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Chapter 1: Literature review 11 

In the 1960's it was further noted that within a testicular nodal basin, if intra-operative 

lymphatic mapping was performed, the injected dye or colloid would always first drain to 

a specific lymph centre composed of usually 1-2 lymph nodes. In the 1970's the concept 

of additional intra-operative lymphatic mapping, with the identification and removal of 

these first-draining nodes was first developed for penile cancer. The hypothesis was that 

the tumour cells entering the lymphatic vessels would, like the dye or colloid, most likely 

first involve this same specific lymph centre. It was only in the 1990's that this procedure 

was re-awakened by Morton and colleagues and the term "sentinel" node (SN) was 

coined for the first-draining node in the RLN basin,115 with the term sentinel 

lymphadenectomy (SL) used to describe the procedure of surgically removing this node. 

More recently, the accuracy of correctly identifying the SN at surgery has been 

significantly improved by the introduction of a combination of the blue dye plus a 

radioactive agent, this being traced with a hand held gamma-detection probe.37 The rate 

for successful identification of the SN in a patient now approaches 100% after a 

recommended learning curve of about 30 cases for each surgeon.45, 119 (see Figure 

1.1 ). 

~LN basin I 

SN : injection site- specific 
first draining lymph node(s) 
within the RLN basin 

Figure 1.1 Schematic representation of the lymphatic drainage pattern of blue dye and 
radioactive colloid, after being injected at the site of the primary tumour. Diagram 
adapted from Cochran (1997).120 

Of note is that up to 30% of melanoma patients have more than one SN in either the 

same basin, in another drainage basin,45, 121-123 or occaSionally as an in-transit lymph 

node124 or aberrant node. 125 This emphasises the importance of performing pre-
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Chapter 1: Literature review 27 

1.2.4) . However, the majority of these false-negative SN cases seem to arise due to the 

sub-optimal detection of SN micro-metastases (even if additional IHC and serial sections 

have been used) These histopathological false-negatives most likely arise because, as 

mentioned previously, only 1-5% of the SN can be examined (at best).24, 115, 146, 147,205 

Here lies the significant advantage of additional molecular evaluation of the SN: Studies 

have shown that RT-PCR evaluation of SN tissue is significantly more sensitive than 

histopathological evaluation. SNs that are positive by histology are almost always also 

positive for tyrosinase RT-PCR.128, 131, 146-148, 151, 152, 158 , 187, 202, 203 In addition , the latter 

seems to allow the detection of melanoma metastases in the SN that would otherwise be 

missed by histopathology. These studies have found that RT-PCR would result in the 

upstaging of approximately 20% (and in some stud ies even up to 60%) of primary 

melanoma patients who have been found to be tumour-free by histopathological 

evaluation of their SN(S).75, 126, 128, 131,140-148, 151,187, 203,213 

The clinical significance of being able to more sensitively detect occult metastases has 

been confirmed by the comparison of recurrence rates in patients who have had their 

SNs evaluated by both techn iques: Those patients who are SN-negative by both RT-PCR 

and IHC, have a significantly lower recurrence rate (0-6%) than those patients shown to 

be SN-negative by IHC examination alone (up to 25%-see .above)(see Figure 1.2). Those 

patients who are upstaged by molecular eva luation (i.e. RT-PCR-positive but IHC­

negative) have an intermediate recurrence rate of 13-25%, this being compared to a 

recurrence rate of approximately 31-67% for those patients who are SN-positive by both 

techniques.128, 146,203 

IHC-positive IHC-negative IHe-negative 
SN status : RT -PeR-positive RT -PeR-positive RT -PeR-negative 

(molecularly-upstaged) I 

Recurrence rate: 31-67% 13-25% 0-6% 

Figure 1.2. Summary of the intermediate risk of recurrence in melanoma patients who are 
upstaged by RT-PCR evaluation of their SN 
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Chapter 2: Materials and Methods 34 

dissected on a sterile Petri-dish placed on a very cold surface (4°C). This was done 

since the recommendation for the RNA isolation reagent used i.e. TriPure (Boehringer 

Mannheim, 8M, Mannheim, Germany) is not more than 0.1 g solid tissue per 1 rnl 

TriPure, with the cryovial's maximum volume being approximately 1.5 ml (with the ball 

and tissue). A sterile blade and forceps (see A.2) were used for each lymph node. Large 

amounts of extra-nodal fat were first dissected off. The remaining tissue was dissected 

into pieces weighing approximately 0.15 g, and each then placed in a labelled sterile 2 

ml polypropylene cryovial. The vials with tissue were snap-frozen in liquid nitrogen and 

stored at -75°C. The maximum time to elapse between surgical removal of the node and 

the freezing of the tissue was 2 hours. The tissue dissection was performed in a room 

separate from that used for gel electrophoresis. 

On resuming the nodal processing, a cryovial containing a nodal piece was removed 

from the freezer and a sterile 8 mm stainless-steel ball (Bearing Man, Maitland, SA), as 

well as 1.5 ml cold TriPure was immediately added. The vial was then closed and 

attached to a Tekniva homogeniser (Tekniva, Cape Town, South Africa). The 

homogeniser breaks down tissue by providing high-speed (50 Hz), single plain harmonic 

motion to the metal ball located in the tube (International patent pending). The diameter 

of the ball was carefully selected to give maximum disruption of tissue between the ball 

and sidewalls of the vial. The homogeniser was switched 'on' for 5 seconds, followed by 

10 seconds 'off, to prevent overheating of the sample. Effective tissue homogenisation 

usually required repeating the 'on-off cycle 5-8 times. 

