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Background. Physiological root resorption differenti-
ates primary from permanent teeth. The understand-
ing of what protects and regulates root resorption
might help to develop therapies to its control.

Aim. To verify the presence and distribution of
ECRM and the expression of CK14, OPG, TRAP
and COX-2 in the periodontal ligament (PDL) of
human primary and permanent teeth.

Design. Eight primary teeth undergoing physiologi-
cal or pathological root resorption and 4 permanent
teeth were immunohistochemically processed for
CK14, TRAP, COX-2 and OPG expression.

Results. PDL from primary and permanent teeth
showed similar morphological features; however,

fewer ECRM clusters and higher immunoreactiv-
ity to CK14 were found in primary PDL. In per-
manent teeth, ECRM were distributed along the
entire PDL tissue. Howship’s lacunae were found
only in primary teeth, associated with the pres-
ence of TRAP-positive cells and increase in
COX-2 expression. OPG expression in primary
PDL was detected in nonresorptive cervical
areas and in lacunae showing reparative tissue.
It was observed higher expression of OPG in all
permanent teeth when compared to primary
specimens.

Conclusions. It may be concluded that PDL from
primary teeth shows less ECRM clusters and lower
expression of OPG. These features may be associ-
ated with lower protection against root resorption
in primary teeth.

Introduction

The main biological difference between bone
and tooth is that bone suffers constant physi-
ological renovation, whereas in tooth the
only resorption that is physiological is the
one that occurs in primary teeth. Although
the protection of the tooth against resorption
while the bone is being constantly renewed
is a disquieting phenomenon, even more
intriguing is the fact that the roots of primary
teeth are eventually resorpted, whereas the
roots of permanent teeth are not." Root
resorption and exfoliation of primary teeth
are physiologic events that are not yet fully
understood.?
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Primary teeth undergo physiological root
resorption that ultimately leads to their exfo-
liation. On the other hand, permanent teeth
do not undergo resorption except in patho-
logical conditions.” It is believed that the
consistency between time and pattern of
root resorption of the primary tooth and the
subsequent eruption of the permanent germ
are indicatives that these are interrelated
genetically programmed events.* Neverthe-
less, the presence of a permanent germ is
not a prerequisite, because even a primary
tooth without a successor permanent tooth
eventually resorpts.’

Several studies have looked at the mecha-
nism of root resorption’'* and found that
the process is similar to that of bone. There-
fore, odontoclasts, cementoclasts and osteo-
clasts share the same characteristics, gene
expression features and mineralized tissue-
resorbing activity, being all differentiated
from monocyte/macrophage-lineage cells.”"'°
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As tartrate-resistant acid phosphatase (TRAP)
is an enzyme expressed in high amounts by
bone-resorbing osteoclasts and inflammatory
macrophages, it is probably the most reliable
marker of clastic cell differentiation.

Osteoprotegerin  (OPG), receptor activator
of the nuclear factor kappa B (RANK) and its
ligand (RANKL) are the key proteins that reg-
ulate bone metabolism and osteoclastic biol-
ogy.®>'>7'® Their coordinated expressions seem
to be related to bone remodelling and root
resorption.'” The role of RANKL is to pro-
mote the formation, fusion, differentiation,
activation and survival of clastic cells, thus
increasing resorption. The main action of
OPG is to inhibit clastic differentiation, thus
inhibiting the action and stimulating apopto-
sis of these cells."” The biological effects of
RANKL occur when it binds to RANK, while
OPG acts as a soluble antagonist receptor,
neutralizing and preventing RANK-RANKL
interaction.'”2°

Pro-inflammatory cytokines, such as IL-1
and TNF-a, regulate RANKL and OPG expres-
sions enhancing the process of resorp-
tion.'>'?2° As these cytokines are mainly
involved in the activation of several genes
related to the inflammatory process, including
COX-2, this molecule may be used to investi-
gate the participation of an inflammatory
response in pathological root resorption.

