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Abstract

To evaluate the mechanisms and consequences of chromosomal aberrations in colorectal cancer
(CRC), we used a combination of spectral karyotyping, array comparative genomic hybridization
(aCGH), and array-based global gene expression profiling on 31 primary carcinomas and 15
established cell lines. Importantly, aCGH showed that the genomic profiles of primary tumors are
recapitulated in the cell lines. We revealed a preponderance of chromosome breakpoints at sites of
copy number variants (CNVs) in the CRC cell lines, a novel mechanism of DNA breakage in
cancer. The integration of gene expression and aCGH led to the identification of 157 genes
localized within high-level copy number changes whose transcriptional deregulation was
significantly affected across all of the samples, thereby suggesting that these genes play a
functional role in CRC. Genomic amplification at 8q24 was the most recurrent event and led to the
overexpression of MYC and FAM84B. Copy number dependent gene expression resulted in
deregulation of known cancer genes such as APC, FGFR2, and ERBB2. The identification of only
36 genes whose localization near a breakpoint could account for their observed deregulated
expression demonstrates that the major mechanism for transcriptional deregulation in CRC is
genomic copy number changes resulting from chromosomal aberrations.

INTRODUCTION

Colorectal cancer (CRC) is among the most common malignancies in the Western World
(Jemal et al., 2008). As a model for multistep carcinogenesis, colorectal neoplasia represents
a genetic paradigm for cancer initiation and progression (Fearon and Vogelstein, 1990).
Genomic copy number alterations (CNA) are a major characteristic of cancer cells and are
extensively associated with progression of the disease. Numerous studies have revealed
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recurrent chromosomal gains and losses in CRC cells (Bardi et al., 1993; Ried et al., 1996;
Douglas et al., 2004; Camps et al., 2006; Martin et al., 2007). Because gene expression
changes associated with these genomic imbalances are ultimately responsible for the
malignant phenotype, measuring the extent to which gene expression is affected by genomic
insults is a powerful tool to identify putative cancer genes. This in turn may lead to the
identification of cancer-specific molecular targets for therapeutic intervention.

The integrated application of high-throughput technologies to cancer cells generates an
enormous wealth of knowledge. In particular, concerted analysis of the cancer genome using
molecular karyotyping, high-resolution array-based CGH (aCGH), and global gene
expression profiling builds a framework for the discovery of novel cancer genes in solid
tumors. In addition, the identification of genomic amplifications and regions of high-level
deletions is important for uncovering genes and biological pathways perturbed during
tumorigenesis (Albertson, 2006; Myllykangas and Knuutila, 2006).

While primary colorectal carcinomas are ideal in that they truly represent the disease state,
there are some aspects of tumor biology, such as the nature of the underlying chromosome
aberrations, which we cannot currently interrogate in these samples. Using an approach
similar to recent reports (Neve et al., 2006; Martin et al., 2007; Fix et al., 2008), we
performed a combined high-throughput analysis of 31 primary colorectal tumors and 15
established CRC cell lines. The parallels we uncovered between primary tumors and cell
lines provide a more thorough understanding of the nature of genomic alterations, the
possible mechanism by which they are generated, their consequences on the transcriptome,
and finally how the events in one sample can lead to genes and pathways generally affected
in colorectal carcinogenesis.

MATERIALS AND METHODS
Cell Lines, DNA, and RNA Isolation

The following colorectal cancer cell lines were used in this study: DLD-1, HCT116,
p53HCT116, SW48, and LoVo (near-diploid); SW480, SW837, HT-29, T84, Colo 201,
Colo 320DM, LS411N, SK-CO-1, NCI-H508, and NCI-H716 (aneuploid). All of the cell
lines were obtained from the ATCC (American Type Culture Collection) and cultured
following their recommendations, except p53HCT116, a derivative of HCT116 with a
homozygous disruption of TP53 (Bunz et al., 1998), which was kindly provided by Dr.
Curtis C. Harris of the National Cancer Institute, NIH. Mismatch repair status was retrieved
from the literature (Eshleman et al., 1998; Ghadimi et al., 2000; Abdel-Rahman et al., 2001).

DNA and RNA was extracted from the cell lines and primary tumors following standard
procedures (http://www.riedlab.nci.nih.gov/protocols.asp). Nucleic acid quantification was
determined using the Nanodrop ND-1000 UV-VIS spectrophotometer (Nanodrop, Rockland,
DE) and RNA quality was assessed using the Bioanalyzer 2100 (Agilent Technologies,
Santa Clara, CA). Normal colon RNA isolated postmortem from five different donors
without a history of colorectal cancer was purchased from Ambion (Applied Biosystems,
Foster City, CA).
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Array CGH and Gene Expression Microarrays

Oligonucleotide-based aCGH was performed according to the protocol provided by the
manufacturer (Agilent Oligonucleotide Array-Based CGH for Genomic DNA Analysis,
protocol version 4.0, June 2006, Agilent Technologies, Santa Clara, CA), with minor
modifications. Three micrograms of DNA from each cell line and tumor were labeled with
Cy3 and combined with sex-matched commercially available pooled control DNA
(Promega, Madison, WI) labeled with Cy5. Oligonucleotide-based Human Genome
Microarrays (Agilent Technologies) containing 44K and 185K features, respectively, were
used for hybridization.

One g each of cell line or normal human colon RNA (Ambion, Austin, TX) and Universal
Human Reference RNA (Stratagene, Cedar Creek, TX) were amplified and labeled with Cy3
and Cy5, respectively, using a T7 RNA Polymerase (Low RNA Input Fluorescent Linear
Amplification Kit, Agilent) according to the manufacturer’s protocols, and hybridized to the
44K oligonucleotide-based Whole Human Genome Microarray (Agilent). Similarly, RNA
from primary tumors and normal human colon were labeled with Cy3 and subjected to
mono-channel hybridization onto 4 x 44K Whole Human Genome Microarray (Agilent).

Microarrays were washed and processed using an Agilent G2565BA scanner. Data were
quality controled and extracted using Agilent Technologies’ Feature Extraction (version
9.1).

Data Analysis

Array CGH and gene expression analysis—The analyses of the microarray
experiments were performed with in-house developed software based on R version 2.6.2
(http://lwww.R-project.org). DNA Copy package from Bioconductor (http://
www.bioconductor.org) was used to analyze aCGH data. The data were smoothed using
“smooth.CNA” function, with arguments smooth.region = 2, and smooth.SD.scale = 3, and
followed by the generation of chromosome segments using Circular Binary Segmentation
(CBS) (Olshen et al., 2004), using “segment” function with alpha = 0.02, undo.split =
“sdundo” and undo.SD = 0.9. We centralized DNA copy number to the most common
ploidy defined as the highest mode of the probability density function of sample versus
reference logs ratio across the total set of features in the array. Data were visualized using
CGH Analytics™ (Agilent) and Nexus Copy Number (BioDiscovery, Inc.).

