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Abstract
Gaining insights into the molecular events that govern the progression from melanoma in situ to
advanced melanoma, and understanding how the local microenvironment at the melanoma site
influences this progression, are two clinically pivotal aspects that to date are largely unexplored.
In an effort to identify key regulators of the crosstalk between melanoma cells and the melanoma-
skin microenvironment, primary and metastatic human melanoma cells were seeded into skin
organ cultures (SOCs), and grown for two weeks. Melanoma cells were recovered from SOCs by
laser microdissection and whole-cell tryptic digests analyzed by nanoflow liquid chromatography-
tandem mass spectrometry with an LTQ-Orbitrap. The differential protein abundances were
calculated by spectral counting, the results of which provides evidence that cell-matrix and cell-
adhesion molecules that are upregulated in the presence of these melanoma cells recapitulate
proteomic data obtained from comparative analysis of human biopsies of invasive melanoma and a
tissue sample of adjacent, non-involved skin. This concordance demonstrates the value of SOCs
for conducting proteomic investigations of the melanoma microenvironment.
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Introduction
Despite increasing efforts aimed at melanoma prevention and, equally important, early
detection, the worldwide incidence of melanoma continues to rise. As there are no effective
treatment regimens for patients with advanced melanoma, the molecular basis of melanoma
progression is likely to hold the key to clinical treatment. Melanoma progression is a
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pathologically well-defined process and when surgically resected with a wide and deep
margin, the prognosis for patients with melanoma in situ is favorable. While melanoma in
situ is confined to the epidermis, primary melanoma in the vertical growth phase (VGP) has
invaded deep into the dermis and, unlike melanoma in situ but like melanoma in the
metastatic growth phase (MGP), VGP melanoma proliferates aggressively.

Over the past few years, high-throughput studies such as serial analysis of gene expression
(SAGE), whole-genome microarray expression profiling and integrative analysis by
microarray-based comparative genomic hybridization (array-CGH) have led to the
identification of genes that previously were not known to be expressed in advanced
melanomas, and/or were found to be upregulated with progression from early to advanced-
stage melanoma. More recently, mass spectrometry (MS)-based proteomics has been used to
identify proteins that are differentially expressed in VGP versus MGP melanomas1, or to
detect melanoma in its early stage of development2–4. Unlike in the case of breast cancer,
however, where various high-throughput molecular approaches have generated significant
information detailing the interactions among epithelial and stromal cells that play supporting
roles in tumorigenesis5, little information is yet available regarding the contributions of the
local microenvironment to melanoma invasion and progression.

The epidermis is a multilayered structure, which is separated by an intact basement
membrane from mesenchymal support cells. The stem cell-like basal keratinocytes undergo
asymmetric replications with a multi-cell vertical differentiation resulting in enucleation and
formation of a keratinized barrier. Neuroectoderm-derived melanocytes migrate into and
reside in the epidermis where they are in contact with and communicate through E-cadherin
and connexin junctions with keratinocytes. As part of the invasion process, melanoma cells
must transit an E-cadherin-bridged epithelial milieu, attach to and breach the laminin/
fibronectin-rich basement membrane and penetrate the dermis to reach conduits for
dissemination, such as the host vasculature (Fig. 1A). Detailed insights are lacking regarding
how the local microenvironment affects or alters molecular features of melanoma cells that
may be required to drive invasion and progression, arising from the absence of suitable skin
models that mimic invasive growth. Indeed, rodent skin does not recapitulate the structural
microenvironment of human skin and other animal models, such as porcine, do not present
naturally occurring melanomas. Ex vivo human skin organ cultures (SOCs; Fig. 1B) have
been used to investigate various human skin conditions including wound healing and have
been used in a limited fashion in melanoma research6–10. Skin organ cultures are derived
from excess pathological specimens obtained during cosmetic surgery or post bariatric
weight loss, or can be generated ex vivo from human skin components11.

