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Expression of epithelial growth 
factors and of apoptosis-regulating 
proteins, and presence of CD57+ cells 
in the development of inflammatory 
periapical lesions

The mechanisms that stimulate the proliferation of epithelial cells in 
inflammatory periapical lesions are not completely understood and the 
literature suggests that changes in the balance between apoptosis and 
immunity regulation appear to influence this process. Objective: To evaluate 
the expression of the epidermal growth factor (EGF), its receptor (EGFR) 
and of the keratinocyte growth factor (KGF), the presence of CD57+ cells, 
the epithelial cell proliferation index, and the expression of the Bcl-2 protein 
in inflammatory periapical lesions (IPL) at different stages of development. 
Methodology: Our sample was composed of 52 IPLs (22 periapical granulomas 
- PG - and 30 periapical cysts - PC), divided into three groups: PGs, small 
PCs, and large PCs. Specimens were processed for histopathologic and 
immunohistochemical analyses. Sections were evaluated according to 
the amount of positive staining for each antibody. Results: We found no 
significant differences among the groups regarding Bcl-2 (p=0.328) and 
Ki-67 (p>0.05) expression or the presence of CD57+ cells (p=0.748). EGF 
(p=0.0001) and KGF (p=0.0001) expression was more frequent in PCs than in 
PGs, and CD57+ cells were more frequent in IPLs with intense inflammatory 
infiltrates (p=0.0001). We found no significant differences in KGF (p=0.423), 
Bcl-2 (p=0.943), and EGF (p=0.53) expression in relation to inflammatory 
infiltrates or to the type of PC epithelial lining, but observed greater KGF 
expression (p=0.0001) in initial PCs. EGFR expression was similar among the 
groups (p>0.05). Conclusions: More frequent EGF and KGF expression in PCs 
and the greater presence of CD57+ cells in lesions with intense inflammatory 
infiltrates suggest that these factors influence IPL development. The greater 
KGF expression in initial PCs suggests its importance for the initial stages 
of PC formation.
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Introduction

Infections in the root canal system can cause a group 

of inflammatory conditions known as inflammatory 

periradicular lesions (IPLs). The most common IPLs 

are periapical granulomas (PG) and periapical cysts 

(PC); both appear as unilocular radiolucent lesions 

with well-defined borders associated with necrotic 

teeth.1,2 The histological characterization of PGs involve 

connective tissue infiltrated by a predominantlty 

chronic inflammatory infiltrate, small vessels, and, 

sometimes, proliferating epithelial islands that still fail 

to produce an inner cavity.1-3 In turn, PCs consist of 

cystic cavities lined by stratified squamous epithelia of 

irregular thickness showing espongiosis and containing 

a fibrous capsule of connective tissue which holds the 

same components found in PG.1-3 The literature claims 

PCs originate from pre-existing PGs; however, we still 

lack the full understanding of the exact mechanisms 

modulating this progression.3

The literature shows that, in response to an 

inflammatory stimulus, the proliferation of quiescent 

epithelial cell rests of Malassez within the periodontal 

ligament originate the non-keratinized stratified 

squamous epithelium that lines PCs.3 Various 

phenomena stimulating the proliferation of epithelial 

cells appear to influence this process, such as the 

higher expression of growth factors and their receptors, 

and changes in the balance between apoptosis and 

immunity regulation.4-8 The CD57 protein relates to 

cytotoxic activity and mediate immunosuppression,9 

whereas Bcl-2, to cell division regulation, inhibiting 

apoptosis in several cell types.10 The epidermal 

growth factor (EGF) stimulates the proliferation of 

keratinocytes and fibroblasts, and relates to cell 

proliferation and wound healing.5 Its receptor, EGFR, 

is found in epithelial cells with proliferative potential.4 

The keratinocyte growth factor (KGF) also correlates 

with epithelial cell growth and differentiation, which 

inflammatory stimuli influence.11

The literature has previously shown the individual 

importance of these cell types, growth factors (and 

their receptors), and anti-apoptotic proteins for IPLs.4-8 

However, no studies have compared the expression 

of these factors in IPLs at their different stages of 

development. Thus, this study aimed to evaluate 

the expression of epithelial growth factors and of 

proteins regulating apoptosis and immune responses, 

as well as cell proliferation markers in PGs and PCs at 

different stages of IPL development. We hypothesize 

that the expression of these markers varies across 

these stages. 

