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A B S T R A C T   

Isolating circulating melanoma cells (CMCs) represents a powerful method to monitor minimal residual disease. 
We documented that MCAM/MUC18/CD146 expression is strongly associated with disease progression. ABCB5 
is melanoma-stem antigen with self-renewal, proliferation, differentiation, tumorigenicity capabilities. These 
findings supported us to improve CMC detection, investigating MCAM/MUC18/CD146 and ABCB5 as enrichment 
targets in MM progression. Moreover, we decided to compare possible molecular diversity of these CMC fractions 
with metastatic tissue expression, collecting concomitantly cutaneous in transit metastases (CTM). We enriched 
CMCs from eight melanoma patients staged ≥pT1b AJCC, who developed CTMs at baseline or during follow up. 
We assessed a gene expression panel comprising ABCB5, the differentiation markers (Tyrosinase, MART1), 
angiogenic factors (VEGF, bFGF), the cell-cell adhesion molecules (MCAM/MUC18/CD146 5′-portion, Long, and 
Short isoforms, E-Cadherin, N-–Cadherin, VE–Cadherin) and matrix-metallo-proteinases (MMP2 and MMP9) via 
high-sensitive RT-PCR. Preliminary findings defined three distinct sub-populations: “endothelial” CD45- 
CD146+CMCs, “stem” CD45-ABCB5+CMCs and a “hybrid- stem-endothelial”- CD45-MCAM+ABCB5+CMCs. The 
expression panel documented that – almost high expression found in CTMs – like in 73.5% of CMCs resulted 
positive for at least one transcript at baseline, showing gene-expression variability. Longitudinal monitoring 
documented shut-down of all gene-expressions in “endothelial”- and “hybrid stem-endothelial”-subsets, whilst 
persistency or acquisition of MCAM/MUC18/CD146, VE-CADH and MMPs was documented in disease- 
progression status.Conversely, a drastic expression shut-down was documented when patients achieved clinical 
remission. The “stem”- CMCs fraction” showed quite lower gene expression frequencies. MCAM/MUC18/CD146 
and ABCB5 as melanoma-specific-targets are effective in the selection of highly primitive CMCs and highlights 
those putative genes associated with disease spreading progression.   

Introduction 

Circulating Tumour Cells (CTCs) are released from primary tumours 
that spread through the blood stream and are considered responsible of 
metastatic progression [1]. Fortunately, only a small percentage of 

released cells are efficient as well as capable of colonizing and forming 
distant lesions, since survival can be limited by immune surveillance or 
hemodynamic forces, [2,3,4]. 

Nevertheless, few CTCs acquire activating changes that lead to their 
extravasation into the surrounding tissue, degradation of basement 
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membrane and extracellular matrix, capacity to migrate, adhere and 
propagate via the lymphatic and circulatory systems and establish new 
colonies at distant sites that will lead to metastatic disease, [5,6,7]. 
Epithelial-mesenchymal transition (EMT), which is indispensable for 
tumor metastasis, is a multi-step process involving many molecular and 
cellular changes, including the downregulation of epithelial proteins 
and the upregulation of mesenchymal proteins, endowing the cells with 
increased motility and invasiveness [8,9,10]. Recent studies have 
revealed that the EMT phenotype in CTCs may facilitate tumor metas-
tasis. Characterizing the epithelial vs mesenchymal phenotypes of CTCs 
may be useful to identify the most aggressive CTC subpopulations and 
establish an appropriate therapy [11,12,13,14,15,16,17]. 

In Malignant Melanoma (MM), CTCs are detectable in the peripheral 
blood either soon after the surgical resection of the primary tumor - 
regardless of the thickness - in late stage disease, or even in clinically 
disease-free patients [18,19,20,21,22,23,24]. Measuring circulating 
melanoma cells (CMCs) before they become clinically detectable, also 
defined “Liquid biopsy”, represents a potentially powerful method to 
monitor patients with malignancies that have a minimal morbidity. For 
melanoma, two studies showed that the number of “2 CMCs per 7.5 ml of 
blood” is prognostic and associated with shorter survival [25, 26]. In 
tumours as carcinomas, immuno-magnetic enrichment is convention-
ally, performed by targeting epithelial cell surface markers such as 
EpCAM, and cytokeratin antigens, used as “positive” selection. The FDA 
(Food and Drug Administration) has approved the CellSearch® Circu-
lating Tumor platform for the collection and isolation of CTCs of these 
carcinomas. Currently, only EpCAM has been recognised (Janssen 
Diagnostic, LLC Raritan, NJ). 

CTCs derived from epithelial cancers commonly express cytokeratins 
and/or EpCAM (epithelial cell adhesion molecule) [27,28,29], which 
are used for CTC isolation and detection. However, CMCs lack of a 
ubiquitous marker and do not express the classical epithelial cell surface 
marker EpCAM, since melanocytes originate from the neural crest. 
Nevertheless, a variety of markers, not well formalised in literature, 
associated with some melanoma-specific-cell-surface epitopes, have 
been proposed such as MCAM/MUC18/CD146 and MSCP/NG2, (mela-
noma-associated Chondroitin Sulphate) together with stem cell markers, 
such as ABCB5 (ATP-binging cassette subfamily member 5) and CD271, 
[26,30,31,32]. 

