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Recurrent Aphthous Ulceration (RAU) is a chronic oral inflammatory disease that aﬀects approximately 25% of the general
population. The etiology of the disease is unknown; however, factors that favor the onset of RAU have been correlated with a Th1
immune polarization, while factors that reduce RAU episodes have been associated with down regulation of immune reaction or
stimulation of the peripheral tolerance. In this context, the integrity of the epithelial barrier is also fundamental for the prevention
of the disease and conditions that augment its permeability or produce disruption are considered potential triggers. The key factor
responsible for increased susceptibility is unclear, though a deficiency of Toll-like receptor (TLR) activity seems to be a good
candidate. TLRs are a group of membrane proteins that recognize conserved molecules derived from bacterial, virus, fungal, or
host tissues. Particularly, the TLR2 is involved in both immune regulation and control of epithelial barrier integrity. Thus, based on
literature review, we showed evidences that correlate the TLR2 dysfunction and the diverse predisposing factors with the elements
considered critical for disease pathogenesis: the Th1 immune reaction and the increased epithelial permeability.

1. Background
Recurrent Aphthous Ulceration (RAU) is a chronic oral
inflammatory disease of unknown pathogenesis that aﬀects
approximately 25% of the general population. RAU aﬀects
both sexes equally and decreases in occurrence after 45 years
of age. Clinical manifestations of RAU range from mild
ulcerations that heal within a few days to multiple, deep, and
painful ulcers that can persist for up to six weeks. Often, the
lesions aﬀect nonkeratinized mobile areas of the oral cavity
such as the buccal and labial mucosa, the lateral and ventral
tongue, the floor of the mouth, and the soft palate. Local and
systemic predisposing factors, such as stress, smoking cessation, nutritional deficiency, nonsteroidal anti-inflammatory
drugs (NSAIDs), beta-blockers, nonbreastfeeding history,
hormonal changes, or trauma in addition to others, have
been associated with RAU onset [1].

Clinical and experimental evidence suggests that a
reduced ability to activate immune tolerance plays a role
in the pathogenesis of some gastrointestinal inflammatory
diseases. It has been proposed that the induction of tolerance
in the mucosa may reflect a preferential activation of
Th2- and/or T regulatory responses. In RAU, genetic and
environment factors aﬀecting the Th1/Th2 balance may
contribute to low tolerance, thereby permitting a cytotoxic
immune response against antigens present on normal oral
epithelium that are similar to foreign ones. However, the
existence of such conditions does not provide an explanation
for the fact that in the majority of the cases, the lesions
are restricted to nonkeratinized mucosa from oral cavity.
Probably a failing of the epithelial barrier must occur in
parallel with an infection agent for activation of the disease.
The main factor responsible for the occurrence of these
events is unknown, though a deficiency of TLR activity
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seems to be a good candidate. The Toll-like receptors
(TLRs) are a group of functional membrane receptors that
recognize structurally conserved molecules derived mainly
from bacterial, viral, fungal, and host tissue products that are
involved in both immune regulation and control of epithelial
barrier integrity. Therefore, the objective of this study is
to debate the connections between RAU, Th1 immune
polarization, and epithelial barrier deficiency with TLR2
dysfunction and with its factors associated.

