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Abstract. All of 24 animals (dogs, cats, and horses) with vitiligo were found to have antibodies
to pigmented cells that could be detected by specific immunoprecipitation of radioiodinated,
detergent-soluble surface macromolecules, and by indirect immunofluorescence on viable cells.
These antibodies were not detected in 17 normal animals of the same species. The antibodies
were directed to an 85-kDa surface antigen selectively expressed by pigmented cells that was not
present on nonpigmented control cells. These observations suggest that vitiligo in animals is an
autoimmune disease mediated to pigmented cells. © 1986 Society for Experimental Biology and Medicine.

Vitiligo is a depigmentary skin disease
manifested by selective destruction of mela-
nocytes and subsequent loss of pigmentation.
The disease occurs in man as well as in a va-
riety of animals, including Lippizzaner and
Arabian horses (1), Belgian Tervuren dogs (2),
Siamese cats (3), Sinclair swine (4), and Dam
chickens (5). Although the cause of vitiligo 1s
not known, our laboratory has recently shown
that the majority of patients with vitiligo have
circulating antibodies to antigens, “vitiligo
antigens,” selectively expressed by normal
human melanocytes (6) and pigmented mel-
anoma cells (7) suggesting an autoimmune in-
volvement. These antigens are surface proteins
with approximate mol wt of 75, 85, and
250KDa (7). Several observations suggest in-
volvement of immune mechanisms in the
pathogenesis of animal vitiligo as well. The
appearance of vitiligo in Dam chickens is de-
layed by neonatal bursectomy (5), a procedure
which impairs humoral immunity. In addi-
tion, vitiligo can be induced in chimpanzees
immunized to melanoma cells (8), and horses
(1) and swine (4) in whom melanoma regresses
spontaneously develop vitiligo, suggesting that
immune reactions to malignant pigmented
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cells may destroy normal pigmented cells.
However, there has been no direct demon-
stration of an alteration in specific immunity
to pigmented cells in animals with vitiligo.

In this study we have used immunoprecip-
itation and immunofluorescence assays to ex-
amine the antibody response to pigmented
cells of animals with vitiligo.

Materials and Methods. Sera. Sera were
collected from breeds of dogs, cats, and horses
who have a tendency to develop vitiligo. Sera
from 28 Belgian Tervuren dogs (17 with viti-
ligo), 7 Siamese cats (4 with vitiligo), and 6
Arabian horses (3 with vitiligo) were collected,
aliquoted into 1-ml fractions, and stored at
—70°C until used.

Cells. Two lines of human pigmented mel-
anoma cells, SK-Mel 19 and SK-Mel 23, were
kindly provided by Dr. Jorgen Fogh (Memo-
rial Sloan-Kettering, Rye, N.Y.). These cells
have previously been shown to express vitiligo
antigens (7). Control cells included two lines
of nonpigmented human melanoma cells
(HM31 and HM49) established in our labo-
ratory, as well as normal human fibroblasts,
neuroblastoma, hepatoma, and colon carci-
noma cells.

Immunoprecipitation assay for pigment cell
antibodies. Cell-surface macromolecules on
melanoma and control cells were radioiodin-
ated by the lactoperoxidase method and sol-
ubilized with 0.5% NP-40 (10). Immunopre-
cipitation with protein A-sepharose (Phar-
macia Inc., Piscataway, N.J.) was performed
as previously described (6, 9). All assays were
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performed in duplicate, and the average value
used. Specific binding was calculated by sub-
stracting from the cpm bound by test serum
the cpm bound by an equal volume of normal
serum. Sera were considered positive for an-
tibodies when they bound specifically 2.5% or
more of the acid-insoluble radioactivity (9) in
cell lysates.

