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ABSTRACT: Human papillomavirus is one of the most common causes of 

sexually transmitted disease in both men and women worldwide. Genital 

HPV types are divided into high and low-risk types, on the basis of 

oncogenic gene potential. Molecular & epidemiologic studies have 

confirmed the interaction between high risk HPV types (especially HPV-16 

& 18) and cervical squamous cell low risk strain. In high grade Intra 

epithelial neoplasias & invasive cancers, generally integration of HPV-DNA 

into the host genome disrupts or deletes the E2 region, which results in loss 

of its expression. The E6 and E7 gene deregulate the host cell growth cycle 

by binding and inactivating two tumor suppressor proteins: the tumor 

suppressor protein (p53) and retinoblastoma gene (pRb). The HPV E6 gene 

binds to p53 and targets it for rapid degradation leads to an increased 

expression of E6 and E7 genes. The inactivations of p53 & pRb proteins can 

increased proliferation rate & genomic instability. In addition, the potential 

of activated oncogenes cause chromosome instability may transformed in the 

host genome such as methylation of viral, cellular DNA, telomerase 

activation, hormonal & immunogenetic factors.  As a result, the host cells 

accumulate more damage DNA that cannot be repaired, leading to cancerous 

cells. Low-risk HPV E6 proteins do not bind p53 at detectable levels and 

have no effect on p53 protein stability in vitro. The E7 protein of low-risk 

HPV types binds pRb with decreased affinity. 

INTRODUCTION:  

Human papilloma viruses and cervical cancer: 

Cervical cancer, the second most common 

gynecological malignancy worldwide incidence, 

has been reported to occur in abundance in 

different populations. In 2010, there were an 

estimated 12,200 new cases and an associated 

4,210 deaths, accounting for around 1% of cancer 

deaths in women 
1
.  

QUICK RESPONSE CODE 

 

DOI: 
10.13040/IJPSR.0975-8232.5(3).703-12 

Article can be accessed online on: 
www.ijpsr.com 

DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.5(3).703-12 

In 1995 the World Health Organization (WHO) 

declared HPV as a known carcinogen for causing 

factor to cervical cancer, because DNA of mucosal 

high-risk HPV types could be detected in almost all 

cervical cancers 
2
. 

According to World Health Organization (WHO 

2010), in India approximately 1, 34,420 women are 

diagnosed with the disease every year, and of them 

72,825 die. Cervical cancer is one of the 

commonest cancers of the female anogenital tract 

and a leading cause of morbidity and mortality. The 

association of HPV and cervical cancer was first 

suggested by Zur Hausen in 1976 
3
. It is now 

believed that 94-100% of cervical cancers as well 

as tumors of the penis, anus, vagina, and vulva is 

associated with sexually transmitted genital 
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infection by the human papilloma virus 
4, 5

. The 

link between genital HPV infections and cervical 

cancer was first demonstrated in the early 1980s by 

Harold Zur Hausen, a German virologist. In 1996, 

the World Health Association, along with the 

European Research Organization on Genital 

Infection and Neoplasia and the National Institutes 

of Health Consensus Conference on Cervical 

Cancer, recognized HPV as an important cause of 

cervical cancer. Scientists have identified about 30 

HPV types that are spread through sexual contact 

and infect primarily the cervix, vagina, vulva, 

penis, and anus. Of these, four are most often found 

within the malignant cells of cervical cancers, with 

type 16 accounting for about half of the cases in the 

United States and Europe and types 18, 31, and 45 

accounting for an additional 25 to 30% of cases 
6
.  

Cervical cancer is the most common cancer in 

women in most developing countries and most 

common cause of cancer deaths 
7
. To improve the 

performance of cervical cancer screening mainly in 

women younger than 30 years, we investigated the 

use of a quantitative E6, E7 mRNA assay (HPV 

OncoTect, Incell DX, Menlo Park, California) that 

determines oncogenes over expression on a cell by 

cell basis using high throughput flow cytometry 
8, 9

. 

In developing countries, cervical cancer is often the 

most common cancer in women and may constitute 

up to 25% of all female cancers 
6
. Cervical cancer 

is preceded only by breast cancer as the most 

common cause of death from cancer in women 

worldwide 
10

. There are at least 118 fully described 

forms of the papillomavirus which structurally 

consists of double-stranded circular DNA 

surrounded by a viral capsid protein 
11

. HPVs can 

infect basal epithelial cells of the skin or inner 

lining of tissues and are categorized as cutaneous 

types or mucosal types.  

Cutaneous types of HPV are epidermotropic and 

target the skin of the hands and feet. Mucosal types 

infect the lining of the mouth, throat, respiratory 

tract, or anogenital epithelium. More than 100 HPV 

types are known to occur that are divided into three 

broad categories depending upon their oncogenic 

potential: high risk types including HPV- 16, 18, 

31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82; 

intermediate types including HPV-  26, 53, 66 and 

low-risk types including HPV- 6, 11, 40, 42, 43, 

44, 54, 61, 70, 72, 81 and CP6108 
12

.  

Eighty-five HPV genotypes are well characterized. 

