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Background: The application of lymphoscintigraphy followed by sentinel lymph node (SN) biopsy to
patients with primary melanoma has revolutionised the ability to identify accurately, yet conservatively,
those patients who harbour occult nodal metastases. The molecular detection of SN micrometastases
facilitates the cost effective analysis of the entire SN using multiple markers. Currently, a lack of marker
specificity is the main barrier preventing the molecular evaluation of SN tissue from becoming clinically
applicable.
Aims: To develop a reproducible multimarker reverse transcription-polymerase chain reaction (RT-PCR)
assay, with the emphasis on achieving high specificity for the accurate detection of melanoma metas-
tases in nodal tissue.
Methods: Three pigment cell specific (PCS) markers—tyrosinase, Pmel-17, and MART-1—and one
cancer testis antigen (CTA)—MAGE-3—were selected for use in a multimarker RT-PCR assay. The con-
ditions for this assay were optimised.
Results: High specificity was achievable for each marker by optimising the PCR cycle number such that
unwanted transcripts (that is, illegitimate transcripts and/or specific transcripts from other low
abundance nodal cell types) remained undetectable in appropriate controls (normal visceral nodes).
Tyrosinase was 100% specific at 40 PCR cycles, MAGE-3 and MART-1 at 35 PCR cycles, and Pmel-17
at 30 PCR cycles. Tyrosinase proved to be the most sensitive marker, detecting 10 melanoma cells in
0.1 g of nodal tissue.
Conclusions: Excellent reproducibility of the entire nodal processing and RT-PCR protocol for the
detection of very low numbers of melanoma cells in nodal tissue was shown, although there is a risk of
false positives using the PCS markers alone, because of an approximate 4–8.5% incidence rate of
nodal nevi in melanoma draining SNs (these nevi being absent in all other normal nodes). MAGE-3
was shown to be the only marker that is not expressed by melanocytes. However, because not all
melanomas express MAGE-3, it is recommended that more emphasis should be placed on the develop-
ment of a panel of CTA markers to ensure a zero false positive rate and to provide optimum
detection.

Despite the rapidly increasing worldwide incidence of
cutaneous melanoma,1 the likelihood of death from this
malignancy has been declining over the past few years.

This dramatic improvement in the survival rate of patients
with melanoma has mainly been the result of early diagnosis
and surgical intervention in primary disease.2 Nevertheless, a
subgroup of patients who undergo so called curative primary
tumour surgery will still develop metastases, implying that
these patients had already developed subclinical/occult/
micrometastases at the time of primary tumour excision. In
most of these patients, the first evidence of recurrence will be
in the regional nodal basin; that is, the first lymph node basin
draining the primary tumour.3 Once nodal involvement has
become clinically evident, the five year survival rate decreases
from 75–98% (for stage I and II patients) to 20–40%.4 5 Of
these patients, 70–100% will harbour distant and widespread
micrometastases,6 and there is little hope for curative surgery.
This significant decrease in the survival rate associated with
metastases to the regional nodes emphasises the need to
identify those patients who at primary tumour presentation
already have occult nodal metastases. A more accurate
subclinical nodal staging would allow earlier and potentially
more effective patient management for the following reasons:
(1) patients with confirmed micrometastases may represent
the most appropriate group to study potentially effective
immunotherapies because large tumour burdens have been

shown to inhibit antitumour immunity7; (2) those patients

who do not have micrometastases would be spared the

morbidity and costs involved in surgical removal of the

regional lymph nodes and the toxicity and costs of radiation,

chemotherapy, and immunotherapy. Therefore, it is crucial

that we can identify those patients with cancer who have pro-

gressive disease and to confirm metastasis of the primary

tumour—this strategy being the foundation of sound cancer

management principles. Thus, the challenge is to develop

prognostic markers and techniques that will allow the identi-

fication of those patients who, at the time of primary tumour

diagnosis, already have micrometastases.

“The significant decrease in the survival rate associated
with metastases to the regional nodes emphasises the
need to identify those patients who at primary tumour
presentation already have occult nodal metastases”
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Until recently, the detection of progressive melanoma

disease has involved regular clinical and radiological follow up

examinations, even though these are of limited sensitivity.

