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1.. Abstract 

Frozenn tissue sections of a unique collection of primary and secondary malignant 

melanomaa pairs were studied immunohistochemically with a panel of six monoclonal 

antibodiess (MoAbs) directed to gp-100, PAA (pigmentation associated antigen), TRP-1 

(tyrosinasee related protein), HLA-DR, MAA-1 and MAA-2 (high molecular weight (HMW) 

melanomaa associated antigens). The antigenic profile of immunoreactive pigment cells was 

comparedd with the stage of tumor progression. Our data show consistent antigenic profiles of 

primaryy melanomas and their metastases within the same patient. Expression of TRP-1 and 

PAAA was observed in the radial growth phase (RGP) of primary melanomas, but showed 

diminishedd or complete loss of expression in the vertical growth phase (VGP) and in 

melanomaa metastases. HLA-DR was negative in the majority of primary lesions, but a larger 

proportionn of neoplastic cells at the metastatic site was positive. The melanoma-associated 

antigenss MAA-1 and MAA-2 were expressed throughout tumor progression. Although no 

clearr distinction could be made between primary and secondary melanoma lesions for both 

MAAs,, there was a profound variability in the intensity of the staining and the topographical 

antigenn distribution. The loss of expression of PAA and TRP-1 in the VGP of the primary 

lesionss and metastatic melanomas may be related to tumor progression. This indicates that 

primaryy melanomas can be distinguished from their metastases by evaluation of the antigenic 

profilee and in this respect facilitate the recognition of tumor progression stages. 
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2.. Introduction 

Too gain a better understanding in the tumor biology of melanoma, 

immunohistochemicall  analysis of tissue specimens is an attractive method to study this 

epidermal-derivedd tumor. Due to its readily available tissue specimens of various progression 

stagess and relatively easy propagation in culture, malignant melanoma has become a general 

modell  for neoplastic growth and metastasis. Various monoclonal antibodies (MoAbs) have 

beenn applied in immunohistochemical studies to discriminate benign melanocytic tumors 

fromm malignant ones. The MoAbs recognize a heterogeneous group of antigens related to 

melanocyticc differentiation, tumor progression or other biological events [1-24]. From these 

markers,, S-100 and NKI-Beteb/HMB-45 are widely used in routine diagnostic pathology of 

melanocyticc tumors. Markers such as tyrosinase related protein (TRP-1, TRP-2), high 

molecularr weight melanoma associated antigen (HMW-MAA) , which is a chondroitin sulfate 

proteoglycan),, human leukocyte antigen (HLA class I and II), and many others have also been 

shownn to be valuable for the assessment of melanocytic tumors [25]. However, die lack of 

consistencyy in the diagnosis of some melanocytic lesions in different stages of tumor 

progressionn and melanoma metastasis still occurs. The main reason for inconsistent diagnosis 

off  some melanocytic lesions is due to the lack of markers that can distinguish between the 

differentt stages of melanocyte transformation, melanoma progression and melanoma 

metastasis.. Early prediction of melanocytic lesions with malignant potential is crucial to 

preventt exacerbation in the course of disease. In order to better understand the mechanisms 

involvedd in the tumor biology of malignant melanoma, we need more markers and apply them 

inn combination with the histopathological criteria and other markers known to be associated in 

melanocytee neoplasia. 

Recently,, consistent differences were found in antigenic profiles related to the micro-

anatomyy of common acquired and dysplastic melanocytic nevi [26]. The expression of 
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differentiation-relatedd antigens gp-100, PAA, and TRP-1 was detected in the epidermal and 

dermoepidermall  junction of common acquired nevi. In contrast, in dysplastic nevi a 

considerablee loss of these antigens was observed. Furthermore, topographical differences in 

antigenn expression and the intensity of the staining were shown for the differentiation and 

progression-relatedd antigens between common acquired and dysplastic nevi. 