Epithelial cell rests of Malassez (ECRM) are
fragments of the epithelial sheath of Hertwig
and form a network in the periodontal liga-
ment (PDL) that separates tooth (internal
organ) from the alveolar bone (skeleton). It is
believed that these epithelial rests are
involved in PDL space maintenance and pro-
tection against root resorption.*'™**> A specific
marker for epithelial cells is the cytokeratin
14 (CK14), and thus, it may be used to detect
ECRM within PDL.

Although literature presents several studies
regarding the process of root resorption, the
possible mechanisms or structures involved in
the protection against clastic activity are
still unclear. Thus, the aim of this study was
to describe the presence and distribution of
ECRM and odontoclasts/cementoclasts evalu-
ated through CKI14 and TRAP markers,
respectively, as well as the expression of OPG

and COX-2, in the PDL of primary and per-
manent human teeth.

Material and methods

Eight primary molars, being four healthy
teeth undergoing physiological root resorp-
tion and four with periradicular lesion and
pathological root resorption as consequences
of caries decay, were collected from 5- to
8-year-old patients, attending Pediatric Den-
tistry Clinic of the University. Four healthy
third molars completely erupted and with
complete root formation were obtained from
20- to 25-year-old patients, attending Dental
Surgery Clinic. As it is not possible to deter-
mine whether the root resorption process is
already established, even when no macro-
scopic and/or radiographic signs are visual-
ized, all primary teeth were used to study
root resorption, only differentiating physio-
logic from pathologic resorption, whereas
permanent teeth were used as negative con-

trols for root resorption. All teeth were
extracted for reasons unrelated to this
study.

Research project was approved by the Ethics
Committee for Research with Human Beings
of the University, and teeth were collected
after donation and informed consent obtained
from the patient or his legal guardian.

Teeth could not have history of gum dis-
ease, trauma, orthodontic or endodontic
treatment, and patients must not have
systemic diseases that would influence hard
tissue resorption such as abnormal function
of glands. Primary teeth, also, should have
at least half of the root remaining and
healthy teeth could not show signs of decay,
demineralization or any other loss of crown
structure.

Histological procedures

For haematoxylin—eosin and immunohisto-
chemistry staining, teeth were fixed in 10%
buffered formalin at 4°C for 24 h and deminer-
alized with 10% EDTA pH 7.2 at room
temperature until the dentin offered no resis-
tance to cutting. Crowns were then separated
from the roots and the latter were transversally
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sectioned to obtain two fragments, one cervi-
cal and one apical. These fragments were
then processed for histology. Sections of
3-mm thickness were cut and prepared on
conventional glass slides. The histological
sections were stained with haematoxylin—
eosin or kept unstained for immunohisto-
chemistry.

Immunohistochemistry

Immunohistochemistry was performed using
the following anti-human primary antibodies
and respective dilution ratios: mouse mono-
clonal anti-tartrate-resistant acid phosphatase
(TRAP) (1 : 100; Novocastra, Newcastle, UK),
rabbit  polyclonal anti-cyclooxygenase-2
(COX-2) (1:200, Cell Signaling Technology,
Danvers, MA, USA), mouse monoclonal anti-
cytokeratin 14 (CK14) (1 : 300; Novocastra)
and goat polyclonal anti-osteoprotegerin
(OPG) (1 : 50; Santa Cruz Technology, Santa
Cruz, CA, USA). High-temperature antigen
retrieval was applied by immersing the slides
in a water bath at 95-98°C in 10 mmol/L
trisodium citrate buffer (pH 6.0) for 45 min.
After overnight incubation with primary
antibodies at 4°C, the slides were washed
with PBS and incubated with the ready-to-
use secondary antibody EnVision Plus (Dako-
Cytomation EnVision Doublestain System,
Carpinteria, CA, USA) for 1 h at room tem-
perature. Visualization was completed using
3,30-diaminobenzidine (DAB) (DakoCytoma-
tion) and counterstained with Harris’ hae-
matoxylin solution. As controls, sections
were incubated with an isotype-matched
nonspecific immunoglobulin G (Santa Cruz
Technology).