High-speed oscillation 

8mm 
stainless 
steel ball 

0.15 9 nodal 
tissue 

1.5 ml RNA-
isolation reagent 

Figure 2.1 Schematic representation of the process of homogenising the nodal 
tissue The following oscillation parameters are adjustable: frequency, amplitude, duty 
cycle (on/off cycle time ratio) and total time on. 
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the use of 1 ~g RNA per RT reaction provided the same sensitivity as higher 

concentrations of RNA 

M 123456 
600 bp ~ 

~ Tyrosinase (250 bp) 

Figure 3.1. The effect of different RNA template concentrations on RT -peR 
efficiency for tyrosinase amplification. Lane M, 100 bp molecular marker. Lanes 1-5, 
RNA concentrations of 4, 2, 1, 0.5, and 0.1 I-Ig. Lane 6, negative (H20) control. 

3.1.2 Optimisation of the cDNA extension time 

The effect of different cDNA extension times on RT -PCR yield was next investigated in 

order to establish conditions under which maximum product yield might be achieved. 

Most RT protocols suggest a cDNA extension time of 45-60 mins. The manufacturer of 

the RT-enzyme used (i.e. Applied Biosystems) recommends 15 mins. Therefore, cDNA 

extension times of 15,30,45 and 60 mins were compared by using UCT-Mel-1 RNA and 

PCR primers specific for tyrosinase. 

No difference in RT-PCR product yield was detectable for cDNA extension times of 30, 

45 and 60 mins (Figure 3.2, lanes 2-4). Slightly less PCR product was obtained after a 

15 min cDNA extension time (lane 1), although this is not clear on the print of the gel. 

Therefore a 30 min cDNA extension was selected as the standard. 

M 1 2 3 4 5 

600 bp ~ 

Tyrosinase (250 bp) 

Figure 3.2. Optimisation of cDNA extension time using tyrosinase primers. Lane M, 
100 bp molecular marker. Lanes 1-4, cDNA extension times of 15, 30, 45 and 60 mins. 
Lane 5, negative (H20) control. 

3.1.3 Re-assessment of cDNA extension time 

It was shown above that a minimum of 30 mins was necessary for maximum RT -PCR 

yield. However, this assessment was performed on RNA samples from melanoma cells 
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that contain abundant tyrosinase mRNA template. The limitation of this experimental 

design is that any differences in yield between samples undergoing increasing extension 

times might be masked by the abundance of PCR products generated in each sample 

(see Figure 3.2 above). Thus, in order to more accurately determine the effect of 

different cDNA extension times on RT-PCR yield, the following experiment was carried 

out: Five identical samples of RNA from a normal node homogenate spiked with 10 UCT­

Mel-1 cells (see Materials and Methods, section 2.14) were each subjected to RT with 

different extension times (i.e. 5, 10, 15, 30 and 60 mins). This was followed by 40 PCR 

cycles for tyrosinase and 30 cycles for PBGD. 

The results showed that a 15 min cDNA extension time was sufficient for maximum 

tyrosinase yield (Figure 3.3, lane 3). However, for the housekeeping gene 

Porphobilinogen deaminase (PBGD) (see section 3.4), it would seem that longer 

extension times (30-60 mins, lanes 9 and 10) are needed for maximum product yield. 

1 2 3 

6 7 8 

4 5 

9 10 

.... Tyrosinase 
(250 bp) 

PBGD 
(339 bp) 

Figure 3.3 Re-assessment of optimal eDNA extension time. Lanes 1-5, cDNA 
extension times of 5, 10, 15, 30, 60 mins for tyrosinase. Lanes 6-10, cDNA extension 
times of 5, 10, 15, 30, 60 mins for PBGD. The results are representative of two 
independent experiments. 

3.1.4 Messenger RNA (mRNA) versus Total RNA hRNA) 

It has been reported that performing RT-PCR on an mRNA fraction instead of TRNA 

results in an increase in assay sensitivity as well as specificity.22o The next step was 

therefore to determine whether this would indeed be the case for the tyrosinase RT -PCR 

assay. In order to accurately do this, varying amounts of melanoma TRNA were spiked 

into constant amounts of TRNA from a Jurkat-T (JT) leukemic cell line (a non-melanoma 

cell line) (see Materials and Methods, section 2.6). 
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The results showed that the use of the mRNA extracted from the equivalent of 10
1 

or 

more UCT-Mel-1 cells (Figure 3.4, lanes 6,4 and 2) did not prove to be more sensitive or 

specific than performing RT-PCR on 1 ~g of TRNA of the same samples (Figure 3.4, 

lanes 5, 3 and 1). This result is difficult to explain since 20x more mRNA template 

should have been present in each of the final mRNA extracts compared to the samples 

with TRNA. Moreover, the removal of the bulk of non-target RNA (i.e. transfer and 

ribosomal RNA) during mRNA extraction should theoretically have contributed to a more 

sensitive assay when using mRNA. However, since the comparative analysis in this 

study did not (repeatedly) show an increase in RT-PCR sensitivity or specificity when 

using mRNA as template, this extra labour-intensive step, which also introduced extra 

costs and was prone to the introduction of technical inconsistencies, was abandoned. 

T m T 
1 2 3 

m T 
4 5 

m T m 
6 7 8 

Tvrosinase (250 bp) 

Figure 3.4. The use of mRNA versus TRNA. Lanes 1, 3, 5 and 7: PCR products using 2 
~g TRNA as template. Lanes 2, 4, 6 and 8: PCR products using the mRNA "fraction, 
extracted from approximately 38 ~g TRNA as template. Lanes 1 and 2: 2 ~g UCT-Mel-1 
TRNA in 40 ~g JT TRNA. Lanes 3 and 4: 5 ~g UCT-Mel-1 TRNA in 40 ~g JT TRNA. Lanes 
5 and 6: 50pg UCT-Mel-1 TRNA in 40 ~g JT TRNA. Lanes 7 and 8: JT TRNA only. The 
results are representative of at least two independent experiments. 