An additional 120 isolates are partially 

characterized potential new genotypes 
13

. Infection 

with high-risk HPV types is the critical aetiological 

factor in the development of cervical cancer. 

Certain cervical intraepithelial neoplasias (CINs) 

with persistent HPV infection progress to invasive 

cervical cancer although a fraction of them regress 

during the course of time – 60% in case of CIN-1, 

40% of CIN-2 and 33% of CIN-3 (14). At least 

40% of all CINs persist and only about 1% of CIN-

1, 5% of CIN-2 and 15% of CIN-3 advanced to 

invasive cancers 
14

. 

The use of HPV testing for cervical cancer 

screening is growing worldwide. HPV-DNA assays 

determining the presence or absence of high-risk 

HPV genotypes have been extensively utilized over 

the past decade; however, newer HPV-RNA based 

assays are becoming popular because of the hope of 

increased specificity compared to HPV-DNA 

assays including genotyping. One of the issues with 

other HPV-RNA assays such as GenProbe Aptima 

and BioMerieux NucliSENS Easy Q HPV is that 

they genotype HPV from the E6, E7 transcript 
15

.  

In
16

 found the interaction between tobacco smoke 

and HPV-16 E6/E7 oncoproteins for malignant 

transformation and tumorigenesis of lung epithelial 

cells. Persistent infection with oncogenic high-risk 

subtypes of human papillomavirus (HPV) leads to 

cervical cancer 
17

 and over 50% of the cases are 

HPV-16 (2). In cancer development, HPV-16 early 

proteins E6 and E7 are often believed to act as 

oncoproteins as both are crucial for immortalization 

and transformation of cervical keratinocytes 
18

. The 

E6 and E7 oncogenes work synergistically to 

deregulate cell cycle controls through a variety of 

mechanisms. The E6 oncogene promotes 

ubiquitination and proteasomal degradation of the 

tumor suppressor protein p53 and also deregulates 

the cell cycle 
19

. The E7 protein binds to and 

inactivates the function of retinoblastoma protein 

pRb. It disrupts the complex between pRb and the 

E2F transcription factor family, which controls the 

expression of genes involved in cell-cycle 

progression. Thus, destabilization of p53 and 

hypophosphorylated pRb by the expression of two 

viral oncoproteins E6 and E7 promotes 

chromosomal instability, foreign DNA integration, 

and other mutagenic events in the cell. 
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HPV Oncoproteins: HPVs encode two major 

oncoproteins, E6 and E7, which are consistently 

expressed in cervical carcinomas. E6 and E7 lack 

intrinsic enzymatic activities and transform cells by 

stimulating cell growth and inactivating tumor 

suppressor pathways. Expression of HPV-16 E6 

and E7 oncoproteins in primary human epithelial 

cells causes genomic instability. 

E6 protein: The E6 protein of HPV is an 18 KDa 

phosphoprotein, which is localized in the nucleus 

and in non-nuclear membranes. E6 is a critical 

factor in tumor formation and acts to destabilize the 

tumor suppressor p53. The p53 tumor suppressor 

protein, in turn, regulates the transcription of 

several genes that keep cell proliferation in check 

by inducing cell cycle arrest, DNA repair, or 

apoptosis. The E6 protein forms a complex with 

p53 and the cellular ubiquitin ligase causing a 

deregulation of the cell cycle control at the G1/S 

and G2/M check points, an important step for the 

replication of HPV, because a productive infection 

cycle is only possible in cells, which are in the S-

phase of the cell cycle. However, this cell cycle 

manipulation can lead to activation of oncogenes or 

inactivation of tumor suppressors and consequent 

DNA damage cannot be repaired. This leads to 

genetic instability and to malignant transformation 

of high-risk HPV-infected cells 
20

. Another 

important way how E6 proteins of genital HPV 

contribute to transformation is the activation of the 

human telomerase reverse transcriptase promoter, 

which controls the transcription of the catalytic 

telomerase subunit. E6 proteins of cutaneous HPV 

do not interact with p53 and do not degrade (p53) 

21
. Furthermore E6 proteins of both cutaneous and 

anogenital HPV are able to target the proapoptotic 

protein for ubiquitin-dependent degradation by 

assembling E6- p53, thereby inhibiting apoptosis. 

E7 protein: E7 is an 11 KDa protein with a zinc 

finger motif. It acts as an oncogene in genital high 

risk HPV and is able to immortalize primary 

foreskin keratinocytes. The major part of the 

transforming potential of E7 is due to binding and 

induction of ubiquitin-dependent degradation of the 

tumor suppressor retinoblastoma protein (pRb) 
22

. 

The competitive binding of E7 to pRb and its 

degradation lead to segregation of the transcription 

factor E2F. In the G1-phase, E2F is inactivated in a 

complex with pRb. After segregation, E2F can 

induce the expression of genes, which are 

important for DNA synthesis and cell cycle control. 

Additionally E7 can bind the inhibitors of cyclin 

dependent kinases p21CIP1 and p27KIP1 and 

inhibit their functions 
23

. Both events direct the cell 

into the S-phase and enable the viral replication. 

