
Basic Immunology

23rd lecture:
Immune components of the oral cavity.

Molecular and cellular elements of the oral immune 
system.



Inductive site and effector organ of immunity

Systemic and local immunity

Part of the mucosa-associated lymphoid tissues, with specialized components

Stratified squamous epithelium + “hard” tissues (teeth)

Thick and and dense physical barrier

Permeable: periodontal epithelium

Constant antigen exposure: ~100 million bacteria/ml of saliva (~700 species)
~500kg of food anually

Innate and adaptive components

Oral cavity



The mucosal immune system in the oral cavity – an orchestra of T cell diversity. Wu RQ et al, Int J Oral Sci. 2014 6:125-32.

Immunity of the oral cavity

draining lymph nodes. In contrast, the effector sites include epithe-
lium, LP and salivary glands.65,67 The inductive sites are where most
lymphocytes are activated and expanded upon antigen stimulation.
On the contrary, the effector sites are where activated lymphocytes
migrate and relocate to mediate immune responses.68

Compartmentalized immune cells, such as IELs and LP lympho-
cytes, undertake the elimination of foreign antigens. After antigen
uptake, DCs, macrophages and Langerhans cells (LCs) residing in
the epithelium or LP migrate into MALT and draining lymph nodes
and initiate the adaptive immune responses by inducing T cell proli-
feration and differentiation.69–70 In addition, a group of M-cell-like
cells has been identified in the epithelium of palatine tonsil crypt that is
responsible for luminal antigen uptake.65–66 The mucosa is described
as a ‘slippery ground’17 that is covered with mucus. In the oral cavity,
the mucosa is covered with saliva that contains immunoglobulins,
such as secretory IgA, antimicrobial peptides such as defensins, and
enzymes secreted by salivary glands (Figure 3).17,64,66,71–72

Among the immune cells in the oral-pharyngeal mucosa, DCs are
relatively better studied.65,73 In in murine models, different subsets of
CD11c1 DCs, as well as LCs reside in the epithelium of buccal, sub-
lingual and gingival mucosa. DCs and LCs are APCs; thus, in oral
mucosa, DCs are responsible for antigen capture and antigen presenta-
tion to T cells. Compared with DCs and LCs, T cell populations such as
IELs in the oral-pharyngeal mucosa are less studied. In patients with
dermatitis herpetiformis, the ab and cdT cells reside in the epithelium
of oral mucosa.74–75 However, CD8aa1 IELs in the oral-pharyngeal
mucosa have not been identified and characterized until recently (RQ
Wu and W Chen, in preparation).

Oral mucosal diseases with immunopathogenesis

In clinics, various mucosal diseases have been observed in the oral
cavity, including viral infection, candida infection and oral lichen

planus (OLP). These mucosal diseases are mainly caused by immune
deficiency and/or the dysregulation of the oral immune system. In
particular, T cells have been suggested to be associated with the
development of these diseases, yet their causative roles have not been
established. In this section, we highlight the recent findings on the
roles of T cells in oral mucosal diseases.

An example of mucosal immune system dysfunction can be
observed in human immunodeficiency virus (HIV)-infected indivi-
duals. HIV infection leads to low levels of CD41 T cells and results in
immune deficiency.76 People infected with HIV are highly susceptible
to infection by oral and pharyngeal commensal bacteria and fungi
such as Candida albicans due to the weakening of the TH cell res-
ponse.66,77–78 Another example is hyper-IgE syndrome, which results
from STAT3 mutations. Patients with hyper-IgE syndrome suffer
from oral candidiasis due to a deficiency of TH17 cells,79 consistent
with animal studies demonstrating that mice with TH17-deficiency (IL-
23p192/2 mice) and IL-17 receptor-deficiency (IL-17RA2/2 mice)
develop severe Candida albicans infection in the oral cavity.80 Although
TH17 cells are important for oral immune responses against fungus,
evidence suggests that aberrant or uncontrolled TH17 cell responses
result in chronic inflammation towards candidiasis, which ultimately
results in autoimmunity.77,81

