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Our laboratory has recently reported that over 80“%
of patients with common vitiligo have circulating anti-
bodies to cell-surface antigens on normal hum_an_mela-
nocytes. The slow growth rate of these cells lm_uts the
assays that can be performed for antibody detectlo_n: We
now have found that the antigens defined by vitiligo
sera on melanocytes are also expressed on FF cells, a
revertant line of hamster melanoma cells. These anti-
gens can be detected both by indirect immunofluores-
cence and specific immunoprecipitation assays. Tl.le
presence of “vitiligo” antigens on hamster FF cells W{ll
aid further study of the abnormal immune response in

vitiligo.

Progress in understanding the pathogenesis of viti‘ligo_has
been limited by difficulties in studying this disease in vitro.
Recently, normal human melanocytes have been grown in ce}l
culture [1] making it possible to develop sensitive and quant'l-
tative assays of the immune response to pigmented cells in
vitiligo. Using these cells, we have demonstra.ted'that most
individuals [2,3], as well as animals [4], with this dxs_ease have
antibodies to pigment cells. The antibodies are d{rected to
several cell-surface antigens, “vitiligo antigens,” with M, of
75K, 85K, and 240-250K which are selectiv_e!y e'xpresse.d by
pigment cells. These findings indicate that vitiligo is associated
with an immune response to pigment cell antigens and sugggst
that it is an autoimmune disease. However, continued stuc.he_s
of immune abnormalities in vitiligo are limited by the fastidi-
ousness of melanocytes and the difficulties in maintaining them
in culture.

" \?Ve now report that the established hamster cell line, the FF,
expresses the vitiligo antigens. The FF line is a rever‘tant cell
line of hamster melanocytic origin which has regained the
capacity for density-dependent growth [5,6]. Thg presence of
the vitiligo antigens on FF cells provides an addltlon_al gel} }lne
that will facilitate studies of immune abnormalities in vitiligo.

MATERIALS AND METHODS

Sera

Studies were conducted with sera from 15 persons with vitiligo and
12 normal individuals. All vitiligo sera were previously shown to have
antibodies to surface antigens on melanocytes [3].

Cells
FF and RPMI (Roswell Park Memorial Institute) 1846 cells were
maintained in Falcon T30 flasks in RPMI 1640 medium containing
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Abbreviations:

CIF': contact inhibitory factor o
FF': a revertant cell line of hamster melanocytic origin
PAGE: polyacrylamide gel electrophoresis

PBS: phosphate-buffered saline

SDS: sodium dodecyl sulfate

10% fetal calf serum (GIBCO, Grand Island, New York), 2 U/ml
penicillin (GIBCO), 2 ug/ml streptomyein (GIBCO), 10 mg/ml genta-
mycin (Irvine Scientific, Santa Ana, California), and 0.5 ug/ml fungi-
zone (Irvine Scientific). Medium was changed biweekly, and cells
subcultured every 2 weeks. Human melanocytes were maintained in
culture as previously described [1].

FF is an aneuploid, contact inhibited hamster cell line. It was derived
from the hamster amelanotic malignant melanoma cell line, RPMI
1846, during experimental studies of reverse transformation by nucleic
acids from benign blue nevi of hamsters [5,6].

Radioiodination

Cell-surface macromolecules were radioiodinated by the lactoperox-
idase technique as previously described [2]. Cell viability following
iodination was over 90-95% by trypan blue exclusion. Labeled cells
were thoroughly washed and solubilized in 0.5% NP-40. Particulate
matter was removed by centrifugation at 12,000 g X 20 min.

Assays

Radioactivity associated with labeled macromolecules was measured
after precipitation with 10% trichloroacetic acid [7].

Antibodies to labeled surface antigens were assayed by immunopre-
cipitation with protein A-sepharose (2]. Briefly, 0.1 ml of a 1:10 dilution
of serum was incubated with 0.1 ml of radioiodinated cell lysate at 4°C
for 12 h, and bound antigens were immunoprecipitated by incubating
with protein A-sepharose at 4°C for 2 h. All assays were performed in
duplicate and the average value was recorded. Variation among repli-
cate samples was less than 0.8%. There was a linear relation between
the dilution of vitiligo serum used in the assay and specifically bound
radioactivity, suggesting that the assay provides a quantitative measure
of antibodies to melanocyte-associated antigens [3]. Using our estab-
lished criteria for vitiligo antibodies (precipitation of 2.5% or more of
acid-insoluble radioactivity), all patients with vitiligo had antibodies
to melanocytes.

Polyacrylamide Gel Electrophoresis (PAGE)
Immunoprecipitates generated with vitiligo and normal sera were

examined by sodium dodecyl sulfate (SDS)-8% PAGE under reducing
conditions and radioautography as previously described [8].

