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Abstract. The effects of growth factors extracted from a newly established fetal lung fibroblast
cell line (PMR-GF) on the melanocytes cultured from the perilesional and depigmented skins of
vitiligo subjects and from normal healthy donors have been investigated. Melanocytes from
normal subjects grown in the presence of 10 ng/ml of 12-0-tetradecanoyl phorbol 13-acetate
and 10–11 Μ cholera toxin grew exponentially immediately after seeding the epidermal cell
suspensions. Exogenous addition of PMR-GF to these cells enhanced their growth rates.
The perilesional skin melanocytes of vitiligo subjects in most cases did not manifest any growth
when cultured in the presence of 12-0-tetradecanoyl phorbol 13-acetate and cholera toxin.
PMR-GF induced a brief burst of growth in these cells after a lag of 15 days. Vitiligo lesions
gave rise to a few unpigmented dendritic cells that did not manifest any growth in the
presence or absence of PMR-GF. Morphologically the perilesional skin melanocytes of most
vitiligo subjects, when cultured in 12-0-tetradecanoyl phorbol 13-acetate and cholera toxin,
appeared to be larger and hyper-melanotic as compared to those of normal individuals. In
the presence of PMR-GF these melanocytes appeared to be normal in size and less hypermelanotic. Our results indicate that the melanocytes from vitiligo subjects are defective and
thus the basic defect in vitiligo could be with the melanocytes themselves.
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Introduction
Vitiligo, a disease characterized by patchy depigmentation of the skin, is believed to
affect 1% of the world population (Lerner, 1959). In India, however, its incidence is
believed to be 3–4% (Robert, 1941). In the perilesional skin surrounding the vitiligo
macule, the melanocytes were found to be reduced in numbers and morphologically
abnormal, as though they had been fixed in the G2 phase of the cell cycle (Lerner
and Nordlund, 1978). Different theories as to the cause of this disease, propose
different mechanisms for the destruction of melanocytes in these patients.
We have recently demonstrated by sensitive biochemical techniques, the presence
of tyrosinase the melanocyte marker enzyme in the vitiligo lesions (Hussain et al.,
1982). The levels of tyrosinase in these lesions were 4–37% of the corresponding
normal skins of the same subjects, suggesting that the melanocytes in these macules
may have become quiescent (figured 1). We have therefore, initiated studies on the
cultures of melanocytes from normal and vitiligo subjects (Puri et al., 1987). We
report here that fetal lung fibroblast extracts that promote the growth of
melanocytes obtained from normal donors, do not sustain the growth of melanocytes
*To whom all correspondence should be addressed.
Abbreviations used: MEM, Minimum essential medium; TPA, 12-O-tetradecanoyl 13-acetate; CT,
Cholera toxin; PBS, Phosphate buffered saline; DAM-Smyth, delayed amelanotic-Smyth.
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Figure 1. Progressive changes in the etiopathological concepts of vitiligo. Detailed analysis
of these theories can be seen in Lerner (1959), Lerner and Nordlund (1978), Mishima et al.
(1972) and Ramaiah (1985).

of the perilesional skins of vitiligo subjects and has no effect on the unpigmented
dendritic cells that the white lesions give rise to. Based on these results we conclude
that the basic defect in vitiligo lies with the melanocytes themselves.
Materials and methods
Patients and culture techniques
Vitiligo vulgaris patients appearing at our hospital pigmentation clinic were carefully
screened. Only those patients who had not taken any medicine for at least a year and
had no other concurrent ailments were chosen for the present study (table 1).
Intermediate thickness split-skin biopsies were obtained under local anesthesia,
(Lidocaine 1%) from clear milky white patches and the perilesional hypo-or hyperpigmented borders. The biopsies. were immediately washed 6–7 times with Eagles
minimum essential medium (MEM) containing antibiotics (pencillin l000 µg/ml,
streptomycin 1000 µg/ml and fungizone 0·25 µg/ml) and were kept in 0·25% trypsin
for 13 h at 4°C. The epidermis was then separated from the dermis and shaken
vigoursly in 0·05% trypsin solution containing 0·02% EDTA. The epidermal cell
suspensions were then seeded into Linbro (Flow laboratories, USA) 24-well plates in the
presence MEM+ 5% fetal calf serum and 1 0ng/ml of 12-0-tetradecanoyl phorbol
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Table 1. Case histories of vitiligo subjects.

