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Generall  Introduction : An overview on melanocyte biology and transformation 

1.. Human skin melanocytes 

1.1.. Biology and function 

Melanocytess are melanin pigment producing cells. They have a dendritic morphology 

andd are derived from the neural crest [1-4]. During embryonic development these cells 

migratee to the basal layer of the epidermis, but also to other anatomical parts of the human 

bodyy such as the choroid, iris, retina of the eye, and inner parts of the ear [5-7]. This 

migrationn is influenced by stem cell factor (SCF), also known as steel factor (SLF), mast-cell 

growthh factor (MGF), and (c)-Kit ligand (KL) [7-11]. In the normal human epidermis 

melanocytess reside at the basement membrane and are interspersed between the neighboring 

keratinocytess in a ratio of 1:4 to 1:10, known as the epidermal melanin unit. The physical 

contactt with the basement membrane and neighboring keratinocytes is essential for the 

homeostaticc maintenance of melanocytes. It is believed that direct cell-cell communication 

viaa cadherins and gap junctions (connexin) plays a role in conserving homeostasis of the 

epidermall  melanin unit [12]. 

Thee physiological function of melanocytes is the epidermal pigmentation of the skin 

throughh the generation of melanin pigment, known as melanogenesis. Melanin is synthesized 

inn membrane bound organelles called melanosomes, which are derived from the endoplasmic 

reticulumm and are specialized in the formation of melanin. Melanocytes produce two types of 

melanin,, known as the brownish-black eumelanin and the reddish-yellow pheomelanin. The 

latterr contains sulfur groups in addition to nitrogen [13-15]. The main substrate of melanin is 

thee amino acid tyrosine, which is catalyzed by the key enzyme tyrosinase within 

melanosomess and to a lesser extent in the endoplasmic reticulum [16,17]. 
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Epidermall  pigmentation of the skin is maintained by continuous transfer of mature 

melanin-bearingg melanosomes, via the dendrites of the melanocytes, to adjacent 

keratinocytes.. The melanin is positioned at the apical side of these keratinocytes and serves as 

thee most natural protection of the underlying dermis against the DNA-damaging effects of 

ultraviolett radiation [18-20]. In this respect, it should be noted that melanin also serves as the 

importantt molecular entity in scavenging metabolically generated free radicals that may in 

additionn to UV irradiation be responsible for inducing DNA mutations. How rational this may 

seem,, no direct correlation has been established between the site of UV exposure and the site 

off  primary melanoma [21]. It can be concluded that other factors yet to be identified must 

playy a role in the epidemiology of melanomas. 

Overr 160 germline mutations at nearly 70 distinct genetic loci are known to affect 

mousee coat colors [7,22-24]. Homozygous or heterozygous human gene mutations of 

enzymess functional in melanogenesis (e.g. tyrosinase) have been associated with pigmentary 

disorderss like piebaldism, type I oculo-cutaneous albinism, and the Waardenburg Syndrome 

[10,25-30].. There are other genetically based syndromes, phenotypically resembling albinism, 

inn which the synthesis of pigmented melanosomes, as well as specialized organelles of other 

celll  types, is compromised. The Hermansky-Pudlak syndrome and the Chediak-Higashi 

syndromee are two such disorders [31,32]. Impairment in melanosomal function, probably due 

too improper formation of melanosomes within melanocytes, appears to be related to the hypo-

pigmentationn features observed in patients with Hermanski-Pudlak syndrome and Chediak-

Higashii  disease. Whether or not alterations in pigmentation genes are associated with the 

transformationn of melanocytes, remains unknown. 

Att present it is unclear, how the homeostasis of normal human epidermal melanocytes 

iss maintained. In view of their complex dendritic morphology, and intimate physical 

relationshipp with the neighboring keratinocytes, the latter cells and micro-environmental 
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factorss most likely are involved in the homeostasis of the epidermal melanocytes. The 

contributionn of cutaneous melanocytic precursors (immature melanocytes) to homeostasis of 

epidermall  melanocytes remains poorly defined. It is not unlikely that these precursor cells 

playy a role in either melanogenesis or development of melanoma due to malignant 

transformationn of these cells. 

2.. Aberrant melanocytes 

2.1.. Acquired melanocytic nevi 

Epidermall  melanocytes commonly give rise to a variety of small benign proliferative 

lesions,, known as common acquired melanocytic nevi [33]. In contrast to normal epidermal 

melanocytes,, the melanocytes in nevi form cellular aggregates referred to as nevus cell nests. 

Mostt nevi arise in early childhood and adolescence. Occasionally, new nevi develop in 

midlifee and rarely later in life. The progressive decrease in the number of melanocytic nevi 

thatt is observed with advancing age [34] proceeds along apoptotic and differentiation 

pathwayss that remains to be defined. Melanocytic nevi are composed of nevus cells, epider-

mall  melanocytes and dermal melanocytes [33-35]. Their histological appearance is generally 

dividedd into junctional, compound, and intradermal melanocytic nevi, based on the 

localizationn of the nevus cell nests in the epidermis of the skin. When the clusters of cells are 

foundd in the dermal-epidermal junction, they are designated as junctional nevi. When the 

nevuss cell nests are more distributed in the epidermal region and in the upper part of the 

dermis,, they are referred to as a compound nevus. When the nests are completely in the 

dermall  part of the skin than it is classified as an intradermal nevus. Nevus cells are usually 

recognizedd morphologically because of the absence of dendrites that are associated with 

normall  melanocytes. Consequently, it can be postulated that nevus cells develop either from 
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dendriticc melanocytes that acquire a growth advantage due to an altered antigenic profile 

relatedd to the micro-anatomy or to subtle aberrant gene expression. The majority of the 

commonn acquired nevi follow a yet unidentified-programmed pathway of differentiation that 

eventuallyy leads to the disappearance of these nests of aberrant melanocytes [34]. Deregulated 

terminall  differentiation of epidermal melanocytes may lead to an uncontrolled growth of these 

cells,, and in accordance with this hypothesis, nevus cells may carry an increased risk for 

malignantt transformation. Several investigators support the concept that common acquired 

nevii  and dysplastic nevi are precursors of melanoma. A nevus was found to be associated 

withh melanoma in up to 51% of the cases studied [36,37]. Whether or not benign melanocyte 

lesionss are precursors of malignant melanoma is controversial. 

2.2.. Transformation from nevi into melanoma 

AA dynamic shift of interactions between normal melanocytes, neighboring 

keratinocytes,, and extracellular matrix (ECM) components (e.g. adhesion receptors), occurs 

fromm normal to benign proliferative nevi and malignant melanoma [12,38,39]. 

Undifferentiatedd keratinocytes are able to control the growth, morphology, and antigenic 

profilee of melanocytes by establishing direct contact through the cell-cell adhesion receptor E-

cadherinn [40]. Based on these findings, it has been postulated that normal skin melanocytes 

progresss to a nevus by escaping from the normal contact-mediated control of keratinocytes. 

Thiss contact facilitates formation of gap junctions through connexin 43 [39]. A reduced E-

cadherinn and increased N-cadherin expression can be observed early in the nevus stage as 

welll  as in melanomas. This change in cadherin profile enables new adhesive properties of 

thesee cells. Alterations in the expression of other adhesion receptors (e.g. ALCAM/CD166, 

MelCAM/MUC18/CD146,, (J3 integrin subunit, CD44, chondroitin sulphate proteoglycan), 

metalloproteinases,, gangliosidases, melanotransferrin, growth factor receptors (e.g. FGF, 

14 4 



EGF,, TGF, IGF), and others, have been described to play a role in different stages of 

melanomaa tumor progression [38,41-46]. Since it is not clear how phenotypic control over 

melanocytess is established, and melanoma can develop from melanocytes without evident 

intermediatee stages such as nevi, other pathways are involved in the transformation of 

melanocytess and tumor progression of melanoma. Therefore, research focused on early and 

latee stages of melanocyte transformation should provide more insight in the biology of 

melanoma.. In this regard, the early stage is defined as transformation from melanocyte into 

nevii  and the late stage from nevi into melanoma. 

Nevuss cells in common acquired nevi are not evenly distributed along the 

dermoepidermall  junction as observed for dendritic epidermal melanocytes (Fig. 1A, IB). 

Melanocyticc nevi can either persist as stable lesions, that gradually disappear in adult life, or 

theyy can progress into the next stage designated as dysplastic nevi, which are considered by 

somee as potential precursors of malignant melanoma [34,47-51]. A characteristic hallmark for 

dysplasticc nevi is the architectural disorder observed in the dermal-epidermal junction of the 

lesion,, in which often irregular pigmentation, large size, and bridge forming between the rete 

ridgess of the skin are observed (Fig. 1C). In general, primary melanoma evolves in a stepwise 

fashion.. The first step is known as the radial growth phase (RGP, Fig. ID), characterized by a 

nett enlargement of the tumor parallel to the surface of the skin. The RGP reflects the 

superficial,, mainly epidermal spreading of the lesional cells, and also includes islets of micro-

invasivee melanoma cells in the upper dermis. For a melanoma to acquire metastatic 

properties,, the tumor mass evolves to the next step of tumor progression, which is known as 

thee vertical growth phase (VGP, Fig. IE), and is characterized when melanoma cells form an 

expandingg nodule in the dermis. The transition of RGP melanoma cells to an invasive 

expandingg tumor mass in the dermis appears to be closely associated with the cellular changes 

off  their stromal partners [52]. Eventually, the VGP melanoma cells can disseminate to distant 
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organss e.g. lymph node, lung, liver, and brain, orchestrated via several motility associated 

adhesionn receptors and critical growth factors as mentioned before. 

Figuree 1. Stages of histopathologic progression in melanocyte transformation. (A) Normal skin. (B) Benign 

proliferationn of melanocytes (nevus cells). (C) Melanocyte dysplasia (bridge formation). (D) Radial growth 

phasee (RGP) melanoma. (E) Vertical growth phase (VGP) melanoma. According to Chin et al, 1998 (see text for 

details). . 

Thee process of dissemination is very complex and is not only associated with the loss 

off  normal behavior of cells, but also with the acquisition of many new cell biological 

propertiess [53-55]. A sequence of distinct steps occur during the process of melanoma 

metastasiss and is reviewed in detail elsewhere [56]. Briefly, the initial step involves the 

releasee of melanoma cells from the primary tumor followed by invasion of the tissue either by 

thee acquisition or loss of (tumor) cell surface molecules. Melanoma cells produce proteases, 

whichh locally degrade the basement membrane to facilitate the process of intra- and 

extravasation.. Subsequently, the melanoma cells spread via the vascular system throughout 

thee body and eventually generate foci of growth in new environments. Extracellular factors 
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(e.g.. extracellular matrix components, autocrine motility factors, growth factors, stromal and 

angiogenesiss factors) orchestrate tumor cell invasion and migration [57-59]. Although the role 

off  the cellular adhesion molecules and ECM components in homeotypic and heterotypic 

interactionss are well documented in melanocytic lesions, their contribution to the in situ 

identificationn of benign, malignant, and metastatic phenotypes are still unclear. 

3.. Melanoma 

3.1.. Epidemiology, etiology, and pathology 

Cutaneouss malignant melanoma is one of the most aggressive and early metastasizing 

humann tumors today. The lifetime risk to develop melanoma in the United States has been 

estimatedd to be 1 in 75 in the year 2000 [60]. Malignant melanoma is more common in 

Caucasianss than in non-Caucasians and occurs particularly on the legs of women and on the 

backk in men. A number of factors play a role in the development of melanoma including 

familyy history, skin type, freckling tendency, intermittent excessive sun exposure, total 

numberss of (large) nevi and atypical ones, and congenital nevi [61]. The earliest studies that 

determinedd a genetic predisposition in the development of melanoma were performed in 

melanomaa families with clinically abnormal nevi. The trait was originally designated the B-K 

molee syndrome [62] or the familial atypical multiple moles syndrome (FAMMM) [63], but it 

camee to be more generally known as the dysplastic nevus syndrome [64]. Besides the number 

off  atypical moles that positively correlates with the risk of the development of melanoma, 

intermittentt and intense sun exposure are also important etiological factors in 

melanomagenesiss [65,66]. 

Thee most reliable prognostic histopathological marker applied in diagnostic pathology 

too evaluate lesions of melanoma patients is the Breslow thickness [67]. This parameter 
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measuress the tumor thickness of the melanoma from the uppermost nucleated layer of the 

epidermiss to the greatest depth of invasion of the tumor cell, of which the depth correlates 

withh prognosis (Fig. 2). The estimated 5-year survival of melanoma patients decreases with 

increasingg depth of invasion of the tumor (Table 1). 

Tablee 1. Correlation of Breslow thickness with prognosis1 

Depthh of invasion (in mm) Breslow 

0.00 - 0.5 

0.6-- 1.0 

1.11 - 1.5 

1.6-2.0 0 

2.1-3.0 0 

>3.1 1 

Approximat ee 5-year  survival (in %) 

100 0 

98 8 

90 0 

80 0 

60 0 

50 0 

Correlationn of Breslow thickness with prognosis (In Medicine; ed. J. Axford; Blackwell Science 1996). 

Anotherr parameter that is frequently applied to stage melanoma is known as the Clark 

levell  [68], which correlates prognosis to the anatomical level of invasion of the tumor (Fig. 

2).. Clark's classification of melanoma staging exists of 5 levels, of which the levels IV and V 

inn general are correlated with a poor prognosis. Based on parameters such as Breslow 

thickness,, Clark level, prognostics factors analyses, and input from melanoma clinicians, a 

revisedd staging system has been made by the American Joint Committee on Cancer (AJCC) 

[69].. In this Final version of staging melanoma, new technology such as lymphatic mapping 

andd sentinel lymphadenotomy were incorporated in the analyses. However, other molecular 

diagnosticc approaches will probably be necessary to complete the clinical staging system. 
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Brsslow Brsslow 
Thickness Thickness 

Clark's Clark's 
Level Level Boundary Boundary 

Intra-epidermal l 

Breachingg of the epidermal-dermal 
basementt membrane and involves 

thee papillary dermis 

Tumorr fill s the papillary dermis 
formingg a cohesive nodule or plaques 

Invasionn into reticular dermis 

Invasionn into subcutaneous fat 

Figuree 2. Pathological classification of melanoma (according to Chin et al, 1998 see text for details). 

Sincee cutaneous malignant melanoma metastasizes very early, patients diagnosed 

withh advanced stages of melanoma have a poor prognosis. The most adequate treatment of 

melanomaa is radical excision of the primary tumor in an early stage with broad margins 

dependingg on the depth of invasion of the melanoma cells. However, the problem is to 

recognizee the primary tumor at an early stage or to accurately identify the precursor lesion 

withh the potential to develop into malignant melanoma. For this purpose more insight should 

bee gained in melanocyte gene and antigen expression using molecular biological tools in 

connectionn with parameters known to be important in melanocyte biology. 

4.. Approaches for  the evaluation of melanocytic lesions 

4.1.. Immunohistochemical approach 

Too gain a better understanding of melanoma tumor biology, immunohistochemical 

analysiss of tissue specimens for tumor-specific antigens or genes (e.g. oncogenes, suppressor 

genes)) is an attractive method to study this epidermal-derived tumor. Due to its readily 

availablee tissue specimens of various progression stages and relatively easy propagation in 

culture,, malignant melanoma has become a general model for neoplastic growth and 
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metastasis.. Various monoclonal antibodies (MoAbs) have been applied in 

immunohistochemicall  studies to discriminate benign melanocytic tumors from malignant 

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

differentiation,, tumor progression or other biological events [70-98]. From these markers, S-

1000 and NKI-Beteb/HMB-45 are widely used in routine diagnostic pathology of melanocytic 

tumors.. However, the other markers have also been shown to be valuable for the assessment 

off  melanocytic tumors. These include the family of tyrosinase related proteins (TRP-1, TRP-

2),, pigmentation associated antigen (PAA), high molecular weight melanoma associated 

antigenn (HMW-MAA , which are chondroitin sulfate proteoglycans), and human leukocyte 

antigenss (MHC class I and II). 

4.2.. Molecular approach 

Varyingg stages of differentiation of human melanocytic cells such as normal 

melanocytes,, nevus and melanoma cells, reflect distinct gene expression patterns. The 

molecularr mechanisms controlling the stages of differentiation and the transition of normal 

melanocytess into various forms of melanocytic nevi and malignant melanoma are poorly 

understood.. The identification of markers to better understand melanoma progression has 

beenn investigated by several molecular approaches. The main molecular approaches applied 

too identify markers in melanoma progression were subtractive hybridization (SH) and mRNA 

differentiall  display (DD). SH is based on the elimination of cDNA fragments that are 

commonn between two related cell types, thereby yielding a population of up- and down-

regulatedd cDNA fragments [99]. DD which has been improved [100,101] and automated 

[102],, is a powerful technique to identify altered gene expression of more than two related 

celll  types [103]. Subsets of mRNA are reverse transcribed followed by amplification using a 

sett of oligonucleotide primers in the Polymerase Chain Reaction (PCR). Subsequently, the 
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PCRR products are analyzed on a polyacrylamide sequencing gel (display gel) on which 

differentiallyy expressed genes can be detected. Differentially expressed cDNA bands can be 

readilyy isolated by excision from the display gel. The cDNAs obtained with either technique 

cann be used as markers to study in vitro as well as in situ gene expression patterns between 

normall  and neoplastic cells. 

Otherr promising molecular approaches currently applied as a tool for the identification 

off  potential markers in a variety of normal, developmental and disease states include cDNA 

microarrayy and serial analysis of gene expression (SAGE). The cDNA microarray technology 

allowss screening of a large numbers of genes whose expression is altered in disease states. 

Thiss approach involves spotting thousands of cDNA clones (probes) on a solid support, 

hybridizingg the array with two labeled mRNA samples (targets) and comparing the relative 

expressionn of these clones between the two mRNA samples [104]. The microarray approach 

hass also been applied in the field of melanoma research and the investigators describe a 

distinctt pattern of gene expression that correlates with the metastatic phenotype of melanoma 

cellss [105,106]. The expectation is that gene expression profiling will revolutionize cancer 

diagnosis.. Since tumor behavior is reflected by the expression of thousands of genes, tumor 

characteristicc gene expression profiles may predict their behavior and clinical consequences. 

Anotherr promising molecular approach designated as SAGE allows the quantitative and 

simultaneouss analysis of a large number of transcripts [107]. This approach is based on two 

principles.. First, a short nucleotide sequence tag (9 to 10 base pairs) contains sufficient 

informationn to identify a transcript, provided that it is isolated from a defined position within 

thee transcript. Second, the tags are generated as ditags and ligated together to form 

concatemerss which are than cloned. Serial analysis of the clones by automatic sequencing 

allowss the simultaneous accumulation of information of different genes expressed in the 

tissuee of interest. The abundance of a particular tag relates directly to the expression level of 
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thee gene from which it is derived and gives rise to an expression profile of that tissue. The 

genee expression pattern obtained may be characteristic for the biological function of the cell 

typee studied and can provide valuable diagnostic information when compared to the 

expressionn patterns between normal and malignant cells. SAGE has been already successfully 

appliedd in other human diseases and has led to gene expression profiles characteristic for a 

particularr cell type [ 107- 111]. 