In the present study, we demonstrate that seeding VGP and MGP melanoma cells into SOCs
leads to formation of melanoma nodules after approximately 12 days. Laser microdissection
was utilized to acquire the melanoma tumor nodule from these tissue sections, as well as
samples from collagen-injected and non-injected SOCs, which were analyzed by nanoflow
liquid chromatography-tandem mass spectrometry (LC-MS/MS). An analysis of differential
protein abundances by spectral counting was conducted, and demonstrates that the
proteomic profiles very closely resemble that obtained from a differential proteomic analysis
of human melanoma and an adjacent skin biopsy free of melanoma. These data suggest that
melanoma-seeded SOCs represent a unique model system for investigating the molecular
events in the microenvironment that promote melanoma invasion and progression.

Hood et al. Page 2

J Proteome Res. Author manuscript; available in PMC 2013 August 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Materials and Methods
Cell Cultures and Tissue Samples

Normal human epidermal melanocytes (FC-0019, Lifeline Cell Technology, Walkersville,
MD) were maintained in DermaLife Basal Medium with LifeFactors (LM-0027, Lifeline
Cell Technology). The VGP (WM983-A) and MGP (WM1158) human melanoma cell lines
were propagated in vitro as described12. Deidentified, post-diagnosis, excess pathological
specimens, representing an advanced melanoma and an adjacent skin biopsy with no clinical
signs of melanoma, resected from a patient, were obtained in compliance with a University
of Pittsburgh Cancer Institute (UPCI) and University of Pittsburgh Institutional Review
Board (IRB)-approved protocol.

Antibodies and Reagents
An anti-human/mouse Tenascin-C monoclonal antibody (MAB2138) was purchased from
R&D Systems (Minneapolis, MN), and mouse anti-α-actinin-4 antibody (sc-49333) was
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Antibodies were used at a 1:200
dilution for immunoblotting and immunocytochemistry. For immunohistochemistry
stainings, anti-human tensacin-C mouse monoclonal antibody (ab6393) and anti-human/
mouse α-actinin 4 antibody (ab32816, Abcam, Cambridge, MA) were used at the final
concentration of 2 µg/ml.

Skin Organ Cultures
Skin organ culture experiments were performed on human Epiderm full-thickness 400
(EFT-400) 3D skin-like structures obtained from MatTek Corporation (Ashland, MA).
These constructs contain human-derived dermal fibroblasts and epidermal keratinocytes and
utilize bovine collagen as the base for the dermal matrix. Cultures were maintained at the
air-liquid interface and supplied every other day with maintenance medium (EFT-400-MM,
MatTek). Cultures were injected intra-epidermaly with 10,000 melanoma cells (either
WM983-A or WM1158) resuspended in 3 µg/mL rat tail collagen (R&D Systems).
Collagen-injection and non-injected SOCs served as controls. On day 13 after injection,
tissues were divided in half with a razor; one half was formalin-fixed and paraffin-
embedded, and the other half was embedded in OCT and frozen in liquid nitrogen. This time
point was chosen based on previous reports as sufficient time for growth of tumor-like
structures within the SOC.6, 8 Furthermore, the SOC maintain structural integrity for
throughout this time period but begin to degenerate upon further culture. Cells from defined
regions were acquired by laser microdissection (Leica LMD 6000, Leica Microsystems, Inc.,
Bannockburn, IL) and collected in 40 µL of purified H2O in RNAase/DNAse-free
microcentrifuge tubes.

FFPE Sample Preparation
Samples were brought to 100 mM NH4HCO3, pH 8.4, 60% acetonitrile and incubated in a
thermal cycler at 100 °C for 1 h, and thereafter at 65 °C for an additional 2 h. Samples were
cooled to ambient temperature, followed by addition of 100 ng of modified porcine
sequencing grade trypsin (Promega) and incubated for 16 h at 37 °C. Samples were vacuum-
dried and desalted using PepClean desalting columns (Pierce) according to the
manufacturer’s protocol. Eluted peptides were vacuum-dried and stored at −80 °C.

