Short- and Long-Term Culture of Surgical Material from Patients with Metastatic Melanoma 
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Short Abstract: Methods are described for efficient growth of short-term cultures of tissue from metastatic melanoma removed at surgery, and for the generation of cell lines following continued culture for 3-12 months. Such cultures can be used to estimate cell cycle time and responses to anticancer drugs.
Long Abstract: Metastatic malignant melanoma has a poor prognosis and an increasing worldwide incidence. It is generally resistant to chemotherapy but recent studies point to the potential value of targeted therapy. Here we describe approaches to dynamic studies of melanoma that utilize cultures of melanoma cells. Such approaches will complement molecular and genetic studies and lead both to a greater understanding of the disease and to the development of better therapies. For primary culture, surgical material is partially disaggregated and cultured in 96-well plates coated with a thin layer of agarose to prevent growth of fibroblasts. Partially disaggregated material is also cultured for longer periods in tissue culture flasks and clumps of melanoma cells are removed from the fibroblast monolayer and passaged. Repeated passage of cells over a 3-12 month period results in the generation of fibroblast-free cell lines. Both 7-day primary cultures and cell lines can be used to study cell cycle kinetics and response to anticancer drugs, and cell lines are valuable for genetic and other molecular studies. 
Protocol Text: 

1. Sample preparation
1.1) Surgical specimens of metastatic melanoma are examined by a pathologist before they are placed in transport medium and transferred to the laboratory. Transport medium contains ITS medium supplemented with penicillin (100 U/ml) and streptomycin (100 µg/ml). ITS medium comprises α-modified MEM supplemented with 5% fetal bovine serum (FBS), insulin (10 µg/ml), transferrin (100 µg/ml) and sodium selenite (10 ng/ml). Samples can be used either immediately after receipt of the sample or within 24 hours following storage at 4°C. Note that most hospitals require a written approval of the appropriate Ethics Committee and written consent from the patient (including the provision of an Information Sheet) before they can be used for research.
1.2) Disaggregation procedure: Carry out all procedures using aseptic techniques. Remove normal, adipose or grossly necrotic tissue, selecting pink tissue. Mince the material (typically 150 mg) with crossed scalpels in transport medium (20 ml). Push the resulting suspension through a stainless steel screen (0.65 mm mesh size) using a round-ended dental probe.  
1.3) Transfer the suspension to a tube and examine under phase contrast microscopy in a hemacytometer. Cells should be refractile, indicating viability. Count the viable cells, estimating the cells in clumps. Some of the suspension is later transferred to glass slide (cytospin) and stained with Wright-Giemsa stain before cytological examination. 
2. Primary culture preparation

2.1) Preparation of culture plates: Make a sterile solution of 0.15% w/v agarose by boiling in distilled water. After cooling to 40°C, pipette an aliquot (40 µl) into each well of a 96-well plate using a multichannel pipette under sterile conditions. Invert the plate and flick once to remove excess agarose and to leave a thin film of agarose. This prevents proliferation of fibroblasts on the plate.

2.2) Allow the plate to dry and store at room temperature for a minimum of 1 day and a maximum of 1 month before use.

2.3) A minimum of 106 cells is required to set up each full plate of assays. Depending on the total number of cells present, apportion part of the suspension to primary culture and part for cell line development (see section 3). Set up cell suspensions in ITS medium so that each duplicated row of cells contains one of four cell densities (typically 1250, 2500, 5000 and 7500 cells) in a volume of 125 µl.

2.4) Add drugs at this stage. Typically, a dilution series in ITS medium (3-fold dilution steps, covering the range required) is prepared for each test drug in a 96-well plate. Note that some drugs adsorb strongly to plastic micropipette tips and fresh micropipette tips may be necessary for each step in a dilution series. Use a multichannel pipette to transfer the drug solutions (25 µl) to the culture plates, starting with the lowest dilution. 

