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Abstract
Appropriate establishment and maintenance of cell polarity is
essential for normal development and homeostasis. The vast
majority of human cancers originate from epithelial tissues
and tumour cell invasion and metastasis are the major cause
of mortality in human cancers. Invading cells demonstrate
loss of cell polarity, loss of epithelial cell-cell adhesions and
tissue disorganisation. We examine the growing evidence
linking loss of apicobasal polarity with tumour progression.
Keywords: cancer; epigenetics; epithelial cell polarity;
invasion; metastasis.

Introduction
Polarity is a feature possessed by the majority of eukaryotic
tissues, which involves a coordinated asymmetric distribution of molecules and organelles within the cells of a tissue
(1, 2). This fundamental feature is needed for many essential
cellular processes, including asymmetric cell division, cell
morphogenesis, cell migration in embryogenesis, the correct
transmission of nerve impulses along an axon, the chemotaxis
of immune cells and the directional transport of molecules
across an epithelial sheet (3).
Although this review will focus specifically on the apicobasal (AB) arrangement in epithelia, we must also acknowledge the presence of other types of polarity, namely planar
cell polarity (PCP), which is found perpendicular to the AB
axis in epithelial cells, and front-rear (FR) or anterior-posterior (AP) polarity, which is found in migratory cells, neurones
and cells undergoing asymmetric division (see Figure 1).
AB polarity is primarily found in epithelial sheets. In vivo,
these cells arrange into multi- or mono-layered sheets that act
as barriers between body compartments. The apical surface
commonly faces an organ lumen or the external environment,
whereas the basolateral surface interacts with other cells or
the extra-cellular matrix (ECM) (4). These cells then traffic the passage of molecules between the two compartments
along their AB axis (5).
FR polarity plays a major role in mesenchymal cells,
such as fibroblasts and lymphocytes, where it is essential for

correct migration. At the leading edge, which is located at the
front of the cell, the small RhoGTPases Cdc42 and Rac are
activated, resulting in actin polymerisation, which allows the
cell to extend forward. In contrast, at the rear of the cell (the
uropod) RhoA is activated, causing the contraction of actomyosin fibres. Together, the leading edge and the uropod permit cell movement (6).
Epithelial to mesenchymal transition (EMT) allows for
normal tissue remodelling during development (7). Cells
undergoing EMT lose epithelial characteristics (such as epithelial cell-cell adhesions and apicobasal polarity) and instead
adopt mesenchymal characteristics (such as weak cell-stroma
adhesions and front-rear polarity, promoting cell migration).
Importantly, the same molecular machinery that is required
to create this tissue plasticity appears to be co-opted in invasive carcinoma and is implicated as a key process in cancer
progression.
It is important to note that the term ‘cell polarity’ does not
only apply to the organisation of cytoplasmic components,
but includes the organisation of cell membrane constituents
and protrusions (8, 9). For example, in epithelia the plasma
membrane is polarised into distinct apical, lateral and basal
domains, each of which have their own defining features
(Figure 2). The apical membrane can be characterised by specialisations such as microvilli (10) and the localisation of the
Par and Crumbs polarity complexes (3). The margin between
the apical and lateral membrane domains is defined by the
presence of an adhesive belt, termed the zonula adherens
(ZA) (1). The basal and lateral membranes both contain the
Scribble polarity protein complex (3), and are distinguished
from one another in that the lateral membrane contains adhesive contacts with neighbouring cells, while the basal membrane is in contact with the underlying extra cellular matrix
(11). Cell-cell interactions are mediated by adhesion complexes such as E-cadherin-catenin and Nectin-Afadin, while
cell-matrix interactions are mediated by proteins such as integrins and dystroglycans (12–14).

Establishment and maintenance of the polarised
epithelial phenotype
It is well documented that the establishment of AB polarity
in epithelial cells requires the formation of cell-cell and cellECM interactions. For example, non-polarised, suspended
Madin-Darby canine kidney (MDCK) cells with a random
distribution of apical and basal proteins throughout the membrane, can acquire a polarised phenotype through cell-cell contact. This contact triggers the correct segregation of apical and
basal proteins to their corresponding domains, as well as the
localisation of the tight junction protein, zonula occludens-1
(ZO-1), at the site of cell-cell contact. Furthermore, the
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Figure 1 Polarity in different cell types.
(A) Apicobasal polarity is found in epithelia. (B) Apicobasal polarity is also observed in asymmetrically dividing neuroblasts in Drosophila.
Here, the apically localised Par complex directs the orientation of the mitotic spindle and the basal localisation of cell fate determinants. After
mitosis, these cell fate determinants prevent self-renewal and promote differentiation in the daughter cell, while the neuroblast is able to resume
cell division. (C,D) Front-rear polarity is found in migrating cells (C) and in the growth cones of developing neurones (D). (E) Planar cell polarity (PCP) provides polarity signals within the plane of the epithelium. It is commonly found in both vertebrate and invertebrate epithelia. For
example, PCP is responsible for the correct orientation of bristles and hairs in Drosophila, and for the uniform orientation of sensory hair cells
in the mammalian auditory sensory organ. Different polarity determinants accumulate at the distal and proximal regions of the cell, thereby
providing the positional information required to correctly place the hair.

localisation of ZO-1 can only occur if the cell is also in contact with a substratum, such as the ECM (15).
These cell-cell and cell-substratum interactions provide
the spatial information required to redistribute cell surface
and cytoplasmic proteins (including polarity proteins and the
cytoskeletal networks), allowing them to be re-distributed
from a random homogeneous distribution, into a specific and
polarised arrangement along the AB axis (16).

The major junctional complexes within epithelial sheets
include tight junctions (TJs) and adherens junctions (AJs).
TJs form a paracellular diffusion barrier for solutes whereas
AJs provide mechanically strong adhesive links between cells
and also help define a cell’s apicobasal axis within the epithelial sheet. AJs can also form polarised cortical domains
in the plane of the epithelium, thereby establishing PCP. The
core AJ complex of E-cadherin, α-, β- and p120-catenin is
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Figure 2 Arrangement of apicobasal polarity proteins and junctions in epithelia.
(A) Apical polarity proteins are highlighted in red; basolateral proteins in blue. The zonula adherens (ZA) separates the apical and basolateral
domains and provides an adhesive belt that maintains epithelial integrity. The apical and basolateral polarity proteins act antagonistically to
one another, creating zones of mutual exclusion around the ZA, thereby establishing the apicobasal axis of the cell. (B) Epithelial junction
organisation in Drosophila and vertebrates. The formation of the adherens junction promotes the assembly of the septate junction in Drosophila
and the tight junction in vertebrates, which differ in terms of their protein composition and their apicobasal positioning, but they both function
to provide a paracellular diffusion barrier to the epithelium.

intimately associated with both the actin and microtubule
cytoskeletons (Figure 3) and also binds many other proteins,
including signalling molecules, providing a hub for proteinprotein interactions.
The above junctional complexes are also associated with
core polarity protein complex members, which are required
to establish and maintain apicobasal polarity. Junctional and
polarity complexes are mutually dependant on one another: the
positioning, formation and maturation of junctions requires
many of these core polarity proteins; conversely apicobasal
polarity and the correct positioning of polarity complexes
cannot be established without intercellular junctions (12).
Polarity proteins have long been thought of as being
organised into several functional modules that were initially
discovered in genetic screens in Caenorhabditis elegans and
Drosophila melanogaster (5, 13, 17). Until recently it was
thought that three functional modules were required to establish apicobasal polarity (3), however recent work has identified novel polarity modules, as discussed below.
It has long been established in a wide variety of organisms that two highly conserved apical polarity modules
localise to and are required to define the apical domain in

epithelial cells: namely the Par and Crumbs complexes.
Conversely the Scribble complex, together with the kinase
Par1, localises to and is restricted to the basolateral domain
of the cell. These differentially localised functional modules act antagonistically, creating zones of mutual exclusion around the AJ, thereby establishing the apicobasal axis
of the cell.
The Scribble complex localises to the basolateral domain,
and consists of Scribble (Scrib), Discs Large (Dlg) and Lethal
Giant Larvae (Lgl) (3). Mutations in any of these three genes
leads to loss of polarity, disorganisation of the epithelial
monolayer, and the formation of neoplastic overgrowths,
hence their classification as tumour suppressor genes (18).
The Crumbs complex works antagonistically to the Scribble
complex via mechanisms of mutual inhibition, which keeps
the localisation of the Crumbs complex in the apical domain,
and the localisation of the Scribble complex in the basolateral
domain (Figure 2), thus aiding in the establishment and maintenance of apicobasal polarity. This complex consists of the
proteins: Crumbs (Crb), PALS1 [whose Drosophila homologue is called Stardust (Std)], and PATJ (whose Drosophila
homologue is Discs Lost) (3).
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Figure 3 The cadherin-catenin complex.
The cadherin-catenin complex forms the core of the adherens junction. It provides a landmark for the organisation of apicobasal polarity and
is a hub for several protein-protein interactions. E-cadherin can dimerise and forms trans-homophilic interactions, forming E-cadherin clusters,
thereby providing mechanically strong adhesive links between epithelial cells. Ca+ ions are required to stiffen the E-cadherin extracellular
domain and are essential for these homophilic interactions. The E-cadherin intracellular domain contains binding sites for both p120 and
β-catenin. These catenins connect the adherens junction to the microtubule (MT) and actin cytoskeletons.