4.3.. Genes and gene products as potential markers for melanoma research 

Inn the evaluation of melanocytic tumors, several genes and gene products have been 

identifiedd with the molecular approaches described in the previous paragraph. The identified 

geness revealed differences in mRNA levels between different stages of tumor progression in 

melanocyticc cells [112-120]. Potential genes and gene products as markers in melanoma 

progressionn include nm23 [121], nma [122], nmb [123], nmd, [124], melastatin [125], annexin 

VII  [126], and msg-1 [127]. On the other hand, many tumor related genes that were identified 

inn other cells, may also have an implication in melanoma biology and pathology. In this 

regard,, melanocytes and glial cells share several features such as proteins related to 

melanogenesiss including TRP1, TRP2, and gplOO [128]. Furthermore, their malignant 

counterpartss (melanoma and glioma cells) share biological properties and common genes 

includingg the melanoma antigen encoding genes (MAGE), that reflect the neuroectodermal 

originn of the tumor cells [129]. Genes identified in gliomagenesis by SH, DD, SAGE, or any 

otherr molecular approach, can therefore also be used to determine their potential as markers in 

earlyy stage melanocyte transformation, melanoma progression, and melanoma metastasis. In 

thiss respect, subtractive hybridization (SH) of glioblastoma multiforme cells and hybrid cells 

suppressedd for tumorigenicity by microcell transfer of chromosome 10, resulted in the 

identificationn of a novel cDNA clone termed RIG (regulated in glioma) [130]. RIG expression 
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wass either not or detected only at low levels in cultured glioma cells and primary glioblastoma 

specimenss compared to the predominant high expression levels in normal brain cells. RIG 

wass mapped to chromosome llplS.1, a region that is known to be altered in malignant 

astrocytomass [131,132], but also in malignant melanoma [133,134]. The chromosome l lp l 5 

locuss has gained considerable attention because of its biological importance in a variety of 

humann diseases and the many tumor suppressor genes identified within in this region. A 

fascinatingg molecular event called genomic imprinting is the hallmark of the chromosome 

11 lpl5 locus. Genes which are extensively studied and regulated by genomic imprinting are 

HI99 and IGF-2 both located on chromosome li p 15 [135]. Genomic imprinting is 

accomplishedd by methylation of genes in the paternal or maternal chromosomes, resulting in 

monoallelicc expression of the imprinted loci. A tight regulation is necessary to control fetal 

growthh and behavioral development. Environmental factors are capable of causing epigenetic 

changess in DNA that can potentially alter imprinted gene expression [136]. Consequently, 

thesee changes can result in genetic diseases including cancer. Abnormalities at the l lp l 5 

locuss have been found in a number of tumors including Beckwith-Wiedermann-Syndrom 

(BWS)) [137], rhabdoid tumors [138], rhabdomyosarcoma [139], hepatocellular carcinoma 

[140],, Wilm's tumor [141], breast cancer [142,143], and other pediatric and adult malignant 

tumorss [140,144]. The molecular events reported are associated with overexpression of 

growthh promoting factors and loss of expression of tumor suppressor genes. The hallmark of 

tumorigenesiss relies on the proper function of tumor suppressor genes. Identification of target 

geness at the 1 lpl5 locus is difficult because of the large size and complexity of LOH (loss of 

heterozygosity).. Fine mapping of this chromosomal region should facilitate cloning and 

identificationn of the target genes in the future. In this way, important steps underlying the 

molecularr mechanisms in the development of human cancers including melanocyte neoplasia, 

mayy be elucidated within the coming years. 
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5.. Outline of this thesis 

Thee different forms of melanocytic lesions, in particular the heterogeneity of these 

lesions,, make it difficult to find markers reflecting each stage of tumor progression. It is 

essentiall  to investigate whether altered expression of genes and gene products contribute to 

thee observed transformation from melanocytes into nevi and from the latter into melanoma. 

Thee first part of the experimental scope of this thesis describes the value of using a panel of 

knownn protein markers which facilitates the identification between different stages of 

melanocytee transformation, melanoma tumor progression, and should eventually result in a 

betterr understanding of the mechanism(s) involved in melanocyte neoplasia. The 

identificationn of molecular markers involved in the early stage of melanocyte transformation, 

basedd on their altered gene expression profiles between normal skin melanocytes and nevus 

cells,, have not yet been studied in detail. Understanding the early transformation process of 

melanocytess however, may have implications in the management and treatment of malignant 

melanoma.. In this regard, the second part of the experimental scope of this thesis describes 

thee identification of potential candidate markers, particularly in the early and late stages of 

melanocytee transformation, and also during melanoma progression. In chapter  2 the 

differencess in antigen expression have been compared between normal and neoplastic 

melanocyticc cells with a panel of MoAbs of which the antigenic profile was related to the 

micro-anatomyy of the lesion. In addition, the expression profiles were also studied in cultured 

melanocyticc cells at different stages. Whether or not tumor progression stages from primary 

melanomass and their metastases within the same patient differ in antigenic profile, have been 

studiedd with the panel of MoAbs that was also used in the previous chapter, and is described 

inn chapter  3. The identification of candidate early molecular markers in melanocyte neoplasia 

obtainedd by subtractive hybridization and differential display is described in chapter  4. The 

molecularr characterization and melanocytic tissue distribution of one promising candidate 
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earlyy marker designated pCMal, is further outlined in chapter  5 . A new member of the 

RBCCC proteins (Ring finger-B-box-Coiled Coil) designated GOA {Gene Overexpressed in 

Astrocytoma),Astrocytoma), was identified by SAGE (serial analysis of gene expression), and is described 

inn chapter  6*. In addition, the evaluation of GOA as a potential marker in the early stages of 

melanocytee transformation, tumor progression and melanoma metastasis by in situ 

hybridizationn has been studied in chapter  6 b. The concluding remarks and summary of the 

studyy findings as described in this thesis are stated in chapter  7. 
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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.. Introductio n 

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 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+MV 3 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 

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

transformationn and metastasis and melanocytic cells. 

6.. Acknowledgements 

Thiss work has been carried out under the research program of ODP 1 and ODP 2 of the 

Vann Loghem Immunology Institute of the Academic Medical Center, University of 

Amsterdam,, the Netherlands. 

51 1 



7.. References 

1.. Ruiter, D. J., Dingjan, G. M, Steijlen, P. M , van Beveren-Hooyer, M., de Graaff-
Reitsma,, C, Bergman, W., van Muijen, G. N., and Warnaar, S. O. (1985). Monoclonal 
antibodiess selected to discriminate between malignant melanomas and nevocellular 
nevi.. Journal of Investigative Dermatology 85, 4-8. 

2.. Carrel, S., Schreyer, M, and Giuffre, L. (1988). Melanoma associated differentiation 
antigens:: investigation with monoclonal antibodies. Progress in Clinical & Biological 
ResearchResearch 256,585-595. 

3.. Carrel, S., Dore, J. F., Ruiter, D. J., Prade, M., Lejeune, F. J., Kleeberg, U. R., Rumke, 
P.,, and Brocker, E. B. (1991). The EORTC Melanoma Group exchange program: 
evaluationn of a multicenter monoclonal antibody study. International Journal of Cancer 
48,, 836-847. 

4.. Clark, W. H., Jr., Elder, D. E., Guerry, D. 4., Epstein, M. N., Greene, MH, and Van 
Horn,, M. (1984). A study of tumor progression: the precursor lesions of superficial 
spreadingg and nodular melanoma. Human Pathology 15, 1147-1165. 

5.. Carrel, S. and Rimoldi, D. (1993). Melanoma-associated antigens. European Journal of 
CancerCancer 29A, 1903-1907. 

6.. Vennegoor, C, Hageman, P., Van Nouhuijs, H., Ruiter, D. J., Calafat, J., Ringens, P. J., 
andd Rumke, P. (1988). A monoclonal antibody specific for cells of the melanocyte 
lineage.. American Journal of Pathology 130, 179-192. 

7.. Thomson, T. M., Mattes, M. J., Roux, L., Old, L. J., and Lloyd, K. O. (1985). 
Pigmentation-associatedd glycoprotein of human melanomas and melanocytes: definition 
withh a mouse monoclonal antibody. Journal of Investigative Dermatology 85, 169-174. 

8.. Tomita, Y., Montague, P. M., and Hearing, V. J. (1985). Anti-T4-tyrosinase monoclonal 
antibodies-specificc markers for pigmented melanocytes. Journal of Investigative 
DermatologyDermatology 85,426-430. 

9.. de Vries, J. E., Keizer, G. D., te Velde, A. A., Voordouw, A., Ruiter, D, Rumke, P., 
Spits,, H., and Figdor, C. G. (1986). Characterization of melanoma-associated surface 
antigenss involved in the adhesion and motility of human melanoma cells. International 
JournalJournal of Cancer 38, 465-473. 

10.. Adema, G. J., de Boer, A. J., Vogel, A. M., Loenen, W. A., and Figdor, C. G. (1994). 
Molecularr characterization of the melanocyte lineage-specific antigen gplOO. Journal of 
BiologicalBiological Chemistry 269, 20126-20133. 

11.. Vijayasaradhi, S. and Houghton, A. N. (1991). Purificationn of an autoantigenic 75-kDa 
humann melanosomal glycoprotein. International Journal of Cancer 47', 298-303. 

52 2 



12.. Zhao, H., Eling, D. J., Medrano, E. E., and Boissy, R. E. (1996). Retroviral infection 
withh human tyrosinase-related protein-1 (TRP-1) cDNA upregulates tyrosinase activity 
andd melanin synthesis in a TRP-1-deficient melanoma cell line. Journal of Investigative 
DermatologyDermatology 106, 744-752. 

13.. Cui, J., Arita, Y., and Bystryn, J. C. (1995). Characterization of vitiligo antigens. 
PigmentPigment Cell Research 8, 53-59. 

14.. Le Poole, I. C, van den Wijngaard, R. M, Westerhof, W., Dutrieux, RP, and Das, P. K. 
(1993).. Presence or absence of melanocytes in vitiligo lesions: an immunohistochemical 
investigation.. Journal of Investigative Dermatology 100, 816-822. 

15.. van Muijen, G. N., Cornelissen, L. M., Jansen, C. F., Figdor, C. G., Johnson, J. P., 
Brocker,, EB, and Ruiter, D. J. (1991). Antigen expression of metastasizing and non-
metastasizingg human melanoma cells xenografted into nude mice. Clinical & 
ExperimentalExperimental Metastasis 9, 259-272. 

16.. van Muijen, G. N., Jansen, K. F„ Cornelissen, I. M., Smeets, D. F., Beck, J. L., and 
Ruiter,, D. J. (1991). Establishment and characterization of a human melanoma cell line 
(MV3)) which is highly metastatic in nude mice. International Journal of Cancer 48, 85-
91. . 

17.. Krouwels, F. H., Nocker, R. E., Snoek, M., Lutter, R., van der Ze, JS, Weller, F. R., 
Jansen,, H. M., and Out, T. A. (1997). Immunocytochemical and flow cytofluorimetric 
detectionn of intracellular IL-4, IL-5 and IFN-gamma: applications using blood- and 
airway-derivedd cells. Journal of Immunological Methods 203, 89-101. 

18.. Elder, D. E., Rodeck, U., Thurin, J., Cardillo, F., Clark, W. H., Stewart, R., and Herlyn, 
M.. (1989). Antigenic profile of tumor progression stages in human melanocyte nevi 
andd melanomas. Cancer Research 49, 5091-5096. 

19.. Tucker, M. A., Halpern, A., Holly, E. A., Hartge, P., Elder, D. E., Sagebiel, R. W., 
Guerry,, D. 4„  and Clark, W. H., Jr. (1997). Clinically recognized dysplastic nevi. A 
centrall  risk factor for cutaneous melanoma. JAMA 277, 1439-1444. 

20.. de Vries, T. J., Fourkour, A., Wobbes, T., Verkroost, G., Ruiter, DJ, and van Muijen, G. 
N.. (1997). Heterogeneous expression of immunotherapy candidate proteins gplOO, 
MART-1,, and tyrosinase in human melanoma cell lines and in human melanocytic 
lesions.. Cancer Research 57, 3223-3229. 

21.. Natali, P. G., Bigotti, A., Cavaliere, R., Nicotra, M. R., and Ferrone, S. (1984). 
Phenotypingg of lesions of melanocyte origin with monoclonal antibodies to melanoma-
associatedd antigens and to HLA antigens. Journal of the National Cancer Institute 73, 
13-24. . 

22.. Krasagakis, K., Garbe, C, Kruger-Krasagakes, S., and Orfanos, C. E. (1993). 12-0-
tetradecanoylphorbol-13-acetatee not only modulates proliferation rates, but also alters 
antigenn expression and LAK- cell susceptibility of normal human melanocytes in vitro. 
JournalJournal of Investigative Dermatology 100, 653-659. 

53 3 



23.. Sviderskaya, E. V., Wakeling, W. F., and Bennett, D. C. (1995). A cloned, immortal line 
off  murine melanoblasts inducible to differentiate to melanocytes. Development 121, 
1547-1557. . 

24.. Thomson, T. M, Real, F. X., Murakami, S., Cordon-Cardo, C, Old, L. J., and 
Houghton,, A. N. (1988). Differentiation antigens of melanocytes and melanoma: 
analysiss of melanosome and cell surface markers of human pigmented cells with 
monoclonall  antibodies. Journal of Investigative Dermatology 90, 459-466. 

25.. Tomita, Y., Shibahara, S., Takeda, A., Okinaga, S., Matsunaga, J., and Tagami, H. 
(1991).. The monoclonal antibodies TMH-1 and TMH-2 specifically bind to a protein 
encodedd at the murine b-locus, not to the authentic tyrosinase encoded at the c-locus. 
JournalJournal of Investigative Dermatology 96, 500-504. 

26.. Reddy, V. B., Gattuso, P., Aranha, G., and Carson, H. J. (1995). Cell proliferation 
markerss in predicting metastases in malignant melanoma. J.Cutan.Pathol. 22, 248-251. 

27.. Kuwata, T., Kitagawa, M., and Kasuga, T. (1993). Proliferative activity of primary 
cutaneouss melanocytic tumours. Virchows ArchA.Pathol.Anat.Histopathol 423, 359-
364. . 

28.. Woosley, J. T. and Dietrich, D. R. (1993). Prognostic significance of PCNA grade in 
malignantt melanoma. J.Cutan.Pathol. 20, 498-503. 

54 4 



chapter r 3 3 
Melanomaa tumor progression: Comparison 
off  antigenic profiles in primar y melanoma 

metastasiss nair s metastasiss pairs 



Melanomaa Tumor Progression: Comparison of Antigenic Profiles in Primary Melanoma 

Metastasiss Pairs 

Cliftonn B. Meije ',2, Pranab K. Das ' 2 , 1. Caroline Le Poole 3, and Joost J. Van den Oord 4 

'Departmentt of Pathology, Academical Medical Center, University of Amsterdam, The Netherlands 

departmentt of Dermatology, Academical Medical Center, University of Amsterdam, The Netherlands 

3Loyolaa University Medical Center, Skin Cancer Research Laboratories, May wood, USA 

4Departmentt of Histo- and Cytochemistry, University Hospital Leuven, Belgium 

Manuscriptt in preparation 

56 6 



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. 

57 7 



2.. Introductio n 

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 

62 2 



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-D R 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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1.. Abstract 

Varyingg stages of differentiation of human melanocyte cells such as normal 

melanocytes,, naevus and melanoma cells, reflect distinct gene expression patterns. A PCR-

basedd subtractive hybridization and display method was applied to identify genes that are 

differentiallyy expressed in melanocytic cells related to early stage and malignant 

transformation.. This resulted in the identification of a number of candidate cDNAs 

differentiallyy expressed among melanocytes, naevus cells, and (non)-metastatic melanoma 

cells.. Out of this collection of cDNAs, we screened sixteen clones that comprised twelve 

novell  genes and one previously identified Expressed Sequence Tag related to vesicular 

traffickingg (Ras-related protein Rab5b). The other three were also known genes that were 

eitherr related to cell motility (pJ2-tubulin), pre-mRNA splicing (small nuclear protein U1A), 

orr of unknown function (the human TI227-H gene). The differential expression patterns of 

Rab5bb and two novel gene fragments (pCMal, pCMn2) were further assessed in melanocytic 

cellss in this study. pCMal was expressed more in metastatic melanoma as compared to other 

melanomaa cells. In contrast, the expression of pCMn2 was evident both in non-metastatic and 

metastaticc melanoma cells but not detectable either in normal melanocytes or naevus cells. 

Thee Ras-related protein Rab5b, showed lower levels of expression in highly metastatic 

melanomaa cells as compared to other melanocytic cells. The distinct levels of expression of 

thesee three cDNAs in different stages of melanocytic cells imply that they may be involved in 

thee early stage and malignant transformation of melanocytes. 
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2.. Introductio n 

Thee molecular mechanisms controlling the stages of differentiation and the transition 

off  normal melanocytes into various forms of melanocytic and malignant melanoma, are 

poorlyy understood. The assumption is that the formation of melanocytic naevi ("common 

moles"),, is due to focal proliferation of epidermal melanocytes, that eventually spread as a 

benignn lesion in the upper dermis [1]. The development of human cutaneous malignant 

melanomaa is characterized by distinct steps ranging from clinically benign lesions to primary 

malignantt and metastatic disease with high frequency of mortality [1-4], Although benign 

melanocyticc naevi can be discriminated from melanoma by histomorphological criteria, the 

difficultyy may arise in the differential diagnosis of cutaneous melanocytic lesions with 

suspectedd dysplasia and/or malignancy is occasionally difficult due to the lack of specific 

markerss that can be associated with the respective stages of transformation of human 

melanocyticc cells. 

Neoplasticc progression of melanocytic cells is the result of changes between genetic 

programss that lead to the expression of defined gene products. Normal melanocytes, naevus 

cells,, and successive metastatic stages of melanoma cells can be propagated in culture, and 

thiss facilitates the direct comparison of cell types associated with various stages of 

melanocyticc differentiation and transformation. A number of investigators used cultured 

melanomaa cells to study melanoma associated gene expression in relation to melanocytic 

transformationn from primary to metastatic variants. In these studies, the investigators used the 

subtractivee hybridization and/or mRNA differential display technique to identify genes that 

weree either up- or downregulated in varying stages of melanocytic differentiation and 

transformationn [5-8]. These earlier studies focused on the identification of late stages of 

malignantt melanoma rather than on the early steps of melanocyte transformation. In the 

presentt study, we applied a PCR-based subtractive hybridization and display (PCR-SHD) 
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methodd to identify gene(s) involved in the early as well as in malignant transformation of 

melanocyticc cells. The subtractive hybridization is based on the elimination of cDNA 

fragmentss that are common between two related cell types, thereby yielding a population of 

up-- and downregulated (representing enrichment and depletion). cDNAs compared to the 

originall  cDNAs prior to subtraction [9]. The analysis of the obtained subtraction-enriched 

cDNAA fragments is straight forward and can be directly coupled to the isolation of the 

correspondingg full-length cDNAs [10-12]. In this study, PCR-SHD has led to the 

identificationn of both known and novel candidate markers which distinguish between the 

varyingg stages of melanocyte transformation. The expression profiles of two novel cDNA 

cloness (pCMal, pCMn2) and the Ras-related protein Rab5b are evaluated in more detail in 

melanocyticc cells representing different stages of transformation. 