Inn the present study, the antigenic profiles in frozen tissue sections of primary 

melanomass and the secondary spread of these lesions have been studied with the panel of 

MoAbss that was also used in our previous study [26]. The main question addressed in this 

studyy mainly concerned whether or not tumor progression stages from primary melanomas 

andd the secondary spread of the lesions within the same patient differ in their antigenic 

profile.. The observed differences in antigen expression profiles may be typical of malignant 

transformationn and metastasis of melanocytic cells. For this purpose a panel of MoAbs that 

recognizee differentiation (gp-100, PAA, TRP-1) and progression (HLA-DR, MAA-1, MAA-

2)) related antigens were studied to determine the differences in antigenic profiles of the 

lesions.. Further, the observed antigenic profiles in conjunction with the routinely applied 

histopathologicall  criteria and disease recurrence may result in consistent diagnosis of 

melanocyticc lesions in a particular stage of transformation. In this respect, this approach may 

alsoo be of prognostic and/or predictive value in immunohistochemical prospective studies of 

melanocyticc lesions in advanced stages of tumor progression. 
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3.. Material and Methods 

3.1.. Tissue samples 

AA unique collection of tissue samples were obtained from patients, treated at the 

Universityy Hospitals, Leuven, Belgium, and snap-frozen in liquid nitrogen-cooled isopentane. 

Alll  cases, from which frozen material of both the primary and metastases was available, were 

includedd in this study. This resulted in a series of 9 primary and 14 melanoma metastases. The 

primaryy MM included 5 superficial spreading MM (SSMM), one acrolentiginous MM 

(ALMM) ,, and 3 nodular MM (NMM). From 6 primary cases, one lymph node or cutaneous 

metastasiss was available, from 1 case, two subsequent cutaneous metastases could be studied, 

andd in 2 cases, three subsequent metastatic sites were available for the study. Metastases 

occurredd in lymph node (5 cases), skin (6 cases) and liver, small bowel and omentum (each 

onee case). The histopathological parameters of the primary melanoma lesions ranged from 

Clarkk level II to V with Breslow thickness from 1.0 mm to 18 mm. 

3.2.. Immunohistochemical staining 

Thee panel of MoAbs used in the study were directed to gp-100 (NKI-beteb), PAA 

pigmentationn associated antigen (MEL-5/TA99), TRP-1 tyrosinase related protein (TMH-2), 

HLA-DRR (Dl-12), and MAA-l/MAA-2 , high molecular weight (HMW) melanoma associated 

antigenss (AMF-6/NKI-M6/G7A5) [8,9,13,15,27-30]. Characteristics of the MoAbs are shown 

inn Table 1. Five |im frozen sections were are-dried, fixed in absolute acetone for 10 min, and 

stainedd with a three-step avidin-biotin complex, using the MoAbs as the primary reagent with 

thee established optimal dilutions as described before [26,31], 
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Tablee 1. Characteristics of the MoAbs used in the study. 

Antibodyy (antigen) 
NKI-Beteb<gp-100) ) 
MEL-55 (PAA) 
TMH-2(TRP-1) ) 
DI-12(HLA-DR) ) 
AMF-6(MAA-1) ) 
G7A55 (MAA-2) 

Specificityy (isotype) 
melanosomee associated 100 kD antigen (IgG2b) 
pigmentationn associated 70-80 kD antigen (IgG2a) 
tyrosinasee related 70 kD protein, (IgG2a) 
HLA-DR,, 28-35 kD glycoprotein (IgG2a) 
HMWW 250-420 kD glycoprotein (IgGl) 
chondroitinn sulfate 220 kD proteoglycan (IgG2) 

Reference e 
[151 1 
[28,32] ] 
[29,33] ] 
[9] ] 
[13] ] 
[91 1 

3.3.. Evaluation of immunoreactivitv 

Thee primary and secondary melanomas were immunostained with NKI-beteb, MEL-5, 

TMH-2,, Dl-12, AMF-6, and G7A5. The immunoreactivity of each lesion and in particular the 

topographicc antigen distribution and the intensity of the staining in the radial growth phase 

