
American Journal ofPathology, Vol. 144, No. 2, February 1994
Copyright © Amenican Societyfor Investigative Pathology

Animal Model
Canine Cutaneous Epitheliotropic Lymphoma
(Mycosis Fungoides) Is a Proliferative Disorder
of CD8+ T Cells
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Canine epitheliotropic lymphoma (mycosis fun-
goides [MF]) is a spontaneous neoplasm of skin
and mucous membranes that occurs in old dogs
(mean age 1I years) and has no breed predilec-
tionm The lesions evolvefrom apatch-plaque stage
with prominent epitheliotropism into a tumor
stage in which distant metastasis is observed. Un-
like human MF, epitheliotropism ofthe lymphoid
infiltrate is stiUprominent in tumor stage lesions.
Tropism of the lymphoid infiltrate for adnexal
structures, especialy hairfoUicles and apocrine
sweatglands, was marked in aUclinical stages of
canine MF. Twenty-three cases ofMF were sub-
jected to extensive immunophenotypic analysis in
which reagents specficfor canine leukocyte an-
tigens andfreshfrozen tissue sections ofthe ca-
nine lesions were used Canine MFproved to be a
TceUlymphoma in which the epitheliotropic lym-
phocytes consistently expressed CD3 (22 cases)
and CD8 (19 cases); CD3+CD4-CD8- lymphocytes
predominated in the remaining 4 cases. In this re-
gard, canineMF clearly differedfrom human MF
in which a CD4 immunophenotypepredominates
in the T ceUl infiltrate. Lack of expression of
CD45RA by epitheliotropic T ceUs and intense ex-
pression of a 131 integrin (VLA-4-like) suggested
that T ceUs in canine MF belonged to the memoty
subpopulation, as has been suggestedfor T ceUs
in human MF. Pan-T ceU antigen loss or discor-
dant expression alsoproved usefulasphenotypic
indicators ofneoplasia in canine MF. Loss ofCD5

was observed in epitheliotropic T ceUs in 63% of
cases. Discordance of neoplastic T ceU Thy-i ex-
pression wasfrequently observedbetween epithe-
lial and dermal or submucosal compartments. We
conclude that canine MF stiU represents a useful
spontaneous animal disease model ofhuman cu-
taneous Tcel lymphoma, despite the immunophe-
notypic differences, which may reflect opera-
tional differences between human and canine
skin-associated lymphoid tissue. (Am J Pathol
1994, 144:421-429)

Cutaneous T cell lymphomas (CTCLs) are a heter-
ogeneous group of disorders usually of peripheral T
lymphocytes. Mycosis fungoides (MF) and the re-
lated S6zary syndrome account for most cases of
CTCL and are distinguished from other peripheral T
cell lymphomas that affect skin by virtue of the
prominent epidermotropism of the T cell infiltrates in
MF.1-4 Other rare forms of epidermotropic T cell
lymphoma also exist. Pagetoid reticulosis or
Woringer-Kolopp disease is a form of cutaneous
lymphoma in which the lymphoid infiltrate is almost
entirely confined to the epidermis.56 Recently, it
was suggested that some cases of pagetoid reticu-
losis represent lymphomas of -y T cells, and more
than 50% of cases of pagetoid reticulosis have ei-
ther a CD4-CD8- or CD8+ phenotype.67 Classical
MF, by contrast, represents a tumor of af3 T cells
that express CD4 in approximately 90% of cases;
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malignant T cell expression of CD8 occurs only in
occasional cases of MF.8-10

Epidermotropic cutaneous lymphoma has been
recognized in dogs for at least two decades, and
diseases similar to MF, Sezary syndrome, and pag-
etoid reticulosis have been described.11-20 Lesions
closely resemble the equivalent human diseases
except for the marked tropism of the lymphoid infil-
trate for the hair follicles and apocrine sweat glands
in canine epidermotropic lymphoma. This tropism is
maintained even in tumor stage lesions. It is gener-
ally accepted that the cytological features of canine
MF are more variable than human MF, and many
more cases of canine MF present with histiocytic
cytomorphology than is typical of human MF.1317
The clinical disease course of canine MF is approxi-
mately 1 to 4 years from initial diagnosis. Progres-
sion from erythematous patches and plaques to
nodules and tumors, which are initially localized to
the skin and mucous membranes but eventually
metastasize to lymph nodes and beyond, is ob-
served in canine MF.