3.. Material and Methods 

3.1.. Cell Culture 

Melanocytess and naevus cells were isolated from normal healthy skin and common 

moless with no atypia from three different donors, that were pre-evaluated histopathologically 

inn the routine pathology laboratory. The cells were cultured according to the protocol as 

previouslyy described [13]. The human melanoma cell lines 1F6, 1F6M, 530, M14, Mel57, 

BLM,, and MV3 were established either from primary melanomas or metastatic lymph nodes 

ass previously described [14,15], and were a kind gift from Dr G.N.P. van Muijen, 

Departmentt of Pathology, University of Nijmegen, the Netherlands. The melanoma cells 

weree cultured in Dulbecco's Modified Eagle's Medium (DMEM) (Gibco, Grand Islands, NY, 

USA)) supplemented with 2mM glutamin (Gibco), 100 IU/ml penicillin (Gibco), 100 ug/ml 

streptomycinn (Gibco), and 10% FCS (Gibco). The culture media for melanocytes and naevus 

cellss were different from that used for melanoma cells, because the former group of cells can 
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nott be grown in the medium used for the latter and vice versa. The tissues used in the study to 

isolatee the cells for propagation in culture were obtained after informed consent of the 

individuals.. The properties of the cultured cells used in the study are presented in Table 1. 

Tablee 1. Properties of the cultured cells 

'Culture dd Cells 
1F6 6 
530 0 
M14 4 
Mel57 7 
1F6M M 
BLM M 
MV3 3 
melanocytes s 
nevuss cells 
umbilicall vein endothelial 
cells s 
fibroblasts s 
keratinocytes s 
Jurkatt cells 
colonn carcinoma cells 
bladderr carcinoma cells 

Propertie s s 
non-metastaticc melanoma cell line 
non-metastaticc melanoma cell line 
melanomaa cell line with intermediate metastatic potential 
melanomaa cell line with intermediate metastatic potential 
variantt of 1F6 with increased metastatic potential 
melanomaa cell line with high metastatic potential 
melanomaa cell line with high metastatic potential 
primaryy cell culture derived from normal skin 
primaryy cell culture derived from melanocyte nevi 
primaryy cell culture derived from umbilical cord 

2primaryy cell culture derived from normal skin 
primaryy cell cuiture derived from normal skin 
zT-celll lymphoma cell line 
zcolonn carcinoma cell line HT-29 
2bladderr carcinoma cell line J-82 

Reference s s 

rui i 
rui i 
[14] ] 
[141 1 
[16] ] 
[14,15] ] 
[14] ] 
[131 1 
[131 1 

'Thee total RNA derived from the cultured cells used in the subtractive hybridization or Northern blot analysis 
aree representative for one particular cell type. No pooled material was used to extract total RNA necessary to 
performm either method. 

Thee cell cultures used were exchanged among the investigators for research purposes in the Pathology 
department.. The cells were grown under similar conditions as described for the melanoma cell lines (Material 
andd Methods). 

3.2.. PCR-SHD method 

Thee PCR-SHD method was carried out as described before [9,10,12] with the 

followingg modifications. Isolation of total RNA from melanocytes, naevus cells, and non-

metastaticc melanoma cells (1F6) was performed when the cells reached near confluency with 

thee "RNeasy" total RNA isolation kit (Qiagen, Chatsworth, CA). The isolated RNA is 

representativee for one donor from each cell type used. Full-length cDNA was synthesized 

fromm 10 ug of total RNA with the "Great Length cDNA Synthesis Kit" according to the 

manufacturer'ss protocol (Clontech, Palo Alto, CA). The cDNA was subsequently digested 

withh Alu I or with Alu I and Rsa I restriction enzymes (Gibco) and the resulting cDNA 

fragmentss were each ligated with their own unique set of linkers (5'-
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TCAATGTGCAGATCTTACCGA-3'' and 5-CGGTAGATCTGCACATTGA CAC-3'; 5'-

CTCTTGCTTGAATTCGGACTA-3',, and 5-TAGTCCGAATTC AAGCAAGAGCG-3'. 

Eitherr set of linkers can be used to mark a cell type, provided that the other cell type is not 

taggedd with the same set of linkers. Subtractive hybridization was performed with a 20:1 ratio 

off  biotinylated driver cDNA versus tracer cDNA. All experiments were carried out 

symmetrically,, e.g. melanocyte cDNA as tracer and naevus cDNA as driver, and vice versa. 

Twoo rounds of subtraction was performed for each applied combination as described earlier 

[9,10,12].. The subtracted cDNA fragments were then amplified with the corresponding 

primerss in the presence of [35S]-labeled a-dATP (1200 Ci/mmol; Amersham, Aylesbury, 

UK).. Amplification was performed in a PTC-100 thermal cycler (MJ Research), with the 

followingg cycling parameters: 1 min at 94°C, 30 cycles at 92°C for 1 min; 60°C for 1 min 30 

sec;; 72C° for 2 min, and a final extension at 72°C for 5 min. The obtained cDNA fragments 

weree size-fractionated on a display gel (6 % polyacrylamide-sequencing gel). Subsequently, 

thee display gel was transferred to 3MM paper (Whatman Paper, Maidstone, UK), dried under 

vacuum,, and exposed to a Kodak film (Kodak, Rochester, NY) in order to visualize the up-

andd downregulated cDNA fragments by autoradiography. 

3.3.. Cloning of cDNA fragments 

cDNAA bands that were either up- or downregulated after consecutive rounds of 

subtraction,, were excised from the display gel, rehydrated and reamplified with the 

correspondingg primers by PCR. The PCR cycling parameters were identical to those 

describedd above. After re-amplification of the fragments, part of the PCR product was cloned 

intoo the pBluescript SK+ vector (Stratagene, La Jolla, CA) and introduced into the E. coli 

strainn DH10B by means of electro-transformation (Invitrogen, Carlsbad, CA). The relevant 

transformantss were grown at 37°C on LB agar plates containing 100 ug/ml ampicillin. 
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Subsequentlyy six independent transformants, which originated from a single excised cDNA 

bandd on the display gel, were grown in LB-medium containing 100 ug/ml ampicillin 

followedd by Qiaprep plasmid DNA isolation and restriction enzyme digestion to determine 

insertt size. This type of extensive characterization is necessary because within each excised 

bandd more than one cDNA fragment may be present. This eventually resulted into different 

subsetss of cDNA clones such as pCMal, pCMa4, and pCMa5 (see Table 2) that originated 

fromm one excised band initially designated as "a". 

3.4.. Identification of cDNA fragments 

Thee cloned cDNA fragments were subsequently sequenced with a DNA sequencing 

kitt (Perkin Elmer, Foster City, CA) by means of dye-terminator chemistry according to 

manufacturer'ss protocol, followed by automatic sequence analysis on the ABI 377 (Applied 

Biosystems,, Perkin Elmer, Foster City, CA). The obtained sequences were corrected for any 

pBluescriptt vector and primer sequences prior to computer BLASTN search [17] in databases 

att the National Institute for Biotechnology Information. 

3.5.. Northern Blot Analysis 

Tenn ug of total RNA was size-fractionated on a 1 % agarose MOPS-formaldehyde 

gel,, transferred to a Hybond-N or Hybond-N+ nylon membrane (Amersham, Aylesbury, UK), 

followedd by cross-linking the RNA to the matrix with a Stratalinker UV crosslinker 

(Stratagene,, La Jolla, CA). Radiolabeled-[32P] a-dCTP (Amersham) DNA probes were 

synthesizedd with a random primer labelling kit according to manufacturer's protocol 

(Boehringerr Mannheim, Mannheim, Germany). Hybridizations were performed as described 

andd molecular sizes of respective mRNA transcripts were determined with commercially 

availablee RNA markers, which were simultaneously run on the same gel [18]. Loading of 
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equall  amounts of RNA into each lane was checked by stripping and re-hybridising the 

membraness with a pVactin probe (Clontech). The amount of radioactivity in each individual 

bandd was determined by scanning the membranes with a Phosphor Imager scanning system 

andd Image Quant software (Molecular Dynamics, Sunnyvale, CA). 

4.. Results 

4.1.PCR-SHD D 

Melanocytee cDNA fragments as tracer were subtracted with naevus cDNAs as the 

driverr and this subtraction combination is indicated as MC (Fig. 1). Similarly, non-metastatic 

melanomaa cells derived cDNAs as tracer were subtracted with melanocyte cDNA fragments 

ass driver and this combination is denoted as 1F6 (Fig. 1). In addition, the naevus derived 

cDNAA fragments as tracer were also subtracted from melanocyte cDNAs as driver and is 

indicatedd as NC. In order to visualize and compare the cell type specific cDNA fragments 

afterr consecutive rounds of subtraction, we employed the display method [19]. An example 

off  a cDNA fragment present in the original cDNA population of melanocytes (MC) but 

downregulatedd during consecutive rounds of subtraction, is shown in Fig. 1 (arrow 1). In 

contrast,, cDNA fragments which appeared to be upregulated are shown as more intense 

bandss in the first (1) and second (2) round of subtraction, when compared to to the original 

cDNAA prior to subtraction (Fig. 1, arrows 3 and 4). In addition, cDNAs unaffected by 

subtractivee hybridization were also observed (Fig. 1, arrow 2). Similar bands could be 

reproducedd by repeating the entire procedure with melanocyte cDNA derived from another 

individuall  as tracer (data not shown). 
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MCC 1F6 NC 

Figuree 1. A representative example of up- and downregulated cDNA fragments. (A) Melanocyte cDNA 
fragmentss were subtracted with naevus cDNAs and this subtraction combination is indicated as MC. Similarly, 
non-metastaticc melanoma cells derived cDNAs were subtracted with melanocyte cDNA fragments and this 
combinationn is denoted as 1F6. In addition, the naevus derived cDNA fragments were also subtracted from 
melanocytee cDNAs and is indicated as NC. The numbers correspond to the successive rounds of subtractive 
hybridizationn where (0) represents the original cDNA prior to subtraction, (1) the first, and (2) the second round 
off  subtraction. 

4.2.. Identification of cDNA fragments 

Up-- or downregulated cDNA were excised from the display gel, reamplified and 

ligatedd into the multiple cloning site of the pBluescript SK+ vector. The constructs were 

introducedd in E.coli and extensively characterized because each band may contain more than 

onee cDNA fragment as explained in the material and method section. Table 2 gives an 

overvieww of the identified candidate markers which may be involved in early stage and 

malignantt transformation of melanocytic cells. It can be seen that out of the 16 cDNAs, 12 

aree designated novel, since no similarity has been found to known or fully described gene 

sequencess in the public databases of the National Center for Biotechnology Information. 
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Tablee 2. Selection of the identified cDNA fragments obtained with PCR-SHD 

"Cloned d 
cDNA A 
fragments s 

pCMal l 

pCMa4 4 

pCMa5 5 

pCMe4 4 

pCMhl l 

pCMi3 3 

pCMml l 

pCMnl l 

pCMn2 2 

pCMn4 4 

pCMo6 6 

pCMpI I 

pCMq2 2 

pCMr4 4 

pCMt2 2 

pCMw3 3 

"Identity y 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

novel l 

Ras-related d 
protein n 
Rab5b b 
Human n 
small l 
nuclear r 
RNAA (U1A) 
TI-227H H 
gene e 
Humann p2 
tubulin n 
gene e 

cc Cell types used in 
subtraction n 

Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanocytess versus 
Melanoma a 
Melanocytess versus 
Melanoma a 
Melanocytess versus 
Melanoma a 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 
Melanomaa versus 
Melanocytes s 

Nevuss versus 
Melanocytes s 

Nevuss versus 
Melanocytes s 
Nevuss versus 
Melanocytes s 

00 Expression 
profilee of cDNA 
bandd on display 
gel l 
downregulated d 

downn regulated 

downregulated d 

downregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

upregulated d 

99 Northern Blot Analysis 
II 1F6 I 530 I MV3 I BLM I 

11 + I + I +++ 1 +++ 1 

11 +++ 1 ++ 1 ++ 1 ++ 1 

11 -/+ 1 + 1 ++ 1 +++ 1 

l + l + l + l + l l 

11 -/+ 1 - 1 - 1 - 1 

11 +++ 1 +++ 1 +++ 1 +++ 1 

11 -/+ 1 - 1 - 1 - 1 

11 -/+ 1 -/+ 1 -/+ 1 -/+ 1 

11 -/+ 1 -/+ 1 -/+ 1 -/+ 1 

l - l - l - l - l l 

l + l + l + l + l l 

l - l - l - l - l l 

11 ++ 1 +++ 1 -/+ 1 -/+ 1 

nd d 

nd d 

nd d 

'Accession n 
number r 

AJ269829 9 

AJ269830 0 

AJ269831 1 

AJ269832 2 

AJ269833 3 

AJ269834 4 

AJ269835 5 

AJ269836 6 

AJ269837 7 

AJ269838 8 

AJ269839 9 

AJ269840 0 

X54871 1 

J00318 8 

D50525 5 

X79535 5 

g g 

Molecular r 
sizee in kb 

0.45 5 

4.3 3 

4.0 0 

4..4 4 

1.8 8 

4.3 3 

2.2 2 

4.3 3 

2.3,, 3.5, 
andd 8.3 

4.3 3 

3.6 6 

aa cDNA bands were excised and cloned upon which subclassification of the individual clones was necessary 
afterr sequence analysis (see Material and Methods) 
bb BlastN search was performed at the National Center for Biotechnology Information in the NR, EMBL, EST, 
andd HTGS databases to establish identity 
cc origin of cDNA fragment from the subtractive procedure, of which the first cell type was used as tracer cDNA 
andd the second as the biotinylated driver cDNA according to references [9-12] 

expressionn profile of cDNA bands during the initial (starting material prior to subtraction) and first round of 
subtraction n 
ee Northern Blot Analysis of non-metastatic (1F6 and 530) and high metastatic melanoma cell lines (BLM and 
MV3),, illustrating the difference between the two extremes of melanoma progression. Relative expression 
patternn is indicated as non-detectable (-), weak (-/+), moderate (+), high (++) and very high (+++). 
ff accession numbers from the novel cDNA fragments are available in the EMBL database 
gg size of mRNA transcripts detected on Northern Blots 

Inn addition, other genes identified include the human Ras-related Rab5b protein 

(vesicularr membrane trafficking), the human p2-tubulin (cell structure), the human small 

nuclearr RNA UIA (pre-mRNA processing), and TI-227H (function unknown). cDNAs that 

correspondedd to Expressed Sequence Tags (e.g. colon carcinoma, T cell lymphoma, Wilm's 
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tumor),, and ribosomal sequences, were also found (data not shown). The latter genes were 

alsoo reported by other studies that applied differential hybridization techniques [20-24]. 

4.3.. Gene Expression profiles of pCMal, pCMn2, and Rab5b 

Northernn Blots were carried out to confirm the mRNA expression profile in benign or 

malignantt melanocytic cells, particularly focusing on the novel cDNAs. However, due to the 

sloww growth of melanocyte and naevus cells in culture, only limited amount of total RNA 

wass available from these cell types. Therefore, the expression profiles of all the identified 

cDNAA fragments could not be analysed in every cell type described in this study. Two novel 

(pCMal,, pCMn2) and the Ras-related protein Rab5b, revealed interesting expression profiles 

andd may represent candidate markers of melanoma progression. 

Thee first novel cDNA, designated pCMal, was detected as a mRNA transcript of 

approximatelyy 0.45 kb in all melanocytic cells (Fig. 2A, 2B). However, its expression 

increasedd in metastatic melanoma cells as compared to non-metastatic melanoma cells (Fig. 

2B).. Equal levels of expression were detected in melanocytes and naevus cells (Fig. 2A lanes 

11 and 2). A low- to moderate expression was observed in cultured normal and tumor cells of 

non-melanocyticc origin including keratinocytes, endothelial cells, fibroblasts, T-cell 

lymphomaa (Jurkat) cells, colon carcinoma, and bladder carcinoma cells (Fig. 2C). 

Thee second novel cDNA (pCMn2) was detected as mRNA transcripts of 

approximatelyy 8.3 kb, 3.5 kb, and 2.3 kb in both metastatic and non-metastatic melanoma 

cells,, but was not detectable in normal melanocytes and naevus cells (Fig. 2A, 2B). 

Furthermore,, pCMn2 mRNA transcripts appeared to be expressed in a cell type dependent 

manner.. Endothelial cells, fibroblasts, keratinocytes and bladder cells, exclusively expressed 

3.55 kb mRNA transcripts, whereas Jurkat cells also showed the 8.3 and 2.3 kb transcripts 

(Fig.. 2C). 
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Figuree 2. Northern blot analysis of candidate molecular markers pCMal, pCMn2 and Rab5b (pCMq2). Ten pg 
off  total RNA was loaded in each lane and hybridized with a random labeled 12P probe using the above mentioned 
cDNAss as a template for probe synthesis. Blots were stripped and re-hybridized with a human P-actin cDNA 
probee to control for differences in loading of RNA. (A), (B), and (C) represent three independently performed 
experimentss each carried out two to four times. Lanes 1 and 2 in (B) are representative for three different donors. 
Blotss shown are from a representative experiment. Numbers in (A) represent melanocytes (1), nevus cells (2), 
1F66 (3), and 1F6M (4). Numbers in (B) correspond to melanoma cell lines with varying metastatic potential 
includingg non-metastatic 1F6 (1), the metastatic variant of 1F6 designated as 1F6M (2), non-metastatic 530 (3), 
loww metastatic M14 (4) and Mel57 (5), highly metastatic BLM (6) and MV3 (7). In (C) the numbers correspond 
too non-metastatic (1F6) melanoma cells (1), umbilical vein endothelial cells (2), fibroblasts (3), keratinocytes 
(4),, Jurkat cells (5), colon carcinoma cells (6), and bladder carcinoma cells (7). 

Rab5bb was detected as a mRNA transcript of approximately 3.6 kb in all melanoma 

celll  lines, with the exception of the metastatic melanoma cell line M14 (Fig. 2A, 2B). 

Expressionn of Rab5b was high in melanocytes, naevus and non-metastatic melanoma cells as 

comparedd to the lower expression in highly metastatic melanoma cells. Rab5b was also 

detectablee in cultured umbilical vein endothelial cells, fibroblasts, keratinocytes, Jurkat cells, 

bladderr and colon carcinoma cells (Fig. 2C). 

Thesee three cDNA fragments appear to be candidate molecular markers, for 

discriminatingg melanocytes and naevi from melanoma by determining the trend of gene 

expressionn patterns in melanocytic cells. Expression of pCMal increased in cultured highly 

metastaticc melanoma cells, whereas Rab5b declines in these cells (Fig. 3). Although pCMn2 

showedd similar levels in all metastatic melanoma cells independent of their metastatic 

potential,, it was not expressed in melanocytes and naevus cells (Fig. 3). As a panel, these 

candidatee markers revealed characteristic expression patterns in both early and late stages of 

melanomaa progression. 
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Figuree 3. Gene expression levels in cultured benign and malignant melanocytic cells. RNA expression levels 
aree illustrated for cDNAs pCMal. pCMn2, and Rab5b (pCMq2) which were used as probes in a Northern Blot 
analysis.. ). Cell types used are shown on the X-axis and include normal melanocytes (MC), nevus cells (NC), 
thee non-metastatic melanoma cell line IF6 and its metastatic variant l F6M (left). The human melanoma cell 
liness which vary in metastatic potential (non-metastatic: 530 and 1F6), (low metastatic: M14 and Mel57). 
(highlyy metastatic: BLM and MV3), are shown on the right. RNA expression levels (Y-axis) were determined 
usingg Image Quant software and the Phosphor Imager apparatus normalized to (3-actin levels. The data depicted 
rightt and left represent two independently performed experiments with error bars indicating the mean  standard 
deviation. . 
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5.. Discussion 

mRNAA expression profiles of melanocytes, naevus cells, and non-metastatic 

melanomaa cells were compared by a PCR-based subtractive hybridization and display (PCR-

SHD)) method. The assumption is that alterations in behaviour of the cells are reflected by an 

alteredd mRNA profile and may contribute to the early and late stages of melanocyte 

transformation.. The method appeared to be efficient in the identification of genes that could 

bee potential markers for early melanocytic transformation and melanoma progression. 

