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SUMARIO



© esmalle dental é um tecido epitelial altamente mineralizade, gue recobre os
denies dos veriebrados. Em contraste com os tecidos mineralizados conjuntivos, os
cristais no esmalte nfo séo depositados sobre uma matriz rica em coldgeno, mas
crescem concomitaniemente & remocao da maloria das proteinas da matriz do esmalie,
as guais 80 graduzimente degradadas durante a mineralizaco. Existem multiplas
evidéncias para um papel imporiante das proteases presentes na matriz do esmalte nesta
degradac2o. A inibicdo da atividade de proteases presentes no esmalte poderia
comprometer & perfeila mineralizac@o do esmalte. Neste irabalho testou-se in vitro o
efeito de fluor e de aiguns metais na atividade de proteases presentes na matriz do
egsmaite. Trés ensaios foram utilizados: um ensaio de atividade enzimatica usando um
substrato colorimétrico (azocaseina), um ensaio de degradacfo de proteinas estruturais
do esmalte e zimografia. Os resultados mostraram que o fidor (625 uM to 10 mM) néo
exibe efeito inibitéric sobre a atividade das proteases, o que é um dado relevante para a
discussfo dos possiveis mecanismos patogénices da flucrose dentaria. Os resuliados da
inibicdo com alguns metais revelaram que zinco, cadmio e chumbo tém um efeito
inibitorio e concentragbes de até 110 uM. Estes Gitimos resultados s&o interessantes 3
medida em que se sabe gue estes metais sdo incorporados ac esmalte durante o
desenvolvimento em concentracdes que refletem a exposicdo durante a formacdo dos
tecidos dentais, e, ainda, porque existe uma associacio ainda nio explicada entre

aumentec de céarie e exposicio a metais pesados, particularmente cadmio e chumbo.
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ABSTRACT



1

Dental enamel is & highly mineralized epithelial tissue found on mammalian teeth. In
contrast {o the connective mineralized tissues, enamel crystallites are not deposited onto
a coliagencus matrx, but grow concomitantly with the removal of most of the enamel
matrix proteins, which are gradually degraded during mineralization. There are many
evidences indicaling that ename! resident proleinases play an important role in the
degradation of proteins. Inhibition of enamel matrix proteinases couid impair normal
enamel mineralization. In this work, we investigated the effect of fiuoride and some
metais on the aclivity of enamel matrix proteinases in vitro using a colorimetric assay
{azocasein), an enamel protein degradation assay and zymography. The results showed
that fluoride (625 uM to 10 mM) does not have an inhibitory effect on proteinase activity.
This is a relevant finding conceming possible pathogenic mechanisms underlying dental
fluorosis. The results of the inhibition by some metals revealed that zinc, cadmium and
lead cause inhibition at concentrations as low as 110 uM. These results are interesting
due to the fact that dental tissues are known to harbor these metals in concentrations
related to the exposure at the time of dental tissues formation, and, furthermore, because

there is an unexplained link between increased caries prevalence and exposure {0 heavy

metais, particularly cadmium and lead.
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O esmalte € um tecido de origem eclodérmica, altamente mineralizado, que
recobre O dentes dos vertebrados (Eisenmann, 1998). A matriz extracelular que o origing
é sintetizada, secretads e organizada por células especializadas do 4rgio dentsl
chamadas ameioblastos. O desenvolvimento do esmalte € caracterizado por interacdes
complexas enire componentes desta matriz extracelular em fase organica, fase mineral e
fase aquosa (Simmer & Fincham, 1995). Estas interagbes ocomrem em trés estdgios: o
secretdric, em gue ha deposicdo de matriz orgénica, concomifante com peguena
guantidade de mineral; ¢ de transicdo, em gue se inicia a degradacéo protéica ¢ aumenia
muito a fase aquosa da matriz; e o estagio de maturacdo, em que hd extensa degradacéo
da matriz orgénica e substituigdo componente mineral (Robinson et al., 1879; Bronckers
et al., 1995; Shore et al,, 1995).

As amelogeninas s&0 um grupo heterogéneo de proteinas gue constitui 90% do
total de proteinas da matriz no estagio secretdrio (Termine et al., 1980). As diferengas
entre as amelogeninas ocorrem por 3 razdes principais: 1) as copias do gene gue codifica
este grupo de proteinas séo diferentes. Uma se localizada no cromossomo X e outra, no
cromossomo Y, sendo esta Uitima mais curta. 2) Existemn vérios mRNAs de amelogeninas
que s&c produzidos por splicing alternative. 3) O processamento proteoiitico das formas
de maior massa molecuiar. Dentre as propriedades fisicas das amelogeninas esta o fato
de serem aitamente hidrofdbicas, com excegdc de uma porgdo hidrofilica na regido
carboxi-terminal, @ qual & removida por protedlise. £ através desta regidic hidrofilica que
as amelogeninas interagem com cristais de hidroxiapatita, ¢ € interessante que esta
regidc também € necessaria para a inibicdo do crescimento de cristais em solugdes
contendo amelogeninas (Aoba et al., 1987). Em solugdo, as amelogeninas formam

agrados, as chamadas “nanosferas”. As implicagbes biologicas destas caracteristicas das
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amelogeninas poderiam estar relacionadas com a habilidade das amelogeninas de maior
massa molecular, organizadas em nanosferas, de interagir com os cristais extremamente
finos dos estégios precoces da formacéo do esmalte e protegé-los de fusSes prematuras
{Fincham et al,, 1988). A localizac8o da amelogenina contendo a regido carboxi-terminal
tambeém & distinta da localizacdo das demais amelogeninas geradas por protedlise, sendo
a marcagao da porgdo carboxi-terminal restrita aos 40 pms suferficias de esmalie em
desenvolvimento (Uchida et al., 1891). Localizagbes distintas para a amelogenina de
maior massa molecular e seus produtos de degradacio sugerem fungbes distinias.

C pape! fundamenial das amelogeninas na mineralizacéo do esmalte pode ainda
ser verificado: 1) pele fato do gene da amelogening estar alterado nos casos de
Amelogénese imperfeita ligada ac cromossomoe X (Lagerstrdm-Fermer et al, 1995),
doenga em que ha formagéo de esmalte pouco mineralizado e bastante desorganizado;
2) por resuitados de um ensaio que usa uma ribozima sintética para degradar
especificamente amelogenina, o qual demonstrou que os animais em que a ribozima foi
injetada n&c desenvolveram dentes com esmalte perfeitamente mineralizado
{Lyngstadaas et al., 1995). Além das amelogeninas, a fase organica da matriz contém
outras proteinas estruturais e vérias proteinases (Overall & Limeback, 1988).

As proteases da matriz do esmalte j& identificadas pertencem as familias de
serino-proteinases e de metaloproteinases (Carter et al., 1989; DenBesten & Heffeman,
1989; Moradian-Oldak et al., 1994; Colefta, 1996, Fukae et al, 1998). Tanabe et al.
(1992) isolaram serino-proteases (as quais chamaram amelogeninases) de 76 e 78 kDa
da porgdo extema da matriz do esmalte secretéric de porco (fase secretoria), e
demonstraram gque estas enzimas sdc capazes de clivar a porgdo C-terminal da

amelogenina de 25 kDa. Aleém disso, foi demonstrade que estas amelogeninases também
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clivam enamelinas, além das amelogeninas (Tanabe et al., 1994). Estes mesmos autores
demonstraram que amelogeninases de 30 ¢ 34 kDa, capazes de clivar a porgo N-
terminal da amelogenina de 20 kDa, estfo presentes na porglo intema do esmalte
(Tanabe et al., 1882). Recentemente a serino-protease de 30 e 34 kDa foi clonada a
partir da varredura de bibliotecas de cDNA de drgdo do esmalte com primers
degenerados. Esta protease, que no tecido & encontrada com as duas formas (30 e 34
kDa), é atuaimente conhecida como EMSP-1 (Simmer et al., 1898). A ouira protease do
esmalte mais bem caracterizada € uma metaloproteinase que se apresenta em
zimogramas com as formas de 41 e 48 kDa, conhecida como enamelising & dassificada
como MMP-20 {(Bartlett al., 1996; Bartlet =t al., 1998; Bariiett & Simmer, 1999).
Fragmentos correspondentes ao dominio catalitico da MMP-20 também & foram
descritos com massas moieculares de 21 e 25 kDa (DenBesten et al,, 1998). A autdiise
descrita em ensaios utilizando a MMP-20 recombinante produzida em bactérias também
indica que sua autodegradacéo pode ser intensa (Li et al., 1999; Ryu et al,, 1999).

As amelogeninas normalmentie s&o hidrolizadas e removidas da matriz de modo
mais lento no estagio secretdrio e de modo bastante intenso no estagio de
transicdo/maturacio precoce da formago do esmalte (Smith et al,, 1996; Smith, 1998). A
remocac das amelogeninas durante as maturacdc parece um passo critico para a
mineralizacdo do esmalie e parece dependente de proteases (Bartlett & Simmer, 1999).
Primeiramente, porque até hoje ndo se demonsirou, consistentemente, a atividade
fagocitaria de ameioblastos (Smith, 1998). Em segundo lugar, porque a digestéo de
proteinas estruturais integras in vifro pelas proteases {particularmente a MMP-20) produz
os mesmos produtos de clivagem & isolados a partir da matriz do esmaite (Ryu et al,

1999). Finaimente, porque quando se acompanha a degradacéo de proteinas presentes
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em extratos de matriz de esmalte, percebe-se a degradacaoe gradual das formas de maior
massa molecular, exceto em situagdes em que a matriz & fervida (Smith & Chen, 1998).
Estes achados iomam a inibicdo das proteases presentes na matriz do esmalte uma
hipdtese afrativa para explicar defeitos do esmalte com caracteristicas histoldgicas de
mineralizagao deficiente ¢ achados bioguimicos de acamulo de proteinas.

