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Summary
Sixteen cats with allergic dermatitis and six control cats with no skin disease were examined. Lymphoid and his-
tiocytic cells in skin sections were examined immunohistochemically and mast cells were identi¢ed by toluidine
blue staining.The 16 allergic cats showed one or more of several features (alopecia, eosinophilic plaques or gran-
ulomas, papulocrusting lesions), and histopathological ¢ndings were diverse. In control cats there were no cells
that expressed IgMorMAC387, a few that were immunolabelled for IgG, IgAor CD3, andmoderate numbers of
mast cells. In allergic cats, positively labelled in£ammatorycells were generallymore numerous in lesional than in
non-lesional skin sections, and were particularly associated with the super¢cial dermis and perifollicular areas.
There were low numbers of plasma cells expressing cytoplasmic immunoglobulin; moderate numbers of MHC II-,
MAC387- and CD3-positive cells; and moderate to numerous mast cells. MHC class II expressionwas associated
with in£ammatory cells morphologically consistent with dermal dendritic cells andmacrophages, and epidermal
Langerhans cells. Dendritic cells expressingMHC class II were usually associated with an in¢ltrate of CD3 lym-
phocytes, suggesting that these cells participate in maintenance of the local immune response by presenting anti-
gen toT lymphocytes. These ¢ndings con¢rm that feline allergic skin disease is characterized by in¢ltration of
activated antigen-presenting cells and T lymphocytes in addition to increased numbers of dermal mast cells.
This pattern mimics the dermal in£ammation that occurs in the chronic phase of both canine and human atopic
dermatitis.

r 2007 Elsevier Ltd. All rights reserved.
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Introduction

Atopic dermatitis, a chronic, in£ammatory, pruritic
skin disease a¡ects both human beings and companion
animals, especially dogs (Leung,1995; Scott et al., 2001).
Many clinical and histopathological features of atopic
dermatitis in dogs are similar to those found in man
(Soter, 1989; Leung, 2000; Olivry and Hill, 2001;
Marsella and Olivry, 2003). In cats, recurrent pruritic
skin disease showing certain clinical similarities to hu-
man atopic dermatitis has been recognized for many
years. As a consequence of pruritus, self-induced alope-
cia with or without primary lesions is a frequent pre-
sentation of feline atopic dermatitis. The feline disease
ront matter
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is particularly diverse, however, and may present in
various clinical forms, including symmetrical alopecia,
‘‘miliary’’ papulo-crusting dermatitis and eosinophilic
granuloma complex lesions, which are distinct from
the clinical features of atopic human patients and dogs
(Marsella and Olivry, 2003; Foster and Roosje, 2005).
This diversity of clinical presentation means that it is
di⁄cult tomake anaccurate clinical diagnosis of atopic
dermatitis in cats.This problem is further complicated
by the fact that the same cutaneous reaction patterns
may accompany £ea- or food-hypersensitivity. Indeed,
cats may have environmental, £ea and food allergies
concurrently (Halliwell, 1997). It is also widely ac-
cepted that skin biopsy samples from cats with allergic
skin disease are not diagnostic for the type of hypersen-
sitivity, and that the pathological changes observed
r 2007 Elsevier Ltd. All rights reserved.
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Table 1
Six control (C) cats

Cat Age (years) Sex Breed Disease status

1 3 FN Siamese Lymphadenopathy
2 7 FN Burmese Hyperadrenocorticism
3 1.5 FE DSH FIV-positive
4 2 MN DSH FIV-positive+Chlamydia
5 6 MN DSH Hyperadrenocorticism
6 14 MN DSH Hyperthyroidism

DSH, domestic short hair; MN, neutered male; FN, neutered female;
FE, entire female; FIV, feline immunode¢ciency virus.
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may vary depending on the clinical lesions sampled
(Yager andWilcock,1994; Scott et al., 2001; Gross et al.,
2005).
Skin biopsy samples from lesional skin of human pa-

tients with atopic dermatitis have increased numbers of
Langerhans cells (LCs) and dermal dendritic cells.
These cells act as potent antigen-capturing and -pre-
senting cells and play a major role in the pathogenesis
of the disease (Leung et al., 1987; Allam and Novak,
2006). Moreover, reports implicating the importance
of dendritic cells in canine atopy have also been pub-
lished (Day, 1996; Olivry et al., 1997). The quantitative
distribution of epidermal LCs has been evaluated in
normal cats (Saint-Andre Marchal et al., 1997b) and
these cells have been phenotypically characterized as
expressing CD18, MHC class II, CD1a and CD4
(Saint-Andre Marchal et al.,1997a). Roosje et al. (1997)
reported signi¢cantly greater numbers of CD1a-posi-
tive and MHC class II-positive dendritic cells in le-
sional skin from atopic cats than in the skin of healthy
control cats; however, the authors did not describe the
clinical features or the types of lesion sampled. In cats
with recurrent ‘‘miliary’’ papulo-crusting dermatitis a
signi¢cant total increase in dermalT-cell numbers was
reported (Roosje et al., 1998). Subsequently, signi¢-
cantly more IL-4-positive cells were found in lesional
and non-lesional skin from allergic cats than in healthy
controls (Roosje et al., 2002). These results are consis-
tent with studies of immune-cell in¢ltrates in human
and canine atopic skin (Van der Heijden et al., 1991;
Sinke et al.,1997).
Mast cell numbers in normal feline skin may vary

