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Chromosomal Stability 

Chromosome instability (CIN) involves the unequal distribution of DNA to daughter 
cells upon mitosis, resulting in a failure to maintain euploidy (the correct number of 
chromosomes) leading to aneuploidy (incorrect number of chromosomes). In other 
words, the daughter cells do not have the same number of chromosomes as the cell 
they originated from. These changes have been studied in solid tumors, which may or 
may not be cancerous. 



Chromosomal Translocation 

A chromosome translocation is a chromosome abnormality caused by rearrangement 
of parts between nonhomologous chromosomes. A gene fusion may be created when 
the translocation joins two otherwise separated genes, the occurrence of which is 
common in cancer. It is detected on cytogenetics or a karyotype of affected cells. 
Translocations can be balanced (in an even exchange of material with no genetic 
information extra or missing, and ideally full functionality) or unbalanced (where the 
exchange of chromosome material is unequal resulting in extra or missing genes). 

Translocation 4-20 



Exome Sequence 

Exome sequencing (also known as targeted exome capture) is an efficient strategy to 
selectively sequence the coding regions of the genome as a cheaper but still effective 
alternative to whole genome sequencing.  
 
Exons are short, functionally important sequences of DNA which represent the regions 
in genes that are translated into protein and the untranslated region (UTR) flanking 
them.  
 
UTRs are usually not included in exome studies. In the human genome there are 
about 180,000 exons: these constitute about 1% of the human genome, which 
translates to about 30 megabases (Mb) in length. It is estimated that the protein 
coding regions of the human genome constitute about 85% of the disease-causing 
mutations. 
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Frameshift Mutation 
Nonsense Mutation 

A frameshift mutation is a genetic mutation caused by 
a deletion or insertion in a DNA sequence that shifts 
the way the sequence is read.  
 
Frameshift mutations arise when the normal 
sequence of codons is disrupted by the insertion or 
deletion of one or more nucleotides, provided that 
the number of nucleotides added or removed is not a 
multiple of three. For instance, if just one nucleotide 
is deleted from the sequence, then all of the codons 
including and after the mutation will have a disrupted 
reading frame. This can result in the incorporation of 
many incorrect amino acids into the protein. In 
contrast, if three nucleotides are inserted or deleted, 
there will be no shift in the codon reading frame; 
however, there will be either one extra or one missing 
amino acid in the final protein. Therefore, frameshift 
mutations result in abnormal protein products with 
an incorrect amino acid sequence that can be either 
longer or shorter than the normal protein. 



DNA copy number 

Copy-number variations (CNVs)—a form 
of structural variation—are alterations of 
the DNA of a genome that results in the 
cell having an abnormal number of 
copies of one or more sections of the 
DNA.  
 
CNVs correspond to relatively large 
regions of the genome that have been 
deleted (fewer than the normal number) 
or duplicated (more than the normal 
number) on certain chromosomes. For 
example, the chromosome that normally 
has sections in order as A-B-C-D might 
instead have sections A-B-C-C-D (a 
duplication of "C") or A-B-D (a deletion of 
"C"). 



Promoter Methylation 

GSTP1 gene silencing by CpG island 
methylation.  
(A) The glutathione S-transferase Pi 

(GSTP1) gene has an abundance of 
CpG sites in the promoter region.  

(B) In healthy prostate tissue, 
transcription factors such as AP-1 
and Sp-1 bind to the promoter and 
stimulate transcription.  

(C) In prostate cancer, GTSP1 CpG 
islands are hypermethylated. 
Methylation-specific proteins 
compete with transcription factors 
for binding to methylated CpG 
sites. In this way, hypermethylated 
genes, such as GSTP1, are 
effectively silenced.  



mRNA and miRNA 

A microRNA (abbr. miRNA) is a small non-coding RNA molecule (ca. 22 nucleotides) which 
functions in transcriptional and post-transcriptional regulation of gene expression. miRNAs 
function via base-pairing with complementary sequences within mRNA molecules, usually 
resulting in gene silencing via translational repression or target degradation. The human 
genome may encode over 1000 miRNAs, which may target about 60% of mammalian genes 
and are abundant in many human cell types. 