Several serological markers (such as lactate dehydrogenase,

melanoma inhibiting activity (MIA), and S100) have been

evaluated for there ability to predict melanoma progression,8

but none has been shown to have value in predicting metasta-

sis of the primary tumour. Recently, we have shown that a

reduction in the active fraction of plasma plasminogen activa-

tor inhibitor type 1, the main regulator of fibrinolytic activity

in blood, could possibly indicate increased risk for metastatic

melanoma.9 Initially, the detection of circulating melanoma

cells (CMCs) by sensitive single or multimarker reverse

transcription-polymerase chain reaction (RT-PCR) seemed

promising, but more recent studies pointed to its limited

use.10 It is probable that the detection of CMCs fails as a prog-

nostic technique mainly because of sampling error.11

It is now evident that the analysis of anatomical compart-
ments other than blood, such as bone marrow12 and lymph
nodes,5 12–14 might be better tissue targets to confirm metasta-
sis. The sentinel lymph node (SN), the first node of the
lymphatic basin that drains a primary tumour, can be identi-
fied with 98% accuracy using radioguided surgery.15 The
histopathological status of the SN accurately reflects that of
the remaining nodes in the lymphatic bed.16 Considering this,
and the fact that the regional lymph node status (defined as
the number and extent of nodal involvement) is currently the
most powerful prognostic factor for predicting survival,4 the
SN has become an attractive target to confirm lymphatic
metastasis of the primary tumour at an early stage. It has now
clearly been shown that the status of the SN impacts greatly
on prognosis: patients who are SN positive by histopathologi-
cal evaluation have a significantly poorer prognosis than those
found to be metastasis free (histologically), even though the
former undergo a potentially curative selective completion
lymph node dissection.13 17–20 An average five year survival rate
of 82% for SN negative patients versus 50% for SN positive
patients has been reported.21 Thus, with the advantages of SN
histopathological evaluation now being so clear, the World
Health Organisation has recently issued a consensus state-
ment recommending that sentinel lymphadenectomy should
become the new standard of care for patients with primary
melanoma.22 Both the American Joint Committee on Cancer
(AJCC) and the International Union Against Cancer have
endorsed this decision.21 The revised melanoma staging
system, which now incorporates the SN status, will become
official with publication of the AJCC Cancer Staging Manual
of 2002.

However, histopathological evaluation of the SN has been
shown to underestimate the presence of clinically relevant
metastases,23 emphasising the need to develop techniques that
are more sensitive and have a higher detection rate. The
molecular detection of micrometastases in SNs is considerably
more sensitive,5 less labour intensive, and more cost
effective24 than current standard pathological evaluation.
However, a lack of specificity25 26 and variable tumour detection
rates27 28 are valid criticisms preventing the molecular evalua-
tion of SN tissue from becoming clinically applicable, although
similar limitations apply to the pathological evaluation of SN
tissue.

The primary aim of our study was to develop a reproducible
RT-PCR assay, with the emphasis on achieving high specificity
for the accurate detection of melanoma metastases in nodal
tissue. To compensate for the heterogeneity of melanoma
cells,27 29–31 a multimarker approach was followed, with the fur-
ther aim of improving the detection rate of the assay. Three
pigment cell specific (PCS) markers were selected: tyrosinase
(a key enzyme in the melanin biosynthetic pathway), Pmel-17
(which encodes the melanosomal matrix glycoprotein,
gp100—the antigenic target for the HMB45 monoclonal anti-
body in standard melanoma pathology), and MART-1 (which

encodes the melanosomal differentiation antigen, Melan-A).

One cancer testis antigen (CTA) was included, namely

MAGE-3, because it is expressed in neoplastic tissues and tes-

tes only.30 Particular attention has been placed on the

improvement of specificity by excluding the detection of

“unwanted” transcripts (illegitimate transcripts and/or spe-

cific transcripts from other low abundance nodal cell types), in

addition to differentiating between melanocytic nevi and

malignant melanoma transcripts in lymph nodes. The

sensitivity of the optimised multimarker assay for the

presence of melanoma cells in nodal tissue was assessed. We

also describe a rapid, cost effective, and clinically applicable

homogenisation method for RNA extraction from nodal

tissues.

MATERIALS AND METHODS
Tissue culture
The melanoma cell lines UCT-Mel-1 to UCT-Mel-8 were estab-

lished in the laboratory of clinical science and immunology

(University of Cape Town) from patient tumours, as described

previously.32 The cells were maintained in RPMI 1640 medium

supplemented with 5% fetal calf serum, 50 IU/ml penicillin

and 20 µg/ml streptomycin at 37°C under 5% CO2/95% air and

90% humidity. UCT-Mel-1 and UCT-Mel-2 were classified as

pigmented and UCT-Mel-3 to UCT-Mel-8 as non-pigmented

adherent cell lines, according to the visual presence of

pigment. The UCT-Mel-1 cell line was used to optimise the

RNA extraction and RT-PCR assay, and to assess the sensitiv-

ity of each marker. All eight melanoma cell lines were used to

assess the in vitro detection rate of each marker.

Lymphatic tissues
Our study was approved by the ethics and research committee

of the University of Cape Town. Informed and written consent

was obtained from all patients for tumour involved nodes, and

from the organ donor’s next of kin for normal lymph nodes.

Four melanoma involved lymph nodes (each weighing more

than 1.5 g) were obtained from four patients with stage III

melanoma. These nodes were confirmed to contain malignant

melanoma cells by standard haematoxylin and eosin (H&E)

staining. Twenty normal lymph nodes (each weighing less

than 0.2 g) were obtained from the visceral region from two

organ donors. One skin biopsy was obtained from the forearm

of a normal control subject.

Handling, homogenisation, and RNA extraction of
nodal tissue
After surgery, lymph nodes were transported on ice to the

laboratory. Extranodal fat was removed and the tissue cut into

0.1–0.15 g pieces. Each piece was placed in a sterile 2 ml poly-

propylene cryovial and snap frozen in liquid nitrogen. The

maximum time to elapse between surgical removal of the

node and the freezing of the tissue was two hours. On resum-

ing the nodal processing, a sterile 8 mm stainless steel ball

was added to the frozen tissue, followed by 1.5 ml TriPure RNA

extraction reagent (Roche Diagnostics, Mannheim, Germany)

for every 0.15 g of tissue. After securing the cryovial in an

Express Homogeniser (international patent pending; http://

www.tekniva.com), high speed oscillation was carried out for

a total of 30 seconds. This consisted of six cycles of five seconds

“on” followed by 10 seconds “off”. The remaining procedure

for total RNA extraction was essentially as described by the

manufacturer (a standard guanidinium thiocyanate/phenol/

chloroform method). The purity and yield of the total RNA

was measured spectrophotometrically at 260 nm and 280 nm.