depending on location (Foster, 1994; Beadleston et al.,
1997). Toluidine blue staining revealed no signi¢cant
di¡erences in median mast cell density between skin
from control dogs and skin (lesional or non-lesional)
from atopic dogs. However, a double-enzyme labelling
technique (labelling of the mast cell-speci¢c proteases
tryptase and chymase) demonstrated that the median
mast cell density was signi¢cantly lower in lesional
and non-lesional skin from atopic dogs than in the skin
of controls (Welle et al., 1999). Similarly, di¡erences in
mast cell numberswere found in feline allergic skin, de-
pending on the staining method used (Roosje et al.,
2004a), but the biopsy site did not appear to a¡ect the
number of mast cells (and eosinophils). This was in
contrast to earlier reports of these parameters in nor-
mal feline skin (Foster,1994; Beadleston et al.,1997).
The aim of the present study was to throw further

light on the nature and distribution of the immune cell
populations that in¢ltrate the skin of cats su¡ering
from allergic dermatitis.To this end, the distribution of
T lymphocytes, IgG-, IgA- and IgM-producing plas-
ma cells, macrophages/monocytes, mast cells and
MHC class II antigen was analysed in skin biopsy
samples from normal cats and cats with allergic skin
disease.
Materials and Methods

Biopsy Material From Normal Control Cats

Skin tissue samples from six cats used as normal con-
trols in a previous study (Foster,1994) were examined.
These samples, obtained from the lateral thorax, were
formalin-¢xed and para⁄n wax-embedded. The cats
fromwhich they were obtained hadavariety of diseases
that did not a¡ect the skin, either macroscopically or
histopathologically; the clinical details are described
inTable1.Themeanage of the control catswas 5.5 years
(range 2^14 years).
Biopsy Material From Cats with Allergic Skin Disease

Skin samples were taken from 16 cats presented at the
School of Clinical Veterinary Science, University of
Bristol. All of the following procedures formed part of
the routine diagnostic investigation of suspected aller-
gic skin disease. This group consisted of 14 domestic
shorthairs, one Bengal and one Ocicat, and there were
seven neutered males, eight neutered females and one
entire female. The mean age was 4 years (range 1^8
years). Details of these animals, together with the loca-
tion of the skin lesions and the type of the lesions
sampled, are given in Table 2. Cats were included in
the study if they showed chronic or recurrent pruritus
or dermatitis, or both. Pruritus due to ectoparasite in-
festationwas ruled out by investigation of the coat, hair
plucks and skin scrapings, in addition to appropriate
ectoparasiticidal treatment. Dermatophyte infection
was excluded by negative fungal culture. To rule out
dietary hypersensitivity as a cause of pruritus, owners
were requested to feed their cats a home-prepared diet
for 6^8 weeks. Unfortunately, due to lack of compli-
ance, only four cats ¢nished this dietary trial, but none
of these showed any clinical improvement. For the
other 12 cats, an elimination diet was recommended
at the time of consultation, but as owner and animal
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Table 2
Details of 16 cats with allergic skin disease

Case number Breed Age (years) Gender Body site Skin lesion type/non-lesional Skin sample site

1 DSH 3 MN 6 Plaque Preauricular
2 Bengal 2 FN 7 Plaque Neck
3 Ocicat 1 FE 5 Non-lesional Lateral thigh

4 Alopecia Medial thigh
4 DSH 5 FN 2 Non-lesional Ventral abdomen

1 Non-lesional Lateral thorax
6 Non-lesional Preauricular
3 Non-lesional Dorsum

5 DSH 4 FN 5 Plaque Lateral thigh
2 Alopecia/papules Ventral abdomen
2 Alopecia Ventral abdomen
1 Non-lesional Lateral thorax