2.5) Culture conditions: Low oxygen conditions are recommended – incubate for 7 days at 37°C under a fully humidified atmosphere of 5% O2, 5% CO2 and 90% N2. 
2.6) End-point: Before harvesting, check the plates for contamination. Add 3H-thymidine (20 µCi/mmol; 0.04 µCi/well) together with unlabelled thymidine (0.1 µM) and 5-fluorodeoxyuridine (0.1 µM) in a volume of 20 µl to each well 24 h before harvesting. This labels the DNA of proliferating cells and inhibits endogenous synthesis of thymidine, thus enhancing 3H-thymidine incorporation.

2.7) Collect cells using a 96-well plate harvester on glass fiber filters and quantitate radioactivity using a liquid scintillation β-counter. Check the linearity of incorporation in cultures seeded at different cell concentrations; incorporation should be linearly related to the number of cells cultured. Choose the seeding concentration that ensures both optimal incorporation and linearity. 

3. Derivation of cell lines

3.1) At the tissue disaggregation step (see section 1.3), transfer cell suspension that is not used for primary culture to a minimum of three 25 cm2 tissue culture flasks (5 ml/flask).

3.2) Incubate at 37°C under a fully humidified atmosphere of 5% O2, 5% CO2 and 90% N2 and observe daily using a phase contrast inverted microscope. 
3.3) Cells will be observed adhering to the flask after 1-3 days, depending on the growth rate. When this occurs, remove the growth medium with a Pasteur pipette. Replace with fresh ITS medium (5 ml). From this stage, observe the cultures every 3-4 days. Melanoma cells will compete with fibroblasts and occupy the available space more quickly.

3.4) As the cell density increases to approximately 75% confluence, as determined both by visual assessment and acidification of the growth medium, remove supernatant and loosely adherent fibroblasts with a Pasteur pipette, and replace with sterile phosphate-buffered saline (2 ml) containing 0.05% trypsin/EDTA. Leave for 2-5 min then add 5 ml ITS medium to neutralize the trypsin. Transfer the cell suspension to a tube and centrifuge (1000 rpm, 5 min) to harvest the cells. Remove the supernatant with a Pasteur pipette and resuspend pellet in ITS medium (5 ml). Set up a new passage using 0.5 ml cell suspension plus ITS medium (5 ml).
3.5) Count the cells in the remaining suspension to create a frozen stock of cells. Centrifuge, remove supernatant, and resuspend in ITS medium and dispense aliquots (900 µl; optimally 2-5 million cells per aliquot) into cryotubes. Add an equal volume of freezing mix. Freezing mix stock contains DMSO (8 ml), FBS (12 ml) and unsupplemented α-MEM (20 ml) and is stored at 4°C. Place the cryotubes in a freezing container (to ensure a gradual decrease in temperature) in a -80°C freezer overnight. Transfer subsequently to a liquid nitrogen Dewar for long term storage. Ensure that accurate details of the culture are properly maintained.
3.6) Observe the new passage (see section 3.4) at least at weekly intervals and when the culture density is sufficient (75% confluence), repeat step 3.4 to make a new passage and freeze a sample. Repeat the procedure, typically up to passage 10. Generally, fibroblasts would disappear after passage 3.
3.7) Analyze the cell lines by DNA flow cytometry. Harvest cells by trypsinisation (see section 3.4), wash in PBS, resuspend in ice-cold methanol and store at -20°C. Prior to analysis, wash samples and resuspend in PBS containing 3% FBS (v/v). Treat with RNase (0.1 mg/ml) and add propidium iodide to 0.02 mg/ml prior to analysis for DNA content on a flow cytometer. 

