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FIGURE L: 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
associated with 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 and maintenance 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 upen
“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
HPYV 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
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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 hDlgl 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 the HPV 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 hDIlg 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
Eé6 (Figure 3).

6.1. Phosphorylation of hDlg by JNK, CDKI, 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 of Dlg at the sites of cell con-
tact and renders it more susceptible to degradation induced
by HPV-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, PPlgamma, 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 hScribs 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,
thereby maintaining high Dlg protein levels under conditions
of high PKA activity [45]. A striking feature of this PKA
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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 14-3-3( and that this E6/14-3-
3{ interaction is essential to maintain E6 levels [46]. Thus,
this finding suggests that, in addition to the endogenous PKA
activity, the expression level of 14-3-3 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

71. 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.

72. Chronic Inflammation. The relationship between can-
cer progression and chronic inflammation has long been
reported, and a transcription factor, nuclear factor-kappa
B (NFxB), 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 NF«xB 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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F1Gure 3: Multifunctional phosphorylated PDZ proteins integrate signaling pathways to control hyperplasia, neoplasia, and cell metastasis.
Modified forms of PDZ proteins are potential molecular markers predicting the aggressiveness of malignancy. Candidates include Dlg
phosphorylated by PKA, JNK, CDKI, or CDK2; Scrib interaction with ERK; Scrib recruitment of PPlgamma for downregulation of the
MAPK pathway. No studies that could offer an explanation of the phosphorylation of MAGI-1 and PTEN by MAPK are currently available.

activation of NF«B through stimulated TLR in local chronic
inflammation may serve as an initiator of carcinogenesis [50].
Previous studies have reported the activation and subsequent
overexpression of NF«B 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 Dlgl, 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, Dlgl-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
mechanism by which 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 in malignant 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 Treatmemnt?

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
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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 DIg
protein, though often with unusual distribution pattern or
phosphorylated forms, are found in HPV-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 PPlgamma recruited
by Scrib for the downregulation of MAPK pathway could
be candidates both for molecular markers predicting the
aggressiveness of malignancy (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 E6 might 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 a molecularly
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.
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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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Abstract

Previous studies have shown that the cell polarity regulator hScrib interacts with, and consequently controls, the ERK
signaling pathway. This interaction occurs through two well-conserved Kinase Interacting Motifs, which allow hScrib to bind
ERK1 directly, resulting in a reduction in the levels of phospho-ERK. This suggests that hScrib might recruit a phosphatase to
regulate this signaling pathway. Using a proteomic approach we now show that Protein Phosphatase 1y (PP1y) is a major
interacting partner of hScrib. This interaction is direct and occurs through a conserved PP1y interaction motif on the hScrib
protein, and this interaction appears to be required for hScrib’s ability to downregulate ERK phosphorylation. In addition,
hScrib also controls the pattern of PP1y localization, where loss of hScrib enhances the nuclear translocation of PP1y.
Furthermore, we also show that the ability of hScrib to interact with PP1y is important for the ability of hScrib to suppress
oncogene-induced transformation of primary rodent cells. Taken together, these results demonstrate that hScrib acts as a
scaffold to integrate the control of the PP1y and ERK signaling pathways and explains how disruption of hScrib localisation
can contribute towards the development of human malignancy.
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Introduction implicated in the control of the JNK and ERK signaling cascades,
and loss of hScrib appears to enhance the effects of the Ras and

The control of cell polarity and the maintenance of tissue Myc oncogenes, and can contribute to mammary tumour
architecture are intimately related and are, in part, controlled by a development [16-21]. Recent studies have also demonstrated that
tri-partite macromolecular signaling complex consisting of the hScrib can interact directly with ERK, and control both ERK
Scrib complex, the Par complex and the Crumbs complex [1,2]. activation and its nuclear translocation [19). However, the
Through a series of antagonistic interactions the components of physical interaction between ERK and hScrib is not sufficient to
these three complexes control a variety of downstream signaling explain the inactivation of ERK, since high levels of hScrib appear

pathvtlays that, in turn, dire;ctly contril?ute to the regulation of cell capable of directly reducing the levels of ERK phosphorylation
polarity and cell proliferation 3]. It is now clear that the loss of [19]. Since hScrib has no known phosphatase activity itself, it

control of these pathways is a common event during the therefore seemed possible that a protein phosphatase might be
development of diverse human malignancies [1,4-7]. These recruited by hScrib to fully inactivate the ERK signaling pathway.
defects are particularly evident at the later stages of malignant Control of ERK activation reflects an exquisite balance between
progression, and a variety of studies in both Drosophila and  the activities of the activating kinases and the de-activating protein
transgenic mice have provided additional supporting evidence of phosphatases. Activated ERK can translocate to the nucleus,
tumour suppressor activity for the various components of these  here it activates several transcription factors and also phosphor-
signaling complexes [8-11]. ylates cytoplasmic and nuclear kinases [22-24]. Since phosphor-

