
Introduction
Vitiligo is an acquired idiopathic hypomelanotic disor-
der characterized by circumscribed depigmented mac-
ules resulting from the loss of cutaneous melanocytes.
Although the exact cause of the condition remains to be
established, an autoimmune etiology has been suggest-
ed because the disease is frequently associated with other
disorders that have an autoimmune origin, such as
autoimmune thyroiditis and type 1 diabetes mellitus (1,
2). Furthermore, circulating autoantibodies and autore-
active T lymphocytes that recognize melanocyte antigens
are present in the sera of a significant proportion of
vitiligo patients compared with healthy individuals (3,
4). Vitiligo autoantibodies are most commonly directed
against pigment cell antigens with molecular weights of
35 kDa, 40–45 kDa, 75 kDa, 90 kDa, and 150 kDa that
are located on the surface of the cell (5, 6), but that
remain unidentified. In addition, autoantibodies to the
melanocyte-specific proteins tyrosinase (7–9), tyrosinase-
related protein-1 (TRP-1) (10), tyrosinase-related pro-
tein-2 (TRP-2) (11, 12), and Pmel17 (13), as well as the
transcription factor SOX10 (14), have been detected in
vitiligo patients. Autoreactive T cells that recognize
MelanA/MART-1, tyrosinase, and Pmel17 have also been
reported in individuals with the disease (4, 15–17).

The characterization of melanocyte autoantigens in
vitiligo is essential for understanding the immunopatho-

logical mechanisms in the disease and might enable the
development of specific immunological or drug-based
therapies for the disorder as well as possible diagnostic
assays. Several of the melanocyte autoantigens described
in vitiligo are also the targets of immune reactivities in
some melanoma patients. The discovery of autoantigens
recognized by immune responses in vitiligo may there-
fore identify antigens that could be useful in the specific
immunotherapy of melanoma. For the above reasons, the
aim of the present study was to identify novel melanocyte
autoantigens in vitiligo using the technique of phage-dis-
play based on the pJuFo cloning system (18, 19). This
technology has been used to identify allergens that bind
to human IgE Ab’s using yeast and fungal cDNA phage-
display libraries (20–22). The strategy permits both the
expression of cDNA libraries and the covalent attach-
ment of the expressed products as Fos-fusion proteins on
the surface of filamentous phage particles, thus allowing
the selective enrichment of phage-displaying IgG pep-
tides in rounds of biopanning. The cDNAs encoding
immunoreactive peptides can be recovered from phage
particles by infection of bacterial cultures and then iden-
tified by DNA sequencing and database searches.

Methods
Patients. Sera from 55 vitiligo patients (22 male, 33
female; mean age: 48 years; age range: 14–77 years) were
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used in this study. Of these patients, 41 had no other
autoimmune disorder and no family history of autoim-
mune disease, and 14 had at least one other autoim-
mune disorder: autoimmune thyroid disease, 9
patients; alopecia areata, 3 patients; systemic lupus ery-
thematosus (SLE), 1 patient; scleroderma, 1 patient.
Sera from 28 healthy individuals (10 male, 18 female;
age range: 21–59 years; mean age: 34 years) were used as
controls. As additional three sets of controls, sera from
20 patients (5 male, 15 female; mean age: 44 years; age
range: 22–84 years) with Graves disease (GD), 16
patients (7 male, 9 female; mean age: 48 years; age
range: 26–77 years) with Addison disease (AD), and 15
patients with SLE (1 male, 14 female; mean age: 43
years; age range: 20–64 years) were tested. All sera were
kept frozen at –20°C. This study was approved by the
Ethics Committee of the Northern General Hospital
(Sheffield, United Kingdom), and all subjects gave
informed consent.

Specific antisera. Rabbit polyclonal anti–melanin-con-
centrating hormone receptor 1 (anti-MCHR1) anti-
serum, MCHR11-S, was purchased from Alpha Diag-
nostic International Inc. (San Antonio, Texas, USA).
Other rabbit polyclonal antisera against melanocyte-
specific proteins that were used as controls included
antityrosinase (αPEP7), antityrosinase-related protein-2
(αPEP8), and anti-Pmel17 (AZN-LAM).

