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INTRODUCTION

The pulpal tissue can develop an inflammatory process
when exposed to bacteria from the mouth. If
untreated, this process can reach the periapical tissue.

The bacteria and its products act as antigens capable of trig-
gering an inflammatory reaction in affected periapical tis-
sues.1 As a consequence, the pathological root resorption
appears and causes periradicular lesions.2,3

The periradicular tissue presents both specific and non-

specific cells that are linked to the local immune response.
These cells are part of the immune system, which is formed
by a complex group of several cells such as phagocytes
(macrophages and neutrophils), natural killer cells and lym-
phocytes. Their role is to recognize antigens that penetrate
the body and neutralize or eliminate them. 4-8

In the first years of life, children have an immature
immune system. This causes a greater vulnerability to infec-
tious diseases.9 The cells capable of triggering humoral
response, B cells, will not produce immunoglobulin in a
level equal to adults until the age of seven. T cells, which are
responsible for cellular immune response, present a dimin-
ished lymphokines production in children when compared to
adults. Although the number of neutrophils and
macrophages in the neonatal period is similar to adults’
rates, migration of neutrophils towards aggressive agents is
slower because of the lower amount of chemotactic factors.
These rates will only reach normal values by the age of 5.10

The immaturity of both the immune system and the
mechanism involved in inflammatory reactions, as
described, makes the children an easy quarry for systemic
dissemination of infections. The maintenance of infectious
focus in children can compromise their health as a whole.11

The mouth is the source for a variety of antigens includ-
ing numerous microorganisms for both gastrointestinal 
and respiratory system. Several important oral diseases
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including dental caries, gingival and periodontal diseases are
consequences of an imbalance between oral microorganisms
and host defense. 12

The infection caused by cariouss lesions has been pointed
as the main etiological factor for the development of peri-
radicular lesions in primary teeth, such as abscesses and
granulomas.13,14 The infected periradicular canal is the shel-
ter for thousands of bacteria that can only be destroyed by
surrounding tissues from either the apical foramen (anterior
teeth) or the furcation region (posterior teeth). 15 The host
defense is based on an inflammatory reaction that will
require permanent efforts to combat the aggressor in the
radicular canal. This process will, uneventfully, release prod-
ucts from bacteria metabolism and proteolysis of necrotic
tissues to the organism.

Nowadays, Pediatric Dentistry faces a challenge. Chil-
dren continue to suffer from carious lesions in the mouth,
which have not been treated properly due to the false impres-
sion that they will uneventfully exfoliate and therefore do
not require treatment. It is been proved that these teeth are
significant bacteria focuses. 13,14

Studies have shown that the immune system is involved
in periapical lesions in permanent teeth.15-22 It is reasonable
to say that this mechanism may be present in primary teeth
presenting with periradicular lesions. However, no scientific
proof had been produced.

The aim of the present study is to verify the participation
of the immune system by quantifying the presence of T cells,
B cells and macrophages in periradicular lesions of primary
teeth.

MATERIALS AND METHODS

Specimens
Fourteen primary molar teeth with periradicular lesion were
obtained from children (aged 3-11 years old) at the Pediatric
Dentistry Clinic of the Federal University of Santa Catarina
state. Teeth were extracted due to advanced pathological root
resorption, pulpal chamber floor perforation or large coronal
destruction which made endodontic treatment unfeasible.
Teeth were fixed in neutral-buffered formalin (10%).

The protocol for extraction and use of human samples
was approved by the Ethics Committee of the institution .

Tissue preparation
Teeth were analyzed macroscopically.Tissue attached to the
teeth´s roots was removed so that the histological sections
could be made. Teeth were decalcified by a 10% ethylenedi-
aminetetraacetic acid (EDTA) solution (pH 7,3) for 4 weeks.
After that, decalcified teeth and tissue samples were washed
in water for 24 hours, dehydrated in a graded series of
ethanol and embedded in paraffin. Five sections of 3 µm
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Table 1. Primary antibodies used to characterize inflammatory cells in periradicular lesions.

Antibody Specificity Dilution Clone Source

Mouse monoclonal antihuman CD45RO 180 kDa glycoprotein on T cells 1:500 OPD4 DakoCytomation

Mouse monoclonal antihuman CD20 33 kDa polypeptide on B cells 1:100 L26 DakoCytomation

Mouse monoclonal antihuman CD68 110kDa glycoprotein on macrophages 1:300 EBM11 DakoCytomation

Table 2. Patients data, histological diagnosis, bacteria presence and positive cell quantification for each sample.