The Par complex consists of the scaffolding protein Par-3
[the Drosophila homologue is called Bazooka (Baz)], Par-6
and atypical protein kinase C (aPKC) (3). In Drosophila,
polarity establishment in the first epithelium is known as
cellularisation (19) and during this process aPKC and Par6
recruitment to the apical cortex requires Baz and AJs (20).
The correct apical localisation of Par6 and aPKC is also
known to require the small GTPase Cdc42 (21, 22). However,
in somatic clones in a mature epithelium, which possesses an
established apicobasal polarity, Par6 and aPKC localisation at
the apical cortex is no longer dependant on Baz or even AJs,
but is still dependant on Cdc42 function (22). This highlights
underlying differences between polarity establishment and its
maintenance.
In epithelial cells there is increasing evidence to suggest
that Par-3/Baz localises separately from Par-6 and aPKC,
which co-localise in the apical domain (23). In epithelia
Par-3/Baz is restricted to the apicolateral junction, at the level
of the AJs in flies and the tight junctions in vertebrates (20,
24) (Figure 2). This suggests that the Par complex should be
viewed less as a physical assembly of its constituent proteins,
and more as a transient ‘interaction’ when in epithelia. In
fact, it is now no longer considered feasible to separate apical polarity proteins into distinct Par and Crumbs complexes,
as both Par6 and aPKC can interact with the Crumbs complex components PALS1/Std and Crb, both in mammals and
Drosophila (25–29). Additionally, Crb activity in epithelia

requires phosphorylation by aPKC (30). It has also recently
been shown in Drosophila that Baz binds Std, which is essential for the correct apical recruitment of Std during polarity
establishment (31).
The localisation of Baz is very tightly regulated, which
is not surprising given its prominent role in promoting apical identity and cell-cell junction formation. Baz segregates
from the other two members of the Par complex as it is
excluded from the apical domain through one of two mechanisms (Figure 2). The first involves phosphorylation of Baz
on serine 980 (S980). The kinase responsible for this phosphorylation is none other than aPKC itself, which binds and
phosphorylates Baz, weakening the interaction between the
two molecules. Additionally, Baz is prevented from binding
to the PDZ domain of Par6 by out-competition, mediated by
Crb (23). It has been shown that when overexpressing a Par6Baz direct fusion transgene, thereby preventing Par6 and Baz
dissociation, polarity is disrupted and phenotypes resemble
those of a Drosophila crumbs mutant (23).
The correct localisation of Bazooka also involves the
exclusion of the protein from the basolateral domain. This
is achieved via the action of the Scribble complex, which is
believed to be involved in the regulation of Par-1, the protein
responsible for the phosphorylation of Baz at either S151 or
S1085 (32), resulting in its displacement from the membrane
within the basolateral domain (33). Therefore Baz localisation
is inhibited both apically and basally, restricting its cortical
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localisation to the apicolateral border, where it can recruit
E-cadherin and β-catenin to the AJ in flies (25) or promote
tight junction formation in mammalian epithelia (34).
It is worth noting that in different cell types, such as in
the Drosophila female germline and in neuroblasts, Baz localises apically, together with aPKC and Par6. Importantly, the
Crumbs complex is absent in these cell types, highlighting the
important role Crumbs plays in restricting Par-3/Baz localisation in epithelia (35).
In recent years, novel polarity proteins have been identified, and include liver kinase B1 (LKB1) and AMP-activated
protein kinase (AMPK), which are required to maintain apicobasal polarity under conditions of energetic stress, resulting in
lower cellular ATP levels (36). Additionally, the Yurt/Coracle
group (consisting of Yurt, Coracle, the Na+, K+-ATPase and
Neurexin IV) has been identified in flies (37). This polarity
module is functionally similar to the Scribble complex in
that it inhibits expansion of the apical domain, in this case
via a direct inhibition of Crb, and can recover polarity in fly
embryos that are lgl mutant (37, 38).
It is important to stress the dynamic nature of polarity signalling, even in relatively stable tissues. For example, cell-cell
contacts are constantly being turned over and remodelled, giving an inherent plasticity not only to cell-cell junctions, but to
the epithelium as a whole. This plasticity maintains epithelial
integrity both in stable epithelia, during processes such as cell
division and cell death, and in remodelling epithelia, during
complex morphogenetic processes such as cell intercalation
(12). Polarity proteins, junctional proteins and cytoskeletal
networks are all capable of rapid turnover, highlighting the
need to maintain apicobasal polarity through the tight regulation of interdependent polarity signalling pathways.

Polarity genes and cancer progression
The majority of malignant human cancers originate from epithelial tissues that have undergone loss of cellular organisation and tissue invasion. Martin and Jiang (2001) described
a correlation between tumour metastasis and a reduction in
tight junction integrity (39). Additionally, loss of E-cadherin
has been shown to be associated with the metastatic phenotype (40). Both the deregulation of Scribble complex proteins
and a loss of cell polarity have been implicated in several
types of invasive cancers (41–46). Therefore disruptions to
cell-cell adhesion and apicobasal polarity within the epithelium have both been implicated in tumour progression. The
core components of the polarity complexes and their interaction partners that have been implicated in human cancers are
summarised in Table 1.
There have been several examples in the fly of neoplastic tumour formation resulting from germ-line mutations
in individual constituent proteins of the Scribble complex:
Scrib, Dlg or Lgl (20, 47). For example, Lgl was first identified in the fly as a tumour suppressor, as when mutated it
leads to the formation of neoplastic overgrowths in tissues
from Drosophila larvae (48). However, work using somatic
mutations in Drosophila imaginal discs showed that clones
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mutant for lgl, scrib or dlg are unable become neoplastic in
eye imaginal discs and mutant cells are in fact removed from
the tissue through cell competition. Mutant cells are eliminated from the tissue through JNK-mediated apoptosis and
competition from nearby stromal cells. These mutant clones
require cooperating oncogenes in order to develop neoplasia.
Additional cooperating oncogenic mutations such as activated Ras or Notch produce mutant cells that are viable and
invasive (49–52).
This work indicates a compensatory effect and multiplehit model for tumourigenesis that parallels the mammalian
system. Importantly, although apical polarity proteins do not
cause overgrowth and are not known as tumour suppressors,
they have also been shown to be susceptible to neoplastic
transformation by activated Ras signalling (49). This suggests
that a loss of polarity is key to neoplastic tumour behaviour.
However, these experiments also suggest that, although a loss
of polarity may be an early event in tumour progression, it is
unlikely to be a tumour-initiating event.

Viral oncoproteins and core polarity complex
proteins
Several core components of the cell polarity complexes have
been implicated in cancer through their interactions with two
viral oncoproteins: adenovirus E4-ORF and human papillomavirus (HPV) E6.
Both oncoproteins contain a PDZ domain motif which
mediates the interactions with the PDZ domains of cell polarity proteins and induces their degradation through the proteosome pathway; in particular adenovirus E4-ORF targets the
degradation of Dlg1, PATJ and Scribble (53), and the HPV
E6 oncoprotein targets the degradation of Scribble (53, 54)
and Dlg (55). Scrib and Dlg1 bind to human T cell leukaemia
virus-1 (HTLV-1) TAX protein via their PDZ domains. This
interaction leads to the mislocalisation of Scribble; it also
prevents the formation of the Dlg-APC complex in HTLV-1
infected T cells (56, 57) and prevents Dlg-induced cell cycle
arrest (57).
Lee et al. demonstrated that E4-ORF1 aberrantly sequesters
MUPP1 (a structural paralogue of PATJ) to the cytoplasm,
which is targeted for degradation by HPV-18 E6 (58). Mutant
viral oncoproteins were unable to bind MUPP1 suggesting
that cell proliferation and transformation by viral proteins
required inactivation of MUPP1 (58). Finally PATJ was identified as a degradation target of both type 16 and type 18 E6
(59). These studies show that degradation of cell polarity proteins by viral oncoproteins allows disruption of apical-basal
polarity and promotion of tumour progression.

Interactions between polarity proteins and the
Hippo pathway
The Hippo pathway, originally identified and delineated
in Drosophila, is an important regulator of cell proliferation and survival. By regulating the transcriptional activator
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Reduced in prostate cancer (71)

– Down-regulated in cervical cancer (44),
breast cancer (42), colon cancer (95) and
lobular carcinomas (43)
– Overexpressed in tumours of the colon, bladder, ovary, prostate and uterus (96)
– Interacts with TAX in HLTV1 infected
T cells (56)
– Targeted degradation by adenovirus E4-ORF
and HPV E6 (53, 54)
– Reduced or absent in 76% breast cancers,
63% lung cancers, 53% prostate cancers, 50%
ovarian cancers and 40% melanomas (97)
– Aberrant splice variants in 20 –35%
hepatocellular carcinoma (99)
– Deletions in lung and cervix tumours (103)
– Down-regulated in cervical (41), ovarian
(100), gastric (101) and colon cancer (95)
– Somatic mutations in mammary ductal
carcinoma (45)
– Interacts with TAX in HLTV1 infected T
cells (57)
– Targeted degradation by HPV E6
oncoprotein (55)
– Mutated in colon cancer
– Reduced in prostate cancer (71)

