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Abstract. The aim of this study was to review the literature and
identify the association between human papillomavirus (HPV)
oncoproteins and apoptosis. HPV-associated apoptosis may
be primarily blocked by a number of oncoproteins, including
ES5, E6 and E7. ES protein protects cells from tumor necrosis
factor-associated apoptosis; the oncoprotein E6 predominantly
inhibits apoptosis through the p53 pathway; and oncoprotein
E7 is involved in apoptosis activation and inhibition. In addi-
tion, HPV oncoproteins are involved in activating or repressing
the transcription of E6/E7. In conclusion, HPV oncoproteins,
including E5, E6 and E7 protein, may interfere with apoptosis
via certain regulatory principles.
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1. Introduction

Human papillomaviruses (HPVs) are small, double-stranded
DNA viruses. HPV infection occurs on the surface of the
epithelium in the basal layer, and the life cycle of the virus
is distinguished according to the differentiation program of
the infected cells. The HPV family encompasses ~200 catego-
ries (1), of which 40 categories have been isolated from the
genital tract (2). On the basis of HPV clinical associations, HPVs
may be divided into two types: high- or low-risk. High-risk
HPVs participate in the development of cervical neoplasia in
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persistently infected females (3). Of these, HPV-16, -18, -31
and -35 are the most prevalent, and are commonly associated
with lesions that may progress to high-grade intraepithelial
neoplasia and ultimately to carcinoma. The other types of
HPV, including HPV-6 and -11, are low-risk and have been
shown to be predominantly associated with benign lesions,
which seldom progress to cancer (4). HPV DNA has been
detected in <99.7% of all cases of cervical cancer. Moreover,
infection with HPV-16 and -18 accounts for >50% of all
cervical cancer (5), and cervical cancer accounts for one-fifth
of all cancer-associated mortalities among females diagnosed
each year, making it the second most common type of cancer
in females worldwide (6). In addition, a number of low-risk
types may be transmitted sexually and may cause genital
condyloma (7). All types of HPV share a common genomic
structure and encode eight proteins, including six early
proteins: El, E2, E4, E5, E6 and E7, and two late proteins. In
particular, ES, E6 and E7 oncoproteins of the high-risk strains
are considered to be antiapoptotic oncoproteins, and the main
contributors to malignant transformation (8). E2 and E7 are
also considered to be proapoptotic proteins. Therefore, there is
a close correlation between apoptosis and the regulation of the
three oncoproteins, E5, E6 and E7.

2. E6 oncoprotein

The HPV E6 oncoprotein is a relatively small protein.
With regard to HPV-16, the E6 oncoprotein is comprised of
150 amino acids, containing two CX,C-X,,-CX,C zinc-like
fingers joined by an interdomain linker of 36 amino acids (9,10).
For the high-risk E6 genes, the truncated E6 (encoding residues
1-41 HPV-16 E6) is able to inactivate the functions of full-length
E6 by binding to the interface of the C- and N-terminal halves
of the E6 protein (11,12). Notably, E6 protein has no enzymatic
activities and the majority of the activities are considered to
be triggered by protein-protein interactions (13). The first and
most common protein that interacts with E6 is E6-associated
protein (E6AP), a ubiquitin ligase (14). The ubiquitin cascade
functions to target proteins for proteasomal degradation by
adding multiple ubiquitin monomers to the protein destined to
be destroyed. Therefore the E6, EOGAP and target proteins form
a complex, which leads to ubiquitination of the target protein
and subsequent proteasome-mediated degradation (15). One
of the main targets of E6 protein is the tumor suppressor p53,
which is a DNA site-specific transcription factor and one of
the key signaling coordinators in the cell following genotoxic
or cytotoxic stress (16). The E6 protein is able to bind to p53
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with the aid of E6AP and prevent p53 from inducing apoptosis
by targeting it for degradation via the ubiquitin-proteasome
pathway (Fig. 1).

