Viral Oncogenesis

I. Transformation

a. Expression of viral genes, which alter morphology and biochemical properties of neoplastic cells or tumor cells. 
b. Termed neoplastic transformation (malignant transformation)
c. Single-hit event
d. Transformed cells may or may not produce tumors in humans or animals. 
e. All DNA viruses(except: Parvoviridae) have transforming potential. 
f. All DNA viruses require integration except Papillomavirdae
g. Transformation follows infection of non-permissive cells
h. The virus may express transforming proteins. 
i. Retroviruses are the only RNA viruses with demonstrated oncogenicity.
j. 3 Viral mechanisms for oncogenicity:
i. Virus genome contains cellular oncogene
ii. cis activating retroviruses have no oncogenes but activate cellular oncogene in situ.
iii. trans-activating retroviruses have no oncogene but carry a viral transactivating protein. 
II. Transduction

a. Transfer of genetic material from 1 host to another
b. V-onc’s originated as cellular sequences(protooncogenes or c-onc’s) acquired by retroviruses and can be transferred to host cell. 
i. Ex: src(Sarcoma)gene
III. Tumorigenicity

a. If have a susceptible host and producing tumor in host then can say virus is tumorigenic.
IV. Tumor Viruses

a. Contain DNA or generate DNA provirus after injection
b. DNA Viruses: HHAPPy (not Parvavirus)
c. RNA Viruses: Retroviridae (provirus DNA made by viral reverse transcriptase) 
i. Highly oncogenic: carry cellular oncogenes
ii. Weakly oncogenic: do not carry oncogenes
d. DNA Tumor Viruses vs. RNA Tumor Viruses

	DNA Tumor Viruses
	RNA Tumor Viruses

	1. Replicate in certain cells of natural host 
	1. May cause tumors in natural hosts.

	w/o producing tumors.
	

	2. Replicate in permissive cells and transform
	2. Transform both permissive and non-permissive cells

	non-permissive cells.
	

	3. Permissive aren't transformed unless virus 
	3. Non-lethal to infected cells

	replication cycle is blocked in some way.
	

	4. Cells permissive to one virus may be 
	4. Leukemia infected cells grow normally

	non-permissive to the other virus.
	5. Sarcoma infected cells grow like tumors

	5. Portion of viral DNA integrates.
	6. Viral RNA is reverse transcribed into cDNA which 

	
	integrates. 

	
	7. Very few copies (perhaps only 1) of viral genome are 

	
	integrated in a transformed cell.


V. Cellular Transformation

a. Tumor viruses introduce new transforming genes or, 
b. Cause induction or alteration expression of preexisting cellular gene.
VI. Oncogene Activation

a. Transduction by a retrovirus
i. Recombination btw cellular protooncogenes and viral genome
ii. Captured cell gene gets mutated(point, deletion, substitution) and transcribed under strong viral signals.
b. Insertional mutagenesis

i. Insertion of promoter next to cellular proto-oncogenes results in enhanced expression of the cellular proto-oncogene under the influence of viral enhancer sequences. 
c. Translocation

i. Translocation of protooncogene from normal location to area near a strong promoter, which activates a protooncogene.  
d. Gene amplification

i. Increase in number of copies of a certain gene that results in increased amt of gene product. 
e. Mutations

i. Alterations in proto-oncogenes due to mutations or deletions will alter the product.
VII. RNA Tumor Viruses

a. HTLV 1(T cell leukemia) expresses large quantities of IL-2 membrane receptors.
b. Detected by presence of viral DNA and proteins in malignant cells. 
c. Transregulating retrovirus, carries tax gene. 
d. Tax gene is necessary for viral replication in vivo and may contribute to oncogenecity. 
e. Proviral DNA in T-cell is not in normal cells.  
f. Has trans and cis activating genes.
VIII. Tumor Virus Functional Genes

a. DNA Viruses
i. Do not bring oncogene with them.
ii. Transforming gene products complex with normal cell proteins (Rb and p53). 
b. RNA Viruses

i. Retroviruses carry transduced cellular oncogenes.
ii. Oncogenes have no role in viral replication.
IX. DNA Tumor Viruses: Papovaviridae(Polyomaviruses)

i. SV40 & polyoma
ii. SV40 codes for 2 Ag’s: large “T” & small “t” (early proteins)
iii. T-Ag is target for cytotoxic T-cells
iv. T-Ag is tightly complexed with p53 and Rb. 
v. Polyomaviruses code for Large “T”, middle “T”, and small “t” Ag’s. 
vi. Large T Ag complexes with p53 and Rb gene products. 
vii. Middle T Ag is membrane bound where it complexes with c-src protein and activates tyrosine kinase.
viii. Human papovavirus BK & JC not associated with human disease.
X. DNA Tumor Viruses: Papovaviridae(Papillomavirus)

i. Found in vulvar, cervical, and penile cancers (HPV-16 & 18)
ii. Tobacco smoke + herpes infection = progression of HPV lesions to carcinomas.
iii. Early Transforming Proteins E6 & E7 complex with p53 & Rb
XI. DNA Tumor Viruses: (Adenoviruses)
i. Transform rodent cells and induce early antigenic proteins in nucleus & cytoplasm of transformed cells. 

