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Cervical cancer is caused by high-risk human papillomaviruses (HPVs), and a unique characteristic of these is a PDZ (PSD-
95/Dlg/ZO-1-)binding motif in their E6 proteins. Through this motif HPV E6 interacts with a variety of PDZ domain-containing
proteins and targets themmainly for degradation.These E6-PDZ interactions exhibit extraordinarily different functions in relation
to HPV-induced malignancy, depending upon various cellular contexts; for example, Dlg and Scrib show different distribution
patterns from what is seen in normal epithelium, both in localization and in amount, and their loss may be a late-stage marker
in malignant progression. Recent studies show that interactions with specific forms of the proteins may have oncogenic potential.
In addition, it is interesting that PDZ proteins make a contribution to the stabilization of E6 and viral episomal maintenance
during the course of HPV life cycle. Various posttranslational modifications also greatly affect their functions. Phosphorylation
of hDlg and hScrib by certain kinases regulates several important signaling cascades, and E6-PDZ interactions themselves are
regulated through PKA-dependent phosphorylation. Thus these interactions naturally have great potential for both predictive and
therapeutic applications, and, with development of screening tools for identifying novel targets of their interactions, comprehensive
spatiotemporal analysis is currently underway.

1. Introduction

PDZ domain-containing proteins are ubiquitous protein
interaction modules and possess multiple functions that
are essential to maintain cellular homeostasis. PDZ domain
recognition motifs are often encoded by pathogenic viruses,
including high-risk HPVs, and through this motif they target
various cellular proteins via protein-protein interactions;
these HPV-PDZ interactions are in part associated with
virally induced cancer progression. However, as this two-way
interplay exhibits diverse characteristics and the activities
are often combinatorial, depending upon various cellular
contexts, extensive understanding of their roles in diverse
aspects of cancer has a long way to go. In this paper we focus
on the multiple functions that HPV E6-PDZ interactions
potentially have in relation to HPV-induced malignancy,
depending upon their localizations, stages along the time-
axis of malignant progression, and various posttranslational
modifications such as phosphorylation by various kinases

and we also consider their potential for both predictive and
therapeutic applications in HPV-induced malignancy.

2. HPVs as the Cause of Cervical Cancer

When exposed to infectious viruses, humans may eliminate
infection by their innate immune system, or the infectionmay
progress in stages frommild symptoms to serious, long-term
impairment. Some human viruses have been found to cause
cancer, accounting for 10–15% of human cancers worldwide
[1], and specific viral oncogenes, such as Tax in human T-
cell leukemia virus, are identified as responsible for causing
tumors in the infected cells. Perhaps the best studied among
them are the E6 and E7 oncoproteins in HPVs, the cause of
cervical cancer.

2.1. Characteristics of Cervical Cancer. Cervical cancer is the
third most common female cancer, with 530,000 new cases
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and 275,000 deaths in a year [2], and is associated with a
subset of high-risk HPVs. The most prevalent of these, types
16 and 18, together account for more than 70% of cases [3].
HPV infections are very common among young sexually
activewomen, and themajority of infections are transient and
cleared by their immune system within a short period, with
70% of infections deleted in 1 year and 90% in 2 years [4]. In
10% of women, however, HPVs evade the immune system,
resulting in long-term persistent infection, and can cause
dysplasia, the precancerous but reversible changes whichmay
slowly progress to cancer [5].

2.2. Role of E6 and E7 Oncoproteins in Malignancy. The key
feature of HPV-induced malignancy is the sustained high-
level expression of E6 and E7, which are encoded by early
genes of HPVs. Previous studies have provided abundant
evidence of a direct role for E6 and E7 oncoproteins in
both the development and maintenance of the malignant
state [6], and it has been established, albeit in vitro, that the
removal of either E6 or E7 from cells derived from cervical
tumors results in growth arrest and apoptosis, highlighting
their potential for novel diagnostic and therapeutic targets
in cervical cancer [7]. However, the long latency period
between HPV infection and the manifestation of cervical
cancer suggests the recruitment of additional cellular factors
in this period.