The hScrib complex cc?nsists of th}ree prote}ns, hScrib, hDIgl ylation of both the threonine and tyrosine residues of ERK is
and Hugl-1/2. In Drosophila, loss of either Serib or Dlg produces required for its activation, dephosphorylation of either is sufficient

imaginal disc overgrowth with i?vasive characteristics [8] [12],  for its inactivation [25]. There are several reports demonstrating
phenotypes that can be functionally complemented by the  thyt dephosphorylation of active ERK can be achieved by
mammalian equivalents [13-15]. More recently Scrib has been  tyrosine-specific phosphatases, by serine/threonine-specific phos-
PLOS ONE | www.plosone.org 1 January 2013 | Volume 8 | Issue 1 | 53752
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phatases or by dual specificity (threonine/tyrosine) protein
phosphatases [26-29]. One of the important negative regulators
of the ERK signaling pathway is PP2A, a member of the PPP
family of protein serine/threonine phosphatases which also
includes PP1 [30,31]. However, PP2A is thought to exert its
activity mainly upon other activating kinases within the cascade,
rather than upon ERK itself [32-34]. In addition, recent studies
have also shown that hSerib can directly regulate the Akt signaling
cascade by recruitment of the protein phosphatase PHLPP1 to the
plasma membrane, thereby resulting in de-phosphorylation of Akt
[35]. Here, we have used a proteomic approach to extend our
investigations into the regulation of the ERK signaling cascade by
hScrib. We now show that hScrib interacts with PPly, and that
this association correlates with the ability of hScrib to downreg-
ulate ERK activation. We also provide compelling evidence that
hScrib directly contributes to the regulation of PP1ly function by
controlling its translocation between the cytoplasm and the
nucleus. Thus, loss of hScrib expression results in both ERK
activation and aberrant nuclear translocation of PP1y.

Materials and Methods

Cells and treatments

HEK?293 (human embryonic kidney cells) and HaCaT (Human
keratinocytes) were obtained from ATCC [36,37]. HEK293,
HaCaT and Baby Rat Kidney (BRK) cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum, penicillin-streptomycin (100 U/mL) and
glutamine (300 ug/mL) in a humidified 5%CO, incubator.
Transfection was carried out using calcium phosphate precipita-
tion as described previously [37] or using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s protocol. The
depleted Scribble cell lines were generated as described previously
[19]. Cell transformation assays were done using BRK cells
obtained from 9 day old Wistar rats with a combination of HPV-
16 E7 and EJ-ras, plus the appropriate hScrib and PPly
expression plasmids. Cells were placed under G418 selection for
three weeks, and then fixed and stained.

Plasmids

The wild type pCDNA3-HA-PPly was the kind gift of Dr.
Wilhelm Krek (Swiss Federal Institute of Technology (ETH)
Zurich). The wild type HA-tagged pcDNA hScrib expression
plasmid and the truncated mutant pGEX hScrib PDZ1-C, PDZ1-
4, S1445A, S1445D, and CT expression plasmids have been
described previously [19]. The L1266Y1268—AA mutation
(KADA) to doubly change the Leucine (L) and Tyrosine (Y)
residues to Alanine (A) in hScrib was done using the QuikChange
site-directed mutagenesis kit from Stratagene Cloning Systems
(Celbio) according to the manufacturer’s instruction. The mutants
were confirmed by DNA sequencing. See Figure S1 for a detailed
description of the location of the different hScrib mutations.

Antibodies

The following commercial antibodies were used at the dilution
indicated: anti-hScrib goat polyclonal antibody (Santa Cruz, WB
1:1000), anti-PP1y goat polyclonal antibody (Santa Cruz, WB
1:1000), anti-PPly sheep polyclonal antibody (Abcam, WB
1:1000), anti-p44/42 MAPK (Erkl/2) antibody (Cell Signaling
Technology, WB 1:1000), anti-phospho p44/42 MAPK (Erkl/2)
(Thr202/Tyr204) antibody (Cell Signaling Technology, WB
1:1000), anti-HA monoclonal antibody 12CA5 (Roche, WB
1:500), anti-y-tubulin monoclonal antibody (Sigma, WB 1:5000),
anti-p84 mouse monoclonal antibody (Abcam, WB 1:1000), anti-
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E-Cadherin rabbit polyclonal antibody (Santa Cruz, WB 1:500),
anti-a-tubulin mouse monoclonal antibody (Abcam, WB 1:1000).

Immunofluorescence and Microscopy

For immunofluorescence cells were grown on glass coverslips
and fixed in 3.7% paraformaldehyde in PBS for 20 mins at room
temperature. After washing in PBS the cells were permeabilised in
PBS/0.1% Triton for 5 mins, washed extensively in PBS and then
incubated with primary antibody diluted in PBS for 1 hour
followed by the appropriately conjugated secondary antibodies.
Secondary antibodies conjugated to Alexa Fluor 488 or 548 were
obtained from Invitrogen. The cells were then washed several
times in water and mounted on glass slides. Cells were visualized
by using a Zeiss Axiovert 100 M microscope attached to a LSM
510 confocal unit.

siRNA transfection

HEK?293 cells were seeded on 6 cm dishes and transfected using
Lipofectamine 2000 (Invitrogen) with control siRNA against
Luciferase (siLuc), or siRNA against hScrib and PP1y sequences
(Dharmancon). 48 hours post-transfection cells were harvested
and total cells extracts or cell fractionated extracts were then
analysed by western blotting.

