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Abstract

Various in vitro and in vivo experimental models have been used for the discovery of genes and
pathways involved in melanoma and other types of cancer. However, in many cases, the results
from various tumor models failed to be validated successfully in clinical studies. Limited
information is available on how closely these models reflect the in vivo physiological conditions.
In this study, a comprehensive genomics approach was used to systematically compare the
expression patterns of snap frozen samples obtained from patients with primary melanoma, lymph
node metastasis, and distant metastases, and compare these patterns to those of their corresponding
cell lines and tumor xenografts in nude mice. The GE Healthcare 20k human genome array was
used and the expression data was normalized and analyzed using GeneSpring 7.2 software. Based
on the expression analysis, the correlation rate between the snap frozen primary patient samples
vs. derived cell lines was 66%, with 1687 differentially expressed genes. The correlation rate
between the snap frozen primary patient samples and the tumor xenografts was 75%, with 1,374
differentially expressed genes, and the correlation rate comparing tumor xenografts to derived cell
lines ranged between 58% and 84%. These results demonstrated significant gene expression
differences between tumor materials with different in vitro and in vivo growth microenvironments.
Such studies can help us to distinguish between genes up- or down-regulated as a result of the
microenvironment and those stably expressed independently of the tumor milieu. With the
extensive use of cell lines and xenografts in cancer research, the information obtained using our
approach may help to better interpret results generated from different tumor models by
understanding common differences, as well as similarities at the gene expression level,
information that may have important practical and biological implications.
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The mortality rate of melanoma patients is still on the rise despite extensive research efforts.
Recent technologies applying high throughput genomics to cancer research have been
successfully utilized in melanoma research, identifying key molecular gene targets such as
microphthalmia-associated transcription factor (MITF), v-raf murine sarcoma viral
oncogene homolog B1(BRAF), and neural precursor cell expressed, developmentally down-

Correspondence to: Jingfang Ju, Ph.D., Head, Cancer Genomics Laboratory, Assistant Professor of Pharmacology and Medicine,
Mitchell Cancer Institute, MSB2316, 307 N. University Blvd., Mobile, AL 36688, U.S.A. Tel: +1 251 460 7393, Fax: +1 251 460
6994, jju@usouthal.edu.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Xl et al.

Page 2

regulated 9 (NEDD?9) (1-5). The molecular and cellular mechanisms of many genes have
been successfully validated 7n vivo. However, in other cases, the functional significance of
such targets has failed to be confirmed /n vivo, despite a strong /n vitro phenotype. This may
reflect the intrinsic and/or extrinsic differences in some tumor models used for such studies.
In the case of melanoma, it is known that the disease development not only involves genetic
and epigenetic changes that take place within the cell, but also involves processes
determined collectively by tumor micro-environmental factors, including cell-cell
interactions with a plethora of surrounding stromal elements. Currently, very limited
information is available in regard to the distinct genetic and epigenetic mechanisms of gene
regulation and expression in these models.

Over the years, cancer biologists have utilized many different tumor models in order to gain
an improved understanding of the processes involved in human cancer. One of the most
important sources of /n vitro models that is still in use today is the NCI-60 cell line panel,
used for drug screening, target discovery and validation (6-13). However, in many cases, the
functional significance of these genes found /n vitrois poorly consistent with those
identified in /7 vivomodels. It is well-known that the tumor micro-environment can have a
tremendous influence upon gene expression (14). Culture conditions and long-term cell
passaging are known to greatly change the gene expression patterns for such artificial
environments (15, 16). Currently, there is a lack of systematic analysis of the differences
among the available research models that are in use. In many cases, the desired phenotype
cannot be replicated /n vivo due to the intrinsic differences in the model system. Therefore,
it is important to understand the fundamental differences of tumor models in different
situations in order to inform and guide gene targets and validation efforts.

To systematically address this issue, a comprehensive gene expression profiling-based
analysis was employed to investigate the gene expression differences utilizing melanoma as
a model system. This is an ideal system for such examination due to the extensive
biobanking efforts of the surgical oncologists in obtaining freshly procured samples
followed by immediate cryopreservation. Additionally, an attempt was made to grow and
expand daughter melanoma cell lines /n vitro whenever enough tissue was available.
Utilizing these cell lines, further experiments were performed in several xenograft models,
comparing the results of each of these tissue samples for evidence of differences in gene
expression. In addition, to further validate this approach, a well characterized pair of
melanoma cell lines (FEMX-1 and FEMX-V) with different /n vivo metastatic potentials
and their corresponding tumor xenografts were also used (17).