2. Literature Review
Basically, two etiologic theories have been proposed to
explain the development of RAU. The earliest theory, known
as the bacteriological hypothesis, suggests that some bacteria
or viruses such as streptococcus sanguis, Streptococcus viridians, Helicobacter pylori, Herpes simplex, and Epstein-Barr
between other microorganisms are the main etiologic agents
responsible for the development of RAU. In contrast, the
immunological hypothesis correlates RAU development with
an exaggerated cytotoxic type autoimmune response against
epithelial cells. However, both theories are unsatisfactory
when it comes to understanding the multiple variations
involved with onset and outcomes of the disease, and the lack
of comprehension of RAU has resulted in empirical strategies
for treatment development. Here, we reviewed evidences
that connect both theories in a multifactorial model disease
based on immune and epithelial dysfunction. Probably, a
combination of genetic and environmental factor that aﬀect
the capability of immune control and mucosal permeability
probably acts as potential trigger for RAU onset.
2.1. The Genetic Susceptibility to RAU. The occurrence of
the RAU is dependent of a genetic predisposition. Although
no specific mode of inheritance could be established, it is
common to find out familial history in patients carrier of
RAU [2], mainly in monozygotic twins [3]. Probably, cluster
of genes may be involved in RAU phenotypes. The existence
of genetic polymorphisms for TNF-α, IL-1β [4, 5], and IL-6
[5] and promoter region of serotonin transporter (5-HTT)
[6] genes was demonstrated in RAU patients in comparison
with healthy control subjects. Increased frequency of certain
human leukocyte antigen (HLA) types as HLA-Cw7 [7]
HLA-B51 [7, 8], HLA-B52, and HLA-B44 [9] was observed
among RAU patients.
2.2. Th1/Th17/Th2 Imbalance in RAU. The development
of various autoimmune diseases seems to be related to
polarization of the immune response. RAU is characterized
by Th1 polarization [10] and is thus similar to other chronic
inflammatory diseases that involve the gastrointestinal tract,
such as orofacial granulomatosis [11], Crohn’s disease, and
celiac disease [12]. Many factors that favor or trigger the
onset of RAU, such as stress, NSAIDs, beta-blocker medications, TLR7 agonist (imiquimod) [13, 14], food, and hematic
deficiencies, are also related to an increase in the Th1-type
immune responses (Table 1). On the other hand, factors that
reduce RAU onset such as cigarette smoking, TNF inhibitors,
thalidomide, breast feeding history, and pregnancy have
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previously been associated with a stimulation of peripheral
immune tolerance (Table 1). Therefore, it is likely that
in Th1-disease-susceptible patients, there is an improper
and imbalanced immune response to stimuli that would
normally be neglected by a healthy immune system, and
this sensitivity may be further intensified by the diverse
conditions that create an imbalanced Th1/Th2 immune
response. Recently, a new subset of lymphocytes, known as
Th17 for their ability to produce IL-17A, was described.
The predominant function of Th17 cells is thought to be
proinflammatory due their ability to recruit neutrophils
and to enhance the synthesis of inflammatory cytokines,
chemokines, matrix metalloproteinases, and defensin by
epithelial cells. Although there are no data currently available, Th17 cells may also be involved in RAU pathogenesis,
as Th17 cells were recently implicated in other chronic
gastrointestinal Th1 inflammatory diseases [15].
2.3. The Importance of TLR Activity in RAU. Among the
proinflammatory cytokines, TNF-α appears to play key role
in the pathogenesis of RAU. Peripheral blood mononuclear cells (PBMC) from RAU patients are able to secrete
higher amounts of TNF-α than control groups [18, 19],
the expression of TNF-α mRNA in RAU lesions is higher
than that in traumatic ulcers [18] and medications that
decrease TNF-α activity such as thalidomide [43], and the
biological TNF inhibitors such as pentoxifylline, tetracycline,
etanercept, infliximab, and adalimumab [44–46] are eﬀective
in improving outcomes of RAU patients. TNF-α is known to
be a critical cytokine in Th1 chronic diseases like psoriasis,
Behçet’s disease, rheumatoid arthritis, and Crohn’s disease
[47].
The production of TNF-α is mostly mediated by activation of TLRs, which are a group of 11 functional membranereceptors that recognize structurally conserved molecules
called pathogen-associated molecular patterns (PAMPs),
which are mainly derived from bacterial, viral, fungal, or
host-tissue products. The specificity of TLR recognition
has been established for several important PAMPs. Particularly, the TLR2 recognizes lipoteichoic acid (LTA), bacterial
lipoproteins, zymosan, Pam3CSK4, host heat shock protein
60 (HSP60) HKLM (Heat-killed Listeria monocytogenes),
among others [48].
Stimulation of specific TLRs influences the Th-response
towards either Th1- or Th2-cytokine profiles, and this may
explain the influence of antigen composition on the adaptive
immune response. LPS (TLR4 agonist) preferentially induces
the secretion of IL-12, which is considered a key cytokine
for the Th1 immune response, and TLR2 ligands such
as peptidoglycan, zymosan, and Pam3CSK4 induce IL-10
secretion and regulatory T-cell responses, which have a
strong inhibitory eﬀect on the Th1-type immune response
[49–52].
Because crosstalk exists between TLRs and their various ligands, the consequential inflammatory reaction likely
depends upon the complex and the simultaneous TLR
response [53]. Dendritic cells (DCs) and PMBCs, when
exposed to various combinations of TLR2 agonists and
TLR3 or TLR4 ligands and IFN-α or IFN-γ cytokines,
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Table 1: Th1 polarization induced by factors associated with RAU.

