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ABSTRACT
Background: Cancer is the most dreadful disease since last few decades. Besides all 
causative reasons, it is observed that one in every five cancers globally is linked with 
infectious diseases. Among all the infectious oncogenic viruses, 35% of the human 
cancers have been caused by Human Papilloma Viruses (HPVs). One such type is 
Epidermodysplasia Verruciformis (EV), a tropical disease also known as the Tree man 
syndrome. Hypothesis: EV is one of the most potential illustrations linking viral infection 
with skin carcinogenesis. The HPV virus acts as a cofactor with the UV radiation. The 
lesions caused by invasion of the HPV in the sun exposed wounded areas of the EV 
patients clearly links βHPV and cellular proliferation where EVER1 and EVER2 gene 
mutations are equally cardinal. When the viral infection persists, the somatic mutations 
over time accumulate, leading to precancerous lesions at first, followed by the malignant 
transformation. Two out of the eight proteins that the HPV genome codes for namely 
E6 and E7, account for the high-risk type HPVs that cause cancer. Both work similarly 
but on different sites. Both E6 and E7 proteins encode the main HPV's oncoprotein 
which promotes cell progression and viral replication. Results and Conclusion: The role 
of E6 and/or E7 in tumor progression, metastasis promotion, NOTCH and TGFβ pathway 
modification, DNA methyltransferase stimulation, histone modification, E-cathedrine 
modification etc. have been described in this review for the better understanding of the 
linkage between viral infection and carcinogenesis process. 
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INTRODUCTION
Cancer is one of  the most widespread and 
deleterious disease that has now become way 
beyond the facile concept of  uncontrolled 
cell growth. Among the causative factors 
such as, UV radiations, tobacco, γ-rays or 
mutations, one out of  every five cancers 
have been found to be linked with infectious 
diseases. The oncogenic viruses that have 
been identified till date are: Hepatitis B, her-
pes virus, Epstein-Barr virus, Human pap-
illoma virus, Merkel cell polyomavirus and 
Kaposi’s sarcoma virus and human T-cell 
lymphoma virus and about 35% of  the 
human cancers have been caused by HPV.1 

The papillomaviruses infect the cutaneous 
and the mucosal epithelium thereby causing 
proliferative lesions.2 The epidermological 
findings indicate that HPV may be neces-
sary in the initial stage and may become 
dispensable once the non-melanoma skin 
cancer (NMSC) has been fully established.3 

The NMSC encompasses the basal cell car-
cinoma (BCC) and squamous cell carcinoma 
(SCC) that occur most frequently globally. 
One such type is Epidermodysplasia Verru-
ciformis (EV), also known as the Tree Man 
Syndrome.
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Epidemiology
Most of  the cancers, diagnosed at a young age, are 
mostly associated with higher HPV prevalence across 
ethnic groups. The presence of  HPV has been detected 
in oral cavity cancer (32.0%), anal cancer (91.1%), cer-
vical cancer (90.6%), oropharyngeal cancer (75.0%), 
vulvar cancer (68.8%), laryngeal cancer (20.9%) and 
penile cancer (63.3%).4 However, EV has been consid-
ered to be one of  the most potential illustrations that 
links skin carcinogenesis to the viral infection caused 
by HPV.1 Epidermodysplasia Verruciformis is a very 
rare genodermatosis and was first documented in 1922 
by Lewandowsky and Lutz.5 So far, 501 EV cases have 
been globally reported.6 EV cases have been found to 
be either sporadic or inherited (autosomal recessive, sex 
linked or autosomal dominant). In fact, in one third of  
the patients, cancer has been seen to develop in the light 
exposed areas.7 EV cases have been seen from Europe, 
Poland, Latin America. EV usually begins in childhood 
or even infancy.8 This cancer has its average onset at the 
age of  31 years but it can even be as early as 13 years,7 

where the malignancy becomes definitive in the fourth 
or fifth decade.8

Phenotype of EV 
HPV infections in EV patients are asymptomatic and 
are manifested as polymorphic skin lesions that look 
like tree branches emerging from human body. Its phe-
notype relies on the immunological and viral features 
that characterize the EV patients. The infections lead 
to the development of  pathognomonic pityriasis versi-
color-like lesions; flat warts like lesions. Such lesions are 
generally reddish brown in colour. Papular lesions are 
usually found in the trunk, face and neck region and 
resemble verrucae planar. Pityriasis-like warts are found 
to dominate over the flat warts. The benign lesions are 
usually found on the torso region that appear as scaly 
and irregular. On the other hand, the malignant ones are 
found usually in the exposed areas of  the skin.9 These 
warts usually appear as disseminated polymorphic cuta-
neous lesions.1 Over the time, such manifestations have 
been seen to be progressing to NMSC or SCC especially 
in the sun exposed areas.10 Histological studies of  such 
lesions have revealed kolocytes, parakeratosis, acantho-
sis, hyperkeratosis and keratinocytes having pale stained 
cytoplasm.11 EV carcinoma cases were reported to retain 
a high number of  reprints of  HPV genomes which were 
found to be maintained as episomes expressing the 
oncogenic transcripts E7 and E6.1

Pathogenesis of EV
HPV 

The human papillomaviruses are non-enveloped viruses 
belonging to the family papilomaviridae.12 They have a 
double stranded circular DNA (8000 nucleotide base 
pairs with nine open reading frames. The icosahedral 
capsid that consists of  72 capsomeres encloses the viral 
DNA, associated with the histones that form mini-
chromosomes. The classification of  HPVs is done on 
the basis of  the ORFs nucleotide sequence of  the L1 
capsid. The HPVs have been divided into 16 genera for 
instance-mu, nu, alpha, beta, gamma where most of  
them belong to the alpha and beta genuses.13 The HPV 
genome has two regions-the coding region that encodes 
for early (E) and late (L) proteins and the non-coding 
region (NCR) or the long coding region (LCR). When 
the initial phases of  viral replication occur, the early 
proteins, E1, E2, E4, E5, E6 and E7 are expressed to 
regulate the plasmid replication and its expression along 
with the cell adaptation. The late protein on the other 
hand forms the structural unit of  capsid and encodes 
L1 (major) and L2 (minor) capsid proteins.14-16 The LCR 
portion of  the genome comprises of  10 % to 15 % of  
the whole genome and it is placed towards the E region 
as shown in the Figure 1. It has binding sites for several 
transcription factors that are important for the viral pro-
tein expression.17

