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90% of all cervical cancers diagnosed every year are the result of an infection with the human
papilloma virus (HPV).1,2 HPV is a small (8000 bp) double stranded DNA virus which
primarily infects basal epithelial cells of the mucosa and skin.3 40 of the more than 130
identified human papilloma viruses identified to date are known to infect the genital mucosa.
1 HPV viruses can be divided into low- and high risk types, depending upon their oncogenic
potential. Importantly, infection with either the low- or high-risk phenotype results in
proliferative disease, but only the high risk phenotype causes malignant transformation. Of the
high risk HPV sub-types, HPV-16 accounts for 50–70%, and HPV-18 for 10–20%, of all
cervical cancers diagnosed.1,2 In contrast, infection with the low risk HPV sub-types, such as
HPV-6 or HPV-11, causes formation of genital warts.3

HPV infects basal keratinocytes, but full viral DNA replication occurs only in the fully
differentiated keratinocyte of the upper layers of the stratum spinosum and granulosum of
squamous epithelia during the later stages of the HPV life cycle.4 Since viral replication in the
keratinocyte is highly dependent on the host DNA synthesis machinery, and DNA polymerases
and replication factors are produced only in actively proliferating cells, HPV induces the
expression of the E6 and E7 viral proteins from its own genome to override the host
differentiation program and to activate DNA synthesis and prevent apoptosis of the host cell
in response to the aberrant proliferative stimulation. Importantly, expression and cooperative
action of both the E6 and E7 viral proteins is known to be necessary and sufficient for induction
and maintenance of transformation of keratinocytes infected with HPV.5,6

Both the E6 and E7 viral proteins of transforming HPV viruses interact with and inactivate the
action of intracellular proteins that are key to regulating cell cycle progression and apoptosis.
For example, the E7 protein binds and inhibits the action of the retinoblastoma (Rb) tumor
suppressor protein family.1,3 In contrast the main target of the E6 viral protein is p53.1–3 p53
is a transcription factor and tumor suppressor protein. In response to DNA damage, genotoxic
stress, oncogenic alterations, and aberrant mitogenic stimulation p53 induces either growth
arrest or apoptosis, depending upon cell type and/or external stimuli.7 p53 exerts its tumor
suppressor functions by at least two mechanisms. As a transcription factor, p53 up- or down
regulates the expression of genes necessary for promoting or inhibiting cell cycle arrest and
apoptosis, respectively.7 In addition to its transcription-dependent functions, p53 regulates
apoptosis induction by a transcription-independent mechanism which involves translocation
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of p53 to the mitochondria.8 At the mitochondria, p53 activates the main apoptotic effector
proteins BAK and BAX, inducing their oligomerization and thereby initiating the apoptotic
program.9–11 Activation of BAK and BAX by p53 involves a conformational change in these
proteins and formation of homo-oligomers on the outer mitochondrial membrane. These
oligomers are thought to function as channels through which inner mitochondrial pro-apoptotic
factors necessary for the initiation of apoptosis are released.11 In addition, at the mitochondria
p53 can bind and neutralize the anti-apoptotic function of the BCL-2 and BCL-XL proteins.
12,13 Hence, induction of cell cycle arrest or apoptosis by p53 in response to E7 overexpression
and subsequent reprogramming of the differentiation status of an HPV infected cell is countered
by E6 overexpression, which induces p53 degradation.1–3

While the mechanisms of malignant transformation in response to infection with high risk HPV
have been extensively studied and well characterized, little is known about why low-risk HPV
fails to cause malignant disease. In this issue of Cancer Biology and Therapy14, Sun and
colleagues present data that explores the reasons why low risk HPVs cause non-invasive lesions
of infected primary epithelia. Since interaction with and degradation of p53 by the high risk
HPV-E6 proteins is key to cellular transformation induced in response to infection with high
risk HPV, Sun and coworkers hypothesized that the E6 proteins from low risk HPV might
interact differently with p53, and exert different regulatory influences on this tumor suppressor
protein. This hypothesis is supported by early studies that examined the binding and
degradation of p53 by E6 proteins from low and high risk HPV. In particular, while high risk
E6 proteins have been shown to be able to induce degradation of p53, low risk HPV E6 proteins
are able to interact with p53 but are unable to induce degradation.15 Interestingly, low and
high risk HPV E6 proteins bind to different regions within p53.16 The C-terminal domain of
p53 (amino acid 376–384) interacts with both low and high risk E6 proteins, while the p53
core domain (amino acid 66–326) is contacted only by high risk E6 proteins; the latter
interaction is believed to mediate interaction with E6-AP and target p53 for degradation.

