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Abstract: Interleukin 17A (IL-17A) is a proinflammatory cytokine 
responsible for the initiation and propagation of inflammation. One of 
its actions is the recruitment of neutrophils to the site of infection. The 
aim of this study was to investigate whether there is association between 
IL-17A expression and neutrophil infiltration in periapical abscesses and 
periapical granulomas, as well as to find which type of T lymphocyte 
effector (CD4+ or CD8+) expresses IL-17A in these lesions. Elastase, 
CD4, CD8, and IL-17A were analyzed by immunohistochemistry and 
immunofluorescence, in the biopsies of periapical lesions. Abscess 
lesions exhibited the highest labeling area for IL-17A (p = 0.011). 
During double immunofluorescence staining, there were significantly 
more CD4+/IL-17A+ cells compared to CD8+/IL-17A+ cells, both in the 
abscesses (p = 0.025) and granulomas (p = 0.011). In conclusion, IL-17A 
was intensively expressed in periapical abscesses rich in neutrophils. 
The high percentage of IL-17A in these cases suggests the participation 
of this cytokine particularly in the acute stages of the inflammatory 
process of the periapical lesions.
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Introduction
Abscess and granuloma lesions frequently occur in the dental 

periradicular region due to pulpal and periodontal infection.1 Abscesses 
are associated with acute clinical signs and symptoms such as pain, 
suppurative exudation, and swelling; whereas, granuloma is considered a 
chronic asymptomatic lesion, although sporadic acute episodes associated 
with secondary infections have been reported.1,2 Histopathologically, 
periapical acute abscesses are characterized by an intense, localized 
neutrophil and macrophage infiltration, diffused in a necrotic matrix 
surrounded by a fibrous connective tissue;1 lymphocytes and mast cells can 
be observed, but they occur in low numbers. On the other hand, periapical 
granulomas exhibit an intense, localized mononuclear infiltrate consisting 
of lymphocytes and plasma cells diffused in a fibrous connective tissue 
containing numerous fibroblasts and vessels.3,4 Focal areas of intense 
neutrophil infiltrate in the granulation tissue can be observed sometimes 
in cases of granulomas with acute exacerbation.1 The immune response in 
periapical lesions is frequently investigated to understand the relationship 
between the pathogenesis of these lesions and the microbiota, and why 
some lesions are refractory to endodontic treatment.3
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A new class of immune response related to T 
helper lymphocytes has recently been described to 
explain the various immune reactions observed in 
inflammatory diseases.5 This class is named Th17 
and is associated with various cytokines, mainly 
Interleukin 17A and 22.6 Interleukin 17A (IL-17A) 
is a member of the IL-17 cytokine family, which is 
associated with the initiation and propagation of 
inflammatory stimuli in several diseases, such as 
rheumatoid arthritis, psoriasis, multiple sclerosis,5 
and periodontal disease.6 This cytokine is produced 
by multiple defense cells, mainly CD4+ and CD8+,7 
and exhibits a proinflammatory effect that causes the 
release of other cytokines and chemokines.8 The release 
of IL-6, G-CSF, and CXCL2 induced by IL-17A can act 
on granulocytopoiesis, leading to the proliferation, 
maturation, and migration of neutrophils.8,9

Some studies have investigated the Th17 phenotype 
in periapical cysts and granulomas.4,10,11,12 An 
association between neutrophil infiltrate and IL-17A 
expression has been partially detected in symptomatic 
periapical granulomas.4 but IL-17A expression is not 
known to occur in periapical abscesses. The aim of 
this study was to investigate IL-17A immunolabeling 
expression in periapical abscesses and granulomas 
and determine which type of T helper lymphocytes 
(CD4+ or CD8+) expresses IL-17A in these lesions.

Methodology
This study was approved by our institution’s Ethics 

Committee on Human Research (Process #206.324).