Human Melanoma Biopsy Sample Preparation
Cryopreserved melanoma and human skin samples were placed in a Petri dish containing
phosphate-buffered saline (PBS) on wet ice and cut into small pieces with a scalpel. Tissues
were transferred to microcentrifuge tubes, homogenized for 10 s, snap-frozen in liquid
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nitrogen and brought to ambient temperature. Tissue lysates were sonicated for 15 sec (50
Hz) and supernatant was collected by centrifugation (2000 × g, 10 min). Fifty µg of each
protein lysate was resolved by 1D SDS-PAGE and each lane was cut into ten equivalent
slices that were digested in-gel according to established protocols.13 Briefly, gel bands were
destained in 50% acetonitrile in 50 mM NH4HCO3, pH 8.4 and vacuum-dried. Trypsin (20
µg/mL in 25 mM NH4HCO3, pH 8.4) was added and samples were incubated on wet ice for
45 min. The supernatant was removed and gel bands were covered with 25 mM NH4HCO3,
pH 8.4 and incubated at 37 °C overnight. Tryptic peptides were extracted with 70%
acetonitrile, 5% formic acid, lyophilized to dryness and resuspended in 0.1% trifluoroacetic
acid (TFA) prior to LC-MS/MS analysis.

Mass Spectrometry Analyses
Skin organ culture tryptic digests were analyzed in duplicate by nanoflow reversed-phase
liquid chromatography (LC)-MS/MS using a nanoflow LC (Dionex Ultimate 3000, Dionex
Corporation, Sunnyvale, CA) coupled online to an linear ion trap MS (LTQ-XL,
ThermoFisher Scientific, San Jose, CA). Human biopsy tissue tryptic digests were similarly
analyzed on an LTQ-Orbitrap MS (ThermoFisher). Separations were performed using 75 µm
i.d. × 360 o.d. × 15 cm long fused silica capillary columns (Polymicro Technologies,
Phoenix, AZ) slurry packed in house with 5 µm, 300 Å pore size C-18 silica-bonded
stationary phase (Jupiter, Phenomenex, Torrance, CA).

Following sample injection onto a C-18 trap column (Dionex), the column was washed for 3
min with mobile phase A (2% acetonitrile, 0.1% formic acid) at a flow rate of 30 µL/min.
Peptides from the SOC tissue sections were eluted using a linear gradient of 0.33% mobile
phase B (0.1% formic acid in acetonitrile)/minute for 130 min, then to 95% B in an
additional 15 min, all at a constant flow rate of 200 nL/min. In the case of the melanoma and
skin tissue samples, peptides were eluted using a linear gradient of 1% mobile phase B/
minute for 40 min, then to 95% B in an additional 10 min, all at a constant flow rate of 200
nL/min. Column washing was performed at 95% B for 15 min for all analyses, after which
the column was re-equilibrated in mobile phase A prior to subsequent injections.

For the SOC analyses, the MS was operated in data-dependent MS/MS mode in which each
full MS scan was followed by seven MS/MS scans performed in the linear ion trap (LIT)
where the seven most abundant peptide molecular ions were selected for collision-induced
dissociation (CID), using a normalized collision energy of 35%. The human melanoma and
normal skin tissue digests were analyzed using a high resolution (R=60,000 at m/z 400) full
MS scan conducted in the Orbitrap followed by tandem MS of the top five molecular ions in
the LIT as described above. Data were collected over a broad precursor ion selection scan
range of m/z 375–1800 for the SOC analysis and m/z 350–1800 for the analysis of the
human tissue samples. Dynamic exclusion was enabled for both MS analyses to minimize
redundant selection of peptides previously selected for CID.