3.2 OPTIMISATION OF THE POLYMERASE CHAIN REACTION (PCR) PARAMETERS 

3.2.1 Optimisation of annealing temperature for each marker 

In order to ensure the highest PCR product specificity and maximum product yield, an 

annealing temperature gradient was performed for each of the chosen primer sets, as 

listed in Table 2.1. For all the primer sets, the amplification products were essentially 

identical over the range of annealing temperatures tested (55°C to 65°C) for each 

marker. Figure 3.5 shows the results from the RT-PCR reactions using the primers for 

MAGE-3. The results for the other markers are not shown. It was therefore decided to 

use 65°C as the annealing temperature for all the markers since an improved specificity 

is generally obtainable at a higher annealing temperature. Furthermore, the use of 
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identical annealing temperatures was advantageous since it was envisioned that, in the 

future, combined (multiplex) PCR might be carried out. 

Eg. MAGE-3 

600 bp 

.-413bp 

Figure 3.5. Optimisation of the annealing temperature for MAGE-3. M, 100 bp 
molecular marker. 

3.2.2 Co-amplification of markers (multiplex PCR) 

With multiplex PCR, two or more target cDNA sequences are co-amplified by including 

more than one primer set in the same reaction tube. Multiplex PCR has the potential to 

produce considerable time, effort and cost savings, without compromising test utility.221 If 

the internal control marker is included in a multiplex PCR reaction this could, in addition, 

facilitate future quantitative RT-PCR.222 However, special attention must be given to 

primer design to reduce the chances of non-specific interactions occurring, which could 

also reduce sensitivity and give rise to non-specific PCR products. There is no means of 

predicting whether such non-specific primer interactions will occur, and a trial-and-error 

approach is necessary. Moreover, it has been shown that if PCR products are not of 

similar sizes, they will not amplify consistently when used in a multiplex PCR reaction. 186 

Lastly, it is reported that co-amplification of high abundance housekeeping gene 

transcripts with low abundance gene transcripts is impossible.222 

In order to determine whether some of the PCR primer sets selected in this study (see 

section 3.5.2) could be co-amplified, the RNA from nodal tissue spiked with decreasing 

numbers of melanoma cells was used, and the following primer pairs tested together: 

The MAGE-3 and MART-1 primers were first co-amplified, since the optimal PCR cycle 

number (for maximum specificity) for both of these markers was found to be 35 cycles 

(see section 3.5.4). Thereafter, the Pmel-17 and PBGD primers were co-amplified, since 

30 PCR cycles was found to be optimal for both these markers (see section 3.5.4). (Co­

amplification of the primer sets was made possible by the fact that all the primer sets had 

been found to amplify optimally at 65°C.) 
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By comparing the sensitivities achieved with the above multiplex PCR reactions (Figure 

3.6), to the sensitivities achieved when the reactions were carried out separately i.e. 

uniplex PCR (see Figure 3.18, section 3.8), it was evident that co-amplification of these 

markers did not reduce the sensitivity or specificity for any marker. For example, MAGE-

3 was detected in samples containing a minimum of 102 cells in a background of 0.1 g of 

nodal tissue, whether amplified in a multiplex reaction with MART-1 (Figure 3.6), or as a 

uniplex reaction (Figure 3.18). 

Thus, three instead of five PCR reactions could be performed per assay using these five 

markers, this reducing the cost of reagents and disposables. Although further cost saving 

scould be achieved by co-amplification of all 4 markers plus the internal control (results 

not shown), the different optimal PCR cycle numbers made this inappropriate, unless 

real-time PCR had been used. Also, two non-specific bands having similar sizes as the 

MAGE-3 and MART-1 products were intermittently visible with single-marker PBGD 

amplification (results not shown), and this could have potentially confused the 

interpretation of the results. 

Number of spiked melanoma cells in 
0.1 9 normal nodal tissue 

500 bp ~ 

500 bp ~ 

c;.. -:-:- - . ...., ..... -----
MAGE-3 (413 bp) 

MART -1 299 bp 

Pmel-17 669 bp 

PBGD 339 bp 

Figure 3.6. Assessing the sensitivity and specificity of the (MAGE-3 + MART -1) and 
(Pmel-17 + PBGD) multiplex PCRs. Lanes M, 100 bp molecular marker. Lanes NC, 
negative (H20) controls. The results are representative of two independent experiments. 

* Note, MAGE-3 band for 102 melanoma cells not visible on print, but visible on original. 
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likely still be detectable, thereby producing a false-negative result for the marker. In order 

to solve this problem an alternative internal control marker was sought. Porphobilinogen 

deaminase (PBGD) is a house-keeping gene that encodes a protein involved in the 

haem-biosynthetic pathway. It is ubiquitously expressed, but at significantly lower levels 

than GAPDH and has thus been used as an alternative control gene in many published 

studies.78, 224, 225 The use of this marker, as an alternative to GAPDH for the control of 

RNA integrity (and RT efficiency), was therefore assessed by using decreasing quantities 

of UCT-Mel-1 RNA. Figure 3.7 confirms that there are fewer PBGD mRNA template 

molecules per I-Ig of UCT-Mel-1 RNA when compared to GAPDH, this having been 

previously reported by de Vries et al. (1999).78 This confirms that PBGD is a more 

sensitive internal control than GAPDH. 

