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• Status quo of chromosomal changes and patterns of aneuploidy in 

carcinomas 

• What are the consequences of chromosomal aneuploidy on the 
carcinoma transcriptome? 

• Exploiting the cancer genome and transcriptome for translational 
medicine 

 
 

Topics: 





Janet D. Rowley 1925–2013 



CML t(9;22) 

Imatinib (Gleevec) 



Balanced translocations in hematological malignancies
  

 
Dysregulation of oncogenes by gene fusion or juxtaposition to 
promotor/enhancer elements 
 
 
• Bcr/abl: Philadelphia chromosome, CML, t(9;22) 
•  C-myc/IgH: Burkitt’s lymphoma, t(8;14) 
•  TCR/TCL: T-cell leukemia, t(14;14) 
•  ETO/AML1: AML-M2, t(8;21) 
•  and many more… 





Normal Carcinoma 

chromosomal instability 



aneuploidy 





 
 
“Cytogenetic chaos” 
 

Catastrophic mitoses 
 
Karyotypic complexity 
 
Clonal heterogeneity 
 
Ongoing chromosomal instability 

Chromosomal aberrations in solid tumors are a  
consequence, rather than the cause 
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• Is there a non-random distribution of chromosomal 
imbalances? 

• Is there a stage-specific sequence of 
events? 

• Which additional genetic/epigenetic changes do 
occur? 
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Distribution of chromosomal gains and losses 



Conclusion: 
 

 
• No cytogenetic chaos, but stability on a different plateau 

 
 
 
  
  
 
 





   
How can we reconcile aneuploidy and ongoing chromosomal instability 
with the strictly conserved pattern of genomic imbalances? 

 
 



Chromosomal instability in synchronous DCIS and IDC 

Heselmeyer-Haddad et al., Am J Pathol 2012 



Chromosomal instability in synchronous DCIS and IDC 
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Heselmeyer-Haddad et al., Am J Pathol 2012 

Chromosomal instability in synchronous DCIS and IDC 



Chromosomal instability in  
synchronous DCIS and IDC 

Heselmeyer-Haddad et al.  
Am J Pathol 2012 



Clonal stability Clonal evolution: 
Gain of MYC 

Collab: A Schäffer (NCBI) & R Schwartz (Carnegie Mellon) 

Heselmeyer-Haddad et al. Am J Pathol 2012 
Chowdhury et al. Bioinformatics 2013 
Heselmeyer-Haddad et al. submitted 
 

Chromosomal instability in synchronous DCIS and IDC 



Ried et al. Cancer Res 1995 
Heselmeyer-Haddad et al. Am J Pathol 2012 

Chromosomal instability in synchronous DCIS and IDC 



What are the consequences of chromosomal 
aneuploidy on the carcinoma transcriptome? 
 
 
 
1) The expression of all or most genes located on a  
  chromosome is affected by chromosomal gain  
 or loss 
 
2) The expression of only a few genes, whose   
 reduced or increased expression is critical for  
 tumorigenesis, is the target  of chromosomal  
 aneuploidy during tumorigenesis 
 
 



Conclusion: 
 
• Chromosomal aneuploidies are a defining feature of  
 carcinomas 

• The distribution of genomic imbalances is cancer specific 
 

• Specific genomic imbalances occur before the transition 
to invasive disease 
 

• No cytogenetic chaos, but stability on a different plateau 
 

• What are the consequences of chromosomal aneuploidy 
on the carcinoma transcriptome? 
 

• Diagnostics? 
 
 
  
  
 
 



Microcell-mediated chromosome transfer to generate 
artificial chromosomal trisomies 

Model systems for chromosomal aneuploidy 



HME wildtype 

HME + chromosome 3 

Model systems for chromosomal aneuploidy 



1) Aneuploidy results in the 
significant increase of 
average message levels of 
genes on the affected 
chromosomes. 

2) The degree of increase 
closely follows genomic 
copy number 

3) These effects are 
independent of the 
introduced chromosome, 
and independent of cell 
type. 

4) Therefore, chromosomal aneuploidies not only target a few, specific 
genes, but result in a massive and complex dysregulation of the cancer 
transcriptome. 

