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Viruses are Common

They are everywhere & there are a lot of them

Bacterial virus biomass exceeds that 
of all elephants on the planet!

Viruses infect all living things

They enter through our lungs, our digestive 
tract, eyes, micro-breaks in epithelium

Our bodies harbor many types of viruses
human & animal viruses
bacterial viruses  
plant viruses



Viruses are Important Causes of Disease

They have caused important 
human diseases for centuries

Animals & plants can 
also be devastated  



Controlling Virus Diseases
is Difficult 

Solutions tend to be
•rare 
•costly 
•sometimes ineffective



Viruses Continue to be Important 
in Driving Molecular Biology Discovery

Study of viruses helped us discover
•mRNA
•Splicing
•Enhancers and Repressors
•Mechanisms of DNA Replication
•Mechanisms of Translational Control
•miRNA 
•Mechanisms of Macromolecular Assembly

Viruses can be used to change and manipulate biology
•Virus vectors speed molecular discovery 
•Gene therapy



Fundamental Properties of Viruses

Viruses are intracellular obligate parasites

Viruses carry their genetic information as nucleic acid

• Either DNA or RNA – not both

Viruses orchestrate synthesis of viral components 
using host cell machinery

Progeny viruses form by self-assembly of newly
synthesized components inside cells 

Progeny viruses disseminate to new cells to continue replication 
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Genome Structure of 
Oncogenic Retroviruses



The Life Cycle Involves Reverse Transcription
and Integration into the Host Genome



Integration is an Insertional Mutagenesis Event 
and Can Lead to Cancer Development



Integration Can Lead to Oncogene Capture





Where Do v-onc Gene Containing 
Retroviruses Come From?

Approximately 100 independent
oncogenic isolates have been

identified in animals.

Key signaling pathways identified 
by studying these viruses function 

in human tumors.

Study of these viruses has established key principles of oncogenesis.

In a natural setting, v-onc gene 
containing retroviruses are not 

transmitted horizontally.

http://www.probertencyclopaedia.com/j/Rat.jpg�
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Oncogenes Influence the Type of Disease
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Abelson Virus – Another Novel Leukemia Virus
What Have We Learned?



In Vitro Transformation with a Mouse Leukemia Virus



v-Abl functions is a tyrosine kinase like the RSV-
encoded v-src protein

Infected Uninfected

Transformation Works!
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The v-Abl Protein is Required for Transformation



Many Cells Can Be Infected







Ab-MLV Stimulates Erythroid and Lymphoid Cells

Fetal erythroid cells are stimulated to grow but don’t 
transform

Lymphoid cells transform

Outcome reflects the context in which the
v-onc gene is expressed



The Answer Must Lie in Signaling Pathways But Which Ones are Key?
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ABL is Associated with Other Leukemias

Other translocations occur rarely
All active the tyrosine kinase activity of ABL



P210







Implications and Challenges Following Approval 
Of Imatinib

Has lengthened the chronic phase of CML but <10%
achieve molecular remission for > 2 years;

Basis for next generation inhibitors (Nilotinib, 
Dasatinib, others);

Patients develop resistance by multiple mechanisms;

Not effective for all BCR/ABL-related diseases

Paved the way for other targeted cancer therapeutics
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