Factors
Th1 polarization of
immune response
in the RAU

Stress

NSAIDs
Bromelain
Beta-blockers
Imiquimod
(TLR7)
Hypovitaminosis

Observed eﬀects
↑ IL-2, IL-12, IFN-γ, and ↓ IL-4
↑ TH1/TH2 diverse genes (microarray)
↓HSP27 and ↓ IL-10
↑ IFN-γ, TNF-α, IL-2, IL-4, IL-5, and ↓ IL-10
↑ IFN-γ, TNF-α, IL-2, IL-5, IL-6, IL-8 and ↓ IL-10, and TGF-β and ↓ CD4+ CD25+
↑ IL-1, IL-6, IL-8, IL-18, and TNF-α
↑ IFN-γ, TNF-α IL-6, IL-10, and IL-5
↑ IFN-γ, IL-2 and ↓IL-10, and IL-4
↓ inhibitory eﬀect of catecholamines on IFN-γ and failure to shift to Th2 responses
↑TNF-α
↑ IFN-γ, TNF-α, IL-2 and ↓ IL-4, and IL-6
↑ TNF-α and IFN-γ
↑ permeability of the mucosa
Beta-blockers cause Th1 polarization
↑ IFN-γ, IL-12, IL-6, and TNF-α

[29]

↓ B12 = ↑ TNF-α and ↓of EGF
↓ B6 = ↑ TNF-α

IFN-γ/IL-10 (Th1/Th2) ratio is lower in smokers
Cigarette smoking

↓IL-12 p40/IL-10 ratio
↓ IL-2 and TNF-α

Pregnancy
Breatfeeding
Thalidomide

↑Th2/Th1 cytokines ratio
↑regulatory T cells
↓ TNF-α, ↓IL-12 and ↑IL-10 (LPS stimulation)
↓ TNF-α and ↑CD4+ CD25+ in situ (Infliximab)

TNF inhibitors

↓ CD4+ CD25+ spontaneous apoptosis (Infliximab)
↓ TNF-α, IL-2 and IFN-γ (pentoxifylline)

TLR2 deficiency

TLR2-induced anti-inflammatory responses (↑IL-10)

