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Background:  Dendritic cells (DCs) form a key link between innate and adaptive immune 

responses. The aim of this study was to analyze the presence and distribution of immature (imDCs) and 
mature DCs (mDCs) in gingival tissue samples obtained from patients diagnosed with aggressive 
periodontitis (AgP), chronic periodontitis (ChP), and clinically healthy periodontium (Control group).  

Methods: Gingival tissue samples obtained from patients with AgP (aged <35), ChP (aged >35) 
and Control group (aged >18) (n=10 per group) were collected. We used Two-way analyses of variance 
and posterior Fisher´s LSD Test to observe differences between the means of cells positively marked for 
imDC (S100, CD1a and CD207) and mDC (CD208) immunomarkers. 

Results: imDCs were more numerous in AgP than ChP and Control groups, being statistically 
significant only the S100+ cells. Conversely, mDCs were visualized in higher number in ChP than AgP 
and Control groups (both p<0.05). Considering the frequency of immunostained cells, the number of 
S100+ cells was greater than CD207+ and CD1a+ cells, followed by a lesser number of CD208+ cells, in 
all groups.    

Conclusions: Considering that the ability of DCs to regulate immunity is dependent on DC 
maturation, our results suggest that predominance of imDCs appear to be involved in AgP pathogenesis, 
probably due to lack of ability to induce immune cell activation. Further studies are necessary to elucidate 
the role of DC maturation in regulating immune responses in periodontal disease.  
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The two principal clinical phenotypes of periodontal disease are chronic periodontitis 
(ChP) and aggressive periodontitis (AgP), which present distinctive clinicopathological 
features, such as: i) age of onset, ii) progression rate, iii) destruction pattern, iv) clinical 
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signs of inflammation, and v) presence and formation of dental biofilm and calculus.1, 2 
Different from ChP, early onset and rapid course of periodontal tissue destruction, 
usually attributed to an altered immune response against periodontal pathogens,3 are 
characteristics of AgP.1, 3-9  In this context, the host immune response has a central role 
in the pathogenesis of periodontitis.6, 7, 10-12  

The innate immune system includes neutrophils, macrophages and dendritic cells 
(DCs), while the adaptive immune system is represented by lymphocyte subsets, which 
infiltrate the infected periodontal tissue and efficiently mediate pathogen clearance, 
promoting immunological memory.13,14 It is known that DCs are the most potent 
antigen-presenting cells (APCs), activating naive T-cells, thus showing their critical 
function in induction of adaptive immunity.3 The periodontal tissue contains three types 
of immature DCs (imDCs): Langerhans cells (LCs), submucosal DCs (subDCs) and 
plasmacytoid DCs (pDCs).3, 13 LCs constitute a distinct population, which following 
antigen capture, differentiate into mature DCs (mDCs).14, 15 Depending on the activation 
and maturation state, DCs play an important role in the initiation and amplification of 
adaptive immune responses, modulating the activation and differentiation of both B-
cells and T-cells, as well as regulating critical interactions with macrophage 
populations.3, 4 Therefore, the knowledge of the activation and maturation states of 
immune cells present in periodontal disease is fundamental in order to better understand 
of their immunological mechanisms. 

By considering periodontal disease, several studies have assessed the infiltration of 
lymphocyte subsets,7, 8, 16-21 as well as macrophages8, 10, 19-22 in ChP and/or AgP; 
whereas there are no studies observing imDC and mDC subsets in AgP. In fact, in ChP 
tissues, DCs were analyzed through S100,10, 12 CD1a,10, 16, 22-31 CD83 19, 23-25, 27, 31 and 
CD208 21, 25 immunomarkers. In AgP tissues, DCs were evaluated only through CD1a 9 
and CD83 19 immunomarkers.  Remarkably, to date, no study has comparatively 
evaluated maturation and/or activation states of DC subsets between ChP and AgP 
cases.  

Thus, regarding the central role of immune system in the pathogenesis of 
periodontitis, it remains to be determined the balance between imDC and mDC subsets 
in ChP and AgP. In the current study, we have comparatively analyzed the presence and 
distribution of imDCs (S100+/CD1a+/CD207+) and mDCs (CD208+) in gingival tissue 
samples obtained from patients diagnosed with AgP, ChP, and clinically healthy 
periodontium. To the best of our knowledge, immunoexpression pattern of CD207 in 
ChP and both CD207 and CD208 in AgP, is unknown to date.  

MATERIALS AND METHODS 

Participant’s Selection and Samples Collection 
This clinical study received the approval of the Ethics Committee of the School of 
Dentistry of Ribeirão Preto (CAAE: 12945713.1.0000.5419) on March 28th, 2013; and it 
was conducted in accordance with the Declaration of Helsinki. All participants signed a 
consent statement prior the beginning of the study.  

