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Etiology of Vitiligo. A New Hypothesis
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Serum from actively repigmenting human vitiligo sub-
jects had maximum mitogenic effect on the growth of
melanocytes in culture, followed by the serum from
normal donors, and from untreated vitiligo subjects in
that order. Based on these findings, a new hypothesis
is suggested for the etiology of vitiligo. Key words:
Melanocyte; Growth; Human serum.
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Melanocytes cultured from newborn human foreskins
grow faster and can be passaged to 60 or more popula-
tion doublings, in contrast to those obtained from
adult skins which have longer doubling time and can
be passaged only 3—4 times (1, 2). Melanocytes de-
rived from uninvolved and perilesional skin of vitili-
go subjects manifest a decreased seeding capacity,
grow after a long latent period or do not grow at all,
and cannot be passaged (1). In contrast, in melano-
cytes obtained from treated individuals with actively
repigmenting vitiligo patches, these defects are com-
pletely corrected (3).

Some of the growth defects of the melanocytes ob-
tained from normal skin regions of the vitiligo indi-
viduals can be partially corrected in vitro, by adding
fetal lung fibroblast derived growth factors (3-5).
These growth factor(s) not only enhance the growth
rate, but also promote the passage capacity of melano-
cytes obtained from normal donors and uninvolved
skin of vitiligo subjects, while withdrawal of growth
factor(s) results in the loss of their growth and passage
capacities (5).

In the present communication the effects of serum
from normal healthy subjects, and patients with vitili-
go and actively repigmenting vitiligo, on the growth
characteristics of melanocytes cultured from different
sources are presented. Based on these results it is
suggested that a decreased concentration of melano-
cyte growth factor(s) in the serum may result in vitili-

20.

MATERIALS AND METHODS

Materials

Eagle’s minimum essential medium, the non-essential amino
acids, fetal calf serum and antibiotics were from Gibco,
Grand Island, New York. Cholera toxin (CT), 12-O-tetrade-
canoylphorbol 13-acetate (TPA) and trypsin were purchased
from Sigma Chemical Company, St. Louis, Missouri, Con-
solidated Midland Corporation, Katonah, New York, and
Difco, USA respectively. Other chemicals used were of the
highest grade available.

Human sera

After obtaining informed consent from the human subjects,
we collected blood by vein puncture. The clotted blood was
centrifugated and the sera was aspirated and stored at —70°C
until further use. The vitiligo patients were treated with 8-
methoxypsoralens and natural sunlight radiation therapy and
the serum from actively repigmenting patients was collected
at least 24 h after ingestion of psoralens.

Melanocyte cultures

The adult human melanocytes from normal or uninvolved
skin of vitiligo subjects were grown in primary cultures as
described earlier (1) in presence of 20 % serum from normal,
vitiligo, actively repigmenting vitiligo human subjects or fetal
calf. Primary cultures rather than pure cultures of melano-
cytes were used in these studies, since melanocytes from the
uninvolved skin of vitiligo subjects could not be passaged
without adding fetal lung fibroblast growth factor(s) (1). Even
in primary cultures, the growth of melanocytes could be easi-
ly followed by in situ counting, since adult human melano-
cytes with their dendrites are easily identifiable under phase
contrast microscopy. In situ counting of 10 randomly selected
microscopic fields (0.49 mm?), ad modum Aubock et al. (6)
was done at various intervals in order to measure the melano-
cyte growth rate. Epidermal cell suspensions from normal
human epidermis or from the uninvolved skin of vitiligo
subjects were prepared as described earlier (1) and 0.25x 10°
epidermal cells from normal human epidermal cell suspen-
sion, or 0.75 X 10 epidermal cells in the case of epidermal cell
suspension from the uninvolved skin of vitiligo subjects, were
plated in wells of 24-well Linbro culture plates, as described
earlier (1). The growth of melanocytes as described above was
followed by in situ counts every 48 h.

RESULTS

The effects of serum at 1-20% from normal donors,
vitiligo patients and actively repigmenting vitiligo
subjects on the growth of primary cultures of melano-
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Fig. 1. Typical primary culture growth characteristics of nor-
mal donor (a) and uninvolved skin melanocytes of vitiligo
subjects (b) in normal human (NHS), repigmenting vitiligo
human (RHS), vitiligo human (VHS) and fetal calf (FCS)
sera. The concentration of serum was 20% in all cases and
was optimum, based on the studies using 1-20% serum.
Details of the culture and counting techniques are given in
the Ref. 1. The media was changed every 72 h. The numbers
given on the Y-axis represent the mean numbers of melano-

cytes from normal donors and uninvolved skin of
vitiligo subjects were studied. 20 % serum was found
to be more effective than at lower concentrations;
20% serum was therefore used throughout. The
growth of melanocytes in presence of 20% fetal calf
serum was also studied for comparison. The typical
growth rates of melanocytes in presence of various
sera are presented in Fig. 1a, b. The number of sera
tested were 7 each from normal and repigmenting
vitiligo subjects and 4 from untreated vitiligo sub-
jects. The effects of these sera were tested on melano-
cytes cultured from 7 normal donors and 2 vitiligo
subjects. The statistical significance of these studies
are presented in Table 1.