HPVs as epidermis invader
HPV has been found to inhabit the cutaneous epithe-
lium, targeting the hair follicles. HPV5 and HPV8 both 
belonging to the β-genus of  the family have been found 
frequently in the lesions of  the EV patients leading to 
skin carcinoma.18 The βHPV’s have been found to infect 
he stratified epithelium and link their life cycle with 
keratinocytes’ differentiation. They begin by approach-
ing the basal cells of  the stratified epithelium that pro-
liferates because of  any micro-abrasion or micro-injury. 
The process of  viral entry proceeds by the interaction 
with the cell surface heparin sulphate which is followed 
by endocytosis-mediated by clathrin or caveola.19 When 
the virus exits the basal layer, epithelial cells stop prolif-
erating, therefore initiating differentiation programme. 
However, HPV requires delayed differentiation to ensure 
its replication in the upper granular and the suprabasal 
layer.1 A potential role of  the DNA repair process has 
been seen to integrate with the HPV infection,17 where 
HPV acts as a cofactor along with the UV radiation that 
helps to link the β-HPV and cellular proliferation where 
EVER1 and EVER2 mutations are equally cardinal.20
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The EVER genes
It has been found that specific events occurring in 
somatic cells of  the hosts are also important for the 
malignant transformation. Viral infection alone can’t be 
the only cause for malignancy. When the viral infection 
persists, the somatic mutations over the time, accumu-
late, leading to precancerous lesions at first, followed by 
the malignant transformation.
Transmembrane channel (TMCs) like proteins have 
been found to concatenate HPV, carcinoma and EV, 
playing an important role in controlling the link between 
viral homeostasis and the damage caused by the UV. 
Two loci-EV1 and EV2 were found to be susceptible to 
EV that helped to ascertain the two novel genes EVER1 
and EVER2.21,22 These two genes have been found to 
code for a transmembrane protein in the endoplasmic 
reticulum that functions as an ion transporter.23 The 
EVER1 gene was found to be identical with the TMC6 
and the EVER2 gene, identical to the TMC8.24,25

The EVER1 gene was found to be responsible for 
maintaining zinc homeostasis. EVER1 protein has ten 
domains, two leucine-zipper motifs and two putative gly-
cosylation sites. It consists of  20 exons, 19 introns and 
encodes for 4 transcripts. EVER 2 protein was found 
to have eight domains, three leucine-zipper motifs and 
two putative glycosylation sites. It consists of  16 exons, 
15 introns and encodes for just one transcript with 4419 
base-pairs. Something to be accentuated here is that the 
locus for EVER gene was found in a region with locus 
PSORS2 that was susceptible to psoriasis.5 Several cases 
of  mutations have been reported in EVER genes like 
splice site mutation, nonsense mutation, single nucleo-
tide polymorphism and frameshift mutation that have 
contributed to the pathogenesis of  EV.

Physiology of EVER genes
The element zinc plays a vital role in acting as a sec-
ondary messenger in signal transduction. Hence, is 
homeostasis is required. Zinc transporters are the 
transmembrane proteins that maintain the balance of  
zinc efflux and influx, regulating the action of  zinc as 
secondary messenger. Zinc transporters fall under two 
categories-SLC39, called as Zrt i.e. ZIP and SLC30 des-
ignated as cation diffusion facilitator (CDF) or as the 
zinc transporter (Zn-T).1,26

ZIP and Zn-T counter-balance each other’s work and 
protect the cell from zinc toxicity. The former is respon-
sible for translocating zinc towards the cytoplasm 
whereas the latter translocates zinc from the nucleus, 
outside the cytoplasm. EVER genes have a primary 
role in maintaining this zinc homeostasis. The EVER 
genes form a complex with the Zn-T and translocate 

the excess zinc ions from the pool of  free zinc ions to 
the lumen of  endoplasmic reticulum thereby, decreasing 
the zinc concentration in the nucleus. So in a way, the 
EVER/Zn-T complex regulates the activity of  many 
transcription factors by modulating the zinc efflux and 
influx.27 When the cell surface gets triggered, free zinc 
ions get released from the endoplasmic reticulum, caus-
ing a phenomenon called as the zinc wave followed by 
the binding of  the zinc ions to the zinc finger. Zinc fin-
gers are the cysteine-based protein domains to which 
the zinc ions bind to. Zinc fingers are specifically the 
Cys2His2 motifs (CCHH).1 Zinc ions bind to the thio-
late group of  the cysteine residues of  the enzyme phos-
phatase, suppressing its activity and phosphorylating a 
number of  transcription factors thus, initiating signal 
transduction. The EVER/Zn-T complex is also able 
to suppress the AP-1, Fos, Elk-1 transcription factors 
as shown in Figure 3. This affects the lymphocytes’ 
maturation, differentiation along with cytokine expres-
sion that have been infected by viral proteins. Hence 
in any way, the EVER proteins’ inactivation can either 
compensate for the absence of  viral function or it is the 
virus that tends to obstruct the functioning of  EVER 
genes causing dysregulation in the signal transductions.
The EVER/Zn-T complex influences the transactive 
domain of  c-Jun as well. Jun is a constituent ofAP-1 
dimer that if  getting phosphorylated by GSK3 gets sup-
pressed and gets activated if  gets phosphorylated by 
JNK. The G3K3 (glycogen synthase kinase-3) is involved 
in a lot of  pathways such as NOTCH, Wnt/β-catenin 
and Hedgehog.28 The mutated EVER/Zn-T complex 
modulates the JNK activity in a GSK-3 independent 
way thereby inhibiting the transactive domain of  c-Jun. 
This activation of  the cell proliferation pathway favours 
even the replication of  keratinocytes that get infected 
by the HPVs.5 Free zinc is also able to induce the stimu-
lation of  c-Jun, N terminal kinase signalling pathway 
via the PI3K pathway. Hence, JNK stimulation is also 
stimulated by PI3K-Rac-1. In a nutshell, zinc exposure 
leads to the phosphorylation of  JNK, p38 MAPK and 
ERK and this stimulation leads to the overproduction 
of  proinflammatory cytokines which are conducive for 
the virus infected cells and their sustenance. Therefore, 
the EVER-Zn-T complex is responsible for the regula-
tion of  zinc induced transcription factors.
The EVER2 has also been found to be linked with 
abnormality in the protein profile of  TRAF2. EVER 
gen interacts with TRADD impeding the recruitment 
of  RIPK1 and TRAF preventing TRAF2’s ubiquitina-
tion so that it can associate with Fas-associated pro-
tein with death domain (FADD), activating the caspase 
promoting TRAIL induced apoptosis through RIPK1’s 
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death domain. Hence, EVER2 prevents the impairment 
of  NF-KB pathway.5 However, in case of  the mutated 
EVER2 gene, the TRAF2 is able to bind to the TRAF2 
binding site of  TRADD in case of  TNF-α stimulation 
and forming a TRADD/RIPK1/TRAF2/CIAPs com-
plex I that resists the TRAIL induced apoptosis and 
induces NF-KB cascade.29

