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Disclosure slide 

• Patent holder on the 15-gene signature 

• Honorarium from Precision Therapeutics 
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Topics of Discussion 

1. Central Dogma in Biology 

2. Epigenetic regulation of gene expression 

3. Lung cancer epigenome and microRNA 

4. Gene expression in lung cancers 

5. Prognostic gene expression signature 
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Central Dogma in Biology 

Biological Functions 
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Central Dogma in Biology 

Biological Functions 

Epigenetics: A mechanism for 
regulating gene activity 
independent of gene sequences 
that determine which genes are 
turned on and off  in: 
 specific cell type 
 different disease state 
 response to specific physiological 
stimulus 
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Epigenetic Mechanisms 

McLeary-Wheeler AL, et al. Cancer Lett; 328(2): 212–221 
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Epigenetic States 

Shen H, Laird PW. Cell 2013;153:38-55 
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Histone H3 (H3F3A) 
Writer: establish 

the epigenetic 

marks 

 

Eraser: remove 

the epigenetic 

marks 

 

Reader: interpret 

the epigenetic 

marks 

Shen H, Laird PW. Cell 2013;153:38-55 
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et al 

Putative Mutated Driver Genes  
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PLoS ONE 2013;8(8): e71670.  
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Nature  2012;489:519–525 (published on line September 9) 
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CDKN2A Silencing in SqCC 

Nature  2012;489:519–525 (published on line September 9) 
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et al. 

Cell 2012;150 (September), 1107–1120  
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Hallmark of Lung Adenocarcinoma 

Cell 2012;150 (September), 1107–1120  
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Micro-RNA (miRNA) 

• Small non-coding RNA (18-

22 nucleotides long) 

• Key regulators in many 

biological processes 

•Negatively regulate gene 

expression 
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J Clin Oncol 2009;27:2030-2037.  

Training Testing 
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miRNA May Predict Prognosis of NSCL Patients 

4 4 1 

Yanaihara et al.,  

2006 

Yu et al.,  

2008 

1 

Tan et al.,  

2008 

7 

1 

Patnaik et al.,  

2010 

Raponi et al.,  

2009 

5 

Landi et al.,  

2008 

3 

Skrzypski et al.,  

2014 

Landi MT, et al. 2010; Clin Cancer Res 16(2):430–441; Patnaik SK, et al. 2010; Cancer Res 70(1):36–45.; Tan X, et al. Clin Cancer Res. 
2011; 17(21):6802–6811; Raponi M, et al. Cancer Res. 2009;69(14):5776-83.; Skrzypski M, et al. 2014; Br J Cancer 110:991–1000; 
Yanaihara N et al. 2006; Cancer Cell 9(3):189–198; Yu SL, et al. Cancer Cell. 2008;13(1):48-57. 

Suggested to be superior biomarkers compared to mRNAs\\\\\; 

 Lower complexity (~2,100 compared to ~30,000 coding mRNAs)  

 Stable against enzymatic degradation and in FFPE specimen 
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PNAS 2001;98:13791-95 
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Proliferation    Xenobiotic/energy   Immune resp.      Cell adhesion                                                Functional: 
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Nature  2012;489:519–525 (published on line September 9) 
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PNAS 2001;98:13791-95 
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Lau SK et al, J Clin Oncol 2007;25:5562-69 

Prognostic Gene Sets from Early Microarray 
Studies (2001-2004) 
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Micro-array Prognostic Signatures (2005-07) 

Tumor 

Type 

Sample 

Size 

Gene  

Set 

Validation 

Raponi (2006) SQC 129 50 Independent cohort (n=36; p=0.04) 

Lu (2006) NSCLC 197 64 
MSKCC (n=63; stage I only p=1.5 x 10-6) 

Duke (n=64; stage I only p=6 x 10-11) 

Larsen (2007) ADC 48 54 Independent cohort (n=55, p=0.039) 

Larsen (2007) SQC 51 111 Independent cohort (n=58; p=0.0008) 

Raponi (2006) ADC 86 47 Duke validation cohort (n=36; p=0.0008) 

Raponi M et al. Cancer Res 2006;66:7466-72. Lu Y, et al. PLOS Med 2006;3:e467. Larsen JE, et al. 