6 DSH 6 MN 2 Plaque Ventral abdomen
1 Non-lesional Lateral thorax

7 DSH 7 FN 1 Non-lesional Lateral thorax
6 Plaque Preauricular

8 DSH 8 MN 3 Alopecia Dorsum
1 Non-lesional Lateral thorax

9 DSH 3 MN 6 Papules/crusts Preauricular
1 Non-lesional Lateral thorax
2 Alopecia/plaque Ventral abdomen

10 DSH 3 FN 1 Non-lesional Lateral thorax
4 Alopecia Medial thigh

11 DSH 1.3 MN 1 Non-lesional Lateral thorax
5 Eos. granuloma Lateral thigh

12 DSH 6 MN 1 Non-lesional Lateral thorax
6 Alopecia Preauricular
2 Alopecia Ventral abdomen

13 DSH 5 FN 1 Non-lesional Lateral thorax
7 Plaque Neck
2 Alopecia Ventral abdomen

14 DSH 4 FN 1 Non-lesional Lateral thorax
2 Alopecia Ventral abdomen

15 DSH 3 MN 1 Non-lesional Lateral thorax
8 Plaque Axilla
8 Alopecia Cranial shoulder
2 Alopecia Ventral abdomen

16 DSH 2.6 FN 1 Non-lesional Lateral thorax
7 Crusts Neck
7 Ulceration Neck

The types of skin sampled included non-lesional (i.e. una¡ected) skin, alopecia, plaques, eosinophilic granuloma, papules, crusts and ulcers.
The lesion sites were numbered1^8 (1 ¼ lateral thorax, 2 ¼ ventral abdomen,3 ¼ tail base/lumbar area/dorsum,4 ¼ medial thigh, 5 ¼ lateral thigh,
6 ¼ preauricular area,7 ¼ lateral cheek/neck, 8 ¼ other).
Samples were taken from all the lesions present in each animal (1^4 per cat).
Because cat 4 showed pruritus without skin lesions, non-lesional skin was sampled from several pruritic areas.
DSH, domestic short hair; MN, neutered male; FN,neutered female; FE, entire female; eos. granuloma, eosinophilic granuloma.
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compliance were poor, and follow-up was not always
possible, no results of this procedure are available.
Sampling

All cats were anaesthetized with a mixture of medeto-
midine (DomitorTM; P¢zer Ltd, Surrey,UK) 0.025mg/kg
and butorphanol (TorbugesicTM; Fort Dodge Animal
Health, Southampton, UK) 0.1mg/kg by intramuscu-
lar injection. Lesional biopsy tissue was taken from
each cat (n ¼ 26, one to four skin sites being sampled
per cat). One sample of non-lesional skin was collected
from the left lateral thorax of each cat, this site being
routinely shaved for intradermal testing (n ¼ 13). Alter-
natively, non-lesional skin fromthe side opposite to that
of the lesional areawas sampled (n ¼ 1).Themacrosco-
pical features of skin lesions sampled includedalopecia,
eosinophilic granuloma, plaques, papules, crusts and
ulcers. The location of these biopsy sites in the normal
cats was assigned a number from 1 to 7 (1 ¼ lateral
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thorax, 2 ¼ ventral abdomen, 3 ¼ tail base/lumbar
area/dorsum, 4 ¼ medial thigh, 5 ¼ lateral thigh,
6 ¼ preauricular area, 7 ¼ lateral cheek/neck). Le-
sions from anatomical locations that di¡ered from
these standard sites were placed in a separate group
(8). Anaesthesiawas reversedwith an intramuscular in-
jection of atipamezole (AntisedanTM; P¢zer).

Histopathology

One-half of a punch-biopsy skin sample (6mm) from
cats with allergic skin disease was ¢xed in 10% neu-
tral-bu¡ered formalin and embedded in para⁄n wax.
Sections (5 mm) were stained with haematoxylin and
eosin (HE) or toluidine blue (TB). The other half
of the sample was stored at �70 1C for RNA studies
reported previously (Taglinger et al., 2004).

Immunohistochemistry (IHC)

Serial unstained sections (5 mm) fromall tissue samples
were prepared and mounted on 4-spot microscope
slides (Multispot Microscopic Slides, Hendley Ltd,
Loughton, UK) coated with 3-aminopropyltriethoxy-
silane (Sigma-Aldrich, Poole, UK).
Cells present in the skinbiopsy samples were labelled

with a panel of monoclonal and polyclonal antibodies
(Table 3). Antisera recognizing feline IgG g chain,
IgM m chain, IgA a chain (expressed primarily within
the cytoplasm of plasma cells), CD3 (expressed byT
lymphocytes), MAC387 antigen (expressed by cells of
the monocyte-macrophage and granulocytic lineages)
and MHC class II (expressed primarily by dendritic
cells, activated macrophages and B lymphocytes) were
used. This panel of antisera had been previously vali-
dated and widely applied to studies of feline tissue in
our laboratory (Waly et al., 2001, 2005; Harley et al.,
2003).
Table
Primary and secondary antibodies used for immuno

Speci¢city

Primary antibody

Description Isotype

IgG Goat anti-cat IgG (Fc)% Pc
IgA Goat anti-cat IgA (Fc)y Pc
IgM Goat anti-cat IgM (Fc)y Pc
CD3 Rabbit-anti human CD3z Pc
MAC 387 Mouse anti-humanMAC387z IgG1
MHC class II Mouse anti-human HLA-DRz IgG1

HRP, horseradish peroxidase conjugated; Pc, polyclonal.
%Jackson ImmunoResearch Laboratories,West Grove, Pennsylvania, USA.
yNordic Immunochemical Laboratories,Tilberg, the Netherlands.
zDakoCytomation, Glostrup, Denmark.
ySigma-Aldrich, Poole, Dorset, UK.
Sections were de-waxed in Histo-Clear (National
Diagnostics, Hessle, UK) for 7min. They were rehy-
drated through a series of graded alcohols (twice for
3min in ethanol 100%, then 3min in ethanol 70%)
andwashed in running tapwater for 3minbefore being
placed in phosphate-bu¡ered saline (PBS; pH 7.4,0.01M)
for10min. PBSwas also used towash slides between incu-
bations. All procedures were performed at room tempera-
ture unless otherwise stated.
After dewaxing and rehydration, antigen retrieval

