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SUMMARY

In the present study we describe the detection of TRP-2 antibodies in vitiligo patientsrusitrg 3°S-

labelled human TRP-2 in a radioimmunoassay. Of 53 vitiligo sera examined in the assay, ®%ee (5

were found to be positive for TRP-2 antibodies. In contrast, 20 control sera, sera from 10 patients with
Hashimoto’s thyroiditis and sera from 10 patients with Graves’ disease were all negative. All three
patients positive for TRP-2 antibodies (mean age 54 years, age range 50—63 years) had had vitiligo of
the symmetrical type for more than 1 year and all of them also had an associated autoimmune disorder:
Graves’ disease in one and autoimmune hypothyroidism in two. In addition, antibodies to the
melanogenic enzyme tyrosinase were present in their serum. To examine any immunological cross-
reactivity between TRP-2 and tyrosinase, the three vitiligo sera positive for TRP-2 antibodies were
preabsorbed with COS-7 cell extract containing either expressed TRP-2 or tyrosinase, and subsequently
used in the radioimmunoassay. These absorption studies indicated that preincubation with both proteins
inhibited the immunoreactivity of the positive sera in the immunoassay usimgro translated®®s-

TRP-2. This antibody cross-reactivity suggests the humoral response to the two melanogenic enzymes
in these patients may not be entirely independent.
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INTRODUCTION which vitiligo antibodies react. It is clear from immunoprecipita-

Vitiligo is a common skin disorder characterized by areas oftlon studies that several_autoantlgen§ are recggnlzed by thg.o
deoi . . . . sera: some of these antigens are unique to pigment cells, while
epigmentation resulting from loss of melanocytes in the epider, thers are also expressed on non-pigmented cells [2]. Tyrosinase, a
mis. It is often associated with autoimmune diseases such aI(Z%e enzyme invol\?ed in melanin spn%hesis has beLr}imy licated a{s
Hashimoto’s thyroiditis (HT), diabetes mellitus and Addison’s y enzy y ; P

disease [1]. Although the precise aetiology remains obscure®” autoantigen in a number of studies [6-8]. TRP-2, a protein

some studies have shown that anti-melanocyte autoantibodies al;glated to tyrosinase and also referred to as DOPAchrome tauto-

merase, catalyses the conversion of DOPA(3,4-dihydroxypheny-

often present in the sera of vitiligo patients [2] and that there is . - . . .
correlation between the presence and level of these antibodies a(la anine)chrome to 5,6-dihydroxyindole-2-carboxylic acid as part

the activity [3] and extent of vitiligo [4]. These observations, and ?Rtgez %athvt\)/ay of lmel::;nm grtcr)]dugtlzn [921' Th? CDN.'Z‘ encoding ¢
the fact that these antibodies can kill human melanodytestro ~< has been cloned and the deduced amino acid sequence o

5], suggest they may be involved in disease pathogenesi the protein shows 40% identical amino acid residues to that of

o . - : Human tyrosinase [10,11].
although it is also possible that antibody production may merel . .
g P yp y Y The present work aimed to analyse vitiligo sera for the