Amongg the known genes, the human P2-tubulin gene was identified, an important component 

off  the cytoskeleton which may be associated with tumor cell invasion and tumor cell motility. 

Itt has been shown that expression of this component in tumor cells of melanocytic and non-

melanocyticc origin, as well as an elevated expression in the surrounding stromal cells, is 

relatedd to malignancy [25,26]. 

Thee human small nuclear RNA UIA which is involved in pre-mRNA splicing [27], 

wass also identified. Recently, its role in controlling tumor progression in human glioblastoma 

hass been studied by transfection of these cells with chimeric transgenes consisting of a Ul A 

smalll  nuclear RNA, hammer head ribozyme, and antisense targeting sequences [28]. 

Targetingg of this chimeric construct to endogenous Scatter Factor/Hepatocyte Growth Factor 

orr c-met, decreased the expression levels of these genes and consequently reversed the 

malignancyy of human glioblastoma cells. Therefore, further investigation is required to study 

thee inhibitory capacities with a similar chimeric construct to genes involved in the 

developmentt and progression of malignant melanoma. 

Thee principle finding of this study is that two novel cDNA fragments (pCMal, 

pCMn2)) and the human Ras-related protein Rab5b (pCMq2), were identified as candidate 

molecularr markers in early stages of melanocytic transformation. In addition, pCMal and 

Rab5bb were also identified as candidate molecular markers in late stages as a result of 
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screeningg a broader panel of melanoma cell lines. This observation reflects the intrinsic 

complexityy of neoplastic progression. Northern Blot analysis, however, confirmed a 

potentiallyy informative mRNA expression pattern in normal melanocytes, naevus cells and 

humann melanoma cell lines with different metastatic potential. In this respect, pCMal was 

expressedd in all the melanocytic cells, but increased in expression in metastatic melanoma 

cells.. Furthermore, its expression was relatively high in cultured melanocytes and naevus 

cellss in comparison to the expression levels in non and low metastatic melanoma cells. It is 

knownn that compounds supplied in the medium to support cell survival, may induce early 

stagess of melanocyte transformation [29]. Differences in mRNA expression obtained for 

thesee markers with cultured cells may, therefore, not resemble those in situ. Future studies on 

tissuee specimens will be needed to evaluate the actual value of the identified markers for 

tumorigenesis.. In this respect, it should be noted that in our ongoing study by in situ 

hybridizationn analysis on a variety of melanocytic lesions, we could demonstrate that pCMal 

wass undetectable in tissues of normal skin melanocytes whereas, a high expression was 

observedd in lesions of melanocytic nevi. Furthermore, in an attempt of finding a full length 

clone,, it could be shown that this gene lacks an poly-adenylation signal and does not contain 

ann extensive open reading frame. Thus, pCMal does not encode a protein and may function 

ass a regulatory noncoding RNA. These data indicate that despite the lack of specific 

informationn about the functional domains involved, pCMal can be considered as an in vivo 

candidatee marker for early stage melanocytic transformation 

However,, by Northern blot analysis it could also be shown that pCMn2 was not 

detectablee in normal melanocytes and naevus cells, but was expressed in melanoma cells, 

independentt of their metastatic potential. Therefore, it appears that pCMn2 can be used as a 

markerr to discriminate between malignant and non-malignant melanocytic cells in culture. 
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Interestingly,, the Ras-related Rab5b protein (pCMq2), decreased in expression in 

melanomaa cell lines with high metastatic potential. To our knowledge, this is the first report 

whichh demonstrates an altered Rab5b expression in different stages of melanocyte cells. This 

findingg may be of interest since Rab5b is known to be involved in vesicular trafficking at the 

plasmaa membrane in various cell types [30]. Melanocytic cells are characterized by 

melanosomes,, that are intracellular organelles involved in melanin synthesis and have been 

postulatedd to arise from the endocytic pathway, which includes both the endosomes and 

lysosomess [31]. Furthermore, melanosomes contain other Rab proteins which are also 

involvedd in melanosomal functions [32]. The diminished Rab5b expression in the highly 

metastaticc melanoma cell lines (e.g. BLM, MV3) appears to be related to a decreased melanin 

contentt of these cells (data not shown). Based on the present finding it would be interesting to 

investigatee whether a decreased Rab5b expression in amelanotic melanoma cell lines is 

relatedd to increased metastatic potential. Similarly, the disparity in Rab5b expression between 

thee low metastatic melanoma cell lines M14 and Mel57, may be due to the lack of melanin in 

thee cultured Ml4. The absence of Rab5b in these low metastatic melanoma cells can not be 

attributedd to the quality of the RNA, since pCMal, pCMn2, and [J-actin were detectable in 

thee same preparations. Furthermore, a pilot study by in situ immunohistochemical staining 

withh a panel of antibodies including anti-Rab5b, suggests that differential expression of 

Rab5bb protein in tissue specimens may be related to the metastatic characteristics of 

melanoma.. The in situ data confirm the expression patterns of Rab5b that were obtained in 

culturedd cells (data not shown). 

Thee present study reports the identification of novel and known genes that are 

expressedd differentially in a variety of cultured melanocytic cells. To our knowledge no 

cDNAA fragments have been documented in literature using PCR-SHD that identified markers 

withh such distinct expression profiles in early and late stages of melanocytic transformation. 
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Evaluationn of the full length clone(s) of these identified candidate molecular markers in tissue 

specimenss is needed to establish the actual value of these markers. Most importantly, 

isolationn of full length clones of these novel genes and characterization of functional domains 

wil ll  be challenging for future studies. These studies are in progress of which the potential 

effectt of altered pCMal gene expression profiles in cultured cells as compared to native 

tumorr samples have been described [33]. Similar studies by in situ hybridization analysis of 

thee other novel genes in tissue specimens are currently in progress. The present data support 

thee value of candidate molecular markers identifed by SHD in early and late stages of 

melanocyticc transformation and will assist in a better understanding of melanocyte neoplasia. 
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1.. Abstract 

Thee cDNA clone pCMal (0.45 kb) is one of the twelve novel cDNAs, previously identified 

whenn comparing RNA expression profiles of melanocytes, nevus cells, and non-metastatic 

melanomaa cells. This clone did not reveal a unique long open reading frame. The pCMal gene 

localisedd to the distal, telomere proximal region on the short arm of chromosome l i p 15.1-2. 

Northernn blot analyses with single stranded cRNA probes revealed the presence of various 

complementaryy pCMal transcripts of different length, which are not enriched in the poly(A)+ RNA 

fraction.. The arbitrarily defined plus strand (used as a probe) mainly hybridised to 0.45 kb and 4.0 

kbb minus transcripts in total RNA samples, and the minus strand (used as a probe) hybridised to a 

majorr plus transcript of 4.0 kb. By RNA in situ hybridisation highest levels of the plus transcripts 

weree observed in melanocyte nevi (12/12), particularly in congenital nevi, whereas normal skin 

melanocytess (12/12) were negative. pCMal plus transcripts were detected in nevus cell nests 

(100%)) near the dermoepidermal junction. Expression however, diminished to some extent in the 

deeperr parts of the melanocytic nevi. Although most of the cutaneous primary melanoma lesions 

(11/15)) showed detectable, but variable levels of plus transcripts of pCMal in the papillary to 

reticularr dermis, not more than 10% of the melanoma cells were positive. The majority of 

melanomaa metastases (6/7) were negative, while the positive lesion originated from a patient with a 

positivee primary melanoma. Furthermore, plus transcripts were present in the nuclei of non-

metastaticc melanoma cells in culture, whereas metastatic cells showed elevated expression both in 

thee nucleus and in the cytoplasm. Briefly, the data show transient upregulation of pCMal in 

neoplasticc progression of melanocytic cells with peak levels occurring during nevi stages and 

suggestt that pCMal is a molecular marker for the early changes of melanocytes from the 

proliferatingg phenotype to malignant transformation. 
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2.. Introductio n 

Malignantt melanoma is one of the few human cancers for which the incidence is still 

risingrising at a high rate second only to lung cancer in women [1]. Human cutaneous malignant 

melanomaa has become a general model for neoplastic growth and metastasis, because of its 

readilyy available tissue specimens of various progression stages and the relatively easy 

propagationn in culture of different melanocyte cells. The molecular mechanisms of 

melanomaa development, however, are only partially understood. 

Melanocytess are located in the basal cell layer of the epidermis and have a low 

turnover.. Clusters of melanocytes give rise to pigmented skin spots, referred to as nevi or 

commonn moles, and occur in different variants. Particularly, dysplastic nevi are considered by 

somee as precursor lesions of primary melanoma [2]. Early primary melanoma is restricted to 

thee epidermis and is known as the radial growth phase (RGP). The RGP reflects the 

superficial,, mainly epidermal spreading of the lesion and also includes islets of microinvasive 

melanomaa cells in the upper dermis. The vertical growth phase (VGP) develops, when 

melanomaa cells form an expanding nodule in the dermis [3]. Metastatic melanoma cells arise 

inn VGP and eventually disseminate to distant organs, e.g. lymph node, lung,, and brain [4]. 

Molecularr approaches were applied to reveal differences in mRNA levels especially 

betweenn the later stages of neoplastic progression of melanocytic cells [5-12] and yielded 

severall  (candidate) markers for staging of melanoma progression. Since changes related to 

earlyy steps in melanocytic transformation were largely neglected until now, we started studies 

too fil l this gap and compared mRNA expression profiles of melanocytes, nevus cells and non-

metastaticc melanoma cells by subtractive hybridisation and differential display. This resulted 

inn twelve novel candidate molecular markers for melanoma progression. The preliminary 

studiess of clone pCMal suggested its involvement in the early steps of melanocyte 

transformationn [13]. Although the attempts failed to extend the available 0.45 kb cDNA 
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sequencee to a full-length clone by conventional strategies due to the apparent lack of a 

poly(A)+-tail,, this report describes new, unusual molecular characteristics of pCMal 

transcripts,, and its tissue distribution in a variety of melanocytic lesions by in situ 

hybridisation. . 

3.. Material and Methods 

3.1.. Biological materials 

Controll  skin biopsies of 12 healthy donors were collected from various parts of the 

body.. In addition, a collection of melanocytic lesions was analysed including 14 melanocytic 

nevii  (7 congenital and 7 acquired), 15 cutaneous primary melanomas (8 nodular melanomas 

(NM),, 5 superficial spreading melanomas (SSM), 2 acral lentiginous melanomas (ALM) , with 

Clarkk levels from II to V and Breslow thickness ranging from 2.7 to 7.3 mm, 2 cutaneous and 

55 lymph node metastases of melanoma. In addition, 2 uveal primary melanomas were also 

includedd in the study. Samples were obtained from fresh surgical specimens, snap-frozen in 

liquidd nitrogen, and stored at -70°C. The isolation of human melanocytes and nevus cells 

derivedd from normal skin and melanocytic nevi was described before [14]. The isolated 

melanocytess and nevus cells were cultured in HAM's F10 medium (Gibco) supplemented 

withh 100 IU/ml penicillin, 100 ug/ml streptomycin, 0.1 rnM 3-isobutyl-methylxanthine 

(Sigma,, St Louis, MO, USA), 10 ng/ml TPA (12-0-tetradecanoyl-phorbol-13-acetate) 

(Sigma),, and 1% Ultroser-G (Gibco). Human melanoma cell lines (1F6, 1F6M, 530, Mel57, 

BLM,, and MV3) with different metastatic potential [15,16], were cultured in Dulbecco's 

Modifiedd Eagle's Medium (DMEM; Gibco, Grand Islands, NY, USA) supplemented with 

2mMM glutamin (Gibco), 100 IU/ml penicillin (Gibco), 100 ug/ml streptomycin (Gibco), and 

10%% FCS (Gibco). In addition, cells were grown on coverslips for subcellular detection of 
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mRNAA transcripts by in situ hybridisation. The tissues used in the study to isolate the cells for 

propagationn in culture, were obtained after informed consent of the donors, and were 

classifiedd on the basis of histopathological examination of paraffin sections of the remaining 

tissue.. The tissue samples were obtained from our department and the Dutch Cancer Institute 

(AvL). . 

3.2.. RNA isolation and Northern blot analysis 

Cellss were routinely harvested at subconfluency and isolation of total RNA was 

performedd with the "RNeasy" total RNA isolation kit (Qiagen, Chatsworth, CA). The Fast-

Trackk 2.0 mRNA isolation kit (Invitrogen, Carlsbad, CA) was used to isolate poly(A)+ RNA 

fromm total RNA according to manufacturer's protocol. Equal amounts of RNA (10 ug total 

RNAA or 2 ug poly(A)+ RNA) were size-fractionated on a 1 % agarose MOPS-formaldehyde 

gel,, transferred to a Hybond-N or Hybond-N+ nylon membrane (Amersham, Aylesbury, UK), 

followedd by cross-linking the RNA with the Stratalinker UV crosslinker (Stratagene, La Jolla, 

CA).. Northern blots containing 10 ug total RNA from 12 different human tissues were 

purchasedd from Clontech. Radiolabeled ([32P]a-dCTP; Amersham, UK) DNA probes were 

synthesisedd with a random labeling hexa-deoxyribonucleotide kit according to manufacturer's 

protocoll  (Roche Diagnostics, GmbH). Hybridisations were performed as described [17]. 

Equall  loading of RNA into each lane was checked by stripping and re-hybridising the 

membraness with a p-actin probe (Clontech). The amount of radioactivity in the individual 

bandss was determined by scanning the membranes with a Phosphor Imager scanning system 

andd Image Quant software (Molecular Dynamics, Sunnyvale, CA). 
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3.3.. PCR 

PCRR was performed with selected pairs of pCMal primers (Eurogentec, Belgium), 

whichh were designed based on the sequence of pCMal (Accession Number: AJ269829). The 

collectionn of forward primers included Fl: 5'-ACATGTTTGCTGAGTTGGCCT-3\ F2: 5'-

AGATCCTCGGCAATGCTCAG-3',, F3: 5'-TTATCAGAGCAAGGGCTGGG-3', and the 

collectionn of reverse primers included Rl: 5'-ACTGCCCTTGCTATCCCTTCA-3', R2: 5'-

CCACCAGCATCAATGACTTG-3',, R3: 5'-TGTTCTTCCACAGATTGCCC-3\ R4: 5'-

CATCACAGGCGGTTAAGGAAG-3\\ R5: S'-TTAGTCATCACAGGCGGTTAAGGA-S'. 

PCRR was performed using 25 ng digested genomic DNA as the template supplemented with 

2.55 jal 10 X PCR buffer (200 mM (NH4)2S04, 750 mM Tris-HCl pH=9, 0.1%Tween), 2.5 jxl 

255 mM MgC12, 1 uJ 10 mM dNTP's, 100 pmol of each primer, 0.3 U of Thermoperfectplus 

DNAA polymerase (Integro, Zaandam, The Netherlands), and adjusted with water to a final 

volumee of 25 ul. PCR conditions were 1 min at 95 °C, 1 min 30 s at 60 °C and 1 min 30 s at 

700 °C for 30 cycles. These cycles were preceded by a denaturation step for 5 min at 95 °C and 

followedd by a 5 min elongation step of 5 min at 72 °C. The most suitable annealing 

temperaturee for all the primer combinations in one PCR experiment was determined at 60 °C 

usingg the novel cDNA clone pCMal as the target sequence. 

3.4.. Southern blot analysis and Genomic Mapping 

Availablee genomic DNA, isolated from normal human tissue (tonsil) and cancerous 

tissuee (including glioma) [17], was used for southern blot analysis. Samples of 15 fig DNA 

weree double digested with PvuVBgUl, or with AspVNsil (Roche Diagnostics, GmbH) and size 

fractionatedd on a 0.7% agarose gel. The DNA was subsequently transferred to nylon 

membranes,, which were treated as previously described for Northern blot analysis. 
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pCMall  positive PAC clones were mapped to metaphase chromosomes of human lymphocytes 

withh fluorescent in situ hybridisation (FISH) as described before [18]. Additionally, a 

chromosomee 11 centromere specific probe (pLCHA, D11Z1) was applied to confirm the 

PAC'ss location on human chromosome 11. Chromosomes were subsequently counterstained 

withh 4-6-di-amidino-2-phenylindole (DAPI). 

3.5.. DNA computer analysis 

Thee cDNA sequence of pCMal (accession number: AJ269829) was checked for 

homologyy to known sequences in public databases by BLASTN searches. Similarities to 

knownn genomic or EST sequences were further investigated using the CAMMSA programs of 

thee Wisconsin Package version 10.0 (e.g. MOTIFS, PILEUP, CLUSTALX/V/W, BESTFIT, 

FASTA,, GAP, GRAIL). 

3.6.. In vitro transcription 

pCMall  cDNA derived single stranded cRNA probes were generated with a 

digoxigeninn RNA labelling mix according to manufacturer's protocol (Roche Diagnostics) 

usingg T7 or T3 RNA polymerases. A final concentration of 1 ng/u,l digoxigenin labelled probe 

wass used in the hybridisation. RNA synthesis was performed with the cloned pCMal derived 

cDNAA fragment " a"as described [13]. 

3.7.. In situ hybridization 

InIn situ hybridisation was performed as described before with slight modifications [19]. 

Sixx |im frozen sections were cut on a cryostat, mounted on commercially available 

organosilan-coatedd microscopic glasses, stretched on a hot plate of 50°C, air-dried overnight 

att room temperature (RT), and the next day fixed with 4% formaldehyde/PBS for 15 min. 
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Afterr washing with PBS the sections were dehydrated in ethanol series of, respectively, 50%, 

70%,, 90%, 100%, air-dried, wrapped in Alufoil , and stored at -20°C until further use. Upon 

hybridisationn tissue sections on glass coverslips were brought to RT, incubated for 20 min 

withh 0.2 N HC1 followed by digestion with 10 |ig/ml proteinase-K at RT for 15 min, rinsed in 

0.2%% glycin/PBS, and fixed for 10 min with 4% formaldehyde/PBS. Prior to hybridisation 

sectionss were pre-incubated with lxDenhardts/4xSSC for 1 hour, 10 min with 25 raM acetic-

anhydride/1000 mM triethanolamine, washed with PBS, and stepwise dehydrated through 

ethanoll  series of 50%, 70%, 90%, 100%, respectively. Hybridisation's were carried out 

overnightt at 52°C with either plus or minus pCMal digoxigenine labelled riboprobes as 

describedd in the previous paragraph. Tissue sections were subsequently rinsed with 50% 

formamide/4xSSCC and washed with lxSSC at 37°C for 15 min, lxSSC at RT for 45 min, 

treatedd with 10 |lg/ml RNase A for 30 min at 37°C, washed in O.lxSSC, and fixed for 10 min 

withh 4% formaldehyde. In situ hybridisation analysis was also performed with melanocytic 

cellss grown on coverslips. Detection of pCMal transcripts was carried out with anti-DIG-

alkalinee conjugated phospatase Fab fragments in combination with nitro-blue-tetrazolium-

chloride/5-bromo-4-chloro-3-indolyll  phosphate toluidine salt (Roche Diagnostics) according 

too manufacturer's protocol. 

