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[ . INTRODUCTION

Early inflamed dental pulp contains various micro-
bial antigens. The cells of these lesions respond to
bacterial lipopolysaccharides (LPSs) and they are
capable of producing various inflammatory cytokines.
Inflammatory cytokines may in turn initiate and
augment inflammatory processes in pulpal lesions.
Localized accumulation of bacterial components in
the pulp could stimulate macrophages/monocytes
present in the area to produce cytokines. The secret-
ed cytokines in turn could inhibit the differentiation
of the pulp cells into odontoblasts and stimulate the
pulp cells to produce matrix-degrading enzymes. This
would directly affect the host s ability to synthesize
reparative dentin, which would otherwise decrease
the likelihood that the carious lesion would reach the
pulp tissue and cause an acute pulpitis®.

Degeneration of matrix proteins is thought to occur
in pulpal inflammation. And matrix turnover requires
the activity of many different endopeptidases acting
on variety of compositionally distinct proteins.
Consequently, it is not surprising that over the past
decades numerous proteinases of distinct gene fami-
lies have been characterized”. The spatially and tem-
porally removal and remodeling of connective tissue
are critical to several developmental homeostatic and
reparative process.

The proteolytic enzymes are indispensable for the
degradation of extracellular matrix and can be subdi-
vided into three classes on the basis of their action
on target molecules: 1) serine proteinase 2) cysteine
proteinase 3) matrix metalloproteinase (MMP).
Serine proteinases include plasminogen activators
(PAs), leukocyte elastase, and cathepsin G*. In
pulps and periapical lesions the mechanisms of the
activation of serine proteinase were well known
whereas the other proteinases have not been fully
understood.

Matrix metalloproteinases (MMPs) are an impor-
tant group of zinc enzymes responsible for degrada-
tion of the extracellular matrix components, such as
collagen and proteoglycans. The MMPs are a family
of zinc-dependent proteinases. They are secreted or
released by host cells(ie, PMN, macrophage, bone
cell, fibroblast) as proenzymes and require proteolytic
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cleavage to become activated. There are multiple
members of the family, including interstitial collage-
nase (MMP-1), neutrophil collagenase (MMP-8),
Stromelysin-1 (MMP-3), Stromelysin-2 (MMP-10),
Gelatinase A (MMP-2) and Gelatinase B (MMP-9).
Recently membrane-type MMPs have been identi-
filed. The extracelluar matrix substrates of MMP-1
and MMP-8 are collagen type [, I, I, VI, X and
gelatin. MMP-8 is mainly expressed by PMN leuko-
cytes whereas the highly homolougous MMP-1 is
expressed by fibroblast, keratinocyte, endothelial cell,
monocyte/macrophage, osteoblast, chondrocyte™'®.
About MMP-2 and MMP-9, their substrates are
gelatin, collagen type IV, V, VI, X, denatured colla-
gen, elastin and fibronectin. MMP-2 is perhaps the
most widely distributed of all MMPs and has been
identified in fibroblast, keratinocyte, endothelial cell,
monocyte/macrophage, osteoblast and chondrocyte®.
MMP-9 is produced by PMN leukocyte, keratinocyte
and monocyte/macrophage and occasionally by
fibroblast®. The substrates of MMP-3 and MMP-10
are proteoglycan core protein, fibronectin, laminin,
collagen type IV, V, I, X**®. MMP-3 is expressed by
stromal cells either constitutively or after induction
by growth factors/cytokines or phorbol esters®.
MMP-10 is less abundant and does not appear to
respond to growth factors.

In recent years MMPs have gained considerable
attention in many studies. A role for collagenase on
mediating collagen degradation in periodontal dis-
eases has been recognized for more than three
decades. Many researchers have been demonstrated
that collagenolytic activity in gingival crevicular fluid
might increase with the severity of clinical inflamma-
6162 - And Meikle et al. proposed that a major
cause of tissue resorption in periodontal disease is
the interaction between bacterial antigens and
inflammatory cells leading to the production of
cytokines®™. However, its production and regulation
in pulpal lesion has not been elucidated. Several
studies demonstrated the possibilities of involvement
of MMPs in pulpal and periapical pathoses. In 1998
O boskey and Panagakos proposed that cytokines
stimulate the production of elevated levels of MMP-2
and MMP-9 by human pulp cells in long-term cul-
ture and that these MMPs may play a role in pulpal
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inflammation®. Tjaberhane et al suggested that host

MMPs are activated by bacterial acids and have a
crucial role in the destruction of dentin by caries®.
And Lee et al demonstrated that TGF-8 and MMP-1
might be involved in tissue remodeling and have an
important role in progress or mediation of periapical
lesions'.

