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Chronic proliferative dermatitis is a new spon-
taneous mutation in C57BL/Ka mice. Breeding re-
sults suggest an autosomal recessive mode of in-
heritance. Mutant mice develop skin lesions at the
age of5 to 6 weeks. The lesions occur in the ven-
tral and dorsal skin of the body, whereas ears,
footpads, and tail are not involved The lesions
are characterized by epidermal hyperplasia,
hyper- and parakeratosis, and single cell necro-
sis of keratinocytes. The dermis and epidermis
are infiltrated bygranulocytes andmacrophages,
and occasionally subcornealandintracorneal mi-
croabscesses are formed The number of mast
ceUs in the dermis progressively increases with
age. There is dilatation and proliferation ofder-
mal capiUaries. Similar lesions develop in the
mouth, esophagus, andforestomach, which, in
the mouse, are all lined by orthokeratinizing
stratifed squamous ceU epithelium. Studies with
bromodeoxyuridine confirm the increased rate
ofepithelial ceUproliferation. Most inflammatory
cells in the affected skin express Mac-1, andfew
express the T lymphocyte marker CD3. There is
increased expression of intercelular adhesion
molecule-I on keratinocytes and endothelial cells.
Infiltration ofneutrophils and macrophages are
also seen in the liver, lung, and severaljoints. The
disease could not be transferred by bone marrow
or spleen transplants into irradiated normal syn-
geneic hosts. Treatment of the mice with triam-
cinolone, a long-acting corticosteroid, resulted in

nearly complete regression of the lesions over a
period of4 weeks, whereas systemic cyclosporin
A treatment was ineffective. (AmJ Pathol 1993,
143:972-982)

The detection and study of hereditary disorders in
animals have greatly contributed to our understand-
ing of the complex mechanisms underlying disease
processes in general as well as specific human dis-
eases. Such defects in rodents have been particularly
useful because of the relative ease of maintenance
and breeding of laboratory rodents and the extensive
knowledge of their biology and physiology.1 Mouse
models are especially useful because of rapid ad-
vances in gene mapping in this animal species.1 Al-
though nearly 100 mutations are known that affect the
skin of mice, few have been investigated in detail.2

Local inflammatory reactions elicited by topical ap-
plication of chemical compounds to the skin of lab-
oratory animals have been extremely valuable in stud-
ies of mechanisms of skin inflammation and
inflammation in general.3 These inflammatory re-
sponses are generally acute and may be less relevant
as models of chronic inflammation. Here, we describe
a new spontaneous mutation, which results in the ap-
pearance of chronic inflammatory reactions in the
skin and in several internal organs. The skin disease,
which will be addressed as chronic proliferative der-
matitis (cpd), is characterized by hyperproliferation
and neutrophil infiltration of orthokeratinizing stratified
squamous cell epithelia, including that of the skin and
esophagus, and by a chronic persistent inflammatory
reaction in the dermis. In this report, we will present
data from our morphological studies of this mouse
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mutant and will discuss its similarities and dissimilar-
ities to other murine models of hyperproliferative skin
disease and to human hyperproliferative skin dis-
eases.

Materials and Methods

or 2 x 107 spleen cells (n = 10) only. In a second
set of experiments, 2 x 107 spleen cells from cpd
mice were injected intraperitoneally into 12 neonatal
nonirradiated syngeneic C57BL/Ka mice. The recip-
ients were monitored daily for clinical signs of cpd
lesions and were euthanized after 2 months, after
which a complete necropsy was performed.

Animals

The cpd mutation arose spontaneously in the
breeding stock of inbred C57BL/KaLawRij mice in
the specific pathogen-free-breeding facility of TNO
in Rijswijk, the Netherlands. Mice in this breeding
colony are housed in Macrolon cages and are pro-

vided autoclaved pelleted food and acidified, steril-
ized bottled drinking water ad libitum. The microbi-
ological status is checked regularly by routine
serological, bacteriological, and histological proce-

dures. Mice were killed at various ages by ether in-
halation. Control mice were C57BL/KaLawRij mice
from the same colony.

