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Abstract. We evaluated the expression of vimentin, S100a, and Melan A/IMART-1 (melanoma antigen
recognized by T cells 1) in seven cell lines established independently from dogs with canine melanoma. We
also compared routine immunostaining of 29 clinical specimens from melanoma cases using vimentin, S100a,
and neuron-specific enolase (NSE) with staining for Melan A/IMART-1 as part of a diagnostic panel. All the
cell lines were positive for expression of vimentin and S-100a. MelanA/MART-1 expression was seen consis-
tently in only two of the seven cell lines. Staining for Melan A/IMART-1 was most intense near areas of heavy
melanin pigmentation. All except one of the clinical specimens were positive for vimentin. S100a was expressed
in the majority of both pigmented (15/20, 75%) and amelanotic (8/9, 88.8%) tumors. Seventeen of 29 (58.6%)
tumors were positive for NSE. Melan A/IMART-1 was expressed in 18/29 (62%) tumors, including 90% of
pigmented tumors, but in no amelanotic tumors. Intensity of Melan A/IMART-1 staining correlated positively
with biologic behavior, with seven malignant tumors showing negative to weak staining and 10 benign tumors
showing moderate to strong staining. Three malignant tumors showed moderate to intense staining for Melan
A/ MART-1. Our results suggest that expression of Melan A/IMART-1 may be unstable in cultured cell lines.
Assessment of both S100a and Melan A/IMART-1 expression is useful to confirm a diagnosis of canine mela-
noma, and Melan A/IMART-1 may be especially informative regarding the biologic behavior of these tumors.
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Dermal melanomas account for 9—20% of skin tu-
mors in dogs and generally follow a benign course.
Melanomas are the most common malignant tumor
of the oral cavity and digits in dogs;>2-2438 at |east
90% of these tumors are malignant,>* and many have
metastasi zed by the time of diagnosis. However, few
oral melanomas follow a benign course, and some
dermal melanomas are malignant, making definitive
prognostication for these tumors difficult. Melano-
cytes arise from embryonic neuroectoderm and, as
such, retain the ability to differentiate into spindled
or epithelioid cells, making a diagnosis of canine
melanoma challenging in poorly differentiated amel-
anotic tumors. In these cases, determining the pres-
ence of constituent proteins whose expression is re-
stricted to melanin-producing cells or cells arising
from neuroectodermal tissues can assist in the di-
agnosis. Previous studies documented the use of vi-
mentin and S100 to assist in the diagnosis of canine
melanoma, but their potential prognostic signifi-
cance was not examined in detail 2343 |n a recent
study examining immunohistochemical staining of

Dogs; immunohistochemistry; lineage markers; melanoma.

oral canine melanomas, Melan A was considered a
specific and sensitive marker for canine melano-
mas.=°

The present study was designed to define a panel of
immunohistologic markers, based on the expression of
vimentin, S100a, and Melan A/MART-1 (melanoma
antigen recognized by T cells 1) that may offer diag-
nostic and prognostic information for canine melano-
ma. We examined seven canine melanoma cell lines
representing tumors obtained from dogs with distinct
presentations of disease (i.e.,, two primary nonmeta-
static tumors, two primary metastatic tumors, a recur-
rent tumor, and two distant metastases) and a retro-
spective cohort consisting of 29 melanomas from 27
dogs admitted to the Texas Veterinary Medical Center
(TVMO).

Vimentin is an intermediate filament that is ex-
pressed by mesenchymal and neuroectodermal cellsin
normal tissues.® Neuron specific enolase (NSE) is a
glycolytic enzyme expressed by cells of neuronal or
neuroectodermal origin.** S100ais an isoform of acal-
cium binding protein restricted to neuroectodermal
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Table 1. Characteristics of canine melanoma cell lines.
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Anatomical Site Metastatic Morphology of
Cdl Line (primary tumor) Disease Origin of Cell Line Primary Tumor Reference No.
CML-2 Oral (gingiva) Yes Primary Spindled 39
CML-6MC2 Skin (thorax) Yes Lymph node metastasis Epithlioid 39
CML-13 Ord (gingiva) NA* T Primary Spindled 39
JENNY Oral No Primary NA 12
SCOOTER Oral No Primary NA 12
SHADOW Ora Yes Lung metastasis NA 12
TLM-1 Ora Yes Primary Mixed 32

