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Abstract: Carcinogenesis is a complex process that consists of multiple genetic events, leading to the 

activation of dominant-acting oncogenes and the cancellation of certain tumor suppressor genes 

functions. Previous studies on interactions between oncogenes and cells proved that viral or cellular 

oncogenes have a determinant role in malignant cells by supporting aberrant proliferation, epigenetic 

alterations, and reprogramming. After the cellular differentiation is complete, tumor suppressor genes 

are involved in cell regulation, by inhibiting mitogenic signaling pathways and cell cycle progression 

and by keeping the stability of the genome. Mutations that lead to loss of TSG function are commonly 

identified in various cancer types, such as lung, cervical, breast, pancreatic and colorectal cancer. The 

aim of this study is to specify the genetic factors involved in tumor and malignant processes and to 

compare the oncogene types in order to establish an evolutionary correlation between them. The 

analysis of cellular and viral oncogenes shows that their structure and functions are alike, which 

supports the idea that viral oncogenes originated from cell proto-oncogenes. This is an intensively 

studied field with high hopes of better understanding carcinogenesis and discovering novel therapies 

based on the genetic modifications that occur in malignant cells.  
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virus. 
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1. Introduction 

Cancers are heterogeneous diseases characterized by genetic instability and alteration 

of DNA reparatory function, which leads to cell cycle deregulation and uncontrolled 

proliferation, dedifferentiation, and cellular immortalization. The cancer cell generates 

malignant clones that can invade adjacent tissue and subsequently metastasize. Malignant 

transformation is determined by a series of external (physical, biological, and chemical 

mutagenic agents) and internal (proto-oncogenes and tumor suppressor gene mutations) factors 

[1,2]. 

Oncogenic virus studies lead to the discovery of viral oncogenes, which represent a 

hallmark for the discovery of the molecular mechanisms involved in malignant transformation. 

Subsequent analysis of viral oncogenes leads to the identification of cellular oncogenes, which 

are responsible for non-viral cancers [3]. 
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Proto-oncogenes play an essential role in normal cell proliferation and development. 

Their transcription is controlled by tumor suppressor genes (TSG) and by epigenetic factors. If 

subjected to mutations or abnormal epigenetic control, proto-oncogenes can be improperly 

expressed, leading to cell malignancy [2]. 

Oncogenes were first discovered in retroviruses (viruses with RNA genomes), and they 

were identified as malignant agents in various animal species. In the mid-’70’s, American 

microbiologists John Michael Bishop and Harold Varmus tested the theory that healthy cells 

have latent viral oncogenes that determine cancers when activated. They proved that oncogenes 

originate from normal genes (proto-oncogenes) that naturally exist in the cells of organisms 

[4]. 

2. Proto-oncogenes 

 The proto-oncogene group modulates the cell cycle; in most cases, their expression 

products being involved in cellular division, growth, differentiation, and apoptosis inhibition. 

These functions make them essential for embryogenesis and tissue regeneration. Proto-

oncogenes are partially or even completely silenced after cellular differentiation is complete. 

When they suffer alterations (e.g., mutations or epigenetic modifications), which are able to 

completely reactivate them, the proto-oncogenes become oncogenes, and, if overexpressed, 

they lead to abnormal cell proliferation, dedifferentiation, and immortality, turning them to 

malignant tumoral cells (Table 1) [5,6,7,8]. 

Table 1. The main proto-oncogenes (based on Cooper, 2000). 