We selected 30 patients (n=10 per group): Control (clinically health gingiva), AgP 
and ChP groups, in accordance with Armitage.1 The inclusion criteria were: 

- AgP group: 1) healthy patients with bleeding on probing (BOP), 2) bone loss, 3) 
probing depth (PD) >5.0mm, 4) clinical attachment loss (CAL) >5.0mm, 5) age under 
35, 6) microbial deposits inconsistent with the severity of periodontal breakdown, 7) 
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familial aggregation (that is, at least one other family member presenting or with a 
history of periodontitis).1 Generalized AgP (GAgP) was defined as generalized 
interproximal attachment loss affecting at least three permanent teeth other than the first 
molars and incisors, whereas localized AgP (LAgP) as interproximal attachment loss 
affecting no more than two teeth other than the first molars and incisors.1 

- ChP group: 1) healthy patients with BOP, 2) bone loss, 3) PD >5.0mm, 4) CAL 
>5.0mm, 5) age over 35, 6) presence of dental biofilm, supragingival and subgingival 
calculus consistent with the severity of periodontal breakdown.1 Generalized (GChP) 
and localized ChP (LChP) were classified depending on whether >30% or <30% of 
sites, respectively, are involved.1  

- Control group: healthy patients without bone loss visible on radiographs, with PD 
≤3.0mm, CAL <1.0mm, <10% of sites exhibiting BOP, no extensive caries or 
restorations and at least 28 permanent teeth.  

- Additionally, all patients showed absence of any local or systemic oral pathology. 

The exclusion criteria were: 

 Patients with less than 24 teeth, orthodontic or prosthetic appliances, pregnancy, 
chronic diseases (such as autoimmune diseases, diabetes and other endocrine disorders), 
(former) smokers, drug-induced gingival hyperplasia and use of antibiotics, 
corticosteroids or non-steroidal anti-inflammatory drugs in the preceding 6-month. 

Clinical parameters were recorded at baseline by one trained periodontist (KRVV). 
Plaque index (PI) was used to assess the oral hygiene status of the patients, determined 
by the presence or absence of plaque at the gingival margin of the four faces of the tooth 
and it was expressed as a percentage of biofilm on the total of tooth surfaces.  BOP was 
recorded based on the presence or absence of bleeding up to 30 seconds after probing on 
four sides of each tooth, and it was expressed as a percentage of bleeding sides on the 
total of sides examined. PD was measured from the free gingival margin to the bottom 
of the periodontal pocket and CAL was measured from the cementum-enamel junction 
(CEJ) to the bottom of periodontal pocket. PD and CAL were measured at six sites per 
tooth (mesio-buccal, buccal, disto-buccal, disto-lingual, lingual, and mesio-lingual). 
Bone loss was assessed radiographically. 

All probing measurements were performed using a manual probe#.  

We collected gingival tissue samples (epithelium and connective tissue) from 30 
patients (n=10 per group). Gingival biopsies were obtained around the teeth from either 
mesial or distal aspect of the periodontal lesion (AgP and ChP) including the lateral 
wall of the periodontal pockets (mucoperiosteal flaps were raised in order to obtain 
gingival tissue). All these procedures were performed under local anaesthesia; therefore, 
the patient does not feel any discomfort related with pain. Samples were collected with 
adequate depth including epithelium and connective tissue, being fundamental 
the understanding of the anatomy of the blood supply of the gingival tissue.   

In the Control group, the gingival tissue samples were obtained during surgical 
procedures involving exodontias due to orthodontic reasons or esthetic gingivectomy. In 
the ChP and AgP groups, gingival specimens (one biopsy specimen per patient) were 
obtained from sites with deep periodontal pocket >5.0mm. The gingival specimens were 
collected in the first consultation after the diagnosis and prior to the beginning of the 
periodontal treatment plan proposed (periodontal therapy). No patient had indication to 
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receive medication (antibiotics and/or anti-inflammatory drugs), prior to the procedures 
involved in the gingival tissue sample collection.   

The degree of inflammation in the gingival tissue was defined according Rivera et 
al.32 study: no inflammation (score 0), mild inflammation (score 1), 2-4 inflammatory 
cells/x400 microscopic field (high-power field, HPF); moderate inflammation (score 2), 
5-10 inflammatory cells/HPF); severe inflammation (score 3), >10 inflammatory 
cells/HPF. A final score in each case was obtained after analysis of whole-specimen.  

Immunohistochemistry  
All tissue specimens were fixed in 10% neutral-buffered formalin for 24 h at room 
temperature, embedded in paraffin at 55ºC, and cut into parallel consecutive 3-µm thick 
sections. For the immunohistochemical (IHC) reactions, sections were attached over 
organosilane revested slides**. The slides were hydrated and treated with hydrogen 
peroxide (3%). For the antigen retrieval of the S100, CD1a, and CD208 
immunomarkers, the tissue sections received a pretreatment on pressure cooker 
containing 10mM of sodium citrate buffer (pH 6.0), and for CD207 immunomarker, 
sections were pretreated on eletric pressure cooker containing buffer solution of 10mM 
Tris/1mM EDTA (pH 9.0). 

