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Immunocytochemical Analysis of Early Focal Cellular
Infiltrates in Experimental Oral Contact Hypersensitivity
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The cellular infiltrates of early contact hypersensitiv-
ity reactions to 2,4-dinitrofluorobenzene (DNFB) in
rat oral mucosa were phenotypically characterized
using serial frozen tissue sections and monoclonal
antibodies. CD2'CD45RB~  lymphocytes and
ED1*RT1B/D* monocytes/macrophages appeared in
focal collections at the epithelium-connective tissue
interface 2-6 h after challenge with DNFB. These foci
also contained CD4*, CD5*, CD8*, TCRap" cells.
CD45RB™ “naive” T cells were difficult to detect at
2—6 h but appeared in significant numbers at 24 h
post-challenge. At this stage, the number of all the
other phenotypes also was increased. CD2" cells were
approximately twice as many as CD5" or TCRaf*
respectively, indicating that TCRyd™ lymphocytes
might be involved. An additional observation was the
presence of increased numbers of CD2" lymphocytes
in the oral mucosa of sensitized but not challenged
animals. Our findings indicate that the oral mucosa
of skin DNFB pre-sensitized animals may be “contact
hypersensitivity conditioned” by migration-prone
memory T cells, and that these cells may rapidly
interact with locally resident epithelial Langerhans’
cells following antigen restimulation, creating the
very initial antigen-specific part of experimental oral
contact hypersensitivity. Key words: Oral mucosa;
DNFRB; Monoclonal antibodies; Mononuclear cells;
RTIB/D.
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Contact hypersensitivity (CH) is described as the
responses of epicutaneous or epimucosal hapten
elicitation in a presensitized individual but in spite of
recent years' great progress in understanding the
molecular biology of lymphocyte activation, the in
vivo mechanisms governing the induction of CH are
poorly understood. The very initial events occurring
within the challenged tissue in an antigen-primed
individual, involve antigen- or hapten-specific T cell
stimulation at the local site of the challenge. Such T

cells may belong to a subset of lymphocytes with
propensity to migrate or “home” into the tissue from
the blood (1), although all of them may not necessar-
ily be antigen-specific.

Normal human epidermis is inhabited by small
numbers of T cells of which the majority seem to
express CD8 (2). Recent evidence suggests that
many of these cells express the aff heterodimer of
the T cell antigen-receptor (TCRaf}) (3) but some of
these cells may belong to a minor population of T
cells expressing TCRyd (4, 5). Due to the finding of
TCRyd-bearing intraepithelial lymphocytes within
the skin and the intestine, they have been proposed to
mediate immunological surveillance of surface epi-
thelia by means of recognizing local membrane alter-
ations (4) but little is known about the possible role of
TCRyd-bearing cells in oral mucosa or in CH.

In previous studies of experimental oral CH (6),
we found that MHC class II antigen-expressing cells
comprise a sizable proportion of the cellular infil-
trates. However, these cells were not further charac-
terized and no studies have followed the temporal
development of the elicited reaction in experimental
oral CH. The purpose of the present study was
therefore to further examine, with monoclonal anti-
bodies (mAbs), the composition and distribution of
the pioneering cellular infiltrates within defined fo-
cal areas of early, experimentally induced oral CH
lesions at various time intervals following challenge
of the oral mucosa.

MATERIALS AND METHODS

Animals

OQutbred male Sprague-Dawley rats (RT1' and RT1") were
obtained from Megllegaard Breeding Center, Skensved,
Denmark and ALAB, Stockholm, Sweden. The animals
weighed 250-350 g and were fed a standard diet with tap
water ad libitum.