Immune responses to food antigens and commensal bacteria gen-
erally do not induce any inflammation but do induce immune tol-
erance. Autoimmune diseases may occur as a result of unrestricted
immune responses to commensal bacteria. Many inflammatory and
autoimmune diseases have been shown to develop in the oral mucosa,
such as periodontitis, Sjögren’s syndrome and OLP. Periodontitis is
initiated by the accumulation of bacterial plaque, subsequent tissue
damage and bone loss due to host immune responses and inappropriate
inflammation. TH cells are found to play an important role in the
recruitment of neutrophils and osteoclasts. Consequently, the gingival
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Figure 3 The structures and immune cells in the oral immune system. The oral-pharyngeal immune system shares similar anatomical compartments of other
mucosal immune system. The oral mucosa consists of stratified squamous epithelium, LP and MALTs. DCs, LCs and IELs reside in the epithelial layer. DCs in the LP
project dendrites into the epithelium to uptake antigens and migrate to secondary lymphoid tissue and draining lymph nodes. MALTs in the oral-pharyngeal cavity are
located in the tonsils and are organized lymphoid follicles. M-cell-like cells in the tonsil epithelium also function to transfer antigens to APCs. APC, antigen presenting
cell; DC, dendritic cell; IEL, intraepithelial lymphocyte; LP, lamina propria; MALT, mucosal-associated lymphoid tissue; M-cell, microfold cell.
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DC: dendritic cell LC: Langerhans cell LP: lamina propria IEL: intraepithelial lymphocyte



Cellular components
Epithelial cells

First line (physical + chemical) barrier
Express PRRs (TLRs)
Can produce inflammatory cytokines (IL-1β, IL-6, GM-CSF) 
Different types and thickness (influences permeability!)

keratinized, thick (>50 layers, dorsal tongue)
non-keratinized, thick (~30 layers, buccal mucosa)
non-keratinized, thin (~10 layers), rich in Langerhans cells (mouth 

floor)

NK cells
Langerhans cells, dendritic cells: antigen presenting cells 
Mast cells
CD8αα+ intraepithelial lymphocytes 
T cells: rare in healthy mucosa, TH17s important in pathology
B cells: mainly IgA+, few IgG+



750-1000 ml/day

3 pairs of major glands (parotid, submandibular, sublingual) + several 
minor glands

Important in: 
physico-chemical protection of teeth
immunity of oral mucosa
mucosal healing

Contains lots of proteins with innate and adaptive immunologic features

Low concentrations of the various factors, but synergistic effect

Saliva



Salivary antibodies

Types
IgA: usually dimer (from the salivary gland), 
IgG: lower amounts (from serum or local plasma cells)
IgM and IgE: very low amounts

IgA+ B cells
Activated in NALT (nasopharynx-associated lymphoid tissue, 

tonsillae + adenoids, Waldeyer’s ring)
Migrate to salivary gland stroma (and mucosa)

IgA
Transported across epithelial cells via polymeric Ig receptor + 

secretory component
Constitutively secreted into saliva



Salivary IgA function

Neutralization

Agglutination

Surface immune exclusion

Opsonization (FcαRI) – antigen presentation, 
degranulation, cytokine production

Catalyze oxygen burst



Salivary antimicrobial proteins

Defensins
Disrupt pathogen membranes; antibacterial, antifungal, antiviral activity

Lactoferrin
Iron-binding protein; neutralizes bacteria and viruses, disrupts bacterial membrane

Cathelicidins
Destruct bacterial membranes; bind LPS

Lysozyme
Hydrolyzes peptidoglycan, effective mainly against Gram+ bacteria

α-Amylase
Cleaves the α-1,4-glycosydic bond; can bind LPS, influences bacterial adhesion

Mucins
Secretory and membrane-bound form, entrap and agglutinate pathogens
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antibodies. These experiments have used purified colostral 
IgA, and it is assumed that IgA from saliva could act in a 
similar way. Presumably where enhancement of lactoferrin 
activity is found, the synthesis of iron binding proteins (or 
their release) is prevented by the antibodies, and as a result 
the lactoferrin binds the iron required as a growth factor 
for the bacteria (Soukka et al., 1993). Lactoferrin also has 
powerful antiviral activity and can inhibit HIV replication 
(Kazmi et al., 2006).

Salivary IgA and Lysozyme

Lysozyme is an antimicrobial enzyme secreted mainly by 
the mucous salivary glands. Purified SIgA from colostrum 
has been shown to inhibit Escherichia coli in the presence 
of complement and lysozyme, whereas either component on 
its own was ineffective (Hill and Porter, 1974). These clas-
sic observations suggest that a similar mechanism might be 
operative within the oral cavity, although the concentrations 
of complement in whole saliva would seem too small for 
this to be a major defense mechanism unless inflammation 
is present. It is also possible that salivary mucins can inhibit 
lysozyme activity, and thus the effectiveness of lysozyme 
as an antibacterial mechanism in the oral cavity is in some 
doubt.

