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Background Multimarker — quantitative real-time polymerase chain reaction
(qRT-PCR) represents an effective method for detecting circulating tumour cells
in the peripheral blood of patients with melanoma.

Objectives To investigate whether the phenotype of circulating melanoma cells
represents a useful indicator of disease stage, recurrence and treatment efficacy.
Methods Peripheral blood was collected from 230 patients with melanoma and
152 healthy controls over a period of 3 years and 9 months. Clinical data and
blood samples were collected from patients with primary melanoma (early
stages, 0—II, n = 154) and metastatic melanoma (late stages, III-1V, n = 76). Each
specimen was examined by qRT-PCR analysis for the expression of five markers:
MLANA, ABCBS, TGFB2, PAX3d and MCAM.

Results In total, 212 of the patients with melanoma (92%) expressed markers in
their peripheral blood. Two markers, MLANA and ABCBS, had the greatest prog-
nostic value, and were identified as statistically significant among patients who
experienced disease recurrence within our study period, being expressed in 45%
(MLANA) and 49% (ABCBS) of patients with recurrence (P = 0-001 and
P = 0031, respectively). For patients administered nonsurgical treatments,
MCAM expression correlated with poor treatment outcome.

Conclusions Circulating tumour cells were detectable at all stages of disease and
long after surgical treatment, even when patients were considered disease free.
Specifically, expression of ABCB5 and MLANA had significant prognostic value in
inferring disease recurrence, while MCAM expression was associated with poor
patient outcome after treatment, confirming multimarker qRT-PCR as a potential

technique for monitoring disease status.

Cutaneous melanoma is a tumour originating from normal
skin melanocytes. Global incidence of melanoma is increas-
ing," with an estimated 70 230 new cases annually in the
U.S.A.> Melanoma has a high metastatic potential,® and meta-
static melanoma is difficult to treat. It is important therefore
to find methods of detecting melanoma spread at early stages
for more accurate treatment and prediction of prognosis.

A staging system was devised by the American Joint Com-
mittee on Cancer (AJCC), based on histological features of the
primary lesion, and the presence of nodal and/or systemic
metastases in advanced disease.’> Due to increased awareness,
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most patients present with thin, localized melanoma, which is
usually curable by surgical resection. However, approximately
5% of patients with lesions < 1 mm thick, 25-40% of
patients with 2—4 mm lesions, and 50-75% of patients with
lesions > 4 mm thick develop metastatic disease and die
within 10 years.® Patients diagnosed with regional and distant
metastases have 10-year survival rates of 64% and 16%,
respectively.”*

Patients may suffer relapse following disease-free periods of
10 years or more.”® Evidently then, diagnosing patients as
clinically disease free after surgical removal of early-stage
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melanomas may be inaccurate, as tumour cells dispersed into
the bloodstream may remain dormant, prior to formation of
distant metastases.”

Considerable research into the detection of circulating
tumour cells in the blood of patients with breast, colorectal
and prostate cancer has shown that the presence of these cells
correlates with both disease progression and poor outcome.®™*¢
For melanoma, circulating cell analysis has not been success-
fully utilized clinically. Although several articles have indicated

. 17-22
their usefulness,

markers and methodology remain con-
troversial. Moreover, it is unclear whether circulating mela-
noma stem cells are prognostic’> or whether all circulating
melanoma cells have metastatic potential.**

Here we used multimarker quantitative real-time polymer-
ase chain reaction (qRT-PCR) to investigate the phenotype of
circulating cells in patients with melanoma. Given the sensitiv-
ity of qRT-PCR, it is suitable for assessment of rare circulating
melanoma cells,”® and multiple markers are essential given the
heterogeneous nature of melanoma cells."®*® Our markers
included melanocyte (PAX3d” and MILANA),”® tumour
(TGFP2* and MCAM)*° and stem cell (ABCB5)®' markers.
PAX3 regulates melanocytic development,®”* and the PAX3d
isoform is highly expressed in melanoma.’® ABCBS, a stem
cell marker, marks a subset of rare, chemoresistent melanoma

243136 (while MCAM is a marker of melanoma

stem cells,
L34
tumour progression.

We show that circulating tumour cells are detectable at all
stages of disease and persist long after treatment. Certain cir-
culating cells, specifically those marked by MCAM expression,
correlated with a poor treatment outcome, while ABCB5 and
MLANA correlated with disease progression and could aid in

monitoring disease status.