Fusion protein purification and in vitro binding assays

GST-tagged fusion proteins were expressed and purified as
described previously [19]. Proteins were translated in vitro using
the Promega TNT kit and radiolabelled with (**S) cysteine or (*°S)
methionine (Perkin Elmer). Equal amounts of in vitro-translated
proteins were added to GST fusion proteins bound to glutathione
agarose (Sigma) and incubated for 1 hour at 4°C. After extensive
washing with PBS containing 0.25% NP-40, or as otherwise
indicated, the bound proteins were analysed by SDS-PAGE and
autoradiography.

In vitro phosphorylation

Purified GST fusion proteins were incubated with commercially
purified ERK1 (Cell Signaling Technology) or PKA (Promega) for
20 mins at 30°C in phosphorylation buffer (0.25 M Tris pH7.5,
1 M MgCly, 3 M NaCl, 0.3 mM aprotinin, | mM Pepstatin) or
using the kinase buffer supplied by New England Biolabs
supplemented with 56 nM (**P) y-ATP (Perkin Elmer) and
10 mM ATP following the manufacturer’s instruction. After
extensive washing, the phosphorylated proteins were monitored
by SDS-PAGE and autoradiography.

Mass spectrometry analysis

HEK293 cells were transfected with HA-tagged Scrib and after
24 hours the cells were extracted in mass spectrometry lysis buffer
(50 mM Hepes pH 7.4, 150 mM NaCl, 50 mM NaF, 1 mM
EDTA, 0.25% NP40) and extracts incubated with anti-HA beads
(Sigma) for 2-3 hours on a rotating wheel at 4°C. The beads were
then extensively washed with PBS, dried and the immunoprecip-
itated proteins were subjected to proteomic analysis as described
previously [38].

Subcellular Fractionation assays

Differential extraction of HEK 293 cells to obtain cytoplasmic,
membrane, cytoskeleton, and nuclear fractions was performed
using the Calbiochem ProteoExtract Fractionation Kit according
to the manufacturer’s instructions. To inhibit phosphatase activity
during the preparation of cell lysates, phosphatase inhibitors
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Figure 1. Interaction between hScrib and PP1y in vivo. A) Results from the mass spectroscopy analysis of hScrib containing
immunoprecipitates identified 6 peptides (indicated) corresponding to PP1y. B) In vitro translated PP1y (upper panels) and PP2A subunit A
(lower panels) were incubated for 1 hour at 4°C with purified GST-hScribP1-C or GST alone immobilized on Glutathione agarose. After extensive
washing, the bound proteins were analysed by SDS-PAGE and autoradiography which are shown in each of the upper panels. The gels were
rehydrated and stained with Coomassie to show equal levels of GST loading in the respective lower panels. C) Endogenous PP1y was
immunoprecipitated from HaCaT (upper panels) and HEK 293 cells (lower panels), with pre-immune antibody used as control. The
immunoprecipitated proteins were then analysed by western blotting using anti-hScrib and anti-PP1y antibodies.
doi:10.1371/journal.pone.0053752.g001

(1 mM NagVO,, 1 mM B-Glycerophosphate, 2.5 mM Sodium the cell extracts were analysed by SDS-PAGE and western

Pyrophosphate, 1 mM Sodium Fluoride) were also included. blotting. For immunoprecipitations, total cell lysates were trans-
ferred into a tube of equilibrated EZview Red Anti-HA Affinity

Immunoprecipitation and Western blotting Gel beads (Sigma), and incubated for 2 hours at 4°C. Immuno-
Total cellular extracts were prepared by directly lysing cells precipitates were extensively washed four times in lysis buffer and

