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scribble is a potential tumor suppres-
sor protein, whose loss is a frequent 

event in late stage cancer development. 
in both drosophila and mammalian 
model systems, scribble has been shown 
capable of regulating cell polarity, cell 
proliferation and apoptosis. although 
several interacting partners, including 
βpix, have been identified that help to 
explain how scribble can regulate cell 
polarity and migration, little is known 
about how scribble can control cell pro-
liferation. recent work from our labora-
tory has shown that scribble can directly 
regulate the ErK signaling pathway. 
this is mediated by a direct protein-
protein interaction between scribble and 
ErK, which has two components. in the 
first, scribble appears to anchor ErK at 
membrane-bound sites, with the loss of 
scribble enhancing ErK nuclear trans-
location. in the second, scribble can 
decrease the levels of active phosphory-
lated ErK, a function that is dependent 
upon the ability of scribble to bind ErK 
directly. one of the consequences of 
this activity of scribble is the inhibition 
of EJ-ras induced cell transformation. 
these results provide some of the first 
direct mechanistic information on how 
scribble can regulate cell proliferation 
and, furthermore, they provide indica-
tions as to the identity of other signal-
ing intermediates that may be recruited 
by scribble to directly regulate mitogenic 
signaling pathways.

The first evidence linking cell polarity and 
cell proliferation control came from studies 
in Drosophila and Caenorhabditis elegans, 
and provided some of the first indications 
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of the potential functional relevance of this 
link in the development of human tumors. 
These studies identified three multi-pro-
tein complexes as central to the control of 
this pathway: the Par complex, the Scribble 
complex and the Crumbs complex.1-4 In 
Drosophila these proteins cooperate in the 
regulation of polarity and proliferation.1,5,6 
In humans, the functions of these proteins 
are less clear, although several studies have 
reported that the loss or overexpression 
of certain components of the network is 
linked to cancer development.7,8 As we will 
see in the following discussion, the molec-
ular basis for some of these observations, 
are beginning to be unraveled. Studies 
with human tumor viruses have provided 
further compelling evidence of potential 
tumor suppressor functions for the cell 
polarity regulatory module. For example, 
the high-risk Human Papillomaviruses 
(HPVs), which are the causative agents 
of cervical cancer, specifically target the 
Scribble complex;9 with the HPV-16 E6 
oncoprotein degrading Scribble, whereas 
the HPV-18 E6 oncoprotein degrades 
Discs Large (Dlg), another component 
of the complex.10 Perhaps most impor-
tantly, HPV-16 is the cause of over 60% 
of all cervical cancers,11 and this particu-
lar link to Scribble is therefore intriguing. 
Interestingly, in the evolutionarily-related 
Rhesus Papillomavirus (RhPV), which 
causes cervical cancer in the Rhesus 
macaque, this complex is also targeted, 
but in this case Par3 is the viral substrate.12 
These studies suggest that the pathways 
of polarity and proliferation control that 
are regulated by the Scribble and Par 
complexes are functionally relevant for 
Papillomavirus-induced cervical cancers.
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ERK expressed in cells in the presence or 
absence of Scribble; and we demonstrated 
the importance of the KIM sites for this 
regulation. Thus, under circumstances 
where Scribble can no longer interact 
with ERK, we observed an increase both 
in the levels of ERK nuclear transloca-
tion, and in the levels of phosphorylated 
active ERK. This activity of Scribble also 
correlated with the capacity of Scribble 
to inhibit oncogenic Ras-induced cell 
transformation in an oncogene coopera-
tion assay.

These studies now raise a number of 
interesting issues. Obviously, the preva-
lence of potential regulatory phospho-
acceptor sites on Scribble is worthy of 
further investigation. It was intriguing 
that we found an apparent link between 
the two very closely located ERK and 
PKA phospho-sites at S1445 and S1448, 
respectively. Under no circumstances were 
we able to observe dual phosphorylation 
of both sites in vivo, suggesting that one 
is mutually exclusive of the other. This 
suggests an important regulatory func-
tion, and our current studies are using 
proteomic approaches to analyse changes 
in the capacity of the different phosphory-
lated forms of Scribble to interact with 
different cellular targets. However, phos-
phorylation seems to have an effect on the 
pattern of Scribble expression within cells, 

in Drosophila eye imaginal discs, where, 
depending on the particular experimental 
setting, it can exhibit both pro-and anti-
apoptotic potential.25,26

We were intrigued by previous stud-
ies that had linked Scribble to the control 
of mitogenic signaling pathways; with 
loss of Scribble clearly contributing to 
oncogenic Ras-induced cell transforma-
tion, both in Drosophila and in mam-
malian cells.26-28 Analysis of the Scribble 
sequence revealed the existence of two 
perfect kinase interaction motifs (KIM 
sites; see fig. 1), suggesting that Scribble 
had the propensity to interact with extra-
cellular signal-related kinase (ERK). In 
our study, we showed that Scribble is a 
strong substrate for phosphorylation by 
ERK and also by protein kinase A (PKA), 
consistent with recent studies showing 
that Scribble is heavily phosphorylated 
at these sites, and also elsewhere in the 
molecule.29 Most importantly, however, 
we found that Scribble forms a strong 
direct interaction with ERK that is abso-
lutely dependent upon the integrity of 
the two identified KIM sites, although 
the interaction with the carboxy ter-
minal site is much stronger. In a num-
ber of different experimental settings, 
we verified that Scribble could directly 
regulate ERK activation, as determined 
by the level of active phosphorylated 