Library construction. The pJuFo vector (18), a gift from
R. Crameri (Swiss Institute of Allergy and Asthma
Research, Davos, Switzerland), was modified to allow
cloning of SfiI-restricted DNA fragments. Briefly,
primers 5′CTAGAGGCCATTA TGGCCTGCAGGATCCG-
GCCGCCTCGGCCGGTAC3′ and 5′CGGCCGAGGCGGC-
CG GATCCTGCAGGCCATAATGGCCT3′ (Life Technolo-
gies Ltd., Paisley, United Kingdom) were treated with
T4 polynucleotide kinase (Promega UK Ltd.,
Southampton, United Kingdom), annealed, and then
ligated into pJuFo restricted with enzymes XbaI
(Promega UK Ltd.) and KpnI (Promega UK Ltd.). Cul-
tured skin melanocytes were a gift from S. MacNeil
(Division of Clinical Sciences [North], University of
Sheffield, Sheffield, United Kingdom). RNA was pre-
pared from 2 × 106 cells using TRIZOL LS Reagent
(Life Technologies Ltd.) as described in the manufac-
turer’s instructions. Total RNA was then used in a
SMART cDNA Library Construction Kit (CLON-
TECH Laboratories UK Ltd., Basingstoke, United
Kingdom), according to the manufacturer’s protocol,
to prepare melanocyte cDNA fragments restricted
with SfiI that were then ligated into the SfiI site of
pJuFo. The melanocyte cDNA library was recovered by
electroporation of Escherichia coli XL1-Blue cells (Strat-
agene, La Jolla, California, USA), as described by the
manufacturer, and the library size estimated by plat-
ing out samples onto Luria Bertani (LB) agar (23) con-
taining 50 µg/ml ampicillin.

To prepare a melanocyte cDNA phage-display library,
the electroporated cells were incubated for 1 hour at
37°C before superinfection with 1012 plaque-forming

units of VCMS13 helper phage (Stratagene) at room
temperature for 30 minutes. The culture was subse-
quently transferred to 100 ml of LB medium (23) sup-
plemented with 50 µg/ml ampicillin, 10 µg/ml tetracy-
cline, and 10 µg/ml kanamycin. After overnight
incubation at 37°C, the culture was centrifuged and
phage precipitated from the supernatant as detailed
previously (22). The phage was resuspended in 2–3 ml
of PBS and stored at –20°C. The phage titer was deter-
mined by infecting log-phase E. coli XL1-Blue with an
aliquot of the phage-display library and then plating
out samples onto LB agar containing 50 µg/ml ampi-
cillin and 10 µg/ml tetracycline.

Isolation and biotinylation of IgG. IgG was isolated from
the sera of patients by protein G–Sepharose 4 Fast Flow
affinity column chromatography (Amersham Pharma-
cia Biotech Europe GmbH, Uppsala, Sweden). Eluted
IgG fractions were concentrated using an Amicon Con-
centrator (Amicon Inc., Beverly, Massachusetts, USA).
The concentrated IgG was filter sterilized with a Millex
filter unit (Millipore Corp., Bedford, Massachusetts,
USA), and the final concentration measured by pho-
tometry at 280 nm. Biotinylation of the IgG was per-
formed using EZ-Link Sulfo-NHS-LC-LC-Biotin
(Pierce Chemical Co., Rockford, Illinois, USA), accord-
ing to the manufacturer’s protocol. All IgG samples
were stored at 4°C until required.

Biopanning. A 15-µl aliquot of biotinylated IgG was
incubated with 200 µg of Dynabeads M-280 strepta-
vidin (Dynal Biotech ASA, Oslo, Norway), prepared
according to the manufacturer in 235 µl of sterile
water, and incubated at 4°C for 30 minutes on a rotat-
ing platform to permit Ab-bead binding. The Ab sam-
ple used was a pool from ten vitiligo patients with each
biotinylated IgG at a concentration of 2 mg/ml. To
block any nonspecific phage binding to the beads later
in the procedure, 300 µl of 2% dried milk in PBS con-
taining 10% glycerol was added to the bead-IgG sus-
pension, and incubation at 4°C continued for 1 hour.
The bead-IgG complexes were separated from the
blocking buffer using a Dynal Magnetic Particle Con-
centrator (Dynal Biotech ASA), washed twice, and final-
ly resuspended in 150 µl of PBS/0.05% Tween 20 before
the addition of a 100-µl sample of phage-display library
containing 1010 CFU. The suspension was then incu-
bated overnight at 4°C to allow interaction of the Ab-
bead complexes with peptides displayed on the surface
of the phage particles. The bead-IgG complexes were
washed extensively with PBS/0.05% Tween 20 to
remove any unbound phage. Bound phage were eluted
from the bead-IgG complexes with 150 µl of 100 mM
HCl (adjusted to pH 2.2 with solid glycine) and the
beads magnetically separated from the supernatant
that was neutralized by 9 µl of 2 M Tris-HCl (pH 7.6).
The phage suspension was subsequently used to infect
2 ml of exponentially growing E. coli XL1-Blue (Strata-
gene) for 15 minutes at room temperature. Aliquots of
the infected cells were then plated onto selective medi-
um to allow the recovery of pJuFo phagemid. To gen-
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erate a phage-display library for a further round of
selection, the infected E. coli XL1-Blue culture was
superinfected with helper phage as described above.
This first-round library enriched in phages displaying
IgG-binding peptides was used in a second round of
selective enrichment as detailed above. In all, three
rounds of biopanning were undertaken.