Treatment with Corticosteroids and
Cyclosporin A (CsA)

Two groups (n = 4) of 10-week-old cpd mice were

treated with triamcinolone (Lederspan, Lederle, Zo-
eterwoude, the Netherlands), a long-acting corti-
costeroid, for 4 weeks. One group received two
subcutaneous injections of 10 mg/kg, diluted in sa-

line, per week for 3 weeks and one injection of 10
mg/kg in week 4. The second group was given one

injection of 5 mg/kg per week. The animals of both
groups were killed at the end of week 4. Four con-

trol cpd animals were injected with saline only.
Three groups of 10-week-old mice were treated

with cyclosporin A (CsA; Sandimmun, kindly pro-

vided by Sandoz, Uden, the Netherlands). One
group (n = 3) received intraperitoneal injections of
15 mg/kg CsA, and a second group (n = 2) re-

ceived intraperitoneal injections of 100 mg/kg CsA,
three times a week. The third group (n = 3) was

given 100 pl diluent (olive oil) and served as control
group.

Hemopoietic Cell Transfer

Bone marrow cells and spleen cells from 5-week-
old cpd mice were injected intravenously into le-
thally irradiated (8.7 Gy at 0.87 Gy/minute from a

137Cs source, type y cell 20) 8- to 12-week-old syn-

geneic C57BL/Ka mice. They received 1 x 106
bone marrow cells plus 4 x 106 spleen cells (n = 6)

Histology

Tissues were fixed in 10% neutral-buffered formalin,
processed, and embedded in paraffin. Three-p sec-
tions were routinely stained with hematoxylin-
phloxine-saffron (HPS). Additional stains used were
periodic acid-Schiff, Gomori's silver stain, and tolui-
dine blue.

Immunohistochemistry

Commercial reagents were biotinylated anti-lab
(PharMingen, San Diego, CA), fluorescein isothiocy-
anate (FITC)-labeled anti-CD3E (clone 145-2C1 1;
Boehringer Mannheim, Almere, the Netherlands),
FITC-labeled F(ab')2 rabbit anti-mouse immunoglo-
bulin G (IgG, Serotec, Oxford, England), avidin-
peroxidase (Serotec), and mouse anti-rat peroxi-
dase (Jackson Immunoresearch Laboratories,
West-Grove, PA). Hybridomas M7/14 (anti-
lymphocyte function-associated antigen-1 [LFA-1];
TIB 217) and M1/70 (anti-Mac-1; TIB 128) were ob-
tained from American Type Culture Collection. Hy-
bridoma MEL-14 (anti-L-selectin) was the kind gift
of Dr. L. Nagelkerken (TNO, Leiden, the Nether-
lands). Hybridoma YN 1/1 .7 (anti-intercellular adhe-
sion molecule-1 [ICAM-1]4) was generously pro-
vided by Dr. F Takei (Terry Fox Laboratory,
Vancouver, BC). Supernatant of the YN1/1.7 cells
was purified by affinity chromatography over a pro-
tein G-column. Hybridoma NLDC-145, which specif-
ically stains dendritic cells,5 was kindly made avail-
able to us by Dr. G. Kraal (Free University of
Amsterdam, the Netherlands).

Skin samples were quick-frozen in liquid nitrogen
for immunohistochemistry. Frozen sections were in-
cubated overnight at 4 C with biotinylated anti-lab
(1:100), anti-ICAM-1 (1:200), M1/70 (1:5 of superna-
tant), M7/14 (1:25 of supernatant), MEL-14 (1:40 of
supernatant), or NLDC-145 (undiluted supernatant),
followed by avidin-peroxidase or mouse anti-rat per-
oxidase for 60 minutes at room temperature. Nega-
tive controls consisted of omission of the primary
antibody and replacement of the primary rat mono-
clonal antibody by an irrelevant rat IgG2a (MECA-
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367). Peroxidase activity was visualized with diami-
nobenzidine (Sigma Chemical Co., St. Louis, MO).
Alternatively, sections were incubated overnight at 4
C with FITC anti-CD3 (1:200) or FITC anti-mouse
IgG (1:100) and examined using a Leitz Orthoplan
epifluorescence microscope.