MSI – Microsatellite Instability 

Microsatellites are repeated sequences of DNA.  
 
Although the length of these microsatellites is highly variable from person to 
person, each individual has microsatellites of a set length. These repeated 
sequences are common, and normal. The most common microsatellite in humans is 
a dinucleotide repeat of CA, which occurs tens of thousands of times across the 
genome. 
 
In cells with mutations in DNA repair genes, however, some of these sequences 
accumulate errors and become longer or shorter. The appearance of abnormally 
long or short microsatellites in an individual's DNA is referred to as microsatellite 
instability.  
 
Microsatellite instability (MSI) is a condition manifested by damaged DNA due to 
defects in the normal DNA repair process. Sections of DNA called microsatellites, 
which consist of a sequence of repeating units of 1-6 base pairs in length, become 
unstable and can shorten or lengthen. Microsatellites are also known as simple 
sequence repeats (SSRs). 





Cluster Analysis – Hierarchical clustering 
 
1. Each object is a cluster of its own 
2. Calculate the distance matrix 
3. Combine the two objects which are closest to a new cluster 
4. Give a value to the new cluster by calculating the mean of the two 

combined objects 
5. Calculate the distance matrix for the new set of clusters 
6. Go back to 3 
7. Stop if one cluster is left. 
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Figure 2 

Copy-number gains in shades of red, copy-number losses in shades of blue 





q-values 

q-values are the name given to the adjusted p-values found using an optimised FDR 
approach. The FDR approach is optimized by using characteristics of the p-value 
distribution to produce a list of q-values.  



Chromosomal Stability 

Chromosome instability (CIN) involves the unequal distribution of DNA to daughter 
cells upon mitosis, resulting in a failure to maintain euploidy (the correct number of 
chromosomes) leading to aneuploidy (incorrect number of chromosomes). In other 
words, the daughter cells do not have the same number of chromosomes as the cell 
they originated from. These changes have been studied in solid tumors, which may or 
may not be cancerous. 
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Kras mutational status and cetuximab by mCRC 

Deutsches Ärzteblatt, 2009 
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Understanding cancer cell function or  
cell function in general 

… is contingent upon our ability to acquire a better appreciation of the complexity 
of molecular interactions. 

 

Technological advances allow to monitor cell function from a holistic perspective. 
Improved computational capabilities 

 

→ Cancer System Biology 
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Advances in ordering the system 

Gene Ontology 
 Biological Process 
  Cellular Component 
  Molecular Function 

Open Biomedical Ontology (OBO) 

Transcription factors 

Functional gene sets 

Nature Reviews Cancer (2007) 7, 23-34 
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Strategies to identify cellular interactions 

•  Bottom-up approach 

•  Top – down approach 

•  Complementary merging of both 
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Bottom-Up 

A bottom-up approach is the piecing together of 
systems to give rise to grander systems.  

It makes the original systems sub-systems of the 
emergent system.  

In a bottom-up approach the individual base 
elements of the system are first specified in great 
detail.  

These elements are then linked together to form 
larger subsystems, which then in turn are linked, 
sometimes in many levels, until a complete top-
level system is formed. 
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Top-down 

A top-down approach breaks a system down to gain insight into its compositional 
sub-systems.  

In a top-down approach an overview of the system is formulated, specifying but not 
detailing any first-level subsystems.  

Each subsystem is then refined in yet greater detail,  
sometimes in many additional subsystem levels,  
until the entire specification is reduced  
to base elements.  
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Cancer Systems Biology: Bottom - Up 

Reductionist in nature – focus is on known components, based on known and 
experimentally validated structures. 

Map oncogenes / suppressor genes with known interacting genes (regulatory, 
developmental) previously characterized in cell lines or experimental organisms. 

(Wnt, notch, hedgehog pathways) → identified as sets of interacting genes involved 
in Drosophila development. 