block induction of a subset of Th1 genes. In DCs, TLR2
agonists are able to suppress induction of IP-10 and IL12 stimulated by LPS and double-stranded RNA-poly(I : C)
(TLR3 agonist), which most likely induces the release of IL10 [50]. In Crohn’s disease, a malfunction of TLR2 mediated
by the NOD2/CARD15 gene mutation is responsible for
lower production of the anti-inflammatory cytokine IL-10 in
PBMCs stimulated with LTA or Pam3CSK4 but not with LPS
[54].
In RAU, rupture of the oral mucosa originating from
toothbrush abrasions, laceration by sharp foods, or injury
caused by accidental biting often expose cells from the lamina
propria to a variety of TLR ligands. In a recent paper, Borra et
al. [47] demonstrated that the response profiles of PBMCs in
healthy subjects or patients with simple or complex aphthosis
stimulated with the TLR2 agonists Staphylococcus aureus
LTA, PamC3SK4, and HKLM were diﬀerent. PBMCs from
control groups had the strongest TNF-α response to both
LTA and Pam3CSK4, whereas a group of RAU patients with
aggressive disease were highly responsive to HKLM. PBMCs
from control and moderate RAU individuals developed
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HKLM tolerance after four hours of stimulation; however in
severe RAU patients HKLM tolerance was impaired [47].
The participation of TLR2 in the inflammatory process is
not straightforward; various studies have shown that TLR2
stimulates the production of proinflammatory cytokines
mediated by activation of NF-κB in isolated cell types such
as monocytes, dendritic cells, or PBMCs [55, 56].
The Discovery of CD4+ CD25+ regulatory T cells
has improved understanding about controller mechanisms
involved in the immune response. The activity of regulatory
T cells is important for the inhibition of excessive inflammatory reactions, and this is dependent on TLR2 stimulation.
TLR2 is expressed on the surface of regulatory T cells and can
modulate the proliferation of those cells [57, 58]. Thus, low
activity of the TLR2 pathway may explain the lower number
of CD4+ CD25+ regulatory T cells found in the peripheral
blood of patients with RAU and other Th1 inflammatory
diseases [19, 59].
Because diﬀerent types of cells are present at site of the
inflammation in vivo, the final immune response will depend
upon the balance between the dual TLR2 conflicting immune
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response. It is possible that impaired function of TLR2
would favor the production of an exaggerated inflammatory
reaction mediated by the others TLR agonists present
in that milieu. TLR2-deficient (TLR2−/−) mice develop
more severe arthritis than wild type (TLR2+/+) mice. In
(TLR2−/−) mice, the T cell balance in inflamed synovium
tissue is shifted from Th2 and T regulatory cells toward
pathogenic Th1 cells. In addition, the production of IFN-γ
by splenocytes is more pronounced in (TLR2−/−) knockout
mice than in wild type mice [60] and (TLR2−/−) mice
exhibit a preferential Th17 immunity that is associated with
impaired expansion of regulatory CD4(+)CD25(+)FoxP3(+)
T cells [61].
In normal individuals, the HSP60 enhances CD4+ CD25+
T regulatory cell function via innate TLR2 signaling [62].
HSPs released by the cells after tissue injury can activate
immune cell receptors and thus, based on the high degree
of homology between microbial and human HSPs, act as
signal danger, thereby triggering the development of a crossimmune reaction [63]. In RAU, it has been hypothesized
that microbial HSP60, or HSP65, is responsible for the
initiation of the cross-immune reaction against homologous
host epithelial protein [64, 65]. In susceptible patients, the
release of HSP60 after oral trauma can stimulate secretion
of proinflammatory cytokines [66], which is most likely
due to abnormal TLR2 activity [47]. T cells and antibodies
are often generated against host HSPs in healthy subjects
and also as a response to autoimmune disorders. Nevertheless, the immune response to endogenous HSPs and
microbial HSPs is not identical [63]. Host HSPs exhibit
anti-inflammatory activity under certain conditions. HSP60,
by stimulating TLR2, inhibits anti-CD3-induced IFN-γ and
TNF-α secretion and upregulates IL-10 secretion in freshly
isolated human T cells [67]. T cells that have been isolated
from the synovial fluid of patients with rheumatoid arthritis
and stimulated with human HSP60 induce Th2 cytokines
(e.g., IL-4, IL-10), whereas bacterial HSP60 induces IFNγ (Th1) [68]. The exact mechanism of immune regulation
is not known; however the possibility that HSP60 induces
CD4+ CD25+ regulatory T cells via TLR2 cannot be ignored
[69].
2.4. The Importance of Epithelial Permeability for RAU. The
behavior of TLR2-stimulated PBMCs may indicate that an
imbalance in TLR-signaling pathways could be involved in
the pathogenesis of RAU. This also suggests that a deficiency
in TLR-signaling pathways may also occur in other types of
cells, such as regulatory T cells and epithelial cells, whose
TLR activity is important for immunological control and
maintaining integrity of the epithelial barrier.
Stratified squamous epithelia, which are comprised of
multiple layers of nonkeratinized or orthokeratinized cells
connected by desmosomes, form a barrier to antigens in
the oral cavity. The epithelial cells provide a permeability
barrier to macromolecules, though small molecules and
proteins can still diﬀuse into the cells. Regional variations
