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 Carcinogenesis and cervix 
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 “The revolution in cancer research can be summed up in a single sentence: cancer is, in essence, a genetic disease”. 

Bert Vogelstein. 

 

The Human Papilloma Virus, after studies by Zur Hausen, which earned him the Nobel Prize for 

Medicine, has been linked with the development of cervical cancer and other malignancies. HPV, 

then, is the necessary but not sufficient cause for the development of cervical cancer. To 

understand the reason for this statement, it is necessary to evaluate certain aspects of cervical 

carcinogenesis. 

First, not all types of HPV are able to generate a malignant transformation of cervical squamous 

epithelium, only those belonging to high-risk group generate the necessary changes to generate 

epithelial neoplasia. The high-risk HPVS include HPV 16, 18, 45, 33 and 31. However, not only 

infection and persistence by a high risk virus are sufficient elements, it requires that several events 

occur. To illustrate this point, it's good to remember that HPV 16 is the type most commonly 

associated with cervical cancer, up to 70%, but it is also the most frequent in patients without 

pathology cervical infection, so the mere presence of this type of virus triggers not malignant 

transformation of the epithelium. Then, an HPV infection does not always generate a cervical 

cancer. 

One of the best studied initial events in cervical carcinogenesis is the synthesis of the viral 

oncoproteins E6 and E7; under normal conditions, the genes that encode these proteins, are 

repressed by the viral protein E2, however, when the viral genome is integrated into the DNA of 

infected squamous cell, destabilization occurs at the level of gene transcription avoiding repressive 

action of E2, which allows the synthesis of these oncoproteins, which, through inhibition of tumor 
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suppressor proteins p53 and pRb, inhibit apoptosis of cervical epithelium and permit the 

development of neoplasia. However, the integration of the viral genome is not the only event of 

malignancy, as is recognized in malignant cervical tissue, viral episome, ie, the presence of the HPV 

genome that is not integrated.  It has also been reported (1) E5, another viral protein, inhibiting 

ATPase that degrades EGFR (Epidermal Growth Factor Receptor), increasing the presence of the 

receptor on the cell surface, which increases availability and activity of EGFR who activates 

pathways (Ras-Raf-MAP kinase and PI3K-Akt) that promote cell proliferation, angiogenesis and 

decreased apoptosis. E5 also active ETAR (Endothelin-A Receptor), that promotes mitogenesis, 

angiogenesis and cell invasion. The E5 protein also increases through EGFR, the synthesis of 

cyclooxygenase 2 (COX-2), VEGF (Vascular Endothelial Growth Factor) and Cav-1 (Caveolin-1). COX-

2 inhibits apoptosis, increases cell proliferation and angiogenesis, VEGF promotes angiogenesis 

and lymphangiogenesis and Cav-1 is involved with cell proliferation and differentiation. Then, the 

the process started by E6 and E7, achieves progress by proliferation mechanisms activated by E5, 

which tend to generate a process of tumor growth and invasion. The measurement of some of 

these agents as E6, E7, EGFR, COX-2, etc, can be used for the diagnosis and prognosis of cervical 

cancer. 

The viral oncoproteins, E5, E6 and E7, also alter the expression of microRNA (miRNA), which are 

non-coding endogenous RNA that regulate gene expression degrading or suppressing transcription 

of a specific messenger RNA; These miRNA regulate genetic processes involved in proliferation, 

apoptosis, and cell differentiation. The types of high-risk HPV modulate the miRNA expression 

through deletion, amplification or genomic rearrangements. MiRNA expression profile can be used 

as a biomarker for diagnosis and prognosis of various types of cancer. 

Also, epigenetic alterations that result in a lack of control of the cell cycle and allow viral 

expression that gives rise to the immortalization of cells of the squamous epithelium of the cervix 

are described (2). Epigenetic alterations are all those heritable modifications of DNA that do not 

alter the sequence of the genome but give rise to alterations in the transcription of proteins. The 

profile of gene expression is given by the methylation of DNA and other post-transcriptional 

factors, that determines which sequence is transcribed and which not, i.e., the stream that is 

methylated is not transcribed, is off; also histones surrounding compacted DNA allow or not the 

transcription of certain sequences. There is a pattern of methylation in every cell that allows the 

correct transcription of genes to guarantee good operation (3). In cancer, the aberrant 

interactions with histones and methylation of specific sequences, determine a profile of 

transcription that generates alterations of the cell cycle allowing the immortalization of cell. 

Methylation, then, is a process that allows silencing genes and DNA hypermethylation, is the 

methylation in a greater number than usual that silences genes essential for the normal 

functioning of the cell. Hypomethylation, silencing a smaller number of genes, has also partnered 

with cancer. 

In cervical cancer, has been also described a hypermethylation of the gene that codes for the 

protein HPV E2 which prevents transcription of this vital protein for inhibition of E6 and E7. This 

event, as described above, is which starts the carcinogenesis, since E6 turns off apoptotic defense 
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of cells and E7 stimulates the cell cycle, primary events for the malignant cell transformation. Also 

the oncoprotein E7 could modulate the machinery of cellular methylation, through stimulation of 

methyltransferases that favor the methylation of DNA, to control cell proliferation pathways. 

In conjunction with the determination of E6 and E7, as well as other biomarkers such as those 

mentioned above, the importance of identifying which genes are methylated in cervical cancer, 

would be very useful for research, diagnosis or prognosis and monitoring of disease. Also the 

knowledge of these epigenetic modifications, which are reversible, could be susceptible to 

pharmacological manipulation for the treatment of patients with invasive cancer. Clinical trials 

with epigenetic drugs such as inhibitors of methylation (Hydralazine) and histone deacetylases 

inhibitors (valproic acid) are currently underway. 

Then, the process of cervical carcinogenesis is a complex phenomenon that requires different 

control mechanisms of gene transcription and cell proliferation to fail, so it is an exceptional, and 

not too often, event. Other immunological and genetic processes that allow high-risk HPV types to 

generate the changes needed to facilitate the neoproliferation of the epithelium should probably 

be involved, therefore, the presence of these viruses as promoters of carcinogenesis is required, 

but it is not enough for the development of cervical cancer. Probably an individual susceptibility 

involving these events may be present. 

Knowledge of these processes also in the near future will allow early diagnosis, timely recognition 

of what preinvasive lesions will progress and a more accurate and effective management of the 

disease. Again, imposes the development of molecular biology and genetics as the epicenter of the 

investigation to make cervical cancer a disease of the past. 

*Salud Chacao, Instituto de Oncología Luis Razetti y Clínica Santa Sofía 
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