Sections were successively incubated with the primary antibodies against S100††, 
CD1a‡‡, CD207§§, and CD208||||||||. 1 

After incubation with the primary antibody, secondary antibodies conjugated with 
streptavidin-biotin-peroxidase¶¶, developed with diaminobenzidine (DAB) and 
counterstained with Carazzi's hematoxylin, were used. 

Appropriated sections of human tonsil were used to provide a positive control for all 
primary antibodies. Negative controls were obtained using phosphate-buffered saline 
instead of primary antibody, which did not reveal non-specific background signal.   

Immunohistochemistry Staining Analyses  
The immunoexpression of each marker was evaluated utilizing image representation by 
computerized system, consisting of a light microscope##, adapted to a high resolution 
camera*** and a colored video display. Images were obtained using an image manager 
program††† and the processing was done by a specific program‡‡‡.2 

It was considered immunopositive staining one that showed brownish coloration, 
assessed by DAB cromogen. After evaluation of the slides at x100 microscopic field, 
areas with higher density of immunostaining were selected and the density of positive 
cells were registered at HPF (0.785mm2) (positive cells/mm2). To evaluate the 
distribution pattern of the immunostained cells, the epithelium and lamina propria of 
each gingival sample was registered. The mean ± standard deviation of ten HPF counts 
of both epithelium and lamina propria, for each immunomarker, was obtained.  
Additionally, the shape of the immunostained cells was also evaluated.  

Statistical Analyses 

We analyzed the data with statistical software§§§. Shapiro-Wilk test showed the normal 
distribution of the data and Bartlett test the homogeneity of variances. We used Two-
way analyses of variance and posterior Fisher´s LSD Test to observe differences 
between the means and unpaired Student t test to observe differences between 
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epithelium and lamina propria. To observe association between demographic 
characteristics, microscopical features and periodontal diagnoses we used Spearman 
correlation test. Confidence level adopted was 95% (p<0.05). 

RESULTS 
The epidemiologic and clinical data are shown in the Table 1.  Inflammatory cells were 
observed more often in both AgP (score 3, n=4; score 2, n=4; score 1, n=2) and ChP 
(score 3, n=6; score 1, n=4) than Control (score 2, n=3; score 1, n=3, score 0, n=4) 
groups (both p<0.05), usually constituted by chronic lymphoplasmacytic infiltrate. 
Moreover, a significant positive correlation was observed between the intensity of the 
inflammatory infiltrate and imDC immunomarkers.  

The immunostained cells in the epithelium showed preferentially a dendritic 
morphology, whereas in the lamina propria a round to oval shaped was frequently 
observed (Figure 1). Interestingly, these latter cells displayed focally a perivascular 
distribution pattern. All cases were positive for S100, CD1a and CD207; whereas 20% 
of both ChP and AgP and 40% of Control group were negative for CD208.  

All imDC immunomarkers were more numerous in AgP than ChP and Control 
groups, being statistically significant only the S100+ cells (both p<0.001). Conversely, 
mDCs were visualized in higher number in ChP than AgP and Control groups (both 
p<0.05) (Table 2 and Figure 2).    

Considering the frequency of imDC immunomarkers, the number of S100+ cells 
was significantly greater than CD207+ cells, followed by CD1a+ cells, in each group. 
Moreover, it was observed a lower number of CD208+ mDCs than imDCs, in all groups 
(Table 2 and Figure 2).    

Taking into account the tissular distribution, different from S100+ cells, CD207+ 
and CD1a+ cells showed preferential intraepithelial location, while that CD208+ cells 
exhibited preferential connective tissue location, sometimes in perivascular pattern.   

DISCUSSION 
Several researches have been developed to assess the presence and distribution of 
immune cells in periodontal disease, in attempt to elucidate their immunologic 
mechanisms that could eventually be used in treatment planning, as well as identify 
potential therapeutic targets.6, 7, 10, 12 Overall, these studies have shown variable results 
regarding number and density of DC subsets in different stages of periodontal disease. 
However, the immunomarkers used did not provide information about the DC 
maturation and/or activation states in these periodontal lesions, and even less 
considering AgP group.4, 9 In the current study, to the best of our knowledge, we show 
for the first time that imDCs are more numerous in AgP than ChP and Control groups, 
and that mDCs can be visualized in higher number in ChP than AgP and Control 
groups. These findings are relevant since it is known that the ability of DCs to regulate 
immunity is dependent on DC maturation. Thus, our results suggest that predominance 
of imDCs and scarce amount of mDCs in AgP than ChP appear to be involved in their 
etiopathogenetic mechanisms, probably indicating lack or impairment of ability to 
induce lymphocyte and/or macrophage activation.14 

