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Tumor viruses and oncogenes

References

(1) “The Biology of cancer” (2006) by Weinberg R. , Chapter 3 & 4. 

(2) “Principle of Virology” (2000) by Skalka A. et al., Chapter 16

(3) “Viral carcinogenesis: revelation of molecular mechanisms and 

etiology of human disease” (2000), Carcinogenesis, Vol.21, 

page 405-426.



Tumor viruses (oncogenic viruses)

1. Tumor viruses: viruses that directly cause cancer in either experimental 
animals or humans 

- RNA viruses
- DNA viruses

2. Viruses as etiological factors of human cancer (~15% of all human tumors
worldwide are caused by viruses)  

3. Tumor viruses contributes to:
(1) the formation of current concepts of cancer biology 

- molecular mechanisms of cancer formation
(2) the recognition of the etiology of some human cancers 

4. Viruses are usually not complete carcinogens in human cancers;  tumor 
viruses establish long-term persistent infections in human, with cancer 
an accidental side of viral replication strategy

5. The best-characterized mechanisms of transformation by tumor viruses 
fall into two major classes
(1) permanent activation of mitotic signal transduction cascades
(2) disruption of the circuits that regulate cell cycle progression   
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Tumor viruses and human tumors

A small but significant proportion of human cancers are caused by mechanisms 
that involve viruses, bacteria or parasites (15%). The main contributors are DNA 
tumor viruses. Evidence for their involvement comes partly from the detection of
viruses In cancer patients and partly from epidemiology
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Transforming retroviruses (oncogenic retroviruses)

1. Identification of first retroviral oncogene from avian 
Rous sarcoma virus (RSV)

2. Oncogenes in avian or murine retroviruses are not viral genes:
they derived from transduction of normal cellular genes
(retroviral transduction)

3. Although there are no known human tumor viruses comparable 
with the acute-transforming viruses that transduce cellular genes, 
but many oncogenes identified in acute-transforming retroviruses 
are later found to be involved in human cancers

4. Transforming retroviruses carry oncogenes derived from cellular
genes that are involved in mitogenic signaling & growth control 

5. Retroviruses that associated with human cancers:
Human T-cell leukemia virus (HTLV-1), HIV-1

proto-oncogenes
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Peyton Rous discovered a chicken sarcoma virus 
called Rous sarcoma virus (RSV)
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Rous sarcoma virus is discovered to transform infected cells in culture 

- Transformation: conversion of a normal cell into a tumor cells
- RSV-infected cells exhibit morphological changes
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Rous sarcoma virus is discovered to transform infected cells in culture 

Transformed cells forming foci (clusters) due to loss of cell-contact inhibition

Process of cellular transformation can be accomplished within the 
confines of a Petri dish 
- cancer formation could be studied at the level of individual cells
- cancer is a disease of malfunctioning cells rather than abnormally
developing tissues
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The continued presence of a transforming gene is needed to 
maintain transformation

The viral transforming gene was required to both initiate and maintain 
the transformed phenotype of virus-infected cells
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Discovery of oncogenic viruses from Rous sarcoma viruses (RSV)

RSV: Rous sarcoma virus
(by Peyton Rous, 1911)

ALV: avian leukemia virus

acute transforming virus

weakly transforming virus

RNA genome ~ 10 Kba

RNA genome ~ 8.5 Kb
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How RSV acquire additional src gene? 
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The structure of a retrovirus 
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The life cycle of retrovirus

Retroviral genomes become integrated into the chromosomes of infected cells

RNA DNA RNAIntegrated DNA (provirus) 12



Activation of proto-oncogene by retroviral transduction

Transduction: 
acquisition of eukaryotic 
sequences by retroviruses
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Capture of src by ALV leads to formation of RSV

RSV exploits a kidnapped cellular gene to transform cells
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The discovery of proto-oncogenes

- The retroviral oncogenes originated
from normal cellular genes (proto-oncogenes)

- Mutation of cellular gene might lead to  
oncogenecity (many oncogenes identified 
in oncogeneic retroviruses are later found
to be involved in human cancers)

A version of the src gene carried by RSV 
is also present in uninfected avian cells

* Some RSV mutants are
transformation-defective
but replication-competent
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Most oncogenic transforming viruses are replication-defective

*
*

*

- Oncogenes in avian or murine retroviruses are not viral genes; they 
derived from transduction of normal cellular genes (proto-oncogenes) 

*

(ALV)

(RSV)
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Replication-competent viruses
(nontransducing viruses; helper viruses)

ex: ALV

Replication-defective viruses
(transducing viruses; transforming viruses)

Features of oncogenes activated by retroviral transduction
(a) Over-expression 
(b) Deletion (truncation)
(c)   Point mutations
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v-Src is a dominant active form of c-Src

proto-oncogene
A normal gene have the
intrinsic potential to 
become  oncogene

viral oncogene
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An abnormal gene with
ability to induce transformation 
and tumorigenicity



