comew/’*"

o L L o
;.1980) macrophages (werb 1978), and ep1the]1a1 ce]]s (Go]ub'~

%

LR

T1ssue homogenates have been exam1ned for proteo]yt1c5!

ibviact1v1t1es w1th rather 11m1ted success (U1tto & Saxen,v1978,f

T
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U1tt0 eta] 1981 Go]ub eta] 1979) The presence Of "at“ra1up,i

>1nh1b1tors and the b1nd1ng of enzymes to the1r substrates

1%

| prov1de the maJor prob]ems in such stud1es However, meth—*k

T ods have been deve]oped to demonstrate such masked or boundk&

L

enzvmes and these demonstrated that a_ sign1f1cant amount off'.

t'(U1tto & Saxen,_1978 U1tto eta] 1981 Go]ub, eta]l 1979;
| Noessner, 1980), o : -';f,':.f; Dl R

'V?f'\co]lagenase was. t1ght1y bound to co]]agen f1bers 1n s1tud

Severa] workers have attempted to measure prote1nase;

L act1v1ty 1n order to obta1n a c11n1ca1 assessment or progno-Fff*

”7is1s of gxng1va1 dwsease‘(Sm1th eta] 1974 Go]ub ,eta1,5pﬂ.ﬁl’*

: 51975 H1daka eta], 1981 Ish1kawa] eta], 1972) For examp]e,‘

assoc1ated w1th the progress1on or d1m1nu1t1on of the d1s- ;fﬁffiT

‘ ydj”co11agenase found in. crev1cu1ar wash1ngs was reported to be3-3°'

fease,’as we11 as corre]atlon of severa] c11n1ca1 observa-*

"”ft1ons such as’ pocket depth and c11n1ca1 1ndex (Go]ub e al;?_“tl

,,:v1976 & 1979 Kowash1 eta] 1979) These and other c11n1ca1v. v

-tests, such as the Phagocyt1c Co]]ageno]yt1c Performance’vlb

:f(PCP) 1ndex (Rose,,eta] 1978), have obv1ous c11n1ca1 re]e-

”vance as the crev1cu1ar wash1ngs can prOV1de a means t0‘

3

i,assess per1odonta1 damage by non surg1ca1 1ntervent1on}f“

E quever, the measurement of co]lagenase act1v1ty 1n crev1cu—; o

°I1ar f1u1ds, together w1th reports of elevated e]astase (Kow-jsiif';f

':‘ash1, eta] 980), cathepsins G and D (C1mason1 & Kowash1,hfﬁf"

__1980 Ish1kawa, eta1 1972) and f1br1n01yt1c act1V1tiesiytr,,

‘fwk(H1daka, eta], 1981) and decreased a, -antitrypsin 1eve1sf

1

(Paterson & Marsh 1979) may serve on]y to ref1ect the]d
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presence of PMN s and bacter1a1 products-in'a’variablet\

‘ quant1ty of g1ng1va1 exudate (C1mason1 eta1 1980) Such~

| *v1ty occurr1ng 1n the stroma1 matr1x

AIMS' :

The ﬁnechan1sms of connect1ve ttssue destruct1on

°

. \
'have been restr1cted to e1ther one enzyme or the suscept1~

a

g

uet1a1 factor 1n the d1sease process 1t[was 1mportant to”

Tema,

EED I

'dplogy of cu]tured dog g1ng1va1 exp]ants for comparat1ve~;

"Lw1thout exposure to denta] p]aque. V1gorous 'attempts havea

. &\

”fthe appearance of measurab]e quant1t1es of . these enzymes

‘n
S

culture media. i,,l jf.',‘fgffm“,f‘- ,‘;f. .' f f-‘frla e

»measurements do not drrect]y represent the degradat1ve act1-‘1

f_g1ng1va1 d1sease rema1n poor]y understood ,and most stud1es'f~~7;

:f_fb111ty of one part1cu1ar substratef' As co11agen is thea'c
fmaJor structura] prote1n of g1ng1va1 t1ssue, and 1ts 1oss s,:rk.faﬂ
b‘::fa character1st1c feature of. chron1c per1odonta1 d1sease,‘f
| bith1s study attempts to e1uC1date wh1ch co11ageno]yt1c en-fjﬁ
"{_zymes and other prote1nases m1ght be 1nvo1ved in g1ng1va1fd

)"matr1x degradat1on. Moreover,‘as denta] p1aque is. an essen-]”f.fV’"

'exam1ne &xs effects on prote1nase product1on of g1ng1vaT;‘
'3~tlssues. To th1s end assay systems for seven dwfferentfrﬂ'fl'"
"hs;prote1nases were establ1shed in the 1aboratory These have ;.v

' f,been used to exam1ne co]]ageno]ys1s and prote1nase phys1o-'”
;stud1es between hea]thy and d1seased twssues, both w1th and:;_dﬁ

;a]so been made to mon1tor t1ssue v1ab111ty and fr1ab1l1ty 1n¥'

*cu1ture to ascerta1n the contr1but1ons of t1ssue necr051s in .o



A MATERIALS | T :

Du]becco S Mod1f1ed Eagle S Med1um (DMEM, 4. 5mg/m1 g]u-'
."cose,_25 mM HEPES), dwsposable p1ast1c Nunc1on cu]turet
".flasks, bov1ne serum a]bum1n and Fung1zone (Amphoter1c1n B);'

'were purchased from Grand Is]and B1o]og1ca1 Corp Uxbr1dge"

' 3~fBenzoy1 penc1111n and streptomyc1n were manufactured byf.

1,

hG1axo Laborator1es Ltd Dagenham D1sposab1e p]ast1c assayg'

ubes(400 and 1400 1. vo1ume) and automat1c p1pette t1ps were'="

.u"a}from Eppendorf'Int D1a1ys1s tub1ng (V1sk1ng Sma]] 8/32")

'was purchased from Sc1ent1f1c Instrument Centre, L1verpoo]

".Euthano] (sod1um pentobarb1to1, th1opentano] Sodwum and.»'“

!wf_acepromaz1ne used for anaesthes1a were purchased from Mayf

-w'and Baker, Ltd., Dagenham.)_-e;ifV'

-F]uorogens A]] coumar1n ~based " f]uorogen1c substratesrffjj

'1aand standards were prepared by Bachem, Sw1tzer1and,,andaa'

aobta1ned through Cambr1dge Res&arch B1ochem1cals Ltd(Hari hf'

"_ston, Cambs) These 1nc1uded N acety] L= a]any] L a]any1 L-

n}pro]y] L= a]any] 7 am1nomethy1coumar1n, methoxy succ1ny1 L-“~a

' Tf' a1any1 L a]any] L proly] L va]y] 7 am1no methy] coumar1n, N-a

'°'hfbenzoy1 L- va1y1 g]ycy] L arg1ny1 7 am1nomethy1 coumarln and'

; f77 am1nomethy1 coumar1n standard

o ‘PGE

b SR N
Rad1ochem1ca1s (U ) C G]yc1ne,v H- ACetic anhydridej

3 -
‘and H Prostag]and1n E were obta1ned from Amersham Interna-."_x

25 i .
t1ona1 (Bucks ) 1 I- F1br1nogen coated p]ast1c d1shes were;

'fﬂﬂa g1ft from Dr M McGu1re, Sheff1e1d Med1ca1 Schoo].e Antn{, i

anH8 ?

2 ant1serum was a g1ft from Dr pL,;Lev1neL‘Brande1sf,[15f~



"Cifknown as’ Internat1ona1 Enzymes, Ltd

~Un1vers1ty Readyso]ve II 11qu1d sc1nt111at1on cocktai]

-1

f*f]uor, m1n1vials and 1ow background glass v1als were pur-'

“)chased from Beckman Internat1ona1

B1ochem1cals Sephadex 6150 and Dextran T70 were ob-;‘,‘ .

‘ta1ned from Pharmac1a F1ne Chemica]s o to]u1d1ne reagent

19

Ca, N, benzoy1 0, L arg1ny1 .B- naphthy13m1de (BANA) B naphthy]-f

p;amine (NA), hemog]obxn, f1br1nogen (Fract1on I), act1vated,3f .

-”charcoal Mersa]y], pheny] methy1 su1fony1 f1uor1de (PMSF),,‘

‘1'Q.and DNA (Ca]f Thymus) were purchased from S1gma Chem1ca1d'

‘Company (Poo]e, Dorset) Tryps1n/TPCK (L 1- tosy] am1de ?- ;‘7'

*'phenyl ethy] ch1oromethy1 ketone),»soy bean trypsin 1nh1b1-‘d"

?tor and 1ysozyme test k1ts were purchased from worth1ngton;vv

'B1ochem1ca1 Corp, p am1nopheny1 mercur1c acetate and p-7‘

i‘ad1am1nobenzo1c ac1d d1hydrochlor1de (Go]d 1abe]) from).
"'Aldr1ch Chem1ca1s (S1111ngham), and PNP B D g]ucuron1de and~
"'fg.p n1tropheno1 from Ca1b1ochem Ltd (Herts) Lactate dehydﬁ-~‘

'{rogenase P/UV assay k1ts were purchased from Boehr1nger-n_

"41 Mannhewm (Lewes) and bacter1a1 co11agenase (C] h1sto]xQ,1

3}:‘t1cum) from N1ndsor Laborator1es Ltd (London), prev1ous1y.

F]
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Histochemicals a;, Napthy] acetate,'naphtho1 -AS-D chlo-
‘_roacetate, naphtho] G amino caproic acetate,> fast garnet

".‘GBC and p rosan111ne were‘-obtained from Sigma Chemica]

20

sy

’ Co(Poo]e) ‘ G]utara]dehyde, p- forma]dehyde, sod1um cacody-gV

jlate, Agar 100 embeddlng A?s1n with DDSA (dodeteny] succ1n1c

»anhydr1de), MNA (methy] nad1c anhydr1de and BDMA (benzy1d1--f

“methyl amine) in k1t form were from Agar A1ds Ltd (Starsted]

"'Essex) Po1y sc1ences JB 4 embedd1ng res1n was purchased o

v “from W1ndsor Laborator1es, Ltd (London) A]] other reagents. .

‘Were from Br1t1sh Drug Houses, (L1verpoo]), a"d-were,oﬁ/ i?‘

f’Ana]aR grade

N . .



o AB\ PROCEDURES

\

B. 1 An1ma] protocoIs and tissue cu]ture.

Beag]e dogs wer.e ma1nta1ned at the Imper1a1 Chem1ca1
':Industr1es co]ony “;at Alderly Park, Ches.,{on regujar chow
and water ad 11b .Four‘tp siwieeks prior to sacrifice;
left. s1des of Jaws of exper1menta1 an1ma1s were c]eaned by'
»u1trason1c sca11ng (Dent1%pray Cav1tron Model 7OOII) under
hanaesthes1a (premed1cat1on w1th Acepromaz1ne, 2 mg/ml 0 25
'} ml/ 5 kg,;th1opentone sod1um, 25 . mg/kg, '1ntravenously) andt
'subsequently restored to hea1th by tw1ce da11y brush1ng w1th
.wpaste E1ght dogs prOV1ded comparat1ve stud1es of both hea]A

thy and d1seased g1ng1va1 t1ssues and four dogs w1th chron1c.

numbers of " 2 4 year o]d ma]e and fema]e an1ma1s were used
jal] w1th we]] estab11shed per1odont1t1s at the beg1nn1ng of
‘.“each exper1ment. ‘Af' e

G1ng1va1 t1ssues were removed fo]10w1ng anaesthet1c

',1nc1s1on between the mo]ar and canine teeth of bdth upper

°

'hand 1ower Jaws T1ssues S0 removed were r1nsed in ch]orhex1-,
ls»d1ne g1uconate (0 2% w/v) and kept in DMEM conta1n1ng doub]e'
h_strength ant1biot1cs (200U/m1 Streptomyc1n 10 pg /m] benzy]-e
”.4;pen1c111in and IOug /m] Fung1zone) for up to two. hours
"fhunt11 they cou]d be prepared ‘under ster11e cultur1ng fac1]1-

‘ﬁt1es.‘ T\ssues were d1ced bucca] 11ngua11y 1nto 0 5mm sec-

T2

"5per1odont1t1s were used W1thout pr1or ora1 hyg1ene Equa1'.,:

1ioverdose (Euthano], 100mg/kg 1ntravenous1y) by reverse beve]f’

}gtions, washed 1n DMEM coﬂta1n1ng apt1b1ot1cs and th@ ex-

Vp]ants were equal]y d1v1ded 1nto seven port1ons Five of
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these were p]aced 1n cu]ture f]asks (25cm2)’with 2-0 m1 DMEM
(doub]e ant1b1otics) and the remaining two tissue samp]es
.were kept for we1ght, extractab]e DNA, hydroxypro]1ne and
enzyme ana]ys1s. | ' ' p

' Tissue exp]ants were 1ncubated at 37 C in 5% CO2 and'a

water saturated atmosphere Culture med1a/were changed every

. 24 hours and a]1quots were stored at.-ZO C. G1ucose, LDH and

" Cathepsin B-1ike thio1 proteinaSeiwere'assayed‘wfthin”two
dayshof harvesting cu1ture media,eand‘assays for: B-g)ucUro-
nidase,vp1asm1nogen act1vator 11ke (PAL) prdteinase, latent -
and‘act1ve-col1agenase, ge]at1nase, neutral protejnase,‘
'eTastasehand fdbrinotyt1c act1vnt1es were all completed

4

',w1th1n 1-2 weeks. Prostag]and1n E_ and hydroxypro11ne 1eve151ja

’1n cu]ture med1a were a]so determined ‘

”, The contro] t1ssue samp1es were accurate]y we1ghed and
rlassayed for tota] DNA,. LDH, B- g1ucuron1dase, e]astase,.PAL—_v
| and Catheps1n B- 11ke th1o1 prote1nases, 1atent and active
co]]agenase, neutra] prote1nase and total hydroxypro11ne.q
tontent T1ssue exp]ants after cu]ture were stored at -20 C

hand subjected to s1m11ar ana]ys1s In two exper1ments;
| extra- f]asks were‘set up in. para11e1 w1th those for: b1o-'
tnchem1ca1 stud1es, @nd exp]ants from these were f1xed for .
'~h1sto1og1ca1 exam1nat1on at var1ous stages of the 1ncubat1on;
Per1od.‘f | | . ’i \ 2 |
T1ssue homogenates to be used for tota] enzyme contentj
~determ1nat1ons_were prepared by macerating samp]es\1n13 mj
\be'ooldpﬁMEM'wtth;a:ch111ed‘ground §1ass tissuezhomogenfzer

P A



(3m1 Virtis) and the resu1t1ng suspension centr1fuged for 10

min at 3000’rpm, 4 C. Supernatants were’ assayed for act1V1-

fies described in Tab]e I(a & bL‘Tlssue.exp]ants examined

at the end of the culture.period for substrate-bound enzyme

_content were gent1y.macerated and treated}using various

| published dissociative methods (woessner, 1980;'Uitto, eta1;

23 -

1981; Golub, 1979) - BriefTy, slurries of tissue exP1an£f

mater1a1 1n 3 m] DMEM were 1ncubated 1n 3M KCN or 2M NaC1»3

(f1na1 concentrat1on) for" 1 hour at 4° C,,centr1fuged for 10
'm1n at 3000rpm,;4 C to remove debr1s, and“supernatants

‘”examlned for act1ve and Tatent co]]agenase, neutra] prote1n-

: - 0
‘c1at1ve method employed was thermal agitation'(ﬁo C, 1 hr)
: ++ o
'the t1ssue slurries in the- presence of 100 mM Ca

B.2. P]aque Qreparat1on

Homo]ogous p1aque samp]es were co]]ected from an1ma1s ,e'

2- 4 C for 2-3 h and d1spersed wpth u]trasound and 1rra;

d1ated w1th 2 5Mrads w1th a L1near Acce]erator (courtesy of

-Paterson Laborator1es, Ho]t Rad1um41nstitute,'Cnristie Hos -

-ase, gelat1nase,.PAL-and e]astase act1v1t1es. Anqther-d1ssoeb_

of .

at the t1me of sca11ng, stored 1n DMEM w1th ant1b1ot1cs atb

pital, Manchester). Protein\COncentration'yas_determined as

outlined in Methods (sect1on C 1. c),*andVa]iQUoté'bf thefﬁ

f_p]aque preparat1on were stored at -20 C to prOV1de da11y

supp]ementatlon to se]ected exp]ants of both hea]thy and

d)seased specimens. P1aque samp]es were assayed fomnthen"

samefenzymezactivities-as harvested culture media.

/



B.3. Rad10chem1ca1 1abel]ing

- 14 '
B.3.a. ~ C-labelled neutra1 sa]t soluble co1lagen was ex-

tracted and purified us1ng a slightly mod1f1ed method to

24

‘,that preV1ous1y descr1bed (Woo]]ey,’%Q?S Harris and Vater,.‘

1980) Young GU1nea p1gs we1gh1ng apprOX1mate1y 300 grams

'_were each 1nJected 1ntraper1tonea11y w1th 300MCi- (11 MBq) of
'(U)- C-g]ycine (3. 7 GBq/mmo])1n 2 ml sterile sa11ne and
sacrifiCed'B-lo hours-later.The-sk1ns werevshaved,_m1nced

. [ N , :
‘and so]ub1e'c011agen was extracted'with two neutra] salt and

- two acetic ac1d extracttons and pur1f1ed as: descr1bed by'

:GPOSS'(IQSB) Al procedures were carr1ed out at O- 4 C‘

The m1nced t1ssue was 1n1t1a11y extracted w1th 0.5M

Na01 by st1rr1ng gently for 24° hours at 2 C The pH was

.adJusted to 7 6 w1th 1.0M Tr1s(hydroxymethy1) methy]am1ne

(TRIS) and the mixture f11tered ‘through cheesec]oth ,The .

'1nso]ub1e res1due was kept for subsequent extract1ons, with

0 5M NaC] and 0.2N acet1c ac1d. The crude, neutralized

f11trate from each extractlon was subJect to “the f0110w1ng
procedure for co]]agen pur1f1cat1on PreC1p1tat1on of co]]—

'agen was ach1eved w1th 2.5N NaC] over 24 h and co]]ected by

centr1fugat1on at 25000 x g for 1 hour.v The pel]et was

- d1sso]ved 1n 0.4M phosphate buffer (pH 7 4) and d1a1yzed for-

24'hours ‘After centr1fugat1on at 12000 x g for 1 h, -the
supernatant was’ ac1d1f1ed with 30% TCA to pH 3.5 to remove

'non-CO11agenous prote1n wh1ch,was removed by centr1fugat1on.

The supernatant‘Was:re-dia1yzediagainst;0;4M phosphate buf-

~ fer (pH 7.4) and then precipitated with ethanol (14% V/V, 1



25
hour). The‘precipitatedvco]lagen‘was'oentrifUQed at SOOOXg
for 30 minutesﬁand‘the pellet gently re-ddsso]ved and’dia-
‘1yZed overnight*against two' changes of 0. 2M aoetic‘acid.

eThe retentate was 1yoph111zed and stored at ~20 C prior to

use. The spec1f1c rad10act1v1ty of these preparations was

normally 40-50. MBq/mg The pur1ty of the coé]agen prepara-
\ .
t1ons was rout1ne1y ana]yzed by disc gel e]ectrophores1s 1h
~
5% po]yacry]amide ge]s containing SDS. -~ . ’\\

Co]]agen so1ut1ons were prepared as f011ows 1yoph1112ed
: co]]agen ‘was d1sso1ved tn 0.2 M acet1c ac1d at-a concentra»
‘t1on of 4 mg/m1l, and d1a1yzed overn1ght at 2 C- aga1nst the

same buffer Further d1a1ys1s aga1n\t 0.4M phosphate buffer o
(pH 7. 6) for 24 hours was fo11owed\by a f1na1 d1a1ys1sh" :

5 aga1nst two changes of 0. 4M NaCl for 24 h.\ The co]]agen\

.