CIB1 is calcium-integrin binding protein1 which is an 
intracellular binding partner of  a platelet-specific α inte-
grin cytoplasmic tail. It is involved in Calcium signal-
ling, migration, proliferation and cell survival. Binding 
partners of  CIB1 are- p-21 activated kinase (PAK1), 
serine threonine kinase. Apoptosis signal regulating 
kinase1 (ASK1) and polo-like-kinase (PLK3). CIB1 has 
also been found to support the PI3K/AKT and MEK/
ERK oncogene pathway.30 Due to the variations in the 
EVER1 and the EVER2 genes, low levels of  CIB1 was 
observed. Through co-immunoprecipitation studies, it 
was found that EVER1, EVER2 and CIB1 formed a 
multimeric complex. CIB1 was found to interact with 
the gamma-HPV4 E8 and alpha HPV16 E5. The com-
plex CIB1/EVER1/EVER2 restricts the HPV expres-
sion.31 However, the CIB1 does not affect the zinc 
transport or the NF-kB. No interaction has been seen 
in the CIB1 and the Zn-T protein.32

The viral oncoproteins
E6 and E7 are the two oncoproteins coded by the HPV 
genome that promotes cell cycle progression and viral 
replication. They both work similarly but on different 
sites. They contribute to the carcinogenesis by differ-
ent processes, making the host genome unstable, caus-
ing chromosomal aberrations, thereby interfering with 
mitosis and inhibiting the tumor suppressor gene. In 
fact, E6 and E7 induce the accumulation of  damaged 
DNA. E6 and E7 bring out such events through the 
presence of  class 1 PDZ (PSD-95/Dig/ZO-1) binding 
motif  which is present at the carboxy terminal of  the 
viral oncogene that inducts malignancy. PDZ binding 
activity is regulated by the phosphorylation with the 
help of  protein kinase A (PKA)/AKT that inhibits the 
recognition of  PDZ.33

E6 is primarily responsible for impairing p53, favouring 
the anti-apoptotic pathways whereas E7 is responsible 
for reprogramming the epithelial cells at the surface of  
epithelium, letting the host cell re-enter the cell cycle. 
This provides a conducive milieu for the viral replication 
that ultimately destabilizes the host genome. The focal 
amplification of  the loci having the following genes have 
been found in the unstable host genome- 7p11.2-epi-
dermal growth factor receptor (EGFR), 3q24.1- tumor 
growth factor β receptor 2 (TGFβR2), 10q23.31-phos-

phatase and tensin homolog (PTEN), 3q28-tumor pro-
tein (TP63), 18q1.2-SMAD family member 4(SMAD 4). 
The presence of  HPV in the SCCs has shown losses at 
11q, 3p and gains at 3q locus. In 50% of  the cancers, 
amplification of  high frequency has been seen at 3q 
that contains the catalytic α subunit of  the phosphatidyl 
inositol-4,5-bisphosphate-3-kinase (PIK3CA), the most 
common mutated gene in HPV cancers.17

Role of Type 1 Interferons (IFNs)
Type 1 interferons belong to the family of  cytokines and 
are involved in the inhibition of  cell division and they 
interfere with the viral replication as well. Type1 inter-
feron was found to suppress the viral E6 and E7 tran-
scription. IFN-α and β, the most dominating interferons 
which are activated because of  the cellular transcription 
factors-IRF-3 and IRF-7, the interferon regulatory fac-
tors. Both acts differentially on the Type1 IFN genes.
IFR-7 induces activation of  IFNα and IFNβ whereas 
IRF-3 is the potential activator of  IFNβ only. IRF-7 
was found to stimulate the HPV transcription whereas 
IRF-3 and its activators (Poly (I:C) and 5’ppRNA) sup-
pressed the expression of  cutaneous virus. E6 oncopro-
tein was found to bind to the IRF-3 that decreased its 
tumor suppressor activity. E7 oncoprotein was found 
to bind with IRF-1. The suppression of  the tumor sup-
pressor activity favoured the IRF-7 to dominate as a 
promoter of  tumor promoter and therefore it promotes 
cutaneous viral expression.34

Role of E6 in tumor progression
P53 is a signalling protein that is responsible for regulat-
ing the large subsets of  the target proteins. It can sense 
the genotoxic stress and stress induced by the DNA 
damage.20 It controls the negative regulators of  the cell 
cycle progression like p-21, 14-3-3, GADD45α and the 
pro-apoptotic proteins like PUMA, BAK and BAX. 
MDM2 acts as its antagonist by working as a ubiquitin 
ligase. Studies show that E6 targets the p53 by a variety 
of  mechanisms (Figure 7). E3 ubiquitin ligase (E6AP/
UBE3A), forms complex with E6 leading to the pro-
teosomal degradation of  p53. ∆NP73 is a p53 isoform 
that antagonizes p53. Some species like βHPV38, have 
been found to accumulate ∆NP73 that by antagonizing 
p53 affects apoptosis by impairing the apoptotic pro-
teins like BAX, FAS, P21, CHKs etc.35 The other βHPV 
species for example: HPV23 impedes the phosphoryla-
tion dependent activation of  P53. E6 also was found 
to inhibit HIPK2. HIPK2’s activity is goaded by UV. 
It is a protein kinase that is responsible for the phos-
phorylation at p53 at Ser 46. It therefore acetylates it at 
Lys382 and promotes its expression. E6 is also found 
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to promote the activity of  human telomerase reverse 
transcriptase (hTERT).36 E6 can interact with Bcl-2 
Homologous antagonist killer (BAK), the pro-apoptotic 
protein. It prevents BAK to accumulate in response to 
UV and hence prevent apoptosis. E6 attenuates the tran-
sition from the G1 to the S-phase by the check points, 
therefore favouring the cellular proliferation with the 
damaged DNA. This is due to E6’s interaction with the 
acetyl transferase p300 causing decrease in p300.35 The 
E6 oncoprotein of  the βHPV was found to suppress 
the two tumor suppressor (NOTCH and TGFβ) path-
ways. E6 tends to bind to the MAML1 and SMAD2 and 
3 proteins that act as cofactors for the transcription pro-
cess of  NOTCH and TGF-β respectively.37 