It is known that T-cells represent the predominant type of inflammatory cells 
present in early stages of periodontal disease, while B-cells and even macrophage 
populations predominate in more advanced lesions, where periodontal tissue destruction 
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is evident.8, 20, 22, 33, 34 Moreover, it has been showed that higher levels of interleukin 
(IL)-2, IL-10, IL-17, tumor necrosis factor (TNF)-α and interferon (IFN)-γ can be 
detected in ChP. 23 On the above, it is evident that maturation and/or activation states of 
DCs are critical in regulating the presence and distribution of inflammatory cells as well 
as the production of specific cytokines. In fact, several studies have suggested that DC 
activation occurs after coming into contact with bacterial lipopolysaccharide or immune 
complexes.27, 35-37 As a result, mDCs become apparent which express co-stimulatory 
molecules and distinct cytokine patterns, determining selective migration of T-cell 
subsets in ChP.23, 27 Thus, at least in part, our results suggest defective or impaired 
immunological mechanisms in AgP group. 

In the last years, a fascinating field named osteoimmunology has received particular 
interest, especially because it provides a molecular framework between immune cells 
and periodontal disease pathogenesis.38,39 In the concept of osteoimmunology, DCs 
participate within an alternate pathway associated with enhancing osteoclastogenesis of 
the periodontal tissue.5 Thus, it has been suggested that imDCs serve as an ancillary 
reservoir that can convert or differentiate into mature osteoclasts participating in bone 
destruction during periodontal inflammation process.5, 38-40 It is probable that the higher 
amount of imDCs detected in our gingival samples of AgP group may explain the high 
rates of bone destruction observed in these patients. 

As previously commented, LCs are a distinct subtype of imDCs 
(S100+/CD1a+/CD207+), which after antigen capture and subsequent displacement to 
the regional lymph nodes, differentiate into mDCs, these latter characterized by gain 
expression of CD83 and CD208.15,21,27,40,45,46 In the current study, we have also 
observed CD208 expression, preferentially on gingival lamina propria, indicating that 
DC maturation in situ occurs, corroborating the Jotwani et al.27 study. Moreover, 
interestingly, it was visualized focal intraepithelial location of CD208+ cells, probably 
on LCs (Fig. 2). Curiously, some studies have shown that the number of LCs in the 
gingival epithelium may to be increased 30 or decreased 29, or to show no quantitative 
change 31 during inflammation in periodontal disease. In the current study, we have 
observed a gradual increase of LC immunomarkers, having the AgP group the greatest 
number of immunostained cells. Moreover, our results have showed that CD207+ than 
CD1a+ cells were more frequently visualized, on preferential intraepithelial location, in 
almost all cases. It is noteworthy that the current study seems to be the first to assess 
CD207 expression in ChP and AgP, and according to Seguier et al.41 study, we suggest 
heterogeneity of CD1a+ or CD207+ cells in gingival location, being that CD207 seems 
the most specific LC marker. In fact, it can be likely that LCs (CD1a+/CD207+), 
indeterminate DCs (CD1a+/CD207-) and subDCs (CD1a-/CD207+) have been 
randomly detected in our gingival samples. It is for this reason that, and unlike most 
studies,16,25,26,29,30,41 we have preferred to identify these DCs as CD1a+ or CD207+ cells 
instead of LCs. A detail analysis in human gingival tissues obtained from patients with 
ChP and AgP and involving accurate identification of LCs (e.g., flow cytometry, 
confocal laser scanning microscopy or high-content screening ), as well as to define 
their functional aspects, are necessary in order to understand the true participation of 
LCs in the pathogenesis of the human periodontal disease. It would help understand the 
recent findings using a mice model which show a protective immunoregulatory role for 
LCs in inflammation-induced alveolar bone resorption.42   

Thus, when assessing LCs in oral mucosal samples it is necessary to known that 
both CD1a and CD207 immunomarkers may identify distinctive DC subpopulations 
influenced by functional stages and presence of specific cytokines in the local milieu.15, 



Journal of Periodontology; Copyright 2016  DOI: 10.1902/jop.2016.150729 

 

 7 

41 On the other hand, the S100 marker, when assessed individually, is highly unspecific 
for imDCs, because other cells, such as melanocytes and histiocytes, can also be S100 
positive. Therefore, S100 expression should be interpreted with caution and in 
conjunction with both CD1a and CD207 markers, in accordance with the current study. 

