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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
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Controlling Virus Diseases
Is Difficult

Solutions tend to be
erare
scostly
esometimes ineffective




Viruses Continue to be Important
In Driving Molecular Biology Discovery

Study of viruses helped us discover
*'mMRNA
*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



Overview of Today’s Presentation

*\Why Viruses are Important (& Really Neat)

*Retroviruses Basics

eAbelson Virus & Lessons Learned




Genome Structure of
Oncogenic Retroviruses
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The Life Cycle Involves Reverse Transcription
and Integration into the Host Genome

Receptor 3 ig Endocytic
Interaction \ Uptake
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Integration is an Insertional Mutagenesis Event
and Can Lead to Cancer Development
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Integration Can Lead to Oncogene Capture
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“Helper” Viruses Enable Replication of Most
v-onc Gene Containing Retroviruses

Cell Growth
Pathways

Uncoating &
Reverse Transcription

v-Onc Expression

Integration

Transcription, Genome Production

Gag, Pol, Env Expression

Virion Assembly &
Genome Packaging

Virion Release




Where Do v-onc Gene Containing
Retroviruses Come From?

Approximately 100 independent
oncogenic isolates have been
identified in animals.

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

Study of these viruses has established key principles of oncogenesis.

Key signaling pathways identified
by studying these viruses function
in human tumors.
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Oncogenes Influence the Type of Disease
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Abelson Virus — Another Novel Leukemia Virus
What Have We Learned?

1969
Herbert Abelson, MD, discovers Abelson virus

All infected mice develop leukemia quickly
Abelson virus is required for the leukemia

The cancer has a distinct symptoms



In Vitro Transformation with a Mouse Leukemia Virus
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Transformation Works!

Infected Uninfected
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The v-Abl Protein is Required for Transformation

Owen Witte, MD

v-Abl Protein

Gag SH2 SH1 COOH

v-Abl is a Tyrosine Kinase

Mimics Normal Signals that Make Cells Grow and Survive

Naomi Rosenberg, PhD



Receptor Binding and Cell Division
are Required for v-Abl Expression

Ras

v-Abl Expression

e [— v-abl [T ju—

Integration

Uncoating &
Reverse Transcription

Many Cells Can Be Infected



Transformed Lymphoid Cells Resemble Pre-B Cells

Progenitors

Early Late
LP Pre-Pro-B Pro-B Pre-B Pre-B
DtoJ, VtoDJ, VDJ, VDJ,, VDJ,,
VtoJ, AN
B220
CD43
HSA
BP-1
Transformant % B220 + % HSA + % CD43 + % BP-1 +
1 98 99 96 72
2 76 99 98 95
3 99 99 92 99
4 97 91 92 99



Abelson Virus Infects Pre-B Cells
and Blocks Differentiation

Selection

Expansion
Pre- B Cell Productive Differentiation
Light Chain Rearrangement -

Rearrangement B Cell

4
/ -
Nonproductive

Apoptosis

Nonproductive

Rearrangement/

Apoptosis .

Rapidly Proliferating
Highly Malignant
Transformed Pre-B Cells




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 Signhaling Pathways But Which Ones are Key?
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What Cellular Factors Cooperate with the
abl Oncogene to Induce Malignant Disease?

Ab-MLV Altered Differentiation
\ Ras, Myc,
PI13-K p19Arf & p53
—_— >
: ; Tumor
Pre-B cell Proliferative Suppressors
infection Response Activated
Tumor
Suppressor
DNA Repair Mutations
Deficiencies

Altered Apoptosis

Fully malignant
clone

<

Additional Genetic
& Epigenetic Changes



How Did Work with This Virus
Advance Research on Human Cancer?

Mechanisms of Virus-Induced Transformation

Human Leukemias and Drug Therapy




Chronic Myelogenous Leukemia
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Leukemia Cells in the Blood
of a CML Patient

20% of all Leukemias

1-1.5 Cases per 100,000 People
Chronic Phase of 3 - 4 Years
Blast Phase of 3 - 6 Months

Disease Arises in Hematopoietic Stem Cells



CML Cells Have a Unique Chromosome Abnormality
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David Hungerford, MD



Abl is Linked to CML

Chr9 Ph1
Chr 22
= —Bcr/Abl
q11 _<g—c-bcr '
v
q34— —c-abl 9+ 22qg-
BCR SH3 SH2 SH1 COOH

P210 Bcr/Abl John Groffen, PhD



ABL 1s Associated with Other Leukemias

BCR SH3 SH2 SH1 COOH CML ~100%
P210 BCR/ABL

BCR SH3 SH2 SH1 COOH B-ALL - 25-30%
P190 BCR/ABL

BCR SH3 SH2 SH1 COOH CML, Myeloid Leukemias, T-ALL - ~1%

P230 BCR/ABL

SH3 SH2 SH1 COOH Various (ALL, CML, MPD) - <25 cases

ETV6/ABL

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



P210 BCR-ABL Expression Causes CML in Mice

[T"BcrABL  HiresHimgmum—1 |

\ Stem Cell - B S '
Infect in Enriched _ _
Culture Bone Marrow CML-like Disease
Cells Develops from
BCR/ABL

positive cells

Expand in
Cytokine-rich
Cocktail

Transplant
Irradiated
Mice




Understanding Basic Mechanisms Leads
to New Drug Development

Alex Matter, MD

Brian Druker, MD

Nicholas Lydon, PhD

50% NCI
10% Novartis
10% Oregon Health Sciences University
30% Leukemia and Lymphoma Society




The Steps to Developing Imatinib

1960 1969 1972 1975 1978 1980 1984 1990 1993 1998 2002

I | | | | |

Abelson Virus
Makes Cells . The First Patients
Malignant RlalMacols are Treated

of CML Developed
Philadelphia

Chromosome
Discovered

Chromosome
Translocations The FDA Approves
Found in Leukemia Abl is Found The Search for Imatinib

Its Function is Discovered Specific Drugs Begins

Abl is Linked
to CML



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



Ab-MLV

HZ2-FeSV
BCR/ABL

c-ABL

C. elegans to Man

The Abl Family of Oncogenes

P120 v-Abl
P160 v-Abl

P110 v-Abl

P210 Bcr/Abl
P190 Bcer/Abl

P150 c-Abl

Pre-B Cell Lymphoma

Fibrosarcoma

Chronic Myelogenous Leukemia
Acute Lymphocytic Leukemia

Neurological and Lymphoid Development
Cell Cycle; Stress Responses
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