The E6 oncoprotein is involved in two pathways associ-
ated with apoptosis (Fig. 1), including p53 inactivation and
blocking apoptosis (17). Firstly, p53 inactivation may trigger
the E6-induced apoptosis inhibition. pS3 rapidly initiates the
signaling pathway for DNA repair and apoptosis when it is
activated, while the E6 proteins impair the p53-triggered
signaling pathways and the cell death. In addition to the cyto-
toxic damage, the improper stimulation of DNA synthesis,
such as HPV infection, may also activate p53 and induce
apoptosis. HPVs stimulate DNA synthesis in the infected cells
against the normal cell response of activating p53. The most
important mechanism of p53 inactivation by high-risk HPVs
is by inducing p53 degradation via the ubiquitin-proteasome
pathway (18). Additionally, E6 proteins in high-risk HPV may
also inhibit p53 activation by blocking the alternate reading
frame pl4 (pl4/ARF) pathway (19), and by interacting with a
histone acetyltransferase, hADA3 (20). Secondly, inhibition of
apoptosis may be triggered by the E6 oncoprotein. In addi-
tion to p53-mediated apoptosis, pS3-independent apoptosis
is also able to eliminate abnormal cells, while E6 is capable
of blocking apoptosis in cells and mice lacking p53 (21).
Different stresses may trigger two major apoptotic pathways,
the intrinsic and extrinsic pathway. Notably, the E6 protein is
able to disturb these pathways and prevent cell death under
endogenous and exogenous stress (22).

The intrinsic apoptotic pathway participates in apoptosis
associated with the cell nucleus, which includes DNA damage,
oxidative stress, starvation and other stimuli. These stresses,
involving mitochondria and endoplasmic reticulum (ER),
activate a series of pathways and change the balance between
pro- and anti-apoptotic signals when the balance is upset.
When the cell senses intrinsic stress, proapoptotic BH3-only
proteins become activated and abrogate the function of anti-
apoptotic proteins. This allows for the formation of pores in
the mitochondrial membrane, comprised of proapoptotic Bax
or Bak, and the release of mitochondrial inner membrane
proteins, including cytochrome c, apoptosis-inducing factor
(AIF), endonuclease G, Smac/Diablo and Htr/Omi. The
activation of these proteins may result in the cleavage of
caspase 3 and 7, and ultimately lead to cell death. For the
inhibition of HPV E6 oncoproteins, E6 is able to block the
apoptotic pathway by indirect interaction with the protein
Bak (23). The extrinsic apoptotic signaling pathway may be
activated, as a part of the host response, and ‘death receptors’
on the cell surface may be induced by extracellular signals
during HPV infection (24). The death receptors include tumor
necrosis factor (TNF) receptor-1 (TNFR-1), Fas/CD95 and
TNF-related apoptosis-inducing ligand (TRAIL) receptor
(DR4 and DRS), and belong to the TNFR family. The recep-
tors stimulate caspases 8 and 10, leading to the formation
of the death-inducing signaling complex (DISC). The DISC
also activates the downstream executioner caspases, such as
caspases 3 and 7, and triggers apoptosis. In addition to the TNF
pathway, it has also been shown that HPV-16 E6 is capable of
inhibiting apoptosis stimulated by Fas and TRAIL pathways.

Although the extrinsic and intrinsic pathways have
individual roles, the pathways are not isolated. Caspase 8

is activated during intrinsic apoptotic signaling via an
amplification loop mediated by caspases 3 and 7. Similarly,
mitochondrial signaling may be triggered during activation
of the extrinsic cascade, via caspase 8-mediated cleavage of
the BH3-only protein Bid. Therefore, the E6 protein targets
intrinsic and extrinsic signaling, protecting the infected cells
from multiple apoptotic stimuli and cross-activation between
the two pathways. HPV-16 E6 has also been reported to either
increase levels of c-Myc in E6-expressing cells or to exert no
effect on c-Myc levels; thus, the overall role that c-Myc may
have in E6-mediated cytoprotection has yet to be fully eluci-
dated (25).