ii. E1A complexes w/Rb protein
iii. E1B complexes w/p53
XII. DNA Tumor Viruses: (Herpesviruses)

a. HHV-1,2 and 5 transform at low frequency
b. HHV-2 linked to carcinoma of cervix
c. HHV-4 infects B-lymphocytes ( leads to B-cell lymphomas
d. HHV-4 also linked to Burkitt’s Lymphoma & nasopharyngeal carcinoma. 
e. C-myc is transposed from chromosome 8 to 14. 
XIII. DNA Tumor Viruses: (Pox Viruses)

a. Molluscum contagiosum produces benign growths
b. Theory: Poxvirus-coded growth factor that is related to epidermal growth factor and to transforming growth factor(TGF) may be responsible for proliferative disease
c. Chicken Pox and Small Pox
Responses to Viral Infections

I. General Features

a. Virus-host interaction

b. Severity of disease depends upon viral strain, inoculum size, general health of individual and effectiveness of immune system

c. Tropism – Many disease by one host OR one disease by many hosts (Ex. Herpes A, B, C all cause disease of liver)

d. Virulence factors – Efficiency of replication, transmission, binding to target tissue, escape of immune recognition

e. Infection of tissue target

i. Entry of the virus – skin breaks, mucoepithelial membranes (eyes, mouth, genitalia, respiratory and GI tract)

ii. Dissemination

1. Primary site of replication

2. Spread – local (warts), neuronal (rabies), viremia (in blood), reticuloendothelial and lymphatics

II. Viral Pathogenesis

a. Cytopathogenesis

i. Lytic ------permissive----( inclusion body

ii. Nonlytic ----nonpermissive --( transformation

iii. Latency – only viral nucleic acid and it is found only in the regional ganglion

b. Oncogenic viruses

i. DNA viruses – transformation, tumor antigens, proto-oncogenes and oncogenes, and tumor suppressor genes

ii. RNA viruses – Oncornaviruses, retroviruses, HTLV-1

III. Host Defence

a. Natural barriers – Skin, mucous, gastric and bile juices, ciliated epithelial cells

b. Non-specific response – fever, interferon, macrophages and NK cells

c. Specific response – Humoral (neutralization, opsonization, protection), Cell-mediated (T-cells: CD4+ and CD8+)

i. Neutralization – makes antibody to antigen, thus neutralizing its effect

d. Immune response to viral challenge

i. Primary response – after lag time develop more IgM than IgG but total Ig level is still low

ii. Secondary response – rapidly develop tons of IgG and little IgM and total Ig levels are high 

IV. Epidemiology

a. Reservoirs 

b. Transmission

c. Geographic and Seasonal preference (measles and small pox)

d. Outbreaks – epidemics and pandemics

e. Control – Quarantines, insecticides, and vaccines

V. Viral Mechanisms for escaping the immune response

a. Evading detection

i. Hidden from antibodies: (Ex. HSV lies dormant in ganglia)

ii. Decreased antigen presentation (Ex. Adenovirus inhibits MHC class I expression, HSV, Paramyxovirus forms synctia of infected cells)

b. Preventing activation

i. Antigen variation (Ex. HIV and influenza)

ii. Cytolysis of lymphoid cells (Ex. HIV)

c. Blocking the delivery – Interferon, immune system

d. Coding immunosuppressive proteins

i. IL-10 blocks IFN( or inhibtion of inflammation (IL-1 or TNF)

VI. Immunopathology

a. CD4+ - immune cytolysis

b. Interferon and lymphocytes

c. Cell damage by complement activation

d. Delayed type hypersensitivity (Type IV) – Ex atypical measles

e. Inflammation

i. Cell mediated – ex. measles and mumps

ii. Large amount of antigen – ex. type III hypersensitivity; HBV

VII. Factors involving viral disease

a. Prodrome or incubation period

i. Acute Disease

ii. Acute disease with complications – Ex. measles goes to brain after 10-15 years

iii. Latent disease – Ex. Hepatitis B – waits for a few months and then shows up

iv. Chronic disease – takes years before the disease shows up

b. Exposure – vocation, lifestyle, hygiene, travel

c. Immune status – physiological state, other infections and immunosuppression

d. Age – childhood or adults (latent or immunosuppressed)

e. Other factors – nutrition, genetics, immunosuppression (therapy or infections)
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