1 2 3 
,. -
. ' I!IJII 
tJ!!!lii!I .. ..... r - • 

I 

.. GAPDH (600bp) 

.... PBGD (339bp) 

Figure 3.7. The comparison of GAPDH and PBGD expression in samples 
containing decreasing RNA concentrations. Lanes 1, 2 and 3, RT -PCR products with 
cDNA produced from 1, 0.5 and 0.1 I-Ig of RNA. The results are representative of two 
independent experiments. 

However, it remains to be established whether PBGD is sensitive enough to detect the 

minimum degree of RNA degradation needed to produce a false-negative result when 

micro-metastatic deposits are present in the SN. A possible way to address this issue 

would be to induce RNA degradation (in a controlled experimental manner) in normal 

nodal samples spiked with a few (e.g. 10-100) melanoma cells. If the tyrosinase signal 

disappeared with a limited amount of RNA degradation, yet the PBGD signal remained 

detectable, it would indicate that PBGD is inadequate to reveal limited RNA degradation. 

If this is the case, it might be worthwhile to search for an even more sensitive marker to 

assess nodal RNA integrity. 

It has been suggested that a more sensitive evaluation of RNA degradation could be 

achieved by introducing a constant number (103
) of Jurkat T ( . ..IT)-cells (these cells 

express the unique JT-ceU receptor, i.e. TCRBV) into samples, at the RNA extraction 

step.223 RT-PCR with primers for TCRBV could then be used to monitor RNA 

degradation. Unfortunately, this is an extra labour-intensive step and moreover, it would 
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Therefore, with the aim being to allow differentiation between melanoma cells and the 

specific but unwanted PCS transcripts derived 'from SN neval cells, it was decided to 

search for, and then include, a marker that is reported as being expressed by melanoma 

cells and not by nodal neval cells. At the time of marker selection, the melanoma­

associated antigen (MAGE) gene family, and in particular the MAGE-A genes, had been 

characterised and shown to be specific for malignant cells. These genes are now 

classified as cancer/testis antigens (CTA), since they are reportedly not expressed in any 

normal tissues other than testicular and placental cells.176. 178 MAGE-3 is a member of 

the MAGE-A gene family and has a reported detection rate of between 45-71 % for nodal 

melanoma cells. 128, 227 MAGE-3 was therefore selected for its potential to improve the 

assay's specificity for the detection of melanoma cells in nodal tissue. 

3.5.2 Selection of primers for single-stage peR for each marker 

Most studies using RT-PCR for the detection of metastatic melanoma cells make use of 

a nested (2-stage) PCR approach. This typically involves an initial 30 PCR cycles using 

an 'external' set of primers (e.g. > Tyr1, <Tyr2), followed by another 30 PCR cycles (using 

an aliquot from the first reaction) using an 'internal' set of primers (e.g. > Tyr3, <Tyr4), as 

shown for tyrosinase in Figure 3.8. 

INTRON 1 
5-27 kb 

INTRON 2 
size unknown 

EXON 1 EXON 2 ~ EXON 3 

5' -----==:::.--=.~ V z==__z:=- 3' 

>Tyr1 
(819-838) 

>Tyr3 
(864-883) 

<Tyr4 
(1051-1060) 

<Tyr2 
(1083-1102) 

Figure 3.8. Schematic representation of the cDNA positions of the nested 
tyrosinase primers used by Smith et al. (genomic organisation and primer positions 
are according to the Genbank accession numbers AF237807 and Y00819) 

The advantage of this 2-stage PCR is that a high degree of sensitivity can be achieved 

by increasing PCR product yield through the addition of fresh Taq polymerase after 30 

cycles. However, because the peR tube must be opened in order to add the fresh supply 

of Taq polymerase, there is an increased risk of releasing amplicons, which may then 

contaminate future reactions. 
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Therefore, in order to limit the risk of spurious false-positives due to amplicon 

contamination, in this study a single-stage PCR (i.e. one set of primers for each marker) 

was optimised for each marker. For tyrosinase, a previously reported single set of 

primers (see Materials and Methods, section 2.8) was tested for specificity (Figure 3.9). 

For MAGE-3, MART-1 and Pmel-17, various combinations of the available nested 

forward and reverse primers were tested as described in Materials and Methods (section 

2.8) and the results shown in Figure 3.10. 

M A 

600 bp ~ 

250 bp 

Figure 3.9. Tyrosinase single-stage PCR product using >Tyr3 and <Tyr2 primers. 
Lane M, 100bp molecular marker. Lane A, tyrosinase RT-PCR product 

M A B C D 

600 bp 

600 bp .. .... _-
600 bp 

A = >MAGE-3/a + <MAGE-3/a : 413 bp 
B = >MAGE-3/a + <MAGE-3/b : 374 bp 
C = >MAGE-3/b + <MAGE-3/b : 364 bp 
D = >MAGE-3/b + <MAGE-3/a : 403 bp 

A = >MART-lIa + <MART-lIa : 394 bp 
B = >MART-lIa + <MART-1/b : 354 bp 
C = >MART-1/b + <MART-1/b : 299 bp 
D = >MART-1/b + <MART-lIa : 339 bp 

A = >Pmel-17/a + <Pmel-17/a: 750 bp 
B = >Pmel-17/a + Pmel-17/b : 641 bp 
C = >Pmel-17/b + <Pmel-17/b : 560 bp 
0= >Pmel-17/b + <Pmel-17/a : 669 bp 

Figure 3.10. The different PCR products derived from the four different 
combinations of the available primers for MAGE-3, MART-1 and Pmel-17. Lane M, 
100 bp molecular marker. The primer pair then selected for each marker has been 
bolded. 

The tested tyrosinase primer set produced a very specific PCR product of 250 bp and 

was therefore used in the study for the detection of the presence tyrosinase mRNA. The 

most optimal single set of primers for MAGE-3, MART-1 and Pmel-17 was selected on 

the basis of specificity, comparative yield and size of the peR product (each set being 

indicated in bold-type in Figure 3.10). The results for the different combinations of the 

MAGE-3 primers, in particular, clearly indicated that certain combinations result in non-
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Primer sequence from Ref. 