Neurolept analgesia

Etorphine-acepromazine (Immobilon®), 12.5 ug/kg body
weight, antidot diprenorphine (Revivon®), 45 ug/kg body
weight (7, 8).
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Table 1. Murine anti-rat monoclonal antibodies em-
ployed for immunohistological analysis

mADb®  Specificity

ED1 (Monocytes/macrophages. veiled cells)
ED2" {Macrophages)

O0X34 CD2 (T cells, NK cells)

W3/i25  CD4 (T helper cells, macrophages)

OX19 CD5 (T cells)

OX8 CD8 (T cytotoxic/suppressor cells)

0X22  CD45RB (190-220 kD, “naive™ T cells, B cells)
0X33" CD45 (240 kD, B cells)

R73 TCRaf (T cell antigen-receptor «f})

OX6 RT1B  (homologous to human HLA-DQ)
OX17  RTID (homologous to human HLA-DR)

“ All mAbs were purchased from Serotec, Oxon.
England except R73 which was a kind gift from Dr T
Hiinig, Munich, Germany.

mAbs not included in the consecutive section focus
analysis.

Sensitization and tissue preparation

Sensitization to 2, 4-dinitrofluorobenzene (DNFB) was per-
formed essentially as described previously (7). In short,
50-100 ul of 0.5 % DNFB was applied to the shaved neck
skin, twice at different sites with a one-day interval. Five
days later, the buccal mucosa was challenged by the appli-
cation of 25 ul 0.02% DNFB under neurolept analgesia.
Animals were sacrificed in groups of 4, and at 2,4, 6 or 24 h
after challenge, and the buccal mucosae were excised, em-
bedded in OCT compound (Miles Inc, Elkhart, IN, USA)
and snap frozen with isopentane at —80°C, Additional buc-
cal mucosa specimens were obtained from animals sensi-
tized to DNFB but not challenged and from non-sensitized
animals challenged with DNFB. Buccal mucosa and axil-
lary lymph nodes from aon-sensitized, non-challenged ani-
mals served as controls.

Immunocytochemisiry
Six um consecutive frozen sections were air-dried. fixed for
10 min in acetone and washed in phosphate buffered saline
(PBS) for 20 min. The sections were treated with 0.5%
H.O, in methanol for 30 min to block endogenous perox-
idase activity followed by 1% normal rabbit serum (Dako-
patts, Copenhagen. Denmark) in PBS for 30 min. Primary
mAbs (Table I) in PBS were applied for 60 min at room
temperature, using optimal dilutions as determined by
check-board titration. Following a brief rinse in PBS, the
sections were incubated with peroxidase-conjugated rabbit
anti-mouse IgG (Dakopatts) in PBS containing 25% nor-
mal rat serum (Dakopatts). Peroxidase activity was de-
tected with 0.05% 3,3’-diaminobenzidine (DAB) supple-
mented with (0.01% H,0, (30 min). The sections were
lightly counterstained with Mayer’s hematoxylin and
mounted.

As it has been indicated that the specific immunostaining
may be hampered by H.O./methanol pretreatment (9),
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some sections were instead pretreated with 0.3% H,0, in
PBS for 30 min.

Focus analysis

Three series of consecutive 6 um frozen sections were taken
from each specimen and placed on glass slides so that
sections 1, 10 and 19 were on slide #1, sections 2, 11 and 20
on slide #2 etc.. Each slide was then incubated with mAb
(Table 1), according to the optimal protocol (see above),
where each mAb was used on one slide only. Within the
first 24 h after DNFB challenge of oral mucosa. inflamma-
tory cells tend to be unevenly distributed in clusters or foci
(6). With the aim of analyzing the cellular composition of
these foci we utilized serial sectioning. Thus, the focus
analysis refers to the study of 9 consecutive sections where
the technical quality of the sections permitted the study of a
single focus through all of the sections. The cells were
counted within rectangles comprising 0.22 um of epithe-
lium and 0.22 x 0.15 pm of the underlying connective
tissue (ct). Two different foci from each of the four differ-
ent specimens were analyzed, and the mean value from
each pair of foci was calculated. The differences between
the number of cells stained with the different mAbs were
assessed with the Student’s 1 test.

