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Abstract Glioblastoma Multiforme (GBM) is a malig-
nant brain cancer that develops after accumulating genomic
DNA damage that often includes gene amplifications and/
or deletions. These copy number changes can be a critical
step in brain tumor development. To evaluate glioblastoma
genomic copy number changes, we determined the gen-
ome-wide copy number alterations in 31 GBMs. Illumina
Bead Arrays were used to assay 22 GBMs and Digital
Karyotyping was used on 8 GBM cell lines and one pri-
mary sample. The common amplifications we observed for
all 31 samples was GLI/CDK4 (22.6%), MDM2 (12.9%)
and PIK3C2B/MDM4 (12.9%). In the 22 GBM tumors,
EGFR was amplified in 22.7% of surgical biopsies. The
most common homozygously deleted region contained
CDKN2A/CDKN2B (pl15 and pl16) occurring in 29% of
cases. This data was compiled and compared to published
array CGH studies of 456 cases of GBMs. Pooling our
Illumina data with published studies yielded these average
amplification rates: EGFR—35.7%, GLI/CDK4—13.4%,
MDM2—9.2%, PIK3C2B/MDM4—7.7%, and PDG-
FRA—7.7%. The CDKN2A/CDKN2B locus was deleted
in 46.4% of the combined cases. This study provides a
larger assessment of amplifications and deletions in glio-
blastoma patient populations and shows that several dif-
ferent copy number technologies can produce similar
results. The main pathways known to be involved in GBM
tumor formation such as p53 control, growth signaling, and
cell cycle control are all represented by amplifications or
deletions of critical pathway genes. This information is
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potentially important for formulating targeted therapy in
glioblastoma and for planning genomic studies.
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Introduction

The ability to find mutations and other related genomic
changes has greatly improved due to advances in cancer
genome analysis. Of the different cancer-causing genomic
changes that occur, copy number changes are technically
the easiest to identify by whole genome scans. Compara-
tive Genomic Hybridization (CGH) was first widely
employed to find large amplifications and deletions, but as
a microscopy-based technique, its resolution is limited.
Newer high-resolution techniques such as array CGH [1],
cDNA microarrays [2], Digital Karyotyping (DK) [3],
Illumina Bead chip arrays [4], and SNP arrays [5] have
been successful at finding important amplifications and
deletions that contribute to tumor formation. For many
cancers, the information on newly identified amplified and
deleted regions is accumulating faster than the ability to
fully explore this data. Additionally, reports on copy
number changes in a particular cancer will have conflicting
conclusions, or be based only on a small number of sam-
ples with potential selection bias.

Glioblastoma multiforme (GBM), the most common
brain cancer, is the highest grade (WHO grade IV) astro-
cytic tumor and accounts for the majority of astrocytic
tumors [6]. This deadly tumor accumulates numerous
genetic changes during its development and is characterized
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by frequent DNA copy number imbalances [7]. Due to the
interest in this tumor, there has been an increase in the
number of genomics studies that now include The Cancer
Genome Atlas (TCGA) of the United States National
Institutes of Health (http://cancergenome.nih.gov). Given
the amount of cancer genome information that has come
from these genomic studies of GBM, it is useful to analyze
and summarize what is currently known. Since the copy
number changes have been assayed in many studies for
GBM, a cumulative analysis of copy number changes can
provide more accurate conclusions on the extent of these
alterations and a further understanding of the genetic
changes in glioblastoma.

To find genomic changes like amplifications and dele-
tions in GBM, array CGH has been the most commonly
employed technique [8—11]. Several of these studies also
show that consistent changes can help classify GBM sub-
types 11, 12]. SNP arrays using Affymetrix technology
have also been used for the genomic survey of gliomas,
including GBM [13]. Although the information from these
studies individually is useful, a comparison of this data and
the addition of new genomic data should provide better
estimates of consistently amplified and deleted regions in
GBM.

In this study, we generated new copy number analyses
on 31 cases of GBMs. Nine genomes were analyzed by
Digital Karyotyping (DK) and 22 genomes were analyzed
by Illumina Bead arrays. We then compared and combined
our data with those of five published GBM array CGH
studies and the data from TCGA project to identify the
most frequently occurring gene amplifications and homo-
zygous deletions in a total of 456 cases. Functional clas-
sification of the likely oncogenes or tumor suppressors
altered by these copy number changes cluster into three
major cancer-causing pathways that regulate either p53 or
the cell cycle, or signal malignant changes via receptor
tyrosine kinases (RTKs). This compilation of the copy
number changes in GBM will be a useful aid for identi-
fying the most promising molecular targets for the most
common brain cancer.