Sample
nº Tooth Sex Age Diagnosis Infection on Immunohistochemical evaluation***

lesion CD45RO CD20 CD68
1 65 F 10y 4m Acute abscess No 6% 9%* 7%
2 74 M 9y 4m Epitheliated granuloma No 12% 6%* 6%
3 74 M 6y 1m Granuloma No 10% -** 21%
4 74 M 4y 9m Chronic abscess Yes 15% 3%* 10%
5 85 M 6y Chronic abscess No 10% 11%* 6%
6 75 M 9y 1m Chronic abscess No 10% 7% 17%
7 85 M 6y 11m Chronic abscess Yes 7% 0,3%* 15%
8 85 M 9y 5m Chronic abscess No 11% 3% 3%
9 85 F 5y Epitheliated granuloma No 6% 1%* 8%
10 75 F 11y 4m Granuloma No 2% 0 11%
11 64 F 3y 9m Epitheliated granuloma No 53%* 19%* 10%
12 85 M 7y 3m Chronic abscess No 4%* 9%* 16%
13 65 M 6y 10m Chronic abscess No -** 0 10%
14 74 F 6y 4m Acute abscess Yes 7% 0 13%

Mean 11,76 5,25 10,92
Standard Desviation 12,87 5,69 4,98

* focal distribution
** lose of the section
*** percentage of number of cells per 10 fields of vision.
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thickness were obtained from each block and then mounted
on a slide, separatelly. One section was stained with hema-
toxylin-eosin23 (HE) for histopathological diagnosis. Another
section was stained with Brown-Brenn (BB) technique to
demonstrate the presence of bacteria.24 The other four 
sections were mounted on Silane-coated glass slides (S3003,
Dako Cytomation, Carpinteria, CA, USA) and processed in
the standard manner for immunohistochemistry, using an
immunoperoxidase method.

Immunohistochemistry
Sections were deparaffinized in xylene and rehydrated in
descending concentrations of ethanol, followed by incuba-
tion on 3% hydrogen peroxide solution for 20 minutes and
washed in distilled water to eliminate endogenous peroxi-
dase activity. Then, sections were immersed in 0,01 M citrate
buffer solution (pH 6.0) for 45 minutes at 95-98°C, to
expose the antigens. After being washed with distilled water,
the sections were incubated in 10mM phosphatase-buffered
saline (PBS) solution (pH 7.2-7.4) (SIGMA CHEMICAL
CO, St. Louis, MO, USA). 

For each monoclonal antibody (Table 1) one section was
performed. The monoclonal antibody solution was applied
to the sections and the slides were maintained in a wet cham-
ber for 12 hr at 2-8°C. Sections were then washed with PBS
twice, for 5 minutes each at room temperature followed by
incubations with anti-IgG/IgM secondary antibody conju-
gated with a peroxidase labelled polymer (EN VISION,
Dako) for 1 hr at room temperature and washed again twice
with PBS for 5 minutes each, at room temperature. The sec-
tions were submitted to a chromogenic reaction with a solu-
tion containing 0.03% 3.3-diaminobenzidine diluted in imi-
dazole buffer (pH 7.2) and 0.3% hydrogen peroxide (Dako).

After staining, the sections were counter-stained with Har-
ris’ hematoxylin, dehydrated in ascending concentrations of
ethanol solutions, cleared in xylene and mounting in Entel-
lan® (MERCK, Darmstadt, Germany). A lymph node was
used as a positive control. Negative control was obtained by
suppressing the application of primary antibodies. Stained
cells were identified by the appearance of a brown ring sur-
rounding the cellular membrane.

Evaluation of immunostaining
All sections were examined in a Olympus Bx 40 light micro-
scope. The number of stained cells was counted in 10 con-
secutive microscopic high-power fields using a Muller eye-
piece graticule at X100 magnification. Fields were selected
by choosing the most representative region of each speci-
men, which was the place presenting the most cellular
inflammatory infiltrate. Results were expressed as the mean
percentage of positive cells which was calculated as the pro-
portion of the total number of inflammatory cells.19,22

The distribution of stained cells was examined at X20 and
X40 magnification and classified as diffuse or focal. 

RESULTS
Results are sumarized inTable 2.

A total of 14 periradicular lesions of upper and lower
molar primary teeth were examined. The patients consisted
of 9 males and 5 females with a mean age of 7.3 (ranged
from 3.9 to 11.4 years). Their histological diagnosis was
acute abscess (n=2), chronic abscess (n=7), granuloma (n=2)
and epitheliated granuloma (n=3). Three pulps were conta-
minated by bacteria (Fig. 1). 