-The vertebrate genome carries a large group of proto-oncogenes
- More than thirty distinct vertebrate proto-oncogenes have been 

discovered through this route

*
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RNA viruses contribute to the formation 
of current concepts of cancer biology 

Cancer research Retrovirus biology

Focus assays (1958) Provirus hypothesis
(1964)

RSV
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Viruses containing DNA molecules are also able to induce cancer

*
*

*
*
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Large T antigens bind and inactivate 
Rb and p53

Oncogenic proteins in DNA tumors
are viral proteins encoded by viral
genome

Permissive vs. nonpermissive cells 

SV40 and polyomavirus serve as models 
to study DNA tumor virus-induced cellular
transformation

Viral genomes persist in
virus-transformed cells 
by becoming part of host
genome (<0.1%)
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DNA tumor viruses 

1. Encode oncogenes of viral origin that are essential for both viral  
replication and cellular transformation; study of DNA tumor
viruses lead to the discovery of cellular tumor suppressor genes

*ex: large T antigen from SV40 virus interacts with Rb and p53. 
*ex: in adenoviruses, E1A interacts with Rb, and E1B interacts with p53 

2. Induce transformation by
(1) Disruption of the circuits that regulate cell cycle progression 

(2) Activation of cellular mitogenic signal transductuin pathways
by altering  activity or expression level

*ex: LMP-1 of Epstein-Barr virus acts as constitutively active receptor to 
alter cellular gene expression 

*ex: The human papillomavirus E5 protein increase concentration of the cell
surface EGF receptor

*ex: Polymavirus middle T protein can function as virus-specific adaptor to 
activate abnormal signal transduction 

*ex: SV40 virus small T antigen inhibit activity of protein phosphatase 2A 
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Tumor viruses induce multiple changes in cell phenotypes
including acquisition of tumorigenicity

*
*
*

*

Transformation: conversion of a normal cell into a tumor cells

Tumorigenicity: tumor formation in host animals 
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Focus assays
- To detect loss of cell-contact inhibition

v-Src

Control
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Soft agar assays
- To detect loss of anchorage-independence

Control v-Src
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In vivo tumorigenesis assays

RK3E/v-Src cells RK3E/ cells

4/5, 5/5 0/5, 0/5

2/5 0/5

Immunocompromised host

syngeneic host 
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Activation of proto-oncogenes

RNA virus-related 
Retroviral transduction
Promoter/enhancer insertion
Trans-activation

DNA virus-related 
Altering activity/expression of host growth-related genes
through protein-protein interaction   

Non-viral 
Point mutation
Amplification
Chromosomal translocation
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Promoter/enhancer insertion by retroviruses

Insertion of ALV at the c-myc locus

- Slowly transforming retroviruses (ex: ALV) activate proto-oncogenes
by inserting their genomes adjacent to these cellular genes

- This insertion places the myc under the control of the viral transcriptional 
promoter, which leads to over-expression of myc gene

**Insertional mutagenesis: 
Insertion of the viral genome adjacent to into cellular genes in cellular chromosomes
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Conversion of c-myc gene into an oncogene by insertional mutagenesis 

Insertion of ALV at the c-myc locus leads to overexpression of Myc protein
30
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Human retroviruses
HTLV-1 (human T-cell leukemia virus 1)

- The only currently accepted human tumor virus from the retrovirus family 
- Associated with adult T cell leukemia/lymphoma (ATL)
- This virus carries oncogene “tax”
- Tax protein: a transcription factor, function in viral replication, also

responsible for enhanced transcription of viral and cellular genes 
that promote cell growth factor and dysfunction of cellular 
regulatory tumor suppressor genes Mechanisms of HTLV-I-induced cellular

transformation

p.s: 
Other host factors and virus-host 
interactions also contribute to genesis 
of ALT, ex: virus strain, HLA haplotype,
route of infection, and immune response
to HTLV-I 

Virology (2003), Vol. 308, Page 1-12 32



Activation of proto-oncogenes

RNA virus-related 
Retroviral transduction ex: RSV

Promoter/enhancer insertion ex: ALV

Trans-activation ex: HTLV-1

DNA virus-related 
Altering activity/expression of host growth-related genes
through protein-protein interaction   

Non-viral 
Point mutation
Amplification
Chromosomal translocation
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RNA tumor viruses Oncogenes
Mitogenic
signal transduction
pathways

Proto-oncogenes

DNA tumor viruses Tumor suppressor genes

Cell cycle regulation
- Most types of human cancer clearly did not spread from 

one individual to another as an infectious diseases

- By studying tumor viruses and their mechanisms of action, research found
that cancer is a disease of genes and thus a condition that was susceptible 
to analysis by the tools of molecular biology and genetics
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The inability o find tumor viruses in the majority of human 
cancers in the mid-1970s left researchers with one main 
theory of how most human cancers arises: that carcinogens
act as mutagens and function by mutating normal 
growth-controlling genes into oncogenes
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Transfection of DNA provides a strategy for detecting 
non-viral oncogenes