Materials and methods
Tissue samples and cell lines

A total of 31 DNA samples were used for this study. Fresh
tissues from 22 GBM resections were snap-frozen and
stored for later DNA purification. Consented patients ran-
ged in age from 30 to 80 years. Eight cell lines and a bulk
tumor sample were obtained from the Duke Brain Tumor
Bank, DNA purified and used for DK analysis. Cultured
cell lines were initially used with the intention of avoiding
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contaminating normal cells, although carefully prepared
bulk tumor samples later proved to not contain enough
normal DNA to interfere with the assays, and avoided bias
due to EGFR amplification loss during culturing. The 22
DNA samples for the Illumina Bead Array analysis were
purified from bulk tumor samples (n = 20), a GBM
adherent cell line grown in serum (n = 1) and a GBM
spheroid line grown in stem cell media (n = 1).

Digital karyotyping

For each library, 1 ng of genomic DNA was digested with
the mapping enzyme Sac I, ligated to biotinylated Sac 1
linkers (Integrated DNA Technologies, Coralville, IA,
USA), and digested with the fragmenting enzyme Nla III.
DNA fragments containing the biotinylated linkers were
isolated using Streptavidin-coated magnetic beads (Dynal
Biotech, Brown Deer, WI, USA) and ligated to linkers
containing recognition sites for Mme 1. The 21 bp sequence
tags were released by digestion with Mme 1 as has been
described for Long SAGE [14]. A detailed protocol can be
obtained at www.digitalkaryotyping.org [3]. The isolated
tags were ligated to form ditags, PCR amplified, concate-
nated and cloned into the pZero vector (Invitrogen,
Carlsbad, CA, USA). DNA from the plasmid inserts con-
taining serial genomic tags were purified and sequenced at
Agencourt Bioscience Corporation (Beverly, MA, USA) as
part of the Cancer Genome Anatomy Project. The genomic
tags were extracted from the sequence files using the
SAGE 2000 software. The genomic content of the tumor
was compared with the genomic average of virtual tags in
the human genome with a sliding window of 300. The
virtual genomic tags were extracted from the human gen-
ome sequence (UCSC human genome assembly, July 2003
freeze, Build 34, http://genome.ucsc.edu/). The virtual tags
can be downloaded from www.digitalkaryotyping.org.

DK data analysis

The genomic tags were extracted with the SAGE2002
software using a tag length of 17 and a ditag length of 38.
The experimental tags were filtered to remove any repeti-
tive elements and matched with virtual tag sequences
extracted from the public genome sequence (UCSC human
genome assembly, July 2003 freeze, Build 34) to remove
any tags not found in the virtual tag list. The DK software
package was used to align the filtered tags with each
chromosome and calculate the tag densities. The densities
were calculated for each window by summing the experi-
mental tags observed and dividing the sum by the average
tag count for all the same-sized windows across the gen-
ome. In the DK software, we set a window size of 300. The
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genes in the amplified or deleted regions were determined
by looking at the genomic coordinates using the UCSC
Genome Browser. Regions of amplification are defined as 8
or more copies per diploid genome. Chromosomal loss
regions are defined as 1 or fewer copies per diploid gen-
ome. Chromosomal deletions are defined as 0 copies per
diploid genome.

[lumina Bead Array hybridization

The DNA extraction and purification was performed using
a DNA purification column (Qiagen, Valencia, CA).
Approximately 750 ng of DNA at a concentration of 50 ng/
pl  was fragmented, precipitated, re-suspended, and
hybridized to the Illumina Hap317 chips. An extension
discriminated the SNP base on the surface of the chip.
These bases were then stained and the chip was washed,
dried, and then scanned for the resulting 317,000 SNP calls
and copy number response. Hybridization was done in a
teflow cell constructed by the assembly of a chip and a
capillary gap system incubated in an oven over night at
56°C. These samples were run at the JHU SNP Center on a
particular whole genome array which provides genotype
and copy number analysis information.

[lumina data analysis

Data was analyzed by using Illumina Bead Studio Software
(Illumina, San Diego, CA, USA). Bead Studio provides
visualization tools to analyze single samples for LOH or
chromosomal aberrations. The Illumina Genome Viewer
(IGV) can plot any portion of the full data table for any
sample and any chromosome. The data of interest are B
allele frequency, Log R ratio, LOH score and Copy
Number Score. In the present analysis, the data used was
the Log R ratio. The Log R Ratio for a sample is the log
(base 2) ratio of the normalized R value for the particular
SNP divided by the expected normalized R value. The red
line in the log R plot indicates a smoothing series with a
200 kb moving average window. Thus, a Log R Ratio > 2
was considered to represent a true amplification and Log R
Ratio < —1.5 was considered to represent a probable
homozygous deletion.

