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Abstract

Circulating melanoma cells (CMCs) represent critical mediators of metastatic melanoma
progression. However, isolation and characterization of CMCs has been challenging due to the low
frequency of these cells and the paucity of melanoma-specific cell surface markers. Herein, we
describe a method for the isolation of CMCs that employs two independent markers, displays high
sensitivity for CMC enrichment, and can be readily adapted to include additional molecular
melanoma markers of interest. CMCs isolated by this method are enriched for ABCB5-positive
melanoma stem cells, are tumorigenic in xenotransplantation assays, and can be used for
phenotypical, genetic, and functional investigations of CMC biology.
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1 Introduction

Circulating tumor cells (CTCs) represent an important step in tumor metastasis and have
been identified in a number of human malignancies [1]. Detection and quantification of
circulating melanoma cells (CMCs) provide diagnostic and prognostic information for
melanoma patients, and have potential for the assessment of therapeutic response [2-4].
Different strategies have been explored to detect and isolate CMCs in peripheral blood,
including use of melanoma-specific gene transcripts [5], melanoma cell markers such as
melanoma-associated chondroitin sulfate proteoglycan andMART-1 [6, 7], the size
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difference between CMCs and peripheral blood cells [8], and the presence of melanin in
pigmented melanoma cells [9]. However, the utility of these approaches are often limited
because marker-positive CMCs may represent only subpopulations of phenotypically
heterogeneous circulating melanoma cells or because no viable CMCs can be obtained for
further characterization and functional testing for tumorigenicity. Here, we describe an
experimental method to isolate viable human CMCs from whole blood specimens of
subcutaneously xenografted mice using two independent markers, i.e., genetically labeled
red fluorescence protein and the human major histocompatibility complex class | antigen
HLA-ABC, which maximizes the yield of CMCs and provides a comprehensive
representation of the overall CMC population. Additional markers, such as the marker of
melanoma initiating cells, ABCB5 [4, 10-14] or CD271 [15] can be readily incorporated so
that subsets of CMCs can be further characterized. Moreover, biological functions of viable
CMCs can be studied following isolation [12]. We have shown in vivo tumorigenic and
metastatic capacity of viable CMCs isolated by this method in serial xenotransplantation
studies, using both established human melanoma cell lines or melanoma cells derived from a
clinical specimen [12], demonstrating that this method includes selection of malignant
melanoma initiating cells. Thus, the method described here represents a sensitive,
comprehensive, and flexible assay for the study of CMCs as well as potentially CTCs in
other malignancies.

2 Materials

Prepare all reagents under sterile condition.
1. Lipofectamine™ 2000 transfection reagent (see Note 1).
2. Red fluorescence protein (RFP) plasmid (see Note 2).

3. Allophycocyanin (APC)-conjugated murine anti-human HLA-ABC IgG1 antibody
(BD Biosciences) (see Note 2).

APC-conjugated isotype control murine IgG1 antibody (Miltenyi Biotec).
Heparin sodium Injection 1000 USP units/mL.

Growth factor-reduced matrigel (BD Biosciences) (see Note 3).

N o 0o &

Highly immune-compromised NOD-scid IL2Ry™!! (NSG) mice at 6 weeks of age
are kept in a defined condition supplied with autoclaved cage and water (see Note
4).

8. Cytomation MoFlo sorter (Dako) (see Note 2).

LAlternative transfection reagents or viral vectors can be used to generate stable cell lines [16]. Transfection or transduction protocol
should be optimized for each reagent and cell line.

Alternative fluorescence markers and flow cytometers with sorting capabilities can also be used for the identification and isolation of
CMCs. The selection of the marker(s) depends on the sorting capabilities of the flow cytometer.

Co-injection of tumor cells with Matrigel increases the tumor-take rate in xenograftedmice [14]. However, caution should be taken as
Matrigel provides a microenvironment artificially enriched with the melanoma cell mitogen laminin [11].

Other strains of immune-compromised mice, such as nude mice, scid mice, or NOD-scid mice may also be used as the host in
xenotransplantation studies [13]. However, compared to NSG mice, higher residual immunity present in these strains of mice may
reduce xenograft tumor-take rates [14, 17].
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9. Prepare immunostaining buffer for flow cytometry analysis by mixing 490 mL of
1x PBS with 10 mL of fetal bovine serum, followed by filtration sterilization.

3 Methods

3.1 Generation of Fluorescence-Labeled Human Melanoma Cells

1. Seed 1 x 108 of human melanoma cells in 6-well plate with 2 mL of antibiotics-free
culture medium per well and grow at 37 °C over night.

2. Transfect each well of cells with 4 mg of plasmid DNA coding RFP gene with 10
mL of Lipofectamine™ 2000 transfection reagent.

