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1.. Abstract 

Thee in situ expression of antigens associated with melanosomes (gp-100), pigmentation 

(PAA),, tyrosinase (TRP-1), melanoma (MAA-l/MAA-2) , and HLA-DR were investigated 

immunohistochemicallyy in frozen archival specimens of common acquired melanocytic naevi, 

inn dysplastic melanocytic naevi and lymph node metastases of melanoma. Expression of these 

antigenss were also studied in established cultured normal human melanocytes, naevus derived 

melanocytes,, and melanoma cell lines of varying metastatic potential by 

immunohistochemistryy and flow cytometry. As compared to normal melanocytes, 

melanocyticc naevi exhibited increased expression of gp-100, PAA, and TRP-1 in the lesional 

cellss at or very near the dermal-epidermal junction, but with diminishing expression towards 

thee intradermal base of the lesions. In contrast, expression of MAA-1 and MAA-2 was 

observedd in melanocytes throughout the dermal part of the naevi. Melanocytes, located at the 

basall  layer of the epidermis, were positive only for gp-100, PAA, TRP-1 antigens. Dysplastic 

melanocyticc naevi showed staining of gp-100, PAA, TRP-1, HLA-DR, MAA-1, and MAA-2 

off  junctional lesional melanocytes, but with lesser intensity than that of common acquired 

naevi.. These antigens were not detectable in the dermal part of the dysplastic naevi. 

Expressionn of these antigens in lymph node metastases of melanoma were either positive or 

negative.. Similar results, regarding antigen expression were observed in all cultured 

melanocyticc cells both by immunohistochemistry and flow cytometry. The present data 

suggestt that analysis of these antigens may contribute to the discrimination of common 

acquiredd melanocytic naevi from their dysplastic counterparts. Furthermore, variations in 

levell  of expression in naevi could be consistently related to the micro-anatomy of the lesions, 

indicatingg that the micro-environment may have an influence on the expression levels of these 

antigenss in different lesional melanocytes. 
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2.. Introduction 

Variouss monoclonal antibodies (MoAbs) have been used in immunohistochemical studies 

too discriminate benign from malignant melanocyte tumours [1-3]. The MoAbs recognize a 

heterogenouss group of antigens related to melanocytic differentiation, tumour progression or 

otherr functional events. Common acquired melanocytic naevi ("common moles") are the 

resultt of a poorly understood focal proliferation of epidermal melanocytes, followed by 

spreadd of the lesional melanocytes into the upper dermis [4]. Some melanocytic naevi, 

characterizedd by irregular naked eye appearance, and histologically by cellular and 

architecturall  atypia, are designated dysplastic naevi. These lesions are often associated with 

ann increased chance of malignant transformation in individuals with familial history of 

melanoma.. However, it may be difficult to distinguish a common acquired naevus from a 

dysplasticc one. The present retrospective study is mainly focused on the question, whether or 

nott a limited panel of MoAbs can be used to distinguish common acquired melanocytic naevi 

fromm dysplastic naevi. Particular attention was paid to the relationship between patterns of 

antigenn expression and lesional tissue architecture. In addition, in situ antigen expression has 

alsoo been compared with cultured cells of different melanocytic lesions to that of normal 

melanocytes.. The MoAbs used in the present study include NKI-beteb, MEL-5 (TA99), 

TMH-2,, Dl-12, AMF-6 (NKI-M6), G7A5 and recognize gp-100, PAA (pigmentation 

associatedd antigen), TRP-1 (tyrosinase related protein), HLA-DR, MAA-1 and MAA-2 

(melanomaa associated antigens) respectively [2,3,5-10]. In melanocytes, expression of gp-

100,, PAA and TRP-1 is known to be associated with differentiation, whereas HLA-DR and 

MAA' ss are tumour related. PAA and TRP-1 have been documented to be members of the 

tyrosinasee related family of proteins also known as gp75 [7,11-13], whereas both MAA' s are 

antigenss of a high molecular weight melanoma associated chondroitin proteoglycan [3,9]. 