For the cell line dataset, gene expression data were obtained from 44K or 4 x 44K Agilent
dual-channel arrays. Median per feature was used to summarize data when two or three
technical replicates were available. The data were normalized using Linear & Lowess
procedure in Agilent’s Feature Extraction software. Features for which signals were below
background (as assessed by “gSurrogatedUsed” or “rSurrogatedUsed”) were forced to NA
(not a number). We used the median measurement when more than one measurement was
available per feature (i.e., median-summarization by array using “ProbeName”). The final
cell line dataset contained 20 samples (15 cell lines, and five normal colon samples), and
40,380 features.
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For the primary tumor dataset, gene expression data were obtained from 4 x 44K Agilent
mono-channel arrays. We used the median measurement when more than one measurement
was available per feature (i.e., median-summarization by array using “chr_coord”). Features
for which signals were below background (as assessed by “gSurrogatedUsed”) were forced
to zero. To compensate for any scanner distortion, we applied a 90 interpercentile range
(90IPR) procedure to equalize the spread of Cy3 measurement per array (in log, scale). The
final dataset contained 28 samples (23 primary tumors, and five normal colon samples), and
40,365 features.

For the purpose of identifying features affected near breakpoint regions, outlier gene
expression values were defined as having a >1.5-fold change relative to the next closest
value among the remaining samples.

Processed microarray CGH and gene expression data are available as Supporting
Information (Supporting Information Tables 1-3).

Determination of Breakpoints, Amplifications, and High-level Deletions

A breakpoint was defined as a shift between two adjacent CBS segments. As the genes
between the features could not always be determined, we used the following criteria to
determine which genes located at the breakpoints should be evaluated for changes in gene
expression: (i) breakpoints spanning a distance of less than 250 kb, genes within a region
+150 kb from the midpoint between the aCGH features defining the breakpoint were
assessed; (ii) for 250-300 kb breakpoint regions, genes within a 350-kb region were
included; and (iii) breakpoints where the distance between the defining oligonucleotides was
>300 kb, genes within +25 kb of the ends were also examined.

Breakpoints were then mapped according to the hg17 build of the Database of Genomic
Variants (http://projects.tcag.ca/variation/) to identify structural variants of the genome
residing at these sites. The statistics of association of chromosomal breakpoints with CNV
loci is the 2 goodness of fit between the observed fraction of breakpoint in CNV loci
(number of observed breakpoint in CNV loci/total observed breakpoints), and the fraction of
expected breakpoints in CNV loci (total base-pair of CNV areas in array/total base-pair
covered in array). The significance threshold for this statistical test is P value < a = 0.05
(two-sided).

In contrast to single copy number gains which might result in small changes of the aCGH
ratios, segments with a log, ratio >1 and that differed in copy number from at least one
adjacent segment by more than 1 (log, ratio) were considered high-level, focal
amplifications. High-level deletions were defined as CBS segments >100 kb with a log,
ratio <—1. In both analyses, segments encompassed within CNVs were discarded.

RESULTS

Genomic Profiling

To identify sites of CNAs, high-resolution aCGH was performed on 31 primary colon
carcinomas (Camps et al., 2008) and 15 commonly used CRC cell lines. A total of 271
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genomic imbalances, including whole chromosomal aneuploidies, were detected in the cell
lines. Between two and five imbalances occurred in each of the five microsatellite unstable
(MSI+), near-diploid cell lines, and from 14 to 34 in the 10 microsatellite stable (MSI-),
aneuploid cell lines. Although the cell lines contained on average more CNAs than the
primary tumors (18 versus 12.6), a remarkable consistency was observed with respect to the
affected regions (Fig. 1). Low-level gains of chromosome arms 7, 8q, 11p, 13, 20q, and X
occurred in greater than 25% for both cell lines and primary tumors. Similarly, low-level
common losses were detected for chromosome arms 1p, 4q, 54, 8p, 17p, 18, and 21. We
therefore conclude that in general the cell lines have retained and mirror those chromosomal
aberrations characteristic of primary colorectal carcinomas.

We and others have previously demonstrated a direct correlation between cancer specific
genomic imbalances and the transcriptome in several primary tumor types (Monni et al.,
2001; Pollack et al., 2002; Grade et al., 2006). We were therefore curious whether such a
correlation was maintained in the CRC cell lines. As illustrated in Figure 2A, a positive
correlation (r = 0.66) between the CNA segments and the expression level of the
encompassed genes was observed. This overall positive correlation is depicted at the whole
genome level for individual samples in Figure 2B.

Mapping of High-Level Genomic Imbalances

Regions of the genome that undergo focal, high-level copy number gains are likely to
contain oncogenes. Using aCGH, we identified 26 amplicons in the cell lines and 11 regions
of amplification in the primary tumors (Table 1). The amplicons ranged in size from 50 kb
to 27.22 Mb, with the average being 4.56 Mb. Cytogenetically, homogenously staining
regions (hsr) accounted for four amplicons, double minutes (dmin) representing six different
regions of high genome amplification were present in three cell lines, and nine
amplifications were located near sites of chromosomal translocations. The level of
amplification ranged from 2.368 to an astonishing 87-fold increase in genomic copy
number. All of the amplicons occurred in MSI- cell lines. Four regions were independently
amplified in multiple cell lines (chr6:42,008,700-42,937,190, chr8:125, 620,117-
128,955,220, chrl12:24,174,625-27,444,930, and chr13:27,392,825-27,439,502). Most
notable was chromosome band 8g24, which was affected in four different cell lines (Fig. 3).
While chromosomes 6, 8, 13, 17 and 20 contained amplicons in both the cell lines and
primary tumors, shared amplified regions occurred on chromosomes 6 and 13 (Table 1).

