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abstract

Background: Dental caries is a bacterial infection which causes destruction of the hard tissues of the tooth. Exposure of the 
dentin to the oral environment as a result of caries inevitably results in a cellular response in the pulp. The major histocompatibility 
complex (MHC) is a group of genes that code for cell-surface histocompatibility antigens. Cells expressing class II MHC molecules 
participate in the initial recognition and the processing of antigenic substances to serve as antigen-presenting cells. Purpose: The aim 
of the study was to elucidate the alteration in the distribution of class II MHC antigen-expressing cells in human dental pulp as carious 
lesions progressed toward the pulp. Methods: Fifteen third molars with caries at the occlusal site at various stages of decay and 5 
intact third molars were extracted and used in this study. Before decalcifying with 10% EDTA solution (pH 7.4), all the samples were 
observed by micro-computed tomography to confirm the lesion condition three-dimensionally. The specimens were then processed for 
cryosection and immunohistochemistry using an anti-MHC class II monoclonal antibody. results: Class II MHC antigen-expressing 
cells were found both in normal and carious specimens. In normal tooth, the class II MHC-immunopositive cells were observed mainly 
at the periphery of the pulp tissue. In teeth with caries, class II MHC-immunopositive cells were located predominantly subjacent to 
the carious lesions. As the caries progressed, the number of class II MHC antigen-expressing cells was increased. Conclusion: The 
depth of carious lesions affects the distribution of class II MHC antigen-expressing cells in the dental pulp. 

Key words: Class II major histocompatibility complex, dental pulp, caries

abstrak

latar belakang: Karies merupakan penyakit infeksi bakteri yang mengakibatkan destruksi jaringan keras gigi. Dentin yang terbuka 
akibat karies akan menginduksi respon imun seluler pada pulpa. Kompleks histokompatibilitas utama (MHC) merupakan sekumpulan 
gen yang mengkode histokompatibilitas antigen-antigen permukaan sel. Sel-sel yang mengekspresikan molekul-molekul ini berpartisipasi 
dalam pengenalan awal substansi-substansi antigenik untuk selanjutnya diproses dan dipresentasikan pada permukaan sel. tujuan: 
Penelitian ini bertujuan untuk mengetahui perubahan distribusi sel-sel yang mengekspresikan molekul MHC kelas II pada pulpa gigi 
manusia dengan meningkatnya keparahan karies. Metode: Penelitian ini menggunakan 15 gigi molar ketiga yang mengalami karies 
pada permukaan oklusal dengan berbagai tingkat kedalaman dan 5 gigi molar ketiga normal (tidak mengalami karies). Sebelum 
didekalsifikasi dengan larutan EDTA 10% (pH 7,4), seluruh sampel diamati dengan menggunakan micro-computed tomography 
untuk mengetahui kedalaman lesi karies secara tiga dimensi. Spesimen kemudian diproses untuk dilakukan cryosection dan dilakukan 
immunohistokimia dengan menggunakan monoklonal antibodi anti MHC kelas II. hasil: Ekspresi MHC kelas II oleh sel-sel pada 
ruang pulpa dijumpai disemua spesimen baik pada kondisi normal maupun karies. Pada gigi normal, sel-sel yang mengekspresikan 
MHC kelas II terletak terutama pada tepi pulpa. Pada gigi-geligi yang mengalami karies, agregasi sel-sel yang mengekspresikan 
MHC kelas II terutama terletak di bawah lesi karies. Semakin dalam lesi karies, jumlah sel-sel yang mengekspresikan MHC kelas II 
semakin meningkat. Kesimpulan: Kedalaman lesi karies berpengaruh terhadap distribusi sel-sel yang mengekspresikan MHC kelas 
II pada pulpa. 
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introduction

Dental caries is a bacterial infection which causes 
destruction of the hard tissues of the tooth. This disease 
remains the most prevalent infectious disease in the 
world. Among the oral bacteria, Streptococcus mutans 
and Streptococcus sobrinus are strongly associated with 
human dental caries. The ability of these bacteria to produce 
caries is directly related to their production of acid and 
their ability to tolerate large quantities of lactic acid. The 
acid will lead to the dissolution of the mineralized matrix 
of the teeth.1,2 