There are several possibilities for the functional role
of MMPs in dental tissues. Prior to mineralization
the components of organic matrix of dentin are
secreted and the matrix is processed and organized
in predentin. Another possible role for MMPs in
dentin may be the regulation of peritubular dentin
formation. Also during the caries progression MMPs
may be required for the degradation of the matrix
demineralized beyond the possibility for reminerlaiza-
tion. Finally MMPs of the dentin-pulp complex may
be needed for the remodeling of pulpal connective tis—
sue® .

Dental pulp tissue is a connective tissue and is
composed of resident cells, including fibroblast-like
pulpal cells and vascular endothelial cells and extra-
cellular matrix components such as collagens and
proteoglycans. The extracellular matrices of the pulp
are the same as those of other connective tissues. In
dental pulp major extracellular matrix proteins are
type 1 and Il collagens. And the intercellular spaces
contain a fine network of reticular fibers, which may
become transformed into collagen. High levels of type
[l collagen may in part be a reflection of the vascu-
larity of the tissue'”.

Microfibrils are ubiquitous connective tissue ele-
ments: some of these small diameter fibrils are spe-
cific matrix components- fibronectin, proteoglycans
and collagens. But little information is available con-
cerning the glycoproteins in dental pulp apart from
fibronectin®.

We hypothesized that MMP-1 might have more
significant roles in pulpal and periapical tissue
destruction than other MMPs because the extracellu-
lar matrices of dental pulp and periapical lesion are
mainly type [and II collgens. The detection of
MMP-2 was performed because the denatured colla-
gen and fibronectin are the substrates of MMP-2.
MMP-3 is known to digest various components of
extracellular matrix, and the detection of MMP-3
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was also included. »

The purpose of this study was to detect the tissue
levels of MMP-1, MMP-2, MMP-3 and their distrib-
ution in inflamed dental pulps and periapical lesions.

I. MATERIALS & METHODS
1. Tissue Samples

Pulps and periapical tissues were obtained from
pulps by routine endodontic treatment and periapical
lesions by periapical surgery at the Department of
Conservative Dentistry in Seoul National University
Dental Hospital between March 1st, 1999 and June
30th, 1999. 12 acute inflamed pulps, 12 chronic
inflamed pulps, 10 periapical tissues and 10 normal
pulps as control were examined. Before pulp extirpa-
tion clinical diagnoses were performed. The tests for
clinical diagnoses were as follows:~cold test, hot test,
electric pulp test, pain history taking including pain
duration and severity, periodontal pocket probing,
and percussion test.

Samples were subjected to enzyme-linked
immunosorbent assay (ELISA) and/ or immunohisto-
chemistry using specific antibodies to MMP-1, MMP-
2 and MMP-3. They were then each divided into two
parts when the sample was a sufficient amount: One
part was cryosectioned, stained with hematoxylin
and eosin, and processed for immunchistochemistry.
The other one was snap-frozen in liquid N2 and used
for protein estimation and ELISA.

In the case that the volume of the sample was too
small to be divided, it was used only for ELISA.

2. Histological Study and Immunohistochemistry

Specimens were embedded in OCT compound
(Miles INC, Elkart, Indiana, USA) within 30 min-
utes after sampling procedure and 5um frozen-sec-
tions taken. For histological study the sections were
stained with hematoxylin and eosin (H & E). And
for immunohistochemisry they were fixed in 99.9%
acetone for 10 minutes and incubated in Tris-buffer
saline (TBS, pH 7.2-7.4) for 10 minutes.

Sections were incubated for 12 hours in 4C moist
chamber with the primary antibody, which was dilut~

193



LHaHx| I Z=5F3]X] Vol 26, No. 3 2001

ed 1:200 with Antibody Diluents (DAKO,
Copenhagen, Denmark). Antibodies used in this
study were mouse monoclonal antibodies to MMP-1
{(clone41-1E5, Calbiochem, San Diego, California,
USA), MMP-2 (clone 42-5D11, Calbiochem, San
Diego, California, USA) and MMP-3 (clone55-2A4,
Calbiochem, San Diego, California, USA).

The negative control immunohistochemical proce-
dures involved omission of the primary antibody from
the staining protocol. They were treated with a
reagent based on streptoavidin-biotin complex/ alka-
line phosphatase method. (LASB [ kit, DAKO,
Copenhagen, Denmark).