Um defeiio deste tipo € encontrade em casos de fluorose dentaria (Weatherell et
al., 1885). A fluorose dentaria esta diretamente relacionada a vérias formas de exposigao
a fitor durante a formacdo do esmalte e se caracteriza por uma camada extema de
esmalte normalmente mineralizada e uma camada subjacente hipomineralizada {Acha,
1997). Varios aulores descreveram um retardo na remocgfic das proteinas da matriz
durante @ formacio do esmalte fiuordtico (Larsen et al., 1985; Richards et al., 1986;
DenBesten, 1986; Tostes, 1988). Esta alteracso, que se torma mais evidente no estagio
de maturagao, poderia decorrer do aumento na secrecdio protéica, diminuicdc da
quantidade de proteases ou da atividade destas proteases {DenBesten, 1989; DenBesten
& Thariani, 1992). Contude, nenhuma destas teorias foi comprovada (Aoba, 1997).

Se por um lado se sugeriu por mais de uma década que o fitior pudesse inibir as
proteases dos esmalie, sem gue houvesse qualquer comprovagso in vitro desta inibicso,
por outro lado pouca atengdo foi dada ac possivel efeito de outros elementos passiveis
de incorporacac a0 esmalte, com € o caso de metais pesados, e que notoriamenie s0
capazes de inibir proteases (Hojima et al., 1894; Auld, 1995; Souza et al., 2000).

Tendo em vista o papel potenciaimenie importante das proteases na
amelogénese e ¢ fato de filor e outros elementos serem incorporados ao esmalte
durante a sua formagée (Lappalainen et al., 1979; Anttila & Anttila., 1987; Griinke &t al.,

1996; Dacuisi et al., 1997), torma-se fundamental verificar o efeito de fiGor e de alguns
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metais presentes no esmalte sobre a atividade das proteases do esmalte. O obietivo
deste trabaiho foi avaliar in vitro a atividade de profeases do esmalte na presenga de
diferentes concentracdes de filior & de alguns metais.

O primeirc manuscrito, uma carta ao Editor, trata de um aspecto da padronizacio
de testes com metais: a capacidade tampéc das solugbes. E necessério observar que os
efeitos podem ser decorrentes de alteracdes no pH das solucBes contendo metais.

O segundo artigo mostra que o filor ndo causa alieracbes na afividade das
proteases do esmalte nos ensaios in vifro realizados. Estes resultados depdem, pelo
menos parcialmente, confra a hipdiese tdo notdriz da inibicdo de proteases como
mecanismo patogénico da fluorose dental,

O terceiro manuscrito mostra gue os metais cadmic, zinco e chumbo sio capazes
de inibir as proteases do esmalte in vifro. Embora ndo se possam ainda saber quais as
consequéncias destes achados, & interessante observar que estudos epidemiolégicos
mostram aumentos da prevaléncia de carie em regides contaminadas por chumbo
{Curzon & Bibby, 1970; Anderson et al., 1976; Cil et al., 1998). Além disso, estudos em
animais demonstraram um aumento de 40% na prevaléncia de carie em um modelo
usando ratos expostos a chumbe (Watson et al,, 1997), sem que a causa para este
aumenio na suscetibilidade & carie pudesse ser explicada.

O manuscrito incluido no apéndice mostra um outro efeito do chumbo sobre os
tecidos dentais: o retardo na erupgcdc em um modele de crescimento desimpedido de

incisivos em ratos.
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Letter to the Editor

Mechanisms of cell activation by metal ions: Influence of pH

We read with great interest the article by Wagner et
al! describing the effects of heavy metal ions on cul-
tured human vascular endothelial cells (HUUVECs). Be-
cause cobalt, nickel, chromium, and zinc are compo-
nents of many materials used as surgical implants, the
authors analyzed the influence of these metal ions on
FIUVECs at concentrations ranging from 1 mM to 0.1
M. NiCl; and Coll were shown to upregulate the
expression of adhesion molecules (E-selectin and
ICAM-1) and cytokines mRNA (IL-6 and TL-8). In con-
trast, a 5-h incubation with NiCl, and CoCl, did not
alter cell morphology and did not seem to have a oy-
totoxic effect, whereas Cr(l; and Zn(l, strongly dam-
aged the HUVECs. Using different drugs that inhibit
specific sites of cellular signal transduction, these au-
thors analyzed the signal zansduction pathways in-
duced by the exposure to the heavy metals and con-
cluded that mechanisms of gene activation similar to
those induced by proinflammatory mediators take place.

A series of experiments regarding the effect of metal
ions on matrix metalloproteinases is being conducted
in our laboratory. In our experience, a crucial point to
consider in experiments with metal salts is the pH of
the solution. Acidic metal salts can interfere with buff-
ered solutions {50 mM Tris-HCI). Following this rea-
soning, we wondered if the effects of the metal solu-
tions on HUVECs described by Wagner et al.' may
have been elicited in part by changes in culture me-
dium pH. We prepared Dulbecco’s modified eagle

By medium (GIBCO), adjusted the pH to 74 according to -

the manufacturer’s recommendations, and prepared
solutions of 1 mM CrCly, 1 mM ZnCl,, 1 mM CoCl,,
and 1 mM NiCl,. Six solutions of each metal salt and
six control solutions were prepared and pH was de-
termined blindly. Mean and standard deviation of
metal salts and control are shown in Table 1. The
Kruskal-Wallis nonparametric ANOVA test showed
that variation between medians was significant and
Dunny's multiple comparison test showed that significant
differences were found comparing contro} with CrCl,,
control with Ni(l,, and Crl, with ZnCl,. Calcula-

&7 tions were made using the GraphPad Instat software.

As shown in Table I, metal salts at 1 mM signifi-
cantly lowered the pH of Dulbecco’s modified eagle
medium. Even more important, the 033-pH variation

Jowmal of Biomedical Materials Research, Vol. 52, 000-000 (2000)
© 2000 John Wiley & Sons, Inc.

TABLEI
pH of Metal Salt Solutions (V = 6 for Each Group)
Control Cr(l, NiCl, Coll, Zn(l,
Mean 745 7.2 724 7.29 7328
SD 0.03 0.01 2.02 0.01 0.05

*p < 0.001 Gl vs. conizol.
**p < 001 NiTL, vs. confzol.
***p < 005 Crddy vs, Zndl,.

between control and Crll; should not be considered a
minor change. This variation means acddosis in physi-
clogic terms, and clinically, such pH variation in
plasma is very dangerous. Nonetheless, pH fluctua-
tions of this magnitude are not likely to take place in
plasma, but may be important in the extracellular mi-
lieu surrounding an implant. Acidosis accompanies
inflammation, and metals leaking from implants may
further enthance the local inflammatory response by
lowering the pH. Recent reports have shown that adi-
dosis correlates with alterations in the expression of
adhesion molecules,*” particularly intercellular adhe-
sion melecule.® Thus, we think that acidosis may have
played some role in the cell activation effect of metals
found by Wagner et al.* Besides, as stated by Wagner
et al.! themselves, the mechanisms of cell activation

shown are similar to those induced by proinflanuma-
tory mediators.
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Fluoride effect on the activity
of enamel matrix proteinases
in vitro

Gerlach RF, Souza AP, Cury JA, Line SRP: Fluoride effect on the activity af
enamel matrix proteinases in vitro. Eur J Oral Sci 2000, 108 48-33.
© Eur J Oral Sci, 2000

Dental fluorosis is common in individuals exposed to different sources of fiuoride
during tooth development. The mechamism causing this enamel defeet is siill
unknown. Enamel malrix proteinases play a central role in the maturation of dental
enamel, and inhibition of these enzymes by fuoride has been one explanation for
dental fluorosis. We have investigated the effect of fluoride on the activity of enamel
matrix proteinases using a colorimetric assay, casein zymography, and an enamel
protein degradation assay. Fluoride (623 4M 10 10 mM) inhibited neither the
enzymatic activity of the crude matrix extract nor the activity of individual enamel
enzymes separated by SDS-PAGE. The propesition that fuoride could directly
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inhibit enzymes was not confirmed in this study.
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A dramatic deciine in dental caries prevalence has
been documented worldwide in the iast decades as
a result of the widespread use of flucride in various
forms (1. However, as a consequence of wide-
spread fluoride ingestion from different scurces, the
prevalence of dental fluorosis has increased to
astonishingly high levels (2), and public health
concern has increasingly been directed toward this
problem. Despite knowledge regarding timing of
exposure and doses of fluoride that cause flucrosis
(3). evidence for the mechanism that causes this
enamel defect is still lacking. Fluorotic enamel is
histologically characterized as a subsurface-hypo-
mineralized lesion covered by a well-mineralized
outer enamel surface, which in severe cases breaks
apart shortly after eruption (4). The enamel defect
has been associated with an arrest in enamel
maturation stage characterized by delayed break-
down of amelogenins (3), which may become
entrapped in the fluorotic enamel depending on
the severity of the insult. Amoag the many
hypotheses that have been proposed for the mech-
anism by which excess fluoride affects degrada-
tion and removal of enamel matrix proteins,
three are considered by most researchers (6, 7):
1) fluoride might directly affect ameloblasts (8);
2} proteins may be more tightly bound to flu-
oridated hydroxyapatite and, thus, protsinolysis

might be more difficult {9); 3) fluoride might inhibit
enamel proteinases (10).

In recent years, many enamel proteinases have
been characterized (1113}, According to Ryu et al.
{(12), ename! proteases play two important roles
during enamel formation. First, they process
secreted ename! matrix proieins into stable prod-
ucts that are believed to be active during amelogen-
esis, and secondly they allow the enamel layer to
achieve a high degree of mineralization through the
complete degradation of the enamel matrix pro-
teins. Despite the important advances in this area,
no conclusive results were obtained as to whether
fluoride directly inhibits enamel proteinases. The
aim of this study was to determine if fluoride has a
direct effect on the activity of enamel proteinases.

Materiali and methods

Enamel matrix sample

Upper and lower incisors of Wistar rats weighing
300 g were used in this study. Mandibles and teeth
were kept on ice unill the enamel matrx was
scraped from the teeth. Prior to scraping, teeth had
been carefully cleared of soft tissue and wiped with
a moist gauze to remove cell debris. Maturation
stage matrix was not separated from secretory stage



mairix, The enamel matrix was demineralized for
I h by pooling the matrix scraped from the four
teeth of each animal into a [.5-ml microcentrifuge
tube containing 1.0 ml of ice-cold 5% (w/vy
trichloroacetic acid (TCA), followed by centrifuga-
tion for 5 min io precipitate enamel protein (10).
The pellet was rinsed once in 30 ul of 1 M Tris,
pH 8.0, for pH neutralization. Since the proteolytic
assays described below required different sample
preparations, the peliets were separately extracted
for colorunetric assay, zymography, and enamel
protein degradation assay.