Patients and methods

Patient cohort

For this study, 230 patients and 152 healthy control partici-
pants provided written consent. Patients were recruited from
the Medical Oncology Department of Sir Charles Gairdner
Hospital and the Perth Melanoma Clinic at Hollywood Hospi-
tal (Perth, Western Australia) and consisted of 81 women and
149 men aged 24-96 years (mean 69 years), while the aged-

matched, healthy cohort, recruited from the general popula-
tion, contained 86 women and 66 men aged 18-99 years
(mean 51 years). The Human Research Ethics Committees of
Edith Cowan University (No. 2932) and Sir Charles Gairdner
Hospital (No. 2007-123) approved the study.

The study included 154 patients with primary cutaneous
melanoma and 76 with metastatic melanoma. AJCC clinical
staging categorized 16:5% of our patients as stage 0, 33:5% as
stage I, 17% as stage II, 13% as stage III and 20% as stage IV
(Table 1). Patients were sampled only once and their clinical
history was recorded; however, a subset of patients (n = 140)
was sampled serially throughout the study. Tumour burden
was calculated from pathology reports for a subset of 32
patients by calculating the sum of maximal tumour diameters
for all tumours within the patient, at the time of sampling.

Melanoma cell lines

Human melanoma cell line A2058 cells (EACC: 91100402),
were grown in Dulbecco’s modified Eagle’s medium media
containing 10% heat-inactivated fetal bovine serum (Invitro-
gen, Grand Island, NY, U.S.A)) in a T75 cm? flask (Greiner,
Monroe, NC, U.S.A.) until cells were ~70% confluent.

Blood collection, RNA isolation and amplification
protocols

At venipuncture, the first 4 mL of blood was discarded to
avoid epithelial contamination.’” A 2:5 mL sample of whole
blood was then collected into a PAXgene Blood RNA Tube
(PreAnalytiX, Hombrechtikon, Switzerland), containing RNA
stabilizers.*®

Total RNA was isolated using the PAXgene Blood RNA Kit
(Qiagen, Hilden, Germany) and DNase treated (DNA-free Kit,
Ambion, Carlsbad, CA, U.S.A.). RNA was quantified and the
integrity was qualified (Agilent 2100 Bioanalyser, Agilent
Technologies, Santa Clara, CA, U.S.A.). Samples with insuffi-
cient RNA levels (RNA integrity number < 8) were excluded.

Total RNA (250 ng) was converted to ¢cDNA (Omniscript
Reverse Transcriptase, Qiagen). Each reaction (20 pL) contained
2 pL of RT Buffer (1 X), 2 pL of deoxyribonucleotide triphos-
phates (dNTPs, 5 mmol L™"), 2 uL of oligo (dT) primer
(0-4 pg pL™"), 1 UL of RNase inhibitor (10 U pL~", mvitrogen)

Table 1 Quantitative real-time polymerase

AJCC stage of patients with melanoma % (n)

chain reaction marker detection in the

peripheral blood of healthy controls and in

Healthy patients with melanoma, categorized by
Marker 0 1 i 111 A% controls American Joint Committee on Cancer (AJCC)
MIANA 26 (10) 25 (19) 18 (7) 40 (12) 43 (20) 13 (19) stage
ABCB5 45 (17) 27 (21) 33 (13) 50 (15) 52 (24) 22 (33)
PAX3d 47 (18) 30 (23) 36 (14) 50 (15) 46 (21) 14 (21)
MCAM 42 (16) 49 (38) 46 (18) 53 (16) 43 (20) 14 (21)
TGFB2 63 (24) 64 (49) 74 (29) 77 (23) 59 (27) 22 (33)
N 38 77 39 30 46 152
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and 1 pL of Omniscript Reverse Transcriptase (4 U pL™"). Incu-
bation conditions were 37 °C for 1 h; then 5 min at 95 °C, and
included a no template control (NTC). qRT-PCR assays assessed
the number of mRNA transcripts (level of expression) for six
genes: MLANA, ABCBS, TGFB2, PAX3, MCAM and GAPDH. Each
15 pL reaction contained 1 pL of cDNA template, 1 X SYBR
GreenER gPCR SuperMix (Invitrogen) and 200 nmol L™" of pri-
mer (Table S1; see Supporting Information). Using an iCycler
iQS5 Real-Time Thermocycler (Bio-Rad, Hercules, CA, U.S.A.),
incubation was as per the manufacturer’s instructions.