Mechanisms underlying the abilities of both proteins to
induce malignancy are diverse and complex. Certainly, the
ability of E7 to override cell cycle regulation (stimulate S-
phase progression) by interaction with the pocket protein
family, including the retinoblastoma tumor suppressor (pRb)
is critical [8], together with the cooperating ability of E6 to
counteract apoptotic pathways induced as a natural response
to the unscheduled S-phase entrymediated by E7 [9]. Indeed,
E6 is amultifunctional protein, and a large number of cellular
proteins have been found to interact with it; among the most
well-known binding partners is p53, the tumor suppressor,
which it targets for proteasome-mediated degradation [10].
However, E6’s oncogenic activities cannot be explained solely
by its effects on p53, and mutants deficient for degradation of
p53 can still immortalize mammary epithelial cells, suggest-
ing that interactions with cellular factors other than p53 are
necessary for cancer development [11]. One class of cellular
proteins that has emerged to fit this role is the PDZ (PSD-
95/Dlg/ZO-1) domain-containing substrates of E6. Impor-
tantly, transgenic mice encoding E6 proteins defective for
binding to PDZ domains do not develop hyperplasia or
tumors [12], indicating the importance of this interaction for
viral malignant transforming activity.

3. HPV E6 and Its PDZ
Domain-Containing Targets

3.1. Functions of PDZ Domain-Containing Proteins and Their
Interactions through PBM. PDZ domains are ubiquitous
protein interactionmodules conserved throughout evolution
[13] and are mainly found in cytoplasmic and membrane
adaptor proteins [14]. They are involved in numerous

activities within the cells, including regulation of cell
polarity, cell proliferation, cell migration and invasion, cell
attachment and cell-cell contact, apoptosis and immune
cell recognition, and signal transduction pathways [15], the
perturbations of which are key characteristics of epithelial
cancers.ThePDZdomain generally consists of approximately
80–90 amino acid residues that act as modules and scaffolds
for protein interactions, and this domain has a structurally
well-defined interaction “pocket” which can be filled with
a PDZ-binding motif “ligand”. The PDZ-binding motif
(PBM) is a specific sequence, often located at the extreme
carboxyl terminus, and PDZ domains can interact with a
multitude of proteins that possess PBMs. Previous studies in
Drosophila have shown that some PDZ domain-containing
substrates regulate cell growth and polarity, and loss of
these substrates results in excessive overproliferation and
neoplastic transformation of epithelial cells, thereby defining
this type of PDZ domain-containing proteins as potential
tumor suppressors [16]. However, in higher eukaryotes, the
roles of these proteins are less known, and their functions
are more various and complex.

Interestingly, the E6 proteins of high-risk or oncogenic
HPVs uniquely contain a class I -PBM (sequence x-S/T-x-
V/I/L-COOH) located at the C-terminus, and this is absent in
those HPV E6 proteins that are only associated with benign
disease, a fact suggestive of the PBM being a distinctive
signature for malignant potential among HPVs [17, 18]
(Figure 1). Through this PBM, E6 interacts with a variety
of cellular proteins that possess PDZ domains, the majority
of which are associated with the regulation of cell polarity,
and targets those PDZ-containing proteins for proteasome-
mediated degradation [19].

3.2. HPV E6 and Its Multiple Substrates: The Interactions
Greatly Affect BothMalignant Progression and Viral Life Cycle.
Many potential PDZ-containing proteins targeted by E6 have
been identified and intensively studied, including hDlg1 (a
human homologue ofDrosophila discs large 1) [17, 18], hScrib
(a human homologue of Drosophila Scribble) [20], MAGI-
1 (membrane-associated guanylate kinase with an inverted
arrangement of protein-protein interaction domains), [21]
andmany others. Both hDlg1 and hScrib are core components
of polarity control at adherens junctions, and MAGI-1 is
essential for tight junction integrity. It is worth noting that not
all the high-risk HPV E6 proteins recognize their different
PDZ domain-containing substrates with equal affinity, and
minor alterations in the PBM of E6 greatly alter substrate
selection. For example, hScrib is preferentially targeted by
HPV-16 E6, whilst hDlg is targeted by HPV-18 E6 [22].
Whether these differences will ultimately be reflected in
different disease pathologies associated with different virus
types still remains to be seen, but it seems to be an intriguing
possibility.