Proto-oncogene Type of cancer Activating mutation 

abl 
Acute lymphocytic leukemia, chronic myelogenous 

leukemia 
Translocation 

akt Pancreatic and ovarian cancer Amplification 

bcl-2 Follicular B-cell lymphoma Translocation 

D1 B-cell lymphoma, parathyroid adenoma Translocation 

D1 
Esophageal, liver, lung, breast, squamous cell, bladder 

carcinomas 
Amplification 

E2A/pbx1 Acute lymphocytic leukemia Translocation 

erbB-2 Ovarian and breast cancer Amplification 

gip Ovarian and adrenal cortical cancer Point mutation 

gli Glioblastoma Amplification 

gsp Thyroid and pituitary cancer Point mutation 

hox-11 Acute T-cell leukemia Translocation 

lyl Acute T-cell leukemia Translocation 

c-myc Burkitt’s lymphoma Translocation 

c-myc Lung and breast cancer Amplification 

L-myc Lung cancer Amplification 

N-myc Lung cancer, neuroblastoma Amplification 

PDGFR Chronic myelomonocytic leukemia Translocation 

EGFR Lung cancer Translocation 

Hras Thyroid cancer Point mutation 

Kras Thyroid, lung, pancreatic and colon cancer Point mutation 

Nras 
Thyroid cancer, acute myelogenous and lymphocytic 

leukemias 
Point mutation 

ret Type 2A and 2B endocrine neoplasia Point mutation 

ret Thyroid cancer Chromosomal rearrangement 

SMO Basal cell carcinoma Point mutation 

 

 The most studied family of proto-oncogenes is ras, which includes the Hras, Kras, and 

Nras genes. These genes code for G proteins, which activate a cascade of protein kinase 

reactions, followed by the activation of nuclear transcription factors and altered gene 

expression [9]. Also, the Kras gene is activated in 30%-40% cancer cases and is associated 
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with neoplastic progression. The HER2/neu proto-oncogene is correlated with severe forms of 

ovarian and breast cancer and is overexpressed in one-third of pulmonary adenocarcinomas 

with poor prognosis [10]. 

 The c-myc proto-oncogene (8q24.21) codes for a nuclear phosphoprotein, which 

regulates gene transcription by inducing or repressing expression. The activity of this gene is 

controlled by the APC (Adenomatosis Polyposis Coli) tumor suppressor gene, whose product 

blocks the binding of β-catenin to Tcf-4 (T cell factor-4), and then inhibiting the expression of 

c-myc. If APC is mutated, c-myc is expressed and stimulates cell proliferation, leading to 

neoplastic growth. The c-myc gene is often amplified in pulmonary tumors [10]. 

3. Cellular oncogenes 

Approximately 80% of human cancers are linked to the action of physical and chemical 

mutagens, which produce mutations, epigenetic modifications, various errors in DNA repair 

and replication, and furthermore, cell cycle destabilizations [11]. In certain cases, these events 

lead to cellular proto-oncogene reactivation, which turns into oncogenes, sustaining the tumoral 

processes [12,13]. 

 In the COSMIC Cancer Gene Census project, Sondka et al. [13] compiled the statistics 

of all the previously reported and analyzed genes involved in malignant transformation in 

humans, and the results revealed 554 oncogenes and/or TSGs (tumor suppressor genes), which 

represent almost 2% of all the genes in the human genome [14]. This finding shows that many 

genes are involved in embryogenesis and development and that if these genes are mutated, they 

can lead to cell transformation. 72 genes of the 554 can function both as oncogenes and as 

TSGs, depending on the tissue where they are expressed and on the type of mutation that affects 

them. 

3.1 Mechanisms of cellular oncogene activation. 

 Oncogenes can be activated by various mutagenic factors, of extracellular (radiation, 

carcinogenic chemical agents), or intracellular origin (free radicals, resulted from cellular 

oxidations, chronic inflammation, certain growth factors, hormones, or cytokines), or by the 

erroneous activity of cell mechanisms that protect it against genome destabilization (errors in 

DNA replication, or repair, deactivation of cell cycle checkpoints, the abolishment of 

apoptosis, deregulation of the immune system) [15,16]. 

  Oncogene activation can occur through a variety of mutations (missense/nonsense 

substitutions, deletions, insertions), but the most common are translocations. A sequence from 

a TSG, or from a proto-oncogene (or the entire gene) can be translocated adjacent to another 

gene or even inside it, resulting in a fusion gene. The fusion can be: a) between a proto-

oncogene and a tumor suppressor gene; in this case, the proto-oncogene becomes 

overexpressed, and the tumor suppressor gene is inactivated; b) between a proto-oncogene and 

another gene that activates the former through its promoter, or enhancer; c) between a proto-

oncogene and another gene that inactivates the autoinhibitory domain of the former gene, 

leading to the activation of the oncogene [13]. 