An increase in genomic copy number alone, however, is insufficient for the identification of
biologically relevant cancer genes. We therefore combined the aCGH with gene expression
data in an attempt to identify those genes within the amplicons that showed a concomitant
increase in expression. This resulted in 101 genes whose altered expression was a direct
consequence of a genomic amplification based on their up-regulation in the primary tumor
or cell line containing the amplicon (Table 1). The increased expression of five (COL14A1,
CAl4, ADAMTSL4, S.C45A4, and FGFR2) and three (ZNF187, FLOT1, and SYNPO) of
these genes in the cell lines and tumors, respectively, was clearly dependent on genomic
amplification because the expression levels in the remaining cell lines were actually lower
than in the mucosa.
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Amplification is only one mechanism whereby the expression level of genes critical to
tumorigenesis is increased. Genes mapping within amplicons were therefore evaluated for
their average expression across all of the cell lines and primary tumors irrespective of
amplification. We identified 98 genes for which gene expression levels, despite being the
highest in the samples containing the amplicons, were greater than the normal mucosa
across all of the remaining samples (Table 1). For example, MYC was co-amplified with
FAMB84B, a member of the smc DNA repair complex, in several cell lines. Both genes were
also highly transcribed in the majority of the cell lines and primary tumors despite being
present in only two copies, raising the possibility that these two genes may be regulated in
concert. NCI-H716 contained two distinct populations of dmin; one was comprised of
genomic material from chromosome 8, including MYC, and the other consisted of a small
amplified region of chromosome 10 containing FGFR2 and ATEL1 (Fig. 3C). In this
example, FGFR2 displayed a marked overexpression restricted to NCI-H716, whereas ATEL
was up-regulated in most of the samples. Thus, while the vast majority of overexpressed
genes are not amplified, identification of those genes that have on occasion been subjected
to amplification is one approach for the discovery of potential oncogenes.

Array CGH also revealed focal, high-level copy number losses putatively containing tumor
suppressor genes. Fifteen and 25 high-level deletions were identified in the primary tumors
and the cell lines, respectively (Table 2). These ranged in size from 100 kb to 22 Mb.
Although four genomic locations were found commonly deleted in more than one sample
(chr8:11,003,785-11,578,419, chr9:9,099,692-9,455,092, chr9:21,795, 270-22,510,695, and
chr20:13,996,399-14,401,156), no deletions occurred in both cell lines and tumors nor was
any particular chromosome more prone to these genomic alterations. As was true for the
amplifications, none of the near-diploid cell lines contained high-level deletions.

Genes found to be specifically down-regulated in samples carrying high-level deletions are
indicated in Table 2. In particular, SGPL1, HEAB, MED19, TMEM138, PCID2, ADPRHL1,
and TMEMZ170A in the cell lines, and TRIAPL in primary tumors were exclusively
transcriptionally repressed in those samples with the high-level deletion, attesting to the
causative effect of their loss on gene expression levels. Fifty-nine genes mapping within
regions of high-level deletion in some samples were likewise deregulated in the remaining
samples independent of a genomic loss (Table 2). BLK, present in two different high-level
deletions, and FAT4 were the only genes found within a microdeletion (<1 Mb) and
commonly down-regulated across all of the samples, suggesting a role in tumor suppression.

One of the endeavers of global gene expresison analysis is to demonstrate the
interconnection of differentially expressed genes through their involvement in common
biological pathways or cellular processes which could then potentially be targeted
therapeutically. Such is the case for some of those genes mapping within amplicons and
high-level deletions whose gene expression deregulation was on average more than twofold
higher in all of the samples compared with normal mucosa (P < 0.05). Ingenuity Pathway
Analysis (Ingenuity Systems) assigned these genes into the cancer, gastrointestinal disease,
genetic disorder, and cell cycle biofunctions (P < 1.0E-4). As seen in Figure 4, there is an
interrelatedness between these genes, as all of the genes contained in this network converge
on the well known oncogene MYC. Thus, the colorectal cancer cells are simultaneously
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using a multipronged approach to target the activities of a central “hub” protein involved in
many aspects of cellular biology and thus essential for tumor growth.

Consequences of Chromosomal Breakpoints on Gene Expression

To understand the mechanism by which genomic imbalances arose, we used spectral
karyotyping (SKY) to characterize chromosomal aberrations occurring in the 15 CRC cell
lines. A total of 87% of the genomic imbalances detected by aCGH correlated with
cytogenetically detectable chromosome aberrations elucidated by SKY, thus enabling
identification of the molecular events responsible for the observed genomic imbalances.
This was particularly informative with respect to the recurrent breakpoints (Supporting
Information Table 4). The complete karyotypes of these cell lines will be published
elsewhere (Knutsen et al., submitted) and can be retrieved at http://www.nchi.nlm.nih.gov/
projects/sky/.

Sixteen microdeletions and six microduplications flanking sites of copy number alterations
were identified in the CRC cell lines with aCGH (Supporting Information Table 5). Analysis
of the corresponding breakpoint assessed by SKY enabled us to determine the nature of the
chromosomal aberration occurring at the site of these submicroscopic genomic alterations,
possibly caused as a consequence of a breakage-fusion-bridge event (Gisselsson et al.,
2000). As illustrated in Supporting Information Figure 1, a subtle deletion of chromosome 4
maps to the fusion site in the der(4)t(4;17) in HCT116. Subsequently, this rearrangement
underwent a further recombination with chromosome 18 [der(18)t(17;18)t(4;17)]. Although
previous examples of this have been described, they involved a single locus-specific analysis
in each study (Yoshimoto et al., 2007; Alsop et al., 2008; Li et al., 2008).

Structural reorganization of chromosomes can affect either the expression of genes or their
biological functions via premature truncation or fusion events. We identified 1,645 array
features mapping within the vicinity of 333 CBS-determined breakpoint regions in the 15
cell lines, of which 75% (n = 1,235) had intensity ratios that could be analyzed. We then
identified the features mapping to these breakpoints whose expression was an outlier value
(see Materials and Methods). Ninety-nine such features occurred in cell lines containing the
breakpoint, 65 (5.27%) with the highest expression and 34 (2.75%) with the lowest
expression. Another 534 features occurred in cell lines without the breakpoint. This was
statistically significant compared to what would be expected by chance (1.56% and 1.53%,
highest and lowest respectively, P < 2.2E-16). After looking closely through the 59
breakpoint regions, eight were regions of amplification and 12 were within deletions. The
validity of some breakpoints was difficult to evaluate whereas others mapped near the
centromeric repeats, where it was not possible to define narrowly the breakpoint due to the
absence of features in the array. In the end, we identified only 36 features that mapped to
genes whose altered gene expression could reasonably have been the direct result of a
chromosomal break (Table 3). Some of them, namely FOXA2, MRPS35, LOC341346,
SRCRB4D, C2lorf63, TEMEM98, and WASF3 were deregulated across all of the cell lines
and/or tumors (P < 0.05), indicating that chromosome breakage might be one, but not the
only, mechanism affecting the expression of these genes.
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Structural Variants of the Genome Colocalize with Chromosomal Breakpoints

The total number of DNA breakpoints that we identified by aCGH was 333, ranging from
one to six in the near-diploid and from 11 to 50 in the aneuploid CRC cell lines. In
agreement with our previous results in primary tumors (Camps et al., 2008), 45.9% of the
breakpoints in the CRC cell lines occurred within sites of known structural variants of the
genome (P < 1.0E-11), either CNVs or segmental duplications (Fig. 5 and Supporting
Information Table 6). As for the microdeletions and microduplications associated with
chromosomal breakpoints, five spanned a CNV and the other 12 contained a CNV at one
end of the imbalance. Interestingly, 51% of the amplicons contained a structural variant at
one or both ends, suggesting that these features are not only involved in DNA double strand
breaks that result in chromosomal translocations, but that these breaks might result in the
generation of high-level copy number gains more frequently than expected by chance (P <
0.0005). In contrast, only 32% (P = 0.3) of high-level deletions contained a structural variant
in at least one end of the deletion. We then interrogated the distribution of CNVs in each
chromosome aberration detected by SKY. Results indicated that 52.5% of the genomic
rearrangements involved a structural variant for at least one partner of the chromosome
marker. Of these, 24.5% contain structural variants in both ends of the partners that originate
the chromosome aberration.

