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Abstract. Background: Melanoma is an aggressive disease
that spreads quickly and is resistant to most therapeutic agents.
In an effort to provide insight into the molecular basis of
melanoma progression, the expression of 94 genes in 20
metastatic melanomas using a high-throughput real-time
quantitative RT-PCR assay was analysed. Materials and
Methods: A TagMan low density array (LDA) was designed
containing probes/primers directed towards a cohort of genes
previously found to be differentially expressed in an isogenic
cell line model of melanoma progression. For each sample,
cDNA was prepared and added to the quantitative assay. The
resulting data were then analysed for correlations with clinical
data. Results: Clustering analysis divided the melanomas into
two major subgroups based on gene expression patterns. When
analysed individually, several genes were associated with
overall survival, depth and type of the primary tumour.
Conclusion: We have identified a selection of genes linked to
melanoma progression and patient outcome.

Malignant melanoma was once described as a genetic black
box, with the underlying molecular basis then being
considered elusive (1). Since that time, two new major
oncogenes, BRAF and MITF, have been discovered to play a
key role in melanoma. BRAF, a vital constituent of the
MAP-kinase pathway, is found mutated in 66% melanomas
(2), whilst MITF, a key regulator of melanogenesis-related
genes, is amplified in 10-15% melanomas (3). In addition,
DNA microarrays have begun to elucidate the precise
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signalling pathways in melanoma (4-7). These studies have
identified cohorts of genes that facilitate the differentiation
of benign nevi from malignant melanomas (6), the
subclassification of metastatic melanomas into distinct
subgroups (4, 5) and the prediction of distant metastasis-
free survival (7). Moreover, genes associated with
progression have also been identified using DNA
microarray-based gene expression profile analysis of
melanoma cell lines (8, 9).

One of the main stumbling blocks inhibiting melanoma
studies, however, is the lack of fresh tissue. In general, the
majority of the small/thin melanoma specimens are
sequestered for pathological examination; this leaves very
little material for DNA microarray studies, with these
commonly requiring several micrograms of RNA to prepare
the probe. An alternative approach is to use real-time
quantitative reverse transcriptase-polymerase chain reaction
(RT-PCR) analysis, where much smaller amounts of RNA
are required. Previous studies have used real-time
quantitative RT-PCR to detect melanoma markers in blood
samples and lymph nodes from melanoma patients with a
view to predicting metastatic disease and prognosis (10, 11).
In addition, quantitative RT-PCR assays have also been
used to track changes in the blood both during and after
treatment of melanoma patients (12, 13). Furthermore,
multiple real-time RT-PCR assays have also been used to
subclassify melanomas (14) and other cancers, such as
breast cancer (15).

Here, we used real-time quantitative RT-PCR to profile 94
genes in 20 metastatic melanomas. The majority of the genes
examined were previously identified by our group to be
differentially expressed in an isogenic cell line model of
melanoma (8). Some of these differentially expressed genes
had been previously associated with melanoma development
and progression, including CDKN2A, IL-24, AIMI1 and
MAGEA4, but most have undefined roles in this context. In
an attempt to examine the importance of this cohort of
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Figure 1. Schematic of the high-throughput quantitative reverse transcriptase-PCR assay, or TagMan Low Density Array (LDA). In brief, genes of interest
are selected on the Applied Biosystems webpage, along with array format desired. The probes and primers are loaded into each well of the plate and sent
to the customer. To prepare the samples, RNA is extracted and cDNA synthesised. The cDNA (50 ng-1 ug) is added to a PCR master mix and added to
the eight ports (depending on the design of the card). The plate is centrifuged to disperse the master mix into each well and put on the ABI7900HT for

PCR amplification.

putative melanoma progression-associated genes in metastatic
melanoma, we employed a high-throughput real-time
quantitative RT-PCR assay, specifically employing a TagMan
low density array (LDA) approach (Figure 1). The resulting
real-time quantitative RT-PCR data was then compared to
clinical variables to determine if there were any associations.
Overall, our results show that real-time quantitative RT-PCR
can be used to classify melanoma tumours and to indicate
novel genes that may be important in melanoma progression.
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Materials and Methods