C so]ut1on was centr1fuged at 15000xg for 30 m1nutes at 0 C

\\

and stored at 2- 4 C w1th 0.02% sod1um a21de as preservat1vg
For co]]agenase assays, 25|ﬂ of the co]]agen so{otlon\was
'p1petted 1nto 400p1 p]ast1c tubes. and reconst1tuted f1br11-'\\\\
l‘gels were formed by 1ncubat1on 1n a1r at 37 C overnwght"'
Each assay tube conta1ned approx1mate1y 60 80pg of co11agen .
'(batch var1at1on) w1th 40 gq of rad1oact1v1ty Ge]s were
‘only used on the day fo]]ow1ng ﬁhe 37 C 1ncubat1on andi
fresh co]lagen solut1ons were preparedvevery'Z weeks.
}Hydroxypro1jne'cohteht waslmeasured.for each coT]agehhso]u-‘
tﬁbnfand‘concentration obtathed by.multfplyihg by 7.14.
JFiha],collagenAcohcehtrationslso determined ranged,froer;S--

A -

3.5 mg/ml. =



B.3JL' Preparation gﬁyBH-hemoglobin.

This neutral proteinase substrate was prepared by
acetylation of hemoglobin with Bh—acetio anhydride_(Giss]od
& McBride, 1975; Harris & Vater, 1980). 2.5mCi (90 MBq) of
stock 3H-adetic anhydride in toluene (EB.S‘GBq/mmol) was
added to 5 h]rofmhemoglobin (50-hg/h1).1n O;i'ﬂ:phosphate

h boffer, pH 7.1 containing 0.17M NaCl and 50mM sOdium ace-

tate. The reaction mixture was kept on 1celfor 1 -hour and

vthen dialyzed against: 3 changes of co]d phosphate buffered
3

sa11ne over\24lhours ‘to remove-res1dua1 H-acetic acid.

Final speCific.hadioactiv{fy'of the stock solution of hemo-

26

globin was 0.1 MBq/mg. 100 ul of this labelled preparation

was diluted with co]dvhemog1obin:(lmg/m1’ih 20mM TRIS, pH
8.1, 0.17M NaCl, lOmM CaC1é to yield a working solution
“which conta1ned 8 Bq/25p1 per assay tube |

125
.B.3JL_ Preparation of I- f1br1nqgen.

'.\ 1 Labelled f1br1nogen prov1ded a second substTate for
,the assay of neutral prote1nases and was prepared uswng a
mod1f1ed vers1on of Greenwood and Hunter's method (1963) .

o To a- reactnon m1xture conE;1n1ng 10ug fibrinogen in 20
u] of O 5 M phosphate buffer (pH 7. 4) and 075" mCci (18.5
| IMBq) of Nalasl ma1nta1ned at 0°C was added 10 i of Chlor-

'.a@1ne T (10 'mg 1n 4 5 ml. of 0. 05M phosphate buffer, PH

7.4). After 35_sec. the react1on was term1nated by the

addition of 20 pl of sod1om-metab1su1ph1te (same excess as

" chloramine-T) and 350 ‘u¥ of 0.1 % potassium iodide in 0.05M
N‘phospﬁate buffer; The mixture'was app1ied to a Sephadex G-

N



N \ v .
~from Dr. M. McGuire, Dept of Medica] Biochémistry and Human

~

100 column equilibrated with 0.05 M barbitone (pH 8.6)
containing 0.1% BSA and eluted with the same buffer. "Eluant
fractions (1.7 m1) were collected and the distriﬁution of
the free 125I;peak énd the 1251—f1brinogen was determined
uSing,a bench top open well gaﬁma counter. Specific acti-
vity of .the recovered protein_was about 10uCi/pg(0.4MBq/mg).
A working stock was prepared from‘this labelled preparation
by diluting 100l with cold fibrinogen at lmg/m1 (20mM TR{S,

pH 8.1, 0.17M NaCl) to yield a solution which gave 4KBg/mg.

125 : .
° I-fibrinogen-coated multiwell p1ates~werea gift

Metabolism, Sheffield Medical School, aﬁd were prepared
according to the method of Unkeless, ‘etal,(1973). Each well

contained 20 pg fibrinogen whiéh re]eased 90 KBg/well upon

‘tfypéinization. Plaﬁes’were a1lqwed‘to dry for 5 days after

. , . : 0
preparation and stored for up to‘3'months;;t -25 C.

B.4. Histo]ogy

- B.4.a. Fixation.

Representative samples of tissue specimens prepared for

- cu]fure.werg p1aced_1nvstandard Huffered fixative (}.5%

27

gTutgra1dehyde in 0.1M sodium cacodylate/HCl, pH 7.4, 1mM~

-MgC]Z). Specimens for enzyme histochemistry were fixed in

. 1.0% p-formaldehyde, 0.25% glutaraldehyde in 0.1M sodium
cacody]até, pH 7;4, for 1 hour at 40, then storgd in 0.15M

sodium cacodylate, pH 7.4, for further processing.

Polysciences 33;4 methacry]até resin>was used for rou-

S
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t1ne histo]og1ca1 or h1stochem1ca1 embedd1ng of g1ng1va1,

t1y“ues T1ssue b]ocks were embedded 1n JB 4 res1n 1n Beem"

/

o

covers11ps and dr1ed at 30 C for 10 15 m1nutes

B 4b.: H1stochem1stry.r

o ~capsu1es at 4 C under szatmosphere after acetone dehydra5 
‘t1on to ensure retent1on of enzyme act1v1ty Sect1onsi(2~3 .
'xhu@) were cut us1ng g1ass kn1ves,‘transferred onto g1assp
"’:lﬁs]1des and sta1ned rout1ne1y w1th T01u1d1ne b]ue for t1ssue5
'-j;or1entat1on. T1ssue sect1ons to be- processed for h1stochem-'l'

V”’1stry were a]]owed tospread ona drop ofd1st1]]ed water on EERE

Methods are ava11ab1e wh1cH 1dent1fy spec1f1c ce11,1

'types by the1r ab1]1ty to hydro]yze d1fferent naphthy] es-3
f‘ters (Yam etal, 1971 Li eta] 1972 M Bromvey,'Dept of Med1-h

OA\—

}-'QfC1ne, W1th1ngton Hosp1ta1 persona1 commun1cat1on L Macro{nf

o phages and monocytes possess a- naphthy1 acetate esteraseifs_e
_YKNAE) act1V1ty PoTymprphonuc1ear 1eukocytes and mast ce11§:‘r“
fjfprefenent1a11y hydro]yze naphth01 AS D ch1orqacetate (NCA orf
,iCAE) and mast ce11s spec1f1ca11y hydro]yze the ester naph—7

";ftho] AS am1no caproate (NAC) Free napntho1s re]eased by_‘[,”

vthese esterases are coup1ed to 1nso1ub1e d1azon1um sa1ts for?

e

The coup11ng reagents hexazot1zed para rosan111ne (HPR)"'

'Q/and hexazot1zed New Fuchs1n (HNF) were prepared by add1ng 4

"'ents were fi]tered prior to use 345”2

T g

fdrops of fresh]y prepared 4% NaNO (w/v) to 4 drops of 4%
'h7para rosan111ne (w/v, ZM HC]) or 4 drops of 4% New Fuch51n7

”f(w/v, 2M HC]) and m1x1ng for 30 seconds The coup11ng reagu.)_»“b
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For a naphthy] acetate esterase (NAE) act1v1ty,_0 5 m]
as naphthyl acetate (20 mg/ml 1n acetone) was added to 10 m]
0.1'M phosphate buffer,pH 6. 3,and 50|ﬂ of HPR,and t1ssue i

’:sect1ons mounted on cover s11ps were 1ncubated 1n th1s
’7{m1xture for 1-2 hours at 37° [+ 1n Co]umb1a Jars. For-a?
"_dnaphthol AS D ch]oroacetatec(NCA or CAE) act1v1ty, sect1ons

pwere 1ncubated in, 0 5 m] of substrate (4 mg/m1 1n d1methy1

:formam1de) 1n 10 m] phosphate buffer, pH 7 4 w1th 50 p] HNF

f»under the same react1on cond1t1ons out11ned for aNAE act14ﬂ'

tv1ty ';S1m11ar]y, sections were 1ncubated in 1 0 m] of
!“frnaphthol AS am1no caproate‘(NAC) (2 mg/m] in ethy]ene g]yco1
» c gmonomethy1 ether) w1th 10 m] of bhosphate buffer (0 1 M pH g
‘7 4) and 50 p] HNF for 1 2 hr at 37 C for naphth01 AS am1n0 fnv

-caproate esterase act1V1ty

Fo]]ow1ng 1ncubat1on, t1ssue sectwons on cover s11ps :hf

‘h-were r1nsed 1n buffer, counterstaaned w1th To1u1d1ne B]ue or

| “VG111 s haematoxy11n and permanent]y mounted on\gl_’jﬁsladesg ‘ff

IFVB 5, Instrumentation

Absorpt1ometr1c assays were ana]yzed on ‘a Pye Un1cam

‘SP8000 Spectrophotometer equ1pped w1th a temperature cont-’ﬁ
3=reﬁro11ed ce]] changer, 1805 Program Contro]]er and ]1near'
ichart recorder. Some co]c>r|metr1c determ1nat1ons were car-hre
L.ried out on a Ceci] 292 Dlg1ta1 spectrophotometer w1th-avr
‘ff:w/w L1near chart recorder Fluorometrxc ana?yses were car-ﬂ¢
>':r1ed out on an Am1nco Bowman 4 8202 spectrophotofluorometer N
’.7equ1pped w1th a 10 222 m1crophotometer and mod1f1ed %o read h:r

fm1111vo1tage output on a F]uke 8000 d1g1ta1 volt meter
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F]uorescence spectra were determ1ned manua11y us1ng a Brants'»

26000 A3 X- Y recorder and the dua1 dr1ve wave]ength scann1ngg

t1ons were carr1ed out 1n a Grant s #SB3 water bath

e system of the Am1nco Bowman f]uorometer A]l enzyme 1ncuba-'

L1qu1d sc1nt111at1on measurements were prov1ded by af-'

"f Beckman L5250 w1th Automat1c Quench Correct1on (AQC), equ1p- .

- 3 ”14 ' .
: ped w1th H-. C- and comb1nat1on Isosets.v Channe]s rat1oh‘

w1th externa] standard was used to estab]1sh quench correc-“

125 SRS
t1on curves for count1ng eff1c1enc1es L -I samp]es were_"

counted us1ng a Beckman Gamma 3000 spectrometer w1th auto-f7‘

' 125 -
mated "-I program ava11ab1e E]uant fract1ons from the ge]_

25' 125"

: 1 o
f11trat1on separat1on of Na.~ 1 and,~_ I f1br1nogen were::

mon1tored w1th a bench top open we]] gamma detector anda"f‘

\

S]ough)

Cultur1ng fac111t1es 1nc1uded a Howarth GBlH Grade II"."l’

=

MS310 count/rate meter (ERD Eng1neer1ng and J&P Eng1neer1ng;’

flow hood and Hot Pack COE D1glmat1c 1ncubator A]] m1cro-"*

Q”1k SEt (50/150 H1) automat1c P1Pettes w1th s111con1zed’“'

L]

“, assays were carr1ed out us1ng SMI D1g1mat1c 5- 30 p] or SMI-;E

g]ass d1sposab1e t1ps Larger vo1umes were measured W1th~g__ﬁ

G11ford P1petteman P 200 or P 1000 .w1th an Eppendorf mu]tn—th_iv“

'V'volume d1spenser (lolﬂ 1. %5m1 be1ng usedyfor rout1ne d11ueﬂ’g*”

tions 1n the f]uorometr1c assays.,

H1sto]og1cal sect1ons were cut on- e1ther an’ LKB Ultra-[h

tome 8800 III or an LKB H1storange 2218 w1th g]ass kn1ves

prepared on an LKB 78018 Kn1femaker ‘ Photograph1c exposures-f'

i»were taken on elther Kodak Ektachrome 160 or Panatom1c X,



"~'acoo11ng the samp]es, the absorbance was measured at

v
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c. BIOCHEMICAL ASSAYS e
‘ These assays are. summar1zed 1n Tab]es I(a) and I(b) at

].the end of th1s chapter

c.l. Color1metric Assa_ys

;fo 1. a.u; deroxyprol1ne was determ1ned us1ng a mod1f1ed

' method of WOessner (1961), w1th 1uberna1 standards, ch]ora-

g m1ne T and p d1methy1 am1no benza]dehyde (WOol1ey, eta1
 1978b; Stegeman & Sta]der,.1957) Typhca11y, 300 u1 Samp]es

\were hydro]yzed overn1ght at 110 C w1th equa] vo]umes of 12N

pY

‘tﬂa"HC1']" sea]ed g]ass b130u bott]es Neutra11zed samp]es were

’efta11quoted 1nto tubes w1th 2 5 and 5 0 pg hydroxypro11ne

7;1nterna1 standards 1n phosphate buffer, pH 6 0 w1th half-

.saturated NaC] and reacted w1th excess Ch10ram1ne T and p-

”'fd1methy1 am]no benza]dehyde for 12 m1nutes at 65 C After

‘:Q_land concentrations were ca]cu]ated from va]ues obta1ned for

:'the 1nterna1 standards,.d

Levels of non d1ffus1b1e degradat1on products conta1n-.*-75

"Qqng hydroxypro]1ne were determ1ned by d1a1yz1ng 1 m1 samp]es

1ng tub1ng 1s not ava11ab1e from the manufacturer

'“Lgsured us1ng the method of Hu1tman (1959) Ten p] of medium

was added to 1 0 m] o T01U1d1ne reagent the samp]es were ;;”:f

o :of cu]ture med1a aga1nst 20 vo1umes of DMEM overn1ght at{ A
‘iu2 C,land measur1ng hydroxypro]1ne {h. the retentate as out-lif

.1\ﬁid. Informat1on regard1ng the "cut off" s1ze of the 8/32"““

5gf‘C 1 b -’ G]ucose concentrat1on 1n cu]ture med1a were mea-v

Vfizincubated for 20 m1nutes v bo111ng water bath andbzda
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absorbance at 620 nm was measured ‘ Concentrations were’,

:determ1ned from a standard curve us1ng 1 to 6 mg/m] g]uf .

'”.cose The data was presented asbf

ug g1ucose ut111zed/mg t1ssue (wet we1ght)/24 h"f' E

e

' -C;I.c{ Protein was measured us1ng Lowry s method (Lowry,.'

‘etal, 19 1) w1th bOV1ne serum a1bum1n as a standard

“‘cifd; Lactate dehydrogenase((EC 1.1. 1 27) wasAmeasured}"

'k1net1ca11y w1th Boehr1nger Mannhe1m k1t LDH P/UV (WOrth;ff

~ _ington Manua]) The rate of ox1dat1on of NADH2 is fo]]owed o

. }\'

‘f,as Q- decrease in E of a reactlon m1xture of 0 OlM Na- c

- 340

.‘.Qrpyruvate/O 002M NADH2 1n 0 03M phosphate buffer (pH 7. 4) and

'“7cord1ng to the method of F1shman?(1963) by measur1ng the

‘?i(see a]so Kato eta] 1960) F1fty u] of med1um was 1ncubated'

'r[act1v1ty was determ1ned in un1ts of mo]es NADH2 ox1-d

fd1zed/m1n at 25 C.

LtZC].e.t ;B G]ucuron1dase (EC 32 1 31) was determ1ned ac- -

f;release of p n1tropheno1 (PNP) from PNP B D g]ucuron1de
,ﬁ'wﬁ%h 150;ﬂ of acetate buffer (pH 4, 0) and 50 p] of substratefvji7
'ﬂh(15 mg/m] in H 0) React1on m1xtures were_ 1ncubated for two?l'
'»hours at 37 C d11uted w1th 1 m1 of 0 2M g]yc1ne/0 2% Dupaa,
nol (w/v), pH 11 7,1and the re]eased PNP was measured by.f

"eabsorbance at 420 nm to determ1ne act1v1t1es One un1t oprV

E ;act1v1ty was deflned as 1 nmo]e PNP re]eased/hr at 37 C.

i"C.l-f-d xsozxme (EC3 21 17) was measured US1ng the test

‘d(kftskiva11ab1e from WOrthington B1ochem1ca1 (North1ngtonlv(1f

(:Enzym‘fManual) Micrococcus 1xsode1kt1cus ce]] wa]ls at

~,;0 lmg/m] in 0 06M phosphate buffer, pH 6 2, witthOmM NaC1v'"‘
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o

was m1xed w1th 100 u] of cu1ture med1um, and the change 1n

'absorbance at 550 nm was fo]]owed for 5 m1nutes at 25 C..

P %.s

‘egg whwte 1ysozyme (EwL)at concentrat1ons of 2 to 20 uglml

'One un1t of act1v1ty was equa] to the change 1n absor-'

ﬂl,bance/m1n brought about by d Mg - of standard EWL at 25 C

' C. 2. F]uorometric assays

‘

b'C 2 ar‘Cathepsin B- 11ke th1o] prote1nase(EC 3.4. 22 1) was‘

measured us1ng a mod1f1ed method of Barrett (1972) D1ffer-'

'J;ences between the f1uorescence spectra of the substrate BANA

'?l‘vmetr1c procedure of Barrett...

and the hydro]ysis product naphthy]am1de a]]owed the 1atter

:'emiss1on w1thout 1nterference from unreacted substrat;

For assay 100u] of med1um was 1ncubated w1th 10;ﬂ ‘of'f;h

| h,gmM cyste1ne and 1 5mM EDTA added),»for 2 hours'at 37 C.