Materials and Methods

Tumor specimens

Surgically procured tumor samples from patients with primary cutaneous and metastatic
melanoma were obtained under an Investigational Review Board (IRB) approved tissue
procurement protocol (MCC#13448, IRB#101751; PSM# 990914-JM, 020318-JM). The
tumor specimens were macrodissected and cryopreserved within 5 minutes, being careful to
avoid any surrounding, non-neoplastic stromal tissue. All the samples were cryopreserved in
liquid nitrogen and stored within the Tissue Procurement Laboratory of the Moffitt Cancer
Center, securely de-identified through a centralized database.

Cell lines and tissue culture

Freshly excised melanoma samples were placed into culture media RPMI 1640 with 5%
FCS. The expansion of daughter cell lines was performed utilizing previously published
techniques (18, 19). All the cell lines were split and serially passaged less than 10 times and
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characterized by flow cytometry and/or cytospin preparation for cellular confirmation of
melanoma cell purity (data not shown). Three cell lines were used in this study, one was
derived from a primary melanoma, one from a brain metastasis and one from a distant
subcutaneous leg metastasis. One of the best characterized melanoma cell lines, FEMX-I,
and its derivative, FEMX-V. which were established and described previously were
subsequently investigated (17). These paired cell lines were derived a decade ago from the
same patient with lymphnode metastatic melanoma. FEMX-I was the first generation of the
clonal variants selected by /n vivo experiments that exhibited a strongly aggressive
capability of metastasis. FEMX-V was derived from the fifth consecutive generation of
metastases developing after injection of isolated cells into a recipient mouse. The FEMX-V
cells have no metastatic potential (17). The molecular and cellular mechanisms underlying
this change in metastatic capacity have not been systematically investigated, but with high
throughput gene expression analysis this is now possible. A comprehensive gene expression
analysis of the FEMX-1 and FEMX-V cells grown /n vitro and xenografts in nude mice was
performed. These cell lines were incubated at 37°C in a humidified atmosphere of 5% CO»,,
in RPMI 1640 (Invitrogen Inc. Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum (HyClone. Logan, UT, USA). The xenografts were grown as described previously
(20). In brief, the cells were detached at 80-90% confluence with 2 mM EDTA or trypsin-
EDTA (0.1% trypsin and 2mM EDTA) solution, washed with calcium- and magnesium-free
Dulbecco’s phosphate-buffered saline solution (CMF-DPBS), counted using a
hemacytometer and resuspended in ice-cold Hank’s balanced salt solution (HBSS) to a final
concentration of 107 cells/ml. The cells, 1x108 (0.1 ml), were injected subcutaneously into
the scapular region of 3 weeks old, female athymic mice (Harlan Sprague-Dawley,
Indianapolis, IN, USA), using a 27 gauge needle affixed to a 1 cc syringe. The tumor size
was measured weekly by Vernier calipers. After the mean tumor diameter reached 10 mm,
the mice were euthanized and the tumors were removed for further analysis. The animals
were maintained under the guidelines of the National Institute of Health and the University
of South Alabama. All the protocols were approved by the Institutional Animal Care and
Use Committee of the University of South Alabama. Food and water were provided ad
libitum.

