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Risk factors

• About 15% of all cancers worldwide are believed to 

be caused directly or indirectly by infectious agents, 

with the burden of cancers linked to infections being 

roughly three times higher in the developing world 

than in the developed world.

• Smoking particularly of cigarettes, has been 

implicated in cancer of the mouth, pharynx, larynx, 

esophagus, pancreas, bladder, and most 

significantly, about 90% of lung cancer.



Risk factors
• Alcohol abuse alone increases the risk of 

carcinomas of the oropharynx (excluding lip), larynx, 

and esophagus and, by the development of alcoholic 

cirrhosis, hepatocellular carcinoma. 

• Alcohol and tobacco together synergistically 

increase the risk of cancers in the upper airways and 

digestive tract.

• There is strong evidence that lifelong cumulative 

exposure to estrogen stimulation, particularly if 

unopposed by progesterone, increases the risk of 

cancers of the breast and endometrium.

• Excess cancer deaths of all types have been 

attributed to obesity





Age

• Most carcinomas occur in the later years of life (>55 

years of age). 

• Cancer is the main cause of death among women 

aged 40 to 79 and among men aged 60 to 79 years 

of age

• This may reflect both accumulation of somatic 

mutations as well as diminished immune 

surveillance



Age

• Malignancy is the cause of death in 10% of those 

younger than 15 years of age

• Acute leukemia and central nervous sysgtem

neoplasms are responsible for approximately 60% of 

childhood cancer deaths. 

• The common neoplasms of infancy and childhood 

include neuroblastoma, Wilms tumor, 

retinoblastoma, acute leukemias, and 

rhabdomyosarcomas.



Chronic inflammation
• As with any cause of tissue injury, each of these 

disorders is accompanied by a compensatory 

proliferation of cells that serves to repair the 

damage. 

• In some cases, chronic inflammation may increase 

the pool of tissue stem cells, which may be 

particularly susceptible to transformation. 

• Additionally the activated immune cells produce 

reactive oxygen species that are directly genotoxic. 

• Inflammatory mediators may promote bystander cell 

survival, even in the face of genomic damage. 

• Alterations may allow cells with potentially 

oncogenic mutations to survive







Human papilloma virus 

oncogenesis

• In benign warts, the HPV-1 genome is maintained in 

a nonintegrated episomal form.

• Condyloma accumulata have low malignant 

potential and are associated with low-risk HPVs, 

predominantly HPV-6 and HPV-11. 

• A large number of infected persons clear the 

infection through immunologic mechanisms.

• Clonal  cell proliferation. 



Human papilloma virus 

oncogenesis
• The HPV genome is integrated into the host 

genome in squamous cell carcinomas.

• The replication of DNA viruses is dependent on the 
replication machinery of the host cells 

• The viral DNA is interrupted at a fairly constant site 
in the process of integration: 

• It is almost always within the E1/E2 open reading 
frame of the viral genome. 

• Because the E2 region of the viral DNA normally 
represses the transcription of the E6 and E7 early 
viral genes, its interruption causes over-expression 
of the E6 and E7 proteins.  



Human papilloma virus 

oncogenesis

• The E6 protein binds to and mediates the 

degradation of p53, and also stimulates the 

expression of TERT. 

• Human TP53 is polymorphic at codon 72, 

encoding either a proline or arginine residue at that 

position. 

• The p53 Arg72 variant is much more susceptible 

to degradation by E6.



Human papilloma virus 

oncogenesis

• E7 binds to the RB protein upregulating CYCLIN E 

and displaces the E2F transcription factors that are 

normally sequestered by RB

• Promotes progression through the cell cycle.

• E7 also inactivates the CDK inhibitors p21 and p27. 

• Thus, E6 and E7 block p53 and RB cell cycle 

suppression pathways and induce centrosome 

duplication as well. 