Comparative studies

A comparative study was undertaken combining whole
genome copy number analysis of GBMs. The criterion for
inclusion in this analysis was at least 20 GBMs analyzed
using a high resolution technique, with complete data in an
accessible format. Five studies with more than 20 glio-
blastomas using genome wide scanning technology and
data from Cancer Genome Atlas (www.tcga-data.nci.nih.

gov/tcga) with 206 studies to find amplifications and
deletions were included for comparison [8-12]. Amplifi-
cations and homozygous deletions at defined genomic loci
were calculated for their percentage of occurrence. These
genome analyses were combined with the 31 GBMs ana-
lyzed by Illumina and DK to yield combined percentages in
a total of 456 cases.

Statistical analysis of the combined dataset

A comparative statistical analysis was also conducted to
calculate the rates of amplifications and homozygous
deletions in the above five studies. An overall Chi-square
test was performed and a statistical significance was
defined with a P value <0.05. Multiple comparisons were
done using Fisher’s exact test to check the similarity and
deviations occurring amongst the six studies undertaken
and a statistical significance was defined with a P value
<0.01. These analyses were performed using PRISM
software, version 5 (Graphpad, San Diego, CA, USA).

Results
Genomic aberrations detected by DK

DK was used to search for genome-wide DNA copy
number alterations in eight cell line samples and one bulk
tumor sample. We found genomic amplification of the
12q13.3-14.2 locus, which contains the oncogenes GLI1
and CDK4, in 33% of the samples (Table 1). Other
amplifications, using a threshold of 5-fold amplification or
more, were observed in 1q32.1, which contains PI3KC2B

Table 1 Amplifications and homozygous deletions analyzed by
Digital karyotyping

Chr band Target oncogene Total  Our
found DK %

Amplifications
1932.1 PIK3C2B, MDM4 2 22
7pl11.2-12.1 EGFR 1 11
8q24.21 MYC 1 11
12q13.3-q14.1 GLI1, CDK4 3 33
12q14.1 Unknown 2 22
12q15 MDM2 1 11
Number of cases (n) 9

Homozygous deletions
1p36.31-p36.23 TP73, LRRC47, DFFB 3 33
9p21.3-22.3 CDKN2A, CDKN2B 4 44
9q34.3 CACNAIB 4 44
Number of cases (n) 9
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Fig. 1 Genomic aberrations A
detected by DK. These Digital 60-
Karyotyping examples show 504
amplifications at 12q, 8q, 1q,
and a homozygous deletion at
9p in the cell line samples. The
values on the y-axis indicate
genome copies per haploid
genome, and values on the
x-axis represent positions along
the indicated chromosome arm.
A sliding window of 300 virtual
tags showed prominent peaks at
(a) 12q13.3-14.2 locus with
GLI, CDK4 and 12ql5 with
MDM2, (b) 8q24 locus with C-
MYC, (¢) 1g32.1 with PI3KC2B
and MDM4, and (d) 9p21
deletion with CDKN2A and
CDKN2B

20-{ GLI1 and CDK4

Copy number
8

o}
3

Copy number

GBM 5: Chromosome 1q

and MDM4, in 2 samples (22% of samples), and in 12q15,
which contains MDM2, in one sample (11%). In this
analysis, GLI and CDK4 emerged as the most prominent
amplifications seen in GBMs, likely since EGFR amplifi-
cation is lost in serum cultured adherent cell lines. EGFR
amplification on 7p11.2 was found only in the lone bulk
tumor sample, consistent with previous observations that
adherent GBM cell lines will consistently lose EGFR
amplification during adherent culturing.

Four of nine (44%) of the samples showed homozygous
deletions near 9p21 (Fig. 1), which contains CDKN2A and
CDKN2B (pl5 and p16). Other deletions were found in
33% of samples at 1p36, which contains CAMTAI1. Forty-
four percent of the samples also had a deletion containing
the CACNAI1B calcium ion channel gene that is found at
9q34.3, adjacent to the 9q telomere. This region was not
described by others or found in the other techniques
(described below), so it is not clear if this deletion is sig-
nificant. No other novel deletions were found. Only com-
pletely deleted regions containing neither allele were
considered.