Dental pulp is a connective tissue resides in a rigid 
encasement of the mineralized dentin. When enamel is 
lost for any reason, the exposed dentinal tubules provide 
diffusion channels from the surface of the tooth to the pulp. 
It is known, however, that the pulp contains a variety of 
indigenous and recruited immunocompetent cells which 
have ability to initiate and maintain immune responses 
against pathogenic challenges that permeate the dentinal 
tubules. These cells seem to form a network that surveys 
invasion of noxious stimuli and, upon injury, establishes 
reaction pathways that characterize specifity of pulpal 
diseases. Exposure of the dentin to the oral environment 
as a result of caries inevitably results in a cellular response 
in the pulpo-dentinal organ.3,4

Major histocompatibility complex (MHC) is a group 
of genes that code for cell-surface histocompatibility 
antigens. The function of the MHC molecules is to 
bind peptide fragments derived from the pathogens and 
display them on the cell surface for recognition by the 
appropriate T cells. The consequences are almost always 
deleterious of the pathogen.5 All cells in the body except 
erythrocytes express class I molecules, while only some 
cells such as dendritic cells and macrophages express class 
II molecules. Cells expressing class II molecules are called 
antigen presenting cell. These cells participate in the initial 
recognition and the processing of antigenic substances to 
serve as antigen-presenting cells. They migrate to lymphoid 
tissues via afferent lymph to induce T-cell proliferation 
and activation.6 

Previous studies have revealed the presence of class 
II MHC antigen-expressing cells in normal dental pulp, 
both in permanent7 and deciduos teeth.8 However, the 
distribution of the class II MHC-expressing cells in 
the dental pulp remains obscure, and is not sufficiently 
understood. Changes in the distribution of class II MHC 
antigen-expressing cells have been shown during tooth 
development as well as cavity preparations.9 The present 
study aimed to elucidate the alteration in the distribution 
of class II MHC antigen-expressing cells in human dental 
pulp as carious lesions progressed toward the pulp.

materials and methods 

The protocol of this study was approved by ethical 
committee of Faculty of Medicine, Universitas Gadjah 
Mada. Twenty third molars from 20 to 40-years-old patients 
were used in this study. Informed consent was obtained 
from all patients who were enrolled in this study. Fifteen 
third molars with caries at the occlusal site at various 
stages of decay and 5 intact third molars were extracted 
for orthodontic or therapeutic reasons. The depth of the 
cavity judged by clinical examination was recorded. 
Under local anesthesia, the teeth were extracted and then 
immersed in 10% buffered formalin for 3 days. Before 
decalcifying with 10% EDTA solution (pH 7.4), all the 
samples were observed by micro-computed tomography 
to confirm the lesion condition three-dimensionally. The 
specimens were processed for cryosection. The tissues for 
cryosection were equilibrated in a 30% sucrose solution for 
cryoprotection. The specimens were then cut at thickness 
of 50 μm on a freezing microtome, and processed for the 
avidin-biotin peroxidase complex (ABC) method using an 
anti-MHC class II (HLA-DR)-monoclonal antibody (Lab 
Vision, USA). Following incubation with the primary 
antibodies for 3 days in 4oC, the sections were reacted by 
two consecutive incubations with biotinylated anti-mouse 
IgG and ABC complex (Vector Lab. Inc., Burlingame, 
USA) for 2 hours each at room temperature. The sites of 
antigen-antibody reaction were then visualized by placing 
sections in 0.05 M TRIS buffer (pH 7.6) containing 0.04% 
3–3'-diaminobenzidine tetrachloride and 0.002% H2O2. 
The immunostained sections were counterstained with 
methylene blue. Immunohistochemical controls were 
performed by: replacing the primary antibody with non-
immune serum or PBS and omitting the anti-mouse IgG 
or the ABC complex. These immunocontrol sections did 
not show any specific immunoreactions.

results 

An intense immunoreactive for class II MHC molecule 
was observed in the pulp tissue of the tooth in all cases. 
Class II MHC-immunopositive cells were distributed 
widely throughout the dental pulp. Some of them showed 
spindle-like or dendritic profiles, while some of them 
revealed macrophage morphology. 