Methodology

Files from the Oral Pathology Laboratory at 

the Universidade Estácio de Sá, in Rio de Janeiro, 

Brazil were reviewed between 2013 and 2014. In 

total, 52 IPLs (22 PGs and 30 PCs) were selected 

for this retrospective study. All specimens analyzed 

came from surgical procedures recommended for 

reasons unrelated to this study, and were stored in 

flasks containing 10% buffered formalin solutions. 

Specimens were subjected to conventional histological 

processing and embedded in paraffin wax.

The clinical (lesion site, and clinical signs and 

symptoms), demographical (patients’ age and 

gender), and radiographical information (lesion size 

and border outline) of all specimens were obtained 

from laboratory files. Specimens from patients with 

immunological disorders such as diabetes, HIV 

infection, and autoimmune diseases were excluded, 

as were cases in which the surgical specimens were 

insufficient for adequate histological analyses or 

obtained by incisional biopsy.

The IPLs were divided into three groups: PGs 

(22 cases, 42%), small PCs (nine cases, 17% - 

radiographical diameter smaller than 10 mm) and 

large PCs (21 cases, 41% - diameter greater than 10 

mm); the last two groups were classified based on the 

greater diameter observed in high-quality periapical 

radiographs. 

Paraffin blocks containing the selected specimens 

were cut into 5 µm-thick sections, stained with 

hematoxylin and eosin, and observed under an optical 

microscope (Leica DM500, Heerbrugg, Switzerland). 

Histological analyses were conducted by two previously 

calibrated examiners according to the following 

parameters: type of inflammatory infiltrate (mixed 

or chronic); intensity of the inflammatory infiltrate 

(focal/slight or moderate/intense); and presence of 

clefts from cholesterol crystals. For PCs, the thickness 

of the epithelial lining was also analyzed (atrophic or 

hyperplastic).

Immunohistochemical reactions were carried out 

according to a previously described standardized 

protocol,12-15 using 3 µm-thick sections obtained from 
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the paraffin blocks. Sections were placed on silanized 

slides, deparaffinized in xylene, and hydrated by 

soaking in decreasing ethanol concentrations. Antigen 

retrieval was performed in 10 mM citrate buffer 

solutions (pH 6) in a microwave oven. Endogenous 

peroxidase was blocked with 3% hydrogen peroxide, 

followed by incubation of the slides with anti-EGF 

(ABCAM AB9695, polyclonal, 1:500), anti-EGFR 

(Novocastra, clone 384, 1:500), anti-KGF (ABCAM 

AB90259, polyclonal, 1:1000), anti-Bcl-2 (Biocare 

Medical CM003C, clone 100/05, 1:200), anti-CD57 

(Biocare Medical CM007C, clone NK-1, 1:100), and 

anti-Ki-67 (Dako M7240, clone MIB-1, 1:100) primary 

antibodies diluted in antibody diluent solutions (Dako). 

Dilutions followed manufacturers’ instructions and 

laboratory protocols. The slides were incubated in 

a moist chamber for 16 hours at 4°C. According to 

the manufacturers’ instructions, tissues known to 

react to each antibody served as positive controls, 

whereas these primary antibodies were omitted for the 

negative controls. After incubation with the primary 

antibodies, slides were washed in PBS and incubated 

with a secondary antibody (LSAB, Dako) for 30 

minutes at 37°C, washed again in PBS, and incubated 

with a streptavidin-biotin-peroxidase complex (LSAB, 

Dako) for 30 minutes at 37°C. The reaction was 

revealed with a 3,3’-diaminobenzidine tetrachloride 

solution (DAB, Dako), followed by counterstaining 

with Carazzi’s hematoxylin and mounting on Entellan 

(Merck, Germany).

The immunoslides were observed under an optical 

microscope, and the most representative area (“hot 

spot”) for each slide stained for CD57, KGF, EGF, and 

EGFR was chosen. The percentage of positive cells in 

the total amount of cells in the area was estimated 

by 400x magnification (high-power view) under light 

microscopy. CD57, EGF, EGFR, and KGF expression 

was also scored as negative/focal (0-5%) or positive 

(greater than 5%). Cells were identified according to 

protein-specific marker positivity or negativity. Bcl-2 

expression was scored as negative/focal (0-5%) or 

positive (greater than 5%) due to the presence of both 

cellular and extracellular immunoexpression. For anti-

Ki-67 antibodies, the number of ‘positive’ epithelial cell 

nuclei in each specimen was estimated out of the total 

number of epithelial cell nuclei present within two fields 

observed under high magnification (1000x). Therefore, 

the mean proliferation index per field observed under 

high magnification was obtained for each specimen. 