It has been shown that the cell-cell-adhesion molecule MCAM/ 
MUC18/CD146 expressed up to 80% in MM is a key oncogene driving 
melanoma progression and metastasis [33,34,35]. We previously 
documented that MCAM/MUC18/CD146 expression predicts clinical 
relapse, whereas absence or persistent loss is related to stable disease or 
to disease-free status, revealing its possible role as “molecular warning 
of progression” [36,37,38,39]. Recently, two MCAM/MUC18/CD146 
isoforms have been described, a Long and a Short variant due to alter-
native splicing; the short isoform is widely expressed by the endothe-
lium, while the long isoform is expressed by melanoma cells. In addition 
to the membrane-anchored MCAM/MUC18/CD146, a soluble form - 
sCD146/MCAM/MUC18 - generated by metalloproteases proteolytic 
cleavage is mainly involved in tumor angiogenesis. Expressing 
MCAM/MUC18/CD146-positive tumors secrete soluble CD146 that, in 
turn, would be responsible for their growth and vascularization, [40,41, 
42].2 

Another potential melanoma-associated antigen is an ATP-binding 
cassettesub-family B member 5 also known as P-glycoprotein ABCB5,a 
plasma membrane-spanning proteinthat behaves as “stem cell” marker 
of a slow-cycling population of tumor cells with self-renewal, prolifer-
ation, differentiation, and tumorigenicity capabilities [43,44,45]. 
Moreover, it has been found that melanomatumor cells expressing 
ABCB5 are able to avoid chemotherapy and MAPK inhibition, possibly 
due to the drug-efflux function [46,47]. Human tumorigenic melanoma 

reveals that few melanoma cells express ABCB5. These cells tend to 
display a primitive molecular profile and correlate with clinical mela-
noma progression as determined by high-density tissue microarrays that 
allow one to screen many melanomas representing progressive evolution 
from Radial (RGP) to Growth Phase (VGP) [48] and metastatic disease. 
Thus, this plasma membrane-spanning protein that behaves as ‘stem 
cell’ marker of a slow-cycling population of malignant cell sub-
populationswith “clinical virulence resides” as consequence of unlimited 
self-renewal,resulting in inexorable tumor progression and metastasis 
49,50,51,52,53] could represent a melanoma biomarker of early meta-
static stage. 

All these findings strongly supported us to improve CMC detection in 
order to investigate MCAM/MUC18/CD146 [35,36,37,38,39] and 
ABCB5 [43,44,45,46,47], as enrichment markers in MM progression. 

In a preliminary recent project on melanoma liquid biopsy, [54] we 
enriched and isolated three distinct subpopulations from a total of 
sixty-one blood-samples from 21 AJCC staged≥ pT1b melanoma pa-
tients, (i.e. transition from radial to vertical phase). Then, we assessed a 
robust selected biomarker qualitative expression panel, contemplating 
the angiogenic-potential, melanoma-initiating and 
melanoma-differentiation drivers, cell-cell adhesion molecules, 
matrix-metallo-proteinases performed on MCAM and ABCB5 enriched 
CMCs, aimed at identifying those putative genes involved in early 
melanoma spreading and disease progression. 

At first, a significant differential expression of the specific transcripts 
was documented between and within the CMC fractions enriched with 
MCAM, ABCB5 and both MCAM/ABCB5-coated beads, when analyzing 
two distinct groups: early AJCC (stage I-II) and advanced- staged pa-
tients (stage II-IV). Moreover, in the early-AJCC staged-group, we could 
distinguish “endothelial”, CD45− MCAM++enriched-, “stem” S-CMCs, 
CD45− ABCB5+ enriched- and a third hybrid bi-phenotypic 
CD45− MCAM+/ABCB5+ enriched-fractions, due to three distinct 
gene-expression profiles. In particular, the endothelial-CMCs were 
characterized by positive expression of genes involved in migration and 
invasion, whilst the stem CMC-fraction only expressed stem and differ-
entiation markers. The third subpopulation isolated based on concurrent 
MCAM and ABCB5 protein expression showed an invasive phenotype. 
All three distinct CMCs sub-populations revealed a “specific picture” at 
onset: while exhibiting a primitive “stem-mesenchymal” profile, sug-
gesting a highly aggressive and metastasizing phenotype, they displayed 
distinct gene expressions and exhibited distinct roles in early local in-
vasion and metastases. 

So, in light of this evidences, we felt that it was necessary to better 
understand and characterize the molecular “behavior”of these three 
enriched CMC subpopulations analyzing their molecular expression at 
the time of the cutaneousin transit metastases, CTM, development 
(considered as the baseline-time-zero) and during the follow up, taking 
as reference control the molecular expression of CTMs. 

Therefore, we collected a small cohort of eight AJCC staged≥ pT1b 
melanoma patients with concurrent CTM and we could assessa longi-
tudinal monitoring at different time points of their follow-up, in seven of 
the 8 patients. More in detail, the selected biomarker qualitative 
expression panel included the following thirteengenes in our panel: 
vascular endothelial growth factor (VEGF); basic fibroblast growth fac-
tors (bFGF), cell-cell-adhesion molecules MCAM/MUC18/CD146 iso-
forms Long, Short and 5′-portion, vascular endothelial cadherin (VE- 
Cadh, CDH5) epithelial cadherin (E-Cadh, CDH1), neuronal cadherin (N- 
–Cadh CDH2), matrix-metallo-proteinases 2 and 9 (MMP-2, MMP-9), 
melanoma-differentiation marker yrosinase (TyrOH), melanoma antigen 
recognized by T cells MelanA/MART1 and melanoma-initiating marker 
ABCB5. 

The molecular gene comparison-analysis performed on CTM and on 
MCAM+ and/or ABCB5− +enriched CMC-subpopulations collected at 
baseline and during clinical-course, revealed two interesting aspects: the 
first, showed that the CMC-fractions display distinct gene-profiles; the 
second that we could define an expression panel potentially related to 2 melanoma tumor 
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disease progression. 