Bioinformatic Analysis
Tandem mass spectra were searched against the UniProt human protein database (11/09
release) from the European Bioinformatics Institute (http://www.ebi.ac.uk/integr8), using
SEQUEST (ThermoFisher Scientific). Additionally, peptides were searched for methionine
oxidation with a mass addition of 15.9949 Da. Peptides were considered legitimately
identified if they met specific charge state and proteolytic cleavage-dependent cross
correlation scores of 1.9 for [M+H]1+, 2.2 for [M+2H]2+ and 3.5 for [M+3H]3+, and a
minimum delta correlation of 0.08. A false peptide discovery rate of approximately 2% was
determined by searching the primary tandem MS data using the same criteria against a
decoy database wherein the protein sequences are reversed14. Results were further filtered
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using software developed in-house, and differences in protein abundance between the
samples were derived by summing the total CID events that resulted in a positively
identified peptide for a given protein accession across all samples (spectral counting).15 The
spectral count data were normalized for each protein accession by calculating the percent
contribution of the spectral count values for each protein accession against the total number
of peptides identified within a given sample.16

Real-Time PCR
Total mRNA from the melanocytes and melanoma cell lines was isolated using an RNAeasy
Mini Kit (Qiagen, Valencia, CA), and 1 µg of mRNA was reverse-transcribed into the
corresponding first-strand cDNA with the Quantitect Transcription Kit (Qiagen). PCR
reactions were performed on a MX3000P Real-Time PCR instrument (Stratagene, Agilent
Technologies, Santa Clara, CA), using 1 µl of first-strand cDNA per reaction with Brilliant
SYBR Green QPCR Master Mix (Stratagene). Primers (Integrated DNA Technologies,
Coralville, IA) used were:

cDNA Sequence of primers

Tenascin-C

Forward 5’-GAGGTCAACAAAGTGGAGGCA-3’

Reverse 5’-GAGAGATTGAAGCTCTCGGGAG-3’

α-Actinin-4

Forward 5’-CATATCAGGGGAGCGGTT-3’

Reverse 5’-GCAATAAAGTCCAGCGCT-3’

GAPDH

Forward 5’-GAGTCAACGGATTTGGTCGT-3’

Reverse 5’-TTCATTTTGGAGGGATCTCG-3’

All experiments were performed in triplicate, fold-abundance changes in transcript levels
were quantified by the ΔCt method and target gene expression was normalized to GAPDH.
The VGP melanoma cell line, WM983-A, was used as a reference.

Immunoblotting and Immunostaining
Cell lysates were obtained by snap-freezing, thawing, and vortexing in lysis buffer (50 mM
Hepes, pH 7.9, 0.4 M KCl, 0.5 mM EDTA, 0.1% NP-40, 10% glycerol) supplemented with
1 mM sodium orthovanadate, 50 mM sodium fluoride and protease inhibitor cocktail set V
(Calbiochem, EMD Chemicals, Gibbstown, NJ). Protein concentrations were determined by
the BCA assay (Pierce, Rockford, IL), and 100 µg of total protein per sample was resolved
by 1D SDS-PAGE. Samples were transferred to PVDF membranes (Millipore, Billerica,
MA), blocked with 5% milk in PBST and incubated with primary antibody overnight at 4
°C. Secondary antibody was added for 1 h at ambient temperature and blots were detected
with SuperSignal West Pico Chemiluminescent Substrate (Pierce).

Normal human melanocytes, and likewise melanoma cells, were seeded on glass coverslips
and fixed with 2% formaldehyde for 30 min at ambient temperature. After washing with
PBS, cells were treated for 5 min with 0.2% Triton-X on wet ice and blocked with 5% goat
serum for 30 min at ambient temperature. Incubation with anti-tenascin-C diluted in 1% goat
serum was performed for 2 h at ambient temperature. After washing extensively with PBS,
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secondary goat anti-mouse 488-Alexa Fluor antibody (Molecular Probes, Invitrogen) was
added for 1 h. Actin fibers were stained with rhodamin phalloidin (Invitrogen) for 40 min at
ambient temperature and nuclei were stained with fluorescent DAPI. Slides were mounted
and images were acquired with a 60× objective using an Olympus BX-40 microscope.