The RNA yield was relatively consistent, being approximately

200 µg total RNA for every 0.15 g of nodal tissue. The A260/A280

ratio was typically 1.7 for RNA purity.
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RT-PCR
Total RNA (1 µg) was reverse transcribed into cDNA in a 20 µl

reaction containing 1× PCR buffer (10mM Tris, pH 8.3 and

50mM KCl), 5mM MgCl2, 1 mM of each dNTP, 50 pmoles of

Oligo(dT)20 primer, 20 IU of MuLV reverse transcriptase, and

10 IU of RNAse inhibitor. RNA samples were thawed once

only, preheated for five minutes at 90°C, and snap cooled on ice

before being added to the RT mix, which was then overlaid

with mineral oil. Complimentary DNA was synthesised for 30

minutes at 42°C, followed by five minutes at 95°C to stop the

reaction. The cDNA was stored at −20°C or directly used for

PCR. Aliquots of cDNA (5 µl) were transferred to 20 µl PCR

reactions containing 1× PCR buffer, 1.5mM MgCl2, 25 pmoles

of each forward and reverse primer, and 2 IU AmpliTaq GoldTM

DNA polymerase. All reagents were from Perkin Elmer

Biosystems (Foster City, California, USA), except when other-

wise indicated. Additional dNTPs were not added to the PCR

mix because the required amount was transferred from the

reverse transcription reaction, providing a final dNTP concen-

tration of 200 µM. Each 25 µl PCR sample was overlaid with

mineral oil and then amplified on a Robocycler (Stratagene, La

Jolla, California, USA) as follows: the first PCR cycle consisted

of denaturation at 96°C for 10 minutes to activate the DNA

polymerase, annealing at 65°C for 2.5 minutes, and extension

at 72°C for two minutes. This was followed directly by 29–49

PCR cycles (depending on the molecular marker and the

experimental purpose) at 96°C for 30 seconds, 65°C for 2.5

minutes, and 72°C for two minutes. PCR products were sepa-

rated electrophoretically on a 2% agarose minigel, containing

0.5 µg/ml ethidium bromide, and photographed under ultra-

violet light. The node preparation, RNA extraction, and

RT-PCR reactions were all carried out in a separate room from

that where gel electrophoresis was performed. Opening of

tubes containing PCR products and gel electrophoresis were

always performed under negative atmospheric pressure to

prevent subsequent amplicon contamination of nodal/RNA

samples or RT-PCR reagents.

Oligonucleotide primers
The primer sequences for tyrosinase, MART-1, porphobilino-

gen deaminase (PBGD),33 Pmel-17,29 and MAGE-334 were syn-

thesised and purified at the department of cellular and

molecular biology, University of Cape Town, South Africa.

Table 1 lists the primer sequences and the product size gener-

ated for each primer pair. The primer pairs for each of the

markers are positioned in different exons and are designed,

where possible, to lie on either side of a fairly large intron

(> 1 kb) to exclude the amplification of genomic DNA that

may be present in the RNA sample. cDNA specificity controls

were performed for each primer set to exclude the possibility

of genomic DNA amplification, which might cause false posi-

tives or non-specific bands. This was done by omitting the

reverse transcriptase from the reverse transcription step,

followed by 40 PCR cycles for each marker.

Negative and positive PCR controls
A negative control (water instead of RNA template) for each

marker was included with each batch of samples to exclude

the possibility of false positive results that might result from

the contamination of RT-PCR reagents with DNA amplicons,

these being generated from previous PCR reactions. A positive

control (RNA from a normal lymph node containing 100 UCT-

Mel-1 melanoma cells) for each marker was included with

each batch of samples to verify the efficiency of the RT-PCR

assay. The integrity of each RNA sample, in addition to the RT

efficiency, was verified by RT-PCR for the housekeeping gene

PBGD. PBGD has been reported to be expressed in lower

amounts for each cell than the commonly used housekeeping

gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH).33

Marker specificity
Each marker was initially tested on 10 normal lymph nodes

using 50, 40, and 30 PCR cycles. The PCR cycle number at

which no false positives were generated was chosen for each

marker. If false positives were detected at 40 PCR cycles, the

nodes were re-evaluated at 35 cycles (as opposed to 30 cycles),

so that the sensitivity was not compromised. A further 10

normal lymph nodes were evaluated to confirm the specificity

of each marker at the chosen PCR cycle number.