Methods 

Patients and healthy donors 

Patients’ demographic (pts) and clinical characteristics are shown in 
Table 1. A small cohort of eight melanoma patients entered prospec-
tively this study. Information and consent forms, previously approved by 
ethical local Institutional Review Board (code: prot.0013157/2015) 
were provided at diagnosis, together with the permission to collect 
cutaneous in transit metastases (CTM) and baseline- and follow-up- 
blood samples for research purposes. Patients were considered eligible 
if they had a histological and immunohistochemical (S-100, HMB-45 
and MART-1) confirmed diagnosis of malignant melanoma and if 
staged AJCC≥pT1b with subsequent development of cutaneous in transit 
metastases( CTM). The incurrence of CTM occurred at variable time 
intervals, starting from the date of melanoma diagnosis or from the date 
of the first visit after the diagnosis of distant metastases for occult 
melanoma, (more in detail at diagnosis for patient UPN8-ZF; +1 year for 
patients UPN1-AV, UPN5-VM, UPN7-PN; +3 years for patient UPN4-FM; 
+5 years for patient UPN2-MU; +11 years for patient UPN3 CAb; +13 
years for patient UPN6-CAd). In any case, we considered the develop-
ment of CTM as the baseline-time-zero and at the same time, we 
collected the first blood draw and we evaluated the AJCC stage. 

We collected peripheral blood during follow-up in seven out of 8 
patients and performed two (UPN4-FM, UPN6-CAD, UPN7-PN, UPN8- 
ZF) or three controls (UPN1-AV, UPN2-MU, UPN5-VM). A patient 

(UPN3-CAB) died before the first follow-up blood draw (+6months) due 
to disease progression. Two out of 7 were treated with targeted therapy 
anti-BRAF and anti-MEK (UPN4-FM, UPN7-PN) while five patients 
received anti-PD1/PD1ligand checkpoint-immune-therapy and ach-
ieved a stable-disease status for a period of 6 to 36 months (UPN1-AV, 
UPN2-MU, UPN6-Cad, UPN8-ZF), one patient (UPN5-VM) at the 
moment of this study in stable-disease, did not received immune-therapy 
(+2 years). Clinical history of patients is briefly summarized in Table 1. 
All patients were cured at the Dermatology Department of the University 
of Rome “Tor Vergata” (Italy). Twenty healthy donors from our Trans-
fusion Center were included in the study as negative control. 

Cell lines 

We previously performed in several tumor-cell lines sensitivity tests 
and assessment of molecular qualitative expression (angiogenic-poten-
tial, melanoma-initiating and melanoma-differentiation drivers, cell-cell 
adhesion molecules, matrix-metallo-proteinases) on cell lines, making 
reference to our already reported data, to prove the quality of our 
cellular and molecular controls [54, 55]. We included to this previous 
molecular assay panel the melanoma-initiating and 
melanoma-differentiation drivers, such as Tyrosinase (TyrOH), mela-
noma antigen recognized by T-cells MelanA/MART1 and ABCB5 [54, 
55]. Primary tumor cell lines were as follows: LnCap, DU145 (prostate 
cancer); MB 231, MCF7 (breast cancer); C33A, HeLa (cervix cancer); Mel 
10, Mel 14, FO 1, Colo 38 (Malignant Melanoma); SH-Sy5 (neuroblas-
toma); U87 (glioma); U266, Arp 1 (multiple myeloma). The fibroblast 
cell line EDS and the endothelial cell line HUVEC were included as 

Table 1 
Patients’ demographic, histological characteristics and clinical history.  

UPN sex Age at first 
observation 

Primarytumor 
site 

Histology Breslow 
grade (mm) 

AJCC status at 
first observation 

Incurrence of 
CTM from 
diagnosis 

Therapy after CTM 
incurrence 

Follow-up and 
Clinical Status  

UPN1- 
AV   

f  80  Unknown  /  /  IV  +1 year  Checkpoint 
Inhibitors 
(anti-PD1-PD1L)  

At +2 years: 
Disease 
Progression   

UPN2- 
MU   

m  47  Trunk  SSM  1.8  IIIA  +5 years  Targeted Therapy 
(Anti-BRAF and 
anti-MEK)  

At +2.6 years: 
Disease 
Progression   

UPN3- 
CAB   

f  68  Extremity  SSM  1.6  IV  +11 years  Checkpoint 
Inhibitors 
(anti-PD1-PD1L)  

At +6 months: 
Death   

UPN4- 
FM   

m  40  Trunk  SSM  1.25  IIB  +3 years  Not yet started- 
Checkpoint 
Inhibitors 
(antiPD1-PD1L)  

At +1 year: Stable 
Disease  

UPN5- 
VM   

m  60  Trunk  NM  4.5  IIB  +1 year  Checkpoint 
Inhibitors 
(anti-PD1-PD1L)  

At +2 years: 
Clinical Remission   

UPN6- 
CAD   

f  82  Extremity  NM  2.4  IV  +13 years  Checkpoint 
Inhibitors 
(anti-PD1-PD1L)  

At + 1 year: 
Disease 
Progression   

UPN7- 
PN   

m  64  Trunk  NM  4.0  IV  +1 year  Targeted Therapy 
(Anti-BRAF and 
anti-MEK)  

At + 6 months 
year: Disease 
Progression   

UPN8- 
ZF   

m  42  Head  NM  2.2  IB  onset  Checkpoint 
Inhibitors 
(anti-PD1-PD1L)  

At +6 months: 
Stable Disease   
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positive and negative controls. 

