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“It’s just a little research, it shouldn’t be a problem?” 

The challenges of collaborative research 

• Communication 

• Flow of information / data sharing 

• Patient confidentiality 



©2012 MFMER  |  slide-6 

Clinicians 

Research Clinical 

Pre-Clinical Trials 
Diagnostics 

Training / 

Clinical Lab 

Cell / Tissue 

Banks (Biobank) 

Laboratory Research 

Discovery Translational 

Genomics / Sequencing 

Core 

Bioinformatics 



©2012 MFMER  |  slide-7 

Head and Neck NGS Project Workflow 
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Why GeneSifter? 

• Secure, Cloud based 

• Data Sharing between multiple users 

• Easy access to data 

• Standard Computer, iPad, Smartphone 

• Intuitive Interface 

• Does not require extensive experience with analysis 

• Ability to visualize data 

• Mapped reads 

• Called variants 

• Integrated analysis tools 

• Pathway analysis 

• Platform / Application independent 

• Allows combined analysis of multiple datasets  
 



©2012 MFMER  |  slide-10 

GeneSifter in the Genomics Core 

• Upload the fastq reads generated 

• Run alignment and quality pipelines 

• Assess the post alignment sequence quality over 

entire read length 

• Remove data from account  
 

Genomics Core 

• Quality Assessment / Agilent 

• Library Preparation 

• Sequencing 

• Quality Assessment 

 

Bioinformatics 
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GeneSifter in the Genomics Core 
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Head and Neck NGS Project 

Clinical 

Basic / Bench 

Clinical Funding 

• Clinicians 

• Residents 

Peer Review Funding 

• Faculty 

• Postdocs / Students 

• Technicians 

Clinical Aims 

• Develop markers for patient stratification / 

risk factors 

• Develop tools for early detection of 

primary/recurrent disease 

Basic Research 

• Mechanisms of transcript dysregulation 

• RNA editing 

• Identify fusion transcripts 
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Head and Neck Cancer 

Oral Cavity 
• Hard Palate 

• Gums 

• Lips 

• Tongue (2/3) Oropharynx 
• Base of Tongue 

• Tonsils 
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Head and Neck Cancer 

• 6th most common cancer worldwide 

• 95% squamous cell carcinoma (SCC) 

• 50% rate of 5 year survival for advanced 
disease 

• Diagnosis – lesion detection, lacking tools for 
early detection 

• Treatment – Surgery, radiation, chemotherapy  
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Risk Factors 

• Smoking and Drinking 

• 6-7th decade of life, prolonged exposure 

 

• HPV (16,18) 

• Oropharyngeal SCC (30-90% all patients) 

• Younger Patients (<50 years) 

• Lack traditional risk factors 

• Chemo/Radiation sensitive 
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Patient Stratification 

• HPV positive OPSCC  

 

• Experience better treatment response 

• Ideal candidates for robotic surgical 
approach 

• Interest in deescalated treatment in patients 
with HPV associated tumors  
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Patient Stratification 
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Smoking Age 

Smokeless 

tobacco 

Past 

Smoker 

HPV +/- Age 

Active 

HPV 

Latent 
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Exposure 

Which factors are most significant for 

the development of disease? 
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Why choose NGS 

• Preliminary data – microarray, aCGH 

• NGS 

• Gene expression 

• Variant detection 

• Fusion transcripts 

• RNA editing 

• mRNA-Seq 

• Exome enrichment, NGS 
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mRNA-Seq transcriptional profiling 

• 18 Tumor / Patient Match Normal Tissues 

• Illumina GAIIx 

• ~65 million reads per sample 

• Data analysis 

• GeneSifter, Geospiza, PerkinElmer 
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Patient Demographics 
 

Laborde RR, Wang VW, Smith TM, Olson NE, Olsen SM, García JJ, Olsen KD, Moore EJ, Kasperbauer JL, Tombers NM, Smith 

DI. 2012. Transcriptional profiling by sequencing of oropharyngeal cancer. Mayo Clin Proc. Mar;87(3):226-32. 
 

http://www.ncbi.nlm.nih.gov/pubmed/22386177
http://www.ncbi.nlm.nih.gov/pubmed/22386177
http://www.ncbi.nlm.nih.gov/pubmed/22386177
http://www.ncbi.nlm.nih.gov/pubmed/22386177
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mRNA-Seq data in Excel 

• 51255 Rows 

• Export for ANOVA, T-tests 

• Large files, difficult to share with 

collaborators 

 

• Generated Lists of specific targets 

• Repeated analysis for new 

comparisons 

• Fewer options for data visualization 
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GeneSifter 
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Upload data 
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Initiate Analysis Pipeline 
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Create Project 
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TP53 
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Transcriptional Profiling 

• Differentially regulated genes 

• HOX, MMPs, T cell signaling, Immune 
responsive gene targets 

• Regulatory Non-coding Transcripts 

• Pathway analysis (GeneSifter) 

• Is there a difference between groups divided by 
risk factor? 
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CDKN2A 

p16 

Pathway Analysis 
Smoking Status  
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CDKN2A 

p16 

SFN 

  

Current Smokers 

Never smokers 
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Validation Assays 
 

