
Cancer Biology I

Part-II

Week 12



AGENDA
Nov 3rd:  Cancer genomics- mutations

Nov 10th: Cancer genomics-copy number alterations, heterogeneity, tumor evolution

Nov 17th: Cancer Epigenetics- chromatin 3D structure, cell plasticity

Nov 24th: – Major signaling pathways leading to cancer

Dec 1st: Cancer Therapies – chemo and targeted therapies

Dec 8th: Introduction to immunotherapies 

Dec 15th: discussion of unclear points and career development discussion towards a    

PhD

Dec 17th: Exam 2-4 PM (room to be decided)
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Did we improve cancer treatment in the 

past  10-20 years?



HOW DO WE TREAT CANCER?

<1900 1950 1980 2010 2016

SURGERY

IMMUNO

THERAPIES

Physical Removal of the tumor 

High-energy particles or waves, such as x-rays, gamma rays, electron beams, or 

protons, to destroy or damage cancer cells. 

Developed at the beginning 1900s for the treatment of different diseases

Use chemical substances to treat cancer
     Developed in the 1970s

CHEMOTHERAPIE/HORMONOTHERAPIES

TARGETED THERAPIES

RADIOTHERAPIE



HOW DO WE TREAT CANCER?

SURGERY

IMMUNO

THERAPIES

CHEMOTHERAPIE/HORMONOTHERAPIES

TARGETED THERAPIES

RADIOTHERAPIE

Single or combine approaches

Curative 

LOCALIZED DISEASES 

METASTATC  DISEASES 

Single or combine 

approaches

Palliative  



TUMOR GROWTH

How many cells are needed for the tumor to be detectable?

1 Million

10 Millions

1 billion



TUMOR GROWTH

1 clone → 109 cells → 1012 cells

Regulated by the length of the cellular cycle, which controls the 
number of cells and the size of the tumor

Compared to normal cells: 

• Duration is similar 

• The growth fraction (proportion of cells in the cycle) is larger
– Very variable in different tumors

– Dictate the doubling time of the tumor, which influences the type and 
timing of treatment 

Detection of the tumor



SENSITIVITY OF VARIOUS TISSUE TO CHEMO



CHEMOTHERAPIES

Cytotoxic agents 

Block cell proliferation and induce cell death

MITOSIS DNA DAMAGE ACTIVATE THE 

IMMUNE SYSTEM

DNA 

DUPLICATION

Alkylating agents

Toipomerase inhibitors

Anti-metabolites
Microtubule 

poisons

About 20 molecules are classified in 5 mechanisms of action

Represent 95% of anti-cancer prescriptions 



TUMOR GROWTH

Antimetabolites

Toipomerase inhibitor 

Vinca-alkaloid

Taxoid

Alkylating agent

Some act during all the cycle

Some are specific to a certain phase



BLOCK CELL DIVISION:MITOSIS

VINCRISTINE/VINBLASTINE

MICROTUBULES POISONS:

PACLITAXEL/TAXOLO



MICROTUBULES



VINCRISTINE/VINBLASTIN

VINCA ALKALOIDS:
Inhibit the microtubules assembly/polymerization
Arrest mitosis in metaphase  

NORMAL MITOSIS CELLS TREATED WITH VINBLASTINE

DNA Red

Microtubules Green

DNA blue/Centromeres red

Microtubules green



PACLITAXEL or TAXOLO

TAXANE:
Stabilize microtubules and protect from disassembling
Block mitosis progression and trigger apoptosis

NORMAL MITOSIS CELLS TREATED WITH TAXOLO

DNA Red

Microtubules Green

DNA blue/Centromeres red

Microtubules green





INDUCING DNA DAMAGE

TOPOISOMERASE

REGULATE DNA SUPERCOIL / UNWINDING DNA

https://www.youtube.com/watch?v=EYGrElVyHnU#

TOPOISOMERASE 1: Single strand breaks and repair

TOPOISOMERASE 2: Double strand breaks  and repair

https://www.youtube.com/watch?v=EYGrElVyHnU


TOPOISOMERASE INHIBITORS

Topoisomerase I: e.g. Camptothecin   

Topoisomerase II: e.g.  Etoposide

       Doxorubicin

Intercalating DNA agents that prevent DNA re-ligation and

 therefore cause DNA damage and activation of the apoptotic program

How they work:

INDUCING DNA DAMAGE



p53 is a 

KEY PLAYER



ANTI-METABOLITES:  similar structure of purine and pyrimidine

2 categories: Purine analogs (adenine and guanine analogs)

       Pyrimidine analogs (cytosine and thymine and uracil analogs)

Activation by cellular enzymes

Block Synthesis

Incorporation in DNA, creating stereo-hindrance and inhibition of DNA synthesis

 

     

INHIBITION OF DNA SYNTHESIS



ANTIMETABOLITES:  Inhibits production of Thymidine.