* NA = information not available.
T Recurrent tumor.

cells;® and Melan A/IMART-1 is a protein of unknown
function that is expressed mainly by melanocytes.®

Our objective was to define the usefulness of these
five proteins to confirm cellular ontogeny, to compare
the immunostains routinely used to diagnose melano-
mas (vimentin, S100, NSE) with Melan A/IMART-1,
and to identify any consistent staining properties that
may predict malignancy. Our hypotheses were that 1)
well-differentiated melanomas consistently express vi-
mentin, S100a, NSE, and Melan A/IMART-1, 2) poorly
differentiated melanomas and melanomas with high
metastatic potential lack expression of S100a, NSE, or
Melan AIMART-1, and 3) Melan A/IMART-1 isamore
specific indicator of melanocytic differentiation than
S100 and NSE.

Materials and Methods
Cdll lines

The cell lines utilized were derived from primary tumors
of dogs with oral melanoma (n = 5), a lymph node metas-
tasis of cutaneous melanoma (n = 1), and a lung metastasis
of oral melanoma (n = 1) and have been described previ-
ously2323 (Table 1). CML-2, CML-6MC2, and CML-13
had been in culture for several hundred passages at the time
of this study. SHADOW cells were at passage 75, JENNY
cells were at passage 81, SCOOTER cells were at passage
20, and TLM-1 cells were passed less than 30 times (16—
27) at the time of the study.

Clinical specimens

Primary cases were retrieved from the medical records
database of the TVMC. Every case that had a histologic
diagnosis of melanoma between 1994 and 1997 was re-
viewed for eligibility; only tumors with formalin-fixed ar-
chival material suitable for immunostaining were utilized.
These consisted of 11 primary oral tumors (one tongue, three
lip, seven gingiva), 17 derma melanomas (three digit, three
leg, two eyelid, two trunk, one ear, one scrotum, five un-
specified), and one lymph node metastasis from a digital
tumor. Twenty of the tumors were pigmented, and nine were
amelanotic. The tumors were categorized as malignant or
benign based on pleomorphism, degree of proliferation, local
invasion, and documentation of metastasis. Pleomorphism

and proliferation were not considered adequate indicators of
malignancy in the absence of known recurrence, invasive-
ness, or documentation of metastasis. Using these criteria,
nine tumors were identified as malignant, 11 were called
benign, and the behavior of eight was not evident from the
histology or history. The cases represented 27 dogs and 17
different breeds, with a distribution as follows: four Gordon
Setters, four Doberman Pinschers, three Labrador Retrievers,
two mixed breed dogs, two Miniature Schnauzers, and one
each of Giant Schnauzer, Brittany spaniel, Bichon Frise,
Cairn Terrier, Bull Terrier, Weimaraner, Boxer, Bullmastiff,
Dachshund, Shetland Sheepdog, English Pointer, and Grey-
hound. The dogs ranged in age from 2 to 14 years, with an
average age of 11 years. The age of one dog was unknown.
Eleven of the dogs were neutered males, three were intact
males, 12 were spayed females, and one was an intact fe-
male.

Cdll culture

Tissue culture materials were obtained from Nalge Nunc
(Naperville, IL). Cells were cultured in Dulbecco’s modified
Eagle medium (Gibco BRL, Grand Island, NY) containing
10% heat-inactivated fetal calf serum (Hyclone, Logan, UT)
in a humidified atmosphere containing 5% CO, at 37 C.
Cells (5 X 10* in 100 pl) were grown in double-chamber
dlides until they reached 70-80% confluence. All the cell
lines grew as monolayer cultures and were maintained by
passage when they reached >90% confluence.

