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A brief history of cancer 
Cancer can be considered as a genetic disease. Cancer is when abnormal cells divide in an 
uncontrolled way. Some tumors may eventually spread into other tissues. Cancer starts when 
gene changes make one cell or a few cells begin to grow and multiply too much. This may cause a 
growth called a tumor. A primary tumor is the name for where a cancer starts. 
Cancer has the ability to spread to adjacent or distant organs, which makes it life threatening. 
Tumor cells can penetrate in blood or lymphatic vessels, circulate through the intravascular 
stream, and then proliferate at another site until create metastasis (secondary tumor). 
Cancers are divided into groups according to the type of cell from which they start. They include: 
Carcinomas, Lymphomas, Leukaemias, Brain tumors, Sarcomas. 
Cancer is caused by inflammation that increase the possibility of mutations. 
Possible mutated genes in cancer are involved in cell proliferation, cell death, DNA repair, 
metabolism, differentiation, epigenetic, invasion, immune evasion and angiogenesis. 
Cancer can be a dominant disease, caused by mutations on oncogenes, or a recessive disease, 
caused by mutations on oncosoppressor.  
  
Live or die: the regulation of cell proliferation and apoptosis 
Exist a balance between cell death and proliferation. In case of unbalance in terms of cell death, 
there is degeneration or deficiency. Conversely an unbalance in terms of proliferation causes 
cancer or autoimmunity. 
These processes are not always negative, these are necessary for membranes blebbing, nuclear 
condensation, chromatin fragmentation. 
Cell death or proliferation may be regulated. p53 is the guardian of the genome. Initially believed 
to be an oncogene, but today it is considered a suppressor gene. 
The p53 gene, like the Rb gene, is a tumor suppressor gene, its activity stops the formation of 
tumors. In case of mutations people are predisposed to cancer. This condition is rare, and is 
known as Li-Fraumeni syndrome. However, mutations in p53 are found in most tumor types, and 
so do the complex network of molecular events leading to tumor formation. 
p53 is a tetramer, every units could be mutated or not. It is controlled by extracellular signals. p53 
decides the fate of damaged cells. The activation of p53 depends to: ribosomal dysfunction, 
hypoxia, oxidative stress, DNA repair, oncogene expression. 
Interestingly, the gene encoding p53 is frequently mutated in human cancers.  
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The cell cycle machinery: from basic biology to the clinic 
The division cycle of most cells consists of four coordinated processes: cell growth, DNA 
replication, distribution of the duplicated chromosomes to daughter cells, and cell division. 
Progression between these stages of the cell cycle is controlled by a system, which not only 
coordinates the different events of the cell cycle but also links the cell cycle with extracellular 
signals that control cell proliferation. Infact the coordination between different phases of the cell 
cycle is dependent on a system of checkpoints and feedback controls that prevent entry into the 
next phase of the cell cycle until the events of the preceding phase have been completed. 
DNA damage not only arrests the cell cycle in G2, but also slows the progression of cells through S 
phase and arrests cell cycle progression at a checkpoint in G1. This G1 arrest may allow repair of 
the damage to take place before the cell enters S phase, where the damaged DNA would be 
replicated. The arrest at the G1 checkpoint is mediated by the action of protein  p53, which is 
rapidly induced in response to damaged DNA. 
The retinoblastoma protein (pRb) is an inhibitor of cell cycle progression from the G1 to the S 
phase of the cell cycle. Loss of pRb functions may induce cell cycle deregulation and so lead to a 
malignant phenotype.  
Two of the most important proteins involved in the cell cycle machinery are cyclin-dependent 
kinases and cyclins. The cyclin/cdk complexes orchestrate the advance of the cell through different 
phases of its growth cycle. 
 
Telomeres and cancer: replicative senescence and genome instability 
The chromosomes of eukaryotes are linear, meaning that they have end. These ends pose a 
problem for DNA replication. The DNA at the very end of the chromosome cannot be fully copied 
in each round of replication, resulting in a slow, so gradual shortening of the chromosome. 
Telomeres, the specific DNA–protein structures found at both ends of each chromosome, protect 
genome from nucleolytic degradation, unnecessary recombination, repair, and interchromosomal 
fusion. Telomeres therefore play a vital role in preserving the information in our genome. As a 
normal cellular process, a small portion of telomeric DNA is lost with each cell division. When 
telomere length reaches a critical limit, the cell undergoes senescence and/or apoptosis. Telomere 
length may therefore serve as a biological clock to determine the lifespan of a cell and an 
organism. 
So telomeres shortening is critical for cells proliferation because they have protective function, 
and with degradation of telomeres, cells are more exposed to damage 
Individuals with shorter telomeres seem to have a greater risk for development of cancer or 
disorders. Dysfunctional telomeres are recognized as DNA damages. They promote genome 
instability. 
The end replication problem can be solved by telomerase that reverse telomere shortening, it is 
an enzyme that extends the telomeres of chromosomes. 
The end protection problem is solved by apoptosis or senescence.  
 