Control skin donors age range was 19-62 years.

13-acetate (TPA) as described earlier (Puri et al., 1987). Fourty-eight hours after seeding,
the floating cells were aspirated and media containing 10–11 Μ cholera toxin (CT)
alone or supplemented with growth factors were added to the wells. Melanocyte
counts were taken under phase contrast according to the method of Aubock et al.
1983). Skin from donors undergoing cosmetic surgery at our hospital were used for
initiating normal human melanocytes in culture.
Establishment of the ΡMR fetal lung fibroblast cell line
A 5 month old male aborted fetus was obtained from the Department of Obstertics
and Gynaecology of our hospital. The lungs were removed under asceptic conditions
and cut into small pieces. These were transferred to sterile petri dishes (Falcon, USA)
and Eagles MEM was added. In about 2 weeks time when the fibroblast outgrowths
could be seen under the microscope, the explants were removed and the cells allowed
to reach confluency. They were maintained routinely in MEM.
Extraction of growth factors
The fibroblasts grown in plastic bottles (150 cm2, Corning) to confluency in MEM
were collected by a rubber policeman and diluted to 1:1 with phosphate buffered
saline (PBS). This suspension was sonicated twice for 15 s at 70 mA, diluted 10 times
with PBS and centrifuged at 16,000 g for 20 min. This supernatant was then again
centrifuged at 150,000 g for 45 min as outlined by Eisinger et al. (1985) for the
isolation of growth factors from WI-38 cells. The proteins in this supernatant
fraction were estimated by the method of Lowry et al. (1951). This extract diluted
with PBS to various protein concentrations were added to melanocyte cultures.
Chemicals
Culture media used in the present study were purchased from GIBCO, Grand Island,
USA. TPA was from Consolidated Midland Corporation, USA, while CT was from
Sigma Chemicals Co., St. Louis, Missouri, USA. All other chemicals used were of the
highest grade available locally.
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Results
PMR-fibroblasts and PMR-GF
As can be seen. from figure 2, the newly established fetal lung cell line manifests all the
characteristics of the fibroblast. The growth rates of these cells were comparable to
other fetal lung fibroblast cell lines such as WI 38 investigated by others (Hayflick
and Moorehead, 1961). PMR-GF diluted to final concentrations of 0·14µg/ml to 14·0 µg
protein/ml in the medium were tested on melanocytes obtained from perilesional
skins of vitiligo subjects for their growth promoting activity. Dilutions of 2·8 µg
protein/ml of medium appeared to show optimum stimulus for growth and all
further experiments were carried out at these concentrations. A non-specific
inhibition of melanocyte growth rates were seen when the concentrations of PMRGF were 14·0 and 5·6 µg protein/ml in the medium (data not shown).
Effect of PMR-GF on melanocytes of normal adult skins
Melanocytes obtained from normal human truncal skin grew exponentially in the
presence of 10–11 Μ CT and 10ng/ml TP A (figure 8). The cells grew individually
evenly distributed throughout the culture dish (figure 4). Melanocytes cultured in the
presence of PMR-GF manifested increased growth rates as compared to those grown
in TPA and CT only. However, the increased growth rates could be seen 4-6 days
after addition of PMR-GF (figure 8). Unlike in the case of melanocytes grown in
presence of TPA and CT, those cultured in the presence of PMR-GF grew in clumps
(figure 5).
Effect of PMR-GF on perilesional skin melanocytes
The melanocytes of the perilesional skins of vitiligo subjects failed to grow under
standard conditions of 10–11 Μ CT and 10ng/ml TPA. They merely survived in
culture for 15-30 days. Morphologically the melanocytes of the perilesional skin
cultured in the absence of PMR-GF appeared to be larger in size and hypermelanotic as compared to the melanocytes of normal donors (figure 6). Exogenous
addition of PMR-GF to these melanocytes induced in them a burst of growth 15
days after seeding epidermal cell suspensions. The cells soon reached a plateau phase
and then started decreasing in numbers (figure 8). PMR-GF induced a reduction in
size of the perilesional skin melanocytes and at the same time the cells appeared to be
less hypermelanotic (figure 7). The clumping seen in normal human skin melanocytes
in the presence of PMR-GF (figure 5) was also seen in the perilesional skin melanocytes (figure 7), but the extent of clumping was less.