In addition to its contribution to the E6-related acqui-
sition of malignant transforming characteristics, the PDZ-
PBM interaction has a crucial role in the HPV life cycle.
Studies in human foreskin keratinocyte (HFK) cell lines
transfected with HPV-31 genomes have demonstrated that
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Figure 1:The E6 proteins of high-risk or oncogenic HPVs uniquely
contain class I -PBM (sequence x-S/T-x-V/I/L-COOH) located at
the C-terminus. Representative alignment of the C-terminal ends
of the E6 proteins from the most frequently found. HPV types
associatedwith cervical carcinoma (HPV 16, 33, 18, 45, 31, 35, 56) and
compared with low risk types (HPV 6, 11, 42, 44). PKA consensus
motif (RRxT) marked in purple.

mutant viruses defective in PDZ binding lead to reduced
growth rates, loss of viral episomes, and increased numbers
of unstable viral genomes that are either lost or become inte-
grated into the host chromosomes [23]. Considering the fact
that modulation takes place in the earlier stages of HPV life
cycle, that is, in the viral proliferation andmaintenance phase
rather than later in malignant progression, it is reasonable to
speculate that E6 PBM-PDZ interactions occur in a variety of
cellular contexts and at different stages along the time axis of
malignant progression.

In the discussion below, we focus on what effect these
varieties of HPV E6-PDZ interactions potentially have
in relation to HPV-induced malignancy, depending upon
“where” (different localization) and “when” (different stages
in viral life cycle or in cancer progression) they take place and
upon various posttranslational modifications to which they
are subject.

4. HPV-PDZ Interplay during the Course of
HPV Life Cycle

4.1. A Model for Progression from HPV Infection towards
Malignancy. The existing model for the progression from
HPV infection towards malignancy is shown in Figure 2
[24, 25]. Initial HPV infection occurs when microtraumas
secondary to sexual intercourse allow HPVs to enter the
mucosal basal cell layer of genital tract epithelium. Initially,
HPVs maintain their genome at low copy number, around
10–200 copies per cell, as episomes in the basal cells of the
epithelium, and thereby are capable of establishing long-term
latent infections. For viral replication, viruses depend on
the terminal differentiation of stratified epithelium and are
known to alter the host’s differentiation program to allow it to
reenter cell cycle through the coordinate expression of viral
gene products including E6 and E7. This process, known as

the proliferative phase, is subsequently followed by genome
amplification, virus synthesis, and shedding of new viral
particles within a short period of 2-3 weeks postinfection.
As previously mentioned, when considering high prevalence
of HPV infections in the young sexually active population,
the number of lesions that ultimately progress to cancer is
fairly low that is, the majority of infections are transient and
cleared by the immune system. However, when HPVs suc-
ceed in evading innate immune recognition and elimination,
continued persistence of the viruses can cause dysplasia, the
precancerous but reversible changes that may slowly progress
to cancer.

4.2. Stabilization of HPV16 E6 Protein by PDZ Proteins.
Studies on NIKS cells, a spontaneously immortalized human
keratinocyte cell line that can support the entire life cycle of
HPV-16 [26], have shown that the presence of hScrib signif-
icantly increased the levels of E6 protein, revealing that the
interactions between E6 PBM and its PDZ-containing targets
may increase the stability of E6 during early stages of the
viral life cycle [27]. Furthermore, mutant HPV-16 genomes
lacking E6 PBM cannot persist in an episomal state, and this
instability leads either to their being rapidly degraded by the
proteasome or being integrated into the host cellular DNA. In
addition to hScrib, other PDZ domain-containing proteins,
including hDlg1 and MAGI-1, have also been suggested to
stabilize E6 expression in a PBM-dependent manner.

This is consistent with the previous study on HFK cells
transfected with HPV-31, where mutation of PBM resulted in
significant retardation in their growth rates and reduction in
their viral copy number, together with the unusual morpho-
logical differentiation of cells [23].