reflect a secondary immunological response to melanocytes - . -
damaged by other mechanisms. presence (3); antibodies to TRP-2 using a radioimmunoassay
Recent work has tried to identify the autoantigens against(RlA) V.V'th s-!abelled rgcqmbmant human TRP_.Z' This type of
assay is sensitive, quantitative, allows the detection of conforma-
Correspondence: Doctor E. H. Kemp, Department of Medicine, Uni-tional epitopes and has recently been widely used to identify
versity of Sheffield, Clinical Sciences Centre, Northern General Hospital2utoantigens [8,12—14]. Since TRP-2 and tyrosinase share sub-
Sheffield S5 7AU, UK. stantial amino acid homology and our previous study had detected
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tyrosinase antibodies in some vitiligo patients [8], we also wantedn vitro coupled transcription-translation of human TRP-2 and
to examine any sera positive for TRP-2 antibodies for crosstyrosinase
reactivity with tyrosinase using absorption experiments. Full-length human TRP-2 cDNA in pCMVDTS [11] was a gift of
Professor Shigeki Shibahara (Tohoku University School of Med-
icine, Sendai, Japan). The TRP-2 cDNA was in the correct
orientation for expression of TRP-2 from the T7 promoter in the
Patients vector. Large scale preparation of pCMVDTS frdin coli XL1
Sera from 53 sequential vitiligo patients (16 men, 37 women; mearBlue was carried out with a Qiagen plasmid maxi kit. The plasmid
age 49 years; age range 18—79 years) collected in dermatology amehs then used in a TnT T7 coupled reticulocyte lysate system
endocrinology clinics between January 1990 and September 199%romega), to produce and label TRP-2 wifi-methioninein
were used in this study. Patients were characterized with respect tatro. Briefly, pPCMVDTS (2ug) was incubated for 120 min at 3D
the presence of associated autoimmune diseases: 22 had no otfrera 50ul reaction mixture containing 24 rabbit reticulocyte
disease and no family history of autoimmune disease; 12 had nltysate, 1ul T7 TnT RNA polymerase, &l amino acids minus
other disease but had a family history of autoimmune disease; 1fethionine, 40 U RNasin (Promegajl2ZTnT reaction buffer and
had an autoimmune disorder. These were: Graves’ disease (GD), 4ul translation-gradé€®S-methionine (1000 Ci/mmol; 10 mCi/ml;
autoimmune hypothyroidism, 9; alopecia areata, 2; Addison'sAmersham). The reaction was stored at 2@ntil needed. The
disease with hypothyroidism and type 1 diabetes mellitus, 1percentage incorporation PS-methionine was determined by
pernicious anaemia with hypothyroidism, 1; diabetes mellitus, 2. TCA precipitation according to the manufacturer's protocos-
Sera from 20 healthy laboratory personnel (nine men, liltyrosinase was produced by the same method, but using pBSTYR
women; age range 23—47 years; mean age 31 years) were usp].
as controls. As a further two sets of controls, 10 sera from patients
(one man, nine women; age range 30—74 years; mean age 51 yea®)S—PAGE and autoradiography
with HT and 10 sera from patients (three men, six women; ageSDS—PAGE ofin vitro translated products was performed in a
range 27—66 years; mean age 42 years) with GD were tested. 10% polyacrylamide resolving gel and a 4% polyacrylamide
All sera were kept frozen at —20. The study was approved by stacking gel, as described elsewhere [8].
the Ethics Committee of the Northern General Hospital, Sheffield, A 5-ul aliquot of thein vitro translation reaction mixture was

MATERIALS AND METHODS

and all subjects gave informed consent. added to 2@ of SDS sample buffer [16] and heated to 10Cor
2 min before loading a 1@t sample. To visualize protein markers,
Rabbit antisera the gel was stained with-05% coomassie blue in 10% glacial

Rabbit polyclonal antiseraPEP7 [15], generated against a syn- acetic acid/25% isopropanol and destained with 10% glacial acetic
thetic peptide which corresponds to the carboxyl terminus ofacid/25% isopropanol each for 30 min at room temperature. The
mouse tyrosinase, angPEP8 [15], generated against a synthetic gel was then soaked in Amplify scintillant (Amersham) for 30 min
peptide which corresponds to the carboxyl terminus of mouseat room temperature before drying at°80for 2 h onto 3MM
TRP-2, were a gift of Professor Vincent Hearing (National Insti- chromatography paper (Whatman International Ltd, Maidstone,

tutes of Health, Bethesda, MD). UK) under vacuum. Autoradiography was carried out at °€70
using x-ray film (Genetic Research Instrumentation Ltd, Dunmow,
Cloning of human tyrosinase cDNA into pcDNA3 Essex, UK). Protein molecular weight standards (Sigma, Poole,

A full-length human tyrosinase cDNA fragment in pBSTYR [8] UK) consisted of myosin (205 kD)g-galactosidase (116 kD),
was cloned into pcDNA3 (Invitrogen, Abingdon, UK) for expres- phosphorylase b (97 kD), serum albumin (66 kD), ovalbumin
sion of tyrosinase in COS-7 cells. Brieflyuty of pPBSTYR was  (45kD), carbonic anhydrase (29 kD) and soybean trypsin inhibitor
cleaved with enzyme&pnl and Xba (Promega, Southampton, (20-1kD).