The immunchistochemical reactions were developed
in freshly prepared fast red (DAKO, Copenhagen,
Denmark) to produce a red color at the sites of reac-
tivity. The specimens counterstained with hema-
toxylin (DAKO, Copenhagen, Denmark) for 20 sec-
onds and mounted in soluble medium and examined
using a light microscope (x40, 100, 200, 400).

3. Protein estimation and ELISA

Collected samples were homogenized in 20044 of 50
mM Tris buffered saline(50mmol/ ! Tris/HCI, pH 7.5,
100mM NaCl) placed in crushed ice to maintain the
temperature below 4. The homogenized sample
was then centrifuged at 15,000g for 10 minutes, and
the supernatant diluted 10 fold with the protein con-
tent was measured against bovine serum albumin
using BCA protein assay reagent(Pierce, Rockford,
llinois, USA). Protein was diluted to 50ug/m! for the
test.

The Amersham Biotrak MMP-1, MMP-2 and
MMP-3 human ELISA system were used to deter-
mine of MMP-1, MMP-2, MMP-3 concentrations in
the supernatants according to the manufacturers
instructions.

The purified precursor form of human MMP-1, -2, -
3 provided in the ELISA kit were used for standard-
ization purposes. A microplate reader was used to
measure the absorbance at 450nm. The MMP con-
centration of each sample was calibrated according
versus a standard prepared by measuring a known
concentration of MMP.
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4. Statistical Analysis

Results from ELISA were analyzed using the
Mann-Whitney rank sum test and presented as P
values. Values less than .05 were considered to be
significant.

. RESULTS
1. Histological study

The figures 1~3 show the histological appearances
of acute pulpitis, chronic pulpitis and periapical
lesion. In acute pulpitis, the main cells were chronic
inflammatory cells whereas PMNs were infiltrated
slightly (Fig. 1). In the case of chronic pulpitis due to
previous pulpal exposure, inflammatory cells were
present in the coronal pulp, but no pathologic change
was detected in the radicular portion (Fig. 2).

There were many differences among samples of
periapical lesions. 2 samples were diagnosed as peri-
apical abscesses-pus formation and inflammatory cell
infiltration. The majority of cases in the periapical
lesion group involved periapical granulomas contain-
ing lymphocytes and occasionally plasma cells(Fig.
3). Fibrosis as healing process was also detected.

2. Immunohistochemistry

Immunoreactivity to MMP-1, -2, -3 was evaluated
on frozen sections of 2 normal pulps, 8 acute pulpitis,
5 chronic pulpitis and 7 periapical lesions(Fig. 4~6).

The MMP-1 and MMP-3 localized predominantly in
the infiltrating PMNs and macrophages of acute pul-
pitis whereas the chronic inflammatory cells of acute
pulpitis and chronic pulpitis were stained weakly.
Immunoreactivity of MMP-1 and MMP-3 were
stronger and more frequent than that of MMP-2.
which was weakly expressed in the inflammatory
cells and fibroblasts of all experimental groups.

Immunoreactivity to MMP-1, MMP-2, and MMP-3
of periapical lesion group was expressed in chronic
inflammatory cells-plasma cells, lymphocytes, and
macrophages. And Immunoreactivity in the periapical
lesion with inflammatory cell infiltration showed dif-
ferent expression to that in periapical lesions without
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Fig. 2. Chronic pulpitis (H&E, coronal portion x200).

Fig. 3. Periapical lesion (H&E, x200). Fig. 4. Immunoreactivity of acute inflamed pulp to
MMP-1 (MMP-1, x200).

Fig. 5. Immunoreactivity of acute inflamed pulp to Fig. 6. Immunoreactivity of chronic inflamed pulp to
MMP-3 (MMP-3, x100). MMP-1 (MMP-1, x200).

inflammatory cell infiltration. There was little 3. ELISA

immunoreactivity in the specimen showing fibrotic

change during healing process. The data from ELISA were as follows(Table 1, 2).

The concentrations of MMP-1 in all experimental
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Table 2. Mean concentration of each MMP-1,
MMP-2, and MMP-3 AP : acute pulpitis, CP :
chronic pulpitis, PL : periapical lesion
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groups were significantly higher than in the control
group (p<0.05), and the concentration of MMP-1 in
the acute pulpitis group was higher than that of
other groups (p<0.05}. The concentration of MMP-1
in the periapical lesion group was somewhat higher
than that in chronic pulpitis, but the difference
between these groups was not statistically significant
(p0.05).

MMP-2 was significantly higher in the acute pulpi-
tis group than in the control. The levels of MMP-3
were significantly higher in the acute pulpitis and
periapical lesion groups than in the control (p<0.05).