Microscopic analyses

Images of the sections were acquired using a
digital camera (Sight DS-5MLI1; Nikon, Mel-
ville, NY, USA) connected to a light micro-
scope (Eclipse 50i; Nikon) under 20X, 40x
and 100x magnifications, observing: morpho-
logical characteristics of PDL, areas of resorp-
tion, presence and localization of ECRM and
clastic cells, and expression of COX-2 and
OPG and its spatial distribution.

© 2011 The Authors
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Results

Morphological characteristics of PDL tissues

Macroscopically, no differences were found
between groups regarding the morphology of
the tissue attached to the roots after tooth
extraction.

Microscopically, some areas of the PDL of
primary and permanent teeth showed similar
histological characteristics (Fig. 1a—c). How-
ship’s lacunae were however found in all the
primary teeth. In the physiologic root resorp-
tion group, Howship’s lacunae were associ-
ated with a PDL still organized (Fig. 1d) or
showing signs of tissue repair (Fig. le),
whereas in the pathologic resorption group,
these lacunae were always associated with
the presence of clastic cells and a completely
unorganized or absent soft tissue (Fig. 1f).

Presence and localization of the epithelial cell rests
of Malassez (ECRM)

ECRM were distributed in intermediate areas
of PDL or close to the root cement. These
cells were organized as round, oval or elon-
gated clusters (Fig. 1g).

A difference in quantity and intensity of
immunoreaction to CK14 was observed
between primary and permanent teeth. In
primary teeth, the clusters were present in
less quantity and in areas without root
resorption; also they showed a darker brown
colour (Fig. 1h,i). In permanent teeth, ECRM
were found in more quantity, localized closer
to the cement surface as if they were forming
a belt (Fig. 1j,k). Immunoreaction was less
intense, showing a light brown colour
(Fig. 1j,k).

Root resorption and inflammation

TRAP-positive clastic cells (cementoclasts and
odontoclasts) showing several morphologies
and numbers of nuclei were found within
Howship’s lacunae in root cement or dentin
tissues (Fig. 2a), or even a little farther away
from the external root surface (Fig. 2b), in
areas with no resorption, in all the primary
teeth. In teeth with inflammatory resorption,
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resorpting lacunae were found also in dentin
of the root canal walls, with TRAP-positive
cells present not only inside the Howship’s
lacunae (odontoclasts) but also in the pulp
tissue (active macrophages) (Fig. 2c¢).

COX-2 expression was detected in the same
pattern of TRAP immunoreaction. Therefore,
COX-2 expression was more intense in How-
ship’s lacunae and in the PDL of primary
teeth undergoing pathologic root resorption
(Fig. 2d), but it was also present in specimens
with physiologic resorption (Fig. 2e).

Resorptive areas or TRAP-positive clastic
cells were not found in permanent teeth.
Some areas of the PDL of these teeth how-
ever showed a very light immunoreaction of
COX-2, consistent with a constitutive expres-
sion (Fig. 2f).

Osteoprotegerin expression

Expression of OPG was detected in perma-
nent teeth (Fig. 2g,h) and in primary speci-

mens only in cervical areas (Fig. 2i,j). In one
physiologic root resorption tooth, it was
observed OPG immunoreaction in cells associ-
ated with a repaired Howship’s lacuna
(Fig. 2k), also in a cervical area. OPG expres-
sion was not found in apical and intermediate
root areas in any of the primary teeth
(Fig. 21).

Discussion

Root resorption is fundamental for exfoliation
of primary teeth and later eruption of perma-
nent successors, and it is believed to start
immediately after the primary roots are com-
pletely formed.* On the other hand, patho-
logic resorptions have a significant frequency,
characterized as consequences or complica-
tions of conditions such as dental trauma and
periradicular lesions, being a common cause
of tooth loss.