 Oncogenes can also be activated through epigenetic alterations. These alterations at a 

global level in a cell represent an important marker for cancer. The main epigenetic 

modifications leading to cell transformation are abnormal DNA methylation/demethylation, 

histone modifications, and changes in the function of μRNA molecules [17].  
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 Essentially, every cell has a specific and tightly controlled epigenetic pattern according 

to the cell type, the tissue it belongs to, and the organism’s development stage. This is so that 

only the right genes are expressed at a specific place and time. If enough modifications of the 

normal pattern accumulate, the transformation of the cell can occur. For example, proto-

oncogenes are inactivated through extensive promoter methylation, whereas the 

hypomethylated tumor suppressor genes are still active. In the reverse situation, a proto-

oncogene is demethylated and activated, and conversely, a tumor suppressor gene is inactivated 

through excessive methylation, leading to cell malignancy [17,18]. 

3.2. Cell cycle alteration mechanisms. 

 Pulmonary carcinoma can initiate through the alteration of numerous proto-oncogenes 

involved in cell cycle regulation, especially EGFR and Kras. Mutations in these genes are 

transmitted in an autosomal dominant pattern, and they lead to an increased risk of developing 

hereditary pulmonary cancer [12,19]. 

 EGFR (Epidermal Growth Factor Receptor) is a transmembrane glycoprotein receptor. 

This receptor has a cytoplasmic tyrosine kinase domain, from which the intracellular signal 

transduction is realized through the Ras or through other pathways. The signal transmitted by 

these receptors can be upregulated by increasing the receptor molecules in the cell membrane 

(caused by gene amplification), or by continuous auto-phosphorylation of the tyrosine kinase 

domain (caused by EGFR overexpression, controlled by a strong promoter). This increase in 

cell signaling leads to a deregulation of the cell cycle, followed by aberrant proliferation. These 

mechanisms have been described in cases of non-small cell lung cancer [20,21]. 

4. Tumor suppressor genes (TSG) 

 Another phenomenon that leads to genetic alterations causing carcinogenesis is tumor 

suppressor gene mutations [22] (Table 2). Tumor suppressor genes play an essential role in 

inhibiting cell proliferation. Knudson [23] proposed the hypothesis that, in order for phenotypic 

modifications to occur, both alleles must be mutated, anticipating the haploinsufficiency 

phenomenon later described by Fang et al. [24]. 

Table 2. The main tumor suppressor genes (based on Cooper, 2000). 

TSG Type of cancer 

APC Colorectal cancer 

BRCA1 Breast and ovarian cancer 

BRCA2 Breast cancer 

DPC4 Pancreatic cancer 

INK4 Brain tumors, lung cancer, melanoma, leukemias, lymphomas 

MADR2 Colorectal cancer 

NF1 Neurofibrosarcoma 

NF2 Meningioma 

TP53 Brain tumors; esophageal, liver, lung, breast and colorectal cancer, leukemias, lymphomas, sarcomas 

PTC Basal cell carcinoma 

PTEN Brain tumors; lung, kidney, prostate, and endometrial cancer, melanoma 

Rb Retinoblastoma, lung, breast, and bladder cancer, sarcomas 

VHL Renal cell carcinoma 

WT1 Wilms' tumor 

The most common TSG mutation in TP53 (17p13.1) causes its inactivation and is 

detected in multiple types of cancer (including colorectal and lung cancer), occurring in 50% 

of cancers. In some cases, TP53 mutations can be inherited and cause rare forms of hereditary 
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neoplastic syndrome. Also, the p53 protein is a target for viral oncogenic proteins coded by 

SV40, adenoviruses, and HPV. The normal function of TP53 consists of p53 synthesis, which 

interacts with modified DNA, blocking cell division [11]. 

 Other frequently mutated TSGs are INK4 and PTEN (10q23), correlated with common 

cancers like lung carcinoma, prostate carcinoma, and melanoma. INK4 codes for a family of 

cyclin-dependent kinase inhibitors that block CDK4 and CDK6 and are able to arrest the cell 

in the G1 phase, while PTEN codes for a phosphatase that prevents accelerated growth and 

overly rapid cell division [11]. 