Because CNVs occur with the same frequency at breakpoints in the primary CRC tumors
and the CRC cell lines, we examined the extent to which the breakpoints were shared among
the samples. We identified 710 breakpoints in the 15 CRC cell lines and 31 primary colon
carcinomas, of which 45 occurred in two or more samples (Supporting Information Table 4).
A total of 237 annotated CNVs mapped to breakpoints (n = 309), of which 15 were shared
among the tumors, seven were located within breaks in two or more cell lines, and nine
resided within breakpoint regions found in both the tumors and the cell lines. Thus, 13% of
the CNVs mapped within regions of the genome where changes in copy humber occurred in
multiple samples.

DISCUSSION

This study represents a systematic and comprehensive integration of SKY, aCGH, and gene
expression data of colorectal cancer. While our data are in general agreement with
previously published cytogenetic and molecular cytogenetic analyses (Abdel-Rahman et al.,
2001; Roschke et al., 2003; Camps et al., 2004; Kleivi et al., 2004), the fine mapping of
breakpoints, identification of subtle regions of amplification and high-level deletions,
refinement of the composition of dmin and hsr, and determining their consequences at the
gene expression level are an important advancement for identifying relevant tumor-related
events and gene loci involvement. Our results corroborate the finding that the main
consequence of chromosomal aneuploidy in cancer is to affect the average expression of all
genes, rather than a select few, within the regions of copy number alteration (Monni et al.,
2001; Pollack et al., 2002; Grade et al., 2006). Analysis of genes localized within focal
amplifications and deletions, however, demonstrated a tendency toward the deregulation of
specific genes. Thus, our analysis resulted in the identification of several putative oncogenes
and tumor suppressor genes for which an association with colorectal cancer has hitherto not
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been described. Furthermore, the expression of genes mapping near breakpoints was
significantly affected. However, we did not find recurrent breakpoints in the majority of the
samples. We therefore conclude that in contrast to what is observed in hematologic
malignancies where recurrent breakpoints are common (Mitelman et al., 2004), breakpoints
do not represent a frequent mechanism to deregulate gene expression in colorectal
tumorigenesis.

The comparison of cell lines and primary tumors in this study shows that CRC cell lines
maintain genomic imbalances identified in primary colon tumors with a high fidelity (Fig.
1). The number of CNAs, including high-level copy number changes, was nearly 40%
higher in the cell lines, most of which occurring in the mismatch repair proficient, aneuploid
lines. In addition, our data showed that primary tumors tended to contain more whole
chromosome arm alterations, whereas smaller chromosomal regions were predominantly
involved in structural rearrangements in the cell lines, reflected also on the wide spread
distribution of the chromosomal breakpoints along the genome (Fig. 5). Thus, either culture
conditions compared to the tumor microenvironment and/or the developmental “age” of the
cell lines resulted in the accumulation of a higher level of genomic instability.

Global genomic examination of these cell lines corroborated our recent observation that
chromosomal breakpoints in primary tumors occur preferentially at sites of structural
variants of the human genome (Camps et al., 2008). Subsequently, this phenomenon has also
been shown in mantle cell lymphoma (Bea et al., 2009). Two specific examples are the
genomic amplifications involving chromosome bands 8q24.1-24.3 and 12p11.23-12.1 that
occurred in multiple cell lines. The boundaries of these amplicons were not identical in each
of the cell lines, but the clustering of breakpoints and the ensuing amplification indicate that
these genomic regions are unstable and prone to chromosomal breaks. Interestingly, five of
the 12 breakpoints leading to these two amplifications occurred at sites of CNVs. Thus, we
conclude that CNVs not only appear to promote double strand breaks that lead to
chromosomal translocations, but are also significantly (P < 0.0005) involved in the
mechanism that leads to localized high-level copy number amplifications. Such an
association was not observed for deletion events. Because the frequency of CNV-associated
breaks is not altered by the increased accumulation of genomic aberrations in the cell lines,
we conclude that this CNV-specific instability remains active in these samples perhaps as a
potential mechanism to generate CNAs.

A direct link between genes affected by either high-level amplification or loss-of-
heterozygosity and tumorigenesis has clearly been demonstrated in solid tumors and has in
some instances provided targets for therapeutic intervention (Clark and Cookson, 2008; Prat
and Baselga, 2008). Applying this approach, we identified 37 amplicons within the 46
samples analyzed, of which only four were observed in more than one sample. BYSL, MYC,
FAM84B, SEQL, and TRIB1 were recurrently amplified and overexpressed. Interestingly,
several genes mapping within amplicons were significantly overexpressed in the cell lines
and tumors irrespective of their copy number; however, those samples with an amplicon
generally had higher expression, suggesting that the transcription of these genes was
increased as a direct consequence of the change in gene dosage (Table 1). BYSL, a gene
involved in ribosome biogenesis and cell growth, maps within the amplified region
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chr6:41,451,467-42,008,700 in Colo 201 and the primary tumor CC-P14. Overexpression of
this gene has previously been described in several human cancer cell lines (Miyoshi et al.,
2007), in diffuse large B-cell lymphoma (Kasugai et al., 2005), and in primary gastric cancer
(Tsukamoto et al., 2008). KIAA1333 and C14orf126 within the amplification at chromosome
14 in NCI-H508 were also overexpressed in all of the colorectal cell lines, and their
expression was further enhanced more than threefold in NCI-H508, again reflecting an
amplicon-specific effect on gene expression. The high expression level of KIAA1333 in
some of the primary tumors further supports its oncogenic potential.

A number of amplified regions, conversely, did not contain any genes with increased
expression across the samples. While it is formally possible that increased copy number of
these genomic regions does not convey any advantage to the cancer cell, the potential exists
for alterations in other genomic elements such as non-coding RNAs. Two such examples are
chr8:10,607,890-10,995,687 and chr12: 21,809,476-27,444,930 in CC-P1 and SW480,
respectively, which contain known miRNAs.