Immunocytochemistry and immunohistochemistry

At the end of the culture period, plastic chambers were
removed, and slides were rinsed in phosphate buffered sa-
line, pH 7.4, fixed in acetone at 4 C for 5 minutes, and air
dried. For archival tissues, 5 wm serial sections from par-
affin-embedded blocks were mounted on positively charged
dlides (Probe-on, Fisher Scientific, Pittsburgh, PA). Immu-
nostaining was performed using a modified streptavidin—bi-
otin—alkaline phosphate (ABC) method as described.®1% For
clinical specimens, citrate, pH 6.0 microwave antigen re-
trieval was used for vimentin immunostaining, and ethylene-
diaminetetraacetic acid, pH 8.0, microwave antigen retrieval
was used for Melan A/MART-1 immunostaining. Antigen
retrieval was not used for NSE immunostaining or for any
antigen in the cell lines. Slides were incubated with primary
antibodies against vimentin (mouse monoclonal, clone V9,
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Table 2. Expression of lineage markers in canine melanoma cell lines.

Expression*
Cel Line Morphology in Culture Vimentin S100a Mela A
CML-2 Spindled, little appreciable melanin c, +++ c,p t+ —
CML-6MC2 Epithelioid, no appreciable melanin c, ++++ c, +++ -
CML-13 Spindled, no appreciable melanin c +++ c, ++ —
JENNY Mixed: 60% spindle, 40% epithelioid; abun- C, ++++ c,p, +++ c,p, t+++
dant cytoplasmic melanin
SCOOTER Mixed: 50% round, 50% spindle; no appre- c, +++ c, ++ p (0% to <10%); +
ciable melanin
SHADOW Mixed: rare cells containing melanin c, ++++ c, + c (<10%); ++
TLM-1 Mixed: 40% round, 60% spindled; occa c, ++++ c,p, +++ ¢ (0-70%); +
sional cells containing melanin
* — = negative; + = weak; ++ = weak to moderate; +++ = moderate; ++++ = strong. ¢ = diffuse cytoplasmic; p = perinuclear.

Dako, Carpinteria, CA) diluted 1: 1,000, S100a (rabbit poly-
clonal, Dako) diluted 1: 1,000, NSE (mouse monoclonal an-
tibody, clone BBS/NC/VI-H14, Signet Pathology Systems,
Dedham, MA) diluted 1:1,000, and Melan A/MART-1
(mouse monoclonal, clone A103, supplied by Novocastra,
UK, through Vector Laboratories, Burlingame, CA) diluted
1:50 for 1 hour at room temperature. The “a@’ designation
in the S100a antibody denotes the clone and not the A an-
tigen. This antibody is reported by the manufacturer to label
determinants common to the alpha and beta chains of S100a
(o/a) and S100b (B/B). As per the manufacturer's recom-
mendation, this antibody does not require antigen retrieval,
and expression of this isoform appears to be restricted to
neuroectodermal cells.*#3 Secondary antibodies consisted of
goat anti-rabbit 1gG or goat anti-mouse 1gG conjugated to
biotin (Kirkegaard & Perry Laboratories, Gaithersburg,
MD). The presence of the relevant antigens was detected
using streptavidin conjugated to alkaline phosphatase. Fol-
lowing arinse in Tris buffer, the color reaction was accom-
plished using the Histomark red kit (Kirkegaard & Perry
Laboratories). Negative controls were prepared by using ir-
relevant isotype matched antibodies in place of the primary
antibodies. Sections obtained from canine tissues (liver, kid-
ney, brain, spleen, gut, skin) served as positive controls for
the immunostains.

Cell cultures and cell lines were graded for intensity and
percentage of positive cells. Samples were considered neg-
ative if staining was no greater than that of negative controls.
Staining that was fine, diffuse, and not always visible at low
magnification (40-100X) was considered weak. Staining
that was punctate or regional but prominent enough to be
seen at low magnification was called considered moderate.
Staining that was diffuse, prominent, and easily visualized
at low magnification was considered strong.

Results

Expression of vimentin

Each of the cell lines expressed vimentin (Table 2).
CML-2 and CML-13 cells showed uniform cytoplas-
mic distribution of vimentin staining, whereas the re-
maining cell lines showed focal clumping that was

mostly perinuclear in CML-6MC2 and TLM-1 cells,
polar in JENNY cells, peripheral in SHADOW cells,
and a combination of perinuclear, peripheral and polar
in SCOOTER cells. All but one of the clinical speci-
mens (27/28) expressed vimentin.