Immunohistochemical analisys showed that the mean of
CD45RO+ cells was greater than other examined cells. The

Figure 1. (A,B) Histological section of lesion (acute abscess) stained by BB technique showing bacteria ( ) on the lesion. Original magnifi-
cation X330. (C) Immunohistochemical staining of CD68+ cells diffusely distributed. Original magnification X33.→
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mean ± SD of CD45RO (cell T) + cells was 11.76 ± 12.87.
In the majority of the sample (n=12) these cells were dis-
tributed on a diffuse manner, on the inner area of lesion
where cell infiltrate was more intense . The mean ± SD of
CD20+ cells (cell B) was 5.25 ± 5.69. These cells were dis-
tributed focally (n=8), in region where the cell infiltrate was
more intense. When B cells were focally distributed (3 sam-
ples) they outnumbered T cells. The mean ± SD of CD68+
cells (macrophages) was 10.92 ± 4.98. Macrophages were
diffusely distributed on the lesion and placed close to neu-
trophils (Fig. 1,2,3,4). When the lesion was attached to the
teeth odontoclasts expressing immunoreativity for CD68
were observed (Fig. 5). 

DISCUSSION
The Immunohistochemical technique is a method used to
visualize the cellular distribution in a tissue. Due to the vari-
able distribution of cells in periradicular lesions, the cell dis-
tribution may vary according to the field under exam. The
examined fields were chosen by selecting the area with
greatest infiltrate, as previously done by Alavi et al.25 and
Rodini and Lara.19 For example, one could notice that
macrophages were spread on the entire lesion meanwhile

other cells did not present this pattern. It is of significance to
say that the obtained results do not reflect the pattern of the
entire lesions.

The results confirm that the constitutive pattern of peri-
apical lesions in primary teeth is the same as observed in
permanent teeth.15-22 Both cellular and humoral immune
mechanisms are involved on the pathogenesis of the periapi-
cal lesion in primary teeth, 26,27 which is primarily formed by
T cells, B cells, plasmatic cells, macrophages, neutrophils
and mastocytes. 28

As this is the first research to evaluate periradicular
lesions in primary teeth using immunohistochemical tech-
niques we have compared our findings with prior published
studies regarding permanent teeth.

In the present study, the number of T cells exceeded the
number of B cells in the majority of specimens. The T cells
had a diffuse pattern of distribution. This result is the same
as found by others authors.2,17,25,27,29-32 Akamine et al.33 reported
that the greater number of T cells in the inflammatory infil-
trate may occur due to its involvement in the development
and progression of the lesion, while B cells main participa-
tion is on the repair process. 

Johannssen34 reported that T cells were more numerous in
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Figure 2. (A) Macroscopic aspect of the lesion attached to tooth and
after being removed (B). (C) Periapical radiography of tooth (D) His-
tological section of lesion (granuloma) stained by HE technique.
Original magnification X33. Immunohistochemical staining for
CD45RO+ cells (E), CD20+ cells (F,G) focally distributed and CD68+
cells diffusely distributed (H,I,J). Original magnification X66, X132,
X132, X33, X66, X132 respectively.

Figure 3. (A,B)Macroscopic aspect of the lesion. (C) Histological
section of lesion (chronic abscess) stained by HE technique. Original
magnification X66. Immunohistochemical staining for CD20+ cells
(D,E,F), CD45RO+ cells (G), (F,G) CD68+ cells (H,I). Original magnifi-
cation X33, X66, X132, X132, X33, X66 respectively.

A B C
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chronic lesions rather than acute lesions while plasmatic
cells presented in a greater number is acute lesions. 

B cells were more commonly found in focal patterns as
some authors2,17,30 have reported. Lukic et al. 30 studied 20
granulomas and developed a criterion to separate infiltrates
according to the density and distribution pattern of cells.
They observed that T cells are mainly located in the diffuse
mononuclear infiltrate, while B cells are mostly seen in the
focal mononuclear infiltrate. It is important to say that the
focal infiltrate is related to a secondary humoral immune
response, which is induced by pulpal and bacterial antigens
of the radicular canal. Our study had 3 cases in which B cells
were more numerous than T cells. In such cases, the B cells
were distributed focally. 