It is somewhat unexpected, but appears to be a curious
paradox, that the same series of proteins which E6 tar-
gets for degradation during malignant progression fulfill an
important role for the stabilization of E6 and the episomal
maintenance in earlier stages of theHPV life cycle, suggesting
the possibility of the multiple functions for PDZ-PBM inter-
actions, depending upon different cellular contexts.

5. HPV-PDZ Interplay during
Malignant Progression

5.1. Perturbation of the Functions of PDZ Proteins Results
in Major Characteristics of Various Cancers. As definitively
discussed in previous studies, both hDlg and hScrib are
intimately linked to homeostatic maintenance of several
epithelial tissues, including regulation of cell polarity and
proliferation. Deregulation of these proteins has been shown
in a number of human epithelial cancers: mislocalized and
deregulated hScrib expression is seen in colorectal [28], breast
[29], prostate [30], and endometrial cancers [31], providing
further powerful evidence supporting a role for these proteins
in tumor suppression. As for cervical cancer, hDlg and
hScrib are degraded to varying degrees by high-risk HPV
E6 oncoproteins, both in cells derived from cervical tumors
and in a variety of experimental settings, and their expression
levels are low in late-stage cancer [32]. Thus, loss of these
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Figure 2: The existing model for the progression from HPV infection towards malignancy. HPV infection occurs when microtraumas allow
HPVs to enter the mucosal basal cell layer of genital tract epithelium. Initially, HPVs maintain the genome at low copy number as episomes
in the basal cells of epithelium and thereby are capable of establishing long-term latent infections. However, when HPVs succeed in evading
innate immune recognition and elimination, continued persistence of the viruses can cause dysplasia, the precancerous but reversible change,
which may slowly progress to cancer.

regulatory functions appears to be a major feature in diverse
malignancies.

5.2. Spatiotemporal Regulation of PDZ Proteins—Their Loss
Might Be a Late-Stage Marker in Cervical Cancer. Interest-
ingly, changes in the levels of expression and localization of
Dlg and Scrib occur dependently upon different stages of
malignant progression to cervical cancer. For Dlg, analysis
by immunohistochemistry showed that the expression of
Dlg in cervical intraepithelial precursor lesions displays a
distribution pattern different from what is seen in normal
epithelium, that is, an unusual increase in the cytoplasm and
loss at the sites of cell-cell contact (normal localization). It
was only in the invasive form of cervical cancers that a severe
decrease in the amount was observed [33], suggesting that
loss of Dlg is a late-stage marker in cervical malignancy but
that alterations in its normal expression and localization may
also contribute to the progression from precancerous lesions
to cervical cancer. Also, it has been demonstrated that for
proteasome-mediated degradation, E6 preferentially targets
nuclear pools of hDlg rather than membrane-bound forms,
which shows an example of a localization-dependent differ-
ence in susceptibility of PDZ-containing protein to E6 [34].

In addition, the analysis of Scrib showed redistribution
during cervical carcinogenesis, from cell contact sites in the

squamous cells towards the cytoplasm in dysplastic cells, with
a gradual reduction in the Scrib expression levels along with
the tumor progression [35].

5.3. HPV-PDZ Interaction Could Have Oncogenic Potential
in Certain Context. A recent study, showing that SGEF (Src
homology 3 domain-containing guanine nucleotide exchange
factor) is a strong binding partner of Dlg and that the
interaction of the two induces activation of RhoG both in
vitro and in vivo, has revealed that specific forms of Dlg,
which remain bound by E6 but not degraded, may actually
have oncogenic potential [36], which is another novel aspect
of E6 and its PDZ-containing interaction.

Thus, PDZ domain-containing proteins are implicated in
diverse aspects of tumor growth, development, and metasta-
sis.

6. Changes in Cell Signaling by
Posttranslational Modifications Also Greatly
Influence the Interplay between E6 and Its
PDZ-Containing Targets

In addition to the two distinct aspects of HPV E6-PDZ inter-
actions at different stages along the time axis of HPV-induced
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malignant progression, as mentioned above, recent studies
have shown that these PDZ domain interactions can be
modulated by a multitude of posttranslational modifications,
the most important of which is phosphorylation. Indeed,
specific phosphorylation states have been shown to greatly
affect the localization and the susceptibility of each PDZ-
containing protein to proteasome-mediated degradation by
E6 (Figure 3).