RESULTS

General observations

Sections treated with 0.3% H,O, in PBS showed a
more intense specific immunostaining than those
pretreated with 0.5% H,0, in methanol, with any
given mAb dilution. However, using optimal mAb
dilutions as determined by titration, we were unable
to detect any difference in the number of cells re-
corded by the two methods.

Normal oral mucosa

A few isolated CD2" cells were present in the ct and
occasionally, a labelled cell could also be detected
basally in the epithelium. Similarly, RTIB* and
RTI1D" cells, with a dendritic appearance, were scat-
tered in the ct but only rarely in the epithelium.
Scattered ED1" cells were seen, only in the ct. Their
size was rather small, with a slightly dendritic shape.
ED2" cells which appeared in significant numbers
throughout the ct, were larger and more promi-
nently dendritic than the ED1* cells. CD4* cells
could also be seen, with an appearance and distribu-
tion very much like RTIB* and RTID" cells. We
were unable to detect more than occasional CD5*
and CD8" cells, the latter appearing within blood
vessels or in adjacent skin areas. We found 2-3
TCRaf” cells basally in the approximately 2 mm
long distance of epithelium covering the oral mucous
membrane. A few more cells were seen in the ct and



clearly more TCRaf}" cells appeared in adjacent
skin areas, associated with hair bulbs and sebaceous
glands. OX22 (CD45RB) mAb stained vessel walls
and the basement membrane but no lymphocytic or
dendritic cells were labelled.

Non-challenged mucosa of sensitized animals

The oral mucosa of rats, skin sensitized to DNFB
but not challenged, largely resembled normal oral
mucosa. However, in contrast to normal mucosa,
some CD2*, CD4" and CD8" as well as a few
TCRaf™ cells were easily detected in the ct (Fig. 1).
indicating some degree of immigration of such cells
into the tissue. The RT1B/D reactivity did not differ
from normal controls.

Challenged mucosa of non-sensitized animals

At 6 h post-challenge. an increased number of CD2"
cells was present in the ct as well as scattered in the
epithelium. CD4" cells were also seen but only occa-
sional CD8" and TCRaf* cells and no evident
CD45RB™ cells. RTIB™ and RT1D" dendritic cells
were evenly distributed throughout the ct with a
tendency to accumulate parallel to the basement
membrane. and isolated cells were also seen basally
in the epithelium. By 24 h after challenge. the in-
flammatory reaction had subsided, with only a few
RTI1B/D" cells at the epithelium-ct border and some
scattered CD2" cells in the ct.

Challenged mucosa of sensitized animals

The intensity of the reactions at 2 and 4 h after
DNFB challenge showed interindividual variation,
ranging from hardly discernible to rather dense infil-
trates. with a clear tendency of forming focal collec-
tions at the epithelial-ct interface. As a way to quan-
tify these cells. we analyzed series of consecutive
frozen sections, covering 50-60 pm in depth. Foci of
this magnitude cannot be adequately quantified and
since a false impression of the cellular composition
of initial reactions could be obtained by exclusively
examining more developed, “older™ foci, only 6 and
24 h reactions were quantified.

2 and 4 h: In mild reactions, scattered CD2" cells
were seen in the ct and accumulating in small clus-
ters at the epithelium-ct border. These focal clusters
were accompanied by RTIB™ and RT1D™ cells but
keratinocyte staining could not be convincingly dem-
onstrated. Within the ct, the RTIB/D" cells often
had a dendritic appearance and were situated close
to and parallel to the basement membrane. RT1B*
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but not RT1D™ cells were seen in close proximity to
vessels.

CD4* cells appeared in numbers almost compara-
ble to CD2" cells, in the epithelium as well as in the ct
(Fig. 2). Some of these CD4" cells were clearly
dendritic. CD5*, TCRaf}* and occasional CD8* cells
were found scattered as well as within clusters. No
CD45RB" or CD45 (240kD)" cells were detected.