Colorimetric assay

For the total proteolytic activity assay, the enamel
matrix of 5 rats was weighed (corresponding to
% mg of enamel), demineralized, and neutralized ag
described above. Pellets were then extracted for 1 b
in ice-cold 10 mM Tris, pH 8.0, containing 1%
Triton X-100 (200 x4 of this solution for each pellet
obtained from 4 incisors). The supernatants were
pooled and brought to a final volume of 1.8 ml.
pH was adjusted to 7.2 by the addition of 1 M H(CI
prior to the beginning of the assay {the amount of
1 M HCI necessary to lower the pH to 7.2 was
determined wusing the Henderson-Hasselbalch
equation). In order 1o estimate protein concentra-
tion, a protein precipitation step was necessary
after extraction, since buffers containing Triton
X-100 or SDS as well as glycerol are known to
interfere with the dye-binding assay in phosphoric
acid (Bradford assay) for protein determination
(14). One-hundred ul from 4 samples extracted with
buffer containing Triton X-100 were used for
ethanol precipitation (10 x v/v). Pellets were resus-
pended in 100 ul of 6 M Urea, and 10 gl aliquots
from the SDS-extracted samples and 20 ul from the
Triton X-100-extracted samples were used for
protein determination according to the manufac-
turer’s instructions (Bio-Rad, Richmond, CA,
USA). Bovine serum albumin solutions at concen-
trations ranging from 2 to 16 ug were used as
protein standards. Blank and standards contained
10 i 6 M urea. Estimated protein concentration
in the supernatant used was 0.3 ug/ul. Total pro-
teolytic activity of the enamel matrix sample was
assayed with a freshly prepared solution of heat-
denatured azocasein as substrate (Sigma, St. Louis,
MQ) (15). Nine reaction tubes were prepared and
200 ul of the Triton X-100 supernatant was added
to each tube, which contained 8 mg azocasein in
50 mM Tris, pH 7.2, with 1 mM CaCl, and
0.4 mM NalN; in a total volume of 1.0 m!l. Three
assay blanks were prepared by omitting the Triton
X-100 supernatant from the reaction mixture. After
24 b incubation at 37°C, the reaction was stopped
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by the addition of 0.5 ml 10% (w/v) TCA. After
centrifugation for 15 min at 30,000 g, the release of
diazo-amino acids from azocasein in the super-
natant was measured at 440 nm according to
Crarvey and Tomareinr {133 One unit of endo-
peptidase activity was the amount of enzyme
required to produce an increase of absorbance of
1.0 within 1%h under the assav-conditions. To
observe the influence of NaF on enzyme activity,
Nak was added to reactions at final concentrations
of 5mM and 10 mM. This assay was made in
triplicate. The mean proteciytic activity value of
each group was composed from the three values
found in the triplicates. Data are presented as
means+ SEM. Data were analyzed using ANOVA.

Zymography

Ten % polyacrylamide slab gels containing 0.05%
casein or 0.05% gelatin were used. The stacking
gel was polymerized using a comb that resulted in
one 0.8-cm-wide lane to which the molecular
weight standard was applied, and an 11.5-cm-wide
iane (continuous lane) to which the sample was
applied. Gelatin-containing gels were loaded with
twice the amount of protein loaded on casein-
containing gels. Samples were prepared in the
following way: After neutralization, each pellet
was extracted for 30 min in 200 u! non-reducing
sample buffer (62.5 mM Tris, 15% glyeerol, 1%
SDS and 0.05% bromophenot blue, pH 6.8),
centrifuged, and the supernatant was applied to
the gel. SDS-extracted samples contained 1 ug
protein/ut of solution. An aliquot (132 ul) was
applied to the continuous lane of the casein-
containing gel. An aliquot of 264 ul was applied
to the continuous lane of the gelatin-containing gel.
Low-molecular-weight protein marker (Amersham
Pharmacia Biotech, Piscataway, NJ, USA) was
applied to the separate lane on each gel. The
proteins were separated by electrophoresis as
described by Laemmur (16) at 4°C, and SDS was
removed by incubating gels for 1 h in two baths of
2.5% Triton X-100. The continuous lane of each
gel was cut into strips that were incubated for 40 h
at 37°C with shaking in 40-ml tubes. Tris buffer
(30 mM Tris/1 mM CaCl,, pH 7.4) was used for
incubation, and proteinase inhibitors or different
concentrations of NaF were added to this solution.
The strips were then stained with 0.03% Coomassie
Brilliant Blue in 50% (v/v) methanol and 5% (v/v)
acetic acid and destained with 30% (v/v} methanol
and 10% (v/v} acetic acid. These procedures were
performed three times on separate occasions. NaF
concentrations varied from 10 mM 1o 625 uM.
Proteinase inhibitors were purchased from Sigma.
Phenylmethyisulphonyl fluoride (PMSF) was used
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at 2 mM, N-ethyimaleimide (NEM}at | mM, ethyl-
enediamine tetraacetic acid (EDTA) at 10 mM, and
1,10-phenanthroline at 5 mM. PMSF is a serine
proteinase inhibitor, NEM is a cysteine proteinase
inhibitor, and EDTA and 1,10-phenanthroline are
inhibitors of metalloproteinases, but EDTA can
also inhibit serine proteinases when they need
calcium for structure stabilization (17). The same
volume of methanol present in inhibitor solutions
was added to the solution in which control strips
were ingubated.

Fluoride congentrations

Fluoride was measured to determine if free finoride
concenirations were within the expected limits in
the incubation solutions of zymograms (fluoride
concentrations varied from 625 uM to 10 mM in
zymography solutions containing 1 mM Ca). The
measurements were carried out using an Orion
fluoride ion electrode {model %6/09) and an
Orion digital ion-analyzer (model EA-940) (Orion
Research. Boston, MA, UUSA). After incubation of
the zymography sirips in the solutions, these same
solutions were mixed with equal volumes of TISAB
(total ionic strength adjusting buffer: 1.0 M acetate
buffer, pH 5.0, 1.0 M NaCli and 0.4% 1,2-cyclo-
hexanediaminetetraacetic) and analyzed. All solu-
tions of the triplicate assays were analyzed, so
that three readings were available for each con-
centration.

in vitro ename! protein degradation

In a further attempt to examine the effect of
fluoride on the degradation of enamel proteins, an
in vitro degradation assay was carried out, Enamel
matrix derived from 2 rats was prepared as des-
cribed in the first section of Material and methods.
After neutralization, pellets were well homogenized
by hand in a glass homogenizer for 1-3 min in
1.0 ml ice-cold 50 mM Tris, pH 7.2, containing
I mM CaCls and 1% Triton X-100, in order to
completely dissolve aggregates. Aliquots of 100 ul
were pipeited into 1.5-ml microcentrifuge tubes
that were incubated at 37°C with shaking for
different time periods. One tube contained protease
inhibitors and was incubated for 48 h {proteolysis
control). The inhibitors were 1,10-phenanthroline,
PMSF, EDTA and NEM, all used at 5 mM final
concentration. Methanol was added to all other
reactions to achieve the same volume present in the
inhibitor tube. Three tubes contained 16 mM NaF
and were incubated for 12, 24 and 48 h, respectively,
and this was also done for three control reactions.
Aliquots {100 ul} were separated for ethanol pre-
cipitation and protein estimation as described
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above (samples contained 0.7 ug protein/ub). After
each incubation time, samples were mixed with
30 ul reducing sample buffer (230 mM Tris, 60%
glycerol, 4% SDS and 0.2% bromophenol blue, pH
6.8, containing 4% f-mercaptoethanol) and heated
to HGC for 5 min. Samples were stored at -20°C
until electrophoresis. Seventy ul of each sample and
10 4l of low molecular weight protein marker
{Amersham Pharmacia Biotech) were applied to
separate lanes of a 15% polvacrylamide gel that
was stained with Coomassic Brilliant Blue. These
procedures were periormed three times on separate
occasions.

Results

Under the conditions used in the colorimetric
assay, there were no differences in total proteolytic
activity between groups (p=0.61; F{2,6)=0.5335)
(Fig. 1). Since a crude protein exiract containing
different enamel enzymes was used in the colori-
metric assay, slight alterations in enzyme activity
would go unnoticed, To observe if alterations in the
activity of individual enzymes were present, we
prepared zymograms containing casein and gelatin
as substrates and used NaF solutions ranging from
625 uM to 10 mM for incubation. Zymograms
revealed no alteration in the negative band pattern
of the incubations with different concentrations
of NaF (Figs. 2, 3). Incubation of strips with
inhibitors revealed that most enzymes present in the
crude extract used in this study seemed to be
metalloproteinases (Fig. 2, lanes 4 and 5, Fig. 3,
lanes 4 and 5), but some serine proteinase activity
was also detected (Fig. 2, lane 2; Fig. 3, lane 2),
The hypothesis that fluoride could indirectly
inhibit enamel enzymes through complexation with
the calcium in the solution (shown 1o be essential
for the activity of enamel enzymes) prompted us to
analyze the free fluoride content of the solutions
used. Flueride analysis revealed that the solutions
contained the expected concentrations of free
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Fig. 1. Total proteclytic activity of enamel matrix mcubated
with NaF, One unit (U) of peptidase activity was defined as the
amount of enzyme that increased the absorbance by 1.0 per h.
Data are reported as means and SEM. One-way analysis of
variance (AMNOVA) revealed no difference between the groups.
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Fiz, 2. Strips of 0% polyacrylamide gel containing §.03%
casein and the electrophoresed enamel extract were incubated
with different concentrations of NaF or protease inhibitors in
assay buffer {50 mM Tris/1 mM CaCl,, pH 7.4} Lanes: 1 and
i1 - controh 2 - 2 mi PMSF; 3 - | mM NEM; 4 - 10 mM
EDTA: 5 ~ 5mM L.10-phenanthroline; 6 - 10 mM NaF:
7 - 3mM NaF: §8 - 25 mM NaF: 9 - .25 mM NaF:
16 - £.625 mM NaF; Std - molecular mass protein markers.