Illumina Bead arrays

We also searched for amplifications and deletions in 22
tumor samples using the 550 k SNP Illumina Bead array
(Table 2). The amplifications observed more than once
were EGFR (4 of 21 non-cell line samples), the 12ql4
locus containing both GLI and CDK4 (4 of 22), MDM2 (3
of 22), PI3KC2B and/or MDM4 (2 of 22), and MYCN (2 of
22). A single occurrence each of two unknown loci was
also observed. The major homozygous deletions observed
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Copy number

GBM 3: Chromosome 9p

in 22 tumor samples were the 9p deletions containing
CDKN2A and CDKN2B. Single homozygous deletions
were found at the RB1 and PTEN loci. Homozygous
deletions were also observed on 6q, 10p, 10q, 11q, 13q, and
Xp, largely in regions with no obvious tumor suppressor.
The amplifications with the Log R ratio > 2 were consid-
ered to be true amplifications and samples with Log R
ratio < —1.5 were considered to be probable homozygous
deletions (Fig. 2).

When the DK and Illumina Bead Array datasets were
combined, the most prominent alterations were the ampli-
fications of EGFR and of GLI/CDK4 and the homozygous
deletion at 9p21. An interesting observation in the com-
bined Illumina Bead Array and DK datasets was not the
appearance of the few unknown alterations observed, but
the 22.6% occurrence for amplification at the GLI/CDK4 in
the 31 patients.

Comparison to published data

We compiled and compared our results with six major
whole genome copy number studies on GBM. The litera-
ture was searched for studies that used high resolution
techniques, such as array CGH that can locate deletions
and amplifications that span regions as small as several
kilobases [8—12, 15]. Five studies were array CGH-based,
using an arrayed normal genome representation of BACs or
oligonucleotides as the arrayed substrate for hybridization
with tumor DNA. One study was Illumina Bead Array
based [15], similar to part of our data. The amplification
and homozygous deletion rates for these studies were
extracted and compiled in Tables 2 and 3.
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Table 2 continued

8

Combined

Total Our
found % %

TCGA

Korshunov

Ruano Mabher Roerig Misra
et al. et al et al et al. et al.

Parson
et al

Illumina

Target Oncogene

Chr band

Springer

0.9

1.3
0.9

0.4

<t O I A

Unknown

18p11-11.3

Unknown

18q21.2-23

Unknown

19p11.3-13.3
19p tel

Unknown

1.1

0.4

4.5

Unknown

19q12-13.4
20p11-13

Unknown

456

206

20 37 29 50 70

22

22

Number of cases

()

We then compared our data with the compiled published
data to determine the most frequent alterations in a larger
population. The last column in Tables 2 and 3 show the
combined rates. A total of 456 cases presented data suit-
able for comparison of amplifications, but only 366 cases
could be compiled for homozygous deletions due to the
format of the data presentation of some of the studies. Not
surprisingly, EGFR was the most common amplification,
occurring in 35.7% cases. GLI/CDK4 co-amplification
occurs in 13.4% of the cases, while MDM?2 amplification
occurs in 9.2%, PI3KC2B/MDM4 occurs in 7.7%, MET
occurs in 3.7% and PDGFRA occurs in 7.7% cases. The
regions of 12p11-13.3, containing CCDN?2, and 13q31-34
both had 2.2% amplifications: interestingly, none of the
genes in these regions were previously implicated in GBM.
There were other regions which had amplifications, but
were all less than 2% incidence.

The combined CDKN2A/CDKN2B deletion was the
most frequent deletion in the combined data, occurring in
46.4% of the cases. Deletions at PTEN and RB1 occurred
in 10.9 and 6.3% of cases, respectively. Again, there were
regions of deletion in common with several studies where
no tumor suppressor for GBMs has been described with
nearly 5% incidence which might play a role in GBM
occurrence.

Statistical comparison of studies

One of the studies appeared to have a consistently higher
rate of amplifications and deletions when compared to the
other studies. A statistical analysis was performed to check
if these rates were statistical outliers. A Chi-Square test
indicated that Maher and coworkers data [12] significantly
differed from the others. Each of the other study was
compared to the rest of the studies by removing one at a
time. A Fisher’s exact study also indicated that the study
by Maher and coworkers [12] was different when com-
pared to the rest of the studies. None of the other studies,
including our own data, exhibited statistically different
rates of genomic alterations from the average. Further
analysis suggested that the deviation of the Maher study
was due to the threshold values used for calling amplifi-
cations and deletions; this study had used cutoff rates of
>0.4 for amplifications and less than —0.4 for homozy-
gous deletions for the Mean Log Ratios, whereas the other
studies had taken Mean Log Ratios with cutoff rates
ranging from >2 to >3 for amplifications and less than—1
to —2 for homozygous deletions.