in stratified squamous epithelia, such as variations in
thickness, surface cell phenotypes, and protein expression,
are determined both by genetic factors and by the local
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environment. The aphthous lesions are more prevalent in
nonkeratinized regions of the oral cavity because it is likely
that microtraumas facilitate penetration of antigens into
the lamina propria where they stimulate reactive immune
cells.
TLR2 participates in modulation of the epithelial barrier.
Studies in the gut have shown that stimulation of TLR2
decreases mucosa permeability by increasing the function
of the tight junctions. Deficient TLR2-signaling may cause
an imbalance in the commensal-dependent epithelial-barrier
protection, facilitate mucosal permeability, and lead to an
increase in susceptibility to chronic mucosal inflammatory
diseases. Similar to bowel diseases, this imbalance may also
occur in RAU and create an increased susceptibility to
chronic mucosal inflammatory diseases, mainly in nonkeratinized regions of the oral cavity. Notably, permeability
mediated by TLR2 stimulation is capable of improving the
outcomes of experimental colitis [42, 70, 71].
Medications such as irsogladine that improve barrier
protection by increasing the gap and tight junctions [72,
73] are eﬀective in the prevention of RAU disease [74–
76]. Sucralfate is a locally acting substance that attaches
to proteins on the surface of mucosa to form a stable,
insoluble complex that can diminish epithelial permeability
[77]. In clinical studies, the use of sucralfate for two years was
eﬀective in reducing the healing period, pain, and duration
of remission of the cases with aphthous lesions. This medication is as eﬀective for prevention as it is for epithelial regeneration after injury [78]. Rebamipide, another antiulcer agent,
improves aphthous lesions and pain in patients with Behçet’s
disease [79]. This medication protects the gastric mucosa and
decreases the permeability of the epithelial barrier by acting
as a radical scavenger and decreasing production of proinflammatory mediators [80]. In contrast, substances that
increase epithelial permeability could act as facilitator agents
for disease-onset. Studies have provided evidence of the
relationship between use of toothpastes containing sodium
lauryl sulphate and an increase in the prevalence of RAU [81,
82]. Depending on the dose, sodium lauryl sulphate is able to
break down the epithelial barrier and increase permeability
[83, 84].
On the other hand, mucosal resident intraepithelial and
interstitial dendritic cells, found throughout the entire oral
epithelium and lamina propria, participate in the immune
response by inducing tolerance to food or commensal bacteria and by inducing a reaction against harmful pathogens.
Interstitial dendritic cells (FXIIIa+) are frequently found
within the mononuclear infiltrated area and in the perivascular areas of RAU lesions [85]. The highest density of
dendritic cells is found in the same area aﬀected by RAU
disease, in the nonkeratinized mucosa of the soft palate,
ventral tongue, lip, and vestibule, most likely because of
higher antigen exposure, while the lowest density of dendritic
cells is found in the keratinized mucosa of the hard palate
and gingiva [52, 86, 87]. Mucosal epithelial dendritic cells
are immature and thus are ineﬃcient at stimulating T cells.
Immature DCs capture and process antigen, express low
levels of MHC and costimulatory molecules, and produce
high levels of IL-10. However, contact of TLRs with antigens
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from microbes induces the maturation process, which upregulates expression of costimulator receptors and induces the
migration of DCs into the secondary lymphoid organ of the
oral cavity (oral lymphoid foci or lymph nodes).
Additionally, in RAU, the presence of lymphocytes
bearing the T cell receptor γδ (gamma delta) in the oral
mucosa seems to play a key role in the immune-pathogenesis
of the disease. The proportion of γδ T lymphocytes in
mucosal and peripheral blood from RAU patients is higher
than controls, and after stimulation, these cells preferentially
secrete IFN-γ and TNF-α [88, 89]. It was discovered that
γδ T cells are an important source of IL-17, which is
considered a key cytokine for sustaining the inflammatory
response [90]. T lymphocytes bearing the γδ receptor have
been implicated in the host defense against microbial agents
and in the response to inflammatory challenges [91]. On
the other side, it was recently found that γδ T is able
to terminate inflammation and to facilitate recovery from
infections by inducing a cytotoxic reaction against activated
inflammatory cells that express HSPs on the surface [92]. In
addition, γδ T cells are involved on epithelial homeostasis
by production of growth factors [93]. The balance of proand anti-inflammatory activity of γδ T cells appears to
be significant for limiting the inflammatory processes and
preventing host tissue damage. Mice depleted of γδ T cells
develop more severe colitis in a model of inflammatory bowel
disease probably in function of the a deficiency on control of
IFN-γ and epithelial regeneration [94]. There are evidences
that show that CD4+ CD25+ inhibits the proliferation of
γδ T cells [95] and consequently the low number of
CD4+ CD25+ observed in RAU could influence the elevated
numbers of γδ T cells found in their mucosa and peripheral
blood.