UK). The fragments generated were resolved on a 1% low melting

point agarose gel [16] and theO2kb DNA band containing RIA for TRP-2 antibodies

tyrosinase cDNA was excised and purified using a Wizard DNAFor each assay, an aliquot of tlie vitro translation reaction
clean-up system (Promeg&pnl-Xbal restricted pcDNAS3 (51 kb) mixture (equivalent to 12 000 ct/min of TCA precipitable material)
was prepared in the same way. Ligations were conducted overnightas suspended in 50 immunoprecipitation buffer containing

at 16C with T4 DNA ligase (Promega), 50ng of restricted 20mv Tris—HCI pH 80, 150m1 NaCl, 1% Triton X-100 and
pcDNA3 and 100 ng of tyrosinase cDNA in ligase buffer (Pro- 10 mg/ml aprotinin. Serum was then added to a final dilution of
mega). A 2ul aliquot of the ligation mixture was used to transform 1:10 unless stated otherwise. After incubation overnight with
100pl of competentEscherichia coliXL1Blue [16]. Transformed shaking at 4C, 50ul of protein G Sepharose 4 Fast Flow slurry
cells were selected on LB agar [16] containing 190ml ampi-  (Pharmacia Biotech, Uppsala, Sweden), prepared according to the
cillin. Plasmid was prepared from 10 transformants using a Wizardnanufacturer, were added and incubated for 1 i@t #he protein
miniprep DNA purification system (Promega). After restriction G Sepharose—antibody complexes were then collected by centri-
with Kpnl and Xba, each plasmid was analysed by agarose gelfugation and washed six times for 15 min in immunoprecipitation
electrophoresis [16] in order to identify those carrying a DNA buffer at £#C. Immunoprecipitated radioactivity was evaluated in a
insert. One appropriate recombinant plasmid was designateliquid scintillation analyser. Three aliquots of each sample were
pcDNA3TYR. The construct was verified by dideoxy sequencingcounted and the mean ct/min calculated. The s.d. of the mean was
using a Sequenase versior0 Xit (Amersham, Aylesbury, UK) always within 12%. For analysis by SDS—PAGE and autoradio-
with -3°S-dATP (Amersham) and T7 primer (Promega). Largegraphy, the protein G Sepharose—antibody complexes were
scale preparation of pcDNA3TYR was carried out using a Qiagerresuspended in 1Q0 SDS sample buffer, boiled, centrifuged
plasmid maxi kit (Qiagen Ltd, Dorking, UK). and the supernatant recovered for electrophoresis. For dilution
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experiments, each positive serum and six healthy control sera wemxtract containing expressed tyrosinase and with serial dilutions of
used in the RIA at final dilutions of 1:23, 1:58, 1:116, 1:232, 1:580,COS-7 cell extract alone before use in the RIA V\ﬂ?ﬁ-tyrosinase
1:1160 and 1:2320. as the antigen. The ct/min immunoprecipitated in the RIA were
expressed as a percentage of the ct/min immunoprecipitated by
each serum without preincubation, and were plotted as a function

Expression of TRP-2 antibody levels - - .
. N f th Il extract dilutio bated with th .
TRP-2 antibody levels were expressed as a relative index (TRPQ © cell extract dilution preincubated wi € serum

2Ab index). A TRP-2Ab index for each serum tested in the RIA ) . A .

was calculated as: ct/min immunoprecipitated by tested serunﬁ‘bsorpt'or_' experlm_ents with V|t|I|go_pat|ent sera .

mean ct/min immunoprecipitated by 20 healthy controls. Eachl @Psorption experimentaPEP8 antiserum, positive patient sera
serum was tested in three experiments and the mean TRP-ZA‘H"d six healthy control sera were f|rst_ incubated ‘&t fbr 16 h
index was calculated from these. The s.d. of the mean was alwa))@'th _COS'7 cell _extract containing either expressed TRP-2 or
within 15%. The upper level of normal for the assay was calculatedY"0Sinase and with COS-7 cell extract as control. The extracts
using the mean TRP-2Ab index 3 s.d. of a population of 20 use_d co_ntal_ned eqU|vaIent35amounts of total protein. After preincu-
healthy individuals. For dilution experiments, a TRP-2Ab index bat'(_)n' In vitro tran_slated S-TRP-Z was added and the RIA
was calculated for each serum tested at each dilution as: ctmifid’fied out as previously described. For each serum, a TRP-2Ab
immunoprecipitated by tested serum at each dilution/mean ctmitfdex was calculgte_d as: ct/mln_ !mmunopre_mpltated by tested
immunoprecipitated by six healthy controls at each dilution. ForS€Tum/mean ct/min immunoprecipitated by six healthy controls.
each serum at each dilution, a mean TRP-2Ab index was calculated Mean TRP-2Ab index was calculated for each sample tested
from three experiments, and this value plotted against 1/serurf'r°m three experiments, the s.d. of the mean beidg%.

dilution. The s.d. of the mean wasl5%.