V. DISCUSSION

In this study pulps were divided into 3 groups by
clinical diagnoses: acute pulpitis, chronic pulpitis,
and normal pulp. In histopathological aspect, pulpal
inflammation is not static nor does it progress in an
orderly way from one stage to another. Various phas-
es of acute and chronic inflammation may be mixed
together. In addition, acute inflammation in the pulp
can become chronic: conversely chronic inflamma-
tions may on occasion become acute. Therefore tissue
sections both acute and chronic pulpitis may be
found at the same time*® . Actually pulpal inflam-
mation is not a simple pathway. So many factors are
involved in pulpal pathosis.

In our present study clinical diagnosis did not
always correlate to histologic appearance. Most cases
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Table 1. Mean concentration of each MMP-1, MMP-
2, and MMP-3

Mean Con.+SD(ng/mg protein}

Group

MMP-1 MMP-2 MMP-3
Control
12044584  222+204  108.6+71.6
(n=10)
Acute Pulpitis
713242738 81.4+426 1072.01734.0
n=12)
Chronic Pulpitis
386.6+153.2 4541404  308.0+276.6
(n=12)
Periapical Lesion
(n=10) 388211410 476%26.2 648.2+£604.2
n=

of acute pulpitis showed chronic inflammatory cell
infiltration. In several cases no pathologic change
was observed in the cases diagnosed as chronic pul-
pitis. '

In terms of the criteria of clinical diagnoses subjec-
tive symptoms (i. e., pain) were thought to be the
most reliable parameters. Mitchell and Tarplee sug-
gested that severity and duration of pain appear to
be partially related to the status of the pulp, but
subjective symptoms are occasionally misleading®.

In addition to the inaccuracy of clinical diagnoses,
procedural errors should be considered. Thermal and
mechanical stimuli during sampling procedure-pulp
extirpation and tooth extraction-might do harmful
effect on pulp samples. Nevertheless the sampling
procedure used in this study is thought to be a sim-
ple available method if only the data should be inter-
preted carefully.

Immunohistochemically MMP-1 and -3 are local-
ized in the extracellular matrix around the inflam-
matory cells of the acute pulpitis group. These
results suggest that MMP-1, and -3 may be secreted
by inflammatory cells- PMNs, macrophages, plasma
cells, and lymphocytes in inflamed pulps and periapi-
cal lesions. About MMP-2 no detectable differences
were examined between acute pulpitis and chronic
pulpitis. Kim and Lim reported the immunoreactivity
to MMP-3 of endothelial cells and inflammatory cells
in inflamed pulps and these results are not consis-
tent with those of present study?.

In periapical lesions the histological appearances
were different from sample to sample, so the subdivi-



sion would be needed. In this study the periapical
lesions were composed of 1 periapical abscess, 7 peri-
apical granulomas and 2 periapical cysts. Weak
immunoreactivity to MMPs around inflammatory
cells, mainly plasma cells and macrophages, was
detected.

Only pulps were used as the source of MMPs, so
odontoblast and pulp-dentin complex were not con-
sidered in this study. In fact several studies showed
that the pulp-dentin complex may secrete MMPs and
have intimate relations with pulpal tissue
destruction®.

Our ELISA results demonstrate that the concentra-
tions of MMP-1, -2, and -3 in the acute pulpitis
group were significantly higher than those of the con-
trol, which suggests that MMPs may play a role in
the progress of pulpal inflammation and pulp tissue
destruction. MMPs were also detected in the chronic
pulpitis and periapical lesion groups, but their role are
believed to be less important than in acute pulpitis.

However, ELISA includes both active form and
latent form of MMPs, so elevated MMP concentration
does not always indicate the state of tissue destruc-
tion.

Actually MMP secretion is not a simple pathway
and it is known that it is regulated by several gates,
and that the transcription of most MMP genes is reg-
ulated by endogenous growth factors and cytokines®.
The transcriptional effects of growth factors and
cytokines are mediated through complex signaling
pathways. [L-1e, IL-18, and TNF-« were reported to
be capable of inducing MMP production. Growth fac-
tors and cytokines characteristically result in 20-50-
fold increases in both mRNA and protein levels.>**"
Among growth factors and cytokines particular inter-
est is focused on IL-1 and TNF-« because of their
dramatic inductive effect on MMP expression in both
immigrant and resident cells. IL-1 appears to be the
most potent cytokine with activity at concentrations
as low as 10-10M. In most in vitro systems TNF-«
requires at least 10-fold higher concentrations to elic-
it the same response”. Ko and Lim demonstrated
that tissue levels of IL-1e, IL-18, TNF-« were elevat-
ed in inflamed pulps and periapical lesions™. MMP
secretion may also have a correlation with these
cytokine levels of pulps and periapical lesions. The
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intercellular interactions mediated by these and oth-
er immunoregulatory cytokines during inflammation
are complex. Further study about the relationship
between MMPs and cytokines in inflamed pulps and
peripaical lesions will be needed.