To prevent contamination, all PCR reactions contained
uracil-N-glycosylase to prevent reamplification of carryover
PCR products,39
rate ultraviolet-treatable areas. Melting point determination

and different steps were performed in sepa-

and gel electrophoresis confirmed the expected size and iden-
tity of PCR products.

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), our
internal reference for reverse transcription efficiency, is not
upregulated in melanoma tissues or cultured cells relative to
normal samples;** samples with insufficient levels were
excluded. Every assay included a standard curve, negative con-
trols (NTC and reverse transcription control), positive control
(A2058 cell line) and ¢cDNA from a single healthy control.

Standard curve

A standard curve, to quantify mRNA copy number, was con-
structed using larger PCR products that included the target
sequence used in qRT-PCR assays. For each standard, an end-
point PCR primer set was designed (Table S2; see Supporting
Information). A2058 ¢DNA, synthesized from 250 ng of RNA,
was used as a template. Using a Taq DNA polymerase kit
(Qiagen), each 20 pL reaction consisted of 1 X Coral Load
buffer, 02 mmol L' of each dNTP, 2:5 U of Taq DNA poly-
merase, 1 pL ¢cDNA and 200 nmol L7 of primer. Incubation
conditions were 94 °C for 5 min, then 45 cycles of 94 °C for
30 s, then 55 °C for 30 s and 72 °C for 1 min. PCR products
were purified after agarose gel electrophoresis using the
freeze—squeeze method.*' Resulting stock template solutions
were quantified by spectrophotometric analysis (Nanodrop,
Thermo Scientific, Waltham, MA, U.S.A.) and diluted into
eight tenfold serial dilutions (10'-10® copies pL™"), from
which a standard curve for each target was generated on the
iCycler iQS Real-Time Thermocycler. The amplification effi-
ciencies of our target genes were between 96:4% and 100%.
Samples were analysed in duplicate with averaged Ct values
used for relative quantification. Relative mRNA copies for each
transcript were calculated by dividing absolute mRNA copies
of the target by that of GAPDH.
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Statistical analysis

The Pearson y’-test and Fisher’s exact test were used to exam-
ine the statistical significance of marker expression between
patient groups and controls. The Cochrane—Armitage trend test
examined the correlation between clinical stage, Clark level
and/or expression level. Positive and negative predictive values
were calculated to examine the sensitivity of our test.

The relationship between level of marker expression and
stage or presence of disease was investigated by the Mann—
Whitney U-test and Kruskal-Wallis H-test. Generalized linear
modelling was used to examine marker consistency. SPSS (SPSS
Inc., Chicago, IL, U.S.A.) was used for analysis, and differ-
ences of P < 0-05 were considered statistically significant.

Results

Multimarker gRT-PCR analysis was used to estimate the
phenotype and quantity of circulating cells in patient blood.
Marker positivity and level of expression were analysed for
correlation with disease presence, stage and recurrence, and
treatment outcome.

Marker expression in patient blood relative to controls

Patients with melanoma were significantly more likely to
express a melanoma cell marker in their blood (92%,
n = 212) than were controls (59%, n = 89; P = 0:000, odds
ratio 4206, 95% confidence interval 2:305-7:676). The num-
ber of markers expressed by participants was important, with
83% (n = 126) of healthy controls expressing either no mar-
ker or just one marker, in contrast to patients with melanoma,
who were highly likely to express two or more markers
(72%, n = 165; P = 0-012) (Table 2). The positive and nega-
tive predictive values of expressing a marker were 70% and
78%, respectively. Expression of two or more melanoma
markers improved the positive predictive value to 86%, with a
negative predictive value of 66%.

To identify the most informative markers, we analysed the
expression incidence of each marker in the patients. MLANA,
ABCB5, MCAM, PAX3d, and TGFP2 were detected in 30%
(n = 68), 40% (n = 90), 47% (n = 108), 40% (n = 91) and
66% (n = 152) of patients with melanoma, respectively.