Expression of S100a

Each of the cell lines expressed S100a (Table 2).
The distribution of S100a within the cytoplasm was
even and granular, but some cellsinthe TLM-1, CML-
2, and JENNY cell lines showed preference for polar
to bipolar or perinuclear distribution (Fig. 1).

Twenty-three of the 29 clinical specimens (79%)
were positive for S100a (Table 3). Of those 23, 15
(65%) contained melanin. Seventy-five percent of the
20 pigmented tumors and 89% of the amelanctic tu-
mors were S100a positive. Aproximately equal num-
bers of benign and malignant tumors were classified
as having strong, moderate, and weak to negative
staining (Table 3). Additionally, athough the primary
digital tumor from which specimen No. 26 (lymph
node metastasis) was derived was not available for im-
munostaining at the time of this study, the original
biopsy report revealed that the primary tumor also was
positive for S100a.

Expression of Melan AIMART-1

Approximately 70% (40-100%) of JENNY cells
stained for Melan A/IMART-1 (Fig. 1, Table 2). Half
of these cells stained vividly in polar perinuclear
clumps that extended out into the cytoplasm, espe-
cialy in spindled cells. The other half had pale Gol-
gilike perinuclear uptake. Stain uptake in both instanc-
es appeared to be associated with melanin granules.
Approximately 10% (5-25%) of SHADOW cells were
positive for Melan A/IMART-1 expression; the antigen
was localized to the cytoplasmic and perinuclear com-
partments with a Golgi-like distribution (Fig. 1, Table
2). CML-2, CML-6MC2, and CML-13, three of the



430

S100a Melan A

3 ‘ -
S .
o e .i'

CML-6MC2
..

CML-13
~

JENNY

SHADOW SCOOTER
f

: §
)
o I
0 5 | s—
Fig. 1. Melanoma cell lines CML-2, CML-6MC2,

CML-13, JENNY, SCOOTER, SHADOW, and TLM-1;
dogs. Cells were cultured in chamber slides and prepared for
immunocytochemical staining. Each cell line was stained for
expression of S100a or Melan A/MART-1 as indicated. An
irrelevant rabbit 1gG was used for the negative controls.
ABC reaction. Bar = 10 pm.
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cell lines that had no visible melanin granules, were
negative for Melan A/MART-1 expression (Fig. 1, Ta-
ble 2). SCOOTER and TLM-1 cells showed variable
results (Table 2). TLM-1 cells ranged from approxi-
mately 60—70% weakly positive cells to completely
negative for Melan A/IMART-1 expression (Fig. 1).
SCOOTER cells ranged from approximately 10% pos-
itive cells to completely negative (Fig. 1).

Melan AIMART-1 was expressed by 18/29 (62%)
clinical specimens; all 18 positive specimens were de-
rived from pigmented tumors (Table 3). Among the
pigmented tumors, 18/20 (90%) were positive for Me-
lan A/IMART-1 expression, and 2/20 (10%) were neg-
ative. All the amelanotic tumors were negative for Me-
lan A/IMART-1 expression. Of the 20 tumors for which
behavior (malignant vs. benign) was known, seven
malignant tumors were negative for Melan A/IMART-
1 expression, 10 benign tumors and three malignant
tumors were classified as moderate or strong (3—4+),
and one benign tumor was classified as weak to mod-
erate (2+).

Expression of NSE

NSE was expressed in 18/29 (62%) of the tumors
(Table 3). NSE was expressed in 12/20 pigmented tu-
mors and 5/9 amelanotic tumors.

Discussion

Various lineage markers are routinely used to di-
agnose and stage human malignant melanoma, but
the application of such markers for diagnosis of canine
melanoma and to provide prognostic information has
been limited.232230:3435 The present study was designed
as a preliminary investigation to begin to define a pan-
el of immunohistologic markers that may offer diag-
nostic and prognostic information for canine melano-
ma. We evaluated the expression of vimentin, S100a,
and Melan A/IMART-1 in seven canine melanoma cell
lines and the expression of vimentin, S100a, NSE, and
Melan A/IMART-1 in 29 clinical specimens obtained
retrospectively from the archives of the TVMC. An
important advantage of these markers and of the an-
tibodies used is that antigenic reactivity is preserved
or can be retrieved after routine tissue fixation in 10%
formalin. Retrieval after fixation has been confirmed
for each antibody in one of our laboratories (J. Wo-
jcieszyn), making it possible to extend these studies
retrospectively or prospectively to clinical cases.