Melanoma samples and reverse transcription. Previously extracted
total RNA from 20 anonymised metastatic melanomas was
obtained from the Norwegian Radium Hospital. The concentration
of each RNA sample was determined by using the Nanodrop
spectrophotometer and analysed for quality using an Agilent 2100
Bioanalyzer with the RNA 6000 Nano assay. Single-stranded
cDNA was synthesised from 1 ug total RNA using the ImProm-II
Reverse Transcription kit (Promega), according to the
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Figure 2. Clustering analysis of TagMan LDA results. The normalised
RT-PCR data for 67 genes were clustered using Cluster and Treeview
software. Blue = low expression, red = high expression.

manufacturer’s instructions. Following reverse transcription, the
cDNA was tested for 18S rRNA expression using a single real-time
quantitative RT-PCR assay, prior to addition to the TagMan LDA.
For this, the following primer pair combinations were used: 18S —
forward, 5-AGGGTTCGATTCCGGAG-3’ and reverse, 5’-
ACCAGACTTGCCCTCC-3’ (195 bp amplicon).

Real-time quantitative RT-PCR analysis using TagMan LDAs.
Quantitative gene expression was determined via a high-throughput
TaqMan LDA as described elsewhere (8). Pre-designed TagMan
probe and primer sets for target genes (see Table I) were chosen
from an online catalogue (Applied Biosystems, California, USA).
Once selected, the sets were factory-loaded into 384-well plates.
Each array was designed to analyse 94 target genes in duplicate plus
18S rRNA, for two separate samples. Samples were then analysed
using the 7900HT system with a TagMan LDA upgrade (Applied
Biosystems) according to the manufacturer’s instructions. Briefly,
10 uL of single-stranded cDNA was combined with 40 uLL H,O and
50 uL TagMan Universal PCR mix. Each sample (100 uL) was
loaded into respective ports (4 ports per card). The thermal cycling
conditions were as follows: 50°C for 2 min, 94°C for 10 min, 97°C
for 30 sec and 59.7°C for 1 min. The Cr value for each gene was
first compared to the average of invariant genes (these genes were
selected from previous DNA microarray data) on the card and then
normalised to the median value for all samples (8).

Clustering and statistical analysis. For clustering analysis, Clustering
and Treeview software (Eisen Lab, California, USA) were used for
the normalised data (16). For statistical analysis, the SPSS
statistical package (SPSS, Illinois, USA) was used. For survival
curves, a binary profile was generated to indicate whether the
sample was above or below the median value of all samples.
Kaplan-Meier survival curves were then calculated for each target
gene. Correlations between gene expression and the type/depth of
the original tumour were also assessed. A p-value =<0.05 was
deemed to be significant.

Results

The expression of 94 genes were analysed in twenty
metastatic melanoma samples using a real-time quantitative
RT-PCR assay. The genes used for the TagMan LDA were
selected from our previous investigation of differential gene
expression in an isogenic cell line model of melanoma (8).
When a poorly tumorigenic cell line, derived from an early
melanoma, was compared with two increasingly aggressive
derivative cell lines, the expression of 66 genes was
significantly changed. In addition, when this data was re-
analysed using updated software, an additional 37
differentially expressed genes were identified (Rafferty and
Gallagher, unpublished data). In total, TagMan probes and
primers sets were available for 71 members of this melanoma
progression-associated gene cohort (see Table I for full list
of genes, plus functional groupings). The remaining genes
represented by relevant probes/primers on the TagMan
LDA included those encoding for protein tyrosine
phosphatases, as well as invariant genes and 18s rRNA.
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Table 1. Genes analysed using the TagMan LDA.