Immunohistochemistry in SOCs
Paraffin-embedded specimens were cut into 5µm sections and transferred to poly-L-lysine-
coated slides. Samples were deparaffinized in xylene for 2 h at 58 °C, rehydrated in a series
of desending grades of alchocol and washed with de-ionized water. Antigen retrieval was
performed for 15 min in 1% pepsin in 10 mM HCl for TN-C or for 20 min in citrate biffer
pH 6 (Dako, Carpinteria, CA) for ACN-4. Endogenous peroxidase was blocked with 3%
H2O2 and sections were incubated in 5% goat serum to decrease background staining.
Sections were incubated with primary antibodies for 2 h in a humified 37 °C incubator,
washed and incubated with biotinylated secondary goat anti-mouse antibody (Jackson
ImmunoResearch, West Grove, PA) at 1:250 dilution. Immunohistochemical staining was
accomplished with the Vectastatin ABC kit (PK-6100) and DAB peroxidase kit (SK-4100)
(Vector Laboratories, Burlingame, CA). Slides were counterstained with Meyer’s
hematoxylin (Vector Laboratories), dehydrated and mounted with Permount solution (Fisher
Scientific, Pittsburgh, PA). Images were acquired with a 10× objective using Olympus
BX-40 microscope and SPOT imaging software (Sterling Heights, MI).

Results and Discussion
The impact of the microenvironment on the expression of proteins that govern invasion and
progression of melanoma is one of the fundamental, but yet largely unresolved questions
regarding this malignancy. To gain a better understanding of the underlying molecular
events involved in this process, the study presented here served to determine whether an in
vivo skin organ culture system can recapitulate protein abundance differences between
melanoma cells and surrounding skin of melanoma and adjacent non-involved skin tissue
samples as identified by a differential proteomic analysis. The SOCs were injected with
either VGP (WM983-A) or MGP (WM1158) melanoma cell lines, or collagen alone to serve
as a control. These two melanoma cell lines are widely utilized and were selected solely to
compare melanoma growth to normal (e.g. non-invovled) skin in this SOC model and not to
provide a detailed comparison of VGP versus MGP. Approximately 10,000 cells were
collected by laser microdissection from these FFPE SOC sections (Fig. 2A). The
microdissected cells were processed using an “MS-friendly” heat-induced, enzyme-mediated
(HI/EM) antigen retrieval method, followed by trypsin digestion (Fig. 2B). Peptide digests
were analyzed by LC-MS/MS; Figure 2C shows a representative basepeak chromatogram of
a digest from approximately 5,000 cells on column from the microdissected FFPE VGP
melanoma SOC section. This analysis afforded the identification of upwards of several
hundred proteins per sample at a false discovery rate of approximately 2%, with all samples
processed in duplicate.

Differences in protein abundance between the various SOC-derived samples were derived
by spectral counting, where it was found that proteins such as tenascin-C (TN-C) and
fibronectin, which have been described in the literature to play a role in melanoma cell
invasion17, 18, were identified by high spectral count in the MGP melanoma SOC sections,
and at lower levels in the VGP melanoma SOC sections (Table 1). These proteins were
either not identified or were identified at very low abundance in the the collagen and non-
injected SOC controls. Increases in the abundance of TN-C have been documented in MGP
melanomas, and it has been suggested that relatively low levels of TN-C expression may be
associated with a lower risk for metastasis19. Like TN-C, fibronectin is another protein
implicated in melanoma invasion. Specifically, it has been reported that these two proteins
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stimulate the invasive features of primary melanoma cells in 3-D collagen matrices, and that
TN-C, fibronectin and procollagen I form specific channel structures for melanoma
invasion18. Tenascin-C and fibronectin are produced not only by fibroblasts, but also by
endothelial cells and keratinocytes20. However, it is not yet fully established to what extent
these proteins are also produced by VGP and/or MGP melanoma cells. The data presented
here document that melanocytes, propagated in vitro, do not produce detectable levels of
TN-C (Fig. 3) and only low levels of fibronectin (data not shown). In contrast, both MGP
and VGP melanoma cells express substantial amounts of these matrix proteins. These matrix
components are not only secreted but also incorporated into an insoluble matrix surrounding
the cells, likely giving rise to the apparent difference in the relative levels of TN-C transcript
versus protein abundances measured in this study. The important point regarding this finding
is that these melanoma cells produce these matrix components which are known to drive cell
migration and tumor invasion21.