5’ FLUOROURACIL: inhibits  the enzymes (thymidylate synthase (TYMS))
required to generate thymidine for DNA synthesis

ANTIMETABOLITES : Anti-Folate  (METHOTREXATE)

Folic Acid is the B-vitamin is essential for several body function

Human body needs Folate to DNA synthesis and DNA repair.

Methotrexate inhibits dihydrofolate reductase (DHFR) interrupting folate metabolism. 
This compromises thymidine synthesis, but also interferes with purine synthesis

INHIBITION OF DNA SYNTHESIS



INHIBITION OF DNA SYNTHESIS



CHEMOTHERAPIES IN COMBINATION



Which are the limitations associated with 

chemotherapy treatments?



LIMITATIONS

CHEMOTHERAPIES
• Side Effects
 Chemotherapies kill other proliferating cells in the body

 High and Effective doses are toxic

• RESPONSE AND RELAPSE

• RESISTANCE



PROLIFERATING CELLS IN OUR BODY: SIDE EFFECT

Stem cell in the GUT

TOXICITY/INTESTINAL PROBLEM

Stem cell in the bone marrow

ANEMIA/RISK OF INFECTIONS

Stem cells in the hair follicles

LOSS OF HAIR



How can we limit chemotherapy toxicity 

but maintain its efficacy?



NEW PROMISING THERAPIES: 

ANTIBODIES DRUG CONJUGATES (ADCs)



NEW PROMISING THERAPIES: 

ANTIBODIES DRUG CONJUGATES (ADCs) 

Mechanism of action



New promising therapies that will be 

developed over the next years



LIMITATIONS

CHEMOTHERAPIES
• Side Effects
 Chemotherapies kill other proliferating cells in the body

 High and Effective doses are toxic

• RESPONSE AND RELAPSE

• RESISTANCE



RESPONSE AND RELAPSE



RESISTANCE

How does the tumor become resistant to therapies?



Lowe et al. 1993: p53 modulates apoptosis and cytotoxicity

of Anticancer Agents in vitro

p53

Irradiated cells Irradiated cells



Lowe et al. 1993: p53 modulates apoptosis and cytotoxicity

of Anticancer Agents in vitro



Lowe et al. 1994: p53 status and the efficacy of Cancer 

therapy in vivo



Aas et al. 1996: p53 mutations associated with resistance to 

doxorubicin in breast cancer patients



TARGETED THERAPIES



GENOMIC ANALYSIS TO DESIGN NOVEL THERAPIES

CHEMOTHERAPIES
TARGETED 

THERAPIES

INDUCE DNA DAMAGE AND

ACTIVATE THE APOPTOTIC PROGRAM
BLOCK THE ACTIVITY OF AN 

ONCOGENIC PROTEIN ALTERED 

IN CANCER



THE DESIGN OF ANTI-CANCER DRUGS

Disease specific:

• Leukemia

• Lymphoma

• Melanoma

Pathway specific:

• APOPTOSIS

• CELL CYCLE
• PI3K/mTOR

SYNTHETIC LETHAL INTERACTION

• BRCA1/2 and PARP inhibitor (Breast and Ovarian cancer)



FIRST TARGETED THERAPY

BLOCK BCR-ABL in CML



Chromic Myeloid Leukemia (CML)

Genomic:    95% of the cases have 

t(9;22)(q34;q11)



Figure 16.24b The Biology of Cancer (© Garland Science 2007)

BCR-ABL



BCR-ABL

NEJM, 2003



IMATINIB/GLEVEC: First successful example of target 

therapy

Charles Sawyers

Gleevec has been approved in the clinic in 2001



IMATINIB/GLEEVEC



Initial response to therapy 
but then tumor relapse

Normal blood Tumor CML

Initial response to gleevec Tumor relapse



RANDOM MUTAGENESIS SCREEN

triple mutant for DNA 
repair pathway

BCRABL

several mutated copies of 
BCRABL

Introduce random mutations in the gene sequence using a strain of bacteria

deficient in three of the primary DNA repair pathways 



DISCOVER MECHANISM OF DRUG RESISTANCE IN THE LAB

BCR-ABL mutagenize library



Several mutations are associated to Imatinib resistance



Several mutations are associated to Imatinib resistance

cause protein conformation change

http://www.hhmi.org/biointeractive/gleevec-resistant-form-kinase-bcr-abl









Multiple inhibitors to prevent resistance to therapy 



LYMPHOMA AND LEUKEMIA

B-CELL RECEPTOR SIGNALING DEPENDENCIES

B-Cell Lymphomas

Occur in the lymphonodes

Several subtypes

Chronic Lymphocytic Leukemia

(CLL)