The Scribble protein is depicted sche-
matically in figure 1, and it comprises 
1,630 amino acids. It is classified as a LAP 
family member, and contains a series of 
16 leucine rich repeats (LRRs) at the N 
terminus, which are required for correct 
localization of Scribble to the basolat-
eral membrane, and these are followed 
by 4 PDZ (PSD95/Dlg/ZO-1) domains 
that function as sites of protein-protein 
interactions.13,14 Indeed, Scribble is local-
ized primarily at sites of cell-cell contact, 
where it is proposed to act as a molecular 
scaffold. Loss of Scribble expression has 
been reported in colon, breast and uterine 
tumors,15-17 and the human equivalent can 
functionally replace the Drosophila homo-
logue, resulting in a restoration of the nor-
mal polarity and proliferation controls that 
are lost in Scribble-null flies.18 One of the 
major functions of Scribble in human cells 
is the regulation of cell polarity and motil-
ity, which seems to be achieved, in part, 
through its association with the βPiX.19 
βPix is a Guanine nucleotide exchange 
factor (GEF) for the Rac/Cdc42 small 
GTPase complex,20 and thereby directly 
regulates actin remodeling in response to 
various stimulatory cues.21-23 Through this 
interaction, Scribble controls Cdc42 local-
isation during cell migration.24 Scribble 
also has the capacity to regulate apoptotic 
signaling in mammary epithelial cells and 

Figure 1. Schematic diagram showing the human Scribble protein. The major functional domains on Scribble are shown including the Leucine rich 
repeats (LrrS) and the 4 PDZ domains. also shown are the N and C terminal KiM sites and their corresponding phospho-acceptor sites (S853 and 
S1448), together with the location of the PKa phospho-acceptor site (S1445).
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We favor the latter hypothesis, as we con-
sistently observe that Scribble can reduce 
ERK phospho-levels below base-line, sug-
gesting an active de-phosphorylation of 
ERK, as opposed to inhibition of ERK 
phosphorylation. Studies are currently 
under way to identify potential phos-
phatase-bound partners of Scribble, and 
our preliminary proteomic analyses have 
identified several such candidates. Thus, 
one could propose that Scribble can inter-
act with ERK at defined sites within the 
cell, and at the same time recruit a pro-
tein phosphatase which, in turn, can 
regulate levels of ERK activation; a sche-
matic model of this is shown in figure 2. 
Should this prove to be the mechanism by 
which Scribble can control ERK activa-
tion, this also has potentially important 
implications for some of Scribble’s other 
interacting partners, a number of which 
are listed in table 2. Perhaps one of the 
most important of these is βPix, which is 
itself intimately linked to the Ras/ERK 
signaling pathway.34 Therefore Scribble 
could conceivably act as a platform for 
phosphatase recruitment to different sig-
naling components, and thus exert modu-
latory activities in a direct fashion, rather 
than acting in the rather static scaffold-
ing manner that has often been proposed. 
Further studies will be aimed at further 
defining the role of Scribble in these sig-
naling complexes.

is conserved through mammals to birds. 
However, this site is absent in Drosophila, 
as is the corresponding ERK phospho-
acceptor site. Conversely, the N terminal 
KIM site is conserved in mammals, but is 
absent in birds, and there is only a weak 
consensus KIM site in Drosophila. The 
loss of Scribble is known to cooperate with 
an activated ERK signaling pathway to 
induce cell transformation in Drosophila. 
However the differences between flies and 
mammals suggest that this may not occur 
through the same mechanisms as are seen 
in mammalian cells. In Drosophila the 
loss of Scribble affecting the levels of JNK 
activation may be the more likely cause 
of these phenotypes.26,33 Finally, it is also 
worth noting that the PKA phospho-
acceptor site is unique to human Scribble, 
and this suggests a further fine-tuning of 
Scribble function in human cells, which 
does not occur in other organisms. How 
relevant this may be to potential tumor 
suppressor mechanisms remains to be 
determined, but this is an interesting 
possibility.

Our studies have demonstrated that 
Scribble can inhibit the activation of 
ERK. We proposed two possible mecha-
nisms by which Scribble might achieve 
this: either by inhibition of ERK phos-
phorylation by upstream kinases, or by 
recruitment of a protein phosphatase that 
can directly inhibit ERK phosphorylation. 

suggesting that differential phosphoryla-
tion at these sites may affect Scribble’s 
localization, and hence its function. In 
addition, it has been shown that the acti-
vation of Cdc42, which controls many 
aspects of cell polarization at the leading 
edge,21,30,31 in turn requires the Scribble 
PDZ domains (implying βPiX involve-
ment) and the Scribble carboxy-terminal 
region.24 This suggests that the association 
of Scribble with ERK through the carboxy 
terminal KIM site may contribute both to 
the regulation of directional cell migra-
tion, and to the maintenance of cellular 
polarity. Finally, these studies also raise 
important questions from an HPV E6 
point-of-view. We had previously shown 
that Dlg was rendered more susceptible 
to HPV E6 targeting as a result of certain 
phospho-modifications.32 Studies are now 
ongoing to determine whether similar 
modifications of Scribble might also affect 
its susceptibility to HPV oncoprotein 
targeting, which might have important 
implications for the capacity of the virus 
to induce malignancy.

Since potential regulation of the ERK 
signaling cascade by Scribble has been 
reported in Drosophila and in mammalian 
cells, it is worth considering the degree of 
evolutionary conservation in the Scribble 
KIM sites and the corresponding phos-
pho-acceptor sites. As can be seen from 
table 1, the carboxy terminal KIM site 

Table 1. Sequence alignments of the scribble protein from different species

Shown are the consensus sequences for the N- and C-terminal KiM sites, the corresponding phospho-acceptor sites and the associated PKa 
 phospho-acceptor site.
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