was performedeitherby trypsin digestion orby heating
in citrate bu¡er. For labelling of IgG, IgA, IgM,
MAC387 and CD3, sections were incubated in calcium
trypsin solution (trypsin 0.1% and calcium chloride
0.1% in distilled water, pH 7.8; both from Sigma-
Aldrich) at 37 1C for 25min. For demonstration of
MHC class II antigen, slides were incubated in citrate
bu¡er (0.01M, pH 6.0), placed in a microwave oven,
heated until the solution boiled, left to simmer for a
further 10min, and then cooled at room temp-
erature for10min. Following the appropriate pre-treat-
ment, sections were washed in PBS for 10min.
Endogenous peroxidase activity was blocked by incu-
bating the slides for 30min in an equal mixture of
methanol and PBS containing hydrogen peroxide
0.6%.Then, non-speci¢c binding was blocked by incu-
bation with either rabbit serum 10% (Sigma-Aldrich)
in PBS (for IgG, IgA, IgM, MAC387 and MHC class
II) or goat serum 20% (Sigma-Aldrich) and normal
cat serum 2.5% in PBS (for CD3) for 30min. Subse-
quently, sections were incubated for 90min (IgG, IgA,
IgM, CD3) or overnight at 4 1C (MAC387 and
MHC class II) with primary antisera (Table 3), fol-
lowed by application of secondary antibodies for
30min (Table 3).
Antibodies were diluted in PBS, except for the pri-

mary and secondary antisera for CD3 labelling, which
3
histochemical labelling of formalin-¢xed tissue

Secondary antibody

Dilution Description Dilution

1in 500 Rabbit anti-goat IgG-HRPz 1in 500
1in 400
1in 400
1in 200 Goat anti-rabbit IgG-biotinylatedy 1 in 800
1 in1000 Rabbit anti-mouse Ig-biotinylatedz 1in 500
1in 25 1 in100
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were diluted in PBS containing cat serum 2.5%. After
primary and secondary incubations, avidin-biotin-
horseradish peroxidase complex (ABC/HRP; Dako-
Cytomation; Glostrup, Denmark) was applied to all
sections for 30min. Sections were then incubated with
TrisHCl (0.05M, pH 7.6) containing 3,30-diaminoben-
zidine 0.05% (DAB Chromogen; DakoCytomation)
and hydrogen peroxide 0.02% (H2O2 30% [w/w];
Sigma-Aldrich). Gradual development of slides was
monitored under a microscope set at low-power and
the process was stopped by washing in distilled water
as soon as optimal staining with minimal background
was achieved. Sections were counterstained with
Mayer’s haematoxylin10% for1min andwashedunder
running tap water for 3min, before being dehydrated
through graded alcohols and Histo-Clear for 3min
and mounted under DPX (DPX Mounting Medium,
Raymond Lamb, Eastbourne, UK). Sections of feline
lymph node were routinely included in each experi-
ment as positive controls. Isotype-matched antibodies
of irrelevant speci¢cities forAspergillus niger glucose oxi-
dase (Mouse IgG1; DakoCytomation) were used as ne-
gative controls in place of speci¢c monoclonal antisera
(MAC387 andMHCclass II). As a negative control for
the polyclonal antibodies, normal serum from the
same species was used at a dilution equal to that of the
antibody.

Histopathological Grouping of HE-stained Sections

All the slides were examined ‘‘blind’’ by one of the
authors (MJD) on a single occasion. Sections were
evaluated for pathological changes in four skin com-
partments including the epidermis and dermis, and
for the distribution, type and severity of the cellular in-
¢ltration. Cats were grouped according to the histo-
pathological nature of their skin lesions.

Scoring of Immunohistochemically labelled and Toluidine
Blue-stained Sections

Immunolabelled sections and toluidine blue-stained
sectionswere individually scoredwith a subjective scor-
ing system (Robinson et al., 2002). The entire skin sec-
tion was examined under medium- and high-power
magni¢cation. The four skin compartments consisted
of the epidermis and interface area, hair follicles and
perifollicular area, super¢cial dermis, and the deep
dermis, each being examined and scored separately.
The score was based on the number of positively la-
belled cells in these four di¡erent locations in ¢elds
examined with the � 40 objective.The scoring system
was as follows: 0 ¼ no cells, 1 ¼o10 cells per ¢eld
(low), 2 ¼10^50 cells per ¢eld (moderate), and
3 ¼450 cells per ¢eld (many). Adding the four indivi-
dual scores gave a cumulative score.
Results

Clinical Features

Ventral abdominal alopecia was the most common
clinical ¢nding in nine of the 16 cats in this study
(Table 2). Eosinophilic plaques/granuloma, also fre-
quently seen (n ¼ 9), occurred mostly around the head
and neck but also on other parts of the body.Three cats
showed papular-crusting lesions, which usually accom-
panied alopecia or eosinophilic plaque lesions, or both.
Papular-crusting lesions were sampled only if they re-
presented the most prominent type of lesion; this was
the case in two cats. Only one cat showedprurituswith-
out skin lesions.
Histopathological Patterns