α-Actinin-4 (ACN4) is another protein identified as differentially abundant between the
SOC melanoma samples and controls. Furthermore, as depicted in Figure 4, this protein is
clearly present at higher levels in melanoma cells compared to melanocytes, both at the level
of the transcript and protein. α-Actinin-4 is an actin cytoskeleton filament bundling protein
and plays crucial roles in cell migration and cytokinesis22. In addition, growth factor
signaling is important for dynamic control of ACN4/actin filament interactions, which in
turn regulates cell adhesion during substratum attachment and nuclear segregation during
mitosis23.

The increased expression of both TN-C and ACN4 was verified by immunohistochemistry
(IHC) in WM983-A injected SOCs in the region of the tumor lesion as compared to the
collagen-injected controls (Fig. 5). As expected, TN-C appears to be localized to the
extracellular space (Fig. 5A) whereas ACN4 expression is primarily observed to be
intracellular (Fig. 5C). While low levels of TN-C can be observed in the collagen-injected
SOC, this observation likely arises from the fact that these skin cultures are immature and
composed of neonatal fibroblasts and kerationcytes, both of which produce TN-C.

Thrombospondin-1 (TSP-1) was identified with an elevated abundance in both the MGP and
VGP SOC sections compared to the controls. TSP-1 is a secreted protein that plays a role in
tissue remodeling, is upregulated in response to injury and inflammation24 and has been
detected at elevated levels in sera of patients with advanced melanoma25–27. Plectin was
also substantially more abundant in the MGP melanoma cells than in the VGP melanoma
cells. Plectin, a structural protein found in nearly every cell type, interacts with numerous
cytoskelatal components and has a role in the interactions of intracellular junctions and
contributes to tissue integrity28, 29. Plectin has been shown to be upregulated in pancreatic
and colon cancer30, 31, but there are no reports that cite this protein as being expressed in
advanced melanomas. Similar to tenascin-C and fibronectin, plectin was identified with an
increased relative abundance in the melanoma tissue sample as compared to that of the
normal skin sample.

Alpha-enolase and pyruvate kinase M2 were identified with elevated abundances in the
MGP SOC section relative to the other SOC samples. Increased levels of α-enolase have
been previously associated with tumor cell migration and metastasis32 and has been shown
to be elevated in several metastatic melanoma cell lines33, 34. This increased expression
level of α-enolase and pyruvate kinase M2 may reflect the apparent increased utilization of
glycolysis for ATP generation in tumor cells as suggested by Warburg35.

There are a number of notable proteins identified in the present study that merit further
investigation. Of these, transgelin 2, a homolog of transgelin and member of a family of
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actin-binding proteins that is proposed to be involved in cytoskeletal cross-linking and
polymerization, was identified in greater relative abundance in the MGP SOC tissue section
as compared to the other samples. There are several reports citing an upregulation of
transgelins in gastric36 and colorectal37 cancers. Transgelin has been shown to be involved
with ERK-related signal transduction, however, the function of transgelin in cancer
development and progression remains to be elucidated. The cytokeratin (CK) pairs 5/14 and
6/16 and 17 were observed with decreased abundances in the VGP SOC section. It is well
known that cytokeratins play a significant role in the organization and integrity of cellular
structure and are indicators for differentiation state and metastatic nature of tumor cells. A
previous study established diminished expression levels of CK 5/14 and 6/16 and 17 in
metastatic melanoma38. The present analyses also reveal an apparent increase in the
abundance of pulmonary surfactant protein D in the VGP SOC section. While its role in
melanoma has not been fully explored, the gene encoding this protein has been shown to be
induced in a variety of metastatic pulmonary and non-small cell lung cancers, and is
detectable in a variety of others, such as gastric, pancreas and prostate39.