Immunofluorescence Assays

Cells were plated in wells of microtiter plates (Lab-Tek Div., Miles
Laboratories, Inc., Naperville, Illinois) at a density of 5 X 107 cells/
well in 0.5 ml of culture media, and incubated at 37°C for 24 h. The
cells were washed 3 times with 0.7 m] of Hanks’ buffered salt solution
per well, incubated with 0.5 ml of test serum diluted 1:10 in phosphate-
buffered saline (PBS) for 30 min at 37°C, washed 3 times with 0.7 ml
of PBS and reincubated for 30 min with fluorescein-conjugated goat
antihuman IgG (Hyland Diagnostics, Deerfield, Illinois) diluted 1:40 in
PBS. The cells were washed again 3 times with PBS and examined
immediately with a Nikon binocular microscope (Nikon Inc., Garden
City, New York) equipped to detect immunofluorescence.

RESULTS

The results obtained when vitiligo and normal human sera
were tested for reactivity against normal human melanocytes
and hamster FF and RPMI 1846 cells by immunoprecipitation
are summarized in Table I. As previously shown, vitiligo, but
not normal sera, reacted strongly with radioiodinated surface
antigens on normal human melanocytes. Strong reactivity was
also observed between vitiligo, but not normal, sera and the FF
cells. These differences were highly significant (p < 0.0005).
By contrast, vitiligo sera reacted poorly, and to no greater
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TABLE 1. Reactivity of vitiligo antibodies with normal, revertant, and
malignant melanocytic cells

% Acid-insoluble radioactivity immunoprecipitated®

Diagnosis ~ Serano.  Normal human FF cells RPMI 1846
melanocytes
Vitiligo 1 4.1 3.8 1.2
2 9.8 6.1 1.7
3 3.8 2.9 0
4 5.2 4.4 2.0
5 7.3 6.7 1:9
6 6.4 5.7 2.1
T 7.6 6.8 0.9
8 5.8 4.4 1.1
9 4.9 3.7 0.7
10 8.6 7.4 1.8
11 4.7 3.2 L
12 5.4 3.1 1.1
13 3.9 2.8 0.7
14 4.3 2.9 0.3
15 4.7 3.6 0.9
Average 5.77 + 1.82(A) 4.48 £ 1.57(B) 1.17 + 0.63(C)
Normal 1 1.9 2.0 1.7
2 0.7 1.7 1.4
3 0.4 1.6 0.6
4 | 1.4 1.6
5 1.4 14 1.9
6 1.7 1.8 0.2
q 0.5 1.6 0.4
8 0.8 0.9 1:1
9 09 1.7 0.4
10 1.2 1.0 1.0

Average 1.06 + 0.49(D) 151 % 0.35(E) 1.0 = 0.57(F)

A vs D (p < 0.0005); Bvs E (p<0.005); Cvs F (p>0.25); A vs C
(p < 0.0005); Bvs C(p<0.0005).
* Calculated from:
(cpm immunoprecipitated by serum)

5 X
acid-insoluble cpm in 'I-labeled cell lysates 100

200 ~

116 -

66~

a5 -

FiG 1. Radioautograph of SDS-PAGE profile of detergent-soluble,
radioiodinated surface macromolecules of normal human melanocytes
(lanes 1, 2, 3) and FF cells (lanes 4, 5, 6) immunoprecipitated by sera
of patients with vitiligo (lanes 1, 2, 4, 5) and normal individuals (lanes
3, 6).

extent than normal sera, with RPMI 1846 cells. The vitiligo
sera used in this study had previously been shown to be non-
reactive to a number of other control cells including hepatoma,
colon carcinoma, fibroblasts, etc. [9]. These results indicate
that FF cells are useful as target cells for assay of vitiligo
antibodies.
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The surface antigens reacting with vitiligo antibodies on FF
cells were identified by SDS-PAGE analysis of specific immu-
noprecipitates generated in a similar manner from detergent
lysates of radioiodinated normal human melanocytes and FF
cells. The results are illustrated in Fig 1. Vitiligo sera immu-
noprecipitated 3 radioiodinated antigens from both melano-
cytes and FF cells. On the basis of their migration through
polyacrylamide the antigens defined on both cell lines were
similar, with M, of 75K, 85K, and 240-250K. None of these
antigens was immunoprecipitated by normal human sera.

Indirect immunofluorescence testing showed that vitiligo
sera reacted to human melanocytes and FF cells, giving a
granular pattern of fluorescence. With appropriate focusing the
staining could be seen to involve the cell surface (Fig 2a).
Seventy percent or more of the FF cells reacted with vitiligo
sera whereas only 5% or less of the RPMI 1846 cells did so (Fig
2b). No positive granular staining was noted with the 12 normal

human control sera against human melanocytes, FF cells, or
RPMI 1846.