It is clear from these results that serum from nor-
mal individuals has mitogenic factors different from
those present in fetal calf serum. It was also observed
that the serum from repigmenting vitiligo subjects
had a significant stimulatory effect on the growth of
melanocytes from normal individuals, as compared
with the effect of serum from normal (+41.7% *5.1,
p<0.001). Similarly, the serum from normal adults
had a significant stimulatory effect on the growth of
melanocytes from normal donors, as compared with
the effect of serum from untreated vitiligo subjects
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cytes counted in 10 randomly chosen microscopic fields (0.49
mm?). The standard deviation was less than 10%. In situ
melanocyte counts were taken until the time every melano-
cyte could be casily distinguished (2 weeks). After this time,
especially in presence of RHS, clustering of melanocytes oc-
curs and counts of melanocytes could become unreliable and
therefore counting beyond 2 weeks were not attempted. Simi-
lar results were obtained with serum in 7 normal subjects,
from 7 repigmenting patients and from 4 vitiligo patients.

(+17.5%=1.1, p<0.001). Similar trends were seen
when melanocytes from uninvolved skin of untreated
vitiligo subjects were used for these studies
(+34.9%=*1.9, p<0.05).

These results suggest the presence of mitogenic fac-
tors in human serum and that its level is lower in the
serum from the untreated vitiligo subjects. This idea
is further supported by the following lines of evi-
dence. The melanocytes grow in clusters (Fig. 2 a, b),
in presence of serum from actively repigmenting viti-
ligo subjects a feature also seen in melanocytes grown
in the presence of optimal levels of fetal lung fibro-
blast derived growth factors (3-5). Our preliminary
observations indicate that 8-methoxypsoralens (25—
400 ng/ml) had no effect on melanocytes grown in
presence of 20 % fetal calf serum, but had a potentiat-
ing effect in presence of human serum, suggesting that
psoralens have potentiated the effect of factors in
human sera on the growth of cells and that such
factors are not present in fetal calf serum. The more
stimulatory effect of serum from repigmenting treat-
ed vitiligo subjects could be either due to an increase
in growth factors in this serum, or simply a result of
potentiation of its effect by residual psoralens that
may be present in serum from treated vitiligo sub-




Fig. 2. Melanocytes in primary culture grown in normal hu-
man (a) and repigmenting human () serum. Note clustered
growth in (b). Melanocytes were from the uninvolved skin of
a 20-year-old male, vitiligo subject. NHS was from a 20-year-

jects. The latter possibility is in our view less likely,
because the level of psoralen in the serum of patients
24 h after its intake was zero in 15 cases out of 36 (7),
and the effect of serum—even when collected 72 h
after the intake of 8-methoxypsoralens, from repig-
menting vitiligo subjects—on the growth of melano-
cytes was same as that of serum obtained 24 h after
the intake of psoralens.

DISCUSSION

Current theories on the etiopathogenesis of vitiligo
have several drawbacks and do not seem to be appli-
cable universally to all patients (8). Several workers
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old male. RHS was from a 20-year-old female vitiligo subject
undergoing psoralen + sunlight therapy for 24 months. Simi-
lar results were obtained with one other vitiligo subject.
Phase contrast, X 92, after 32 days of primary culture.

have presented a composite hypothesis, combining
the three most popular theories—the neural (9) the
free radical (10) and the immune mechanism (11).
Based on these results presented here, we propose that
the normal population densities of melanocytes in the
skin may be regulated by growth factors originating
both from keratinocytes, fibroblasts (4, 12—-14) and
from circulation originating from various tissues (15,
16). These growth factors may turn out to be the basic
fibroblast growth factor(s) based on the work of Hala-
ban et al. (16) who showed that it has a mitogenic
effect on melanocytes in culture. Depigmentation in
vitiligo subjects could be due to a reduction of growth
factor(s) levels, locally and in circulation, which are

Table 1. Effect of different sera on the growth of human melanocytes after 14 days, except in no. 4 which is on

the 16th day

Subjects 1-7 are healthy volunteers and nos. 8-9 uninvolved skin of vitiligo patients

Mean number of melanocytes +SD in 0.49 mm?

Serum from
Subject Normal repigmenting Untreated
no. subjects vitiligo patients vitiligo patients
1 100+4.9 142+6.1 84+5.0
100+4.9 135£5.6 81+3.3
2 78+4.6 110+7.1 64+3.7
3 98+3.4 133£4.5 N.D.
4 124+7.3 N.D. 103+4.8
5 91+2.6 132+4.1 N.D.
6 96+4.1 136 +5.8 N.D.
7 80+3.0 125455 N.D.
8 90+5.0 123+5.4 N.D.
9 103£4.2 13742 N.D.
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necessary for the normal proliferation and mainte-
nance of the melanocytes.
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