Cultured cells have been used extensively for eval-
uation of tumor markers.1°202533 Cultured cells were
chosen as an in vitro model of canine melanoma for
this study because of the various advantages they offer.
Cél lines provide reliable and reproducible sources of
tissue to develop and refine the application of immu-
nohistologic markers for melanoma. They also allow



Table 3. Immunostaining results for 29 clinical specimens from cases of canine melanoma.
Specimen Antigen Expressiont
No. Breed Age (years) Sex* Location Malignant Melanin Vimentin NSE S100a Mel A
1 Doberman Pinscher 13 S Skin No Yes +4+++ ++ 44+ 4+ +
2 Weimaraner 14 C Skin (leg) No Yes + + +++ +4++
3 Boxer 10 C Skin (leg) No Yes ++++ + +++ +++4+
4 Labrador Retriever 13 S Oral (tongue) Yes Yes ++ + ++ ++++
5 Cairn Terrier 7 C Skin (neck) No Yes +++ + + ++++
6 Doberman Pinscher 7 C Skin No Yes +++ + + ++++
7 English Pointer 13 S Skin (eyelid) No Yes +4+++ + +4+++ +4++
8 Minature Schnauzer 11 S Skin No Yes +++ + +++ +++
9 Shetland Sheepdog 13 C Ora (mandible) Yes Yes +++ + +++ +++
10 Bull Terrier 14 M Skin (scrotum) No Yes + ++ ++ ++
11 Gordon Settert 12 S Ora (lip) No Yes +++ - +++ +++
12 Gordon Setter 10 C Ord (lip) NAS Yes ++++ - + +4+++
13 Bichon Frise 14 C Oral (gingiva) Yes Yes + - + +4+++
14 Gordon Setter 10 M Digit No Yes +++ - - ++++
15 Doberman Pinscher 11 F Ora (maxilla) NA Yes ++++ + - +4+++
16 Dachschund 12 M Skin (eyelid) NA Yes + - - +++
17 Doberman Pinscher 11 S Skin (ear) No Yes +++ - - +++
18 Gordon Setter|| 13 S Ora (lip) NA Yes ++ - - ++
19 Giant Schnauzer 12 S Skin (lumbar) NA Yes ++++ +++ +++ -
20 Mixed 10 S Skin (leg) Yes No ++++ ++++ +++ -
21 Gordon Settert 12 S Ord (gingiva) Yes No +++ - +++ -
22 Miniature Schnauzer 8 S Skin Yes No ++++ ++ ++++ -
23 Labrador Retriever 12 C Skin NA No ++ ++ +4++ —
24 Brittany spaniel 14 S Oral (gingiva) Yes No +++ - +++ -
25 Bullmastiff 10 S Digit Yes No + - +++ -
26 Labrador Retriever 2 C Lymph node metas- Yes No + - - -
tasis from digit
27 Mixed ? C Digit NA No + + + -
28 Greyhound 9 C Ora NA No - - + -
29 Gordon Setter|| 13 S Oral (gingiva) Yes No ++ + + -