Role of E6 in promoting metastasis by suppressing 
P63 and micro-RNA 
MicroRNA is a key regulator of  epidermal prolifera-
tion. However, it gets downregulated in HPV infec-
tion.38 MicroRNAs are the small molecules of  RNA 
that can cause an impact on the protein expression at 
the translational level. It is involved in the regulation of  
cellular pathways. Its dysregulation can exert carcino-
genic effects. These small RNAs suppress the unwanted 
genetic materials for the normal operation of  the cell. 
The loss of  microRNAs can prevent the suppression 
of  tumorigenesis. MicroRNAs are primarily responsible 
for controlling the apoptotic pathway and the cell cycle 
regulation.39 When the basal cells transform into the 
suprabasal cells, they tend to lose their dividing poten-
tial and hence undergo the terminal differentiation pro-
cess. This process is managed by the microRNA-203. 
It induces the cell cycle exit and therefore promote dif-
ferentiation in the epithelial cells. MiR-203 and p63 act 
as regulators of  the epidermal homeostasis that gets 
disrupted during the HPV invasion.38 p63 is a protein 
homolog of  the p53 tumor suppressor gene, that has 
two promoter regions encoding two isoforms-TP63, 
that contains the N-terminal trans activity domain and 
the other, lacking TA∆Np63.40 Among the two iso-
forms, ∆Np63 is the more dominant one in the basal 
keratinocytes. ∆Np63 has a sterile α motif  domain 
(SAM), a terminal inhibitory domain, that reduces the 
activity of  p63.41 It hence plays an important role in 
maintaining the stemness and the proliferating ability 
of  the cell that suppressed the differentiation factor 
involucrin. It tends to inhibit the TA’s activity by either 
heterodimerization or by competing for the consensus 
promoter.40 Mdm2 binds to ∆NP63 and promotes its 
translocation to the cytoplasm and degrading it.41 Stud-
ies have shown that p63 functions as tumor suppres-
sor especially the TAP63 isoform. The TAP63 activates 

p53 leading to the arrest of  cell cycle and hence apop-
tosis. CCAAT/enhancer binding proteinα (C/EBPα), a 
transcription factor that is involved in the regulation of  
differentiation process. It suppresses the UV induced 
skin carcinogenesis. It has its hairpin region to which 
miR-203 gene directly binds to the ∆Np63α. The miR-
203 targets the ∆Np63. The C/EBP is itself  regulated 
by p300 which is its co-activator. It is a histone acetyl 
transferase and histone acetylation process is linked to 
the upregulation of  C/EBPα. p300 is knocked down 
by the E6 oncogene that decreases the expression of  
the C/EBPα transcription factor p300.38,42 This causes 
their degradation which inhibit the ATM and the ATR, 
driving carcinogenesis.43 E6 was found to counteract the 
downregulation of  tumor promoting ∆Np63α and the 
upregulation of  tumor suppressor and miR-203. PMA 
can induce the C/EBPα transcription factor which is 
very potent in inducing the differentiation of  the kerati-
nocytes which is also an important function in response 
to the UV induced carcinogenesis. The miR regulates 
IL-8 while E6 suppresses the IL-8. HPV E6 upregulates 
the stemness factor ∆Np63 by suppressing miR-203 
and increase the cells in the S-phase. The interaction of  
E6 with p300 has been found to be important for the 
downregulation of  p53 that therefore causes tumori-
genesis. 

Role of E6 in histone modification
The E6 oncogene controls the regulation of  the two co-
activators, histone arginine methyl transferases- PRMT1 
and CARM1 that causes the arginine residues to undergo 
histone methylation. E6 can downregulate the expres-
sion of  these two methyltransferases in turn affecting 
the p53 stabilization. E6 mediates the histone methyla-
tion by binding to the PRMT1 and CARM1 at the p53 
promoter and suppressing the P53 binding to the DNA. 
E6 can also inhibit the SET7 that catalyses H3K4 mono 
methylation and methylation of  the non-histone pro-
teins including p53 and downregulating p53K372 mono 
methylation. This decreases the stability of  p53. Hence, 
E6 can modulate SET7, CARM1 and PRMT1 which in 
turn alters the function of  p53.19

Role of E6 in Notch pathway
Notch pathway is a signalling system which is catego-
rized as a contact dependent pathway.44 It gets activated 
by a cell to cell contact process where the ligands that 
are anchored to the membrane and belong to the Jag-
ged or the Delta family, bind to the Notch receptors.43 
It is involved in the embryogenesis and in the devel-
opmental process of  organism. The Notch extracel-
lular truncation fragment is recognized by the gamma 
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secretase complex which lead to the proteolytic process. 
This proteolysis is important for releasing the NICD 
(Notch intracellular domain) and Nβ peptide that lets 
the NICD within the nucleus. Within the nucleus, the 
NICD interconnects with the DNA-binding transcrip-
tional repressor recombination signal binding protein 
for the immunoglobulin Kappa j region (RBP-J) by its 
BBP-J associated molecule (RAM) domain. This inter-
action leads to the recruitment of  mastermind like pro-
teins (MAMLs) to the promoter of  the Notch target 
genes. The ICN/RBPJ/MAML complex represents the 
core NOTCH transcriptional activator complex and 
then the MAML conscripts’ additional co-activators.43 
The NOTCH pathway is observed to be an impor-
tant factor for the keratinocytes’ differentiation and its 
defect has been involved in the cutaneous SCCs. Stud-
ies have shown that the E6 gene is able to interact with 
MAML1 and intracellular cleaved NOTCH1 (ICN1), 
inhibiting the NOTCH.37 E6 attaches to the LXXLL 
motif  within the C terminal transactive domain (TAD) 
2 of  the MAML1 by causing mutations in the MAML 
protein.43 The chromatin immunoprecipitation experi-
ments have shown that E6 can bind to the DNA bound 
RBPJ/ICN/MAML1 activator complex and inhibit 
it as shown in Figure 4. Other than MAML1, E6 has 
also been found to target UBE3A2. The inhibition of  
NOTCH causes a displacement of  EP300/CREBBP 
from the MAML1 TAD1 that causes dysregulation of  
the p53.37

