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The purpose of this study was to clarify the relation-
ship between the cellular and humoral immune com-
ponents in the pathogenesis of vitiligo vulgaris. By
using cytokines as indicators of peripheral mononu-
clear cell (MNC) function, we compared the effects of
phytohemagglutinin (PHA) and purified IgG on
MNCs derived from patients suffering from active
vitiligo with those from normal controls. The results
revealed (i) a significant increase in spontaneous
production of IL-6 and IL-8 in patients; (ii) PHA,
purified IgG from patients (IgG-anti-MC), or IgG
from normal controls (N-IgG) induced a significant
increase in IL-6 but diminished GM-CSF, TNF-a, and
IFN-v release in patients; and (iii) IgG-anti-MC
brought about a significantly higher stimulatory ef-
fect on IL-1B and IFN-vy production than N-IgG in

unctional melanocytes in patients with vitiligo vulgaris

disappear from involved skin by a mechanism(s) thaf hrfs

yet to be identified. An immunologic hypothesis is

currently advanced as a possible pathogenesis of vitiligo.

Evidence supporting this hypothesis includes (i) vitiligq
is occasionally associated with certain autoimmune disorders (Zz?uh
et al, 1986; Hegedus et al, 1994), (ii) presence of circulating
organ-specific autoantibodies (Cunliffe et al; 1968; Harsoulas et al,
1978; Betterle et al, 1985), (iii) occurrence of mclanocytc-s.pemﬁc
antibodies (Naughton ef al, 1983a, 1983b), and (iv) aberrations in
the proportion of T-cell subpopulations (Soubiran et al, 1985;
Grimes et al, 1986; D’Amelio et al, 1990; Mozzanica et al, 1990;
Hann ef al, 1993; Al-Fouzan et al, 1995). Of these, the presence of
anti-melanocyte antibodies and imbalance in peripheral mononu-
clear cell (MNC) subsets may play particularly important roles in
the pathogenesis of vitiligo. Anti-melanocyte antibodies were
found to induce melanocyte damage in vitro by a complcmfex.lt—
mediated mechanism and antibody-dependent cellular cytotoxicity
(Norris et al, 1988). Although alterations in MNC SprO})}llBth}ls,
especially in T lymphocytes, have been the subject of intensive
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normal controls. Immunologically, IL-6 can enhance
melanocyte ICAM-1 expression, which may increase
leukocyte-melanocyte attachment and cause mela-
nocyte damage in vitiligo. A decrease in GM-CSF (an
intrinsic growth factor for melanocyte) production
may retard recovery from vitiligo by checking the
proliferation of surviving melanocytes. A significant
decrease in TNF-a and IFN-y production may par-
tially explain the reduced inflammatory reaction in
vitiliginous lesions. That IgG-anti-MC stimulates an
increase in IL-1f3 and IFN-y production in controls
suggests that IgG-anti-MC may play a role in mela-
nocyte destruction mediated by monocytes. Key
wovds: cytokinelvitiligo vulgaris/IgG anti-melanocyte anti-
bodies. J Invest Dermatol 108:527-529, 1997

investigations, only a few publications dealt with changes in MNC
function in vitiligo patients (Mozzanica et al, 1989; Abdel-Naser
and Ludwig, 1992; Mozzanica et al, 1992; Taher-Uz-Zaman ef al,
1992). In this study the spontancous and phytohemagglutinin
(PHA)- and anti-melanocyte antibody-stimulated production of
cytokines on MNCs were studied to advance our understanding of
the roles of MNCs in the pathogenesis of vitiligo.

MATERIALS AND METHODS

Selection of Patients Twelve patients with vitiligo of non-segmental-
type were selected in this study. All padents had developed newly depig-
mented lesions within the previous 3 mo; that is, they were suffering from
active vitiligo (Moellmann ef al, 1982). None of the patients had any known
autoimmune disorders such as Hashimoto's thyroiditis, Grave's disease,
pernicious anemia, or insulin-dependent diabetes mellitus. An equal number
of age- and sex-matched healthy individuals served as controls for the
present study. None of the participants had received medical treatment in
the preceeding 3 mo.

Purification of IgG from Serum of Vitiligo Patients with Anti-
Melanocyte Antibodies Scrum from patients with active vitiligo and
normal controls was collected for purification. The fraction I (IgG)
obtained from Sephacryl S-300 gel filtration was further absorbed into the
protein A-Sepharose 4B (Pharmacia LKB, Uppsala, Sweden). Sepharose-
conjugated IgG was cluted with sodium acetate buffer at pH 2.5 and
immediately neutralized to pH 7.2 with 1 N NaOH. After adequate dialysis
against distilled water, the IgG was lyophilized (Yu et al, 1989a). The
protein concentration of purified IgG was determined by Bio-Rad protein
assay kit (Bio-Rad, Richmond, CA). IgG preparations were found to be free
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of contaminants by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis on 10% gels (Laemmli, 1970).

