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Although the role of T cells in skin contact sensitivity (CS) immune reactions has been intensely studied,
much less is known about the regulatory properties of T' cells in the oral mucosa. Animal experiments have
shown that hapten sensitization of the ectodermal oral mucosa leads to antigen-specific hypersensitivity
reactions in the skin. Furthermore, oral mucosa or skin hapten sensitization resulted in CS inflammatory
reactions in the oral mucosa on challenge. The oral mucosa CS responses were similar to those found skin
with regard to cell phenotypes and cytokines. CS-like reactions were also found in the oral mucosa after
exposure to an irritant detergent, sodium lauryl sulfate (SLS). The oral mucosa reacted at smaller SLS
doses than did skin. Ions and molecules released from dental restorative materials (together with saliva and
food and/or beverages) expose the gastrointestinal mucosa continuously over long time periods. From
animal experiments we have learned that mice given antigen by gastric feeding, subsequently antigen-
sensitized on skin, and finally elicited in the oral mucosa and in ear skin, showed tolerance in skin but gave
simultaneous CS inflammatory reactions in the oral mucosa. Moreover, exposure of colon mucosa to
antigen produced CS reactions in oral mucosa after challenge. Are there CS reactions in the oral mucosa?
Clinical and experimental studies indicate that the oral mucosa can function both as induction and
expression site of CS. The GI tract may be an important modifier of the CS inflammatory reactions seen in
the oral mucosa. [ Contact sensitivity; haptens; mouse and rat models; oral mucosa; T cells
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The oral mucosa is exposed to a diversity of ingested and
inhaled substances. An adequately active T-cell immune
response of the oral mucosa is of paramount importance
for the individual’s health. Historically, the oral mucosa
has been regarded as a body surface devoid of cellular
elements able to express contact allergic reactions (1)
Attempts to elicit systemic skin contact sensitivity (CS)
immune reactions by sensitization of human oral mucosa
resulted in immunological skin inflammatory T-cell
reactions in only 7 of 17 subjects (2), indicating a
diminished potential of the oral mucosa as an inductive
site. These two studies raised important questions about T-
cell defenses in the oral mucosa. First of all, will we find
contact allergic T-cell reactions in the oral mucosa?
Secondly, how do we segregate immunological T-cell
responses in CS reactions from irritant/toxic reactions, as
both types of inflammation have identical T-cell infiltrates
and cytokine levels (3-7)? Additionally, does antigen
exposure in the gastrointestinal tract influence T-cell
reactions seen at oral mucosal sites?

The oral mucosa is an ectodermal tissue and can
therefore be expected to have immunological properties
similar to those of the skin. However, being a mucosal
tissue and the initial segment of the endodermal digestive
tract, antigen application on the oral mucosa may have the
same downregulating effects on T-cell responses as seen
after intestinal antigen exposure. Today, we have lttle
knowledge of the links between the T-cell systems of skin,
intestinal mucosa, and oral mucosa. For example, will
manifestations of immunological T-cell reactions in the

oral mucosa always be reflected by a positive epicutaneous
patch test? Is there a link between skin and mucosal T
cells?

T cells have been identified as dominating oral mucosal
inflammatory infiltrates in several clinical conditions
including lichenoid reactions, aphthous ulcers, psoriatic
lesions, and systemic lupus erythematosus (8). These T cells
are suggestive of cell-mediated immunity but also of
irritant/toxic responses. Oral lichenoid reactions are often
observed in the oral mucosa in close vicinity to dental
restorative materials (such as fillings and prostheses) and/
or orthodontic appliances, further emphasizing CS-like
and/or irritant-like T-cell reactions on chronic exposure.
Several studies have attempted to disclose a possible
immunological CS etiology of lichenoid reactions by using
epicutaneous patch tests (9-14). Diverse and inconsistent
results have been reported. Indeed, if patch tests in
patients with oral lichenoid reactions are negative, this
could mean that CS was not the main pathogenic factor
but also that the oral reaction had an irritant/toxic cause
or that the skin patch test substance did not contain the
allergen. Moreover, other substances in contact with the
oral mucosa may modify the inflammatory responses in
the tissue. Sodium lauryl sulfate (15, 16), which is known to
increase mucosal and skin permeability, and triclosan (17,
18), which can have an immunosuppressive effect,
represent such substances used in dental hygiene articles.

