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ABSTRACT

Background: Biofilm formation on the implant surface mainly results in peri-implant diseases which are
characterized by the inflammatory destruction of the implant supporting tissues. The host response to infection differs
between peri-implantitis and periodontitis, but the mechanisms underlying these differences are not clear till date. In
the present study, the distribution of dendritic cell sub populations in healthy peri-implant mucosa (HPIM) was
compared with healthy mucosa (HM).

Methods: A total of 15 nonsmoker subjects were selected for the study. First sample of healthy mucosa was obtained
prior to the implant placement (group 1) and second sample of peri-implant mucosa was obtained at the time of
placement of gingival former (group II). Immunochemistry was used to quantify dendritic cells in the samples.
Statistical analysis used Wilcoxon matched paired test was used to compare the distribution of cells in epithelium and
lamina propria.

Results: Mean number of factors Xllla DC in epithelium and lamina propria in group | were 30.37+5.42 and
86.93£13.99 and group Il were 50.47+7.27 and 124.33+10.27 respectively. Statistically significant difference in the
number of cells in epithelium and lamina propria of group I and group 11 were noted (p=0.001).

Conclusions: In the lamina propria of HPIM, a higher number of factors Xllla+ DC were observed compared to HM.
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INTRODUCTION

Immunology has mainly been focused on antigens and
lymphocytes, but presence of these two parties does not
always lead to immunity. A third party, the dendritic cell
(DCs) system of antigen presenting cells (APCs) are the
initiators and modulators of the immune response. DCs
are efficient stimulators of T and B lymphocytes. B cells,
the precursors of antibody-secreting cells, have a capacity
that can directly recognize native antigen through their B-
cell receptors. T lymphocytes, need the antigen to be
processed and presented to them by antigen presenting
cells. Intracellular antigens, cut into peptides in the

cytosol of the APCs and then tend to bind to major
histocompatibility complex (MHC) class | molecules and
are recognized by cytotoxic T cells (CTLs), that can
directly kill a target cell.

Peri-implant diseases are a group of “contemporary” oral
infections which has emerged as a outcome of increased
rate of Osseo integrated dental implants in clinical
practice. They are mainly characterized by the
inflammatory destruction of the supporting tissues around
the implant placed, as a result of biofilm formation on the
implant surface.?
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DCs represent a large family of antigen-presenting cells
(APCs) that circulate through the bloodstream and are
found in nearly all tissues of the body, but their
distribution in the peri-implant mucosa is largely
unknown. DCs serve as a connection between the innate
immune system and the adaptive immune response and
are the most potent type of APCs. In their immature state,
DCs capture microbes and their antigens; in the mature
state, these immune cells stimulate a T- cell response to
these captured antigens. Immature DCs, are fewer
effective initiators of immunity but are specialized in
capturing and processing antigens to form MHC peptide
complexes. Thus, two key functions of DCs are they first
hold antigens and then, as mature DCs, stimulate T cells.®
Interstitial dendritic cells (IDCs) are found in gingival
tissue. They are observed more frequently in the oral
epithelium, than in the sulcular / junctional epithelium, in
peri-implantitis, healthy peri-implant tissues, and
aggressive periodontitis.* The aim of present study was to
evaluate the distribution of DCs in healthy peri-implant
mucosa (HPIM) and compared to healthy mucosa (HM).

METHODS

The present study is an observational study conducted at
department of periodontics, Kaminenei institute of dental
sciences, Narketpally, Telangana, India over a period of 6
months i.e., February 2016 - August 2016. A total of 15
subjects who were non-smokers and systemically healthy
subjects were selected from outpatient department of
periodontics. The study was approved by institutional
ethical committee. (KIDS/IEC/2013/28) subjects whose
systemic illness known to affect the outcome of
periodontal therapy, individuals allergic to medications,
pregnant or lactating women, patients using tobacco in
any form, individuals with unacceptable oral hygiene
were excluded from the study. The first sample of HM
(group 1) was obtained prior to the implant placement and
the second sample of HPIM (group 1) was obtained at
the time of implant exposure prior to placement of
gingival former.