!If 5' to 3' end 

GTC TTT ATG CM TGG MC GC 

TGCTGCTT 3) 207 59 

>MART-11b CACTCT 215-234 

MART-1 <MART-11b AGG TGA ATA AGG TGG TGG TGA 299 78 

>Pmel-17/b TGC TGG AGA GGT GGT CM GTG 

Pmel-17 <Pmel-17/a CTC CAG GTA AGT ATG AGT GAC 837-857 699 88 

>MAGE-3/a GM GCC GGC CCA GGC TCG 

MAGE-3 <MAGE-3Ia GGA GTC CTC AT A GGA TTG GCT CC 413 74 

>PBGD CTG GTAACG GCAATG CGG CT 32-51 

PBGD <PBGD GCA GAT GGC TCC GAT GGT GA 350-369 5) 339 78 

Ihli~h",rI forward for Hanekom and co-workers DNAMAN 5.1.0.0 

nn"citin'~., are based on the with the GenBank accession numbers: YOO819 for 
for MART-1, M77348 Pmel-17, U03735 for and 90 for PBGD. The exon 

tvrrlSlnl'llSF' is based on GenBank accession numbers AF237808 for MART-1 on 
U31807 and U31 for MAGE-3 on U03735 and for PBGD on 

;i:lr.r:nrrllnn to the DNA sequence instead of the cDNA sequence 
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A INTRON 2 
(size unknown) 

5' EXON2 EXON 3 3' 

>Tyr3 
(864-883) 

B INTRON 2 
(1S8 bp) 

<Tyr2 
(1083-1102) 

INTRON 3 INTRON 4 INTRON 5 
(+1- 1.6 kb) (393 bp) (248 bp) 

5' EXON 2 EXON3 EXON 4 V EXON 5 EXON 6 3' 

5' 

D 

>Pmel-17/b 
(189-209) 

INTRON 2 
(size unknown) 

EXON2 

>MART-1/b 
(215-234) 

EXON 3 

tNTRON 1 
(+1- 1.8 kb) 

INTRON 3 
(size unknown) 

<Pmel-17/a 
(837-857) 

INTRON 4 
(size unknown) 

EXON4 

INTRON 2 
(80 bp) 

EXON5 

<MART/b 
(494-514) 

5' ____ ~E:X:O=N~1~----.. -------E-X-O-N-2------~----~;E~X:O:N::3~ .. 

>MAGE-3 
(438-455)* 

*!he nuc:leotide oositions for the MAGE-3 orimers are from the DNA seouence 

<MAGE-3 
(2703-2725)* 

Figure 3.11. eDNA positions of the primers for tyrosinase (A); MART-1 (8); 
Pmel-17 (C) and MAGE-3 (D). 

INTRON 1 INTRON 2 INTRON 3 INTRON 4 
(size unknown) (176 bp) (size unknown) (size unknown) 

5' 
EXON 1 EXON5 

>PBGD >PBGD 
(32-51) (350-369) 

Figure 3.12. eDNA positions of the PBGD primers. 

3' 

3' 

3' 
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PBGD 
(339 bp) 

M 1 2 3 

TYR 
(250bp) 

1 2 3 

Pmel-17 
(669 bp) 

1 2 3 

600 bp -- -.. -
MART-1 
(299 bp) 

M 1 2 3 

60 

MAGE-3 
(413 bp) 

123 

Figure 3.13. Assessment of the cDNA-specificity of each primer set. Lanes M, 100 
bp molecular marker. Lanes 1, positive controls for each marker (UCT-Mel-1 RNA as RT 
template). Lanes 2, cDNA-negative controls for each marker (reverse transcriptase 
enzyme omitted from the RT-step). Lanes 3, negative (H20) controls for each marker. 
The results are representative of two independent experiments. 

Ideally, when designing or selecting primers for the specific amplification of cDNA, the 

forward and reverse primers should be positioned such that there is a large (greater than 

1 kb) intronic sequence between them. This will ensure that specific PCR amplification of 

genomic DNA does not occur. If there is a small intronic sequence (smaller than 1 kb and 

larger than 25 bp) present between the primers, this may allow some specific 

amplification of genomic DNA; however, such a PCR product should be easily 

distinguishable (on the basis of size) from the cDNA-derived peR product. In addition 

and where possible, one of the two primers should be intron-spanning (as for >Pmel-

17/b, Figure 3.11-8), this further reducing the risk of genomic DNA amplification. 59, 94,111 

Although the presence of an intronic sequence between a set of cDNA primers ensures 

that, even if specific DNA amplification occurs it will not lead to a false-positive result, it 

does not exclude the risk of a false-positive due to the presence of a pseudogene for that 

particular sequence. If present, a pseudogene would be co-amplified by the primers that 

were originally designed to amplify cDNA only, producing a PCR product 

indistinguishable from that derived from the cDNA template. 190 If a pseudogene for a 

particular marker is detected but a different primer set cannot be used, DNase treatment 

of the RT-template would help to prevent false positive results. 