RESULTS
Transfection of COS-7 cells

Both TRP-2 and tyrosinase were transiently expressed in COS oo 35
cells (European Collection of Animal Cell Cultures, Salishury, Precipitation of °S-TRP-2. _
UK) for use in absorption experiments. COS-7 cells were grown ipin vitro transcription-translation of pCMVDTS resulted in an

100-mm dishes (Corning, New York, NY) in RPMI 1640 (Life ncorporation of’®S-methionine into TRP-2 of-8 + 1-5% (mean
Technologies Ltd, Paisley, UK) containing &m.-glutamine +s.d.) in four separate experiments. The quality of itheitro

— ’ i '« translated®>S-TRP-2 was evaluated by SDS—PAGE and autora-
10ug/ml penicillin, 10ug/ml streptomycin and 10% fetal calf

serum (FCS). When 50% confluent, cells were treated withgl0 diography, which reyealed a. protein product.with an estimated
of either pCMVDTS or pcDNA3TYR and Transfectam reagent mol. wt of 57kD (Fig. 1). This agrees well with the molecular

(Promega) according to the manufacturer's protocol. The cellé’veight of 59kD predicted from the amino acid sequence of the

were incubated for 48 h at 32 after transfection and then washed Protein [11]. N o s
once in PBS containing 137mNaCl, 27mwm KCI, 10-1mm The immunoreactivity of then vitro translated®S-TRP-2 was

NaHPO, and 18mv KH,PO, pH 7-4. One millitre of buffer tested using rabbit antisera at a 1:10 _diIuti&ﬁS-TRP-Z was
containing 40 m Tris—HCI pH 75, 1 mv EDTA and 150 rm NaCl immunoprecipitated by the TRP2-specii®®EP8 antiserum but

was added to each plate and left for 5min at room temperature!®t Py the tyrosinase-specifiaPEP7 antiserum (Fig.1). The

Cells were then scraped from the surface of the plate and trandVerage percentage &F,S'TRP'Z immuno(E)recipitatid in four
ferred to a microcentrifuge tube. After spinning at 12 @ofar ~ 2sSays by thePEP8 antiserum was 587-5% (mean+ s.d.) at

1min at 4C, the supernatant was removed and the cells resug? dilution of 1:10. To test the sensitivity of the RIXS-TRP-2 was
pended in 15Q1 of 0-25m Tris—HCI pH 80 containing 1Q.g/ml immunoprecipitated with serial dilutions of tlkd®EP8 antiserum.

aprotinin (Bayer, Newbury, UK), 10@v Na-tosyl-phenylalanyl From this, the end-point dilution of the antiserum was5800.
chloromethyl ketone (Novobiochem, Nottingham, UK), 180

Na-tosyl-lysyl chloromethyl ketone (Sigma) and 4@ pepstatin  RIA of patient and control sera

A (Novobiochem). Cell extracts were made by freezing the cellSera from 53 vitiligo patients, 20 healthy controls, 10 HT patients
suspension in ethanol/dry-ice followed by rapid thawing &C37 and 10 patients with GD were tested, at a dilution of 1:10, for their
and unlysed cells were removed by centrifugation. The totalability to immunoprecipitate’>S-TRP-2. For each serum a TRP-
protein content of the extracts was determined by the method o2Ab index was assigned, this being the mean TRP-2AB index of
Bradford [17] and the extracts were diluted where appropriate tahree experiments with a s.d. @fL5%. The upper level of normal

_p vitro translation of recombinant human TRP-2 and immuno-

contain equivalent amounts of total protein. for the RIA (mean TRP-2Ab index 3 s.d. of 20 healthy controls)
was estimated as a TRP-2Ab index 683 (Fig. 2).
Expression of TRP-2 and tyrosinase in COS-7 cells None of the healthy individuals was positive for TRP-2 anti-