Since only a certain fraction of HPV-infected CINs 

progress to invasive cancer after a long latent 

period and the incidence of tumors are less frequent 

than the HPV infection, additional events also play 

crucial role in making HPV infection persistent, 

leading to oncogenicity. Some high-risk HPV 

viruses are often found in squamous intraepithelial 

lesions (SILs) (Table 1). Some authors refer to 

these HPV types as intermediate risk. The 

magnitude of the association between HPV and 

cervical squamous cell carcinoma is higher than 

that for the association between smoking and lung 

cancer 
24

.  

TABLE 1: HPV TYPE A AND B DISEASE ASSOCIATION   

S. No. HPV type a   & b  

1.  Plantar warts 1, 2, 4, 63 

2.  Common warts 2, 1, 7, 4, 26, 27, 29, 41, 57, 65, 77, 1, 3, 4, 10, 28 

3.  Flat warts 3, 10, 26, 27, 28, 38, 41, 49, 75, 76 

4.  
Other cutaneous lesions (e.g., epidermoid cysts, laryngeal 

carcinoma) 
6, 11, 16, 30, 33, 36, 37, 38, 41, 48, 60, 72, 73 

5.  Epidermodysplasia verruciformis 
2, 3, 10, 5, 8, 9, 12, 14, 15, 17, 19, 20, 21, 22, 23, 

24, 25, 36, 37, 38, 47, 50 

6.  Recurrent respiratory papillomatosis 6, 11 

7.  Focal epithelial hyperplasia of Heck 13, 32 

8.  Conjunctival papillomas/carcinomas 6, 11, 16 

9.  Condyloma acuminata (genital warts) 6, 11, 30, 42, 43, 45, 51, 54, 55, 70 

10.  

 
Cervical intraepithelial neoplasia Unspecified 30, 34, 39, 40, 53, 57, 59, 61, 62, 64, 66, 67, 68, 69 

11.  Low risk 6, 11, 16, 18, 31, 33, 35, 42, 43, 44, 45, 51, 52, 74 

12.  High risk 
16, 18, 6, 11, 31, 34, 33, 35, 39, 42, 44, 45, 51, 52, 

56, 58, 66 

13.  Cervical carcinoma 16, 18, 31, 45, 33, 35, 39, 51, 52, 56, 58, 66, 68, 70. 
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a Data from references 
25

 and 
26

. b Order indicates relative frequency; (bold type indicates most frequent association). 

The HPV Genome - key players: The circular 

HPV DNA is 6800 to 8000 base pairs in length and 

codes for eight genes - E6, E7, E1, E2, E4, E5, L1 

and L2. The first six are "early" viral genes which 

code for proteins produced during the early phase 

of infection in the basal cell layer. They are 

responsible to enhanced proliferation of the 

infected cells and their lateral expansion 
17

. The E5 

Protein has been shown to complex with 

epidermal- growth-factor receptor, platelet-derived-

growth factor receptor and the colony-stimulating 

factor-1 receptor, which promotes growth 
27

. E5 

also appears to inhibit programmed cell death 
28

.  

Nevertheless the fact that the viral E5 gene is often 

deleted during the process of viral DNA integration 

with the host cell genome suggests a dispensable 

role in oncogenesis. E6 and E7 genes and their 

proteins appear to have a central role in HPV-

induced cervical cancer. They are expressed in 

cervical cancers and are individually able to 

immortalise various human cell lines in vitro but 

when expressed together their efficiency is 

enhanced 
29

. The E6 Protein has significant effects 

by virtue of its interaction with, and degradation of 

(p53) 
30

.  p53 is also known as the "guardian of the 

genome" and is crucial in protecting normal cells 

when exposed to stress (e.g. radiation, UV light or 

chemicals). 

In such cells it causes cell cycle arrest preventing a 

cell with damaged DNA from multiplying, and 

allowing the cellular repair systems to fix any 

damaged DNA. If repair is not feasible then p53 

induces apoptosis (programmed cell death).  

Since all cancers arise on a background of DNA 

mutations, p53 has a key role in preventing 

carcinogenesis and unsurprisingly 50-60% of all 

cancers have p53 mutations. Other effects of the E6 

protein include degradation of the pro-apoptotic 

BAK protein which is involved in the intrinsic 

(mitochondrial) death pathway. BAK has a 

physiological role in the cellular response to stress, 

in that it can promote opening of the mitochondrial 

permeability pores releasing intra-mitochondrial 

cytochrome-c which induces apoptosis. E6 also 

activates telomerase and stabilises active Src-

family kinases involved in enhanced cell survival, 

proliferation, and motility. The E7 Protein binds to 

and degrades the Retinoblastoma (pRb) protein 
31

.  

The pRb gene, initially identified as the gene 

responsible for childhood eye tumors, was one of 

the first tumors suppressor genes to be discovered 

and led to Knudson's famous "two-hit" hypothesis 

of cancer development 
32

. The pRb protein 

normally inhibits proliferation by binding to the 

E2F transcription factor – a key player controlling 

the G1/S phase checkpoint of the cell cycle. Loss of 

pRb by HPV E7 protein can therefore result in 

uncontrolled cell division. 