Salivary IgA and Lactoperoxidase

Saliva contains a nonspecific antimicrobial peroxidase sys-
tem including salivary peroxidase, hydrogen peroxide, and 
thiocyanate ions. Salivary IgA can enhance the antimicro-
bial effect of lactoperoxidase. Interestingly, both IgA1 and 
IgA2 were effective, but serum IgG or IgM had no effect 
(Tenovuo et al., 1982). This suggests a specific relationship 
between IgA and lactoperoxidase (LPO) that might be of 
great importance at mucosal surfaces.

Gingival Crevicular Fluid
Gingival crevicular fluid (GCF) is the fluid that accumu-
lates around the necks of the teeth. It reaches the tooth 
surface as a transudate across the junctional epithelium of 
the gingiva (Figure 3). It contains both the humoral and the 
cellular elements of blood, although in lower amounts and 
different proportions. There is a continuous flow of fluid 
from the gingival capillaries, through the junctional epithe-
lium, and into the crevice. It is accepted that there would be 
a flow of GCF even in the total absence of dental plaque. 
However, the majority of GCF is probably induced by 
plaque, which accumulates continuously, even within min-
utes of its removal, and causes a physiologic inflammatory 
response in the gingiva. Crevicular flow increases greatly 
with inflammatory changes of gingivitis and periodonti-
tis. The flow rate of GCF into saliva in humans is likely to 

be between 1 and 2 mL a day in subjects with no clinical 
inflammation (Challacombe, 1980). Crevicular fluid passes 
from the gingival crevice into the mouth, where it is mixed 
with saliva from the major and minor glands at a dilution 
between 1:500 and 1:1000. The total surface area of crevic-
ular epithelium around 28 teeth is approximately 760 mm2, 
and this can increase 10-fold with periodontal disease.

Many experiments have shown that both humoral (e.g., 
immunoglobulins and cytokines) and cellular (e.g., lym-
phocytes and macrophages) components from blood can 
reach the tooth surface via GCF. They are therefore directly 
analogous to those found in blood, and may affect dental 
caries and periodontal disease in particular. Thus not only 
SIgA but also serum IgG derived from GCF could play a 
role in mucosal defense around the oral cavity. Antibodies 
in crevicular fluid are largely derived from serum, although 
there is on average a local contribution from the gingiva, 
particularly of IgG, up to about 20% of the total antibody 
content (Ebersole et al., 1996).

DENTAL DISEASES: IMMUNOLOGY OF 
DENTAL CARIES IN HUMANS
Dental caries is one of the most common diseases of man-
kind (Marcenes et al., 2013). Despite recent reductions in 
the rate of decay in Western societies, the prevalence of 
caries in developed countries remains at greater than 95% 
of the population. Caries is still increasing in developing 
countries with the increased consumption of refined sugars.

Dental caries may be defined as the localized destruction 
of tooth tissue by bacterial action. It requires specific car-
iogenic bacteria, which are capable of producing acid, and 
carbohydrate in the diet, which can be metabolized by these 
bacteria and help their colonization of the tooth surface. 
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FIGURE 3 Gingival crevicular fluid. Crevicular fluid is mainly derived 
from the tissue fluids in blood capillaries. It flows into the lamina propria, 
through the junctional epithelium, and into the gingival crevicular fluid 
(GCF). It then passes into the saliva at a rate of about 0.3 µL/tooth/h.

Gingival crevicular fluid (GCF)



Transudate from gingival capillaries

Accumulates around the necks of the teeth

Normally ~1ml/day, significantly increases in periodontitis and gingivitis

Content:
humoral components: antibodies (IgG), cytokines, digestive 

enzymes, antimicrobial proteins
cellular components: leukocytes, lymphocytes

Function: cleans the crevice between the tooth and the gingival 
epithelium

Gingival crevicular fluid (GCF)



Collection of GCF

Comparison of matrix metalloproteinase-3 and tissue inhibitor of matrix metalloproteinase-1 levels in gingival crevicular fluid in 
periodontal health, disease and after treatment: a clinico biochemical study. 2013. Kumar PM et al, Dent Res J.

Gingival crevicular fluid (GCF)