The most common type of Leukemia

Increase the number of B-cells

Transform in aggressive lymphoma



IBRUTINIB: BTK INHIBITION

IBRUTINIB: IRREVERSIBLE KINASE INHIBITOR

Approve for the treatment of B-cell malignancies in 2013-2014





DISCOVER DRUG RESISTANCE IN THE LAB-2



MELANOMA: EXAMPLE 3

SKIN TUMOR

~70000 new cases every year

 Resistant to chemotherapies



COMMON GENOMIC LESIONS

V600E



©2012 by American Association for Cancer Research

RAS/RAF and MAPK



RAS AND BRAF V600E MUTATIONS 

IN METASTATIC MELANOMA



Approve for the treatment of melanoma in 2011





DISCOVER DRUG RESISTANCE IN THE LAB-3

Poulikakous et al. Nature, 2011



MECHANISM OF RESISTANCE



THE DESIGN OF ANTI-CANCER DRUGS

Disease specific:

• Leukemia

• Lymphoma

• Melanoma

Pathway specific:

• APOPTOSIS

• CELL CYCLE
• PI3K/mTOR

SYNTHETIC LETHAL INTERACTION

• BRCA1/2 and PARP inhibitor (Breast and Ovarian cancer)



COMMONLY ALTERED PATHWAYS

Receptor Tyrosine Kinases

PI3K/mTOR

Cell Cycle

DNA Damage/p53

Ciriello et al. Nature Gen, 2013



PI3K-AKT-mTOR



PI3K inhibitors/mTOR

http://www.nature.com/nrclinonc/journal/v10/n3/pdf/nrclinonc.2013.10.pdf



PI3K inhibitors

IDELASILIB or CAL101:  Approve for the treatment of 

Leukemia and Lymphoma 2014

          

           Inhibit specific isoform PI3K



mTOR inhibitor

DRUG= RAPAMYCIN/Sirolimus

Isolated in 1960 from a Bacteria growing RAPA NUI (Easter Island)

mTOR= Mammalian Target Of Rapamycin



mTOR inhibitor

mTOR= Mammalian Target Of Rapamycin



mTOR inhibitor

mTOR= Mammalian Target Of Rapamycin

Figure 16.44b The Biology of Cancer (© Garland Science 2007)

SIDE EFFECT: Immunosuppressant/ cardiac problem



mTOR inhibitors approved in the clinic

•Temsirolimus: An FDA-approved first-line 

treatment for advanced renal cancer.

•Everolimus: Approved for certain types of 

cancer, such as renal cell carcinoma, after initial 
treatment with other drugs

Continue development of new mTOR inhibitor

Bivalet inhibitor

https://www.google.com/search?client=firefox-b-d&q=Temsirolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAC
https://www.google.com/search?client=firefox-b-d&q=Temsirolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAC
https://www.google.com/search?client=firefox-b-d&q=Everolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAE
https://www.google.com/search?client=firefox-b-d&q=Everolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAE


Cell Cycle



Cell Cycle Inhibition

http://www.nature.com/nrd/journal/v14/n2/f
ull/nrd4504.html

CDK4/6 Inhbitor : Palbociclib (PD0332991) approved for breast cancer 2015 



Cell Cycle Inhibition/Resistant Patients



RATIONAL COMBINATION THERAPIES

Ciriello et al. Nature Gen, 2013



UNDRUGGABLE ONCOGENES

MYC

RAS



RAS: Oncogene
Ras is a family of proteins including K-RAS, H-RAS, N-RAS

GTPase protein: use GTP to transmit the signal

H-RAS: Harvey sarcoma virus
K-RAS: Kirsten sarcoma virus

The C-terminal of the protein is lipid-modified 

GTPase 
activating protein

(NF1 protein)

Guanine nucleotide 
exchange factors

(SOS protein)



ATP or GTP 

Kinase transmission signal RAS-GTPase signal



RAS alterations in tumors



RAS hotspot mutations

HRAS

K-RAS mutation G12V

NRAS



RAS hotspot mutations maintains the 
protein in a constitutive active form 



RAS downstream signals



RAS and MAPK signaling



UNDRUGGABLE ONCOGENES : RAS

2016 Obama administration launch Cancer Moonshot





Exercises

https://www.nature.com/articles/s41586-019-1694-1

https://www.nature.com/articles/s41586-019-1694-1
https://www.nature.com/articles/s41586-019-1694-1
https://www.nature.com/articles/s41586-019-1694-1
https://www.nature.com/articles/s41586-019-1694-1
https://www.nature.com/articles/s41586-019-1694-1
https://www.nature.com/articles/s41586-019-1694-1
https://www.nature.com/articles/s41586-019-1694-1
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