Bromodeoxyuridine (BrdU) Labeling

To determine the rate of cell proliferation, mice re-
ceived an intraperitoneal injection of 0.625 mg BrdU
(Sigma) 30 minutes before being killed. Tissues
were fixed for 18 hours in neutral-buffered formalin
and stored in 70% alcohol until further processing.
Paraffin-embedded sections were deparaffinized,
rehydrated, and treated with 0.2% pepsin in 0.1 N
HCI for 10 minutes at room temperature, followed by
2 N HCI for 30 minutes at 37 C, before 60-minute in-
cubation with monoclonal anti-BrdU antibody (1:40;
Dakopatts, Copenhagen, Denmark) at 37 C. La-
beled nuclei were visualized by peroxidase-labeled
rabbit anti-mouse Ig (Dakopatts), followed by diami-
nobenzidine in combination with 1 % cobalt-Cl to en-
hance staining intensity.

Morphometry and Statistical Analysis

BrdU-labeled nuclei were counted per cm base-
ment membrane. The thickness of the combined
nucleated epithelial layers of the interfollicular epi-
dermis, ear, esophagus, and forestomach was mea-
sured at 10 sites. From these measurements, the
mean thickness was calculated for each epithelium.
The density of dermal mast cells was determined in
toluidine blue sections as number of cells per mm2
dermis. The area of the dermis was determined by
subtracting the area occupied by pilosebaceous
units and blood vessels from the total area of the
dermis. The measurements were performed with
computer-aided morphometry (Kontron-Videoplan,
Zeiss, Germany). All data are expressed as mean +
SEM. The statistical significance of observed differ-
ences between control animals and affected mice
and between treated and untreated mice was deter-
mined by Student's t-test and one-way analysis of
normal variance.

Results

Clinical Investigations

Mice that are affected by the cpd mutation were first
identified at 2 weeks after weaning (5 weeks of age)

by the development of hair loss and reddening of
the skin of the dorsal neck and ventral chest. The
lesions gradually spread to involve most of the skin
except for the feet, tail, and ear pinnae, which re-

mained unaffected. This situation had been reached
at 12 to 15 weeks of age. The lesions were charac-
terized by erythema, severe hair loss, and mild
scaling. The mice showed moderate growth retar-
dation with aging, but otherwise remained vital.
However, severe pruritus often caused self-inflicted
wounds necessitating euthanasia usually before the
age of 30 weeks. Hematological evaluation re-

vealed hematocrits in the normal range and a three-
fold increase of polymorphonuclear leukocytes with
a regenerative left-shift.

Male and female mice were affected in equal
numbers. Attempts to breed cpd mice to other cpd
mice failed. Through a selective breeding program,
we identified seven clinically unaffected male-
female combinations that yielded cpd progeny.
From these breeding pairs, a total of 760 mice was
obtained, of which 123 (16%) developed cpd skin
lesions. These results suggest an autosomal mode
of inheritance.

Pathology

The following description is based on complete
necropsies of 40 mice (23 male and 17 female) of 6
to 20 weeks of age. Gross examination revealed
skin changes as described above and a three- to
sixfold increase in the size of the spleen. The inter-
follicular epidermis of affected skin was thickened
(from 8.8 + 0.7 p to 55.6 ± 17.6 p; significant at
P < 0.05) as a result of orthokeratotic hyperkerato-
sis alternating with parakeratotic mounds, and epi-
dermal hyperplasia (Figure 1). The granular cell
layer was slightly thicker or of normal thickness and

Figure 1. HIyper- and parakeratosis and acanthosis in the epidermis
and inflammatory cell infiltration in the dermis of a cpd mouse
(HHPS, 104x).
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Figure 2. Intracorneal microabscess and single cell death of kerati-
nocytes in the epidermis and blood vessel proliferation in the dermis
of a cpd mouse (HPS, 365X).