A normal cell would react to excessive E2F-

mediated growth signals by p53-dependent 

apoptosis; however the presence of E6 protein 

counteracts this by p53 and BAK degradation 

which prevents apoptosis 
17

. The end result of their 

combined action is host cell DNA which is prone to 

accumulate chance errors unchecked by 

physiological repair or programmed cell death. The  

The functions of oncogenic genes of HPV are 

presented in Table 2 briefly.   

TABLE 2: HUMAN PAPILLOMA VIRUS EARLY AND 

LATE GENES WITH POSTULATED FUNCTIONS 

Gene Category Gene Function 

E1 E1 Viral replication 

E2 
E2 Modulation of transcription and 

replication 

E3 E3 Unknown 

E4 E4 Productive viral infections 

E5 E5 Transforming properties 

E6 
E6 Oncoprotein; interaction with p53 

protein 

E7 
E7 Oncoprotein; interaction with pRb 

protein Early genes 

E8 E8 Unknown 

Late gene L1 Late genes L1 Major capsid protein 

Late gene L2 Late genes L2 Minor capsid protein 

 

Basic Virology: Papillomaviruses are members of 

the Papovaviridae family, which also includes 

polyomavirus and simian vacuolating virus. HPV is 

a relatively small, nonenveloped virus, 55 nm in 

diameter. It has an icosahedral capsid composed of 

72 capsomers, which contain at least two capsid 

proteins, L1 and L2. Each capsomer is a pentamer 

of the major capsid protein, L1 
33

. Each virion 

capsid contains several copies (about 12 per virion) 
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of the minor capsid protein, L2 
34

. The virus is said 

to somewhat resemble a golf ball when viewed by 

electron microscopy. The HPV genome consists of 

a single molecule of double-stranded, circular DNA 

containing approximately 7,900 bp associated with 

histones 
35

. All open reading frame (ORF) protein-

coding sequences are restricted to one strand.  

The genome is functionally divided into three 

regions (Fig. 1): 

(i) The first is a non-coding upstream regulatory 

region of 400 to 1,000 bp, which has been 

referred to as the non-coding region, the long 

control region (LCR), or the upper regulatory 

region. This region contains the p97 core 

promoter along with enhancer and silencer 

sequences that regulate DNA replication by 

controlling the transcription of the ORFs. This 

region also contains the highest degree of 

variation in the viral genome
36

. 

(ii) The second is an early region, consisting of 

ORFs E1, E2, E4, E5, E6, and E7, which are 

involved in viral replication and oncogenesis. 

 
FIG. 1: GENOMIC STRUCTURE OF HPV 

 

(iii)The third is a late region, which encodes the L1 

and L2 structural proteins for the viral capsid. 

By definition, the nucleotide sequences of the 

E6, E7, and L1 ORFs of a new HPV type 

should be no more than 90% homologous to the 

corresponding sequences of known HPV types 
37

. HPVs have further been classified into 

subtypes, when they have 90 to 98% sequence 

similarity to the corresponding type and 

variants when they show no more than 98% 

sequence homology to the prototype. Some 

naturally occurring variants have different 

biological and biochemical properties important 

in cancer.                                                                                     

HPV life cycle and pathogenesis: HPV are non-

lytic, non-enveloped, icosa hedral-shaped viruses 

that replicate their genomes in the nuclei of host 

cells using host cellular machinery. Their 7.9-kb 

circular, double-stranded DNA genome has a 

simple organization and can be separated into two 

coding regions and a non-coding regulatory region. 

The coding regions are denoted E and L for “early” 

proteins and “late” proteins, and encode on average 

8 major open reading frames that are expressed 

from polycistronic mRNAs transcribed from a 

single DNA strand
38

. The six E proteins are 

responsible for viral DNA replication, transcription 

and cellular transformation 
39

.  

They fulfill regulatory functions vital for the 

production of viral progeny while the two L 

proteins are the capsid proteins responsible for 

virion assembly 
40 

and DNA packaging 
41

. The 

functions of HPV genes have been discussed in 

detail elsewhere 
42, 43

.  Although HPV virions have 

been shown to bind heparin, a ubiquitous 

polysaccharide that may provide the initial 

attachment 
44

 and heparin sulfate has been shown to 

be required on the cell surface for HPV infection 
45

, 

the receptor for HPV entry into basal cells has not 

been functionally identified.  

Thus, the precise steps of the entry process are yet 

to be elucidated and additional work is required to 

understand the mechanism by which HPV virions 

infect host basal epithelial cells. HPV infection of 

basal cells leads to the activation of a cascade of 

viral gene expression that resulted in the replication 

of the viral genome.  

However, the expression of viral genes is largely 

suppressed and there is limited expression of 

specific early viral genes. The first viral genes to be 

expressed are the replication factors E1 and E2 

which form a complex that bind to the origin of 
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replication and act to recruit cellular polymerases 

and accessory proteins that mediate DNA 

replication 
46, 47

. 