from dishes in SDS lysis buffer. Alternatively cells were lysed in solubilised in SDS-PAGE sample buffer. For western blotting,
either E1A buffer (25 mM HEPES pH 7.0, 0.1% NP-40, 150 mM 0.45 um nitrocellulose membrane (Schleicher and Schuell) was
NaCl, plus protease inhibitor cocktail; Calbiochem) or RIPA used and membranes were blocked for 1 hour at 37°C in 10%
buffer (50 mM Tris HCI pH 7.4, 1% NP-40, 150 mM NaCl, milk/PBS followed by incubation with the appropriate primary
1 mM EDTA, plus protease inhibitor cocktail; Calbiochem) and antibody diluted in 10% milk/0.5% Tween 20 for 1 hour. After
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Figure 2. hScrib contains a consensus PP1-binding motif. A) The
schematic shows the arrangement of the functional domains on the
hScrib protein, highlighting the LRR, LAPSD and PDZ domains. The
putative PP1-binding site, the RVXF (the consensus sequence is K/R/H/
N/S V/I/L X F/W/Y) motif is also shown, where X is any amino acid. The
hScrib mutant in which the PP1-binding site KLDY was mutated to
KADA in order to disrupt the interaction with PP1 is shown. A
comparison sequence alignment of the region of hScrib containing the
PP1-binding motif indicating its absence in Drosophila also shown. B) In
vitro translated and radiolabeled PP1y was incubated with purified full
length GST-hScrib fusion protein (FL), GST-hScrib PDZ1-4 (P1-4), GST-
hScrib CT (CT), GST-hScrib L1266Y1268—>AA (KADA) and GST alone as a
control. After extensive washing the bound PP1y was ascertained by
SDS PAGE and autoradiography. The upper panel shows the
autoradiograph, with the input of PP1y also shown for comparison.
The lower panel shows the Coomassie stain of the gel showing the
levels of GST fusion protein loading, with the arrows indicating the
relevant full length fusion proteins.
doi:10.1371/journal.pone.0053752.g002

several washings with PBS 0.5% Tween 20, secondary antibodies
conjugated with HRP (DAKO) in 10% milk/0.5% Tween 20 were
incubated for 1 hour. Blots were developed using Amersham ECL
reagents according to the manufacturer’s instructions.

Results

PP1y is a direct binding partner of hScrib

Based on our previous studies we reasoned that down-regulation
of ERK phosphorylation by hScrib might involve the recruitment
of a protein phosphatase [19]. To investigate this possibility we
performed proteomic analyses to identify additional interacting
partners of hScrib. HEK293 cells were transfected with an HA-
tagged hScrib expression plasmid and after 24 hours the cells were
extracted, and hScrib—bound protein complexes were immuno-
precipitated with anti-HA agarose beads and then subjected to
mass spectroscopy analysis. Several previously reported interacting
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partners were identified, including vimentin. However, of the
novel interacting partners, the most prominent phosphatase
identified was the catalytic subunit of PP1y (Figure 1A), a major
eukaryotic serine/threonine protein phosphatase. To investigate
whether hScrib can interact with PPy, an in vitro pull-down assay
was performed using purified GST-hScrib P1-C fusion protein
and in vitro translated radiolabeled PPly. For comparison a
similar assay was also done using in vitro translated radiolabeled
protein phosphatase 2A (PP2A). After extensive washing the
bound PPly and PP2A were detected by SDS PAGE and
autoradiography, and the results in Figure 1B demonstrate strong
interaction between hScrib and PPly. In contrast, no mteraction
was observed between hScrib and PP2A, confirming the specificity
of the association between hScrib and PPly. To determine
whether endogenous hScrib and PP1y could exist in a complex in
vivo, immunoprecipitations were performed on cell extracts fromr
HEK293 and HaCaT epithelial cells using anti-PPly antibody.
Co-immunoprecipitated hScrib was then detected by western
blotting, and the results in Figure 1C show a significant degree of
co-immunoprecipitation of hScrib with PPly in both cell lines.
Taken together, these results demonstrate that hScrib and PPly
can exist as a complex in vivo.

hScrib interacts with PP1y through a conserved RVxF
motif

The PP1 holoenzyme is composed of a catalytic subunit and
several regulatory subunits, which target the catalytic subunit to
specific subcellular locations. The RVxF motif is a short conserved
PP1-binding motif initially identified in previous studies showing
that these residues can block the interaction of regulatory subunits
with the PPl catalytic subunit [39]. As shown in Figure 2A,
analysis of the hScrib sequence reveals the presence of a putative
PP1 binding motif, KLDY (the consensus sequence is: {K/R/H/
N}{S/V/I/L} X { F/W/Y}) [40,41] spanning residues 1265-
1268. This sequence is also highly conserved in mammalian Scrib
proteins, but is absent in Drosphila. Based on previous studies,
mutation of the L and Y residues would be expected to severely
perturb the interaction with PP1 [39-42]. To investigate whether
this KLDY motif is responsible for the capacity of hScrib to bind
to PP1Yy, a panel of GST-hScrib fusion proteins consisting of the
full length (FL), two truncated proteins encompassing PDZ
domains 1--4 (P1-4) and the carboxy terminal third of hScrib
(CT), plus a full length hScrib with the KLDY/KADA mutation,
were used in pull-down assays with in vitro translated radiolabeled
PP1y. The levels of bound PP1y were then assessed by SDS PAGE
and autoradiography and, as can be seen from Figure 2B, PP1ly
binds to the carboxy terminal region of hScrib which contains the
predicted PPl binding motif. Furthermore the KLDY/KADA
mutation significantly decreases the capacity of PPly to interact
with hScrib, confirming that the major site of interaction is
through the KLDY consensus motif.