Unknown
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tumours (103)
– Degradation target of adenovirus E4-ORF
and human papillomavirus E6 (53, 58, 59)
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Yorkie (YAP and TAZ in mammals) the pathway regulates the
expression of pro-growth and anti-apoptotic proteins, such as
Myc, Inhibitor of Apoptosis 2 (IAP2) and CyclinE (CycE)
[for a detailed recent review see (60)]. The Hippo pathway is
composed of cell surface upstream regulators, including cell
adhesion molecules (Fat and Daschous) and cytoskeletonbinding proteins (Expanded, Merlin); a kinase cascade with
two serine-threonine kinases (Hippo and Warts) with regulators (Mats) and adaptors (Salvador); and downstream targets
– a transcriptional activator (Yorkie) and its DNA binding
partner (Scalloped) (61). This pathway has now been found
to be highly conserved in humans [see Figure 4 and (60)].
Several members of the three polarity complexes described
previously have been identified as regulators of the Hippo
pathway. These interactions are depicted in Figure 4 and
components of the Hippo pathway implicated in cancer
are described in Table 2. Crumbs has been identified as an
upstream regulator of the Hippo pathway as it directly binds
to expanded. Perturbation of Crb through depletion, mutation of its FERM-binding site, or overexpression results in
a mislocalisation of expanded away from the apical cortex
into the basolateral domain, which is likely to deregulate the
pathway (62, 63). Overexpression of wild-type Crb causes
tissue overgrowth and inactivates the Hippo pathway by targeting expanded for phosphorylation-dependent degradation
(62, 64).
Additionally, depletion of Lgl or an overexpression of
aPKC results in a co-mislocalisation of Hippo and Rasassociated domain family protein (RASSF) to a basolateral
cortical region. RASSF competes with Salvador for Hippo
binding and inhibits Hippo activation. When Hippo is inactive, the transcriptional activator Yorkie fails to be phosphorylated, resulting in the upregulation of Hippo pathway target
genes (63). The mislocalisation of Hippo can be rescued by
the inhibition of aPKC activity in lgl mutant cells (63).
Scribble was also found to regulate the interaction of TAZ
with the core kinases LATS and MST (human homologues
of Yorkie, Warts and Hippo, respectively) in the Hippo pathway of breast cancer cells (65). Scrib mutants showed aPKCdependant defects in the Hippo pathway of Drosophila eye
discs, whilst aPKC signalling was sufficient to impair the
Hippo pathway independently from JNK activity (66). Scrib
mutants also demonstrated an upregulation of the Yki target
gene cycE in imaginal discs of Drosophila (50). These studies,
highlighting polarity protein – Hippo pathway interactions,
provide a direct link between loss of polarity, hyperproliferation and evasion of cell death.

Epigenetic regulation of polarity complex
interacting proteins and cancer
Aside from somatic mutations, namely amplifications and
deletions, epigenetic modifications in the form of DNA methylation (specifically in promoter regions) and alterations to histone modifications (acetylation, phosphorylation, methylation
or ubiquitination of histone tails) can severely alter the transcription of crucial genes required to prevent cancer initiation

or cancer progression. DNA methyltransferase (DNMT)
enzymes add methyl groups, often to position 5 of cytosine residues found in CpG dinucleotides of vertebrates (67). Changes
in DNA methylation in the promoter region can either promote
or inhibit gene expression. Examples of promoter hypermethylation are demonstrated in a variety of cancers, specifically for
genes which interact with core components of the cell polarity
complexes (Tables 1 and 2).
Promoter hypermethylation is a hallmark of silencing gene
expression, especially when found alongside inactive histone
modifications. Despite the absence of evidence for the epigenetic regulation of core polarity complex proteins, several
of their interaction partners show epigenetic alterations in a
wide range of cancer types. For example, the down-regulated
genes ASPP2 (68), PTEN (69, 70), APC (71) and Lin-7c (72)
display promoter hypermethylation in cancer samples; the
protein products of these genes interact with PAR3 (ASPP2
and PTEN), DLG and PALS1, respectively, in normal cells.
E-cadherin is also hypermethylated in prostate cancer (71).
Numerous members of the Hippo pathway have shown altered
epigenetic states in cancers including MST1 (73), MST2 (73),
LATS1 and LATS2 (73–75), RASSF1A (71, 76–78), RASSF2
(79–83), RASSF4 (84, 85), NORE1A (86–88), NORE1B (89)
and RASSF6 (90, 91).
This supports the potential for epigenetic therapies to alter
the expression of these genes – such as histone deacetylase
inhibitors [like Trichostatin A (TSA)] or nucleoside analogues, which sequester the DNMTs during DNA replication
and prevent DNA methylation [for example decitabine (5-aza2′-deoxycytidine)] (92, 93). Several examples of reversal of
gene expression have been documented for hypermethylated
genes in cancer following decitabine treatment (see Tables
1 and 2) including PTEN in NSCLC cell lines (70), LATS1
and LATS2 in astrocytomas (75), RASSF1A (77, 78) which
induced cell cycle arrest and inhibited cyclin D1 accumulation (94); RASSF2 (79); RASSF4 (84, 85); NORE1A (86) and
RASSF6 (decitabine plus TSA treatment) (90). The presence
of promoter hypermethylation and the epigenetic regulation
of gene expression for genes known to interact with core
components of the cell polarity complexes highlight a new
avenue for further investigation and may provide possible
novel targets for cancer therapies.

Polarity proteins implicated in human cancer
The components of the core polarity complexes are essential
for maintaining correct cell polarity and tissue architecture
integrity. Examples of where these processes are disrupted,
either directly or through their interacting proteins, are found
in several forms of cancer. Overexpression, mutation or complete loss of these proteins can lead to cancer metastasis, poor
patient survival and even define cancer progression. This
suggests that the deregulation of polarity protein function
does not fall into the simplified categories of oncogenes and
tumour suppressors, as both the over-expression and loss of
function of individual polarity components can be associated
with cancers.
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Figure 4 The Hippo pathway.
The Hippo pathway is an essential regulator of cell proliferation and survival in both Drosophila and mammals. This function is further regulated by the interactions with components of the core cell polarity complexes, which help define the apical domain (Crumbs and Par complexes)
and the basolateral domain (Scribble complex). For abbreviations and the roles of the various proteins please refer to Tables 1 and 2. Ultimately
the downstream transcriptional activators of the Hippo pathway (Yorkie in Drosophila and YAP/TAZ in mammals) regulate the expression
of proteins, which promote growth and prevent apoptosis including Diminutive (Dm), Inhibitor of Apoptosis 2 (Iap2), Cyclin E (CycE) in
Drosophila and MYC, IAP2 and CYCE in mammals. The components of the Hippo pathway and core cell polarity proteins with homologues in
both Drosophila and mammals are shown in green, proteins identified only in Drosophila are coloured in orange. Phosphorylation is indicated
in yellow. *, the presence of several mammalian homologues for the single protein in Drosophila; AJ, adherens junction.

The following sections detail current knowledge on how
polarity proteins have been implicated in human cancers, and
is summarised in Table 1.

Components of the Scribble complex and
human cancer
All three components of the Scribble complex have been
implicated in several forms of human cancers (Table 1). In cervical cancers, viral oncoprotein HPV E6 targeted degradation
of SCRIB led to a dramatic reduction in SCRIB expression
during cancer progression (44). Down-regulation and mislocalization of SCRIB promoted transformation of breast mammary epithelial cells and inhibited Myc-induced apoptosis in

breast tumours (42). Gardiol et al. found increased alterations
to the expression patterns of DLG and SCRIB during tumour
progression in colon cancer, while down-regulation of both
proteins was associated with lack of epithelial cell polarity and disorganised tissue architecture (95). A reduction of
SCRIB has been found in 81% of lobular carcinomas (43),
whereas it was surprisingly overexpressed in tumours of the
colon, bladder, ovary, prostate and uterus (96).
A reduction or absence of LGL was found in 76% breast
cancers, 63% lung cancers, 53% prostate cancers, 50% ovarian cancers and 40% melanomas (97). Schimanski et al.
demonstrated reduced expression of LGL1 in 75% colorectal cancer, which correlated with advanced stage and lymph
node metastasis (98); in particular LGL1 was reduced or lost
in 60% adenomatous polyps and 72% of hepatic metastasis

Downstream
targets

Core complex

Sav1
(WW45)

Mps one
binder,
MOB1
MOB2
LATS1
LATS2
(Kpm)

Yes – associated protein
(YAP)
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Willin/
FRMD6
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CRB2
CRB3

Hippo (Hpo)

Kibra
Expanded
(Ex)
Merlin (Mer)

Fat (Ft)
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Transcriptional factor

– Transcription activator
– Affected by LGL and aPKC
– Interaction with SCRIB in breast
cancer cells (65)

– Nuclear Dbf2-related kinase
– Assembly with TAZ regulated by
SCRIB in breast cancer cells (65)

Activator of Warts

WW containing adaptor

WW domain-containing protein
– FERM-domain-containing protein
– Positively regulated by CRB
– Neurofibromatosis type 2 tumour
suppressor
– FERM-domain-containing protein
– Ste20-like kinase
– Regulated by LGL
– Assembly with TAZ regulated by
SCRIB in breast cancer cells (65)

Protocadherin
Component of CRB complex, see
Table 1

– LATS1 and LATS2 reduction in
breast cancer (74), astrocytomas (75)
and soft tissue sarcoma (73)
– Assembly with TAZ regulated by
SCRIB in breast cancer cells (65)
– Activation of YAP or TAZ induces
EMT in breast cancer cells and
increases invasiveness (139, 140).
– Assembly of TAZ with LATS and
MST regulated by SCRIB in breast
cancer cells (65).
– YAP gene amplification in pancreatic
cancer (141); increased nuclear YAP
expression in hepatocellular carcinoma
(142), colonic adenocarcinoma, lung
adenocarcinoma and ovarian serous
cystadenocarcinoma (143)
Unknown

MOB1 reduced in NSCLC (138)