Although skin T-cell-dominated immune reactions have
been intensively studied, much less is known about the
regulatory properties of T cells in the oral mucosa. We
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Fig. 1. Development of hapten-induced contact sensitivity reactions in the murine oral mucosa (see also
Figs. 6A-E). Oral mucosa specimens were obtained from oral mucosa-sensitized (0-168 h) and elicited
(168-336 h) animals. Animals with oral mucosal elicitation were either sensitized in the oral mucosa
(unbroken line) or on skin (broken line), with the hapten oxazolone. Results are expressed as arithmetic
mean specific increment in cell numbers per unit tissue = standard error of the mean (s.e.m.)(vertical bars).
Each experimental group consisted of 9 to 15 mice examined for each time point indicated. From Ahlfors
& Czerkinsky (19); reprinted with permission from Clin Exp Immunol, Blackwell Science Ltd., Oxford,

England.

have developed a rat and a mouse model for studies of CS
reactions in the oral mucosa and of relations to similar
reactions in other mucosal membranes and in the skin. We
have also investigated irritant reactions caused by
detergents, and, finally, we have studied the reactions of
the oral mucosa and skin in animals preexposed to
antigens in the upper or lower gastrointestinal tract,
followed by sensitization and elicitation.

Oral mucosal CS reactions in animal models

Similarities of oral mucosa and skin CS' reactions

To investigate T-cell reactions in the oral mucosa and
compare them with the reactions at other mucosal and
skin surfaces, we have hapten-sensitized rats or mice either
in oral mucosa or in ear skin and subsequently hapten-
clicited them at one of these sites. In these models we
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Fig. 2. Adoptive transfer of oral mucosa contact sensitivity (CS) reactions. Naive C3H/HeN mice were
challenged in the oral mucosa with hapten 5 days after transfer of lymph node (LN) cells or serum from
hapten-sensitized cyclophosphamide-pretreated syngeneic donors. Oral mucosa CS reactions were
evaluated 24 h after challenge. Results are expressed as arithmetic mean specific increment (s.i.) in cell
numbers per unit tissue & standard error of the mean (s.e.m.) (vertical bars). (Haptens were oxazolone
(OXA) and trinitrochlorobenzene (TNCB).) From Ahlfors & Czerkinsky (19); reprinted with permission
from Clin Exp Immunol, Blackwell Science Ltd., Oxford, England.
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found specific antigen-elicited expression of CS inflam-
matory reactions in the oral mucosa of previously skin- or
oral mucosa-sensitized animals (19, 20). The reactions
showed a maximum intensity at 24—48 h (Figs. 1 and 6A—
E). We observed that, as in skin, cellular infiltrates in the
oral mucosa consisted mainly of T cells and macrophages
(21). The T-cell nature of the reactions was established by
adoptive transfer experiments; T-cell-containing lymph
node cells from sensitized animals were given to naive
animals, and this entailed CS reactions on challenge, in
contrast to serum transfer, which did not (Fig. 2) (19).
Enzyme-linked immunosorbent assay (ELISA) analyses of
extracts of tissue specimens showed increased interleukin
(IL)}2 levels early in the sensitizing and in the eliciting
phases, regardless of site of sensitization (skin or oral
mucosa). This was in contrast to interferon (IFN)-y, which
was also seen early but only in the eliciting phase of both
oral mucosa- and ear skin-challenged tissue (Ahlfors et al.,
unpublished observations). Furthermore, cells of oral
mucosal epithelium were shown to have antigen-present-
ing capacity (22). Oral mucosal CS models in guinea pigs
and hamsters have also been presented (23, 24). Rat oral
mucosal CS reactions characteristically contained T cells
and macrophages (25). Antigen-presenting capacities have
been shown in oral epithelium Langerhans cells (LC) from
human, rat, and mouse (26-29).

By and large, the oral mucosa reacts to antigen
challenge in the same manner as the skin. This holds true
both with regard to peak intensity of inflammation,
infiltrating cell phenotypes, adoptive transfer experiments,
cytokine profiles, and the antigen-presenting capacity of
the oral mucosa compared with skin. With our current
knowledge, we would conclude that ectodermal oral
mucosa and skin display similar features in CS reactions.