3. Connections between
Predisposing Factors and RAU
3.1. The Eﬀect of Smoking on RAU. Cigarette smoking is
considered a protective factor for RAU [2]. The prevalence of
RAU in smokers is lower than that in nonsmoking persons.
Moreover, the prevalence of RAU increases after smoking
cessation but can be reversed after nicotine replacement
therapy [96]. It has been proposed that the increase in
oral keratinization associated with tobacco use could explain
this protection; however the participation of other factors,
such as immune modulation and stress repression should
not be discounted. Cessation of smoking often aﬀects the
endocrine system in the short-term and induces a decrease
in the level of cortisol and adrenocortical responses to stress
[97], which could cause an imbalanced immune reaction.
Although evidence regarding the eﬀects of cigarette-smoking
toxins and nicotine on the Th1/Th2 balance is inconclusive,
some studies have shown that the peripheral IFN-γ/IL10 (Th1/Th2) ratio is lower in smokers compared to
nonsmokers [32]. Cultured whole blood cells of smoking
had a lower IL-12 p40/IL-10 ratio and produced less IL1β than nonsmokers [33]. In another study, nicotine caused
a significant inhibition of IL-2 and TNF-α production in
mononuclear cells from healthy volunteers [34].
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In addition, smoking is capable of enhancing the expression and modifying the distribution of heat shock protein 27
(HSP27) in oral epithelial cells. HSP27 exerts antiapoptotic
and anti-inflammatory eﬀects by blocking activation of the
nuclear transcription factor NF-κB and the mitogen protein
kinase (MAPK) pathways and by inducing the secretion of
IL-10 [17]. Additionally, small HSPs may act to stabilize cellto-cell contact and maintain the integrity of the epithelial
barrier against bacteria and their toxic by-products [98].
Thus, the lower expression of the HSP27 protein seen in
RAU patients [17] may help to explain the beneficial eﬀect
of smoking on RAU outcomes.
3.2. The Eﬀect of Stress on RAU. During an inflammatory
response, the activation of the stress system through induction of a Th2 shift may oﬀer protection for systemic “overshooting” with Th1 lymphocyte/proinflammatory cytokines.
However, under certain conditions, stress hormones may
actually facilitate inflammation through induction of IL1, IL-6, IL-8, IL-18, TNF-α, and corticotropin-releasing
hormone production [20]. In students who were reactors to
psychological stress, a reduction in the CD4(+)/CD8(+) T
cell ratio [99] and an increase in IFN-γ, TNF-α, IL-10 levels,
and the IFN-γ/IL-5 ratio were observed after stress induced
by academic examinations [21].
In patients who are suﬀering from psoriasis (Th1
disease), the reactivity of the sympathetic adrenomedullary
system to stress is heightened compared to people without
the disease. These patients have elevated epinephrine and
norepinephrine levels in response to a stress test when
compared to the controls [100]. Furthermore, it was shown
that stimulation of PBMCs isolated from patients with
psoriasis results in elevated production of IFN-γ and IL-2
and low production of IL-10 and IL-4 [22]. PBMCs from
patients with rheumatoid arthritis (Th1 disease) show a
preferential inhibitory eﬀect of catecholamines on IFN-γ
production and a failure to induce a shift of T-cell cytokine
responses toward a Th2 immune response [23].
The beta2-adrenergic receptor (beta2-AR) subtype is
expressed exclusively by T and B lymphocytes. Expression
of the beta2-adrenergic receptor is maintained when naive
T cells are diﬀerentiated into Th1 cells, but expression is
repressed when naive T cells are diﬀerentiated into Th2
cells. The alpha1-, alpha2-, and beta2-adrenergic receptors are found in macrophages, and when treated with
norepinephrine, they are able to inhibit TNF-α production
induced by LPS treatment [101]. Stimulation of beta2ARs with norepinephrine in immune cells inhibits the Th1
immune response, and the obstruction of beta1- and beta2ARs with beta-blockers causes Th1 polarization, which, in