was absent beneath the parakeratotic mounds. Sin-
gle cell death of a variable number of keratinocytes
was present in the stratum basale and spinosum
(Figure 2). There was an increased number of mi-
totic figures in the basal cell layer. Polymorphonu-
clear granulocytes were present in the epidermis,
and they occasionally formed small spongiform
pustules just beneath the stratum corneum. Degen-
erated granulocytes mixed with parakeratotic
mounds and formed microabscesses in the kera-
totic layer (Figure 2). There was occasionally mild
spongiosis of the epidermis. The epidermal
changes continued along the hair shafts resulting in
follicular keratosis and frequent degeneration of hair
shafts. The dermis was infiltrated by a mixed popu-

lation of inflammatory cells, predominantly granulo-
cytes and macrophages. There were tortuous, di-
lated capillaries in the superficial dermis often
associated with mild edema. Special stains for the
detection of yeasts and fungi and bacterial cultures
of skin samples were consistently negative. The
skin of the ears, footpads, tail, and nails were all
normal by light microscopy.
The oral cavity, esophagus, and forestomach of

the mouse are lined by orthokeratinizing stratified
squamous cell epithelium.6 Similar changes as

those in the epidermis were observed to various ex-

tents in these epithelia (Table 1). The thickness of
the esophageal epithelium was increased from
38.2 ± 4.4 p in normal C57BL/Ka mice to 75.4 ±

8.3 p in cpd mice (significant at P < 0.05), and the
thickness of the forestomach epithelium was in-
creased from 34.1 ± 8.8 p to 62.9 ± 5.8 p (P <
0.05). An exception was parakeratosis, which was

only found in the epidermis. The lesions were par-

ticularly prominent in the esophagus, which often
contained spongiform pustules (Figure 3). The sub-
epithelial connective tissue was infiltrated by poly-
morphonuclear granulocytes and macrophages.

Portal and perivenous areas in the liver were infil-
trated by neutrophils and macrophages (Figure 4).
Similar, but less conspicuous, changes were

present in the perivascular and peribronchiolar con-

nective tissues of the lung. In addition, there was an

increased number of eosinophilic alveolar macro-

phages. There was atrophy of the lymphoid tissues,
increasing in severity with age, whereas marked ex-

tramedullary myelopoiesis accounted for the en-

largement of the spleen. The bone marrow was hy-
perplastic with extensive myelopoiesis. Synovia and
periarticular and peritendinous connective tissues
of several mice (17 of 40) were infiltrated by a few
or moderate number of macrophages and neutro-
phils (Figure 5). The synovial space was often
mildly dilated and contained a few neutrophils and
some proteinaceous material. The coxofemoral,
tibiofemoral, and intervertebral joints and the knee
tendon were most frequently involved. These
lesions were more common in the female (12 of 17

Table 1. Light Microscopic Changes in Orthokeratinizing Stratified Squamous Cell Epithelia of the cpd Mouse

Changes Skin Ear Tail Footpads Tongue Gingiva Esophagus Forestomach

Hyperkeratosis +++* - - - + + + +
Parakeratosis ++ - - - - - - -

Hyperplasia +++ - - - + + ++ ++
Single cell death ECt ++ - - - + + ++ ++
Granulocytes ++ - - - + + ++ +

* Semiquantitative scoring key: - absent; + mild; ++ moderate; +++ severe.
t EC-epithelial cells.
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and in the draining lymph nodes. The hyperplastic
-1_z __,-A1A ;, - - -h- Aana intiammatory cnanges in tne esoprnagus auiu

forestomach were less severe than in the younger
mice.

BrdU-labeling

In normal skin, BrdU-labeling was limited to a few
basal epidermal cells and hair matrix cells. The
number of labeled nuclei was higher in the esopha-
gus and forestomach. BrdU-positive nuclei were
greatly increased in number in the basal layer of the
epidermis (Figure 6) and the hair follicles of cpd
mice. Positive nuclei were also found in suDrabasal

Figure 3. Hyperkeratosis, acanthosis, intraepithelial spongiform pus - %I - - - .r-
tules, and mixed inflammatory cell infiltration in the esophagus ofa keratinocytes. A few nuclei of dermal cells, includ-
cpd mouse (HPS, 260x). ing endothelial cells of dermal capillaries and mast

cells, were BrdU-positive in cpd mice. There was
also a significant increase of BrdU-positive nuclei in
the esophagus and forestomach (Figure 6).