A similar approach using high-level genomic deletions as a means to detect putative colon
cancer tumor suppressor genes resulted in the identification of BLK and FAT4. Although
these genes demonstrated the lowest expression in those samples harboring the genomic
deletion, they were systematically down-regulated in all of the samples relative to the
normal mucosa. FAT4, involved in kidney development (Saburi et al., 2008), has recently
been proposed to be a tumor suppressor gene as its transcriptional repression in the non-
tumorigenic mammary epithelial cell line NOG8 induced tumorigenesis (Qi et al., 2009).
We suggest that FAT4 might be one of the candidate genes that lead to the selection of the
common genomic loss of 4q in later stages of colorectal cancer (Arribas et al., 1999; Kndsel
etal., 2004).

Regions of copy number alteration may in fact harbor multiple genes whose altered
expression is part of the etiology. One such example is the invariable coamplification of
FAMB84B with MYC, which occurred independently in three different cell lines (Table 1).
Both of these genes displayed increased expression levels that were directly correlated with
gene dosage. Although further functional analyses are required to determine whether an
interaction exists between the biological actions of these two proteins, our data at the least
support a model in which multiple overexpressed genes contained within an amplicon may
contribute to the oncogenic phenotype. Examples of this phenomenon have been
demonstrated in several tumor types (Guan et al., 1994; Squire et al., 1995; Huang et al.,
2006; Kendall et al., 2007), but this is to our knowledge the first description of its
occurrence in colorectal cancer.

In conclusion, we carried out the integration of molecular cytogenetics, genome-wide gene
copy number, and expression microarray profiling of colorectal cancer cell lines and primary
colon adenocarcinomas, and further applied statistical analysis to identify putiative target
genes that are deregulated in association with high-level copy number changes. A
comprehensive comparison of the aberration patterns between cell lines and primary tumors
supports the usage of in vitro models to assess further functional genomics. Investigation of

Genes Chromosomes Cancer. Author manuscript; available in PMC 2016 January 21.
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clinical significance and biological validation studies should be conducted to elucidate the
mechanism of action of the target genes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Comparison of genomic imbalances by array CGH analyses of human colorectal cancer cell
lines and primary tumors. The average of copy number gains and losses for the 31 primary
tumor (A) and for the 15 cell lines (B) is plotted as a function of genome location.
Frequency distributions of increases or decreases in genome copy number changes are
indicated for the primary tumors (C) and the cell lines (D). On the left hand Y-axis
frequencies of gains and losses are represented as a percentage. On the right hand Y-axis the
frequencies are displayed as a function of the total number of cases.
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Correlation of genomic copy number changes with levels of gene expression. (A)
Correlation of all of the CBS segments with their resident gene expression levels for 15
colorectal cancer cell lines. (B) Genome-transcriptome correlation plots for individual cell
lines (DLD-1 and SW837) and primary tumor (CC-P12). Genomic copy humber changes are
indicated with solid blue bars and gene expression levels are indicated in red
(overexpression) and green (underexpression) as a function of log, ratio between the sample
and five normal colon mucosa.
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Figure 3.
Chromosomal localization of amplified sequences in cell lines Colo 320DM and NCI-H716.

Panels A and B show the coamplification of genomic material from
chr8:127,633,844-128,955,220 and chr13:27,392,825-27,439,502 as dmin (A) and hsr (B),
respectively, in Colo 320DM. Fluorescence in situ hybridization using BAC clones
CTD-3056022 (green) and RP11-153M24 (red) demonstrated the coamplification of target
genes MYC and CDX2, respectively, at chromosome locations 8q24.21 and 13g12.2.
Overexpression of both genes in this cell line compared to normal mucosa was confirmed by
RT-PCR (data not shown). Panel C shows the presence of two distinct populations of dmin
in NCI-H716; one is comprised of genomic material from chr8:125,620,117-128,955,220
and the other consists of chr10:123,231,641-123,590,573. Fluorescence in situ hybridization
was performed using BAC clones CTD-3056022 (green) at 8q24.21, and RP11-62L.18 (red)
at 10926.13, containing MYC and FGFR2, respectively. Microarray data showed
overexpression of these two genes in NCI-H716 compared with normal colon mucosa.
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Figure4.
Network of genes located within high-level copy number changes and deregulated across all

of the cell lines and tumors. Ingenuity pathway analysis was used to assess the potential
interconnection between genes representing the most significantly affected cellular
functions. Red, increased expression; green, decreased expression.
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Figure5.

Prevalence of chromosomal breakpoints at sites of structural variants of the human genome.
A total of 333 breakpoints were mapped and their coordinates compared with the physical
position of CNVs and SDs annotated in the Database of Genomic Varaints (http://
projects.tcag.ca/variation). Red dots (n = 151) indicate the location of breakpoints that
coincide with sites of structural variants of the human genome.

Genes Chromosomes Cancer. Author manuscript; available in PMC 2016 January 21.


http://projects.tcag.ca/variation
http://projects.tcag.ca/variation

Page 19

Camps et al.