turn, enhances the local expression of IFN-γ, IL-12, and IL23 [28]; this process may explain the relationship between
beta-blocker drugs and the development of RAU symptoms.
There is also cross-regulation between the immune and
endocrine system, and TLRs may play a key role in this
process. TLR2 and TLR4, stimulated with Pam3CSK4 and
LPS, respectively, are able to directly mediate the increase
of corticosterone secretion in human adrenal cells [102].
TLR-2-deficient mice have impaired adrenal corticosterone
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release after inflammatory stress induced by a bacterial cell
wall compound [103].
3.3. The Eﬀect of Vitamin Deficiency on RAU. Vitamin B12
appears to be eﬀective for patients suﬀering from RAU by
decreasing the number of crises or the time of suﬀering
regardless of the serum cobalamin (B12 vitamin) levels [104,
105]. Cobalamin and B6 serum concentrations appear to
be indirectly correlated with the synthesis and release of
TNF-α [30, 31] whose levels are normalized with respect
to B12 vitamin reposition [30]. Elevated levels of total
homocysteine are an accurate marker for impaired folate
metabolism that may result from insuﬃcient dietary intake
of folates or vitamins B12, B6, or B2 [106]. The higher levels
of homocysteine in patients with RAU and Behçet’s disease
compared to healthy individuals may indicate the existence
of deficient folate metabolism in some patients, which could
in turn facilitate the Th1 immune reaction [107]. In addition,
a nutritional deficiency, such as that of zinc, folic acid, or
vitamins A and D can facilitate destruction of the epithelial
barrier and expose the body to foreign materials, such as
proteins, microorganisms, and toxins [108].
3.4. The Eﬀect of Food and Breast Feeding History on RAU.
A considerable number of RAU patients report an onset
of crisis after consuming pineapple. This fruit is rich in
bromelain, a protein that is associated with an increase in
production of the Th1 cytokines TNF-α and IFN-γ but
not with Th2 cytokines IL-4 and IL-5 [26]. Furthermore,
bromelain enhances the permeability of the mucosa and
increases the absorption of exogenous antigens [27]. The
influence of bromelain on epithelial permeability and on
the Th1 immune reaction may explain, in certain groups
of patients, the relationship between pineapple consumption
and RAU-onset.
Recently the breast feeding history was negatively associated with RAU [2]. Epidemiologic studies have indicated that
breast feeding protects the infant against chronic diseases
later in life. Human milk contains many components (i.e.,
TGF-β and IL-10) that promote tolerance to the dietary
and microflora antigens. In addition, the breast feeding is
capable of increasing the levels of natural regulatory T cells
[36]. In some population, the breast feeding is considered a
protective factor for Crohn’s Disease development [109].
3.5. Proposing a Model for RAU Disease. Based on this review
we propose a rational model for RAU that could be useful for
diagnosis and treatment decisions. Like other gastrointestinal
chronic inflammatory diseases, patients with RAU possess a
predisposed imbalance of Th1/Th2 immune response and
also a possibly epithelial barrier dysfunction of the oral
mucosa caused by a lack of activity of the TLR2 pathway,
which are most likely a function of their genetic background
(Figure 1, (A) and (C)). The polarization of the immune
response in RAU can be enhanced by conditions that drive
the reaction into the direction of Th1 such as stress, NSAIDs,
bromelain [26, 27], β-blockers, imiquimod [29], or hypovitaminosis (Figure 1(B) and Table 1). On the other hand,
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factors that are often associated with RAU, such as the
consumption of pineapple, which is rich in proteases like
bromelain [27]; toothpastes containing sodium lauryl sulfate
[82, 84]; or nutritional deficiencies that aﬀect zinc, acid
folic, or vitamin A or D levels [108] are able to increase
mucosal permeability (Figure 1(C)). This facilitates contact
of immune competent cells from the lamina propria with