EDI1* cells were not prominent in mild reactions
but a major constituent of more developed reac-
tions. Sometimes, ED1" cells also appeared close to
the basement membrane like RTIB/D* cells. A
slight accumulation of ED27 cells was noted in asso-
ciation with dense infiltrates of lymphocytes.

6 h: The inflammatory reactions at 6 h after chal-
lenge showed a consistent pattern in all animals,
with focal accumulations of cells at the epithelium-ct
interface (Fig. 3). The mononuclear cell infiltrates in
the ct and within foci were composed of CD2" and
ED1" cells (Fig. 3). CD2" cells outnumbered both
CD4*, CD5*, CD8*, CD45RB" and TCRaf" cells
but not ED1 cells (p<0.05). The ratios are given in
Fig. 4. ED1" cells were seen in the epithelium as
well as in the ct, where they often formed a band
along the basement membrane. The distribution of
RTIB" and RT1D" cells was very similar to that of
EDI1" cells. Focally, delicate ED2* dendritic struc-
tures appeared basally in the epithelium, indicating
involvement by ED27 cells at the site of cell infil-
tration. No CD45 (240kD) " cells or PMN were found.

24 h: Reactive cells at 24 h after challenge were
seen as dense infiltrates of lymphocytes and non-
lymphocytes throughout the juxtaepithelial ct and
within the epithelium. Intraepithelial cells some-
times appeared in microvesicles but there was no
evidence of ulceration in any of the specimens. Only
occasional PMN were detected with hematoxylin-
eosin staining. Like the 6 h reactions, the 24 h reac-
tions were dominated by CD2" together with ED17
cells (Fig. 5). They appeared in comparable numbers
although the ED17 as well as ED2" cells were diffi-
cult to count in cell-rich areas. Slightly increased
numbers of ED2” cells were found in dense cellular
infiltrates as compared to the distribution in the
surrounding ct. ED2" cells also appeared within the
epithelium in areas of extensive lymphocyte infil-
tration (Fig. 6). The proportions of cells which
stained with the different mAbs were essentially the
same as those at 6 h with CD27 cells outnumbering
all other T cell related phenotypes (p<0.05, Figs. 4,
7). The exception was anti-CD45RB, which stained
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Fig. I. Frozen section of non-treated oral mucosa from DNFB skin-sensitized animal incubated with OX34 (CD2). CD2*
cells are scattered throughout the ct (arrowheads). Reactive cells also appear basally in the epithelium (arrows). x 280
Fig. 2. Sensitized animal, oral mucosa 2 h after challenge with DNFB. Section incubated with W3/25 (CD4). Focal
collection of CD4" cells at the epithelium-ct interface. Note the dendritic appearence of some of the cells (arrows). x 300
Fig. 3. Sensitized animal, oral mucosa 6 h after DNFB challenge. Section incubated with OX34 (CD2), showing a
mononuclear cell focus dominated by CD2* cells. Note cells migrating through vessel walls (arrows). x 280

Fig. 4. Number of cells with different phenotypes expressed as percentage of CD27 cells. Open/hatched bars represent
mean values. and lines the range of individual mean values (n=4).

Fig. 5. Sensitized animal, oral mucosa 24 h after DNFB challenge. Section incubated with EDI, showing a dense
mononuclear cell infiltrate basally in the epithelium and in adjacent ct. Reactive cells have a roundish or slightly dendritic
appearence. X 300

Fig. 6. Sensitized animal, oral mucosa 24 h after DNFB challenge. Section incubated with ED2. Large dendritic cells are
evenly distributed in the juxtaepithelial ct but are also found within the epithelium (arrows) in an area of extensive
mononuclear cell infiltration. x 400
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Fig. 7. Sensitized animal, oral mucosa 24 h after DNFB challenge. Section incubated with R73 (TCRaf). Some reactive
cells (arrows) appear in an area of extensive mononuclear cell infiltration. x 280