Analysis of recombinant pJuFo phagemid. Individual
colonies, isolated from the third round of biopanning
by plating out E. coli XL1-Blue infected with eluted
phage, were grown and pJuFo phagemid prepared
using the Wizard Minipreps DNA Purification System
(Promega UK Ltd.). Phagemid DNA (50 ng samples)
was subjected to 36 cycles of PCR amplification in a
DNA Thermal Cycler (Perkin-Elmer Cetus, Norwalk,
Connecticut, USA) with primers 1192 5′CCGCTG-
GATTGTTATTACTCGCTG3′ and 1500 5′TGCAAGGC-
GATT AAGTTGGGTAAC3′ (Life Technologies Ltd.),
which flank the XbaI-KpnI cloning sites in pJuFo,
using reaction conditions detailed previously (24). The
PCR amplification products were analyzed by agarose
gel electrophoresis (23) to confirm the presence of a
cDNA insert and were purified according to a Wizard
PCR Preps DNA Purification System (Promega UK
Ltd.). Sequencing of PCR products was performed
according to a Thermo Sequenase Cycle Sequencing
Kit (USB Corp., Cleveland, Ohio, USA) with [γ32P]ATP
(ICN Pharmaceuticals Ltd., Basingstoke, United King-
dom) and primer 5′-CCGAAATCGCGAACCTGCTG-3′
(Life Technologies Ltd.), which lies upstream of the
XbaI cloning site in pJuFo. Sequenced DNA was sub-
jected to electrophoresis in 6% acrylamide/7 M urea
gels with glycerol-tolerant gel buffer (USB Corp.). The
cDNA sequences were compared with international
databases using the BLAST network service of the
National Center for Biotechnology Information
(NCBI; Bethesda, Maryland, USA).

Cloning of human MCHR1 cDNA. Total melanocyte
RNA (1 µg) was used to prepare cDNA in a 30-µl reac-
tion containing 10 mM DTT, 1 mM dNTPs (Promega
UK Ltd.), 250 ng random primers (Promega UK Ltd.),
600 U M-MLV RT (Promega UK Ltd.), and 1X M-MLV
RT buffer (Promega UK Ltd.). The cDNA was subjected
to PCR amplification using the conditions as described
above with MCHR1-specific primers 5′TTGAATTCGC-
CGCCATGTTGTGTCCTTCCAAG3′ and 5′AATCTAGACGC-
CTATCAGGTG CCTTTGCTTC3′. Restriction sites for
EcoRI and XbaI were incorporated into the forward and
reverse primers, respectively, in order to allow sub-
cloning of the 1,300-bp PCR amplification product into
pcDNA3 (Invitrogen Ltd., Abingdon, United Kingdom)
and subsequent expression of the MCHR1 cDNA from
the T7 promoter in the vector. The recombinant plas-
mid, pcMCHR1, was purified with a QIAGEN Plasmid
Maxi Kit (QIAGEN Ltd., Crawley, United Kingdom).

In vitro translation. In vitro translation of pcMCHR1
was performed according to the TnT T7 Coupled
Reticulocyte Lysate System (Promega UK Ltd.) with
translation-grade [35S]-methionine (1,000 Ci/mmol,

10 mCi/ml; Amersham Pharmacia Biotech Inc., Little
Chalfont, United Kingdom). Glycosylation of MCHR1
was achieved using Canine Pancreatic Microsomal
Membranes (Promega UK Ltd.) under conditions
detailed by the manufacturer. SDS-PAGE of in
vitro–translated MCHR1 was carried out in 12% poly-
acrylamide gels using standard protocols (23).
Prestained SDS-PAGE standards (low range) were
from Bio-Rad Laboratories Ltd. (Hemel Hempstead,
United Kingdom). Gels were processed as detailed else-
where (9) before autoradiography at –70°C.