3. ES5 oncoprotein

Of the HPV oncoproteins E5 is the smallest, and, for
HPV-16, consists of 83 amino acids (26). The detection of
this protein has proved difficult due to its extreme hydropho-
bicity, membrane localization and low levels of expression.
Chang et al (27) analyzed HPV-16 E5 protein expression using
immunohistochemistry. Since the high-risk HPV ES gene is
able to integrate into the human genome during malignant
progression, the ES gene is rarely detected in cervical tumors.
The HPV-16/18 ES mRNA and protein are expressed in
anogenital low-grade squamous intraepithelial lesions (ISIL),
which protect the infected cells from apoptosis during HPV
infection. The HPV-16 E5 protein is primarily localized to the
ER, but is also detected in the Golgi apparatus and nuclear
membrane (28,29). By contrast, HPV-6 ES5 is mainly local-
ized to the Golgi apparatus (28) and the HPV-11 E5 protein
is localized primarily in the nucleus (30). However, HPV ES5
DNA synthesis may be enhanced following the transfection
of HPV-16 ES5 into primary human keratinocytes cultured
in serum-starved medium (31). ES protects the cells from
apoptosis through two main pathways: inhibition of death
receptor-mediated apoptosis and ER stress-induced apop-
tosis (31).

HPV ES5 inhibits death receptor-mediated apoptosis in
human keratinocytes. HPV ES5 is capable of downregulating
the total amount of Fas receptor and decreasing Fas location, as
well as altering the formation of DISC induced by TR AIL; thus,
ES is able to impair Fas ligand (FasL)- and TRAIL-mediated
apoptosis (32) (Fig. 1). The exogenous proteins may activate
the cellular defense and disturb the ER homeostasis, so as
to induce ER stress (33,34). HPV-16 E5 protein suppresses
three main proteins in the ER stress pathway, including cyclo-
oxygenase-2 (COX-2), X-box binding protein 1 (XBP-1) and
inositol-requiring enzyme-la (IREla) (35,36). Therefore, the
ES5 protein downregulates COX-2, XBP-1 and IREla, which
is beneficial to viral persistence. However, the downregula-
tion of ER stress response genes by HPV-16 ES5 in primary
genital keratinocytes suggests that the inhibition of this ER
stress pathway is an event favorable to viral replication and
persistence (35). In cervical cancer cells, EP4 protein may be
activated by HPV-16 E5, which activates protein-kinase A.
Protein kinase A is responsible for antiapoptotic effects, such
as mediating ubiquitin-proteasome-mediated Bax degradation.
In addition, the activated EP4 may also enhance the expression
of vascular endothelial growth factor (VEGF), so as to lead to
tumor immortalization in cervical carcinoma (37).



Bz SPANDIDOS
f?-"‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 7: 3-7, 2014 5

TNF-a

caspase8
(k2 |-

.

]
|
I

I Cell membrane
A@
]J

caspase8

\
_

Active caspase8

I

caspase? T Active caspase? Active caspaseld

EOQAPS! |
GEOE)
@\_— pq_‘; 2
S e ST

~ AN 7

__ = Apoptosis

T Fala'k

LE6/E7 mRNA <— CE2)
ORI MmN A HPV DNA

NG

z} pRb  pRb-E2F

O@

‘{_“

o)
&/

—

/1
| %

!

-
|'U!'E
X1
N AN

GRED @ @Q@

Figure 1. Modulation of apoptosis by HPV early proteins: A number of the interactions of viral oncoproteins with cellular proteins and their effects on
apoptosis. E2 protein is able to induce apoptosis by downregulating the transcription of E6/E7 mRNA and by binding with p53, respectively. ES impairs the
formation of the death-inducing signaling complex triggered by FasL. and TRAIL. E6 protein inhibits apoptosis by targeting proapoptotic proteins, including
p53 and Bax, for proteolytic degradation. E6 protein also protects cells from death receptor-induced apoptosis by blocking apoptotic signal transduction and
inducing the expression of IAPs. E7 oncoprotein-expressing cells are usually predisposed to undergo apoptosis, in part due to degradation of the antiapoptotic
protein pRb and E2F-1 binding. Downwards arrow, degradation of cellular proteins; inhibition arrow, inhibition status of the pathway; upwards arrow, upregu-
lation of proteins. HPV, human papillomavirus; FasL, Fas ligand; TNF, tumor necrosis factor; TRAIL, TNF-related apoptosis-inducing ligand; IAP, inhibitor
of apoptosis; TNFR, TNF receptor; FADD, Fas-associated protein with death domain.

