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Introduction 

The goal of this study was to perform the following analyses in under 30 minutes from the time raw data 

was generated: 

- Identify regions of chromosomal copy number change in a set of Head and Neck Carcinoma 

samples 

- Detect possible biological processes affected by such copy number changes 

- Identify regions of copy number change that are significantly different between HPV positive 

and negative samples 

- Identify genes in these areas of significant difference that might point to relationships between 

the HPV virus and cancer progression 

- Detect any possible natural grouping of samples based on genomic alterations 

To address the above objectives, samples were processed and hybridized on Empire Genomics’ Human 

ACCUArray™, which is contains greater than 19K curated BAC clones. The arrays were scanned using 

Axon Instruments GenePix 4000A scanner and image quantification was performed using BioDiscovery’s 

ImaGene 8.0 software. The samples consisted of 53 fresh frozen tissues and eight FFPE samples forming 

a set of 61 samples in total. The quantified spot intensity values generated by ImaGene for all arrays, 

along with their associated phenotypes, were then loaded into the Nexus Copy Number Professional 

version 3 software, as shown in figure 1 below. The analysis process began at this point. 

 

Figure 1 – Complete data set consisting of 61 samples and their associated phenotypes. 
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Obtaining Aberration Frequencies 

To identify areas of chromosomal change, the data was processed using BioDiscovery’s Rank 

Segmentation algorithm and a resulting frequency plot was generated, as shown in Figure 2 below. 

Areas of gain are shown with green and loss is shown with red. The darker shading color indicates more 

than one copy change. This result correlated well with known changes as previously published
1
. 

 

Figure 2 – Frequency of chromosomal gain/loss in 61 Head and Neck Carcinoma samples 

 

Identifying Genes and Common Biological Processes 

We next asked what Gene Ontology (GO) terms are being affected significantly by these copy number 

changes by looking at their constituent genes and ranking those terms having many genes with a high 

degree of chromosomal gain or loss using a novel gene set based algorithm developed by BioDiscovery. 

A permutational testing was used to calculate p-values for each term and the terms were sorted based 

on this p-value as shown in figure 3 below. It is interesting to note that one of the highly ranked GO 

Biological Processes is the cell cycle checkpoint process. Figure 4 shows the list of genes involved in this 

process along with the percentage of samples having a chromosomal copy number event. Here we can 

note some well known tumor suppressor genes, such as P53 (TP53) and P16 (CDNK2A) that show a 

deletion event in a large percentage of the population. 
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Figure 3 – GO Biological Processes that are significantly affected by copy number change. 

 

Figure 4 – Constituent genes of the GO Biological Process Cell cycle checkpoint along with the 

percentage of samples having a copy number (gain/loss) change event. 
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Identifying Statistically Significant Differences between Sample Sub-groups 

We next turned to the question of the effect of HPV infection as related to copy number change. We 

used the Comparisons feature of Nexus Copy Number Professional to identify regions that have 

statistically significant differences in copy number between the eight samples that were HPV positive 

and the 53 samples that were negative. This operation used the Fisher’s Exact test to calculate the p-

values and we further applied the False Discovery Rate (FDR) adjustment for correcting for multiple 

testing to arrive at a Q-bound for each sample. Figure 5 below shows a graphical display of the two 

populations along with a difference plot. Unfortunately, although a number of regions met the 0.05 p-

value cut off, none of these regions had a significantly low FDR corrected q-bound. Nevertheless, we 

used the regions with low p-values and identified 380 genes in these regions. We then performed a 

statistical enrichment analysis to identify any GO terms that are overly enriched with these 380 genes. 

This resulted in a set of terms including T cell activation which as shown in Figure 6, contains 17 genes in 

total of which three (CD7, CD8A, and CD8B) were deleted in significantly more HPV positive samples 

than negative. 

 

Figure 5 – Identifying regions of significant difference between HPV positive and negative tumors. The 

frequency plots in the bottom are for each population. The small marks on the “Significant” track 

indicate areas that are significantly different with a p-value of 0.05. 
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Figure 6 – List of genes in the T cell activation GO Biological Process and their frequency of gain/loss in 

HPV positive and Negative population. The highlighted genes are those that are in regions that are 

different between the two populations with a p-value of less than 0.05. 

 

Grouping Samples by Similar Aberration Profiles - Clustering 

Finally, we looked to see if there are any natural groupings of the samples based on chromosomal copy 

number changes. We used the Clustering feature of Nexus Copy Number Professional and the Average 

Linkage hierarchical clustering method to group the samples into three clusters as shown in Figure 7 

below. The colored bars to the right indicate whether a sample is HPV positive (dark blue) or negative 

(yellow). As can be seen from figure 7, there is no evident relationship with this clustering and HPV 

status.  
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Figure 7 – Clustering results of all samples 

Figure 8 below shows the profile associated with each cluster. We can clearly see some very distinct 

features in each cluster. For example, the cluster HC3 has almost all samples with a 3p loss and 3q gain 

whereas this is completely missing in HC2 and only the 3q gain is seen in the samples in HC1. 
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Figure 8 – Profiles associated with each cluster highlight significant differences between each group. 

With additional information about the samples (e.g. survival) we would then be able to explore these 

clustering results in detail and start to identify alterations associated with the disease progression and 

outcome. 
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