The two fields selected for observation under high 

magnification were Ki-67 expression “hot spots”. All 

slides were analyzed by two previously calibrated 

examiners. In case of disagreement, the final decision 

was based on a group discussion. The methods used 

for the histological and immunohistochemical analyses 

have been validated and previously used in other 

studies performed by the same group.12-15 

Clinical, demographic, radiographic, histological, 

and immunohistochemical data were recorded and 

analyzed descriptively and comparatively via the SPSS 

software (Statistical Program for Social Sciences, 

version 20, IBM, USA). Differences in EGF, EGFR, KGF, 

Bcl-2, CD57, and Ki-67 expression among the groups 

were analyzed using the T-test and the Pearson’s 

chi-squared test with p<0.05 (5% significance level). 

This study was approved by the Ethics Committee at 

the Universidade Estácio de Sá (No. 1.242.574), and 

conducted in full accordance with the ethical principles 

of the Declaration of Helsinki (2008).

Results

The IPLs included in this study affected 32 women 

(62%) with a mean age of 44.9 years, and 20 men 

(38%) with a mean age of 41.9 years, with no 

significant differences in age and gender distribution 

among the groups (Table 1). Symptoms were present 

in 36% of the IPLs, without differences among the 

three groups, but local swelling was more common in 

small PCs (Table 1). The mean diameter of the IPLs was 

14.4 mm, based on the largest dimension observed 

radiographically, and we considered most case images 

as well-defined, with no group differences (Table 1).

The mean size of the gross specimens was 336.71 

mm3, larger in large PCs than in PGs and small PCs 

(Table 2). Most cases showed moderate/intense 

chronic inflammatory infiltrates, but no difference 

among our three groups (Table 2). We observed no 

significant difference in the thickness of the epithelial 

lining between small and large PCs (Table 2). We also 

found cholesterol crystals clefts in three PCs (10%).

The mean cellular proliferation index of the 

epithelial lining of PCs, measured by Ki-67 expression, 

was 3.02 (DP±2.98), ranging from 0 to 12.6 positive 

nuclei per high-power field (Figure 1). Small PCs had 

a 2.2 (DP±1.6) mean score, whereas large PCs, a 3.4 

(DP±3.4) mean score (p=0.306). PCs with focal/slight 
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Clinical parameter Group P-value

PG Small PC Large PC Total

Gender

Male 7 (32%) 3 (33%) 10 (48%) 20 (38%) 0.534 *

Female 15 (68%) 6 (67%) 11 (52%) 32 (62%)

Age (in years)

Mean age 45.8 44.1 44.4 44.9 0.937 **

Standard deviation 12.876 18.462 13.905 14.075

Presence of symptoms

No 11 (58%) 5 (71%) 13 (68%) 29 (64%) 0.728 *

Yes 8 (42%) 2 (29%) 6 (32%) 16 (36%)

Presence of local swelling

No 9 (53%) 7 (100%) 9 (47%) 25 (58%) 0.047 *

Yes 8 (47%) 0 10 (53%) 18 (42%)

Radiological limits

Well-defined 7 (39%) 4 (44%) 15 (75%) 26 (55%) 0.063 *

Ill-defined 11 (61%) 5 (56%) 5 (25%) 21 (45%)

* Pearson's chi-squared; ** ANOVA

Table 1- Distribution of the clinical and radiological parameters by group (PG - periapical granuloma; PC - periapical cyst)

Histological parameter Group P-value

PG Small PC Large PC Total

Size of the gross specimen (in mm3)

Mean size 161.5 115.67 628.9 336.71 0.024 *

Standard deviation 22.637 246.468 894.278 625.774

Intensity of the inflammatory infiltrate

Focal/Slight 6 (27%) 4 (44%) 7 (33%) 17 (33%) 0.65 **

Moderate/Intense 16 (73%) 5 (56%) 14 (67%) 35 (67%)

Type of inflammatory infiltrate

Chronic 16 (73%) 7 (78%) 20 (95%) 43 (83%) 0.136 **

Mixed (chronic + acute) 6 (27%) 2 (22%) 1 (5%) 9 (17%)

Thickness of the epithelium lining

Hyperplastic NA *** 4 (44%) 16 (76%) 20 (67%) 0.091 **

Atrophic NA *** 5 (56%) 5 (24%) 10 (33%)

* ANOVA; ** Pearson's chi-squared; *** Not applicable

Table 2- Distribution of the histological parameters by group (PG - periapical granuloma; PC - periapical cyst)

Figure 1- A and B - Nuclear Ki-67 expression in the epithelial lining of two periapical cysts (Immunoperoxidase, 1000x)
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or moderate/intense inflammation had, respectively, 

3.1 (DP±4.1) and 3 (DP±2.8) mean scores (p=0.951). 