"and f1uorescence read at 410nm.‘ Act1v1t1es Were determ1ned

fﬁpfrom standard naphthy]am1ne concentrat1ons over the range of

:',ﬂl to~100 nM and 1 un1t was def1ned as: 1 nmo]e NA re]eased

ooca2. b.‘;if'} Hacrophvge (EC 3 4 21.) and 1eukocxte e]astase'

.per hour at 37 C

) X

‘ (;c 34421 11) actlvities were determ1ned us1ng a mod1f1ed

bRates of changm in. absorbance were compared w1th standard

;,to be mon1tored separate]y at 327nm exc1tat1on and 410nm

”Th1s method proved more sens1t1ve that the or1g1na1 co]ouro-:;'
7futhe subs&fate Benzoy] DL arg1ny1 naphthy]amtde, BANA,_:”

i(32mg/m1 in DMSO) and 1oom of 0. lM Po4 buffer_, pH- 6 o (10

,}React1on,m1xtures were d11uted w1th 1.5 m1 d1st111ed water'

- 'f“fmethpd of Z1mmerman,_ gta] (1977) 1n wh1ch the f]uorogen1c A
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compound'amfnomethyilcoumarin is hydroiyzed from a'synthetje '

;pept1de analogue of c]eavage sites 1n e1ast1n..'The analo-

‘gues used were. e1ther N acety] L a]anyl L a1any1 L- pro]yl L-

:.elastase, or 0 methy] succ1ny1 L a]any]- L= alanyl- L- pro1y1-

L valy] 7 am1nomethy1 coumar1n (LEL 7AMC) for 1eukocyte{en—

mg/m1' React1on m1xtures cons1sted of 100p1 cu]ture med1um

vsample, 100 ul of buffer conta1n1ng 20mM TRIS ~10mM CaC]2

~of 7AMC hydro]ysed from e1ther substrate/hr at 37 C

}C &m.:;;. - P]asm1nogen activator 11ke act1v1ty (PALL

DMSO), w1th f]uorescence measured at 460nm (Z1mmerman, etal,

,a1amy1 7- am1nomethy1 coumar1n (MEL 7AMC) for macrophage':
1zyme,‘both d1sso1ved in d1methy1 su]fox1de (DMS0) at 1‘

at’ pH 8 0 apd 10 W of substrate After 1ncubat1on at 37 C

. for 16 h, the assays were d11uted to 1 5 m1 w1th d1st111edj
:‘fHZO and assessed f]uorometr1ca11y.{ Exc1tat1on of the reac?‘if
'ft1on m1xtures at 383nm and f]uorescence read at 460nm a]-.?
'rlowed for measurement of the free f]uorogenk as the 1abe11eddf
:;‘substrates do not 1nterfere at these wave]engths (Ba1c1;m}
“etal, 1981) T1ssue homogenates were 1ncubated for one hourh;h’
“1ﬂfdue to h1gh act1v1t1es Km s of these react1ons were 1n the:
’:,iorder of 0 4 0 5 mM and the react1on rates were 11near overn 3

f24 h us1ng commerc1a1 pancreat1c e]astase at these substratei

'.iconcentrat1ons One un1t of act1v1ty was def1ned as 1 nmo]eufu
L(EC 34-21 -) was measured us1ng N benzoyl L valyl g]ycy] Lﬁ]i R
- ﬁarg1ny] 7 AMC (PAL 7AMC) as substrate (100pg/m1 d1sso1ved 1n{

v h1978) 100p1 of cu]ture med1um was m1xed with’ 100 p] of'b‘
P buffer cqnta1n1ng 20 mM TRIS (pH 8 0) and 10mM;CaC12;andj1”



M'_of ¢u1n0ne su]fate in o 1 M- H

35 -

‘allowed to pre1nCUbate for 5 minutes at 37° C.,Ten My of
substrate yas then added tO the m1xture and” after 1 h at

37 'C. the react1on was ﬁerm1nated wit

_ ;d1sso1Ved in DM50 ‘Each Samp1e Was

10 Ml of 20mM PMSF‘

11uted to 1 5m1 and

read at 460n7‘ A1thOUgh the concentrat1on of substrate was .

ten times lower than those used in the elastase assays, the*

react-lon 'Y‘ate .waS not Substl"a;te limited.

.and was 11near.for

[at 1east three hours.- one unit of actlivity was‘defined as

Cin the 91astase assays as 1 nmo1e of 7AMC hydro1ysed from

the subStrate/hr at 37° c..

The Am1nco/BOWman f1u0r°m8ter was standard1zed by set—
'"Tt1"9 the m1croph°t0meter sensitivit

_and adJUst1ng the r“31at1ve f1u0resce ce of a l. 0 nM so]ut1on

o—

ﬂ 2
(50 mvolts, on a F1uke sooo D1g1ta1

”ifF1uorescent Un1t on the M1crophoto'eter)

. I \
CaZtL-;; Iléé!E gi&zgg&lgﬂ and DNA determ1nat1on.

‘range to 0.3 (coarseY

504 to a fu]] scale def]ect1on

‘olt Meter, or. 1 Re]at1ve_

T1ssue DNA Was extracted and measured according to the

’<method ‘of setaro and Mor1ey\(1976) Approx1mate1y 20mg sam-

| pTes of t1ssue were homogen1zed w1th 3m of co1d 10% tr1-

o

chloro aCet1c aC1d and centr1fuged for 5 min at 3000 rpm

‘Prec1p1tated mater1a1 was m1xed W1th 2 ml potass1um acetate

'1n abso1ute alcohOT (9.8 g/1) to remove fat Thws slurry was

. &
'_a]]owed to stand at 20 c for: 10 m1n, spun at 3000 rpm for >

min, and. the reSidua1 prec1p1tate re- extracted w1th 2 ml

;abso]ute ethano1 Prec1p1tates so extracted were d1gested 1n

’f3 0 ml 10N NaOH (50 C for 1 h0ur) and centr1fuged for. 15 m1n»

0
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‘at‘3000 rpm. . 100p1 of the supernatant were reacted w1th

30mg of d1am1n0benzo1c acid d1hydroch1or1de (0. 3g/m1 in O0.IN

6

~HC1, 100p1 per samp]e) at 60 c for 30 munutes Th1s mixture

" was, d1]uted w1th 3.0 m1_ 1N HCL and fluorescence ‘read at;'

420nm exc1tat1on and 520nm em1ss1on Ca]f thymus DNA stanr

dards (0 l to 10 ug/ml) were used w1th each determ1nat1on
. o ;

o

- C.3. RadiochemicaT Ass'ays.‘w

¢.3. a;f Collagenase act1v1ty (EC 3.4. 247)Was“measured

14
us1ng the reconst1tuted' C co]lagen f1br11 assay method

descr1bed preV1ously (woo11ey, eta 1, 1975) wTwentyef1ve p]

14
-a11quots of ~ C- co]]agen in 0 4M NaC] were a]]owed to form
f1br1ls overn1ght at 37 C, and then 1ncubated w1th 100 u] of

cu]ture med1um samp]e and 100;ﬂ of buffer conta1n1ng 20mM

TRIS pH 8.0, 0 17M NaC] and 10mm CaC12 Assays were usua11y'

rv1ncubated for 16 hours un]esd the collagen ge]s were v1s1b1y
fd1gested after 10 h at wh1/h t1me ‘the react1ons were stop-

-~ ped. by centr1fugat1on at 15D00 x g for 20 min at 20°¢. lOOu]

14
of supernatant conta1n1ng» C-pept1des were counted in 3.0

'.'m1 ReadySo]veII 11qu1d sc1nt111ant in m1n1V1a1s for 10 min

’at 3% accuracy 1n a Beckman LSZ50 spectrometer

Latent enzyme was. act1vated by~ both proteo]yt1c and_»

£

._organo-mercur1a1 methods pr1or torassay “For. proteo]yt1c

acttVation 100 p1‘of the latent COlTagenase sample was

' ubjected to a 15 m1nute 1ncubat1on w1th 10 p] of Tryp;y‘

/s1n/TPCK (100 Mg/ml) wh1ch was term1nated by the add1t1on of

\\'S-fo1d_excess of Soy Beaanryps1n'Inh1b]tor (S,pl of 1mg/m]



f
!
!

SBTI in H20) A A]ternat1ve1y chem1ca1 act1vat1on ~was em-
p]oyed by the add1t1on of 10p] of 20mM APMA in DMSO to- the

co11agenase assay. Trypsin (10pg/m1), SBTI, plaque and cul-

ture media controls were iné]uded in all EXper1ments One
unit of co11agenase act1v1ty 1s def1ned as 1 Hg co]]agen

vd1gested/hr at 37%. ' : R

'C;B.b.vf Gelatinase activity (EC.3.4$24.-)was“determined

’ o 14 o : = S
-using thermally denatured» 'C-co11agen (600C for.l hoUr)

"37 C,‘the react1on was term1nated w1th 50 p] of AO% TCA-

37

under s1m111ér cond1t1ons as the fibril assay. After A6 h at

0. 025% Tann1c ac1d and kept at O C for 1 h pr1or to centr1-

vfugat1on at 15000 X g'for 20 m1n at 20 C to remove prec1p1-

"tated ge]at1n 150 u] of supernatant conta1n1ng degraded

4
C- ge]at1n pept1des were counted in 3 m1 of Beckman Ready-

'rSo1ve II sc1nt111at1on cockta11 fluor as described in the
'”co]]agenase assay ~ One unit of gelat1nase act1v1ty is deQ

v f1ned as 1 HKg ge1at1n d1gested/hr at 37 C

C.3.c. 3 c. E Neutra];vprote1nase act1v1ty (EC 3. 4 24 -) wasj

g 3. :
,determ1ned u51ng ‘H-hemoglobin as substrate Twenty five Mg

of 1abe11ed substrate (0. lMBq/mg, 6 KBo in each assay-tube)

were. 1ncubated with. 100 a1l enzyme sample together w1th 100'

-37 C. React1ons ‘were term1nated by prec1p1tat1on w1th'
‘}TCA/Tann1n as described for the ge]at1nase assay. ' S1m1-
‘larly, rad1oactiv1ty was determ1ned as descr1bed for they

ge]at1nase assay.v One unit of neutra] proteinase act1v1tyi

- pl of buffer (20mM TRIS pH 7.5, 10mM CaCl )-for 6h at



is def1ned as ‘1 pg hemog]ob1n hydro]yzed/hr at 37 C

38

C.3.d. Fibr1no]yt1c activity (EC.3.4.21.31) of samp1es’

125
was determ1ned us1ng the I- f1br1nogen p]ate assay (Unke-
E . )(0"
1ess, 1973) in order to compare 'PAL act1v1t1es obta1ned by

' ?125
f]uorescence methods , I-F1br1nogen-conta1n1ng we]]s were.e

'pre-1ncubated with 200 p] fresh culture: med1um which was

' 125 .
- subsequent]y counted for background I- wash out. of the

p1ates Ac1d-1nact1vated serum was 1nc1uded (10% V/V) in

some‘of the react1ons to assess p]asmrnogen.act1vator acti-

'}Nity. 'Two;hupdred'u]‘of cu]tureAmedia,sa@p1es were‘added to

’ thé wells ahd'inCUbatedﬂfor'iﬁh at 37°C. The samples were '

removed-with a fihe fibped>automatié pipette and transferred

~.to plastic tubes for«count1ng Res1dua1" I-counts on the

'plates were removed by tryps1n1zat1on (10"pg»trypsfn/TPCK in

. 200 W1 buffer, 20mM TRIS, PH 7.5, 10mM CaCl ) for 3-4 h at

‘37 C, -and: tota1 counts for each we]] determ1ned F1br1no]y<

t1c act1V1ty was expressed as % of: tota1 coudts, but th1s
method was found to prove unsat1sfactory due to excess1ve1y
"h1gW‘and extreme1y var1ab1e backgrounds

.C.3.e. 3 e. -*' ’ Prostagland1n E Jevels in cu]ture med1a were

measured by rad1o1mmunoassay 1n co]laborat1on with Dr. D;

‘Tay1or The ant1-PGE antisera was obta1ned as a g1ft fromv

-2
- Dr. L. Levine (Brande1s Un1vers1ty) and d1d not d1st1ngu1sh
:between PGE2 and. PGE1 Although the ant1sera also cross-

-reacted with- PGBZ’ neg11b1e amounts of th1s prostagland1n

'_have‘been found in g1ng1va1 t1ssues (D Souza,etal, 1981)
Radio-labelled tracer (5 6,8, 11, 12 14 15(n) H-PGEz,w1th a

v

~



,'39‘

spec1f1c act1V1ty of 180 C1/mmo1 or 6.7 TBq/mm01 and of
\rad1oact1ve concentrat1on.= 0 2 mC1/m1) was obta1ned from
Amersham Internat1ona1 and diluted 1x103 fold in- RIA buffer‘
to give 2x104 cpm /100 Hi. Th1s d11uted tracer so1ution was
found to ‘be stable for up to 3 days at 4 C. The RIA buffer
_conta1ned 50mM phosphate(pH 7.4) 0.1_% (w/v) bOV1ne serum
a]bum1n, 150mM NaCl and 0.05 % (w/u) Na azwde -Standard
PGE2 ath ng/ml anIA buffer was stored’ 1n()5 ml a]1quots
in the dark at -20 C unt11 requ1red and then doub]y diluted
to y1e1d 6 d1fferent concentrat1ons between 0. 15 and 5.0
ng/m] for a standard ca11brat1on curve of opt1ma] reprodUC1-f o
b111ty' Samp]es were usua]]y d11uted at 1east 5- fo]d w1th‘\ |
n’RIA buffer pr1or “to’ assay . '
| One hundred p1 of PGEZ;standards or di]uted ouft{;e7“\
medium samp]es were added together w1th 100 p] of tracer and
100 p] of d11uted ant1-PGE2 ant1serum &o the assay tubes'
(12x75 mm po]ystyrenestubes) and m1xed thorough]y After 90
min at 4 C, 100 pl.of charcoa]ysuspens1on (1% (w/v)»aetf-l
vated chareoal,_o,i% (w[u)}deXtran-T70 in O;QS,M phosphate
buffer,,oH 7.4 with 0. 05% Na azide)‘wasfadded'and‘ nixed by
\ﬂvortek ; After 10 min at 4 C, the tubes were centr1fuged}
'(2600 rpm for 10 m1n at 4 C,_MSE -6L cent1fuge) and superna—x
| ,tants conta1n1ng abt1body bound PGE2 decanted 1nto sc1nt11-
-1at1on v1a1s conta1n1ng 3 ml Beckman ReadySo]ve HPII cock-r‘,
- kail fluor. Care was taken- not to disturb. the charcoaly_
_pe11et dur1ng decant1ng Ant1body-bound 3H PGE_ in the\

o 2
samp]es was determ1ned by‘countjng'for 5 minutes to 3%

'
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accuracy in a Beckman LS250. -

Calibration curvés of percentage labelled PGE2 bound

versus concentrat1on of un]abe11ed compound added to the |

reaction mixtures were obta1ned from a DP5500 m1n1-computer

programmed for polygonal curve f1tt1ng Va]ues for samples .

were read from this non 11near ca]ibrat1on curve, and units

, expressed as percentages of that found in Day 1 media from

d1seesed explants. Data was,plotted as 10910 (%-rat1oL

\

|
\
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'-‘gwas apparent]y corre]ated with de'onstrabie co]]agenasehjiw B

’ f'unit Improvements in the expreSSion of this data wereg_fgﬁfl

';hessentiaib this was achieved by correcting to a wet weight f_f.p

lwgthe experimemt (Figure 3) Lactate dehydrogenase (LDH);

‘appearance of so]ub]e hydroxyproiine

/ RESULTS

@

PreVious experiments with this model suggested heaithy 3

AN

hea]thy or diseased tissues, as data was not normaiized to a’

‘14

a

1ba5is to- compare hea]thy and diseased tissues in cu]ture

T ‘v‘%. :

o Ti sue Viability

t?gingivai exp]ants from beag]e dogs retained the capaCity tof‘(
‘adegrade ehdogenous co]lagen for: periods of up to ten days_.‘

Y;rwhiie still retaining Viab1]1ty as judged by g1ucose uptake?i?;'
e Figure 2 Hooiley, unpubiished resuits) However, at thatph'v

;time it was difficult to- compare the differences betweenﬂj

-wet weight, protein or DNA content baSis. Nonethe1ess,‘ ev1-:x
,”dence for the breakdown of coi]agen as measured by theip

;n the~cu1ture mediafe;if

"pmctiVity | This actiVity was expreﬁsed on]y as cpm of : C—.f
e '14 R
‘.gﬁbeptides %o]ubilized from _ C g]yc ne labe11ed co11agen byﬁv

Sl
.

wculturejmediaisampies,,and not Corrected to iny: tissuepf”‘x”
,L;;parameterio} normaiized to any standard enzyme activity -

cose ut11ﬁzation remained fairiy stab]e throughout”iu: L

qlthe culture period decreaSing siightiy towards the end of 5¥1'u‘

re]ease was/significantij higher on the first day of cu]ture;b

¢

}than any/éther time. and probab]y ref]ects tissue damage.

‘;incurced during excision and dissection (Figure\3) From the,f‘ ﬁ'*v“
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'1ar1y treated dogs were usua11y in comparab]e ranges;

ﬂ,demonstrated extreme var1ab111ty,'even when corrected to’
‘-wet we1ght bas1s In mgst cases, two dogs w1th s1m11arkw‘

?treatments were run at the same t1me, and the exper1menta]f1'

46

second day of cu]ture the LDH drops to a“ base11ne value

' wh1ch approx1mates 0 2 % of tota1 ava1]ab1e LDH present 1n_

v the t]ssue

H1sto1og1ca1 observat1ons of exp]anted t1ssues suppor-',

”ted the b16them1ca] assessment of v1ab111ty (P1ate II “end
“;of ResuTts) but numerous‘morpho]og1ca1 and cyto]og1ca1

T*changes were observed dur1ng cu]ture Some of these changes>

are apparent in. the p]ates shown

7 Exper1mental dogs Most enzyme or other b1ochem1ca1

:va]ues to be presented are shown as averages of dup11cate
'5assays for at 1east 2 cu]ture f]asks from each of 2 to 4, s
fan1ma1s Severa] problems arose when averag1ng the data

’-obta1ned for a]] of the an1mals, as each dog often showedf[

’ ,hd1fferent 1eve1s of enzyme act1v1ty, even though the ge eral'

qproflles were s1m11ar . Some enzyme act1v1t1es from simi-

-pPAL) but others, such as co]lagenase and ge]at1nase oft n ff

\

'data was’ p]otted and compared The data presented usua11yfhf

_ represents that obta1ned from one or two dogs,‘but in a]]*

i

""cases the pattern or prof11e of each parameter was conf1rmed?"h

by s1m11ar exper}ments w1th other dogs

Co]]ageno]ys1s from diseased explants

G1ng1va1 exp]ants re]eased hydroxpro]1ne 1nto the med1a

'~after 1 2 days and reta1ned th1s capac1ty for 5-7 dayswf



47 .
lp(Figure da) Much of the hydroxypro11ne was found as d1ffus-r
ible products (F1gure 4b) in the med1a suggest1ng furtherV"
degradat1on by the presence of secondary am1nopept1dase‘
:‘act1v1ty. | | ’ B ' | A

A]l”gtngivaT'explantstreleased hydroxpro1§neﬂinto the
_med1um but the prof11es obta1ned for each an1ma1 often-w
fd1ffered w1th respect to time and peak va]ues The profi]e'
=shown in F1gure 4a ref]ects th1s var1ance by the 1argeﬂnd
standard deV1at1ons of the data obta1ned from 3 an1mals Inh
a11 med1a assayed for non d1ffus1b1e hydroxypro]1ne there"

'was a s1gn1f1cant decrease 1n 1eve]s fo1IOW1ng d1a1ys1s

"suggesting degradat1on to sma11 co11agen pept1des J'As'noz

N co11agen 1s synthe51zed in cu]ture ow1ng to the lack . of,_

! o

cofactors such as ?scorbate and - a]pha keto- glutarate the_"

med1a hydroxypro11ne 1$_probab1y;accounted for,so}eJy by

- degradat1ve act1v1ty

Ll NN

A typ1ca1 prof11e for co]Tagenase act1v1ty is shown in

: Q:‘F1gure S5a. Most of the enzyme 1s present 3n an act1ve form;.?‘

e

':‘nwwth 1atent enzyme be1ng found 1n ‘the med1a on]y at Tater

Mstages of cu]ture ' Both proteo]yt1c and organomercur1a]if'74

i

yiact1vat1on methods were routxne1y used w1th tryps1n act1Va-.5'
‘t1on g1v1ng s]1ght1y h1gher va]ues 1n most cases

Act1ve and tota] ge]at1nase 1s shown dn F1gure 5a,];f

“About 50% of the ge]at1nase is. present as. 1atent enzyme,vbut'_.ﬁﬂiﬂ‘

'Vth1s rat1o was variab]e between an1ma1s Plasm1nogen acti-”,‘

" vator 11ke act1vity 1s shown in: F1gure 6a Most of theﬁ;;f‘

LB

jt1ssue cu]ture prof11es of PAL reached max1ma1 va]ues bet-"“(
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- FIGURE ) 4 Release. of - hydfoxyprohne from gingival eAxp:]an’ts in vitro.