Cutaneous in transit metastasis 

We recovered from our eight melanoma patients fragments of skin 
lesions which resulted to be cutaneous in transit melanoma metastasis. 
Histopathological diagnosis and post-surgical staging were routinely 
performed according to international criteria, [56]. 

CMCs enrichment 

Eighteen samples from 8 melanoma patients underwent CMC 
enrichment. Fifteen ml of blood were collected one week after sentinel 
lymphadenectomy and during selected follow-up time points. A home-
made immuno-magnetical FITC-conjugated anti-CD146, anti-ABCB5, 
anti-CD146/anti-ABCB5 antibodies selection preceded by CD45 
immuno-depletion allowed us to enrich three subpopulations based on 
expression of “endothelial” E-CMCs (CD45-MCAM+), “stem” S-CMCs 
(CD45-ABCB5+), and “hybrid stem-endothelial” E/S-CMCs (CD45- 
MCAM+/ABCB5+) markers [48]. Before performing CD45 depletion, 
plateletes and erithrocytes were removed by using density-gradient 
(HetaSep-StemCell Technologies); enriched leukocytes were then con-
jugated with Whole Blood CD45 Depletion Cocktail containing mono-
clonal CD45 antibody and magnetic nanoparticles (EasySep Magnetic 
Nanoparticles StemCell Technologies) using manufactory procedure, 
with several stoichiometric and volumes adjustments. After CD45 
depletion, cell suspension was split in three separate vials and then 
underwent CMC enrichment, using manual immune-magnetic beads 
conjugated to anti-MCAM/CD146 (BD Pharmingen™), anti-ABCB5 
(Biorbyt™) and to coupled anti-MCAM/CD146-ABCB5 monoclonal an-
tibodies. A total of 54 enriched samples was recovered: twenty-four 
collected at baseline and thirty at time-course-follow-up. The enrich-
ment protocol was designed in-house. The stoichiometry and experi-
mental conditions for antibody-cell conjugation were established after 
having carried out serial dilutions of the melanoma cell lines into blood 
drawn sample from 1000 to 1cell/ml considering the expected rarity of 
CMCs in the blood stream (1–3 CMC/~5 billion blood cells). Patients 
were defined as CMCs-positive when MCAM+ or ABCB5+ but 
CD45-negative nucleated cells were detected. We included blood sam-
ples from 20 healthy donors from our Transfusion Center as negative 
control population. 

Selection of reference gene panel 

We report here the robust reference gene panel suitable for qualita-
tive gene expression analysis of enriched CMC subpopulations and 
CTMs, above-mentioned in our previous preliminary report [54]. A 
qualitative test such as OneStep RT-PCR or RT-nested-PCR was assessed 
for the following 13 selected genes: vascular endothelial growth factor 
(VEGF), basic fibroblast growth factors (bFGF), vascular endothelial 
cadherin (VE-Cadh, CDH5), endothelial antigen MCAM/MUC18/CD146 
isoforms Long, Short and 5-portion, epithelial cadherin, (E-Cadh, 
CDH1), neuronal cadherin, (N-–Cadh, CDH2), 
matrix-metallo-proteinases (MMP-2, MMP-9), Tyrosinase (TyrOH), 
melanoma antigen recognized by T-cells MelanA/MART1and ABCB5. 
Selection was based on the best known and recognized papers available 
in the Pubmed databases and known to be major key players in the 
regulation of EMT, early melanoma spreading and finally disease pro-
gression [35, 36, 37, 38, 39, 4344, 52, 57, 58, 59, 60, 61, 62,63, 64]. 

RNA isolation and RT-PCR methods 

Total RNA was isolated from primary tumor cell lines and CMC 
subpopulations, using a homemade protocol based on Chomczyńsky and 
Sacchi protocol modified for poorly cellular samples [65]. RNA integrity 
was measured for RNAs extracted from the 51 enriched melanoma 

patients subpopulations, the sixteen cell lines and the 20 healthy donors 
using the NanoDrop 2000 (ThermoFisher) according to the manufac-
turer‘s instructions. RNA integrity was also checked electrophoretically. 

By performing RT-nested-PCR, we analyzed the molecular expres-
sion of the following genes: vascular endothelial growth factor (VEGF) 
basic fibroblast growth factors (bFGF) vascular endothelial cadherin 
(VE-Cadh, CDH5), endothelial antigen MCAM/MUC18/CD146 isoforms 
Long, Short and 5′-portion, epithelial cadherin, (E-Cadh CDH1), 
neuronal cadherin, (N-–Cadh CDH2), matrix-metallo-proteinases 
(MMP-2, MMP-9), Tyrosinase (TyrOH), melanoma antigen recognized 
by T cells MelanA/MART1and ABCB5. 

Three hundred nanograms of total RNA (Applied BioSystems, Roche 
Molecular Systems, Inc., Branchburh, New Jersey, USA) were used in all 
RT-PCR experiments, as foreseen by the manufacturer’s instructions. 
First strand cDNA was generated with 2,5μM oligo d(T)16, 5 mM MgCl2, 
1 mM dNTPs, 1 unit of RNase Inhibitor (Applied BioSystems) and 1 h 
incubation at 42 ◦C. Two μl aliquot of cDNA were used for single step 
sensitive RT PCR for all genes, with the exception of MCAM/MUC18/ 
CD146, ABCB5, TyrOH and MelanA/MART1 where nested PCR was also 
performed. A hot start Taq polymerase was used for amplification using 
the housekeeping gene beta2-microglobulin as control. All PCR experi-
ments were performed in triplicate. Cell line total RNAs have always 
been included as positive or negative controls in all performed experi-
ments. Primer sequences and PCR conditions are reported in detail in the 
Supplementary Information. The resulting nested products (25 µl) were 
analyzed on a 1.8% agarose gel. RNA integrity was checked electro-
phoretically, whilst the quality of cDNA was controlled by amplification 
of housekeeping genes such as β2-microglobulin. 