PCs with chronic or mixed inflammatory infiltrates 

had, respectively, 3.1 (DP±3.1) and 2 (DP±1.7) mean 

scores (p=0.545). PCs with predominantly atrophic or 

hyperplastic epithelia had, respectively, 2.6 (DP±3.8) 

and 3.2 (DP±2.6) mean scores (p=0.592).

We found CD57+ cells in 54% of the IPLs, with 

no difference on their frequency among the groups 

(Table 3), and Bcl-2 expression in 65% of the IPLs, 

with no significant difference on its expression among 

the groups (Table 3). We observed EGF and KGF 

expression in, respectively, 54% and 58% of the 

IPLs, both more common in PCs than in PGs (Table 

3). However, we found no statistically significant 

difference in the frequency of CD57, KGF, EGF, and 

EGFR immunopositive cells in PGs, and small and large 

PCs. We observed no statistically significant difference 

in the presence of symptoms and local swelling 

according to our histological parameters, the presence 

of CD57+ cells, and Bcl-2, EGF, and KGF expression. 

When comparing the frequency of CD57, KGF, EGF, 

and EGFR immunopositive cells to the presence of 

symptoms and local swelling, EGF-positive cells were 

more frequent in symptomatic (53.75%±23.058) than 

in asymptomatic (37.59±22.104) cases (p=0.03). 

We found CD57+ cells more frequently in IPLs with 

moderate/intense inflammatory infiltrates (Table 4), 

and no difference in Bcl-2, EGF, and KGF expression 

according to the intensity of inflammatory infiltrates 

(Table 4). The presence of CD57+ cells and Bcl-

2, EGF, and KGF expression were not significantly 

different between IPLs with chronic and mixed 

inflammatory infiltrates or between PCs with atrophic 

and hyperplastic epithelial lining. We observed no 

statistically significant difference in the presence of 

CD57+ cells and Bcl-2, EGF, and KGF expression 

according to the mean gross size of the IPLs. When 

comparing the frequency of CD57, KGF, EGF, and 

EGFR immunopositive cells to the intensity and type 

of inflammatory infiltrates and epithelial thickness, 

CD57-positive cells were more frequent in moderate/

intense (9.91±8.552) versus focal/slight (5.12±3.822) 

inflammatory infiltrates (p=0.007).

We evaluated EGFR expression in 40 specimens, 

including 22 PGs and 18 PCs; none of the latter showed 

EGFR expression. Among the 18 PCs, we found no 

statistically significant difference in EGFR expression 

between small and large PCs or the type and intensity 

of inflammatory infiltrates, and the thickness of the 

epithelial lining. Figures 2 and 3 show the presence of 

CD57+ cells and Bcl-2, EGF, KGF, and EGFR expression 

in the IPLs evaluated in this study. 

Parameter Categorization P-value*

CD57+ cells Absent Present 0.748

PGs 9 (41%) 13 (59%)

Small PCs 4 (44%) 5 (56%)

Large PCs 11 (52%) 10 (48%)

Bcl-2 expression Negative/focal Positive 0.328

PGs 10 (45%) 12 (55%)

Small PCs 3 (33%) 6 (67%)

Large PCs 5 (24%) 16 (76%)

EGF expression Negative/focal Positive 0.0001

PGs 20 (91%) 2 (9%)

Small PCs 1 (11%) 8 (89%)

Large PCs 3 (14%) 18 (86%)

KGF expression Negative/focal Positive 0.0001

PGs 15 (68%) 7 (32%)

Small PCs 1 (11%) 8 (89%)

Large PCs 6 (29%) 15 (71%)

* Pearson's chi-squared

Table 3- Distribution of CD57+ cells and Bcl-2, EGF, and KGF expression in periapical granulomas (PGs, n=22) and in small (n=9) and 
large (n=21) periapical cysts (PCs)
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Discussion

The role of epithelial growth factors, apoptosis-

regulating proteins, and CD57+ cells (including natural 

killer cells and CD8+ T cells) in the pathogenesis and 

development of PGs and PCs has been previously 

investigated.4-7,16-18 However, few studies evaluated 

the importance of these factors by comparing 

inflammatory periradicular lesions at different stages 

of development.