Classification of canine MF as a T cell disorder
has been largely by inference. Despite recent re-
ports that document aspects of the immunopheno-
typic characteristics of canine MF, 18 19 detailed im-
munophenotypic studies have not been published.
This is due primarily to the lack of well character-
ized immunological markers of T cell differentiation,
and also the need to have unfixed, snap-frozen tis-
sue for meaningful evaluation. We have recently
produced a number of monoclonal antibodies
(MAbs) specific for antigens expressed by canine T
cells and other leukocytes.21 23 The development of
these reagents was driven by the need to accu-
rately phenotype lymphoid and histiocytic disorders
of dogs, particularly those associated with skin and
mucous membranes. In this report, we present a
phenotypic analysis of 23 cases of canine MF from
which fresh tissue was harvested by surgical bi-
opsy. We show that canine MF is a T cell lymphoma
that is similar in many respects to human MF; how-
ever, the T cells in most cases of canine MF express
CD8 rather than CD4.

Materials and Methods

Canine Patients

Fresh surgical biopsy specimens were obtained
from 23 canine patients. Eighteen patients were re-
ferred to the Veterinary Medical Teaching Hospital
of the University of California at Davis for evaluation
and treatment of their lesions. Fresh surgical speci-

mens were also received from 5 additional canine
patients of several California private veterinary hos-
pitals and from the University of Tennessee, School
of Veterinary Medicine, Knoxville, TN. All specimens
were obtained with the informed consent of the pet
owners. Dogs had not received chemotherapy for
their lesions before initial surgical biopsy.

Tissue Handling and
Immunohistochemistry

The tissues were collected over an 8-year period
from 1985 to 1993, and snap-frozen tissue speci-
mens were maintained in a frozen tumor bank at
-80 C. Tissues were fixed in 10% neutral buffered
formalin or snap-frozen in dichlorodifluoromethane
(Freon 22) or isopentane, which were cooled to their
freezing point in liquid nitrogen. Formalin-fixed tis-
sue was embedded in paraffin and 6-pm sections
were stained with hematoxylin and eosin. Frozen
sections were stained by a streptavidin-horseradish
peroxidase method according to manufacturer's in-
structions (Zymed, South San Francisco, CA) and
previously described methods.21 23 MAb specific
for canine leukocyte antigens were applied to sec-
tions as diluted tissue culture supernatants based
on previous titration on frozen sections of normal
canine spleen, tonsil, skin, or tongue. Negative con-
trols consisted of substitution of specific MAb with
isotype-matched nonspecific MAb (MOPC-21 IgGl,
Sigma Chemical Co., St. Louis, MO) or omission of
primary antibody. MAbs were also applied to frozen
sections of normal spleen to ensure that specific
and characteristic staining of leukocyte populations
was achieved in each staining run. It should be
noted that the epitopes recognized by most of the
MAbs were destroyed by formalin fixation and par-
affin embedding. Hence, it was imperative to use
only snap-frozen tissues to develop a detailed im-
munophenotype of the epitheliotropic lymphocytes
in canine MF.

Antibodies

MAb specific for canine leukocyte antigens were
developed in the author's laboratory (PFM). They in-
cluded MAb specific for CD1a (CA9.AG5, IgGl),
CD1c (CA13.9H11, IgGl), CD4 (CA13.1E4, IgGl),
CD8 (CA9.JD3, IgG2a), CD11a (CA11.4D3, IgGl),
CD11c (CA11.6A1, IgGl), CD18 (CA1.4E9, IgGl),
CD21 (CA2.1D6, IgGl), CD45RA (CA4.1D3, IgGl),
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CD45 (CA12.10C12, IgGl), very late activation
antigen-4 (VLA-4) or CD49d (CA4.5B3, IgGl), Thy-1
(CA1.4G8), and major histocompatibility complex
class 11 (CA2.1C12, IgGl). These antibodies have
been extensively characterized by immunohistol-
ogy, multiparameter flow cytometry, antigen immu-
noprecipitation, and in some instances by functional
studies.21-23 A rat anti-canine