A tyrosinase pseudogene has been described that shares 98% homology with exons 4 

and 5.222 However, the primers used in this study to amplify tyrosinase cDNA overlap 

exons 2 and 3 of the tyrosinase gene59 and should therefore not create a false positive 

result (confirmed in Figure 3.13). Of note is that a pseudogene homologous to the 

GAPDH cDNA sequence, as well as another pseudogene homologous to the l1-actin 

cDNA sequence, have also been identified. Therefore if these housekeeping genes were 
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The aim of the next set of experiments was to address this important question. By 

performing decreasing peR cycles on the cDNA derived from 10 normal visceral lymph 

nodes, the optimal cycle number (to the closest denominator of 5 or 10) was determined 

for each marker. A further 10 nodes were then tested at the respective optimal cycle 

number to confirm specificity for each marker (see Figures 3.14 and 3.15 overleaf). 

l PeR CYCLE NUMBER I 
30X 36X 40X SOX 

* TYR 0110 0120 1110 

M 
A MAGE-3 

0110 0120 4110 
R 
K MART-1 0120 4110 
E 0110 
R 

PmeI-17 0120 10110 

PBGD 20120 

Figure 3.14. Schematic representation of the results of the optimisation of peR 
cycle number for each marker. The optimal cycle number for each marker (Le. the 
maximum tested cycle number after which 0/20 normal node samples were found to 
have detectable marker expression) is highlighted with a green box outline. 

* The figure 1/10, for example, indicates that in one of ten tested normal lymph node 
samples tyrosinase mRNA expression was detected at 50 peR cycles. 

The results show that both MAGE-3 and MART-1 were 100% specific in 20 nodes, at 35 

peR cycles. However, at 40 PCR cycles, unwanted MAGE-3 transcripts were detected in 

4 nodes. Similarly for MART-1, unwanted transcripts were also detected in 4 nodes at 40 

cycles (although these nodes were not all the same nodes as for MAGE-3). In contrast, 

tyrosinase was found to remain 100% specific at 40 peR cycles or less, with unwanted 

transcripts being detected in 1 node at 50 peR cycles. Pmel-17 was found to have the 

lowest specificity of all four markers, and 100% specificity was achieved only at 30 peR 

cycles or less. At 35 cycles, unwanted Pmel-17 transcripts were detected in all of the 10 

nodes tested. PBGD transcripts were detected in all 20 normal nodes even at 30 peR 

cycles. 



University of Cape Town

I PCR CYCLE NUMBER I 
30 X 35 X 40 X 50 X 

10 normal nodes 10 normal nodes 

TYR ~ 10 normal nodes 

MAGE-3 => 

MART -1 ~ 10 normal nodes 
,.~ It . 

Pmel-17 

PBGD ... · .. ·"'if ....... 

Figure 3.15. Optimisation of the peR cycle number for each marker. 
Lanes 1-10, ten 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 PBGD was 40, 35, 35, 30 and 30 respectively. Using higher PCR cycle numbers than 
these for each marker resulted in the detection of illegitimate transcripts. The results are 
representative of two independent experiments. 
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3.6 WILL THIS MULTI-MARKER ASSAY ALLOW DIFFERENTIATION BETWEEN 

MELANOMA AND NEVAL CELLS WITHIN A NODE? 

As described above, it has been shown in this study that by optimising PCR cycle 

number on normal visceral lymph nodes it is possible to ensure that Schwann cell and 

illegitimate transcripts are not detected during analysis of the SN. It is however, still 

possible that false-positives may result from the detection of pigment cell-specific (PCS) 

transcripts that originate from nodal neval cells present in a significant percentage of 

melanoma-draining SNs. It was for this reason that a tumour-specific marker, namely 

MAGE-3 (a cancer/testis antigen) was investigated as an additional marker (see section 

3.5.1). 

In order to establish whether MAGE-3 would indeed be able to distinguish between neval 

cells and melanoma cells in a SN, the expression of this cancer/testis antigen (CTA) in 

these two cell types would need to be compared. Unfortunately, in this study, such a 

comparison was not possible, as lymph nodes containing nevi and no melanoma cells 

are almost impossible to obtain for the reasons discussed in section 3.5.4. Therefore, 

since nodal nevi are likely to be derived from dermal/epidermal melanocytes, (see 

Literature Review, section 1.4) the expression of MAGE-3 mRNA (as well as the three 

selected PCS markers) was determined in samples of pigmented skin, and this 

compared to its expression in a melanoma-involved lymph node. Of note is that, since 

the optimised peR cycle number for each marker was used, no illegitimate MAGE-3 

transcripts from the skin cells would be detectable. 

Tyrosinase 

MAGE-3 
MART-1 - .. 

Pmel-17 - _ 

PBGD - .. 

A B 

Figure 3.16. Expression of MAGE-3 and the PCS marker mRNAs in melanoma cells 
and skin melanocytes. Lanes A and B: Melanoma-involved node and pigmented skin 
respectively. The results are representative of two independent experiments. 
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the number of samples that are positive for a marker in a population of samples. It 

should always be kept in mind when considering such results, that detection rate is also 

dependent on the sensitivity of the assay.) 

DETECTION RATE 

Melanoma MARKER Melanoma-
cell linea involved 

Melanoma cell lines: nodee 
1 234 7 8 5 6 

Nodes: 
1 2 3 4 

718 * TYR 314 

818 MAGE-3 314 

5/8 IlART-1 314 

818 Pmel-17 314 --- .--.-~ 

PBGD PBGD ---. ------
Figure 3.17 Assessment of the in vitro and in vivo detection rates of each marker. 
To the left of the box: UCT-Mel-1 to -8 cell lines. To the right of the box: Melanoma­
involved lymph node number 1 to 4. MART-1 plus MAGE-3, and Pmel-17 plus PBGD 
were co-amplified. The results are representative of two independent experiments. 

* Detection rate: The figure 7/8 indicates, for example, that seven of the eight 
melanoma cell lines tested had detectable tyrosinase mRNA expression at 40 PCR 
cycles). 