Marker expression in patients relative to clinical stage

To assess marker utility, we analysed marker expression relative
to clinical stage. MLANA and ABCBS5 were significantly more

Table 2 Number of markers detected in the peripheral blood of patients with cutaneous malignant melanoma (CMM) and healthy controls

Number of markers 0 1 2 3 4 5 n
Patients with CMM % (n) 8 (18) 20 (47) 34 (79) 23 (54) 10 (24) 3 (8) 230
Healthy controls % (n) 41 (63) 41 (63) 11 (17) 4 (6) 2 (3) 0 152
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Table 3 Characteristics of the patients with melanoma

Prognostic factor Number of patients

Sex Male 81
Female 149

American Joint 0 38
Committee on I 77
Cancer stage I 39
III 30

v 46

Primary site Face 36
Torso 78

Arms 31

Legs 37

Scalp 14

No primary lesion 34

or unknown

Breslow thickness < 1 mm 103
(primary) mm 1—4 mm 82
> 4 mm 20

Unknown 25

Clark level 1 43
I 30

11T 20

v 81

v 15

Unknown 41

Ulceration No 178
Yes 34

Unknown 18

likely to be expressed in late-stage patients (stages III-IV; 42%
and 51%, respectively) than in early-stage patients (stages 0—II;
23% and 33%; P = 0003 and P = 0-006, respectively). No
other markers appeared to be stage related (Table 1).

Clinical factors including primary location, Clark level, Bre-
slow thickness and ulceration did not correlate with marker
expression (Table 3).

The Pearson y’-test was used to analyse whether the inci-
dence of marker expression in patient blood samples taken
within 1 month of clinical diagnosis differed from samples
taken at times > 1 month following diagnosis. For most
markers, expression did not differ between samples taken at
times less than and greater than 1 month following diagnosis.

However, TGFP2 was expressed slightly more frequently in
samples obtained more than 1 month following diagnosis
(47%, n = 187) relative to samples collected within the first
month following diagnosis (32%, n = 50; P = 0-001). Sam-
ples taken at times > 1 month after diagnosis were as likely to
express a marker (79%, n = 311), than samples taken within
the first month following diagnosis (71%, n = 110).

Marker expression correlates with disease recurrence

To investigate the prognostic value of our markers, the relation-
ship between marker expression and disease recurrence was
analysed. During our study, 73 patients (32%) experienced
recurrence, and in these patients both MLANA and ABCB5 were
expressed significantly more frequently (45%, n = 33 and 49%,
n = 36, respectively) than in patients without recurrence (23%,
n = 35 and 34%, n = 54; P = 0:001 and P = 0031, respectively)
(Table 4). Patients with recurrence expressed five markers more
commonly (8%, n = 6) than patients who experienced no
recurrence during our study (1%, n = 2; P = 0-013). Patients
with recurrence during our study were more likely to express
both ABCBS and MLANA (26%, n = 19) than patients without
recurrence during the study period (10%, n = 15; P = 0-002).
Coexpression of MLANA and ABCB5 produced a positive predic-
tive value of 56% and a negative predictive value of 72%.

When divided into stages, 48% of stage III-IV patients with
recurrence (n = 29) expressed MLANA compared with only
19% of stage III-IV patients without recurrence (n = 3;
P = 0-033). There was no correlation between MLANA
expression and recurrence in early-stage (0—II) patients. Analy-
sis of the presence and level of markers relative to time since
diagnosis, in patients who developed recurrence during our
study, revealed that markers were present in patient blood at
all stages, including many years after diagnosis or surgical
removal of the primary tumour, even when there were no
clinical signs of disease (Table 4).

Marker expression in relation to tumour burden

To examine whether marker expression correlated with
tumour burden, stage III-IV patients were divided into those

with one metastasis (n =16, mean tumour diameter,

Table 4 Quantitative real-time polymerase

Patients with recurrence
during study period % (n)

Time since diagnosis in relation to sampling in
patients with recurrence % (n)

chain reaction marker detection in the
peripheral blood of patients with melanoma,
categorized by recurrence and time since

Marker ~ Recurrence No recurrence < 1 month < 1 year <5 years > 5 years diagnosis
MLANA 45 (33)" 23 (35) 33 (2) 18 (7) 26 (32) 22 (18)