However,, different patterns of reactivity has been found in human tissues as well as in 
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culturedd melanocytes for the former mentioned antigens in this study. This may suggest that 

thee corresponding MoAbs probably detect different antigenic determinants. 

Inn this study, frozen archival specimens of human benign and malignant lesions were 

investigatedd retrospectively by immunohistochemical methods. In a different set of 

experiments,, cultured melanocytic cells from normal skin, naevi, and melanoma with varying 

metastaticc potential, were analysed for expression of these antigens, both by 

immunohistochemistryy and flow cytometry. 

3.. Material and Methods 

3.1.. Tissue Samples 

Smalll  tissue samples from six common acquired melanocytic naevi, six dysplastic 

melanocyticc naevi, and six lymph node metastases of melanoma, which were obtained from 

freshh surgical specimens, snap-frozen in liquid nitrogen, and stored at -70°C, were made 

availablee for the present retrospective study. The samples had already been classified on the 

basiss of histopathological examination of paraffin sections of the remaining tissue, as well as 

frozenn sections of the tissue used in the study. Snap-frozen normal skin obtained from various 

anatomicall  parts of the body were derived from six healthy donors. 

3.2.. Cell Culture 

Humann melanocytes from seven different individuals were isolated from normal skin and 

grownn in HAM's F10 medium (Gibco, Grand Islands, NY) as described previously [14]. 

Commonn acquired melanocytic naevi were obtained from five different patients and 

immersedd in sterile phosphate buffere saline (PBS). The specimens were immediately cut into 

smallerr pieces, followed by trypsinization (0.1 % Trypsin, Gibco) at 37 °C for 30 min. Trypsin 
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activityy was neutralized with FCS, followed by removal of tissue debris using a Y-

transfusionn system (CLB, The Netherlands). Cells isolated from melanocytic naevi were 

grownn in the identical medium as used for the normal human melanocytes. The six 

establishedd melanoma cell lines (1F6, 530, M14, Mel57, BLM, MV3), with varying 

metastaticc capacity were grown in Dulbecco's Modified Eagle's Medium (DMEM) as 

describedd previously [15,16]. All the cultured cells were also grown on coverslips for 

immunohistochemicall  determination of antigen expression. The tissues used in the study 

weree obtained after informed consent of the individuals. 

3.3.. Monoclonal Antibodies 

MoAbss NKI-beteb (IgG2b), Dl-12 (IgG2a), AMF-6 (IgGl) and G7A5 (IgG2) were a kind 

giftt from the late Prof. Dr Stefan Carrel from the Ludwig Institute for Cancer Research, 

Lausannee (Switzerland). MoAb MEL-5 (IgG2a) was commercially obtained (Signet, Dedham, 

MA)) and MoAb TMH-2 (IgG2a) was kindly provided by Dr Y. Tomita from the Tokohu 

Universityy School of Medicine; Sendai, Japan). 

3.4.. Immunoperoxidase Staining 

Indirectt immunostaining procedures were carried out as described before [14]. The dilution 

off  the commercially obtained MoAb MEL-5 on frozen skin sections and cultured cells was 

1:10.. Optimal dilutions of the other MoAbs used in this study were determined as described 

beforee [14]. 