Three HPV proteins (E5, E6 and E7) possess 

proliferation- stimulating activity. E5 stimulates 

cell growth by forming complexes with the 

epidermal-growth-factor receptor (EGFR), the 

platelet derived growth-factor-β receptor and the 

colony-stimulating factor-1 receptor 
27

. It has also 

been shown to prevent apoptosis following DNA 

damage 
28

 E6 and E7 are independently able to 

immortalize human cell types in tissue culture, but 

the efficiency is increased when they are expressed 

simultaneously 
29, 48

. Together, expression of these 

viral proteins results in blockage of exit from the 

cell cycle and enhanced proliferation of infected 

cells containing hundreds of copies of the HPV 

genome per cell. As infected cells divide, viral 

genomes are partitioned into the daughter cells.  

One daughter cell migrates to the suprabasal layers 

and undergoes differentiation, while the other 

continues to divide and is the reservoir for 

continuous viral replication. In uninfected cells, 

differentiation would lead to exit from the cell 

cycle, but infected cells remain in active cell cycle 

due to the action of E7 
49

 and continue to replicate 

the viral genome. The functions of E4 and E5 in the 

replication process are not well understood, though 

they both have been proposed to be involved in the 

regulation of late viral functions 
20

. Early proteins 

are predominantly expressed in the basal and 

suprabasal layers of the epidermis. E5, E6 and E7 

are oncogenic proteins (Fig. 2). E5 expression 

enhances oncogenic potential 
50, 51

.  

Following entry into the suprabasal layers, “late” 

viral gene expression is initiated and the structural 

proteins (L1 and L2) are expressed. The L1 and L2 

proteins spontaneously self-assemble into 

icosahedral capsids 
52, 53

 that contain the viral 

genome and mature virus particles are released 

from the uppermost layers of the epithelium when 

the differentiated cells are sloughed off at the end 

of their lifespan. 

During the initial phase of infection, HPV is 

present as an episome, but in the majority of 

cancers, HPV has integrated into the host genome 
54

. Integration results in the inactivation of the E2 

open reading frame and a loss of its repressor 

function for E6 and E7 transcription, which allows 

for an accumulation of genetic changes 
38

. 

While the molecular pathogenesis of cancer caused 

by the high-risk HPV types is not fully understood 

and although they are self-sufficient to induce 

carcinogenesis, the infection itself is not able to 

induce the malignant transformation of infected 

cells. The development of cervical cancer and the 

invasive phenotype requires more changes that are 

reviewed in detail elsewhere 
43

. 

Prevention of Apoptosis: Apoptosis, or 

programmed cell death, is initiated by specific 

biological signals and two main apoptotic routes 

have been identified 
55, 56

. In the extrinsic death 

receptor pathway, receptors are activated 

specifically by their cognate ligands, such as Fas-

Fas ligand (FasL) interaction. The intrinsic 

mitochondrial pathway is used in response to many 

nonspecific stimuli, e.g. DNA damage, radiation, 

and osmotic stress 
57

, resulting in cytochrome c 

release from the mitochondrial inter-membrane 

space. Both pathways converge at the level of 

caspase-3 activation. Inhibition of apoptosis of 

HPV-infected cells could be a mechanism to 

promote survival of the virus.  

Furthermore, if the expression of death receptor 

ligands were up-regulated on the surface of 

infected cells, they may induce apoptosis of 

activated T-cells that mount an immune response. 

The E6 protein of HPV-16 and other HPV binds 

cellular p53 and the binding correlates with the in 

vivo clinical behavior and the in vitro transforming 

activity of these different papilloma viruses 
30

. E6 

binding to p53 stimulates the degradation of p53 in 

an ATP-dependent manner that involves the 

ubiquitin dependent protease system. Thus, E6 

prevents intrinsic, p53- dependent apoptosis of 

infected cells. E5 suppresses FasL mediated-

apoptosis and this is associated with a two-fold 

reduction in Fas expression. Although E5 also 

suppresses tumor necrosis factor-related apoptosis-

inducing ligand (TRAIL) mediated-apoptosis, no 

such down-regulation was observed 
58

.  

This was further investigated using raft cultures 

because it allows analysis of apoptosis under more 

tissue-like conditions by mimicking the stratified 

organization of a normal surface epithelium and 

similar results were obtained 
58

. Thus, inhibition of 
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apoptosis may be a primary function of the HPV-

16, E5 protein needed to prevent apoptosis at early 

stages of viral infection and promote its survival. 

Whether FasL expression on infected cells is up-

regulated by any of the HPV proteins has yet to be 

determined. 

FIG. 2: INTEGRATION OF ONCOGENIC GENES WITH THE HOST CELL UNDER MECHANISM OF 

PATHOGENESIS OF HPV 

CONCLUSIONS: The incidence of cervical 

cancer and its concerned mortality have declined in 

recent years, largely due to the widely use methods 

of testing for detection of abnormal cervical cells. 

Molecular and epidemiologic studies have 

solidified the association between high-risk strains 

of HPV and cervical squamous cell carcinoma. 

Tests have been developed to detect high-risk 

HPV-DNA with high sensitivity and specificity in 

cervical samples.  

The improvements in cytologic screening as well as 

HPV-DNA testing greatly facilitate the 

identification of women at risk for cervical cancer. 

Early identification and intervention will probably 

have a significant impact on the reduction of 

cervical cancer morbidity and mortality.   