 

Model systems for chromosomal aneuploidy 



Function 
Follows 
Form 

DNA 
Gene expression 

Upender et al. Cancer Res 2004 
Grade et al. Cancer Res 2006 
Grade et al. Cancer Res 2007 
Habermann et al. Genes Chrom Cancer 2007 
Camps et al. Cancer Res 2008 
Camps et al. Genes Chrom Cancer 2009 
Habermann et al. Mol Cancer 2011 
Ried et al. Biochim Biophys Acta, 2012 
 



normal cell 

Chronic inflammation 
HPV 
(Hyper)proliferation 
Cell cycle accident 

dysplastic cell 

+7 

With or w/o additional mutations 
 
Nuclear aneuploidy low 
 
Chromosomal aneuploidy present 
 
Trisomies affect global gene expression 
levels 
 
Basis for clonal expansion 
 

 
 
 
 
 

+20 
-18 

With additional mutations (amplifications) 
 
Nuclear aneuploidy high 
 
Genomic aneuploidy persists/ 
consistent with CGH results 
 
Gene specific (amplifications) and 
chromosome specific changes in global 
gene expression 

cancer cell 



Translational applications 
 

 
• The role of genomic instability in the prognosis of breast cancer 

 
• Identification of individual progression risk in cervical dysplasia 

 
• Treatment response prediction in rectal cancer 

 
 
 
  
  
 
 



Genomic instability and disease prognostication: breast cancer 



Genomic instability and disease prognostication: breast cancer 

Global gene expression analysis 



 
 

Habermann et al. Int J Cancer 2009 

Genomic instability and disease prognostication: breast cancer 



Luminal A Luminal B ERRB2+ Basal Normal-like 

GS 18 0 4 0 6 

GU 1 0 10 5 0 

OncotypeDX Genomic stable Genomic unstable Accuracy 

Good prognosis 27 1 96.4% 

Poor prognosis 3 13 81.2% 

MammaPrint® Genomic stable Genomic unstable Accuracy 

Good prognosis 24 4 85.7% 

Poor prognosis 3 13 81.2% 

Poor prognosis signature predicts genomic instability 

Habermann et al. Int J Cancer 2009 

Genomic instability and disease prognostication: breast cancer 



Genomic instability and disease prognostication: breast cancer 
 

 
 
  
  
 
 

• The degree of genomic instability and gene expression signatures of poor 
prognosis are linked 
 

• The degree of genomic instability is the major biological determinant of poor 
prognosis 



Translational applications 
 

 
• The role of genomic instability in the prognosis of breast cancer 

 
• Identification of individual progression risk in cervical dysplasia 

 
• Treatment response prediction in rectal cancer 

 
 
 
  
  
 
 



FISH probe set for the cervical specimens 

3 7 



normal low grade dyspl. high grade dyspl. carcinoma 

Papanicolaou stained cervical smear 

85% 15% 

HPV+ 



normal CIN2 carcinoma 

CIN3 CIN3 CIN3 



Group of CIN 3 cells Pap stained and subsequently 
hybridized reveals 3 signals for 3q  



Collab.: 
Karolinska 

Gain of TERC has highest sensitivity and specificity 
for detection of histologically confirmed HSIL 

Aneuploidy as a molecular marker for cervical cancer 

 (n=78): 

Pap Biopsy/Histology Biopsy/FISH 

TERC 
HPV 
p16 

Pap 
Pap/LBC  
Colposcopy 
Biopsy 
 

Andersson et al. Am J Pathol 2009 



Validation of 3q as a molecular marker of progression  

Group 1 
n= 12 

1996 2003 

CIN 3 

2003 1996 
Group 3 
n= 12 

CIN 3/CA 

Group 2 
n= 10 

1996 2003 

CIN 1/2 

CIN 1/2 

normal 

normal 

CIN 3 
100% + 3q/ 
tetraploid 

normal 
0% + 3q 

CIN 3/CA 
100% + 3q 

Specificity = 95% 

Sensitivity = 100% 

CIN 1/2 
100% + 3q/ 
tetraploid 

normal 
33% + 3q 

CIN 1/2 
0% + 3q/ 

5% tetraploid 
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Translational applications 
 

 
• The role of genomic instability in the prognosis of breast cancer 

 
• Identification of individual progression risk in cervical dysplasia 

 
• Treatment response prediction in rectal cancer 

 
 
 
  
  
 
 



Treatment options in solid tumors 

surgery alone surgery +  

adjuvant chemoradiation 

neoadjuvant chemoradiation +  

surgery 
chemoradiation alone 

surgery + chemoradiation +  

immunological approaches 

Translational Genomics: Treatment Response in Rectal Cancer 



• Standard treatment of locally advanced rectal cancer 

   

 

 

 

 

• Clinical problem: response to CRT is very heterogeneous 

Rectal cancer: clinical background 

 

 CTx CRT Surgery 

Response Resistance 

Targets 

Mechanisms 

Predictors 

http://www.kfo179.de 

Translational Genomics: Treatment Response in Rectal Cancer 

• higher rate of R0-resections 

• higher rate of sphincter preserving resections 

• reduction of local recurrences 

 