The results of this study show that for the eight melanoma cell lines tested, both MAGE-3 

and Pmel-17 had a 100% detection rate (Figure 3.17, lanes 1-8 on the left). Only MART-

1, and to a lesser degree tyrosinase, showed lower detection rates amongst the cell 

lines. Of the four lymph nodes tested, the results show that nodes 1, 2 and 4 expressed 

all four markers (Figure 3.16, lanes 1, 2 and 4 on the right). Node number 3, however, 

did not express MAGE-3 or any of the PCS markers (except for a very faint Pmel-17 

band not visible on print). Overall, these results show that the multi-marker approach 

used in this study did not improve the assays detection rate for melanoma cell lines or 

melanoma-involved nodes, since a single-marker assay with either MAGE-3 or Pmel-17 

provided as high a detection rate as the multi-marker assay did. However, since only a 

small number of cell lines and lymph nodes were tested, this conclusion would have to 

be validated by determining the expression profiles of many more tissue samples. 
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profile of nodal micro-metastases differs from that of macro-metastases, with the former 

proposed to be in a "dormant" state. 111 , 208"210 (In this "dormant" state, cells might be 

quiescent and might therefore not express all the markers that fully metastatic cells 

express.) Therefore, ideally, multiple SNs containing micro-metastatic deposits 

(confirmed by histopathology) should be used if an accurate assessment of the in vivo 

detection rate of the markers is to be achieved. 

3.8 ASSESSMENT OF THE SENSITIVITY OF EACH MARKER 

Once assay specificity had been achieved by optimising PCR cycle number (see section 

3.5.4), an assessment of the assay's sensitivity could be determined without the risk of 

detecting illegitimate or Schwann cell mRNA transcripts. To the investigator's best 

knowledge, all studies using RT-PCR for the detection of melanoma cells in lymph nodes 

assess the sensitivity of their assay by spiking decreasing numbers of melanoma cells 

into a fixed number of lymphocytes.75, 112, 148, 151, 158 In this study, the sensitivity of each 

marker was assessed with a more accurate approach, i.e. by spiking decreasing 

numbers of melanoma cells into equivalent amounts of normal nodal tissue. 

Number of spiked melanoma 
SPIKED CELLS cells in 0.1 gram normal nodal tissue 

10
1 

10
2 

10
3 

10
4 

..... ---.... -!:::;;::::==;:==;:!---. 
MARKER 

-- -~ ,- TYR 2+ 3+ 3+ 3+ 

... ~ ... MAGE-3 1+ 2+ 3+ 

MART-1 1+ 2+ 3+ 3+ 

- .... ~I=Pmel-17 1+ 2+ 3+ 

PBGD 

Figure 3.18. Assessment of the sensitivity of each marker by using normal nodal 
tissue spiked with decreasing numbers of UCT-Mel-1 cells. 1+, 2+ and 3+ indicate 
the intensity of the PCR product bands, 1 + being very faint and 3+ being very strong. 
The results are representative of two independent experiments. 

* Note, MAGE-3 band for 102 melanoma cells not visible on print, but visible on original. 
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1 234 5 6 

TYR 
(250 bp) 

PSGO 
(339 bp) 

74 

Figure 3.18. Assessment of the reproducibility of the protocol used in this study. 
Lanes 1-4, tyrosinase and PBGD yields from four independent nodal tissue samples 
each spiked with 10 UCT-Mel-1 cells and subjected to the entire protocol (i.e. nodal 
processing and RT-PCR). Lane 5, negative (H20) controls 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 experiments (i.e. a total of eight nodal 
samples). 

Reproducibility of a protocol will, in particular, provide a means to assess operator 

consistency. Subsequent to achieving reproducibility, it is preferable that the same 

reagents, PCR machine, protocol and even operator be used for each assay in order to 

maintain this reproducibility. Finally, a higher false-negative rate is likely to occur in those 

laboratories with lower assay sensitivities. Therefore, ideally, every laboratory analysing 

SN tissue for micro-metastases should use the same reagents, protocol (particularly one 

that minimises RNA degradation and achieves maximum RT-PCR efficiency) and quality 

controls, since this would facilitate the achievement of similar sensitivities. 

3.10 CONCLUSIONS AND FUTURE DEVELOPMENTS 

The use of RT-PCR to detect melanoma nodal micro-metastases is potentially an 

extremely cost-effective and sensitive alternative to the histopathological evaluation of 

the sentinel node (SN) in primary melanoma patients. However, the main obstacle 

preventing this technique from becoming clinically applicable is its apparent lack of 

specificity. The main aim of this study was therefore to investigate whether it would be 

possible to develop a highly specific RT-PCR assay for the detection of small numbers of 

melanoma cells in nodal tissue. Other important aspects that were particularly addressed 

in this study were sensitivity, reproducibility and improved detection rate of the molecular 

assay. 
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Table 1. ~TNM~ T"'2. ~~~horC __ ~ 

T~ TIoidm.... I.IIa!mIicwt Sodus Climool 

T1 ,; 1.0 mm D: wi!houI uk:erolion and Mllilal N M N M 

b: wi!h uk:eroIion or ~ N/V 0 Ti, NO MO Ti, NO MO 
12 1.01·2.0""" 0: without ukeroIioo IA na NO MO na NO MO 

b: with uk:ernlion 18 lib NO MO Tlb NO MO 

T3 2.01·A.0""" D: without ulceration 1"20 NO MO l20 NO MO 

b: with ,,1O!mlion IIA l2b NO MO T2b NO MO 

T4 > 4.0mm 0: wi!houl ulceration 
Tlo NO MO T3a NO MO 

b: with uicerohon 
lIB Tlb NO MO llb NO MO 

T40 NO MO T40 NO MO 
N d"nihcotion No.oI~<~ Nodal MetmIaIic Man IIC T.4b NO MO T4b NO MO 