IgG2a) was characterized and generously provided
by Steve Cobbold (Cambridge University, Cam-
bridge, UK). Canine CD3e was detected by a poly-
clonal rabbit antiserum (Dako, Carpinteria, CA),
which was specific for a 13-mer peptide sequence

from the cytoplasmic domain of human Cd3E.24 This
sequence is highly conserved in several mamma-

lian species including canine.25 The antipeptide an-

tiserum is a reliable marker of T cell differentiation in
both frozen and paraffin sections of canine tissues
(PFM, unpublished observations) and in the tissues
of various mammalian species.26

Results

Clinical Summary

MF occurred in old dogs whose mean age was 11
years (range 6 to 14 years). Thirteen cases oc-

curred in females and 10 cases occurred in males.
A breed predisposition was not apparent, because
19 breeds were represented in the 23 cases. The
lesions were present on average for 7 months be-
fore diagnosis, and the total course of the disease
varied from 3 months to more than 48 months. The
lesions were characterized by one or more of the
following: erythema, scaling, pruritus, depigmenta-
tion, alopecia, plaque formation, ulceration and
crusting, and nodule or mass formation. Lesions oc-

curred throughout the skin and also had a marked
tendency to involve either mucocutaneous junctions
(lips, eyelids, anorectal junction, or nasal planum) or

oral cavity (gingiva, palate, or tongue) in 17 cases

(Table 1).

Table 1. Selected Clinical and Pathological Features in Canine MF

Case
No.

Age
(year)Breed

1 Lhaso apso

2 Chesapeake bay retriever
3 Shetland sheep dog
4 Springer spaniel

5 Beagle

6 Poodle mix
7 Golden retriever
8 Labrador retriever

9 Dalmation mix

10 Labrador retriever

1 1 Cockapoo
12 Briard
13 German shepherd mix
14 Spaniel

15 Australian shepherd

16 Cocker spaniel
17 Shih tzu
18 Boxer

19 Labrador retriever

20 West highland white
terrier

21 German shepherd
22 Golden retriever
23 Retriever cross

12

10
14

Lesion
TopographySex

M

M

F

Skin, tongue, gingiva, nasal philtrum,
blood (Sezary syndrome)

Skin (pagetoid features)
Lips

12 F Skin

12 F Skin, lips, gingiva, hard palate

10
10
6

12

6

14
10
9
13

12

10
12
13

1 1
11

1 1
12
13

F

M

F

F

F

M

M

F
M

F

F

F

M

F

M

F

M

M

Skin, lips
Skin, diaphragm (metastasis)
Skin, lips, nasal philtrum (pagetoid

features)
Skin, buccal mucosa, submandibular
LN

Skin, tongue, gingiva, lips (pagetoid
features)

Buccal mucosa, lips
Lip, submandibular LN
Skin
Skin, lips, buccal mucosa,

submandibular LN, lung, kidney
Nasal skin, eyelids (pagetoid

features)
Lips (pagetoid features)
Skin, lips, submandibular LN
Buccal mucosa, lips, eyelids,
submandibular LN

Skin

Nasal philtrum

Lower lip margins
Skin
Anorectal junction, skin

Stage Cytology

PP hyperchr

PP hyperchr
PP/TS hyperchr/

histiocytic
PPITS hyperchr/

histiocytic
PP/TS hyperchr/

histiocytic
TS histiocytic
PP/TS hyperchr
PP hyperchr

PP/TS hyperchr/
histiocytic

PP hyperchr

TS histiocytic
TS histiocytic
TS histiocytic
TS histiocytic

PP hyperchr

PP hyperchr
TS histiocytic
TS histiocytic

PP hyerchr
TS histiocytic

PP

TS
TS

hyperchr
histiocytic
histiocytic

Tropism

epi/ad

EPI/AD
EPI/AD

epi

EPI/AD

EPI/AD
EPI/AD
EPI/AD

EPI

EPI/AD

epi
epi/ad
AD
EPI/AD

EPI/AD

EPI/AD
epi/AD
epi

EPI/AD
epi/ad

EPI/AD
epi/AD
EPI/AD

Stage: PP, patch-plaque stage; TS, tumor stage; LN, lymph node. Cytology: hyperchr, small to medium sized lymphocytes with hyperchro-
matic, convoluted nuclei; histiocytic, large lymphocytes with vesicular nuclei and a histiocytic appearance. Tropism: EPI, marked tropism for
epidermis; epi, some tropism; AD, marked tropism for adnexae (hair follicles, adnexal glands); ad, some tropism.
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Morphological Features of Canine MF