Copy number alterations viewed in a pathway context

Figure 3 shows the major amplifications and homozygous
deletions described in this study, based on the combined
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Fig. 2 Illumina Bead arrays.
Examples of common
amplifications found using

550 K SNP Illumina Bead
Arrays. The Log R Ratio > 2
was set as the threshold value
for amplification and less than
—1.5 as the threshold value for
homozygous deletion. a A

>
L

Log2(Rsub/Rref)

sample with significant
amplifications at 12q14.1—
12q15 with an amplification at
CDK4 and MDM2 and a Log R B

Ratio > 4, and b A sample with
a prominent EGFR
amplification at 7p11.2 with a
Log R Ratio > 3

(=]

Log2(Rsub/Rref)
iy

'
£

data. The pathway interactions shown in the figure are
combined and edited based on pathways displayed by
Biocarta (http://www.biocarta.com/). We confined the
presentation to those portions of the pathways with alter-
ations in GBM. Figure 3 indicates that most of the altera-
tions cluster into the well-described cellular functions of
growth factor receptor signaling and cell cycle control.
Many of the same genes shown here are also those that
have point mutations at a much higher frequency than the
amplifications/deletions shown here (e.g., PTEN, PIK3CA,
and p53). The activation of these pathways is likely a
combination of protein altering mutations, promoter
mutations, and copy number changes, as well as epigenetic
mechanisms.

Discussion

An in-depth analysis of a large number of glioblastoma
multiforme (GBM) samples will provide the most accurate
information on the amplifications and deletions present in
GBMs. We have combined the results of our study with
five array CGH studies [8-12] and TCGA data to deter-
mine the rate of gene amplifications and deletions in a
larger patient population. The data assembled here has
several possible uses. First, since the incidence of GBM
amplifications and deletions calculated here are averaged
over several study populations and different techniques,
this composite data might be a more accurate prediction of
true rates. Second, those consistently amplified or deleted
loci found in the pooled data should be more likely to have
an oncogene or tumor suppressor gene of pathological

significance. The data here may be helpful to point to those
loci worthy of further investigation, if no cancer related
gene is already known at that locus. Finally, the copy
number alterations here can also be used to augment other
genomic data such as large-scale sequencing data. The
combination of copy number alterations, mutations, func-
tional data and possibly epigenetic changes will help pro-
vide a more complete picture of the alterations that drive
GBM formation.

The amplifications and deletions found in this study and
the cited studies cluster into well-known oncogenic path-
ways, summarized in Fig. 3. The pathways implicated by
copy number changes are also implicated by gene mutation
data for GBM, such as mutations in p53 or PIK3CA [16]. It
is clear from the combined data that growth signaling from
the receptor tyrosine kinases is a significant characteristic
of this malignancy. Likewise, inactivation of the p53 check
point is critical, as with the majority of other cancers. In
addition to p53 mutations, amplification of either MDM2
or MDM4 appears to be a common mechanism that may
have implications for therapeutic strategies. Cell cycle
control in GBM is also frequently driven by CDKN2B/
CDKN2A (p15/p16) deletion or CDK4 amplification. The
frequency at which certain amplicons were represented in
the combined data is not obvious from individual studies; a
good example is the GLI/CDK4 amplification in 13% of
GBMs, which suggests that certain potential therapeutic
targets may be relatively understudied.

The most studied target in GBM is EGFR and in the
present study EGFR represents an amplification rate of
approximately 35.7%, which is less than the figure of 50%
of GBMs exhibiting EGFR amplification frequently
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Table 3 continued

Misra et al. TCGA Combined total Our % Combined %

Roerig et al.

Mabher et al.

Parson et al.

Illumina

Target Oncogene

Chr band

22

NF1

17q11.2-24.3

18p11-11.3

1.9
1.6

Unknown
Unknown

18q11.1-22

Unknown

19p12-13.1

1.1

0.5

0.3

0.8

1.1

<t AN — o0 <

Unknown

19q13.12-13.3

Unknown

20p11.2-13

Unknown

20q13.2-13.3
21pl1-13

Unknown

Unknown

21q11.2-22.3

22p11.2

Unknown

2.7

Unknown

22q11.2-13.3

366

29 50 206

37

22

22

Number of cases

quoted. Although EGFR is critically important for the
development of many GBMs, parallel signaling through
MET has been implicated as a means for lung cancers and
possibly GBMs to circumvent EGFR targeting therapy [17,
18]. Therefore, simply selecting the most commonly
amplified gene or mutated gene as a therapeutic target may
not be sufficient without a deeper understanding of the
pathways in which they function and the possible mecha-
nisms by which targeted treatment resistance can occur.