Unknown
Inhibits cell proliferation in breast
cancer cell lines (133)
NF2 inactivated in sporadic
meningiomas (134) and mesothelioma
(135)
– Reduced cytoplasmic MST1 in soft
tissue sarcoma (73) and colorectal
cancer (136)
– Assembly with TAZ regulated by
SCRIB in breast cancer cells (65)
Haploinsuffienct WW45 +/− mice
develop liver cancer (137)

Unknown
See Table 1

Unknown

LATS1 and LATS2
hypermethylation in 50 –56%
breast cancers (74); 60 –70 %
astrocytomas (75); 7% in soft
tissue sarcoma (73)
Unknown

Unknown

Hypomethylation and decrease
in H3K9me of retrotransposons
in liver (137)
Unknown

Unknown

Unknown

LATS1 and LATS2
expression restored
in astrocytomas (75)

Unknown

Unknown

Unknown

NF2 hypermethylation in
meningioma (134)
Hypermethylation of MST1 in
37% and MST2 in 20 % of soft
tissue sarcomas (73)

Unknown
Unknown

Unknown
Unknown

Unknown
Unknown

Unknown
Unknown

Response to
decitabine treatment

Upstream
regulators

Epigenetic alterations in cancer

Protein in
Drosophila

Role in Hippo
pathway

Examples in human cancer

Table 2 Components and related proteins of the Hippo pathway.
Notes
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Table 2 (Continued)

Down-regulated in 90 % childhood
B cell acute lymphocytic leukaemia
(ALL) and 40 % T cell ALL (90)
30 – 60 % primary tumour tissues from
breast, colon, kidney, liver, pancreas,
stomach, thyroid gland (91)

Decreased in hepatocellular
carcinomas and hepatocarcinoma cell
lines (89)

Reduction in lung, breast, kidney
tumour cell lines and primary tumours
(86 – 88)

Reduced levels in nasopharyngeal
carcinoma cell lines (84), NSLC and
SCLC (85), breast, lung, colorectal and
kidney tumour cell lines, primary lung
and breast tumours (85)

Reduced in colorectal cancer cell
lines (79), lung tumour cell lines and
primary NSCLC tumours (80, 81),
gastric cancer (82), and
nasopharyngeal carcinoma (83)

Down-regulated in various cancers
(144, 145) including soft tissue
sarcoma (76), Ewing sarcoma tumours
(77), prostate cancer (71), NSCLC and
SCLC (78)

See Table 1

See Table 1

Examples in human cancer

– RASSF2 hypermethylation
in colorectal cancer cell lines
(79); lung tumour cell lines
and primary NSCLC tumours
(80, 81); gastric cancer (82);
nasopharyngeal carcinoma
(83)
RASSF4 hypermethylation in
12.5% nasopharyngeal carcinoma cell lines (84); 21% in
NSLC and SCLC (85); breast,
lung, colorectal and kidney
tumour cell lines, primary lung
and breast tumours (85)
NORE1A hypermethylation in
lung, breast, kidney tumour
cell lines and primary tumours
(86–88)
NORE1B hypermethylation in
62% of hepatocellular
carcinomas and
hepatocarcinoma cell lines (89)
RASSF6 hypermethylation in
90 % childhood B cell acute
lymphocytic leukaemia (ALL)
and 40 % T cell ALL (90);
30 – 60 % primary tumour
tissues from breast, colon,
kidney, liver, pancreas,
stomach, thyroid gland (91)

RASSF1A hypermethylation in
26% soft tissue sarcoma (76);
68% Ewing sarcoma tumours
(77); prostate cancer (71); 30 %
NSCLC and 100 % SCLC and
tumours (78)

Unknown

Unknown

Epigenetic alterations in cancer

Restored RASSF6
expression (decitabine + TSA) (90)

Unknown

Restoration of
NORE1A expression
(86)

Restoration of
RASSF4 mRNA
(84, 85)

– Increases
RASSF1A
expression (77, 78)
– Induces cell cycle
arrest and inhibits
cyclin D1
accumulation (94)
Increase RASSF2
expression (79)

Unknown

Unknown

Response to
decitabine treatment
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originating from colorectal cancer. The presence of aberrant
LGL splice variants has also been observed in 20% of hepatocellular carcinoma cell lines and 35% of hepatocellular carcinoma specimens (99).
DLG was also down-regulated in cervical cancer (41) with
significant reduction of DLG in invasive cervical (41) and
ovarian cancer (DLG4) (100). Additionally microarray analysis showed Dlg expression was significantly altered in gastric
cancers (101, 102). DLG was found to be mutated in mammary ductal carcinoma (45), and deleted in lung and cervix
tumours (103). Finally, DLG1 was found to interact with the
PDZ binding motif of APC tumour suppressor protein, implicated in colon cancer (104).
Appropriate expression and regulation of the SCRIB complex is required to maintain cell polarity. The studies outlined
above, covering several types of cancer, indicate that deregulation of a single component of the SCRIB complex can aid in
loss of tissue architecture and promote cancer progression.

Components of the PAR complex and human
cancer
The core components of the PAR complex were either overexpressed (PAR6 or aPKC) or down-regulated (PAR3) in
different forms of cancers (Table 1). In particular, PAR6b
was overexpressed in breast cancer cell lines where it was
found to regulate tumour initiation and progression, specifically promoting proliferation of breast epithelial cells through
its interactions with aPKC and Cdc42 (105). PAR6 activation also correlated with BRCA1-associated breast tumours,
which have a highly enriched basal subtype associated with
EMT and mesenchymal characteristics (106).
In contrast to PAR6 overexpression in cancers, a copy number loss of PAR3 has been observed in 15% of primary oesophageal squamous cell carcinoma cells and expression of PAR3
was significantly reduced in primary oesophageal squamous
cell carcinoma tumours (107). A study by Rothenberg et al.
showed deletions of PAR3 in 5% of glioblastomas and 9% of
head and neck squamous cell carcinoma (103). The authors
also demonstrated deletions of PAR6G, MPDZ and DLG2 in
several tumour types (103), as shown in Table 1.
The isoforms of the atypical protein kinase gene are
overexpressed in several human cancers, shown in Table 1.
aPKCλ/ι activity was required for Ras-mediated transformation, invasion and anchorage-independent growth of intestinal epithelial cells (108). A correlation between aPKCλ/ι
overexpression and poor patient survival has been demonstrated in non-small cell lung cancer (NSCLC) (109) and
pancreatic cancer (110), where inhibition of aPKCι in pancreatic tumours significantly reduced tumour angiogenesis
and metastasis (110). aPKCλ/ι overexpression was a strong
prognostic factor for recurrence of gastric adenocarcinoma
(111) and prostate cancer (112); whereas expression of
aPKCλ/ι has been closely related to pathological differentiation, tumour size, invasion and metastasis of hepatocellular
carcinoma (113) and cholangiocarcinoma (cancer of the bile
duct) (114).

Additionally, the accumulation of aPKCι in hepatocellular carcinoma (HCC) cytoplasm and nucleolus inhibited the
subsequent formation of adherens junctions and/or tight junctions during cell-cell contact (113). aPKCλ/ι overexpression
was detected in 80% of breast cancers and apical or cytoplasmic aPKC localisation correlated with tumour pathologic
type (115).

The Crumbs complex and human cancer
Despite limited evidence for the misregulation of the Crumbs
complex in humans cancers (Table 1), deletions or down-regulation of the core components were common to all examples
described. Deficiency of CRB3 in immortal baby mouse kidney epithelial cells showed disruption of tight junction formation, apicobasal polarity and contact-inhibited growth,
however reintroduction of Crb3 expression restored these
defects and suppressed migration and metastasis (116). The
Crb3 gene is located at 19p13.3, which also contains several
other tumour suppressor genes and is frequently deleted in
carcinomas (117). PALS1 interacts with the PDZ domain protein Lin-7C/VELI3/MALS-3 (Lin-7c) (118), which is downregulated by promoter hypermethylation in oral squamous
cell carcinoma (72). Finally, sarcoma and lymphoma tumours
showed large deletions of PATJ (103).

Perspectives
This review highlights how the three main core polarity complexes: PAR (PAR6, PAR3/Baz, aPKC), CRB (CRB, PALS1/
Sdt, PATJ) and SCRIB (SCRIB, DLG, LGL) are not only crucial for the correct organisation of apicobasal cell polarity in
normal epithelia, but are also essential to prevent cancer progression. Disruptions to any of these core components can lead
to gross abnormalities in tissue architecture and therefore these
proteins play an essential role in maintaining homeostasis and
in preventing cancer cell invasion. Several proteins that interact
with the core polarity components, including members of the
Hippo pathway, have also been implicated in tumourigenesis
and cancer progression and demonstrate the diverse range of targets affected by these polarity complexes. Epigenetic regulation
of these interacting proteins may highlight potential therapeutic
targets for cancers, and demonstrate the potential for epigenetic
regulation of cell polarity in normal and cancer tissues.

Acknowledgements
The Georgiou lab is supported by a Career Establishment Award
from Cancer Research UK. We apologise for any omissions when
citing relevant literature due to space restrictions.

References
1. Knust E, Bossinger O. Composition and formation of intercellular
junctions in epithelial cells. Science 2002; 298: 1955–9.