RNA isolation and purification

The samples were homogenized in Trizol (Invitrogen Inc.). The 100 Il of 1-bromo-3-
chloropropane (BCP) solution (Molecular Research Center, Inc., Cincinnati, OH, USA) was
added to the samples. After 2 minutes vortexing, the samples were incubated for 3 minutes
at room temperature. The upper aqueous phase containing the RNA from each sample was
transferred to a new tube and centrifuged at 14,000 rpm for 7 minutes. Equal volume of
100% isopropanol (Sigma, St. Louis, MO, USA) was added and precipitation was performed
at —80°C for 60 minutes. After centrifuging at 14,000 rpm for 7 minutes at 4°C, the
supernatant was removed and 1 ml of 75% ethanol was added for washing. The pellet of
each sample was air dried and eluted with nuclease-free water. The samples were treated
with DNase to avoid potential DNA contamination, 15 Il DNase treatment mix (2 11 RQ1
RNase-Free DNase, 11 1l RQ1 DNase 10X Reaction Buffer and 2 11 RNasin Plus RNase
Inhibitor, Promega, Madison, W1, USA) was incubated with each sample in 100 Il volume at
37°C for 30 minutes. Then 115 Il UltraPurei phenol: chloroform: isoamyl alcohol (25:24:1,
Invitrogen Inc.) was added. After 2 minutes of vortexing, the samples were centrifuged at
14,000 rpm for 7 minutes. The upper aqueous phase was carefully taken out and mixed with
2 volumes of 100% ethanol and 1/10 volume of 3M sodium scetate pH 5.5 (Ambion Inc.,
Austin, TX, USA). The samples were held at room temperature for 15-30 minutes, then
centrifuged at 14,000 rpm for 7 minutes. After removing the supernatant, 1 ml of 75%
ethanol was added for washing, centrifuging was repeated and then the pellets were air
dried. The samples were dissolved in nuclease-free water. A NanoDrop ND-100
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spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) was used to determine
the concentration of all the samples.

Gene expression analysis via microarray

The CodeLink UniSet Human 20 K Oligo Bioarray (Amersham Biosciences, NJ, USA),
containing approximately 20,289 gene probes, was used to generate the gene expression
profiles for all the samples examined. The procedure has been described in detail previously
(21, 22). In brief, double-stranded cDNAs were generated using 2 Ig of total RNA from each
sample. All the reagents and protocols were provided by GE Healthcare/Amersham
Biosciences except for special indication. After purification, the double-stranded cDNAs
were used as templates to generate cCRNA viaan in vitro transcription reaction using T7
RNA polymerase and biotin-11-UTP (Perkin-Elmer, Boston, MA, USA). The biotin-labeled
cRNA (10 Ig) was fragmented and hybridized to the CodeLink UniSet Human 20 K Oligo
Bioarray. The arrays were stained with Cy5-streptavadin. After washing, the dried slides
were scanned by Axon GenePix Professional 4200A microarray scanner under Genepix Pro
5.1 software (Molecular Devices Corporation, Sunnyvale, CA, USA). The images were
grided by Codelink 4.1 software (GE-Healthcare/Amersham Biosciences) and exported to
GeneSpring Software 7.2 (Agilent, Palo Alto, CA, USA).

GeneSpring software allows multifilter comparisons using data from different experiments
to perform the normalization, the generation of restriction lists and the functional
classification of the differentially expressed genes. Utilizing the Cross-Gene Error Model,
normalization was applied in two steps: “per chip normalization” in which each
measurement was divided by the 50th percentile of all measurements in its array and “per
gene normalization” in which all the samples were normalized against the specific samples
(controls). The data was filtered by flags. The expression profiles of the different groups
were compared using one-way ANOVA with cut-off p<0.05. Comparisons of the gene lists
across the different groups were performed using Venn diagrams and clustering function
using Genespring.

Statistical analysis

All the statistical analyses were performed by JMP 6.0 software (SAS Institute Inc. Cary,
NC, USA). All the normalized data from tumor tissue, cell lines and tumor xenografts were
analyzed to determine the correlation coefficient of expression. P-values of <0.05 were
interpreted as statistically significant.