(a). Total hydroxyproline released into culture medium for each day of -
culture.. .Data points represent mean  values t1 sn obtained from

~duplicate assays of 2 culture flasks of tissues from ¢.~h of 3 d_ogs.
-s(bs’ Total (@) and non- diffusable (0) hydroxyprohn
culturé medium. - HydroxyproHne in the culture mediu:

‘2leased into
was assayed

.. before and after dialysis {16 h at 4°C). Data points represent means

and range of values obtained from dup'Hcate assays of two flasks from

~one- expemment. ;

ey



(a)
s -

-
<@
|

COLLAGENASE ACTIVITY-
DISEASED GINGIVA

. Units r‘cleandﬂng tissue/24 hrs
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P
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'E | GELATINASE ACTMITY- -
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.V TOTAL.
. @ ACTIVE

CN ‘ B AY. RE e
FIGURE 5. Release of co]:]agen_ase and gelatinase_ from diseased gingi-

$

val explants in vitro. -~ = -

Ta) ColTlagenase was assayed directly as active enzyme (@) or-as
total collagenase activity (4) in culture medium, Both proteolytic and.
organomercurial activation was used. Data points represent mean v@jues
415D from duplicate assays of 2 tissue culture flasks from each‘of 2

animals. =~ , ST R
(b) Active gelatinase activity assayed directly (@) or following
proteolytic activation (v) from diseased gingival cultures. Data

49

~points represent mean values ‘1 SD of duplicate assays of 2 c’_uTtu.re ]

~ flasks from 1 animal. ~



PLASMINOGEN ACTIVATOR-LIKE ACTIVITY
'  DISEASED GINGNA' ‘

" Units released/my tissie/24 hrs x 10-2

£ ,
: E‘ CATHEPSIN B-LIKE THIOL PROTEINASE
Lo
S R
¥3 )
L 'e .y
. 2D
|l ELasmse R
/ .* ! 1 o | 3 , Y s Y ﬁ ' b “E}’

DAY OF CULTURE

- FIGURE 6. Release af plasminogen activator-1ike (PAL), cathepsin B-
like thiol proteinase and elastase by diseased gingival explants in -
(aJ.PTasminogen activator-like (PAL) activity (@) was released during
the early stages of culture and this profile was similiar for all
cultures assayed. Data points represent mean values 1 SD of dupli- ‘

B _ cate ‘assays on 2 culture flasks of tissue from 1 do3.

(b) Assay of Cathepsin B-1ike thiol proteinase\(®) and elastase (0)
activities from the same cultures in (a). Data represents mean values
+1 S0. Maximal daily activity of Cathepsin B elaborated in culture.
was 0.5% of enzyme activity found in tissue homogenates. Both. PMN and .
‘macrophage elastase activities were neglible. .. : .
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ween days 2 and 4, 'and'these peak activities were similar

jfor all the cultures examined.

A representat1ve profile of Catheps1n B-Tike thiol

'protewnase act1V1ty 1n-d1seased.exp1ant cu]tures is shown in
Y- ‘L : .

Figure 6b. Comparatively small amounts “of enzyme are'

'_reTeased'over the course ofithe cu]ture per1od with a

’s]1ght peak about the th1rd day. One poss1b1e exp]anat1on

for. th1s is the poor stab111ty of. 1ysosoma1 Cathepsin B at

dneutra] pH. A]though the culture per1ods for, many exper1-

'ments were extended to 9 or 10 days no detectab]e e1astase'

act1v1ty was ever present This was surpr1s1ng as tissue

homogenates possessed s1gn1f1cant levels of assayab]e 1euko-
cyte and: macrophage ‘elastase act1v1ty..

In genera] qhe cultures of d1seased g1ng1va1 explants

-ﬂproduced s1gn1f1cant quant1t1es of. the enzymes co]]agenase,d

gelatinase and p]asm1nqgen act1vator, 'in contrast to elas-

tase, Cathepsin B-Tike thiol proteinaSe; Bégluo0ronidase,

'~1actate dehydrogenase and lysozyme.

QL Compar1son of hea]thy and d1seased tissues.

Comparat1ve va1ues for hea]thy and d1seased t1ssue‘

homogenate 1evels of the parameters presented in Figures 3- 9A '

are shown in Tab]e 11, T1ssue homogenates were prepared as
descr1bed in Methods and the supernatants were subjected to

enzyme ana]ysisr'ln both'd1seased;and healthy tissues an

inso1ub]e.residuerwas 1eft7after the’homogenization proto-

cd],»whieh remained even after TCA extraqtion of the tissue
for DNA analysis., The hydroxyproTine content of the insol-

. b



TABLE 11
COMPARATIVE STUDY, ON HOMOGENATES AND EXTRACTS OF .
HEALTHY AND DISEASED GINGIVAL TISSUE AT TIME OF EXCISION,

PARAMETER HEALTHY  ~ _ DISEASED
" LACTATE oo o o
DEHYDROGENASE - (U/mg) 2141480 2304442
B-GLUCURONIDASE (U/mg)  ~ 3118%11 ~ 3195437
- *HYDROXYPROLINE (ug/mg) 121.7426 - 70.0+21
DNA (MET WT) (ug/mg)  2.31#0.04 . 2.5350.03
(DRY WT) (ug/mg) 8. 46+d~48 . 11.6040.30
CATHEPSIN B (u/mg) 10L 5418 136.7422
ELASTASE;(U/mQ) e 385+5 0. . g; 70.548.1
PLASMINOGEN ACTIVATOR 0 S 0 -
GELATINASE 0 0
. ACTIVE COLLAGENASE 'l--‘o"gl / 0
LATENT COLLAGENASE 0 0
NEUTRAL PROTEINASE 0 0
LYSOZYME 0 | | 0
PROSTAGLANDIN E. = N.D. . WD

Tissue Activity in Un1ts/mg wet weight (see Methods)

Values shown represent means +1 SD (n=4 dogs for DNA,
~duplicates of 2 samples from each of 2 dogs for others)

N.D. Not Determined
+Hydroxyproline content determ1ned on insoluble residue after
. solubilization in DMEM and TCA/DNA extraction profile.’
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ubleeresidues indicated a large proportion of'co1]agen, but
sample variation in the quantity of this residue makes

compar1sons between re]at1ve collagen content of healthy and

53

d1seased t1ssues d1ff1cu1t \ However, the 1nso]ub1e nature

-~ of this res1due may help to exp1a1n the decrease in. hydroxy-
pro]1ne re]ease into cu1ture media towards the end of the
cu]ture per1od o o - i : | |

The h1gher DNA content of the d1seased t1ssue a]most

certainly ref]ects the hyperp1a51a “and granu]oma of 1nf1am—

<emed g1ng1va.. The range of var1ab111ty of the quant1ty of

normal stromal components in diseased tissue prec]udes any -

quantxtat1ve corre]at1ons that m1ght arise from th1s dat

S1gn1f1cant 1eve1s of Catheps1n B-Tike and e]astas

Tike act1v1t1es were found in t1ssue homogenates, but no

_act1V1t1es were found for collagenase, neutral protelnase,

. gelatinase or“p1a3minogen activator (Table II) : This prob- .

ably reflects e1ther the presemce of t1ssue- or serum de-
r1ved 1nh1b1tors'1n the t1ssue or the fact that these
enzymes were not present at the time of samp11ng | The meas-

urement of catheps1n B 11ke and elastase act1vvf1es in the

homogen1zed extracts would: suggest a 1arge 1ntrace11u]ar

reserve of these enzymes in contrast to the cytoso11c'

proteinases. Homogen1zed extracts of tissue exp]ants after

29 days 1n culture were treated with prev1ous1y puﬁ]lshed
‘dissoc1at1ve methods (3M KCN; 2M NaC], or 60 C in the pres-

ence of 100 mM Ca ; -Uitto,” -Golub and -Woessner, respective-

ly) to determine whether proteinase activity was associated
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or bound to the residual stromi. -No S}gniffcqnt activities
were found for to]]agenase,\neufra] protefnasefﬁée]atingse,
or plasminogen activator, suggestjng that tissue4bgﬁnd
"enzymes contribute relatively Titt]e to the totaT énzyme
Produced in vitro. | | :

A comparison of hydroxypro]1ne released by diseased and

0

~healthy exp]ants is shown in Figure 7a. 'Significént1y more .

7 B

hydroxxpro]fne is ré]eased by the diseased tissue, and coll-
agéhaSe 1evejs (Figures7b) show,good correiation with this
e1evatéd hydroxyﬁro1ine; One apparent-discfepansyjis evi-

dent on Day 2 ]éve]s; and cou]d érjse from différgnt-ratfcs‘

of latent:active enzyme»ﬁn heé]thY‘and diseased tissues.
‘Simjlar observations of higher levels of neutral profeinase' Q0
act%vifies;in diseased tissUes‘are shown in Fﬁgufé 8a. |

jA]though the prof11e is d1fferent to that for co]]agenase'v

and act1ve enzyme appearﬁeon the f1rst day of cu]ture,‘the;’

same level of enzyme act1v1ty is ma1nta1ned through0u 1,:n“

cu]ture per1od.

As this is a rather non spec1f1c assay 1t

cu]tures (F1gure 8b) D1seased t1ssues re1eased hfg
amounts than hea]thy tissue exp]ants, but the proP
similar to the LDHprof11eshown in Figure 3 forthe‘

thy tissues. Th1s poss1b1y represents a-more 'sé

s
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(a) ) ' HYDROXYPROLINE RELEASE

O HEALTHY

nN
(]
1

® DISEASED

. #em HYPRO releasad/mg tissue 24 hrs
S
1

(b)

301 coLLAGENASE ACTIVITY

20

¥ HEALTHY

Units raluud)rng tissue/24 ‘l.\u

SRR 9
¥ DISEASEDL

4

3 1T T3
DAY OF CULTURE . '
DAY OF CULTURE

-t

*

laiHjaroxyproljne-re]eased into culture media by healthy (o) and
diseased (®) explants. Data points represent means values (+ range)
for duplicate assays 03.3 tissue culture flasks from one animal,

(b) Total collagenas activity (active + latent) elaborated by
healthy (v) and diseased (v) tissues in same culture flasks used for

e | - I S ’ - :
.. FIGURE 7. Collagenolysis 1in healthy and diseased gingival explant -
L7 cultures.

“hydroxyproline determination in a). Data points represent mean values -

1l SD of duplicate assays for 3. culture flasks of tissue from one dog.
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- 604 ﬂ?’ ST p-c;uépnou'loixse A(':TI.VI‘II'\”“_- T - s fil
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® DISEASED | /

s
1 £

Units released/mg tissua/24 hrs _

R S— o
R T R
T -~ .DAY-OF CULTURE. - ./

-~ =

D -4

. FIGURE 8. Release of neutral. proteinase and B-gluc_Uronidasé, from

o * hed1thy and diseased gingival tissue cultures. . \

{a) Non-specific neutral prpteinase activity from healthy (0) and
digédsed (@) cultures using H-hemoglobin as 'substrate, Data repre-
- sents mean values #1 SD-obtained from duplicate assays of 3 culture
.-flasks from 1 animal. TP e e T
. (b) B-glucuronidase activity as a marker for non-specific lysosomal
‘enzyme release.  Maximal detectable B-glucuronidase activity in.either

-healthy explant ‘media (O) or diseased explant media (@) was equivalent

'/,v

s

to approximately 1.5% of the activity obtained from 1l mg of explant -
-~ tissue hamogenate. Data represents-mean values +1 SD of duplicate -
. assays of two culture flasks from each of 4 dogs. - SRR
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. |
1 " but when levels in

in“the diseasedktissues,

fce]] popu]at1on
cu]ture med1a are compared w1th ttssue content

2% of the enzyme ava11ab]e js re]eased thoughoﬂ

.culture per1od ‘ud TR v
of p1asm1nogen act1vator 11ke

o Comparat1ve prof11es
act1v1t1es re]eased by hea]thy and d1seased exp]ant cu]tures
The prof11es of th1s enzyme were-

'are shown 1n F1gure 9a
w1th peak va]ues appear1ng about

5sxm11ar 1n all an1mals,
the same t1me between days 2 4 Th1s was d1fferent from the

The speC1f1c act1v1t1es for :

’other prote1nases measu ed
hea1thy exp]ants were usually about ha]f that for dtseased
in a11 cultures.

S were s1m11ar

:t1ssues but the prof1]
'1es re]eased 1nto cu]ture med1a are

j Catheps1n B- 11ke act1v1
shown in F1gure 9(b), a'd d1d not d1ffer between hea]thy and
However, these act1v1t1es werefﬁ

vd1seased t1ssue cu]tu es.
1ns1gn1f1cant when c mpared to the 1eve1s found in who]e

eve]s re]eased by exp]ants (F1gure 10)

t1ssue homogenates.

j Prostag]and1n E
were e]evated 1n d1s ased t1ssues‘\\$he method of express1ng
rat1o 1s conven1ent as the maJor1ty of

#

~ data‘as 1og percent
1s secreted 1n the f1rst day in hea]thy t1ssues. Data

'»'VPGE
' 2
is norma]ized to max1ma1 amounts re]eased by the d1seased
‘) ‘on. day 1 of cu]ture,_but"w.,

L V,t]SSUES (taken as log10 100 %
a more accurate representat1on of the data 1s shown 1n Tab]e

S v
‘?7 ,.3_ v

S
Peak and

f

Cumu]at1ve amounts oF a11 the. b1ochem1ca1 and enzyme

~

act1v1ty prof11es measured are shown 1n Tﬁb]e III.
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Data points represent mean values +1 SD obtained

} : says of 3 culture flasks of each type of tissue from -
- -each. of two animals, Neglible PAL activity was found.in tissue homo- =
" genates. R L U Tt R T EEDR i
‘?b)fCathepsin B-1ike thiol proteinase levels; data represents mean .- .
values +1 SD of cultures used{n (a). Both healthy(0) and diseased(®).
culture ' medium levels of Cathepsin B-1like proteinase were equivalent
to~0.5% of the jtotal activity found in tissue homogenates. ' .

58

IR e R S S P oo ™
' FIGURE 9. Release of plasminogen activator-1ike and Cathepsin. B-like = .
proteinase - activities 1In vitro by healthy and diseased tissue ex-

~plants, "~ T T e T e T T R

‘;Ea) P1asm1nogen activator-like activity in healthy (0) and diseased(®)
_tissue explants,
.- from duplicate a
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FIGURE 10; Re]ease of Prostag]andinﬁg from hea]thy and d1seased'

&8 ingivae in tissue culture. Concentrations of PGE *?OUnd in hea1thyﬁb)l
an seased (@)culture media were normalized%

[nngGEZ] ;.réleésed/hg tissue./24'hrs :

o Day 1 of diseased

" explant culture and converted to log 1p (%¥released). Data points: =

a

3

sks from gingival tissues of one o
‘animal.’ -~ Right ordinate indicates concentrations of PGEzwequ1va1entjﬁz- ;
<;to 10910 (% ratio) va1ues on 1eft ordinate. S ,,}ng/ j A ‘

~ représent mean values +1 SD of logjq(PGE Concentrations) determined in
duplicate assays of three culture *q

R
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"from Table III for cIar1ty

~_g; Effect of DentaI PIaque on ceI] cultwmes.

accumuIated VaIues‘shown‘inuthIs tabIe~are caIcuIated'frOm
the prof11es shown prev1ous]y, and prov1de reIat1ve or com-f
parat1ve data rather than prec1se quant1tat1on.' In the-Iast,
cqumn of TabIefILIkare shown the reIat1v@ amounts of
enzymes. reIeased as ‘a proport1on of totaI enzyme content of
t1ssue homogenates. LDH Catheps1n B-like prote1nase and B-
qucuron1dase act1v1t1es eIaborated 1n cuIture are Iow 1n‘5.
:compar1son w1th the other prote1nases-_ The term 1ndeter-d’

'm1nant' is used as no act1v1t1es for these other prote1nasesif'

o

were found 1n t1ssues, yet s1gn1f1cant quant1t1es were eIa-;”
- borated in cuIture. No act1v1t1es were found for Iysozymet
ror eIastase in’ any of the cuIture med1a,‘and are-om1tted;f
Quantwtat1ve compar1sons between the d1seased ‘and heaI?7
,thy txssues presented 1n Table II (pg 51)‘are supported by-
': h1stoIog1caI observat1ons of the t1ssues.“ PIate I(pg 77)A .
shows gross comparat1ve d1fferences between heaIthy (a) and: )
'd1seased (b) g1ng1va and demonstrates the 1ncrease in both;ny

'fceII numbers and spec1f1c types wh1ch has been weII documen—"'

\

'/*,ted h1stomorphometr1caIIy 'PIate III shows a h1gher-m1cro-.
vscop1c magn1f1cat1on of healthy junct1on ep1the11um/stroma1ftif“

‘,deIements (a) and d1seased 1nf1ammatory Ies1on/stroma1 nnter-,,f

r

face jb).I A Iater sect1on in th1s chapter w1II deta1I :fv7

I,
subsedUent 1dent1f1cat1on of ceII types found both

SN

eh_heaIthy and d1seased tissues.

L

As bacter1a1 pIaque pIays an 1mp

o

LA

BN
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pathogenes1s of g1ng1v1t1s and per1odont1t1s in v1vo, its
L effects on prote1nas act1v1t1es and other parameters in
'vf%ftﬁﬂ this mode] were exam1héﬁ to see if there was a direct effect
| "on co]]ageno1ys1s Prev1ous exper1ments done 1n th1s 1abor-
atory demon trated an enhancement of co11ageno1ys1s as
Judged by 1ncreased hydroxypro11ne and co]]agenase re]eased‘
over a 5 day cu]ture period of g1ng1va1 t1ssue 1ncubated
with 1rrad1ated denta] p1aque {F1gure 11 ). The 1ncrease‘in
"oo1]ageno1ys1s was apparent]y proport1ona] to the amount of
denta] p]aque addeﬁ to the med1a, w1th max1ma1 enzyme and
hydroxypro]1ne re]ease resu1t1ng from the p]aque supp]ementr
be1ng added at 100 pg/m1 cu1ture med1um The method of data'
presentat1on in these exper1ments shown 1n-F1gure 11 were
aga1n not comparable between cu1tures and an1mals as no
standard1zat1on of ca]cu]attons were emp]oyed or: ava11ab1e
These exper1ments, however, prov1ded the 1n1t1a1 ev1dence
bt that denta] p]aque somehow 1nf1uenced the breakdown of g1ng-k
_1va1 stroma, and estab11shed a . work1ng mode] to furtner"
1nvest1gate the phenomena observed 1n hea]thy and d1seased-
t1ssues reported in Sect1on B of these resu]ts ",_“y-:
Vtab111ty,.i»‘” ' T ;
: As certa1n components of bacter1a1 p]aque are cytotoxxcﬂ
;b-_even at 1ow concentrat1ons, cu1ture v1ab1]1ty was mon1tored‘
in both hea1thy and d1seased exp]aﬁ?@ when exposed to plaqueu 1t'

g,

"at 100 pg/m] the concentrat1on wh1ch prov1ded max1ma1

S a S g
',1enzyme act1V1ty 1ncrease 1n F1gure 11 G1pcose ut111zat1on Jjﬁ?