(RGP),, vertical growth phase (VGP), and melanoma metastases, was scored by an 

experiencedd observer (JJvdO) and discussed by a panel of three observers (JJvdO, CBM, 

PKD).. The expression of each antigen was scored as -, +/-, +, ++, +++, that represent 

negative,, weak, strong, and very strong positive cells, respectively, for the corresponding 

antigen.. In a few cases of melanoma metastases with moderate antigen expression and when 

eitherr the RGP and/or VGP could not be interpreted in some of the primary lesions, the 

percentagee of positive cells was estimated semiquantitatively (Table 2). 

4.. Results 

4.1.. Antigenic profile of differentiation related antigens 

gp-100,, recognized by MoAb NKI-Beteb, was expressed in both the radial and vertical 

growthh phases of primary melanomas (fig. la) as well as in the metastases (fig. lb). In the 

latter,, the level of expression was usually much greater than that in the primary lesion. The 

antibodiess directed to a pigmentation-associated antigen (MEL-5) and to tyrosinase-related 
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Figuree la-lf. Expression of gp-100 (a, b), PAA (c, d), TRP-1 (e, f), in a primary melanoma (a, c, e) and its 
cutaneouss metastasis (b, d, f). a. gp-100 is abundantly expressed in both the radial (R) and vertical (V) growth 
phasee of the primary melanoma, as well as in its metastasis (b): c. PAA is only expressed in the radial, but not in 
thee vertical growth phase or in the metastasis (d); e, f. no expression of TRP-1 occurred in this case. Three-step 
ABCC technique. AEC. slightly counterstained with hematoxylin. 

proteinn (TMH-2) however, displayed differences in immunoreactivity in the primary 

melanomass as compared to the metastasis. Melanoma cells that stained for MEL-5 were found 

inn the radial growth phase in 5 out of 6 melanomas, and in two of these (cases 3 and 6) in 
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whichh the vertical growth phase could be studied. The vertical growth phase (fig. lc) as well 

ass the metastasis (fig. Id) showed littl e or no immunoreactivity. In line with these findings, 3 

NMMM displaying a vertical growth phase only showed weak or no MEL-5 staining. Similarly, 

TMH-22 staining was observed in the radial growth phase of 4 out of 6 melanomas. In 2 of 

thesee (cases 3 and 6), the vertical growth phase could be evaluated and showed a much 

weakerr staining. In line with these findings, only one out of four nodular melanomas showed 

TMH-22 immunoreactivity in the vertical growth phase. In 2 cases, both the primary (fig. le) 

andd metastasis lacked TMH-2 immunoreactivity (fig. If). 

4.2.. Antigenic profile of progression related antigens 

Sixx out of 7 primary melanoma lesions were negative for HLA-DR (fig. lg), but in 3 

off  these (cases 1, 4 and 7), expression of HLA-DR was observed in the metastasis. In 

addition,, case 3 showed very limited HLA-DR expression in the primary lesion, but a larger 

proportionn of immunoreactive neoplastic cells was observed at the metastatic site. Expression 

off  the melanoma-associated antigens MAA-1 (recognized by MoAb AMF-6, fig. li ) and 

MAA- 22 (recognized by MoAb G7A5, fig. Ik) occurred in both the radial and vertical growth 

phasee of the majority of primary melanomas, and was also observed in the metastases (figs, lj 

andd 11). However, in the cases in which the vertical growth phase expressed MAA-1 very 

littl ee or not at all (cases 7 and 8), the staining in the metastasis was also greatly diminished. 