Results

Clustering analysis of expression profiles among three sets of melanoma models

The genes clustered from the primary melanoma models (snap frozen, xenograft and cell
line) are shown in Figure 1A. Gene clustering analysis showed that the expression profiles
of the melanoma cells and those from human xenografts had more similarities in gene
expression compared to the freshly procured tumor samples. Venn diagram analysis (Figure
1B) was utilized to discover the overlapping and unique gene sets among the three samples.
Between the melanoma xenografts and the snap frozen tissues 5,135 overlapping genes were
found and between the melanoma tumor xenografts and the cell lines8,412 overlapping
genes were found. The clustering analysis of the models generated from the brain melanoma
metastasis (Figure 2A) and Venn diagram analysis (Figure 2B) were also obtained. The
clustering analysis showed that the cell lines and the xenografts had more similarities than
the original tumor sample. There were 8,151 overlapping genes between the melanoma
xenograft and the snap frozen tissues and 8,347 overlapping genes between melanoma tumor
xenografts and cell lines. With the models from the distant (leg) metastasis, the clustering
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analysis (Figure 3A) showed a close similarity between the cell lines and the xenografts
compared to the profiles of the melanoma tissue samples. The Venn diagram analysis
(Figure 3B) with the distant metastasis model (snap frozen tissue, derived cell line and
xenograft) showed 7,737 overlapping genes between the melanoma xenografts and the snap
frozen tissues and 7,404 overlapping genes between the melanoma tumor xenografts and the
cell lines.

Correlations analysis based on global gene expression profiles

Next, the expression profiles were compared between the snap frozen surgical samples and
their derived cell lines and the tumor xenografts based on global gene expression profiles.
The weakest correlation was observed with the cell lines and snap frozen surgical tissue
samples, having an overall correlation coefficient of r2=0.59 (Figure 4A). The expression
profiles between the cell lines and the corresponding tumor xenografts had a correlation
coefficient of r2=0.75, based upon the global gene expression profiles, which was the
strongest correlation among the different comparisons (Figure 4B). The correlation between
the expression profiles of the snap frozen tissue and the xenograft was r2=0.64 (Figure 4C).

Correlations analysis based on overlapping gene expression profiles

Correlation analysis was also performed based on all the overlapping genes (Figure 5). The
correlation coefficient between the melanoma snap frozen tissues and its derived cell lines
was r2=0.61 (Figure 5A). The correlation coefficient between the xenograft and the cell line
was r2=0.77 (Figure 5B). The correlation coefficient between the tissue and the cell line was
r2=0.67 (Figure 5C).

Validation of prediction models using cell lines and xenografts

Clustering analysis was performed between the FEMX-I and FEMX-V cell lines and their
xenografts (Figure 6A and 6B). Venn diagram analysis was conducted and showed that there
were 367 differentially regulated genes in the FEMX-1 and FEMX-V cells (Table II). In
contrast, 763 genes were altered in the corresponding tumor xenografts. A Venn diagram
shows 110 overlapping genes (Figure 6B, Table I). Among these, the tumor susceptibility
gene 101 (TSG101) was up-regulated in both model systems. There were 653 non-
overlapping genes in the xenografts that were uniquely expressed (Table I11). Among these,
gap junction protein, alpha 1 (connexin 43), was over-expressed >400-fold in the FEMX-I
tumor xenografts compared to the FEMX-V tumor xenografts. However, this gene was not
found to be significantly different in gene expression for the daughter cell lines.

Discussion

In this study, melanoma was used as a model system to systematically investigate the
expression differences among snap frozen melanoma specimens, its derived primary culture
cell lines and tumor xenografts by high throughput gene expression profiling analysis. Some
genes those were concordant in all the models and many other genes that were differentially
regulated were identified. Based on the clustering analysis, the expression profiles of the
melanoma cell lines and the xenografts had more similarities than the profile of the snap
frozen tumor tissue (Figures 1-3). It may be due to the heterogeneity of the tumor tissue
despite the fact that over 90% of the cells were confirmed to be melanoma. This may also
reflect the true intrinsic differences of gene expression between /n vitro and in vivo models.
Correlation analysis revealed that the best correlation was between the cell lines and the
xenografts (Figures 4B and 5B). The correlation between the cell lines and the tumor tissues
was the weakest among the three comparisons (Figures 4A and 5A). A fairly high degree of
gene concordance was identified between the samples, ranging from 50-80% which may
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provide a selection of genes for careful examination in the future for clinical correlation with
patient outcomes.