Human papilloma virus 

oncogenesis

• High-risk HPVs (types 16, 18, 31) have been 

implicated in the genesis of squamous cell 

carcinomas:

• Cervix

• Penis

• Anogenital region

• Head and neck 

• Particularly tumors arising in the tonsillar 

mucosa



Adenovirus oncogenesis

• While adenovirus is not known to be oncogenic in 

humans, adenovirus encodes for tumor antigens.

• These are translated from early gene transcripts 

(E1A, E1B). 

• E1A and E1B are nuclear oncogenes that down-

regulate mRNA synthesis.



Adenovirus oncogenesis

• Tumor antigens from the E1A region bind to the 

gene product of the RB gene

• Those of E1B bind to the gene product of p53.

• One of the protein products of E1B also blocks the 

function of tumor necrosis factor, TNF

• The E3 transcription unit for some adenoviruses can 

block expression of MHC I antigens and block the 

actions of TNF.



Epstein-Barr virus oncogenesis

• EBV-1 is virus found in US and Europe. 

• Both EBV-1 and EBV-2 are equally distributed 

elsewhere.

• Many people develop EBV infections as children after 

age 1. In very young children, symptoms are usually 

nonexistent or so mild that they aren’t recognized

• Generally presents with fever, swollen lymph nodes 

in neck and axillae, fatigue, and a sore throat

• An erythematous rash may be seen in skin or oral 

mucosa

• The spleen may enlarge



Epstein-Barr virus oncogenesis

• Primary target cell for EBV is the B-cell.

• Envelope glycoprotein 350/220 binds to CD21 (CR2, 

the C3d receptor). 

• Potent B-cell mitogen. 

• Leads to production of heterophile antibodies.

• Secondary target cell for EBV is the epithelial cell 

within the oropharynx (especially the parotid 

glands). 

• EphrinA2 receptor

• Envelope glycoprotein 350/220 binds to α5/β1 

integrin, but not efficiently.



Epstein-Barr virus oncogenesis

• The infection of B cells is latent; that is, there is no 
viral replication and the cells are not killed. 

• However, B cells latently infected with EBV express 
viral proteins that result in the ability to propagate 
indefinitely (immortalization).

• Viral DNA circularizes in host cell genome as DNA 
episome and replicates in S-phase. 

• EBNA-1 is essential to persistence of the genome  

• Latent infection.

• Epithelial cells serve as reservoir. 

• Virus shed in saliva throughout life span of host. 



Epstein-Barr virus oncogenesis

• EBNA-2 activates CD23 (allowing naïve B cells to 

enter germinal centers, be infected, and emerge) as 

well as upregulates EBV genes. 

• EBNA-2, encodes a nuclear protein, CBF1, that 

mimics a constitutively active Notch receptor. 

• EBNA-2 transactivates several host genes, including 

cyclin D and the SRC family of proto-oncogenes. 

• It is essential for immortalization of the B-cell.

• Viral DNA maybe incorporated into cell genome but 

cannot complete the replication cycle  as viral genes 

essential for replication are interrupted during 

integration of viral DNA (abortive infection). 



Epstein-Barr virus oncogenesis

• LMP-1 behaves like a constitutively active CD40 

receptor

• Receives a helper T-cell signals that stimulate B-

cell growth. 

• LMP-1 activates the NF-κB and JAK/STAT signaling 

pathways and promotes B-cell survival and 

proliferation

• Occurs autonomously in EBV-infected B cells.

• Thus, the virus adopts B-cell activation pathways to 

expand the pool of latently infected cells. 



Epstein-Barr virus oncogenesis

• LMP-1 also induces early protein BHRF-1 (a 

homologue of bcl-2) and engages TNFR, 

immortalizing the cell. 

• LMP-1 allows the B-cell blast to become a 

resting memory cell. 

• As it also possesses T-cell epitopes and induces 

expression of adherins, infected B-cells may be 

found in clusters with infected T-cells, evading 

surveillance.



Epstein-Barr virus oncogenesis

• Cells that become persistently infected  and express 

LMP-2 lead to destruction of the host cell (lytic

infection). 

• LMP-2 serves as a substrate for SRC tyrosine 

kinases

• It also possesses T-cell epitopes. 