- - pu 85T 20 90L'%¥Z'89  vev'8ee'v9 A1) T0Z 010D 970-dwy
EWOW MO1‘TOHS3 pu €60°'T 18 vvZ'66T°95  ¥9C'9CE'TS T'zrd-geTdg 102 0]00 §10-dwy
T71L77dd ‘0v20vVIM ‘004l
‘TIZYL ‘d=¥L ‘6rdSN ‘614090
BAE  ‘0ETHO9D “TOSONN ‘Y9409 '6AdLE pu L6TT €6y 06T'/E6'Cy  ¥T.'S00'8E T'Tzd-g'Tedg 102 0]00 y10-dwy
11909N 'ded10d '“D0ud - uoreao|suel | €197 v8'€ €8Z'€66'0ET  €0C'0ST',2T  TTeh-eyTbz  WQzogolod  €T0-dwy
T1EHd 109
TBYvVL VSN PTELAVAY ‘TBEVL ‘YTVD uoIeI0|sUel | 195 S6°0 vIL'V8S'LYT  8TT'829'9YT T'TEht Wazogol0d  z1o-dwy
i
- 2aviid uoreao|suel | A 157 LEI'TLB'SYT  GOL'OSY'EVT T'TEht INQZOE 010D jo.ﬁ_aw
saul| |99 ul :o_umo_%__QEm Jlwous w
f
[3+]
- - pu 0ET'T 197 S8L'VE0'9T  LGO'TTY'ET T'Z1doz 91d-00 TTL-duly
-
T-TdV.LHN ‘2-EdV.LEN '0ZLdN ‘CTIEN &
T-TdV.LIN ‘€2LHN 'BBIINL ‘OTLHM ‘TIOHVIAS ‘284D o
YSNL ‘VedOL ‘90aD ‘2849 ‘L€40/TO ‘28893 ‘TA A ‘LN pu 0/8°€ LT S6T'8YS'9E  €9V'LE8'VE ZTebetb.T 96d-00 oTL-duly
TOON '958A0 =
‘8900 'WHSdA ‘€SYH - pu €027 980 620'807'89  OVS'2SS'L9 T'22hot Svd-00 6L-dusy
=
SOOTWV I ‘TAXN S
‘ZA0QV ‘€d1V3H ‘2OLaN s
‘21d9 19040 ‘TdgOHS 278 '6aHd pu vSL'T 8v'L €6€'295'25  9YT'T60'GY IAAL AR $9d-00 81-dusg
OTQYMNY ‘6ZHOETD 9THIOETD pu 918'T 0€T ZV0'vL9'TIT  G8T'9LE'60T vebeT Lpd-0D L1-duly
<
- - pu TI7'T 99C 018'088'8Z  8LL'7ee'9c  €eTb-eTeTbeT Lyd-00 91-duly
- - pu 200'T S0 9ZS'69Y'ET  G€9'L26'CT zzdg 2Ld-0D E-%m\
=}
- pu pu 915'T 60 189'566'0T  068'209'0T T'€zd8 1d-00 v1-dusgy
BAL - pu 1811 950 004'800'¢y  LOV'ISK'TY T'Tedg ¥1d-00 thEM
BAVA o
‘YHZ4L9 'T4aa 'T1O74 ‘TOan m
9d1S ‘ed3l ‘9TXHA ‘9ETH09D ‘T40aV ‘Teddd g
‘TOAIN ‘YETH09D ‘8TOOH ‘6ENIYL ‘BTOOH'9ZN ML ‘TAUNZ g
‘6E4INY ‘LN IIL ‘G9TANZ THEAVO 'd=Y ‘ZGYANZ ‘/8TANZ 5
‘NVZHTISIH ‘HEHTISIH ‘€6TANZ MHTISIH ‘TYHTISIH pu €2z vze 9EL'0TO'TE  TOE'SLL'LT €¢'Tzd-T'gedg 6d-00 NZ;W
TV9ED B B
'VZIND '0STISI ‘YNLOQ ‘ceNgd 5
213D 'ZOLEHS ‘OdNAS ‘TISAN ‘T39O ‘8EOXE pu L16T s EVE'0VY'ZST  ¥80'GEE'LYT  zeeb-Teebg ¥1d-00 T.L-dufey
siown} Arewnd ur uonediydwe d1wouss
oSAUIl [BO pUe  gOlioads-uooljdure pere|nBeudn 10D wsiueyoew uoleolljdwy ol HOOe  (QN)ezis  dgBuipuz  dqbunseis pueqo1fd a|duwres ai

sJown) ui pare|nfeidn |09

SauIT 118D J9oue) [L19810]0D puUR siowin ] Asewild UojoD Ul palinuap| sauso 186 ajepipue) pue suodljduwy ay) Jo Arewwing

T31gavl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



age 20

‘pauIWIBIep 10N “pUu

TOMA ‘€IOVT ‘0LVHONS
‘G8TNZ ‘€DVSD ‘TOVSO

TV8d ‘0T1dd ‘2dOan

‘175802001 ‘€a9NH ‘ZTHOXD ‘G8TANZ ‘TGO ‘TASVd uoneaojsuel L 9/9'T 19V 00T'SOY'¥ST  T89'98.'6Y¥T 8zbx LEBMS 9210-dwy
284QV ‘TaOHVINS ‘THALY INIGYD ‘9gavd sy ¥8LT e Ge8'/16'7C  89LVTIS'TE 1'2Tb-zz'TTbZZ T-00-MS  GZ10-dwy
OTANYS
‘GBTH0020 ‘T4AHIA
‘65110020 ‘02410020
‘2537av0 ‘TI8TSS
‘Yd4V1 ‘740020 ‘9TXIS
‘TAVY ‘T41SO ‘YXINY ZEIND SYND uoneaojsuel L eIeT A v/G'€9€'79  G/G'€TO'TS €€°€Tb-z'€Tb0Z 9T/H-ION  #Z10-dwy
¥24108TD ZAVINS ‘ZEITWV IM sy GES'T £v'9 €9/'796'9v  829'SES'OY Z'12b-g'zThgT T-00-MS  €210-dwy
0r2a22
‘SOTWAINL ‘0TV8ED B
‘TIZV ‘¥XdD '8xdD ‘sod1d
“TYL ‘SHS ‘51003
‘UXA4 ‘61¥N ‘6X0S - pu 6TV'T 8eCT GOT'6TT'LL  L9T'EVL'V9 £Gehb-gveh/T T-00-MS 2210-dwy
SAVOHYY “1d9NN ‘9ZTHoYTO
- ‘TALOTH ‘TSPdV ‘ENYIS ‘CESTWVIN ulwp 815¢C 1SV 0v.'895'2€  0L0'2SS'LZ TeTb-2TbyT 80SH-ION  TZ10-dwy
- - pu 162'T v.°0 ¥16'G0L'86  8ZE'696'L6 €zeb-z'zebeT INQz0g 0100 0Z10-dwy
LELOETD ‘Y29zerd - pru 82L'T vS'T G0.'8€9'€L  T8S'9E0°ZL T'zzbert INQZ0£ 0100  6T10-dwy
- - Jsy/unwp €15's 500 205'6Ey'le S28'T6E‘LT z'eTbet INQZ0g 0100  8T10-dwy
Z1INIY - sy 99€'T ¥5'e Ov6'LT.'/2  S29'v./T've  €2'T1dZT-T'21dZT T-00-MS LT10-dwy
- - uoneaojsuel L LIET ¥9'S 086'vry'2Z  9.v'608'TZ  €2'TTdZT-T°2TdeT 08YMS 9110-dwy
T3l 24494 ulwp 0L0'S 9e'0 €/G'065'€2T  TH9'TEC'ECT €19¢bot 9T/H-ION  ST10-dwy
DA ‘gr8IAv4 - Isyuwp Evr'9 €T 022'S56'82T  ¥¥8'€€9'L2T Tevehg INQz0g 0100  $T10-dwy
DA ‘ar8INvH - uoneaojsuel L 19€C €62 0/G'7/S'62T SGG'Tv9'92T  TZveb-eTvzbs 08YMS €110-dwy
DA ‘Gr8INvH TARL ‘ZIONSN ‘96TOVY IM
‘TdiL ‘3108 ‘22GANZ ‘3108 '22S4NZ ‘TSSLIN '694NAN urwp 8T¥'S ve'e 022'S66'82T  LTT°029'GeT  TZveh-€Tvebs 9T/H-ION  ZTT10-dwy
- TWPT102 '90ad3aa ulwp £58'S o TZY'€TSTZT  9¥9'060'T2T ZTvebs 9T/H-ION  TT10-dwy
2oz413 'OAN
‘ar8INv4 ‘TaidL ‘310s
‘2/S4ANZ ‘2avLY ‘TIINS
‘ddlN ‘TO0A ‘TIVIN PYSPO B ‘TIVOELS ‘ETVXNY sy LIST e 0£€'0/G'2VT  ¥88'%SE'STT £yeb-g'eehg 6¢-1H 0T10-dwy
Tdgard13 a10ddvdd uoneaojsuel L wI'T 6.0 T88'€0L'8E  OVS'ET6'LE ¢z'1Td-zTdg LEBMS 610-dwy
m - T11L04d31 uoneaojsuel L 2€ST 122 876'L/2'TE  66V'2£0'62 Z1d-1'Tzd8 T-00-MS 810-dwy
(<5
4  dd3d ‘'vdozl
‘8 ‘LdVIN ‘YYSINY TIHY “1ISGH ‘TV8HA TV pu 162 FAsh 7 T/S'TOV'8ET  TOZ'TIV'EET ¢'ezb-z'eghg 10Z 00D 110-dwy
T psull [ pUe gePHioeds-uodljdwe peteinBe.dn |09 wsiueyosew uoleoljdwy  olled HOJe  (qW)ezis  dgbuipuz  dgbunses pueqoIfd a|dwes al