4. E7 oncoprotein

Oncoprotein E7 is a small acidic polypeptide composed of
approximately 100 amino acids (38) that shares functional simi-
larities with other viral oncoproteins, specifically adenovirus
E1A and SV40 large T antigen (39). Ohlenschlager et al (40)
revealed that the N-terminal domain of E7 protein is unfolded,
while the C-terminal domain is a tightly packed zinc-binding
fold. The N-terminus of E7 contains two conserved regions
(CRs), CR1 and CR2. The E7 protein is also the major HPV
oncoprotein and its expression is sufficient to immortalize
primary human epithelial cells at a low frequency. The main
target of E7 is retinoblastoma protein (pRb) and its associated
proteins, pl07 and p130. E7 oncoprotein in high-risk HPVs
is necessary for viral pathogenesis and cellular transforma-
tion (8). The present review primarily discusses the modulation
of apoptosis by HPV E7 oncoprotein.

The HPV-16 E7 oncoprotein induces p53-dependent
and -independent apoptosis. E7 leads to antiapoptotic pRb
degradation via a mechanism that involves association with
and reprogramming of the cullin 2 ubiquitin ligase complex,
indicating that E7 may trigger apoptosis (Fig. 1). It has been
indicated that the C-terminal of the E7 protein contains a
low-affinity pRb binding site, which interacts with pRb (41).
p53 is also required for apoptosis in the retina of transgenic
mice expressing this oncogene (42). There are also other
pathways that trigger apoptosis involving the E7 protein. In
the first pathway, for the low- or high-risk HPV, E7 protein
activates apoptosis in NIH3T3 cells through a conserved
Leu-X-Cys-X-Glu (LXCXE) motif in second chromodomain

(CD2) of the E7 structure binding to the pRb. However, the
binding ability of low-risk HPV E7 is ~10-fold lower than
that of the high-risk HPV E7. In the second pathway, E7
and p21 form a complex which activates cathepsin B, an
apoptotic mediator, in U20S cells. In the third pathway, E7
protein initiates TRAIL and TNF-a-induced apoptosis in
primary human keratinocytes (43). In the last pathway, it is
likely that E7-induced apoptosis is associated with the inter-
action between E7 and E2F1. The complex is able to trigger
E2F1-driven transcription, which contributes to increased
apoptosis. Notably, HPV E7 is also associated with E2F6 and
blocks its ability to be a transcriptional repressor (38). In addi-
tion, E2F1 stabilizes p53 through the induction of the pl9ARF
protein, which functions by binding directly to Mdm-2 and
preventing p53 degradation.

The HVP E7 oncoprotein may also inhibit apoptosis and
cytokine-mediated cell death depending on the cell and the
viral types (38). For example, it was reported that HPV16 E7
was able to interact with and abrogate the growth-inhibitory
activities of cyclin-dependent kinase inhibitor (CKI)sp21 and
CKIsp27 to antagonize the activation of p53 (38). CKIsp21
and CKIsp27 have been implicated in TGF-f-mediated inhi-
bition of growth. HPV 16 E7 is able to inactivate CKIsp21
and CKIsp27, and abrogate TGF-f-mediated growth inhibi-
tion (44). High- or low-risk HPV E7 are capable of interacting
with the 600 kDa pRb-associated factor, p600 (45). The
conjugation of E7 and p600 may protect detached cells from
apoptosis, contributing to viral transformation (46). HPV-16
E7 protein inhibits TNF-a-mediated apoptosis in normal
human fibroblasts by upregulating the expression of the inhib-
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itor of apoptosis (IAP) protein, c-IAP2, and by a mechanism
involving the suppression of caspase 8 activation. Siva-1 is a
type of proapoptotic cellular factor that is capable of binding
to the antiapoptotic protein Bcl-XL. The HPV-16 E7 interferes
with the binding of Siva-1 and Bcl-XL, so the released Bcl-XL
is able to fully exert its antiapoptotic function (47).