The lymphoid infiltrate had tropism for the epidermis
or oral mucosa in 22 of 23 cases (Table 1). Epi-
theliotropic lymphocytes were either diffusely dis-
tributed within the epithelium (Figures 1 and 2) or
formed discrete focal aggregates (Pautrier's micro- * e
aggregates) in some instances (Figure 3). In 5 A'
cases, the lymphoid infiltrate was almost entirely
confined to the epidermis (Figure 2), save for a few p<
superficial dermal reactive cells of varied lineage *
(lymphocytes, plasma cells, histiocytes, and occa- * J 4
sional granulocytes). These lesions resembled ' ;N,,,, ^
those observed in disseminated pagetoid reticulo- 3 ^
sis in humans. The dermal lymphoid infiltrate in the
remaining 18 cases occupied the papillary dermis ('yj,
and often obscured the dermal-epidermal junction r
(Figures 1 and 2). If the dermal infiltrate did not ex- -_
tend deeper, the lesions were classified as plaque *s 1M. -v
sae2,4 Pthsaelsoshdsatsprial Figure 2. Case 8: canine ME with pagetoid features. Hyjperchromaticstage.24 Patch stage lesions had scant superficial Vlymphoid infiltrate is almost entirely confined to the epidermis (H&E,

dermal infiltrates and usually occurred simulta- x240).
neously with plaque lesions in multiple biopsy
specimens from the same patient. In 15 cases the =
lymphoid infiltrate extended to the reticular dermis
and subcutis. These lesions were classified as tu-
mor stage lesions,2 and lymph node metastases
were observed in 3 of these cases at the time of
presentation. Lymph node metastases developed
with disease progression in 2 additional cases. Tu-

iS ~~~~~~~~~~~~~~~~
lg ~~~~~~~~~~~~~~Figure3. Ca.se 9: canine ME tuorstage lesion. Lymphoid infiltrate

Xt A@ ii z i s l ~~~~~~~~~withhistiocytic cytomorphologyv has partially effaced the dermoepi-

ttv_J-^_*,; ii i D I! it I ~~~~theepidermis (H&F, x240) .

* >~~~~~~~~~~~~mor stage lesions co-existed with plaque lesions in

e. _*J_2, ^ ^+ jF_ ~~~~~somepatients (Table 1). Lymphoid infiltration of ad-
!PK-13b*;* > ~~~~~~~~nexal structures that included hair follicles, apocrine

t* ~ 4M- >@ im V < sweat glands, and sebaceous glands was ob-

g~ ~ ~~I31si ~ b served in virtually all cutaneous lesions. Adnexal in-
< bet *2~~ filtration was usually of considerable extent even if

'a^- * .: u^'epidermotropism was relatively inconspicuous.
Figure 1. Case 7: canine ME plaque stage lesion. Hyperchromatic The lymphoid infiltrates in canine MF were cyto-
pleomorphic small to mediuim-sized lymphocytes have infiltrated the logically more diverse than those described for hu-
lou'er epidermis and partially effaced the dermoepidermal junction
(H&E, X490). man MF However, if the cytological features of the
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lymphoid infiltrates were correlated with the stage of
the disease, then the lymphoid infiltrates of canine
MF more closely matched those described for hu-
man MF, particularly in the patch-plaque stage. For
instance, patch-plaque lesions in 13 cases were in-
filtrated by small to medium-sized hyperchromatic
lymphocytes that had scant cytoplasm and marked
nuclear contour irregularity (Figure 1). These lym-
phocytes closely resembled those described in hu-
man patch-plaque stage MF. However, tumor stage
lesions in 14 of 15 cases were infiltrated by larger
lymphoid cells with a histiocytic appearance. These
cells possessed moderately abundant, eosinophilic
to amphophilic cytoplasm and large oval to folded
nuclei (Figure 3).