High risk HPV E6 appears to localize primarily to the nucleus.17,18 In the present study, Sun
et al.14 expressed either green fluorescent protein-tagged or polyhistidine-tagged low risk
HPV-11E6 fusion proteins in cell lines containing wild type p53. The authors found that both
tagged versions of HPV-11E6 are primarily expressed in the cytoplasm and further that
overexpression of HPV-11E6 results in cytoplasmic translocation of p53, binding of p53 to
BAK, and induction of apoptosis (See Figure 1). Importantly, the authors find that induction
of apoptosis in response to HPV-11E6 overexpression is dependent upon p53, thereby
supporting the mitochondrial, transcription-independent role of p53 in apoptosis induction.
Interestingly, in contrast to the observation by Sun et al.14, high risk HPV-E6 protein can
induce the degradation not only of p53, but also of BAK; the ability of high risk E6 proteins
to induce degradation of both p53 and BAK has been correlated with a global deficiency of
high risk E6-infected cells to undergo apoptosis in response to a stress stimulus.15,19,20

One thing that should be noted is that susceptibility to the development of HPV induced cancers
may not be dependent solely on negative regulatory influences of the high risk HPV E6 protein
on p53, and that other factors may play a role. For example, it has been reported that a
polymorphism at codon 72 of p53 (encoding proline or arginine, p53-P72 or p53-R72)
influences the ability of high risk E6 to interact with p53.20 Additionally, high risk HPV-E6
has been found to induce the degradation of p53-R72 to a greater extent than p53-P72.21
Importantly, the p53-R72 variant is reported to have increased apoptotic potential, relative to
the p53-P72 variant, due to increased localization of R72 to the mitochondria as well as
enhanced interaction with BAK.22 The influence of the codon 72 polymorphism of p53 on
interaction and apoptotic activity of p53 in response to infection of cells with low risk HPV
E6 is an interesting issue that remains to be determined.
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Ultimately, the study presented by Sun et al. suggests two interesting premises. First, the
observation that trapping of p53 in the cytosol by HPV-11E6 results in apoptosis represents a
novel mechanism to explain why low risk HPV infection does not result in malignant
transformation; this explanation remains tentative at present, and awaits further testing.
Additionally, however, these data provide further evidence for the significance and function
of mitochondrially-localized p53 in mediating tumor suppression. Although not formally tested
by cell fractionation or immunofluoresecence studies, data presented by Sun et al. strongly
suggest that in response to HPV-11E6 a portion of the p53 protein trapped in the cytosol
localizes to the mitochondria and interacts with the outer mitochondrial membrane protein
BAK. This study therefore supports and strengthens prior reports that have demonstrated that
targeting of p53 exclusively to the mitochondria by fusion of the mitochondrial leader peptide
of ornithine transcarbamylase to the N-terminus of p53 results in induction of apoptosis in
mammalian cells grown in culture which translates to repression of tumor formation in vivo.
22,23 Clearly then there exist scenarios where p53 exclusively utilizes its mitochondrial
functions in order to suppress cellular transformation.
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Figure 1. HPV-11E6 traps p53 in the cytoplasm and induces apoptosis
While high risk HPV E6 proteins are primarily localized to the nucleus, low risk HPV-11E6
localizes to the cytosol, and traps and stabilizes p53 in the cytosol. A fraction of the cytosolic
p53 pool interacts with the pro-apoptotic mitochondrial protein BAK. As a result of interaction
with p53, BAK undergoes a conformational change that allows BAK to oligomerize, allowing
pro-apoptotic factors to be released into the cytosol and induce apoptosis.
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