7T 8 9 10

Fig. 3. Strips of 0% polyacrylamide gel containing 6.05%
gelatin and the elecirophoresed enamel extracl were incubated
with different concentrations of NaF or protease inhibitors in
assay buffer (50 mM Tris/1 mM CaCla, pH 7.4}, Lanes: Std -
molecular mass protein markers: § - control; 2 ~ 2 mM PMSF;
3 - ] mM NEM; 4 - 10 mM EDTA; 3 - 5mM 1,10-phen-
anthrolineg; 6 — 10 mM NaF: 7~ 5 mM NaF: 8 - 2.3 mM NuaF:
9 - 125 mM NaF; 10 - 0.623 mM NaF.

kbz Std i 23 4 5 6

fluoride (results not shown). Although fluoride may
irtteract with caleium under physiologic conditions,
in this study fluoride remained free, perhaps as a
consequence of the use of Tris, It is worth rem-
embering that fAuoride was in far excess in some of
the solutions.

We also obtained enamel matrix homogenates
taken from secretory and maturation stages (o
follow the degradation of proteins present in this
extract over 48 h. After incubationfor 12,24 or 48 h,
aliquots were separated on a 13% polyacrylamide
gel stained with Coomassie blue. Homogenates
containing 10 mM NaF showed the same degrada-
tion pattern as the control homogenates (Fig. 4).
The proteolysis control (with protease inhibitors)
showed proteins similar to the control and fluoride-
exposed homogenates at time 12 h, indicating that
enzymes present in the homogenates were degrading
the proteins. In this system, high concentrations of
fluoride did not affect the degradation of enamel
proteins present in the homogenates.
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Fig. 4. Polyacrylamide gel {13%) stained with Coomassie blue
Enamel matrix homogenates taken from secretory and maturs-
tion stages and incubated ir vire 048 h at 37°C in 56 mM
Tris/i mM CaCl,, pH 7.2, containing 10 mM NaF. Lanes:
Std - molecular mass protein markers; | - proleolysis
conirel contamning 5 mM PMSF, 5 mM NEM, 3 mM EDTA
and 3 mM L I0-phenanthrolime: 2 -~ contrel, 12-h incub-
ation; 3 ~ 10 mM NaF. 12-h incubation: 4 — control, 24-h
incubation; 5 ~ 10 mM NaF, 24-h incubation: & — conirel. 48-h
incubation: 7~ 10 mM NaF. 48-h iacubation.

Discussion

When a substance is supposed to affect enzymatic
activity, the usual way to answer this guestion is to
observe the effect of this substance in a controlled
environment, ie., an environment in which the
activity of enzymes can be measured (18), When the
specific target for inhibition is not known, the first
step is to assay as many proicases as possible. If the
substance indeed shows an inhibitory eflect, isola-
tion of the specific enzyme and the search for the
inhibition mechanism are the next steps.

The enamel defect caused by fluorosis has been
associated with an arrest in enamel maturation
stage characterized by delaved breakdown of
amelogenins (5). One hypothesis proposed Tor
the mechamsm by which excess fluoride affects
degradation and removal of enamel matrix proteins
is that fluoride might inhibit enamel proteinases
{10). To our knowledge, this hypothesis has never
been tested in a controlled environment. In this
study, the direct effect of fluoride on the activity of
enamel enzymes present in a crude enamel extract
was tested using three different assays. Whereas
zymography gives a rather qualitative result indic-
ating the possible proteases we are dealing with, the
azocasein substrate is a typical guantitative assay
employed to test possible inhibitors, and it has not
earlier been used to test the effect of fluoride on
the activity of enamel proteases. Since casein and
gelatin are not natural substrates for enamel
proteases, we also prepared enamel matrix homo-
genates taken from secretory and maturation stages
to follow the degradation of proteins by the very
proieases also present in the crude exiracts. By this
system, a more discrete effect of fluoride on
enzymes might be detected if the enzymes werg
highly specific. When proteases were inhibited by



52 Gerlach et al.

PMSF, NEM, 1,10-phenanthroiine and EDTA,
proteoiysis did not occur. Within the limitations
of the procedures used in this study, fluoride does
not appear to have a direct effect on the activity of
enamel proteases.

Many researchers refer to the work of DENBESTEN
(3 and DenBesten & Herrernan (10) as reason-
able evidence of a direct inhibitory effect of fuoride
on ename] proteinases. [t should be noted that
zymography is not a quantitative technigue when
the starting amount of enzyme is unknown, as
in the case of loading protein from equal weights
of enamel. The results of zymography can be
misleading under such conditions. Nonetheless,
fluoride could have an effect on proteinase expres-
sion {19}, and under such circumstances enamel
proteinase activity would be altered.

Mo attempt was made 1o separate the snamel
matrix according to different developing stages,
since our first goal was to show as many enzymes
as possible in the same assay to characterize the
influence of fluoride on them under the same
conditions. Using decalcification in 5% TCA
followed by extraction in non-reducing sample
buffer (10), we obtained an extract that resulted
in many negative bands after zymography. The
extraction procedure using sample buffer (with
SDS}) was more effective than the extraction with
buffer containung Trniton X-100 when the amount of
estimated protein present in the samples is taken
into account (1 pg/ul versus 0.3 ug/ul, respectively),
although when the same amount of protein from
both extraction procedures was applied to zymo-
grams, the same proteolytic bands were visible (not
shown). We obtained a broad range of enzymes
present in the developing enamel that are supposed
to be zymogens and active forms of enzymes.
SDS and Triton X-100 are not normaily used for
the extraction of proteins present in extracellular
matrix, since detergents are indicated to dissolve
cell membranes. The efficiency of these detergents
in the extraction of enamel matrix proteinases
might be explained by the dissolution of the protein
aggregates that may cover most of the enzymes in
the enamel matrix, and it is possible that these
aggregates are hardly dissociated by salt precipita-
tion alone. The use of cold TCA, a denaturing
agent, probably also contributed to the dissociation
of the protein aggregates in addition to demineral-
1zing the enamel matrix. On the other hand, some
effect of the acid selution on the proteolytic activity
cannot be ruled cut. Although acidic environments
are known to decrease the activity of some
enzymes, SMiTH ef af. (20) observed that acetic
acid pre-treatment affected enamel proteinase
activity in zymograms by increasing the overall
activity for proteinases of many molecular weights,
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sharpening the appearance of proteolytic bands in
general and altering the proteolytic band profile.
Finally, we used Triton X-100 to extract samples
to be used in colorimetric and enamel protein
degradation in virro because it is a nonionic deter-
gent, and in these assays enzyme activity should not
be hindered by alteration in protein conforma-
tion. Nonetheless, some proteolytic activity may be
diminished or lost using the decalcification and
extraction methods described here.

The bands visible on gelatin zymograms were
fewer and less intense, but their molecular masses
seemed to correspond to the major hands visible on
casein zymograms. We used inhibitors to determine
the type of proteases assayed in the zymograms. No
cysteine proteinases were observed. Serine protein-
ase activity was present, since inhibition of casein
degradation by PMSF was observed in bands with
relative molecular masses of 32-36 kDa and 23 kDa.
A serine proteinase which carried amelogeninase
activity was described with apparent molecular
masses originaily assigned at 34 and 37 kDa, but
was later shown to resolve into two bands of 30 and
34 kDa {21). More recently, the 34-kDa porcine
serine proteinase was isolated and characterized at
both the protein and DNA level (11). From the
inhibition profiles obtained by incubation with
EDTA and 1,10-phenanthroline, it appears that
most of the other proteinases present in our crude
extract were metalloproteinases. An enamel matrix
metalioproteinase recently characterized is MMP-
20, or enamelysin. This enzyme has been cloned
from pig and human species (12, 13). Relative
molecular mass bands from recombinant enamely-
sin In gelatin and casein zymograms vary from 41
to 46 kDa, and proteolytic activity was shown to
be more intense against casein (13). Bands with
relative molecular masses around 43 kDa were
visible both in our casein and gelatin zymograms,
and caseinolytic activity was more intense. Cur
objective in this study was not to characterize the
proteases present in our exiract (for which goal
Western blotting with antibodies directed at the
specific enzvmes would be needed), but rather to
explore the possibility that some of the proteinases
described so far may have been recovered through
the procedures employed in this study. In any case,
one cannot be sure to assay every enamel protease
because this system is too complex to be repro-
duced in vitro.

The classification of proteinases assayed in this
study as serine or metalloproteinases further
indicates the importance of using zymography.
As stated by HaveEMaaner er ol (22), in conirast
to serine profeinases with a similar function to
MMPs, MMP enzyme activities are very difficult
to assay due to their unigue substrate recogaition



characteristics, and the currently most widespread
method for measuring MMP-activity is zymo-
graphy.

In this report, three methods were emploved to
test the direct effect of fluoride on the activity of
enamel proteinases. The results showed no inhib-
itory effect. These results are valid for the effect of
free flucride, since binding of fluoride to calcium
did not take place under the conditions of these
assavs. The importance of these findings resides in
the exclusion of the hypothesis that fluoride has any
direct effect on enamel proteolytic enzyvmes. In the
light of these findings, hypotheses that take into
account alterations in crystal surface energy in the
presence of fluoride gain more support (23). The
recent characterization of enamel proteolytic
enzymes at the molecular level may help to
establish if alterations in fluorotic enamel result
from altered enamel proieinase aciivity,
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metabolism of extraceliular matrix components have been shown (o be inhibited
by excess metal ions. Enamel matrix proteinases seem to play a central role in the
maturation of dental enamel, and inhibition of these enzymes by metals could

interfere with amelogenesis. We have investigated the effect of l2ad, cadmium and
zinc on the activity of enamel mairix proteinases using a colorimetric assay, casein
and gelatin zymography, and an assay of enamel protein degradation in vitra. All
three metals inhibited the proteolysis, as shown by the three methods employed, in
concentrations as low as 110 pM. This study showed that contaminant metals can
inhibit proteinolysis when a crude enamel extract containing enamel proteases is
tested in vitro. Therefore, the presence of heavy metals in enamel matnix could
interfere with amelogenesis due to alteration in normal proteolysis.
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Heavy metals are ubiquitous and are taken up
into the body by food, drinking water, and polluted
air (1). The primary accumulation site for metals is
bone (2). Dental tissues are known to harbor metals
in concentrations related to the exposure at the time
of dentin or enamel formation (3), and they are
considered reliable biomarkers for determination of
exposure to metals, particularly lead (4). Besides
contributing to the assessment of heavy metal
exposure in children (5-7), the metal content of
teeth has raised the interest of many epidemi-
ologists during the last decades as to whether
children living in highly contaminated areas have
increased susceptibility to denta! caries (8-10).
Recently, a consistent link between lead exposure
at the time of dental formation and increased caries
prevalence has been shown (11}, but the reason for
this association remains unknown.