Besides the aesthetic factor, tooth loss
leads to alterations in mastication, breathing,

Fig. 1. Microscopic features of PDL from human primary and permanent teeth, and presence and localization of ECRM. (a)
PDL of a primary molar with physiological root resorption. (b) PDL of a primary molar with inflammatory pathological root
resorption. (c) PDL of a permanent molar. (d) Howship’s lacuna on a root surface of a primary molar undergoing physiologic
resorption showing PDL still organized. (e) Howship’s lacuna on a root surface of a primary molar with physiologic resorption,
filled with mineralized tissue characterizing tissue repair. (f) Howship’s lacuna on a root surface of a primary molar with
pathologic resorption, showing absence of an organized PDL. (g) ECRM clusters organized in different shapes. 200x. (h, i)
ECRM of a primary tooth with physiological resorption, showing few clusters, arranged in the middle of the soft tissue and
darker brown coloured, 200x and 400x, respectively. (j, k) ECRM of a permanent molar, showing more clusters, arranged
closer to the cement on the root surface and lighter brown coloured, 200x and 400x, respectively. d, dentin; ¢, cement; pd|,
periodontal ligament. H&E staining from a to f, at 200x magnification. Immunohistochemistry for CK14 from g to k.
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Fig. 2. Root resorption, inflammation and OPG expression. (a) Clastic cells in a Howship’s lacuna of a primary molar
undergoing physiologic resorption, TRAP, 400x. (b) Presence of active macrophages in the periodontal ligament (PDL) of a
primary molar with physiologic resorption, in an area with no root resorption, TRAP, 400x. (c) Presence of resorption in the
pulp cavity wall associated with the presence of clastic cells and active macrophages in the connective tissue of a primary
molar with pathologic root resorption, TRAP, 400x. (d) COX-2 expression associated with clastic cells in a Howship’s lacuna of
a primary molar with pathologic resorption. COX-2, 400x. (e) COX-2 expression in the cervical area of the PDL of a primary
molar with physiologic resorption, COX-2, 400x. (f) Permanent molar PDL showing no Howship’s lacunae or signs of
inflammation, COX-2, 400x. (g, h) OPG expression close to the cement surface in a permanent tooth, OPG, 400x and 1000,
respectively. (i, j) PDL of primary teeth with physiologic (i) and pathologic (j) root resorption showing OPG expression related
to cells from areas with no resorption (black arrows), OPG, 400x. (k) OPG expression in the tissue inside a repaired Howship’s
lacuna in the cervical region of a physiological resorpted primary tooth, OPG, 1000x. (I) No expression of OPG was observed

in medial and apical areas of primary teeth, OPG, 400x.

phonation and swallowing.”*?®> Premature

loss of primary teeth may have long-term
harmful effects, such as problems of space in
the dental arch, problems in the eruption of
the successor tooth, alterations in tongue’s
posture, among others.*®

In this study, it was possible to observe that
the macroscopic and microscopic morphology
of the PDL of primary teeth is similar to that
of permanent ones, as previously described by
Bille et al.*” It however shows some structural
and molecular differences that may be
involved in a higher susceptibility of root
resorption in primary teeth.

ECRM are usually considered to be residual
cells from the tooth development stage and,
thus, not taken into consideration in the
analysis of a periodontal tissue. Ohshima
et al.*® however characterized the pattern of
cytokine expression in ECRM isolated from
the PDL of three teeth. They found significant
amounts of cytokines, chemokines, growth

© 2011 The Authors

factors and other related proteins, demon-
strating that those cells, unlike previously
thought, actively participate in the homeo-
stasis of PDL. Although it is thought that
these epithelial cells are in a quiescent state
inside the tissue, they can proliferate under
specific conditions, such as periradicular
inflammation, and form the capsule of peri-
apical cysts.

In this study, we performed immunohisto-
chemistry with CK14 antibody, a specific
marker of epithelial cells, to facilitate their
localization within the tissue. It was observed
a higher intensity of CK14 immunoreaction
in ECRM from primary teeth which, associ-
ated with the finding of a higher expression
of COX-2 in these same specimens, might
imply that the presence of pro-inflammatory
factors activates in some way the epithelial
cells to express more proteins, including cyto-
kines and growth factors, as described by Gotz
et al.*® and Ohshima et al.*®
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It is believed that the molecular control of
defence reactions is mediated by pro-inflam-
matory cytokines, such as interleukin-1
(IL-1) and tumour necrosis factor-o (TNF-
%)°° that trigger a cascade of events activat-
ing or inhibiting enzymes and transcriptional
factors.”’ IL-1 and TNF-o activate NF-xB and
phospho-c-jun (AP-1)*' that promote the
transcription of several genes involved in
th3(e2 inflammatory process, including COX-
2.