Tumor suppressor gene 
Cancer is a multistep process. It requires multiple mutations. 
Tumor suppressor gene are often downregulated through hypermethylation on their promoter. 
The hypomethylation lead to tumor. 
Tumor suppressor have different functions:          
- Repression of essential genes for the continuing of the cell cycle. If these genes are not 
expressed, the cell cycle does not continue, effectively inhibiting cell division.       
- Coupling the cell cycle to DNA damage. As long as there is damaged DNA in the cell, it should not 
divide. If the damage can be repaired, the cell cycle can continue.      
- If the damage cannot be repaired, the cell should initiate apoptosis  to remove the threat.   
- Some proteins involved in cell adhesion prevent tumor cells from dispersing, block loss of contact 
inhibition, and inhibit metastasis. 
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- DNA repair proteins are usually classified as tumor suppressors as well, as mutations in their 
genes increase the risk of cancer. Furthermore, increased mutation rate from decreased DNA 
repair leads to increased inactivation of other tumor suppressors and activation of oncogenes. 
Understanding the developmental functions for tumor suppressors may help elucidate the role of 
tumor suppressor. Loss of tumor suppressor is more frequent than oncogene activation. 
Mutations on oncogene and suppressor gene can drive tumor. 
Some pathways mutated in cancer are: p16, Cdk4, cycD, Rb, p53, APC, Ras… 
  
The multi-step nature of cancer 
The first risk to develop cancer is aging. The progression of cancer is composed by genetic and 
epigenetic events. It is a multistep process. Normal epithelium can be transformed to an 
hyperplastic epithelium. Then the next step is the formation of adenomas, followed by carcinomas 
and then invasion and then metastasis. 
Tumors are highly heterogeneous, infact different mutations survive and coexist together. 
To induce tumor are necessary mitogenic signalling of cell proliferation, bypass cell cycle 
checkpoint,  suppression of apoptosis, telomeres maintenance, modulation of additional signaling 
pathways. 
In addition to the intrinsic factors, also there is the extrinsic factor. Microenvironment infact play a 
role in tumor development and progression. 
Tumor stromal cells play important roles in tumor initiation, progression and metastasis. Cancer-
associated fibroblasts (CAFs) are frequent component of tumor stroma. CAFs play a crucial role in 
tumor progression. Another useful marker for CAFs is fibroblast activation protein (FAP). 
Matrix metalloproteinases (MMPs) that are traditionally associated with matrix remodeling, are 
involved in cancer invasion and angiogenesis. MMPs have long been associated with cancer. 
Tumor-associated macrophages (TAMs) are a class of immune cells present in high numbers in the 
microenvironment of solid tumors. They are heavily involved in cancer-related inflammation. They 
actively promote all aspects of tumor initiation, growth, and development. 
The tumor microenvironment comprises numerous signaling molecules and pathways that 
influence the angiogenic response. Tumor growth and metastasis depend on angiogenesis 
triggered by chemical signals from tumor cells in a phase of rapid growth. Tumor vasculature is 
very disorganized. 
  