Expression of TRP-2 in COS-7 cells from pCMVDTS was bodies. From 53 vitiligo patients, three-$50) had a TRP-2Ab
assessed using absorption experiments. Antisest?BP8 was index >1-33(Fig.2) and were considered positive for TRP-2
first incubated at 4 for 16 h with serial dilutions of COS-7 cell antibodies. Sera from 10 patients with HT and 10 patients with
extract containing expressed TRP-2 and with serial dilutions ofGD had a mean TRP-2Ab index of9d + 0-21 (mean+ s.d.) and
COS-7 cell extract alone. After preincubation,vitro translated  0-84 = 0-31, respectively. All 20 sera were negative for antibodies
35S-TRP-2 was added and the RIA carried out as previouslyto TRP-2.

described. Expression of tyrosinase in COS-7 cells from pcDNA3- SDS—-PAGE and autoradiography were used to check that the
TYR was also assessed using absorption experimer®EP7  radioactivity immunoprecipitated by each of the positive sera was
antiserum was preabsorbed with serial dilutions of COS-7 celldue t0®®*S-TRP-2. All positive sera immunoprecipitated a band of
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Fig. 1. SDS—PAGE and autoradiographyiofvitro translated and immu-  Fig. 3. SDS—PAGE and autoradiography’88-TRP-2 immunoprecipitated
noprecipitated®*S-TRP-2. In vitro translated®**S-TRP-2 (lane 1) and with either vitiligo or healthy sera®®S-TRP2 immunoprecipitated with
immunoprecipitation of°S-TRP-2 with TRP-2-specifiePEP8 antiserum  «PEPS8 antiserum (lane 2), with positive vitiligo sera (lanes 1,3,4), with
(lane 2) and with tyrosinase-speciti€EP7 antiserum (lane 3). negative vitiligo sera (lanes 5—6) and with a healthy control serum (lane 7).

the correct size when compared with that precipitated by TRPZExpression of TRP-2 and tyrosinase in COS-7 cells
specificaPEP8 antiserum (Fig. 3). _ _ AntiserumaPEP8 was preabsorbed with serial dilutions of COS-7
The three positive sera were analysed at different dilutions inye|| exiract containing expressed TRP-2 and with serial dilutions of
the RIA along with a group of six healthy controls. A TRP-2Ab ¢qhtr6] COS-7 cell extract. The subsequent immunoprecipitation
index for each serum sample at each dilution was plotted as §gjngin vitro translated®®S-TRP-2 showed that anti-TRP-2 reac-
function of 1/serum dilution (Fig. 4). Each TRP-2Ab index was the yyin was decreased after preabsorption with COS-7 cell extract
mean TRP-2Ab index of three experiments, with a s.d. of t_he Mealhich contained expressed TRP-2 (Fig.5). Likewis€?EP7
being within 15%. For all three sera, saturated binding wasieactivity in the RIA within vitro translated®*S-tyrosinase was
observed at dilutions up to 1:100. diminished after preincubation with COS-7 cell extract containing
expressed tyrosinase (Fig.5). However, absorption was never

4 —
o 6 —
3 —
o
[o]
3
X
2 £
Q 2+ £
S 2
o o
= o
& S =
1+ % 08835%530
0 | ! ! 1 |
HT+GD Vitiligo Controls 0 0.01 0.02 0-03 0-04 0-05

. . . . . 1/serum dilution
Fig. 2. TRP-2 antibody (TRP-2Ab) index of vitiligo patient semra=£53),
Hashimoto’s thyroiditis (HT) patient sera£ 10), Graves’ disease (GD) Fig. 4. Dilution curves of TRP-2 antibody-positive sera and one healthy
patient serar(=10) and healthy control sera 20) in the radioimmu-  control serumThe TRP-2Ab index of each positive serum and one healthy
noassay (RIA) The TRP-2Ab index shown for each serum is the mean control serum at each dilution is plotted as a function of 1/serum dilution.
TRP-2Ab index of three experiments. The s.d. of the mean was alway&ach TRP-2Ab index is the mean TRP-2Ab index of three experiments with
within 15%. The dotted line shows the upper level of normal-88 mean a s.d. of within 15%M, Positive serum 14, positive serum 24, positive
TRP-2Ab index+ 3 s.d. of 20 healthy controls) for the RIA. serum 3;@, healthy control serum.
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Fig. 5. Absorption experiments withPEP8 andkPEP7 antisera to detect 0 5