4.. Results 

4.1.. Detection of complementary plus and minus strand RNA transcripts hybridising to single 

strandedd pCMal cDNA derived cRNA probes 

Thee pCMal cDNA insert was 474 nucleotides long and the computer sequence 

analysiss did not detect an obvious open reading in neither of the DNA strands. Previous 

Northernn blot analyses on total RNA showed that pCMal expression could be detected in all 
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culturedd melanocytic cells [13]. However, highly metastatic MV3 melanoma cells displayed 

higherr expression of pCMal transcripts as compared to lower levels observed in melanocytes, 

nevuss cells, non-metastatic melanoma cells and those with low metastatic potential. 

Therefore,, Northern blot analysis was applied on total RNA and poly(A)+-enriched RNA from 

MV33 cells. Hybridisation with a randomly labelled cDNA probe revealed that the earlier 

observedd 0.45 kb pCMal transcript is not enriched in the poly(A)+ fraction (Fig. 1A). 

Subsequently,, single strand specific pCMal probes were used on the same Northern blot with 

MV33 RNA samples. Hybridisation with a plus strand cRNA probe (Fig. IB) showed some 

weakk pCMal expression in the poly(A)+-enriched RNA fraction, whereas a prominent minus 

transcriptt appeared of 0.45 kb (0.45""""J) in the total RNA fraction. Additionally, some less 

prominent,, larger minus transcripts were visible, notably one band of 4.0 kb size (4.0minus). 

Hybridisationn with a minus strand cRNA probe (Fig. 1C) detected a major plus transcript of 

4.00 kb (4.(fIus) and some smaller, less prominent transcripts, but again all transcripts mainly 

appearedd in the total RNA sample. The membrane was stripped and rehybridised with a [3-

actinn probe to confirm poly(A)+ enrichment (Fig. ID). In summary, the observations that 

pCMall  cDNA lacks an obvious open reading frame and that pCMal derived probes detect 

twoo major transcripts that are not enriched in the poly(A)+ fraction, suggest that the transcripts 

doo not encode a protein. 
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Figuree 1. Northern blot analysis of pCMal on total versus poly(A)+ RNA from the human melanoma cell line 
MV3.. Ten ug of total RNA and 2 ug of poly(A)+ RNA was loaded in each lane and hybridised with either a 
randomm labeled "P cDNA or cRNA probe. A, B, C, and D represent four independently performed experiments 
eachh carried out two times. Lanes 1 and 2 in are representative for MV3 derived total and poly(A)+ RNA 
respectively.. Blots shown are from a representative experiment. Blots were stripped and re-hybridised with a 
humann p-actin cDNA probe to control for differences in loading of RNA and the enrichment procedure of the 
poly(A)++ RNA as shown in D. Molecular size markers of 4.0 kb and 0.4 kb are indicated on the left. 

4.2.. PAC library screening and Southern blot analysis of pCMal 

Fromm the previous data (see above) it is understandable that neither screening of 

humann cDNA libraries nor application of the protocol for rapid amplification of cDNA ends 

(RACE)) yielded longer pCMal related cDNA clones (data not shown). The synthesis 

proceduree of cDNA libraries is biased to incorporate RNAs with a poly(A)+-tail. Therefore, a 

humann genomic PAC library of high complexity was screened with a randomly labelled 

pCMall  cDNA probe. Seven out of 22 positive PAC clones were selected and analysed for 

sequencee similarity by PCR with primers based on the cDNA sequence of pCMal. Nine 

differentt combinations of primer pairs yielded PCR products of the expected sizes on cDNA 

ass well as genomic DNA templates (results not shown). These data indicated that the original 
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4744 nucleotides long cDNA sequence of pCMal is derived from a contiguous region of the 

genomicc DNA clones and is contained in a single exon. 

Southernn blot analysis of human genomic DNA from normal tonsil and a high grade 

gliomaa tumour, after double digestion with restriction enzymes Bglll and Pvul, revealed one 

singlee band of 5.5 kb, when hybridised with a randomly labelled cDNA probe derived from 

pCMall  (Fig. 2, lanes 1 and 2). The single positive 5.5 kb fragment that is generated by double 

11 kb P C M a 1 

markerr <\ *> % A 

5.00 kb _ — 5 5 k b 

4.00 kb —  — 4.0 kb 
3.00 kb 

2.00 kb 

0.55 kb 

Figuree 2. Southern blot analysis of pCMal. Fifteen ug of genomic DNA was size-fractionated on a 0.7% 
agarosee gel. A random labeled cDNA probe of pCMal was hybridised to the blot. Lanes 1 and 2 represent Bglll 
vss Pvul digested genomic DNA of human tonsil and a high grade glioma respectively. The genomic DNA was 
alsoo digested with Aspl vs Nsil shown in lanes 3 (tonsil) and 4 (glioma). On the left side the 1 kb DNA marker is 
indicated.. The southern blot procedure was performed two times of which a representative blot is illustrated. 

digestionn with Bglll and Pvul, is accounted for by the nearest Bglll site on the left of the 

pCMall  fragment (Fig. 4: genomic DNA) and a second unidentified cleavage site, which must 

flankk pCMal on the right side in the non-contiguous part of the database entry for 

chromosomee 11. The three positive restriction fragments that are generated by double 

ION N 



digestionn with Nsil and Aspl, arise from cleavage in the two indicated Nsil sites (4.0 kb 

fragment),, the right one of the two Nsil sites and Aspl within the pCMal sequence (0.25 kb 

fragment)) and the aforementioned Aspl site and a second unidentified cleavage site (>10 kb 

fragment)) within the non-contiguous part of the genomic database sequence. (Fig. 2, lanes 3 

andd 4). Since it is unclear whether splicing events are involved in the generation of the 

differentt 4.0 kb transcripts, it is not allowed to extrapolate the sequence of the longer pCMal 

transcriptss from the available genomic sequence. 

4.3.. Chromosomal localisation of pCMal: short arm of chromosome 11 

Thee isolated genomic DNA inserts from the seven positive PAC clones were used to 

identifyy the chromosomal localisation of pCMal by fluorescence in situ hybridization (FISH). 

Hybridisationn with metaphase chromosomes from human lymphocytes indicated that pCMal 

iss located on the distal part of the short arm of chromosome 11. This chromosome 11 

identificationn was performed by co-hybridisation with a chromosome 11 centromeric specific 

probee (Fig. 3). 

Figuree 3. Chromosomal mapping of pCMal. Representative picture of human metaphase chromosomes of 
lymphocytess hybridised with a probe derived from a positive pCMal related PAC clone. Chromosome 11 
identificationn was performed with a chromosome II centromere specific probe. The pCMal related gene is 
locatedd on the short arm of chromosome 11 (arrow). 

109 9 



Further,, computer analysis with a recently released database matched the pCMal 

cDNAA sequence (accession number: AJ269829) to a fragment of genomic sequences located 

onn chromosome 11 (GenBank accession numbers: AC023345; AC073172; 96% sequence 

similarity;; sequencing in progress). The restriction map of the contiguous genomic fragment 

off  approximately 5 kb and the cDNA sequence of pCMal revealed the presence of 3 Bglll 

sites,, 2 Nsil sites and 1 Aspl site at the indicated positions (Fig. 4). while Pvul sites were 

absent.. The restriction map and the genomic nucleotide sequence are in concordance with the 

dataa obtained in the PCR analysis of the PAC clones and the Southern blot analysis. 
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pluss strand 

T3 3 b b 

pCMal l 

1_ 1_ 
N N 

Fll  F2 F3 

Rl l 

JL L 

minuss strand 

r r J J 
R22 R3 R4 

T7 7 

genomicc DNA 

HI— — 

pCMal l 

B BB B NN A P/B/N/A 

Figuree 4. Molecular representation of pCMal cDNA versus genomic DNA clone. For in situ hybridization 
cRNAA probes with T3 and T7 RNA polymerase generated the plus and minus strand of pCMal respectively. 
cDNAA specific primers of pCMal are indicated with arrows. Restriction sites are shown as vertical lines which 
includee A: Aspl. N: Nsil, B: Bglll. and P: Pvul. The overlap of pCMal with the genomic clone is indicated with 
dashedd lines. Letters in bold resemble possible restriction sites downstream of the pCMal gene. Numbers 
correspondd with the size of both the clones in kilobase (kb). 

Thee genomic sequence fragment mapped pCMal more accurately to 11 p 15.1 -2. This 

iss in agreement with the finding that pCMal is localised centromeric to the balanced 

translocationn breakpoint t(4;l l)(pl5.2;pl 5.4) in a cell line derived from a patient with the 
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Beckwithh Wiedemann Syndrome as described previously [20]. These findings strongly 

suggestss the authenticity of the pCMal gene. 

4.4.. pCMal expression in melanocytic tissue: presence in nevi versus absence in normal skin 

melanocytes s 

Previouss data indicated that the pCMal gene encodes two major transcripts (Fig. 1). 

Therefore,, we determined its expression profile in a collection of both melanocytic lesions 

andd melanocytic cells in culture by in situ hybridisation. The digoxigenin labelled minus 

cRNAA probe, mainly hybridising with the 4.0°us transcript (Fig. 1C), gave the most interesting 

expressionn patterns in situ (Fig. 5). Minus transcripts (mainly 0.45m'""s and 4.0m"1"5; Fig. IB) 

detectedd by the plus cRNA probe are absent or expressed only at very low levels. These 

observationss suggest that the 4.(flus transcripts are most relevant in vivo. 

Withh respect to melanocytic tissues, pCMal plus transcripts were not detectable in 

melanocytess present in normal skin specimens (0/12) that were used in the study (Fig. 5 A). 

Expressionn was observed in the hair follicles, sweat glands, and in keratinocytes. By contrast, 

melanocyticc nevi (14/14) were full of pCMal plus transcripts in nevus cell nests (100%) 

throughoutt the dermis near the dermal-epidermal junction of the lesion (Fig. 5B). The 

expressionn levels, however, diminished in the deeper dermal parts of the lesions. The majority 

off  the cutaneous primary melanoma lesions (11/15) showed detectable pCMal plus transcripts 

butt not in all cells. Expression of plus transcripts could be observed in the papillary to 

reticularr dermis with variable levels of intensity in primary melanomas of the nodular type 

(Fig.. 5C, 5D). Beyond the reticular dermis a heterogeneous expression, from complete 

absencee to detectable signals, for plus transcripts of pCMal were observed. Although most of 

thee cutaneous primary melanomas were positive for pCMal plus transcripts, not more than 

10-20%% of the melanoma cells were positive, irrespective of the melanoma type studied. The 

primaryy melanoma specimens analysed were of cutaneous and uveal origin and showed 
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variablee levels of expression independent of their anatomical site. Interestingly, the primary 

melanomaa lesion and the corresponding melanoma metastasis derived from the same patient, 

wass positive for pCMal plus transcripts (data not shown). Six out of seven (86%) melanoma 

metastasess were negative for pCMal plus transcripts (data not shown). 

Figuree 5. In situ hybridisation of pCMal 4.0p!l" transcripts in human melanocytic lesions. A. Human normal skin 
melanocytess are negative in the basal layer of the skin. B. Melanocytic nevus with strong positivity in the nevus 
celll  nests, and diminished expression in the deeper part of the lesion. C and D represent examples of serial 
sectionss of a primary melanoma (nodular type): C. H&E staining and D. in situ hybridisation. As compared to 
thee other photomicrographs a higher magnification for C and D is shown to illustrate the atypia that is 
characteristicc for this lesion. Note that the lesion shows positive cells in the papillary to reticular dermis near the 
dermoepidermall  junction. E. Non-metastatic melanoma cells (IF6) with pCMal transcripts in the nucleus. F. 
Metastaticc melanoma cells (1F6M) with increased expression both in nucleus and cytoplasm. Pictures are 
representativerepresentative for the tissues used the study. 
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Withh respect to melanocytic cells in culture, pCMal plus transcripts were also 

analysedd by in situ hybridisation in benign and malignant melanocytic cells. All cultured 

melanocyticc cells that were used in the study were positive to a variable degree. A scattered, 

weakk expression was observed in primary cultures of melanocytes of low passage number, but 

uponn prolonged cultivation uniform, strong expression was observed of pCMal plus 

transcripts.. Furthermore, pCMal plus transcripts were present in the nuclei of cultured non-

metastaticc melanoma cells (1F6), whereas the metastatic variant (1F6M) displayed elevated 

expressionn both in the nuclei and the cytoplasm (Fig. 5E and 5F). The highly metastatic 

melanomaa cells also showed detectable levels of pCMal minus transcripts. 

5.. Discussion 

Celll  transformation is accompanied by numerous changes in gene expression. cDNA 

clonee pCMal shows remarkable differences between expression in situ in skin and in vitro in 

culturedd melanocytic cells. Although in each group the number of tissue specimen is small, by 

studyingg the type of lesion the present data are suggestive that pCMal is strongly upregulated 

inn normal skin in situ during the transition from single melanocytes to nevi, which are clusters 

off  melanocytes. The expression level of pCMal decreases in primary melanoma lesions and is 

nearlyy absent in melanoma metastases. This tissue profile indicates that pCMal transcripts 

mayy be a very interesting marker to study the development of melanocytic lesions. 

Thee gradual disappearance of the signal in the deeper parts of nevi may be due to the 

micro-anatomyy related expression as described previously [14]. On the other hand, this may 

alsoo be interpreted as a population of melanocytic cells undergoing either transitional changes 

orr maturation [21] which are reflected by diminished expression levels of pCMal. However, 

noo firm conclusions can be made from the present data on this matter. 
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Inn culture all melanocytic cells analysed were positive, while expression is most 

elevatedd in highly metastatic human melanoma cells. The apparent absence of a poly(A)+-tail 

andd an extended open reading frame indicate that pCMal transcripts do not represent 

messengerr RNA, and rather suggest a regulatory and/or structural function. This suggestion is 

reinforcedd by the detection of multiple, complementary pCMal transcripts of variable sizes (a 

majorr plus transcript of 4.0 kb and major minus transcripts of 0.45 and 4.0 kb) and the 

chromosomall  location of the gene at 1 lp 15.1-2. 

Severall  arguments support the authenticity of the pCMal transcripts over artefactual 

signalss due to DNA contamination's. Prior DNAse treatment of RNA samples did neither 

affectt the results of Northern blot analysis nor RT-PCR reactions and in situ hybridisation. 

Moreover,, DNA contamination's should give rise to comparable profiles on Northern blots 

withh single-stranded plus and minus probes. The regular differential expression observed in in 

situsitu hybridisation of tissues and cells can only be ascribed to RNA, as well as the overall 

nuclearr staining in some cases and additional cytoplasmic staining in other cases. Cloning of 

thee longer, 4.0 kb transcripts is a high priority, but could not yet be achieved by routine 

screeningg of cDNA libraries, which are biased to contain cDNA-fragments derived from 

poly(A)++ RNA, whereas pCMal transcripts are preferentially present in the total RNA 

fraction. . 

Thee genomic localisation of pCMal at chromosome llpl5.1-2, as determined by the 

FISHH technique, is also highly relevant. Computer based analysis of the human genome and 

thee FISH analyses, confirmed the genomic localisation of pCMal to the llpl5.1-2 locus. 

Abnormalitiess at the l lpl 5 locus were found in a number of tumours such as rhabdoid 

tumours,, rhabdomyosarcoma, hepatocellular carcinoma, Wilm's tumour, breast cancer, and 

includingg the Beckwith-Wiedermann Syndrome [22-29]. Genomic imprinting is one of the 

hallmarkss of the chromosome 1 lpl5 locus, which harbours more genes encoding untranslated 
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RNAss with regulatory functions, including the cytoplasmic HI9. Recent studies on the 

transcriptionall  regulation of two linked, imprinted genes at llpl5.5, Igf-2 and H19, have 

providedd evidence for a novel mechanism of epigenetic control, involving DNA methylation 

off  an insulator element located between the two linked genes [30]. A more thorough analysis 

off  genomic sequences and genes surrounding pCMal will be interesting in this regard and 

mayy also resolve the nature of the longer pCMal transcripts detected (notably 4.0 plus). 
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1.. Abstract 

Seriall  analysis of gene expression (SAGE) was used to identify a gene named GOA 

{gene{gene overexpressed in astrocytoma), which codes for a novel Ring finger B-box coiled-coil 

(RBCC)) protein. Northern blot hybridization showed overexpression of GOA in 9 of 10 

astrocytomas.. Except for kidney, in which high expression was found, expression levels in 

normall  tissues were low and comparable to normal brain. Immunohistochemistry 

demonstratedd presence of GOA, with prominent nuclear staining, in astrocytoma tumor cells 

andd astrocytes of fetal brain, but virtual absence in mature astrocytes. Overexpression was not 

duee to amplification, since amplification of GOA was only found in one of 65 astrocytomas. 

GOAGOA was localized to 17q24-25, a region that is frequently gained or amplified in a number 

off  other tumor types. GOA contains two LXXL L motifs, which are thought to be important 

forr nuclear receptor binding. Our data suggest an important role of GOA in the process of 

dedifferentiationn that is associated with astrocytoma tumorigenesis and possibly with that of 

otherr tumor types as well. 

2.. Introductio n 

Astrocytomass are the most common type of primary brain tumors. They are highly 

refractoryy to radio and chemotherapy and are associated with a bad prognosis. Based upon 

histologicall  criteria, they are divided according to the WHO criteria into four different grades, 

astrocytomaa grade I to IV (1). With increasing malignancy, astrocytomas tend to 

dedifferentiatee and become more angiogenic. They infiltrate the surrounding brain tissue, 

whichh makes them difficult to resect completely. In recent years a lot of effort has been put in 

thee identification of genetic lesions that are associated with the development of astrocytoma 

(2).. Wellcharacterized lesions include loss of the tumor suppressor genes TP53, CDKN2A, 

RBIRBI and PTEN as well as amplification of EGFR and CDK4. These genomic alterations result 
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inn altered expression, not only of the affected genes themselves, but also of effector and 

downstreamm target genes. Many genes have been identified that are differentially expressed in 

astrocytomaa (3). With the introduction of techniques like cDNA microarray analysis and 

seriall  analysis of gene expression (SAGE) it has become possible to study the transcriptional 

profilee of a specific tissue or cell line in a global, comprehensive manner (4, 5). Studies using 

thesee techniques have shown that hundreds of genes are differentially expressed between 

normall  and neoplastic tissue (6). These studies may provide better insight into the biological 

behaviorr of tumors and could also provide new targets for therapy. In this study, we used 

SAGEE to discover novel genes that are differently expressed in astrocytoma with respect to 

normall  brain. We identified a gene, GOA, that is overexpressed in almost all astrocytomas 

thatt we tested. The GOA protein belongs to the Ring finger B-Box Coiled-Coil (RBCC) 

familyy of proteins (7). This family comprises a number of proteins of which some are 

involvedd in oncogenesis. GOA is therefore an attractive candidate to play a role in 

astrocytomaa tumorigenesis. 