Conclusions
The findings of these proteomic analyses establish the feasibility of using SOCs for
evaluating the tumor microenvironment and the changes in the molecular events that drive
invasion and progression of melanoma. Melanoma cell lines, representing VGP and MGP
melanoma, injected into SOCs demonstrate the ability to perform a differential proteomic
analysis using a spectral count approach and generation of proteomic profiles which very
closely resemble those obtained from an analysis of differential protein abundances from
melanoma and normal skin biopsy tissues. Indeed, several known melanoma-related
proteins, such as tenascin-C and fibronectin, were identified at different relative abundances
in the SOCs which directly correspond to the abundance differences observed in the analysis
of the tissue biopsy samples. These data suggest that melanoma-seeded SOCs represent a
unique model system to gain further insight regarding proteins that support melanoma cell
invasion and the crosstalk between melanoma cells and the skin microenvironment.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Cartoon depicting stages of melanoma progression in skin. Melanocytes reside in the
epidermal/dermal junction. Early-stage radial growth phase melanoma cells descend into the
papillary dermis and spread laterally. Invasion deep into the dermis characterizes
melanomas in the vertical groth phase. B. Cartoon of a skin organ culture (SOC). SOCs
are maintained at the air-liquid interface. The inset depicts a hematoxylin & eosin stained
section collected on day 12 of culture.
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Figure 2. Mass spectrometry-based proteomic analysis of melanoma and skin organ cultures
A. Hematoxylin & eosin staining of formalin-fixed, paraffin-embedded (FFPE) skin organ
culture (SOC) sections injected with approximately 10,000 VGP melanoma cells (WM983-
A) before (left panel) and after (right panel) laser microdissection. C. Basepeak
chromatogram of approximately 5,000 VGP melanoma cells obtained by laser
microdissection from the FFPE SOC tissue sections.
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Figure 3. Expression of tenascin-C in melanoma cells
A. Quantitative RT-PCR analysis of the expression of tenascin-C (TN-C) mRNA in
WM983-A (VGP) and WM1158 (MGP) melanoma cells compared to human melanocytes,
propagated in vitro. The data are expressed as the mean±standard deviation from three
independent experiments. B. Immunoblot analysis depicting the level of TN-C in the VGP
and MGP melanoma cell lines and melanocytes. C. Immunofluorescence analysis of
melanocytes and VGP and MGP melanoma cell lines, probed with antibody to TN-C
(pseudocolored green) and actin (pseudocolored red). The cells were counterstained with
fluorescent DAPI (pseudocolored blue).
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Figure 4. Alpha-actinin-4 expression melanoma cells
A. Quantitative RT-PCR analysis of α-actinin-4 (ACN4) expression in the WM983-A
(VGP) and WM1158 (MGP) melanoma cell lines and in melanocytes. The data are
expressed as the mean ±standard deviation from three independent experiments. B.
Immunoblot analysis of ACN4 expression in the VGP and MGP melanoma cell lines and in
melanocytes. C. Immunofluorescence analysis of melanocytes and VGP and MGP
melanoma cell lines, probed with antibody to ACN4 (pseudocolored green) and actin
(pseudocolored red). The cells were counterstained with fluorescent DAPI (pseudocolored
blue).

Hood et al. Page 14

J Proteome Res. Author manuscript; available in PMC 2013 August 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Immunohistochemical analysis of tenascin-C and α-actinin-4 in SOCs
Immunohistochemical analysis of the expression of tenascin-C (TN-C) (A) and α-actinin-4
(ACN4) (C) in SOCs injected with WM983-A melanoma cells compared to collagen
injection controls (B and D).
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