sJown) ul pare|nfsidn |09

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2016 January 21.



Page 21

Camps et al.

*(S50°0 > d) p1ojomi ueys JayBiy siowny Arewrid pue saul| []89 8y} |[e SS019e uoissaldxa afiesane ue pamoys eyl (109) 1sa4a1ul Jo mocmmuo
"sajdwes Bulurewal ay) Wouy uoijeledas pjojaaiy} e 1ses| Je pue BSOINW ay} 0} dAITR|a) PJOJOM] Uey) Jayealh anfeA uoissaidxa ue pamoys Jey (J0D) 1salaiul Jo mmcomug
‘paredlpul ale saush bagjey >_cOm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2016 January 21.



Page 22

Camps et al.

- - vBLYT- €50  6/6'T26'8ZT  ET6'Y6E'SCT ee'zehbg NTTFST 810-12a
- T8 ‘TYNNLD vSege- 820  TLETIS'SET  98T'T8Z'BET ' 1ebg T-00-MS L1071ea
ZAPdAD ‘'VBPTINYH ‘Z58d0S
‘ENITAd ‘PVSZOS ‘2XOLS “0493A
'VONAD ‘ZANVH ‘TOHS ‘aTIvd - €9T'I- 620z ZIS'S6E'68T  G29'L0T'69T  z'seb-gzeby 8L 910712
- - S6T0'T- LZ0  TOT'VO9'VOT  SBY'OSEVOT  TT'ETb-£2Tbe  WQA0ZE©0I0D  §10-1ed
ETIOA ¥59:INZ ZoryT- v98  8IT'Y9C'06  Sv9'TZ9'T8 TTId-g7Tde 62-LH ¥10-12a
- - LySey- ¥Z0  GELYSG09  €L9°0TE'09 zyide NTTFST €10-1ea
TAANS VI dg7aH ‘Gr.L094D 6220'T- T 6ST'SEI'TvT ¥v9'0T0'0ve e'Lebz 8L 21071ea
- - S58Y°'Z- 170 ELE'STO6Y  ZBG'EVE'SY gedt NTTFST 110-1:a
Saul| |39 ul suons|ap _m>w_-cm_I
- €141 955T'T- 0v'0  9ST'TOV'YT  66E'9B6'ET T'zTdoz vd-00 ST1-12Q
- €141 1570'T- LET  L€9'8EE'ST  T8T'GOG'ET T'zTdoz Zvd-00 vT1-18Q
- - LSETT- 690  6vZ'BIT'0L  SEB'0EV'69 €ZbsT ¥d-00 €T1-12a
- - 9EET'T- L0 /8T6IY'OZT  88Y'TSE'ECT  ZEvEbIEvEbet vd-00 ZrL-1ea
8adSH Tdg3d ‘STININL 9ST'T- 86 CZLlyL'6TT  S69TLLYIT TEWZb-TZyebel  ¥vd-00 TTL-ed
- - 8€20'T- ZZ0  960'8YS'SL  L6V'ETE'SL zTebzt vrd-00 0TL-12a
- pu BTEY T~ TT0  vPT'WOY'TZT  5L0'85E°TeT TT°92b0T 8vd-00 61-12Q
PR pu 9Ev0'T- 150  6T¥'8/G'TT  S8L'€00'TT Teedg Td-00 8l-1ea
M8 ‘LXC0S VSN - TeeTT- LSTT  6T¥'8.STT  L2CTT Teed-gezdy ¥1d-00 L1-12Q
TIVON ‘7L ‘ZLd49 SyoLT
‘TLNVAY '2ddZ ‘TvEe100 'LINITad
BTdINH ‘YE3dD ‘TdSNA ‘TINNOM
THO0A ‘ELITS ‘ZoHEVD ‘ZANLOTO 2dd4z ‘LWInad €8ET'T- S0Tz  8YT'0E9'08T  OV6'8/5'6GT  €'Seb-geehs vd-00 91-12
- pu 696€2- TT0  6Z8'S00'TET  S0G'968'0ET TT€bg 8d-00 sl-1,a
10O odv 9602'T- 9t TIO'0TG'STT  €E9'TSTCIT  T'eeh-zeehs Zvd-00 v1-12Q
- - EE6TT- ST0  900'8ZT'TYT  696'Z86'0VT TTeby vd-00 €l-12a
r1v4 pu 900'T- 9T'0  €60'79.'9ZT  TOY'909'92T T'8¢by 8d-00 zl-ea
- - 19821~ 050  6ST'9Y0'ET  ZIS'8YSeT ee'gTdy Zvd-00 T1-12Q
siown} Arewnd ui suonajap [8As]-ybiIH
oSl qedHiads-uoiepp pete|nBeJumop |09 olled HODe  (qW)azis  dgbulpuz  dgBunsers pUeqoIhD a|duwes ai

|0 puUe S Jown) ul pare|nBs Jumop 109

SauIT (19D J9oueD [£19810]0D puUR siowin] Asewild UOJ0D Ul palinuap| sauso 1abae] alepipue) ay) pue suonajaq [9As-ybiH sy 1o Arewwng

Author Manuscript

¢ 31avl

Author Manuscript

Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2016 January 21.