Fig. 8. Sensitized animal, oral mucosa 24 h after DNFB challenge. Section incubated with 0X22 (CD45RB). Mononucle-
ar cell infiltrate including some CD45RB” cells appear in the epithelium and the juxtaepithelial ct. Basement membrane is
also stained (arrow). x 280

Fig. 9. Sensitized animal. oral mucosa 24 h after DNFB challenge. Section incubated with OX17 (RT1D). RT1D" cells
with ill-defined outlines appear throughout the juxtaepithelial ct. RT1D reactivity in the epithelium is confined to
mononuclear and dendritic cells with no convincing staining of keratinocytes. x 140

Fig. 10. Sensitized animal, oral mucosa 24 h after DNFB challenge. Section incubated with OX6 (RT1B). Many reactive
cells appear in the epithelium and the juxtaepithelial ct. Keratinocytic RTIB reactivity is also evident basally in the

epithelium. x 140

20-40% relative to anti-CD2 as compared to only
occasional cells at 6 hr (p<0.05, Fig. 8). The
CD45RB" cells were roundishly lymphocyte-like with
no more than occasional dendritic cells. Only very
few, scattered CD45 (240kD)* cells were detected.
The number of dendritic RTIB* and RT1D" cells
was high in the juxtaepithelial ct. Round as well as
dendritic cells were seen but individual cells were
difficult to count, due to ill-defined outlines. Reac-
tivity to both mAbs was also seen in the epithelium.
Here, RT1D" mononuclear cells appeared isolated
or in small clusters, but with no convincing staining
of the keratinocytes (Fig. 9). In contrast, keratino-
cytic staining was clearly found with anti-RT1B, ap-
pearing as a diffuse reaction of the cells in areas of
RTIB" mononuclear cell infiltrates (Fig. 10).

DISCUSSION

A small number of T lymphocytes seem to be normal
inhabitants of human oral mucosa. They appear bas-
ally in the epithelium and in the adjacent (10). In the
present study on normal rat oral mucosa, we found
small numbers of CD4*, CD5*, CD8" and TCRaf™
cells but no CD45RB* cells. This is similar to previ-
ous findings in human skin (2, 3), indicating the
presence of memory type T cells (see below).