5. Viral oncogenes 

Viral oncogenes can be split into two categories: the ones that determine acute 

transformation and the ones that lead to a slow transformation. In acute transforming viruses, 

viral particles contain an overexpressed oncogene, named viral oncogene (v-onc) (Table 3). As 

soon as v-onc is expressed, the cell initiates malignant transformation. Conversely, the genome 

of the slow transforming viruses is inserted into the host genome in the vicinity of a proto-

oncogene. The viral promoter or other transcription regulatory elements cause the 

overexpression of said proto-oncogene, which furthermore induces uncontrolled cell 

proliferation. Because the probability of viral genome insertion in the vicinity of a proto-

oncogene is low, slow transforming viruses have much higher latency for tumor development, 

as opposed to acute transforming viruses, which already contain the viral oncogene. It is 

considered that the viral DNA is inserted into the host DNA during transcription or replication, 

where the two DNA strands are separated [25]. 

 

Table 3. Viral oncogenes (based on Zheng et al., 2010 [26]). 

DNA Virus Family Examples of viruses Oncogenes 

Adenoviridae Adenovirus 12, 18, 31 E1A, E1B 

Hepadnaviridae HBV HBx 

Herpesviridae 
EBV 

KSHV 

LMP-1, BARF-1 

vGPCR 

Papillomaviridae HPV 16,18,31, 45 E6, E7 

RNA Virus Family Examples of viruses Oncogenes 

Retroviridae T-cell Leukemia virus Tax (involved in lymphoma) 

Flaviridae Hepatitis C virus Core, E1, E2 

 

5.1. The HPV genome. 

 

 In papillomaviruses, only one of the two DNA strands of the circular molecule is 

transcribed. Functionally, considering the moment in which they are transcribed during the 

multiplication cycle, the viral genes are: early (E) - a sequence of 4 kb that encodes non-

structural proteins; late (L) - a sequence of ~3 kb that encodes the two capsid proteins; the long 

control region (LCR) - a sequence of ~1 kb that contains a variety of in cis-regulatory elements 

of gene expression (Figure 1) [27]. 

 The insertion of HPV DNA into the host’s genome maintains the integrity of LCR and 

of the encoding regions E6 and E7, but other viral proteins, like the repressor encoded by E2 

(an inhibitor of E6/E7 transcription), are inhibited. Consequently, the E6/E7 genes are 

expressed [28]. Non-isotopic In Situ Hybridization (NISH) studies have shown that, in cervical 
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malignant cells, both episomally functional viral genomes and viral genomes integrated into 

the host genome can coexist [29]. The E6 and E7 genes encode for oncoproteins that induce a 

high risk of neoplasia. Histogenesis of HPV positive cervical carcinoma cell lines is dependent 

on the expression of the E6/E7 genes [28]. The key to the multiplication cycle of HPV is 

maintaining the differentiated keratinocytes in a viable state, accompanied by DNA synthesis 

[30]. 

 A group of factors that limit the cell division is the Rb (Retinoblastoma) protein group. 

These proteins bind a heterodimer consisting of two transcription factors (TF), called E2F-DP. 

Bound to Rb, these TFs are inactive, but when released, they regulate the expression of genes 

that prompt the cell to enter S-phase and to initiate DNA replication. For transformation caused 

by HPV to occur, both the E6 and E7 viral oncoproteins are required. The E7 protein binds to 

Rb and inactivates it, releasing E2F-DP and thus, initiating the S-phase and DNA replication 

of both the host cell and the virus. This phenomenon induces the activation of the tumor 

suppressor protein p53, which response to replication stress and, importantly, viral infections, 

through controlling the expression of various cell cycle genes that in turn, can cause replication 

senescence, or apoptosis, to avoid abnormal replication rates or replication errors. In order to 

maintain active its replication cycle, the HPV virus possesses the gene for the E6 oncoprotein, 

which marks p53 for poly-ubiquitination and then degradation in the proteasome, canceling its 

tumor-suppressive action. In this way, the virus replicates within the host cell, which, in turn, 

becomes able to proliferate with an abnormally high rate. Therefore, the cell transformation 

process is the consequence, not the purpose of the viral activity, which just ensures that viral 

DNA keeps being replicated by the host cell [30]. E6 and E7 viral oncoproteins modulate host 

epigenetic mechanisms and histone-modifying enzymes. E7 activates oncogene transcription 

through its interaction with histone deacetylase. It is also involved in the virus replication cycle 

and in neoplastic transformation [31]. 

 
Figure 1. HPV16 genome (by Smith et al., 2011 [32]).  