• LMP-2 is disrupted by linearization of the genome. 

• Late protein BCRF-1 is a homologue of IL-10 (vIL-

10) adapted from host genome. 

• This viral cytokine can prevent macrophages and 

monocytes from activating T cells and is required for 

EBV-dependent transformation of B cells





Epstein-Barr virus oncogenesis

• Burkitt’s  lymphoma is a neoplasm of B lymphocytes 

that is endemic in central Africa and New Guinea

• Areas where it is the most common childhood tumor.

• Occurs in the jaw.

• More than 90% of African tumors carry the EBV 

genome;  One hundred percent of the patients have 

elevated antibody titers against viral capsid 

antigens.  

• Serum antibody titers against viral capsid antigens 

are correlated with the risk of developing the tumor. 

• LMP-1 and EBVNA are not expressed



Epstein-Barr virus oncogenesis

• The EBV genome is found in only 15% to 20% of 

patients with Burkitt’s  lymphoma outside Africa.

• EBV is not directly oncogenic, but by acting as a 

polyclonal B-cell mitogen, it sets the stage for the 

acquisition of the (8;14) translocation and MYC 

activation that characterizes Burkitt’s lymphoma.

• The B-cell tumors in immunosuppressed patients 

uniformly express LMP-1 and EBNA2

• They usually lack MYC translocations.



Epstein-Barr virus oncogenesis

• Lymphocyte-predominant (LP) Hodgkin’s disease 

(HD) represents a B-cell neoplasm which is distinct 

from non-LP HD

• Non-LP HD constitutes a syndrome rather than a 

disease entity, with the existence of T-cell types and 

B-cell types

• Reed-Sternberg cells (and the tumor cells in 

anaplastic large cell lymphomas) frequently display 

an immature genotype in association with late 

activation markers compatible with previous EBV 

infection.



Epstein-Barr virus oncogenesis

• Nasopharyngeal carcinoma is endemic in southern 

China, in some parts of Africa, and in the Inuit 

population of the Arctic.

• 100% all nasopharyngeal carcinomas obtained from 

all parts of the world contain EBV. 

• The structure of the viral genome is identical 

(clonal) in all of the tumor cells within individual 

tumors. 

• Antibody titers to viral capsid antigens are greatly 

elevated

• In endemic areas patients develop IgA antibodies 

before the appearance of the tumor.



Epstein-Barr virus oncogenesis

• LMP-1 is expressed in nasopharyngeal carcinoma 

cells 

• Activates the NF-κB pathway.

• NF-κB in turn upregulates the expression of 

factors such as VEGF, FGF-2, MMP9, and COX2



HHV-8 oncogenesis

• Human herpes virus 8 encodes a G protein-coupled 

receptor (vGPCR) 

• May induce transformation of endothelial cells by 

activating NFκ-B 

• AND by production of a homologue of IL-6 

• Angiogenic and mitogenic effects

• AS well as  a homologue of MIP-1

• Chemotactic recruitment of endogenous cytokine 

producing cells to amplify the response



HHV-8 oncogenesis

• HHV-8 induces genetic reprogramming of both 

vascular and lymphatic cells so that they more 

closely resemble each other as opposed to their 

corresponding uninfected phenotypes. 

• HHV-8 is implicated in the development of Kaposi’s 

sarcoma, Castelman’s disease, and primary effusion 

lymphoma.



HHV-8 oncogenesis

• LANA-1, a latent nuclear antigen of HHV-8, targets 

RB.

• HHV-8 encodes CYCLIN K

• Inhibits the transcription of oncostatin M

• Viral interferon regulatory factor induces cellular 

transformation and prevents apoptosis mediated by 

p53 tumor suppressor

• Uncontrolled cellular proliferation. 

• Viral IL-6 also blocks host production of IFN-α. 



HTLV-1 oncogenesis
• HTLV-1 causes adult T-cell leukemia/lymphoma 

(ATLL)

• Endemic in certain parts of Japan, the Caribbean 

basin, South America, and Africa

• CD4+ tropism.