To further validate this approach, a pair of well characterized melanoma cell lines FEMX-I
and FEMX-V were involved this study (17). The comparison of genes expression levels
between their cultured cell lines and established corresponding tumor xenografts were
analyzed base on the genes profiling. No significant differences in cellular proliferation,
motility, migration or invasive capacity were identified under normal culture conditions.
This may reflect differences of the influence of the tumor microenvironment /n vivo and the
unique properties of intercellular communication during the process of tumor cell
proliferation and metastasis. In order to discover genes that may be responsible for such
differences, the expression profiles of the melanoma cells and the tumor xenografts. Our
data revealed that there were only 101 overlapping genes between the xenografts and the
cell lines (Table I), with 239 differentially expressed genes in the cell lines (Table II) and
553 uniquely expressed genes in the xenografts (Table 111). Many of these genes function as
cell adhesion molecules such as JAM3, connexin-43 and growth factor binding proteins such
as FIBP and IGFBP-5. Someof these genes may contribute to the phenotypic differences /in
vivoin terms of metastatic potential. Among these genes, connexin-43 expression was found
to be no different between the two cell lines, however, it was over expressed over 400-fold
in the metastatic tumor xenografts (Table I11). Adhesion to vascular endothelium is a crucial
first step in the colonization of select target organs by blood-borne cancer cells, and
connexin-43 appears to represent an important gap junction protein, having a possible
further function in angiogenesis and metastasis in melanoma, glioma, colon, lung and breast
cancer (23-28). It has also been suggested that gap junction proteins such as connexin-43
may contribute to a more aggressive tumor cell phenotype v7athe loss of normal
homeostatic growth regulation. A further understanding of this mechanism may provide new
insights into the pathogenesis of human melanoma (29, 30). Thus, the high in vivo
expression of connexin-43 in FEMX-1 compared to FEMX-V tumors may reflect the
differences in metastatic capacity. These examples demonstrate how such models may be
used for gene profiling studies to identify progression-associated genes in melanoma.
Furthermore it may help us to distinguish between genes expressed as a result of interactions
within the microenvironment in which the cells grow. In this regard, novel genomic
approaches provide a unique platform to explore genes that may play a key role in
melanoma tumorigenesis and metastasis, possibly leading to targeted therapeutic approaches
and gene discovery in melanoma research.
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Figurel.

Clustering analysis of expression of snap frozen primary melanoma, its derived cell line and
tumor xenograft (A). The data was filtered by flags. The expression profiles of the different
groups were compared using one-way ANOVA with cut-off p<0.05. Comparisons of gene
lists across different groups were performed using Venn diagrams and clustering function
using Genespring 7.2 (B).
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Figure 2.

Clustering analysis of expression of snap frozen brain metastatic melanoma, its derived cell
line and tumor xenograft (A). The data was filtered by flags. The expression profiles of the
different groups were compared using one-way ANOVA with cut-off p<0.05. Comparisons
of gene lists across different groups were performed using Venn diagrams and clustering
function using Genespring 7.2 (B).

Cancer Genomics Proteomics. Author manuscript; available in PMC 2011 November 30.
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Figure 3.

Clustering analysis of expression of snap frozen distant (leg) metastatic melanoma, its
derived cell line and tumor xenograft (A). The data was filtered by flags. The expression
profiles of the different groups were compared using one-way ANOVA with cut-off p<0.05.
Comparisons of gene lists across different groups were performed using Venn diagrams and
clustering function using Genespring 7.2 (B).

Cancer Genomics Proteomics. Author manuscript; available in PMC 2011 November 30.
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Figure 4.

Correlation coefficient analysis of the expression of all normalized data from tumor tissue,
cell lines and tumor xenografts. Statistical analysis was performed using JMP 6.0 software
(SAS Institute Inc. Cary, NC, USA). P-values of <0.05 were interpreted as statistically
significant.
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Correlation coefficient analysis of the expression of all over-lapping genes from tumor
tissue, cell lines and tumor xenografts. Statistical analysis was performed using JMP 6.0

software (SAS Institute Inc. Cary, NC, USA). P-values of <0.05 were interpreted as

statistically significant.

Cancer Genomics Proteomics. Author manuscript; available in PMC 2011 November 30.
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Figure6.

Clustering analysis of expression of melanoma cell lines FEMX-I and FEMX-V and their
derived tumor xenografts (A). The data was filtered by flags. The expression profiles of the
different groups were compared using one-way ANOVA with cut-off p<0.05. Comparisons
of gene lists across different groups were performed using Venn diagrams and clustering
function using Genespring 7.2 (B).
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