Polarity and cancer progression

2. Bryant DM, Mostov KE. From cells to organs: building polarized
tissue. Nat Rev Mol Cell Biol 2008; 9: 887–901.
3. Assémat E, Bazellières E, Pallesi-Pocachard E, Le Bivic A,
Massey-Harroche D. Polarity complex proteins. Biochim
Biophys Acta 2008; 1778: 614–30.
4. Marcinkevicius E, Fernandez-Gonzalez R, Zallen JA. Q&A:
quantitative approaches to planar polarity and tissue organization. J Biol 2009; 8: 103.
5. St Johnston D, Ahringer J. Cell polarity in eggs and epithelia:
parallels and diversity. Cell 2010; 141: 757–74.
6. Ridley AJ, Schwartz MA, Burridge K, Firtel RA, Ginsberg MH,
Borisy G, Parsons JT, Horwitz AR. Cell migration: integrating
signals from front to back. Science 2003; 302: 1704–9.
7. Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelialmesenchymal transitions in development and disease. Cell 2009;
139: 871–90.
8. Rodriguez-Boulan E, Nelson WJ. Morphogenesis of the polarized epithelial cell phenotype. Science 1989; 245: 718–25.
9. Georgiou M, Baum B. Polarity proteins and Rho GTPases cooperate to spatially organise epithelial actin-based protrusions.
J Cell Sci 2010; 123: 1089–98.
10. Greenburg G, Hay ED. Epithelia suspended in collagen gels can
lose polarity and express characteristics of migrating mesenchymal cells. J Cell Biol 1982; 95: 333–9.
11. Simons K, Fuller SD. Cell surface polarity in epithelia. Annu Rev
Cell Biol 1985; 1: 243–88.
12. Baum B, Georgiou M. Dynamics of adherens junctions in epithelial establishment, maintenance, and remodeling. J Cell Biol
2011; 192: 907–17.
13. Nelson WJ. Adaptation of core mechanisms to generate cell
polarity. Nature 2003; 422: 766–74.
14. O’Brien LE, Zegers MM, Mostov KE. Opinion: Building epithelial architecture: insights from three-dimensional culture models.
Nat Rev Mol Cell Biol 2002; 3: 531–7.
15. Wang AZ, Ojakian GK, Nelson WJ. Steps in the morphogenesis
of a polarized epithelium. I. Uncoupling the roles of cell-cell and
cell-substratum contact in establishing plasma membrane polarity in multicellular epithelial (MDCK) cysts. J Cell Sci 1990; 95
(Pt 1): 137–51.
16. Molitoris BA. Ischemia-induced loss of epithelial polarity:
potential role of the actin cytoskeleton. Am J Physiol 1991; 260:
F769–78.
17. Goldstein B, Macara IG. The PAR proteins: fundamental players
in animal cell polarization. Dev Cell 2007; 13: 609–22.
18. Bilder D. Epithelial polarity and proliferation control: links from
the Drosophila neoplastic tumor suppressors. Genes Dev 2004;
18: 1909–25.
19. Knoblich JA. Epithelial polarity: the ins and outs of the fly
epidermis. Curr Biol 2000; 10: R791–4.
20. Harris TJ, Peifer M. The positioning and segregation of apical cues during epithelial polarity establishment in Drosophila.
J Cell Biol 2005; 170: 813–23.
21. Hutterer A, Betschinger J, Petronczki M, Knoblich JA. Sequential
roles of Cdc42, Par-6, aPKC, and Lgl in the establishment of
epithelial polarity during Drosophila embryogenesis. Dev Cell
2004; 6: 845–54.
22. Georgiou M, Marinari E, Burden J, Baum B. Cdc42, Par6,
and aPKC regulate Arp2/3-mediated endocytosis to control local adherens junction stability. Curr Biol 2008; 18:
1631–8.
23. Morais-de-Sa E, Mirouse V, St Johnston D. aPKC phosphorylation of Bazooka defines the apical/lateral border in Drosophila
epithelial cells. Cell 2010; 141: 509–23.

517

24. Afonso C, Henrique D. PAR3 acts as a molecular organizer to
define the apical domain of chick neuroepithelial cells. J Cell Sci
2006; 119 (Pt 20): 4293–304.
25. Hurd TW, Gao L, Roh MH, Macara IG, Margolis B. Direct interaction of two polarity complexes implicated in epithelial tight
junction assembly. Nat Cell Biol 2003; 5: 137–42.
26. Kempkens O, Médina E, Fernandez-Ballester G, Ozuyaman S,
Le Bivic A, Serrano L, Knust E. Computer modelling in combination with in vitro studies reveals similar binding affinities
of Drosophila Crumbs for the PDZ domains of Stardust and
DmPar-6. Eur J Cell Biol 2006; 85: 753–67.
27. Nam SC, Choi KW. Interaction of Par-6 and Crumbs complexes
is essential for photoreceptor morphogenesis in Drosophila.
Development 2003; 130: 4363–72.
28. Wang Q, Hurd TW, Margolis B. Tight junction protein Par6
interacts with an evolutionarily conserved region in the
amino terminus of PALS1/stardust. J Biol Chem 2004; 279:
30715–21.
29. Lemmers C, Michel D, Lane-Guermonprez L, Delgrossi MH,
Medina E, Arsanto JP, Le Bivic A. CRB3 binds directly to Par6
and regulates the morphogenesis of the tight junctions in mammalian epithelial cells. Mol Biol Cell 2004; 15: 1324–33.
30. Sotillos S, Diaz-Meco MT, Caminero E, Moscat J, Campuzano
S. DaPKC-dependent phosphorylation of Crumbs is required
for epithelial cell polarity in Drosophila. J Cell Biol 2004; 166:
549–57.
31. Krahn MP, Buckers J, Kastrup L, Wodarz A. Formation of a
Bazooka-Stardust complex is essential for plasma membrane
polarity in epithelia. J Cell Biol 2010; 190: 751–60.
32. Benton R, St Johnston D. Drosophila PAR-1 and 14-3-3 inhibit
Bazooka/PAR-3 to establish complementary cortical domains in
polarized cells. Cell 2003; 115: 691–704.
33. Benton R, St Johnston D. A conserved oligomerization domain
in drosophila Bazooka/PAR-3 is important for apical localization
and epithelial polarity. Curr Biol 2003; 13: 1330–4.
34. Chen X, Macara IG. Par-3 controls tight junction assembly
through the Rac exchange factor Tiam1. Nat Cell Biol 2005; 7:
262–9.
35. Tepass U, Theres C, Knust E. Crumbs encodes an EGF-like
protein expressed on apical membranes of Drosophila epithelial
cells and required for organization of epithelia. Cell 1990; 61:
787–99.
36. Mirouse V, Swick LL, Kazgan N, St Johnston D, Brenman JE.
LKB1 and AMPK maintain epithelial cell polarity under energetic stress. J Cell Biol 2007; 177: 387–92.
37. Laprise P, Lau KM, Harris KP, Silva-Gagliardi NF, Paul SM,
Beronja S, Beitel GJ, McGlade CJ, Tepass U. Yurt, Coracle,
Neurexin IV and the Na(+),K(+)-ATPase form a novel group of
epithelial polarity proteins. Nature 2009; 459: 1141–5.
38. Laprise P, Beronja S, Silva-Gagliardi NF, Pellikka M, Jensen
AM, McGlade CJ, Tepass U. The FERM protein Yurt is a negative regulatory component of the Crumbs complex that controls
epithelial polarity and apical membrane size. Dev Cell 2006; 11:
363–74.
39. Martin TA, Jiang WG. Tight junctions and their role in cancer
metastasis. Histol Histopathol 2001; 16: 1183–95.
40. Frixen UH, Behrens J, Sachs M, Eberle G, Voss B, Warda A,
Löchner D, Birchmeier W. E-cadherin-mediated cell-cell adhesion prevents invasiveness of human carcinoma cells. J Cell Biol
1991; 113: 173–85.
41. Watson RA, Rollason TP, Reynolds GM, Murray PG, Banks L,
Roberts S. Changes in expression of the human homologue of
the Drosophila discs large tumour suppressor protein in high-