Immunohistochemistry

la and NLDC-145 expression in normal skin was
limited to Langerhans cells in the epidermis and
scattered, poorly defined dendritic cells in the der-
mis. An increased number of la-positive cells was
present in the epidermis of cpd mice (Figure 7).

Figure 4. Liver ofa cpd mouse with mixed inflammatory cell infiltra- They were either round and NLDC-145-negative
tion ofa portal area and adjacent to a central vein ( f (HPS, 94x). (macrophages) or dendritic and NLDC-145-positive

(I onnrlrh-rnQ r-inIcQ A4n inororin-iri n imhinr rof I-q-kL-cl I GIt:I lG.l 1 t_ZIJ Ail 11 1aW1W>oVU IUI IuJf VI ICt-

positive cells was also present in the dermis, but
there was no evidence of la expression on kerati-
nocytes or endothelial cells. Most leukocytes in the
dermis and epidermis were Mac-i-positive (Figure
8) and weakly LFA-1-positive. MEL-14 (L-selectin)
reactivity was virtually undetectable in skin sections,
although T lymphocytes reacted positively in frozen
sections of lymph nodes using the same dilution

400
Figure 5. Intervertebral joint of cpd mouse with mixed inflammatory
cells in the synovia and perisynovial connective tissue and proteina-
ceous material in the synovial space (arrou) (HPS, 250X). 2 300

affected) than in the male mice (five of 23 affected). . 200
There was no evidence of cartilage damage in any 8
of the examined joints. Other tissues were normal. o

The lesions in five mice (two male and three fe- a
male) of 28 to 30 weeks of age were essentially the*1- 4.1 ... -.. ,nsame as in the younger mice. In the skin, tewer neu-
trophils were present in the epidermis and dermis. skin car esophagus stomach

Dendritic cells with small melanin granules ap- E C57BL/Ka cpd

peared in the epidermis and dermis, and heavily Figure 6. Number of Brdt]-positive cells per cm basement membrane
in C57BL/Ka and cpd mice. The bars represent mean ± SEM offive

laden melanophages were present in the dermis mice. *P< 0.05.

I
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Figure 7. Ia-positive cells in the epidermis and dermis of a cpd
mouse (indirect immunoperoxidase with hemnatoxylin counterstain,
300X).

Figure 8. Mac-I-positive cells in the skin of a cpd mouse (indirect
immunoperoxidase with hematoxylin counterstain, 300X).

(not shown). CD3-positive cells (T lymphocytes)
were occasionally observed in the epidermis and
were absent from the dermis of normal syngeneic
control mice. Few CD3-positive cells were present
in the epidermis and dermis of cpd mice.

ICAM-1 was weakly expressed on endothelial
cells of blood vessels in the deep dermis of normal
skin. In cpd mice, ICAM-1 was strongly expressed
on basal keratinocytes and on endothelial cells of
dermal blood vessels (Figure 9). The intensity of
staining in the epidermis decreased rapidly toward
the stratum corneum. Lack of staining with anti-
mouse IgG antiserum indicated that there was no

Figure 9. ICAM-1 expression on keratinocytes and enidothelial cells
in the skin of a cpd mouse (indirect immunoperoxidase u'ith hema-
toxvlinz counterstain, 156x).

deposition of immunoglobulins or immune com-
plexes in the epidermis and basement membrane.

Mast Cells

In normal skin, a few mast cells (40.6 ± 7.8/mm2)
were present in the dermis as revealed by toluidine
blue staining. Their number was significantly in-
creased in the affected skin of 6- to 8-week-old cpd
mice (171.3 + 27.1/mm2) and even further in-
creased in the 28- to 30-week-old mice (594 ±
110.4/mm2). Although the mast cells were often in
close apposition to the basal membrane, they were
never observed in the epidermis.