Immunochistochemical staining procedure

Samples were randomly selected, fixed, processed,
embedded in paraffin wax and were sectioned to the
thickness of 3 um with rotary microtome. All the sections
were taken onto super frost glass slides, and then placed
in the hot air oven at 100°C for 10 mins for the process of
deparaffinisation and were rehydrated by taking through
two changes of xylene, absolute alcohol, 70% alcohol,
and 80% for 5 minutes each. The slides were placed
under running tap water for 2 to 5 minutes.

Antigen retrieval

The slides were placed Tris buffered saline solution and
kept in a microwave oven and heated for 4-5 times at
100°C temperature for 5 minutes each. The slides were
allowed to cool to room temperature prior to the

procedure of immunohistochemical staining. The sections
were washed with phosphate buffer solution (PBS) 3-4
times for 2 minutes each and excess of buffer solution
was tapped off.

After covering the sections with peroxide block for 15-20
minutes, washed gently with PBS 3-4 times for 2 minutes
each. The sections were covered with power block for 15-
20 mins, after tapping the excess buffer.

Immuno-histochemistry was used to quantify the number
of dendritic cells (DCs) using factor Xllla as antibody
and incubated for 1 hour at room temperature and then
washed gently with PBS 3-4 times for 2 minutes each.

Super enhancer was added to the tissue sections and left
for 30 minutes followed by gentle washing with PBS 3-4
times for 2 minutes each. After tapping off the excess
buffer, the tissue sections were then incubated with
secondary antibody for about 30 minutes and washed
with PBS three to four times for 2minutes each and
covered with freshly prepared substrate chromogen
solution for 10 minutes followed by washing gently with
distilled water for 2 minutes. The sections were then
immersed in Harri’s hematoxylin for 2 minutes and
washed under running tap water for bluing. Finally
dehydrated through series of absolute alcohol, 70%
alcohol, 80% alcohol for 5 minutes each. Then the tissue
sections were immersed in xylene for final clearing and
later mounted by using DPX.

Interpretation of results

Indicative of positive immunoreactivity was presence of
brown coloured end product at the site of target antigen.
The cytoplasm and nucleus of cells present in the tissue
sections were stained positive by the specific antibodies
used.
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Figure 1: Immuno-histological picture of factor XlIlla
DCs in healthy mucosa.

Histomorphometric  quantification  procedure  was
performed for and the dendritic cells (DCs) by counting
the cells that were factor Xllla positive in HM (Figure 1)
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and HPIM (Figure 2). The cells were identified based on
nucleic and cytoplasmic staining and their dendritic
shape. Counts of cells of factor XIlla+ were restricted to
immunolabeled cells exhibiting both the criteria that is,
well-defined cell nucleus and cell body with at least two
well-visualized dendrites.

Figure 2: Immuno-histological picture of factor Xllla
DCs in healthy peri-implant mucosa

The cells were counted in 5 fields, which were randomly
selected under 100x magnifications. i.e. epithelium and
lamina propria of each slide.

Statistical analysis

Wilcoxon matched paired test was used to compare the
distribution of factor Xllla DC in both epithelium and
lamina propria in group | and group I1.

RESULTS

The present randomized clinical control study is
conducted to evaluate the distribution of dendritic cells in
peri-implant mucosa an HM. A total of 15 subjects
fulfilling the inclusion criteria were selected for the
study. Two samples were obtained from each subject.
The first sample of HM was obtained prior to the implant
placement (group 1) and the second sample of peri
implant mucosa was obtained at the time of implant
exposure prior to placement of gingival formers (group
I1). On comparison of group | and group Il with respect to
age, the mean age of subjects enrolled in the study was
32.46 years. Distribution of male and females in group |
and group 11 were 6 males and 9 females in the study. 15
subjects, 6 males and 9 females, with mean age of 32.46
years were included in the study. The number of factors
XIIl a DC in epithelium and lamina propria in group |
were 30.37+5.42 and 86.93+13.99 and in and group Il
were 50.47+7.27 and 124.33£10.27 respectively.
Statistically significant difference in the number of cells
in epithelium and lamina propria of group I and group Il
were noted (p=0001) (Table 1, Figure 3).
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Figure 3: Comparison of distribution of factor Xllla
DCs in epithelium and lamina Propria in group | and
group II.