Biopsies selection
Between 2010 and 2013, 60 cases of periapical 

abscess and 114 cases of periapical granuloma 
were diagnosed by the histopathology service of 
our institution. From this period, 35 records of 
periapical abscess cases and 35 of periapical chronic 
inflammatory processes (periapical granulomas) were 
selected from the archives of this service. Only the 
cases with histopathological characteristics of acute 
periapical abscesses were included in the study. 
The histopathological criteria for determining the 
diagnosis of acute periapical abscesses were the 
presence of predominant neutrophil infiltrate in a 
necrotic matrix, with few chronic inflammatory cells 

and discrete granulation tissue. Signs of suppuration 
and the reporting of pain described in the patients’ 
records contributed to this definitive histopathological 
diagnosis. Cases with the diagnosis of chronic 
apical abscess were excluded (i.e., those with a high 
frequency of mononuclear cells compatible with 
lymphocytes mixture with neutrophils, and with 
a great amount of mature granulation tissue and 
fibrosis). The histopathological criteria for determining 
the diagnosis of periapical granuloma were the 
presence of predominant chronic inflammatory cell 
infiltrate, mainly macrophages and lymphocytes, 
as well as the presence of granulation tissue, rich in 
vascular vessels and fibroblasts. Cases with doubtful 
histopathological aspect were excluded. Cases without 
the clinical diagnosis of apical periodontitis or those 
without the clinical description that indicated the 
presence of the lesion in the periapical site were 
also excluded.

Some of the selected cases were not submitted 
to immunolabeling analyses due to the paucity of 
paraffin-embedded material. In the end, 25 cases of 
abscesses and 28 cases of granulomas were included. 
Ten histological sections (3 µm thick) of each case 
were then cut using a rotary microtome (Olympus 
Cut 4060, Tokyo, Japan). The slices were stretched 
onto 3-aminopropyltriethoxysilane-treated glass 
slides and maintained at 60°C for 24 hours. Analyses 
were then performed using immunohistochemical 
and immunofluorescence techniques as follows.

Immunohistochemical analysis
Eight histological sections of each case were 

used to perform immunohistochemical tests. All 
cases were submitted to immunohistochemical 
reaction using four primary antibodies (two slices 
for each): anti-elastase (NP 57 clone, 1:50 dilution, 
Dako®, Carpenteria, USA), anti-CD4 (10B5 clone, 
1:50 dilution, Abcam Inc., Cambridge, USA), anti-CD8 
(C8/144B clone, 1:50 dilution, Dako®), and anti-IL-17A 
(polyclonal, 1:100 dilution, Abcam). Before incubation, 
the histological sections were dewaxed and rehydrated 
in xylol and in descending grades of ethanol solution, 
respectively. Antigen retrieval was performed for CD4, 
CD8, and IL-17A using citrate (4 mM), pH 6.0, in a water 
bath at 97ºC for 40 minutes. Antigen retrieval was not 
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performed for elastase, because the manufacturer of 
this antibody does not recommend this procedure due 
to the possibility of granule degradation. Endogenous 
peroxidase was inhibited by treatment with H2O2 
20% v/v in methanol (1:1) for 30 min at room temperature 
for 60 minutes. Non-specific binding was avoided by 
blockage using 1% bovine serum albumin diluted in 
PBS (30 min incubation at room temperature). Primary 
antibodies were then incubated at room temperature for 
60 minutes. Thereafter, the samples were incubated with 
a biotinylated swine-antirabbit/goat/mouse antibody 
and a streptavidin-biotin peroxidase conjugate (LSAB 
System, Dako®) for 30 min each. The reaction was then 
revealed by diaminobenzidine (DAB) (Dako®). The 
sections were then stained with Mayer’s hematoxylin, 
dehydrated in a series of increasing grades of ethanol 
solution, immersed in xylol, and mounted in resin 
for conventional light microscopy. For the negative 
control, sections were incubated in a buffer without a 
primary antibody. Sections of human palatine tonsil 
were used as a positive control for all the antibodies.

Double staining by immunofluorescence
Ten cases of abscesses and granulomas with 

intense IL-17A immunohistochemical labeling each 
were subjected to CD4/IL-17A or CD8/IL-17A double 
immunofluorescence staining. In a pilot project, 
we observed that in cases with scarce or diffuse 
labeling for IL-17A, it was difficult to interpret the 
double staining. We therefore previously selected 
the cases with intense IL-17A expression, i.e., ten of 
those that exhibited the highest percentage of IL-17A 
labeling area obtained in the immunohistochemistry 
quantitation (see “Quantitative analysis” section 
below). We also did not perform double staining 
with elastase and IL-17A because the expression of 
elastase in the extracellular matrix did not allow a 
clear interpretation of the double staining due to an 
intense background.