Corticosteroid and CsA Treatment

Systemic treatment of cpd mice with 5 and 10
mg/kg triamcinolone resulted in a considerable im-
provement within 4 weeks. The skin became much
thinner, there was no scaling, and the mice did not
appear pruritic. Light microscopically, hyperkerato-
sis and parakeratosis were mostly absent. The
thickness and BrdU incorporation of the epidermis
and esophageal and forestomach epithelium were
significantly reduced (Figure 10). Single cell death
of keratinocytes was only rarely present. Inflamma-
tory cells had disappeared from the epidermis,
were markedly reduced in the dermis of mice
treated with 5 mg/kg triamcinolone, and virtually ab-
sent from the dermis of mice treated with 10 mg/kg.
This was confirmed immunohistochemically by the
reduced number of cells staining for la-positive and
Mac-i-positive cells in the 5-mg/kg group and ab-
sence of such cells in the 10-mg/kg group. ICAM-1
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Figure 10. Effect of corticosteroid (triamcinolone) treatment on the
epidermal and epithelial thickness (A) and on the number of BrdU-
positive cells (B). Bars indicate mean + SEM offour mice. * P < 0.05
(treatment vs. control), P < 0.05 (5 mg/kg vs. 10 mglkg).

expression on keratinocytes was greatly reduced,
but still high on endothelial cells in the 5-mg/kg tri-
amcinolone group. ICAM-1 was virtually absent
from endothelial cells and keratinocytes in the 10-
mg/kg group. Inflammatory lesions in the internal or-

gans (esophagus, forestomach, liver, lung, joints) of
the 5-mg/kg group were diminished, and they had
completely disappeared in the 10-mg/kg group.

Systemic treatment with 15 and 100 mg/kg CsA
for 4 weeks did not result in any noticeable im-
provement of the skin condition either clinically or

histologically, except for increase of hair growth
over the affected skin. The latter is a well-
established effect of CsA treatment7 and indicates
that the concentration of CsA in the skin had
reached adequate levels.

Hemopoietic Cell Transfer

Injection of a combination of bone marrow cells and
spleen cells or a large number of only spleen cells
from cpd mice into lethally irradiated or neonatal
syngeneic C57BL/Ka mice did not result in the ap-

pearance of cpd lesions for up to 2 months after
transfer. This indicates that the disease does not re-

sult from abnormal function of mature T cells or

cells of the myelomonocytic lineage.

Discussion

The mutation in the C57BL/Ka mouse that is the
subject of this report results in a unique combina-
tion of proliferative and inflammatory lesions in the
skin and proximal digestive tract and inflammatory
reactions in a limited number of internal organs. The
lesions develop at a young age and persist
throughout the allowed lifespan of the animals. The
chronic nature of the lesions and their persistence
should make this a valuable model to study various
aspects of chronic inflammatory disease and to
evaluate the efficacy of novel therapeutic strategies.