3.. Material and Methods 

3.1.. Tumor and normal tissue 

Normall  brain material was derived from autopsy cases with a postmortem delay of 

lesss than 6 h. Tumors were removed during operation, quickly frozen in liquid nitrogen, and 

storedd at -80°C until further use. They were classified and graded according to the WHO 

classificationn system (1). Paraffin-embedded, formalin-fixed tissues of astrocytoma grade IV, 

adultt brain, fetal brain, and kidney were used for immunohistochemistry. 
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3.2.. Serial analysis of gene expression (SAGE) 

Forr SAGE, total RNA was isolated from an anaplastic astrocytoma grade III and from 

thee white matter of normal brain using the Trizol method according to the manufacturer's 

instructionss (Life Technologies, Inc.). Poly(A)+ RNA isolation, cDNA synthesis and all 

subsequentt steps of the SAGE procedure were essentially performed as described (4) with 

minorr modifications given previously (8). 

3.3.. Northern blot analysis 

Forr Northern blot analysis of tumor samples, total RNA was isolated using the Trizol 

methodd according to the manufacturer's instructions (Life Technologies, Inc.). For each 

sample,, 5 u.g of total RNA was denatured, applied on a 1.2%/0.22 M formaldehyde gel, and 

blottedd onto a Hybond N+ membrane (Amersham, Aylesbury, UK). RNA was UV-crosslinked 

too the membrane which was prehybrydized in hybridization buffer (0.5 M phosphate buffer 

containingg 100 ng/ml herring sperm DNA, 3% SDS, 1 mM EDTA (pH 8.0) and 20 mg/ml 

BSAA fraction V) for 2-3 h at 65°C. For Northern blot analysis of normal tissues, a membrane 

containingg 2 u,g of poly(A)+ RNA from 12 different normal tissues was purchased from 

Clontech.. Membranes were hybridized overnight with a GOA-specific probe and, after 

stripping,, with a p-actin cDNA reference probe (Clontech). Probes were labeled to high 

specificityy with oc-32P-dCTP using the Rediprime II kit according to the manufacturer's 

instructionss (Amersham). The GOA-specific probe was a 580 bp fragment that was made by 

PCRR using primers 5'-GAGATTATCCGAGGGCTGGGTC- 3' and 5'-

GGTGGAAGCCTCTAGAAATGAG-3'' and IMAGE clone 2517675 as template. After 

hybridization,, membranes were washed for 10 min at 65°C in 25 mM Phosphate buffer 

containingg 2%SDS, 1 mM EDTA and 2.5 mg/ml BSA fraction V and three times for 10 min 
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att 65°C in 40 mM phosphate buffer containing I%SDS and 1 mM EDTA. Signals were 

visualizedd and quantified using a Phosphorimager (Molecular Dynamics, Sunnyvale, CA). 

3.4.. Southern blot analysis 

Tumorr and corresponding leukocyte DNA samples were digested with BamHl. The 

resultingg digestion products were separated on 0.8% agarose gels, and transferred to nylon 

membranes.. The membranes were successively hybridized with a GOA-specific test probe 

andd with reference probe E3.9, which is a 3.9-kb EcoKl fragment derived from chromosome 

22.. The GOA-specific test probe was a 1470-bp insert of IMAGE clone 2162284, containing 

thee 39 half of GOA. Probes were labeled as described for the Northern blotting procedure and 

hybridizedd under conditions given previously (9). 

3.5.. Immunohistochemistry 

Paraffinn sections (5 jxm) were placed on organosilan-coated object slides and dried 

overnightt at 37 °C. Sections were deparaffinized and endogenous peroxidase was blocked in 

methanoll  containing 0.3% hydrogen peroxide. Antigen was retrieved by heating the sections 

att 100CC for 10 min in sodiumcitrate buffer (0.05 M, pH 6.0). Nonspecific serum-binding 

sitess were blocked by incubating in 10% normal goat serum. Immunohistochemistry was 

performedd using the avidin-biotin peroxidase complex method (Ultravision system, Lab 

Visionn Corp., U.S.A.). Specimens were first incubated for 1 h at room temperature with a 

GOA-specificc rabbit polyclonal antibody (dilution 1:100) raised against the peptide 

SQGDLRRQEEQRSR,, corresponding to amino acids 304-317 of GOA (Vandeputte et al., 

manuscriptt in preparation). This was followed by incubation with secondary antibody mixture 

forr 15 min and a 15 min exposure to preformed streptavidin-horseradish peroxidase complex. 

Peroxidasee activity was revealed by the 3,3'-diaminobenzidine tetrahydrochloride reaction. 
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Finally,, sections were counterstained with hematoxylin, dehydrated, and mounted for light 

microscopy. . 

3.6.. Fluorescence in situ hybridization (FISH) 

FISHH was performed with cosmids using standard procedures. To isolate GOA-

containingg cosmids, a chromosome 17 cosmid library (L4/FS17, Resource Center/Primary 

Databasee of the German Human Genome Project, Berlin, Germany) was screened with the 

insertt of IMAGE clone 2162284 as described for Southern blot analysis. The presence of the 

GOAGOA gene in the positive cosmids was confirmed by hybridization of the same insert to a 

Southernn blot containing £coRI-digested DNAs isolated from these cosmids. For FISH, the 

GOAGOA -cosmids were labeled with biotin-16-dUTP by nick-translation. Cosmid pl7H8, labeled 

withh Cy3-dUTP and specific for the centromere of chromosome 17, was used to identify this 

chromosome. . 

4.. Results 

4.1.. Identification of a Novel Gene Overexpressed in Astrocytoma 

SAGEE libraries were constructed from an astrocytoma grade III tumor and from white 

matter.. From the astrocytoma library, 9768 tags were sequenced, representing 4910 different 

transcripts.. From white matter, 10.192 tags were sequenced, representing 5123 different 

transcripts.. To identify the genes that are differentially expressed, the two libraries were 

comparedd and a pairwise %2 test was performed for each tag. 124 tags were identified for 

whichh the %2 statistic was associated with a P-value <0.05 (results to be reported elsewhere). 

Onee of the tags, TAGTAGATGC occurred 6 times in the astrocytoma library but not in the 

whitee matter library and was chosen for further characterization. This tag corresponded to a 
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novell  transcript from which already several EST clones were available. The largest clone. 

IMAGEE clone 2517675, with an insert length of 2268 bp, was used for sequencing (Fig. 1). 

11 GGGCGGCGCCCTGGGCGGCCGCGGAGTCATGGACGGCAGTGGACCCTTCAGCTGCCCCATCTGCCTAGAGCCACTCCGGGAGCCGGTGAC 
11 M D G S G P F S C P I C L E P L R E P V T Rin g 

911 GCTGCCCTGCGGCCACAACTTCTGTCTCGCCTGCCTGGGCGCGCTCTGGCCGCATCGTGGCGCGAGTGGAGCCGGCGGACCCGGAGGCGC Finge r 
222 L P C G H N F C L A C L G A L W P HR G A S G A G G P G GA 

1811 GGCCCGCTGCCCGCTGTGCCAGGAGCCCTTCCCCGACGGCCTTCAGCTCCGCAAGAACCACACGCTGTCCGAGCTGCTGCAGCTCCGCCA 
5 2 A R C P L C Q E P F P D G L Q L R K N H T L S E L L Q L RQ Q 

2711 GGGCTCGGGCCCCGGGTCCGGCCCCGGCCCGGCCCCTGCCCTGGCCCCGGAGCCCTCGGCACCCAGCGCGCTGCCCAGTGTCCCGGAGCC 
8 2 G S G P G S G P G P A P A L A P E P S A P S A L P S V P EP P 

3611 GTCGGCCCCCTGCGCTCCCGAGCCGTGGCCCGCGGGCGAAGAGCCAGTGCGCTGCGACGCGTGCCCCGAGGGCGCGGCCCTGCCCGCCGC 
1155 S A P C A P E P W P A G E E P VR C D A C P E G A A L P A A B-Box l 
4511 GCTGTCCTGCCTCTCCTGCCTCGCCTCCTTTTGCCCCGCGCACCTGGGCCCGCACGAGCGCAGCCCCGCCCTCCGCGGACACCGCCTGGT 
1455 L S C L S C L A S F C P A H L G P H E R S P A L R G H R L V 
5411 GCCGCCGCTGCGCCGGCTAGAGGAgAgCCTGTGCCCGCGCCACCTACGGCCGCTCGAGCGCTACTGCCGCGCGGAGCGCGTGTGTCTGTG 
1755 P P L R R L E E S L C P R H L R P L E R Y C R A E R V C LC B-BOX 2 
66 3 1 CGAGGCCTGCGCCGCACAGGAGCACCGCGGCCACGAGCTGGTGCCGCTGGAGCAGGAGCGCGCGCTTCAGGAGGCTGAGCAGTCCAAAGT 
2055 E A C A A Q E H R G H E L VP L E Q E R A L Q E A E Q S K V 
7211 CCTGAGCGCCGTGGAGGACCGCATGGACGAGCTGGGTGCTGGCATTGCACAGTCCAGGCGCACAGTGGCCCTCATCAAGAGTGCAGCCGT 
2355 L S A V E D R M D E L G A G I A Q S R R T V A L I K S A AV 
8111 AGCAGAGCGGGAGAGGGTGAGCCGGCTGTTTGCAGATGCTGCGGCCGCCCTGCAGGGCTTCCAGACCCAGGTGCTGGGCTTCATCGAGGA 
2655 A E R E R V S R L F A D A A A A L Q G F Q T Q V L G F I EE 
9011 GGGGGAAGCTGCCATGCTAGGCCGCTCcCAGGGTGACCTGCGGCGACAGGAGGAACAGCGCAGCCGCCTGAGCCGAGCCCGCCAGAATCT 
2955 G E A A M L G R S Q G D L R R Q E E Q R S R L S R A R Q NL 
9922 CAGCCAGGTCCCTGAAGCTGACTCAGTCAGCTTCCTGCAGGAGCTGCTGGCACTAAGGCTGGCCCTGGAGGATGGGTGTGGCCCTGGGCC 
3255 S Q V P E A D S V S F L Q E L L A L R L A L E D G C G P GP 

10811 TGGACCCCCGAGGGAGCTCAGCTTCACCAAATCATCCCAAGCTGTCCGTGCAGTGAGAGACATGCTGGCCGTGGCCTGCGTCAACCAGTG 

3655 G P P R E L S F T K S S Q A V R A V R D M L A V A C V N QW 
11711 GGAGCAGCTGAGGGGGCCGGGTGGCAACGAGGATGGGCCACAGAAGCTGGACTCGGAAGCTGATGCTGAGCCCCAAGACCTCGAGAGTAC 
3855 B Q L R G P G G N E D G P Q K L D S E A D A E P Q D L E ST 

122 61 GAACCTCTTGGAGAGTGAAGCTCCCAGGGACTATTTCCTCAAGTTTGCCTATATTGTGGATTTGGACAGCGACACAGCAGACAAGTTCCT 
4155 N L L E S E A P R D Y F L K F A Y I V D L D S D T A D K F L B30 .2 

133 5 1 GCAGCTGTTTGGAACCAAAGGTGTCAAGAGGGTGCTGTGTCCTATCAACTACCCCTTGTCGCCCACCCGCTTCACCCATTGTGAGCAGGT Domai n 
444 5  Q L F G T K G V K R V L C P I N Y P L S P T R F T H C E QV 

144 4 1 GCTGGGCGAGGGTGCCCTGGACCGAGGCACCTACTACTGGGAGGTGGAGATTATCGAGGGCTGGGTCAGCATGGGGGTCATGGCCGAAGA 
4755 L G E G A L D R G T Y Y W E V E I I E G W V S M G V M A BD 

155 3 1 CTTCTCCCCACAAGAGCCCTACGACCGCGGCCGGCTGGGCCGCAACGCCCACTCCTGCTGCCTGCAGTGGAATGGACGCAGCTTCTCCGT 
55 0 5 F S P Q E P Y D R G R L G R N A H S C C L Q W N G R S F SV 

16211 CTGGTTTCATGGGCTGGAGGCTCCCCTGCCCCACCCCTTCTCGCCCACGGTTGGGGTCTGCCTGGAATACGCTGACCGTGCCTTGGCCTT 
533 5  H F H G L E A P L P H P F S P T V G V C L E Y A D R A L AF 

17111 CTATGCTGTACGGGACGGCAAGATGAGCCTCCTGCGGAGGCTGAAGGCCTCCCGGCCCCGCCGGGGTGGcATCCCGGCCTCCCCCATTGA 
5655 Y A V R D G K M S L L R R L K A S R P R R G G I P A S P ID 

188 0 1 CCCCTTCCAGAGCCGCCTGGACAGTCACTTTGCGGGGCTCTTCACCCACAGACTCAAGCCTGCcTTCTTCCTGGAGAGTGTGGACGCCCA 
5955 P F Q S R L D S H F A G L F T H R L K P A FF L  E S  V  D  A  H 

188 9 1 CTTGCAGATCGGGCCCCTCAAGAAGTCCTGCATATCCGTGCTGAAGAGGAGGTGATGCCGGGCACGGGCGCTCCTGCTGCCGTCTCTGCT 
6255 L Q I G P L K K S C I S V L K R R * 

199 8 1 CCAGGAAGCTGCCTCCTCTGGGCCCTCTCCTTCGTCTGGGAAGGCACCAGCATGAGTCCCACACACCCAGCCTTCTCATTTCTAGAGGCT 
22 07 1 TCCACCTTTTTATACACTCAGCCTTCCCTCTCCCAGGCAGGAGGACCCCCAGACCCTGTTCCCCTGCAGACCTCACTTCTGGGAGACAGA 
21611 GCTACAGCTGGGACAGCTCCAAGCTACCCTAACCCCTCCTTTCCCAGGTTTCTAGAATAGTGTCTGGCATGTAGTAGATGCTCAATAAAC 
22511 ACTTGTTGAATGAAAAAAA 

Figuree 1. Nucleotide sequence and predicted amino acid sequence of GOA. The Ring finger domain, the two B-
boxx domains and the B30.2 domain are underlined. Putative start-codon. stop-codon. the two LXXL L motifs, 
andd the CATG preceding the tag are indicated in bold. The putative polyadenylation signal is indicated in italics 

Thee resulting nucleotide sequence contains at its 3' end the signal sequence for a poly(A)+ 

tail.. The tag is preceded by the NlaJE site (CATG) that lies most proximal to the poly(A)+ tail, 

suggestingg that it is correctly assigned to this transcript. An open reading frame was identified 

thatt predicts a protein of 638 amino acids. This protein contains at the N-terminus a Ring 

126 6 



fingerr domain, two B-Box domains and a Coiled-Coil domain, indicating that it belongs to the 

Ringg finger B-Box Coiled-coil (RBCC) family of proteins. The protein furthermore contains a 

B30.22 domain at its C-terminus. In addition, two LXXL L motifs are present. Using the 

BLASTT program (NCBI), this protein was found to display the highest overall homology with 

estrogenresponsivee finger protein (efp). Because the gene encoding this protein was 

overexpressedd in the astrocytoma library, we tentatively named it gene overexpressed in 

astrocytomaastrocytoma (GOA). 

4.2.. Expression of GOA in Astrocytomas and Normal Tissues 

Wee investigated whether GOA was overexpressed in other astrocytic tumors. For this 

purpose,, RNA samples from 3 low-grade and 7 high-grade astrocytomas and from normal 

brainn were subjected to Northern blotting and probed with a GOA-specific cDNA probe (Fig. 

2A).. Expression levels were standardized with a (3-actin probe. A single transcript of 2.3 kb 

wass detected in all lanes, suggesting that the clone we sequenced represents the complete 

messengerr RNA. Compared with normal adult brain, GOA was significantly overexpressed in 

66 of 7 high-grade astrocytomas and in all 3 low-grade astrocytomas, ranging from 4- to 10-

foldd overexpression. We next investigated with Northern blotting whether GOA was 

expressedd in normal tissues (Fig. 2B). It can be concluded from this figure that expression of 

GOAGOA was low in most tissues and comparable to that in normal adult brain, with the exception 

off  kidney where the expression was about 10-fold higher relative to normal brain. 
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Figuree 2. Expression of GOA in astrocytomas and normal tissues. Northern blots were hybridized with a ' P-
labeledd GOA-specific probe and with a (3-actin control probe. (A) Northern blot containing total RNA from low-
andd high-grade astrocytomas and from normal brain (n.b.). Normalized GOA expression levels were 1 for normal 
brainn and 4.8, 4.0, and 10.4, respectively, for the low-grade astrocytomas in lanes 2, 3. and 4 and 5.5, 1.5, 5.6, 
4.3,, 4.5, and 4.5, respectively, for the high-grade astrocytomas in lanes 5, 6, 7, 8, 9, and 10. (B) Northern blot 
containingg poly(A)+ RNA from 12 normal tissues. Lanes: 1 (brain). 2 (heart). 3 (skeletal muscle). 4 (colon), 5 
(thymus),, 6 (spleen), 7 (kidney), 8 (liver). 9 (small intestine), 10 (placenta), 11 (lung), 12 (Peripheral Blood 
Leukocytes).. Normalized GOA expression levels were 1 for brain, approximately 10 for kidney and ranged from 
00 to 1.5 for the other tissues. 

Too further evaluate the specificity of GOA expression in brain tissue as well as in kidney, 

wheree expression on the RNA level was very high, we performed immunohistochemistry with 

aa GOA-specific rabbit polyclonal antibody on tissue sections of astrocytoma grade IV, normal 

brain,, fetal brain and kidney. Immunoreactivity for GOA, with prominent nuclear staining, 

wass observed in astrocytoma tumor cells (Fig. 3B), whereas immunoreactivity in normal adult 

astrocytess was virtually absent (Fig. 3A). Remarkably, immunoreactivity for GOA, again with 

prominentt nuclear staining, was found in astrocytes of fetal brain (Fig. 3C). In kidney, the 

tubularr cells showed intense immunoreactivity for GOA (Fig. 3D), whereas the glomeruli 

weree negative (not shown). 
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Figuree 3. Immunohistochemical staining of GOA in normal adult brain, astrocytoma, fetal brain, and kidney. 
(A)) Expression of GOA in normal adult white matter, astrocytes show littl e or no GOA expression. Scale bar. 80 
|im.. (B) Expression of GOA in astrocytoma cells. Both nuclear and cytoplasmic staining is observed. Scale bar, 
600 urn. (C) Expression of GOA in fetal brain. Strong nuclear staining is present in the fetal astrocytes. Scale bar, 
800 urn. (D) Expression of GOA in kidney. Tubular cells are strongly positive. Scale bar, 80 urn. 

Too investigate whether overexpression in astrocytomas was due to amplification of the 

GOAGOA gene we performed Southern blot analysis of 12 low-grade (grade II) and 53 high-grade 

astrocytomass (grades III and IV) using IMAGE clone 2162284, containing the 3'part of the 

GOA-cDNA,, as a probe. Only in one high-grade astrocytoma we found a 3.5-fold 

amplificationn of GOA (GBM 1683, data not shown), suggesting that amplification of this gene 

iss not a frequent event in astrocytomas. This tumor was known to harbor multiple 

amplificationn events on chromosome 17 (9). 
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4.3,, Chromosomal Localization of GOA 

Too determine its chromosomal location, we searched the human genome for the 

presencee of GOA sequences using Mapview (NCBI). STS clone stSG12694, corresponding to 

IMAGEE clone 2162284, was localized by radiation hybrid mapping in the terminal region of 

chromosomee arm 17q. To confirm this location, we performed FISH on human metaphase 

chromosomess with three GCM-containing cosmid clones that we isolated from a chromosome 

17-specificc cosmid library. All three hybridized to region q24-q25 on chromosome 17 (Fig. 