SR . ’ : . K
’waslwncrease¢ s]ight]y in cu]tures of - both hea1thy and
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diseased exp]ants.exposed to p]aque'(Figure‘IZa). }The
p1aqueISpr1emented cu1tohes showed increased uti]ization
'rates on'dayIS but this‘iS‘probab1y‘due to s1ight bacterta]
contamination rather than a direct effect on the metab011c/
rates of any of the ce]]s in the cultured explants ' No.
_changes in pH of cu]ture media (pH 7.8-7. 9) were observed j7
'throughout the incubation.

Control plaque solut1on at 100 Pg/m1 in DMEM was 1ncub-
atéﬁ at 37 C daily to mon1tor .potential prote1nases and -
iothen enzymes. No act1V1ty was detected’ for most of the
‘enzymes, except for traces of 1ysozyme and LDH

Lactate dehydrogenase he]ease ‘was enhanced in plaque_
:,treated d1seased exp]ants, but no d1fference was obserw:dh
'_ for the hea]thy t1ssues. When compared w1th the tota]
amount.of LDH ava11ab1e in the exp]ants (F1gure 12b and
?Table II), on]y a sma]] proport1on (1ess than 2 %) of thisv
enzyme was re]eased into the med1a, essent1a11y a]] .on day lu
.of-the cu]ture period. Th1s probably represents‘the recov-
ery of the tissue‘explants fo]]owino eXcisjon.v |

Histologicat examination'of‘tissues exposed to plaque:
support the biochemica]_evidence:fort1ack'qup1aqne-induced'
'cytotowicity‘(P1ateiIV) Obvidus a1tehations 1n t1ssueb‘_

morpho1ogy are ev1dent by day 9 of the cu]ture per1od

Compar1sons between hydroxypro]1ne re]ease in con"7
- and p1aque chal]enged cu]tures are shown in F1gure 13u(aEb)
P]aque added to- both hea]thy and d1seased explants caused an

enhanced hydroxyprq11ne releasé 1n:both cases, but no change



“(a) : GLUCOSE UTILIZATION

E .

&

5 50

8

£

2

£ 301

pe | _

2. ' m +PLAQUE

i .'® CONTROL ™

10- ' \
. ' ’ - ] 1
(b)

E 20| . "\ . LACTATE DEHYDROGENASE ACTIVITY = | ) j
. . : . .
\ % :
§

Es . m + PLAQUE
§ ' @ CONTROL

104 ‘

£

c
D

) B v . v
5 1
- DAY OF CULTURE

-h
[

[

FIGURE 12. Assessment of cell. viability in presence of piaque

(@) Glucose utilization by diseased explants (@) and those with plaque

added to the cultures at 100 pg/m1 (m). Data represents mean values

ol
§

65

+1 SD obtafned from dupHcate assays of 3 cu]ture flasks from each of

"two dogs.

(b) Lactate dehydrogenase activity in media from diseased exp]ant
cultures. Values +1 SD were obtained from duplicate assays of 3
flasks without plaque (0) and 2 flasks supplemented with plaque (m) at
100 pug/m1. Less than . .2%of total available LDH activity in tissue
homogenate was found in explant media on day 1 of all cultures.
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in, the time course of this release nas observed. The hea1€hy
exp]ant med1a prof11es are paralleled’ by increases 1n colla-
genase. However, the enhanced co]]ageno]y51s in d1seased ‘
tiSSues is not. accompan1ed by increase in tota]-co]]agenase
| and th1s m1ght reflect a d1fferent suscept1b111ty of the
co]]agen in d1seased t1ssues to hydro]ys1s by other protein-
~ases. No change’in the ratios of active enzyme present 1n'
‘the med1a'to total enzyme (as measured by proteo]yt1c acti-
vat1on) were observed apart frdm the‘s1fght increase.in
Jatent enzyme towards the end of the culture period.
f~‘,. Other prote1nase measurements such as ge]at1nase,vneu-
tral proteinase. and p]asm1nogen actwvator were' e]evated inA
‘both plaque-treated‘hea]thymand diseased cu]tures, a1though'
‘the dncreaseiwas'different for each of the various enZymes.
_PTasmtnogen_activator from healthy ttssues was_enhahced.to»a
greaterdegreevby*p1aque than the“response’ekhibited by
d{sea%éd exp]ants (F1gure 14). The PAL act1v1ty re]eased
1v1nto the media by hea]thy t1ssues reached the same 1eve1s as
'the d1seased t1ssues, suggest1ng that healthy t1ssue may, be
pr1med for rapid e]aborat1on of thlS enzyme 1n,response to

4

p]aque_cha11enge.

Gelatinase activities are shown in Fdoore 15 for heal-
thy and;diseased-explant’media »Tncreased'1eve1s areVObSer-'
ved after the f1rst day in cu]ture in. the presence of plaque
1n both types of exp]ants Unlike the co]]agenase,profn]e,

the 1evels.rema1ned max1ma1 throdghout thé'cu1ture period




69

"judwiaadxa yoea ut pajuswatddns-anbeid auam syse(y oMy *sjue|dxsd paseasip pue Ayjjesy ayy jo

yoea jo S¥SBl4 34N3NJ G jo sAesse ajedl(dnp jo (S [+ ueaw juasaadaa (q) pue (e) ur sanpep °sjue|dxa .
& (W) paseasip pajuawa|ddns anbe|d pue (@) ,[043uU0D P3seaSLP 40 eLpaw 03Ul pasea|ad A3LAL3oe vd (g
N : mmucm—nxw\ﬁy pajuswa|ddns anbejd pue.(0)[043uU0d Ayj|eay 4O eLpPaW OFul pasea|ad AILALIOR T¥d .me
L - B - : . _°sjue|dxa (earbutb paseasip pue Auyjjeay
Eotvmmmm_mgb.:,.;um3<&.8_.:-L3m>.5um:mmo:_EmmE:owngEu:mu ,.._opuwtu.eamm:w:

3 6 L -36N1IN2 40 AVQ - R I T 38NLIND 40 AVG o , -
3 1 T 1 M e m . .P L m L w { w 1 m : 1
-
g .
W- A4
= T 3
&1~ 3novu+no -
3 © 0HINGD o
H CAHLTVIH, X .
- X i "wt... PR a
3 i T e N
hz ».._«. - ~
) e L G ALIMLDY 3NN _
_ R 1 7 -WOLVALLOV NIDONIWSYd " '
v ,,




70

B £ ‘g

! B . L

A

._ u:mEEmnxm :umw 5 nmp:meEa:m m:umE mng mv_mmC oz._.
_pue Ay3leay upo SRSB4 IUNILNI-G 30" skesse. ajedL|dnp 4o S T+ saniea ueauw u:mmm.aw.. (q) pue ?,*
ut sjutod ejeq “msjue|dxa’ pajuawaiddns m:am_.n pue (@) 1043u02 ‘paseasip. 40 BLp3W UL S[3A3] wmmcﬁmnmm ()

=\

.mucmpaxm ummmwmpn_

) ;3:29& Ev uwu:msm_aa:m m:cﬂa vcm (0) 3.5:8 bt?mc o4} elpaw ul-S|3A3]:dseutielag (e)
Caal - . “sque|dxa paseasip pue Ayj[eay.
. mo m_vme m.Su:_u o..-E vmmmvpm.. »ugﬁum mmwcSm—w? EEmEm :o m:umﬁ_ Le3uap. 40 uumtu mﬁ ux:wu.._:
L S TERIRREIOAVE Lm0 et T e g 8 \,
m PR A- 1 M 1 % -. - } @ 1 % i m . i - % . % F ‘. —
. - - L . ; N B A ) : . .
- o Tleg 2 [P h
= - | n w:oq._.: e .
. B 3novu+ Lo _ m\ oaoE.zou >x5<mx
- 7] e toumooassvasim L -3
‘ s 2 |
B
S
ool | Z
bl :
o - T
es
e ; ) . .,:.,‘?._._>v_5<mmm<z__h‘<._.uu_ ﬁ o = ALNILIV uwwa_.ﬂamo
. e ‘ I ,.\. A o aﬂv : } - /./, .Aﬂw
’ .. | T N :
~ . . = - - - v K ,. AN
o e . .‘ @ - -
|fl- . 5 3 . ‘. ...v |/‘ ,0. S : .I(. B I\ =

St



for both t1ssue types and d1d not decrease towards the end‘-
| of the 1ncubat1ons. Usua]]y the rat1os of act1ve to tota].
enzyme stayed the same or were s11ght]ykh1gher (1 e moreh
actqve enzyme 1n the cu]tures) in the p]aque supp]emented
‘f‘culture med1a.' _ y‘ | | | e | j
Neutra] prote1nase prof11es (F1gure 16) of. ail 6u1tures

had s1gn1f1cant act1v1ty on the f1rst day of cu]ture, and

both hea]thy and d1seased exp]ants' re]eased more enzyme 1wﬁ hth
response to p]aque exposure. These ]eve]s rema1ned h1gh A
throughout the cu]ture period ’ ‘ ' B T
‘Q}Q-a; Catheps1n B 11ke th101 prote1nase 1eve}s incréased"tn

| response to p]aque on]y 1n the d1seased t1ssues, possiblyv:
suggest1ng that d1fferent ce]]s are respond1ng to the p1aque}5fe=
for the elaborat1on of th1s enzyme’(F1gure‘17) Hea]thy,

/V‘ E‘

tlssues exh1b1ted no ohange 1n 1eve1‘;for>ﬁ”

is prote1nase."“ S
, A ‘. . ’.‘ .' %'

5 : : :
0n1y a sma]] amount of the‘eniy%e act1v1ty measured in.

‘ homogenates was re]eased 1nto culture med1a,,but th1s 1s not
"5;\%%:urpr151ng as’ th1s is a 1ysosoma] prote1nase., H1gh act1v1::
*t1es found 1n t1ssues most 11ke1y are due to the non specff
1f1c nature of the substrate used but cou]d a]So arise |
'tn%m the 1nstab111ty\of the enzyme at neutra1 pH B g]ucur{*‘
hf?on1dase 1evels were s1mi]ar for hea]thy and d1seased t1ssue'
vﬁ?cu?ture med1a to those shown 1n F1gure 8 'It therefore”"

SRRSO \ .
‘_meant that p]aque exposure did not enhance non spec1f1c\

:[1ysosoma1 re1ease from e1ther hea]thy or d1seased t1ssues. ’*Qﬂ

! 3 P

gt Prostag]and1n secretlon in both hea]thy and diseased'i"ﬂjiﬁf‘f

v_h;fg-explants was e]evated w1th p]aque exposure, a]though d1s-,®?wszﬂ

S DR R R i R S e L

LR
Lo
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" eased explant media had a much;greater“response than'hea1thy

V(Figure 18 a&b), .Thfshmay'not belapparent from the differ?

‘ences in profiles, but the use of a Togarithmic scale factor:

74

for.COncentrations masks the'differences, notably the 3 fold

‘vinCrease'inhdiSeased tissue‘seéretion_of~PGE2,over the

fduratfon of“the'eXperiment “Leve]s‘of PG-E2

hh1gher if serum had been present in the'media, as it is.

1t}known that serum 11p1ds prov1de a source of p%@staglandin

'precursors

e:Summamyc Amh(;fmatft representat1on of prof11es presented 1n'

1 e

mfF1gures 3 through 18 is shown ﬁn F1gure 19. Re]at1ve act1-hf7

S
v1t1es or 1evels 1n cu]ture med1% of a]] the parametersk

7measured 1n this study are shpwn on the 1eff
feffect of plaque on peak 1evels found 1n the med1a 1nd1cat@d‘
1n the chart to the r1ght | Th1s data 1s meant to be qua11£

'“tat1ve and shows the maJor effects of the d1sease process

”?‘}yand exposure to plaque on the prote1nase phys1o]ogy of the:

.mightkhave:been

A

A B ‘
A

@

Q’JJ S

f:exp1ants., The three groups of prof11es shown inc]ude theﬁ,

major co]]agenontic parameters 1n the. top group, secondary
fproteinases in. the m1dd1e,'and re]ated parameters 1n the]

Ls]ower pane]."

There q;e numerous d1fferences in the profi]es ind1ca-\

gtive of various mechan1sms that may be inf1uencing the, .

Pd

"re]ease or e]aboration of each of these enzymes or markers,”

"f;1n different ways. ObservatﬁOns from th1s 1n V1tro mode]

i yfmight be extended to the understanding of event s in vivo by'

R}

| ’ffcomparison.of;the‘notabie dmfferences;)n the hea]thytandj;
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B

- comprise PMN'S; fibroblasts, ep1the11a1 ce]]s and dnflamma-

O

d1seased t1ssues Some.of the profiles are c1ear1y a resu]t

';of the insu]t to the t1ssue though exC1s1on and dissection’

and others due pr1ncipa11y to-cel]s not surv1v1ng unden the

cu1ture‘conditions~ Some of the enzyme prof11es may be

‘1nf1uenced by the absence of serum or the presenCe of

C )

tissue’ 1nh1b1tors, wh1lst others may show strong 1nterac-'

btionsjw1th substrates and remain bound ‘to the tissue matrix.

’, Som@ ofﬁthe cells wh1ch may be respon51b1e for produ-

i

' fcing the var1ous enzymes and co]]agenolys1 in .1t are

shown in P]ate V.These ce]1s are 1abe11ed~on-th p] te and

?*x’

“tory cells. AlsO"shown are specific sta1n1ng methods for

and naptho1 ch]oro acetate esterase act1V1ty spec1f1c for

x,‘PMN s in P]ate V(d)

77

"mast'cells (metachromas1a for Toluidine b1ue) 1n'P1ate V(c)i‘ ;‘
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W " : A
Plate Ia. Normal gingival tissue, showing Junctional (JE),
sulcular (SE), and oral epithelium (OE), stromal
matrix (ST). Arrow indicates point of attachment
to cementum. . Cy :
Toluidine blue staining, mag X 80

s |
Plate Ib. Diseasedbbéag1é dog gingfva] tissue, showing
o inflammatory. lesion (It),.neduced'stroma (ST) and
oral epithelium (OE). Note apical extension of JE
* for sulcular depth (open arrow).
Toluidine blue staining, mag X 80
R L‘%' \'_\\ \\
Y} ) :x‘\‘ . “4‘ N
L
—t ] k
o (“’\m ;



'Plate Ila. Healthy gingival tissues~fixed at time of excision,
showing normal appearance of oral epithelial (EC)
and stromal cells (ST). Stain toluidine biJe.

" magx 1050 _

s a:&; - !.' R . ‘
Plate IIb.'Séctioﬁ\ET“he@lﬁhy explant tissue after 3 days
in Culture to show the appearance of cells in
epithelial (EP) -and stromal (ST) regions.
Toluidine blue staining; mag x 1050

. !

&

" . RS ) L‘;’? )

Plate IIc. Section of diseased explant tissue after.
9 days in culture illustrating viable _
cells of the stromal (ST) and epithelial (EP)
regions. Toluidine blue staining; mag x 1050

- ot
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Plate Illa. Section of healthy tissue after excision
showing junctionalepithelium (JE)and ‘stromal (ST)
interface. Note overgrowth of oral epithelium (OE) = = 45
and CharaCter1St‘C appearance of fibroblasts (Fb). ~ '

\ - ‘
Plate 111h, Diseased tissue showing border of 1nf1ammatory ,
“lesions (IL) wWith stroma «(ST). - Note increased numbers T
and mixed populations Of inflammatory cells. |
\_/IO]U'Idflne b]ue Sta1n.. mag f( 1050 . ' } ‘ R A ,
_ o : B : oy I
» ’ .]/\
i u : }.';.
> ! :
! \ Q. n
’ \ ; |
) ?" ! /
4
) ,/.
»»»»» SR« & L P
o, 1('3{' ¢ - B
L S I
- R \ N o
e \ F “I e / /; \ ; f
v N \ /\ : .



; “ifoJTE-.(QE) and stroma] cells: (ST).: To1u1d1ne b]ue sta1n.

_ 5v:' : Cene [RER . ot j : S
I

iy

= P]ate Va. Hea]thy issue exp]ant exposed f“\p aque for - y

-3 days in ‘culture. ~Oral epithelial €811s/(0E) and -
gingival f1brob1asts (FB) show nofmal appearance.

" .Note" pres;nce of mast ce]] (MC) conta1n1ng granu]esr 3 -

mag x 1050 | 55"2f3fit "

“(V, blood vessel) .
ITo1u1d1ne b]ue sta1n,

e : L i

P]ate IVb Hea]thy t1ssue exposed to p]aque fdr 9 days
in culturey shonng appearance of oral ep1the11a1

mag x 1050
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vl PTate Va Section through d1seased g1ng1va1 exp]ant after g
’ 3 days in culture, showing variable appearance of oral.
 -epithelium. - Note differepce between Ttaminal ep1the]1a1
. cel]s (OE) and Rete . peg r§g1ons (RP) To1u1d1ne blue stafﬁ
R mag x 1050 - NERE

Ty
S . , i . . T T Sl . ST i
R 2T . . . . i ) oo

s : S e e

"..v

P1ate Vb Se;t1on of diseased ging a1 t1ssue show1ng 1nf1am- 1.‘/
matory lesion.with variable cdll types. ‘Note 1ncreased '
“vascularity (V), .endothelial,c€lls (E); Mast cell Mg

Ll e - palymorphohuclear: leukocytes (PMN) ‘and f1brob1asts

RN »j.: . T01u1d1ne ‘blue sta1n . mag x- 1050 B

‘f\_-;,»@( . -4 -

e
5

R T IR T e e T T e e ;)41,;3 2 /é L
Sla P]ate Vc Spec1f1c sta1n1ng of a- mast ce]] from hea]thy g1ng-
R AR “jval tissue after 3 days in.culturé: Note metachromatic .. IR
~‘granules of mast cell (MC) stained with: toluidine blue B
S EC ep1the11a] cel] ‘FB, f1brob]ast A BT B s
N L mag X 1050 P T P, o

:P]ate Vd Sect1on of hea]thy 91ng1va1 t1ssue at time'of - S LT
exc151on, stained for . naphthol- ch]oroacetate esterase ' : SR
'act1v1ty Note red sta1n of PMN both in: b]ood vesse]s e
and ora] ep1the]1um ~"1 : el .,;~* R

R : magx425 R S R




\' o DISCUSSION | .