CD83 is a member of the immunoglobulin superfamily, which is upregulated during 
the maturation of DCs.15, 43 Moreover, it is known that CD83 may be expressed by 
monocytes/macrophages, weakly by germinal center lymphocytes and at low levels by 
B-cell and T-cell populations.44 Remarkably, Gemmell et al.31 analyzing the presence 
and distribution of APCs in periodontal disease tissues, reported positivity for CD83 in 
APCs and endothelial cells. Thus, it becomes evident that CD83 is a marker with a 
relative degree of specificity when assessing maturation state of DCs. Interestingly, 
several studies have been developed to detect mDCs through CD83 19, 23-25, 27, 31 and 
CD208 21, 25 markers in ChP; whereas only a single study has assessed CD83 expression 
in AgP.19 It is noteworthy that, to date, there is no study analyzing CD208 expression in 
AgP group. CD208 is a member of the lysosome-associated membrane protein (LAMP) 
family, an integral membrane protein, highly glycosylated and located in the lumen of 
lysosomes. CD208 is expressed on all mDCs but not on imDCs or other immune 
cells.45, 46 For this reason, in the current study, we have preferred using CD208 instead 
CD83, to define mDC populations. Moreover, an evident cytoplasmic granular labeling 
pattern in association with adequate cellular morphology was considered to establish 
CD208 positivity. We found CD208+ cells in 80% of both ChP and AgP, as well as in 
60% of Control group, which showed a perivascular distribution pattern. In relation to 
age-related changes in DC subpopulations, and regarding that decline in immune 
responses is associated with aging (this is, immunosenescence),47 we expected to find 
that AgP (mean age, 32 years), followed by ChP (mean age, 51 years) group, has a great 
number of mDCs. Interestingly, and such as evidenced in the current study, this did not 
happen. In fact, we observe that ChP than AgP group exhibited a higher number of 
CD208+ mDCs, and it is probable that these findings are involved in their pathogenesis. 
In fact, knowing that the interaction of DCs with pathogenic bacteria may lead to DC 
maturation well as influence the DC production of immunomodulating cytokines, 
thereby contributing to the definition of the T-cell responses,48 our results suggest 
defective and/or impairment maturation mechanism on DC populations in AgP group. It 
is supported by findings from Bodineau et al.21,25 studies, which show that elderly 
patients with ChP present an increased number of gingival CD208+ mDCs.   

As previously commented, the predominance of imDCs appears to be involved in 
AgP pathogenesis. Interestingly, there are evidences suggesting imDC 
transdifferentiation into osteoclasts,40 as well as presence of DC-derived osteoclasts 
during immune interactions with CD4+ T-cells and microbial products under 
inflammatory conditions,38,39,49 which could indicate DC involvement in inflammation-
induced osteoclastogenesis and bone loss in periodontal disease. In this context, 
functional studies are required to determine the significance of DC subsets in 
periodontal disease. 

CONCLUSIONS 
Our results suggest that predominance of imDCs appear to be involved in AgP 
pathogenesis, probably due to lack of ability to induce immune cell activation. This is 
supported by the fact that DCs as professional APCs, and during maturation and 
activation processes after bacterial interactions, can activate and drive the host immune 
reaction.14  



Journal of Periodontology; Copyright 2016  DOI: 10.1902/jop.2016.150729 

 

 8 

ACKNOWLEDGMENTS 
Financial Support: The State of São Paulo Research Foundation (FAPESP) grants 2013/08228-0 and 
2011/52090-8. The authors declare no conflict of interest. 

REFERENCES 
1. Armitage GC. Periodontal diagnoses and classification of periodontal diseases. Periodontol 2000 

2004;34:9-21. 

2. Nath SG, Raveendran R. Microbial dysbiosis in periodontitis. J Indian Soc Periodontol 2013;17:543-
545. 

3. Nowak M, Kramer B, Haupt M, et al. Activation of invariant NK T cells in periodontitis lesions. J 
Immunol 2013;190:2282-2291. 

4. Ford PJ, Gamonal J, Seymour GJ. Immunological differences and similarities between chronic 
periodontitis and aggressive periodontitis. Periodontol 2000 2010;53:111-123. 

5. Venkatesan G, Uppoor A, Naik DG. Redefining the role of dendritic cells in periodontics. J Indian 
Soc Periodontol 2013;17:700-705. 

6. Ozturk A, Yildiz L. Expression of transient receptor potential vanilloid receptor 1 and toll-like 
receptor 4 in aggressive periodontitis and in chronic periodontitis. J Periodontal Res 2011;46:475-
482. 

7. Smith M, Seymour GJ, Cullinan MP. Histopathological features of chronic and aggressive 
periodontitis. Periodontol 2000 2010;53:45-54. 

8. Artese L, Simon MJ, Piattelli A, et al. Immunohistochemical analysis of inflammatory infiltrate in 
aggressive and chronic periodontitis: a comparative study. Clin Oral Investig 2011;15:233-240. 

9. Bullon P, Fioroni M, Goteri G, Rubini C, Battino M. Immunohistochemical analysis of soft tissues in 
implants with healthy and peri-implantitis condition, and aggressive periodontitis. Clin Oral Implants 
Res 2004;15:553-559. 