The histopathological ¢ndings in the 16 skin samples
from the allergic cats were diverse. Consequently, it
was not possible to use a scoring system to grade the
biopsies on thebasis of the intensity of cellular in¢ltrate
or to classify themas acute versus chronic lesions. How-
ever, six distinct histopathological patterns were recog-
nized in the samples examined, with two subgroups for
pattern 1 and three subgroups for pattern 3. The ¢rst
pattern included samples consisting of granulation tis-
sue in moderate (subgroup1a; n ¼ 2) or more extensive
form (subgroup1b; n ¼ 1). Sections in subgroup1awere
characterized by a light scattering mainly of neutro-
phils and macrophages, while the subgroup1b samples
showed amore intense cellular in¢ltration that was lar-
gely perivascular and consisted of neutrophils, plasma
cells and macrophages.
The second pattern (n ¼ 2) was characterized by an

early collagenolytic granuloma lesion, with hyaline
collagen ¢bres in the dermis and mixed in£ammatory
cells, including eosinophils and mast cells.
Pattern 3 displayedmicroscopical features consistent

with a true ‘‘hypersensitivity dermatitis’’. A subgroup
3a (n ¼ 2) represented a mild form of this process with
super¢cial dermal in¢ltration of mast cells and eosino-
phils (Fig. 1). Subgroup 3b (n ¼ 2) showed moderate
andmorewidespread change, with a higher proportion
of chronic in£ammatory cells (neutrophils, macro-
phages, mast cells and a few eosinophils). Subgroup 3c
(n ¼ 1) showed a marked in¢ltration mainly of mast
cells.
Pattern 4 (n ¼ 1) was characterized by perifolliculi-

tis. A mild cellular in¢ltrate consisting of macro-
phages, eosinophils and neutrophils was seen around
follicles and in the super¢cial and deep dermis.
Pattern 5 (n ¼ 1) consisted of a necrotizing furuncu-

losis with a severe neutrophilic in£ammatory in¢ltra-
tion within which were observed degenerate collagen
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Fig. 1A, B. Representative section of skin biopsy sample from cat
with allergic skin disease. Note super¢cial perivascular
dermatitis with evidence of perifolliculitis and mild in-
¢ltration consisting mainly of mast cells and eosino-
phils. HE. Bars,150 mm (A) and 75 mm (B).
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bundles and areas of dermal necrosis. Scattered naked
hair shafts were present.
Pattern 6 (n ¼ 4) referred to normal histology, simi-

lar to that seen in non-lesional samples taken from the
lateral thorax of each feline patient. Statistical analysis
was not possible because of the low number of cats for
each pattern.
Immunolabelled and Toluidine Blue-stained Sections

Biopsy samples were analysed and given a cumulative
marker score only if all four skin compartments could
be examined. If this was not possible (due to faults in
processing or missing areas of the sections), the sample
was excluded from descriptive analysis. Consequently,
30 samples fromallergic catswere available for analysis
of IgG, 33 for IgA, 32 for IgM, 30 for CD3 and 30 for
MAC387. Due to the total or partial loss of tissue
during the process of epitope retrieval for labelling of
sections withMHC class IIantiserum, only17 such sec-
tions from allergic cats were available.
Mast cells were identi¢ed by their characteristic

morphology and the presence of metachromatic gran-
ules in toluidine blue-stained sections. Altogether, 29
sections were available for evaluation of mast cells. A
summary of the cumulative scores of skin sections from
control cats is given inTable 4 and that for cats with al-
lergic skin disease inTable 5. Statistical analysis of cu-
mulative scores was not possible due to the low
number of cats for each pattern.
Normal cats. In control cat skin samples, there was no

positive labelling for IgM or MAC387, but small to
moderate numbers of cells were labelled by anti-IgG
or anti-IgA; there were occasional CD3+ cells (Fig. 2).
Moderate numbers of mast cells were present.
Allergic cats. In all sections, the number of positive

cells for each marker was generally higher in lesional
than non-lesional skin.There were, however, more po-
sitively labelled cells in non-lesional allergic cat skin
than in normal skin.
The antibody for CD3 labelled cells in all four com-

partments. In samples from lesional skin, moderate
numbers of CD3+ cells were found lightly scattered
throughout the super¢cial dermis or in aggregates in
and around the hair follicles. In contrast, CD3+ cells
appeared in smaller numbers in non-lesional samples,
as well as in microscopically normal samples (pattern
6). In all of the samples CD3+ cells were rarely ob-
served in the epidermis.
The MAC387 antibody showed immunoreactivity

with only low numbers of monocytes, neutrophils and
reactive tissue macrophages; eosinophils, however,
were often positively labelled (Fig. 3). In allergic skin
samples, MAC387-positive cells occurred generally in
all four compartments, with the majority in the super-
¢cial dermis and perifollicular area. Overall, there
were more MAC387+ cells in lesional than in non-
lesional skin, but such cells were rare in sections show-
ing pattern 6.
The antiserum for MHC class II labelled cells in all

four compartments. MHC class II+ cells were primar-
ily located in the super¢cial dermis and follicular
epithelium (Fig. 4). MHC class II+ cells were generally
closely associated with in¢ltrating CD3+ cells. Few
MHC class II+ cells were seen in the epidermis and
deep dermis.
In all of the sections, antibodies for IgG, IgA and

IgM labelled occasional plasma cells in the dermis.
These weremainly found in the super¢cial dermis with
a perivascular distribution (Figs 5B^D).
Mast cells were present in all of the sections exam-

ined. They occurred in moderate to high numbers in
all four skin compartments in samples from the cats
with allergic skin disease but were not present in the
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Table 4
Cumulative scores (immunolabelled cells and toluidine-stainedmast cells) in skin sections fromsix control (C) catswithout skin

disease

Cat no.