hScrib and ERK are substrates of PP1y

We have previously shown that hScrib is a substrate for both
PKA and ERK. Furthermore, hScrib can downregulate ERK
activation through a direct protein-protein interaction [19],
although the precise mechanism by which hScrib can achieve
this is still unknown. We therefore wanted to determine whether
phosphorylation of hScrib by either PKA or ERKI could
mfluence the ability of hScrib to interact with PPly and,
furthermore, whether hScrib itself was a substrate of PPly. To
do this, purified GST-hScrib fusion protein was subject to
phosphorylation by either PKA or ERKI in the presence of
non-radiolabeled ATP, and after extensive washing binding assays
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Figure 3. hScrib is a substrate of PP1y. A) Purified GST-hScrib fusion protein was in vitro phosphorylated with purified PKA or ERK1 as described
previously (19) and then incubated with PP1y for 20 mins at 30°C. Bound PP1ywas detected by western blotting with anti PP1y antibody. The lower
panel shows the ponceau stain of the nitrocellulose, and the upper right panel shows the quantitations from three independent experiments. Note
that hScrib phosphorylated by PKA exhibits increased association with PP1y. B) Purified PP1y was incubated with purified full length wild type GST-
hScrib fusion protein (P1-C), the mutants S1445A, $1445D or GST alone as a control. After extensive washing the bound PP1y was ascertained by
western blotting. The upper panel shows the result of the western blot, with the 20% input of PP1y also shown for comparison. The lower panel
shows the ponceau stain of the nitrocellulose. The histogram shows the quantitation from three independent experiments. C) Purified GST-hScrib
wild type and PKA phospho-site mutants of hScrib were in vitro phosphorylated with purified PKA in the presence of radiolabeled ATP-as described
previously (19) and incubated with PP1y for 20 mins at 30°C. The remaining level of phosphorylated hScrib was then determined following SDS PAGE
and autoradiography. The two right-hand lanes show lack of phosphorylation of hScrib in the absence of PKA, whilst the lower panels show the
Coomassie stain of the gel demonstrating equal levels of the GST-hScrib fusion protein throughout. The quantitation of hScrib phosphorylation from
three independent experiments is also shown.

doi:10.1371/journal.pone.0053752.g003
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Figure 4. PP1y is required for hScrib-induced de-phosphoryla-
tion of ERK. A) HEK 293 cells were transfected with PP1y si RNA or si
Luc RNA as control (CTL) and after 24 hours were then transfected with
a plasmid expressing HA-tagged hScrib. After a further 24 hours the
cells were extracted and levels of phospho and total ERK determined by
western blot analysis. The upper three panels shows the changes in the
ERK profiles when cells were transfected with siRNA PP1y alone, whilst
the lower set of five panels show the effects in the presence of
ectopically expressed hScrib. B) HEK 293 cells were transfected with HA-
tagged wild type hScrib, or the $S1445D and KADA mutants. Total cell
extracts were then made after 48 hours and the hScrib, phospho-ERK
and total ERK were detected by western blotting.
doi:10.1371/journal.pone.0053752.g004

were performed using commercially purified PPly. The bound
protein was then detected by western blotting using anti-PPly
antibodies. The results in Figure 3A demonstrate a number of
important features. In the absence of phosphorylation there is a
strong interaction between hScrib and the purified PPly,
demonstrating that the interaction between hScrib and PPly is
indeed direct. However, there is also a clear increase in the
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association between hScrib and PP1y when hScrib is phosphor-
ylated by PKA, but not when it is phosphorylated by ERK1. We
had previously shown that the major PKA phosphorylation site on
hScrib was S1445 [19]. Therefore, to further confirm that
phosphorylation of hScrib by PKA at S1445 can influence its
capacity to interact with PP1y, we repeated the pull down assays
using the phospho-mimic mutation of hScrib, S1445D. As can be
seen from Figure 3B, the S1445D mutant exhibits a significantly
increased capacity to interact with PP1y, which is similar to that
seen following phosphorylation by PKA. These results demon-
strate that phosphorylation of hScrib by PKA at §1445 can indeed
increase the ability of hScrib to directly interact with PP1y.

We then analysed whether hScrib was a potential substrate of
PPly. Purified GST-hScrib fusion protein was subjected to in vitro
phosphorylation with purified PKA and radiolabeled ATP. After
extensive washing the radiolabeled hScrib fusion protein was
incubated with purified PPly, and the amount of phosphorylated
protein determined by SDS PAGE and autoradiography. The
results obtained in Figure 3C demonstrate that the level of
phosphorylated hScrib is decreased following incubation with
PPly, demonstrating that hScrib is a potential substrate of the
phosphatase and, furthermore, that hScrib can directly recruit
active PP1y. Also shown are the non-phosphorylatable mutants of
hScrib, confirming the specificity of the phosphorylation reaction.