: Over the 1ast decade many 1nvest1gators have attempted

'to study the ro]e of proteinases in 1nf1ammatory per1odonta1

disease (for review, see Cimasoni & Kowashi 1980) In most

C;cases each study hason]U'concentrated onone orat most two',;

.}enzymes (eg. B1rkeda1 Hansen, 1980 Geiger & Harper 1980

' Petk1grew eta 1980) Such stud1es are somewhat 11m1ted as_"
‘:1t 1s NOwW . recogn1zed that matr1x degradat1on probab]y repre-

sents . 3 concerted act1on by sevara] proteo]yt1& enzymes‘

f;f(Gross, eta] 1980 Vaes, 1980 Barreb@,;1978) The approach_

s'wh1ch forms the bas1s of th1s thes1§ has been an attempt to

: k.

d*tobta1n an ove?ﬁ]l 'prof11e of. seven prote1nases from cu]—

T

vhyperp]ast1c granu]at1ons), an attempt

'compos1t1on.';ﬂ_y o

:Jtured norma] or d:seased g1ng1va1 t1ssues in order to assess" .

. wthe re1at1ve 1mportance of each in’ matr1x degradatuom 1nd7'

w

“‘ﬂffaddition, because dnseased §1ng1va1 t1ssue is known to con-f |

ta1n d1fferent ce]] popu]atwons (eg. 1nf1ammatory ce]lsii"s’wd?hi: *

AY

?1re1ate~the various prote1nase act1v1t1es to a1tered ce]]u]ari;

7

The experimental data conta1ned 1n th1s thes1s are best ;»f
f9d1scussed under 3. sections, viz.,1n re1at1on to ﬂae work of

”"'“others. a cr1t1ca1 appra1sa1 of current methodology, and, :;;Eﬂ f".

"ffwnterpretation of the resu1ts 1n re]ation to the patho—g‘

"’5f7phys1ology oi/t\e disease.. .

L DS ST
R ZE TENUEE

'.f‘{'*77he345yj7fi.b"f,ﬂfii_  j3u”;

has been made toh,f



R TR T g5
Exper1mental Data- “ « | | o
v ' One feature common to aT1 the g1ng1va1 exp]ants Was. the‘[;
'-'release d{ hydroxypro]1ne 1nto the media dur1ng the/cu]ture
beriod Hydroxypro]ine measurement das an 1ndex of . co]lagen
degradation has been used by many researchers for the study
Hof connect1ve t1ssue b*eakdown 1n vitro (eg Ge1ger & Har-
-per, 1980 Go]ub etal, 1979 WOol1ey eta], 1978) The hydr—f;
l'hoxypro11ne profr]es observed 1n cu]tWres of norm&] or
'd1seased tissues a]]ow an assessment of the col]ageno:}t1c’
',potent1a1 of each tossue S1gn1f1cant1y higher 1eve1 4of.‘
Asolub1lized hydroxypno]1ne were found 1n d1seased ex 1ant
ucultures,,suggest1ng h1gher col]ageno]yt1c act1v1t1es 'd 1%
; The re1ease of\hydroxyprol1ne in cu]ture may have seve; |

f*; ra] exp1anat1ons,.among them ‘the poss1b111ty of new]y synthe--

”s1zed co]lagen be1ng secreted by the cu]tured exp]ants

";nglthough co]]agen synthes1s has been shown to be elevated in

R

» d1seased ging1va1 t1ssues (Page & Narayanan, 1980) th1s can [

. f;,be d1sregarded under the cu]ture cond1t1ons emp]oyed as the

,essent1a1 cofactorsl keto glutarate, ascorb1c ac1d and Fe++

. mequ1red for col]agen synthes1s are, absent from the cu1ture

| med1um (Udenfr1end 1966) As d1fferent co1LAgen types and K
i}the1r respect1ve rat1os have been shown to be assoc1ated s
*vw1th d1fferent stages of d1sease ( Page & Schroeder, 1981
.hNarayanan eta] 1980), the amounts of hydroxypro]1ne re-hi
'1eased dur1ng cu]ture may ref]ect the d1fferent suscept-‘_j{;
1b11es“of the var1ous co]]agen types t0fenzymat1c degrada—f“
'gt1on As diseased“fTSsue spec1mens contain varlable granu-'7

l]omatous content and new]y synthesized co11agens resu1t1ng

(IR -2 S
K]
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from repair aCtivity; it is poss1b1e these. are more'vu1ner—
able to degradation and cou]d account for the™ e]evated*

‘hydroxypro11ne va]ues, rather than 1ncreased enzyme activity .

per se.///> R g?

'% I \‘”‘*i

A1though exhaust1ve characﬂép@mayi
&, o *‘;}@%w{wa

'products from co]]ageno]ysis wa?xnou caﬁrwed out in th1s'
',study,.much of the so1ub1lized hydroxypro11ne released 1nto
the cu1ture med1um was.shown»to be .in diffus1b1e form. Th1s
-‘was not surpr151ng 1n view of the re]at1ve1y h1gh 1evels of
{prote1nase act1V1ty found in the media. The presence ofi
" enzymes such as ge1at1nase, catheps1n G and neutra1 prote1n-
.,ase would be expected to comp]ete the degradat1on of the
»ﬂpr1mary co]]ageno]yt1c products brought aboﬂ&qby co]]a-

ggen“%e The 1ncreased hydroxyprol1ne va1ues found in med1a

~ »

of d1sbased or p]aqueusupp]emented glng1va1 t1ssue.cu1tures,'

J

appears to be corre]ated with' 1ncreased producfaon of cer-

e1nase and plasm1nogen act1vator.'b.‘ o l_ SN

;£o11agenase was cons1stent1y produced by cu1tured g1n-v

gival t1ssues and 1n most cases th1s ebzymé closely para]-

suggest1ng a c]ose re1at1onsh1p w1th co]]agen degradat1on

= ;gThe 1ncrease 1n collagenase act1V1ty observed 1n cu1tures of_

1evels of enzyme reported 1n creV1cu1ar f1u1ds from d1seased

'-hpatients (Go]ub eta], 1979 Kowash1, eta], 1979), extracts

~

‘~mp£ fhe degradat1on ;
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hta1n degradat1ve enzymes §§eh.as co)]agenase,'neutral prot-“'-

‘1eled the appearance of hydroxypro]1ne 1n culture med1a,c:
'diseased t1ssue exp1ants 1s in good agreement w1th e]evated o

L of diseased g1ngiva1 t1ssues (U1tto & Saxen, 1978 Uitto,f-'
'»..etﬂj} 1981), _and qther in vitro stud1es us1ng explantedj



comb1nat1on of both sources.

‘gingival tissues (Birkeda1-Hansen, 1986£ Noo]ley, etal,
| t978b Ge1ger & Harper, 1980). ‘Such inCreasedrCOTIagenaSe

1eve1s.may be explained by the contribut1o by infjammatory

‘ ce]ls (Cow1ey, 1972"$impson etal, 1980), by the stimulation

87

of res1dent ‘cells of the g1ng1va (Birkeda]-Hansen, 1980; !

Robertson, eta] ‘1973, Tay]or, 1971), or«most 11ke1y, by a

-

capac1ty of res1dent g1ng1va1 cel]s to respond to p1aque

'e]ements. As yet the st1mu1atory components have. not been

4

ro]e for such factors as L1p1d A’ from 11popo1ysacchar1de'
»'(LPS),’]1potecho1c ac1ds, N formy] meth1ony] pept1des or
'bacter1a1 proteases to e11c1t responses 1n hea]thy g1ng1va1
t1ssues (w1oker & Knox, 1975 Tarchman gtgj,_lgsﬁ, Rosen-

_ -stre1ch vetal, 1977)

;The-neutra1 prote1nase act1v1t1es reported were

enzymes wh1ch contr1bute to th1s aet1V1ty probab]y 1nc1ude

~the ser1ne and meta]]o prote1nases, tnevth1o1 and carboxyf

Afdent1f1ed but other workers have suggested an 1mportant"

_obtained using H- hemog10b1h as a substrate and probab]ys

vref]ect a certa1n degree of non- spec1f1c1ty. The var1ous\

prote1nases wou]d be exc]uded on account of the1r cyste1ne-:'

'act1vat1on or 1ow pH reqUﬂrements, respect1ve1y : Other

vworkers have reported a s1m11ar appearance of néutra] prot-

e1nases 1n g1ng1va1 cultures frdm various spec1es such asiv

\‘

”, porc1ne (Pett1grew, eta1,_1978), bov1ne (B1rkeda1-Hansent

1978)- and human (Geiger & Harper, 1980; Kowashi, etal, 1979)

gy }

i’ 7



gingiva]'tissues.
. Neutral prote1nase act1v1ties ‘were always found. in

significant quant1ttes:even after one day in cu1ture This

'

"was a con51stent feature w1th levels being higher in d#%-ﬁk

“eased exp]ants Neutra] prote1nase usua]]y showeq a d1ffer—
ent. prof11e to that monitored for co]]agenase, but the

'response to bacter1@1 p]aque cha]]enge was similar for both

enzymes,Neutra] protewnases are probabe 1mportant 1nﬁthe

‘breakdoanof such matrixvcomponents as proteog]ycan, fibro-

nect1n and 1am1n1n of the gwng1va1 stroma (Vaes;.1980a;

K1e1nman, eta], 1981). Such’ degradat1ve act1vjty; by ré--

,mov1ng ground substance of the matr1x, COu1d well facititate

exposure of co]]agen bund]es or f1br11s to the 1yt1c act1on.

of other, more spec1f1c enzymes
P]asm1nogen actwvator 1evels e]aborated from g1ng1va1

tlssue exp]ants showed a marked]y d1fferent prof11e from the

-_other prote1nases measured, .Peak 1evels were observed m1d-,'

»way'throughfthe culture perﬁods; and fell to background

*1evels after 5 or 6. days in culture H1gher PA 1eve1s were,‘ﬁln

~‘found in d1seased exp]ant rather than in hea]thy exp]ant

cu]tunesr‘ Th1s may be corre1ated to the 1ncreased vascu1ar-

’ization expected in d1seased t1ssues, as endothe11a1 ce]]s.

°

are thought to be the pr1nc1pa1 source of PA 1n these t1s-

sues (Christman, 2tal, 1977) H1daka, etal, (1980) reported

no d1fference in PA act1V1ty for d1seased and hea]thy human

t1ssues us1ng g1ng1va] b1opsy t1ssue exp]ants on f1br1nogen

"p]ates, whereas d1fferent f1br1no1yt1c act1v1t1es were found

for the crev1cu1ar washings taken from the same pat1ents It

, 7
Lo !
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was therefore suggested thatﬂother mechanisms of enzyme

regulation ex{sted fn vivo which could not‘be reproduced by -

Ve

in vitro'conditions (Hidaka, etal, 1980). Such observations

are probab]y exp]ained by the absence of humoura] fachors

. and serum inh1bitors which wou]d be lost after a few days in .

cu]ture,'and further comp]1cated by the synthes1s of speci~
1

P fic 1nhib1tors by gingival tissues at 1ater*stages in cul-

ture (S1mpson & Ma11man, 1981 Pett1grew, etal, 1980)

The response of hea]thy g1ng1va1 exp]ants to secrete

~_e]evated PA ]eve]s after p1aque st1mu1at1on resembles that

for collagenase. However, d1seased tissue exp]ants chal-

~

Tenged w1th p]aque did not\1ncrease PA secretion, and the

enzyme 1evels atta1ned by the hea]thy, p1aque cha]]enged

cultures approximated those in d1seased explant med1a. Such

s

resuTts suggest that endothe11a] cel?s were not necessar11y

the pr1mary source of enzyme in this system Macrophages

have been shown to 1ncrease the1r synthes1s of PA when st1m-

'u1ated (Unke]ess, etal, 1974). F1brob1asts obtained fromv

g1ng1va1 exp]ants have been shown: to produce PA. us1ng the
'less sens1t1ve f1br1nogen p]ate assay, but th1s act1v1ty was

found to be membrane- or ce]] assoc1ated (D'Souza etal

1981). PA act1v1t1es measured 1n th1s study were restr1cted
,*:fo cu]ture med1a, 11tt1e act1V1ty was found in t1ssue homoT

genates:and no exper1ments~were‘carr1ed out on.cell-bound

enzymex . -

4ETastase activity was not détectab]e in any Othhe

1 g1ngiva1 exp]ant cu]ture med1a, even after pro]onged per1ods

\

of cu]ture Th1s was surpd1s1ng s1nce po]ymorphonuc]ear 1euk-

Kr . )
oy, .
’ N

Nocn
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ocytes are known to produce relatively large quantities of

elastase (Barrett, 1978; Baggiolini etal, 1978) and these
cells are present in high numbers in diseased tissue (Page

' etal, 1972; sayne etal, 1975) Cimasoni, Barrett and others

have shown t &t human PMN e1astase can degrade co]]agen, but -

very Tow 1evels\§f this enzyme act1v1ty were-found in crevi—
cular wash1ngs hf diseased patients (Cimasoni & Kowashi,

1980; Barrett, 1978, Kowash1 etal, 1980). These‘resu1ts

. tend to discount the potential role postulated for elastase

.;as an“alternative co]lagenolytic activity, but there may be

~other exp]anations,for absence of elastase in this system.
‘AtthouéhueTastase-is kneWn t%“attach'type.III coltagen
(Gadet-eta]’ 1986), it dees not ‘seem 1ike1y'that ‘this enzyme
cou]d account for. the changed co]]agen type I/III ratios in
. d1seased g1ng1va1 t1ssues (Page & Narayanan, 1980L

+

In th1s context other collagen typeespeciffc enzymes,

.

notab]y the 'co]]agenases' for type IV and V. co]]agen, may

vbe 1mportant in breakdown of the stromal and ep1the11a1

matr1x (L1otta,_ al, 1981 Ma1nard1, etg1, 1980a&b) Their

contr1but1on to the hydroxypro]1ne levels measured in this
A .

~in vitro,system may well be limited due to the propdrtion-;

?atelyvsmallﬂcontent of these collagen types in the explanted

tissues. . Assays for type IV or V 'collagenases' were not

attenpted in,this'Study. Such assayshstil1 require‘eertaih

,improvements’(Gahbisa; etal, 1980), but~they will'be usefulr

for 1ater stud1es on. specific gingival cell cu]turesr

-

“An assessment of 1ysosoma1 enzyme re]ease 1nto cu]ture

.media was' obtained by measuring B-g]ucuron1dase,~1ysozyme

90 .
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,inflahmation, and recent evidence suggests that PGE;

and Cathepsin B activities. The marked absénce or low levels
of these enzymes found fgrimarily during the early stages of
culture (probably ref(ictinélthe trauma of explantation)
suggested that relatjvely 1little lysosomal enzyme activity

contributed to extracellular matrix degradatioq.f The main

function of lysosonial enzymes is generally thought to be

intracellular degradationf but an gxtracellular role result-
ing from cell 1yeis or conditions-of stress cannot be dis-
countedQ(Cima§oni & Kowashi, 1980). Important considerations
regarding their contribut1on to extrace]]u]ar degradation
1nc1ude both the stab111ty of 1ysosoma1 enzymes and effec-

tive pH of the extrace]]u]ar environment.

Cathepi1n ‘B activity in the med1a, aris1ng from culture

- conditions or plaque challenge, may 1ose stability when

expoged tlo lengthly incubation§ at neutra] pH,(Poo]e & Mort,

Teve]s in hediajof diseesed tissues explante .expesedvte
'plaque may be e£p1ained by the exbosure of all tissue ce11$
to a stressfu1 insult, or by the response of a mfnor ce11a

popu1ai1on to the plaque challenge. |

Prostag]and1n E levels have been found to be elevated

in other 1nf1amed tissues besides g1ng1va (Elattar, 1979¥
Loning, etal, 1980) - The levels secreted from diseased gin-

g1va1*exp1ants were much higher than those from hea]thy

,t1ssues, and p]aque cha]lenge resulted in even greater pro—

duction. Prostaglandins have been shown to have an effect

on” the production‘of proteolytic enzymes, especia]ly‘iq

is

91

"1980). The slight increase in Cathepsin B-like proteinase//“
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important in thevregulation of collagenase production by
ﬁépacrophages (McCarthy gﬁq],’1980) and synovial cells (Dayer
" etal, 1980). The high levels of PGE found in this study may
ﬁe an important factor 1in .the regulation and stimulation of
eniyme production and associated tissue destruction. The
role of PGE and other prostaglandins in the mddulétion of
specific proteinase synthesis and release is poorly under-

stood'at present, and ‘it is possible that specific cell

types may react differgntly to each of these inflammatory

mediators (Page etal, 1978a).

Attempts to extract proteihase activify dﬁrect]y from
freshly excised gingival tissue met with limited success as
activities were %etected only for Cathepsin B and elastase.
Extractable levels of the known lysosomal marker enzymes B-

glucuronidase and lysozyme were not in agreement as no

1ysozyme$%ctivity could be found in the homogenatES.' Simi-

larly, when expfant tisﬁues (from 9 day cultures) were
extracted using dissoéiativg procedures, no detectable
levels were found for collagenase, neutra] proteinase or
PAL. Such findings suggest that 11tt1e of the enzyme pro-
duced dur1ng culture remained conf1ned to the tissue.