4). . 

Figuree 4. Chromosomal localization of GOA by FISH. Hybridization of a GCM-containing cosmid (green) and 
cosmidd pl7H8 (red), specific for the centromeric region of chromosome 17, to normal human metaphase 
chromosomes.. The GCM-containing cosmid specifically decorates 17q24-q25. 

5.. Discussion 

Inn this study, we performed SAGE to identify genes that are differentially expressed in 

astrocytomaa compared to normal brain. Using this approach we identified a gene 

overexpressedd in astrocytoma (GOA), encoding a novel Ring finger protein. GOA was 

overexpressedd in 9 out of 10 astrocytomas (Fig. 2A). This expression is probably not grade-

dependentt as 3 low-grade astrocytomas also showed high expression of GOA. This suggests 

thatt overexpression of GOA is an early event in the development of astrocytomas. We 

additionallyy assessed the specificity of GOA expression by immunohistochemistry using a 

GOA-specificc polyclonal antibody. GOA was expressed at low or undetectable levels in 
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normall  adult astrocytes, while it was clearly expressed in tumor cells (Figs. 3A and 3B). 

Interestingly,, expression of GOA was found in normal astrocytes of fetal brain (Fig. 3C), 

suggestingg that GOA might be involved in brain development. This is in accordance with its 

presumedd function as a coregulator of nuclear receptors (see below) and its reactivation in the 

processs of dedifferentiation associated with astrocytoma tumorigenesis. At the RNA level, 

loww expression was found in most normal tissues, comparable to that in normal adult brain 

(Fig.. 2B). However, high expression was found in kidney, which was specific for tubular 

cells,, whereas the glomeruli were negative (Fig. 3D). 

Overexpressionn in the tumors at the RNA level was most probably not due to 

amplificationn of the GOA gene as amplification was only found in less than 2% of the tested 

low-- and high-grade astrocytomas. We performed virtual Northern blotting using the "Tag to 

genee Mapping" tool of NCBI, by which the occurrence of a certain tag in the available 96 

SAGEE libraries can be evaluated. This revealed that the tag corresponding to the GOA-

transcriptt was represented at the highest level in libraries of glioblastomas (199-226 tags per 

million),, at a lower level in a pilocytic astrocytoma library (130 tags per million) and at rather 

loww levels (0-52 tags per million) in normal brain libraries. These virtual data are in 

correspondencee with our Northern blot analyses. With the exception of the library derived 

fromm ovarian surface epithelium (144 tags per million), the GOA tag was represented at low to 

modestt levels in the libraries of other normal tissues and tumors. Interestingly, the GOA tag 

wass represented at moderate to high levels in two breast cancer samples (107 and 118 per 

million). . 

Usingg FISH analysis, we mapped GOA to the 17q24-q25 region, a region that is 

frequentlyy implicated in gain or amplification events in a number of tumor types. For 

instance,, anaplastic meningiomas display high-level amplification of 17q, most often 

includingg 17q24-q25, in about 50% of the cases (10). In addition, gain or amplification of this 
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regionn is also found in brain metastases (11), breast carcinomas (12), gastrointestinal stromal 

tumorss (13) and adrenocortical carcinomas (14). These data indicate that overexpression of 

GOAGOA by amplification could be implicated in other human cancers. We are currently testing 

thiss possibility. 

Thee RBCC family of proteins, to which GOA belongs, is a rapidly growing subfamily 

off  the Ring finger proteins. These proteins harbor a Ring finger and a B-box, both zinc-

bindingg motifs, followed by a coiled-coil domain. In addition, GOA also contains a B30.2 

domainn at the C-terminus, like some other members of the RBCC family. The function of this 

domainn is unclear although it has been proposed that it is involved in ligand-binding (15). The 

RBCCC domain is thought to mediate protein-protein interactions as well as oligomerization 

andd some RBCC proteins are indeed found in large complexes (16). The functions of RBCC 

proteinss are diverse. For example, the Xenopus nuclear factor 7 (XNF7) is involved in dorsal-

ventrall  patterning (17); other RBCC proteins, such as EFP and STAF50 and also XNF7 are 

putativee transcription factors (18). The RBCC proteins TIF1 (19), PML (20) and RFP (21) are 

oncogenicc when found as fusion products. TIF1 is fused to B-RAF, PML to the retinoic acid 

receptorr and RFP to the ret tyrosine kinase domain. In each of these instances the RBCC 

domainn is involved suggesting that this domain is important for cellular transformation. 

Interestingly,, GOA harbors two so-called LXXL L motifs, a motif that is also present 

inn another RBCC protein, TIF1 (22). LXXL L motifs are found in coregulators of transcription 

thatt use these motifs to interact with nuclear receptors such as the retinoic acid receptor and 

estrogenn receptor. These receptors are crucial during development. GOA could therefore play 

aa role in this process by functioning as a coregulator of nuclear receptors. Such a function 

wouldd be in agreement with our observation of prominent nuclear staining for GOA (Figs. 3B 

andd 3C). 
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Inn conclusion, we identified a gene encoding a novel RBCC protein, GOA, which is 

overexpressedd in astrocytoma. Its putative function in normal brain development and its 

homologyy to several proteins with a documented function in oncogenesis make GOA an 

attractivee candidate for playing a role in the dedifferentiation process associated with 

astrocytomaa tumorigenesis. The assignment of GOA to 17q24-q25, a region that frequently 

displayss gain or amplification in a number of other tumor types, suggests the involvement of 

GOAA in the development of these tumors as well. 

133 3 



6.. References 

1.. Kleihues, P., and Cavanee, W. (2000) Pathology and Genetics of the Nervous System, 
Worldd Health Organisation Classification of Tumours, IARC Press, Lyon. 

2.. Rasheed, B. K., Wiltshire, R. N., Bigner, S. H., and Bigner, D. D. (1999) Molecular 
pathogenesiss of malignant gliomas. Curr. Opin. Oncol. 11, 162- 167. 

3.. Sehgal, A. (1998) Molecular changes during the genesis of human gliomas. Semin. Surg. 
Oncol.. 14, 3- 12. 

4.. Velculescu, V. E., Zhang, L., Vogelstem, B., and Kinzier, K. W. (1995) Serial analysis of 
genee expression. Science 270, 484- 487. 

5.. Schena, M., Shalon, D., Davis, R. W., and Brown, P. O. (1995) Quantitative monitoring of 
genee expression patterns with a complementary DNA microarray. Science 270, 467- 470. 

6.. Zhang, L., Zhou, W., Velculescu, V. E., Kern, S. E., Hruban, R. H., Hamilton, S. R., 
Vogelstein,, B., and Kinzier, K. W. (1997) Gene expression profiles in normal and cancer 
cells.. Science 276, 1268- 1272. 

7.. Reddy, B. A., Etkin, L. D., and Freemont, P. S. (1992) A novel zinc finger coiled-coil 
domainn in a family of nuclear proteins. Trends Biochem. Sci. 17, 344- 345. 

8.. Michiels, E. M., Oussoren, E., Van Groenigen, M., Pauws, E., Bossuyt, P. M., Voute P. A, 
andd Baas, F. (1999) Genes differentially expressed in medulloblastoma and fetal brain. 
Physiol.. Genomics. 1, 83-91. 

9.. Bijlsma, E. K., Leenstra, S., Westerveld, A., Bosch, D. A., and Hulsebos, T. J. (1994) 
Amplificationn of the anonymous marker D17S67 in malignant astrocytomas. Genes 
Chromosomess Cancer 9, 148- 152. 

10.. Weber, R. G., Bostrom, J., Wolter, M., Baudis, M., Collins, V. P., Reifenberger, G., and 
Lichter,, P. (1997) Analysis of genomic alterations in benign, atypical, and anaplastic 
meningiomas:: Toward a genetic model of meningioma progression. Proc. Natl. Acad. Sci. 
USAA 94, 14719-14724. 

11.. Petersen, I., Hidalgo, A., Petersen, S., Schluns, K., Schewe, C, Pacyna-Gengelbach, M., 
Goeze,, A., Krebber, B., Knosel, T., Kaufmann, O., Szymas, J., and von Deimling, A. (2000) 
Chromosomall  imbalances in brain metastases of solid tumors. Brain Pathol. 10, 395- 401. 

12.. Orsetti, B., Courjal, F., Cuny, M., Rodriguez, C, and Theillet, C. (1999) 17q21- q25 
aberrationss in breast cancer: Combined allelotyping and CGH analysis reveals 5 regions of 
allelicc imbalance among which two correspond to DNA amplification. Oncogene 18, 6262-
6270. . 

13.. El-Rifai, W., Sarlomo-Rikala, M., Andersson, L. C, Knuutila, S., and Miettinen, M. 
(2000)) DNA sequence copy number changes in gastrointestinal stromal tumors: Tumor 
progressionn and prognostic significance. Cancer Res. 60, 3899- 3903. 

134 4 



14.. Dohna, M., Reincke, M., Mincheva, A., Allolio , B., Solinas-Toldo, S., and Lichter, P. 
(2000)) Adrenocortical carcinoma is characterized by a high frequency of chromosomal gains 
andd high-level amplifications. Genes Chromosomes Cancer 28, 145- 152. 

15.. Henry, J., Mather, I. H., McDermott, M. F., and Pontarotti, P. (1998) B30.2-like domain 
proteins:: Update and new insights into a rapidly expanding family of proteins. Mol. Biol. 
Evol.. 15, 1696- 1705. 

16.. Slack, F. J., and Ruvkun, G. (1998) A novel repeat domain that is often associated with 
RINGG finger and B-box motifs. Trends Biochem. Sci. 23,474- 475. 

17.. Etkin, L. D., el-Hodiri, H. M., Nakamura, H., Wu, C. F., Shou, W., and Gong, S. G. 
(1997)) Characterization and function of Xnf7 during early development of Xenopus. J. Cell 
Physiol.. 173, 144- 146. 

18.. Inoue, S., Orimo, A., Hosoi, T., Kondo, S., Toyoshima, H., Kondo, T., Ikegami, A., 
Ouchi,, Y., Orimo, H., and Muramatsu, M. (1993) Genomic bindingsite cloning reveals an 
estrogen-responsivee gene that encodes a RING finger protein. Proc. Natl. Acad. Sci. USA 90, 
11117-11121. . 

19.. Le Douarin, B., Zechel, C, Gamier, J. M., Lutz, Y., Tora, L., Pierrat, P., Heery, D., 
Gronemeyer,, H., Chambon, P., and Losson, R. (1995) The N-terminal part of TIF1, a putative 
mediatorr of the ligand-dependent activation function (AF-2) of nuclear receptors, is fused to 
B-raff  in the oncogenic protein T18. EMBO J. 14, 2020- 2033. 

20.. de The, H., Lavau, C, Marchio, A., Chomienne, C, Degos, L., and Dejean, A. (1991) The 
PML-RARR alpha fusion mRNA generated by the t(15;17) translocation in acute 
promyelocyticc leukemia encodes a functionally altered RAR. Cell 66, 675- 684. 

21.. Takahashi, M., Inaguma, Y., Hiai, H., and Hirose, F. (1988) Developmentally regulated 
expressionn of a human " finger" -containing gene encoded by the 59 half of the ret 
transformingg gene. Mol. Cell Biol. 8, 1853- 1856. 

22.. Heery, D. M., Kalkhoven, E., Hoare, S., and Parker, M. G. (1997) A signature motif in 
transcriptionall  co-activators mediates binding to nuclear receptors. Nature 387, 733- 736. 

135 5 





chapterr  O 

Addendum::  GOA mRNA expression profil e 
inn melanocytic cells 



GOAGOA mRNA Expression Profile in Melanocyte Cells 

Cliftonn B. Meije '2, Mitja A.A.Vandeputte l"2,3, Pranab K. Das ',2, and Joost J. Van den Oord 4 

'Departmentt of Pathology, Academical Medical Center. University of Amsterdam, The Netherlands 

departmentt of Dermatology, Academical Medical Center, University of Amsterdam, The Netherlands 

^Departmentt of Neurosurgery, Academical Medical Center, University of Amsterdam, The Netherlands 

4Departmentt of Histo- and Cytochemistry, University Hospital Leuven, Belgium 

Manuscriptt in preparation in combination with chapter 1 and 7 

138 8 



Addendum m 

1.. GO A mRNA expression profil e in melanocytic cells 

Inn a previous study we identified a gene overexpressed in astrocytoma (GOA) as 

comparedd to normal brain, which encodes a novel Ring finger B-box Coiled-Coil (RBCC) 

proteinn [1]. Both melanocytes and glial cells are derived embryologically from the neural 

ectoderm.. Glioma and melanoma cells share common genes, similar genetic changes, and 

biologicall  properties that may reflect the neuroectodermal origin of the tumor cells [2-4]. 

Moreover,, melanoma cells have also the propensity to metastasize to the brain [5]. In this 

respect,, GOA was evaluated as a candidate marker in melanocytic transformation, melanoma 

progression,, and melanoma metastasis. The mRNA expression profile of GOA was 

determinedd by Northern blot analysis on total RNA derived from melanocytes, nevus cells, 

andd melanoma cells with different metastatic potential. The GOA transcript, approximately 

2.33 kb in size, was expressed at high levels in nevus and melanoma cells as compared to the 

nonee or negligible levels in normal melanocytes (Fig. 1). 

NCC MC 1F6M 1F6 

acti n n 

Figuree 1. Northern blot analysis of GOA in melanocytic cells. Ten ug total RNA was loaded in each lane and 
hybridizedd with a random ,2P labeled GOA probe. GOA was detected as a mRNA transcript of approximately 2.3 
kb,, which was determined with an RNA size marker. Melanocytic cells that were analyzed include melanocytes 
(MC).. nevus cells (NC). non-metastatic melanoma cells (1F6), and metastatic melanoma cells (1F6M). Blots 
weree stripped and re-hybridized with a human p-actin cDNA probe to control for differences in loading of total 
RNA.. The relative expression level of the GOA mRNA transcript was normalized to (3-actin. and assuming that 
thee levels in melanocytes is I, the levels in NC, 1F6, and 1F6M were calculated to be 7.0, 2.2, and 2.5-fold 
higher,, respectively. 139 9 



Figuree 2. In situ hybridization analysis of GOA in human melanocytic lesions. (A). Melanocytic nevus analyzed 
withh a sense cRNA probe of GOA. In this lesion melanin is observed in the reticular dermis. The melanocytic 
cellss are negative for GOA with the sense cRNA probe. The remaining lesions were analyzed with the antisense 
cRNAA probe of GOA, for which a variable positivity was observed in different stages of melanocytic lesions (see 
textt for details). (B). Melanocytic nevus (junctional type). (C). Superficial spreading malignant melanoma 
(SSMM)) Clark II 0.34 mm with RGP components. (D, E). Nodular malignant melanoma (NMM) Clark IV 10 
mmm with VGP melanoma cells, showing GOA expression in the deeper parts of the lesion. (F). Lymph node 
metastasiss of melanoma. (G-I). GOA expression in ducts, sebaceous glands, and hairbulbs. Pictures shown are 
representativerepresentative examples of the melanocytic lesions used in the study. 

Thee expression profile of GOA in tissues of melanocytic lesions was analyzed by in 

situsitu hybridization in human skin melanocytes, nevocellular nevi, primary melanomas, and 
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melanomaa metastases. The in situ expression profile was found to be comparable to those in 

culturedd cells reflecting different stages of melanocyte neoplasia. The in situ studies show that 

GOGO A was expressed more in melanocytic nevi nests near the dermoepidermal junction as 

comparedd to the melanocytic cells adjacent to the basal layer (Fig. 2B). Interestingly, 

differentiatingg keratinocytes from the basal layer upward to the stratum spinosum were also 

positive,, whereas the stratum granulosum was completely negative. However, there was no 

clearr difference in expression pattern between congenital, junctional, compound and dermal 

nevi,, apart from the topographic distribution of the GOA-positive melanocytic cells related to 

thee characteristics of the lesions. On the other hand, halo, Spitz, and blue melanocytic nevi did 

nott show GOA expression. Notably, GOA was detectable in superficial spreading malignant 

melanomaa (SSMM) Clark II in the RGP. Furthermore, early invasive melanoma cells in the 

papillaryy dermis of the same lesion were also positive (Fig. 2C). A population of melanocytic 

cellss with increased expression in the deeper parts (VGP) of the dermis of nodular malignant 

melanomass (NMM) with Clark IV levels was observed (Fig. 2D,E). In addition, this transcript 

wass also expressed in skin and lymph node metastases of melanoma (Fig. 2F), but less than 

thee expression levels in earlier stages of melanocyte neoplasia. GOA was also expressed in 

ductss and sebaceous glands (Fig. 2G,H). Furthermore, the hairfollicles in the deeper parts of 

thee dermis expressed more of the transcripts than those located superficially (Fig. 21). 

2.. Discussion 

Thee expression profile of GOA in melanocytic cells of different stages indicates that 

geness identified in gliomagenesis by serial analysis of gene expression (SAGE), or any other 

molecularr approach for that manner, can also be evaluated to determine their potential as 

markerss in early stage melanocyte transformation, melanoma progression, and melanoma 

metastasis.. GOA could not be detected in normal skin melanocytes, but was expressed in 
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melanocyticc nevi. This may suggest that GO A plays a role in the development of melanocytic 

nevi.. Evaluation of the gene expression profile in cultured melanocytic cells as compared to 

thee native tumor samples may suggest an additional role for GOA in the early stage of 

melanocytee transformation and tumor progression of malignant melanoma. 

Ass was previously described GOA represents a new member of the family of Ring 

fingerr B-Box Coiled-Coil (RBCC) proteins and was mapped to chromosome 17q24-25 [1]. 

Thee assignment of GOA to 17q24-25 is a chromosomal region that frequently displays gain or 

amplificationss of genes in a number of other tumor types including melanoma [6]. Whether or 

nott GOA is overexpressed in early melanocytic lesions due to amplification, remains to be 

established.. The absence of GOA in normal skin melanocytes and its high expression in 

melanocyticc nevi are in favor for either amplification, gain or simply due to the activation of 

GOAGOA by a latent gene. Considering the diverse functions in the family of proteins containing 

RBCC,, B30-2 domains and LXXL L motifs, GOA may be involved in the development of 

diversee phenotypes of melanocytic nevi, malignant transformation and melanoma metastasis 

off  melanocytic cells. The important function of RBCC proteins in differentiation related 

processess and oncogenesis indicate that another player is to be included to the growing list of 

geness involved in melanocyte neoplasia. 
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Concludingg Remarks and Summary 

Differentt types of melanocytic lesions such as common acquired, dysplastic, 

congenitall  and other nevi, are recognized by their histologic appearances. In this respect, to 

distinguishh harmless nevi from those with increased risk for malignant transformation still 

remainss difficult for some of the melanocytic nevi. Different complex mechanisms that 

controll  the stages of differentiation and the transformation of normal epidermal melanocytes 

givee rise to these various types of melanocytic lesions. It has been postulated that these 

lesionss occur due to subtle changes in normal physiological processes such as proliferation, 

upp or downregulation of critical genes, mutations, and the de novo cell-cell or cell-ECM 

interactions.. The primary goal of this thesis is to evaluate markers by their topographic 

antigenn distribution and gene expression profile to distinguish common acquired nevi from 

dysplasticc ones and also to discriminate primary melanoma with minimum risk to those with 

increasedd potential for metastasis. 