Radiobinding assays. Assays were executed as detailed
previously (9) with serum at a final dilution of 1:20 and
with each sample in duplicate. Specific rabbit polyclon-
al antisera (MCHR11-S, αPEP7, αPEP8, AZN-LAM)
were used at a final dilution of 1:100. An Ab index for
each serum tested in the radiobinding assay was calcu-
lated as follows: counts per minute immunoprecipitat-
ed by tested serum divided by the mean counts per
minute immunoprecipitated by 28 healthy control sera.
Each serum was tested in at least two experiments, and
the mean Ab index was calculated. The upper level of
normal for the assay was calculated using the mean Ab
index plus 3 SD of the population of 28 healthy indi-
viduals. Any serum with an Ab index above the upper
level of normal was designated as positive for Ab reac-
tivity. The frequency of MCHR1 Ab’s was compared
between patient groups and controls using Fisher’s
exact test for 2 × 2 contingency tables. P values less than
0.05 (two-tailed) were regarded as significant. For analy-
sis of immunoprecipitated proteins by SDS-PAGE and
autoradiography, the protein G–Sepharose Ab com-
plexes were resuspended in 50 µl of SDS sample buffer
(23), boiled, and the supernatant recovered for elec-
trophoresis in a 12% polyacrylamide gel, which was
processed as detailed above. For dilution experiments,
vitiligo patient sera positive for MCHR1 Ab’s were used
in the radiobinding assay at final dilutions of 1:20, 1:50,
1:100, 1:200, 1:500; 1:1,000, and 1:2,000.

Absorption experiments. The Chinese hamster ovary
(CHO) cell line stably expressing MCHR1 has been
reported previously (25). Cell membranes were pre-
pared as described elsewhere (25). Vitiligo patient sera
positive for MCHR1 Ab’s and a pool of healthy con-
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Figure 1
SDS-PAGE and autoradiography of in vitro–translated MCHR1.
MCHR1 was produced in vitro in TnT T7 Coupled Reticulocyte
Lysate System. To allow glycosylation of MCHR1, canine pancreatic
microsomal membranes were added to the transcription-translation
reaction. In vitro–translated MCHR1 (lane 1); In vitro–translated and
–glycosylated MCHR1 (lane 2).



trols were incubated at 4°C for 12 hours with either
CHO or CHO-MCHR1 cell membranes that were at a
final concentration of 5 mg/ml of serum. After prein-
cubation, the sera were used in the radiobinding assay
with [35S]-labeled receptor as described above. Sera
without prior absorption were assayed concurrently.
Ab indices were calculated for each serum tested as fol-
lows: counts per minute immunoprecipitated by test-
ed serum divided by the counts per minute immuno-
precipitated by a pool of healthy control sera without
preincubation with cell membranes. Samples were
tested in two experiments, and the mean Ab index was
calculated. Differences in Ab indices following prein-
cubation with cell membranes were analyzed using the
Student’s t test, and P values less than 0.05 (two-tailed)
were regarded as significant.

MCHR1-binding assays. MCHR1-binding assays were
performed as described previously (25). Briefly, mem-
branes (10 µg) from CHO cells expressing MCHR1
were incubated with 100 µg wheat germ agglutinin
SPA beads (Amersham Life Sciences Inc., Arlington
Heights, Illinois, USA) and 125 pM [125I]–melanin-
concentrating hormone (MCH) (NEN Life Science
Products Inc., Boston, Massachusetts, USA) in a final
volume of 200 µl of binding buffer (25 mM HEPES, 10
mM MgCl2, 10 mM NaCl, 5 mM MnCl2, 0.1% BSA) for
2 hours at room temperature. Nonspecific binding
was determined by addition of 1 mM unlabeled MCH
in the binding incubation. Bound [125I]-MCH was
detected using a TOPCOUNT microplate scintillation
counter (Packard Instrument Co., Downers Grove, Illi-
nois, USA). Inhibition of [125I]-MCH binding was ana-
lyzed by preincubation of cell membranes with IgG,
prepared from either healthy individuals or MCHR1
Ab-positive vitiligo patients at a final concentration of
2 mg/ml. A percentage inhibition of MCH binding was
calculated for each IgG sample tested as 100: (cpm
bound after incubation of CHO-MCHR1 membranes

with IgG sample/cpm bound without incubation of
CHO-MCHR1 membranes × 100). Differences in the
percentage of inhibition of MCH binding following
incubation of CHO-MCHR1 cell membranes with
vitiligo and control IgG samples were analyzed using
the Student’s t test. P values less than 0.05 (two-tailed)
were regarded as significant.