HPV16 E6/E7 can immortalize primary human epithelial cell cultures. The resulting 

cell lines are not tumorigenic, but oncogenic clones occur in vitro and show chromosomal 

abnormalities over multiple passages. E6 and E7 proteins from high-risk strains of HPV 

contribute to this process by inducing genome instability. E6 induces genome instability 

through p53 inactivation, and E7 disrupts the TSG signaling pathways. Furthermore, E7 

proteins from high-risk strains of HPV induce centrosome abnormalities, leading to multipolar 

mitoses, which represent the hallmark of lesions and cancers associated with high-risk HPV 

strains [28].  
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 As a result of the integration of the viral sequence into the host genome, or as a result 

of epigenetic changes in the viral genome, uncontrolled expression of HPV E6 and E7 genes 

bears a high risk of neoplastic cell transformation. Genomic instability induced by E6 and E7 

proteins accelerate the proliferation and immortalization of mutant cells. This instability is the 

most important factor influencing the oncogenic potential of high-risk HPV strains [28]. 

6. Oncogenic viruses 

Currently, there are seven viruses known to induce cancer transformations in humans 

(Table 4). They pose a real threat, especially for people living in developing countries and for 

immunosuppressed people [3]. 

Table 4. Principal oncogenic viruses (based on Alberione et al., 2020 [33], Jones et al., 2020 [34], Mui et al., 

2017). 

Virus 
Viral 

Genome 
Action Transmission 

Effect on the host 

cell 
Associated cancer 

Epstein-Barr 

Virus 

(HHV-4/EBV) 

DNA 

non-integrating, a 

directly-acting 

carcinogen 

Saliva 

-accelerated 

proliferation 

-inhibits DNA 

repair 

Burkitt’s lymphoma, 

Hodgkin lymphoma, 

Naso 

pharyngeal and gastric 

cancer 

Kaposi's 

Sarcoma-

associated Herpes 

virus 

(HHV-8) 

DNA 

non-integrating, a 

directly-acting 

carcinogen 

saliva, blood, 

sexually; rarely 

from mother to 

fetus 

-accelerated 

proliferation 

- inhibits DNA 

repair 

Kaposi’s sarcoma 

(common in HIV 

infected individuals) 

Merkel Cell 

Polyoma 

virus (PCMyV) 

DNA 

non-integrating, an 

indirectly-acting 

carcinogen 

Unknown 

(probably, 

cutaneous, 

respiratory, 

gastrointestinal) 

-inhibits p53 gene Merkel cell carcinoma 

Human Papilloma 

Virus (HPV) 
DNA 

integrating (cervical 

cancer)/mainly non-

integrating, a 

directly-acting 

carcinogen 

cutaneous/ 

mucosal direct 

contact  

-cell cycle 

deregulation 

cervical, penile, vulvar, 

vaginal, anal, oro 

pharyngeal carcinomas 

Hepatitis B Virus 

(HBV) 
DNA 

integrating (80-

90%), directly/ 

indirectly-acting 

carcinogen 

-percutaneous/ 

mucosal contact             

-secretions from 

an infected 

individual 

-cell cycle 

deregulation 

- oxidative stress 

resistance 

-indirect- chronic 

inflammation 

Hepato 

cellular carcinoma 

Hepatitis C Virus 

(HCV) 
RNA 

Rarely integrating, 

indirectly/ 

directly-acting 

carcinogen 

-percutaneous/ 

mucosal contact 

-secretions from 

an infected 

individual 

- cell cycle 

deregulation 

- oxidative stress 

resistance 

- indirect - chronic 

inflammation 

Hepato 

cellular carcinoma 

Human T-lympho 

tropic virus 

(HTLV-1) 

RNA 

integrating, a 

directly-acting 

carcinogen 

infected maternal 

milk, sexually, 

blood 

-cell cycle 

deregulation 

-inhibits DNA 

repair -cellular 

oncogene 

activation 

Angio 

immuno 

blastic T-Cell 

Lymphoma 

6.1. Human papilloma virus (HPV). 

 Using DNA sequencing, over 200 strains of HPV were identified. These were grouped 

into 5 subfamilies: α, β, γ, ν and µ. The viral strains included in the α subfamily infect the 

mucosa, whereas the ones from β and γ infect the skin. HPVs are classified into 2 categories of 

risk for neoplasia: low-risk (LR) and high-risk (HR). High-risk strains are included in the α 
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subfamily, the most common strains being HPV16, HPV18, HPV31, HPV33, HPV52, and 

HPV58. The most common low-risk strains are HPV6, HPV11, and HPV53 [35,3]. 