The CD57 protein is a marker expressed by 

natural killer cells, which possess a natural cytotoxic 

ability against tumor cells.9 Moreover, CD8+ T cells 

expressing the CD57 protein play an important role 

in mediating immunosuppression.9 In this study, 

we found CD57+ cells in approximately half of the 

lesions studied – a greater frequency than previously 

reported in the literature.19 We observed a greater 

presence of CD57+ cells in IPLs with moderate/intense 

inflammatory infiltrates, which may relate to a greater 

inflammatory response in general.8 We found no 

significant differences among the groups or between 

PCs with different epithelial linings, although previous 

studies have reported that PCs with atrophic epithelial 

lining show significantly higher numbers of CD57+ 

cells.8,20 Our results suggest that the cytotoxic activity 

of CD57+ cells is not associated to the proliferation of 

epithelial cells in the lining of PCs. 

The Bcl-2 protein is an important mediator of 

cell division regulation. It can inhibit apoptosis and 

extend the survival of several types of cells, which 

may stimulate the development of PCs and other 

types of odontogenic cysts.7,10,17,21,22 In this study, 

comparing the groups showed no difference in Bcl-

2 expression according to the type and intensity of 

inflammatory infiltrates or the type of epithelial lining 

in the PCs. Nonetheless, previous studies indicated 

that the expression of apoptosis-regulating factors 

may vary according to the structure of the epithelial 

lining and the inflammatory components present in 

PCs and other odontogenic cysts.7,22,23 Loyola, et al.17 

(2005) showed greater Bcl-2 expression in lesions 

with atrophic epithelial lining than in those with 

hyperplastic epithelial lining, although the authors 

found no significant difference between the groups 

studied. Our results fail to support that anti-apoptotic 

Bcl-2 activity in mitochondrial and membrane cellular 

compartments relates to the survival, maintenance, 

and proliferation of epithelial cells in the lining of PCs. 

EGF stimulates the proliferation of epithelial cells, 

hepatocytes, and fibroblasts via its interaction with 

receptors in the membrane of target cells.5,24,25 The 

literature associates this protein with various vital 

functions in normal and altered cells, such as migration, 

proliferation, mobility, and wound healing.5,24,25 Our 

results show no difference in EGF expression regarding 

the type and intensity of inflammatory infiltrates and 

the type of epithelial lining in the cystic lesions. Still, 

Intensity of the inflammatory infiltrate Parameter P-value *

CD57+ cells 0.0001

Absent Present

Focal/Slight 15 (88%) 2 (12%)

Moderate/Intense 9 (26%) 26 (74%)

Bcl-2 expression 0.943

Negative/focal Positive

Focal/Slight 6 (35%) 11 (65%)

Moderate/Intense 12 (34%) 23 (66%)

EGF expression 0.53

Negative/focal Positive

Focal/Slight 6 (35%) 11 (65%)

Moderate/Intense 4 (11%) 31 (89%)

KGF expression

Negative/focal Positive 0.423

Focal/Slight 6 (35%) 11 (65%)

Moderate/Intense 16 (46%) 19 (54%)

* Pearson's chi-squared

Table 4- Distribution of CD57+ cells and Bcl-2, EGF, and KGF expression according to the intensity of the inflammatory infiltrate (Focal/
Slight - n=17; Moderate/Intense - n=35) in the inflammatory periradicular lesions studied
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when comparing PGs and PCs, the latter showed 

greater EGF expression. These findings corroborate 

previous studies5 and support the hypothesis that EGF 

expression plays a role in stimulating epithelial cell 

proliferation, thus taking part in cyst formation. We 

should mention, however, that we found no difference 

in EGF expression between small and large PCs.

We normally observe EGFR expression in epithelial 

cells with proliferative potential.4,16,25-27 EGFR activation 

by EGF binding increases tyrosine kynase activity and 

stimulates signal transduction cascades, which are 

associated with epithelial cell proliferation.4,16,25-27 The 

literature has shown its expression in the epithelia of 

IPLs, especially in the lining of PCs, suggesting that 

EGFR expression may be important for maintaining 

these lesions.4,16,28,29 Additionally, the presence of 

an infection seems to modulate EGFR expression in 

odontogenic cysts, and may influence the proliferative 

ability of odontogenic epithelia.27 In our study, however, 

EGFR expression failed to show a correlation with any 

of the parameters evaluated, including between small 

and large PCs.