6.1. Phosphorylation of hDlg by JNK, CDK1, and CDK2. For
instance, hyperphosphorylation of hDlg by Jun N-terminal
kinase (JNK), which occurs in response to osmotic shock,
results in the rapid accumulation ofDlg at the sites of cell con-
tact and renders it more susceptible to degradation induced
byHPV-18 E6 [37]. Another example of the phosphorylation-
dependent regulation of hDlg is mediated by two major cell
cycle regulatory kinases, the cyclin-dependent kinases 1 and
2 (CDK1 and CDK2). When hyperphosphorylated on the
specific phosphoacceptor sites of Ser 158 and Ser 442 by these
two kinases, Dlg shows a preferential nuclear accumulation
and thereby enhanced susceptibility to E6-induced degrada-
tion, implicating its nuclear function as a tumor suppressor
in the late-stage progression of cervical cancer [38]. It is
also important to note that these phosphoacceptor sites can
also be phosphorylated by mitogen-activated protein kinase
(MAPK) in response to the environmental change of osmotic
stress, shown by the previous study [39].

6.2. hScrib and ERK/MAPK Cascade. The ERK/MAPK cas-
cade, another notable cell signaling pathway, has been
reported to be activated in cervical cancers [40], and hScrib
is also a substrate of ERK [41]. In human skin keratinocytes,
the interaction between hScrib and ERK, through hScrib’s
recruitment of a protein phosphatase, PP1gamma, for the
dephosphorylation of ERK, subsequently inactivates ERK
and inhibits its nuclear translocation, ultimately resulting in
the downregulation of the MAPK signaling cascade [42].
Whether this interaction between hScrib and ERK actually
happens in the progression of cervical cancer deserves further
investigation, but it is highly likely that the downregulation
of ERK/MAPK cascade is one of hScrib’s multifunctional
activities as tumor suppressor (Figure 3).

6.3. Regulation of HPV-PDZ Interactions through PKA-
Dependent Phosphorylation. Interestingly, not only are the
PDZ-containing proteins regulated through phosphoryla-
tion, but so also is HPV E6. Embedded within the HPV
E6 PBM there is a consensus recognition site for protein
kinase A (PKA) phosphorylation on the Thr/Ser residue at
the −3 position (Figure 1). Previous studies showed that both
PKA- and PKC-dependent phosphorylation can lead to the
inhibition of many ligand-PDZ interactions ([43, 44] and
more), and this would also seem to be true for HPV-18 E6
in vivo. Thus, the E6-PBM phosphorylation by PKA greatly
inhibits E6-Dlg recognition and subsequent degradation,
therebymaintaining highDlg protein levels under conditions
of high PKA activity [45]. A striking feature of this PKA

recognition motif is its strict conservation among the high-
risk HPV E6 proteins and its absence in the low-risk HPV
E6 proteins, suggesting that PKA-regulated degradation of
hDlg is an essential function in the process of malignancy
[46]. However, the PKA recognition motif within the E6-
PBM not only has a role in regulating PDZ-binding activity,
but a recent study shows that the phosphorylation of E6 by
PKA or AKT is also significant for the interaction between
certain types of HPV E6 and 14-3-3𝜁 and that this E6/14-3-
3𝜁 interaction is essential to maintain E6 levels [46]. Thus,
this finding suggests that, in addition to the endogenous PKA
activity, the expression level of 14-3-3𝜁 in high-risk HPV
positive cervical tissues could be considered as a potential
biomarker for predicting the development of cervical cancer.

At present, no information is available about at which
stage, either during malignancy or during the course of viral
life cycle, and to what degree, this E6 phosphorylation by
PKA or AKT takes place, but this feature assumes great
importance for the prospective designs for both progression-
risk prediction and treatment for cervical cancer, considering
the correspondent fact shown by many previous studies that
mutations that disrupt normal PKA activity are frequently
found in many forms of malignancy.