Marker sensitivity
The sensitivity assessment was based on the degree of expres-

sion of the four markers in the UCT-Mel-1 cell line. Serial

dilutions of UCT-Mel-1 cells were prepared in a microtitre

plate to provide 104, 103, 102, and 101 cells in each well. The cells

were allowed to settle for 30 minutes at 37°C. The lowest dilu-

tion (10 cells/well) was plated in quadruplet to allow the

accurate selection of a well containing 10 viable cells, as veri-

fied by phase contrast microscopy. Concurrently, normal

lymph node tissue (the equivalent of 0.4 g in total) was

Table 1 Primers used in the reverse transcription-polymerase chain reaction protocol designed to detect melanoma
metastases and their product size

cDNA target Primer Sequence from 5′ to 3′ end
Nucleotide position
(exon number)

Product size
(bp) Ref

Tyrosinase >Htyr3 GTC TTT ATG CAA TGG AAC GC 864–883 (2) 207 33
<Htyr2 AGG CAT TGT GCA TGC TGC TT 1083–1102 (3)

MART-1 >MART-1 CAC TCT TAC ACC ACG GCT GA 215–234 (2) 299 33
<MART-1 AGG TGA ATA AGG TGG TGG TGA 494–514 (5)

Pmel-17 >Pmel-17* TGC TGG AGA GGT GGT CAA GTG 189–209 (2/3) 699 29
<Pmel-17 CTC CAG GTA AGT ATG AGT GAC 837–857 (6)

MAGE-3 >MAGE-3 GAA GCC GGC CCA GGC TCG 438–455 (1) 413 34
<MAGE-3 GGA GTC CTC ATA GGA TTG GCT CC 2703–2725 (3)

PBGD >PBGD CTG GTA ACG GCA ATG CGG CT 32–51 (1) 339 33
<PBGD GCA GAT GGC TCC GAT GGT GA 350–369 (5)

Nucleotide positions are based on the sequences with the following GenBank accession numbers: Y00819 for tyrosinase, U06654 for MART-1, M77348
for Pmel-17, U03735 for MAGE-3, and NM_000190 for PBGD. The exon information for tyrosinase is based on GenBank accession numbers AF237808
and AF237809; for MART-1 on U06654; for Pmel-17 on U31797, U31798, U31799, U31807, and U31808; for MAGE-3 on U03735; and for PBGD
on M18799, M18800, D12722, X68018, and X04217.
*Unpublished forward primer for Pmel-17, designed by Hanekom and co-workers using DNAMAN 5.1.0.0 (Lynnon Biosoft).
PBGD, porphobilinogen deaminase.
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homogenised according to the previously described protocol.

The homogenates were pooled and four 1 ml aliquots were

prepared. The growth medium of each microtitre well

(containing the four serial dilutions of the UCT-Mel-1 cells)

was carefully aspirated. The cells were then lysed with 200 µl

of the respective nodal homogenate and pooled with the

remaining 800 µl of homogenate. Each well was rinsed with

200 µl of fresh TriPure reagent and transferred back to the

respective microcentrifuge tube. The RNA extractions were

completed as described previously. This resulted in RNA from

a known number of melanoma cells being present in

background RNA corresponding to 0.1 g of normal lymph

node tissue. Each sample was analysed by RT-PCR as described

above by using the optimised cycle number for each marker

(as for every experiment thereafter).

Marker detection rate
The in vitro and in vivo detection rates for melanoma cells

were assessed for each marker by evaluating eight melanoma

cell lines and four melanoma involved lymph nodes,

respectively. This was done using multiplex PCR for MART-1

and MAGE-3 at 35 PCR cycles, multiplex PCR for Pmel-17 and

PBGD at 30 cycles, and single marker PCR for tyrosinase at 40

cycles.

Expression profile of melanoma cells versus
melanocytic nevi
To determine whether any of the markers would differentiate

between melanocytic nevi (reported to be present in some skin

draining lymph nodes) and melanoma cells, the expression of

the markers in a melanoma involved node and skin

melanocytes was compared. Skin melanocytes were used

because skin draining lymph nodes were not available.

RESULTS
Marker specificity
To ensure 100% specificity of the markers for the presence of

melanoma cells in nodal tissue, it was necessary to optimise

the assay such that unwanted transcripts (that is, illegitimate

transcripts and/or specific transcripts from other low abun-

dance nodal cell types) remain undetectable. Very low

amounts of gene expression, termed illegitimate transcrip-

tion, have been described for many genes in most tissues and

are detected usually after more than 40 PCR cycles.35 In addi-

tion, low numbers of Schwann cells (known to express tyrosi-

nase) are present in all normal lymph nodes13 and could also

account for false positives over and above illegitimate

transcripts. Therefore, if high assay sensitivity is required, as

was the case in our study, it is vital to determine (and then not

to exceed) the “cut off” PCR cycle number for each marker,

above which unwanted transcripts are detectable in the

control tissues. By performing decreasing PCR cycles on the

cDNA derived from 10 normal lymph nodes as described ear-

lier, the optimal cycle number (to the closest denominator of

five or 10) was determined for each marker. The specificity was

then confirmed by evaluating another 10 normal nodes.
Tyrosinase was found to be 100% specific at 40 PCR cycles,

MAGE-3 and MART-1 at 35 PCR cycles, and Pmel-17 at 30 PCR
cycles (fig 1). Of note is that the rate of detection of unwanted
transcripts in the nodal tissues did not increase at the same
rate with increasing cycle numbers for each marker. In
particular, although Pmel-17 was highly specific for
melanoma cells at 30 PCR cycles, unwanted transcripts were
detectable in all 10 normal nodes at 35 cycles. In contrast,
tyrosinase was highly specific for melanoma cells at 40 PCR
cycles and unwanted transcripts were detectable in only one
of 10 normal nodes at 50 cycles. This last point highlights the
need to evaluate sufficient numbers of control nodes to deter-
mine the cut off PCR cycle number for each marker accurately.
The PBGD RT-PCR product was consistently detectable in the
20 normal nodes at 30 PCR cycles, but significantly weaker
compared with 35 cycles (fig 1). Therefore, 30 PCR cycles was
chosen as the optimal cycle number for this internal control
because this would provide a much more sensitive assessment
of RNA integrity than higher cycle numbers.