In contrast to the connective mineralized tissues,
enamel crystallites are not deposited onto a colia-
genous matrix, but grow concomitantly with the
removal of most of the enamel mairix proteins {12}

The first ename! crystallites appear as long, thin
ribbons extending from the amelodentinal junction
towards the surface of the enamel (13). Once the
secretory stage is completed, the matrix proteins are
largely degraded, resorbed and replaced by fluid
(14). The fluid is finally substituted with mineral,
increasing the crystallites in width and thickness
(15). Enamel proteinases have been traditionally
accepted as responsible for the degradation of the
organic matrix to lower molecular-weight proteins
that leave the matrix (16). Abnormal post-secretory
processing of matrix proteins results in hypo-
maturation and hypocalcified amelogenesis imper-
fecta (17). Increasing evidence suggests that enamel
protein cleavage products perform different func-
tions within the enamel matrix, regulating enamel
biomineralization, a concept that further highlights
the importance of the proteolytic process that
generates those cleavage products (163 As stated
by Swmrra (18), although limited biochemical/
molecular details are known about enamel protein-
asss at this time, there is enough information
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available to predict that these enzymes likely play a
central role in the enamel maturation process.

Fxcess metal ions inhibited the activity of several
proteolytic enzymss (19-21). The hypothesis that
fivoride could inhibit enamel enzymes has vet been
considered by many researchers {(22-25), but
fluoride fails to have an inhibitory effect in vitro
{26). Nevertheless, no attention has yet been given
to the possibility that trace clements present in
enamel could interfere with the activity of enamel
proteinases and, thus, negatively affect amelo-
genesis. The aim of this study was to evaluate if
lead, cadmium and zinc, the most prevalent metals
described to be incorporated intc enamel, have
a direct effect on the activity of enamel proteinases
in yitro.

Material and methods

Enamel matrix exiract containing proteinases

Incisors of 28 Wistar rats weighing 300 g were used
in this study as source of the crude extract
containing proteinases. Mandibles and teeth were
kept on ice until enamel matrix was scraped from
the teeth, which had been cleared of soft tissue
prior to scraping. Matrix from both secretory and
maturation stages of the 4 incisors of each rat was
pooled together, demineralized for 1 hin a 1.5 ml
microcentrifuge tube containing 1 ml of ice-cold
5% (w/v) trichloroacetic acid (TCA), followed by
centrifugation for 5 min to precipitate enamel
protein. The pellet was rinsed once in 50 ui of
I M Tris-HCI, pH 8.0. Since the proteolytic assays
described below required different preparations of
the crude exiract, separate extractions for each of
themn were carried out. Proiein concentrations were
determined by the Bradford assay according to the
manufacturer’s instructions (Bio-Rad, Richmond,
CA, USA). A detailed description of the procedures
is given in an earlier work (26).

Colorimetric assay

For the colorimetric assay, peliets derived from
12 rats were exiracted for 1 hinice-cold 1% Triton-
X-100 in 10 mM Trs-HCL pH 8.0. The final pH
of the solution was adjusted to 7.2. The amount of
extract containing 100 ug of protein was used for
each reaction, which consisted of a 0.8% azocasein
solution {(Sigma, St. Louis, MG, USA) freshly
prepared in 50 mM Tris-HCL pH 7.2, containing
10 mM Cally, T uM ZnCl, and 0.4 mM /I Nal,, in
a total volume of 0.5 mi Blanks were prepared by
omitting enamel matrix extract from the reaction
mixture. After 2 48-h incubaticn at 37°C under
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continuous agitation, the reaction was stopped by
the addition of 02 ml 10% (w/v) TCA. After
centrifugation for 3 min at 30,000 x g, the release of
diazo-aming acids from azocasein in the super-
natant was measured at 440 am according to
Cuarwey & ToMmarerir (27). One unit of endo-
peptidase activity wasthe amount of enzymerequired
to produce an increase of absorbance of 1.0 within
i h under the assay conditions. To observe the
infinence of lead, cadmium and zinc on enzyme
activity, salis were added to reactions at final
concentration of 300 pM. Phenyvimethyisulphonyi
fluoride (PMSF) was used at 2mM and 1,10-
phenanthroline was used at 5 mM. Reactions
were prepared in triplicate. The mean proteolytic
activity value of each group was composed from
the three values found in the triplicates. Data
are presented as means + 8D, and were analyzed
using ANGVA.

Zymography

Twelve-% polyacrylamide slab gels (16 cmx 14 om
x I cm} contatning 0.05% casein or 0.05% gelatin
were used. The stacking gel was polymerized using
a comb that resulted in one 0.8-cm wide lane to
which the molecular weight standard was applied,
and a 11.5-cm wide lane (continuous lane) to which
the ename! matrix sample was applied. Enamel
matrix was extracted for 30 min with SDS non-
reducing sample buffer (62.5mM Trns, 15%
glycerol, 1% SDS and 0.05% bromophenol blue,
pH 6.8), centrifuged and the supernatant was
applied to the gel. The continuous lane of the
gelatin-containing gel was loaded with 200 ug
of protein, whereas 100 pg of protein were applied
to the continuous lane of the caseln-containing
gel. Low-molecular-weight protein marker (20 ui)
(Amersham Pharmacia Biotech, Piscataway, NI,
USA) was applied to the separate lane on each gel.
The proteins were separated by electrophoresis
using a discontinuous buffer system (28) at 16 mA/
gel constant current at 4°C (running zymograms
at low temperature is imperative to avoid degrada-
tion of the substrate during the separation,
which results in a “smeary” appearance instead
of distinct bands). After electrophoresis, SDS was
removed by incubating gels for 1 h in two baths
of 2.5% Triton X-100. The continuocus lane of
each gel was cut into strips that were incubated
for 40 h at 37°C with shaking in 40-ml tubes.
Trs-CaCl; buffer (50 mM Tris-HCL, pH 7.2, contain-
ing, 10 mM CaCl,, and 1 guM ZnCly) was used for
incubation, and proteinase inhibitors or different
concentrations of metal salts were added to this
solution. After incubation, strips were stained for
4k with 0.05% Coomassie Brilliant Blue in



50% methanol and 5% acetic acid and destained
with 50% methano! and 10% acetic acid. These
procedures were performed three times on separate
oocasions.

inhibitor solutions

PMSF was used at 2 mM and 5 mM and 1.10-
phenanthroline was used at 3 mM. These inhibitors
were freshlv prepared as 200 mM and 300 mM
stock solutions in methanol, respectively. Methanol
was added to all other reactions to achieve the same
volume present in the inhibitor reactions.

Metal soiutions

The metal salts used were Pb(CH3CO4), 3H0,
CdC1,. 2 H,0 and ZaS0,7H,0. Metal concen-
trations in sclutions ranged from 110 pM to 3 mM,
Solutions were freshly prepared prior to the
beginning of each assay by dissolving the salts
in buffer {Tris-HC! 50 mM, pH 7.2}, It is worth
remembering that metal salts usually lower the pH
of solutions, thus care must be taken to avoid
interference with enzyme activity due to alterations
in selution pH.

Enamel protein degradation in vitro

Tn a further attempt to examine the degradation
of enamel proteins, an in vitro degradation assay
was carried out. Enamel matrix derived from 4 rats
was prepared as described in the first section of the
Material and methods section. After neutralization,
pellets were well homogenized by hand in a glass
homogenizer for 1-3 min in 1.0 ml ice-cold 5¢ mM
Trs-HCL, containing 10 mM CaCl,, 1 uM Zn(l,
and 1% Triton-X-100. Aliguots of 100 ul (30 ug of
protein) were used for each reaction, that also
contained 0.4 mM NaN; and the different metal
salts or inhibitors in a final volume of 115 pul
Proteolysis control reactions were incubated for
40 h and contained a cocktail of inhibitors (5 mM
PMSF, 5 mM phenanthroline, 12 mM EDTA).
Metal salts were added to reactions at 300 uM.
Incubations were made at 37°C with shaking for
20 h or 40 h. After incubation, samples were mixed
with 55 ul of a double strength reducing sample
buffer (125 mM Tris, 30% glycerol, 2% SDS,
80 mM dithiothreitol, and 0.1% bromophenol
blue, pH 6.8), and heated to 100°C for 5 min.
Samples were stored at —20°C until electrophoresis.
Sixty ul of each sample were applied to separate
lanes of a 15% polyacrylamide gel, which was run
and stained with Coomassie Brilliant Blue. Ten uf
of low molecular weight protein marker were used
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(Amersham Pharmacia Biotech). These procedires
were performed 3 fimes on separate occasions.

Results

Results of proteclysis In solution using 2 colori-
metric assav are shown in Fig. 1. Solutions contain-
ing Pb, Cd and Zn at 0.7 mM final concentrations
showed significantly lower proteolysis values than
controls {P<0.001, P<0.05 and P<0.01, respec-
tively). In addition, solutions contaiming 2 mM
PMSF or 5 mM phenanthroline exhibited proteo-
tysis values similar to those found in solutions
containing 0.3 mM Phb.

Results from zymograms using casein and gelatin
as substrate are shown in Figs 2 and 3. Controls
are seen in lanes 1 and 13 in both these figures. Less
imtemse negative bands were observed in strips
incubated with different concenirations of lead,

18
[ Control

. 0.3 mmol/i PR
FZz3 0.3 mamoli Cd
59 0.3 mmoll &n
B 2 mmol/| PMSF
[T 5 memol/| Phen,

41

S

Proteolysis {mUimg)

*P<GAQO‘} varsus conirol; 1 F<0.01 versus control; # P<0.05 versus
control. ANCVA followad by Tukey-Kramer multiple comparison test

Fig. 1. Total proteolytic activity of enamel matrix incubated
with Pb, Cd and Zn at 0.3 mM, PMSF at Z2mM and
phenanthroline at 5 mM. One unit (U) of peptidase activity
was defined as the amount of enzyme that increased the
absorbance by 1.0 per h. Data are reported as means and SD.
One way analysis of variance (ANOVA) revealed significant
differences when all groups were compared to control.