Role of E6 in TGF-β pathway
The E6 dysregulates the TGF-β’s tumor suppressor 
property by preventing the Smad 4 complex to form 
complex with the other Smad complexes. There occurs 
the transcriptional activation of  CDK2 inhibitors 
p21CIPI (CDKN1A) and p27KIPI (CDKN1B) and 
the CDK4/CDK6 inhibitor p15INK4B (CDKN2B), 
that are linked to the G1 phase cell cycle arrest.43 The 
(TGF-β) is involved in differentiation, immunologi-
cal responses and healing of  the injured tissues. Any 
abnormality in this signalling pathway can lead to the 
inflammatory conditions, fibrotic conditions and even 
malignancies. This pathway in cancer acts as a tumor 
suppressor that induces apoptosis inhibiting the cell 
proliferation. The TGF-β family members signal by 
the type I and type II, dual specificity kinase receptors. 
When the ligand binding occurs, it induces the oligo-
merization and phosphorylation of  both the receptors. 
After the activation of  the R-SMAD, there is a forma-
tion of  trimeric complexes where SMAD4 acts as a 
common mediator which then gets translocated to the 
nucleus where they work together with the other co-

repressors, co-activators and the transcription factors. 
E6 oncoprotein of  the HPV, targets SMAD3 for pro-
teosomal degradation.45 E6 prevents the association of  
SMAD4 with the SMAD2/Smad3 complex hence pre-
venting its binding to the DNA as shown in Figure 5. 
SMAD3 and SMAD2, that are the transcriptional cofac-
tors in the pathway that are obstructed by the E6 pro-
tein to form a complex with the SMAD4.37 Smad2 and 
Smad3, they both don’t have a definitive LXXLL motif  
and so, are expected to bind the different E6 sequences. 
The CDKN28 promoter has a well-defined Smad bind-
ing element (SBE). By chromatin immunoprecipita-
tion, it was reported that E6 resulted in the decreased 
SMAD2/ SMAD3 and Smad 4 complex occupancy at 
the CDKN28 promoter. Hence, SMAD4’s association 
is disrupted by the impairment of  its association with 
the other cofactors of  transcription that form the com-
plex for the initiation of  the expression of  the TGF-β 
pathway.37

DNA damaging response and E6
Whenever there is any sort of  alteration in the DNA by 
any intrinsic or any extrinsic factor, the DNA damage 
response gets activated to maintain the genomic integ-
rity. And if  the damage cannot be repaired, checkpoints 
get activated triggering the cell death. DNA damage can 
be caused due to endogenous factors such as-errors in 
the replication process, unrepaired single strand lesions 
and base loss or termination, it is also caused by envi-
ronmental factors such as-exposure to UV, IR, tobacco 
and dietary nitrosoamines. DNA repair involves a lot of  
pathway s to get activated such as base excision repair 
(BER), non-homologous end joining (NHEJ), mismatch 
repair etc. UV induced DNA damage involves the for-
mation of  intrastrand cross links-usually cyclobutane 
pyrimidine dimers (CPDs) that can lead to point muta-
tions. Apart from that, crosslink too leads to replica-
tion fork collapse which if  doesn’t get repaired, leads 
to double strand break (DSB) contributing to chromo-
somal aberrations. During the S-phase of  the cell cycle, 
to bypass the damaged bases of  crosslinked DNA, 
translesion synthesis occurs that otherwise would have 
led to the replication fork collapse. Nucleotide Exci-
sion Repair (NER) and Fanconi Anaemia (FA) help to 
repair the crosslinks where the latter one depends on 
the position of  cell cycle. The repair pathways Homolo-
gous Recombination (HR) and NHEJ are involved in 
the DSBs repair.
ATM (ataxiatelangiectadia mutated kinase) phosphory-
lates the proteins required for HR, Fanconi Anaemia 
(FA) and NER and facilitates translesion synthesis. 
During HR and translesion synthesis, single stranded 
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DNA (ssDNA) is formed which gets protected by 
RPA complex (RPA14, RPA70, RPA32) and BRCA1 
and BRCA2.35 ATM triggers p53 dependent checkpoint 
kinase 2 arm (cHK2)/Cdc25A and MDM2/p53 arm 
whose activation leads to the inhibition of  Cdc25 phos-
phorylation. It causes cyclin E dependent G1 cell cycle 
arrest. Activated ATM also leads to the formation of  
RAD51 nucleofilaments and the formation of  RAD51/
gamma-H2AX foci.46

ATR (ATM -RAD3 related kinase) regulates the rate 
limiting step for NER and phosphorylation of  check-
points, thereby contributing to the cell cycle arrest.35 
ATR is recruited to RPA-ssDNA complex and it inter-
acts with the complex’s canonical partners. ATR on acti-
vation, phosphorylates the various substrates involved 
in the downstream activities like check point kinase1, 
BRCA proteins. The steady state of  these kinases is reg-
ulated by p300 (an acetyl transferase), which is a chief  
activator of  DNA damage response.35 As mentioned 
above, if  the damage can’t be repaired, the cell under-
goes apoptosis and ATM, ATR phosphorylates p53 for 
mediating the same.35,46