Melanocyte Culture and IgG Anti-Melanocyte Antibody Detection
Normal adult human foreskin was employed for melanocyte culture.
Melanocytes were isolated and maintained in culture as described (Kao and
Yu, 1991). Second-passage cells were used for IgG anti-melanocyte anti-
body (IgG-anti-MC) detection. The individual purified IgG was measured
for anti-melanocyte activity by cellular enzyme-linked immunosorbent
assay (ELISA) as reported (Yu et al, 1993). Six samples containing the
highest titer of IgG-anti-MC were then used in the following experiments.

Isolation of Peripheral MNCs and Preparation of MNC Superna-
tants Peripheral MNCs were isolated from heparinized venous blood of
patients and normal individuals by centrifuging at 300 X ¢ for 30 min over
a Ficoll-Hypaque cushion (specific gravity, 1.077) as reported (Yu et al,
1989b). The cell concentration was adjusted to 2 X 10° cells per ml in 10%
fetal bovine serum in RPMI 1640 medium (GIBCO, Gaithersburg, MD).
Fifty microliters of MNCs were placed in triplicate microwells. Then, 0.02
ml of 10% fetal bovine serum in RPMI 1640 medium (spontaneous), PHA
(5 pg per ml, Sigma, St. Louis, MO), IgG-anti-MC (100 pg per ml) or
normal IgG (N-IgG) (100 pg per ml), and 0.13 ml of 10% fetal bovine
serum in RPMI 1640 medium was added to the microwells. The mixture
was incubated at 37°C in 5% CO,/95% air for 24 h. After incubation, the
mixture was centrifuged at 2000 rpm for 10 min and the cell-free supernatants
were collected and stored at —20°C until cytokine determination.

Measurement of Cytokines in MNC Supernatants by ELISA The
concentration of cytokines in the culture supernatants derived from 1 X 10°
MNCs per ml after a 24-h incubation with medium, PHA, IgG-anti-MC, or
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N-IgG was measured by commercially available ELISA test kits. The ELISA
kits include interleukin (IL)-1p8, IL-6, IL-8, granulocyte-macrophage col-
ony-stimulating factor (GM-CSF), tumor necrosis factor-a (TNF-a), and
interferon-y (IFN-vy) (Research and Develop System, Minneapolis, MN),
and we followed the manufacturer’s instruction. The results were presented
as mean = SD. Unpaired Student’s t test was used to analyze the statistical
differences between patients and controls. A difference of p < 0.05 was
considered as statistically significant.

RESULTS

Anti-Melanocyte Activity of Purified IgG from Active Viti-
ligo Patients Is Significantly Higher Than That from Con-
trols Purified IgG from serum of 12 patients with active vitiligo
was assessed for melanocyte-binding activity by cellular ELISA. By
using methanol-fixed melanocytes as substrate, the optical density
at 490 nm, a measure of purified IgG, was significantly higher for
vitiligo patients (0.70 * 0.16) than for the controls (0.25 * 0.14)
(p < 0.05, Fig 1).

A Significant Increase in Spontaneous Production of IL-6
and IL-8 in Patients with Active Vitiligo The spontaneous
release of IL-6 and IL-8 was significantly higher in patients than in
healthy controls (IL-6, 150.6 * 32.5 pg per ml vs. 104.7 = 15.9 pg
per ml; IL-8, 1412.2 * 857.7 pg per ml vs. 198.7 == 31.6 pg per ml;
p < 0.05). In contrast, differences in the spontaneous IL-1[3,
GM-CSF, TNF-q, and IFN-y release were not significant (Table

I).

PHA, IgG-anti-MC, and N-IgG Induced a Higher IL-6
Production but Lower GM-CSF, TNF-«, and IFN-y Release
in the Patient Group as Compared with the Control Group
As demonstrated in Table I, PHA, IgG-anti-MC, or N-IgG
induced a significant increase in IL-6 production, and a decrease in
GM-CSF, TNF-a, and IFN-7y release were found in patients with
active vitiligo as compared with controls. Moreover, IgG-anti-MC
induced significantly higher IL-13 production in controls than in
patients (p < 0.05). PHA- or N-IgG-stimulated 1L-13 production
was similar between patients and normal controls. An additional
interesting finding was that IgG-anti-MC in controls had a signif-
icantly higher stimulatory effect on IL-1$ (p < 0.005) and IFN-y
(p < 0.05) production than did N-IgG.

DISCUSSION

Melanocytic cytotoxicity of immune mechanisms in vitiligo is a
complex process involving effector—target attachment via pairs of
adhesive molecules, activation of leukocyte receptors by target
antigens and other cell-surface markers, and triggering of cytolysis
(Martz, 1987; Norris, 1990; Morelli and Norris, 1993). Al Badri et
al (1993) reported increased expression of intercellular adhesion