Dyfferences between oral mucosa and skin CS reactions

In spite of the similarities of the CS reactions in the oral
mucosa and skin, several differences were found. We
showed that the early oral mucosal inflammatory reactions
in skin-sensitized mice had polymorphonuclear neutrophil
(PMN)-rich infiltrates evident at 4 h and reaching a peak 8
h after challenge, whereas oral mucosa-sensitized mice had
not (Figs. 3 and 6F and G) (21). Similar epidermal PMN-
rich infiltrates were found in elicited skin, regardless of site
of sensitization (skin or oral mucosa). In the epithelium of
the oral mucosa, we observed CD8" cells that infiltrated
the basal epithelial cell layer 48 h to 1 week after
challenge, regardless of site of sensitization (oral mucosa or
skin) (Figs. 4 and 6H). Importantly, this was not found in
simultaneously elicited skin and suggested a possible late
immunoregulation, specific to oral mucosa (21). Interest-
ingly, CD8" cells were also found in the epithelium of the
intestinal mucosa (30), which is of endodermal origin, in
contrast to the epithelium of the oral mucosa, which is of
ectodermal origin. This ELISA analysis showed 10 times
higher IL-2 levels in the normal oral mucosa than in
normal ear skin (Ahlfors et al., unpublished observations).

ACTA ODONTOL SCAND 59 (2001)

100 ~

80 -

60 1

40

per tissue unit

20

Number of CD11b+cells, s.e. m.

0 &* * o T PR T T 1

48 9% 144T192 240 288 336
hours after exposure

>

50

40

30 :

20 4

Number of PMN cells
+ 8. €. m. per tissue unit

10 4 .

0 i KN L T T T T
? 48 96 144T 192 240 288
B hours after exposure
Fig. 8. 3A displays the kinetics of appearance of CD11b (Mac-1*)-
expressing macrophages and polymorphonuclear (PMN) leukocytes
in oral mucosa contact sensitivity (CS) reactions. 3B shows PMN
leukocytes (see also Fig. 6F and G). CS reactions were elicited in the
oral mucosa (168-336 h) of mice sensitized on the abdominal skin
(broken line) or in the oral mucosa (unbroken line) with oxazolone
(OXA) (0-168 h). Data are expressed as mean numbers of CD11b"
cells or PMN cells & standard error of the mean (s.e.m.) per tissue
unit, determined in six animals per experimental group at the
indicated times. From Ahlfors et al. (21); reprinted with permission
from Clin Exp Immunol, Blackwell Science Ltd., Oxford, England.
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The oral mucosa retained the capacity to respond with CGS
reactions up to 5 weeks after sensitization in the oral
mucosa, whereas after skin sensitization oral mucosal CS
reactions decreased after 1 week and virtually disappeared
by 3 weeks (19). Thus, oral sensitization led to especially
prolonged oral delayed-type hypersensitivity (DTH)/CS.

Oral mucosal irritant reactions in animal

experiments

The anionic irritant sodium lauryl sulfate (SLS) (present in
most brands of toothpaste) is considered to elicit irritant
reactions when applied to skin (31). Many studies have
focused on distinguishing CS and irritant reactions with
regard to both cell phenotypes (3) and cytokines (4-7)
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Fig. 4. The kinetics of appearance of CD8" cells in oral mucosa contact sensitivity reactions (see also Fig.
6H). The animals were sensitized with oxazolone at 0 h in the oral mucosa, and the reaction was followed
up for 0-168 h. The oral mucosa was then elicited at 168 h, and the reactions were followed up for 336 h
(unbroken line). Other mice were sensitized on abdominal skin and then elicited in the oral mucosa
(broken line). From Ahlfors et al. (21); reprinted with permission from Clin Exp Immunol, Blackwell

Science Ltd., Oxford, England.

released during any of those reactions but have failed. In
our animal models we have found that the oral mucosa is
much more sensitive to low concentrations of SLS than
skin (32). After exposure of the oral mucosa to 2% SLS,
superficial epithelial necrosis and 6-h PMN infiltrations
were observed. At 24—48 h the epithelium had recovered,
and the inflammatory reactions were mononuclear, similar
to what is seen in a CS inflammatory infiltrate. SLS
administration on the oral mucosa decreased the concen-
trations of hapten needed to induce inflammatory
reactions, not only locally in the oral mucosa but also
systemically in untreated skin (33).

The increased mucosal reactivity seen in animal
experiments on SLS exposure is in line with experiments
using the water-soluble hapten trinitrobenzene sulfonic
acid (TNBS) in plastic chambers on skin surfaces (34).
Here the humid environment enabled the ‘large’ hapten to
penetrate the epidermis and cause sensitization. Such
penetration and ensuing reaction was not seen after
exposure of dry skin to TNBS (34). The easier penetration
of smaller and larger molecules into oral mucosal
membranes might lead to activation of T cells and release
of inflammatory mediators. Would this in turn increase the
risk of becoming sensitized to exposing haptens or other
substances in contact with the oral mucosa?