3.5.. Flow cytometry 

Thee cultured cells were scraped in a PFA solution (PBS, 2.5 % FCS, 0.01 % sodium azid) 

whenn the monolayer reached approximately 70 % confluency. For the intracellular 
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determinationn of antigens cells were permeabilized and stained using the method as described 

[17].. The appropriate primary MoAb was added to the cells and incubated for 30 min at 4°C 

followedd by 2 washes with PFA. The secondary antibody (biotinylated rabbit anti mouse, 

DAKO,, Glostrup) was diluted (1:50) in PFA with 10 % normal human serum (Gibco) and 

incubatedd for 30 min at 4°C. After two washes with PFA, phyco-erythrin conjugated 

streptavidinn (PE 1:25, DAKO, Glostrup) was added and incubation was continued at 4°C in 

thee dark. After the removal of unbound PE conjugated streptavidin, cellular fluoresence was 

determinedd by a fluorescence activated cell scanner (Becton-Dickinson, San Jose, CA). As a 

negativee control irrelevant MoAbs of the same subclass were used in the flow cytometric and 

immunohistochemicall  analysis of the antigens. 

4.. Results 

4.1.. Antigen expression in melanocvtic lesions 

Inn common acquired melanocytic naevi, expression of gp-100, PAA, and TRP-1 antigens 

wass largely restricted to melanocytes situated in the epidermis and upper part of the papillary 

dermiss (Figures 1A,1C,1D). Expression of these antigens decreased towards the lower part of 

thee papillary dermis. However, the expression patterns of these antigens in the deeper parts of 

thee dermis differed considerably, gp-100 and PAA were expressed more intense than TRP-1 

(Figuress 1C,ID,IE,IF). No significant difference in antigen expression was seen for either 

MAA-11 or MAA-2 (Figures 1B,1G). The pre-existing melanocytes in the basal layer of the 

epidermiss were uniformly negative for MAA-1, MAA-2, and HLA-DR. 
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Figuree 1. Micro-anatomy related antigen expression in common acquired (A-G) and dysplastic melanocytic 
naevii  (H-J) forgp-100 (A). PAA (C. E. H). TRP-1 (D, F. I), MAA-1 (B. G). and MAA-2 (J). 
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Figuree 2. Schematic overview of the observed antigen expression in melanocytic lesions and normal skin. 
Abbreviationss used are EP= epidermis, PD1= upper part of the papillary dermis, PD2= lower part of the 
papillaryy dermis, RD= reticular dermis, CT= connective tissue, BL= basal layer, TL= total lesion, CN= common 
naevi,naevi, DN= dysplastic naevi, NS= normal skin. LN= lymph node. 

Inn contrast to the staining patterns of the common acquired melanocytic naevi, the 

expressionss of gp-100, PAA and TRP-1 in dysplastic naevi were prominent in intra-epidermal 

nests,, but less so than in the former naevi, whereas the dermal part of the lesions had either 

weakk or no staining for these antigens (Figures 1H, II, U). Further, in the dermal-epidermal 

junctionn and in melanocytic nests, occasional cells were positive for MAA-2 but not for 

MAA-1.. MoAb Dl-12, recognizing HLA-DR antigens, showed focal positive lesional 

melanocytess (data not shown). Normal skin melanocytes in the basal layer of the epidermis 

weree negative. 

Immunohistochemicall staining of the lymph node metastases of melanoma showed 

variablee staining patterns for the antigens gp-100, PAA, TRP-1, HLA-DR, MAA-1, and 

MAA-2.. Some of the specimens were either negative, whereas others displayed weak or 
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strongg expression with intensities of the staining varying from antigen to antigen. An 

overvieww of the patterns of antigen expressions obtained in the melanocytic lesions are shown 

inn Figure 2. 

4.2.. Antigen expression in cultured melanocytic cells 

Thee extent of expression of the differentiation related antigens gp-100, PA A, and TRP-1 

andd tumor related antigens HLA-DR, MAA-1, and MAA-2, as visualized by 

immunohistochemistry,, are shown in Figure 3. No significant differences were seen for the 

differentiationn related antigens between normal human melanocytes, naevus derived 

melanocytess and the non and low metastatic melanoma cells. However, the highly metastatic 

melanomaa cell lines hardly showed expression of any of these antigens. On the other hand, 

normall human and naevus derived melanocytes as well as the highly metastatic melanoma 