E6 has been found to act as cofactor that augment the 
genome destabilization by abrogating the DNA damage 
response which usually gets initiated in response to the 
UV radiation and by dysregulating the cell cycle (Fig-
ure 6). E6 binds with the p300 decreasing the steady 
state of  the kinases and dysregulating all the processes. 
Due to the E6 oncoprotein, the repair of  both cyclobu-
tane pyrimidine dimer and the double strand breaks 
get delayed. Due to the degradation of  p300 by E6, 
delayed foci resolution of  gamma H2AX was observed. 
E6 attenuates the checkpoints’ signalling, leading to the 
unscheduled cell cycle transition from G1 to S phase, 
letting the DNA damage unattended.35

E7 contributing to the carcinogenesis 
E7 is a nuclear oncoprotein that has approximately 100 
residues of  amino acids.47 It has a C-terminal zinc bind-
ing domain, the structure-based activity of  which is 
very important for the E7 oncogene regulation. E7 has 
a N-terminus that has similar portions to that of  CR1 
and the CR2, found in the Adenovirus E1AV as well 
as the sequences in the SV40 T antigen. The CR2 part 
of  the E7 has LXCXE binding motif  and binds to the 
protein like retinoblastoma tumor suppressor and by 
the ubiquitin ligase, targets it for degradation as shown 
in Figure 2. It does that by interconnecting with the 
cullin 2 ubiquitin ligase complex. Apart from that, the 
N-terminal of  the (E7) E7 protein, has Casein kinase II 
(CKII), which undergoes phosphorylation to drive the 
cell progression to S-phase. E7, by its LXCXE motif, 

even binds to the proteins p107 and p130 which are the 
pocket proteins with high affinity and downregulates 
them, further inactivating pRb. E7 inhibits the negative 
control of  cell transition from the G0 to the G1 phase. 
UBR4/p600 and p300/CBP-associated factor (P/CAF) 
have also been found to interact with the E7, driving 
the cell progression. E7 has also been involved in the 
dysregulation of  the cell cycle by upregulating p16 and 
p21 stabilization.19 E7 has been known to induce DNA 
damage, chromosomal segregation defects and centro-
some abnormalities. These lead to chromosomal insta-
bility. E7 has been seen to uncouple the cell cycle arrest 
and the differentiation by the inactivation of  pRb. RB1, 
retinoblastoma susceptibility gene is a tumor suppressor 
gene. pRb is its gene product which is a negative con-
troller of  the cell cycle. pRb is a chromatin associated 
protein which, by the regulation of  E2F transcription 
factors, limits the transcription of  the genes involved 
in cell cycle. pRb also interconnects with the chromatin 
regulators to control the cell cycle. These interactions 
allow the pRb to recruit the complexes that repress 
the transcription process. By the suppression of  E2F, 
pRb limits the expression of  the proteins, involved in 
the proliferation of  cell. The active pRb is initially in a 
partial state of  latency. During the G1 phase, the arrest 
of  cell cycle mediated by the checkpoints. When there 
occurs a hyperphosphorylation of  the pRb in the G1 to 
S phase’s transition, it relieves the inhibitory activity of  
pRb on E2F allowing the cell progression to occur. The 
released E2F then leads to the Drp1 activation that fur-
ther causes mitochondrial fission.48 Apart from repress-
ing the E2F-regulated genes, pRb has also been involved 
in the chromosomal domains’ organization especially in 
response to apoptosis and differentiation signals. The 
pRb gene not just targets the E2F, but it also has effects 
independent effects. pRb on interaction with Skp2 regu-
lates the stability of  p27. The cell cycle exits, regulated 
by the pRb is correlated in a better way with its effect on 
p27 rather than the changes in the protein expression of  
E2F. The retinoblastoma protein is a component of  one 
regulatory INK4A/Cyclin D1/pRb/E2F pathway that 
gets dysregulated during cancer. Hyperphosphorylated 
pRb interacts with the mTORC2 complex and attenu-
ate the Akt activation. Hence, mutations in the pRb 
can alter the differentiation programmes. Studies have 
shown that viral oncoproteins directly target the pRb 
hence promoting the viral replication.3 pRb loss has led 
to the defects that occur in the cell cycle during cell exit, 
entry into the division phase, compromising with the 
G1/S arrest and therefore reducing senescence. Myc has 
also been found to play a major role with the pathways 
involving the altered pRb. pRb loss increases the inci-
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Figure 1: The early proteins are responsible for the regulation 
of viral replication process are consists of E1, E2, E4, E5, E6 
and E7. The LCR has several sites for the binding of proteins 
to activate viral expression with L1 and L2 as its major and 

minor capsid proteins respectively. LCR: Long control region.

Figure 2: The E7 gene by its LXCXE motif binds to the p107 
and p130, inactivating the pRb. Casein kinase II is associated 

with phosphorylation that causes S phase transition. The 
UBR4/p600 too drives the cell progression. All the NLSs in 

the E6 oncogene impair the apoptotic proteins. UBR4: Ubiqui-
tin protein ligase E3 Component N-Recognin 4, NLSs: Nuclear 

localization signals, pRb: Retinoblastoma protein.

Figure 3: The EVER/Zn-T or the EVER/CDF complex regulate 
the zinc homeostasis regulating the expression of growth 
factors by zinc translocation. The mutated EVER genes or 
the virus infected EVER genes are unable to perform their 

respective function thus stimulating the expression of AP-1 
by JNK activation that causes the infected cells to replicate. 
AP-1: Activator protein, Zn-T: Zinc Transporter, CDF: Cation 

diffusion facilitator, JNK: c-Jun N-terminal kinase.

Figure 4: E6 protein binds to the LXXLL motif of MAML and 
prevents the complex RBPJ/ICN/MAML to function for the 

differentiation of cells. MAML: Mastermind like protein RBPJ: 
Recombining binding protein suppressor of hairless, ICN: 

Intracellular domain.

Figure 5: E6 protein doesn't allow the interaction of Smad 4 to 
occur with Smad2/3 thereby preventing the transcriptional ac-
tivation for the TGF-β involved in the differentiation of cells. 
TGF-β: Transforming growth factor/Tumor growth factor β.