Table 1: Comparison of distribution of factor Xllla
DCs in epithelium and lamina propria in group | and
group Il by Wilcoxon matched pairs test.

Variable Epithelium '-am".‘a P
ropria

Group | 30.37+5.42 86.93+13.99  0.001*

Group 11 50.47+7.27 124.33+10.27 0.001*

Group I vs _ - _ -

Group I p=0.001 p=0.001

P<0.05* is significant (Wilcoxon Signed Rank Test).
DISCUSSION

Periodontal diseases are the most common bone diseases
in human, having significant economic and medical
consequences.® Moreover, periodontal diseases are
considered as a risk factor for life-threatening conditions
such as cardiovascular disease, diabetes, and chronic
obstructive pulmonary disease.® Although the presence of
periodontal pathogens is required for disease initiation,
they are not sufficient to cause periodontitis. It has been
established that host immune response plays a central role
in the destruction of periodontal tissues.” Periodontitis is
an infection-induced inflammatory disease characterized
by loss of periodontal connective tissue and the
underlying alveolar bone.®

The accumulation of bacterial plaque in the periodontal
environment is rapidly monitored by the innate immune
system, the first line of defense against invading
pathogens.® The innate immune system includes
anatomical barriers, secretory molecules, and cellular
elements such as neutrophils, macrophages, and DCs.
These cells are equipped with various receptors enabling
them to identify various oral invaders via recognition of
pathogen-associated molecular patterns for instance
lipopolysaccharide (LPS) or flagellin.® Toll-like
receptors (TLRs) represent an important family of such
receptors with the capability to bind several bacterial and
viral molecules.!* Following receptor triggering, the cells
are activated and act in concert to induce local
inflammation that eliminates the pathogen and repairs
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tissue damage.'? Because the activity of innate immune
cells is limited in its specificity to the pathogen, the
development of a highly specific adaptive immunity takes
place in parallel.’®* The adaptive immune cells,
represented by T and B lymphocytes, infiltrate the
infected oral tissue few days later and efficiently mediate
pathogen clearance while providing long-lasting
immunological memory.141%

DCs are phagocytic cells that are similar to the dendrites
of nerve cells exhibiting long finger-like processes.'®
They are a heterogeneous population that is widely
distributed in lymphoid and nonlymphoid tissues.*” In the
periphery, DCs reside in an immature state with high
phagocytic capacity, contributing to their ability to serve
as sentinels that survey the tissue for invading microbes.
Upon infection, DCs target these invaders via various
mechanisms and initiate a maturation process. The latter
involves expression of chemokine receptor 7 (CCR7) that
mediates their migration to the lymph node (LN), and up-
regulation of MHC class Il and co-stimulatory molecules,
which enables potent activation of CD4+ T cells. This
capacity to present antigen via MHC class Il (in addition
to presentation by MHC class | to CD8+ T cells) awarded
DCs with the term professional antigen-presenting cells
(APCs). In fact, DCs are the most potent APCs activating
native T cells, demonstrating their critical function in
induction of adaptive immunity.'8