celll lines had a decreased HLA-DR expression as compared to the non and low metastatic 

ones.. Expression levels of MAA-2 were similar in normal and naevus derived melanocytes 

andd in the different melanoma cell lines. In contrast, expression of MAA-1 was diminished in 

thee highly metastatic melanoma cell lines BLM and MV3. Although the percentages of 

positivee cells were similar for some of the antigens studied, they varied in terms of 

immunohistologicall staining patterns and intensity of the staining (data not shown). Normal 

humann melanocytes displayed granular staining patterns in the cytoplasm and positive 

dendritess for gp-100, PAA, and TRP-1, whereas membrane, cytoplasmic and perinuclear 

stainingg was observed for the tumour associated antigens HLA-DR, MAA-1, and MAA-2. 

Naevuss derived melanocytes gave similar localization of the staining, but it was non granular 

forr the differentiation related antigens and showed an intense staining for the tumour 

associatedd antigens. 
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Figuree 3. Antigen expression in melanocyte cells. Percentages of positive cells are shown on the Y-axis and the 
usedd cell type on the X-axis. Melanocytes and naevus derived melanocytes are denoted as MC and NC, whereas 
1F6+530,, Ml4+Mel57. BLM+MV3 represent the non, low, and high metastasizing melanoma cell lines, 
respectively. . 

Thee non and low metastasizing melanoma cell lines also showed similar staining patterns, 

butt observed a more intense perinuclear staining for gp-100, PAA, TRP-1, and increased 

positivityy for HLA-DR, MAA-1 and MAA-2 as opposed to normal and naevus derived 
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melanocytes.. No association, regarding antigen expression levels, was observed between the 

melanomaa cell lines with different metastatic capacity. Overall antigen expression on cultured 

melanocyticc cells detected by immunohistochemistry was in agreement with the relative 

antigenn expression levels obtained by flow cytometry. 

5.. Discussion 

Thee present study on antigen expression was carried out in a retrospective manner in a 

smalll number of common naevi, dysplastic naevi, and metastatic deposits of melanoma in 

lymphh nodes with the primary aim of distinguishing common naevi from dysplastic ones. In 

addition,, we studied patterns of antigen expression in relation to the micro-anatomy of 

melanocyticc lesions using a panel of MoAbs. Differences in patterns of reactivity between 

commonn acquired naevi and dysplastic naevi were found for the antigens gp-100, PAA, TRP-

1,, HLA-DR, MAA-1, and MAA-2. The first three antigens are known to be associated with 

differentiationn in melanocytic cells. In contrast, the emergence of expression of the antigens 

HLA-DRR and both MAA's appears to be associated with melanocytic neoplasia, of which the 

formerr has been implicated in melanoma progression [3]. 

Thee expression of the differentiation related antigens gp-100, PAA, TRP-1 in the intra-

epidermall melanocytes of common acquired naevi, gradually diminished towards the base of 

thee intra-dermal part of the lesions. This decreased expression may be a result of a reduced 

biologicall activity of melanocytes of these naevi in the lower parts of the papillary dermis. It 

iss known that at their base, melanocytic naevi generally show signs of atrophy of the lesional 

cells,, a phenomenon which is considered as a normal step in the development of the lesion, 

oftenn referred to by the, not quite appropriate term, "maturation" [18]. Apparently, 

melanocytess positioned in the lower parts of the dermis, show a decreased expression of 

antigenss related to changes in morphology and biological functions (i.e. melanogenesis), as 
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theyy "mature". This in contrast to melanocytes located at the epidermal basal layer and upper 

partt of the papillary dermis, where they exhibit an increased expression of tyrosinase related, 

melanosomee and pigmentation associated proteins. 