DISCUSSION

The results of this study indicate that hamster FF cells
express vitiligo antigens. These antigens are defined by sera of

FiG 2. a, Immunofluorescence photomicrograph of unfixed FF cells
reacted with vitiligo serum. A positive reaction is seen as bright granular
fluorescence on the surface of the cells. Original magnification x 400.
b, indirect immunofluorescence of unfixed RPMI 1846 cells reacted
with vitiligo serum. Bright fluorescence is absent.
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patients with vitiligo and can be detected by both indirect
immunofluorescence and specific immunoprecipitation assays.
Both the amount of vitiligo antigen expressed by these cells (as
determined from the amount of radioactivity immunoprecipi-
tated by vitiligo sera) and their nature (as defined by migration
on SDS-PAGE) are similar to the amount and type of vitiligo
antigen expressed by normal human melanocytes. Migration
patterns on SDS-PAGE indicate that the antigens precipitated
by wvitiligo sera have M, of 75K, 85K, and 24()—25()K. Th.e
cellular location and migration pattern of these antigens is
identical to those seen on normal human melanocytes.
Indirect immunofluorescence testing confirmed that the im-
munoprecipitation assay was measuring antibodies directed to
antigens on the FF cell line. Vitiligo sera reacted strongly to
FF cells but not to the RPMI 1846 cells. A correlation was seen
between the intensity of granular staining and the binding
activity of the sera as found by specific immunoprecipitation.
These findings indicate that FF cells provide a suitable
cellular substrate for studies of immune abnormalities in viti-
ligo. The observation that the vitiligo antigens are present on
the revertant FF cell line but not on the malignant RPMI 1846
cells is interesting for several reasons. It demonstrates that a
phenotypically revertant melanocytic cell line has reexpressed
several differentiation antigens absent in the malignant paren-
tal line. It also shows that these antigens are common to
melanocytes of both hamster and human origins, since hamster
cells react with antibodies generated in human vitiligo patients.
The hamster FF line bearing these differentiation antigens has
previously been shown to produce a diffusible contact inhibitory
factor (CIF) which restores the capacity for density-dependent
growth to malignant melanocytes of hamster [10], muring [11.],
and human [11] origins. Therefore it is fascinating to find in
our most recent studies that CIF also induces the expression of
all 3 witiligo antigens on malignant melanoma cells of both
human and mouse.* Further investigation of the appearance of

* Lipkin G, Naughton GK, Bystryn J-C, Rosenberg M: Vi.tiligo—
related pigment cell differentiation antigens are expressed on malignant
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these antigens will help in the evaluation of the role of these
cell-surface proteins in the pathogenesis of vitiligo.

The excellent technical assistance of Georgette Durand is gratefully
acknowledged. Drs. Dorothy Kim Lee and Martin Rosenberg provided
very helpful discussions.

REFERENCES

1. Eisinger M, Marko O: Selective proliferation of normal melano-
cytes in vitro in the presence of phorbol ester and cholera toxin.
Proc Natl Acad Sci USA 79:2018-2022, 1982

2. Naughton GK, Eisinger M, Bystryn J-C: Antibodies to melanocytes
in vitiligo. J Exp Med 158:246-251, 1983

3. Naughton GK, Eisinger M, Bystryn J-C: Detection of antibodies
to melanocytes in vitiligo by specific immunoprecipitation. J
Invest Dermatol 81:540-542, 1983

4. Naughton GK, Mahaffey M, Bystryn J-C: Antibodies to surface
antigens of pigmented cells in animals with vitiligo. Clin Res 32:
257A, 1984

5. Lipkin G: Pigment transformation and induction in hamster ma-
lignant amelanotic melanocytes: an effect of nucleic acids from
hamster benign blue nevi. J Invest Dermatol 57:49-65, 1971

6. Lipkin G: Use of mammalian nucleic acids in studies on transfor-
mation of tumor cells, Methods in Cancer Research, vol 8. Edited
By Busch. New York, Academic Press, 1973, pp 339-384

7. Bystryn J-C, Schenkein 1, Baur S, Uhr JW: Partial isolation and
characterization of antigen(s) associated with murine melanoma.
JNCI 52:1263-1269, 1974

8. Heaney-Kieras .J, Bystryn J-C: Identification and purification of a
75K dalton cell-surface human melanoma associated antigen.
Cancer Res 42:2310-2319, 1982

9. Bystryn J-C, Naughton GK, Eisinger M: Humoral immunity to
pigmented cells in persons with vitiligo. Pigment Cell, Proc X1lth
International Pigment Cell Conference, 1983. Tokyo, Univ of
Tokyo Press, in press

10. Lipkin G, Knecht M: A diffusible factor restoring contact inhibition
of growth to malignant melanocytes. Proc Natl Acad Sci USA
71:849-853, 1974

11. Lipkin G, Knecht M: Contact inhibition of growth is restored to
malignant melanocytes of man and mouse by a hamster protein,
Exp Cell Res 102:341-348, 1976

melanoma cells following phenotypic reversion induced by contact
inhibitory factor. Submitted for publication 1984.