*M = mae; F = female; C = castrated male; S = spayed female.
TMel A = Melan AIMART-1. — = negative; + = weak; ++ = weak to moderate; +++ = moderate; ++++ = strong.
F Specimen Nos. 11 and 21 originated from the same dog.
8NA = information not available.
|| Specimen Nos. 18 and 29 originated from the same dog.
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manipulation of genes and proteins in living cells and
could be useful for gene manipulation in further stud-
ies. However, there are inherent disadvantages asso-
ciated with using cultured cells, such asin vitro selec-
tion that can influence gene expression.’! Severd is
sues were considered in building the panel of four lin-
eage markers chosen for this study. First, evaluation
of patterns of structural and ‘‘housekeeping” protein
expression may offer diagnostic and prognostic infor-
mation. S100 proteins and NSE are useful in the di-
agnosis of neuronal and neuroectodermal tumors. In
addition, survival time is inversely related to the in-
tensity of S100 staining in malignant melanomas of
the facial skin and ora cavity in human patients.’®
S100 staining characteristics have also been useful in
the diagnosis of canine amelanotic melanomas.?®3* The
use of a broad S100 immunostain requires antigen re-
trieval, which also unmasks the S100 antigen normally
expressed in the epidermis, dermis, and sweat glands,
making examination more difficult. However, the
S100a antibody does not require antigen retrieval, and
expression of this isoform appears to be restricted to
neuroectodermal cells.'43

Each of the cell lines examined in the present study
expressed vimentin and S100a. The CML-6MC2 cell
line, which was derived from a metastasis, also stained
most intensely for S100a. Aside from this observation,
there were no consistent differences in the magnitude
or location of vimentin or S100a expression in the cell
lines. Thus, for this small sample size, these markers
did not consistently predict behavior of these cell lines
(growth rate, morphology, or melanin production) or
the parental tumors (location, recurrence, or metasta-
sis) whether used alone or in combination. All but one
of the clinical specimens (No. 28) expressed vimentin,
ranging from weak to strong intensity. Although vi-
mentin-negative melanomas have been reported,® they
are uncommon, and specimen No. 28 may have been
a poorly differentiated melanoma or another type of
tumor.

S100a identified 79% of al clinical specimens and
75% of pigmented tumors. These findings are similar
to those from another study of immunostaining of ca-
nine melanomas.® In humans, polyclonal S100 is ex-
pected to stain nearly 100% of all melanocytic tu-
mors,>2628 put S100 negative tumors have been iden-
tified.r Of the amelanotic tumors, which would pose
the greater diagnostic dilemma, 89% were positive for
S100a. These results were similar to findings in other
studies of human and canine melanomas.?’3

Only two of seven cell lines tested in the present
study were consistently positive for Melan A/IMART-
1 expression. Although lack of melanin production has
been reported not to be related to Melan-A/MART-1
staining,®® the two positive cell lines (JENNY and
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SHADOW) were the two cell lines with the most mel-
anin, and stain uptake for Melan A/IMART-1 was in
close proximity to the melanin granules. Similarly, the
CML-2, CML-6MC2, and CML-13 cell lines that had
no visible melanin were consistently negative for Me-
lan A/IMART-1. Two of the cell lines, SCOOTER and
TLM-1, had variable staining for Melan A. Loss of
melanin granules in melanoma cell lines has been as-
sociated with prolonged passage in vitro.%2%° CML-2,
CML-6MC2, and CML-13 have the longest history in
culture (several hundred passages). SHADOW cells
were at passage 75, JENNY cells were at passage 81,
SCOOTER cells were at passage 20, and TLM-1 cells
had been passed less than 30 times at the time of the
study. All cells had been stored in liquid nitrogen rath-
er than maintained in continuous culture since their
establishment. Therefore, it does not appear that num-
ber of passages alone is correlated with melanin pro-
duction or Melan A/MART-1 expression in these cell
lines.

Loss of Melan A/MART-1 expression in vitro also
was described in a recent report where one of three
short-term cell cultures derived from Melan A/
MART-1-positive tumors did not express Melan A/
MART-1 mRNA.*® In the present study, some deriv-
atives of the TLM-1 cell line had no visible melanin
and also lacked expression of Melan A/IMART-1 in
culture. Nonetheless, the significance of this finding
regarding canine melanoma is unclear. Melan A/
MART-1 may be important for melanin synthesis in
pathways that are distinct from tyrosinase; some pig-
mented tumors lack immunoreactivity against tyros-
inase!® or other melanoma-specific antigens. If Me-
lan A/IMART-1 were important for pigment produc-
tion, its absence from cells that lack melanin would
be predictable. Additionally, melanin production can
be reinduced in canine melanoma cell lines that have
lost melanin expression by growing the cells on soft
agar,® but promotion of Melan A/MART-1 expres-
sion under these same conditions has not been ex-
amined. Because Melan A/IMART-1 is an immuno-
dominant antigen, loss of its expression could be a
way for melanomas to evade the immune system.
Among the cell lines that did not express Melan A/
MART-1 were CML-2, which was derived from a
tumor that had metastasized at the time of diagnosis,
CML-6MC2, which was derived from a lymph node
metastasis, and CML-13, which was derived from a
recurrent tumor. However, SHADOW cells, which
were derived from a metastatic tumor expressed Me-
lan AIMART-1, albeit the frequency of positive cells
was low. There does not appear to be an absolute
correlation between melanin pigment or metastatic
potential and Melan A/IMART-1 expression; Melan
A/MART-1 expression has been documented in cy-
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tologic preparations from lymph node metastases of
amelanotic canine melanomas (J. E Modiano, J. Wo-
jcieszyn, unpublished data).