Immunofluorescence assays for pigment cell
antibodies. Human pigmented melanoma and
control cells were plated in microtiter plates
{(Lab-Tek Div., Miles Laboratories, Inc., Na-
perville, I1L.) at a density of 4 X 10? cells/well
in 0.4 ml of appropriate culture media. After
24 hr the cells were washed thoroughly with
Hanks’ balanced salt solution (HBSS) and in-
cubated with 0.5 ml of animal serum diluted
1:10 in phosphate-buffered solution (PBS).
Following a 30-min incubation at 37°C the
cells were washed with PBS and reincubated
with fluorescein-conjugated goat anti-dog, cat,
or horse IgG (Hyland Diagnostics, Deerfield,
I11.) diluted 1:60 in PBS. After a 30-min in-
cubation the cells were washed extensively and
examined with a Nikon binocular microscope
(Nikon Inc., Garden City, N.Y.) equipped for
immunofluorescence.

Polyacrylamide gel electrophoresis (PAGE).
Immunoprecipitates generated with vitiligo
and normal animal sera were examined by so-
dium dodecyl sulfate (SDS)-8% PAGE under
reducing conditions and radioautography as
previously described (6, 10).

Results. Sera of 24 animals with and 17
without vitiligo were tested for antibodies to
pigmented cells by specific immunoprecipi-
tation. The results are summarized in Table
I. In every instance sera of animals with vitiligo
bound much more of the radioactivity asso-
ciated with detergent-soluble, labeled, surface
macromolecules of pigmented cells than did
sera of similar animals without vitiligo. Sev-
enteen Tervuren dogs, four Siamese cats, and
three Arabian horses with spontaneous vitiligo
bound specifically on the average 8.26 + 4.7%,
SD 1, 8.1 £2.9%, and 11.2 + 2.9%, respec-
tively, of the radioactivity associated with acid-
insoluble macromolecules in detergent lysates
of radioiodinated pigmented melanoma cells.
By contrast, animals of the same species with-
out vitiligo bound specifically only 1.28
+ 1.02%, 0.3 = 0.3%, and 0.9 + 0.5%, respec-
tively, of this radioactivity. These differences
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TABLE 1. IMMUNOPRECIPITATION OF RADIOIODINATED
SURFACE MACROMOLECULES OF PIGMENTED
MELANOMA CELLS BY SERA OF ANIMALS
WITH AND WITHOUT VITILIGO

% Acid-
insoluble
radio-
activity
Animal immuno-
Species  Diagnosis No. precipitated ¢ Average
Dog Vitiligo 1 8.0 829+ 2.1%
2 11.2
3 13.0
4 9.6
5 7.1
6 8.4
7 6.9
8 11.0
9 7.7
10 7.3
11 8.0
12 7.3
13 13.4
14 9.1
15 38
16 5.1
7 4.1
Normal 18 2.2 1.28 + 1.02
19 2.3
20 0.9
21 2.1
22 1.4
23 0.7
24 1.4
25 1.2
26 0.5
27 1.1
28 0.3
Cat Vitiligo 1 10.9 81 +29
2 6.9
3 6.4
4 8.2
Normal S 0.9 0.3
6 0
7 0
Horse  Vitiligo 1 11.3 112 =29
2 10.9
3 8.3
Normal 4 0.3 09 +09
5 09
6 14

2 9% Acid-insoluble radioactivity immunoprecipitated. Calculated
from (cpm immunoprecipitated by serum/acid-insoluble cpm in
cell lysate) X 100 = SD.

are significant at the P < 0.05 level using the
Student z test (11). Based on the ability to bind
specifically at least 2.5% of the radioactivity
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TABLE II. ANTIBODIES TO PIGMENTED CELLS IN
ANIMALS WITH VITILIGO

No. % With

Species Diagnosis studied antibodies®
DOG Vitiligo 17 100

Normal 11 0
CAT Vitiligo 4 100

Normal 3 0
HORSE Vitiligo 3 100

Normal 3 0

“Sera binding at least 2.5% of acid-insoluble cpm in
detergent lysates of ‘’I-labeled pigmented mean melanoma
cells (SK-23).

associated with acid-insoluble macromole-
cules, all of the animals with vitiligo, but none
of those without, had antibodies to pigmented
cells (Table II).