Figure 6: Due to the E6 viral protein, the activity of ATR, ATM, 
BRCAs, RPA proteins get impaired, that target the p53. The 
checkpoints fail to get activated to carry out the cell cycle 

arrest of cells with damaged DNA. ATM: ataxia telangiectadia 
mutated kinase, ATR: ATM-RAD3 related kinase, RPA: Repli-

cation protein A, BRCA: Breast cancer genes.
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dences of  lagging chromosomes and reduces the fidelity 
of  chromosome segregation. These lead to the muta-
tions in p53. pRb loss is linked to the mitotic pheno-
types such as altered expression of  the mitotic protein, 
less Condensin 11 protein CapD3, decreased cohesion 
of  chromosomes and an alteration in the accumulation 
of  cohesion complexes at the pericentromeric chroma-
tin. The E7 oncogene causes the inactivation of  pRb 
when the cell is in its proliferative state.3 E7 interacts 
with pRb causing its degradation. It causes the release 
of  E2F transcriptional factor that is responsible for trig-
gering the expression of  cyclins and the other S-phase 
regulators. E7 links itself  with the other proteins that 
are involved in the division of  cells. It involves the his-
tone acetylases, components of  the AP-1 transcription 
complex and the cyclin dependent kinase inhibitors p21 
and p27.19 The pRb protein is located in the outer mem-
brane of  the mitochondria. It interacts physically with 
the Bax and favours apoptosis. This suggests that pRb 
loss can also affect mitochondrial functions. The pRb is 

one of  the most salient targets of  the Cdk4/6 kinases. 
The pRb gets activated in the G1 phase, by the inhibi-
tors of  Cdk4/6.These inhibitors on combining with 
other inhibitors like HER2, PI3K/mTOR and B-RAF, 
MEK and IGFIR/IR and produce a synergic effect.3 It 
was found that despite high level of  p21, E7 was able 
to abrogate the DNA damage response. It prevented 
p21 from inhibiting the Cdk2/cyclin E activity and 
the PCNA-dependent DNA replication.48 E7 forms a 
complex with AP-1 transcriptional factors Jun B, c Fos 
and c-Jun. E7 zinc fingers are involved in the regulatory 
pathways of  AP-1 transcription factors and not the pRb 
binding site. Using the c-Jun deletion mutants, the E7 
can bind maps between the amino acids 224 and 286 of  
c-Jun.E7 then transactivates the transcription which is 
induced by the c-Jun with the help of  a Jun responsive 
promoter.49

E7: A stimulator of DNA methyltransferase
In the tumor cells, an increased activity of  DNA methyl 
transferase1 (DNMT1) was seen with DNA hypometh-
ylation in the repetitive regions and hypermethylation in 
the cpG islands of  the tumor suppressor gene promoter. 
E7 has been found to bind to the DNMT1, stimulating 
its activity. Activation of  DNMT1 occurs by the pRb/
E2F pathway. The most frequent methylated genes are 
cell adhesion molecule 1(CADM1), cadherin, cyclin A1 
(CCNA1), Erythrocyte membrane protein band 4,1 
like 3 (EPB41L3), death associated protein kinase 1 
(DAPK1), myelin and lymphocyte (MAL), telomerase 
reverse transcriptase (hTERT). Due to the methylation, 
the Ras associated domain family member 1 (RASSF1) 
gets downregulated which is a key regulator of  apop-
tosis. Due to the methylation, CADM1 gets silenced 
in its promoter region, hence causing metastasis. The 

Figure 7: E6 targets all the proteins that activate the apoptotic 
proteins. It increases the pool of proteins that antagonize the 

proteins involved in cell death.

Figure 8: The E7 oncogene primarily target the pRb and 
increases cell proliferation. It even decreases the expression 
of APCs impairing the pathways involved in apoptosis. APCs: 
Antigen presenting cells (Langerhans cells), pRb: Retinoblas-

toma protein.

Figure 9: The E7 displaces the E2F from the pRb-E2F com-
plex and this free E2F then promotes the cell cycle progres-
sion. The E6 targets the p53 impairing a number of apoptotic 
pathways. The E6 targets the BAK expression and promote 

the cell survival. BAK: Bcl-2 killer, pRb: Retinoblastoma 
protein.
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CDH1 gets downregulated due to methylation due to 
the presence of  the viral oncogene. Another protein is 
the PRDM14 that gets hypermethylated. The DAPK, a 
pro-apoptotic serine/threonine kinase gets downregu-
lated that plays a major role in metastasis and tumor 
progression. Further, methylation of  the decoy recep-
tors DcR1, DcR2 was reported that lead to the apopto-
sis inhibition.19

E7 dysregulating the histone modification
HPV E7 has also been shown to modify the compe-
tence of  transcription of  the infected cells by modulat-
ing the activities of  histone-modifying and chromatin 
re-modelling enzymes. Lysine residues of  the histone 
3 and histone 4 (H3 and H4) get acetylated by the his-
tone deacetylase (HDACs) that result in the transcrip-
tionally active chromatin whereas the deletion of  these 
marks by the histone deacetylases, lead to the transcrip-
tionally suppressed chromatin. E7 associates with the 
enzymes that modulate the histone deacetylase. E7 can 
even bind to the p300/CBP and lead to its acetylation. 
The acetylation hence decreases the pool of  p300/CBP. 
E7 also binds to the p300/CBP0 Association Factor 
(pCAF) association factor hence decreasing its ability to 
acetylate the histones. Class 1 of  the histone deacetylase 
functions as the co-repressor of  transcription by bring-
ing out the reversal of  acetyl modifications on the lysine 
residue of  histone. This causes chromatin remodelling. 
The association of  E7 with the HDACs1/2 occur by 
the Mi2β  which is a member of  the nucleosome remod-
elling and the histone deacetylation complex (NuRD) 
and not in a pRb dependent manner. The NuRD, repo-
sitions the ATP-dependent nucleosomes and deacety-
lates the histones for the remodelling of  the chromatin 
structure. The E7 was found to interlink with the inter-
feron response factor 1 (IRF1) and cause the recruit-
ment of  HDACs to suppress the IRF1’s transcriptional 
activity. E7 was found to block the activity of  HDACs 
on Hypoxia Inducible Factor-1 (HIF-1) which can lead 
to the activation of  a wide range of  angiogenic factors. 
DNA methylation and modifications in histone acetyla-
tion were also found to repress the retinoic acid repres-
sor β2 (RAR-β2) and proliferation repressor protein 
osteoprotegerin (OPG). The E7 also share its role in 
the histone methylation. Histone methylation is con-
trolled by two major enzymes: histone lysine demeth-
ylase (KDMs) and histone methyl transferase (HMTs). 
KDMs regulate the level of  methylation and contribute 
to the gene expression regulation by either suppression 
or activation. The HMTs methylates the histone on dif-
ferent lysine residues. However, the KDMs expression’s 

downregulation has been seen to exacerbate the carci-
nogenesis process. E7 can induce transcriptional induc-
tion of  the KDM6A and KDMB histone 3 lysine 27 
(H3K27)-specific demethylase.19