518

P. Lo et al.

grade premalignant cervical neoplasias. Carcinogenesis 2002;
23: 1791–6.
42. Zhan L, Rosenberg A, Bergami KC, Yu M, Xuan Z, Jaffe AB,
Allred C, Muthuswamy SK. Deregulation of scribble promotes
mammary tumorigenesis and reveals a role for cell polarity in
carcinoma. Cell 2008; 135: 865–78.
43. Navarro C, Nola S, Audebert S, Santoni MJ, Arsanto JP, Ginestier
C, Marchetto S, Jacquemier J, Isnardon D, Le Bivic A, Birnbaum
D, Borg JP. Junctional recruitment of mammalian Scribble relies
on E-cadherin engagement. Oncogene 2005; 24: 4330–9.
44. Nakagawa S, Yano T, Nakagawa K, Takizawa S, Suzuki Y,
Yasugi T, Huibregtse JM, Taketani Y. Analysis of the expression
and localisation of a LAP protein, human scribble, in the normal
and neoplastic epithelium of uterine cervix. Br J Cancer 2004;
90: 194–9.
45. Fuja TJ, Lin F, Osann KE, Bryant PJ. Somatic mutations and
altered expression of the candidate tumor suppressors CSNK1
epsilon, DLG1, and EDD/hHYD in mammary ductal carcinoma.
Cancer Res 2004; 64: 942–51.
46. Pearson HB, Perez-Mancera PA, Dow LE, Ryan A, Tennstedt
P, Bogani D, Elsum I, Greenfield A, Tuveson DA, Simon R,
Humbert PO. SCRIB expression is deregulated in human prostate cancer, and its deficiency in mice promotes prostate neoplasia. J Clin Invest 2011; 121: 4257–67.
47. Brumby AM, Richardson HE. Using Drosophila melanogaster to
map human cancer pathways. Nat Rev Cancer 2005; 5: 626–39.
48. Gateff E. Malignant neoplasms of genetic origin in Drosophila
melanogaster. Science 1978; 200: 1448–59.
49. Pagliarini RA, Xu T. A genetic screen in Drosophila for metastatic behavior. Science 2003; 302: 1227–31.
50. Brumby AM, Richardson HE. Scribble mutants cooperate with
oncogenic Ras or Notch to cause neoplastic overgrowth in
Drosophila. EMBO J 2003; 22: 5769–79.
51. Leong GR, Goulding KR, Amin N, Richardson HE, Brumby
AM. Scribble mutants promote aPKC and JNK-dependent epithelial neoplasia independently of Crumbs. BMC Biol 2009; 7:
62.
52. Igaki T, Pagliarini RA, Xu T. Loss of cell polarity drives tumor
growth and invasion through JNK activation in Drosophila. Curr
Biol 2006; 16: 1139–46.
53. Javier RT. Cell polarity proteins: common targets for tumorigenic
human viruses. Oncogene 2008; 27: 7031–46.
54. Nakagawa S, Huibregtse JM. Human scribble (Vartul) is targeted
for ubiquitin-mediated degradation by the high-risk papillomavirus E6 proteins and the E6AP ubiquitin-protein ligase. Mol Cell
Biol 2000; 20: 8244–53.
55. Gardiol D, Kuhne C, Glaunsinger B, Lee SS, Javier R, Banks
L. Oncogenic human papillomavirus E6 proteins target the discs
large tumour suppressor for proteasome-mediated degradation.
Oncogene 1999; 18: 5487–96.
56. Arpin-Andre C, Mesnard JM. The PDZ domain-binding motif
of the human T cell leukemia virus type 1 tax protein induces
mislocalization of the tumor suppressor hScrib in T cells. J Biol
Chem 2007; 282: 33132–41.
57. Suzuki T, Ohsugi Y, Uchida-Toita M, Akiyama T, Yoshida M.
Tax oncoprotein of HTLV-1 binds to the human homologue of
Drosophila discs large tumor suppressor protein, hDLG, and
perturbs its function in cell growth control. Oncogene 1999; 18:
5967–72.
58. Lee SS, Glaunsinger B, Mantovani F, Banks L, Javier RT.
Multi-PDZ domain protein MUPP1 is a cellular target for both
adenovirus E4-ORF1 and high-risk papillomavirus type 18 E6
oncoproteins. J Virol 2000; 74: 9680–93.

59. Storrs CH, Silverstein SJ. PATJ, a tight junction-associated PDZ
protein, is a novel degradation target of high-risk human papillomavirus E6 and the alternatively spliced isoform 18 E6. J Virol
2007; 81: 4080–90.
60. Zhao B, Tumaneng K, Guan KL. The Hippo pathway in organ
size control, tissue regeneration and stem cell self-renewal. Nat
Cell Biol 2011; 13: 877–83.
61. Bao Y, Hata Y, Ikeda M, Withanage K. Mammalian Hippo pathway: from development to cancer and beyond. J Biochem 2011;
149: 361–79.
62. Ling C, Zheng Y, Yin F, Yu J, Huang J, Hong Y, Wu S, Pan D. The
apical transmembrane protein Crumbs functions as a tumor suppressor that regulates Hippo signaling by binding to Expanded.
Proc Natl Acad Sci USA 2010; 107: 10532–7.
63. Grzeschik NA, Parsons LM, Allott ML, Harvey KF, Richardson
HE. Lgl, aPKC, and Crumbs regulate the Salvador/Warts/Hippo
pathway through two distinct mechanisms. Curr Biol 2010; 20:
573–81.
64. Chen CL, Gajewski KM, Hamaratoglu F, Bossuyt W, SansoresGarcia L, Tao C, Halder G. The apical-basal cell polarity determinant Crumbs regulates Hippo signaling in Drosophila. Proc
Natl Acad Sci USA 2010; 107: 15810–5.
65. Cordenonsi M, Zanconato F, Azzolin L, Forcato M, Rosato A,
Frasson C, Inui M, Montagner M, Parenti AR, Poletti A, Daidone
MG, Dupont S, Basso G, Bicciato S, Piccolo S. The Hippo transducer TAZ confers cancer stem cell-related traits on breast cancer
cells. Cell 2011; 147: 759–72.
66. Doggett K, Grusche FA, Richardson HE, Brumby AM. Loss of
the Drosophila cell polarity regulator Scribbled promotes epithelial tissue overgrowth and cooperation with oncogenic RasRaf through impaired Hippo pathway signaling. BMC Dev Biol
2011; 11: 57.
67. Goll MG, Bestor TH. Eukaryotic cytosine methyltransferases.
Annu Rev Biochem 2005; 74: 481–514.
68. Liu ZJ, Lu X, Zhang Y, Zhong S, Gu SZ, Zhang XB, Yang
X, Xin HM. Downregulated mRNA expression of ASPP and
the hypermethylation of the 5′-untranslated region in cancer cell lines retaining wild-type p53. FEBS Lett 2005; 579:
1587–90.
69. Kang YH, Lee HS, Kim WH. Promoter methylation and
silencing of PTEN in gastric carcinoma. Lab Invest 2002; 82:
285–91.
70. Soria JC, Lee HY, Lee JI, Wang L, Issa JP, Kemp BL, Liu DD,
Kurie JM, Mao L, Khuri FR. Lack of PTEN expression in nonsmall cell lung cancer could be related to promoter methylation.
Clin Cancer Res 2002; 8: 1178–84.
71. Roupret M, Hupertan V, Catto JW, Yates DR, Rehman I, Proctor
LM, Phillips J, Meuth M, Cussenot O, Hamdy FC. Promoter
hypermethylation in circulating blood cells identifies prostate
cancer progression. Int J Cancer 2008; 122: 952–6.
72. Onda T, Uzawa K, Nakashima D, Saito K, Iwadate Y, Seki N,
Shibahara T, Tanzawa H. Lin-7C/VELI3/MALS-3: an essential
component in metastasis of human squamous cell carcinoma.
Cancer Res 2007; 67: 9643–8.
73. Seidel C, Schagdarsurengin U, Blumke K, Wurl P, Pfeifer GP,
Hauptmann S, Taubert H, Dammann R. Frequent hypermethylation of MST1 and MST2 in soft tissue sarcoma. Mol Carcinog
2007; 46: 865–71.
74. Takahashi Y, Miyoshi Y, Takahata C, Irahara N, Taguchi T,
Tamaki Y, Noguchi S. Down-regulation of LATS1 and LATS2
mRNA expression by promoter hypermethylation and its association with biologically aggressive phenotype in human breast
cancers. Clin Cancer Res 2005; 11: 1380–5.

Polarity and cancer progression

75. Jiang Z, Li X, Hu J, Zhou W, Jiang Y, Li G, Lu D. Promoter
hypermethylation-mediated down-regulation of LATS1
and LATS2 in human astrocytoma. Neurosci Res 2006; 56:
450–8.
76. Kawaguchi K, Oda Y, Saito T, Yamamoto H, Takahira T,
Kobayashi C, Tamiya S, Tateishi N, Iwamoto Y, Tsuneyoshi M.
DNA hypermethylation status of multiple genes in soft tissue sarcomas. Mod Pathol 2006; 19: 106–14.
77. Avigad S, Shukla S, Naumov I, Cohen IJ, Ash S, Meller I,
Kollender Y, Issakov J, Yaniv I. Aberrant methylation and
reduced expression of RASSF1A in Ewing sarcoma. Pediatr
Blood Cancer 2009; 53: 1023–8.
78. Dammann R, Li C, Yoon JH, Chin PL, Bates S, Pfeifer GP.
Epigenetic inactivation of a RAS association domain family protein from the lung tumour suppressor locus 3p21.3. Nat Genet
2000; 25: 315–9.
79. Hesson LB, Wilson R, Morton D, Adams C, Walker M, Maher
ER, Latif F. CpG island promoter hypermethylation of a novel
Ras-effector gene RASSF2A is an early event in colon carcinogenesis and correlates inversely with K-ras mutations. Oncogene
2005; 24: 3987–94.
80. Kaira K, Sunaga N, Tomizawa Y, Yanagitani N, Ishizuka T, Saito
R, Nakajima T, Mori M. Epigenetic inactivation of the RASeffector gene RASSF2 in lung cancers. Int J Oncol 2007; 31:
169–73.
81. Vos MD, Ellis CA, Elam C, Ulku AS, Taylor BJ, Clark GJ.
RASSF2 is a novel K-Ras-specific effector and potential tumor
suppressor. J Biol Chem 2003; 278: 28045–51.
82. Endoh M, Tamura G, Honda T, Homma N, Terashima M,
Nishizuka S, Motoyama T. RASSF2, a potential tumour suppressor, is silenced by CpG island hypermethylation in gastric cancer.
Br J Cancer 2005; 93: 1395–9.
83. Zhang Z, Sun D, Van do N, Tang A, Hu L, Huang G. Inactivation
of RASSF2A by promoter methylation correlates with lymph
node metastasis in nasopharyngeal carcinoma. Int J Cancer 2007;
120: 32–8.
84. Chow LS, Lo KW, Kwong J, Wong AY, Huang DP. Aberrant
methylation of RASSF4/AD037 in nasopharyngeal carcinoma.
Oncol Rep 2004; 12: 781–7.
85. Eckfeld K, Hesson L, Vos MD, Bieche I, Latif F, Clark GJ.
RASSF4/AD037 is a potential ras effector/tumor suppressor of
the RASSF family. Cancer Res 2004; 64: 8688–93.
86. Hesson L, Dallol A, Minna JD, Maher ER, Latif F. NORE1A, a
homologue of RASSF1A tumour suppressor gene is inactivated
in human cancers. Oncogene 2003; 22: 947–54.
87. Vos MD, Martinez A, Ellis CA, Vallecorsa T, Clark GJ. The proapoptotic Ras effector Nore1 may serve as a Ras-regulated tumor
suppressor in the lung. J Biol Chem 2003; 278: 21938–43.
88. Morris MR, Hesson LB, Wagner KJ, Morgan NV, Astuti D,
Lees RD, Cooper WN, Lee J, Gentle D, Macdonald F, Kishida
T, Grundy R, Yao M, Latif F, Maher ER. Multigene methylation analysis of Wilms’ tumour and adult renal cell carcinoma.
Oncogene 2003; 22: 6794–801.
89. Macheiner D, Heller G, Kappel S, Bichler C, Stattner S, Ziegler
B, Kandioler D, Wrba F, Schulte-Hermann R, Zöchbauer-Müller
S, Grasl-Kraupp B. NORE1B, a candidate tumor suppressor,
is epigenetically silenced in human hepatocellular carcinoma.
J Hepatol 2006; 45: 81–9.
90. Hesson LB, Dunwell TL, Cooper WN, Catchpoole D, Brini AT,
Chiaramonte R, Griffiths M, Chalmers AD, Maher ER, Latif F.
The novel RASSF6 and RASSF10 candidate tumour suppressor
genes are frequently epigenetically inactivated in childhood leukaemias. Mol Cancer 2009; 8: 42.