The initial CH reaction was identified as minute
clusters of CD2" cells at the epithelium-ct interface
by 2 hr after DNFB-challenge. However, increased
numbers of CD2" cells were also present in the oral
mucosa of sensitized animals prior to oral DNFB-
challenge. As the lesions evolved, there was a con-
tinuous infiltration of T cells and monocytes/macro-
phages but no B cells or PMN. CD4" cells were
predominant in the early oral lesions but CD8" cells
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could always be detected in small numbers. Gaw-
krodger et al. (11) found a significant increase of
CD4" and CD8" cells at 4 h following patch-testing of
allergic human skin, but in such infiltrates, CD8" cells
seem to never exceed 20% of the infiltrates (12),
consistent with the present findingsin rat oral mucosa.
In the mixed T cell population of CD4* and CD8*
cells, approximately half of the cells expressed CDS5
and/or TCRaf}. Generally, the relative proportions
of the different subsets showed very little variability
over time. The one exception was anti-CD45RB
which stained only occasional cells at 2-6 h but a
significant proportion at 24 h. CD45RB, detected by
mAb OX22, defines a subset of T cells with the
properties of “naive” cells, as opposed to previously
activated “memory” cells which are CD45RB~ (13).
It is, however, not known to what extent CD45RB is
expressed on cells other than lymphoid cells in the
rat. Interestingly, in oral lichen planus which is a T
cell dominated lesion, Walsh et al. (14) demon-
strated CD45RA™ dendritic non-keratinocytes and
non-Langerhans cells within the epithelium. The ex-
pression of CD45RA in humans largely corresponds
to rat CD45RB expression (15) but in the present
study, no CD45RB* dendritic cells could be de-
tected in the experimental lesions nor were any
CD45RB™ cells seen in normal mucosa. Furtermore,
human monocytes are reported to be CD45R0* (i.e.
CD45RB ) (16). Based on these considerations and
since current literature gives no indication that cellu-
lar activation may result in CD45RB induction in the
rat, we conclude that the CD45RB" cells gradually
migrate into our experimental lesions and comprise
“naive” T cells. Thus, the early CH reaction seems
to mainly involve memory T cells, of which at least
some would be expected to be DNFB-specific. Hu-
man “memory” cells (CD29*, CD44", CD45R07)
have been shown to express elevated levels of ad-
hesion molecules (CD2, CD11a/CDI18, CD38) (1)
indicating that they also have an increased propen-
sity to migrate into the extravascular space. Minute
stimuli in the early experimental CH reaction may
thus be sufficient for the recruitment of migration-
prone CD45RB~ cells but not CD45RB' cells.
Sterry (12) also found evidence in human skin of a
selective migration of memory T over naive T cells,
1-2 days after antigen challenge at patch test sites.
The exclusive presence of CD45RB™ T cells in the
oral mucosa of animals that had been sensitized but
not orally challenged raises the suspicion that memo-
ry type T cells may selectively migrate into the oral
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tissues prior to antigen challenge, conferring to this
tissue a state of preparedness to react, once antigen
challenge occurs. It is not known what could cause
such a migration but supposedly there is a constant
diapedesis of T cells, which has also been observed
in normal skin (2). The situation may have some
correlation to the clinical observations in humans,
that the whole skin seems to be activated during
patch testing (17). In states of increased incidence of
migration-prone “memory” cells in the circulation,
this spontaneous diapedesis may well manifest itself
as T cell infiltrates in peripheral tissues. This has also
been recorded by us (18) in experimental Hg-in-
duced autoimmunity.

A large subset of the CD2"* cells in the developing
oral CH lacked CDS5 as well as TCRof. As TCRyd*
cells have been shown to be CD5~ or CD5"!! (19) the
question arises if the CD2'CD5~ and the CD2*
TCRaf~ cells are identical and if they are also TCR
¥0". That this may be the case is indirectly supported
by the findings of Hiinig et al. (20), who showed that
virtually all CD4" and approximately 95% of the
CD8" lymph node T cells, as defined by the mAb
OX52 which labels essentially the same population
as OX19 (21), were also labelled with R73. A more
precise evaluation of the role of TCRy8" cells in the
rat oral CH must however await the forthcoming of
framework mAbs to the rat TCRy or & subunits.

A significant and consistent finding was that initial
accumulation of CD2* cells always appeared at the
epithelial-ct interface. The micro-anatomic compo-
nent giving rise to this formation is unknown but
may reflect T cell clustering with Langerhans cells
(22, 23) known to be present in the rat oral mucosa
at a density of approximately 160 cells/mm? (24). In
contrast, although being potential antigen-present-
ing cells (25), ED17 cells do not seem to be involved
initially as observed in the present study.

To summarize, we reason that the specificity of a
CH reaction must be associated with the presence of
antigen-specific (memory) T cells. In a presensitized
individual, such cells would be expected to be over-
represented in peripheral blood due to the clonal
expansion induced by the sensitization procedure.
Due to an increased migration-propensity, such
memory cells may also be present in peripheral tis-
sue prior to local antigen challenge. Seemingly con-
tradictory is the view held by Herzog et al. (26), that
initiation of T cell diapedesis depends on a T cell
derived antigen-binding factor on mast cells. Mast
cell involvement in early skin CH has also been



advocated by other authors, suggesting a neurogenic
modulation of mast cell degranulation via substance P

(27). By contrast, mast cell-deficient mice clearly
produce CH to widely used contact sensitizers (28)
with prominent, histologically verified mononuclear
cell infiltrates at the site of challenge indistinguishable
from control mice responses suggesting a critical role
by the T cells themselves in the initiation of CH.
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