10. Anjana R, Joseph L, Suresh R. Immunohistochemical localization of CD1a and S100 in gingival 
tissues of healthy and chronic periodontitis subjects. Oral dis 2012;18:778-785.  

11. Garlet GP, Cardoso CR, Mariano FS, et al. Regulatory T cells attenuate experimental periodontitis 
progression in mice. J Clin Periodontol 2010;37:591-600. 

12. Lins RD, Figueiredo CR, Queiroz LM, da Silveira EJ, Freitas Rde A. Immunohistochemical 
evaluation of the inflammatory response in periodontal disease. Braz Dent J 2008;19:9-14. 

13. Cutler CW, Jotwani R. Dendritic cells at the oral mucosal interface. J Dent Res 2006;85:678-689. 

14. Wilensky A, Segev H, Mizraji G, et al. Dendritic cells and their role in periodontal disease. Oral dis 
2014;20:119-126. 

15. Matos FT, Rizo VH, Almeida LY, et al. Immunophenotypic characterization and distribution of 
dendritic cells in odontogenic cystic lesions. Oral dis 2013;19:85-91. 

16. Stelin S, Ramakrishan H, Talwar A, Arun KV, Kumar TS. Immunohistological analysis of CD1a 
langerhans cells and CD57 natural killer cells in healthy and diseased human gingival tissue: A 
comparative study. J Indian Soc Periodontol  2009;13:150-154. 

17. Gemmell E, Yamazaki K, Seymour GJ. Destructive periodontitis lesions are determined by the nature 
of the lymphocytic response. Critical reviews in oral biology and medicine : an official publication 
of the American Association of Oral Biologists 2002;13:17-34.  

18. Amunulla A, Venkatesan R, Ramakrishnan H, Arun KV, Sudarshan S, Talwar A. Lymphocyte 
subpopulation in healthy and diseased gingival tissue. J Indian Soc Periodontol 2008;12:45-50. 

19. Hussain QA, McKay IJ, Gonzales-Marin C, Allaker RP. Detection of adrenomedullin and nitric 
oxide in different forms of periodontal disease. J Periodontal Res 2016;51(1):16-25. 

20. Thorbert-Mros S, Larsson L, Berglundh T. Cellular composition of long-standing gingivitis and 
periodontitis lesions. J Periodontal Res 2015;50:535-543. 



Journal of Periodontology; Copyright 2016  DOI: 10.1902/jop.2016.150729 

 

 9 

21. Bodineau A, Coulomb B, Tedesco AC, Seguier S. Increase of gingival matured dendritic cells 
number in elderly patients with chronic periodontitis. Arch Oral Biol 2009;54:12-16. 

22. Allam JP, Duan Y, Heinemann F, et al. IL-23-producing CD68(+) macrophage-like cells 
predominate within an IL-17-polarized infiltrate in chronic periodontitis lesions. J Clin Periodontol 
2011;38:879-886. 

23. Souto GR, Queiroz CM, Jr., Costa FO, Mesquita RA. Relationship between chemokines and 
dendritic cells in human chronic periodontitis. J Periodontol 2014;85:1416-1423. 

24. Souto GR, Queiroz-Junior CM, de Abreu MH, Costa FO, Mesquita RA. Pro-inflammatory, Th1, Th2, 
Th17 cytokines and dendritic cells: a cross-sectional study in chronic periodontitis. PLoS One 
2014;9:e91636. 

25. Bodineau A, Coulomb B, Folliguet M, et al. Do Langerhans cells behave similarly in elderly and 
younger patients with chronic periodontitis? Arch Oral Biol 2007;52:189-194. 

26. Cury PR, Furuse C, Rodrigues AE, Barbuto JA, Araujo VC, Araujo NS. Interstitial and Langerhans' 
dendritic cells in chronic periodontitis and gingivitis. Braz Oral Res 2008;22:258-263. 

27. Jotwani R, Palucka AK, Al-Quotub M, et al. Mature dendritic cells infiltrate the T cell-rich region of 
oral mucosa in chronic periodontitis: in situ, in vivo, and in vitro studies. J Immunol (Baltimore, Md : 
1950) 2001;167:4693-4700. 

28. Mori Y, Yoshimura A, Ukai T, Lien E, Espevik T, Hara Y. Immunohistochemical localization of 
Toll-like receptors 2 and 4 in gingival tissue from patients with periodontitis. Oral Microbiol 
Immunol 2003;18:54-58. 

29. Seguier S, Godeau G, Leborgne M, Pivert G, Brousse N. Quantitative morphological analysis of 
Langerhans cells in healthy and diseased human gingiva. Arch Oral Biol 2000;45:1073-1081. 

30. Saglie FR, Pertuiset JH, Smith CT, et al. The presence of bacteria in the oral epithelium in 
periodontal disease. III. Correlation with Langerhans cells. J Periodontol 1987;58:417-422. 