It is speculated that pro-inflammatory
cytokines, such as IL-1 and TNF-o, regulate
the balance between RANKL and OPG, to
increase the expression of RANKL and reduc-
ing OPG.'*'? Uchiyama et al.*° found in their
study that OPG could not completely inhibit
the differentiation into osteoclasts, suggesting
that RANKL-independent TNFu« signals were
partially involved in the differentiation. A
similar pattern was observed in this study, as
primary teeth showed higher expression of
COX-2 and lower expression of OPG, mainly
in pathological root resorption specimens,
associated with active resorption demon-
strated by the presence of TRAP-positive clas-
tic cells. The more intense immunoreaction to
COX-2 and the presence of clastic cells and
active macrophages may imply that pro-
inflammatory cytokines would be present in
the PDL, stimulating down-regulation of OPG
and up-regulation of RANKIL, and activating
resorption of dental tissues.

TRAP-positive mononuclear and multinu-
cleated odontoclasts are observed in the den-
tal pulp, leading to resorption cavities in
dentin, but no TRAP-positive cells are
detected before resorption.”?° As apoptosis
has an important role in the elimination of
pulp cells during the physiological root
resorption of human primary teeth,”’ it can
be speculated that the finding of a high
amount of active macrophages within the
remaining pulp tissue of teeth undergoing
pathologic root resorption, in this study, may
indicate not only phagocytosis related to the
presence of an inflammatory response com-
bined with mineralized tissue resorption
activity, but also the participation of those

phagocytic cells in removing apoptotic bodies
during pulp tissue elimination in an active
and rapid resorption process as it is an inflam-
matory root resorption of human primary
teeth.

Studies have investigated the expression of
RANKL and its role during physiological root
resorption through in vitro characteriza-
tion®'""'*> or evaluated the immunohisto-
chemical RANK and RANKL expression in
human primary teeth.'® In vitro studies using
molecular methods of detection and total tis-
sue samples are not able to determine the cel-
lular sources of the mRNA or the specific
protein investigated. Thus, immunohisto-
chemical analyses allow verifying not only
the cellular source but also the spatial locali-
zation of the protein within the tissue. Nega-
tive results must however be cautiously
interpreted, because the protein may be
expressed in quantities below the detection
capability of the method.

Although the small number of specimens
might be a limitation of this study, to our
knowledge, this is the first study showing
proteins associated with root resorption and
factors reported as protective, in human PDL.
The findings of this study may therefore give
an initial overview of the differences in the
PDL of primary teeth, associated or not with
inflammation, compared to permanent teeth.
The understanding of what protects, controls
and regulates root resorption might lead to
manipulate biology, making it possible to
maintain a primary tooth as long as it is nec-
essary, or even prevent root resorption and
consequent loss of a permanent tooth after
episodes of trauma.

It may be concluded that the PDL of pri-
mary teeth has less clusters of ECRM and
lower expression of OPG, features that may
be associated with a lower protection against
root resorption when compared to permanent
teeth. The importance of root resorption con-
trol, both in primary and in permanent teeth,
brings out the need of further studies to
understand the meaning and the physiology
of these features, with a view to future clini-
cal therapeutic applicability.

© 2011 The Authors
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What this paper adds

e This paper contributes new information about the dif-
ferences between PDL tissues of primary and perma-
nent teeth, which is poorly understood and studied in
Paediatric Dentistry.

e The findings of this study give an initial overview of
the differences in the PDL of primary teeth, associated
or not with inflammation, compared to permanent
teeth.

e It highlights a concept that is of interest in the better
understanding of resorptive factors between primary
and permanent teeth.

Why this paper is important to paediatric dentists

e Paediatric dentists should be aware of the differences
between PDL tissues from primary and permanent
teeth and how these differences may influence root
resorption process.

e It may help paediatric dentists to understand why a
primary tooth without a successor permanent tooth
eventually resorpts.
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