CCR 2007;13:2946; Carcinogenesis 2007;28:76 
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Nature Medicine 2008;14:822-827  

Provided the largest publicly available multi-
institutional derived microarray dataset for 

future gene expression studies in lung 
adenocarcinoma  
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Gene Signatures with Potential Predictiveness 
for Adjuvant Chemotherapy Benefit 

1. Zhu CQ, et al. Prognostic and Predictive Gene Signature for Adjuvant Chemotherapy in 
Resected Non-Small Cell Lung cancer. J Clin Oncol. 2010;28(29):4417-24.  

2. Kratz JR, et al. A practical molecular assay to predict survival in resected non-squamous, 
non-small-cell lung cancer: development and international validation studies. Lancet 
2012;379:823-32. 

3. Van Laar RKV. Genomic signatures for predicting survival and adjuvant chemotherapy 
benefit in patients with non-small cell lung cancer. BMC Medical Genomics 2012;5:30 

4. Chen DT, et al. Prognostic and predictive value of a malignancy-risk gene signature in early-
stage non-small cell lung cancer. J Natl Cancer Inst 2011;103:1859-70 

5. Tang H, et al. A 12-gene set predicts survival benefits from adjuvant chemotherapy in non-
small cell lung cancer patients. Clin Cancer Res 2013;19:1577-86.  

6. Wistuba I, et al. Validation of a Proliferation-Based Expression Signature as Prognostic 
Marker in Early Stage Lung Adenocarcinoma. Clin Cancer Res 2013 19:6261-6271.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Clin Cancer Res November 15, 2013 19:6261-6271;  
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Journal of Clinical Oncology September 7, 2010  

Training in JBR10 

Testing in 4 other independent datasets 
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Predicted as High Risk (Poor Survival) 
by Signature (Stage IB-II, n=67) 

Predicted as Low Risk (Good Survival) 
by Signature (Stage IB-II, n=67) 

Surgery only 

Adjuvant Chemo 

Surgery only 

Adjuvant Chemo 

PREDICTIVENESS OF THE SIGNATURE STILL REQUIRES VALIDATION 
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Moffitt Cancer Center and Research Institute 

Malignancy-Risk Gene Signature 
•  Breast ca vs normal breast tissues 
•  94 genes (102 probes) in Affymetrix U133A 
•  56 (60%) are genes involved in proliferation  

Director’s Challenge 
Dataset (n=442) 

Nature Medicine 2008;14:822-827  

JBR.10 Dataset 
(n=133) 

Prognostic Prognostic & Predictive 

Japanese 
Dataset (n=117) 
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Prognostic Validation in Patients with no 
Adjuvant Chemotherapy 

Japanese 
cohort 

JBR.10 
cohort 

Director’s 
Challenge 
consortium 
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Predictiveness Tested in JBR.10 Patients 

High Risk 
Patients 

Low Risk 
Patients 
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Nature 432 (18 November 2004): 332-337 
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A Molecular Signature of Metastasis in Primary 
Solid Tumors  

S. Ramaswamy et al, Nature Genetics 33: 49, 2003 
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CAF NF 

Fibroblasts Cultured from Resected NSCLC and 
Corresponding Normal Lung  
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46 gene differentially expressed 
between CAF vs. NF 

11-gene signature prognostic in 
multiple microarray datasets 

Proc Natl Acad Sci USA 2011 Apr 26;108(17):7160-5 

11-gene prognostic signature 
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Cancer Cell 2009;15:489–500 

BMC Medical Genomics 2010, 3:26 

Clin Cancer Res 2013;19:279-290 
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J Clin Oncol 2013;31:2388-2395 

Director’s Challenge dataset 17 genes 

Clin Cancer Res; 17(16); 5247–56.  
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Conclusions 

• Epigenetic plays important role in lung cancer development, 
differentiation and prognosis, and specific aberrations may constitute 
therapeutic targets 

• Gene expression signatures may define additional subtypes of major 
lung cancer histological types 

• Expression signatures can define prognosis and predict benefit from 
adjuvant chemotherapy, yet routine clinical application still awaits 
further prospective validation 

• Tissue or Pathway specific gene expression signatures may provide 
important biological insights into complexity of targeted therapies         

 