Cumulative scores for

IgG plasma cells IgA plasma cells IgM plasma cells CD3T-lymphocytes MAC 387 MHC class II mast cells

C1 0 0 0 2 0 ND 3
C2 1 0 0 0 0 ND 2
C3 0 0 0 0 0 ND 4
C4 0 0 0 1 0 ND 5
C5 0 2 0 0 0 ND 3
C6 0 0 0 0 0 ND 4

ND, not determined.

Table 5
Sixteen cats with allergic skin disease: histopathological groups, type of lesion and cumulative scores

Histopathological group Cat no. Skin lesion

Cumulative scores of

IgG plasma cells IgA plasma cells IgM plasma cells CD3 T-lymphocytes MAC 387 MHC class II mast cells

1a 1 Plaque ND 0 0 6 7 9 3
16 Non-lesional 1 0 1 3 1 ND 5

Crusts ND 0 0 0 11 8 3
1b 6 Plaque ND 6 6 ND ND ND ND

Non-lesional 0 3 1 7 1 10 4
2 11 Non-lesional 0 0 0 0 0 ND 3

Eos. granuloma 0 1 0 5 5 6 7
2 Plaque 2 1 ND 6 1 ND 6

Plaque 2 3 0 5 8 10 7
3a 3 Alopecia 0 1 1 4 5 6 4

Non-lesional 0 1 1 3 1 4 4
14 Non-lesional 0 0 0 3 0 ND 4

Alopecia 3 2 2 4 2 8 7
3b 9 Papules/crusts 0 1 0 3 8 10 7

Non-lesional 0 1 0 1 9 ND 2
Alopecia/plaque 1 3 0 3 7 8 7

15 Non-lesional 0 2 1 0 2 5 6
Plaque 0 2 0 4 11 ND ND
Alopecia 2 0 0 6 4 6 9

3c 5 Plaque 4 4 1 ND ND ND ND
4 7 Non-lesional 1 0 0 1 6 3 4

Plaque 0 0 0 0 1 ND 3
5 13 Non-lesional 0 0 0 1 1 ND 4

Plaque 0 0 0 ND ND ND ND
Alopecia 0 1 0 1 0 ND 4

6 4 Non-lesional 0 2 0 0 0 2 4
Alopecia 0 1 0 0 0 ND 2

8 Alopecia 0 2 0 2 0 ND 4
Non-lesional 0 0 0 2 0 ND 4

10 Alopecia 1 0 0 5 1 3 4
Non-lesional 0 0 0 2 0 ND 4

12 Non-lesional 0 1 0 2 1 0 4
Alopecia 0 0 0 2 2 3 3

ND, not determined; Eos. granuloma, eosinophilic granuloma.
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epidermis of normal skin (Fig. 5A). Higher numbers of
mast cells were present in lesional than in non-lesional
skin, and more such cells were evident in sections clas-
si¢ed as pattern 6 than in non-lesional tissue sections.
Discussion

Thework described here characterizes the clinical, his-
topathological and immunohistochemical features of
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Fig. 2A, B. Allergic skin disease.This skin section shows a few small
T lymphocytes in the super¢cial dermis and perifollicu-
lar clusters of T lymphocytes expressing membrane
CD3. IHC. Bars,150 mm (A) and 75 mm (B).

Fig. 3A, B. Allergic skin disease. This skin section shows a di¡use
dermal in¢ltrate of MAC387-positive monocytes and
eosinophils. IHC. Bars,150 mm (A) and 75 mm (B).
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16 cats with allergic skin disease.The spectrum of clin-
ical features observed was in keeping with previous de-
scriptions of feline allergic skin disease or feline atopy
(Scott et al., 2001).
The histopathological features described in the le-

sional skin biopsy samples also resembled those pre-
vious described in feline atopic dermatitis. Samples
from cats with focal non-in£ammatory alopecia had a
microscopical appearance consistent with published
descriptions of a normal to mildly hyperplastic epider-
mis with super¢cial perivascular dermatitis (Scott,
1984; Scott et al., 2001). In£ammatory facial or papulo-
crusting lesions showed epidermal hyperplasia,
spongiosis, crusts, erosions and ulceration, as well as
super¢cial or deep perivascular dermatitis. The cellu-
lar in¢ltrate consisted of a mixture of eosinophils and
mast cells with lymphocytes, either scattered through-
out or aggregated in clusters. These ¢ndings accord
with those described in feline allergic skin lesions by
Yager andWilcock (1994). Histologically, these lesions
represent a spectrum of tissue reaction patterns. For ex-
ample, the microscopical appearance of the lesions of
‘‘miliary’’dermatitis are reported to merge with that of
eosinophilic plaque. Similarly, although interstitial
rather than perivascular dermatitis may be particu-
larly prominent in eosinophilic plaque lesions, these
changes cannot be reliably distinguished from those
that occur with papulo-crusting ‘‘miliary’’ dermatitis
(Gross et al.,1986,2005). Reports of studies assessinghis-
topathological features of cats with eosinophilic granu-
loma complex lesions have described ‘‘£ame ¢gures’’,
made up of normally stained collagen ¢bres sur-
rounded by eosinophil debris (Fondati et al., 2001;
Bardagi et al., 2003).
Taken together, the histopathological features of fe-