In normal intact tooth, the class II MHC-immunopositive 
dendritic cells were situated mainly at the cell-free zone 
and along the pulp-dentin border (Figure 1). Some of their 
cell processes were situated in the predentin and showed 
a close relationship to the odontoblast processes. They 
extended their thick cytoplasmic processes into the dentinal 
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tubules. Class II MHC-immunopositive macrophages were 
dispersed sparsely in the pulp tissue. The number of the class 
II MHC-immunopositive macrophages observed in normal 
pulps was fewer than the class II MHC-immunopositive 
dendritic cells. 

 In the cases of pulp affected by early caries, all specimens 
showed caries confined to the enamel. All specimens 
revealed small cluster of class II MHC-immunopositive 
cells in the pulpal restricted area beneath the pulpal ends 
of dentinal tubules communicating with the carious lesion 
(Figure 2). Numerous class II MHC-immunopositive 
dendritic cells extended their cytoplasmic processes into 
the affected dentinal tubules in the odontoblastic layer, 
while class II MHC-macrophage cells were seen distibuted 
sparsely in pulp chamber. Compare to the intact teeth, the 

density of class II MHC-immunopositive cells in this case 
was higher. 

In the cases of pulp affected by advanced caries, all 
teeth showed caries confined to the dentin. The aggregation 
of class II MHC-immunopositive cells was more densely 
gathered subjacent to the carious lesion than elsewhere. The 
specimens with advanced caries exhibited an expansion of 
the area of increased class II MHC-immunopositive cells; 
thus, the dense network of class II MHC-immunopositive 
cells was widely seen in the pulp chamber. The density 
of MHC-immunopositive cells was higher in the cases 
of carious lesion confined to dentin than enamel. Their 
expression became highest in the cases of carious lesion 
confined to dentin with pulp exposure. In advanced caries, 
lymphocytes and endothelial cells were also expressed 
class II MHC molecules in addition to dendritic cells and 
macrophages. Tertiary dentin was observed in all specimens 
with advanced caries. In the area beneath the tertiary dentin, 
limited presence of class II MHC-immunopositive cells 
were observed.

discussion

This study showed the alteration of class II MHC 
antigen-expressing cells distribution in human dental pulp as 
caries progressed toward the pulp. In normal tooth, the class 
II MHC-immunopositive cells were distributed sparsely 
throughout the dental pulp, and located predominantly at 
the periphery of the pulp tissue. As the caries progressed, 
the number of class II MHC-immunopositive cells was 
increased and distributed more widely in the pulp. They 
located mainly subjacent to the carious lesions. 

 The presence of class II MHC antigen-presenting cells 
in the normal dental pulp implied important roles played 
by these cells in maintaining physiological conditions of 
the pulp tissue. In the present study, the normal dental 
pulps were shown to contain two types of class II MHC-
immunopositive cells: dendritic cells and macrophages. 
Dendritic cells are widely accepted to be the most potent 
and versatile antigen presenting cells in the immune system. 
These cells are believed to possess a more potent antigen-
presenting capacity than macrophages. In peripheral tissues, 
dendritic cells are highly motile, possess superior capacity 
for acquiring and processing antigens for presentation to T 
lymphocytes, and within secondary lymphoid organs have 
the potential to express high levels of the co-stimulatory 
molecules that direct and fine-tune T cell activation.10 
Dendritic cells are extremely efficient in stimulating naive 
T-lymphocytes.5

 This study revealed that the dendritic cells were 
strategically positioned in the periphery of the pulp where 
foreign antigens are most likely to enter the tissue. Their 
primary function may be to monitor invasion of antigens. 
Numerous dendritic cells were situated in the predentin 
and extended their cytoplasmic processes into the affected 
dentinal tubules. These finding implying their high motility 
and support the concept that the dendritic cells play a critical 

figure 1. A specimen of normal intact tooth. The class II MHC-
immunopositive dendritic cells are situated mainly 
at the cell-free zone (red arrows) and along the pulp-
dentin border (black arrows).

figure 2. A specimen with early karies. A cluster of class II 
MHC-immunopositive cells are seen in the limited 
area subjacent to the pulpal ends of dentinal tubules 
communicating with the carious lesion (red arrows). 
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role in the initial immune defense of the dental pulp against 
trans-dentinal antigenic stimuli.10