Immunophenotypic Features of Canine
MF

The phenotypic characteristics of canine MF were
strikingly different from those of human MF (Figure
4). In 19 of 23 cases, both the epitheliotropic lym-
phoid infiltrates and the dermal or submucosal lym-
phoid infiltrates in the lesions were predominantly
CD8+ (Figures 5 and 6). CD4 expression in the le-
sions was confined to dermal or submucosal reac-
tive cells, which most often were macrophages and
dermal dendritic cells. Epitheliotropic and dermal or
submucosal CD4+ lymphocytes were scarce in
most lesions from these cases (Figure 7). In the re-
maining 4 cases, the epitheliotropic lymphocytes

MHC II

VLA-4

CD45RA

CD45

CD21

CD1 8

THY-1E

THY-1D

CD8

CD5

CD4

CD3

. ..' ..

Figure 5. Case 8: CD8 expression by epidermotropic T cells in canine
MF with pagetoidfeatures (immunoperoxidase, hematoxylin con nter-
stain, X490).

I

I -
~ ~

2 0 4 0 5 0 0
1

10 20 30 40 50 60 70 80 90 100

Tumor phentype -% ofcases studied
Figure 4. Leukocyte antigen expression by the lymphoid infiltrate in
canine MF. Thy-1I' and Thy-]il refer to Thy-1 expression in the der-
mis and epidermis, respectively.

Figure 6. Case 9: CD8 expression by epidermotropic and dermal T
cells in tumor stage MF (immunoperoxidase, hematoxylin counter-
stain, X490)

expressed neither CD4 nor CD8. Scattered lympho-
cytes that expressed either CD4 or CD8 occurred
usually at low frequency among the dermal lym-
phoid infiltrates in these 4 cases, and probably rep-
resented reactive lymphocytes.
The lymphoid infiltrates in virtually all cases in-

tensely expressed CD45, (31 integrin (VLA-4-like),
and (2 integrins (detected by anti-CD18) (Figure 4).
Lymphocyte expression of CD45RA was observed
in seven cases. In six cases CD45RA+ lymphocytes
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Figure 7. Case 8: Paucity of CD4 expression by epidermotropic T
cells in canine MF with pagetoid features. An aggregate of normal,
pigmented melanocytes in the epidermis should not be confused with
positive staining (immunoperoxidase, hematoxylin counterstain,
X 240).

Figure 8. Case 23: Tumor stage MF stainedfor CD3. Note the promi-
nent epidermotropism and the Grenz zone between the dermal infil-
trate and the epidermis (immunoperoxidase, hematoxylin counter-
stain, x240).

Discussion
were minor populations that were confined to the
dermis. Epitheliotropic, CD45RA+CD8+ lympho-
cytes were observed only in case 1; the dermal lym-
phoid infiltrate was also diffusely CD45RA+CD8+ in
this instance.

Discordant pan-T cell antigen expression was ob-
served in canine MF. Both epitheliotropic lympho-
cytes and dermal or submucosal lymphocytes were

CD3+ in all 22 cases examined (Figure 8). However,
CD5 expression was observed in epitheliotropic
lymphocytes in only 7 of 19 (37%) cases examined.
Dermal lymphocytes were also diffusely CD5+ in
these cases. Only scattered dermal or submucosal
CD5+ lymphocytes were observed in lesions from
the remaining cases. The absence of CD5 expres-

sion was seen at a similar frequency in patch-
plaque and tumor stage lesions. The pattern of
Thy-1 expression was even more curious. Thy-1 is
expressed by all peripheral T cells in the dog.21'23
Dermal or submucosal lymphocytes expressed
Thy-1 in 19 of 22 cases examined. However, epi-
theliotropic lymphocytes expressed Thy-1 in only 10
of these cases.

Accessory cell populations (macrophages and
dendritic cells) were abundant in 14 of 23 cases.

These cells were recognized by their abundant cy-

toplasm or dendritic processes in sections stained
with MAb specific for one or more of the following
antigens: major histocompatibility complex class 11,
CDla, CDlc, CD4 (weak), CD18, and Thy-1.