Marker sensitivity
To assess the sensitivity of each marker for the detection of

melanoma cells in lymph node tissues, decreasing numbers of

UCT-Mel-1 cells were spiked into 0.1 g of normal lymph node

tissue as described earlier. Tyrosinase proved the most

sensitive by allowing the detection of as few as 10 melanoma

cells in 0.1 g of normal nodal tissue (fig 2). MART-1 was

almost as sensitive (100 melanoma cells in 0.1 g of normal

nodal tissue), with MAGE-3 and Pmel-17 confidently detect-

ing 1000 melanoma cells in 0.1 g of normal nodal tissue

(although the 100 melanoma cell dilution was also weakly

Figure 1 Optimisation of the PCR cycle number for each marker. Lanes 1–10, 10 normal (donor) lymph nodes. Lanes +C, positive controls
(UCT-Mel-1) for each marker. The optimal PCR cycle number for tyrosinase, MAGE-3, MART-1, Pmel-17, and porphobilinogen deaminase
(PBGD) was 40, 35, 35, 30, and 30, respectively. Using higher PCR cycle numbers than these for each marker resulted in the detection of
unwanted transcripts. The PCR product sizes for tyrosinase, MAGE-3, MART-1, Pmel-17, and PBGD are 250, 413, 299, 669, and 339 bp,
respectively. The results are representative of two independent experiments.
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detectable for both markers). Overall, excellent sensitivities

were achieved with all the markers, even with the reduced

PCR cycle numbers needed to achieve 100% specificity.

However, less sensitive markers, such as Pmel-17, are more

likely to produce false negative results when evaluating SNs

for micrometastases.

To minimise the cost of the assay, we decided to investigate

whether markers with the same optimal PCR cycle number

(MART-1 and MAGE-3 at 35 cycles, Pmel-17 and PBGD at 30

cycles) could be combined in the same reaction (that is, mul-

tiplexed). This was facilitated by the fact that the relevant

primer combinations had the same optimal annealing

temperatures (65°C) and their product sizes were different

enough to allow easy distinction by agarose gel electrophore-

sis. However, it was first necessary to assess whether

multiplexing of primer sets would affect PCR sensitivity and

specificity. No significant reduction in the sensitivities of each

marker was observed with multiplexing and no non-specific

bands were observed (results not shown).

Reproducibility
To obtain an accurate assessment of the reproducibility of the

nodal processing protocol and the RT-PCR assay, quadruplet

normal nodal tissue samples (each 0.1 g) were spiked with 10

UCT-Mel-1 cells. This was done essentially as described earlier,

except that the melanoma cell lysate was also subjected to the

nodal homogenisation process. Excellent reproducibility of the

entire protocol for the detection of very low numbers of

melanoma cells in nodal tissue was shown (fig 3).

Marker detection rate
Heterogeneity of marker expression occurs among tumour

cells, particularly at increasing stages of tumour

progression.34 36 37 Therefore, another objective of our study

was to determine whether a multimarker assay as opposed to

a single marker assay would improve the detection rate.

Therefore, the in vitro and in vivo expression profile of each

marker (at the optimum PCR cycle number) was determined

by evaluating eight melanoma cell lines and four melanoma

involved lymph nodes (all enlarged), respectively (fig 4A, B). It

has been shown that melanoma cell lines, like melanocytes,

tend to lack marker heterogeneity.37 In accordance with this,

MAGE-3 and Pmel-17 both showed 100% detection rates for

the melanoma cell lines. Only MART-1, and to a lesser degree

tyrosinase, showed lower detection rates among the eight cell

lines. Of note is that there was no correlation between the

expression of the PCS markers (tyrosinase, MART-1, and

Pmel-17) and the presence or absence of visible pigment in the

cultured cell. Thus, a single marker assay with either MAGE-3

or Pmel-17 would have provided as high an in vitro detection

rate as the multimarker assay. Although the number of

melanoma involved nodes (all confirmed positive by H&E

examination) available for our study was limited, it was

surprising that the lymph nodes also showed lack of

heterogeneity in marker expression, with nodes 1, 2, and 4

expressing all four markers (fig 4B). However, node number 3

was not detectable with the markers (except for a very faint

Pmel-17 band) and was one of two lymph nodes that were

Figure 2 Assessing the sensitivity of each marker by using normal
nodal tissue spiked with decreasing numbers of UCT-Mel-1 cells.
Lanes 1 to 4: 101, 102, 103, and 104 melanoma cells spiked into 0.1
g of normal nodal tissue, respectively. The results are representative
of two independent experiments. PBGD, porphobilinogen
deaminase.