Fibroblasts produce KGF, a mitogen involved in 

epithelial cell growth and differentiation. KGF also 

contributes toward vital functions such as tissue 

repair. The presence of inflammation in some chronic 

oral conditions seems to influence its expression.11,30 

In this study, KGF showed greater expression in PCs 

than in PGs, and in small PCs than in large PCs. These 

differences suggest that KGF may play a role in the 

mechanism of PC formation and that its effect is more 

significant in the initial stages of cyst development, 

possibly similar to its epithelial proliferative effect 

during wound healing.11,30 KGF expression was 

not significantly different to the intensity and type 

of inflammatory infiltrates, contrasting with the 

Figure 2- Presence of CD57+ cells in an inflammatory periradicular lesions with a chronic inflammatory infiltrate (A, Immunoperoxidase 
1000x), and a mixed inflammatory infiltrate (B, Immunoperoxidase 1000x); Bcl-2 expression in the epithelium (C, Immunoperoxidase 
1000x) and in the connective tissue showing chronic inflammation (D, Immunoperoxidase 1000x) in a periapical cyst; EGF expression in 
the epithelium of an initial periapical cyst (E, Immunoperoxidase 200x), and in the hyperplastic epithelium of an advanced periapical cyst 
(F, Immunoperoxidase 200x)
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information reported in the literature.6 Epithelial cells 

were the cell types with greater KGF expression, but 

comparing atrophic and hyperplastic epithelia showed 

no statistical difference. 

We found the antigen Ki-67 expressed in the nuclei 

of epithelial cells in 90% of the PCs evaluated. These 

values are above the 60% reported in a previous 

study.18 In the epithelial lining of PCs, Ki-67 expression 

was limited, in the range of 1-5%, values similar 

to what a previous study reports.14 We found no 

difference in the mean cell proliferation index among 

the groups studied; this index was similar in lesions 

with different types and intensities of inflammatory 

infiltrates and in cystic lesions with different epithelia. 

Still, we found greater Ki-67 expression in PCs with 

intense inflammatory infiltrates, suggesting that 

inflammations may play at least a partial role in 

modulating the proliferation of cystic epithelia, as 

previous studies have suggested.7,23

Conclusions 
 

The results from this study indicated that the more 

frequent EGF and KGF expression in PCs and the 

greater presence of CD57+ cells in lesions with intense 

inflammatory infiltrates suggest these factors influence 

the development of IPLs. Moreover, the greater KGF 

expression in initial PCs suggests its importance in the 

initial stages of PC development.

Conflict of interest
The authors have stated explicitly that there are 

no conflicts of interest in connection with this article.

Acknowledgements 
The authors wish to thank FAPERJ (Fundação Carlos 

Chagas Filho de Amparo à Pesquisa do Estado do Rio de 

Janeiro), Brazil, for the finantial support for the study.

Authors’ contributions
Valente, Walter Arthur Silva: Conceptualization 

(Equal); Data curation (Equal); Investigation (Equal); 

Methodology (Equal); Resources (Equal); Visualization 

(Equal); Writing – original draft (Equal), Writing 

– review & editing (Equal). Barrocas, Déborah: 
Conceptualization (Equal); Data curation (Equal); 

Investigation (Equal); Methodology (Equal); Resources 

(Equal); Visualization (Equal); Writing – original draft 

(Equal); Writing – review & editing (Equal). Armada, 
Luciana: Formal analysis (Equal); Investigation 

(Equal); Methodology (Equal); Resources (Equal); 

Supervision (Equal); Validation (Equal); Visualization 

(Equal); Writing – original draft (Equal); Writing 

– review & editing (Equal). Pires, Fabio Ramoa: 

Figure 3- KGF expression in the hyperplastic epithelial lining (A, Immunoperoxidase 200x) and in fibroblasts in the fibrous capsule of 
a periapical cyst (B, Immunoperoxidase 1000x); EGFR expression in proliferating odontogenic epithelium in the capsule of a periapical 
cyst (C, Immunoperoxidase 100x), and in the epithelial lining and in the proliferating epithelial rest in the capsule of a periapical cyst (D, 
Immunoperoxidase 200x)

Expression of epithelial growth factors and of apoptosis-regulating proteins, and presence of CD57+ cells in the development of inflammatory periapical lesions



J Appl Oral Sci. 2022;30:e202104139/9

Conceptualization (Equal); Formal analysis (Equal); 

Funding acquisition (Equal); Investigation (Equal); 

Methodology (Equal); Project administration (Equal); 

Resources (Equal); Supervision (Equal); Validation 

(Equal); Visualization (Equal); Writing – original draft 

(Equal); Writing – review & editing (Equal).