1 node 
18' Any" NI MO 

Nl a: mlcrometcntO!tI!t"' N: 
b: mocrometaw.;.t h:~, 

N2 2-3 nodes a: miaomelosto"s," lilA n·4" I'll" MO 
b: mocromemta.;.t n·4o ma MO 
c: in Iron.it me!I.)/soII!lljje(.) IIIF, n·4b 1'110 M() 

without melmlotic Tl·4b 1'120 MO 

nodes T1.4o NIl-> 11'.0 

N3 A or more memloli<: 1\·40 N2b 11'.0 

nodes, or molted Tl·401b Nil Me: 
nodes, or in lron';l IIIC T1·4b Nib Mel 

me!I.11 sorellile{.) TI·4b 1'1210 MG 

with _miotic 
Any T N3 MO 

nodei.) IV AnyT AnyN AnyMI Any T Any 1'1 AnyMl 

'Oinicol .Ioging include. microwging 01 !he primory melanoma and 
s.-..~ dinicol/radiologic e.oIoolion for __ .Ily~, il should be trl4!d 

M douifirot,on Sile Dehyd""9""'"'' oller romp/ele exci>ioo of the primary "",I""""", with clinical "' ..... menl"" 

Mia Di,tanl .kin, ""bcu!cmoom, or nodal meh Noonel and di""'" "",10.""",. 
Mlb metastases Normal include. microsloging "I !he po imary meIonomo and 

Mlc All v;scefal memlases Normal about !he regiOl1OI lymph node. """"' portiol or 

Any dislonl meta.ta';, Elevoted compIeIa ~y. I A poIierm "'" !he 
e>tc"","",; !hey do no! require lymph node. 

'Micr~ ore di~ aher ,."..,;ne! Of elecIM! iympmdelleclorny. ,n.e.-e ar" no 'loge ID 
tMacrometas.tases ore de~ned a. dinirolly deledOble nodal meta.ta_ 

conlirmed by lhe.-opeutic lympl-oodenedomY 0' when nodal melaw,i. e..hibits 
gross ""iraoop,ula, exten.ioo. 

Table 3, Surviwillmes lor Melanoma TN.M and Staging CaIegOries 

11>i""'- No. + Oi"""! No. 01 
SuMwul:,: Sf 

lNM Imml l)Ioeralion Nodes Nodal 5i"" MeIo,Io';. Palienh I·Y_ 2·Y"", s·y"", IO·Y""r 

IA Tla No ° 4,510 99.7 ~ 0.1 99.0 ~ 0.2 95.3::!: 0.4 87.9::!: 1.0 
18 Tlb Yeo or '-I N, V ° 1,380 99.8 ~ 0.1 98.7:!: 0.3 90.9:!: 1.0 83.1 :!: 1.5 

120 1.01-2,0 No 0 3,285 99.5~· 0,1 97,3.~ 0.3 89.0.t 0.7 79.2 :':. 1.1 
IIA T2b 1.01-2.0 Yes 0 958 98.2 ~ 0.5 92.9:+: 0.9 n.4:!: 1.7 64.4::!: 22 

T30 2.01-4.0 No 0 1,717 98.7 :'.: 0.3 94.3:!: 0.6 78.7::!: 1.2 63.8 :!: 1.7 
lIB T3b 2,01'4.0 Yes 0 1,523 95.1 ::!: 0.6 84,8:!: 1.0 63,0::!: 1,5 SO,8:!: 1.7 

T40 > 4,0 No 0 563 9A.8 :!: 1.0 88.6 :!: 1.5 67,4:.': 2.4 53,9:!: 3.3 
IIC T40 > 4.0 Yes 0 978 89.9:!: 1.0 70.7:!: 1.6 45.1 1.9 32,3:!: 2.1 
iliA Nla Any No 1 Micro 252 95.9:!: 1.3 88,0:': 2,3 69,5 ± 3.7 63,0:!: 4,A 

N20 My No 2·3 Micro 130 93.0:!: 2.4 82,7:!: 3,8 63.3:!: 5.6 56.9:!: 6.8 
1118 Nla Any YIl$ 1 Micro 217 93.3 :!: 1.8 75.0:!: 3.2 52,8:!: 4.1 37.8:!: 4.8 

N20 Any Yes 2·3 Micro 111 92.0:!: 2.7 81.0 ::!: 4.1 49.6 :!: 5.7 35.9:!: 7.2 
Nib Any No 1 M:lcro 122 88.5:,: 2.9 78.5 :!: 3.7 59.0:!:: 4.8 47.7:!:: 5.8 
N2b Any No 2-3 Macro 93 76,8::!: 4.A 65.6:!: 5.0 :!: 5.5 39.2:,: 5.8 

lIIe Nib Any Yes 1 Moero 98 n.9::!: 4.3 54.2:.': 5,2 29,0:!: 5.1 24.4:!:: 5,3 

N2b Any Yes 2·3 Moero 109 74.3:!: 4.3 44.1 :!: 4,9 24.0:!: 4.4 15.0:!: 3.9 
N3 My Any 4 Micro/macro 396 71.0::!: 2.4 49.8 :!: 2.7 26.7:!: 2.5 18.A:!: 2,5 

IV Mlo Any Any Any Any Skin, SO 179 59.3:!: 3.7 36.7 :!: 3.6 18.8:!: 3.0 15.7 :!: 2.9 
Mlb Any Any Any Any Lung 186 57.0:!: 3.7 23.1 :!: 3.2 6.7 :!: 2.0 2.5:!: 1.5 
Mlc Any Any My Any Other Y,Kemi 793 40.6:!: 1.8 23.6:!: 1.5 9.5:!: U 6.0:!: 0,9 

Tolal 17,600 
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