3. Isolate RFPN3 cells by fluorescence-activated cell sorting 2 weeks after
transfection (see Note 5).

4. Stain stable RFPPOsitive ge||s with APC-conjugated murine anti-human HLA-ABC
IgG1 antibody or isotype control antibody. Quantify HLA-ABC expression in
human melanoma cells flow cytometry at FL4 spectrum (see Note 6) (Fig. 1).

3.2 Isolation of Circulating Melanoma Cells

1. Tagand shave NSG mice. Inoculate RFPPOsitive hyman melanoma cells
subcutaneously on the right flank of the mice (2 x 10 cells in 100 pL of PBS per
inoculum). Tumor size and mouse body weight are measured weekly. Inoculate one
tumor-free control mouse inoculated with PBS alone (see Note 7) (Fig. 2).

2. Euthanize mice at the predetermined end point when the establishment of distant
metastases has been confirmed. Immediately collect whole blood specimens by
heart acupuncture, using a 1 mL syringe/27 G needle prefilled with 100 USP units
of heparin (see Note 8).

3. Mix each volume of blood specimen with 8 volumes of sterile water, gently invert
2-3 times to lyse red blood cells, adding one volume of sterile 10x PBS and gently
mixing again (see Note 9).

4. Centrifuge cells at 2000 rpm for 5 min at 4 °C to isolate peripheral blood
mononuclear cells (PBMCs). Resuspend the cell pellet in 3 mL of sterile 1x PBS.
Repeat this step once (see Note 10).

5To ensure high and stable RFP expression, RFPNIG cells can be re-isolated before in vivo inoculation.

6Although >95 % of human melanoma cells are expected to be HLA-ABCPOSItIVE [12], the expression ofMHCClass-1 antigens is
downregulated in malignant melanoma initiating cells [14]. Therefore, an additional genetic marker (RFP) is included to increase the
sensitivity of CMC isolation.

Primary tumor growth rate and the time course of metastasis development are to be determined in pilot studies.

The routes of the blood collection have an impact on the CTC enumeration. Heart acupuncture provides the investigator with the
highest CTC counts in xenograft models [18]. For each adult NSG mice, 500-1500 pL of blood can be collected through heart
acupuncture. Avoid bleeding when euthanizing and dissecting the mice.

This step and the following steps should be done under sterile conditions when CMCs are planned to be grown in vivo or in vitro
after sorting. Alternative PBMC isolation method may be used, such as Ficoll-Paque [19]. The viability of human melanoma cells
should be determined when alternative red blood cell lysis protocols are used.

After PBS washes, cells can be first incubated with Fc receptor blocking reagents to prevent nonspecific binding of antibody to
PBMCs in the immunostaining step.

Methods Mol Biol. Author manuscript; available in PMC 2017 March 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ma and Frank Page 4

5. Stain PBMCs with the APC-conjugated anti-human HLA-ABC antibody or isotype
control antibody for 30 min at 4 °C (see Note 11).

6. Sort CMCs by flow cytometry. CMCs are defined as RFPPOSItiVe and/or human
HLA-ABCPOsitive cells, Cultured RFPPOSItiVe hyman melanoma cells stained with
APC-conjugated anti-human HLA-ABC antibody are used as positive controls for
RFP (FL2 spectrum) and human HLA-ABC antigens (FL4 spectrum). PBMCs from
the tumor-free control mouse stained with APC-conjugated anti-human HLA-ABC
antibody are used as negative controls (see Note 12) (Fig. 3).

3.3 Characterization of Circulating Melanoma Cells

1. Invivo tumorigenicity and metastatic activity of isolated CMCs can be evaluated in
serial xenotransplantation studies. CMCs are directly sorted into growth factor-
reduced Matrigel (1:1 diluted with sterile PBS), and injected subcutaneously into
NSG mice. Primary tumor formation and growth can be followed as described
above. Development of distant metastases can be determined using in vivo
fluorescence imaging or pathological examination (see Note 13).

2. CMC:s can be further characterized during or after flow cytometry sorting. The
frequency of cancer stem cells in the circulating tumor cell population can be
determined by co-staining PBMCs with antibodies against specific cancer stem cell
markers, such as ABCB5 or CD271 for melanoma initiating cells. The viability of
CMCs can be determined by co-staining PBMCs or the sorted cells with viability
reagents. Isolated CMCs can also be analyzed for gene expression profiling (see
Note 14).
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Fig. 2.
Diagram illustrates the procedure for circulating melanoma cell isolation. Reproduced from

Ma et al. 2010 Biochemical and Biophysical Research Communications with permission
from Elsevier [12]
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Fig. 3.
Representative flow cytometry results for circulating melanoma cells identified in blood

specimens from tumor-free mice (/ef?) or mice xenografted with human melanoma cells
(righ). Reproduced from Ma et al. 2010 Biochemical and Biophysical Research
Communications with permission from Elsevier [12]
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