31. Gemmell E, Carter CL, Hart DN, Drysdale KE, Seymour GJ. Antigen-presenting cells in human 
periodontal disease tissues. Oral Microbiol Immunol 2002;17:388-393. 

32. Rivera C, Monsalve F, Suazo I, Becerra J. Stress increases periodontal inflammation. Exp Ther Med 
2012;4:883-888. 

33. Offenbacher S. Periodontal diseases: pathogenesis. Ann Periodontol 1996;1:821-878. 

34. Mikhaleva LM, Barkhina TG, Shapovalov VD, Luss LV, Il'ina NI. [Ultrastructure of cell populations 
of gingival soft tissue in chronic inflammatory processes]. [Article in Russian] Arkhiv patologii 
2001;63:15-21. 

35. Mahanonda R, Pothiraksanon P, Sa-Ard-Iam N, et al. The Effects of Porphyromonas gingivalis LPS 
and Actinobacillus actinomycetemcomitans LPS on Human Dendritic Cells in vitro, and in a Mouse 
Model in vivo. Asian Pac J Allergy Immunol 2006;24:223-228. 

36. Vernal R, Garcia-Sanz JA. Th17 and Treg cells, two new lymphocyte subpopulations with a key role 
in the immune response against infection. Infect Disord Drug Targets 2008;8:207-220. 

37. Gemmell E, Carter C, Hart D, Drysdale K, Seymour G. Antigen-presenting cells in human 
periodontal disease tissues. Oral Microbiol Immunol 2002;17:388-393. 

38. Alnaeeli M, Teng YT. Dendritic cells: a new player in osteoimmunology. Curr Mol Med 2009;9:893-
910. 

39. Alnaeeli M, Park J, Mahamed D, Penninger JM, Teng YT. Dendritic cells at the osteo-immune 
interface: implications for inflammation-induced bone loss. J Bone Miner Res 2007;22:775-780. 

40. Rivollier A, Mazzorana M, Tebib J, et al. Immature dendritic cell transdifferentiation into 
osteoclasts: a novel pathway sustained by the rheumatoid arthritis microenvironment. Blood 
2004;104:4029-4037. 

41. Seguier S, Bodineau A, Godeau G, Pellat B, Brousse N. Langerin+ versus CD1a+ Langerhans cells 
in human gingival tissue: a comparative and quantitative immunohistochemical study. Arch Oral Biol 
2003;48:255-262. 



Journal of Periodontology; Copyright 2016  DOI: 10.1902/jop.2016.150729 

 

 10 

42. Arizon M, Nudel I, Segev H, et al. Langerhans cells down-regulate inflammation-driven alveolar 
bone loss. Proc Natl Acad Sci U S A 2012;109:7043-7048. 

43. Cao W, Lee SH, Lu J. CD83 is preformed inside monocytes, macrophages and dendritic cells, but it 
is only stably expressed on activated dendritic cells. Biochem J 2005;385:85-93. 

44. Prazma CM, Yazawa N, Fujimoto Y, Fujimoto M, Tedder TF. CD83 expression is a sensitive marker 
of activation required for B cell and CD4+ T cell longevity in vivo. J Immunol 2007;179:4550-4562. 

45. Salaun B, de Saint-Vis B, Clair-Moninot V, et al. Cloning and characterization of the mouse 
homologue of the human dendritic cell maturation marker CD208/DC-LAMP. Eur J Immunol 
2003;33:2619-2629. 

46. Katou F, Ohtani H, Nakayama T, Nagura H, Yoshie O, Motegi K. Differential expression of CCL19 
by DC-Lamp+ mature dendritic cells in human lymph node versus chronically inflamed skin. J 
Pathol 2003;199:98-106. 

47. Teig N, Moses D, Gieseler S, Schauer U. Age-related changes in human blood dendritic cell 
subpopulations. Scand J Immunol 2002;55:453-457. 

48. Hansson M, Sundquist M, Hering S, Lundin BS, Hermansson M, Quiding-Jarbrink M. DC-LAMP+ 
dendritic cells are recruited to gastric lymphoid follicles in Helicobacter pylori-infected individuals. 
Infect Immun 2013;81:3684-3692. 

49. Hernandez M, Dutzan N, Garcia-Sesnich J, et al. Host-pathogen interactions in progressive chronic 
periodontitis. J Dent Res 2011;90:1164-1170. 

Corresponding author: Prof. Dr. Camila Tirapelli, Faculdade de Odontologia de 
Ribeirão Preto, USP. Avenida do Café, S/N, 14040-904 Ribeirão Preto, São Paulo, 

Brasil. E-mail: catirapelli@forp.usp.br; Tel: 0055-16-33150479; Fax: 0055-16-
33150479. 

Submitted December 16, 2015; accepted for publication June 22, 2016. 

Figure 1.  