We then proceeded to determine whether the interaction of
hScrib with PPly might be involved in the capacity of hScrib to
downregulate ERK activation. Cells were transfected with control
siRNA against luciferase or against PP1y, and after 24 hours the
cells were then transfected with an hScrib expression plasmid.
After a further 24 hours the cells were extracted and the levels of
activated phospho-ERK analysed by western blotting. The results
obtained are shown in Figure 4A. As can be seen, in the absence of
hSecrib, siRNA PP1y has minimal effect on the levels of phospho-
ERK (Figure 4A upper three panels). In contrast, overexpression
of hScrib significantly reduces the levels of phospho-ERK
(Figure 4A lower five panels), and this is in agreement with
previous studies [19]. However, the ability of hScrib to down-
regulate the levels of phospho-ERK is largely abolished following
treatment with siRNA PP1y, suggesting that this activity of hScrib
is in part PP1y-dependent. To further investigate this, we repeated
the assay using the PKA phospho-mimic mutant (S1445D) and the
non-PP1y binding mutant (KADA) of hScrib. After 24 hours the
levels of phospho-ERK were analysed by western blotting and the
results obtained are shown in Figure 4B. As can be seen the wild
type and S1445D mutant of hScrib both strongly inhibit the levels
of phospho-ERK, whilst the non-PP17y binding mutant of hScrib is
decreased in this activity. Taken together these results demonstrate
that the ability of hScrib to interact with PP1y correlates with its
ability to down-regulate the levels of phospho-ERK.

Loss of hScrib enhances PP1y nuclear localization
Having found that PPly plays a role in hScrib regulation of
ERK signaling, we were next interested in determining whether
hScrib could also potentially affect PP1y localisation. Therefore,
we first analysed the pattern of PPly expression in human
keratinocytes after stably silencing hScrib expression in these cells.
The distribution of PP17 in control and shScrib HaCaT cells were
analysed by immunofluorescence. The results in Figure 5A and
Figure 5B, show that most of the PP1ly localises in the nucleus,
although some also co-localises with hScrib at the plasma
membrane and within the cytoplasm. More importantly, however,
upon loss of hSerib expression there is a significant increase in the
amount of nuclear PPly, with a corresponding decrease in the
cytoplasmic pool. In order to verify these results we also performed
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Figure 5. hScrib regulates PP1y nuclear localization. A) Immunofluorescence analysis of hScrib and PP1y expression in sh-Luc control HaCaT
cells and sh-hScrib knockdown cells. The cells were grown on coverslips and then fixed and double-stained with the anti-hScrib antibody and the
anti-PP1y antibody. Note the significant increase in the levels of nuclear PP1y in the absence of hScrib expression. B) Z-reconstruction (x-z direction)
of a z-stack (15 planes, z-distance 0.2 um), showing sh-hScrib knockdown cells have enhanced PP1y localisation into the nucleus. C) HEK 293 cells
were transfected with hScrib siRNA and si Luc RNA as control. Cells were either extracted in SDS PAGE sample buffer (Total lysate) or were
fractionated into cytoplasmic {F1), membrane (F2) and nuclear (F3) pools (the example shows the integrity of a typical extraction procedure) and then
PP1y was detected by western blotting. p84 was used as a loading control for the nuclear fraction, cadherin was used as a loading control for the
membrane fraction and o-tubulin was used as the loading contrel for the cytoplasmic fraction and total cell extracts. Note the relative increase in
nuclear PP1y following hScrib knockdown but no overall change in total PP1y levels.

doi:10.1371/journal.pone.0053752.g005

a series of transient siRNA experiments, where hScrib levels were To investigate the pattern of pERK expression following hScrib
ablated in 293 cells, and the levels of PPly, both in total cell depletion we repeated the immunofluorescence assays staining for
extracts or in the respective cellular fractions (Fig. 5C), were hScrib, PPly and pERK. The results obtained are shown in
analysed by western blotting. As can be seen, loss of hScrib Figure 6. As can be seen, under conditions of hScrib depletion
resulted in decreases in the cytoplasmic and membrane pools of there is a marked increase in the levels of both nuclear and
PP1y, but a corresponding increase in the amounts of the nuclear cytoplasmic pERK, consistent with previous observations [19].
form of the protein. This is also accompanied by an increase in the levels of nuclear
PPly.
PLOS ONE | www.plosone.org 7 January 2013 | Volume 8 | Issue 1 | 53752