expressed TRP-2 and tyrosinase, respectively, in COS-7 cells. The percen-

tage ct/min immunoprecipitated in the radioimmunoassay (RIA) is shownFig. 6. Absorption experiments with vitiligo patient sera positive for TRP-2

for: 3°S-TRP-2 withaPEP8 preincubated with serial dilutions of COS-7 antibodies (1-3), healthy control serum (4) afREP8 antiserum (5). The

cell extract containing expressed TRP-M)( **S-TRP-2 withaPEP8  mean TRP-2Ab index and s.d. of each tested serum from three separate

preincubated with serial dilutions of COS-7 cell extra#);(*S-tyrosinase  experiments are shown for immunoprecipitation3i%-TRP-2 with sera

with «PEP7 preincubated with serial dilutions of COS-7 cell extract (0J), with sera preincubated with COS-7 cell extra@)( with sera

containing expressed tyrosinasa){ and **S-tyrosinase withaPEP7  preincubated with COS-7 cell extract containing expressed TRE)? (

preincubated with serial dilutions of COS-7 cell extra®).( and with sera preincubated with COS-7 cell extract containing expressed
tyrosinase M).

1

complete with either serum, which may be due to the high antibody

titres of bothaPEP8 anckPEP7. The reactivity of both sera was antigen of interest. The method combines sensitivity with the

unaffected by preincubation with COS-7 cell extract alone (Fig. 5).possibility of detecting conformational epitopes which may be of

One representative experiment is shown, which was confirmed bynore importance in the pathogenesis of autoimmune disorders than

two further experiments. reactivities detected by immunoblotting. It also allows a quantita-

tive measurement of the level of antibodies and avoids the need to

Absorption experiments with vitiligo patient sera express _and purify the protgln of interest from enh_er bacterial or
o - . .35 mammalian cells. We describe here the use of an immunoprecipi-

Positive vitligo sera reacting witi*S-TRP-2 were preabsorbed tation assay to detect TRP-2 antibodies in sera from patients with

with COS-7 cell extracts containing expressed TRP-2 or tyrosi- . .. y P

. : vitiligo.
nase, and with control COS-7 cell extract. The subsequent immu- . . - .
noprecipitation using vitro translated®s-TRP-2 showed that the Using coupledn vitro transcription-translation we were able to
produce®S-labelled recombinant human TRP-2. This was of high

anti-TRP-2 reactivity of the positive vitiligo sera was greatly . N
decreased when preabsorbed with COS-7 cell extract which congquoallggu;’fr ev\v/:ilus:edrct))guitDsSv;apsA?nliEr;ir?glj C_?Qéamr'gfg'gnw?;k;ﬁ%r
tained either expressed TRP-2 or tyrosinase (Fig.6), indicatin gnt p ) P

antibody cross-reactivity to the two proteins. In contrast, thﬁmmunorer_ﬂctlve and could be immunoprecipitated by specific anti-
TRP-2 antiserum.

binding ability of serum samples absorbed with control extract . .
was not affected (Fig. 6). AntiserurPEPS could be preabsorbed The technique was used to examine vitiligo and control sera for
g RP-2 antibodies. Healthy control sera and sera from patients with

. o~ T
with COS-7 cell extracts containing expressed TRP-2, but notwithy "=’ 4 1 ot ontain TRP-2 antibodies. From 53 vitiligo sera

zﬁgzgﬁmc?g.t;wg; g tyrosinase, indicating the specificity of thetest_ed, three (9%) contained TRP-2 antibodies. All three positive
patients (mean age 54 years; age range 50—-63 years) had had
vitiligo of the symmetrical type for more than lyear and all of

DISCUSSION them also had an assoqlgted gutmmmune dl_sprder. GD in one and

autoimmune hypothyroidism in two. In addition, all three sera

Recently, RIAs have been developed to detect specific antibodiesontained tyrosinase antibodies, as determined in our previous

in sera of patients with autoimmune disease [8,12—14]. Thesstudy usingn vitro translated®®S-tyrosinase in a RIA [8].

involve in vitro translation and concomitant radiolabelling of the Since all three patient sera contained both TRP-2 and
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