oral antigens or with released host proteins in a milieu rich
in Th1 cytokines, and this likely influences the onset and
outcome of RAU.
When patients are exposed to conditions or treatments
that increase Th2 or T regulatory response like cigarette
smoking, pregnancy, breast feeding, thalidomide, or TNF
inhibitors (Table 1), the Th1/Th2 imbalance is restored and
the disease can be controlled (Figure 1(D)). Additionally,
when patients are submitted to topical or antiulcer medications (sucralfate, rebamipide, and irsogladine) [72, 73,
77, 80] or situations (smoking) that diminish mucosal
permeability, the onset of RAU can also be prevented
(Figure 1(E)).
In addition, this disease requires a reduction of immune
tolerance. The activity of regulatory T cells like CD4+ CD25+
and of IL-10 and TGF-β anti-inflammatory cytokines can
regulate the onset and outcome of the inflammatory reaction by inhibiting both Th1 and Th2 immune reactions.
According to the hygiene hypothesis, the contact with
some microorganisms in early childhood is important for
development of regulatory mechanisms of the immune
system in such a way that a reduction in the incidence
of infectious diseases is associated with aberrant immune
responses in the setting of chronic inflammatory diseases
[110]. The breast feeding is another important factor
responsible for the increase of the immune tolerance [36]
(Figure 1(G)). Patients with lowered tolerance are more
susceptible to chronic inflammatory diseases, and in RAU,
this low tolerance [19, 47, 59] could favor the onset of the
disease in a situation where normal individuals are resistant
(Figure 1(F)). The participation of the Th17 subset in this
model is unclear but could act by diminishing immune
tolerance since the development of the Th17 and regulatory
t cells seems to be mutually exclusive (Figure 1(G)).
The combinations of factors described in this hypothesis
vary across diﬀerent types of RAU patients. The existence of
Th1 polarization and/or the low-tolerance state in other Th1
diseases like celiac disease, Behçet, or Crohn’s disease favors
the manifestation of aphthous-like lesions in the oral mucosa
of patients with these diseases.
Research has shown that employment of prebiotics or
probiotics can control the onset and outcomes of numerous
Th1/Th2 diseases. In addition, evidence indicates that probiotic bacteria stimulate intestinal epithelial cell responses
including restoration of injured epithelial barriers, production of antibacterial substances and cell-protective proteins,
and blockade of cytokine-induced intestinal epithelial cell
apoptosis [111], which could be beneficial for maintaining
homeostasis of the oral mucosa. Based on proposal model,
we speculated that the use of probiotics could stimulate
the development of regulatory T cells and the augment
of the epithelial barrier, in order to control the onset
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Figure 1: The Disease Model of RAU. The genetic background of RAU carriers favors Th1 polarization of the immune reaction (A). A
combination of endogenous and exogenous factors that enhances the Th1/Th2 imbalance (B) and augments permeability of the oral mucosa
(C) facilitates contact of immune competent cells from the lamina propria with oral antigens or with released host proteins in a milieu rich
in Th1 cytokines; this likely influences the onset and outcome of RAU. Conditions that enhance the Th2 immune response (D), diminish
epithelium permeability (E), or augment peripheral tolerance (F and G), such as IL-10, TGF-β, and CD4+ CD25+ , may counteract Th1/Th2
disruption, thus aiding in either the prevention of RAU onset or ameliorating its outcomes. The production of CD4+ CD25+ cells is probably
inversely proportional to Th17 cells (G), which could potentially influence the induction and maintenance of the inflammatory reaction.

and outcome of the RAU for a major period of time
without the side eﬀects caused by usual anti-inflammatory
treatments.

4. Final Conclusions

cellular cytotoxic immune reaction against local epithelial
cells.
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