7. Major neoplasms caused by cellular oncogenes 

 Of the total cancer cases in the world, lung cancer, as well as breast cancer, represent 

12,3%. They are followed by colorectal cancer, with 10,6%, prostate cancer, with 7,5%, 

stomach cancer, with 6,1%, while esophageal cancer represents 3,4% [36]. 

7.1. Lung cancer.  

Lung cancer is the leading cause of cancer death among both men and women. 

Pulmonary neoplasms are invasive and metastatic [37], and they can be detected only in the 

late stages when the symptoms become obvious. Most types of lung cancer are carcinomas, 

developing from epithelial cells [38]. There are two main histological subtypes of lung cancer: 

Small cell lung cancers (SCLC), characterized by the presence of neurosecretory granules; 

Non-small cell lung cancers (NSCLC) or squamous cell carcinomas [39]. 

The primary tumor is associated with thoracic discomfort, cough, hemoptysis, dyspnea, 

and it develops until the invasion of the chest wall, followed by extrathoracic metastasis during 

the final stage [40]. 

The major risk factors for lung cancer: Smoking (responsible for 85% of lung cancer 

cases) and passive smoking (responsible for 10-15% of cancer cases); smokers are 10 to 30 

times more likely to develop lung cancer than non-smokers [41]; Asbestos exposure (the 

fibrous form of some natural minerals): microscopic fibers can be released from asbestos 

minerals that can subsequently be deposited in alveolar macrophages; Radon, Arsenic, Nickel, 

or Chromium exposure; Air pollution caused by sulfur aerosols or nitrogen dioxide; Exposure 

to ionizing radiation [42]. 

 However, genetic predisposition is responsible for 8% - 14 % of global lung cancer 

cases. Very importantly, the presence of non-cancerous lung diseases such as Chronic 

obstructive pulmonary disease, Idiopathic pulmonary fibrosis, or Tuberculosis is associated 

with an increased risk in developing lung cancer [43].  

8. Neoplasms caused by viral oncogenes 

 Approximately 10% to 20% of all types of cancer can be attributed to viral infections. 

There are seven human viruses known for their ability to initiate the process of carcinogenesis 

[44]:  HPV (Human Papilloma Virus) – cervical cancer, penile cancer, vulvar cancer, vaginal 

cancer, anal cancer, and oropharyngeal cancer; hepatitis B and hepatitis C viruses – 

hepatocellular carcinoma; Merkel cell polyomavirus – Merkel cell carcinoma; Epstein-Barr 

virus (HHV-4) – Burkitt lymphoma, Hodgkin lymphoma, nasopharyngeal carcinoma, stomach 

cancer; Kaposi’s sarcoma-associated herpesvirus (HHV-8) – Kaposi’s sarcoma (the most 

common among HIV patients); human T-lymphotropic virus (HTLV-1) – angioimmunoblastic 

T-cell lymphoma [44,3]. 
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8.1. Cervical cancer. 

 Cervical cancer is the fourth most common type of cancer in women and also the fourth 

most common cause of death from cancer in the world, with 530.000 new cases and 270.000 

deaths occurring annually [45]. 

 HPV infection represents the major risk factor (it is responsible for over 90% of all 

cases), but there are other risk factors, including the early debut of sexual activity, multiple 

sexual partners, the number of abortions, inappropriate contraceptive methods, smoking, low 

socioeconomic status, diet, and the patient’s history with regard to other sexually transmitted 

infections [46]. 

 Human Papilloma Virus infections usually occur in young women between ages 18 to 

30. Despite this, cervical cancer is less common before the age of 35. The interval between 

exposure and neoplastic onset suggests that the evolution of the neoplastic process is slow. 

However, the time required for malignant transformation and for the microtumor to reach a 

clinical-stage remains unknown [47]. 

 The most common types of cervical cancer are squamous cell carcinoma (69% of cases) 

and adenocarcinoma (25% of cases). HPV infections are found in 59,3% of squamous cell 

carcinoma cases, and in 36,3% of adenocarcinoma cases [47]. 