The differences in the copy number rates observed
between the various studies may represent real differences
between patient populations, non-statistically significant
differences due to chance, bias due to technique, bias due
to different copy number change definitions, or a combi-
nation of any/all of these. Although we combined our data
from DK and Illumina Bead Array experiments with the
results from five other studies and with the recently
available TCGA data to survey over 400 cases of glio-
blastoma, we only analyzed those studies with greater than
20 cases and those with a data presentation format that
allowed us to combine datasets. The six studies cited for
this study [8-12, 15] were all array based studies. The
main difference in these comparative genomic hybridiza-
tion studies is in the selection of the probe library for the
array: one used oligonucleotides [12]; two used BAC [9,
10]; two used cDNA libraries [8, 11] and one used Illumina
SNP probes [15]. When comparing each of the studies to
the others, one slight outlier was the oligonucleotide CGH
study [12], which reported higher rates of amplifications
and deletions than the average of all six studies. It appears
that this difference may be due to a lower threshold in this
study for calling a copy number change. The threshold for
calling a biologically meaningful copy number change is in
part arbitrary, and it is not clear what threshold reflects best
a true physiological impact on gene function. Additionally,
this threshold may vary from gene to gene. Therefore, we
presented individual results as well as combined totals. It is
hoped that the combined percentages will be more accurate
than any individual study by averaging out differences or
bias due to patient selection bias, threshold differences,
experimental technique or data analysis. We suspect based
on the trends observed in this study, but cannot prove, that
differences in setting thresholds for amplification and
deletion is the most significant contribution for the dif-
ferences in alteration rates observed between studies.

In our data, we initially used DK, with genomic tags
generated by Sanger Sequencing. The sensitivity of DK for
detecting alterations is directly proportional to the number
of tags sequenced. For our data, this was about 200,000
tags per library, which gave us a reasonable genomic
resolution with a very quantitative assessment of the
amplification size. However, we found that the Illumina
data was more likely to detect amplifications or deletions
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Fig. 3 Copy number alterations viewed in a pathway context. The
major cell pathways related to glioblastoma were drawn in a

condensed format and labeled with the combined rates of amplifica-
tions and deletions shown in Tables 1 and 2. Amplified oncogenes are

that were narrower in genomic distance. As next generation
sequencing is applied to DK and DK-like methods it is
expected that a high resolution and economical method of
assessing copy number will be available.

There were very few instances of amplifications in
regions where there was not a well described oncogene,
suggesting that most amplified oncogenes have been
identified in GBM. There are several altered loci observed
in this data without an obvious oncogene or tumor sup-
pressor, suggesting regions where research attention should
be focused. A low frequency of loss or gains for GBM in
general is motivation for examining these loci for possible
new cancer-related genes. We believe that, more practi-
cally, combining this data with other genomic data will be
a more efficient strategy for locating new cancer-related
genes. One approach might be to combine copy number
changes with new mutation screen data for these loci, with
the hopes of finding a combined alteration rate greater than
the few percent observed based on just copy number
changes.

Molecular biology technology has advanced to the point
where comprehensive mutational surveys can be undertaken
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in red and deleted tumor suppressors are in green. Most all known
amplified or deleted genes in glioblastoma cluster into growth factor
signal transduction or cell cycle control all cluster into the pathways
shown here

for human cancer genomes. Due to the relative ease at col-
lecting copy number change data to detect amplifications and
deletions, there are numerous individual copy number
studies for GBM and other cancers. However, there is no
efficient way to access compiled copy number data from the
various studies. It is hoped that this study has provided more
accurate rates of amplifications and homozygous deletions
by generating new copy number data from different tech-
niques and combining this data with compiled published
results. This might provide motivation to compile and utilize
genomic amplification and deletion data for other cancers. If
done properly, average rates are likely to be better estimates
of true rates, and lead to a more complete picture of the
changes that drive tumor formation and growth. This study
may also provide a means where an average rate of ampli-
fication or deletion in GBM for a particular gene might be
cited more accurately based on a larger number of
observations.
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