In addition to changes in screening strategies, 

effective therapeutic and preventive vaccines may 

be developed that have the potential to contribute 

significantly to the control and prevention of 

cervical cancer. 

REFERENCES: 

1. Jemal A, Siegel R, Xu J & Ward E: Cancer statistics. 

CA Cancer Journal for Clinicians 2010; 60: 277-300.  

2. Walboomers JM, Jacobs MV, Manos MM, Bosch 

FX, Kummer JA, et al: Human papillomavirus is a 



Gill et al., IJPSR, 2014; Vol. 5(3): 703-712.                                                E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                                710 

necessary cause of invasive cervical cancer 

worldwide. Journal of Pathology 1999; 189: 12-19.  

3. Zur Hausen H: Condylomata acuminata and human 

genital cancer. Cancer Research 1976; 36:794.  

4. Jung WW, Chun T, Sul D, Hwang KW, Kang HS, 

Lee DJ, et al: Strategies against human 

papillomavirus infection and cervical cancer. Journal 

of Microbiology 2004; 42:255-66.  

5. Steenbergen RDM, Wilde JD, Wilting SM, Brink 

AATM, Snijders PJF, Meijer CJLM: HPV-mediated 

transformation of the anogenital tract. Journal of 

Clinical Virology 2005; 32:25-33.  

6. Harro CD, Pang YYS, Roden RBS, Hildesheim A, 

Wang Z, Reynolds MJ et al: Safety and 

immunogenicity trial in adult volunteers of a human 

papillomavirus 16 L1 virus-like particle vaccine. 

Journal of the National Cancer Institute 2001; 

93:284–292.  

7. Cervical Cancer Action Report Card 2011; Available 

from 

http://www.cervicalcanceraction.Org/pubs/CCA_ 

reportcard_low-res.pdf  

8. Narimatsu R, Patterson BK: High-throughput 

cervical cancer screening using intracellular human 

papillomavirus E6 and E7 mRNA quantification by 

flow cytometry. American Journal of Clinical 

Pathology 2005; 123:716–723.  

9. Coquillard G, Palao B, Patterson BK: Quantification 

of intracellular HPV E6, E7 mRNA expression 

increases the specificity and positive predictive value 

of cervical cancer screening compared to HPV DNA. 

Gynecologic Oncology 2011; 120(1): 89–93.  

10. Jin X, Cash WJ, and Kennedy AW: Human 

papillomavirus typing and the reduction of cervical 

cancer risk. Cleveland Clinic Journal of Medicine 

1999; 66:533–539.  

11. de Villiers EM, Fauquet C, Broker TR, Bernard HU, 

Zur Hausen H: Classification of papillomaviruses. 

Virology 2004; 324:17-27.  

12. Munoz N, Bosch FX, de Sanjose S, Herrero R, 

Castellsague X, Shah KV et al: International Agency 

for Research on Cancer Multicenter cervical Cancer 

Study Group. Epidemiologic classification of human 

papillomavirus types associated with cervical cancer. 

New England Journal of Medicine 2003; 348:518–

527.  

13. Zur Hausen H: Papillomaviruses in human cancers. 

Proceedings of the Association of American 

Physicians 1999; 111:581- 587.  

14. Ostor AG: Natural history of cervical intraepithelial 

neoplasia: a critical review. International Journal of 

Gynecologic Pathology1993; 12:186–192.  

15. Burger EA, Korner H, Klemp M, Lauvrak V, and 

Kristiansen IS: HPV mRNA tests for the detection of 

cervical intraepithelial neoplasia: a systematic 

review. Gynecologic Oncology 2011; 20(3):430–

438.  

16. Munoz JP, Gonzalez C, Parra B: Functional 

interaction between human papillomavirus type 16 

E6 and E7 oncoproteins and cigarette smoke 

components in lung epithelial cells. PLoS One, 

2012; 7: e38178.  

17. Zur Hausen H: Papillomaviruses and cancer: From 

basic studies to clinical application. Nature Review 

Cancer 2002; 2:342-50.  

18. Munger K, Baldwin A, Edwards KM, Hayakawa H, 

Nguyen CL, Owens M, et al: Mechanisms of human 

papillomavirus-induced oncogenesis. Journal of 

Virology 2004; 78: 11451–11456.  

19. Thomas M, Pim D & Banks L: The role of the E6-

p53 interaction in the molecular pathogenesis of 

HPV. Oncogene 1999; 18:7690–700.  

20. Fehrmann F & Laimins LA: Human 

papillomaviruses: Targeting differentiating epithelial 

cells for malignant transformation. Oncogene 2003; 

22:5201-5207.  

21. Elbel M, Carl S, Spaderna S & Iftner T: A 

comparative analysis of the interactions of the E6 

proteins from cutaneous and genital 

papillomaviruses with p53 and E6AP in correlation 

to their transforming potential. Virology 1997; 239: 

132–149.  

22. Berezutskaya E & Bagchi S: The Human 

Papillomavirus E7 Oncoprotein Functionally 

Interacts with the S4 Subunit of the 26 S 

Proteasome. J. Biol. Chem.1997; 272: 30135– 

30140.  