- The donor tumor DNA carried one or several genetic elements that were able 
to convert non-tumorigenic NIH3T3 recipient cell into a cell that was strongly
tumorigenic

- DNA extracted from cell lines derived from human bladder, lung, and colon 
carcinomas were found capable of transforming recipient NIH3T3 cells.
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Molecular cloning of cellular oncogene ras
from human cancer cells by gene transfer 
assays (Robert Weinberg, 1981)

- Direct evidence to show the involvement of 
cellular oncogene in human cancers

- Ras sequence identified from this method contains
point mutation, and is homologous to oncogenic Ras
carried by transforming murine sarcoma viruses. 

- Proto-oncogene vs. viral oncogene
vs. cellular oncogene

- The same cellular proto-oncogene
could be affected by viruses, 
by chemical carcinogenesis, or
by non-viral somatic mutations
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Mutation responsible for H-Ras oncogene activation 

38



Growth factor signaling 
via the Ras pathway
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Constitutive activation of Ras
oncogenes in cancer cells 

- The first human transforming oncogene
- Ras mutation are found in 20% of human

cancers
- Position 12, 13 and 61 are most 

frequently mutated amino acid
in Ras gene found in retroviruses 
and various types of human cancers 

GEF: guanine nucleotide-exchange factor

GAP: GTPase-activating proteins



Oncogenes originally discovered in transforming retroviruses could be 
found in human tumor cell genomes

*

*

*

*
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Oncogenes (致癌基因)

1. Defined by their ability to transform cells in culture or induce cancer in animals
2. Gain-of-function mutations of proto-oncogenes (cellular counterpart of oncogenes) 
3. Dominant effect: mutations in only one of the two alleles is sufficient for inducing 

oncogenesis
4. Originally identified from transforming retroviruses (viral oncogenes) 
5. Identification of cellular oncogenes in human cancers by gene transfer assays 
6. Proto-oncogenes can be activated by genetic changes affecting either protein 

expression or structure
7. Actions of oncogenes: uncontrolled growth-promoting signals 

(a) production of hyperactive products (qualitative changes) 
* example: constitutive Ras activity in cancer cells 

(b) over-expression of protein products (quantitative change) 
* example: overexpression of Myc

8. Mechanisms to activate proto-oncogenes
(a) retroviral transduction : v-src
(b) promoter/enhancer insertion (insertional mutagenesis): myc
(c) point mutation: ras oncogene
(d) amplification: erbB, myc
(e) chromosomal translocation: myc
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Amplification of the erB2/neu oncogene in breast cancers

Southern blot 
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Amplification of the erB2/neu oncogene in breast cancers
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* *

* : gene amplification

* : aberrant transcriptional 
activation



Elevation of expression of 17q genes together with
overexpression of HER2/Neu/erbB2

*Genes flanking HER2 were also over-expressed in a number of these tumors
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N-myc amplification and childhood neuroblastomas

- Amplification of the N-myc gene occurs
in about 40% of advanced pediatric
neuroblastomas

HSRs:
homogeneous staining regions

The increased gene copy numbers result in corresponding increase
in the level of gene products
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Chromosomal translocations in Burkitt’s lymphomas
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Chromosomal translocation in Burkitt’s lymphomas

*

This translocation places c-myc gene under the control of IgH
promoter/enhancer, and leads to overexpression of myc gene
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*

49



Formation of the bcr-abl oncogene by chromosomal translocation

* formation of a fusion protein
(with uncontrolled activity)

Structural changes in proto-oncogenes can also lead to 
oncogenic activation
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Formation of the bcr-abl oncogene by chromosomal translocations
were found in different types of human leukemia

Different breakpoints in bcr are observed in the chromosomal translocations 
encountered in different types of human leukemia
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Almost all of these have been found in leukemias and lymphomas
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Proto-oncogenes can be activated by genetic changes
affecting protein expression 

c-myc proto-oncogene can be activated by retroviral transduction, 
provirus insertion, gene amplification, and chromosomal
translocation. All of these mechanisms lead to overexpression
of myc gene.  

Structural changes in proto-oncogenes can also lead to 
oncogenic activation

c-ras proto-oncogene can be activated by retroviral insertion and 
somatic mutations. Both mechanisms result in oncogenic ras with 
point mutations

Both activation mechanisms (regulatory and structural 
alterations) might collaborate to create an active oncogene

H-ras carries by Harvey sarcoma virus contains a point mutation 
and is over-expressed 
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Deregulated signaling of growth factor receptors

Structural changes in proto-oncogenes can also lead to 
oncogenic activation
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