Figure 3 Reproducibility of the entire protocol used in our study.
Lanes 1–4, tyrosinase and porphobilinogen deaminase (PBGD)
yields from four independent nodal tissue samples each spiked with
10 UCT-Mel-1 cells and subjected to the entire protocol (nodal
processing and reverse transcription-polymerase chain reaction
(RT-PCR)). Lane 5, negative controls (H2O) for tyrosinase and PBGD.
Lane 6, positive controls for tyrosinase and PBGD (UCT-Mel-1 RNA
as RT template). The results are representative of two independent
RT-PCR assays for each spiked node.

Figure 4 Assessing the in vitro and in vivo detection rates for each marker. (A) Lanes 1–8, UCT-Mel-1 to UCT-Mel-8 cell lines, respectively. (B)
Lanes 1–4, melanoma involved lymph nodes numbers 1 to 4, respectively. MART-1 and MAGE-3, in addition to Pmel-17 and porphobilinogen
deaminase (PBGD) were multiplexed. The results are representative of two independent experiments.
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involved with unpigmented melanoma cells. Nodes number 1

and 2 contained metastatic deposits with at least focal areas of

pigmentation/hyperchromasia. Thus, in our study the use of

multiple markers did not result in a better in vivo detection

rate than a single marker assay.

Expression profile of melanoma cells versus
melanocytic nevi
Because nodal nevi are probably derived from dermal/

epidermal melanocytes, we used pigmented skin to compare

the expression of the four molecular markers in melanoma

involved lymph nodes with those in skin melanocytes (with

skin melanocytes being representative of nodal nevi). As

expected, MAGE-3 was found to be the only marker that is not

expressed by melanocytes (fig 5, lane B). Thus, the three coex-

pressed PCS markers might contribute to false positives when

analysing melanoma draining lymph nodes (for example, the

SN).

DISCUSSION
The early detection of occult metastases remains an immense

challenge to oncologists. The improved detection of microme-

tastases holds the key to many basic questions on the

initiation of metastasis and, importantly, would open the

doorway for the testing, and ultimately, the application of

tumour immunotherapy. The molecular detection of SN

micrometastases offers a more sensitive and cost effective

approach to the analysis of the entire SN compared with the

standard histopathological examination of the SN. However,

the lack of marker specificity currently represents a major

stumbling block to progress in this field. Our study focuses on

the improvement of specificity by excluding the detection of

unwanted transcripts and differentiating between melano-

cytic nevi and malignant melanoma transcripts in lymph

nodes.

“The presence of unwanted transcripts in the tissue being
analysed poses the most serious technical barrier to the
elimination of false positives”

We have considered several ways in which false positive

results can arise during the analysis of SNs. Given that a small

amount of genomic DNA will undoubtedly be present in every

RNA extract, primer pairs for each marker should be designed

such that they are specific for the cDNA template. Thereafter,

a cDNA negative control should be performed at least once (at

the outset of assay optimisation) for each marker. The cDNA

specificity of each primer set was confirmed by the absence of

non-specific bands on agarose gels (results not shown).

Importantly, this cDNA negative control will also exclude the

presence of pseudogenes. If present, they would be coampli-

fied by the primers that were originally designed to amplify

cDNA only, producing a PCR product indistinguishable from

that derived from the cDNA template.38 To complicate the

matter further, because pseudogenes for GAPDH and β actin

exist, a false impression of good RNA quality could be

obtained if these are used as internal controls.38 Because we

have found no evidence for a PBGD pseudogene, and given

that it is expressed at lower amounts in each cell than the

other commonly used housekeeping genes, we strongly advise

its use as an internal control.
The presence of unwanted transcripts in the tissue being

analysed poses the most serious technical barrier to the elimi-
nation of false positives. Optimising the PCR cycle number, by
making use of appropriate control tissues, is the key to
overcoming this barrier. In our study, visceral nodes were used
to achieve marker specificity. These nodes are known to be free
of nodal nevi (histologically), and therefore it is reasonable to
assume that the false positives detectable at high PCR cycle
numbers for each of the PCS markers (and probably also for
MAGE-3) are caused by illegitimate and/or Schwann cell
transcripts, and not by the presence of nodal nevi. Because
non-melanoma tumour involved nodes are easily available,
they are often used as controls for assessing marker specificity.
A few studies have shown that non-melanoma tumour
involved nodes, in addition to non-neoplastic lymph nodes
(for example, nodes with chronic unspecified lymphadenitis)
do not have detectable amounts of PCS markers, even though
most of these investigators used the more sensitive nested
PCR approach.13 27 37 39 40 In contrast, others found detectable
amounts of PCS markers in non-melanoma tumour involved
lymph nodes using nested PCR.25 41 To confirm the specificity
of the PCS markers, 13 enlarged lymph nodes from patients
with breast cancer were evaluated for PCS marker expression
at the optimised PCR cycle numbers. Five of these 13 nodes
were tyrosinase positive, four were MART-1 positive, and three
were Pmel-17 positive (results not shown). Therefore, it can be
concluded that the detection of PCS markers in the breast
cancer nodes was the result of aberrant PCS marker
expression by breast cancer cells. Consequently, if breast can-
cer involved nodes had been used in our study to assess PCS
marker specificity, lower PCR cycle numbers would probably
have been necessary to achieve specificity, and some of these
markers would probably have been too non-specific and
therefore inadequate. Thus, it is vital to use appropriate
control tissues (that is, cancer free nodes) for the necessary
optimisation of PCR cycle number. In addition, our study con-
clusively shows that nested PCR is superfluous, because
unwanted marker transcripts become detectable in nodal tis-
sues even with limited, single stage PCR cycle numbers.