Interestingly,, MAA positive melanoma cells were arranged in clusters in both the primary 

melanomass as well as in the metastasis. In these clusters, the peripherally located neoplastic 

cellss adjacent to the stroma, were positive for MAAs, whereas the melanoma cells in the 

centerr of these clusters did not express these antigens. In six cases, the relative numbers of 

MAA-expressingg melanoma cells in metastases outnumbered those in primary melanomas. 
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Figuree lg-11. Expression of HLA-DR (g. h). MAA-1 (i, j) and MAA- 2 (k. 1) in a primary melanoma (g. i. k) and 
itss cutaneous metastasis (h. j . 1). g. h. HLA-DR occurs on epidermal Langerhans cells and dermal dendritic cells, 
butt not on the neoplastic melanocytes of the primary (g) or melanoma metastasis (h); i. weak and focal 
expressionn was observed in the primary melanoma for MAA-1. whereas the metastasis (j) showed intense 
immunoreactivity:: similarly. MAA-2 is rather weakly expressed in both the radial and vertical growth phase of 
thee primary melanoma (k) whereas its metastasis (1) shows intense staining. For both MAA-1 and MAA-2. 
stainingg in the metastasis occurs in an insular pattern. Three-step ABC technique. AEC. slightly counterstained 
withh hematoxylin. 
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Multiplee metastases at different sites derived from one and the same melanoma could 

bee studied in cases 7 and 8. Only anti-gplOO showed the same staining in the various 

successivee metastases whereas all other tested antigens displayed considerable differences in 

expressionn in the various metastases (Table 2). 

Tablee 2. Antigenic profile of primary melanomas and their metastases within the same 
patient. . 

typee of melanoma lesion 
(casess 1-9) 
la.. SSMM 
lb.. lymph node metastasis 
2a.. NMM 
2b.. cutaneous metastasis 
3a.. SSMM 

3b.. lymph node metastasis 
4a.. NMM 
4b.. lymph node metastasis 
5a.. ALMM 
5b.. cutaneous metastasis 
5c.. cutaneous metastasis 
6a.. SSMM 
6b.lymphh node metastasis 
7a.. SSMM 
7b.. cutaneous metastasis 
7c.. cutaneous metastasis 
7d.. cutaneous metastasis 
8a.. NMM 
8b.. lymph node metastasis 
8c.. visceral metastasis 
8c.. lymph node metastasis 
9a.. SSMM 
9b.. visceral metastasis 

NKI-Beteb b 
fep-100) fep-100) 
R+ + 
<5%+ + 
V+++ + 
+++ + 
R+ + 
V+ + 
+++ + 
V+++ + 
++/--
R+ + 
++ + 
+++ + 
R+V+ + 
+++ + 
R+V+ + 
+++ + 
+++ + 
+++ + 
V+ + 
+++ + 
+++ + 
++/--
R+ + 
+ + 

MEL-5 5 
(PAA) ) 
R+ + 
--
V<5%% + 
--
R++ + 
V+/--
<5%<5% + 
V--
<5%% + 
R+ + 
+++ + 
+++ + 
R++ V+/-
--
R-V--
--
--
--
V+ + 
10%+ + 
5%+ 5%+ 
--
R<5%% + 
<5%% + 

TMH-2 2 
(TRP-1) ) 
R+ + 
--
V--
--
R++ + 
V+/--
<5%<5% + 
V--
--
R+ + 
++ + 
+/--
R++ V+/-
--
R-V--
--
--
--
V+ + 
5%+ 5%+ 
<5%+ <5%+ 
--
R--
--

Dl-12 2 
(HLA-DR) ) 
R--
<5%<5% + 
V--
--
R<5%% + 
V+/--
>10%+ + 
V--
+ + 
n.d. . 
<5%+ <5%+ 
>10%+ + 
R-V--
--
R-V--
>10%+ + 
--
>10%+ + 
n.d. . 
<5%+ + 
--
+ + 
R--
--

AMF-6 6 
(MAA-1) ) 
R+ + 
+++ + 
V+++ + 
-H-+ + 
R++ + 
V++ + 
++ + 
V++ + 
+++ + 
R+ + 
++ + 
++ + 
R+V+ + 
+++ + 
R+V--
<5%<5% + 
--
<5%+ + 
V<5%+ + 
--
--
+/--
R+ + 
++ + 

G7A5 5 
(MAA-2) ) 