T-cell immune reactions involving the gastro-
intestinal (GI) tract

Food, beverages, and other enterally fed foreign sub-
stances are metabolized in the GI tract into smaller
molecules, which can pose as antigens. A clinical example
of T-cell reactions taking place at GI surfaces is Crohn
disease with ongoing CD4" Th1 responses and release of
IL-12, IFN-y, and tumor necrosis factor (TNF)o (35). In
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Fig. 5. Intragastric administration of trinitrobenzene sulfonic acid
suppressed trinitrochlorobenzene skin-induced but not oral mucosa-
induced cutaneous contact sensitivity (CS) reactions (A) and oral
mucosa-induced but not skin-induced oral mucosa CS reactions (B).
Data are expressed as (A) mean ear swelling & standard error of the
mean (s.e.m.) and (B) mean specific increment (s.i. & s. e. m.) in cell
nuclei counts per tissue unit determined in groups of six animals.
From Ahlfors & Czerkinsky (39) reprinted with permission from
Scand J Immunol, Blackwell Science Ltd., Oxford, England.
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Fig. 6A-E. Light microscopic appearance of oral mucosa specimens
obtained at 2 h, 8 h, and 24 h after elicitation with oxazolone applied
onto the oral mucosa of C3H/HeN mice sensitized 7 days earlier on
the abdominal skin (A and B) or in the oral mucosa (C and D).
Maximal numbers of cells were found 24 h after challenge in the oral
mucosa, irrespective of sensitization site (E). (Original magnification
x100.) 6F and G show the immunohistological patterns in challenged
oral mucosa. The CD11b"* cells are shown 8 h after sensitization in
skin (F) or oral mucosa (G). 6H shows CD8" cells in the elicited oral
4 mucosa (96 h after elicitation) from a skin-sensitized mouse. Skin- or
oral-mucosa-sensitized animals showed the same morphology in
challenged oral mucosa. From Ahlfors & Czerkinsky (19) and Ahlfors
et al. (21) reprinted with permission from Clin Exp Immunol,
Blackwell Science Ltd., Oxford, England.
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experimental murine CS models, antigens like ovalbumin
and TNBS were introduced into the GI tract through
enemas (36). Peripheral systemic DTH tolerance could be
induced by giving the contact antigen enterally (37, 38).
Similar downregulation of systemic skin CS responses
could be induced after oral mucosa exposure to antigen
(27, 28). In our mouse model we found that hapten feeding
suppressed skin-induced but not oral mucosa-induced
cutaneous CS reactivity (Fig. 5A) (39). Vice versa, hapten
feeding suppressed oral mucosa-induced but not skin-
induced CS responses in the oral mucosa (Fig. 5B) (39).
The suppression of CS in the oral mucosa was associated
with decreased infiltration of macrophages and CD4" T
cells and virtually no CD8" T cells (39). In pilot mouse
experiments we have, after sensitization with TNBS in the
colon, found local CD4" T-cell-rich inflammatory reac-
tions in the oral mucosa clicited with the TNBS cross-
reactive hapten TNCB (trinitrochlorobenzene).

These 1nitial studies of GI exposure, followed by
sensitization and elicitation with haptens, indicate that
the oral mucosa possesses powerful regulatory abilities
with regard to T-cell immune reactions. Apparently, with
the antigens used here, oral tolerance is broken either by a
sensitizing or by an eliciting phase in the oral mucosa. The
factors, which regulate the development of such inflam-
matory responses, have not yet been identified. One may
speculate that the oral mucosa, being the ectodermal
entrance of the endodermal intestinal mucosa, breaks oral
tolerance induced by feeding due to intrinsic factors in the
ectodermal tissue in this location. Whether these factors
influence effector or suppressor cells and/or cytokines such
as IL-12, IFN-y, or IL-10, transforming growth factor
(TGF)-f remains to be explored. Additionally, locally
expressed adhesion molecules may distinguish cell access
to the oral mucosa. However, the picture 1s complicated by
the fact that oral tolerance is not broken when the oral
mucosa 1s sensitized and elicited after feeding. The results
may perhaps explain why lichenoid reactions occur 10
times more frequently in the oral mucosa than in skin. We
suggest that the value of skin patch testing in cases of
suspected oral mucosal CS reactions should be questioned.

Better knowledge of effector mechanisms and the
regulatory aspects of T cell-reactions in oral mucosa,
other mucosal membranes, or skin are important to
prevent these types of reactions from occurring and to find
adequate therapies by appropriate T-cell-directed manip-
ulations.
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