The technical procedure, including the antigen 
retrieval, was the same as the one performed in the 
immunohistochemistry analysis, up to primary 
antibody incubation. Before the incubation, a 
blockage was performed for 30 min with 10% horse 
serum diluted in PBS buffer. The first incubation 
was performed with the CD4 or CD8 primary 

antibodies used in the immunohistochemistry 
procedure (1:50 dilution) for 1.5 h at room temperature. 
Incubation with a secondary antibody containing 
Texas Red® fluorochrome (TI-2000, Vector Laboratories, 
Burlingame, USA) was performed in a dark chamber 
for 1.5 hour. Thereafter, the slices were subjected 
to a second blockage with 10% horse serum for 
30 min, followed by incubation with the IL-17A 
primary antibody used in the immunohistochemistry 
procedure (1:100 dilution, 1.5 h at room temperature 
in a dark chamber). A second secondary antibody 
containing fluorescein isothiocyanate (FITC) (FI-2000, 
Vector Laboratories) was then incubated for 30 min at 
room temperature. Afterward, the slices were covered 
with a laminula fixed with a mounting medium that 
contained 4′,6-diamidino-2-phenylindole (DAPI) 
fluorescent dye (Vectashield®, Vector Laboratories). The 
fluorescence microscope (AxioImager A1, Carl Zeiss, 
Oberkochen, Germany) was used for observation of 
the slides. An image processing software program 
(AxioVisio 4.8 version, Carl Zeiss, Oberkochen, 
Germany) was used to superimpose Texas Red 
fluorescence spectra (red) with FITC fluorescence 
spectra (green), generating a double staining image 
(variation from yellow to orange).

Quantitative analysis
The labeling area stained by the DAB in the 

immunohistochemistry procedure was measured 
using a method adapted from a validated protocol.13 
This method is based on the principle of RGB color 
deconvolution and uses a NIH-ImageJ plugin.14 Six 
fields, at 400 × original magnification of each slice (four 
slices of each case for abscess and granuloma), were 
digitized and transferred to NIH-ImageJ software. 
Regions of interest were determined by one operator 
in a blinded manner (without knowledge of the 
lesion). Color deconvolution was used to separate 
the hematoxylin stain (blue color) from the DAB 
stain (brown color). The area of all the inflammatory 
cells was calculated by a blue color selection on the 
grayscale histogram, and the area of positive cells was 
determined by a brown color selection. The brown 
labeling area was then divided by the area of the 
inflammatory cells and multiplied by 100.
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Cel ls exh ibit ing double sta in ing in the 
immunofluorescence procedure were manually 
counted in six fields at 400 × original magnification. 
Four slices of each abscess and granuloma cases 
were counted. The number of double staining cells 
were then divided by the total number of cells and 
multiplied by 100.

Statistical analysis
For frequencies of clinical data, the Fisher’s 

exact test was used in the comparison between 
abscesses and granulomas. Percentages of the 
immunohistochemical labeling area and percentages 
of the double immunostaining cells are presented as 
mean, median, interquartile range (25th-75th percentile), 
and minimum and maximum values. Friedman’s 
and Mann–Whitney’s tests were performed for the 
comparison between the markers and between 
the abscess and granuloma lesions. The level of 
significance was 5%.

Results

Clinical data
Comparing the two lesions, there were no 

statistically significant differences in the clinical 
data. The most affected teeth were the maxillary 
premolars and molars (36.0% for abscess and 35.7% for 
granulomas), followed by mandibular premolars and 
molars (28.0% for abscess and 21.4% for granulomas) 
and maxillary canines and incisors (25.0% for abscesses 
and 24.0% for granulomas). For abscesses, there were 
44.0% and 36.0% of asymptomatic and symptomatic 
cases, respectively (in 20.0% of cases there was no 
information about symptomatology). For granulomas, 
54.0% were asymptomatic and 25.0% symptomatic 
(21.0% of cases were without information).

Quantitative analysis
Figures 1 to 3 show the mean percentage or labeling 

area for each marker corresponding to the cases of 
abscess and granuloma. When only the abscess group 
was analyzed (Figure 1E), the percentage of elastase, 
CD8, and IL-17A were significantly higher than that 
of CD4 (p < 0.001 for all paired comparisons). When 
only the granuloma group was analyzed (Figure 2E), 

the percentage of CD4 labeling area was the highest, 
showing significant differences when compared with 
elastase (p = 0.005), CD8 (p = 0.020), and IL-17A (p = 0.021).