Cancer signaling pathways 
One signal permit to transmit information to influence cellular behavior. These signals can be 
endocrine, paracrine, autocrine. Also microenvironment can participate to create some signals. 
One stimuli allows to activate a signal cascade until reaching  different cellular responses, such as 
proliferation, differentiation, secretion, metabolism, memory. 
In a signaling pathway some molecules in a cell work together to control one or more cell 
functions, such as cell division or cell death.  
The cellular outcome of pathway activation depends upon network context. 
Abnormal activation of signaling pathways can lead to cancer, and drugs are being developed to 
block these pathways. These drugs may help block cancer cell growth and kill cancer cells. 
The activation of some pathways can be detected by: western-blot, ELISA, luminex, spatial 
resolution, quantitative mass spectrometry. 
Signals derive from conformational changes or post-translational modification. 
Tyrosine kinases are important mediators of this signal transduction process, leading to cell 
proliferation, differentiation, migration, metabolism and programmed cell death. Tyrosine kinase 
signaling pathways normally prevent deregulated proliferation or contribute to sensitivity towards 
apoptotic stimuli. These signaling pathways are often genetically or epigenetically altered in 
cancer cells to impart a selection advantage to the cancer cells. 
Misregulated kinases are potent drivers of tumor. 
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Epigenetic mechanisms of cancer development 
Chromatin is a complex of macromolecules composed of DNA, RNA, and protein, which is found 
inside the nucleus of eukaryotic cells. Chromatin exists in two forms: heterochromatin 
(condensed) and euchromatin (extended). 
Chromosomal DNA is packaged inside nuclei with the help of histones. These are positively-
charged proteins that strongly adhere to negatively-charged DNA and form complexes called 
nucleosomes. Each nucleosome is composed of DNA wound 1.65 times around eight histone 
proteins. Nucleosomes fold up to form a 30-nanometer chromatin fiber, which forms loops 
averaging 300 nanometers in length. The 300 nm fibers are compressed and folded to produce a 
250 nm-wide fiber, which is tightly coiled into the chromatid of a chromosome. 
Chromatin remodeling complexes are multiprotein complexes that contain an ATPase subunit that 
is able to mobilize nucleosomes using the energy of ATP hydrolysis and alter the chromatin 
structure. 
Chromatin remodelers function as gatekeepers and constitute the major determinant of 
accessibility of DNA-binding factors and to ensure the variety of biological functions of the cell. 
Alterations in the organization of chromatin and gene expression programs are driven by 
mutations and aberrant expression of chromatin remodeling factors, which can cause 
tumorigenesis. 
Immunotherapies can be studied to address these mutations. 
Histone modifying complex influence different DNA templated process. Some histone variability 
induce cancer, such as H2Ax that causes genome instability and cancer, or H3.3 that is a point 
mutation that causes cancer. 
HDAC are inhibitor of cancer that play important roles in epigenetic or non-epigenetic regulation, 
inducing death, apoptosis, and cell cycle arrest in cancer cells. 
 
Genetically engineered mouse models of human cancer 
In vivo studies permit to create a mouse model to study the in vitro modifications. 
Genetically engineered mouse models (GEMMs) have contributed significantly to the field of 
cancer research. In contrast to cancer cell inoculation models, GEMMs develop de novo tumors in 
a natural immune‐proficient microenvironment. Tumors occurring in advanced GEMMs mimic the 
histopathological and molecular features of human, display genetic heterogeneity, and are able to 
spontaneously progress toward metastatic disease.  
GEMMs of de novo tumorigenesis are the systems of choice for in vivo analysis of the cell 
processes that contribute to cancer initiation, progression, and metastasis. 
It is possible use on mouse model some chemicals or radiations to induce carcinogenesis. 
Mouse models based on xenografting human cancer cell lines or allografting mouse tumor cells 
are the most commonly used in vivo tumor models in cancer research. 
Also it is possible to create a PDX model with patient tumor cells. Patient‐derived tumor 
xenografts (PDTX) are derived from fresh human tumor biopsies that are transplanted in 
immunodeficient mice. PDTX tumors maintain the molecular, genetic, and histological 
heterogeneity as observed in cancer patients, even after serial passaging in mice. 
It is possible to study, with the development of gene‐targeting technology, also cancer 
predisposition in tumor suppressor gene knockout mice. 
The recombination in a "Cre-lox" mouse can either activate or inactivate a gene of interest.  
The Flp-FRT system is similar to the Cre-lox system. 
An inducible dual‐recombinase system was developed which combines Flp‐FRT and Cre‐loxP 
recombination systems. 
The embryonic stem cells can be genetically altered and used to produce non‐germline GEMMs, 
that can be used for rapid introduction of additional genetic modifications and subsequent 
production of chimeric mice. 
CRISPR/Cas9 technology seems the system of choice for rapid cancer modeling in mice, as it has 
proven to be an efficient gene‐targeting strategy. 
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Essential computational methods in genomics 
Computational genomics refers to the use of computational and statistical analysis to decipher 
biology from genome sequences and related data, including both DNA and RNA sequence as well 
as other "post-genomic" data (DNA microarrays). It is a subset of bioinformatics and 
computational biology to understand the principles of how the DNA of a species controls its 
biology at the molecular level and beyond. Today exist massive biological datasets and the 
computational studies have become one of the most important means to biological discovery. 
It is possible analyze data from next generation sequencing (NGS), microarrays, RNA-sequencing, 
single-cell RNA-sequencing… 
 