Results
Construction of the melanocyte cDNA phage-display library.
The primary size of the pJuFo melanocyte cDNA
library was 106 independent clones. Following amplifi-
cation with helper phage, a stock phage-display library
with a titer of 1011 CFU/ml was produced. To deter-
mine the frequency of recombinant phagemid in the
phage-display library, 40 CFU were grown and the
pJuFo phagemid isolated from each culture. Analysis
of the phagemids by PCR amplification with primers
1192 and 1500 indicated that the phage-display library
contained recombinant pJuFo phagemids at an
approximate frequency of 90%. The cloned fragments
ranged in size from 800 to 2,500 bp in length. This
phage-display library was used for the selective enrich-
ment of IgG-binding proteins from vitiligo patients.

Enrichment of phage displaying IgG-binding peptides. The
melanocyte cDNA phage-display library was subjected
to three rounds of biopanning against a pool of biotiny-
lated IgG from ten vitiligo patients who had no other
autoimmune disease. After the third round of enrich-
ment, 30 CFU were grown. Phagemid DNA was isolated
from each culture and analyzed by PCR amplification
with 1192 and 1500 primers. The PCR amplification
products were purified and sequenced to aid identifica-
tion of the cDNAs by BLAST searches of international
databases. MCHR1 was encoded by one of the cDNAs
recovered from the biopanning process. The MCHR1
cDNA was subsequently cloned into pcDNA3.

In vitro translation and immunoreactivity of MCHR1. Plas-
mid pcMCHR1 was translated in vitro. The quality of
the in vitro–translated radiolabeled receptor was eval-
uated by SDS-PAGE and autoradiography. This
revealed a protein product with an estimated molecu-
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Figure 2
Radiobinding assays. Vitiligo sera (n = 55), GD patient sera (n = 20)
AD patient sera (n = 16), healthy control sera (n = 28) and SLE
patient sera (n = 15) were analyzed in radiobinding assays. The Ab
index shown for each serum is the mean of at least two experiments.
The gray line shows the upper level of normal for the radiobinding
assay at an Ab index of 1.43.

Figure 3
SDS-PAGE and autoradiography of MCHR1 immunoprecipitated with
either MCHR1 Ab-positive vitiligo or healthy control sera. MCHR1 was
produced in vitro in TnT T7 Coupled Reticulocyte Lysate System and
then used in radiobinding assays with either vitiligo or healthy control
sera. In vitro–translated MCHR1 (lane 1); MCHR1 immunoprecipi-
tated with MCHR1 Ab-positive vitiligo sera (lanes 2–4); MCHR1
immunoprecipitated with healthy control sera (lanes 5–7).



lar weight of 45 kDa (Figure 1), a size that is in close
agreement with the molecular weight of 39 kDa pre-
dicted from the amino acid sequence of the protein
(26). On the addition of canine pancreatic microsomal
membranes to the in vitro translation reaction, a pro-
tein band with an increased molecular weight of 50
kDa was visible (Figure 1). We assume this to be glyco-
sylated MCHR1. The immunoreactivity of the in
vitro–translated radiolabeled MCHR1 was analyzed in
radiobinding assays using rabbit polyclonal antisera.
The mean Ab indices and SD for MCHR11-S, αPEP7,
αPEP8, and AZN-LAM were 9.16 ± 4.01, 0.97 ± 0.05,
1.33 ± 0.42, and 0.86 ± 0.34, respectively, thereby
demonstrating the immunoreactivity of labeled
MCHR1 to the receptor-specific antiserum.

Radiobinding assays. Sera from 55 vitiligo patients, 28
healthy controls, 15 SLE patients, 16 AD patients, and
20 GD patients were tested for immunoreactivity to
MCHR1 in radiobinding assays. For each serum, an Ab
index was assigned, this being the mean Ab index of at
least two experiments (Figure 2). The mean Ab indices
plus or minus SD of the control, GD, AD, SLE, and
vitiligo groups were: 0.95 ± 0.16, 0.88 ± 0.19, 0.92 ± 0.26,
1.13 ± 0.11, and 1.07 ± 0.62, respectively. The upper
level of normal for the radiobinding assay (mean Ab
index plus 3 SD of 28 healthy controls) was estimated
as an Ab index of 1.43 (Figure 2). Any serum with an Ab
index above this level was considered positive for
MCHR1 Ab’s. On this basis, none of the healthy indi-
viduals was positive for MCHR1 Ab’s. Sera from 20
patients with GD, 16 with AD, and 15 with SLE were all
negative for Ab’s to the receptor. Of the vitiligo patient
sera examined, 9 of 55 (16.4%) were considered positive
for MCHR1 Ab’s, and the frequency of receptor Ab’s in
the vitiligo patient group was significantly greater than