Macrophages function as a first-line defense to 
detect and eliminate invading microbes and toxic 
macromolecules.11 This study showed that macrophages 
were distributed sparsely in the pulp and seemed to form a 
network together with pulpal dendritic cells. There are three 
major biological functions of macrophages: phagocytosis, 
antigen processing and presentation, and cytokine 
secretion. In addition to its importance in defense against 
pathogenic bacteria, phagocytosis is an essential step in 
antigen processing. Following endocytosis, digestion, 
and degradation, peptide fragments from phagocytosed 
proteins are able to associate with class II MHC peptide 
within organelles of the endosomal pathway. The class II 
MHC-peptide complexes are then transported to the cell 
surface, where they interact with T lymphocytes. At the 
same time, the macrophages secrete interleukin (IL) 1, a 
necessary signal in antigen presentation which stimulates 
proliferation of the lymphocytes.12 

In carious teeth, cluster of class II MHC-immunopositive 
cells were observed mainly beneath the lesion. The density 
of these cells in the area subjacent to the lesions was highest 
compare to other area in the pulp chamber. The dendritic 
cells which are class II molecule-expressing cells carry 
receptors on their surface that recognize common features 
of many pathogens. Cariogenic bacterial components 
will bind to these receptors, then stimulate the dendritic 
cells to engulf the cariogenic bacteria and degrade them 
intracellularly.5 After capture protein antigens, dendritic 
cells will migrate to the regional lymph nodes and present 
the peptide fragments in conjunction with class II MHC 
molecules to antigen-specific T lymphocytes (naive T 
lymphocytes). Helper T lymphocytes will subsequently 
clonally expand and differentiate into effector T cells or 
memory T cells. Effector T cells and some memory T cells 
then enter into the vasculature and migrate to the pulp. 
Resident antigen-presenting cells such as macrophages 
will interact with and present antigen directly to the T 
cells, which are locally activated and trigger the effector 
phase of the immune response against bacterial antigens.13 
Macrophages have a variety of receptors that recognize 
microbial surface components which are involved in the 
ingestion of bacteria by phagocytosis and in signaling for 
the secretion of proinflammatory cytokines, which then 
recruit and activate more phagocytes.11

As the caries progressed, the number of the bacteria 
invaded the dentinal tubules increase.14 This study 
demonstrated that the number of class II MHC-
immunopositive cells increased as the caries advanced and 
the lesions progressed toward the pulp. After capture the 
antigen, dendritic cells secrete certain chemokine namely 
IL-8, which then attract the inflammatory cells to the site 
of infection.15 Thus, as caries progressed, the inflammatory 
cells infiltration may increase as well. This finding was 
supported by the previous study16 which proved that the 

number of inflammatory cells infiltration increased as the 
caries progressed toward the pulp. 

When a carious lesion has invaded dentin, the pulp 
responds by depositing a layer of tertiary dentin over the 
dentinal tubules of the secondary dentin that communicate 
with the carious lesion. Compare to secondary dentin, 
tertiary dentin differs morphologically and less permeable 
to externally derived matter.17 This study revealed only 
few number of class II MHC-immunopositive cells 
presence beneath the tertiary dentin, implying its low 
permeability.

The dental pulp is known to have a high potential for 
participation in both defense against foreign stimuli and 
tooth repair. The class II MHC-immunopositive cells 
in the pulp-dentin border was assumed to have some 
unknown functions other than immunosurveillance. 
Kannari et al.,8 proposed an inductive role for these 
cells in the differentiation, migration and/or activation 
of odontoclasts and cementoblast-like cells during 
physiological root resorption. Thus, the predentinal class 
II MHC-immunopositive cells as shown in the present 
study might also exert some effects on the odontoblasts 
under physiological conditions. However, this hypothesis 
is needed to be tested in future studies.

Previous report18 has demonstrated a rich supply of 
pulpal nerve fibers beneath the odontoblast layer to form the 
subodontoblastic nerve plexus in the coronal dental pulp. The 
distribution pattern of the class II MHC antigen-expressing 
cells in the dental pulp of the teeth with carious lesions in 
this study was similar to the distribution pattern of the nerve 
fibers which have been shown in the previous study. This 
similarity in distribution patterns between the class II MHC 
antigen-expressing cells and neural elements in the tooth with 
carious lesions revealed an intimate functional correlation 
between them. Indeed, the author suggested the involvement 
of neural elements in the functional capacities of the class 
II MHC antigen-expressing cells. In conclusion, the depth 
of carious lesions affects the distribution of class II MHC 
antigen-expressing cells in the dental pulp. 
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