line allergic skin disease appear to be just as varied as
the clinical features. Hence, it is impossible to grade re-
liably and to analyse acute versus chronic skin lesions, a
process frequently undertaken in studies of human and
canine atopy (Leung, 1995; Werfel et al., 1996; Olivry
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Fig. 4A, B. Allergic skin disease.This skin section shows expression
of MHC class II on individual cells in the epidermis, on
clusters of cells in the super¢cial dermis, and on cells as-
sociated with hair follicles. IHC. Bars, 150 mm (A) and
75 mm (B).
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et al.,1999). Moreover, in future studies, larger numbers
of cats will be required to enable statistical comparison
to be made between histopathological patterns.
Roosje et al. (1997) reported that MHC class II+ epi-

dermal dendritic cellswere alsoCD1a+ in normal feline
skin. Quantitative analysis revealed that lesional skin
in allergic cats contained signi¢cantly more CD1a+

and MHC class II+ dendritic cells in the epidermis
and dermis, as compared with the skin of healthy con-
trol animals. These results clearly indicated that Lan-
gerhans cells, dendritic cells and other MHC class II+

cells are active participants in feline allergic skin dis-
ease. In the present study, MHC class II expression
was associated with in£ammatory cells morphologi-
cally resembling dermal dendritic cells and macro-
phages, and epidermal Langerhans cells. This is
consistent with an earlier report, which described fe-
line MHC class II expression by B cells, monocytes,
macrophages, T cells and Langerhans cells (Rideout
et al.,1990). In the sections analysed in the present study,
MHC class II expression was evident in lesional and
non-lesional skin from cats with allergic skin disease,
regardless of the type of clinical lesion. The fact that
dendritic cells expressing MHC class II were usually
associated with an in¢ltrate of CD3 lymphocytes
echoed earlier reports suggesting that these cells parti-
cipate in maintenance of the local immune response by
presenting antigen toT lymphocytes. This emphasizes
their potential role in the mechanism of lesion forma-
tion in feline allergic skin disease.
The Tcells present in the skin of cats with allergic

skin disease have received only limited study (Roosje
et al., 1998, 2002). A predominant increase of CD4+ T
cells and a CD4+/CD8+ ratio of 3.9 was found in ‘‘mili-
ary’’ (papulo-crusting) dermatitis lesions of allergic
cats (Roosje et al., 1998). In non-lesional skin a signi¢-
cant increase in CD4+ T-cells was found, while in the
skin of healthy control cats only one or two CD4+

T-cells and no CD8+ cells were found. These results
are in keeping with both human and canine studies
(Bos et al., 1987; Thepen et al., 1996; Sinke et al., 1997).
The use of the human CD3 polyclonal antibody as a
pan T lymphocyte marker has been described in nu-
merous feline studies (Perez et al., 1999; Waly et al.,
2001, 2005; Robinson et al., 2002; Harley et al., 2003;
Day et al., 2004). The present study con¢rmed that the
lymphocytic in¢ltrate in the super¢cial dermis and in
and around the hair follicles consisted of CD3+ Tcells.
In lesional skin samples from all types of clinical lesion,
moderate numbers of CD3+ cellswere found. It was no-
teworthy that only a few CD3+ cells were present in
sections of both ventral alopecic lesions and non-le-
sional samples.Very few CD3+ lymphocytes were iden-
ti¢ed in normal healthy skin.This was in keeping with
a study by Harley et al. (2003), who described only a
sparse cellular in¢ltrate of CD3+ Tcells, either as occa-
sional isolated cells or as subepithelial clusters in close
proximity to MHC class II+ cells, in the oral mucosal
tissue of healthy cats. As ventral alopecic lesions closely
resembled normal feline skin, it could be speculated
that these either represented an early stage in the aller-
gic skin disease or that they formed part of an alto-
gether di¡erent clinical syndrome.
Mast cell numbers in the caudal aspect of the feline

pinna were reported to be signi¢cantly higher than in
other body sites of normal cats (Foster, 1994). Beadle-
ston et al. (1997) con¢rmed this observation but found
that mast cells in normal feline skin appeared to be sig-
ni¢cantly less numerous when stained with toluidine
blue than with either tryptase or chymase enzymatic
stain.
Roosje et al. (2004a) reported that signi¢cantly fewer