Both spontaneously occurring and experimentally
induced diseases with some resemblance to the
cpd lesions have been described in mice. Two
mouse mutants with skin lesions characterized by
epidermal hyperproliferation and scaling are the
asebia (ab/ab) and the flaky skin (fsn/fsn) mouse.
The asebia mouse has hypoplastic sebaceous
glands and develops a dermatitis with progressive
alopecia and scaling.8 Rupture of lipid-laden mac-
rophages that have infiltrated the dermis is thought
to be the cause of the inflammatory reaction and fi-
nally results in epidermal hyperproliferation.9 The
nature of the inflammatory reaction and the time-
course of lesion development are clearly different
from the cpd mouse. The flaky skin mouse is char-
acterized by progressive hypochromic anemia and
hyperproliferative dermatitis.2 The published infor-
mation on this mutant is still limited, but it seems to
be different from the cpd mouse, because the infil-
trating cells are mostly mononuclear and because
of the absence of follicular keratosis and single cell
death of keratinocytes. Various transgenic mice
have been described with proliferative skin le-
sions. 10-13 The distribution and light microscopy of
these lesions do not resemble the skin lesions of the
cpd mouse. A diet deficient in essential fatty acids
causes dermatitis characterized by hyperprolifera-
tion and scaling.14 However, in contrast to the skin
of cpd mice, there is marked hypergranulosis and
absence of parakeratosis and single cell death of
keratinocytes. Finally, a spontaneous, idiopathic
dermatitis occurs in middle-aged and aged mice of
the C57BL/6 and related background.15 Indeed,
such dermatitis also occurs in our colony of aged
C57BL/Ka mice (HogenEsch and Zurcher,
unpublished observations). However, this disease is
different from the cpd mutation, as it only emerges
in older mice, is more ulcerative in nature, and has
a different distribution.
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The most common chronic dermatitis in man that
is characterized by hyperproliferation of kerati-
nocytes and epidermal infiltration of neutrophils is
psoriasis.16 The pathogenesis of psoriasis has not
been resolved and is still the subject of intense re-
search efforts. Virtually every parameter that has
been studied was found to be altered, and presum-
ably many of them are epiphenomena.16'17 Recent
studies have focused on the role of T lymphocytes
and keratinocytes.18 19 Autoreactivity of T lympho-
cytes to some epidermal component may be the ini-
tiating event, and these T cells may activate kerati-
nocytes to secrete a variety of cytokines and growth
factors.18 Persistent release of autocrine growth fac-
tors and insensitivity to growth-inhibitory factors of
keratinocytes may cause hyperproliferation as well
as infiltration of neutrophils and dermal inflamma-
tion.19 Still another hypothesis locates the primary
defect of psoriasis in fibroblasts.20 This is based on
the observations that fibroblasts from psoriatic le-
sions, but not from control skin, induce hyperprolif-
eration of keratinocytes under certain experimental
conditions.20'21 The lesions of the cpd mouse differ
from psoriatic lesions in several respects, such as
the paucity of T lymphocytes in the dermal infiltrate
and the presence of follicular keratosis and dys-
keratosis. Furthermore, the cpd lesions did not re-
gress upon CsA treatment in contrast to the efficacy
of CsA in the treatment of psoriasis. Although the
pathogenesis of cpd seems to be different from the
pathogenesis of psoriasis, further studies of the cpd
mouse may provide data relevant to certain aspects
of psoriasis, such as the mechanism of neutrophil
infiltration into the epidermis and the role of cyto-
kines and their receptors in the inflammatory pro-
cess.

Keratinocytes can be induced to secrete a vari-
ety of pro-inflammatory cytokines. In this manner,
they can elicit an inflammatory reaction in the un-
derlying dermis upon injury.22 Conversely, prolifera-
tion and differentiation of epithelia is, at least in part,
determined by the subepithelial mesenchymal tis-
sue, and dermatitis is frequently associated with hy-
perproliferation of keratinocytes.23 Thus, the primary
cellular component responsible for both abnormal
epithelial proliferation and subepithelial inflamma-
tion may reside either in the epithelium or in the
subepithelial connective tissue. Failure to transfer
the cpd lesions using hemopoietic cells from spleen
or bone marrow indicates that such cells do not
play a primary role in the pathogenesis. It is unlikely
that the failure to transfer adoptively the disease
with spleen and bone marrow cells was caused by

rejection of the grafted cells. The syngeneic donor-
recipient combination obviously does not allow a
verification of the chimeric status, but the dose of
total body irradiation and the numbers of cells in the
graft exclude the possibility of endogenous he-
mopoietic reconstitution in these experiments.24 The
absence of immunoglobulin deposition in the epi-
dermis or basement membrane, the paucity of T
lymphocytes, and the lack of response to CsA fur-
ther indicate that (auto)immune phenomena are not
primary mechanisms in the development of cpd le-
sions. Skin grafts using cross-recombinations of
dermis and epidermis of cpd and syngeneic control
mice may determine whether the cell that is primar-
ily responsible for the cpd lesions resides in the
dermis or epidermis. Although the skin lesions of
the cpd mouse are the most striking and clinically
obvious, there were also inflammatory foci in the
lungs, liver, and in joint-associated tissues. These
lesions could represent secondary phenomena re-
sulting from massive cytokine release from kerati-
nocytes, or they may point toward a generalized
systemic condition.