519

91. Allen NP, Donninger H, Vos MD, Eckfeld K, Hesson L, Gordon
L, Birrer MJ, Latif F, Clark GJ. RASSF6 is a novel member of
the RASSF family of tumor suppressors. Oncogene 2007; 26:
6203–11.
92. Kulis M, Esteller M. DNA methylation and cancer. Adv Genet
2010; 70: 27–56.
93. Mani S, Herceg Z. DNA demethylating agents and epigenetic
therapy of cancer. Adv Genet 2010; 70: 327–40.
94. Shivakumar L, Minna J, Sakamaki T, Pestell R, White MA.
The RASSF1A tumor suppressor blocks cell cycle progression
and inhibits cyclin D1 accumulation. Mol Cell Biol 2002; 22:
4309–18.
95. Gardiol D, Zacchi A, Petrera F, Stanta G, Banks L. Human
discs large and scrib are localized at the same regions in colon
mucosa and changes in their expression patterns are correlated
with loss of tissue architecture during malignant progression.
Int J Cancer 2006; 119: 1285–90.
96. Vaira V, Faversani A, Dohi T, Maggioni M, Nosotti M, Tosi D,
Altieri DC, Bosari S. Aberrant overexpression of the cell polarity module scribble in human cancer. Am J Pathol 2011; 178:
2478–83.
97. Grifoni D, Garoia F, Schimanski CC, Schmitz G, Laurenti E,
Galle PR, Pession A, Cavicchi S, Strand D. The human protein
Hugl-1 substitutes for Drosophila lethal giant larvae tumour
suppressor function in vivo. Oncogene 2004; 23: 8688–94.
98. Schimanski CC, Schmitz G, Kashyap A, Bosserhoff AK,
Bataille F, Schafer SC, Lehr HA, Berger MR, Galle PR, Strand
S, Strand D. Reduced expression of Hugl-1, the human homologue of Drosophila tumour suppressor gene lgl, contributes to
progression of colorectal cancer. Oncogene 2005; 24: 3100–9.
99. Lu X, Feng X, Man X, Yang G, Tang L, Du D, Zhang F, Yuan H,
Huang Q, Zhang Z, Liu Y, Strand D, Chen Z. Aberrant splicing
of Hugl-1 is associated with hepatocellular carcinoma progression. Clin Cancer Res 2009; 15: 3287–96.
100. Huang JH, Rajkovic A, Szafranski P, Ochsner S, Richards J,
Goode S. Expression of Drosophila neoplastic tumor suppressor
genes discslarge, scribble, and lethal giant larvae in the mammalian ovary. Gene Exp Patterns 2003; 3: 3–11.
101. Liu LX, Liu ZH, Jiang HC, Qu X, Zhang WH, Wu LF, Zhu AL,
Wang XQ, Wu M. Profiling of differentially expressed genes in
human gastric carcinoma by cDNA expression array. World J
Gastroenterol 2002; 8: 580–5.
102. Boussioutas A, Li H, Liu J, Waring P, Lade S, Holloway AJ,
Taupin D, Gorringe K, Haviv I, Desmond PV, Bowtell DD.
Distinctive patterns of gene expression in premalignant gastric
mucosa and gastric cancer. Cancer Res 2003; 63: 2569–77.
103. Rothenberg SM, Mohapatra G, Rivera MN, Winokur D,
Greninger P, Nitta M, Sadow PM, Sooriyakumar G, Brannigan
BW, Ulman MJ, Perera RM, Wang R, Tam A, Ma X-J, Erlander
M, Sgroi DC, Rocco JW, Lingen MW, Cohen EEW, Louis DN,
Settleman J, Haber DA. A genome-wide screen for microdeletions reveals disruption of polarity complex genes in diverse
human cancers. Cancer Res 2010; 70: 2158–64.
104. Matsumine A, Ogai A, Senda T, Okumura N, Satoh K, Baeg GH,
Kawahara T, Kobayashi S, Okada M, Toyoshima K, Akiyama T.
Binding of APC to the human homolog of the Drosophila discs
large tumor suppressor protein. Science 1996; 272: 1020–3.
105. Nolan ME, Aranda V, Lee S, Lakshmi B, Basu S, Allred DC,
Muthuswamy SK. The polarity protein Par6 induces cell proliferation and is overexpressed in breast cancer. Cancer Res 2008;
68: 8201–9.
106. Viloria-Petit AM, David L, Jia JY, Erdemir T, Bane AL,
Pinnaduwage D, Roncari L, Narimatsu M, Bose R, Moffat J,

520

P. Lo et al.

Wong JW, Kerbel RS, O'Malley FP, Andrulis IL, Wrana JL. A
role for the TGFbeta-Par6 polarity pathway in breast cancer
progression. Proc Natl Acad Sci USA 2009; 106: 14028–33.
107. Zen K, Yasui K, Gen Y, Dohi O, Wakabayashi N, Mitsufuji S, Itoh
Y, Zen Y, Nakanuma Y, Taniwaki M, Okanoue T, Yoshikawa T.
Defective expression of polarity protein PAR-3 gene (PARD3)
in esophageal squamous cell carcinoma. Oncogene 2009; 28:
2910–8.
108. Murray NR, Jamieson L, Yu W, Zhang J, Gokmen-Polar Y, Sier
D, Anastasiadis P, Gatalica Z, Thompson EA, Fields AP. Protein
kinase Ciota is required for Ras transformation and colon carcinogenesis in vivo. J Cell Biol 2004; 164: 797–802.
109. Regala RP, Weems C, Jamieson L, Khoor A, Edell ES, Lohse
CM, Fields AP. Atypical protein kinase C iota is an oncogene
in human non-small cell lung cancer. Cancer Res 2005; 65:
8905–11.
110. Scotti ML, Bamlet WR, Smyrk TC, Fields AP, Murray NR.
Protein kinase Ciota is required for pancreatic cancer cell
transformed growth and tumorigenesis. Cancer Res 2010; 70:
2064–74.
111. Takagawa R, Akimoto K, Ichikawa Y, Akiyama H, Kojima Y,
Ishiguro H, Inayama Y, Aoki I, Kunisaki C, Endo I, Nagashima
Y, Ohno S. High expression of atypical protein kinase C lambda/
iota in gastric cancer as a prognostic factor for recurrence. Ann
Surg Oncol 2010; 17: 81–8.
112. Ishiguro H, Akimoto K, Nagashima Y, Kojima Y, Sasaki T,
Ishiguro-Imagawa Y, Nakaigawa N, Ohno S, Kubota Y, Uemura
H. aPKClambda/iota promotes growth of prostate cancer cells
in an autocrine manner through transcriptional activation of
interleukin-6. Proc Natl Acad Sci USA 2009; 106: 16369–74.
113. Du GS, Wang JM, Lu JX, Li Q, Ma CQ, Du JT, Zou SQ.
Expression of P-aPKC-iota, E-cadherin, and beta-catenin
related to invasion and metastasis in hepatocellular carcinoma.
Ann Surg Oncol 2009; 16: 1578–86.
114. Li Q, Wang JM, Liu C, Xiao BL, Lu JX, Zou SQ. Correlation of
aPKC-iota and E-cadherin expression with invasion and prognosis of cholangiocarcinoma. Hepatobiliary Pancreat Dis Int
2008; 7: 70–5.
115. Kojima Y, Akimoto K, Nagashima Y, Ishiguro H, Shirai S,
Chishima T, Ichikawa Y, Ishikawa T, Sasaki T, Kubota Y,
Inayama Y, Aoki I, Ohno S, Shimada H. The overexpression
and altered localization of the atypical protein kinase C lambda/
iota in breast cancer correlates with the pathologic type of these
tumors. Hum Pathol 2008; 39: 824–31.
116. Karp CM, Tan TT, Mathew R, Nelson D, Mukherjee C,
Degenhardt K, Karantza-Wadsworth V, White E. Role of the
polarity determinant crumbs in suppressing mammalian epithelial tumor progression. Cancer Res 2008; 68: 4105–15.
117. Liu H, Radisky DC, Wang F, Bissell MJ. Polarity and proliferation are controlled by distinct signaling pathways downstream
of PI3-kinase in breast epithelial tumor cells. J Cell Biol 2004;
164: 603–12.
118. Kamberov E, Makarova O, Roh M, Liu A, Karnak D, Straight
S, Margolis B. Molecular cloning and characterization of Pals,
proteins associated with mL in-7. J Biol Chem 2000; 275:
11425–31.
119. Yang YL, Chu JY, Luo ML, Wu YP, Zhang Y, Feng YB, Shi ZZ,
Xu X, Han YL, Cai Y, Dong JT, Zhan QM, Wu M, Wang MR.
Amplification of PRKCI, located in 3q26, is associated with
lymph node metastasis in esophageal squamous cell carcinoma.
Genes Chromosomes Cancer 2008; 47: 127–36.
120. Eder AM, Sui X, Rosen DG, Nolden LK, Cheng KW, Lahad JP,
Kango-Singh M, Lu KH, Warneke CL, Atkinson EN, Bedrosian