23. Munger K, Basile JR, Duensing S: Biological 

activities and molecular targets of the human 

papillomavirus E7 oncoprotein. Oncogene 2001; 20: 

7888–98.  

24. Franco EL: Cancer causes revisited: human 

papillomavirus and cervical neoplasia. Journal of the 

National Cancer Institute 1995; 87:779–780.  

25. Bonnez W and Reichman RC: Papillomaviruses. In 

G. L. Mandell, J. E. Bennett, and R. Dolin (ed.), 

Mandell, Douglas, and Bennett’s principles and 

practice of infectious diseases, Churchill Livingston, 

Philadelphia, Pa.5th ed. 2000; 1630–1640.  

26. Bosch F, Manos MM, Munoz N, Sherman M, Jansen 

AM, Peto J et al: International Biological Study on 

Cervical Cancer (IBSCC) Study Group. Prevalence 

of human papillomavirus in cervical cancer: a 

worldwide perspective. Journal of the National 

Cancer Institute 1995; 87:796–802.  

27. Hwang ES, Nottoli T, Dimaio D: The HPV 16 E5 

protein: expression, detection, and stable complex 

formation with trans-membrane proteins in COS 

cells. Virology 1995; 211:227-33.  

28. Zhang B, Spandau DF, Roman AS: E5 protein of 

human papillomavirus type 16 protects human 

foreskin keratinocytes from UV B-irradiation-

induced apoptosis. Journal of Virology 2002; 

76:220-31.  

29. Munger K, Phelps WC, Bubb V, Howley PM, 

Schlegel R: The E6 and E7 genes of human 

papillomavirus type 16 are necessary and sufficient 

for transformation of primary human keratinocytes. 

Journal of Virology 1989; 63:4417-23.  



Gill et al., IJPSR, 2014; Vol. 5(3): 703-712.                                                E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                                711 

30. Werness BA, Levine AJ, Howley PM: Association 

of human papillomavirus types 16 and 18 E6 

proteins with p53. Science 1990; 248:76-9.  

31. Dyson N, Howley PM, Munger K, Harlow E: The 

human papillomavirus-16 E7 oncoprotein is able to 

bind to the retinoblastoma gene product. Science 

1989; 243:934-7.  

32. Knudson AG Jr, Hethcote HW, Brown BW: 

Mutation and Childhood Cancer: A Probabilistic 

Model for The Incidence Of Retinoblastoma. 

Proceedings of the National Academy of Sciences 

             USA 1975; 72:5116-20.  

33. Baker TS, Newcomb WW, Olson NH, Cowsert LM, 

Olson C, and Brown JC: Structures of bovine and 

human papillomaviruses. Analysis by cryoelectron 

microscopy and three-dimensional image 

reconstruction. Biophysical Journal 1991; 60:1445–

1456.  

34. Sapp M, Volpers C, Muller M, and Streck RE: 

Organization of the major and minor capsid proteins 

in human papillomavirus type 33 virus-like particles. 

Journal of General Virology 1995; 76:2407–2412.  

35. Favre M: Structural polypeptides of rabbit, bovine, 

and human papillomaviruses. Journal of Virology 

1975; 15:1239–1247.  

36. Apt D, Watts RM, Suske G, and Bernard U: High 

Sp1/Sp3 ratios in epithelial cells during epithelial 

differentiation and cellular transcription correlate 

with the activation of the HPV-16 promoter. 

Virology 1996; 224:281–291.  

37.  Torrisi, A., Del Mistro A, Onnis GL, Merlin F, 

Bertorelle R, and Minucci D: Colposcopy, cytology 

and HPV testing in HIV-positive and HIV-negative 

women. European journal of 

gynecological oncology 2000; 21:168–172.  

38. Stubenrauch F, Laimins LA: Human papillomavirus 

life cycle: active and latent phases. Seminars 

in Cancer Biology 1999; 9:379-386.  

39. Zur Hausen H: Papillomavirus infections--a major 

cause of human cancers. Biochimica et Biophysica 

Acta 1996; 1288:F55-F78.  

40. Kirnbauer R, Booy F, Cheng N, Lowy DR, and 

Schiller JT: Papillomavirus L1 major capsid protein 

self-assembles into virus-like particles that are 

highly immunogenic. Proceedings of the National 

Academy of Sciences USA 1992; 89:12180-12184.  

41. Zhou J, Sun X Y, Louis K, and Frazer IH: 

Interaction of human papillomavirus (HPV) type 16 

capsid proteins with HPV DNA requires an intact L2 

N-terminal sequence. Journal of Virology 1994; 

68:619-625.  

42. Scheffner M, Romanczuk H, Munger K, Huibregtse 

JM, Mietz JA, Howley PM: Functions of human 

papillomavirus proteins. Current Topics in 

Microbiology and Immunology1994; 186: 83-99.  

43. Zur Hausen H: Papillomaviruses causing cancer: 

evasion from host-cell control in early events in 

carcinogenesis. Journal of the National Cancer 

Institute 2000; 92:690-698.  