Thus, modifications by kinases and changes in cellular
signaling pathways can profoundly influence, and sometimes
dramatically alter, the efficiency of E6-PDZ interplay.

7. Other Possible Functions of
PDZ-Containing Proteins in relation to
the Development of Cervical Cancer

7.1. Immune Response. There are some fascinating recent
studies that indicate PDZ targeting by E6 might be related
to viral evasion of the host innate immune response. The
important virulence factor of the Influenza A virus, NS 1
(nonstructural protein 1), has no oncogenic potential but does
have a PBM at the carboxyl terminus and binds to PDZ-
containing proteins as HPV E6 does [47]. The importance
of the PBM for Influenza virus virulence has been associated
with impairment of interferon activity via the downregula-
tion of JAK/STAT signaling pathway [48]. Thus a possible
analogy is that E6, through targeting certain PDZ substrates,
can weaken the innate immune response. Indeed, previous
studies have shown that E6 can impair JAK/STAT signaling
[49], although whether E6-PDZ domain-containing sub-
strates play a role in this activity remains to be determined.

7.2. Chronic Inflammation. The relationship between can-
cer progression and chronic inflammation has long been
reported, and a transcription factor, nuclear factor-kappa
B (NF𝜅B), is well known as a driving force for generating
chronic inflammation in the pathogenesis of many cancers,
in addition to being implicated in a variety of other pro-
cesses including proliferation, migration, angiogenesis, and
prevention of apoptosis. Toll-like receptors (TLR) are possible
signal initiators for NF𝜅B activation, due to inflammation-
inducing carcinogenesis, and are also known to be the fore-
front receptors in response to microbial infection. Therefore,
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activation of NF𝜅B through stimulated TLR in local chronic
inflammationmay serve as an initiator of carcinogenesis [50].
Previous studies have reported the activation and subsequent
overexpression of NF𝜅B in HPV-related cancers, and again
the PBM of E6 appears to be required for this process [51].

7.3. Epithelial-Mesenchymal Transition. Furthermore, it was
shown that in keratinocytes the PBM is also important for
both HPV-16 and HPV-18 E6 to promote morphological
changes that eventually lead to epithelial-mesenchymal tran-
sition (EMT), another crucial hallmark of cancer progression,
especially in the progression of metastasis [52]. Therefore
it is natural to infer that loss of PDZ-containing substrates
of E6, such as Dlg1, Scrib, and MAGI-1, might contribute
to the promotion of EMT, thereby enhancing the metastatic
behavior of the virally transformed cells. A recent intensive
study in human keratinocytes shows that an important
consequence of Scrib-depletion in these cells is a significant
increase in the invasive potential; in contrast, Dlg1-depletion
in the same cells has distinct and opposite effects [53]. Also,
the observations demonstrate that loss of Scrib can enhance
cell invasiveness without the presence of extra oncogenes,
such as myc and ras. In contrast, loss of Dlg-1 can result in
the increased resistance of the cells to anoikis. Although the
mechanismbywhich invading tumor cells survive the anoikis
process remains largely unknown, we now know that the
situation is rather more complex and that loss of Scrib and
Dlg-1, which is often seen inmalignant tumors, cooperatively
contributes to the malignant state. Thus, the study demon-
strating the opposing function of these polarity proteins may
shed a light on their critical roles in regulating the promotion
of EMT. Obviously, future studies are warranted to clarify
how these epithelial cell polarity proteins may contribute to
tumor suppression.

8. What Can We Learn from These
HPV-PDZ Interactions for Cervical Cancer
Prevention and Treatment?

Whilst previous studies have revealed much of the require-
ment for the oncoproteins of E6 and E7 in the development
and maintenance of cervical cancer, much still merits further
investigation to precisely understand the functions of these
two viral proteins. In this review, we have attempted to feature
one particular aspect of E6 function that may help to provide
some clues to the molecular mechanisms that underlie
HPV-induced development of cancer. Now the subject we
must focus on is the prospective application of PBM-PDZ
interactions for both the prevention and treatment of cervical
cancer.

