Integrated Analysis of Copy Number and Gene
Expressio

Nexus Copy Number provides us@ndly interface and functionalities to
integrate copy number analysis with gene expression results for the purpose of
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Introduction

DNA amplification and up-regulation of critical oncogenes are important mechanisms for cancer
proliferation. In breast cancer for example, ERBB2, MYC, and CCND1 as well as other genes and
regions are known to be amplified in a higher percentage of the tumor samples and are usually
associated with late stages of the disease. The gene expression profiles of these genes and their
relationships with breast cancer have also been well studied. However, the systematic
investigation of both DNA aberrations and gene expression has just started in recent years, and
the complicated data analysis has made this process a daunting task for scientists.

Nexus Copy Number is not only a software tool designed for scientists to analyze copy number

variations, but also a tool providing an easy and straightforward way to integrate gene

expression results (differentially up- and down-regulated gene lists). By combining gene
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correlations between gene expression and CNV can be identified.

The Breast Cancer Data Set

Agilent 244K Feature Extraction data files from 58 FFPE breast cancer samples were kindly

provided by Dr. Jeffrey Gregg at UC Davis. Raw data in the form of Affymetrix Mapping 500K

CEL files for a set of 49 breast cancer and 2 Normal fresh frozen samples were downloaded from

the paper Highresolution genomic and expression analyses of copy number alterations in breast
tumors(Haverty, 2008). These two data sets were loaded into Nexus Copy Number and the

copy number variation profiles for all 109 samples are displayed in Figure 1.

Gene expression data was downloaded from a public database associated with the paper

Concordance among gemxpressiorbased predictors for breast cand€an, 2006). It has 70

ER negative and 225 ER positive samples and the data has been analyzedin. A 25 A 402 GSNE Q&
Nexus Expression software to identify a set of 1703 significantly differentially expressed genes

between ER positive and negative samples (False Discovery Rate corrected g-bound<0.01). A

hierarchical clustering of the samples and genes is shown in Figure 2.
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Fig. 1. A total of 109 breast cancer samples (51 fresh frozen samples on Affymetrix 500K mapping
arrays and 58 FFPE samples on Agilent 244K arrays) were imported and processed in Nexus Copy
Number. The frequency plots for adamples (top) and the two array types (bottom) are displayed with
copy number gains in green and losses in red.

Fig. 2. Heat map of 1073 genes found to be differentially expressed in ER positive vs. negative samples.
Hierarchical clustering showthat the samples mostly can be effectively separated into correct classes.

Email: info@biodiscovery.com | Web: www.biodiscovery.com Page 3



BioDiscovery Inc.

Integrating Gene Expression Results

The differentially regulated genes shown in Figure 2 were exported and saved in a tab-delimited
text file. This file can be imported into Nexus Copy Number easily by clicking on the Add button
in the Expressiorsub-tab Under External DatgFigure 3). In fact, gene lists generated using any
gene expression software tool can be imported as long as they are in the correct text file format
consisting of columns Gene Symbol, Regulation, Lagtio, and p-value. As shown in Figure 3,
the gene list from ER Positive vs. Negative as well as other gene lists has been imported into
Nexus Copy Number.

’

The gene expression profiles represented in these gene lists can be viewed along with the copy
number frequency plot in Nexus Copy Number (Figure 4).

Nexus - Breast Cancer Demo (Mix Agilent and Affy) (Human NCBI Build 36.1)
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Fig. 3. Differentially regulated genes, generated by Nexus Expression, by any other gene expression
software tool, or even downloaded from public datases, are easily imported into Nexus Copy
Number. The 1703 Genes from ER PositigeNegative is shown as the first item on the list.
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Fig. 4. Differentially regulated genes are visualized along with the CNV frequency plot for all the
samples. Newns Copy Number provides an easy interface to display both copy number and gene
expression results and allows users to drill down to interesting chromosomal regions.

Tel: 310-414-8100 | Fax: 310-414-8111 Page 4



BioDiscovery Inc.

7

[ 20 GAYy3 aDSYy2YAO 1 20aL204a¢

Qx

Theso-OF £ £t SR aDSyYy2YAO | 2 aLJ2 soddthatishibsignfBam A 2 y &
correlation between copy number and gene expression changes. Nexus Copy Number can easily
locate significantly different CNV regions between any two groups with its Comparisorfeature.
With gene expression results imported, an Expression P Value calculated for each significant
CNV region that contains a significant group of genes with differential regulation. In the
example shown in Figure 5, the region chr19:56,109,684-56,285,624 shows a copy number loss
between ER Positive (43.75% of the samples showing a loss) and ER Negative (11.53% of the
samples showing a loss), meanwhile an Expression P Valuef 0.001 was calculated for this
region. Five of the 10 genes in this region display significant down regulations (Figure 6). Itis
interesting to note that the genes are of the human kallikrein (KLK) gene family which have been
found to be down regulated in ER positive (conversely, up regulated in ER negative) patients and
have been used as prognostic biomarkers in breast cancer studies.

<positive> vs. <negative>
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chri1:102,162,926-102,312,241_|qz2.2 CNLoss 3| 143,315, 52,083, %6.923 =16 0.05] 05515 2.397] 0.018 1
chr14:74,985,982.75,115,862_ |q24.3 N Gan 3 129,881 35,417, 7.692 27.724 0.011 0.373 o 0.018 1
chri2:51,729,486:52,023,612__[a13.13 N Gain it 254,127 50 23.077) 26,923 0.028] 0.467 61.129) 0.021 1
chrii149,156,070-149,304,029 _ [q21.2 N Gan E 147,950 5 50 25, 0.04 0.538 o 0.029 1
h5164,757,772.65,515,728_[q12.3 CNLoss 9 755,956 20,833, 46.154 25321 0.033 0.476 18.351 0.029 1
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Fig. 5. Significantly different CNV regions from the comparison of ER PosgiWdegative. An

Expression P value for each region was calculated based on the number of differentially regulated genes

in the region. Sorting the ExpressidhValue column easily locates the CNV regions that are highly
correlated with gene expression, the 0 t f SR aDSyYy2YAO 1 2GaLl2Gaé¢ o
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Nexus - Breast Cancer Demo (Mix Agilent and Affy) (Human NCEI Build 36.1)
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Fig. 6. Five of the 1Buman kallikrein (KLK) genes show down regulations in one of the ER Pos#ive
Negative CNV reghs €hr19:56,109,68¢p c SHYy p ZcHN O & ¢ KAa
I 2 & LJ2 G aihah kallikteit $KLK) gene family has been found to be an important prognostic
biomarker for breast cancer.

Conclusion

In addition to many advanced copy number analysis features, Nexus Copy Number provides
scientists an easy and straightforward way to import gene expression results, integrate with the
analysis of copy number variations, and locate CNV regions that significantly correlate with
differentially regulated genes-a DSY 2 YA O | 2GaLkR (a¢ @ {AyOS
encompass studying copy number variations and gene expression together) has become the
trend in genomic research, great value lies in Nexus Copy Number with which scientists can
easily search for potential biomarkers themselves.
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Additional Information

For more information about Nexus Copy Number, to request an online demo, or to download a
trial of the software, please visit www.biodiscovery.com/index/nexus. For a complete list of our
microarray software solutions, please visit us at www.biodiscovery.com or contact us at the
address below.

BioDiscovery, Inc.

2221 Rosecrans Ave.

Suite 227

El Segundo, CA 90245

Tel: 310-414-8100

FAX: 310-414-8111

Email: info@biodiscovery.com
Website: www.biodiscovery.com
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