References

1- Lin HP, Chen HM, Yu CH, Kuo RC, Kuo YS, Wang YP. Clinicopathological 
study of 252 jaw bone periapical lesions from a private pathology 
laboratory. J Formos Med Assoc. 2010;109(11):810-8. doi: 10.1016/
S0929-6646(10)60126-X
2- Santos LC, Bôas DS, Oliveira GQ, Ramos EA, Gurgel CA, Santos 
JN. Histopathological study of radicular cysts diagnosed in a Brazilian 
population. Braz Dent J. 2011;22(6):449-54. doi: 10.1590/s0103-
64402011000600002
3- Lin LM, Huang GT, Rosenberg PA. Proliferation of epithelial cell 
rests, formation of apical cysts, and regression of apical cysts after 
periapical wound healing. J Endod. 2007;33(8):908-16. doi: 10.1016/j.
joen.2007.02.006
4- Lin LM, Wang SL, Wu-Wang C, Chang KM, Leung C. Detection of 
epidermal growth factor receptor in inflammatory periapical lesions. 
Int Endod J. 1996;29(3):179-84. doi: 10.1111/j.1365-2591.1996.
tb01366.x
5- Li T, Browne RM, Matthews JB. Immunocytochemical expression of 
growth factors by odontogenic jaw cysts. Mol Pathol. 1997;50(1):21-7. 
doi: 10.1136/mp.50.1.21
6- Gao Z, Flaitz CM, Mackenzie IC. Expression of keratinocyte growth 
factor in periapical lesions. J Dent Res. 1996;75(9):1658-63. doi: 
10.1177/00220345960750090701
7- Suzuki T, Kumamoto H, Kunimori K, Ooya K. Immunohistochemical 
analysis of apoptosis-related factors in lining epithelium of radicular 
cysts. J Oral Pathol Med. 2005;34(1):46-52. doi: 10.1111/j.1600-
0714.2004.00248.x
8- Silva LA, Sá MA, Melo RA, Pereira JS, Silveira EJ, Miguel MC. Analysis 
of CD57+ natural killer cells and CD8+ T lymphocytes in periapical 
granulomas and radicular cysts. Braz Oral Res. 2017;31:e106. doi: 
10.1590/1807-3107BOR-2017.vol31.0106
9- Fraga CA, Oliveira MV, Domingos PL, Botelho AC, Guimarães AL, 
Teixeira-Carvalho A, et al. Infiltrating CD57+ inflammatory cells in 
head and neck squamous cell carcinoma: clinicopathological analysis 
and prognostic significance. Appl Immunohistochem Mol Morphol. 
2012;20(3):285-90. doi: 10.1097/PAI.0b013e318228357b
10- Jain M, Kasetty S, Sridhara SU, Jain N, Khan S, Desai A. 
Apoptosis and its significance in oral diseases: an update. J Oral Dis. 
2013;2013:401049. doi: 10.1155/2013/401049
11- Werner S. Keratinocyte growth factor: a unique player in epithelial 
repair processes. Cytokine Growth Factor Rev. 1998;9(2):153-65. doi: 
10.1016/s1359-6101(98)00010-0
12- Ajuz NC, Antunes H, Mendonça TA, Pires FR, Siqueira Jr JF, Armada 
L. Immunoexpression of interleukin 17 in apical periodontitis lesions. J 
Endod. 2014;40(9):1400-3. doi: 10.1016/j.joen.2014.03.024
13- Bracks IV, Armada L, Gonçalves LS, Pires FR. Distribution of mast 
cells and macrophages and expression of interleukin-6 in periapical 
cysts. J Endod. 2014;40(1):63-8. doi: 10.1016/j.joen.2013.09.037
14- Martins R, Armada L, Santos TC, Pires FR. Comparative 
immunoexpression of ICAM-1, TGF-β1 and ki-67 in periapical and 
residual cysts. Med Oral Patol Oral Cir Bucal. 2017;22(1):e24-30. doi: 
10.4317/medoral.21346