3.8) Carry out cell line culture assays using cells at passage 5 or above. Use standard cell culture plates, i.e. without the addition of agarose. Culture under the conditions described for primary cultures but use a culture period of 4 or 5 days, since cell lines grow more rapidly than primary cultures. Add 3H-thymidine, unlabelled thymidine and 5-fluorodeoxyuridine for the last 6 hours of the culture period. At the end of the incubation add Protease (2 mg/ml in 4 mM EDTA/PBS; 150 µl) to lift the cells from the plate.
Representative Results
The expected outcome of this protocol is the acquisition of one or more dose-response profiles for selected anticancer drugs (depending on the area of interest), together with the establishment of a new melanoma cell line. Samples of the original tumor and of melanoma cells grown for different passages are available for molecular and other studies. A blood sample from the melanoma patient is a useful addition for molecular studies since it will provide a basis for comparison with the normal genetic content. The success rate of this protocol depends on the amount of sample as well as the quality of the sample; one can generally expect a success rate of at least 90% for the primary culture, and approximately 80% for the development of a cell line.
A typical result of a primary culture is shown in Figure 1, which shows dose response curves to paclitaxel and doxorubicin. The incorporation of 3H-thymidine into DNA by untreated primary cultures at an optimal cell density varies considerably for different samples (from <100 to >15,000 counts/min with a median of approximately 1400 counts/min). Addition of increasing concentrations of a cytotoxic drug generally leads to decreased incorporation of 3H-thymidine but note that with the drug paclitaxel, a mitotic poison, 3H-thymidine incorporation does not reduce to zero with increasing drug concentration but rather reaches a “plateau” value of maximum reduction. This occurs because paclitaxel prevents completion of mitosis and therefore prevents cell division but does not prevent the transition of existing G1-phase cells into 3H-thymidine-incorporating S-phase cells.  Thus the magnitude of 3H-thymidine incorporation by paclitaxel-treated cells, in comparison of that of untreated cells, is related to the cell cycle time, as has been found both empirically from studies of cell lines  QUOTE "1" 
1
 and theoretically from construction of a mathematical model of the cell cycle  QUOTE "2" 
2
. One useful application of the primary culture method is therefore to estimate cytokinetic parameters of cells. This has been carried out for ovarian cancer and glioma  QUOTE "3" 
3
; a similar study for melanoma is in progress.
Discussion
Many characteristics of melanoma tissue cannot be discerned by examining material at a single point of time, as is commonly used in molecular studies. The culturing of cells from melanoma tissue removed at surgery provides the opportunity of examining responses to anticancer treatments in real time. Such cultures can also be used in studying the characteristics of melanoma and in the development of new treatment  QUOTE "4" 
4
. It is clear from in vivo studies of melanoma that the potential doubling time of the population (Tpot), which is typically 7 days  QUOTE "5" 
5
, is much shorter than the volume doubling time of the tumor itself, which is typically 7 weeks  QUOTE "6" 
6
. This implies the presence of a substantial rate of tumor cell turnover, and the presence of apoptotic cells in tumor sections is well established. Thus, the observation made in our studies that primary cultures of melanoma tissue have a high death rate reflects the in vivo situation, and emphasizes the necessity of short term experiments on the dynamic properties of primary cultures of melanoma. On the other hand, continued culture does lead to the emergence of cell lines that are comparatively resistant to apoptosis and that grow with doubling times typically in the range 1-3 days. The discrepancy between the properties of primary cultures and cell lines has been resolved by postulating the existence of two populations with differing growth rates and differing susceptibility to apoptosis.  Each population is likely to have its own microenvironment and the more rapidly growing population is the precursor of the apoptosis-susceptible population  QUOTE "7" 
7
.
The methods described here for melanoma culture are based on previous studies  QUOTE "8,9" 
8,9