ABCB5 49 (36)° 34 (54) 0 18 (7) 22 (27) 32 (26)

PAX3d 41 (30) 39 (61) 33 (2) 21 (8) 22 (27) 15 (12)

MCAM 49 (36) 46 (72) 0 21 (8) 21 (26) 25 (25)

TGFB2 63 (46) 68 (106) 50 (3) 29 (11) 34 (42) 34 (34)

N 73 157 6 38 124 81

°P < 0-01 by Pearson y’-test.
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19-8 £ 132 mm) or multiple metastases (n = 16, mean of
sum of tumour diameter, 76:5 £ 36:06 mm) at the time of
sampling. Only MCAM expression was significantly related to
tumour burden, with the level of expression greater among
stage III-IV patients with multiple metastases (1-23 £ 1-66,
n = 4) than in those with only a single metastasis (0-67 *
049, n = 8; P = 0027).

Among stage III-IV patients, the surgical removal of a clini-
cally measureable metastatic tumour also influenced marker
expression. MLANA and PAX3d were expressed less frequently
in patients following the surgical removal of a clinically
measureable metastatic tumour (18%, n = 29; 19%, n = 30,
respectively), compared with patients with an existing tumour
burden (48%, n= 16 and 42%, n=14; P = 0000 and
P = 0-003, respectively). A significant reduction in the level of
ABCBS expression was observed in stage III-IV samples corre-
sponding to the removal of a clinically measureable metastasis
(019 £ 0-79), compared with samples with an existing
tumour burden (0-22 * 0-42; P = 0-011).

Marker expression in relation to clinical treatment

To analyse the effect of nonsurgical treatment on circulating
tumour cell phenotypes, marker expression was investigated
in 34 patients (15%) who received nonsurgical treatment.
Treatments included radiotherapy (n = 29), interferon alfa 2b
(n =5), limb infusion (n = 1), vaccine (n = 4), chemother-
apy (n = 9) and radio frequency ablation (RFA, n = 1).

Three patients were sampled both before and after their
nonsurgical treatment, whereas the majority of nonsurgically
treated patients were sampled during or following treatment.
The condition of two patients deteriorated post-treatment,
while the third remained stable (Fig. 1). Patient 1 was sam-
pled at diagnosis of a stage III melanoma, 2 months prior to
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radiotherapy treatment of the left and
expressed only ABCBS. After 17 months, with their left axilla

node identified as positive, the patient gained MLANA and

inguinal node,

MCAM expression and the level of ABCBS expression was
maintained. No markers were detected in patient 2, 3 months
prior to RFA treatment for a lung metastasis. Sampled
3 months after treatment, MLANA, ABCB5 and PAX3d were
detected; the patient died 3 months later. Patient 3 had posi-
tive lymph nodes and expressed no markers the day before
interferon alfa 2b treatment. Serial blood collections were then
made at 6, 12, 21 and 26 months post-treatment. TGFB2 was
detected at 6 and 12 months, and TGFf32, MCAM and ABCBS
were detected by 26 months with a fivefold decrease in
MCAM between the last two serial samples.

The majority of the nonsurgically treated stage IV samples
were collected after nonsurgical treatment (n = 26). To exam-
ine whether the phenotype of circulating melanoma cells
reflects the effectiveness of treatment, samples were divided
into those from patients who had a negative treatment out-
come (n = 40, progression and/or death) and those with a
positive outcome (n = 22, disease remained stable or tumour
size reduced). The expression of MCAM was significantly
more common in patients with a negative treatment outcome,
with 43% expressing MCAM (n = 17), while only 9% of sam-
ples from patients with a positive outcome expressed this mar-
ker (n=12; P =0006) (Table 5). The positive predictive
value for MCAM expression as a marker of poor clinical out-
come in patients with stage IV melanoma is 89-5%, while the
negative predictive value is 46-5%.