Principle of cancer immunotherapies 
The immune system is spread throughout the body and involves many types of cells, organs, 
proteins, and tissues. The immune system needs to be able to tell self from non-self. 
The B cells attack invaders outside the cells, the T cells attack invaders inside the cells. 
There are different types of immunity in humans: innate and adaptive. 
Effectors of adaptive immunity, such as CD4+ helper T cells, CD8+ cytotoxic T cells, and antibodies, 
target tumor antigens; such as molecules expressed in tumor cells, but not in normal cells.  
Tumor antigens are normal cellular proteins that are abnormally expressed as a result of genetic 
mutations, quantitative differences in expression, or differences in post-translational 
modifications. 
Tumors are composed of mix tapes of cells with vary immunogenicity. 
The immune system recognize tumor cells and active immune reactions against tumors. The 
immune system play a role in shaping resulting tumors. The immune system interact with cancer. 
It try to follow different ways: tumor elimination, tumor equilibrium, tumor escape. 
Exist different strategies to increase the power of the immune system against cancer: cancer 
antigen immunization, antibody dependent cellular toxicity (ADCC), cytokines treatment, DC 
therapy, adaptive transfer. 
They could be used for: cell therapy drug screening, testing drug safety, transfusion, cancer 
immunotherapy. 
 
Cancer genomics and precision medicine 
Cancer is a disease of the genome. Today is possible analyze mutations, mRNA expression, miRNA 
expression, DNA structural alteration, DNA methylations thanks to targeted and personalized 
therapy. 
Tumors can be driven by genes mutations and number alterations of genes. The common 
mutations in cancer are: p53, KRAS, PI3K, but there are many others more. 
The heterogeneity of tumors and their microenvironment have always to be taken into account, 
not only a single mutation. 
In case of metastasis, is necessary to remember that metastasis have different mutation 
comparing to the primary tumor. DNA structural alterations can modify the gene, crate fusions, 
increase gene, but it can also interested the promoter. 
Understanding the cancer genome may also help a doctor select the best treatment for each 
patient. A genomic approach is possible using high throughput DNA seq. The big data drives 
precision cancer therapy. There are pro and cons.  
 
 
Pharmacogenetics and target therapy 
Pharmacogenetics has been defined as the study of variability in drug response due to heredity. 
The basic concept is that interindividual variability in drug response is a consequence of multiple 
factors, including genomics, epigenomics, the environment and a patient's characteristics, such as 
gender, age and/or concomitant medication. 
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Pharmacogenetic biomarkers found within the tumor and the host offer valuable information for 
personalizing anticancer drug delivery. 
Targeted therapy works by targeting specific genes or proteins to help prevent the growth and 
spread of cancer. These genes and proteins are found in cancer cells or in cells related to cancer 
growth. Target therapy vary in effectiveness.  
Exist two main types of targeted therapy: monoclonal antibodies and small-molecules drugs. 
Many different targeted therapies have been approved for use in cancer treatment. These 
therapies include hormone therapies, signal transduction inhibitors, gene expression modulators, 
apoptosis inducers, angiogenesis inhibitors, immunotherapies, and toxin delivery molecules. 
  
Machine learning applied to cancer biology 
Because the manifestations of cancer vary so much from one person to another, cancer is an ideal 
candidate for “personalized medicine”, such as the therapy is tailored to each patient. 
Over the years a large number of  tumors have been collected and preserved at various locations. 
It is possible characterize these tumors by measuring several molecular attributes, and thereby 
create accessible databases. The best known among these is The Cancer Genome Atlas. 
It is  possible to study this data, analyze it, and then formulate hypotheses on how a particular 
form of cancer could be treated. 
With machine learning is possible study how to automatically learn to make predictions based on 
past observations. 
  
Induced pluripotent stem cells technology and its potential for future medicine 
Induced pluripotent stem cells (also known as iPS cells) are a type of pluripotent stem cell that can 
be generated directly from adult cells. iPS cells are an unlimited source of human material. 
Their applications are in basic biology, as well as cellular therapeutics and disease modeling. 
Combined with other emerging technologies, such as epigenomic profiling and sequencing. 
iPSCs are derived from somatic cells through the transient exogenous expression of a set of 
transcription factors and have two unique properties: they can be maintained indefinitely in 
culture in an undifferentiated pluripotent state, and they can be directed to differentiate into any 
cell type of the human body. Thus, the derivation of iPSCs from primary human cells offers 
unprecedented opportunities for creating disease models that capture the primary human cell 
genome.  
Hematopoietic stem cells (HSCs) are the stem cells that give rise to other blood cells. HSC possess 
the ability of both multi-potency and self-renewal. They have limited growth. It is possible built 
HSC from iPS cells. 
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