‘Although co]]agenase activity has been extracted direct]y

‘ from dlseased tissues by others, and levels were correlated

with the dfsease process, no latent or active collagenase

was isolated frﬁmwexxracted tissue in this study (Go}ub,

etal, 1979; Uitto & Saxen, 1978, Uitto, etal, 1981).
B ) . > )
.Gingjva] tissues and cells have been shown to secrete

3inhib1tors of collagenase and neutral proteinase in culture

- 92
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,(Pett1grew, eta1 1978 S1mpson & Ma11man, 1981) Both‘serumﬁ

jand t1ssue inh1b1tors are present at early stages of cul—. E

93

f;,ture, but the serum components wou]d tend to be lost w1th1nlﬁ“

a few days. The1r presence probab]y exp1a1ns the 1ag phase"

"‘70bserved for such enzyme act1v1t1es as co11agenase and p1as~"

hm1nogen act1vator, for on]y when the ava11ab1e 1nh1b1torsﬁv

'q:are saturated w1th énzyme wou]d prote1nase act1V1ty man1festih”

y 1tse1f 1n the cu]ture med1um The 1ack of a 1ag phase for -

s the appearance of neutral prote1nase most 11ke1y resu]tsh*ﬁii

'bh.‘from the non spec1f1C1ty pf the assay, and certa1n act1v1—f

h’ﬁ,tmes may not be 1nh1b1ted ear]y 1n the cu]ture per1od o

:'Another potent1a1 mask1ng phenomenon 1nvo1ves the b1nd1ng of'-.afr

B enzyme to respect1ve substrates such as co]lagen or e]ast1n"”‘

1n thelexp1anted t1ssue, but the d1SSOC1at1ve extract1on§hd;:ﬁ

'”ﬁdescr1bed above, wou]d suggest th1s is 2 m1n1ma1 effec¢

There are numerous excel]ent h1stomorphometr1c stud1estf;*‘

* kS

:7fto per1donta1 d1sease (Loe eta] 1965 L1ndhe,'eta1 1973;

nfSchroeder~et 1; 1973 Schroeder, 1977 Schroeder & Attstrom,#“

'"t1gat1on was 1ntended to assess the V1ab111ty of cu1turedﬂ

'h‘»‘wh1ch descr1be the onset of g1ng1v1t1s and 1ts progress1onf

'h551980 Soames, et 1, 976) The h1sto]ogy used 1n thws 1nves-f;,_jt

'5T“t1ssues and to 1dent1fy spec1f1c ce11 types wh1ch m1ght;,:'”

“fac111tate the 1nterpretat1on of the enzyme act1v1t1es pro- ,fl

~*duced 1n cu]ture. The 1dent1f1cat1on of spec1f1c ce]] types';fb

nﬁp»ment he]ped to prov1de a. better understand1ng of the d1st-
"V'ribut1on and 1nvolvement of ce]] types such as macrophages,

lf”monocytes, PMN s and mast ce]]s Such observat1ons a150u[r

"%;1n the 1nf1ammatory 1es1on,xespec1a11y dur1ng 1ts deve]op-ﬂbpv



| served to conf1rm the state of hea]th or d1sease for each of

.gthe an1mals used in the study. ;p"

‘\Appra1sa1 of Hethodology pée,@'

9

ATthough the techn1ques used in th1s study have much to!,

"‘offer, there are certa1n T1m1tat10ns wh1ch have to be recog-;d

'y‘probTems of substrate spec1f1c1ty and the'\'proport1ona11ty

'fiof re]at1ve sens1t1v1t1es of d1fferent assay systems

“1n1zed In V1tro systems w1thout serum suppTement are. known o

'to restr1ct growth and caut1on has to ‘be exerc1sed whene"

""(Barnes & Sato, 1980) The deveTopment of enzyme assays and

the 1nterpretat1on of the enzyme data must take 1nto account

A maJor concern An th1s study was an apprec1at1on of

,,the dramat1c phys1oTog1caT aTterat1ons 1mposed on t1ssues by/

v /"

'hiexpTantat1on and potent1a1 necros1s ' The v1ab111ty of e}—t'_g

'ﬁplants was mon1tored throughout the cu]ture per1od and*uf”t

Tkgother workers have observed that s1m11ar t1ssues so cuTtured: f

-'free cu]tures were eventuaTTy supp]emented w1th serum after;h._'

-

reta1ned v1ab111ty over s1m11ar t1me per1ods (B1rkeda15“‘

)

' gf;two weeks (B1rkeda1 Hansen,, 1980)

' The 1n1t1a1 shock of excis1on and d1ssect1on on- the::>:

*Hansen eta s 1976 WooTTey, etaT,A 978b) Moreover,'1t.has,-e

”‘been shown that such expTants reta1n outgrowth when serum-gk‘

_TexpTanted t1ssue probab]y resuTts 1n 1mmed1ate responses by3;

t1ssue ceTTs. The eTevated LDH and B g]ucuron1dase Tevelsfh

observed on the f1rst day of aTT cuTtures, and poss1b1y some;

of the earTy neutra] proteinase act1v1ty, probab]y repre—li*‘
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d@sents ceTT damage and 1nJury due to exp]antet1on - It 1s
11ke1y that aT] t1ssues pTaced in cu]ture rec09n1se<the new -

: env1ronment as fore1gn,‘and w1thout the var1ous t1ssue and7

serum factors normalTy essent1a1 for homeostas1s, exp}antsv .

v may respond 1n a manner 51m11ar to wound hea11ng

The absence of serum11n the cuTture system 1s an 1mpor- S

;ﬂtant cons1derat1on. The ma1n reason for not add1ng serum 1s:

";dto e]1m1nate the natura] prote1nase 1nh1b1tors such asf

-’fanhaz-macrOQTObu11n (a M) and anha -ant1prote1nase (alAT);1u

1,

X

which W°U1d mask potent1a1 enzyme act1V1t1es eTaborated 1n-p3‘”’

".iculture (Murphy & Se]]ers, 1980)

=TT o ST ER

The\absence of serum factors 1n cuTture are. known to;ﬁg‘h

hfaffect numerous ceT] funct1ons~(Barnes & Sato, 1980) “Some_f‘

jfof these 1ncTude the Tack of ceTT d1v1s1on and the preven-

:qt1on of Tysozyme product1on and prostag]and1n synthes1s_ SRR

of type I/III coTTagen synthes1s (Page & Narayanan, 1980) -

*thhe absence of serum can cause the a]terat1on of the rat1ohﬂ;~'

;f_Moreover, the Tong term absence of serum often accounts forfp}i-u

'z;311a1, endothe11a1 and some 1nf1ammatory celTs. Each ceTTy

.,,tthe frag11e nature of certa1n g1ng1vaT ce]]s such as ep1theihﬁ":h-

| jtype requ1res SPEC161 growth cond1t1ons for successfu] cu]-hf o

t_gture, but the cuTture per1od used in th1s study is reTat1ve-'3“'"7

'h,Ty short term and cond1t1ons must aTTow for measurement of‘f R

¢

’j*proteolytic act1V1ty

Some of the ceTTs 1n the exc1sed t1ssues usuaTTy pos- ;:3"

'7'sess a- short T1fe span, and wou]d hormaTTy not be expectedr |

'be the poTymorphonuc]ear ]eukocytes,»which possess short

?j,cuto surv1ve 1n v1tro for any Tonger. The best example woqujp h {



k“r(Aesch11mann, eta], 980 Schroeder, 1977) H1sto]og1caT

zetshowed some s1gns of t1ssue necros1s, caut1on shou]d theres
o fore be exerc1sed regard1ng enhanced synthet1o rates of the

ir;enzymes as ‘a p0551b1e exp]anat1on for 1ncreasaé a9t1v1t1es
“id}observed 1n cu]ture media However, b1ochem1ca] ev1dence for

' ce]] v1ab111ty d1d not suggest a marked degree of necros1s

;,throughout b1o1og1ca1 systems Norma]]y th1s var1at1on is
'dealt w1th by a large samp]e s1ze but the nature of these
’fistud1es prec]uded such an apprOach Exper1menta1 data was;

"dftherefore compared between hea1thy and d1seased t1ssues from

o

ha]f 11ves of approx1mate1y 24 36 hours, and certa1n 1ympho—f

’Ecytes wh1ch often appear frag11e 1n culture Macrophages are“

a]so known to lose 'such characteristic markers as Fc recep-t

‘,(Dayer, eta] 1980) Mast ce]]s seemed stab]e under these

A

gcond1t1ons, as there was ev1dence for sim11ar d1str1button9

Q?(ﬁ_markedly d1fferent for both d1seased and hea]thy exp]amts“

\’1h'exam1nat1on of t1ssue samp]es taken after 9 days 1n cu]ture;

0‘ /f' . ‘7“

The 1nter an1ma1 vartat1on observed for some of the

--;exper1menta] measurements»_ar : character1st1C‘ features;

b

f;d11ut1on, were s1m11ar for hea]thy t1ssues from a]] an1mals'

| sures therefore are interpreted as s1gn1f1cant1y e1evated

:;tors and 1ysozyme producngon\afterwfour days of. cu]tureaf‘"

~,of undegranulated ce]]s before and after cu]ture As repor—?”“z

1jted 1n the: 11terature, th1s d1str1but1on of mast ce]]s waSg'

| ;j'the Same an1ma]. The amounts of co]]agenase activ1t1esﬂﬂ”‘
;;re1eased in cu]ture var1ed between an1mals, but p1asm1nogenu_"

’hf'pfact1vator when corrected for wet we1ght and cu]ture med1at75‘

’Increases in PAL f0r d1seased or p1aque supp]emented cu]- ;;’_



‘_;t'fn‘g-.thiati a hi,gh ]proparmn 5E

"efm1ght be regarded as._ un1nf1amed hea]thy g1n

97

A1though t1ssue samp11ng presented some prob]ems as did-

the preparat1on of exp]ants w1th un1form area/vo]ume rat1os,"

"these cons1derat1ons d1d not ser1ous]y affect the %eproduc1-.g

,'b111ty of tr1p11cate cu]tures The d1str1but1on of 1nf1am7‘,

matory 1es1ons was not unwform in a11 dTSeased't1ssues'and_'

&

'”others have used g1nnga1 t1ssues ap1ca11y 1ocated from

7c11n1ca11y dlseased s1tes as norma] control t1ssue (Pagef

A 4

eta] 1980) G1ng1va1 t1ssue about 3 5 mm from the corona];

- border were exc1sed for these stud1es and the t1ssues re-pz

'frema1ned throughout the cu1ture-

Hd1seased t1ssue exp]ants conta1ned a h1gh\proport1on of what

‘;reg1ons) 1t is probab]e that the d1fferences foun

”_the d1seased and hea]thy exp]ants are underest1mated

DNA determ1nat1ons and total co]]agen content 1n re1as

:i.ma1ned 1ntact for the durat1on of the cu]ture per1od sugges-“”
g1ngiva1 stroma] eTementsf'

'er1od' As most of. therf

fva (the ap1ca1~

between,wv“

7.t1on to wet we1ght of t1ssue support the observat1on ofhdff

e1ncreased ce]] numbers and decreased co]]agen content 1n*”fl

chron1ca1]y d1seased t1ssues (Page & Schroeder, 1981) Howgf{jrf

";rusua11y no more than 10 percent h1gher than that for norma1‘é'

‘N"fever, the 1ncreased DNA content of d1seased t1ssue wasf

‘ t1ssues, 1n relatlon to wet we1ght and the approx1mate,

'sﬁ’doub11ng of var1ous measurements\cannot be exp1a1ned so]e]y

';~;by 1ncreased ce]] numbers

The method of D$1ng wet we1ght bas1s of t1ssue tod

1express enzyme act1v1t1es was. found to be more conven1ent[f

;than present1ng enzyme data 1n re]at1on to DNA or. total'”
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‘b;;brecentTy reported by PooTe and Mort (1980)

N _
! ' - . . O

protein (see aTSo, Page,hetaT 11980)‘ ‘The Tatterfmethods
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Ehould have to be determ1ned on expTants at the end of the.Q

cuTture per1od Much of the or1g1na1 DNA and t1ssue prote1nwf

-imay have been soTub111zed 1nto cu]ture med1um by th1s time.

There are severaT factors wh1ch may mod1fy apparent'

enzyme act1v1t1es reTeased 1nto the cuTture med1a, butxthe* R

“‘most 1mportaht are; probab]y enzyme stab1T1ty, the presence

fof 1nh1b1tors and the probTems of Tatency (Harper; 1980-

» e

.Tw0011ey, etaT 1978b Murphy & SeL}érs, 1980 Pett1grew etal

L.

978) The stab111ty of severaT enzymes under cuTture cond1—'

rt1ons have been exam1ned and Catheps1n B was found to be;,_

A»o

R

“1rrevers1b1y 1nact1vated at pH 7 8 Other reports of the't‘
:”TTack of secret1on of th1s enzyme 1n V1tro may aTso be,
t_exp1a1ned by 1ts poor stab1]1ty (BooTe & Morte,y1980) and_-
:ythose stud1es report1ng Catheps1n B act1v1ty may be comp11-”

._cated by the presence of a Catheps1n B T1ke thio] prote1nasev

Protelnase 1nh1b1tors are present 1n g1nngaT- tissues o

prote1nases dur1ng earTy st%ges of cuTture the t1ssue 1n-u”

”~and may aTso be secreted 4n- cu]ture (for rev1ews, B1rkeda1~'_;e
"7“jHansen, 1980 C1mason1 & Kowash1, 1980) Whereas the serum-s

'aa1nh1b1tors are T1He1y to be washed out and saturated byfd

/ h1b1tor5smay be produced throughout cuTture (B1rkeda1-f-“'b

Hansen, 1974 P%tt1grew "g1 980) The spec1f1c1ty of

‘ such t1ssue 1nh1b1tors has yet to be estab11shed alfhough 1t"

~iu 1s known that coTTagenase 1s suscept1b1e (Pett1grew,”eta1;;hrdV

1980f S1mpson & Ma1]man,_1981) Such 1nh1b1tory potent1a1f s

| comp11cated the quest1on of Tatency, especiaTJy when 1nterr?‘



“preting COllagenase activity, and for this re son activation

.1980 Murphy & Se]]ers, 1980)

“>‘prevent1ng access to the cu]ture med1um .. However,. in thiS'

’f;study neg]1g1b1e act1v1t1es were re]eased after d1ssoc1at1ver

- measurements 1s essent1a1 as 11ﬁnstrated by the prob]ems of¢

treatments. were common]y used in- this study ( arr1s & Vater,

1

Another potent1a] mask1ng phenomenon for\brote1nases
involves the b1nd1ng to natura] substrates such . fs co]lagenﬁ‘

or e]ast1n of the exp1anted or. extracted t1ssée, thereby'

treatments of res1dua1 cu]tured exp]ants

The need for. standard1zat1on of enzyme. and b1ochem1ca1f

';2Vf1c assays, and the need to determ1ne the opt1mum cond1tions

ffor spec1f1c‘enzyme,assays‘espec1a1]y w1th regardgto lrnear'

'e‘ranges7and-enzyme'SUbStrate concentratiOns The need to

4fdeterm1ne the
'u',centratnon and in re1at1on to time of 1ncubat1on is essen-'
-~t1a1 for a11 prote1nase assays (Pardue, 1977) Other'consi-w

: derat1ons are exemp11f1ed by prob]ems recogn1zed for thew

4

.

jco]lagen f1br11 assay, these 1nc]ude batch var1at1on of

L

'1f‘@

‘spec1f1c rad1oact1v1ty, concentration and chem1ca1 pur1ty of,‘

s

T»ﬁthe substrate, and 1ts behaV1or w1th other enzymes. Such N

cdnS1derat10ns have recent]y been rev1ewed for co]1agenase

‘\

"assay methods by Harrls and Vater, (1980) A]though the

u,g, [

accurate spec1f1c “ac
&

the rad10act1ve fibr11 assay 1s more conven1ent for the

"_assay of 1arge numbers of samp]es for comparat1ve stud1es

/,

e .
{ . R
co i

P

1

N

Y

range of 11near response to- both enzyme con-

vf&#es for co]]agenase preparat1ons,ff
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Jnter an1ma1 vaﬂ1at1on, h1gh and 1ow sen51t1V1t1es of spec1~”

so]uble co]1agen assay (yiscometr1c) method prOV1des moreﬁfj
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PrOV1ded that such var1ab1es in the/co11agenase assay as .

. . 100

substrate preparat1on, f1br11 formation, 1ncubat1on tempera5
o tures, hydration and’ ag1ng of the co]]agen gels are recog-
S ‘nized -the fibri1 assay provides a usefu1 method for the
)f’(% measurement of co]]agenase T | "_"
C:f//aﬁ %‘ v , A potent1a1 source of error open to. m1s1nterpretat1on‘
| 1s the ac¢1vat1on of culture med1um samp]es by proteo]ys1s
The use of trypsrn for act1vat1on may resu]t in var1ab1e'
1evels of act1vat1on, depend1ng on tryps1n act1v1ty and_
prote1n concentrat1on of the samp1e. The soy bean tryps1n
1nh1b1tor used to terminate the act1vat1on must a{so be
'act1ve 1n the appropr1ate mo]ar rat1o Such treatment
| 'should a]ways be performed at the same t1me under 1dent1caT
‘;¥Vy cond1t1ons for accurate compar1son of samp]es 0pt1ma1
cond1t1ons f0r tryps1n/SBTI act1vat1on used 1n th1s study
trat1on of 1atent enzyme. 1n cu]turej

N

med1a for tryps1n concentrat1on and t1me of pre1ncubat1on. o

were determ1ned by t\

One major area of concern is the 1ack of substrate~
fspec1f1c1ty for certaan enzyme act1V1t1es The BANA sub-
"; strate has been used for a variety of enz;m;ttc assays w1th
- _f.- - vagiab]e »pH and co factor cond1t1ons;’and 1s common]y used
| . for tryps1n 11ke, Catheps1n B and thto] proteinase act1v1e
t1es (Heresby & Sm1th 1980 »Reck11es, eta] 1980) The -
assay deve1oped for these stud1es ‘was essent1a11y descr1bed'
by Barrett (1972) for Cathepsin B act1v1ty, but w1thf'"

\1mproved sensxt1v1ty by adapt1ng the assay to fluorometry;

A1though meta]]o prote1nase act1V1ty was exc]uded by use of

' phosphate buffer and EDTA it 1s possib]e that some th1o]
\ t\‘.'~ .
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‘proteinase activity resembling>Cathepsin B might aiso:be;
measured (Poo]e & Mort, . 1980). o o |

| S1m11ar prob]ems of substrate spec1f1c1ty ogcurs for“
thefotherufluorometr1c assaysa(eg.jPAL and elastase activi-

~ties). Limitedbinformation is available at present regarding

the)coumartnpsubstrates but the TiteratUreHsuggests.such~

substrates are h1gh1y spec1f1c and very sensitive (Zimmer—

o man, et 1977 & 1978 Baici, eta], 1981) However, the

:'high act1v1t1es found in twssue homogenates for PMN e]astase.

"reflects some non spec1f1c1ty as norma] healthy t1ssues

contatned a.paucity of PMN's.

| Pathophy510109y L

‘ It is on]y in recent years that g1ng1v1t1s and per1o;
dont1t1s have been considered as separate bacter1a1 infec-
't1ons due largely to the d1fferent bacter1a1 popu]at1ons
“wh1ch character1ze the var1ous d1sease stages (Page and -

‘Schroeder, 1976) The host react1on to p1aque ‘varies

©
w

: throughout the course of the d1sease and 1t is 11ke1y that

®

‘d1fferent p]aque e}gments play spec1f1c ro]es dn g1ng1va1
pathophys1o1ogy (Socransky, 1970 Krasse, 1977)
a So]ub]e preparat}ons from homo]ogous who]e p]aque werer_

used 1n these stud1es, but no attempt was made to’ characte-

‘4:r1ze or. 1dentify the st1mu1atory components It is poss1b1e

A\
.that norma] hea]thy ging1va1 ce11s may not have the capac1ty_

f.to spontaneous]y recogn1ze or respond to p]aque e]ementsv~
from dlseased tissue due to the 1ack of 1mmune or 1nf1amma-ﬁ'v'

“Atory ce11s. 'However,,the results show‘that norma1 healthy
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exp]ants d1d respond “to p]aque elements by 1ncreas1ng prot-
einase production and co]]ageno]ysis, but it is uncertain
vwhether the spec1f1c p]ague elements responsib1e were iden-c
. tical to- those wh1ch st1mu1ated diseased gingival exp1ants.\
»aThe-1atter, w1th a11 the var1ous 1nf1ammatory cells,’ are
better 'equ1pped' to respond to p1aque antigens or endo-
' tox1ns, e1ements agawnst which the tissue is probab]y al-
ready,sens1t1zeda ~Such factors have to,be taken ‘into
account'when attempting'to re]ate the'experimenta1 findings o
to the pathophys1o1ogy of g1ng1V1t1s and per1odonta1 d1s-
",ease It is probab]e that the enzymes produced by norma]
'and d1seased exp]ants do not der1ve ent1re1y from a s1ng1e‘
'co]]ageno]yt1c' ce]] type, but result. from the oyera11:'
- response of all the tissue ce]ls to d1fferent st1mu11, be'
:‘they pr1mar11y (1e., p]aque der1ved) or secondar11y (1e,

| cell med1ator) 1nduced. However, the f1brob1ast1c or stro-

: mal ce]]s are known to ‘be the maJor contr1butors of prote1n-

» ase act1vity_1n»cy1ture (B1rkeda1—Hansen, 1980 Str1ck11n,:
. eta1 1977). | | /
Degradatxon of g1ng1va1 connect1ve tissues, has been
,exp1a1ned by the patho]og1c alteration of f1brob1asts,in
,-ear]y d1sease and a]so by ~the 1nf1ux and act1vat1on of
macrophages and PMN s with concom1tant release of co]1a-
genase and other hydro]yt1c enzymes (Page & Narayanan 1980).
.Fibrob1ast1c growth and synthet1c capac1ty may be mod1f1ed‘
by the extent of vascu]ar1zat1on, 1ymphok1nes, prosta-
'g]and1ns and other b1o1og1ca11y active agents wh1ch resu]t‘

"from the d1sease process.‘ Such factors are probab]y 1nv01-
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[

ved in the,alterations[of stromal fibroblast popu]atjong.r

during the various stages of the disease.

| The po]ymorphondc]ear 1eukocyte has‘1ong‘been recog-
'nized as the first-line defence aga1nst bacter1a1 1nvasion
‘through the su]culus«(Attstrom, 1971) Page and Schroeder
'(1981) have recently suggesteduthat ear]y gingiyitis arises
from PMN accumu1ation and activation'withfn the gfngival
‘stroma ra}her‘than in the gingiva]xsqu£1os. .Activation of
PMN'S'WOuld rBsult in the release of hydrolytic enzymes and)
‘the rapid and early destructive phase of the disease. Later
stages have been assoc1ated w1th 1ncreased numbers of macro-

phages and a]tered matr1x composit1on generated by f1bro-

:,b1ast selection (Page & Schroeder, 1981) JThe e11m1nat1on

>

of. f1brob1asts by 1nf1ammatory cells such as 1ymphocytes (K—i\

' 'ce11s) would a]so resujt_1n an 1na6111ty to ma1nta1n thev

norma1 t1ssue matr1x (Lehner; 1977; Seymour, etal, 1979b)

In the exper1menta1 stud1es the PMN's of d1seaséd ex-f
fp]ants may prov1de a source of the enzymes released ear]y”
1nto the media by p]aque cha]]enged t1ssues As the1r via-

: b111ty is 11m1ted it is un11ke1y they wou]d contr1bute
‘prote1nase adt1v1ty later pn cu]ture Neutra] prote1nase
fact1thy was found to be e1evated even after one day in
cu]ture and it is 11ke1y that the PMN s were 1arge1y respon-'

sible for th1s by dwscharg1ng pre- formed or packaged prot-'

e1nases (Bagg1011n1, eta 1, 1978 & 1979)
| Macrophages 1ncrease in numbers w1th progress1ve in-

-f]ammatory stages and react to p1aque chal]enge by se]ect1ve'h
release of 1ysosoma1 enzymes (Page,&sSChroeder, 1981) They

L JRES



are also capable of producing a voriety of degradative
enzymes which mayialso be released into the culture média as
a resule‘of”plaquewcha11enger(Page gigj, 1973; Speetor,
1979). Perhaps fhe major function of‘macrophages in inflam—
mation is the production of mediators such as mononuc]ear
cell factor (MCF) and prostaglandins (hG) whieh regulate

Proteinase pr0d0ction'by other cells such as stromal: fibro-

b1asts (Dayer, et 1, 1980; Loning, etal, 1980).