E7 affecting the E-cadherin 
E Cadherin, a cell adhesion protein, dependent on cal-
cium, is used by the Langerhans cells that move via the 
stratified epithelium as a response of  immune system. 
E7 can reduce the E Cadherin level by depending on 
cellular DNA methyl transferase 1 (Dnmt1) by increas-
ing its expression and not depending on AP-2α or the 
pRb degradation. The HPV can create a zone within the 
infected keratinocytes that can be resistant to the anti-
gen presenting cells- the Langerhans cells.50 Langerhans 
cells are the skin homing dendritic cell which are imma-
ture. They are expressed in the uppermost layers of  the 
differentiated epithelial cells. CCR6 is the precursor of  
Langerhans cells that directs them along a gradient.51 
They entrap the antigens and display to the immune sys-
tem. To recognize the antigens, they can cross the prime 
T cells. Whenever there is an encounter of  antigen, 
the process of  endocytosis occurs to internalize them. 
Their foreign peptides get processed and then get dis-
played on the class 1 or class 2 major histocompatibility 
complex (MHC). This allows the T-helper and the cyto-
toxic cells to display the antigens. Further, the secretion 
of  IL-12 cytokine stimulates the natural killer cells (NK) 
and destroy the foreign particles (antigens).52 Migration 
of  these antigen presenting cells gets influenced by a lot 
of  factors like granulocyte macrophage colony stimulat-
ing factor, interleukins, Tumor Necrosis Factor whose 
levels get altered by this oncoprotein. To be present in 
the keratinocyte membrane, the antigen presenting cells 
need the assistance of  E Cadherin. The usual activity of  
the E7 is to target the pRb. Hence, earlier it was thought 
that E7 targets pRb and AP-2α to degrade. However, 
studies showed that the level of  E Cadherin was found 
out to be unchanged when the pRb was directed for 
degradation.50 C/EBPβ is a regulator of  CCL2. E7 has 
found to be in proximity with it and impair its binding 
with the CCL20 promoter region. CCL20, a cc chemo-
kine ligand 20, also called as the macrophage inflam-
matory protein-3α works to recruits the Langerhans 
cells. Hence, E7 binding with the C/EBPβ decreases 
the ability of  the CCL20 to recruit the Langerhans for 
the antigen presentation.51 NF-kB has also been found 
to associate with CCL20 as the NF-kB site is situated 
between the α C/EBP- binding site that is important for 
Poly (1:c)’tumor necrosis factor (TNF), IL-1α and IL-1β 
that induces the CCL20 gene expression.51 
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CONCLUSION
Epidermodysplasia Verruciformis has been a tropical 
disease to link viral infection with carcinogenesis. The 
EVER genes, EVER1 and EVER2 when get mutated, 
are not able to cooperate with the Zn-T complex for 
maintaining the zinc homeostasis. The attack of  Human 
Papillomavirus even in the normal keratinocytes has 
been involved in the function of  transforming the activ-
ities of  EVER genes in zinc regulation. This increase in 
the zinc ion concentration drives to provide an expedi-
ent environment for the activation of  cell proliferation 
pathways such as JNK pathway and inhibiting the apop-
totic ones such as TRAIL induced apoptosis. The excess 
zinc is able to bind to the zinc fingers of  E6 and E7 viral 
oncogenes that act as secondary messenger for the pro-
liferation of  infected keratinocytes. E6 and E7 have been 
majorly involved in the dysregulation of  a wide range 
of  signalling pathways (Figure 9). E6 has been found to 
affect many pathways by destabilizing the p53 by histone 
modification. It acts as a cofactor of  UV induced cancer 
where it prevents the activation of  ATM and ATR and 
checkpoints’ activation that therefore prevents the DNA 
damage repair. E6 dysregulates the interaction between 
p300, C/EBP and miR-203 decreasing the pool of  anti-
apoptotic proteins. Most importantly, E6 affects the 
Notch and the TGF-β pathways by preventing the inter-
action of  ICN-MAML-RBPJ and Smad2/3 with Smad 
respectively. On the contrary the oncogene E7 has pri-
marily been responsible for causing the displacement of  
pRb from E2F and inactivating pRb. E7 can upregulate 
p16 and p21and delay the senescence of  infected kerati-
nocytes. E7 is capable of  dysregulating the CB/p300 by 
altering their acetylation process. E7, by binding to the 
C/EBP-β, impairs the recruitment of  Langerhans cells 
and hence impairs the immune response to virus. E7 
also upregulates the activity of  DNA methyl transferase 
and inhibits the activities of  various proteins involved in 
apoptosis (Figure 8) The invasion by HPV in the kera-
tinocytes in a way upregulates the signal transduction 
involved in the proliferation, preventing the apoptosis. 
Hence, our target should be the inhibition of  E6’s and 
E7’s expression that causes the malignancy to occur.
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Increase in the zinc ion concentration because of  the mutations found in EVER genes of  keratinocytes, dys-
regulate the zinc homeostasis and increase the downstream action of  JNK and decreases the TRAIL induced 
apoptosis. The excess zinc is able to bind to the zinc finger motifs of  E6 and E7 oncoproteins of  HPV that 
increases the cell proliferative pathways. E6 oncoproteins, even independent of  EVER genes are involved in 
dysregulation od DDR on exposure to UV, NOTCH, TGF signalling pathways and even affect other genes 
involved in cell survival and death of  keratinocytes. E7 in the same way promotes the antiapoptotic genes to 
get transcribed and thereby foster skin carcinogenesis.
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