= 21.1

8 9 10 11 12 13 kDa Std

i 2 34 5 &6 7

Fig. 2. Strips of 12% polyacrylamide gel containing 0.05%
casein and the electrophoresed enamel extract were incubated
with different concentrations of Cd, Pb and Zn salts in assay
buffer {50 mM Tris-HCL, 10 mM CaCl,, 1 uM ZnCl,, pH 7.2)
for 40 h. 1 and 13 — Control, 2~ 0.33 mM (dCl, 3 - 1 M
CdCl,, 4 — 3mM CdCl, 5~ 0.11 mM Ph(CH,COy), 6 —~
0.33 mM PH{CH;CO,)y, 7 - 1M PR(CH;CO,),, 8 - 0.11 mM
ZnS04, %~ 0.33 mM ZnS0y, 10 ~ 1 mM ZnS0,, 11 — 2 mb/1
PMSF, 12 ~ 5 mM phenanthroline, Std - Low Molecular
Weight Protein Marker.
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123456 78 9 1011 12 13 kDa

Fig. 3. Strips of 12% polyacrylamide gel containing 0.05%
gelatin and the electrophboresed snamel extract were incubated
with different concentrations of Cd, Ph and Zn salls in assay
vuffer (56 mM Tris-HCI, 10 mM Call, 1 M Zall,, pH 7.2
for 40 h. 1 and 13 — Control, 2 - 0.11 mM CgCl;, 3-0.33 mM
CdACl, 4 - | mM CECl, 5 -~ 0.11 mM PH{CH.CO,),, 6 —
0.33 mM PL(CHACO;), 7~ 1 mM PH{CH;CO,),, 8 - 0.11 mM
7nsSO,, 9 - 0.33 mM ZnS0,, 10 - 1 mM ZnS0y, 11 - 2 mM
PMSF, 12 ~ 5 mM phenanthroline, Sid - Low Molecular
Weight Protein Marker.

cadmium and zinc. The inhibitory effect on proteo-
lytic activity was recognized as decreased brightness
of the bands, and is easily visualized by observing
the effect of PMSF and phenanthroline (Janes 11
and 12, respectively, Figs 2, 3). Judging by the
naked eye, the inhibitory effect was more remark-
able with 1 mM Zn {Fig. 2, lane 10, Fig 3, lane 10).
Furthermore, Zn appeared to exhibit a greater
effect on the inhibition of serine proteinases,
whereas all three metals seemed to affect metallo-
proteinases (considering MMPs the bands inhi-
bited by phenanthroline). The inhibition of proteases
by phenanthroline was not complete in Fig. 3,
strip 12. Some precipitated material was observed
in the Tos-CaCly buffer after addition of 1 mM
PH(CH:CO,),. However, we believe that the
inhibition of enzyme activity was not due to
precipitation of Ca, since it was present in large
excess. Besides, a significant inhibition of enzyme
activity occurred with the lower concentrations of
Pb, without the formation of precipitated material.
Some changes in band pattern and intensity were
observed in Fig. 3. These distortions, however, did
not interfere with the interpretation of results.
Metals and proteinase inhibitors seemed to inter-
fere with Coomassie staining of gelatin-containing
gels, causing some differences in staining intensity.
Small differences in band pattern between lanes 12
and 13 occurred due to uneven migration of bands
in the gel borders (smiling} during electrophoretic
running.

Degradation of enamel proteins in vitro showed
a distinct pattern of degradation after 20-h and
40-h incubation of enamel matrix homogenates
with Pb and Zn at 300 uM (Fig. 4). Enamel protein
degradation in homogenates containing 300 uM Cd
was similar to that found in control homogenates.
The proteclysis control, incubated with inhibitors,
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Ela Sid 1 2 3 4 13 7 8 2

Fig. 4. Polyacrylamide gel {13%) stained with Coomassie Bine.
Enamel matrix homogenates were taken from secrefory and
maturation stages and incubated in vitre for 20 b and 40 h at
37°C in budfer solutions containing Cd, Pb and Zn or protease-
inhibitors. Std — Low Molecular Weight Protein Marker, | -
Inhibitors cocktail/ 40 h, 2 — Controlf 20 h, 3 — Controlf 40 h,
4-03mM CdCly/ 20 1, 5 - 03 mM CdCL/ 40 h, 6~ 0.3 mM
Po{CHCOL)f 20k, 7 - 0.3 mM Pb(CH;CO,),/ 40k, B ~
0.3 mM Zn80,/ 20k, 9 - 0.3 uM Za30,/ 40 h.

indicates that enzymes present in the homogenates
were responsible for the degradation of the proteins
separated in the gel

Discussion

The results showed altered proteolysis in the
presence of Zn, Pb and Cd at ymolar levels under
the in vitre conditions tested. The use of three dif-
ferent methods to assess proteinase activity further
indicates the consistency of these results. We have
also tested CoCl,, AISQ4 AISO4+-NaF, SnCl,,
FeS0,, and NaF at 5 mM in solutions for the
zymography assay, since this was the most sensitive
method employed, but these salts produced no
inhibition of proteclysis (data not shown). NaF
results were of particular interest because of the
possible linkage of proteolysis inhibition with the
pathogenesis of fluorosis (26).

In the azocasein assay, 0.3 mM Pb produced a
decrease in proteolysis comparable to that obtained
by 2 mM PMSF and 5 mM phenanthroline. The
concentration of proteolytic inhibitors (PMSF
and phenanthroline) used was set according to the
results from zymographic assays. Initial concen-
tration of inhibitors used (0.5 mM) failed to inhibit
proteolytic bands present in zymograms, and only
at 5 mM phenanthroline produced a reproducible
inhibition pattern. These inhibitors are not stable in
agueous solutions over long periods, which might
account for the higher levels needed and for the
failure to inhibit metalloproteinases completely
(Fig. 3, strip 12}

Zymography results showed a more or less
proncunced inhibition of proteases by metals
depending on the substrate, a result also confirmed
when more zymograms were analyzed {but only the



result of one containing each substrate is pre-
sented). Whereas Zn produced the higher inhibition
with both substrates, Pb produced inhibitory
profiles comparable to Zn only when casein was
the substrate, and Cd hardly produced any inhibi-
tion, even at 3 M. Zn appeared to have 3 more
intense inhibitory effect on serine proteinases,
Finally, Zn and Pb were able to disturb the
degradation of the enamel matrix homogenates,
and, after 2 40-h incubation, more intense bands
corresponding to amelogenins were still seen.

The results from our different assays support
each other in a general sense. The apparent dis-
crepancy between the azocasein results (Pb causing
the highest inhibition) and the zymogram results
(Zn causing the highest inhibition) may be caused
by several factors. First, in the azocasein assay and
in the enamel homogenates, boih subsirate and
enzymes are in solution, whereas in zymography
substrates and enzymes are in different phases.
Second, not necessarily all proteases present in the
extract can be seen in zymograms (proteases
without affinity for the substrates used or cleaving
the substrate molecules in fragments too large to
diffuse out will not be detected) and, conversely,
not all proteolytic bands observed in the zymo-
grams will be active (or have the same activity) in
solution. Third, heavy metals are known to catalyze
the oxidation of proteins containing sulfhydryls in
the presence of oxygen; for this reason, buffers used
to extract tissues usually contain EDTA to chelate
contaminating metals (29). Histidines, and to 3
lesser extent other amino acids, have affinity for
metals, and this is the principle underlying the use
of metal chelating affinity columns to separate
proteins that have been modified by the addition of
a small sequence of histidines (30). Thus, the inhib-
itory effect on proteolysis showed here cannot
be credited solely to the interaction of metals with
the enzymes, since this effect can be caused by
interaction of metals with the substrates as well.

The banding pattern observed in our zymograms
closely matches the one found in casein zymograms
of porcine enamel matrix extracted with alkaline
buffer by Fuxae & Tanase (31). There are many
reasons why zymogram patterns exhibit a great
variation in the literature. The most obvious
reasons are animal species, matrix developmental
stage, incubation time, buffer composition, and
extraction procedure (we used a crude extract,
without long purification steps). When considering
extraction procedures, activation of proteinases,
specially metalloproteinases, might be caused by
pH fluctuations, denaturation, or cleavage by other
proteases present in the extract {32). We consider
that the many bands observed in our extract are the
higher molecular forms {some of them probably
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zymogens and active forms) and degradation prod-
ucts of proteolytic enzymes present in enamel. The
pH change due to the use of TCA and the use of
detergents might account for variations in band
pattern {33). The fact that we mixed the matrix

 from all stages can probably be responsible for

some increase in the number of bands and activity
due to degradation of higher molecular forms and/
or activation by cleavage of propeptides. This
reasoning is supported by the fact that the two
best characterized proteases present within enamel
matrix, enamelysin and EMSP-1, require the
removal of a propeptide for activation, and these
two proteases exhibit a distinet pattern of expres-
sion {34). Enamelysin is found in the earliest stage
of enamel formation (35, 36) while EMSP-1 is found
in the later stages (37, 38). Besides, although it
is genmerally accepted that metalloproteinases are
activated during separation in SDS-PAGE (34),
this is not necessarily true, since APMA activation
has been shown to be capable of further increasing
proteolytic activity (39). Furthermore, different
types of enamel protemmases may degrade (and/or
activate) themselves. Recent studies showed that
the 21 and 25 kDa forms of a bovine enamel matrix
metalloproteinase represent twoe forms of the
catalytic domain of enamelysin (40), and further
evidence of autocatalytic degradation is provided
by studies on the recombinant enamelysin, whose
higher molecular form is purified together with its
degradation products (35, 41, 42).

Buffer composition might be another cause for
different results. We used incubation for a pro-
longed time (40 h} in a buffer considered adequate
for optimal metalloproteinase activity (50 mM
Tris-HCI, containing 10 mM CaCly, 1 uM ZnCly),
since this group of enzymes was shown o be
present as many bands using inhibitors. Although
the reported optimal pH of EMSP-1 is 5.7 (34), the
serine proteinase with the apparent molecular
weight of EMSP-1 was still active in our zymo-
grams. The use of lower concentrations of Ca’™ is
a matter of dispute in some recent papers (43, 44),
and it may be responsible for many of the
discrepancies in zymogram results. In this respect,
we think that in vitro conditions must be optimized
to detect any possible proteolytic activity. The use
of 1 uM Zn is not always reported, since this
concentration is sometimes achieved by small
contarmmination, but the absolute lack of Zn in
solutions for in vitro incubation might have a
negative effect when one is looking for all possible
proteolytic bands.