79



hScrib Regulates ERK Signalling

hScrib

HaCaT
shluc

HaCaT
shScrib

HaCaT
shiuc

HaCaT
shScrib

Figure 6. Loss of hScrib results in enhanced nuclear accumulation of both PP1y and pERK. Control and shScrib HaCaT cells were stained
for hScrib, phospho-ERK and PP1y as indicated.
doi:10.1371/journal.pone.0053752.g006

hScrib tumour suppressor activity requires an intact PP1y interaction, which is mediated via two KIM binding sites located
binding motif within hScrib. The second appears to involve the recruitment of a
We have previously shown that hScrib can suppress cell transfor- prote.in phosphatase [19]. In this study we provide evidence that.a
mation induced by EJ-ras and Human Papillomavirus (HPV)-16 E7 candidate phosphatase is PPly. We‘ ha‘ve alsc? found that hScr?b
[19]. To determine whether the interaction between hScrib and PPLy can cor.ltrol PPly sub-cellular loca‘hsatlon, with a loss of hScrib
was physiologically relevant in this context, primary BRK cells were promotmg PPly nuclear tr a}nslo§atzo11. ‘
transfected with HPV-16 E7 plus EJ-ras in the presence or absence of Regulation of ‘the ERK signaling cascade can occur at multiple
the hScrib wild type and KLDY/KADA mutant hScrib expressing levels arlxd can involve Raf dephosphorylation, ‘MEKl,Q phos-
plasmids, with or without the PP1y expression plasmid. After 3 weeks phorylation, and also MEKI1,2 dephosphorylation [24,43-44].
the cells were fixed and stained and the numbers of colonies counted. Furthermore, it has been reported that whilst the kinases in the
As can be seen from Figure 7, co-expression of wild type hScrib and pathwa'y control signal ampli,tug’e} the phosphatase PP2A medigtes
PPy strongly inhibits the oncogene cooperation between E7 and EJ- bOth. signal amph?ude. and Slg“alA duratxon. [32-33]. I?revpus
ras, whilst the KADA mutant of hScrib is compromised in this activity. studies l?ave ??50 implicated PPl in regulating ERK. 51gna.hng
These results demonstrate that the hScrib-PPly interaction is through its ability to dephosphorylate Raf-1 at Ser 259 [45]. Since

functionally relevant in an assay of oncogene cooperation. we have consistently observed that overexpressed hScrib results in
a decrease in ERK phosphorylation, we initiated a series of studies

to identify the potential phosphatases with which hSerib might

Discussion . . . -
interact. Using a proteomic approach we identified PPly as a
We have shown previously that hScrib can regulate ERK direct interacting partner of hScrib, an interaction that we could
signaling in two ways. The first involves a direct protein confirm both in vitro and in vivo. Analysis of the hScrib amino
PLOS ONE | www.ploscne.crg 8 January 2013 | Volume 8 | Issue 1 | e53752
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Figure 7. hScrib suppresses HPV-16 E7 and EJ-ras induced
transformation in cooperation with PP1y in a RVXF motif-
dependent manner. BRK cells were transfected with EJ-ras alone,
HPV-16 E7 plus EJ-ras, HPV-16 E7 plus EJ-ras and wild type hScrib, HPV-
16 E7 plus EJ-ras and PP1y, and HPV-16 E7 plus EJ-ras and wild type
hScrib with PP1y, and HPV-16 E7 plus EJ-ras and PP1y plus the KADA
non-PP1y binding mutant of hScrib. After three weeks the dishes were
fixed and stained and the colonies counted. Results represent the mean
number of colonies from 3 independent assays and standard deviations
are shown.

doi:10.1371/journal.pone.0053752.g007

acid sequence identified a potential site of interaction, KLDY,
mutation of which abolished the ability of hScrib to bind PPly.
Furthermore, this consensus PP1 recognition motif is conserved in
mammalian forms of Scrib, but is absent in Drosophila.

We also analysed the effects of PPly ablation upon hScrib
control of ERK phosphorylation, and found that loss of PPly
greatly diminished the ability of hScrib to downregulate the levels
of phospho-ERK in vivo. Furthermore, we also found that this
activity of hScrib was in part dependent upon an intact PPly
binding site motif. Interestingly, we also noted that the interaction
between PPly and hScrib was increased following PKA
phosphorylation of hScrib, one potential consequence of which
is PPly-mediated de-phosphorylation of hScrib. Whether this has
an important role with respect to other functions of hScrib remains
to be determined and is worthy of further study. Taken together
these studies demonstrate that hScrib can interact with PPly, an
activity which appears to play a role in the ability of hScrib to
downregulate the ERK signaling pathway. Interestingly, this
regulation of ERK: by hScrib has many parallels with a recent
study showing that hScrib could also regulate Akt signaling {35].
This required hScrib interaction with the phosphatase, PHLPPI,
resulting in the de-phosphorylation of Akt. In this case the
interaction between hScrib and PHLPPI requires sequences in the
LRR region of hScrib. Thus hScrib could potentially interact
simultaneously with multiple protein phosphatases to control
diverse signaling pathways. It should also be emphasized that
hScrib is a multifunctional protein, and loss of hScrib also results
in increased levels of MEK activity, suggesting multiple mecha-
nisms by which hScrib can control ERK signaling [46].
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| B ARDA DTS S 1)

FEEDA

W12 HPV 92 5> DhisE

Nz &%

® FEEDSADTHHREFTHBLOHORERD HPV 77 F > DR EATNS.
® HPV Zi2fYiC L MR RS E FU T 3 REfE/ e Ehs.
® CIN2 ~ 3 [CHT BRBEE L TET ERPAT I F U ERARRPTHS.