Funtional Gene Functional Gene Functional Gene
group group group
Control 18S rRNA Signal transduction AVPRIB Other ACTG2
Melanin biosynthesis TYR BRD2 AEBP1
TYRPI CHNI1 AF1Q
TYRP2/DCT ETV4* ANKS1
Tumour suppressors CDKN2A4 GHR* ART3*
Interferon-related DAP IGFBP4 AZGPI1
IFI35* KPNB3* CALD
IFITI MAPK6 CBXI1*
ISGF3G MCAM CCL2
MX1 MMD* CCTs5*
TNFAIP6 OBRGRP* CTSK*
Immune response BST2 PRKAR2B* GMPS*
CIR RARB GPNMB
CIS TCF7* HOXD4
ILIB Melanoma antigens GAGE1 LGALS3
1124 MAGEA4 LUM
Cytokines, growth NPTX2 S10041 MBP
factors, hormones, PDGFRA* S10049 NULL
neuronal peptides PHB Phosphatases PTPRA PDE4B*
PTN PTPRB PLECI*
STC* PTPRD SEMA3C*
TAC PTPRF SNRK
TGFA PTPRH UGT2B7
Met/Catabolism AKRIC3 PTPRJ XRCC5*
APOD PTPRK Invariant ATP6VOA1
FUCAT* PTPRM CHD4
GOTI* PTPRN2 DAB2
OXCT* PTPRO G22P]
PYGL* PTPRR HSF2
Apoptosis CASP PTPRS MADD
CYBA PTPRT NDUFA4
PTPRU PSMA4

Custom designed melanoma-progression LDA contains probes/primers representative for 94 genes, along with an internal control, 18S rRNA.
Genes are shown here grouped according to their ascribed functions or family. Genes with unknown function or have other functions not listed
here are shown in the ‘Other’ group. Genes indicated in bold were identified by our original published work on isogenic cell lines representing
different stages of melanoma progression (8). Asterisk denotes additional putative melanoma progression-associated genes identified following re-

analysis of this data (Rafferty and Gallagher, unpublished data).

The TagMan LDA assay showed that the majority of
genes were expressed in the melanoma samples. However,
PTPRS and UGT2B7 were not detected in any sample,
whilst only three samples displayed expression of PTPRR
and GAGE]I. For analysis, the samples were subsequently
filtered to exclude genes that did not display a significant
alteration in gene expression between samples. Only genes
displaying at least a 2-fold difference in expression level in
at least five samples were used for analysis (67 genes).
Hierarchical clustering separated the metastatic melanoma
samples into two predominant subgroups, both of which
subsequently separated into two smaller subclusters (Figure
2). TYRPI and IL24 best separated the two major clusters;
however, neither group correlated with any clinical variables
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available for these samples. Of the smaller subclusters 1-4,
cluster 1 showed decreased expression of the tyrosinase
melanogenesis-related genes (TYR, TYRPI and TYRP2).
Interestingly, the samples in cluster 4 did associate with
decreased overall survival and disease-free interval
(p<0.05); however, due to the small number of samples in
this subcluster, this association may be questionable.

When each gene was examined individually several genes
were associated with overall survival, disease-free interval and
period from metastasis-to-death (Figure 3). The expression
of four genes, namely GPNMB (p=0.013), CBX1 (p=0.04),
S100A1 (p=0.045) and ETV4 (p=0.049), were associated with
increased overall survival. On the other hand, PTPRT
expression was negatively associated with overall survival. In



Rafferty et al: Real-time Quantitative RT-PCR Analysis of Melanoma Progression

12 12 12
(A) p=0.013 p=0.040 p=0.044
10
us;1
06 :"‘.
04 :... + i.,,. .......... ;
GPNMB - : -PTPRT
02 i ;
' -GPNMB 00 ' -CBX1
B s +PTPRT
00 02 00
0 100 200 200 100 200 300 0 100 200 300
Overall survival (months) Overall survival (months) Overall survival (months)
12 1 12
p=0.045 p=0.049
m-:——l—|
osﬂ
06 —|-.—v
oay s +S100A1 ,
=) 04 L,
oy . -S100A1 | -ETV4
00 3 3 | 02
0 100 200 200 0 100 200 300
Overall survival (months) Owverall survival (months)
( ) 12 12
p=0.0001
1.0 10
08 08
08 08
04 04
02 02
00 :-ETV4 00
02 02
20 0 20 40 60 BO 100 120 140 160 20 0 20 40 60 B0 100 120 140 160
Disease-free interval (months) Disease-free interval (months)
(C) 12 12 12 =
p=0.0058 p=0.016 022
10
084}
oe é +RARB
04 "i
02{ *7 -RARB
00
0 100 200 0 100 200 0 100 200
Met. to death (months) Met. to death (months) Met. to death (months)

Figure 3. Kaplan-Meier survival curves. Genes were analysed individually for associations with (a) overall survival, (b) disease-free interval, and (c)
period from metastasis to death.

addition, ETV4 expression was also associated with an Other genes, such as TYR and TYRP2/DCT, were found
increase in the disease-free interval (p=0.001). Meanwhile, to be associated with the depth of the original tumour,
CBX1, BRD2 and RARB expression correlated with increased ~ whilst four other genes (CASPI, GAGEI, PTPRR, CHNI)
survival from the time of metastasis to death (Figure 3C). correlated with the type of the original tumour (Table II).
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Table 1. Statistical significance (p-value) of the association between genes
and the type and depth of the original tumour.