mast cells labelled for tryptase expression in lesional
and non-lesional feline skin compared with chymase
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Fig. 5A^D. Allergic skin disease. (A) Skin section showing cell in¢ltrate in the super¢cial dermis and perifollicular area. Mast cells are
identi¢ed by their characteristic morphology and the presence of dark purple-staining granules. Toluidine blue. Bar, 75 mm.
(B) Skin section showing evidence of folliculitis and perifolliculitis with a few immunoreactive IgG-bearing plasma cells. IHC.
Bar, 75 mm. (C) Skin section showing perifollicular cell in¢ltrate with individual immunoreactive IgA-bearing plasma cells.
IHC. Bar,75 mm. (D) Skin section showing di¡use cell in¢ltrate in the super¢cial dermis and perifollicular areawith individual
immunoreactive IgM-bearing plasma cells. IHC. Bar,75 mm.
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expression. In the same study quanti¢cation of mast
cell numbers by means of astra blue staining revealed
signi¢cantly higher numbers in lesional skin of cats
with allergic miliary dermatitis than in control cats.
The biopsy site in that study did not appear to a¡ect
numbers of mast cells (and eosinophils). This was in
contrast to previous reports of normal feline skin tissue
(Foster, 1994; Beadleston et al., 1997). It would appear
that mast cell proteases can modulate in£ammation,
but their role in the pathogenesis of human atopic der-
matitis remains tobe clari¢ed (reviewedbyWelle,1997).
Unfortunately, because both enzyme-immunohisto-
chemistry and double labelling were beyond the scope
of the present study, feline mast cell subtypes were not
determined. The toluidine blue staining method,
although producing only di¡erent degrees of contrast,
gave a useful general impression of the mast cell distri-
bution in the di¡erent skin compartments studied.
Statistical analysis was not possible due to the small
sample size for each pattern; mast cells appeared to be
present in similar numbers in healthy and allergic
feline skin samples, regardless of the type of clinical
lesion sampled. In the epidermis of allergic skin, how-
ever, only occasional mast cells were seen, while these
cells were completely absent from the epidermis of nor-
mal skin, thus con¢rming previous ¢ndings (Scott,
1990). It would seemclear thatmast cells are prominent
in normal feline skin and in the cellular in¢ltrate of
feline allergic dermatitis.
The antibody recognizing the myelo-monocytic

marker MAC387 labelled only a few monocytes and
macrophages in the four skin compartments.This anti-
body reacts with calprotectin, which is expressed by
circulating neutrophils, monocytes, reactive tissue
macrophages and tissue eosinophils (Brandtzaeg et al.,
1992). Robinson et al. (2002) reported that calprotectin
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was strongly expressed in the epidermis and follicular
epithelium in skinbiopsy samples from cats infected ex-
perimentally withMicrosporum canis, but was not found
in healthy feline skin. This ¢nding was con¢rmed by
the present study, in which no MAC387+ cells were
found in normal skin tissue. Calprotectin is also ex-
pressed by reactive epidermis, as occasionally noted in
lesional tissues in the present study. In contrast, eosino-
phils were frequently immunolabelled for calprotectin
in lesional skin; this accords with previous reports, in
which eosinophils were consistently demonstrated in
cats with allergic dermatitis but not in the skin of
healthy control cats (Roosje et al., 2004a).
In thiswork, an attempt wasmade to assess the entire

tissue area available in each skin biopsy sample.
Although each immunohistochemical marker was as-
sessed in four separate skin compartments, the scoring
system employed was limited by its subjectivity. This
could have been improved by actually counting the
numbers of each cell type, but in any event the low
number of cases for each histopathological pattern pre-
cluded statistical analysis.The de¢nition of these areas
for counting in non-homogeneous tissue such as skin is
problematic, and may have been further complicated
by the variety of clinical lesions present in cats with al-
lergic skin disease.The lesions vary less in human ato-
pic dermatitis, being generally de¢ned by only two
stages, acute and chronic (Hamid et al., 1994; Leung,
1995;Toda et al., 2003). In dogs, slightly more variation
occurs; for instance, one report classi¢ed lesions as
acute, subacute or chronic (Olivry et al.,1999), while an-
other distinguished only a lesional and non-lesional
group (Nuttall et al., 2002). In cats, a standardized
method of classifying biopsy samples from skin lesions
in allergic skin disease has yet to be determined. Roosje
et al. (2004b) adapted for use in cats the atopy patch test
methodology, which has been successfully used in hu-
man and canine models (Thepen et al., 1996; Marsella
et al., 2006; Olivry et al., 2006).Macroscopically positive
patch test reactions were induced; these showed cellu-
lar in¢ltration similar to that described in the skin of
cats with spontaneously arising atopic disease.
In conclusion, the present study supported previous

observations that both T cells and antigen-presenting
cells are important in the immunopathogenesis of fe-
line allergic skin disease. Further studies will be re-
quired to extend these observations and provide more
detailed phenotypic analysis of these in¢ltrating cells.
At present it is di⁄cult to propose that feline atopic der-
matitis has an immunopathogenesis based on the pro-
duction of allergen-speci¢c IgE as regulatedby theTh2
subset of CD4+ Tcells. Atopic cats do not have signi¢-
cantly higher concentrations of allergen-speci¢c IgE
than normal cats (Taglinger et al., 2005) and there is no
skewedTh2-associated cytokine gene expression with-
in the lesional skin of atopic cats (Taglinger et al., 2004).
It will require concerted e¡ort to unravel the immuno-
logical mechanisms underlying this enigmatic feline
skin disease.
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