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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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pCMn22 DCMn2 """ I **** # 

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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