Because of the presence of unwanted marker transcripts in
normal nodes, the sensitivity of a marker should merely be a
default of its specificity. Therefore, to achieve maximum
specificity for the molecular analysis of nodal tissue (as for
other target tissues), a certain degree of sensitivity will have to
be forfeited. H&E staining and immunohistochemical analy-
ses are typically capable of detecting one cancerous cell in a
background of 104 and 105 normal cells, respectively.5 With a
sensitivity of 10 melanoma cells for each 0.1 g of normal nodal
tissue, as determined here for tyrosinase, it can be calculated
that molecular analysis is 200 times more sensitive than H&E
staining and 20 times more sensitive than standard immuno-
histochemistry. This estimation is based on the fact that there
are about 2 × 108 human diploid fibroblasts (16–18 µm in
diameter) in each gram of wet weight.42 This compares
favourably with reported RT-PCR sensitivities of one cancerous
cell in a background of 106–107 normal cells.5 It should be
noted that the sensitivity assessment is based on the
expression of these markers in the UCT-Mel-1 cell line.

Figure 5 Differentiating between melanoma cells and melanocytic
nevi. Lanes A and B, melanoma involved node and pigmented skin,
respectively. The results are representative of two independent
experiments. PBGD, porphobilinogen deaminase.
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Furthermore, the expression of markers is often upregulated
or downregulated in cultured cells,37 so that this in vitro sensi-
tivity assessment is not necessarily representative of the in
vivo situation. Therefore, it would be more appropriate to spike
melanoma cells derived from several different melanoma
involved lymph nodes into normal nodal tissue to gain a more
accurate assessment of marker sensitivity. However, such an
experiment would be technically challenging. Nevertheless,
our approach is more representative than the sensitivity
assessments of other investigators, who merely spiked
decreasing numbers of melanoma cells into a fixed number of
lymphocytes.25 26 43

The risk of producing a false negative RT-PCR result is
greatly increased when there are low numbers of specific
mRNA template molecules (for example, as for melanoma
nodal micrometastases). Even minor variations in RNA
extraction and RT-PCR efficiency, and/or minor degrees of
RNA degradation may contribute to false negatives, because
these variations usually go undetected by the conventional
controls (for example, housekeeping gene). An additional
problem is that the specific RNA aliquot evaluated may not
always contain sufficient mRNA copies to produce a positive
result (sampling error).33 Therefore, the accurate detection of
micrometastases necessitates high assay reproducibility and
appropriate controls. We have shown excellent reproducibility
of the entire protocol for the detection of very low numbers of
melanoma cells in nodal tissue. Furthermore, our novel
homogenisation method (international patent pending) has
been developed with the aim of improving reproducibility in
RNA extraction. The technique breaks down tissue by provid-
ing high speed (50 Hz), single plain harmonic motion to the
metal ball located in the tube. The diameter of the ball was
carefully selected to give maximum disruption of tissue
between the ball and sidewalls of the vial. By making use of
disposables only, the risk of intersample contamination and
RNA degradation is reduced. Importantly, the protocol is rapid
and cost effective, which further facilitates implementation of
this protocol for routine clinical purposes.

Because tumour marker heterogeneity could result in false
negatives, it is important to develop a multimarker approach
to improve the detection rate. The lack of marker expression in
many amelanotic nodal metastases (and as seen in node 3, fig
4B) suggests the need for a marker(s) that is/are capable of
more accurately detecting amelanotic melanoma
metastases.37 The CTA markers are good candidates because
their expression is unrelated to the pigmentation pathway.
Unfortunately, MAGE-3 was not detected in node 3, but there
are other members of the MAGE-A family (such as MAGE-6
and MAGE-12), which have recently been shown to have bet-
ter detection rates than MAGE-3.31 However, contradictory
results regarding these detection rates have been published.30

Unfortunately, the in vivo expression profile of the markers,
as assessed on macrometastases, does not permit a final con-
clusion because larger numbers of these nodes still need to be
analysed. However, the use of such nodes can lead to a false
impression of a high detection rate in nodes containing
micrometastases. For example, markers with low sensitivity,
such as Pmel-17, might appear to provide a high detection rate
when analysing nodes containing macrometastases, but
would actually have a low detection rate if nodes containing
micrometastases were analysed. Its lower sensitivity and its
high false positive rate at 35 PCR cycles, makes it unsuitable as
a marker for the detection of SN micrometastases. In addition,
it has been shown that the marker expression profile of nodal
micrometastases differs from that of macrometastases,
presumably because the micrometastases have been shown to
be in a dormant state.44–47 Therefore, ideally multiple SNs con-
taining micrometastatic deposits (confirmed by histopathol-
ogy) should be used for a clinically accurate assessment of the
in vivo detection rate.