Statistical analysis 

For statistical evaluations, due to the small sample size (n = 7), we 
used non parametric McNemar’stest to analyze the accordance of the 
result (positive/negative) through time (baseline /follow-up) before and 
after therapy for small samples (n<10), [37]. The association analysis of 
reference gene-status and follow-up was analyzed by Fischer’s extract 
test (N<or equal to 5).The differences were considered as statistically 
significant for values p<0.05.SPSS 20 software program (Spss inc. Chi-
cago, IL, USA) was used for statistical analysis. 

Results 

Expression of melanoma-initiating and melanoma-differentiation drivers, 
proangiogenic, markers cell-cell adhesion factors and matrix-metallo- 
proteinases in cell lines 

We report here the sensitivity tests of the molecular expression assay, 
that we previously performed in several tumor-cell lines making clear 
reference to our already reported data, exclusively to prove the quality 
of our cellular and molecular controls [37,54,55]. As previously re-
ported, M14 melanoma cells were serially diluted to mimic in vivo 
conditions of occult metastatic melanoma cells in blood and to establish 
sensitivity of our assay, starting from 1 × 106 M14 cells mixed with 7 ×
106 cells from blood of healthy donors (BHD) up to one M14 melanoma 
cell as already described [37]. The expression of proangiogenic, cell-cell 
adhesion factors and matrix-metallo-proteinases (VEGF, bFGF, VE-Cadh, 
E-CADH , N-–Cadh, MCAM/MUC18/CD146, MMP-2 and MMP-9) 
resulted heterogeneous, as previously reported [54, 55]. Nevertheless, 
all four melanoma cell lines (M10, M14, FO1 and Colo38) expressed all 
above mentioned genes and the melanoma tissue stem- and differenti-
ation markers TyrOH, MelanA/MART1 and ABCB5.These molecular as-
says allow us to assure the efficiency, specificity and sensitivity of our 
amplification procedures considering the expected poorly cellular 
patient-samples. 
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Expression of melanoma-initiating and melanoma-differentiation drivers, 
proangiogenic, markers cell-cell adhesion factors and matrix-metallo- 
proteinases in cutaneous in transit metastases 

Molecular expression assays performed in CTM documented a high 
positivity frequency of some ofthe selected references genes as follows: 
MCAM/MUC18/CD1465′-portion and Long, Short isoforms (100%, 
80%, 80% respectively), VE-Cadh (100%), N–Cadh (100%), MMP-2 
(100%), MMP-9 (80%). Pro-angiogenic factors showed middle fre-
quency expression VEGF (60%), bFGF (60%) coupled with MelanA/ 
MART1 (60%), ABCB5 (60%) E-Cadh (40%), while tissue differentiation 
marker Tyr-OH expression was only 10%. 

Expression of melanoma-initiating and melanoma-differentiation 
drivers, proangiogenic, markers cell-cell adhesion factors and 
matrix-metallo-proteinases in immune-magnetically enriched 
MCAM- and ABCB5-CMC fractions from melanoma patients at 
baseline 

All the 54 enriched CMC samples, divided in 18 CD45− MCAM+, 18 
CD45− ABCB5+and 18 CD45− MCAM+/ABCB5+subsets, were molecu-
larly characterized by assessing the expressional panel of the thirteen 
above-mentioned genes. All 54 enriched CMC samples expressed b2- 
microglobulin house-keeping gene. This is a tangible demonstration of 
high quality cell-recovery and total RNA extraction, despite cellular 
rarity recovery. Analyzing the case totality, fortythree (79.6%) samples 
were found positive for expression of one of the thirteen transcripts at 
least in one fraction from their blood, “endothelial” (E-CMCs), “stem” (S- 
CMCs) and “hybrid stem-endothelial” (E/S-CMCs), while thirty-seven 
out of 54 (66.6%) were concomitantly positives in all three fractions. 
At first observation (baseline), we could analyze eight blood-drawn 
blood samples divided into three aliquots representing the three sub- 
populations, “endothelial” E-CMCs, “stem” S-CMCs and “hybrid-endo-
thelial/stem”. Documented molecular expression as percentage was: 
MCAM/MUC18/CD1465′-portion and Long, Short isoforms (37.5%, 
87.5%, 62.5% – 25%, 12.5%, 12.5%–50%, 87.5%, 75%), ABCB5 (25%, 
12.5%, 25%),VEGF (12.5%), bFGF (25%, 25%, 37,5%), N–Cadh (25%, 
25%, 37.5%), VE-Cadh (50%), MMP2 (62.5%, 37.5% 62.5%) and MMP9 
(50%, 62,5%, 75%) respectively. Main melanoma-associated-markers 
Tyr-OH, MelanA/MART1 and epithelial cell-adhesion molecule E-Cad-
herin, E-Cadh, were never detected in all CMC-fractions. More, in detail, 
six patients out of 8 molecularly characterized at first observation, 
documented detectable transcripts showing a different expression fre-
quency in all the three CMC-fractions (UPN1-AV, UPN2-MU, UPN4-FM, 
UPN5-VM, UPN6-CAd, UPN7-PN). A patient (UPN8-ZF) resulted posi-
tive only in the E-CMCs and in theE/S-CMCs fractions. Peculiar case of a 
patient staged-AJCC IV (UPN 3-CAb), who died shortly after the 
baseline-blood sample, although the corresponding CTM expressed 
several genes, the three CMC-fractions resulted to be negative for all 
transcripts, (with the exception of internal control). At first observation, 
at least one isoform (Long, Short) or 5′-portion of the molecular MCAM/ 
MUC18/CD146 expression, was detected in seven out of 8 the “endo-
thelial”- and “hybrid stem-endothelial”-fractions (87,5%) whilst the 
“stem” subset showed lower frequency (37,5%). Despite the monoclonal 
ABCB5 antibody enrichment, ABCB5 expression was detected at very 
low frequency: effectively, only one patient (UPN6-Cad) was positive in 
all three CMC-fractions while another (UPN7-PN) showed positivity in 
the "hybrid stem-endothelial”-fraction respectively, (12.5%− 12.5%−