Translational Genomics: Treatment Response in Rectal Cancer 



Class Comparison 
(p<0.001) 

TCF4 

Translational Genomics: Treatment Response in Rectal Cancer 

Ghadimi et al. JCO 2005 

NR R 



Translational Genomics: Treatment Response in Rectal Cancer 

WNT-signaling pathway 



 
Hypothesis:      Silencing of a gene overexpressed in resistant tumors  
  increases sensitivity to chemoradiotherapy 

 
 
 
  
  
 
 

Translational Genomics: Treatment Response in Rectal Cancer 

siRNA 
shRNA 

Approach:        Silencing of TCF4 using RNA interference 



shRNA_1 shRNA_1 shRNA_2 shRNA_2 

Protein left  38% 29% 23% 35% 

TCF4  

Actin 

shNEG shRNA_1 shRNA_1 shNEG shRNA_2 shRNA_2 

Translational Genomics: Treatment Response in Rectal Cancer 



Conclusion: reduced expression of TCF4 leads to a sensitization to radiation 
 

Small molecule inhibitors of WNT signaling 
 

 
 
 

Translational Genomics: Treatment Response in Rectal Cancer 



Translational Genomics: Treatment Response in Rectal Cancer 

Different clinical features 

Different genetic make-up 
and tumor biology 

Different treatment toxicity 

Identical therapy 

Problem 

Therapy C 

Therapy B 

Therapy A 

Goal 

GE 
aCGH 
miRNA expression 
KRAS/BRAF mutation analysis 
Methylation status 
SNPs (Collab: S Chanock) 
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RNAi gene silencing 

Gene expression 
regulation 

Loss of function 
analysis 



RNAi gene silencing 

Gene regulation Loss of function analysis 



siRNA 
shRNA 



Gene function 

Pathway/network function 

Molecular target identification 

Compound mode of action 

Biomarker validation 

RNA interference (RNAi) analysis is the most 
widely used approach for conducting gene specific 

loss-of-function studies in mammalian cells 

siRNA 
Target transcript 

RNAi mediated 
transcript cleavage 

Inhibited protein 
production 

Loss of cellular 
function  

Annotation of the functional genome: 
Application of RNAi LOF analysis  
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Conclusion: 
 
• Chromosomal aneuploidies are a defining feature of  
 carcinomas 

• The distribution of genomic imbalances is cancer specific 
 

• Specific genomic imbalances occur before the transition 
to invasive disease 
 

• No cytogenetic chaos, but stability on a different plateau 
 

• Conserved in evolution? 
 

• What are the consequences of chromosomal aneuploidy 
on the carcinoma transcriptome? 
 

• Diagnostics? 
 
 
  
  
 
 



Conclusion 

• Patterns of genomic imbalances in solid tumors are strictly 
conserved 

• Patterns of genomic imbalances are tumor specific 
• Genomic imbalances occur before transition to invasive disease 
• No chaos, but stability on a different plateau of genomic copy 

number 
 

• Conserved in evolution? 
• Consequences on the transcriptome? 
• Relative contribution to tumorigenesis? 





Problem 

Different clinical features 

Different genetic make-
up and tumor biology 

Different treatment 
toxicity 

Identical therapy 

Individualized medicine 



Therapy C 

Therapy B 

Therapy A 

Goal 

Individualized medicine 



Chromosomal instability in synchronous DCIS and IDC 

Heselmeyer-Haddad et al., Am J Pathol 2012 



Genome-wide Myc 

Mdm2 

 Models for epithelial tumorigenesis 



TERC  in CIN 3 histology 



Diagnostic Applications 

 
 
Cervical cancer: 
 
• Liquid based samples (n=126) 
• Conventional stained Pap smears (n=73) 
Conclusion: Highly sensitive and specific test, which allows 

discernment of LSIL and HSIL, and prediction of progression 
risk of low-grade lesions.  Excellent correlation with histology. 



  LSIL HSIL/CA 

  LSIL Normal 

TERC + 

no TERC + 

n=135 

Conclusion: 
 
TERC gain required for 
progression 
 
TERC gain not observed  
when regression 
 
Predicts the development of 
cancer 

LSIL 

Heselmeyer-Haddad et al. Am J Pathol 2005 
Andersson et al. Br J Cancer 2006 

Aneuploidy as a molecular marker for cervical cancer 



• Small molecule inhibitors 
• Clinical trials 

Kendziorra et al. Carcinogenesis 2011 
Spitzner et al. Int J Cancer 2013 

Predictors Targets Mechanisms 

Translational Genomics: Treatment Response in Rectal Cancer 



Simplified schematic of the RNAi pathway in mammalian cells 
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