In all specimens, both B and T cells were localized on the
inner portion of the lesion and rarely were visualized in the
outer regions, near the fibrotic tissue. These findings are in
agreement with other author’s reports.2,17 This pattern of dis-
tribution may be related to the opening of the radicular
canals’ apical foremen, through which the traffic of bacteria
or it’s metabolism products may occur. Philippi et al.21 con-
cluded that the fibrotic capsule, a region placed more dis-
tantly of the primary aggression, has cells related to remod-

eling rather than immune system related cells. 
Accordingly to what has been said by others authors,2,19

our specimens presented macrophages spread on the lesion
as a whole. The presence of macrophages is extremely
important not only for the protective response but also for
the development and maintenance of the inflammatory reac-
tion. The activated macrophage constitutes the first line of
defense, by phagocytosis and the production of
prostaglandins as a reaction for the presence of bacteria on
the infected canal. Cytokines such as interleukin 1 (IL-1)
and tumor necrosis factor (TNF-�) stimulate bone resorp-
tion and contribute to the expansion of the lesion. Further-
more, the macrophage, which is an antigen-presenting 
cell, activates T cells that will either start an immune
response themselves or activate B cells in order to produce
antibodies.31

CD68+ multinucleated cells suggest that they may con-
tain odontoclasts precursors as stated by Angelova et al.35

Multinucleated cells are present in physiological root resorp-
tion of primary teeth.14 The presence of CD68+ multinucle-
ated cells confirms that these cells are also present in patho-
logical root resorption of primary teeth and are linked to the
rapid root destruction we observed radiographically. Root
resorption also occurs in permanent teeth, however it takes
longer. It is important to emphasize that once the periapical
involvement has been confirmed it is important to provide
treatment as soon as possible so that we can diminish or even
completely avoid sequels to the stomatognathic system and
children’s general health. T cells also contribute to the root
resorption by secreting cytokines.

It is important to emphasize that the presence of peri-
radicular lesions in primary teeth undoubtedly triggers a
local inflammatory response in the children’s organism.
However, systemic involvement caused by bacteria located
on perirapical lesions has been reported. Malmstrom and
Natvig36 showed that the reumathoid factor contained in
plasmatic cells was found in periapical lesions of children
with rheumatoid disease. Laine et al.37 state that these lesions

Figure 4. (A) Macroscopic aspect of the lesion attached to furcation
region of the second lower molar. (B) Periapical radiography of tooth.
Histological section of lesion (chronic abscess) stained by HE (C,D)
and BB techniques (E) showed the presence of bacteria on the
lesion. Original magnification X6.6, X66, X66 respectively. Immuno-
histochemical staining for CD20+ cells (F) and CD68+ cells (G,H,I).
Original magnification X132, X66, X66, X132 respectively.

Figure 5. Immunohistochemical staining for CD68+ cells. Section
showed the presence of odontoclasts expressing CD68 near root
surface (*). Original magnification X132.
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may constitute a bacteremia focus, specially in imunnocom-
promised patients. Radics et al.38 suggest that the periapical
granuloma may compromise the general health by secreting
pro-inflammatory cytokines. These cytokines such as inter-
leukin-6 (IL-6), interleukin-1 (IL-1) and tumor necrosis fac-
tor (TNF) trigger the acute phase characterized by fever, and
hemo sedimentation speed. We are in complete agreement
with the cited authors and we emphasize the importance of
further studies in order to clarify the relation between these
infectious focuses and the systemic modifications they 
promote.

Our findings allow us to state that care provided to
patients who have endodontically compromised primary
teeth must be comparable to that provided to adult patients.
This statement is true not only by the fact that children pos-
sess an immature immune system9,10 but also by the fact that
they usually present more than one teeth affected by periapi-
cal lesions. If these teeth remain in the mouth they will,
eventfully, cause local and systemic responses such as bone
and dental resorption, damage to the permanent teeth, lack
of appetite, low weight, fever and disability. The general
population, especially parents, must be instructed to prevent
these conditions and seek for help as soon as possible when
symptoms appear. Further studies are necessary to provide
new insights and scientific proofs regarding this issue so that
one can improve the care provided to children who have
endodontically compromised primary teeth and are exposed
to its systemic consequences. 

CONCLUSION
The immune system plays an important role on the peri-
radicular inflammatory processes in primary teeth. Our
results showed that the T and B cells and macrophages com-
prise the majority of the inflammatory infiltrate. These find-
ings indicate that both humoral and cell-mediated immune
reactions are present in human periradicular lesion of 
primary teeth. 
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