normal (P = 0.025). The use of glycosylated MCHR1 in
the radiobinding assay did not alter the Ab index of any
of the vitiligo or healthy control sera tested. SDS-PAGE
was used to check that the radioactivity immunopre-
cipitated by each of the MCHR1 Ab-positive sera in the
radiobinding assays was due to [35S]-labeled receptor.
Figure 3 indicates that the Ab-positive sera immuno-
precipitated a protein band of the correct size when
compared with in vitro–translated MCHR1. In dilution
experiments, three MCHR1 Ab-positive vitiligo sera
showed saturated binding up to a dilution of 1:50 
(data not shown).

Absorption experiments. Absorption experiments were
carried out to assess the specificity of Ab binding to
MCHR1 in Ab-positive vitiligo sera (n = 3). A pool of
sera obtained from healthy subjects (n = 6) was used as
a control. Following preabsorption with CHO-
MCHR1 cell membranes, the Ab indices (Figure 4) for
the vitiligo sera were significantly different when com-
pared with the Ab indices for the vitiligo sera without
preabsorption (P = 0.002) and the vitiligo sera with
preincubation with CHO cell membranes (P = 0.001).
In contrast, Ab binding to the receptor was not affect-
ed by preincubation of the vitiligo serum samples with
CHO cell membranes: there was no significant differ-
ence between the Ab indices (Figure 4) measured with
and without preincubation (P = 0.949). The results
suggest that Ab reactivity in the vitiligo patient sera
was specifically absorbed by expressed MCHR1 in the
CHO cell membranes.

MCHR1-binding assays. The effect of IgG from MCHR1
Ab-positive vitiligo patients (n = 6) and healthy controls
(n = 6) upon the binding of MCH to the receptor was
analyzed in MCHR1-binding assays. The mean per-
centage of inhibition plus or minus SD of MCH bind-
ing for the vitiligo and control IgG groups was 45% ± 4%
and 16% ± 14%, respectively (Figure 5). The IgGs from
MCHR1 Ab-positive vitiligo patients significantly
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Figure 4
Absorption experiments. MCHR1 Ab-positive sera (n = 3) and a pool
of healthy control sera (n = 6) were preabsorbed with either CHO or
CHO-MCHR1 cell membranes before analysis in the radiobinding
assay. The results of two experiments are shown as the mean Ab
index and SD. A pool of control sera (sample 1) and MCHR1 Ab-
positive vitiligo patient sera (samples 2–4), each without preincuba-
tion (black bars), with preincubation with CHO cell membranes
(white bars) and with preincubation with CHO-MCHR1 cell mem-
branes (gray bars).

Figure 5
MCHR1-binding assays. CHO-MCHR1 cell membranes were prein-
cubated with IgG from either vitiligo patients (n = 6) or controls 
(n = 6) before binding of [125I]-MCH was measured in MCHR1-bind-
ing assays. The mean percentage of inhibition and SD of [125I]-MCH
binding is shown for MCHR1 Ab-positive vitiligo IgG (white bar) and
control IgG samples (black bar). The IgGs from MCHR1 Ab-positive
vitiligo patients significantly inhibited MCH binding when compared
with the IgG samples from control subjects (P = 0.001).



inhibited MCH binding when compared with the IgG
samples from control subjects (P = 0.001).

Analysis of MCHR1 Ab-positive vitiligo patients. The
details of the MCHR1 Ab-positive and Ab-negative
vitiligo patients are compared in Table 1. No associa-
tion was evident between the presence of MCHR1 Ab’s
and either the age of the patient at time of serum sam-
pling, the age of the patient at onset of disease, the
duration of the disease, or the gender of the patients.
In addition, the clinical subtype of vitiligo did not
appear to be related to the occurrence of receptor Ab’s,
and three patients who had active vitiligo were all neg-
ative for Ab’s against MCHR1. Furthermore, the pres-
ence of an autoimmune disorder did not correlate with
MCHR1 Ab reactivity. Among the MCHR1 Ab-positive
vitiligo patients, only one in nine was positive for Ab’s
to tyrosinase, TRP-1, TRP-2, and Pmel17, and one had
Ab reactivity to Pmel17 alone. None was positive for
Ab’s to SOX10 (Table 2).