Superficial or Nodular Depth
CASPI 0.041 ns
GAGE1I 0.041 ns
PTPRR 0.041 ns
CHN1 0.041 ns
DCT ns 0.035
TYR ns 0.053
IFIT] ns 0.018
MSX2 ns 0.039

ns=not significant.

Discussion

In this study, we examined the expression of 94 genes in
metastatic melanomas using a TagMan LDA. This is a
robust real-time quantitative RT-PCR assay which we
showed previously to correlate well with DNA microarray
data obtained from an isogenic cell line model system of
melanoma progression (8). Here, we illustrate that this assay
can be used successfully on melanoma tissues to determine
which genes are linked to progression of the disease. This
assay only requires a small amount of starting RNA to
analyse up to 384 genes; therefore, it is ideal for examining
small in situ primary tumours, which prove difficult to
analyse by conventional DNA microarrays. Indeed, TagMan
LDAs may be particularly useful for analysis of formalin-
fixed, paraffin-embedded melanomas, as has been performed
with similar biopsy material from breast cancer patients in
order to predict response to therapy (15).

Clustering of gene expression data obtained by real-time
quantitative RT-PCR analysis found that the metastatic
melanoma samples were clustered into two distinct groups,
divided mainly by the expression of TYRPI and IL24.
Similarly, a recent study identified two subgroups of
melanomas based on DNA microarray data, where the
predominant subgroup expressed MITF, tyrosinase and
Martl/MelanA (5). In addition, another research group
identified 19 differentially expressed genes, again based on
DNA microarray data, which could discriminate between
two subgroups (4). Martl/MelanA was commonly altered in
both these studies, although this gene was not represented
on our TagMan LDA. However, another melanogenesis-
related gene, TYRPI, did facilitate group separation in our
study series.

We also identified several genes that were associated with
survival indices. Five genes were associated with overall
survival, two genes with the disease-free interval and three
with the period from metastasis to death. One of these
genes, GPNMB, was originally found to be preferentially
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expressed in melanoma cell lines of low metastatic potential
as compared to more aggressive cell lines (17). Moreover,
expression of GPNMB in highly metastatic melanoma
caused reduction in tumour growth and spontaneous
metastasis. In addition, somatic point mutations and
chromosomal breakpoints have also been found in GPNMB
in melanoma patients (18, 19). In our study, high levels of
GPNMB in metastatic melanomas were associated with
improved overall survival, in agreement with a possible
protective role for this gene in melanoma patients.

Other genes identified here, such as PTPRT, BRD2 and
ETV4, have not been previously identified as playing a role
in melanoma. However, PTPRT is seen to be commonly
mutated in several other cancer types (20). In addition,
overexpression of wild-type PTPRT inhibited growth of
cancer cells, indicating a possible tumour suppressor
function. In our study, its expression in metastatic
melanomas was associated with poor outcome, but it is
unknown if the wild-type or mutant form of this gene is
being expressed in our samples.

CBX1, a homeobox transcription factor which has a role
in gene silencing (21), was also found to be associated with
survival in our cohort. In addition, we found MAGEA4 and
RARB, known methylated genes in melanoma (22, 23), to
be associated with the disease-free interval and period from
metastasis to death, respectively. In our samples, the
methylation status of these genes is unknown, but may
provide an explanation, at least in part, for the differences
in expression observed.

Conclusion

In this pilot study, we applied a multiplex real-time
quantitative RT-PCR assay to examine the expression of
putative markers of melanoma progression in metastatic
tumour biopsies. Assays on the TagMan LDA platform
facilitate efficient use of limited biological material, as
particularly experienced in the case of melanoma biopsies.
Further studies will have to be conducted to validate if these
genes are truly associated with melanoma survival and to
investigate their precise role in the disease.
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