And several studies showed that human MMPs
could participate in the degradation of dentin organic
matrix after demineralization in caries lesion. They
demonstrated that the combined effects of multiple
MMPs including MMP-8, MMP-2 and MMP-9 most
likely caused the degradation of collagen. And after
demineralization activated host MMPs ultimately
destroy the dentin matrix™ .

In this study MMPs appear to be positively related
to the patient s subjective symptoms. But symptoms
were variable in individuals, and the severity of pain
was difficult to be evaluated. It was not possible to
compare MMP level with symptoms.

Several studies have found that prostaglandins
(PGs) influence the secretion of proteolytic enzymes
by direct and/or indirect mechanism. There are sev-
eral possibilities of positive relation between patient
symptoms and MMP level. These might be due to
elevated PGE2 levels in symptomatic pulpitis.
McCarthy et al demonstrated that PGE2 potently
induced expression of collagenase in macrophages
(but not fibroblasts or keratinocytes) through a
cAMP-dependent signaling mechanism!* %%,
Macrophages are known to play an important role in
regulating the turnover of extracellular matrix
(ECM) in both normal and pathologic condition, by
the secretion of proteases including MMPs, proteases
inhibitors and cytokines. Several studies have sug-
gested that MMP expression in macrophages might
be dependent on prostaglandin E2. PGEZ2 is synthe-
sized from arachidonic acid and cyclooxygenase
(COX) is the rate-limiting enzyme in this pathway.
Arias-Nagrete et al showed that the activation of
macrophages was correlated with the induction of
COX-2. Macrophages expressing COX-2 are known
to produce eicosanoids that have proinflammatory
effects, increasing vascular permeability, promoting
chemotaxis and favoring cell proliferation and choles-
terol ester retention®. In our previous study Son and
Lim demonstrated increased level of PGE2 in acute
pulpitis group. Furthermore, the immunohistochemi-
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cal results demonstrated that the main source of
PGE2 in periapical pathosis might be endothelial
cell®. However, Myauchi et al showed the presence
of immunoreactivity to PGE2 in macrophages®. In
this study there were little immunoreactivity to
MMPs in endothelial cells of experimental groups.
These findings indicate that the major source of
MMPs in inflamed pulps and periapical lesions is
inflammatory cells not endothelial cell. And these
results are not concordant with those of our previous
Son and Lim s study. Further study on the interac-
tion between MMPs and prostaglandins in
macrophages and endothelial cells is needed.

Of additional interest is the possibility that the
prostaglandin inhibitors may be used to decrease
MMP activity. McCarthy et al reported that inhibi-
tion of the LPS-induced synthesis of PGE by
indomethacin results in both a significant reduction
of macrophage cAMP levels as well as an inhibition of
production of collagenase™*®. However, the relation-
ship between PG inhibitor and MMP activity needs
to be evaluated in further study.

The results of present study support a role of
MMPs in inflamed pulpal and periapical tissue
destruction, and a close relationship between
prostaglandins and MMPs.

In conclusion, MMPs were expressed in inflamed
pulps and periapical pathosis, which suggest that
MMPs play an important role in pulpal and periapi-
cal inflammation, especially in symptomatic pulpitis.

V. CONCLUSION

According to this study we could summarize as fol-
lows:

1. The concentrations of MMP-1 in all experimental
groups were significantly higher than in the con-
trol (p¢0.05). And the concentration of MMP-1 in
the acute pulpitis group was significantly higher
than in other groups (p<0.05).

2. The acute pulpitis and control groups were signifi-
cant different in terms of their MMP-2 levels
(p€0.05).

3. The concentration of MMP-3 in the acute pulpitis
group was significantly higher than those of the
control and chronic pulpitis groups (p<0.05).
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4. Immunohistochemically the MMP-1 and MMP-3
were localized strongly in the infiltrating PMNs
and macrophages of the acute pulpitis group,
whereas the chronic inflammatory cells of the
acute and chronic pulpitis groups were stained
weakly.

These results suggest that MMPs play a more
important role in pulp tissue destruction of acute
pulpitis than chronic pulpitis. And MMPs may have
positive relations with the symptoms of pulpitis.
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