Interactive networks are inferred from prior knowledge about the molecular 
interactions of their components. 
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Integrating the AML signature into pathways 

KEGG pathway ‘acute myeloid leukemia’ (hsa05221). Red boxes mark involved genes that correlate 
significantly with at least one of the signature genes. Blue boxes mark genes that show a significant 
partial correlation (in the gene association network) to at least one of the signature genes. 

Hummel et al. BBI 2008:2 329-341  
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Correlation versus Partial correlation 

How to detect and quantify direct interaction? 

Partial correlation is the basic 
statistical principle for the 
construction of statistically motivated 
network inference algorithms 
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Integrating the AML signature into pathways 

A gene association network between signature and AML pathway genes. Blue nodes correspond to 
genes in the pathway ‘acute myeloid leukemia’ (hsa05221), and red nodes correspond to genes in 
the prognostic signature.  

Hummel et al. BBI 2008:2 329-341  
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Functional relevance of mutations in AML 

238 AML patients with normal karyotype, 
Recently, mutations in two genes, namely the 
fms-like tyrosine kinase 3 (FLT3) and 
nucleophosmin 1 (NPM1) were shown to be 
relevant for prognosis for AML patients 
with normal karyotype.  
 
Results on the pure FLT3 effect. The pure effect 
of one mutation is defined by adjusting the 
analysis for the effect of the second mutation. 

Goeman, Mansmann (2008) Bioninformatics, 537–544 

Node 53 (GO:0006427, histidyl-tRNA aminoacylation)  
Node 56 (GO:0006994, sterol depletion response, SREBP target gene transcriptional activtion) 
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Mapping the relevance of a hypothesis to a 
structure of instances 

A statistical model is used to 
attack a complex question like:  
 
Is there clear evidence for a pure 
systematic mutation effect on the 
transcription activities within a 
certain set of genes. 

Available evidence can be located 
within a larger structure. 

Hummel, Meister, Mansmann (2008) Bioinformatics, 24:78-85  
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Differential structure between networks on the 
same set of nodes 

Structural Hamming Distance - SHD 

The Hamming distance between two strings of equal length is the number of positions 
at which the corresponding symbols are different. Put another way, it measures the 
minimum number of substitutions required to change one string into the other, or the 
number of errors that transformed one string into the other. 
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SHD(Graph1, Graph2) = 4 
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Meta-Analyses of Cancer Pathways 
Schmitberger, Lennert, Mansmann BBI 2011:5 13–39 

Structural difference in terms of SHD within a pathway between two cancer types 

CC 
p53 
Apop 
Wnt 
ECM 

Disease specific 

DNA repair 

CC 
p53 
Apop 
Wnt 
ECM 

Disease specific 

DNA repair 
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Meta-Analyses of Cancer Pathways 
Schmitberger, Lennert, Mansmann BBI 2011:5 13–39 

Structural difference in terms of SHD within a pathway between two cancer types 
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Cancer Systems Biology: Top - Down 

•  Computationally based 

•  Not dependent of a priory knowledge 

•  Infers network relationships 

•  Establishes a network of inferred interactions between all cellular components  
  whether or not these interactions are currently understood on the molecular level. 
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Computational advances to infer  
network or interaction between genes 

Networks inferred from gene expression data 
   based on statistical reasoning: glasso, PC, GeneNet 
    Bayesian networks 
    based on bioinformatics techniques: ARACNE, C3NET 

Networks inferred from gene silencing data (interventional data) 
    Nested effects models 

Networks inferred from time series 
    Empirical Bayes Dynamic Bayesian Networks 

Differential interaction between networks 
    Relevant interactions can be identified by comparison 
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Validation of network algorithms 
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Validating ARACNE 
Basso et al. (2005) Nature Genetics, 37: 382-390 
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Validation of network algorithms 
50 nodes, Sample Size 200 

Vindi Jurinovic 
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Exploring interaction within a system 
Basso et al. (2005) Nature Genetics, 37: 382-390 
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Confounding 

How does an artificial restriction to a bounded region within a wider system 
influences the observed interactions? 

extended analysis 

restricted analysis 
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Confounding 

Effect of MYC translocation of the network structure within specific pathways  

Comparing differential interaction 
structure between the restricted and 
full inference.  