• Leukemia develops in only 3% to 5% of the infected 

individuals

• Typically after a long latent period of 40 to 60 

years. 

• FoxP3 expressed,

• Marker of regulatory T cells (Tregs) that act to 

suppress immune responses. 



HTLV-1 oncogenesis

• HTLV-1 does not contain an oncogene

• No consistent integration next to a protooncogene
has been discovered. 

• In leukemic cells, however, viral integration shows a 
clonal pattern.  

• The HTLV-1 genome contains the gag, pol, env, and 
long terminal-repeat regions typical of all 
retroviruses, as well as Tax.

• Tax is essential for viral replication, because it 
stimulates transcription of viral RNA from the 5′ long 
terminal repeat.



HTLV-1 oncogenesis

• Glut-1 transporter is viral receptor for HTLV-1.

• Most effective transmission is cell to cell contact. 

• Infects dendritic cells via neurophilin-1.

• Tax interacts with PI3K and thereby stimulates AKT

• Tax also directly upregulates the expression of cyclin

D2 

• DNA polymerase and cell cycle controller p18 are 

repressed. 

• There is also direct binding to TGF-β and cell cycle 

controller MOD-1.  

• p53 is also affected.



HTLV-1 oncogenesis

• Tax may also cause genomic instability by interfering 

with DNA-repair functions and inhibiting cell cycle 

checkpoints activated by DNA damage.

• HTLV-1-associated leukemias tend to be highly 

aneuploid.

• TAX protein transcription leads to IL2, IL2R, IL15 

production 

• Apoptosis is blocked (BCL-X). 

• Autophagy is common.

• Infection by HTLV-1 causes the expansion of a 

nonmalignant polyclonal cell population through 

stimulatory effects of Tax on cell proliferation. 



HTLV-1 oncogenesis

• Body fluid transmission leads to T cell 

leukemia/lymphoma.  

• Blood transfusion transmission leads to myelopathy

• Paraparesis.

• Patients generally die of opportunistic infections.



Hepatitis viruses

• 70% to 85% of hepatocellular carcinomas worldwide 

are caused by infection with hepatitis B virus (HBV) 

or hepatitis C virus (HCV). 

• HBV is endemic in countries of the Far East and 

Africa

• HBV, a DNA virus, is integrated into the genome. 

• The dominant effect seems to be immunologically 

mediated chronic inflammation and hepatocyte 

death leading to regeneration and, over time, 

genomic damage.  

• The  immune system may become maladaptive, 

promoting rather than preventing tumorigenesis.



Other oncogenic viruses
• Merkel cell carcinoma associated with polyoma virus 

• Large T  antigen disables RB and p53

• Virus noninfectious, thus preventing autoactivation

of integrated virus replication

• Terminates in neoplasia, not cell death

• Immunosuppression and dysregulation as risk 

factors 

• CLL, HIV, transplantation



Bacterial oncogenesis

• H. pylori infection is implicated in the genesis of both 

gastric adenocarcinomas and gastric lymphomas. 

• In the setting of unresolved chronic inflammation, 

the immune response may become maladaptive, 

promoting rather than preventing tumorigenesis.

• Strains associated with gastric adenocarcinoma 

have been shown to contain a “pathogenicity island” 

that contains cytotoxin-associated A (CagA) gene 

that permits epithelial invasion.



Bacterial oncogenesis

• Strain-specific H. pylori factors, as well as host 

genetic factors, such as polymorphisms in the 

promoters of inflammatory cytokines such as IL-1β 

and tumor necrosis factor (TNF) are thought to lead 

to the appearance of H. pylori-reactive T cells

• These stimulate a polyclonal B-cell proliferation. 

• Chronic infections may evolve into a monoclonal 

“MALToma” of stomach or small intestine that 

nevertheless remains dependent on T-cell 

stimulation of B-cell pathways that activate the 

transcription factor NF-κB. 

• Later, such dependence is lost.



Chemical carcinogenesis

• All initiating chemical carcinogens are highly 

reactive electrophiles (have electron-deficient 

atoms) that can react with nucleophilic (electron-

rich) sites in the cell. 