When the abscess cases were compared with 
the granuloma cases (Figure 3), the percentages 
for elastase (p < 0.001), IL-17A (p = 0.011), and CD8 
(p = 0.004) were significantly higher in the abscess 
group; the granuloma lesions exhibited the highest 
percentage of CD4 (p < 0.001).

The immunohistochemical pattern of each 
marker for abscesses and granulomas is illustrated 
in Figures 1 and 2. In the abscess cases (Figure 1), 
elastase was labeled intensively in the cytoplasm of the 
neutrophils, and was negative in the fibroblasts and 
mononuclear inflammatory cells. In the area of necrosis, 
the connective tissue also showed mild positivity. A 
similar pattern was observed for granulomas (Figure 2), 
but with less intensity. CD4 and CD8 were positive 
in lymphocytic cells, with homogenous labeling in 
the cytoplasm and in the plasma membrane in both 
lesions. IL-17A was labeled with a granular pattern in 
mononuclear cells with morphology compatible with 
that of lymphocytes. A majority of the neutrophils were 
also positive, but in some cases of abscess, these cells 
were positive with a moderate frequency.

Figure 4E shows the mean percentages of cells 
exhibiting double immunostaining detected by 
immunofluorescence. Both in the abscesses and 
granulomas, the percentage of CD4+/IL-17A+ cells was 
significantly higher than that of CD8+/IL-17A+ cells. 
This percentage did not differ significantly between 
abscesses and granulomas. The double immunostaining 
is illustrated in Figure 4 (from “A” to “D”).

Discussion
The main hypothesis of this study was that 

the abscesses would exhibit more intense IL-17A 
expression than granulomas, due to their remarkably 
acute inflammatory nature. Our hypothesis was 
based mainly on studies that have demonstrated an 
important effect of IL-17 on neutrophil proliferation, 
maturation, and recruitment.8,9 The quantitative 
analysis of the labeling area performed in the present 
study reinforced this hypothesis.

The immunohistochemical panel for abscesses 
suggests the participation of innate immune response 
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Figure 1. Immunohistochemical labeling of elastase, IL-17A, CD4, and CD8 for periapical abscesses (Streptavidin-biotin, 400 × 
original magnification, bar 50 μm) (A) Intense immunolabeling of elastase in polymorphonucleated cells. (B) Intense IL-17A 
immunolabeling in inflammatory mononuclear cells and in some polymorphonucleated cells. (C) Intense CD8 immunolabeling in 
some mononuclear cells. (D) Moderate to intense CD4 immunolabeling in mononuclear cells.(E) Box-plot showing the percentages 
of elastase, IL-17A, CD8, and CD4 in periapical abscesses (bar: median; ◊: mean; inferior line of the box: 25th quartile; superior 
line of the box: 75th quartile; whiskers: minimum and maximum values; star: outlier). p-value from Mann-Whitney test, statistically 
significant when p < 0.05.
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Figure 2. Immunohistochemical labeling of elastase, IL-17A, CD4, and CD8 for periapical granulomas (Streptavidin-biotin, 
400 × original magnification, bar 50 μm) (A) Intense IL-17A immunolabeling in polymorphonucleated cells. (B) Intense IL-17A 
immunolabeling present in some inflammatory mononuclear cells. (C) Intense CD8 immunolabeling in mononuclear cells, mainly 
plasma cells. (D) Intense CD4 immunolabeling in majority of the inflammatory mononuclear cells. (E) Box-plot showing the percentages 
of elastase, IL-17A, CD8, and CD4 in periapical granuloma (bar: median; ◊: mean; inferior line of the box: 25th quartile; superior 
line of the box: 75th quartile; whiskers: minimum and maximum values; star and dot: outliers). p-value from Mann-Whitney test, 
statistically significant when p < 0.05.
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Figure 3. Box-plot graph showing the percentages of elastase, IL-17A, CD8, and CD4 in periapical abscesses versus periapical 
granulomas (bar: median; ◊: mean; inferior line of the box: 25th quartile; superior line of the box: 75th quartile; whiskers: minimum 
and maximum values; stars and dot: outliers). p-value from Mann-Whitney test, significant when p < 0.05.
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Figure 4. Double immunolabeling of CD4+/IL-17A+ and CD8+/IL-17A+ detected by immunofluorescence in the periapical 
abscesses (A and B) and periapical granulomas (C and D) (400 × original magnification, bar 50 μm). Orange color and yellow 
color represent double immunolabeling CD4+/IL-17A+ and CD8+/IL-17A+, respectively. Fluorescence for each single marker is 
illustrated in small images. (E) Mean (± standard deviation) and median (minimum and maximum values) percentages of cells 
exhibiting double immunostaining (CD4+/IL-17A+ and CD8+/IL-17A+) in the abscess and granuloma periapical lesions.
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in the majority of the lesions. A high percentage of 
elastase, IL-17A, and CD8 lymphocytes cells was 
observed. Elastase is one of the proteases present 
in the intracytoplasmatic azurophilic granules 
of the neutrophils, promoting the degradation of 
phagocytic microbial antigens in the intracellular 
compartment, or contributing to the destruction of 
these antigens in the extracellular environment.15 
In periapical abscesses, the presence of elastase has 
been associated with the symptomatology of the 
lesions.16 Elastase immunolabeling identifies the 
polymorphonucleated inflammatory cells, mainly 
neutrophils.17 Past studies analyzing neutrophil 
infiltrate in pulpal and periapical abscesses reported 
that neutrophil recruitment in these lesions was more 
associated with the chemotaxis caused by bacterial 
toxins.18,19 Experimental models with induction of 
periapical lesions in animals have also demonstrated 
a participation of IL-17A in this process, mainly at 
initial phases of the lesion formation, a period when 
an intense influx of neutrophils is observed.20,21