Table I. PHA, IgG-anti-MC, N-IgG Induced Higher IL-6 Production but Lower GM-CSF, TNF-«, and IFN-y Release in
the Patient Group (Pt) Compared to Controls (NC)*
Cytokine Spontaneous PHA IgG-anti-MC N-IgG
(pg/ml) N = 12 Release (5 pg per ml) (100 pg per ml) (100 g per ml)
IL-18 NC 88.7 + 16.3" 657.2 * 6.2 1054.6 =+ 105.3¢ 792.3 + 145.9¢
Pt 94.8 = 18.1 673:8, £91.9 915.4 = 134.0 756.1 * 142.12
IL-6 NC 104.7 £ 15.9° 572.1 + 385.3¢ 809.2°* 251.4¢ 827.8 + 142.3°
Pt 150,6 325 1275.6 £ 427.8 1225.6 * 288.4 1068.3 * 231.5
IL-8 NC 198.7 = 31.6° 5818.7 * 1531.7 6621.7°=1570.2 6144.2 *= 1308.6
Pt 1412.2 * 857.7 63974 ATTT 7104.9 * 2303.4 6696.0 = 1932.3
GM-CSF NC 23.6'* 51.6 1293.7 £ '97.4° 1269.4 *= 104.3° 1446.9 * 212.7¢
Pt 33.4 = 10.1 118.9 = 84.8 115:0:2 75.0 141.2 ' +:105.7
TNF-a NC 20.1 = 51.1 1212.5 = 502.9° 1255.0 * 668.3¢ 1186.4 + 541.3°
Pt 37.4 £ 299 291.1. £ 137.5 268.5 *= 126.3 254.8 £ 127.6
IFN-y NC 54.3 £ 7.5 592.1 * 66.3* 964.1 + 117.5" 651.5 = 105.8%
Pt 73.9== 270 249.0 = 108.6 267.4 = 64.9 264.2 * 110.3

“The mononuclear cells (1 X 10° cells per ml) obtained from patients with active vitiligo and from controls were incubated with medium (spontaneous release), PHA,
IgG-anti-MC purified from active vitiligo, or N-IgG at 37°C for 24 h. The cell-free supernatants were measured for respective cytokines by ELISA kit.

" Value denotes mean * SD. “ p < 0.05; “p < 0.01; “p < 0.001, when comparing controls with patients; ' p < 0.05; ¢ p < 0.005, when comparing controls stimulated with
IgG-anti-MC or N-IgG (using unpaired Student’s t test).
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molecule 1 (ICAM-1) on melanocytes in active vitiligo lesions.
ICAM-1 is necessary for leukocyte-melanocyte attachment that
develops into immunologic cytotoxicity (Morelli and Norris,
1993). Many cytokines such as IFN-y, TNF-a, TNF-j, IL-1, IL-6,
and IL-7 can induce the expression of cell surface ICAM-1 on
melanocytes (Yohn ef al, 1990, Kirnbauer ef al, 1992). In this study,
IL-6 production of MNCs was found to be significantly increased in
patients with vitiligo. It is not inconceivable that this cytokine not
only enhances melanocyte ICAM-1 expression, which may trigger
leukocyte—melanocyte attachments, but also induces polyclonal
B-cell activation, increasing autoantibody production and causing
melanocyte damage in vitiligo. In addition, increased IL-8 produc-
tion by patients activated monocytes may be able to attract polymor-
phonuclear neutrophils (Yoshimura ef al, 1987) and T lymphocytes
(Larsen et al, 1989) to the sites of lesions, amplifying inflammatory
reactions and, therefore, facilitating melanocytic cytotoxicity.

Another interesting finding in this study is a decrease in the
production of GM-CSF, TNF-«, and IFN-y by MNCs in patien.ts
with active vitiligo. GM-CSF had been reported as an intrinsic
factor for melanocyte growth (Imokawa ef al, 1996). A significant
decrease in GM-CSF release in active vitiligo may retard the
proliferation of surviving melanocytes and recovery from viti]igq.
TNF-a has been implicated as a fundamental inflammatory medi-
ator (Vlassara et al, 1988; Tracey et al, 1989) and IFN-vy as an
immunomodulator (Trinchieri ef al, 1985). A significant dccreasc. in
TNF-a and IEN-y production by mononuclear cells in active
vitiligo may partially explain the reduced inflammatory reaction and
cell infiltration (Moellmann et al, 1982; Kao and Yu, 1990) in
lesions.

By using cultured melanocytes as a substrate, cellular ELISA
revealed a higher optical density for IgG-anti-MC as compared to
N-IgG. On the other hand, IgG-anti-MC and N-IgG cxhibited'a
potent stimulatory effect on cytokine production by MNCs l?oth in
patients with active vitiligo and in normal individuals. This may
indicate that MNCs per se are not the unique target ccll§ for
IgG-anti-MC. IgG-anti-MC, however, had a signiﬁcantly higher
stimulatory effect on IL-13 and IFN-y production than did N-IgG
in normal controls. Since IFN-y stimulates IL-13 production by
monocytes and major histocompatibility complex class I and glass 11
expression on many cells, IgG-anti-MC may play a role in the
inflammatory and immunologic processes of melanocyte destruc-
tion mediated by monocytes.

An increase in the production of proinflammatory cytokines, that
is, IL-6 and IL-8, by the MNCs of active vitiligo patients may play
an important role in melanocytic cytotoxicity through the enhance-
ment of effector cell migration and effector—target attachment.
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