25%). 

Expression of melanoma-initiating and melanoma-differentiation 
drivers, proangiogenic, markers cell-cell adhesion factors and 
matrix-metallo-proteinases in immune-magnetically enriched 
MCAM- and ABCB5-CMC fractions from melanoma patients during 
follow-up time course 

We could assay the longitudinal monitoring in seven of the 8 patients 
(UPN1-AV, UPN-2MU, UPN4-FM, UPN5-VM, UPN6-CAd, UPN7-PN, 
UPN-8ZF) at different time points of their follow-up (+6 months-/+30 
months). 

Molecular analysis performed in these CMC-enriched fractions 
deriving from the 30 blood samples collected at follow- up, documented 
a shut-down of almost all gene-expressions in all three subsets. In detail, 
the gene expression frequencies as follows: MCAM/MUC18/CD1465′- 
portion and Long, Short isoforms (26%%, 30%, 26%), VE-Cadh (23.3%), 
N-–Cadh (10%), MMP2 (43.3%) MMP9 (63.9%), ABCB5 (0%), VEGF 
(0%), bFGF(0%). Taking in analysis the four patients (UPN1-AV, UPN2- 
MU, UPN4-FM, UPN5-VM) that achieved clinical remission condition-
over a period of two years, (three out of 4 undergoing therapy) we 
documented in all CMC-fractions almost a total negativity-expression, if 
not for persisting MMPs-expressions ranging from (25–50%). 

Conversely, patients, sharing stable disease not yet submitted to 
clinical treatments (UPN4-FM, UPN5-VM, UPN8-ZF) or patients 
showing a disease progression during treatments, (UPN1-AV, UPN2-MU, 
UPN6-CAd, UPN7-PN), documented a persisting or acquired positive 
expression of MMP2 (60%) MMP9 (100%) and VE-Cadh (71%), partic-
ularly in the E-CMCS and E/S-CMCs fractions. In two patients we could 
detectalso ABCB5 expression, (UPN2-MU, UPN6-CAd). Most evident 
finding is that at least one isoform (Long, Short) or 5′-portion of the 
molecular expression of MCAM/MUC18/CD146(100%) was docu-
mented in all four patients at the time of disease-progression, stage 
(UPN1-AV, UPN2-MU,UPN6-CAd, UPN7-PN), and never during clinical 
remission. As illustrated in Fig. 1, different expression distribution of the 
selected genes was observed between and within MCAM-, ABCB5- or 
MCAM/ABCB5-coated-CMCs suggesting the molecular heterogeneity of 
these three subpopulations at different stages of melanoma disease and 
during follow-up. Moreover, these findings suggest that CMCs can be 
efficiently enriched and isolated by either MCAM/CD146 and/or ABCB5 
cell surface markers. 

Correlation between melanoma-initiating factors, melanoma- 
differentiation drivers, proangiogenic, markers cell-cell adhesion 
factors, matrix-metallo-proteinases and three enriched-CMC 
subpopulations 

We decided to statistically analyze our small case studies, by per-
forming McNemar’s test was performed to analyze the “changes of 
positive/negative expression”of the reference-genes selected in this 
study, associated with the condition “pre-and after- therapy”, in all the 
three CMC subpopulations, (n = 7). We evidenced a statistically differ-
ence for MCAM/MUC18/CD146 long isoform expression that was lost 
after therapy (p<0.05; five patients out of 7 patients became negative at 
T1), both in CD45-CD146+ “endothelial”-fraction and CD45− MCAM+/ 
ABCB5+ “hybrid stem-endothelial” (E/S-CMCs), (p<0,05). Statistical 
difference was evidenced also for MCAM/MUC18/CD146-Short isoform 
in “hybrid stem-endothelial” (E/S-CMCs), where four out of 6 patients 
became negative undergoing to therapy(p<0,05). 

We also analyzed the changes between gene-reference-status (posi-
tive/negative) and follow-up (n = 5) at T1 by Fischer test. We evidenced 
statistical association between MCAM/MUC18/CD146 long negativity 
and clinical remission status, considering both CD45− CD146+E− CMCs 
and CD45− MCAM+/ABCB5+ “hybrid stem-endothelial” (E/S-CMC) 
fractions (five patients positive at baseline-t0 became negative; 
p<0,004). We evidenced a significantly association between MCAM/ 
MUC18/CD146-Short acquired negativity and clinical remission status in 
CD45− MCAM+/ABCB5+ E/S-CMC fraction, (four positive patients out of 
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Fig. 1. Schematic graphic representation summarizing each sequential patient-specific expression profile.  
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5 at baseline became negative when clinical remission status was ach-
ieved;p<0,02). When we analyzed association between reference-genes 
and disease progression we could only evidence a possible lost of the 
tissue-specific differentiation cadherin, n-CADH expression (p<0.07, 
Not significant). 