• Their targets are DNA, RNA, and proteins

• In some cases these interactions cause cell death.

• If it inflicts nonlethal damage to the DNA that cannot 

be repaired, then the mutated cell passes on the 

DNA lesions to its daughter cells. 





Chemical carcinogenesis

• Chemicals that can cause initiation of 

carcinogenesis can be classified into two categories: 

direct acting and indirect acting.

• Direct acting require no metabolic conversions; 

indirect acting require such conversion

• Phorbol esters, phenols, hormones, and drugs may 

promote carcinogenesis after chemical initiation





Chemical carcinogenesis

• Aflatoxin B1 is a naturally occurring agent produced 

by some strains of Aspergillus. 

• Aspergillus grows on improperly stored grains and 

nuts

• There is a strong correlation between the dietary 

level of this food contaminant and the incidence of 

hepatocellular carcinoma in parts of Africa and the 

Far East. 



Chemical carcinogenesis

• Aflatoxin B1-associated hepatocellular carcinomas 

tend to have a a G:C→T:A transversion in codon 

249 that produces an arginine to serine substitution 

in the p53 protein. 

• TP53 mutations are infrequent in liver tumors 

from areas where aflatoxin contamination of food 

does not occur, and few of these mutations involve 

codon 249. 



https://i1.wp.com/selfhacked.com/wp-content/uploads/2016/10/CYP-

function.jpg?resize=650%2C388&ssl=1



Chemical carcinogenesis

• Carcinogens in tobacco smoke are benzo [a] pyrene 

(an initiator) and phenol derivatives (promoters) 

• CYP1A1 is a cytochrome P450 enzyme that 

metabolizes polyaromatic hydrocarbons through 

hydroxylation of vacant position on aromatic ring 

• Mediated via aryl hydrocarbon receptor

• CYP1A1 gene at 15q24.1

• 10% of whites have a highly inducible form 

• Light smokers 7x more likely to develop lung cancer 

than those without this genotype





Electromagnetic radiation

• The Sun is a charged body that spins slowly and is 

moving towards the constellation Vega. It 

continuously radiates energy to the Earth.

• Earth is a charged mass (it has poles) that spins on 

an axis, generating a magnetic field

• Living organisms as well generate magnetic fields 

(the basis of the MRI)

• Cells emit weak bursts of permanent ultraweak (1-

100 photons/sec/cm2) coherent (phase-locked 

and/or frequency-locked) photons in the ultraviolet 

spectrum as they go through mitosis



Electromagnetic radiation

• These bursts originate from relaxation of 

electronically excited states of the constituents of 

living cells

• Generally associated with the presence of 

oxidative metabolism

• Reflects the pathophysiological state with respect to 

mitochondrial energy (ATP) production and the 

susceptibility to oxidative stress (reactive oxygen 

species)



Electromagnetic radiation

• The coherent emission of these weak photons is 

connected to energy and information transfer 

processes in the biological organisms

• Linked to the function of DNA and to gene 

regulation (synchronize activity)

• Organized in frequencies described by a 

Pythagorean 12-tone scale from near-UV to far-IR

• Coherent behavior coordinates cell function

• Determines protein folding

• Lack of coherence associated with dysfunction





Biophysical  Reviews  (2020)  12:519–539 

https://doi.org/10.1007/s12551-020-00680-x



Electromagnetic radiation

• Microtubules have a distinct polarity that is critical 
for their biological function.

• γ-tubulin is found principally in centrosomes and 
spindle cell bodies as well as cilia. Forms into a “γ-
tubulin ring complex.” 

• This complex acts as a nucleation center, a 
template for α/β-tubulin dimers to begin 
polymerization

• It acts as a cap of the negative end while 
microtubule growth continues away from this 
organization center in the positive direction



Electromagnetic radiation

• Because nucleation from the centrosome is 

inherently symmetrical, Golgi-associated 

microtubule nucleation may allow the cell to 

establish asymmetry in the microtubule network

• α- and β-tubulin polymerize into dynamic 

microtubules.