Marker consistency and serial blood collection

To determine consistency, 21:7% of all acquired blood sam-
ples had a technical repeat (second PAXgene Blood RNA Tube)

Patient 1 Patient 2 Patient 3
40
Markers
A
,l, O MLANA
30+
@ [y ABCBS5
3 B
bt l w Pax3d
s A
"E 204 & MCAM
s * TGFp2
5 l
¢ 40
e Treatment
E A
A g c D F L
008 @ 5] & * & l Progresmion
T T T T T T T T T T T T T T T T T T or death
(1] L1 10 15 2 X X 0 ] 10 15§ 20 2% X 0 s 10 15 20 25 X
Time (months)

Fig 1. Variations in the level of cell marker expression (relative mRNA copies) in patients 1, 2 and 3 relative to time (months). Significant clinical

events for each patient are indicated by capitalized letters. Patient 1: A, radiotherapy treatment to the left inguinal node; B, left axilla node

positive. Patient 2: C, radio frequency ablation treatment to a lung metastasis; D, patient deceased. Patient 3: E, positive lymph nodes; F,

interferon alfa 2b treatment.
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Table 5 MCAM expression in the peripheral blood of patients with
stage IV melanoma in relation to clinical outcome

MCAM expression % (n)

Clinical outcome 4 = N

Negative (disease 42 (17) 58 (23) 40
progression and/or death)

Positive (disease remained 9 (2) 91 (20) 22

stable or tumour size reduced)

taken on the same day. Expression in these samples was highly
consistent, with 70% of duplicate samples having identical
marker incidence and expression levels (n = 273).

Generalized linear modelling was employed to examine
serially collected samples (n = 140), acquired for each patient
at intervals of 6 months over a period of 2 years. For the
majority of our markers, time was not a significant variable,
with marker expression remaining consistent, regardless of
sampling time and regardless of stage (Table S3, see Support-
ing Information). However, for ABCBS expression, the inci-
dence significantly reduced over time (Wald y” = 16-209,
P = 0-000) in stage IV patients (odds ratio 0-2518, P = 0-000,
95% confidence interval 0-131-0-483), which may represent
the effect of nonsurgical treatment on ABCBS5 expression in
stage IV patients.

Discussion

This study showed that a multimarker qRT-PCR test for mela-
noma circulating cells correlated with melanoma diagnosis.
Very few patients with melanoma expressed no markers at all,
only 8%. However, a significant number of healthy controls
also expressed one marker. Therefore, patients and controls
are best differentiated by the number of markers expressed,
i.e. by a multimarker test.

Multiple markers were detected at all disease stages, even in
early-stage patients; however, the incidence was lower in these
patients than in later-stage patients. In contrast to previous
papers,'®** the levels and numbers of markers were not stage
related, possibly because of the use of ABCB5 and TGFf2,
both previously unused markers of circulating tumour cells.
TGFP2 was the most common marker in controls, so cannot
be recommended as a single marker for patient analysis.

By contrast, ABCBS, described by Frank and colleagues in
2003,31 was a highly informative marker.?>>*3¢ ABCB5
reportedly represents a subset of melanoma cells with a stem
cell phenotype and is thought here to represent a subset of
heterogeneous circulating melanoma cells present at all disease
stages. In this study it was identified as a potential predictor
of active recurrence/progression events, with its expression in
blood correlating with disease recurrence and progression in
patients, a finding that warrants further testing of this marker.
This marker was detected among patients regardless of
whether or not they were considered clinically disease free,

indicating that these stemlike circulating cells remain for long
periods in the blood. A role for ABCBS cells in disease spread
has been demonstrated in mouse-to-mouse transplantation
experiments, where circulating ABCB5-expressing tumour cells
were shown to be capable of initiating metastatic disease after
transplantation into donor mice.”®

Besides ABCB5, MLANA expression was also shown to be a
potential predictor of recurrence events in our patient cohort.
As ABCBS5-positive cells do not coexpress MLANA,** circulat-
ing cells must therefore include both stem and nonstem cell
phenotypes during recurrence. This may reflect a change in
stem cells to a nonstem cell phenotype during formation of
Previous studies described MLANA
expression as correlating with disease stage,”® and in this
study both MLANA and ABCB5 expression correlated with dis-
ease stage, with expression more common in advanced (stage

the metastatic tumour.*?

II-1V) than in early-stage (stage O0-II) patients. In fact,
removal of a clinically measurable metastasis significantly
reduced the expression of PAX3d, ABCB5 and MLANA in stage
III-IV patients, signifying the importance of metastases in
maintaining the haematogenous spread of tumour cells.”**

Utilizing these markers, circulating tumour cells were
detected at all disease stages long after surgical treatment, even
when a patient was considered clinically disease free. Thus, as
found in previous studies of circulating tumour cells,*>** the
mere presence of circulating tumour cells does not always cor-
relate with disease stage or metastatic recurrence, and add-
itional markers are required to stratify those early-stage
patients likely to have disease progression.