• Validate in larger number of tumor/normal pairs 

• Nanostring nCounter digital counter 

• 96 gene codesets 

• 44 sample pairs 

• 100ng input RNA 

• qPCR, Fluidigm also options 
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ATR ataxia telangiectasia and Rad3 related 

 



©2012 MFMER  |  slide-40 

CHEK2 
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Global Gene Expression 
Smoking Status  
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Project Design 

Sample Collection 

Sequencing 

Analysis 

Validation 

Clinical Correlation 

Application 

The Analysis Process Inspires New Ideas 

That’s Strange! 
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Additional Projects 

HPV in oropharyngeal squamous cell carcinoma: Assessing virus presence in 

normal tissue and activity in cervical metastasis. In Press. Laryngoscope 
Laborde RR, Janus JR, Olsen S, Wang VW, Garcia JJ, Graham R, Moore EJ, Kasperbauer JL, Price D, Olsen, Price M, 

Halling G and Smith DI. 2012. 

 

Quantification of Human papillomavirus transcriptional activity by massively 

parallel sequencing and digital counting protocols in oropharyngeal squamous 

cell carcinoma. Submitted 
Laborde RR, Olsen SM, Garcia JJ, Wang W, Olsen KD, Moore EJ, Kasperbauer JL, Tombers NM, Smith DI. 2012.  

 

Overexpression of CDC7 and other cell cycle regulatory genes is associated 

with tumor stage in oropharyngeal squamous cell carcinoma 
Rebecca R. Laborde,  Alexandra J. Greenberg, Jeffrey R. Janus, Vivian W Wang, Wei Wei, Steven Olsen, Eric J. Moore, 

Kerry D. Olsen, Nicole M. Tombers, David I. Smith 
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The power of multiple datasets 

DNA RNA Protein =  Phenotype 

Environment 

Non-coding 

transcripts 

DNA 

methylation 

DNA Adduct 

formation 

Post-transcriptional 

regulation 

Copy Number 

Variation 

Genomic 

translocations 
Fusion 

Transcripts 
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Generating Multiple Datasets 
Inter-Application Workflows 

Epigenetic 

Methyl-Seq 

ChIP-Seq 

DNA-Seq 

Exome 

Targeted 

Whole Genome 

 

RNA-Seq 

WTA 

Small RNA 

RIP-Seq 

Gene Fusion 
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Clinical Application: 
Saliva Screening Test  

• Detection of disease by palpation of lesion and 
biopsy 

• Primary Disease 

• Recurrent Disease 

 

• Clinicians in need of non-invasive screening 
tool 

• Saliva or swab biopsy 



©2012 MFMER  |  slide-47 

What to target? 

• HPV ? 

• Found in normal tissues 

 

• Disease specific gene mutations 

• Develop a matrix detectable in shed 
epithelial cells 

 

• Patient Tumor Specific gene mutations 

• Early detection of recurrent disease 

• Individualized medicine 
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Exome Sequencing 
Illumina TruSeq Library and Exome Enrichment kit  

Sample Age Smoking HPV

1 54 Current Neg

2 46 Current Neg

3 56 Current Neg

4 69 Current Neg

5 37 Never Positive

6 57 Never Positive

7 48 Never Positive

8 54 Never Positive
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Exome data in Excel 

~2400 “potential variants” 
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Exome 

Patient 687 (Non Smoker, High HPV) 

 

Total: 114,960 snvs  

Common to T and N: 106,287 

Tumor-specific variants: 8,673 

Non-synonymous: 414 

Not in dbSNP: 106 
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Multi-Sample Comparisons VarScan 
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chr_pos Description Read Depth Ref Frac Alt Frac Score Gene Change 

chr2_97815072 G113, T19 132 0.856 0.144 171.29 ANKRD36 E359* 

chr10_1169307

95 G80, T33 113 0.708 0.292 787.56 ATRNL1 E365* 

chr8_2857565 G60, T18 78 0.769 0.231 374.29 CSMD1 C2706* 

chr4_15325195

3 C70, T10 80 0.875 0.125 91.76 FBXW7 W351* 

chr4_44680768 A3, G15 18 0.833 0.167 24.37 GUF1 W43* 

chr5_23524525 C80, T16 96 0.833 0.167 248.97 PRDM9 R345* 

chr10_8972074

1 C120, T15 135 0.889 0.111 91.07 PTEN Q298* 

chr11_6781519

5 G86, T12 98 0.878 0.122 117.71 TCIRG1 E463* 

chr1_43149102 A59, G75 134 0.56 0.44 1664.78 YBX1 W65* 

Generate Gene Lists 
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Comparing Exome with RNA-Seq 
463 RNA-Seq 463 Exome 

T T N N 

CASP1 

PRAMEF1 
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Exome with RNA-Seq 
463 Tumor 

463 Normal 

463 Tumor 

463 Normal 

CASP1 

PRAMEF1 
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How to apply NGS to the clinics 

• Identify clinically relevant targets in research 
samples 

• Design workflows to interrogate these targets in 
large numbers of samples 

• Store and manage data from large patient 
populations 

 

• Analysis tools are key to all of these challenges  
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Questions 