Page 23

(500 > d) PI0J-G'0 UeY} Jamo| siown} Arewid pue saul| |32 8y} [[e SsoJoe uoissaidxa abesane ue pamoys 1eyl (J09) 1saJaiul Jo s8UBD
"sa|dwies Bujurewsas ay) wouy uoleedas pjojaaiy) e 1ses| Je pue eSOINW 8y} 0} dAIRR[3] P|0J-G'0 UBY} Ja|jews anjeA uolssaldxa ue pamoys eyl (J09) isaislul o mm:mwg
‘pajedlpul aJe sauab basjoy >_:Om

‘pauILLIBlep 10N “pUu

Camps et al.

- - e6veE- 0T0  [8Z'See'ST  SeS'TeT'ST T'z1doz 80SH-ION 5210713

- - €26€'G- ST0  TEY'EIT'ST  0.2'996'1 1'Z1doz 80SH-ION  ¥210-12Q

- - 800 T~ 20 SETVEQWT  9CT'LISYT T'ZTdoZ 80SH-ION  €210-13@

- - L0TLT- 020  9EE'0/€'LL  66V'89T'LL T'€2bat NTT¥ST  2210-1.d

- - 88952~ €10 8WL'€ST'LL  €98'€20'LL T'€Zbot NIT¥S1 127101,

- VOLTINTINL 862€'T~ ZUT 0v0'89Z'v.  SO6'8YT'EL  T'Eeh-geghar T-00-XS  0210-1ea

- - €590'T- SZ0  0CT'STE'SS  T68'G90'SS £TebsT INQozE 0100 6171012

- - vByTT- TZT  €90'LL0'VTT  2,2'698'CTT vEbET 1020100 8110-1.Q

- BIXNS 6.5V T~ vZ¢  O0BE'EOT'ZET  [90'v98'62T  GZb-ewebit T-00-3S  LT710-1RA
£S5V ‘EOND ‘TINOH ‘MVNHY
TIEaVY '€36VEAD 'SvOd ‘EVSIOTS
TdZ ‘TY¥SIN ‘TZdS-QAN ‘LIS

'VOVISIN ‘VTadA TONIdYTS 'EVEYD S ZSBYHH ‘€XIS ‘8vaH ‘8ETWINL ‘6TAIN L9vET- 06TT T08'8YT'€9  66v'vve'TS  TETb-ZTTIATT  9TZH-ION  9110-13@

YGHO0TO T1d98 ‘PL2TWVIM 'AINY 12T~ 9LT  LLE'6TZ'EL  890'85Y'TL T'zzbot 9TZH-ION  §T1D-1ed

- - TLETT- 20 S690TS'ZZ  0/2'S6LTE €Teds INQO0ZE 010D ¥TTO-13A

- - v699'7- 980  260'SSY'6  269'660'6 £zde 9T/H-ION  €110-13a
d4av

'¥641060 ‘2ONg ‘g1dN ‘ZAdIN ‘9241060 - 1252 T~ €02 856882  6/1'GS8 £ Ted-gveds 8L Z110-1.a

- - zUTT- SE0  YIS'STS'OVT  S82'SOT'9OVT gebs N@oze 0100 TT10-1ed

- - €9ET'T- 610  GvZ'8SE'SYT  TO8'E9T'SYT gebs IN@oze 0100 0T10-12d

- - z6eLe- SE0  SO8'ELT'8YT  TVE'LZ6'LYT €vebg NTT¥ST 67101,

aeull gedHiads-uolvpp pete|nBejumop |09 okl HOJe  (qW)ezis  dgbuipuz  dqbunsers pUegoIAD a|dures al

|0 pue S Jowny ul paye|nBe Jumop 109

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2016 January 21.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Camps et al.

Expression of Genes Mapping at Breakpoints

TABLE 3

Breakpoint  Oligonucleotide/genename  Céll line Chr:Mapping position Expression
1 MCF2L Colo 201 13:112,800,332-112,800,391  Increased
2 AK056384 Colo 320DM  21:33,027,032-33,027,091 Increased
3 MSRB3 Colo 320DM  12:63,966,606-63,966,665 Increased
4 RPL34 Colo 320DM  4:109,903,909-109,903,968 Increased
5 AGXT2L1 Colo 320DM  4:110,020,929-110,020,870 Increased
6 A 24 P200962 Colo 320DM  7:120,210,671-120,210,730 Increased
7 FLJ21986 Colo 320DM  7:120,362,418-120,362,477 Increased
8 FLJ39609 NCI-H716 1:893,632-893,573 Increased
9 C200rf56 NCI-H716 20:22,489,440-22,489,381 Increased

10 FOxA2D NCI-H716 20:22,509,943-22,509,884 Increased
11 AL096727 NCI-H716 20:25,702,745-25,702,686 Increased
12 PCOLCE NCI-H716 7:99,848,718-99,848,777 Increased
13 ACTL6B NCI-H716 7:99,889,787-99,889,728 Increased
14 PYGB HT-29 20:25,226,326-25,226,385 Increased
15 FLJA3826 HT-29 17:34,462,723-34,462,782 Increased
16 GGTL4 SK-CO-1 22:21,313,375-21,313,434 Increased
17 MRP352.P SK-CO-1 12:27,800,373-27,800,432 Increased
18 CR749704 SK-CO-1 8:58,304,783-58,304,841 Increased
19 ACTG1 SK-CO-1 17:77,091,659-77,091,609 Increased
20 LOC3413462 SW480 12:27,546,306-27,546,365 Increased
21 SRCRB4D2b Sw480 7:75,663,359-75,663,300 Increased
22 THC2317822 SW480 5:93,765,126-93,765,067 Increased
23 AF118067 SW837 17:20,855,929-20,855,988 Increased
24 PTGER3 SW837 1:71,030,382-71,030,323 Increased
25 RPS12 Colo 201 6:133,180,332-133,180,391 Decreased
26 Colorfe3b Colo320DM  21:32,751,887-32,761,921  Decreased
27 HAP1 Colo 320DM  17:37,132,425-37,132,418 Decreased
28 PLEKHN1 NCI-H716 1:950,367-950,426 Decreased
29 GINSL HT-29 20:25,346,791-25,353,865 Decreased
30 TMEMO982 HT-29 17:28,292,241-28,292,300 Decreased
31 KPNA2 HT-29 17:63,473,120-63,473,179 Decreased
32 ARHGEF7 HT-29 13:110,745,422-110,745,481  Decreased
33 WASF3ab SK-CO-1 13:26,160,694-26,160,753 Decreased
34 BAHCC1 SK-CO-1 17:77,047,529-77,047,588 Decreased
35 BC047380 SW837 22:24,176,324-24,177,801 Decreased
36 LRRC40 SW837 1:70,322,640-70,322,581 Decreased

aDereguIation of this gene in the same direction as the sample with the breakpoint was observed across all the CRC cell lines (P < 0.05).
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Deregulation of this gene in the same direction as the sample with the breakpoint was observed across all the primary colorectal tumors (P <
0.05).
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