44. Joyce JG, Tung JS, Przysiecki CT, Cook JC, 

Lehman ED, Sands JA, et a1: The L1 major capsid 

protein of human papillomavirus type 11 

recombinant viruslike particles interacts with heparin 

and cell surface glycosaminoglycans on human 

keratinocytes. Journal of Biological Chemistry 1991; 

274:5810-22.  

45. Giroglou T, Florin L, Schafer F, Streeck RE, Sapp 

M: Human papillomavirus infection requires cell 

surface heparin sulfate. Journal of Virology 2001; 

75:1565-1570.  

46. Mohr IJ, Clark R, Sun S, Androphy EJ, MacPherson 

P, Botchan MR: Targeting the E1 replication protein 

to the papillomavirus origin of replication by 

complex formation with the E2 transactivator. 

Science 1990; 250:1694-1699  

47. Conger K, Liu L, JS Kuo SR, Chow LT, Wang, TS: 

Human papillomavirus DNA replication. 

Interactions between the viral E1 protein and two 

subunits of human DNA polymerase alpha/primase. 

Journal of Biological Chemistry 1999; 274:2696-

2705.  

48. McDougall JK: Immortalization and transformation 

of human cells by human papillomavirus. Current 

Topics in Microbiology and Immunology 1994; 

186:101-119.  

49. Cheng S, Schmidt-Grimminger DC, Murant T, 

Broker TR, and Chow LT: Differentiation-dependent 

up-regulation of the human papillomavirus E7 gene 

reactivates cellular DNA replication in suprabasal 

differentiated keratinocytes. Genes and 

Development1995; 9:2335-2349.  

50. Stoppler MC, Straight SW, Tsao G, Schlegel R, 

McCance DJ: The E5 gene of HPV-16 enhances 

keratinocyte immortalization by fulllength DNA. 

Virology 1996; 223: 251-4.  

51. Maufort JP, Shai A, Pitot HC, Lambert PF: A role 

for HPV16 E5 in cervical carcinogenesis. Cancer 

Research 2010; 70: 2924-31.  

52. Zhou J, Sun XY, Stenzel DJ, and Frazer IH: 

Expression of vaccinia recombinant HPV 16 L1 and 

L2 ORF proteins in epithelial cells is sufficient for 

assembly of HPV virion-like particles. Virology 

1991; 185:251-257.  

53. Hagensee ME, Yaegashi N, and Galloway DA: Self-

assembly of human papillomavirus type 1 capsids by 

expression of the L1 protein alone or by 

coexpression of the L1 and L2 capsid proteins. 

Journal of Virology 1993; 67:315-322.  

54. Wentzensen N, Vinokurova S, von Knebel Doeberitz 

M: Systematic review of genomic integration sites of 

human papillomavirus genomes in epithelial 

dysplasia and invasive cancer of the female lower 

genital tract. Cancer Research 2004; 64:3878-3884.  

55. Budihardjo I, Oliver H, Lutter M, Luo X, Wang X: 

Biochemical pathways of caspase activation during 

apoptosis. Annual Review of Cell and 

Developmental Biology 1999; 15:269-290.  

56. Hengartner MO: The biochemistry of apoptosis. 

Nature 2000; 407:770-776.  

57. Rich T, Allen RL, and Wyllie AH: Defying death 

after DNA damage. Nature, 2000; 407:777-783.  

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.pnas.org%2F&ei=RCQPU72IFsmFiQeMmIDoCQ&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA&bvm=bv.61965928,d.aGc
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CDgQFjAC&url=http%3A%2F%2Fwww.researchgate.net%2Fjournal%2F0392-2936_European_journal_of_gynaecological_oncology&ei=MSgPU_S_DaG5iQeCg4HYDQ&usg=AFQjCNHeQcuB_ywbEnGVLRDgjh_3eRqjiw&bvm=bv.61965928,d.aGc
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CDgQFjAC&url=http%3A%2F%2Fwww.researchgate.net%2Fjournal%2F0392-2936_European_journal_of_gynaecological_oncology&ei=MSgPU_S_DaG5iQeCg4HYDQ&usg=AFQjCNHeQcuB_ywbEnGVLRDgjh_3eRqjiw&bvm=bv.61965928,d.aGc
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.pnas.org%2F&ei=RCQPU72IFsmFiQeMmIDoCQ&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA&bvm=bv.61965928,d.aGc
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.pnas.org%2F&ei=RCQPU72IFsmFiQeMmIDoCQ&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA&bvm=bv.61965928,d.aGc


Gill et al., IJPSR, 2014; Vol. 5(3): 703-712.                                                E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                                712 

58. Kabsch K, Alonso A: The human papillomavirus 

type 16 E5 protein impairs TRAIL- and FasL-

mediated apoptosis in HaCaT cells by different 

mechanisms. Journal of Virology 2002; 76:12162-

12172.  

 

 

 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are 

available on Google Playstore) 

How to cite this article: 

Gill SS, Jana AM, Shrivastav A, Sharma S and Sharma A: The Carcinogenic potential of E6 & E7 genes of high-risk HPV 

compared with E6, E7 genes of low-risk HPV in human Cervical cancer: A Review. Int J Pharm Sci Res 2014; 5(3): 703-

12.doi: 10.13040/IJPSR.0975-8232.5(3).703-12 


