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Dear Editor,

Growth of cells at clonal density, that is, <<1% confluence, is useful for studying cell

migration and cell–cell interactions. Clonal growth from single cells is essential for isolating

stem cells, separating cell types descended from a single stem cell precursor, and

establishing clonal cell strains from humans, mutant mice, or genetically modified cells

(Bennett et al., 1989; Miyazaki et al., 2008; Nishikawa-Torikai et al., 2011). Clonal survival

distinguishes proliferative survival from cell cycle arrest, senescence, or delayed death, for

which metabolic survival assays often lead to misleading conclusions about a drug's

effectiveness. Clonality is the basis for detecting the creation of mutant cells, which occur so

rarely that biochemical methods are inadequate. However, primary human melanocytes

grow poorly, if at all, below ~ 10% confluence and cannot be established at clonal density

on plastic. Feeder layers require a compromise between the growth media optimal for feeder

cell and melanocyte. The lethal doses of inactivating carcinogens induce unknown stress

responses, and the feeder cells must later be purified away before molecular assays can be

carried out on the melanocytes.

HaCaT human keratinocytes deposit an extracellular matrix (ECM) that has been used to

culture melanocytes at high density (Gilchrest et al., 1985). At high melanocyte density (≥25

000 cells/cm2), the laminin-332 in this ECM supports adhesion, spreading, and migration, as

well as phosphorylation of focal adhesion kinase (Chung et al., 2011). ECM from the 804G

rat bladder cell line supports these parameters and cell proliferation in epidermal carcinoma

and pancreatic beta cells, with laminin-332 again the important component (Gonzales et al.,

1999; Langhofer et al., 1993; Liu et al., 2009; Parnaud et al., 2009). Laminin-332 is major

laminin in skin (Todorovic et al., 2010), and, unlike other laminins in the basement

membrane, it supports the formation of hemi-desomsomes (Langhofer et al., 1993). Here,
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we report that cell-free ECM deposited by 804G cells, and to a lesser extent HaCaT, allows

survival and proliferation of single primary human melanocytes and that laminin-332 is

crucial.

We used HaCaT, 804G, and the keratinocyte cell line XB2 to deposit human, rat, or mouse

ECM, respectively, onto wells of a 96-well plate (Appendix S1) or used ECM containing

laminin-111 (Matrigel). One, 10, or 1000 primary human melanocytes were flow-sorted and

deposited into the ECM-coated wells. Seven or 14 days after sorting, primary human

melanocytes were observed multiplying on ECM even at low density (Figure 1A). Clonal

growth from a single cell occurred only on ECM from 804G or HaCaT cells. Cell

attachment and proliferation were quantified by counting wells containing more than the

initial number of cells after 14 days (Figure 1B). When three cells were deposited per well,

melanocyte proliferation was observed in 79, 54, and 6% of wells coated with ECM from

804G, HaCaT, and XB2 cells, respectively. Precise plating efficiency was obtained by the P0

method from the percentage of wells containing no dividing cells after 14 days. For 804G

ECM, plating efficiencies were 0.53 ± 0.15, 0.55 ± 0.20, and 0.36 ± 0.25 for 5, 3, or 1 cell

per well, respectively, while HaCaT ECM gave half those of 804 ECM, 0.38 ± 0.06, 0.28 ±

0.02, and 0.16 ± 0.03. The –50% plating efficiency on 804G ECM is comparable to many

immortal cell lines at high density. Growth kinetics and plating efficiency for several human

donors are shown in Figure S1. Primary human melanocytes grown on ECM retained

normal melanocytic characteristics such as dendrites (Figure 1A) and pigmentation (Figure

2). Another indication of normal differentiation was that mRNA expression of melanocyte

marker c-KIT on 804G ECM was equal to that on plastic (Figure 1C).

We next examined whether the laminin-332 deposited by 804G and HaCaT cells was

responsible for clonal melanocyte growth. Western blotting for the γ2 chain of laminin-332

showed that HaCaT and 804G cells contained higher levels of laminin-332 protein than the

poorly supportive XB2 cells (Figure S2A). 804G cells, which gave the highest plating

efficiency, contained only the fully processed form, cleaved from 150 kDa to 105 kDa

(Kariya et al., 2012). This form supports the creation of hemidesmosomes (Goldfinger et al.,

1998). We then tested whether clonal growth on HaCaT ECM was diminished by blocking

antibody. P3H9-2 against human laminin-332 reduces proliferation of breast epithelial cells

by 50% (Gonzales et al., 1999). Control mouse IgG did not affect growth on HaCaT human

ECM (P > 0.05), but pre-incubation of ECM with the antilaminin-332 antibody at 10 and 30

μg/ml inhibited melanocyte growth by 57.4 and 46.7%, respectively (Figure S2B). To test

laminin-332 in 804G cells, we obtained these cells stably transduced with retrovirus

expressing shRNA for laminin-332 γ2 chain (shLM332) or a scrambled control shRNA

(Scrambled shLM332) (Liu et al., 2009). Figure 2 shows occasional sparse miniclones on

plastic, but 804G ECM fostered profuse growth of dendritic, pigmented cells. Scrambled

shLM332 had little effect, but shRNA targeted to LM332 profoundly inhibited growth and

health of primary melanocytes. The decrease in clone number was ~80% for clones greater

than 100 cells (Figure S2C).

The clonal survival of primary human melanocytes could be measured using the ECM

method (Figure S3). Seven days after exposure to ultraviolet radiation (UVB), 74% of the
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plated cells formed colonies after 1000 J/m2 UVB, compared with the plating efficiency of

unirradiated cells, and 42% after 2000 J/m2.

The results imply that a major determinant of melanocyte clonal growth lies in the basement

membrane. Using ECM for growth of single melanocytes should permit studies of cell

migration, cell–cell communication, melanocyte stem cells and their lineages, and drivers of

clonal expansion, enhancing our understanding of both therapeutics and basic biology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Clonal growth of primary human melanocytes on cell-deposited extracellular matrix (ECM).

(A) Clonal growth occurs on ECM from cell lines secreting laminin-332, but not on ECM

containing laminin-111 (Matrigel). Cell strain C6. Image at 1000 cells/well is from day 7;

images for 10 and 1 cells/well from day 14. 200×. (B) Plating efficiency measured as

percentage of wells containing dividing cells. Two repeats using donor C6 (mean ± SEM).

(C) c-KIT mRNA expression is the same in primary human melanocytes cultured on plastic

or 804G ECM. Expression is 8-fold lower in human peripheral blood monocytes. Cell strain

C189 plated at 250 000 cells per 60-mm dish. Mean ± SEM.
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Figure 2.
Requirement for laminin-332. Clonal growth on 804G ECM is suppressed when 804G cells

have been stably transduced with retrovirus carrying shRNA against the γ2 subunit of

laminin-332, but not by scrambled shRNA. Ten donor C189 melanocytes seeded per 35-mm

dish by limiting dilution and assessed after 10 days. Scale bar, 400 μm.
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