FUHIC

: v bSO 4 VR (human papillomavirus : HPV) D% Fi$ 2% "HPV
i 77 F " FRRRCEHRLESLTEL BRICBWTE, 2012 F 15 EETHE
" FRUHH R E LARES TR CTOBBETHEY, 2013 FEPSRHPY 725
VIZEMEL S . S ETAMICHPY 925 U ER L Ty ATLEIIE, FEH
BADFHICORHEL L, FHHE LR R THIN T TERShTwaZE, @
2EIREBEIBIREY, LALBETHPV I Z2F Y ICi3W L o»hOEERD Y,
IR CRFEGFAOHMASTHETH D LIEF L bk, FHESAOREE D
SELARERHPY 77 F VRS FRICEATY 5. KR TIR, BHEMRAEA TW
BRI HPV 7 7 F Y ERBNT 5.

HPV 7 7 F REDEE

N VA2 HPV i, HRTRTOTFEFFAL o THESHTHS, N4V RS
HPV 2 13~15 MU OBETE (54 7) PEEL, 1o OREERERNE

PHE FV ERAFAFRES RMERHETHR ATEHE (T 118-0083 HRBXERAB7-3-1)
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BE A4 THEERE V) EHEE  OERTE, BERTEISHBELTYS, T42b
B, 1354 7ONLYR7 HPV OBEEZFHTELDIRE, 1354709 2F Vi
FE2HEBELEVWEZWITIRWHIITH S, 3d2iThid, 1344 7ickBoE2Ro
BHRLT 25 REE LTHETE 225 BET 50455, HPV iZ DNA v 4
WATHY, BETFIFAFTI v IIERTLILBRVOTT 75 OEHEIZEK
ABNCBRBEENLTWAEY, FORE, 74 THFELEETAILANHEPY 7250
KOFRY 2 TH5D.

0L IR - BURMRILICETE, HPV 77 F VRRBIKEW TR, £HPY
¥ AT BT 7S VHE (LI-VLP £ v)) 2FnFhAELTREbEA
IFNIIF I RBAWTVS, N{ YA HPVI3 ¥4 TORBE A7 FMITTHI L
B A PAIZ D RIEREIIC D BEN TR WD, N U7 HPV DI bigd 4 >8
7 PORECHPVIG, 18EEZETy 7y MNCTHHEME ko7 HPVI6 183 EK
HPV B O FEFPACES T TORBPEBN LM NTB Y, 4~5FBHIC
Lo TT TR L RTERICHPV IR BOFRERITEND S Z LIRS L,
ZFLC, MRPCKRAEN, ZRRIZZES70THS. Lird, HPVIS, 18EEHFA
DFEAEEMALD HPV L HARTEL, FEOTEHENFAD 80%BAZ D 2 DD HPV
WEBEBwDbRTHREIERD, ZOFHOLEEIEICKE .

Merck (MSD) %k & Glaxo Smith Kline (GSK) #4353 L7 HPV ¥ 7 5 ¥ HHE
HRECERL TS, TNEOTZF ik, HPV ORFE2EHRT S L1 BEETH
BEh5D Y4V AT virus-like particles (L1-VLP) T4 %, MSD#® HPV 7 ¥
F U6, 11, 16, 1I8BOAMT 7 F ¥ (F—F T N®), GSK#id 16, 1SE D 21
T Fy (=Y y 7 A% Thb. HPV ¥ 4 FICRBROBAREEZTRE LK
BB MR RPCCIE, HPVI6, 18 B2 & 2 FEEINANMMZ (CIN2~3) 1331z
100%FHEhTHBY, REBIEITHT BFHHENET S8Rz -9,

BT HPV D7 F 2 DR

SEICIRART- & D WBATHPV 7 7 5 O RO S, LA L1I-VLP ZHLY
ATOHPV ERLPBIETERWEWIETHE. DREZRILDLETIRT VT
%\ HPVS2, 58 WELEIIH T 5 FHAMREHFTCE 2w, HPV U7 F Y DREEFH
oL, HPV31 B o 50% % fikme LTBBLR 5~30%METH 5 9, HPVIS,
18 BEND & 4 T~DREEFHERITRREZERH D L )b T h T THICLT
728, BEHIMZBIRE Lanweiidbh I bidnwihvwi#z bhs, HPVI6 18H
RSB S RRETE, B205 4 I~OFHHRE, HPVI6, BEZALIIIK
EMHRERLAVEEZ O, REVBFTOHPV 77 F V2L o TFHTE LD
BRHPEOFETEIADI b 6~THTHAHH 7,

HPV 725 vDd 3 1 o0OBRIE, T CIERRL TwaALtE HPV Mm% 4
THBEEICHTEEMERMETE 2V EThE. HPV 77 F v ORBMIGHERE
Tid, ASCUSLtoMBZRENRDI2ABTRFHIRERIELA LD o7

FHRE - 67 % 8% - 201348 § 791
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