In the retrospective analysis of sporadic canine
melanoma, Melan A/IMART-1 identified 62% of all
clinical specimens, 90% of the pigmented tumors,
and none of the amelanotic tumors. Melan A/IMART-
1 has been described as a sensitive and specific
marker for cells of melanocytic origin.” In one study,
89.1% of canine melanomas were positive for Melan
A/MART-1.2° In humans, results of immunostaining
for Melan A/IMART-1 seem to vary widely depend-
ing on the type of lesion.#131522 |n multiple studies,
normal melanocytes exhibited more homogeneous
staining and a higher percentage of Melan A/IMART-
1-positive cells than did malignant melanocytes or
cells in melanoma metastases.®101620 Melan A has
also been reported to stain epithelioid melanomas
more intensely and consistently than spindloid var-
iants,®1% but this differential staining was not evident
in the present study (data not shown). Melan A is
reported to have a higher sensitivity for human amel-
anotic melanomas than was demonstrated here.’” A
higher percentage of immunoreactivity has al so been
demonstrated in melanoma metastases of both hu-
mans (81%)'” and dogs (71%).%° The reasons for the
lower percentage of Melan A-positive tumors in the
present study are unclear but, as for the cell lines,
may be related to issues of pigment production, se-
lection of variants with high proliferative potential
and low immunogenicity, the ABC detection method
(which may be less sensitive than other methods), or
other phenotypic features of these tumors that cannot
be classified at this time. For example, the more de-
tailed classification scheme for human melanocytic
lesions may help explain some of the disparity in
immunostaining between canine and human mela-
nomas. Alternatively, the tumors could represent
other neoplasms of neuroectodermal origin that were
not fully committed to the melanocyte lineage.

Based on the data presented here, S100a appears
to be more sensitive then Melan A/MART-1 for the
diagnosis of canine melanoma, especially for iden-
tification of amelanotic variants; however, Melan A/
MART-1 may offer valuable prognostic information.
Approximately equal numbers of benign and malig-
nant tumors were classified as strong, moderate, and
weak to negative in staining for S100a. In contrast,
seven malignant tumors were classified as negative
or weak (— to 1+) for Melan A/IMART-1 expression,
and only three malignant tumors were classified as
moderate or strong (3—4+) for Melan A/IMART-1
expression. Conversely, 10 benign tumors were
moderate or strongly positive for Melan A/IMART-1
expression (3—4+), and none were classified as neg-
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ative or weak (— to 1+). The positive correlation
between intensity of Melan A/IMART-1 expression
and benign behavior in this clinical cohort was sig-
nificant (P < 0.03).

These results support inclusion of S100a and Me-
lan A/IMART-1 in a diagnostic panel for canine mel-
anoma. S100a appears to be the more sensitive in-
dicator of melanomas, especially for amelanotic tu-
mors. Melan A/ MART-1 is a specific but less sen-
sitive marker than S100a for melanoma. Despite its
lower sensitivity, the intensity of its expression may
be a reliable indicator of malignant potential, thus
justifying its use in an immunohistochemical panel.
Additional studies to further examine the sensitivity
of Melan A/IMART-1 and S100a in canine melano-
ma, especially as they relate to prognosis and diag-
nosis of equivocal and amelanotic tumors, are war-
ranted.
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