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. A key element in the protocol for both primary culture and the development of cell lines is the partial disaggregation step, since melanoma cells grow in close conjunction with host cells such as fibroblasts. The aim of the disaggregation procedure is therefore to produce cellular clusters that are small enough to manipulate by pipetting but large enough to preserve cell-cell interactions. The use of a sieve also helps to retain collagen and fibrous particles in the preparation. The low speed centrifugation also enriches for clusters of melanoma cells. It is important to realize that stress imposed on the surgical specimen during surgical removal, physical disaggregation and altered oxygen concentration is severe and may itself induce cell death. The added components in ITS medium, insulin, transferrin and selenite, are chosen to minimize this effect. Insulin acts on insulin-like growth factor receptors through the phosphoinositide-AKT pathway to stabilize the mitochondrial outer membrane and thus inhibit apoptosis. Transferrin optimizes the transport of iron, an essential nutrient but ferric ion is itself an oxidant and the further addition of selenite as a powerful antioxidant is recommended. The use of a low-oxygen atmosphere minimizes the conversion of oxygen to reactive oxygen species in mitochondria. It is also important to keep in mind that major stresses have been imposed on the tissue sample both during surgical removal and during partial disaggregation. These stresses induce fibroblasts, which form a major component of melanoma tissue, to produce a wounding response that includes proliferation, so that cultures will contain both proliferating melanoma cells and proliferating fibroblasts. 
The short term nature of primary cultures means that a method of preventing fibroblast proliferation must be used and the coating of 96-well culture plates with a thin film of agarose was developed as a low-cost approach  QUOTE "8" 
8
. The end-point for primary culture studies is often a proliferative one, and a number of methods including protein stains, mitochondria-activated stains such as MTT (thiazolyl blue) or S-phase measurements (uptake of labeled thymidine or of bromodeoxyuridine) are available  QUOTE "10" 
10
. However, the first two of these methods are not recommended for the assessment of primary cultures because an unknown number of host cells are present and a proportion of cells die during the incubation. It should also be noted that stock solutions of 3H-thymidine can undergo radio-decomposition, particularly if aqueous stocks are frozen, since the act of freezing concentrates the solutes.
The development of melanoma lines, some of which have been described in previous studies  QUOTE "11-13" 
11-13
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, adopts a different approach in which fibroblast proliferation is self-inhibited once a monolayer is reached, and the melanoma cells grow on top of this layer. It should be kept in mind that melanoma cells grow best if they are not too sparsely seeded. The protocol described here aims to enrich early cultures for melanoma cells with the eventual elimination of fibroblasts and various techniques including trypsin treatment can be used to facilitate enrichment. It is important to note that melanoma cell lines are by nature heterogeneous. Phase contrast images such as that shown in Figure 2 help to characterize melanoma lines and different lines vary considerably in their appearance. Cytogenetic analysis has indicated differences in karyotype among individual cells and flow cytometric analysis of melanoma lines, stained for DNA content with a fluorescent dye such as propidium shows the presence of multiple populations of varying ploidy in about 10% of lines. Most melanoma lines (approximately 80%) have an aneuploid DNA content while about 10% show close to diploid DNA content (Figure 3). However, growth of individual clones of cells from a single melanoma line often reveals populations of different DNA content that are not detectable in the analysis of the total population. Flow cytometry is thus a useful method for characterization of cells at different passage numbers. It might be assumed that prolonged culture or repeated passage will result in outgrowth of the most rapidly growing phenotypes but this is not necessarily the case because growth appears to be cooperative, e.g. secretion of growth factors by one variant may support the growth of another. The end-point for investigating drug effects on melanoma cell lines is also often based on cell proliferation and here a variety of methods including MTT staining and protein staining can be used  QUOTE "10" 
10
.
In conclusion, studies using primary cultures of melanoma and of their derived cell lines raise many questions about the basic nature of melanoma growth in vivo. For instance, why is the cell cycle time of the derived cell line shorter than that estimated in the original tumor? Does heterogeneity contribute to the biology and resistance to therapy of clinical melanoma? Why do melanomas undergo continuous turnover and does this contribute to their aggression and resistance to treatment?  It should be kept in mind that these properties of melanoma cultures might reflect the nature of the original tumor growing in vivo.
Acknowledgments: Supported by the Auckland Cancer Society.
Disclosures: We have nothing to disclose.  
References:


1. 
Baguley, B.C. et al. Resistance mechanisms determining the in vitro sensitivity to paclitaxel of tumour cells cultured from patients with ovarian cancer. Eur J Cancer  31A, 230-237 (1995).


2. 
Basse, B. et al. A mathematical model for analysis of the cell cycle in cell lines derived from human tumors. J. Math. Biol. 47, 295-312 (2003).


3. 
Furneaux, C.E. et al. Cell cycle times of short-term cultures of brain cancers as predictors of survival. Br. J. Cancer 99, 1678-1683 (2008).


4. 
Baguley, B.C. & Marshall, E.S. The use of human tumour cell lines in the discovery of new cancer chemotherapeutic drugs. Expert Opinion Drug Discovery 3, 153-161 (2008).


5. 
Rew, D.A. & Wilson, G.D. Cell production rates in human tissues and tumours and their significance. Part II: clinical data. Eur. J. Surg. Oncol. 26, 405-417 (2000).


6. 
Friberg, S. & Mattson, S. On the growth rates of human malignant tumors: implications for medical decision making. J Surg Oncol 65, 284-297 (1997).


7. 
Baguley, B.C. The paradox of cancer cell apoptosis. Front. Biosci. 16, 1759-1767 (2011).


8. 
Marshall, E.S. et al. Microculture-based chemosensitivity testing: a feasibility study comparing freshly explanted human melanoma cells with human melanoma cell lines. J. Natl. Cancer Inst. 84, 340-345 (1992).


9. 
Baguley, B.C., Marshall, E.S. & Christmas, T.I. Cultures of surgical material from lung cancers. A kinetic approach. Methods Mol Med 74, 527-544 (2003).


10. 
Finlay, G.J., Marshall, E., Matthews, J.H., Paull, K.D. & Baguley, B.C. In vitro assessment of N-[2-(dimethylamino)ethyl]acridine-4- carboxamide, a DNA-intercalating antitumour drug with reduced sensitivity to multidrug resistance. Cancer Chemother. Pharmacol.  31, 401-406 (1993).


11. 
Marshall, E.S. et al. Radiosensitivity of new and established human melanoma cell lines: comparison of [3H]thymidine incorporation and soft agar clonogenic assays. Eur J Cancer 30A, 1370-1376 (1994).


12. 
Marshall, E.S. et al. Anticancer drug sensitivity profiles of new and established melanoma cell lines. Oncol Res 5, 301-309 (1993).


13. 
Parmar, J. et al. Radiation-induced cell cycle delays and p53 status of early passage melanoma cell lines. Oncol Res 12, 149-155 (2000).

Table of specific reagents and equipment:

	Name 
	Company
	Catalogue number

	α-modified MEM
	Invitrogen
	12000-063

	96-well plate harvester
	Tomtec
	

	ITS
	Roche Diagnostics
	11 074 547 001

	Fetal bovine serum
	Moregate
	

	Trypsin/EDTA in PBS
	Gibco
	15400

	Protease
	Sigma
	P5147

	RNase
	Roche Applied Science
	10 109 134 001

	Propidium Iodide
	Sigma-Aldrich
	P4170

	FACScan flow cytometer
	Becton Dickinson
	

	Glass fiber filters
	PerkinElmer
	1450-421


Figure Legends  

Figure 1. Typical dose-response curves of a primary culture of melanoma to paclitaxel (A) and doxorubicin (B). The incorporation of 3H-thymidine by controls was 10,100 count/min.
Figure 2. Typical appearance under phase contrast microscopy of a melanoma line (NZM2) growing in a culture dish.

Figure 3. Typical flow cytometry profiles for (A) a melanoma line (NZM99) with an aneuploid DNA content and (B) a line (NZM89) with a near diploid content. The gray peak in (A) represents added peripheral blood leucocytes as a marker of diploid cells; the melanoma line in this case has a DNA content of 1.63x diploid.
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