Several enzymes involved in the metabolism of
extracelhular matrix components have earlier been
shown to be inhibited by metal ions. Cu and Cd
ions were shown to inhibit 530% of the activity of
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procollagen C- and N-proteinases, respectively,
in concentrations as low as 14 uM and 40 uM,
whereas much higher concentrations of these ions
were needed to inhibit the crude extract containing
the enzymes (19). Galactosylhydroxylysyl glucosyl-
transferase is inhibued Zn, Cu, Cd, and Ni in
concentrations from 50 to 250 uM (20). Gelatinases
A and B were shown to be inhibited by Zn and
Cu in concenirations around 100 uM (21). The
mechanism of enzyme inactivation by excess metal
has been associated with conformational changes
that inactivate the catalytic function of enzymes,
and such inhibition could be very important to
regulatory and/or toxicological processes of zinc
enzymes (45).

Heavy metals compete with calcium for specific
binding sites {46). In the mmcubation solutions used
in this study, Ca was maintained in far excess in all
solutions (10 md), but it is difficult to estimate the
actual heavy metal activities as well as the actuai Ca
concentration. Since the metals used interact with
biclogical systems, even atomic absorption spectro-
metry readings of the solutions would not indicate
the true values of free ions. Thus, we decided to
work with the most usual method: to add soluble
salts to the experimental solutions, and report the
total metal ion concentration that produced a given
effect (47},

Interestingly, Zn and Pb are elements described
to be present in mature human enamel in the
highest concentrations among trace elements (ppm
levels), only comparable to the levels recovered for
fluoride and strontium (48). Zinc concentrations
have been reported varying from around 115 ug/g
in whole enamel (49} to around 1000 ug/g in the
enamel surface (50). Lead concentrations vary from
around 2 ug/g in whole enamel (49) to around
270 ug/g n the enamel surface (51). Reports often
reveal conflicting data due to the analytical
technique used, type and surface of the tooth, and
geographic place of sampling (51). It is very difficult
at this time to make any extrapolation to the
conditions present in the forming enamel, but 2
concerted synergistic effect of several different
metals must not be forgotten.

According to the results presented here, an
alternative perspective can be surmised. The pres-
ence of heavy metals in enamel matrix could impair
amelogenesis due to alteration in normal proteo-
lysis. Distinct patterns of proteinases expression
have been reported, enamelysin being expressed in
the earliest {35, 36) and EMSP-1 in the latest stages
of enamel formation (37, 38). Since bands having
the electrophoretic profile of these proteinases were
inhibited by the metals used in this study, it is likely
that these metals can interfere in both secretory and
maturation stages of enamel development. There
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are few works that investigated the formation of
dental tissues in the presence of metals. BISENMANN
& Yarcer (52) used 134 different salis to inject
approximately 500 rats and analyzed dentin and
enamel of incisors by microradiography after | wk.
They showed that many ions have the ability to
interfere with dentin and enamel formation, but
| wi is a too short a time period 1o make any valid
statements for enamel. APPLETON (53) described
a “lead ling” in dentin after a single intravenous
injection of lead acetate, but again animals were
sacrificed 1 wk after injection. Mgercano & Bisay
{54} added various trace elements to the drnking
water of rats during 50 d and showed that changes
in incisor pigmentation was produced by 5 ppm of
Cd, 25 ppm of Cr, 575 ppm of F, 50 ppm of Srand
50 ppm of Y. These authors did not test Ph and Zn.

In this report the inhibitory effect of zinc, lead
and cadmium on the activity of enamel proteinases
was demonstrated in vitro. More studies on amelo-
genesis in animals exposed to metals are necessary
and more sensitive methods of assessing alterations
in enamel are recommended. Furthermore, avail-
ability of purified and characterized enamel protein-
ases will make it possible to study the interaction of
metals with these enzymes in better detail. Finally,
determination of trace amounts of metals present in
the enamel fluid is imperative to elucidate the
impact of these results on amelogenesis.
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Os resuitados destes estudos permitem concluir que:

1.

FlGor nao apresenta um efeito inibitdric in vitro na atividade de proteases preseries
na matriz do esmalte dental segundo os métodos utilizados nestes estudos,

Entre os metais testados, chumbo, cddmio e zinco apresentaram um efeito
inibitdrio in vifro na atividade de proteases presentes na matriz do esmalte em
concentragoes préximas de 100 uM.

Nos ensaios enziméaticos com o substraio azocaseina, chumbo foi o metal que
apresentou o maior efeito inibitdrio, comparavel aos inibidores enziméticos
comerciais utilizados.

Os ensaios in vitre ulilizando um extrato bruto de matriz do esmalte sdo
importantes para confirmar possibilidades sugeridas como  mecanismos
patogénicos de defeitos do esmalte, e merecem atencdo antes que estas

possibilidades sejam aceitas pela comunidade cientifica.
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Abstract

The effecis of the exposure fo lead on the eruption rates of continuously erupting rat
incisors under normo-, hyper- and hypofunctional conditions were investigated. Left lower
incisors of 20 rats were rendered unimpeded (hypofunctional) by cutting them out of
occlusion every two days, whereas the night lower incisors of these rals were considersd
hyperfunctional. Measurments on normally growing teeth (normofunctional) were carried
out in a group of 10 rats whose feeth were not cut, but only marked every two days. On
gday 7 of the expenment, half of the rals from these two groups were given a single
intraperitoneal injection of lead acetate (40 mg/kg), whereas the other half received
sodium acetate (22 mg/kg). Ancther group of 15 rats was used to obtain blood samples
for blood lead determination after th, 10, 20, and 30d of lead administration. Animals were
sacrificed on day 32. Hypofunctional incisors from lead-treated rats erupted more slowly
than control ones {p<0.08). These results show a previously unreported toxic effect of

heavy metals.

Kewwords: Eruption; Lead; Metals; Incisor; Rat.

1. infroduction

Environmental lead exposure is considerad a major public health issue in many countries
due io the detrimental effect of lead on the intelligence of children (Cicuttini et al., 1994).
An association between exposure fo lead and higher caries scores was shown by many
researchers (Curzon and Bibby, 1970; Tvinnereim et al, 1997; Watson et al., 1997).

Curzon and Bibby (1870) reported some evidence of delayed iooth eruption in a heavy
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metal contaminated area. Pearl and Roland (1980) described a case of congenitai lead
poisoning in which primary dentition was severely delayed.

The continuously enupling incisors of rats are often used to study tooth sruption. This
model is parlicularly suited to studies on eruption because the eruplion rate of the incisors
can be increased by imming teeth out of occlusion {(see Moxham and Berkovitz, 1986 for
a review). This experimental model offers conditions in which slight alierations in the
eruption rate can be detected, and substances thought o interfere with tooth eruption
have been fested using this model (e.g. Berkovitz, 1872; Chiba et al, 1980; Bum-
Murdoch, 1990}

The purpose of the present siudy was o determine the effecls of iead on the eruption
rates of continuousiy erupting rat incisors under hyper-, hype- and normofunctional
conditions. Our working hypothesis was that lead-protein interactions could affect protein
turnover, which is very high in the periodontal ligament (Sodek, 1977) and is thought {0 be

increased in unimpeded eruption {Beersten and Everts, 1877; Rippin, 1878).

2. Materials and Methods

2.1. Animals

45 maie Wistar rats (starting weight = 175 g) were acquired from CEMIB-UNICAMP, and
were randomly assigned to 3 groups. In one group of rats (n=10), the teeth were
maintained under normofunclional conditions and every two days the lower incisors were
only marked and measured in order to keep a record of normally growing incisors.
Another group of 20 rats had their left lower incisors sectioned at the level of the gingival
papilla every other day o keep them out of occlusal contact. Thus, the left lower incisors

weare considpred unimpeded or hypofunctional. It is considered that the right lower incisors
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that are siill in occlusion (impeded) become hyperfuncional by this procedure (Steigman et

al., 1988). The last group of 15 rats was used only for blood lead determination after 1h,

10, 20 and 30d of lead administration.

2.2. Eruption rate measurements

A calibrated gnd in a microscope eyepiece was used for measurements at 10X
magnification. A frained examiner unaware of the group 1o which each animal belonged
measured the distances. Normal, impeded (hyperfunctional) and unimpeded
{hypofunctional) eruption rates of the lower incisors were measured every two days at the
same time by recording the distance from the gingival margins to: 1- landmarks made on
both incisors of rats from the normofunctional group; Z- landmarks made on the left
incisors (impeded teeth), 3- the trimmed edge on right incisors (unimpeded}. The
reference marks and the occlusal edge of right incisors were made with a diamond high-
speed rotating instrument after each measurement. For all procedures the animals were
lightly anaesthetized with ether. The weight of each animal was recorded every two days.
Rats were housed in groups of five, provided with food (Purina pellets) and tap water ad
fibiturn. Animals were sacrificed after 32 days of experiment.

2.3.Lead administration

{.ead acetate (40 mg/kg) and sodium acetate (22 mg/kg) were intraperitoneally injected on
day 7. Five rats from the normofunctional group and 10 rats from the hyper
/ypofunciional groups received lead acetate, whereas the conirol animals received
sodium acetate. Three animals assigned o the group of blood lead determination
received scdium acetate, and the remaining 12 animals received lead acetate.

2.4. Blood lead determination

Three animals that received lead aceiate and the 3 animals that received sodium acetale
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were killed under ether anesthesia 1 h after the injections {day 0). One mi heparinized
blood was collected. The remaining animals injected with lead acetate were sacrificed in
groups of three animails on days 10, 20, and 30 for blood collection. Lead was determined
by atomic absorption spectroscopy (Zeeman Atomic Absorption Spectrometer, Perkin
Eimer, Model 4100 ZL, eguipped with a graphite fumace) according to the method
described by Parsons and Slavin {1893).