Immunohistochemical studies of cpd mice re-
vealed an increase of la-positive cells in the epider-
mis and lack of la expression on keratinocytes. The
precise nature of the la-positive cells is not known.
The round cells in the basal layer lacked the den-
dritic cell-specific antigen recognized by NLDC-
145, suggesting that these cells are not Langerhans
cells and are probably macrophages. In psoriasis,
an increase of major histocompatibility class 11-
positive cells has been observed,25 whereas the
number of true Langerhans cells has been reported
to be either unaltered25 or decreased.26

Most inflammatory cells in the dermis and epider-
mis stained strongly for Mac-1 and weakly for
LFA-1. This is consistent with these cells being
macrophages and neutrophils. Both LFA-1 and
Mac-1 are ligands of ICAM-1.27 29 Increased
ICAM-1 expression on keratinocytes and endothe-
lial cells is common in many inflammatory skin dis-
eases30'31 and was also observed in the cpd le-
sions. ICAM-1 LFA-1 and ICAM-1 Mac-1
interactions may thus play a role in the infiltration of
macrophages and neutrophils in these skin lesions.
The expression of ICAM-1 is up-regulated by
interferon-y, interleukin-1, and tumor necrosis
factor-a (TNF-a), with combinations of these cyto-
kines often having synergistic effects.2732 The ab-
sence of la expression on keratinocytes and endo-
thelial cells suggests that interferon-y does not play
a role in this inflammatory condition, because
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interferon-y is the major inducer of la expression on
these cells.33'34 This is consistent with the small
percentage of T lymphocytes in the inflammatory in-
filtrate. The gplOO antigen recognized by MEL-14 is
present on circulating neutrophils and plays a role
in the initial adherence to endothelial cells.35 Upon
adhesion, the MEL-14 antigen is shed from the cell
surface, thus permitting the penetration of the endo-
thelium, and extravasated neutrophils consequently
have a low expression of MEL-14 antigen.36 This is
consistent with our failure to find positive staining
with MEL-14 on the surface of neutrophils in the der-
mis and epidermis. Studies to evaluate the role of
these adhesion molecules in this disease by in vivo
treatment with monoclonal antibodies are under
way.

Single cell death of keratinocytes was variably
present and often prominent in the lesions of cpd
mice. Single cell death of keratinocytes in combina-
tion with mild epidermal hyperplasia is a prominent
feature of graft-versus-host disease.37'38 Similar
changes can be induced by subcutaneous infusion
of TNF-a in susceptible strains of mice,39 and, in-
deed, TNF-a has been shown to be an effector
mechanism in graft-versus-host disease.40 Murine
keratinocytes can secrete TNF-a under certain con-
ditions,41 but we have not been able to detect any
TNF-a activity in supernatants of cultured kerati-
nocytes from normal or cpd skin in vitro (Gijbels
and HogenEsch, unpublished observations). Other
possible sources of TNF-a in cpd skin include infil-
trating macrophages and dermal mast cells.42
We observed an increased number of dermal

mast cells. Increased numbers of mast cells have
also been reported in idiopathic and experimentally
induced chronic dermatitis in C57BL/6-related
mice,43 in asebia mice,9 and in psoriasis in man.44
Proliferation of mast cells seems to be a common
feature of chronic dermatitis, and these cells may
play a role in the pathogenesis of the disease when
present in such large numbers. The cpd mice may
provide a useful model to gain more insight into the
mechanisms regulating dermal mast cell prolifera-
tion in vivo.

The proliferation and inflammation associated
with the cpd mutation were responsive to high-dose
corticosteroid treatment. Corticosteroids are strong
suppressants of the function of various inflammatory
cells, including neutrophils and macrophages, and
of the production of several cytokines.45 The de-
crease of epithelial thickness after corticosteroid
treatment could in part be explained by a decrease
of proliferation assessed by BrdU incorporation. The
reduced rate of proliferation could be the result of

the attenuation of dermal inflammation, thereby re-
moving the stimulus for epidermal proliferation. In
addition, corticosteroids are known to have a direct
antiproliferative effect on keratinocytes.6 Corticos-
teroids also cause a shrinking of cellular volume of
keratinocytes,7 thus providing an additional expla-
nation for the reduction of epithelial thickness.

In summary, we have described a new mouse
mutant with chronic proliferative inflammation of
most orthokeratinizing stratified squamous cell epi-
thelia. The skin lesions undergo nearly complete re-
gression upon treatment with corticosteroids for 4
weeks, but do not respond to CsA. This mouse
should be a useful model to study chronic inflam-
matory reactions in general and chronic dermatitis
with hyperproliferation of keratinocytes in particular.
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