In our study, MCAM expression correlated with increased
tumour burden, a result consistent with recent in vivo studies
with nude mice that revealed a significant correlation between
MCAM expression and the formation of metastases.*® MCAM
was also the most suitable marker for monitoring response to
therapy, and indicates, presumably, ineffective eradication of
circulating melanoma cells, evidenced here by an increase in
the incidence of MCAM expression in patients with a negative
treatment outcome. MCAM expression could therefore be used
to monitor treatment resistance or risk of relapse. Given that
MCAM expression is thought to play a role in cell-cell and
cell-matrix interactions during formation of metastases, the
expression of MCAM in circulating cells may aid in the spread
of malignant melanoma cells throughout the body.”** A
previous study found MCAM to be a predictor of poor patient
survival and disease prognosis.**> Overall, 68% of nonsurgically
treated patients had a negative treatment outcome, highlight-
ing the poor response rate of patients to nonsurgical treat-
ments, and reflected here by 64% of these patients expressing
MCAM. Essentially, MCAM expression may aid in identifying a
subset of patients with metastatic disease who respond poorly
to conventional systemic treatments and may benefit from an
alternative treatment regime.

Some P-values were achieved by considering several differ-
ent predictors. However, corrections were not made for multi-
ple comparisons because the markers were considered to be
independent. Moreover, even when we applied Bonferroni

© 2012 The Authors
BJD © 2012 British Association of Dermatologists 2013 168, pp85-92



corrections to secondary hypotheses for five comparisons, the
majority of hypotheses remained significant (P < 0-01). For
example, comparisons between early- vs. late-disease stage
(MLANA, P = 0-003 and ABCB5, P = 0-006), disease recur-
rence (MLANA, P = 0-001) and negative treatment outcome
(MCAM, P = 0-:006) remained significant. Only the correlation
of MCAM expression and tumour burden (MCAM,
P = 0:027), and ABCBS5 expression in relation to recurrence
(ABCBS, P = 0:031), and the surgical removal of a clinically
measurable lesion (ABCBS, P = 0-011) were no longer signifi-
cant. Despite this, MCAM and ABCBS remain valuable markers
of clinical outcome and disease recurrence, especially ABCB5
expression in combination with MLANA.

It is clear that circulating tumour cells are detectable at all
stages of disease, and the specific detection of ABCBS-,
MLANA- and MCAM-expressing tumour cells in the blood
may be of prognostic value. Importantly, we demonstrated
that a qRT-PCR multimarker blood test provides a suitable
method from which to develop further a reliable test for mon-
itoring disease status without the need for specific isolation of

circulating tumour cells.

What’s already known about this topic?

e Considerable effort has been devoted to developing an
effective noninvasive method for monitoring disease
progression and outcome among patients with cancer.
One method is multimarker quantitative real-time poly-
merase chain reaction (qRT-PCR), used to detect circu-
lating tumour cells in patient blood.

e In breast, colorectal and prostate cancer, circulating
tumour cells correlate with both disease progression and
poor treatment outcome.

e Circulating cell analysis in melanoma has had varied suc-
cess; despite the capacity to detect cells, the appropriate
markers remain undefined.

What does this study add?

e This is the first application of ABCBS as a marker of cir-
culating melanoma cells, incorporated into a multimar-
ker qRT-PCR test of blood in patients with melanoma.

e ABCBS is expressed by a subset of melanoma cells with a
stem cell phenotype, and its detection in this study, along
with MLANA, a melanocyte marker, correlated with
disease recurrence, suggesting both stem and nonstem cell
phenotypes are present in patient peripheral blood.

e MCAM expression is shown for the first time to correlate
with negative treatment outcomes.
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Additional Supporting Information may be found in the online
version of the article:

Table S1. Quantitative real-time polymerase chain reaction
primer sequences (sense and antisense) (Geneworks).

Table S2. Endpoint polymerase chain reaction primer
sequences (sense and antisense) (Geneworks).

Table S3. Generalized linear model analysis examining the
effect of time on individual marker expression in serial blood
collections.
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