Dysplasticc naevi are considered to represent marker lesions with an increased chance of 

malignantt transformation of lesional cells and may constitute one of the steps in tumour 

progressionn leading to melanoma [19]. In this respect, the present finding of a decreased 

expressionn of differentiation associated antigens in the dermal part of the dysplastic 

melanocytee naevi lesions is of interest, since some of the melanoma lymph node metastases 

alsoo showed decreased expression or even loss of the differentiation antigens gp-100, PA A, 

andd TRP-1. In addition, we found loss of differentiation related antigens in cultured malignant 

melanomaa cells with high metastatic potential (BLM and MV3), by flow cytometry and 

immunohistochemicall analysis. Our findings are in concordance with other reported data on 

thee protein as well as on the mRNA level for gp-100 [20]. The lymph node metastases of 

melanomaa displayed a variable expression of tumour associated and differentiation related 

antigens,, including the absence of gp-100, PA A and TRP-1. The present in vitro data may 

thereforee reflect the in vivo situation with respect to the loss of differentiation related antigens 

thatt occurs during tumour progression, either via an intermediate phase of dysplastic naevus, 

orr directly to malignant melanoma. However, since some melanoma metastases do express 

thesee antigens, this loss is evidently not an obligatory step in tumour progression of malignant 

melanoma. . 

Thee emergence of HLA-DR expression has been implicated with tumour progression of 

malignantt melanoma [3]. In our material, HLA-DR expression was identified in the majority 

off the frozen samples of melanoma metastases, but was not detected in the highly metastatic 

melanomaa cell lines BLM and MV3 both by immunohistochemistry and flow cytometry. 

Normall epidermal melanocytes were negative for HLA-DR, whereas melanocytic lesions 
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showedd positivity throughout the thickness of the lesion. However, since MoAb Dl-12 

recognizess HLA-DR not only on melanocytes, no conclusions can be drawn whether or not 

lesionall melanocytes with elevated HLA-DR expression are at increased risk for progression 

too melanoma. 

Inn a previous investigation the same MoAbs were also used to detect the presence or 

absencee of melanocytes in non-lesional and lesional vitiligo skin [14]. In that study, neither of 

thee melanoma associated antigens could be detected in cultured melanocytes. However, the 

presentt findings demonstrate, both by immunohistochemistry and flow cytometry, that these 

antibodiess do stain cultured melanocytes, as was previously reported by others [9,21]. A 

possiblee explanation is that expression of MAA-2 by cultured melanocytes, is due to the 

prolongedd growth conditions in a phorbol ester (TPA; 12-0-tetradecanoylphorbol-13-acetate) 

containingg medium. TPA is known to be a tumour promotor agent which stimulates the 

proliferationn of melanocytes [22,23]. The cultured melanocytes may in this way acquire a 

phenotypee that express melanoma associated antigens. MAA-1 was not detected in our 

previouss study due to the action of trypsin. Cultured cells treated in this way, will lose this 

antigenicc determinant, since MAA-1 has been reported to be trypsin sensitive [9]. However, 

differentt patterns of reactivity has been found in human tissues as well as in cultured 

melanocytess for TMH-2 and MEL-5 in the present study, although both of these MoAbs 

recognizee tyrosinase-related proteins [7,8,24,25]. A plausible explanation may be that these 

MoAbss detect different antigenic determinants. 

Previouss investigators compared the proliferative activities of different melanocytic lesions 

forr both diagnosis and prognosis of melanoma progression with not unequivocal results [26-

28].. Moreover, in those studies the proliferative index of different melanocytic lesions related 

too micro-anatomy did not show consistent differences. 

Onn the other hand, the immunohistochemical analysis of different melanocyte related 
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antigenss described in this study, suggests that micro-anatomy related heterogeneity of antigen 

expression,, rather than just a score of positive versus negative, may be of value in the 

discriminationn of common acquired naevi from dysplastic naevi. Based on the present results 

furtherr prospective studies on the primary melanomas and secondary spread from such lesions 

willl be valuable for understanding the role of tissue micro-environment in malignant 

transformationn and metastasis and melanocytic cells. 
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