Thee introduction of this thesis (chapter  1) outlines a brief overview on the current 

knowledgee about the biology of melanocytes and the development of different types of 

melanocyticc tumors from benign to metastatic lesions. In addition, several markers on the 

proteomicc and RNA level studied by immunohistochemical and molecular approaches to 

betterr understand the biology of melanoma is also provided. Against the background of such 

overview,, it is apparent that despite the availability of many markers, no single molecular and 

pathologicall  criterion can as yet unequivocally distinguish the different stages of melanocytic 

neoplasia.. Consequently, the study design of this thesis was set up to analyze early changes in 

phenotypess of normal melanocytes, transformation from nevi into melanoma, and to gain 

insightt into the molecular pathology of melanocyte neoplasia. Such study design resulted into 

fivee experimental chapters, each of which describe data that are regarded essential and may 
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improvee diagnosis of melanocytic lesions with the risk of developing into malignant forms, 

andd eventually will lead to a better understanding of the tumor biology of melanoma. 

Withh a panel of monoclonal antibodies (MoAbs), antigenic profiles have been studied 

retrospectivelyy by immunohistochemical analysis (chapter  2). The MoAbs used in this study 

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

2)) related antigens. The immunohistochemical analysis of different melanocyte related 

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 nevi from dysplastic nevi. Based on these results further 

prospectivee studies on the primary melanomas and secondary spread from such lesions will be 

valuablee for understanding the role of tissue micro-environment in malignant transformation 

andd metastasis and melanocytic cells. 

Inn continuation to the previous results, antigenic profiles in frozen tissue sections of 

primaryy melanomas and their metastases within the same patient have been studied with the 

panell  of MoAbs that was also used in chapter 2. In this way recognition of tumor progression 

stagess based on the evaluation of antigenic profiles should be feasible (chapter  3). As a 

result,, expression of differentiation markers (PAA, TRP-1) was observed in the radial growth 

phasee of the tumor, whilst a decreased or loss of expression was found in the vertical growth 

phasee of the melanoma lesion. In contrast, the antigenic profile of the melanoma associated 

antigenss (MAA-1, MAA-2) was either positive or negative during melanoma tumor 

progression,, of which the positive melanoma cells showed a strong membranous 

immunoreactivityy with the surrounding stromal cells. This study showed that by comparing 

antigenicc profiles of primary melanoma-metastasis pairs of the same patient, consistent 

differencess in topographical antigen expression were obtained. Consequently, this indicates 

thatt differences in antigenic profile may result in consistent diagnosis of melanocytic lesions. 
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Inn conclusion, differences in the topographic antigen distribution and the intensity of the 

stainingg reflect the different stages of melanocyte transformation and melanoma tumor 

progression.. One should therefore, advocate the use of a panel of markers known to be 

importantt in melanocyte biology in conjunction with the histopathological criteria to improve 

diagnosiss of different types of benign or malignant melanocytic lesions. 

Althoughh identification of different stages of melanocytic lesions by 

immunnohistochemicall  means is an attractive method, it still remains difficult to understand 

completelyy why some melanocytes transform and eventually develop into malignant 

melanoma.. In order to better understand this process we need additional markers to 

comprehendd this complex phenomenon. One approach (chapter  4) is to investigate the gene 

expressionn levels, which eventually will assist in the identification of more candidate markers, 

particularlyy in the early stages of melanocyte transformation by a combination of subtractive 

hybridizationn and differential display (SHD). Based on the RNA expression profiles, two 

novell  (pCMal, pCMn2) and the known genes (Rab5b, U1A, |*2 tubulin, TI-227H), are 

potentiall  markers. The differential expression patterns of Rab5b and two novel gene 

fragmentss (pCMal, pCMn2) were further assessed in melanocytic cells in this study. pCMal 

wass expressed more in metastatic melanoma as compared to other melanoma cells. In 

contrast,, the expression of pCMn2 was evident both in non-metastatic and metastatic 

melanomaa cells but not detectable either in normal melanocytes or nevus cells. The Ras-

relatedd protein Rab5b showed lower levels of expression in highly metastatic melanoma cells 

ass compared to other melanocytic cells. To our knowledge no cDNA fragments have been 

documentedd in literature using SHD that identified markers with such distinct expression 

profiless in early and late stages of melanocytic transformation. 

Althoughh the identified cDNAs represent potential molecular markers, evaluation of 

thee gene expression profiles in cultured cells as compared to native tumor samples, and the 
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molecularr and/or functional relevance is needed to establish the actual value of these markers 

inn melanocyte transformation and tumor progression of melanoma. In this respect we explored 

thee molecular characteristics of pCMal and compared its in situ profile in different 

melanocytee lesions (chapter  5). Two major transcripts of approximately 0.45 and 4.0 

kilobasee (kb) were identified by Northern blot analysis. The absence of a polyadenylated 

signall  sequence and an extensive open reading frame in the cDNA of the 0.45 kb transcript, 

suggestss that pCMal does not encode a protein. Moreover, the detection of multiple, 

complementaryy transcripts of variable sizes, and the genomic localization of pCMal to 

chromosomee llpl5.1-2 indicates that its expression is regulated in a complex manner. 

Furthermore,, RNA in situ hybridization analysis in different melanocytic lesions of various 

stagess also revealed a characteristic expression profile for the 4.0 kb transcript of the novel 

markerr pCMal. pCMal was not detectable in normal skin melanocytes, but was transiently 

expressedd in melanocytic nevi. This transcript was also expressed in primary melanoma 

lesions,, but was not detectable in melanoma metastases. Therefore, unraveling the regulation 

off  gene expression by a more thorough analysis of genomic sequences and genes surrounding 

pCMall  could be very interesting to resolve the nature of the longer transcripts. Although, the 

functionn of the corresponding gene of pCMal has not been established in this study, the 

chromosomall  localization, gene expression and in situ profile are suggestive for a role in 

melanocytee transformation. 

Despitee the identification of several candidate markers, the information is still 

incompletee to understand thoroughly the mechanisms involved in melanocyte transformation 

andd melanoma tumor progression. Further search for additional markers is needed and can be 

accomplishedd by studying altered expression of genes in other diseases. In this effort a 

candidatee gene GOA {gene overexpressed in astrocytoma) was identified by serial analysis of 

genee expression (SAGE) which can distinguish normal brain from astrocytoma brain tumor 
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cellss (chapter  6a). The cDNA of GOA is 2286 bp long, contains a poly-A tail and a consensus 

Kozakk sequence, encodes a 639 amino acid protein, and was found to represent a new 

memberr of the Ring finger B-Box Coiled-Coil (RBCC) proteins. This protein was 

overexpressedd in glioma as compared to normal brain. Since it is known that melanocytes and 

gliall  cells are derived embryologically from the neural ectoderm, glioma and melanoma cells 

mayy share common genes, similar genetic changes, and biological properties that may reflect 

thee neuroectodermal origin of the tumor cells. Furthermore, because malignant melanoma also 

hass an affinity to metastasize to the brain, we extended the study as described in chapter 6a 

andd evaluated the in situ expression profile of GOA in a variety of melanocytic lesions of 

differentt stages (chapter  6b). GOA was not detectable in normal skin melanocytes, but was 

expressedd in melanocytic nevi. This may suggest a role for GOA in the development of 

melanocyticc nevi. GOA was also expressed in cultured melanoma cell lines of different 

metastaticc capacity. Evaluation of the gene expression profile in cultured melanocytic cells as 

comparedd to the native tumor samples may suggest an additional role for GOA in the tumor 

progressionn of melanoma. This statement is further supported because GOA was mapped to 

17q24-25,, a chromosomal region that frequently displays gain or amplifications of genes in a 

numberr of other tumor types including melanoma. 

Futuree perspectives to identify candidate markers in melanoma research can simply be 

accomplishedd by screening the public available databases. The resulting sequence information 

off  the identified known and novel genes has become huge in public databases in particular 

duee to the near completion of the human genome sequencing project. However, the challenge 

wil ll  be to put the wealth of information in perspective and to fully understand tumor 

progressionn and metastasis by relating differential expression of genes with phenotypic and 

functionall  differences in the cell type studied. Unfortunately, the newly identified markers are 

routinelyy not used in conjunction with the existing histological and clinical parameters in 
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diagnosticc pathology of melanoma. Therefore, the possible diagnostic, predictive and/or 

prognosticc value by using a set of markers known to be important in melanocyte biology 

shouldd be advocated. In addition the gene expression profile established for each marker will 

eventuallyy result in a better understanding of early phenotypic and malignant transformation 

off  melanocytic cells. Perhaps in the near future, the identified markers will improve 

therapeuticc modalities in the management of patients diagnosed with malignant melanoma. 
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Nederlandsee samenvatting 

Dee ontaarding van pigmentcellen (melanocyten) naar het kwaadaardige (maligne) 

melanoomm is een intrigerend proces waarvan de mechanismen onduidelijk zijn. Ondanks de 

beschikbaarheidd van veel markers op moleculair (DNA/RNA) en eiwit niveau, blijf t het 

moeilijkk om onderscheid te maken tussen normale melanocyten, goedaardige (benigne) 

moedervlekkenn (nevi) of diegene die zich kunnen ontwikkelen tot een maligne vorm van 

huidkankerr (het melanoom). Dit komt met name door de heterogeniteit van de melanocytaire 

huidaandoeningenn (laesies). De behandeling van het maligne melanoom is nog steeds een 

groott probleem, met name door de vroege uitzaaiing (metastasering) van deze tumor naar 

anderee organen zoals de longen, lever en hersenen. Indien men weet hoe een melanoom zich 

ontwikkeltt en wel of niet metastaseert, kan de diagnose en de behandelingsmethode verbeterd 

worden.. Met behulp van een panel markers, zowel op eiwit als DNA/RNA niveau, is het 

mogelijkk benigne nevi te onderscheiden van diegene die mogelijk kunnen ontaarden tot een 

melanoom.. Tevens kun je door het wel of niet aanwezig zijn van een panel markers (expressie 

profiel)) in een bepaald gebied van de laesie, het toenemend metastaserend vermogen van 

melanomenn (tumorprogressie) bestuderen. Met behulp van een panel markers is het mogelijk 

eenn bijdrage te leveren aan de mechanismen die ten grondslag liggen aan het ontstaan van het 

melanoom.. Een kort overzicht over de biologie van melanocyten en de verschillende stadia 

vann tumorprogressie naar het maligne melanoom wordt beschreven in hoofdstuk 1. Tevens 

wordenn de meest toegepaste methoden besproken om nieuwe markers te identificeren voor het 

ontstaann van het melanoom. In dit proefschrift wordt de transformatie van melanocyten naar 

nevuss cellen beschouwd als een vroeg stadium van melanocyt transformatie en van nevus-

naarr melanoom cellen een laat stadium. 

Inn hoofdstuk 2 wordt onderzocht of het eiwit expressie profiel van "gewone" 

(verworven)) nevi verschilt ten opzichte van atypische (dysplastische) nevi met een panel 
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markerss die eiwitten ofwel antigenen kunnen herkennen (monoclonale antistoffen). De 

monoclonalee antistoffen die in dit onderzoek gebruikt zijn, zijn kenmerkend voor een bepaald 

stadiumm (differentiatie/progressie) van melanocytaire cellen (differentiatie: gp-100, PAA, 

TRP-1;; progressie: HLA-DR, MAA-1, MAA-2). De bevindingen suggereren dat een 

combinatiee van monoclonale antistoffen, verworven nevi van dysplastische kan 

onderscheidenn door het expressie profiel te evalueren van het antigeen in de verschillende 

lagenn van de opperhuid (epidermis, papillaire dermis, reticulaire dermis, bindweefsel). In 

hoofdstukk 3 zijn deze monoclonale antistoffen tevens geanalyseerd in melanoom laesies en 

melanoomm metastasen van dezelfde patiënt. Uit de resultaten van het onderzoek blijkt dat 

PAAA en TRP-1 in de eerste fase (radiale groeifase) van het melanoom tot expressie komen 

maarr niet of nauwelijks in de tweede (verticale groeifase) fase van het melanoom. Het 

gegevenn dat beide markers tevens niet tot expressie komen in de melanoom metastase van 

dezelfdee patiënt geeft aan dat PAA en TRP-1 gebruikt kunnen worden als markers voor de 

progressiee van het melanoom. 

Alhoewell  verschillende stadia aangetoond kunnen worden met behulp van eiwit 

markerss blijf t het moeilijk waarom sommige melanocyten transformeren en vervolgens 

kunnenn ontaarden in een maligne melanoom. Aangezien de ontwikkeling van melanocyt tot 

melanoomm vrij complex is, zijn er meerdere markers nodig om dit proces beter te begrijpen. 

Dee identificatie van potentiële kandidaat markers die onderscheid kunnen maken tussen 

normalee melanocyten, getransformeerde melanocyten (nevus cellen) en (melanoom cellen), is 

beschrevenn in hoofdstuk 4. De identificatie van potentiële kandidaat markers is uitgevoerd 

mett behulp van de subtractie hybridisatie en de differentiële display methode. Twee 

onbekendee markers (pCMal, pCMn2) en een reeds bekende (het Ras gerelateerd eiwit Rab5b) 

vertoondee verschillen in het RNA expressie profiel van melanoom cellen ten opzichte van 

melanocytenn en nevus cellen. Tevens, werden er verschillen in het RNA expressie profiel 
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tussenn de melanoom cellen geconstateerd die wel of niet kunnen metastaseren. Een 

combinatiee van deze markers kunnen maligne van benige en metastaserende van niet 

metastaserendee melanocytaire cellen onderscheiden. De andere markers die in dit proefschrift 

geïdentificeerdd zijn betroffen het kleine nucleaire RNA UIA, het beta-2 tubuline en het TI-

227HH gen, die tevens potentiële kandidaat markers zijn voor de transformatie van 

melanocyten.. In de literatuur is beschreven dat deze twee laatstgenoemde markers een rol 

spelenn bij het ontstaan van het kwaadaardige melanoom. 

Inn hoofdstuk 5 worden de moleculaire eigenschappen van de nog onbekende marker 

pCMall  en het RNA expressie profiel van deze marker in verschillende stadia van 

melanocytairee laesies beschreven. Twee RNA moleculen (transcripten) van ongeveer 0.45 en 

4.00 kilobase (kb) in grootte, werden geïdentificeerd in totaal RNA van melanoom cellen met 

behulpp van de Northern blot methode. Het 0.45 kb transcript van pCMal behoort tot een niet 

coderendd RNA, dat wil zeggen dat het niet in een eiwit vertaald kan worden. Het 

overeenkomstigg gen van pCMal is met behulp van de Fluorescerend In Situ Hybridisatie 

(FISH)) methode gelokaliseerd op het chromosoom 1 lp 15. Het pi5 gebied op chromosoom 11 

staatt bekend om complexe regulatie van genen op moleculair niveau bij andere tumoren en 

ondersteuntt het vermoeden dat pCMal betrokken is bij de transformatie van melanocyt naar 

nevuss cel. Met behulp van de RNA in situ hybridisatie methode zijn verschillende stadia van 

melanocytairee laesies bestudeerd en dit onderzoek onthulde een karakteristiek expressie 

profiell  voor het 4.0 kb transcript van pCMal. pCMal was niet detecteerbaar in normale 

melanocytenn van de huid, maar kwam in verhoogde mate tot expressie in melanocytaire nevi. 

Ditt transcript was tevens in primaire melanomen aantoonbaar maar niet of nauwelijks in 

melanoomm metastasen. De functie van het pCMal gen is niet bestudeerd. Echter, het 

onderscheidendd vermogen tussen normale huid melanocyten en nevi enerzijds en primaire 

melanomenn en melanoom metastasen anderzijds, suggereert dat pCMal niet alleen een 
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markerr is voor een vroeg en laat stadium in het transformatie proces van melanocyten maar 

tevenss als progressie marker van het melanoom. 

Inn hoofdstuk 6a wordt beschreven hoe met behulp van seriële analyse van gen 

expressiee (SAGE), een cDNA (kopie DNA) geïdentificeerd werd. Het cDNA codeert voor een 

eiwitt van 639 aminozuren en behoort tot een nieuw lid van de "Ring-Finger B-box Coiled 

coil""  (RBCC) eiwitten. Dit nieuw geïdentificeerde RBCC eiwit komt tot verhoogd tot 

expressiee in gliomen (hersentumoren) ten opzichte van normaal hersenweefsel en wordt 

aangegevenn als "gene overexpressed in astrocytoma" (GOA). In hoofdstuk 6 wordt 

bestudeerdd of GOA een potentiële kandidaat marker is voor de verschillende stadia van 

melanocytt transformatie en progressie van het melanoom. GOA vertoonde een verhoogde 

expressiee in nevi vergeleken met normale melanocyten van de huid. Tevens kwam GOA 

verhoogdd tot expressie in late stadia van het melanoom waarbij het expressie niveau in de 

diepee lagen van de dermis sterk toenam. Het karakteristieke expressie profiel maakt GOA een 

kandidaatt marker voor de vroege en late transformatie van melanocyten en mogelijk tevens 

alss progressie marker voor het melanoom. 

Samenvattendd beschrijft dit proefschrift een aantal nieuw geïdentificeerde en reeds 

bestaandee markers die bruikbaar blijken voor het onderscheiden van normale melanocyten 

enerzijdss en getransformeerde melanocyten anderzijds. Daarnaast blijkt de combinatie van 

eenn aantal markers onderscheid te kunnen maken tussen de vroege stadia en de tumor 

progressiee stadia van het melanoom. Deze markers kunnen derhalve zeer waardevol zijn in de 

diagnostiekk van het melanoom en een aanvulling op de reeds gebruikte conventionele 

methoden.. Tevens leveren de markers die beschreven zijn in dit proefschrift een bijdrage aan 

dee opheldering van de moleculaire veranderingen die ten grondslag liggen aan de 

ontwikkelingg van het melanoom. Dit zou uiteindelijk kunnen leiden tot het gebruik van deze 

markerss als target voor therapie bij patiënten met een melanoom. 

157 7 










	Cover
	Titlepage
	Contents
	chapter 1 General introduction: An overview on melanocyte biology and transformation
	chapter 2 Micro-anatomy related antigen expression in melanocytic lesions
	chapter 3 Melanoma tumor progression: Comparison of antigenic profiles in primary melanoma metastasis paris
	chapter 4 Gene expression patterns in melanocytic cells: candidate markers for early stage and malignant transformation
	chapter 5 Multiple complementary transcripts of pCMa1, a novel gene located at chromosome 11p15.1-2, and melanocytic cell transformation
	chapter 6a GOA, a novel gene encoding a Ring finger B-Box Coiled-Coil protein, is overexpressed in astrocytoma
	chapter 6b Addendum: GOA mRNA expression profile in melanocytic cells
	chapter 7 Concluding remarks and summary
	chapter 8 Nederlandse samenvatting
	Cover