5. Interaction of the oncoproteins

The HPV full-length E2 protein is involved in activating or
repressing the transcription of E6/E7. The E2 protein serves
either as an activator or repressor of transcription, depending
on the context of E2 binding sites within the promoter region
(particularly for the P97 promoter) (48). The E6 and E7 onco-
proteins determine the transformational extent of infected
epithelial cells (49). The E6 and E7 genes are located in the
same open reading frame (ORF) and are transcribed as a single
bicistronic E6/E7 transcript from early promoter P97 [nucleo-
tide (nt)31-97] (50). There is also an enhancer (nt7535-7862),
located at the 5' end of the P97 promoter in the long control
region (LCR), which controls the expression of the E6/E7
transcript (49,50). E2 protein differentially regulates E6/E7
expression by binding to the ACCGN,CGGT palindromic
sequence in four binding sites (E2BSs) in the LCR (such as
P97 and the enhancer) (51). The modulation of the E2 protein
to the E6/E7 transcription depends on its binding ability to
the E2BSs genome structure (49). The binding of E2 (HPV-16
and -18) to promoter and enhancer is able to upregulate P97
activity. The activated P97 activates the transcription of E6,
which binds to p53. Therefore, the interaction of E6 and P97
results in a decrease in the half-life of p53 within cells, and
further inhibits apoptosis. In addition, HPV E2 protein stabi-
lizes p53 and maintains apoptosis in HeLa cells (52). However,
the expression of HPV-31 E2 in normal human epidermal
keratinocytes (NHK) cells appears to destabilize p53. The
E2F protein is released from pRb-E2F complexes when E7
binds to pRb. The members of the E2F family of transcription
factors activate E2F1 expression, which may induce apoptosis
in serum-starved cells (53). The repression of E7 transcription
by E2 may reduce the level of the episomal E2F, decreasing
the level of apoptosis. In SiHa cells, the expression of HPV-16
E2 protein may increase the activity of E2F (28). Furthermore,
overexpression of HPV-31 E2 in NHK cells may also induce an
increase in E2F1 mRNA expression (54). HPV-16 and -18 E2
proteins have been shown to activate transcription of HPV-16
E6 and E7 oncogenes (55); however, there are numerous other
factors that affect the repression and activation of E6 and
E7 oncoproteins. For example, the binding ability of E2 to
E2BSs may be inhibited by E2BSs methylation in its 5'CpG
islands (56). Moreover, the promoter and enhancer are regu-
lated by cellular and viral proteins. Binding of octamer-binding
factor 1 (Oct 1) and nuclear factor 1 (NF 1) to the LCR may
disturb E2 interaction with P97, and lead to downregulation
of P97 activity (57). In addition, HPVs exist as an integrated
form in the infected cells, which may affect the progression
of cervical cancer (58). The integrated form of HPV usually
appears in the E1/E2 gene, leading to the inhibition of the
E2-mediated regulation of E6/E7 oncoprotein (59). The HPV
episomal form differentially methylates the P97 promoter and
LCR (60). In conclusion, in order to avoid E2-induced apop-

tosis, the HPV genome modulates the survival of infected cells
through the activities of E6 and E7 (8).

6. Conclusion

HPV prevents host-triggered apoptosis through p53 inac-
tivation, apoptosis blocking, downregulation of TNF-R1
and a sustained expression of inhibitors of apoptosis. The
primary mediators of the HPV-induced effects are the E5, E6
and E7 oncoproteins. With the exception of the function of
blocking apoptosis, ES protein may cooperate with E6 and E7
to immortalize cells, and play an inhibitory role in apoptosis.
The studies discussed here suggest that the oncoproteins ES,
E6 and E7 are important molecular targets for the prevention
of the development of premalignant intraepithelial lesions and
their progression to cancer.
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