Green edges: Differential interaction 
present for the inference restricted 
to the wnt pathway. 

Red edges: Differential interaction 
which is observed within the 
restricted and the extended setting 
simultaneously. 

Purple edges: Differential interaction 
only present for the extended 
inference. 

Mansmann, Jurinovic (2011) Brief Bioinform. 12:230-44  

wnt 
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Top - Down Bottom-Up 

• intuitively more desirable; 
 

• Grounded on experimental  
 validation; 
 

• Limitation in scope; 
 

• The gap will widen; 
 

• Is affected by confounding 
 

• Primary method to establish new 
 molecular networks; 
 

• Networks will probably stimulate 
 new directions in laboratory studies 
 to validate molecular interactions; 
 

• Avoids confounding 
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Complementary merging of the top-down and bottom-up approaches promises to be 
productive in helping unravel the functional complexity underlying cancer cell functions. 

Complementary Merging 

Wnt Pathway 

Mansmann, Jurinovic (2011) Brief Bioinform. 12:230-44  
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Complementary merging of the top-down and bottom-up approaches promises to be 
productive in helping unravel the functional complexity underlying cancer cell functions. 

Complementary Merging 

Mansmann, Jurinovic (2011) Brief Bioinform. 12:230-44  
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HaematoSYS working plan 





Everolimus 

Everolimus (RAD-001) is the 40-O-(2-hydroxyethyl) derivative of sirolimus and works 
similarly to sirolimus as an inhibitor of mammalian target of rapamycin (mTOR). 
 
It is currently used as an immunosuppressant to prevent rejection of organ transplants 
and treatment of renal cell cancer and other tumours. Much research has also been 
conducted on everolimus and other mTOR inhibitors for use in a number of cancers. 



mTOR 

The mammalian target of rapamycin (mTOR), also known as mechanistic target of 
rapamycin or FK506-binding protein 12-rapamycin-associated protein 1 (FRAP1), is a 
protein that in humans is encoded by the MTOR gene. 
 
Rapamycin was discovered in a soil sample from Easter Island, known locally as Rapa 
Nui, in the 1970s. The bacterium Streptomyces hygroscopicus, isolated from that 
sample, produces an antifungal that researchers named rapamycin after the island.  
 
Rapamycin arrests fungal activity at the G1 phase of the cell cycle. In mammals, it 
suppresses the immune system by blocking the G1 to S phase transition in T-
lymphocytes. Thus, it is used as an immunosuppressant following organ transplantation. 
 
Saccharomyces cerevisiae can develop resistance to rapamycin, when one of three genes 
is knocked out. Two of the genes were called targets of rapamycin (TOR). The third gene 
was already known as Fpr1. Fpr1 is the ortholog of FKBP12 binding protein in the TOR 
complexes. In 1994, the mammalian target of rapamycin (mTOR) was identified as the 
rapamycin target in mammals by David M. Sabatini and Solomon H. Snyder (Johns 
Hopkins University) and Stuart L. Schreiber (Harvard University). 



mTOR 













DNA ploidy analysis 

Ploidy is the number of sets of chromosomes in the 
nucleus of a biological cell. Normally a gamete (sperm or 
egg) carries a full set of chromosomes that includes a 
single copy of each chromosome, as aneuploidy generally 
leads to severe genetic disease in the offspring. The 
haploid number (n) is the number of chromosomes in a 
gamete. Two gametes form a diploid zygote with twice this 
number (2n) i.e. two copies of autosomal chromosomes. 
However, the sex chromosomes of diploid cells (excluding 
pseudoautosomal regions), which are subject to sex 
linkage, may be considered as haploid chromosomes, since 
haploid is also the term used to define a set of 
chromosomes with only one copy in the cell. 





mTOR integrates the input from upstream pathways, including insulin, growth factors (such 
as IGF-1 and IGF-2), and amino acids. mTOR also senses cellular nutrient and energy levels 
and redox status. The mTOR pathway is dysregulated in human diseases, especially certain 
cancers. Rapamycin is a bacterial product that can inhibit mTOR by associating with its 
intracellular receptor FKBP12. 














