
Basic Immunology

24th lecture:
Immunology of dental caries



Latin, decay

Localized decay of tooth tissue

Sugar + bacteria = acid, dissolving the hard tissue of tooth

Prevalence: 95% in developed countries

Leads to loss of ~ US$ 27 billion annually worldwide

Prevention!!!  Physical (brushing teeth) + chemical (fluoride)

Dental caries



Dental caries



-Carbohydrates are fermented into acid by bacteria
-Acid (~pH < 5.2) leads to demineralization of enamel and dentin

Carbohydrates
Glucose
Fructose
Sucrose

Bacteria
Streptococci
Lactobacilli
Actinomyces
Most important: S. mutans

Pathophysiology

Sucrose



Streptococcus mutans



Streptococcus mutans

Gram-positive, facultative anaerobe bacterium

Produces high amounts of extracellular polysaccharide, enhancing 
adhesion to tooth surface

Metabolizes sucrose to lactic acid via glucansucrase

Tolerates low pH (active excretion of protons)

Antigens:
-Glucosyltransferase (GTF)

Synthesis of adhesive glucans
-Streptococcal antigen I/II (SA I/II)

Adhesin, important in bacterial colonization
Vaccination against SA I/II antigen?



Humoral response
-Elevated serum IgG to S. mutans
-Salivary antibody response less consistent

Odontoblast defense against
dentin-invading bacteria
-antibacterial molecules (blue)
-proinflammatory cytokines (green)

Immune response

4 Mediators of In"ammation

cytokines IL-6 and CXCL8, thereby suppressing in"am-
mation-associated immune responses and limiting damage to
the host [56]. It also inhibits&1 and&2 immune responses
but promotes the di)erentiation of regulatory T cells which
control excessive immune responses in part by producing
IL-10, which provides a positive regulatory loop for IL-10
induction [57, 58]. We found that IL-10 is upregulated in
bacteria-challenged in"amed pulps in vivo [49] where it
might help limit the spread of pulp in"ammation which
is initially restricted to the dentin-pulp interface beneath
early dentin caries lesions [59]. IL-10 was upregulated in
odontoblast-like cells in vitro upon TLR2 engagement, sug-
gesting that odontoblasts are capable not only of initiating the
pulp immune and in"ammatory response to dentin-invading
bacteria, but also of limiting its intensity [49].

Recently, we have studied the role of lipopolysaccharide-
binding protein (LBP), an acute-phase protein known to
attenuate proin"ammatory cytokine production by activated
macrophages. LBP has been shown to prevent the binding
to host cells of several bacterial cell wall components includ-
ing lipopolysaccharides, lipoteichoic acids, lipopeptides, and
peptidoglycan [60]. It was also found to transfer lipopolysac-
charides to high-density lipoproteins in the plasma for
neutralization [61]. We recently detected LBP synthesis and
accumulation in bacteria-challenged in"amed pulp, whereas
this protein was not found in healthy pulp. In vitro, LBP
was upregulated by Pam2CSK4 (a diacylated lipopeptide
synthetic analog that binds speci-cally TLR2) in odontoblasts
di)erentiated in vitro. It also decreased TLR2 activation
and attenuated proin"ammatory cytokine synthesis ([62],
unpublished results).&is molecule might be involved in the
neutralization of bacterial components that gain access to
the pulp, thus limiting activation of the pulp immune cells
and the associated in"ammatory response to dentin-invading
bacteria [8].

In summary, numerous studies performed over the last
decade have shown that odontoblasts are able to detect oral
microorganisms that invade mineralized dental tissues from
the oral cavity. &ey mobilize themselves against this threat
by building their own antibacterial arsenal (defensins, nitric
oxide) and by sending molecular messengers (chemokines,
cytokines) to the neighbouring pulp to alert immune cells
able to mount responses to microorganisms (Figure 1). How-
ever, the majority of these studies have been performed in
vitro and currently minimal information is available about
the nature and role of antibacterial and immune e)ectors
in caries-a)ected teeth in vivo. Additional experiments are
therefore warranted to further characterize the molecular
e)ectors and regulators of human dental pulp immunity and
determine their therapeutic potential to promote the recovery
of dental pulp homeostasis and health.

2. Response of Pulp Immune Cells to
Tooth-Invading Pathogens

As stated above, eliminating the decayed mineralized tissues
containing microbial agents can result in decreased pulpal
in"ammation, promotion of tissue healing, and restoration
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Figure 1: Two key aspects of the odontoblast defence against dentin-
invading bacteria. Bacteria (B) present in the carious dentinal lesion
release pathogenic components that activate (blue arrow) odonto-
blasts (dark blue) adjacent to the lesion, triggering the production of
antibacterial molecules (blue dots).&esemolecules di)use through
dentin tubules in an attempt to destroy the invadingmicroorganisms
(NO, BDs) or considerably decrease their pathogenicity (LBP).
In parallel, proin"ammatory and immunomodulatory mediators
(green dots), including IL-6, IL-10, CXCL1, CXCL2, CXCL8 (IL-8),
CXCL10, and CCL2, are secreted by odontoblasts at the opposite
cell pole and di)use into the subodontoblast pulp area (green
arrow) where they activate and mobilize various populations of
immune cells (as described in the main text body) enabling the
immunosurveillance of the tissue. Immune cells then migrate
(dotted grey arrow) towards the pulp-dentin interface beneath the
lesion to combat the bacteria and coordinate the immune defense
response.

of the normal biological functions of the pulp. Like periph-
eral organs and tissues such as skin, gastrointestinal tract,
and lungs, healthy dental pulp contains sentinel leukocytes,
which are able to biologically sample and respond to the
local environment, including macrophages, DCs, and T cells
[52, 53, 63, 64]. Fluorescence-activated cell sorting (FACS)
analysis of enzymatically digested whole pulp tissue revealed
that leukocytes represent ∼1% of the total cell population in
nonerupted human third molars [10]. Leukocytes in healthy
tissue undertake immunosurveillance, that is, continuous
sampling of their environment to sense microorganisms
invading into the body. &eir numbers signi-cantly increase
when pathogens are detected, due to the elevation of the
in"ammatory process. &is in"ammation is part of the nor-
mal protective immune response of the host to tissue infec-
tion and during this response, leukocytes from the circulatory
system are triggered to adhere to endothelial cells lining
blood vessels prior to them migrating out of the blood vessel
to the site of infection. Neutrophils are initially recruited to
the in"amed tissue to engulf and destroy invading microor-
ganisms; subsequently this response is followed by mono-
cytes which also di)erentiate into macrophages. In teeth,
neutrophils andmacrophages progressively in-ltrate the pulp
tissue as the carious disease progresses [4, 6, 9, 53, 65–67].

Dental pulp defence and repair mechanisms in dental caries. Farges JC et al 2015. Mediators Inflamm 2015:230251.



Active immunization
Mucosal (oral/nasal) or systemic immunization
Repeated immunizations needed
Few human studies

Passive immunization
mAb against SA I/II fragment 3 prevented colonization of S. mutans
Antibody in milk…?

Natural immunity to caries
Individuals with low caries experience had higher levels of serum 

IgG against SA I/II and salivary IgA against GTF

Immunization against caries



HLA-DR6: low incidence of caries
HLA-DR6+ lymphocytes: stronger response against cariogenic 

bacteria (S. mutans)

HLA-DR4: higher risk of caries

Genetic factors



BRUSH YOUR TEETH!!!