8.1. Possible Candidates for Molecular Markers Predicting
Both Malignant Progression and Its Aggressiveness. Focusing
on diagnostic tools, there is an urgent demand for the
development of new biomarkers that can discriminate lesions
with a high risk of progression towards cancer from those that
will spontaneously regress. As noted above, most infections
even with the high-risk HPVs occur without any clinical
symptoms, are eliminated by the host immune system within
the short period, and do not progress to cancer. High-
grade cervical intraepithelial neoplasia (CIN) is normally
the subject of therapeutic intervention, involving either
removal or destruction of the lesions, to prevent malignant
progression, and while this intervention certainly reduces
the cancer development rates, the number of patients subject
to overmedication increases at the same time. It is fairly
reasonable to suggest that a more direct CIN predictor for
malignant progression would be desirable.
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Among the PDZ-containing proteins,MAGI-1, hDlg, and
hScrib are degraded to varying degrees by high-risk HPV E6
oncoproteins, both in cells derived from cervical tumors and
in a variety of experimental settings. However, although Dlg
is targeted by E6 for degradation and is lost during the later
stages of cervical cancer progression, only certain pools of
the Dlg are degraded; therefore substantial amounts of Dlg
protein, though often with unusual distribution pattern or
phosphorylated forms, are found inHPV-positive tumor cells
[34]. As mentioned above, several modified forms of PDZ
proteins, for example, specific phosphorylated forms of Dlg
(by PKA, JNK, CDK1, and CDK2), direct interaction between
Scrib and ERK, or expression levels of PP1gamma recruited
by Scrib for the downregulation of MAPK pathway could
be candidates both for molecular markers predicting the
aggressiveness ofmalignancy (high growth rate, invasiveness,
and metastatic capacity) and for therapeutic targets.

Moreover, one of the hallmarks of cervical cancer pro-
gression is the frequent integration of the viral DNA into the
host genome, and although there is considerable debate as
to the role of this in disease development, the presence of
integrated DNA sequences is likely to be of concern due to
the concomitant high levels of E6 and E7 gene expression
[54]. Therefore one possibility is that loss of PDZ-binding
capacity through PKA phosphorylation of E6might create an
environment that is conducive to the loss of viral episomes
and to consequent viral integration into the host genome.
Whilst this remains speculative, it does nonetheless suggest
that the levels of PKA activity within the infected cervical
epithelium might be one marker that could be assessed as
a means of determining whether viral DNA integration was
more or less likely, and studies are currently underway to
investigate these aspects further.

8.2. Drug Designs of PDZ-Domain Inhibitors; Possibilities
for Novel Potent Therapeutic Intervention. Whether any of
these PDZ targets of E6 might have therapeutic potential
is also an intriguing possibility. In general, protein-protein
interactions provide attractive possibilities for therapeutic
intervention, and disruption of specific protein interactions
with high affinity is a key concept for producing amolecularly
targeted drug. However, targeting protein interactions are
clearly more difficult than those targets that naturally bind
molecules [55, 56]. Thanks to the advances in technology,
we can now identify small molecules that can block specific
proteins by screening an extensive small molecule database in
silico, but the problem is that a large proportion of candidates
identified by in silico screening prove to be false positive
results [57]. Additional methods such as NMR spectroscopy
are needed to evaluate these screening results, and indeed
some small molecule inhibitors of the PDZ domain have
been identified using this novel approach of NMR-assisted
virtual screening, and they are shown to potently block
specific cell signaling pathways [57, 58]. Thus, this novel
in silico approach to drug design could be a valuable tool
in identifying novel inhibitors of the E6-PDZ interactions,
potentially leading to significant advances in the treatment
of cervical cancer.

9. Conclusions

Although studies are still in their infancy, the HPV-PDZ
interactions could have vast potential as both predictive
and therapeutic targets in HPV-induced malignancies. And
as these proteins appear to be multifunctional, sometimes
exerting completely opposite influences on cancer progres-
sion depending on contexts, a comprehensive analysis of the
PDZ protein expression at different stages along the time
axis of malignant progression, and in various posttransla-
tionally modified states, is essential to precisely elucidate the
functions of HPV-PDZ interactions, before novel molecular
biomarkers or drugs targeting these interactions come into
practical use.
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