Discussion 

Various cell surface antigens have been implicated in the patho-
genesis of human melanoma metastases [66,67]. Proteins, associated 
with stem and progenitor cells, are also detected in melanoma and 

Fig. 1. (continued). 
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include: cancer testis antigens [68,69], bone morphogenetic proteins 
[70], Notch receptors [50], Wnt proteins [51] or specific stem 
cell-associated-markers, such as multidrug resistance transporters of the 
ABC family, CD133, CD166, CD34, Nestin, and c-Kit.2 [46, 44, 71-74]. 
Most of these studies employed melanoma cell lines and only a few 
analyzed expression of cell surface antigens on human melanomas [66, 
67]. Detection and enumeration of two or more circulating tumor cells 
(CTCs) in 7.5 ml of blood from metastatic melanoma patients using the 
CellSearch system, has been established as an independent prognostic 
marker, [25, 26, 30], both prior to initiation and during/after therapy 
proved to be indicative of progression free survival (PFS) and overall 
survival [75,76,77]. The CellSearch platform has been widely used for 
detection of EpCAM positive CTCs in epithelial carcinomas. This system 
applied for melanoma identifies CD45/CD34 negative cells except MCSP 
(melanoma chondroitin sulfate proteoglycan)/ positive cells as CMCS. 
The latter expressed over 90% of melanoma tissue cells. Unfortunately, 
the methodologies used to identify the presence of CMCs, have not been 
standardized. Nevertheless, it has been documented that CMCs display a 
quite heterogeneous phenotype [48, 78]. Moreover, another pivotal 
process that facilitates tumor metastasis is EMT. Characterizing the 
epithelial vs mesenchymal phenotypes of CTCs may be helpful to iden-
tify the most aggressive CTC subpopulations and establish a valid ther-
apy [8,9,10, 16]. It has recently defined that EMT occurs through 
distinct intermediate states with different invasive, metastatic and dif-
ferentiation characteristics, [8,9,10, 79, 80,81,82]. Experimental model 
provided direct evidence that residence in a hybrid epithelial/ 

mesenchymal (E/M) state was sufficient for maintenance of stem cell 
properties showing phenotypic plasticity, from epithelial to completely 
mesenchymal states, passing through intermediate hybrid states, that 
allow them to move collectively, as proposed by Jolly et al., [80] 
reaching efficiently the bloodstream intact, giving rise to clusters of 
circulating tumor cells (CTCs) and forming metastases. Moreover, all 
EMT “subpopulations” present similar tumor-propagating cell capacity, 
displaying differences in cellular plasticity, invasiveness and metastatic 
potential [81, 82]. 

In this study, we decided to analyze MCAM and ABCB5 as effective 
markers in order to identify and select CMCs, which are known as a 
heterogeneous population not uniquely definable. We selected cell-cell- 
adhesion MCAM/MUC18/C146, not only because it is an effective 
marker to capture and detect CMC - due to its high surface expression, up 
to 80%, [35,36,37,38, 60, 61, 83,84,85] - but also because it is consid-
ered an EMT inducer. In addition to its function as key oncogene in 
driving melanoma progression and metastasis, this membrane glyco-
protein is a component of the inter-endothelial junction [86], and is 
even recognized as a mesenchymal marker [87]. CMC has an important 
role in the interaction with bone marrow stromal cells that allows 
motility and migration of hematopoietic microenviroment to hetero-
topic sites [86, 87]. Recently, a MCAM/MUC18/C146 stromal/mesen-
chymal signature associated with poor prognosis in several cancers it has 
been described, in particular in breast cancer. CMC’s association to 
triple-negative receptor status promotes undifferentiated malignant cell 
motility [77, 88, 89]. 

Fig. 1. (continued). 
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Several findings documented that tumorigenic heterogeneity within 
the melanoma vertical growth phase (VGP) is the definition of a sub-
population of human melanoma cells that expresses the multidrug 
resistance transporter known as adenosine triphosphate–binding 
cassette subfamily B, ABCB5 [42, 61]. The ABCB5 trans-membrane 
transporter, belonging to the superfamily of integral membrane pro-
teins, is associated with melanomagenesis, stem cell maintenance, 
metastasis and chemoresistance [42, 43]. Cells expressing the 
ABCB5-cell membrane-associated transporter, tend to display a primi-
tive molecular profile and correlate with clinical melanoma progression 
as determined by high density tissue microarrays that allowed the 
screening of numerous melanomas representing progressive evolution 
from radial growth phase (RGP) to VGP and metastatic disease, [48, 90]. 
The association of an ABCB5-expressing melanoma subset with tumor-
igenic growth - typical of the VGP - support the rationale that CMCs 
derive from rare cancer-subpopulations with the potential skill to 
initiate metastases [43,44,45,46,47,48]. 