Longitudinal data with regard to the persistence of
MCHR1 Ab reactivity was available for only four of the
MCHR1 Ab-positive vitiligo patients. For one patient,
MCHR1 Ab’s could still be detected in a serum sample
taken 12 months after the sample that was initially
tested. For the remaining three patients, receptor Ab’s
could be demonstrated in sera taken at 5, 6, and 8
months, respectively, after the sample that was ana-
lyzed at the outset of the study.

Discussion
Employing phage-display technology with a
melanocyte cDNA phage-display library, we have iden-
tified MCHR1 as a novel target of autoantibody reac-
tivity in vitiligo patients. MCHR1 cDNA was recovered

following the third round of biopanning
against the melanocyte cDNA phage-display
library with a pool of vitiligo IgG from ten
patients. Radiobinding assays using [35S]-
labeled MCHR1 were subsequently used to
confirm immunoreactivity against the recep-
tor in sera from patients with vitiligo. Of the
55 vitiligo sera analyzed, Ab’s to the receptor
were detected in 16.4%, whereas AD, GD, SLE,
and control sera showed no reactivity, indi-
cating a high disease-associated specificity.
Glycosylation of the receptor did not alter the
Ab binding index of any of the vitiligo patient
sera tested, suggesting that any MCHR1 epi-
tope recognized by the Ab-positive sera was
not altered by glycosylating the protein. Fur-
thermore, this finding indicated that vitiligo
patient sera negative for MCHR1 Ab’s did not
recognize either glycosylated epitopes or epi-
topes that might be altered by posttransla-
tional processing of the receptor. Similar
findings have been documented for the thy-
roid autoantigens thyroglobulin and thyroid
peroxidase, because deglycosylation of these
molecules had no effect on autoantibody

binding (27). It is possible that some receptor Ab’s were
not detected in the radiobinding assay employed here
using recombinant MCHR1. Indeed, the most preva-
lent Ab’s to the thyroid-stimulating hormone receptor
(TSHR) in Graves disease patients only react with
native TSHR as they recognize epitopes that depend on
the structure of the protein (28). The incidence of
MCHR1 Ab’s may be increased if native receptor was
used to analyze vitiligo sera for Ab’s that recognize con-
formational epitopes.

Analysis of the MCHR1 Ab-positive vitiligo patients
revealed no obvious association between the presence
of receptor Ab’s and either patient age at the time of
serum sampling, patient age at the onset of disease, sex,
disease duration, or vitiligo subtype. Furthermore, the
occurrence of MCHR1 Ab’s did not appear to correlate
with the presence of an autoimmune disorder. In con-
trast, our previous studies indicated that Ab’s to the
melanocyte-specific enzymes TRP-1, TRP-2, and
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Table 1
Comparison of MCHR1 Ab-positive and Ab-negative vitiligo patients

Vitiligo patients (n = 55)

MCHR1 Ab-positive MCHR1 Ab-negative
(n = 9) (n = 46)

Mean age at onset of disease 38 years (<1–73 years) 35 years (6–70 years)
(age range)
Mean age at serum sample 47 years (23–75 years) 48 years (14–77 years)
(age range)
Mean disease duration (range) 10 years (1–37 years) 13 years (<1–49 years)
Sex:

MaleA 5/9 (56%) 17/46 (37%)
FemaleA 4/9 (44%) 29/46 (63%)

Other autoimmune disorderB 2/9 (22%)B 12/46 (26%)
Vitiligo subtype:

PeriorificialA 1/9 (11%) 1/46 (2%)
SymmetricalA 6/9 (67%) 36/46 (78%)
Symmetrical and periorificialA 1/9 (11%) 4/46 (9%)
Symmetrical and segmentalA 1/9 (11%) 2/46 (4%)
SegmentalA 0/9 (0%) 1/46 (2%)
FocalA 0/9 (0%) 1/46 (2%)
UniversalA 0/9 (0%) 1/46 (2%)

AThe characteristics of the MCHR1 Ab-positive and Ab-negative vitiligo patients were com-
pared using Fisher’s exact test. All P values were more than 0.05, indicating no significant
difference between the two groups with respect to the characteristics analyzed. BAutoim-
mune thyroid disease was diagnosed in both patients.

Table 2
Incidence of antimelanocyte Ab’s in MCHR1 Ab-positive patients

MCHR1 Ab-positive vitiligo patient

1 2 3 4 5 6 7 8 9

Incidence of Ab’s to:
Tyrosinase – – – – – – – – +

TRP-1 – – – – – – – – +
TRP-2 – – – – – – – – +

Pmel17 – – – – – – – + +
SOX10 – ND – – – – – – ND

Ab reactivity was analyzed in radiobinding assays as previously detailed for
tyrosinase (9), TRP-1 (10), TRP-2 (11), Pmel17 (13), and SOX10 (14). –, neg-
ative for Ab reactivity; +, positive for Ab reactivity; ND, not determined.