In the past, there has been interest in documenting
the comparative morphology of canine non-
Hodgkin's lymphomas to explore the potential of uti-
lization of spontaneous lymphomas in dogs as a pre-
clinical model system for the evaluation of various
therapeutic modalities in human lymphomas.27 29

Also, numerous sporadic reports have documented
the existence of canine epitheliotropic lymphomas
that appeared to cover the spectrum presented by
MF and pagetoid reticulosis in humans.'1 1-18 More de-
tailed analysis of these canine lymphomas has pre-
viously been thwarted by the unavailability of MAbs
specific for canine T cell antigens and the lack of mo-
lecular genetic probes specific for canine T cell re-

ceptor and immunoglobulin gene segments. In this
study, we have unequivocally established that canine
MF is a T cell lymphoma in which the epitheliotropic
lymphocytes consistently express CD3 and CD8. In
this regard, canine MF clearly differs from human MF
in which a CD4 immunophenotype predominates in
the T cell infiltrate.2 10

The clinical and pathological features of canine
MF largely resemble the human disease.2'45 The
major differences are that epitheliotropism of the
lymphoid infiltrate is prominent in canine tumor
stage lesions, and tropism of the lymphoid infiltrate
for adnexal structures, in particular, is marked in all
clinical stages of canine MF. Also, there is marked
variability in the cytomorphology of the lymphoid in-
filtrate in canine MF. Typical hyperchromatic, convo-
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luted nuclei were only seen in patch-plaque lesions,
whereas tumor stage lesions almost invariably ex-
hibited a histiocytic appearance. The high fre-
quency of cases (65%) that presented with tumor
stage lesions probably reflects the tendency of ca-
nine MF to progress more rapidly from patch-
plaque stage to tumor stage than is typical of hu-
man MF.
The immunophenotype of the epitheliotropic T

cells in canine MF in our cases was strikingly differ-
ent from that described for human MF. Of the 23
cases in our series, 19 cases were CD8+ and 4
cases were CD4-CD8-. We have not encountered a
case in which epitheliotropic lymphocytes ex-
pressed CD4. This situation contrasts markedly with
human MF where less than 10% of cases express a
CD8+ immunophenotype and approximately 90% of
cases express a CD4+CD45RO+CD45RA- pheno-
type.9'10 Canine MF cases, in which the T cells ex-
pressed CD4, have been described previously.19
However, in this study, much of the case material
(10 cases) was formalin fixed and paraffin embed-
ded. Fresh frozen material was available for only 5
cases; the T cell infiltrate was CD4+ in 3 cases and
CD8+ in 2 cases. Antigen retrieval of surface anti-
gens, such as leukocyte differentiation antigens, in
formalin-fixed paraffin-embedded sections has
proven to be difficult; even in successful instances
it is often incomplete. For this reason we confined
this study to sections of snap-frozen tissues from a
large number of cases to totally remove the poten-
tially confounding variables of type of fixative, time
of fixation, and antigen retrieval conditions. Hence,
we believe our canine MF phenotypic data is more
likely to be truly representative.
Human MF is a disease of CD4 memory cells that

express CD45RO and lack CD45RA.10 CD45RA ex-
pression by epitheliotropic T cells was seen in only
one case of canine MF, which implies that the re-
maining cases, which were CD45RA-, expressed a
memory cell phenotype. This impression was
strengthened by the strong expression of a canine
31 integrin (VLA-4-like) by T cells in most cases of
canine MF Memory T cells have been reported to
express high levels of adhesion molecules, which
include (31 integrins.30 Canine CD8+ T cells are di-
visible into VLA-4I0w and VLA-4high populations by
multiparameter flow cytometry,23 and CD8+VLA-
4high T cells predominate in peripheral blood of
dogs in advanced age (PFM, unpublished observa-
tions). Expression of CD45RO could not be evalu-
ated in canine MF due to the lack of reagents spe-
cific for canine CD45RO.