All these reasons made us develop a highly effective homemade 
CMCs enrichment protocol, selecting MCAM/MUC18/CD146 and 
ABCB5 as melanoma-specific epitopes, followed by molecular charac-
terization made using a biomarker expression panel. We believe that the 
molecular expression analysis of this MCAM/MUC18/CD146-ABCB5 
enrichment could provide great potential and biological information 
to better define melanoma high-risk and low-risk patients. The selection 
of melanoma patients staged≥pT1b developing cutaneous in transit 
metastases , from whom we concomitantly collected CTMs samples, 
allowed us to improve cell-recovery and characterize more highly 
aggressive CMCs [49, 61]. The most significant finding from our study is 
that based on gene expression data MCAM/MUC18/CD146 and ABCB5 
are suitable and effective cell-surface targets also when using our 
“homemade liquid biopsy procedure". The different expression of the 
specific transcripts documented between and within the three CMC 
fractions, at first observation and during clinical follow-up, confirmed 
the veracity of this approach, outlining different specific-patient 
expression-profiles. Absence of circulating-tumor-cell-recovery and 
consequent no molecular gene expression was observed in healthy do-
nors’ blood. This gave further validating to our approach. 

We could confirm [90, 91] the rare ABCB5 expression in CMCs even 
in the enriched CD45-ABCB5-positive fraction with respect to CTM. 

According to our previously reported findings, two distinct CMC 
subpopulations,“endothelial”- and “hybrid stem-endothelial”-fractions 
expressed MCAM/MUC18/CD146 at least one isoform (Long, Short or 5′- 
portion 100%) at first observation (87,5%) and at disease progression 
(100%), this latter accompanied by a persisting or acquired positive 
expression of MMP2 (60%) MMP9 (100%) and VE-Cadh (71%). 
Conversely, they documented a significant statistical drastic shut-down, 
particularly of MCAM/MUC18/CD146 long isoform, when patients 
achieved clinical remission, considering both CD45− CD146+E− CMCs 
and CD45− MCAM+/ABCB5+“hybrid stem-endothelial”. We underline 
that MCAM/MUC18/CD146 long isoform appears to be associated with 
malignant disease, as melanoma, rather than rather than in inflamma-
tory processes such as the short counterpart. 

The three distinct CMC-fractions showed a not very high molecular 
expression of proangiogenic factors, VEGF and bFGF(25%− 12.5%) even 
at baseline (first observation) when patients were not treated-naïve 
therapy, completely lost during immune-therapy or targeted-therapy. 
No detection of melanoma-differentiation markers Tyr-OH, MelanA/ 
MARTand E-Cadh.N–Cadh expression was not frequent, despite its well- 
known association to neuro-ectodermal malignant tissue- 
transformation,ratherwe evidencedthat their expression was lost in 
advanced disease progression, even if not yet significant data, (p<0.07). 

Our previous report performed on these enriched MCAM/MUC18/ 
CD146- and/or ABC5-CMCs at baseline, provided evidence that we 
selected three distinct CMC sub-populations,sharing primitive, “stem- 
mesenchymal” behavior, which makes them highly aggressive and able 
to metastasize. We decided to analyze theee minimal residual-disease 

status comparing the sequential molecular expression of follow-up- 
blood-liquid biopsies and cutaneous in transit metastases. 

Each patient showed a sequential specific-gene expression profile 
from the first observation, at CTM development, throughout the clinical 
follow-up, but all profiles defined clearly the usefulness of this gene 
expression panel including those genes associated to MCAM/MUC18/ 
CD146 such as MMP2, MMP9 and VE-CADH.More in detail, patients who 
achieved clinical remission lost all gene-expressions during follow-up. 
Conversely, when disease progression occurred we documented re- 
acquisition of MCAM/MUC18/CD146, MMPs and VE-CADH gene 
expression in both MCAM- “endothelial”- and MCAM/ABCB5 “hybrid 
stem-endothelial”-fractions. Despite our smaller case-series, we can 
suppose that our MCAM-, ABCB5 - and dualMCAM/ABCB5 enrichment 
is effective in the selection of those CMC subpopulations sharing prim-
itive, stem-mesenchymal signature that makes them highly aggressive 
and able to metastasize. This data is confirmed by the documented 
partial overlapping of some gene molecular expressions. 

This study is among the first [54, 78, 91], to characterize different 
cancer sub-populations, contemplating a hybrid fraction, unveiling the 
molecular expression and suggesting distinct biological pathways acti-
vated in these cells. 

The sequential molecular monitoring using our expression panel and 
including those genes associated to disease progression could be able to 
recognize melanoma high-risk or low-risk disease patients. 

We are aware that our molecular analysis performed on this case 
series lacks of a quantitative normalization of gene expression, (applying 
RT-nested-PCR instead of a Real Time qPCR with a standard curve).The 
initial aim was to ascertain whether through our enrichment homemade 
procedure we were able to identify also rare CMC subsets and to verify if 
they showed a specific molecular signature, by assessing a biomarker 
qualitative expression panel, contemplating thirteen genes (exploring 
angiogenic-potential, melanoma-initiating and melanoma- 
differentiation drivers, cell-cell adhesion molecules, matrix-metallo- 
proteinases). 

The next development of our project, given the poor recovery of 
cellular RNA level due to rare CMC, will be to asses a quantitative real- 
time polymerase chain reaction (qRT-PCR) and amplitude-based 
amplicon multiplexing droplet digital-PCRto define mRNA measure-
ment detection thresholds. In particular, it would be appropriate for 
those reference genes, such as MCAM/MUC18/CD146, MMPs and VE- 
Cadh, that we found to be statistically significant associated with disease 
progression. 

There is no extensive knowledge about the differential biology of 
these three CMC-subpopulations. Our observations need to be validated 
in a larger case-series to achieve a stronger statistical significance. 
Finally, quantitative real-time PCR should be assessed for at least 
MCAM/MUC18/CD146, MMPs and VE-Cadh tofurther validate the 
prognostic role of these reference genes. 
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