Depending on the conditions, DCs can stimulate the
outgrowth and activation of a variety of T cells, which
affect the immune response differently. They can
persuade CTLs, which express the accessory molecule
CD8 and hence interact with MHC class | bearing cells,
to proliferate vigorously, which is unusual for CD8+ T
cells.’®20 CD4-expressing T-helper cells, on the other
hand, scrutinize cells that express MHC class Il
molecules. In the presence of mature DCs and of the IL-
12 they produce, these T cells turn into interferon-g (IFN-
g)-producing Th1l cells. IFN-g activates the antimicrobial
activities of macrophages and, together with IL-12, it
promotes the differentiation of T cells into killer cells.®
The capacity of DCs to produce IL-12 and Th1 cells will
lead to microbial resistance. With IL-4, however, DCs
induce T cells to differentiate into Th2 cells which
secrete IL-5 and IL-4. These cytokines activate
eosinophils and help B cells to make the appropriate
antibodies, respectively.!® Thus the communication
between DCs and T cells seems to be a dialogue rather
than a monologue in which the DCs respond to T cells as
well.? According to Dereka et al DC containing the
protransglutaminase-clotting  enzyme  factor  Xllla
represent a specific subpopulation of dermal Dendritic
cells that are found in close association with blood
vessels. So, In the present study factor Xllla marker was
used for identification of DC.?*

Present study showed that HPIM exhibited a higher
number of factors XIll+ a DCs compared to that of the
HM in the lamina propria. This difference may explain

the different immune responses between gingival and peri
implant tissues as seen in a similar study conducted by
Marchetti et al.?® The difference seemed to be maintained
even after disease establishment. This results in a reduced
stimulation of the innate and acquired immune responses
and a higher inflammatory reaction as part of a
mechanism to control the infection in peri-implant tissue.
So, increased proportions of neutrophil granulocytes and
macrophages have been observed for peri implant it is
comparative to periodontitis.

This stronger inflammatory response may render the peri-
implant mucosal tissue more prone to destruction, which
would explain the more pronounced tissue destruction in
the connective tissue around the implants than in the teeth
following ligature-induced diseases.?” Although titanium
has a high resistance to corrosion and exhibits excellent
biocompatibility, biocorrosion has been detected in the
surrounding tissue when implants had been present for a
significant period of time and titanium ions have been
shown to regulate DC molecules. And after titanium
exposure, the levels of a number of DC molecules have
been shown to decrease. Hence this study is also in
accordance with Chan et al.?®

Factor Xllla+ cells represent interstitial DCs that lack
Birbeck granules and Langerin but express DC-SIGN, a
lectin-like C-type receptor that binds intercellular
adhesion molecule (ICAM)-3 and ICAM-2 on lymphoid
T-cells for the adhesion of naive T-lymphocytes on DCs.

This study is also in accordance with the study conducted
by Geijtenbeek et al.?*% in which he concluded that the
DC-SIGN-ICAM-2 and DC-SIGN-ICAM-3 interaction
regulates chemokine-induced transmigration of DCs
across both resting and activated endothelium. Thus, DC-
SIGN is central to the unusual trafficking capacity of
DCs, further supported by the expression of DC-SIGN on
precursors in blood and on immature and mature DCs in
both peripheral and lymphoid tissues. More IDCs were
observed in the lamina propria of the HPIM compared to
that of the HM similar to the present study. This result
may be associated with the increased matrix remodeling
of peri-implant tissue during the healing process after
implant placement. Factor Xllla DC stimulate type 1
collagen degradation by gingival fibroblasts.*

A reduced number of IDCs in immunosuppressive drug-
induced gingival enlargement has been shown, where a
lowering of fibroblast proteolytic activity favors gingival
enlargement.®?

Factor Xlllat+ Dendritic cells are strong cytokine
producers, promoting the increase of tumor necrosis
factor alpha (TNF-o) and of IL-8 expression which
stimulate type | collagen degradation by gingival
fibroblasts. Thus, the reduced number of factors Xllla+
cells seen in the immunosuppressed subjects who had
DIGE may result in the reduced secretion of TNF-a,
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lowering fibroblast proteolytic activity and favoring
gingival enlargement.®

Considering the limitations of the study such as the small
sample size and a short duration of time there is a need
for further extensive studies to understand in detail about
many features of DCs to allow successful manipulation of
the immune system.