B

-
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Mast cells are present 1n healthy: and Q1seased g1ng1va1 '

t1ssues, but plaque did. not appear to induce degranu]at1on

“in culture as judged histologically. It 1s therefore uncer—,

tain whether mast ce11 prote1nases contr1bute to matrwx
’ - o,

degradat1on e1ther in v1vo or in vitro, but it is poss1b1e

that . p]aque could 1nduce the re]ease of enzymes or med1a-

tors such as hepar1n or h1stam1ne wwthout degranulat1on

| (Swartz & Dibblee, 1975 a&b)

F1brob1asts are known to produce co11agenase and other’

2
degradat1ve enzymes in cu1ture, and this qesponse may ‘be

‘1ncreased when exposed to p]aque e1ements Stroma] f1bro4

b]asts apparently decrease 1n early g1nglv1t1s and th1s may

‘be exp]awned ‘either by the tox1c1ty of p]aque fa;tors or by

the1r elimination by 1ymphocyt1c K- ce11\gct1v1ty,\qspec1a11y'

- as fibroblasts may bind spec1f1;.bacteria1 antigens to their

4

'asurfeceuwhich may-1ead‘to attack by resident immune cells

\

(Enge] eta 1978 Page & Schroeder, 1981)

\

A cons1derab1e body of eV1dence now. supports the 1dea

,of:phenotyp1c_heterogene1ty in f1brob1asts res1dent in the

' gingjva,(Paée‘& Narayanan, 1980). Clonal select1on stud1es,
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. mediated by numerous factors, have provided some explana-
tions for the various matrix alterations which occur in
hronic inflammatory diseases (Page, g;g], 1978a, Ivanyfi,
etal, 1972; Wilde, etal 1977) and these m1ght account for
some of the increased collagenolytic observations in

disensed\tissues.

( The increased proportions of lymphocytes and p)asma
cells in dnfianmatory>disease suggesced an*ectTve~role for
these immunocytes in the degradative phase.w Such cells
'proBably function by releasing factor§ whi%h can modulate
| enzymatic potentia] in PMN's,.macrophages‘and fibroblasts.
It appears that 1ymph0cytes can 1ndinecf1y modulate. matrix
compos1t1on or destruct1on by their ab111ty to produce ei-
ther st1mu1atory or 1nh1b1tory med1ators (Page & Schroeder,
f1981). It is. therefoqe possible that in culture 1ympho1d'
cells wou]d interact with p]aque e]ements, with subsequent
product1on of med1ators which serve to regu]ate the prote1n-
ase potent1a1 of other cells (Goodman & Sultzer, 1979)

A variety of factors have recently been identified as
playing a role in the med1at1on of prote1nase roduction.
Mononuc]ear/ce11 factor (MCF) produced from monocyte macro-
diphages, 1nter1euk1n 1 1ymphok1nes, connect1ve tmssue act1-
vat1ng prote1n (cJAP), osteoc]ast act1vat1ng factor (OAF)
and catabo11n.(for neviews, see Dayer g;gl 1980; Mizel
etal, 1981; Castor, etal, 1971;Jalkanen, 1981; Ding]e,,a‘1’981)
tbjname but a few. As yet the relative importance of each
of these; and their re]atjonship to each‘other,/pas still to
',be‘gstablished;

P



Prostaglandin E; can influence growth characteristics
of gingival fibroblasiﬁ or synthetic capacity of macrophages
for collagenase production (Page & Schroeder, 1981; McCarthy
etal, 1981). It can also selectively inhibit growth and

synthetic activity of 30-40% of gingival fibroblasts in cul-

tured explants (Page & Narayanan, 1980). PGE may also have

importance in determining the phenotypic expression of sub-
set populations of fibroblasts, which might alter matrix
composition (Page & Narayanan, 1980). Similarily, comple-
ment component C1 can.also mediate fibroblast growth in
certain sub-populations (Korotzer, etal, 1980) and would

provide a mechanism for p]teration of matrix at sités of

inflammation. Some of these factors would be excluded from

the experimental studies reported here, especially the com-,

plement system‘and other serum elements which are lost
after 1-2 dayi“of culture However, thé'presence of lympho-
cytés, mononuclear cells, mast cé]]s and others may well
respond to plaque exposure by preducing factors w;ich modu-
late proteinase productioh of the tiséue explant. A poten-
tial role could be postulated for mast cells in inf]ammatién
: tPS degranulation has beenéshownAto be regulated by PGE from
eosinop@j]s (Hubscher,A1§75). |

[{5 The prostaglandin levels produced in culture are diff:
i%%]f to interpret but the differences observed in diseasgd
”and healthy explant culture media are in agreement with
thosé obtained_by extraction techniques (E]attaf, 1978).

Plaque induced a dramatic increase in the amount of the

prdStag]andin E secreted; this may be explained by the
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~act1vat1on of macrophages, for McCarthy, eta], (1981) have

" 1.

fshown that these ce1ls secrete 1arge quant1t1es of PGE on
"',exposure to endotox1n Moreover. they conc]uded ‘that the

‘”-PGE produced subsequent]y st1mu1ated prote1nase re]ease

ﬁfcha11enge 1s c1ear1y ‘a- sequence of comp]ex 1nteractions, and

xﬁfresponse to p]aque wou]d seem to be" essent1a1 for effect1ve

e]ements . Subgkquent co cu]ture exper1ments, or stud1es on

the effects of spec1f1c ce]] products on d1fferent ce]]

““1'Jnv01ved 1n prote1nase phys1o1ogy.

I{ 3e The ' response of the host t1ssue to bacter1a1 plaque-i

"'Lthe hierarchy of the regu]atory mechan1sms hwve yet to bevf“ﬁf'

a

_determ1ned.4 An uhderstand1ng of prote1nease regU1ation an:ts”,_‘,
-dvpharmaco1ogy to be successfu1 Prom1s1ng avenues of further S

'study wou1d 1hc1ude the use of spec1f1c ce11 cu]tureS'fnv

e?order to determ1ne the response of each ce]]type to p1aque.i““’

Jf-ﬁfhcultures, WOu1d he]p to e1uc1date the ce11 ce]] 1nteract1ons g

Spec1f1c p]aque e]ements have been 1solatqﬁ and the1rf'

'5f;d1rect effect on spec1f1c ce11 types have been PePOFtEd

'.:(Johnson, eta1 1976 Kahnberg, eta] 1976a, Krasse, 1977)

‘f;fCharacter1zat1on of the p]aque e1ements or funct1ona1 d1f—x

o:

r;'

'ddent1f1cat1on of spec1f1c ant1gens However, as some

0

”f,p1aque e]ements probab]y act synerg15t‘°a]]y’ produc1ng

'7¢;wou1d seem that so1ub1e who]e p1aque products wou]d ‘be more

[

,”ibenef1c1a1 5:x1n1t1a1 SPeC1f‘C 031] cu]ture exper1ments
“a’waducts of f

S eC1f1c ce]] cu]tures such as macrophagesq

:ffernces (eg ; heat 1ab111ty) 1s more”11ke1y to. prov1dev{,fhv;f

7answers on the act1oniof p1aque rather than provid1ng the [‘\

'?greater t1ssue damage than s1ngle p1aque components, 1tf:
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A1ymphocytes or mast ce11s may a]so be tested in. p1aque free ftd

'H.'f1brob1ast or ep1the}1a1 ce11 cu1tures,‘such stud1es wou]d?

‘attempt to determ1ne the ce]]ular and b1ochem1ca1 eventsfoyn.f

A"

wh1ch result in 1ncreased prote1nase product1on upon p]aque Ll

.exposUre.v' “‘H

giSummaryv v
“ The estab11shment of the in v1tro mode] and sevenhf'

/

'enzymatic assays to exam1ne the var1OUS prote1nases 1nvo]vedf;f

‘f¥1n co]]agenoly51s and matr1x degradat1on has prov1ded 1nter¥ .

- sting 1nformat1on on the proteo]yt1c response of hea]thy,«VW

5and d15eased tlssues to p]aque. He now have a better 1deafih["

' of the/Potentiai prote1nase act1v1ty of the who]e t1ssue,y"“
fparticularly the base 1evels and the extent of 1ts response;df:
”V.zto so]ub]e p]aque products-: The exper1menta1 f1nd1ngsh_f“

'ffshowed that d1seased g1ng1va1 tlssue re]eased a s1gnifi-h_”

“37ecantly greater amount of proteinase act1V1ty and co]]agenef"':

Eitﬁvdegradat1on products than normal glng1va1 explants.‘ Both e

‘)pfnormal and d1seased t1ssues responded to p]aque exposure by d'*»“‘

T

‘ba doub11ng 1n co]]ageno]yt1c act1v1ty, y1th co]lagenase;‘dp‘
4“efneutra1 proteinase and plasm1nogen act1vator mak1ng theiefh.
”imajor contr1bution to proteo]yt1c activ1ty. | v v_ ”
Th1s pre]iminary or background 1nformat1on now lends;‘
btitself to further studtes on spec1f1c Q&]] types in order toh":

‘L'fdetermine some of the potentlal ce]] cell 1nteractions{

'-ﬂinvolved 1n the degradative physiology of per1odonta1f.b” ‘

'f‘d1sease and 1nf1ammat1on in genera]..f‘
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AL FLUOROMETRIC ENZYME ASSAXS REACTION CONDITIONS (pp. 34;35;,99).

1.

2.

PAL ACTIVITY' SUBSTRATE CONCENTRATION EFFECT.Z"

.PAL.ACTIVITY:‘ ENZYME CONCENTRATION EFFECT

. ELASTASE;ACTTVITY; ENZYME -CONCENTRATION EFFECT.

CATHEPSIN B: STABILITY AT pH 7. 8'(pp; 91, 98-101)

: CATHEPSIN B’ CUMULATIVE ACTION AT pH 6 0 (pp. 91 100)

' INTER—ANIMAL VARIATION IN PAL ACTIVITIES (pp 88 96 99)
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_ Effect of Substrate Concentration on

PAL Activity in 1ml of Explant Medium
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mVolts -

'RELATIVE FLUORESCENCE

160

140-

1204

100-

EFFECT OF ENZYME CONCENTRATION

on ELASTASE REACTION PRODUCT FOR’MATION

. (PPE)
SUBSTRATE LEL- 7AMC at 1mg/ml

REACTION TIME 24 HOURS

35 10 15 - 20

ENZYME CONCENTRATION (ui PPE at 30 LU./mi) -

PQRCINE PANCREATIC ELASTASE SIGMA'
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B RADIOCHEMICAL ENZYME. ASSAYS. REACTION CONDITIONS (pp. 36-37, 99).

l.

2.

COLLAGEN FIBRIL ASSAY: GINGIVAL hXPLANT COLLAGFNAS!' CONC.
COLLAGEN FIBRIL ASSAY: INCUBATION TIME |

TCA/TANNIC ACID PRECIPITATION CURVES:
FINAL CONCENTRATION IN REACTION MIXTURES.

GELATINASE SUBSTRATE PRECIPITATION CURVE

‘NEUTRAL PROTEINASE SUBSTRATE SENSITIVITY:
B. subtilis. PROTEASE CONCENTRATION (pg. 87)
 Subt2lis L
NEUTRAL PROTEINASE: GINGIVAL EXPLANT MEDIA CONCENTRATION

K

NEUTRAL PROTEINASE: TIME OF INCUBATION

o

NEUTRAL PROTEINASE: T@x ANNIC ACID PRECTPITATION OF
31-HEMOGLOBIN SUBGIRATE g o

134



e}z’ R

o

! ab
N
T

8

i‘\ 82t F_E
——l—

b3

. -] , : S L S

atter 12 Hour Incubation

e -
e —
o |

B

204

. o i) o

COLLAGENASE HBRIL ASSAY*- '

EFFECT; OF ENZYME CONCENTRATO

4'0-3‘ 60 80 - 1bo 1o ;’f?to g

Volume(pl)of Glnglvol Explont M%gla %?3

135



136

N

, Emb<>_pu< z_w&Et
<_nm<< pzﬁmxu»omﬁmw_n_:eﬁ m<< zm_

>y
i

AN
~

&

=R

. WIORAGISIG T ‘ISUNIOYTIOD 3 - -- s mmmm o

a9

. : mml/r W

<7

:Qhon:u:_ jo _.:U:m._

xOmm< __.j_u_ wmocomo_ _oU

e

o
[

s

_/sunoy e|gnjog wouy siskygp

Cos/

:

.

PO

/ v




137

_. V.._..,.oe._ o6 08 - 0L 09 05 oy 0 0z O

Aot m

 (uonenusduoo pateatpur ye) . ﬂn.u\p_ suinop

1 b . ro 1 A : 1 1

.
Y-

—
-

QINIXI\ UORDJESY U1 UOIEIIUSIUOY G |euly

m>mwm< mmm:;m_wmu t:m mmmc_muot _m;:mz

R ur z_zzﬁ (VD1) proe 517608 GIOJBHL

%}

B

. S* mm?_:u :o_umu_n_omi..

B :

. - . T N ) : L




138

-

e W e
@V DINNVL-VOL%O0Y 0 (M) IWAIOA dIdav
06 03 0L 09 05 Oy 0g 0z O

1 . 1 e . 1 i . I} - i

Ao B
oo

RN

L

. - T
. 8
o g

| P S S ID..

T ER _ S re g

WBngoL 3o NiSaABL wooL . - A 1=
Y : — ,G, : .. _ - - : W :

_ vaO_‘._..U<m~_.,mm(Z—.—(.._—,mO 30 ZO_._.%._,.__A__Umw_n_
- N & ‘




19

”... .. S : _E\miO— *AO_AUE_m_m.m

7

£

SIGRS “@) esoalosd §o () awnjop. -

ST

O . : L , . U S .
) ~ - BN . : S

B A | R

LTy . e

> e .,wb_w_h_w__c,mm .:_Jo,_moE,uI-I&m_c.:wn:

. VSV HVNEION VAN

" (-01xWdD) wupjousedng |1 QgL Ut sepudad-Hg

[



"140_

091

,3_‘ ‘

8— 08 - 09 3._, 0C

L :o;o.:cmucou oE>N/ wo _uoxm

aJ g o W o

><mm< mm<Z_u._.O ._<~$DmZ

1.

~—
-

R
wn

T
[}

(c_o[x Lud:) Jubmu.lédng ‘|r|} @g[w s'a_p!jdad:_Hs»

|



141

o _Am.‘_:o:, uoyognoU| ,won:mE,_P .

o 5 [ SRS N I I S 2

L - .>m‘mm¢,\w__.ov<<..ucn_axm,.,_m.>_m.c_0._1.cc_‘

. o:cE._ou_ U:voi uo oE_.— 1o Umim

. e ><mm< mm<z_m:o\wn_ ZEBZ

© (g-0b*wdd) jupjousedng | gg) Ui opded-Hg




142

aiov DINNVL-VDL %o jo (1) IWN10A a3aay
6 08 o 09 0s oy o 0T

A ) 1

0.

_o.Echm ON .8

ju/Brigl - o
] ‘sspajoly. 0S

0

e

 IIV95NS BVNEIOW TVAINEN o NOIVIdIDRE

(o1 wd>) qupjousedng [Mogt U sepuded-Hg

o o~ ¥
:



C. FLUORESCENCE SPECTRA AND STANDARD CURVES 'FOR FLUOROGENIC
L SUBSTRATES AND PRODUCTS (pp. 33-36).

:BPNA AND NA FLUOROMETRIC STANDARD CURVE

DNA STANDARD CURVE, -

v

UV SPECTRA (ABSORPTION) FOR ELASTASE ,SUBSTRATE AND 7-AMC.

,FLUORESCENCE SPECTRA FOR PAL SUBSTRATE AND .7~ AMC.

FEUORESCENCE SPECTRA FOR CATHEPSIN B-LIKE THIOL PROTEINASE
SUBSTRATE (BANA) AND PRODUCT (B—NAPHTHYLAMINE)

7—AMCSSTANDARDS. LOW CONCENTRATION RANGE

| 7—AMC STANDARDS MEDIUM CONCENTRATION RANGE

“7—AMC STANDARDS HIGH CONCENTRATION RANGE
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e T o
D. STANDARD CURVES FOR COLORIMETRIC ASSAYS (pp. 31-33, 35-36, 100) .
I; B—NAPHTHYLAMINE STANDARD (FAST GARNET—GBC METHOD)
,2. GLUCOSE (O—TOLUIDINE METHOD)
3; PROTEIN CONCENTRATION (LOWRY METHOD)

4, <ﬁYDROXYPROLINE CONCENTRATION (CHLORAMINE T/ pDAB METHOD)
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