15- Lopes CB, Armada L, Pires FR. Comparative expression of CD34, 
intercellular adhesion molecule-1, and podoplanin and the presence of 
mast cells in periapical granulomas, cysts, and residual cysts. J Endod. 
2018;44(7):1105-9. doi: 10.1016/j.joen.2018.04.013
16- Gonçalves CK, Fregnani ER, Leon JE, Silva-Sousa YT, Perez DE. 
Immunohistochemical expression of p63, epidermal growth factor 
receptor (EGFR) and notch-1 in radicular cysts, dentigerous cysts and 
keratocystic odontogenic tumors. Braz Dent J. 2012;23(4):337-43. 
doi: 10.1590/s0103-64402012000400005
17- Loyola AM, Cardoso SV, Lisa GS, Oliveira LJ, Mesquita RA, Carmo 
MA, et al. Apoptosis in epithelial cells of apical radicular cysts. Int 
Endod J. 2005:38(7):465-9. doi: 10.1111/j.1365-2591.2005.00971.x
18- Nadalin MR, Fregnani ER, Silva-Souza YT, Perez DE. Syndecan-1 
(CD138) and Ki-67 expression in odontogenic cystic lesions. Braz 
Dent J. 2011;22(3):223-9. doi: 10.1590/s0103-64402011000300008
19- Liapatas S, Nakou M, Rontogianni D. Inflammatory infiltrate of 
chronic periradicular lesions: an immunohistochemical study. Int 
Endod J. 2003;36(7):464-71. doi: 10.1046/j.1365-2591.2003.00627.x
20- Moreira PR, Santos DF, Martins RD, Gomez RS. CD57+ cells in 
radicular cyst. Int Endod J. 2000;33(2):99-102. doi: 10.1046/j.1365-
2591.2000.00276.x
21- Naz I, Mahmood MK, Nagi AH. Expression of bcl-2 in primary 
and recurrent odontogenic keratocysts in comparison with other 
odontogenic lesions. Asian Pac J Cancer Prev. 2015:16(15):6289-92. 
doi: 10.7314/apjcp.2015.16.15.6289
22- Phull K, Metgud R, Patel S. A study of the distribution of B-cell 
lymphoma/leukemia-2 in odontogenic cyst and tumors: histochemical 
study. J Can Res Ther. 2017;13(3):570-5. doi: 10.4103/0973-
1482.183197
23- Martins CA, Rivero ER, Dufloth RM, Figueiredo CP, Vieira 
DS. Immunohistochemical detection of factors related to cellular 
proliferation and apoptosis in radicular and dentigerous cysts. J Endod. 
2011;37(1):36-9. doi: 10.1016/j.joen.2010.09.010
24- Teramatsu Y, Maeda H, Sugii H, Tomokiyo A, Hamano S, Wada N, 
et al. Expression and effects of epidermal growth factor on human 
periodontal ligament cells. Cell Tissue Res. 2014;357(3):633-43. doi: 
10.1007/s00441-014-1877-x
25- Choi YS, Kim YC, Ji S, Choi Y. Increased bacterial invasion and 
differential expression of tight-junction proteins, growth factors, 
and growth factor receptors in periodontal lesions. J Periodontol. 
2014:85(8):e313-22. doi: 10.1902/jop.2014.130740
26- Baumgart CS, Lauxen IS, Sant´Anna M Filho, Quadros OF. 
Epidermal growth factor receptor distribution in pericoronal follicles: 
relationship with the origin of odontogenic cysts and tumors. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2007;103(2):240-5. doi: 
10.1016/j.tripleo.2005.11.009
27- Li TJ, Browne RM, Matthews JB. Expression of epidermal growth 
factor receptors by odontogenic jaw cysts. Virchows Arch A Pathol 
Anat Histopathol. 1993;423(2):137-44. doi: 10.1007/BF01606588
28- Rodrigues JT, Antunes HS, Armada L, Pires FR. Influence of surgical 
decompression on the expression of inflammatory and tissue repair 
biomarkers in periapical cysts. Oral Surg Oral Med Oral Pathol Oral 
Radiol. 2017;124(6):561-7. doi: 10.1016/j.oooo.2017.06.121
29- Batista NM, Moraes AT, Balbinot KM, Souza Neto OR, Brandão 
JM, Kataoka MS, et al. Immunohistochemical analysis of ADAMTS‑1, 
versican and pEGFR expressions in periapical granuloma and radicular 
cyst. BMC Oral Health. 2021;21:102. doi: 10.1186/s12903-021-
01462-x
30- Li M, Firth JD, Putnins EE. Keratinocyte growth factor-1 expression 
in healthy and diseased human periodontal tissues. J Periodontal Res. 
2005;40(2):118-28. doi: 10.1111/j.1600-0765.2004.00780.x

VALENTE WA, BARROCAS D, ARMADA L, PIRES FR