CONCLUSION

In the lamina propria of the HPIM, a higher number of
Factor Xllla DCs were observed compared to HM. This
may be associated with reduced stimulation of the innate
and acquired immune responses, a stronger inflammatory
reaction, and the more pronounced matrix remodeling
seen with peri-implant tissue. Hence, these cells are
responsible for more tissue destruction in peri-implant
tissue when compared to periodontitis lesions.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee, Kamineni Institute of
Dental Sciences, Narketpally, Telangana (KIDS/IEC/
2013/28)

REFERENCES

1. Banchereau J, Steinman RM. Dendritic cells and the
control of immunity. Nature. 1998;392:245-52.

2. Belibasakis GN. Microbiological and immuno-
pathological aspects of peri-implant diseases. Arch
Oral Biol. 2014;59:66-72.

3. Pietschmann P, Stoeckl J, Draxler S, Majdic O,
Knapp W. Functional and Phenotypic Characteristics
of Dendritic Cells Generated in Human Plasma

Supplemented  Medium. Scand J  Immunol.
2000;51:377-83.
4. Bullon P, Fioroni M, Goteri G, Rubini C.

Immunohistochemical analysis of soft tissues in
implants with healthy and peri-implantitis condition,
and aggressive periodontitis. Clin Oral Imp Res.
2004;15:553-9.

5. Brown LJ, Loe H. Prevalence, extent, severity and
progression of periodontal disease. Periodontol 2000.
1993;2(1):57-71.

6. Wilensky A, Segev H, Mizraji G, Shaul Y, Capucha
T, Shacham M, et al. Dendritic cells and their role in
periodontal disease. Oral Diseases. 2014;20(2):119-
26.

7. Deo V, Bhongade ML. Pathogenesis of periodontitis:
role of cytokines in host response. Dentistry today.
2010;29(9):60-2.

8. Listgarten MA. Pathogenesis of Periodontitis. J Clin
Periodontol. 1986;13:418-30.

9. Benakanakere, Kinane. Innate cellular responses to
the periodontal biofilm. Oral Biol. 2012;15:41-55.

10. Arcia P, Lopez-Martinez P, Sada Q, Lomas G.
Influence on the Peri implant soft tissue, Implant peri

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

function on the role of anchor fixation Branemark
implants valuation in the 3 to 5 years. Adv
Periodontics. 2001;13:83-92.

Nussbaum G, Shapira L. How has neutrophil
research improved our understanding of periodontal
pathogenesis? J Clin Periodontol. 2011;38:49-59.
Garlet GP. Destructive and protective roles of
cytokines in periodontitis: a re-appraisal from host
defense and tissue destruction viewpoints. J Dent
Res. 2010;89:1349-63.

Papadopoulos N, Martin J, Ruan Q, Rafique A,
Rosconi MP, Shi E et al., Binding and neutralization
of vascular endothelial growth factor (VEGF) and
related ligands by VEGF Trap, ranibizumab and
bevacizumab. Angiogenesis. 2012;15(2):171-85.
Health WR, Carbone FR. Dendritic cell subsets in
primary and secondary T cell responses at body
surfaces. Nature Immunol. 2009;10:1237-44.
Steinman RM, Cohn Z. Identification of A Novel
Cell Type In Peripheral Lymphoid Organs Of Mice.
J Exp Med. 1973;137:1142-62.

Steinman RM, Cohn ZA. ldentification f A Novel
Cell Type In Peripheral Lymphoid Organs Of Mice.
J Exp Med. 1973;137:1142-62.

Banchereau J, Steinman RM. Dendritic cells and the
control of immunity. Nature. 1998;392:245-52.
Winzler C, Rovere P, Rescigno M, Granucci F,
Penna G, Adorini L et al. Maturation stages of mouse
dendritic cells in growth factor-dependent long-term
cultures. J exp Med. 1997;185(2):317-28.

Inaba K, Inaba M, Naito M, Steinman RM. Dendritic
cell progenitors phagocytose particulates, including
Bacillus Calmette-Guerin organisms, and sensitize
mice to mycobacterial antigens in vivo. J Exp Med.
1993;178:479-88.

Moll H, Fuchs H, Blank C, Rollinghoff M.
Langerhans cells transport Leishmania major from
the infected skin to the draining lymph node for
presentation to antigen-specific T cells. Eur J
Immunol. 1993;23:1595-1601.