R+ + 
+++ + 
V++ + 
+++ + 
R+ + 
V+++ + 
+++ + 
+++ + 
++ + 
n.d. . 
+++ + 
+++ + 
R+V+ + 
+++ + 
R++V+ + 
+ + 
+ + 
+ + 
V+ + 
+ + 
+++ + 
+ + 
R++ + 
++ + 

casess 1-9 represent primary melanomas (a) and their melanoma metastases (b,c,d) of types SSMM= superficial 
spreadingg malignant melanoma; NMM=nodular malignant melanoma; and ALMM=acrolentiginous malignant 
melanoma a 
V=verticall  growth phase; R=radial growth phase; n.d.=not done 

Att this stage of the research these differences can not yet be related to the site of metastasis or 

typee of primary melanoma. Furthermore, the intensity of the staining for all the antigens 

studiedd varied between primary melanomas and the secondary spread of these lesions. 
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Notably,, the cases that were positive for either one of the antigens revealed a stronger 

intensityy in the melanoma metastasis as compared to the primary lesion. 

5.. Discussion 

Primaryy melanomas and their metastases were studied immunohistochemically with 

MoAbss that recognize gp-100, PAA (pigmentation associated antigen), TRP-1 (tyrosinase 

relatedd protein), HLA-DR, MAA-1 and MAA-2 (melanoma associated antigens). This study 

wass carried out on a relatively small number but unique collection of lesions, and has led to 

consistentt differences in antigenic profile between primary melanomas and their metastases 

withinn the same patient. Our most surprising findings were the expression of TRP-1 and PAA 

inn the radial growth phase of primary melanomas, and their disappearance or complete loss in 

thee vertical growth phase and in metastatic melanomas. This finding suggests a role of these 

moleculess in melanoma tumor progression. The in situ variation in antigenic profile between 

primaryy lesions and the secondary spread to different tissues, reflect the in vitro expression 

profiless obtained in a panel of melanoma cell lines which differ in metastatic potential after 

subcutaneouss inoculation into nude mice as described earlier [26]. As such, it would be 

interestingg to carry out a prospective study in order to find out whether the expression profile 

off  these antigens has prognostic significance. 

AA previous immunohistochemical analysis with gp-100 (clones NKI-beteb/HMB45), 

MART-11 (clone A103), S100 (clone SI00), did not reveal significant differences between 

primaryy melanoma, locoregional metastases, lymph node metastases, and visceral metastases 

[34],, However, in some cases, when comparing primary melanoma and lymph node 

metastasiss from the same patient, a significant decrease of expression was observed with the 

earlierr mentioned clones. The obtained antigenic profile with the primary melanomas-

metastasiss pairs in this study was in accordance for the tyrosinase-related antigen as described 
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previouslyy [34]. Most notably, the present findings show a decreased expression from RGP to 

VGPP for TRP-1 and PAA in the primary melanoma and metastasis of the same patient. 

However,, the lymph node metastases of melanoma only showed a decreased expression for 

TRP-11 and PAA, but not for the NKI-beteb related gp-100. Previously, it has been described 

thatt NKI-beteb can not be used on formalin-fixed and paraffin-embedded melanocytic tumor 

lesionss [25]. Nevertheless, similar staining patterns were obtained for gplOO with formalin-

fixedfixed and paraffin-embedded [35] as compared to frozen tissue sections of melanoma by 

applyingg an antigen retrieval method [34]. In the present study the lymph node metastases of 

melanomaa that originated from a primary melanoma lesion of the same patient were positive 

forr gp-100. At this stage of the study we do not have an explanation for this discrepancy. 