In the present study, there was also high expression 
of CD8+ cells in the abscess cases. Participation of 
CD8+ cells in the innate immune response has been 
associated with non-antigen-specific cytokine release, 
controlling several types of bacterial infections.22 
In pulpal infections by Streptococcus mutans, CD8+ 
T lymphocytes are recruited more than CD4+ T 
lymphocytes, indicating that the type of antigen 
determines the T lymphocyte population in these 
infections.21 Moreover, IL-17A seems to induce the 
differentiation of CD8+ cells by increasing the release 
of IL-21 and to increase the cytotoxicity of these cells.23

In the granulomas, the percentage of CD4 
labeling area was significantly higher than that of 
the other markers. Some studies have reported a high 
frequency of CD4+ cells in periapical granulomas, 
but without significant differences in comparison 
with CD8+ cells.4,24 The high proportion of CD4+ cells 
in granulomas has been associated with the initial 
process of granulomatous tissue formation, but 
great variance in cell populations in these lesions 
has frequently been reported.4

In the present study, the granulomas also exhibited 
a high percentage of elastase. Polymorphonucleated 
cells have also been found in granulomas, mainly in 

symptomatic lesions.3,4,10 Regarding IL-17A, all the 
granuloma lesions analyzed in the present study were 
positive for this cytokine, which is in agreement with 
other studies.4,10,11,12 The percentage of labeling area 
was, however, lower than that found for abscesses.

The main source of IL-17A in the abscesses and 
granulomas seems to be the CD4+ cells. Double 
immunolabeling revealed that the percentage of 
CD4+/IL-17A+ cells is higher than that of CD8+/IL-17A+ 
cells. This finding is in agreement with the majority 
of papers that discuss IL-17A and the Th17 phenotype. 
There is a consensus that there is a transformation 
of CD4+ cells into the Th17 phenotype, mainly in 
the presence of IL-23, IL-6, TGF-β, and transcription 
factors.8,25 However, the percentage of CD8+/IL-17A+ 
cells was not negligible in both types of lesions (mean 
of 6.4% in the abscess cases and 6.7% in the granuloma 
cases), a fact that may suggest the participation of 
these cells in the Th17 response. The role of this double 
immunolabeling in acute and chronic periapical 
lesions must be better investigated.

It is important to mention that this study is limited 
with regard to the characterization of the Th17 
response in the context of the apical periodontitis 
pathogenesis. We analyzed the anatomic distribution 
of a single cytokine, without additional analysis 
concerning its physiological role and the other 
cytokines. In addition, scarce information about the 
clinical evolution of the lesions, mainly regarding 
symptomatology and use of therapeutic tools, such 
as anti-inflammatory drugs, did not allow us to 
correlate the results with clinical variables.

Conclusions
Both the abscesses and the granulomas showed 

IL-17A immunolabeling, but in abscesses rich in 
neutrophils, this expression was higher. This fact 
suggests a role of this cytokine in the pathogenesis 
of the periapical lesions, particularly in the acute 
stages of the inflammatory process.
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