• β-tubulin is found almost exclusively in neurons.

• δ- and ε- tubulin have been found to localize at 

centrioles



Electromagnetic radiation

• Tubulin adds onto the end of the microtubule in the 

GTP-bound state

• A cap of GTP-bound tubulin is proposed to exist at 

the tip of the microtubule, protecting it from 

disassembly. 

• When hydrolysis catches up to the tip of the 

microtubule, it begins a rapid depolymerization and 

shrinkage.  (catastrophe)

• GTP-bound tubulin can begin adding to the tip of 

the microtubule again, providing a new cap and 

protecting the microtubule from shrinking. (rescue) 



Electromagnetic radiation

• Dimers bound to GTP tend to assemble into 

microtubules

• Positive ends that encounter kinetochores or sites 

of polarity become captured and no longer display 

growth or shrinkage

• Microtubules function in many processes, including 

structural support, dynamics of actin, intracellular 

transport, mitochondrial mobility and respiration, as 

well as DNA segregation.

• Microtubules also affect gene expression



https://en.wikipedia.org/wiki/Tubulin#/media/File:Tubulin_Infographic.jpg
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Ionizing radiation

• Radiant energy, in the form of the UV rays of 

sunlight can be carcinogenic.

• The UV portion of the solar spectrum can be 

divided into three wavelength ranges: UVA (320-400 

nm), UVB (280-320 nm), and UVC (200-280 nm). 

• Of these, UVB is believed to be responsible for the 

induction of cutaneous cancers. 

• UVC, although a potent mutagen, is not considered 

significant because it is filtered out by the ozone 

layer surrounding the earth



Ionizing radiation

• If the energy in a photon of UV light is absorbed by 

DNA, the result is a covalent crosslinking of 

pyrimidine bases, particularly adjacent thymidine 

residues in the same strand of DNA. 

• This distorts the DNA helix and prevents proper 

pairing of the dimer with bases in the opposite DNA 

strand.

• The capacity of the nucleotide excision repair 

pathway is overwhelmed

• Non-templated DNA-repair mechanisms become 

operative that provide for the survival of the cell. 

They are error prone and lead to many mutations.



Ionizing radiation

• Non-melanoma skin cancers are associated with 

total cumulative exposure to UVB radiation

• Melanomas are associated with intense intermittent 

exposure to UVB light.



Ionizing radiation

• Radiant energy as ionizing electromagnetic (x-rays, 

γ rays) and particulate radiation (α particles, β 

particles, protons, neutrons) as well as low range 

microwave radiation (5mm) are carcinogenic.

• Following the bombing of Hiroshima and Nagasaki 

there was a marked increase in the incidence of 

certain forms of leukemia after an average latent 

period of about 7 years. 

• This was also seen following the use of depleted 

uranium in the bombing of Serbia. 

• Thyroid carcinomas increased following the disaster 

at Chernoblyl (and occur in much higher frequency 

in the vicinity of nuclear power plants in general)



Ionizing radiation
• Children who get two or three CT scans have a 

threefold higher risk of leukemia

• Those that received five to 10 such scans have a 

threefold higher risk of brain tumors. 

• The overall risk is very, very low, however.

• CT scan of the head is now a defensive medical 

practice in the emergency department for all children 

with suspected head injury regardless of the 

absence of neurological symptoms.

• CT scans are vital in following cancer therapy. The 

risk of a secondary malignancy from serial scans is 

much less than that from the treatment itself.



Ionizing radiation

• Most frequently associated with radiation exposure 

are myeloid leukemias

• Cancer of the thyroid follows closely but only in the 

young. 

• In the intermediate category are cancers of the 

breast, lungs, and salivary glands. 

• Skin, bone, and the gastrointestinal tract are 

relatively resistant to radiation-induced neoplasia.

• Gastrointestinal epithelial cells as well as cells of the 

bone marrow are vulnerable to the acute cell-killing 

effects of radiation

• The skin is “first in line” for all external radiation