Interestingly,, the expression patterns obtained in this study with the MAA-antigens in 

tissuess of primary melanoma-metastasis pairs, to our knowledge, have not yet been described 

before.. The melanoma-associated antigens MAA-1 and MAA-2 showed a particular 

distributionn within nests and clusters of tumor cells, whereas the neoplastic cells in the center 

off  these clusters showed few or no immunoreactivity. The melanoma cells at the interface 

withh the stroma showed strong membranous staining. It is tempting to speculate that these 

MAA-antigenss may be involved in the process of metastatic dissemination, since these 

antigenss are involved in interactions between melanoma cells and the extracellular matrix 

[13].. A previous study has shown the usefulness of the high molecular weight HMW-MAA 

antigenn as a prognostic marker in ALMM [36] and its clinical relevance in other melanoma 

histotypess [37]. Similar findings were obtained regarding the frequency of melanoma 

associatedd antigen expression in malignant melanocytic lesions. MAA-1 and MAA-2 were 

expressedd more in metastatic melanomas as opposed to primary lesions. Our previous data in 

benignn melanocytic lesions [26], show distinct differences in the expression of these antigens 

whenn compared to the malignant ones. The antigenic profile in dysplastic nevi for gp-100, 
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HLL A-DR, MAAI , and MAA-2 showed diminished expression levels, whereas the expression 

off  these antigens is retained from the RGP to VGP in primary and secondary malignant 

melanomaa pairs. However, when the RGP showed diminished or loss of expression, this was 

alsoo seen in the melanoma metastasis. This difference is probably due to different types of 

primaryy lesions as was described previously [36]. Furthermore, the intensity of the staining 

increasedd from RGP to VGP, and melanoma metastasis in the paired samples as compared to 

dysplasticc nevi. On the other hand, common acquired nevi displayed high levels of expression 

nearr the dermoepidermal junction, in which the intensity of the staining was pronounced, but 

decreasedd in expression as well as intensity, in the deeper part of the lesion. Therefore, we can 

speculatee that differences in the intensity of expression and the topography of immunoreactive 

pigmentt cells reflect the different stages in tumor progression. 

Tumorr metastasis is a process, which is not completely understood because of its 

highlyy complex mechanisms regulated by a variety of genes, of which the expression is 

influencedd by the tissue microenvironment. Several molecules e.g. ICAM-1 (intercellular 

adhesionn molecule 1), HMW-MAA , and alpha(v)beta3, have shown to be involved in tumor 

progressionn and melanoma metastasis [38,39]. The latter one, belonging to the integrin family 

off  cell adhesion molecules, also known as the vitronectin receptor, has been implied in 

promotingg human melanoma cell growth by protecting cells from apoptosis, by stimulating 

celll  proliferation, and by mediating their attachment to extracellular matrix (ECM) proteins 

[40-42].. In addition, alpha(v)beta3 may influence the ability of melanoma cells to extravasate 

fromm primary lesions by controlling cell-surface expression of the extracellular matrix 

degradingg enzyme matrix metalloproteinase 2 (MMP-2) [43]. The expression of both 

alpha(v)beta33 and MMP-2 has been studied and were found to be associated with the 

malignantt transformation of melanocytes [38,44-49]. The expression of integrin alpha(v)beta3 

alsoo has been documented to have clinical significance in non-ALMM primary lesions, 
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togetherr with parameters such as lesion thickness, disease recurrence, and expression of 

ICAM-11 and HMW-MAA [37]. 

Thesee Findings support HMW-MAA as a good prognostic marker with clinical 

relevancee in combination with the routinely applied histopathological criteria and other 

knownn (melanoma)-markers. Our present data, therefore, support the approach of studying 

immunohistochemicallyy the antigenic profile in melanocyte neoplasia with a panel of MoAbs. 

Thee obtained antigen expression patterns show that different forms of melanocyte nevi can be 

distinguishedd from each other [26]. Moreover, different antigenic profiles were also obtained 

inn primary melanomas and their secondary spread. These profiles are suggestive for a role in 

thee malignant transformation and metastasis of melanocyte cells. Thus, in addition to the 

conventionall  histopathological parameters, consistent diagnosis and recognition of tumor 

progressionn stages should be feasible by the evaluation of antigenic profiles in melanocyte 

lesions. . 
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