Even though CD4+ CTCL predominate in hu-
mans, other phenotypic patterns have been ob-
served in CTCL.6'31-34 A review of these reports
suggests that the lymphoid infiltrates in pagetoid re-
ticulosis (both Woringer-Kolopp and Ketron-
Goodman types), and in forms of MF in which
marked epidermotropism was observed, more fre-
quently expressed alternative phenotypes than
would be expected in typical MF cases. In particu-
lar, an increased incidence of CD8+ and
CD4-CD8- phenotypes was encountered. Our ca-
nine patient group, in which the lesions had paget-
oid features, may be similar to these human patient
groups. However, our remaining canine patients
with more classical MF lesions and a CD8+ T cell
phenotype contrast markedly with the vast majority
of human MF patients who have a CD4+ T cell phe-
notype.
A hierarchy of pan-T cell antigen loss has been

observed in epitheliotropic T cells in human MF and
has been used as a phenotypic indicator of T cell
neoplasia.8 In our canine MF cases, T cells ex-
pressed CD3 in all cases tested and only ex-
pressed CD5 in 37% of the cases tested. Lack of
CD5 expression was almost equally distributed be-
tween patch-plaque lesions and tumor stage le-
sions. Thy-1, which is expressed by all peripheral T
cells in the dog,23 was more often lost from epi-
dermotropic T cells (55% of cases) than from der-
mal T cells (14% of cases). This phenomenon has
been termed antigen discordance and has been
previously observed in human MF with respect to
expression of CD5, CD7, and T cell receptor-C3, al-
though this occurred in only 9% of MF patients.3'5
Expression of CD2, CD7, and T cell receptor-Co
could not be assessed in canine lesions due to the
lack of specific reagents. Our results suggest that
pan-T cell antigen loss and discordant antigen ex-
pression is more frequently seen in canine MF than
in human MF regardless of disease stage.
The existence of a canine CTCL that is similar

clinically and pathologically to human MF but differs
inversely with respect to the T cell subset involved
implies that the skin-associated lymphoid tissue
(SALT) in dogs and humans are likely to have op-
erational differences. Although the normal functions
of canine SALT have not been extensively docu-
mented, cutaneous antigen-driven responses ap-
pear to differ between dogs and humans, particu-
larly with respect to the ease of induction of contact
hypersensitivity. Experimental induction of contact
hypersensitivity in dogs with potent chemical induc-
ers is difficult to achieve without resorting to ex-
treme measures such as use of the maximization
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technique.3637 Also, clinical recognition of contact
hypersensitivity is uncommon in dogs.37 The cellu-
lar basis of this response difference is largely un-
known, although dogs possess appropriate acces-
sory cell populations, such as epidermal
Langerhans cells38 and Thy-1 + dermal dendro-
cytes,19,39 which are thought to mediate antigen
presentation to skin-seeking lymphocytes.
The balance between antigen presentation by

Langerhans cells and dermal dendrocytes may fa-
vor preferential expansion of CD8 T cells over CD4
T cells in canine cutaneous immune responses; this
would not promote development of contact hyper-
sensitivity. A model based on this premise would
predict that malignant transformation of T cells after
chronic environmental antigen exposure in aged
dogs would probably involve CD8+ T cells in prefer-
ence to CD4+ T cells. Furthermore, the CD8+
memory T cell subset should be recruited in canine
CTCL, which appears to be the case. Studies that
demonstrate a role for dermal dendrocytes in anti-
gen presentation and delineate T cell subpopulation
involvement have not been conducted in any spe-
cies to our knowledge. These would be necessary
to validate our proposed model.

Despite the immunophenotypic differences, ca-
nine MF in other respects may be a useful sponta-
neous disease model for preclinical testing of novel
therapeutic strategies, and for studies concerning
epidemiology of MF, because dogs, to an extent,
share the environment of humans. Also, canine MF
may be of value in the elucidation of the molecular
mechanisms associated with T cell homing and
tethering in epidermal and adnexal epithelial com-
partments and the abrogation of this behavior that
accompanies tumor stage lesions. The rapid clinical
progression of canine MF from patch-plaque to tu-
mor stage would facilitate these investigations. We
recently initiated these studies and have examined
f32-integrin and intercellular adhesion molecule-1
expression in our canine MF cases (TO et al, manu-
script submitted). However, further realization of
these goals awaits development of additional mark-
ers of specific canine lymphoid antigens such as T
cell receptor-ca3, T cell receptor-y8, Ki-1 (CD30), cu-
taneous lymphocyte antigen, and others.
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