Immunohistochemical findings of gingival samples regarding the distribution of immature (imDCs) and 
mature dendritic cells (mDCs) in the epithelium (Ep) and lamina propria (LP). It can be observed a 
higher number of S100+, CD1a+, and CD207+ cells in aggressive periodontitis; and, inversely, a higher 
number of CD208+ cells in chronic periodontitis. The most DCs are highlighted by black arrows 
(original magnification, x400; scale bar, 100 µm). 

Figure 2.  

Graphic illustration: on the y axis, the numbers indicate the mean of total (Ep + LP) immunostained cells 
per field at x400· magnification; on the x axis, periodontal diagnoses grouped by immunomarkers. Errors 
bars show standard deviation; the four point stars indicate statistically significant differences between 
periodontal diagnoses for the same immunomarker. 

Table 1.  

Clinical and demographic characteristics of the periodontal disease groups. 
Patient group L     G n Gender (%) Age (yr): 

Range / Mean 
Teeth per 
patient * 

Affected 
teeth per 
patient** 

PD  CAL  

Aggressive 
periodontitis 

6     4 10 9(90%) female 15 to 34 / 32  26 5 5.5 7.5 
1 (10%) male 

Chronic 
periodontitis 

2     8 10 6(60%) female 35 to 65 / 51  21 9 5 6 
4(40%) male 

Control group ------- 10 7 (70%) female 18 to 38 / 25  28 0 1.8 1.8 
3 (30%) male 

L=localized, G=generalized, n=number, PD= Probing depth (mean/mm); CAL= clinical attachment loss 
(mean/mm). 
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*Mean within the group obtained by determining the mean of the number of teeth per patient. 

**Mean within the group obtained by determining the mean of the number of affected teeth per patient. 

PD and CAL means were obtained by taking the sum of all PD and CAL values of affected teeth divided 
by the number of affected teeth per patient. The obtained values for each patient were then used to 
determine the mean within the groups. 

Spearman's rank correlation coefficient showed an association between periodontal diagnoses and age 
(p<0.05) but not with gender (p>0.05).   
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Table 2.   

Distribution (mean and standard deviation) of imDC and mDC subsets regarding S100, CD1a, CD207 and CD208 immunomarkers in Ep and LP of gingival 
samples obtained from patients with AgP, ChP and  Control (clinically healthy gingiva) groups. 
  Periodontal diagnoses 
DC 
subtype 

Immuno-
markers 

Aggressive Periodontitis Chronic Periodontitis Control group 

  Ep LP Total Ep LP Total Ep LP Total 
imDC S100  12.4(±0.8)a 11.4(±1.1)a  23.5(±1.8)a 7.1 (±2.3)a  6.8(±1.7)a  13.9(±5.6)a  9.0(±2.2)a 5.5(±2.4)a 14.5(±4.2)a 

CD1a   7.8(±10)b 1.4(±1.2)b 9.2(±2.0)b  5.9(±1.4)a  1.4(±1.0)b  7.3(±2.9)b 4.1(±1.0)b 1.8(±1.9)b 5.9(±1.7)b 
CD207  9.8(±1.6)b  2.9(±0.8)b  12.7(±1.1)b  8.2(±0.7)a  2.0(±1.9)b  10.2(±4.2)b 4.8(±0.8)b 2.0(±1.5)b 6.8(±2.2)b 

mDC CD208  0.4(±0.4)c 0.5(±0.6)c  0.9(±0.7)c  0.7(±0.5)b  1.1(±1.2)b  1.8(±1.2)c 0.3(±0.4)c 0.4(±0.7)c 0.7(±0.5)c 

Legends: DC, dendritic cell; imDC, immature DC; mDC, mature DC; AgP, aggressive periodontitis; ChP, chronic periodontitis, Ep, epithelium; LP, lamina propria. 

In accordance with 2-Way analyses of Variance and Fischer LSD Test (p<0.05): 

In columns, different letters indicate statistically different means (p<0.05) considering the immunomarkers  S100, CD1a, CD207 and CD208 in Ep, LP or Total for each 
periodontal diagnosis.  
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** Sigma-Aldrich, St Louis, MO. 

†† Polyclonal, 1:10000 dilution; DakoCytomation, Glostrup, Denmark. 

‡ ‡ Clone 010, 1:400 dilution; DakoCytomation, Glostrup, Denmark. 

§§ Clone 12D6, 1:200 dilution; Monosan, Uden, The Netherlands. 

|||||||| Clone 104G4, 1:500 dilution; Dendritics, Lyon, France. 

¶ ¶ K0690; Universal Dako LSAB® + Kit, Peroxidase, Carpinteria, CA. 

## Leica DM500, Wetzlar, Germany. 

*** Leica ICC50, Wetzlar, Germany. 

††† Leica IM50 Image Manager, Wetzlar, Germany. 

‡‡‡ Leica QWin Image Processing and Analysis System, Wetzlar, Germany. 

§§§ Prism, version 6.0, Graphpad, CA. 
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