Sousa RC, Stahl PD, Austyn JM. Phagocytosis of
antigens by Langerhans cells in vitro. J Exp Med.
1993;178:509-19.

Jiang W, Swiggard WJ, Heufler C, Peng M, Mirza
A, Steinman RM et al. The receptor Dec-205
expressed by dendritic cells and thymic epithelial
cells is involved in antigen processing. Nature.
1995;375(6527):151-5.

Banchereau J, Steinman RM. Dendritic cells and the
control of immunity. Nature. 1988;392:245-52.
Konttinen YT, Lappalainen R, Laine P, Kitti U,
Santavirta S, Teronen O. Immunohistochemical
evaluation of Inflammatory Mediators in Failing
Implants. Int J Periodontics Restorative Dent.
2006;26:135-41.

Cornaglia MF. Microscopic, immunocytochemical,
and ultrastructural properties of peri-implant mucosa
in humans. J Periodontol. 2002;73:555-63.

Jotwani R, Palucka AK, Al-Quotub M, Nouri-Shirazi
M, Kim J, Bell D, et al. Mature Dendritic Cells

International Journal of Advances in Medicine | December 2020 | Vol 7 | Issue 12 Page 1863


http://europepmc.org/search;jsessionid=8E187B5E834202771CD0B5D9A1FDE7E4?query=JOURNAL:%22Arch+Oral+Biol%22&page=1
http://europepmc.org/search;jsessionid=8E187B5E834202771CD0B5D9A1FDE7E4?query=JOURNAL:%22Arch+Oral+Biol%22&page=1

217.

28.

29.

30.

31.

Bai YD et al. Int J Adv Med. 2020 Dec;7(12):1859-1864

Infiltrate the T Cell-Rich Region of Oral Mucosa in
Chronic Periodontitis: In Situ, In Vivo, and In Vitro
Studies. J Immunol. 2001;167:4693-700.

Jaitley S, Gopu S, Rajasekharan S,
Sivapathasundaram B. Immunohistochemical
analysis of Langerhans cells in chronic gingivitis
using anti-CD1a antibody. Dent Res J. 2014;11:173-
79.

Clode CM, Filgueira S. Effects of titanium (iv) ions
on human monocyte-derived dendritic cells.
Metallomics. 2009;1:166-74.

Geijtenbeek TB, Krooshoop DJ, Bleijs DA, van Vliet
SJ, Van Duijnhoven GC, Grabovsky V, et al. DC-
SIGN-ICAM-2 interaction mediates dendritic cell
trafficking. Nat Immunol. 2000;1:353-7.

Geijtenbeek TB, Torensma S, Van Vliet.
Identification of DC-SIGN, a novel dendritic cell-
specific ICAM-3 receptor that supports primary
immune responses. Cell. 2000;100:575-85.

Meikle MC, Atkinson SJ, Ward RV, Murphy G,
Reynolds JJ. Gingival fibroblasts degrade type |

32.

33.

collagen films when stimulated with tumor necrosis
factor and interleukin 1: Evidence that breakdown is
mediated by metalloproteinases. J Periodontal Res.
1989;24:207-13.

Mutyambizia K, Bergera CL, Edelsona RL. The
balance between immunity and tolerance: The role of
Langerhans cells. Cell Mol Life Sci. 2009;66:831-40.
Cury PR, Arsati F, De Magalhdes MH, De Araljo
VC, De Araljo NS, Barbuto JA. Antigen-presenting
cells in human immunosuppressive drug-induced
gingival  enlargement.  Special Care Dent.
2009;29(2):80-4.

Cite this article as: Bai YD, Ramesh A, Kannam D,
Reddy J. Evaluation of the distribution of dendritic
cells in healthy peri-implant mucosa in comparison to
that of healthy gingiva-an original research. Int J Adv
Med 2020;7:1859-64.

International Journal of Advances in Medicine | December 2020 | Vol 7 | Issue 12 Page 1864