2.5. Statistical analysis

Averages of the measures oblained every two days were calculated for 2ach group both
for eruption rate and weight gain. Differences in eruplion raies and weight gain were
analyzed by paired ttests. Comparisons were made between lead-treated and control for
the same functional state (normo-, hypo-, or hyperfunctional) for each time interval. To
evaluate differences in weight gain, paired #ests were used. The sample size in the
current study was sufficient to detect differences in eruption rates between confrols and

lead treated groups at a significance level of 0.05 with the power of 70%-80%.

3. Resuits

Rendering teeth unimpeded doubled the eruption rate of incisors prior to administration of
lead acetate. After exposure fo iead, no alterations in eruption rates of rat incisors were
ohserved under normo- or hyperfunctiona!l conditions. However, reduced eruption rates
were recorded at various time periods (day 8, 14, 18, 22, 24 and 28) under hypofunctional
conditions (p <0.05) (Fig. 1).

The growth of ali animals was followed throughout the 32-day duration of the experiment
by weighing each animal every other day and recording the data. A single intraperitoneal

injection of lead acetate {40 mg/kg) did not affect weight gain, an important parameter
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used to assess possible systemic toxicity that could interfere with eruption.

Figure 2 shows the mean lead levels {yg/dl) In the blood of animals at diferent imes after
exposure, In the rais killed immediately after injection of lead acetate, the blood lead
ievels were highest and a steady decrease in blood lead was verified uniil the end of the

experiment Lead was not detectad in the blood from control animals.

4. Discussion

Eruptive mechanisms are not yet fully understood, and it is currently accepted that
eruption is a multifacionial process in which cause and effect are difficult fo separate (Ten
Cate, 1998). As stated by Moxham and Berkovitz {1995}, a change in eruption may be
due fo a change in the eruplive force, to a change in the resistance o eruption, to 2
change in the remodeling characteristics of the supportive tissues, or indeed to more than
one of these factors. Experimental alteration of the eruption rate of the rat incisor provides
a useful model o test the effect of chemicals on dental eruption. Since Bryer {1957) stated
that only unimpeded (hypofunctional) teeth expressed the full eruptive movement,
erupting 2 10 3 times faster than impeded teeth, most of the experiments carried out to
study the effects of diverse substances on eruption were done using unimpeded
continuously growing teeth of rodents and lagomorphs.

QOur resuits showed decreased eruption rates of incisors from Pb-treated rats when
compared to control animals under hypofunctional conditions. The reason why only the
eruption rate of hypofunctional rat incisors was affected by lead exposure is not clear, but
some considerations are noteworthy.

The partial or totali removal of occlusal forces does not only affect the eruption rate of

{eeth, but alse the formation of dental and periodonial tissues (Steigman et al., 1989),
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indicating alterations in protein metabolism, cell secretion and proliferation (Michaeli et al.,
1988), which may be directly or indirecily reiated fo the eruptive process. i has been
demonstrated before that different chemicals induce diverse responses in eruption rates,
and that the effect on impeded or unimpeded eruption rates seems fo be so far
unpredictable. Lathyrogens were shown to affect only impeded rates {Samat and Sciaky,
1965; Berkovitz et al., 1972), whereas cyclophosphamide has been reported 1o delay only
unimpeded eruption {Adatia and Berkovitz, 1981; Bum-Murdoch, 1990). Viamin C-
deficient diets have been reported to affect eruption rates of both impeded and unimpeded
teeth (Berkovilz, 1874). The selective effect of cytotoxic agents (cyclophosphamide is one
example) on unimpeded rates over impeded rates suggests that hypofunctional teeth
have increased cell proliferation rates. Bum-Murdoch (1920) made important
considerations about why cyclophosphamide affects only unimpeded eruption: a maximal
speed {as in unimpeded eruption) must be achieved for the effects of this drug to be
detected.

The primary site of lead accumulation is the bone, and this fissue is not a mere
physiological sink; on the contrary, lead is mobilized in response to normal and
pathological changes in bone metabolism (Schirrmacher et al., 1988). Thus, the alveolar
bone and iis possible alterations in unimpeded eruption must be borne in mind. Hass et al.
{1967) described the inhibition of bone matrix synthesis in experimental animals during
chronic ingestion of inorganic lead. Observations on the harvesian system after chronic
iow level lead intoxication in dogs suggested decreased bone formation rates at the
cellular, tissue and organ levels of bone formation {Anderson and Danyichuk, 1977).
Recently, many interactions have been described at the ceilular level between lead and

osteoblasts {(Schimrmacher et al., 1998), and some of them could have 3 special bearing
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on the retarded eruption described here. It has been shown that Pb perturbed epidermal
growth factor (EGF) modulation of intraceliular calcium metabolism and collagen synthesis
in rat ostecblasiic celis (Long ardd Rosen, 19920

Lead is a cyiotoxic agent (Goering, 1993} We have no data on cytotoxicily of lead o
pericdontal ligament cells. However, lead was shown to have no effect on ameloblasts
(Pasetic et al., 1898}, and ameloblasts are cells that are particularly sensitive {© changes
in their environment due to their unigue features (Eisenmann, 1998). Thus, it is
conceivable that the effects of lead on unimpeded {eeth presented in the present study
might not be related to the cytoloxic effects on cells detectable at the ulirastruciural level.
On the other hand, one must consider that the hazardous effects of lead on the organism
may not depend solely on its cyiotoxicity, but also on its interaction with proteins and
enzymes of the extraceliular matrix as well.

The tooth is embedded in a collagen-rich extracellular matrix. Thus, eruption movements
are necessarily accompanied by extraceliular matrix remodeling, although the intensity of
remodeling of each matrix component (collagens, proteogiycans and non-collagenous
proteins) are stili a matter of debate (Van den Bos and Tonino, 1984; Kirkham et al,
1993). Studies on collagen metabolism have pointed to increased collagen turmnover in the
periodontal ligament of unopposed rat molars (Rippin, 1978; Kanoza et al., 1980) and in
unimpeded mouse incisors (Beertsen and Everts, 1977).

A growing bedy of evidence indicates that enzymes shown to participate in the remodeling
of the extracellular matrix are inhibited in vifro by many metals and, interestingly, current
concepts on footh eruption also highlight the fact that, regardiess of the actual mechanism
underlying tooth eruption, matrix proteases seem {o play a maijor role in this process

(Gorski et al., 1988). MMP-1 and MMP-3 were detected by immunobiotling in extracts
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from canine dental follicles (Gorski and Marks, 1992). MMP-1 was detected by in situ
hybridization in rat root resorbing tissue induced by tooth movement (Domon et al, 1998).
in addition, it has been proposed that degeneration of the enamel organ provides a timed
stimulus for the onset of prefunctional tooth eruption and that this stimulus could be
related to the activity of proteolviic enzymes released from the degenerating enamel
orgary {Gorski and Marks, 1992). Another possible role of MMPs in eruption concemns
EGF, a molecule associated with the control of eruption (Thesleff, 1987). Protease action
is required to liberate biclogically active EGF from membrane-bound precursor (Gorski
and Marks, 1982).

Several enzymes involved in the metabolism of extracellular matrix components were
shown to be inhibited by excess metal ions &> 5 gmoifl). Cu and Cd ions were shown (o
inhibit procollagen C- and N-proteinases, respectively {(Hojima et al, 199%94).
Galactosylhydroxylysylgiucosyl-transferase, an intracelivlar enzyme of collagen
biosynthesis, is inhibited by excess Zn, Cu, Cd, Ni and Ca (Myillyla et al., 1979).
Neutrophil collagenase was shown to be inhibited by Au(l), Cd(ll), Cu(ll) and Zn(l) (Mallya
and Van Wart, 1989), whereas gelatinases A and B were shown to be inhibited by Zn and
Cu (Scuza et al, 1999). A survey of the effect of several meta! ions on the activity of
carboxypeptidase A revealed that only Pb(ll} inhibited this enzyme with a potency
comparable to that of Zn(ll) {Larsen and Auld, 1991). The mechanism of enzyme
inactivation by excess metal has been associated with conformational changes that
inactivate the catalytic function of enzymes, and this inhibition couid be very important to
regulatory and/or toxicological processes of zinc enzymes (Auld, 1995).

These results may be of great importance in view of the possible effects of the lifetime

chronic accumulation of lead on the denial structures Furthermore, the use of the
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unimpeded rat incisor 1o study eruption rates in metal-exposed animais may make an

additional contribution {0 our understanding of eruption in contaminated areas.
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Figure Legends

Fig.1. Eruption rates of rat lower incisors under normo- {upper graph), hypo- {middie
graph} and hyperfunctional conditions (lower graph). Data are reporied as mean £ 8D A
single dose of lead acelate was administered on day 7 {arrow) {0 the experimental group

{®), while the controis (O) received an equivalent dose of sodium acetate. * p<0.05 versus

control.

Fig.2. Blood lead disappearance curve in rals given a single intraperitoneal injection of 40
mg/kg body wt of lead acetate trihydrate. Each point is mean £+ SE of samples taken

from 3 rais.
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Lista de Abreviactes:

APMA: (4-aminophenyl) mercuric acetate, um poterde afivador de MMPs

EDTA: acido elileno-diamino-etraacético

EMSP-1: Serino-protease do esmalte (ndmero) 1

kDa: 1000 daltons

MMP-20: metsloproieinase 20

NEM: N-ethyl-maleimide, inibidor de cysteina-proteinases

PMBEF: phenyimethylsuiphonyifluoride, inibidor de serina-proteinases

SDS-PAGE: eletroforese em gel de poliacrilamida com SDS {dodecii-sulfato de sodio)
TCA; acide triclorsacéiico

83



V2
2~
;” UNIVERSIDADE ESTADUAL DE CAMPINAS

LINIC A ME FACULDADE DE ODONTOLOGIA DE PIRACICABA

V2,

PIRACICABA, 207772000
Europearn Journcl of Oral Sciences

Professor Anders Linde, Editor

Faculty of Odontology

Géteborg University

Box 451

$-4-5 30 Gbteborg, SWEDEN

FAX: +48-31-418122

e-mail: oral sciences@odontologi.gu.se

SUBJECT: ERRATUM

Dear Dr. Linde;

Unfortunately there is a mistake in one of the legends of the article “Fluoride effect on
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Fig. 4. Polyacrylamide gel (15%) stained with Coomassie biue. Enamel matrix
homogenates taken from secretory and maturation stages and incubated in
vitro from 0-48 h at 37°C in 50 mM Tris/1 mM CaCl,, pH 7.2, containing 10
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