Pmel17 were detected only in vitiligo patients who had
an autoimmune disorder (10, 11, 13), and Ab reactivi-
ty to tyrosinase and SOX10 was identified predomi-
nantly in patients with autoimmune disease (9, 14). In
addition, the presence of MCHR1 Ab’s did not appear
to be related to the occurrence of humoral responses to
tyrosinase, TRP-1, TRP-2, and Pmel17. Only two of the
MCHR1 Ab-positive vitiligo sera exhibited reactivity to
these melanocyte antigens. Two other vitiligo patients
tested in this study were positive for Ab’s to all the
aforementioned melanogenic autoantigens, and one
patient was positive for Ab’s to tyrosinase. However,
none of them had Ab’s to MCHR1.

MCHR1 is a G-coupled receptor for the neuropeptide
MCH that is involved in the regulation of food intake
and energy balance (29, 30). The receptor is stimulated
by MCH to mobilize intracellular Ca2+ and reduce
forskolin-elevated cAMP levels (29, 30). In a diverse
range of physiological roles, MCH can act as a func-
tional antagonist of α–melanocyte-stimulating hor-
mone (α-MSH) that binds to the melanocortin-1 recep-
tor (29, 30) and, initially, MCH was described in teleost
fish where the activity of the hormone decreased skin
pigmentation (31). Recently, MCHR1 expression has
been reported in human melanocytes and melanoma
cell lines (32). Further study revealed that MCH both
reduced the increase in cAMP that occurs in response to
α-MSH and partly inhibited the induction of melano-
genesis by α-MSH in human melanocytes (32). This
suggested that the MCH/MCHR1 signaling pathway
might function in the regulation of melanocytes and
hence melanin production. Because MCHR1 is exposed
on the cell surface, it could be accessible to autoanti-
bodies that might adversely affect the functioning of
the receptor, leading to the disruption of normal
melanocyte behavior. With regard to this possibility,
experiments undertaken in this study demonstrated
that IgG from MCHR1 Ab-positive vitiligo patients has
an inhibitory affect upon the binding of MCH to its
receptor. Other autoimmune disorders that result
directly from autoantibody production against surface
receptors include Graves disease, hypothyroidism, and
myasthenia gravis. In autoimmune thyroid disease, the
G protein-coupled TSHR, present on the surface of thy-
roid follicular cells, is the target of autoantibodies that
can either stimulate TSHR, leading to an increase in the
synthesis of thyroid hormones and the subsequent clin-
ical symptoms of hyperthyroidism, or inhibit the bind-
ing of TSH, leading to hypothyroidism (33).

Exactly how anti-MCHR1 Ab’s arise remains to be
determined. A genetic predisposition to autoimmunity
or cross-reacting antigens, expressed on either other
cells or on infecting microorganisms, might elicit their
production. Alternatively, MCHR1 Ab’s might result
from an immune response following damage to pig-
ment cells induced by other mechanisms. Because the
expression of MCHR1 is not limited to melanocytes and
the receptor is found within the central nervous system
(29, 30) and in keratinocytes (34), the selective destruc-

tion of pigment cells, as observed in vitiligo, might
result from the relative sensitivity of melanocytes to
immune-mediated injury as compared with, for exam-
ple, fibroblasts and keratinocytes (35).

In summary, the use of phage-display technology
has enabled the isolation of a novel autoantigen in
vitiligo, MCHR1. Although Ab’s in vitiligo patients
are apparently most commonly directed against
melanocyte antigens on the surface of the cell (5, 6),
this is the first study, to our knowledge, that has
specifically identified a surface receptor as an
autoantigen in vitiligo. Previously, only intracellular
melanocyte proteins such as tyrosinase have been
reported as autoantigens in this depigmenting skin
disorder (7–14). Furthermore, in vitiligo patients, Ab’s
to MCHR1 appear to be more frequent than those to
the melanogenic autoantigens tyrosinase, TRP-1,
TRP-2, and Pmel17, at least in our experience (9–11,
13). Finally, Ab’s against MCHR1 might indicate the
presence of autoreactive anti-MCHR1 T lymphocytes
that are capable of destroying pigment cells, a possi-
bility that requires further investigation.
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