These results were confirmed by indirect
immunofluorescence studies on viable cells.
Granular staining of surface antigens was seen
when the A panel of sera of four dogs, two
cats, and two horses with vitiligo were reacted
with pigmented melanomas. There was no
staining when the same sera were reacted with
nonpigmented cells, and sera of eight normal
animals did not stain any of the cells.

To examine the specificity of the pigment
cells antibodies found in animals with vitiligo,
three antibody-positive sera from each species
were reacted with a panel of pigmented and
nonpigmented cells (Table III). All sera reacted
strongly with pigmented melanoma cells (SK-
Mel 19 and 23) but weakly or not at all
with nonpigmented melanomas (HM31 and
HM49) or control cells (normal fibroblasts,
neuroblastoma, hepatoma, colon carcinoma).
Normal animal sera did not react with any of
the cells.

The antigen defined by antibodies in ani-
mals with vitiligo was identified by SDS-
PAGE and radioautography of specific im-
munoprecipitates generated from lysates of
radioiodinated pigmented melanoma cells. All
vitiligo sera from dogs, cats, and horses im-
munoprecipitated a single labeled protein with
mol wt of approximately 85K. Representative
gels are illustrated in Fig. 1. This protein was
not precipitated by normal sera or by vitiligo
sera reacted with the control cells listed in Ta-
ble III.
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Discussion. The most important finding of
this study is that all the animals we studied
with vitiligo had circulating antibodies to a
surface antigen of pigmented cells. These an-
tibodies were not found in animals without
vitiligo. The antibodies were directed to sur-
face antigen with mol wt of approximately
85K which was selectively expressed on pig-
mented melanoma cells. This antigen was
strongly expressed on pigmented melanoma
cells, but was not detectable on nonpigmented
melanoma cells or a variety of other control
cells. The antigen is not species-specific, since
it could be identified on human cells using
animal sera and different species of animals
(dogs, cats, horses) with vitiligo had antibodies
to a similar antigen. This antigen is similar in
its migration on SDS-PAGE, its location on
the external surface of the cell membrane, and
its selective expression on pigmented cells to
one of a trio of vitiligo antigens defined on the
surface of normal human melanocytes and
pigmented melanoma cells by antibodies in
persons with vitiligo (6, 7, 9). Thus, both an-
imals and humans with vitiligo appear to have
a similar abnormal antibody response to pig-
mented cells.

This is the first demonstration of an abnor-
mality in specific immune response to pig-

TABLE III. SPECIFICITY OF ANTIBODIES TO PIGMENTED
CELLS IN ANIMALS WITH VITILIGO

% Acid-insoluble

radioactivity
immunoprecipitated
by sera of®
Cells” Dog Cat Horse
Pigmented melanoma
SK 19 9.3 6.2 8.3
SK 23 9.0 8.1 11.2
Nonpigmented melanoma
HM 49 2.2 1.4 1
HM 31 1.8 1.3
Other nonpigmented
Fibroblasts 1.8 1.1 0.8
Neuroblastoma 1.3 1.4 1.5
Hepatoma 0.5 0.8 1.2
Colon carcinoma 1.2 1.1 1.7

¢ Detergent lysate of '>’I-labeled cells.
b Average binding by sera of three animals of the same
species.
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FI1G. 1. SDS-PAGE profile of radioiodinated, detergent-
soluble, surface macromolecules of pigmented human
melanoma cells SK-MEL 23 immunoprecipitated by sera
of persons (lanes 1 and 2), dogs (lanes 3 and 4), cat (lane
5), and horses (lane 6) with vitiligo; and with normal dog
(lane 7) and horse (lane 8) sera. Sera of animals with vitiligo
immunoprecipitated a labeled protein with mol wt of ap-
proximately 85 kDa. Persons with vitiligo immunopre-
cipitated two additional proteins with mol wts of approx-
imately 75 and 250 kDa.

mented cells in animals with vitiligo. The
finding supports, but does not prove, the con-
cept that vitiligo is an autoimmune disease
mediated by antibodies to pigmented cells and
suggests that the pathogenesis of this disease
in man and animals is similar.
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