Effect of PMR-GF on the dendritic cells of vitiligo lesions
The vitiligo lesions give rise to a few unpigmented dendritic cells, that survived for
8-10 days in culture (figure 3). The addition of PMR-GF at any concentration did
not have any effect on these cells (figure 8).
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Figures 2 and 3. Cultured cells seen under phase contrast. 2. Fetal lung fibroblasts. 12th
Passage X 92. 3. An unpigmented dendritic cell from a vitiligo lesion. Primary culture.
X 370.
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Figure 4 and 5. 4. melanocytes from a normal donor growing individually. Primary
culture X 92. 5. melanocytes from the same normal donor cultured in the presence of
PMR-GF. Primary culture X 92. Note clumping of the melanocytes.
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Figures 6 and 7. 6. Melanocytes from the perilesional skin of a vitiligo subject. They are
larger in size and also hyper-melanotic. Primary culture X 92. 7. The perilesional skin
melanocytes of the same individual as shown in figure 6. but grown in the presence of PMRGF. Primary culture X 92.
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Figure 8. Growth kinetics of melanocytes and unpigmented dendritic cells of normal,
perilesional and affected skins of control and vitiligo subjects grown in the presence and
absence of optimum concentrations of PMR-GF.

Discussion
Melanocytes constitute a small percentage of skin cells and have been found to
undergo mitosis in vivo (Jimbow et al., 1975). Only in 1982, it was possible to grow
melanocytes in vitro. Tumor promotors such as TPA and other chemicals like CT
were found to inhibit the attachment and proliferation of fibroblasts and keratinocytes and at the same time allow the growth of melanocytes (Marko and Eisinger,
1982). In addition, extracts of bovine hypothalamus (Gilchrest et al., 1984),
melanomas, astrocytomas and fetal lung fibroblast cello lines (Eisinger et al., 1985)
have been found to promote the growth of melanocytes in culture.
All the theories on the etiology of vitiligo suggest that melanocytes are absent in
the affected lesion, being destroyed by various mechanisms (Ortonne et al., 1983;
Ramaiah, 1985). In most of these theories, the melanocytes themselves have been
considered to be physiologically normal. We have recently shown, that melanocytes
from adult healthy donors grow and can be trypsinized upto 3-4 passages in the
presence of 10–11 Μ CT and 10 ng/ml TPA while melanocytes cultured from uninvolved skins of vitiligo subjects, manifest a lag of 8-10 days for the onset of growth
and cannot be passaged (Puri et al., 1987). That the melanocytes present in skins of
vitiligo subjects are not normal is also indicated by the present study. The melanocytes of the perilesional skins of vitiligo subjects fail to respond to growth factors
extracted from fetal lung fibroblast cells in a manner that control donor skin melanocytes do (figures 4-8).
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Our results thus establish that the basic defect in human vitiligo lies with the
melanocytes themselves. The anti-melanocyte antibodies seen in many vitiligo subjects could then be a secondary phenomenon (Naughton et al., 1983). Recently,
Boissy et al. (1986) have drawn similar conclusions based on the reduced proliferative
capacities of melanocytes originating from neural crests of delayed amelanoticSmyth (DAM-Smyth) chicken, an animal model of human vitiligo (Boissy et al.,
1983). Melanocytes originating from the neural crest cells of the DAM-Smyth
chicken appear to become larger in size and hypermelanotic after a few passsages in
culture, a morphological phenomenon also seen in the perilesional skin melanocytes
of human vitiligo subjects (figure 6). The PMR-GF induces a partial reduction in size
and melanin content (figure 7) besides the small unsustained growth (figure 8).
Whether other melanocyte mitogenic factors present in bovine hypothalamus
(Gilchrest et al., 1984), melanomas, astrocytomas and other fetal lung fibroblast cell
lines (Eisinger et al., 1985) would bring about complete normalization of these
perilesional skin melanocytes remains to be investigated.
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