 About 10% of women with normal cervical cytology have HPV infections. Despite this, 

many of them will not develop abnormal cytology because most HPV cervical infections are 

eradicated in 6 to 18 months. The most common symptoms are vaginal bleeding, bleeding 

during sexual intercourse, pain during sexual intercourse [46]. 

 The transformation zone between the columnar epithelium of the endocervix (which 

lines the endocervical canal and endocervical crypts) and the squamous epithelium of the 

ectocervix represents the most common site for persistent HPV infection, cervical 

intraepithelial neoplasia, and even for cervical cancer. The development of cervical cancer is a 

multistep process: HPV infection of the transformation zone, host failure to eliminate the virus, 

development of cervical intraepithelial neoplasia, and invasion of the epithelial basement 

membrane [47]. 

8.2. Secondary pathologies associated with oncogenic viruses. 

- HPV: Plantar warts; Common warts (rough keratotic excrescences, located on the surface 

of the hands, palms, fingers and around the nails); Filiform warts or papillomas (pink 

excrescences, located on the scalp, face, and neck); Flat warts (small papules on the face, hands, 

and calves); Condylomas (fleshy, formless excrescences, located in the genital and inguinal 

areas); 

- hepatitis B virus: hepatitis B; 

- hepatitis C virus: hepatitis C; 

- Epstein-Barr virus: Infectious mononucleosis [3]. 

9. Evolution of viral oncogenes 

 One possible explanation for the sequence similarity between viral oncogenes and 

cellular oncogenes can be the strategy of the retrovirus for spread and survival. The virus inserts 

its genetic material into the genome of the host cell for replication. To infect other cells, the 

viral genome is excised from the host cell, sometimes along with small regions of the host’s 
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genome. If this imperfect excision results in the integration of a proto-oncogene into the genetic 

material of the virus, then the proto-oncogene will not benefit from regulation, given the limited 

genetic apparatus of the retrovirus. Thus, the proto-oncogene becomes a viral oncogene. When 

the viral oncogene infects another cell, the enzyme called reverse transcriptase generates 

cDNA, which is then integrated into the cell genome (Figure 2) [4]. 

 

 
Figure 2. Mechanism of oncogene acquirement by retroviruses. 

As shown in Table 5, viral and cellular oncogenes seem to share multiple similarities, 

as viral oncogenes are proven to have chimeric gene structures, probably due to fusions with 

cellular DNA [4].  

 

Table 5. Comparison between viral oncogenes and cellular oncogenes (based on Encyclopædia Britannica, 

2019; Sharma et al., 2010; Sondka et al., 2018; Zandi et al., 2007; Zheng, 2010; zur Hausen, 1991). 
Oncogenes Viral Cellular 

Origin 
Viral; possibly, stolen from 

previously infected cells 
Cellular 

Diversity Low (tens) High (hundreds) 

Activation Integrative or episomal 
Mutations/epigenetic alterations of  

proto-oncogenes 

Epigenetic control Modified post-integration Very tight 

Mechanism of tumorigenesis 

Direct alteration of the cell 

cycle/activation of  

proto-oncogenes 

Direct alteration  

of the cell cycle 

10. Conclusions 

Different types of cancer can be the result of both epigenetic alteration and intracellular 

or extracellular mutagenic factors. However, studies show that any cancer case always involves 

the aberrant activity of cellular oncogenes, viral oncogenes, or tumor suppressor genes.  

Comparative analysis of the two types of oncogenes showed high structural and 

functional similarity between them. Viral oncogenes can lead to direct alteration of the cell 

cycle and uncontrolled proliferation through mechanisms similar to those found in 

overexpressed proto-oncogenes. Nevertheless, sometimes, viral oncogenes can activate proto-

oncogenes from the genome of the infected host cell. 

Proto-oncogenes and tumor suppressor genes are under tight epigenetic control, which 

provides the correct progression of the cell cycle. Similar epigenetic modifications have been 

described in viral oncogenes, but in this case, they mask the viral genome in order not to 

generate a cell-mediated immune response and in order to maintain an intense level of gene 

transcription. 
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All these similarities between cellular oncogenes and viral oncogenes, as well as the 

information in the literature, support the hypothesis that viral oncogenes originated from proto-

oncogenes that were part of the host’s genome. Proto-oncogenes were integrated into the viral 

genome, and they are now expressed as oncogenes, given the limited regulatory genetic 

apparatus of the virus. 
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