I, Keyomarsi K, Kuo W-l, Gray JW, Yin JCP, Liu J, Halder
G, Mills GB. Atypical PKCiota contributes to poor prognosis
through loss of apical-basal polarity and cyclin E overexpression in ovarian cancer. Proc Natl Acad Sci USA 2005; 102:
12519–24.
121. Patel R, Win H, Desai S, Patel K, Matthews JA, AcevedoDuncan M. Involvement of PKC-iota in glioma proliferation.
Cell Prolif 2008; 41: 122–35.
122. Liu Y, Wang Y, Zhang Y, Miao Y, Zhao Y, Zhang PX, Jiang GY,
Zhang JY, Han Y, Lin XY, Yang LH, Li QC, Zhao C, Wang EH.
Abnormal expression of p120-catenin, E-cadherin, and small
GTPases is significantly associated with malignant phenotype
of human lung cancer. Lung Cancer 2009; 63: 375–82.
123. Gomez Del Pulgar T, Valdes-Mora F, Bandres E, Perez-Palacios
R, Espina C, Cejas P, García-Cabezas MA, Nistal M, Casado
E, González-Barón M, García-Foncillas J, Lacal JC. Cdc42 is
highly expressed in colorectal adenocarcinoma and downregulates ID4 through an epigenetic mechanism. Int J Oncol 2008;
33: 185–93.
124. Tucci MG, Lucarini G, Brancorsini D, Zizzi A, Pugnaloni A,
Giacchetti A, Ricotti G, Biagini G. Involvement of E-cadherin,
beta-catenin, Cdc42 and CXCR4 in the progression and prognosis of cutaneous melanoma. Br J Dermatol 2007; 157: 1212–6.
125. Fritz G, Brachetti C, Bahlmann F, Schmidt M, Kaina B. Rho
GTPases in human breast tumours: expression and mutation
analyses and correlation with clinical parameters. Br J Cancer
2002; 87: 635–44.
126. Kamai T, Yamanishi T, Shirataki H, Takagi K, Asami H, Ito
Y, Yoshida K-I. Overexpression of RhoA, Rac1, and Cdc42
GTPases is associated with progression in testicular cancer.
Clin Cancer Res 2004; 10: 4799–805.
127. Liu WK, Jiang XY, Ren JK, Zhang ZX. Expression pattern of
the ASPP family members in endometrial endometrioid adenocarcinoma. Onkologie 2010; 33: 500–3.
128. Park SW, An CH, Kim SS, Yoo NJ, Lee SH. Mutational analysis
of ASPP1 and ASPP2 genes, a p53-related gene, in gastric and
cololorectal cancers with microsatellite instability. Gut Liver
2010; 4: 292–3.
129. Li J, Yen C, Liaw D, Podsypanina K, Bose S, Wang SI, Puc J,
Miliaresis C, Rodgers L, McCombie R, Bigner SH, Giovanella
BC, Ittmann M, Tycko B, Hibshoosh H, Wigler MH, Parsons
R. PTEN, a putative protein tyrosine phosphatase gene mutated
in human brain, breast, and prostate cancer. Science 1997; 275:
1943–7.
130. Hezel AF, Bardeesy N. LKB1; linking cell structure and tumor
suppression. Oncogene 2008; 27: 6908–19.
131. Katajisto P, Vallenius T, Vaahtomeri K, Ekman N, Udd L,
Tiainen M, Mäkelä TP. The LKB1 tumor suppressor kinase in
human disease. Biochim Biophys Acta 2007; 1775: 63–75.
132. Trojan J, Brieger A, Raedle J, Esteller M, Zeuzem S. 5’-CpG
island methylation of the LKB1/STK11 promoter and allelic
loss at chromosome 19p13.3 in sporadic colorectal cancer. Gut
2000; 47: 272–6.
133. Visser-Grieve S, Hao Y, Yang X. Human homolog of Drosophila
expanded, hEx, functions as a putative tumor suppressor in
human cancer cell lines independently of the Hippo pathway.
Oncogene 2012; 31: 1189–95.
134. Hansson CM, Buckley PG, Grigelioniene G, Piotrowski
A, Hellstrom AR, Mantripragada K, Jarbo C, Mathiesen T,
Dumanski JP. Comprehensive genetic and epigenetic analysis of sporadic meningioma for macro-mutations on 22q and
micro-mutations within the NF2 locus. BMC Genomics 2007;
8: 16.

Polarity and cancer progression

521

135. Sekido Y. Genomic abnormalities and signal transduction dysregulation in malignant mesothelioma cells. Cancer Sci 2010;
101: 1–6.
136. Minoo P, Zlobec I, Baker K, Tornillo L, Terracciano L, Jass JR,
Lugli A. Prognostic significance of mammalian sterile20-like
kinase 1 in colorectal cancer. Mod Pathol 2007; 20: 331–8.
137. Song JY, Lee JH, Joe CO, Lim DS, Chung JH. Retrotransposonspecific DNA hypomethylation and two-step loss-of-imprinting
during WW45 haploinsufficiency-induced hepatocarcinogenesis. Biochem Biophys Res Commun 2011; 404: 728–34.
138. Sasaki H, Kawano O, Endo K, Suzuki E, Yukiue H, Kobayashi
Y, Yano M, Fujii Y. Human MOB1 expression in non-small-cell
lung cancer. Clin Lung Cancer 2007; 8: 273–6.
139. Overholtzer M, Zhang J, Smolen GA, Muir B, Li W, Sgroi DC,
Deng C-X, Brugge JS, Haber DA. Transforming properties of
YAP, a candidate oncogene on the chromosome 11q22 amplicon. Proc Natl Acad Sci USA 2006; 103: 12405–10.
140. Zhao B, Ye X, Yu J, Li L, Li W, Li S, Yu J, Lin JD, Wang CY,
Chinnaiyan AM, Lai ZC, Guan KL. TEAD mediates YAPdependent gene induction and growth control. Genes Dev 2008;
22: 1962–71.

141. Bashyam MD, Bair R, Kim YH, Wang P, Hernandez-Boussard
T, Karikari CA, Tibshirani R, Maitra A, Pollack JR. Array-based
comparative genomic hybridization identifies localized DNA
amplifications and homozygous deletions in pancreatic cancer.
Neoplasia 2005; 7: 556–62.
142. Xu MZ, Yao TJ, Lee NP, Ng IO, Chan YT, Zender L, Lowe
SW, Poon RT, Luk JM. Yes-associated protein is an independent
prognostic marker in hepatocellular carcinoma. Cancer 2009;
115: 4576–85.
143. Steinhardt AA, Gayyed MF, Klein AP, Dong J, Maitra A, Pan D,
Montgomery EA, Anders RA. Expression of Yes-associated protein in common solid tumors. Hum Pathol 2008; 39: 1582–9.
144. van der Weyden L, Adams DJ. The Ras-association domain
family (RASSF) members and their role in human tumourigenesis. Biochim Biophys Acta 2007; 1776: 58–85.
145. Richter AM, Pfeifer GP, Dammann RH. The RASSF proteins in
cancer; from epigenetic silencing to functional characterization.
Biochim Biophys Acta 2009; 1796: 114–28.

Dr. Priscilla Lo is a postdoctoral research fellow in
Dr. Marios Georgiou’s laboratory at the University of
Nottingham. Dr. Lo completed her BSc and MSc at
the University of Leicester
and her PhD in Genetics at
the University of Nottingham
where she was supported by
the Boehringer Ingelheim
Fonds PhD Fellowship,
Overseas Research Student
Award and British Federation
for Women Graduates. Her research interests include epithelial cell polarity and epigenetics in cancer.

Dr. Marios Georgiou is a
Lecturer in Cell Biology at
the School of Biomedical
Sciences,
University
of
Nottingham. Dr. Georgiou
obtained his PhD at King’s
College, London and after
post-doctoral positions in
Vienna and London, he
moved to Nottingham to set
up an independent research
group in 2010. In 2011
he was awarded a Career
Establishment Award by
Cancer Research UK. His group uses the fruit fly, Drosophila
melanogaster, to study cell shape and tumour progression.

Hannah Hawrot is a fourth
year undergraduate medical student working towards
a Bachelor of Medicine
Bachelor of Surgery degree at
the University of Nottingham.
She studied the role of polarity proteins in the maintenance of epithelial cell shape
in Dr. Georgiou’s lab, to
obtain a Bachelor of Medical
Sciences degree.

Received May 14, 2012; accepted June 21, 2012