Neval cells and Schwann cells, both present in lymph nodes,
have been shown to have similar immunohistochemistry

expression profiles to skin melanocytes.41 48 49 This is problem-
atical for the specific molecular detection of melanoma cells in
nodal tissue. Although the numbers of these cells within a
lymph node are minimal, the extreme sensitivity of RT-PCR
means that these “non-melanoma” transcripts could become
detectable with PCR. Because the cellular origin of the specific
transcripts cannot be confirmed as they can with H&E, false
positives using RT-PCR might arise. Fortunately, by optimising
the PCR cycle number on normal control lymph nodes, false
positives caused by the presence of Schwann cells (present in
all normal lymph nodes) can be eliminated.

Benign nodal neval clusters are reported to be present in
4–8.5% of melanoma draining SNs, whereas 1% of non-SNs
within a melanoma draining regional lymph node basin con-
tain nevi.49 50 Only approximately 0.1% of nodes draining non-
melanoma tumours (as evaluated mainly on breast cancer
draining nodes) have been found to contain nevi. No nevi have
been detected in non-skin draining nodes.51 The 8.5%
incidence rate of nodal nevi in melanoma draining SNs (that
have been shown to be free of metastases by histopathology)
is of concern, because it could result in false positives in up to
8.5% of patients with melanoma undergoing SL. Unfortu-
nately, it is not possible to determine this false positive RT-PCR
risk by using normal nodes as controls (even skin draining
nodes), because nodal nevi are present almost solely in
melanoma draining SNs. Although most investigators men-
tion the existence of nodal nevi as a possible cause of false
positive results,27 39 most studies nevertheless continue to
make use of PCS markers for the specific detection of
melanoma micrometastases. There are probably two reasons
for this: (1) there is limited marker choice for the detection of
melanoma cells, and (2) it is still not clear whether the SN
neval load is high enough to be detectable by optimised
RT-PCR for these markers.

“It is recommended that more emphasis should be
placed on the development of a panel of cancer testis
antigen markers, which will be useful for melanoma and
other carcinomas”

In our study, normal visceral nodes were used as controls.

Unfortunately these and other negative control tissue cannot

exclude the detection of nodal nevi in melanoma draining SNs.

Therefore, the specificities achieved for each marker in these

control nodes might be lower in melanoma draining SNs. In

future, true marker specificity should be assessed by making

use of melanoma draining SNs shown (by histology) to contain

nevi, but to be free of metastases. If such nodes were shown to

be RT-PCR negative for the PCS markers using the optimised

parameters, this would prove that SN nevi would not produce

false positives with these markers. Neval cell containing,

melanoma draining SNs would be the most appropriate control

tissue, but there is a major limitation to developing these con-

trols: if any of these SNs were shown to be RT-PCR positive for

any of the PCS markers it would be reasonable to conclude that

these nevi would cause false positives. However, the coexist-

ence of metastatic deposits that were missed by pathological

examination would first have to be excluded in these control

nodes (for example, by performing RT-PCR for a CTA marker),

because these metastatic deposits could be producing the

detectable PCS transcripts, and not the nevi. This in itself is a

problem because there are as yet no CTA markers with 100%

detection rates. Therefore, the development of adequate

controls to ensure that PCS markers will not cause false posi-

tives is essentially not possible at present.
We have shown that a highly specific and sensitive RT-PCR

assay for detecting nodal metastases is achievable by careful
and systematic optimisation of essential assay parameters.
However, the use of PCS markers carries a risk of false positiv-
ity because of an approximate 4–8.5% incidence rate of nodal
nevi in melanoma draining SNs (these nevi being absent in
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normal visceral nodes).49 51 In addition, the use of breast

epithelial markers for the detection of breast metastases in SNs

will carry a similar risk of false positivity, as a result of the

presence of benign epithelial inclusions in breast cancer drain-

ing SNs.46 In light of this fact, it is recommended that more

emphasis should be placed on the development of a panel of

CTA markers, which will be useful for melanoma and other

carcinomas. The MAGE gene family offers attractive

candidates.52 Once such a panel has been shown to provide

specific and optimum detection of melanoma SN metastases,

the PCS markers can be excluded to ensure a zero false positive

rate. In addition, the CTA markers are more likely to have prog-

nostic value than the PCS markers, because CTA molecules are

essentially involved in the metastatic process, whereas PCS

molecules are solely involved in the pigmentation pathway.

In conclusion, it is worthwhile at this stage giving thought

to the issue of how worldwide standardisation could be

achieved should molecular evaluation of the SN be shown to

be of clinical value. Ideally, every laboratory analysing SN tis-

sue for the detection of micrometastases should use the same

RT-PCR reagents, molecular markers, PCR primers, and

parameters (and even the same brand of PCR machine), in

addition to quality controls, because this would facilitate the

achievement of similar sensitivities and specificities. However,

achieving this would be extremely difficult and even unrealis-

tic. Instead, we suggest the use of an international set of con-

trol lymph node tissue RNA: each laboratory should ensure

that their optimised RT-PCR assays do not detect unwanted

transcripts in this set of control tissues (a significant number)

to confirm the specificity of their multimarker assays.
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