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AbSTRACT

Polarity processes

Cell polarity is essential in many biological processes and required for development as 
well as maintenance of tissue integrity. Loss of polarity is considered both a hallmark 
and precondition for human cancer. Three conserved polarity protein complexes regulate 
different modes of polarity that are conserved throughout numerous cell types and species. 
These complexes are the Crumbs, Par and Scribble complex. Given the importance of 
cell polarity for normal tissue homeostasis, aberrant polarity signaling is suggested to 
contribute to the multistep processes of human cancer. Most human cancers are formed 
from epithelial cells. Evidence confirming the roles for polarity proteins in different phases 
of the oncogenic trajectory comes from functional studies using mammalian cells as 
well as Drosophila and zebrafish models. Furthermore, several reports have revealed 
aberrant expression and localization of polarity proteins in different human tumors. In 
this review we will give an overview on the current data available that couple polarity 
signaling to tumorigenesis, particularly in epithelial cells.

Cell polarity is a crucial phenomenon in 
many biological processes that contribute 
to normal tissue integrity and development 
and is defined as an asymmetrical cell 
shape, and/or asymmetrical distribution 
of proteins and functions in cells (1). The 
fact that cell polarization is an absolute 
requirement for development and that 
maintenance of proper tissue integrity 
depends on proper cell polarity becomes 
clear from a wide variety of polarization 
processes present throughout numerous 
cellular actions and cell types. In both 
embryonic and adult state, asymmetric cell 
divisions are important for development 
and tissue homeostasis. To create cells 
with different functions and cell fates, two 
non-identical daughter cells have to be 
produced during cell division. Similarly, in 
order to maintain controlled populations of 
stem cells, asymmetric cell divisions need 
to be regulated accurately (2;3). In T cells, 
polarization is required for important T-cell 
specific features to ensure functionality, 
including transendothelial migration and 
responses to chemokines and antigens 

(4). Neuronal cells depend on strictly 
regulated polarity signaling for processes 
such as axon specification and dendritic 
spine formation (5). Cell polarity is 
essential for migration of cells, for example 
in tissues that are subject to continuous 
renewal such as intestine and skin. In 
addition, front-rear polarity is required in 
migration processes during development 
and in wound healing processes. Finally, 
correctly regulated polarity signaling is 
crucial for the maintenance of apical-
basal polarity of epithelial cells ensuring 
tissue integrity and altered polarity might 
contribute to processes involved in 
developmental or pathologic epithelial-
to-mesenchymal transition (EMT) (6). In 
epithelial cells in particular, evidence is 
accumulating that loss of cell polarity is a 
precondition and a hallmark for cancer.
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All of the above-described forms of cell 
polarity are thought to be regulated by a 
few conserved proteins, which have been 
shown to regulate different modes of 
polarity in different tissues and organisms. 
These proteins are clustered in three 
polarity protein complexes, termed the 
Par, Crumbs, and Scribble complex.  
 The Partitioning defective (Par) 
complex consists of Par3, Par6 and 
an atypical protein kinase C (Fig. 1A). 
These proteins have been identified in 
Caenorhabditis elegans where knockdown 
resulted in aberrant symmetrical division 
of the fertilized zygote (7). Interestingly, 
recently it has become clear that the 
binding of the Par3 protein to aPKC/
Par6 is dynamic and not necessarily 
required for all polarity processes. aPKC-
dependent phosphorylation can expel 
Par3 from the aPKC/Par6 module (8;9). 
The Crumbs complex has been identified 
in Drosophila melanogaster. This complex 
consists of Crumbs, Pals1 (Protein 
associated with Lin seven 1) and Pals1-
associated tight junction protein (PATJ) 
(Fig. 1A). The Par complex is localized 
apically in epithelial cells, and together 
with the Crumbs complex regulates 
apical domain maintenance. These two 
complexes act in a mutually antagonistic 
fashion with the third complex, the so-
called Scribble complex, which also has 
been identified in Drosophila (Fig. 1A). 
The Scribble complex consists of Scribble, 
Discs large (Dlg) and Lethal giant larvae 
(Lgl). In epithelial cells this complex is 
located basolaterally and necessary for 
maintenance of the basolateral membrane 
and basal protein restriction (Fig.1A).  
 After initial identification of the 
polarity proteins, numerous subsequent 
studies revealed diverging roles for the 
proteins of these complexes to polarization 

of several cell types, conserved in 
different species (reviewed in (10)). 
Signaling between these three polarity 
protein complexes is interconnected via 
interactions between members of the 
different complexes (Fig. 1B). For example, 
Lgl1 and 2 can compete with Par3 for 
binding to a module of Par6 and aPKC. 
The latter protein can phosphorylate Lgl, 
thereby releasing it from the Par6/aPKC 
dimer, resulting in localization of Lgl to 
the basolateral side of cells. This allows 
the formation of an active Par complex 
comprising aPKC/Par6/Par3. This 
competition of binding has been observed 
in both Drosophila (polarized neuroblast) 
and mammalian polarizing migrating 
cells (11;12). This process of mutual 
exclusion is crucial for spatial restriction 
of these proteins required for proper 
polarization of cells. In addition, aPKC is 
able to bind both PATJ and Crumbs, the 
latter being a phosphorylation target (13). 
Crumbs has been shown to compete with 
Par3 for binding to Par6 in a Drosophila 
epithelial model (8). Furthermore, Par6 
has been shown to interact with Pals1 via 
its PDZ-domain (14). Clearly, the three 
conserved polarity protein complexes 
have many potential ways of signaling 
interplay, which might affect each other’s 
function (Fig. 1B). The interactions of the 
proteins and their downstream targets are 
highly cell type and context dependent. 
 Cytoskeletal changes are required 
for all different modes of cell polarity 
and numerous studies indicate a link 
between signaling of small GTPases 
of the Rho family and polarity proteins 
(reviewed in (10)). Small RhoGTPases, 
including Cdc42, Rac1 and RhoA, control 
the cytoskeletal changes in cells by 
switching between an active GTP-bound 
state and an inactive GDP-bound state. 

Molecular regulators of cell polarity
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Signaling by these proteins is initiated 
by the activation of cell surface receptors 
and triggers various processes including 

gene transcription, differentiation, 
adhesion and migration, all subject to 
intensive cytoskeletal reorganization. 

Figure 1: Polarity protein complexes. Three conserved polarity protein complexes i.e. the Par, 
the Crumbs and the Scribble complex, regulate different modes of cell polarity. (A) In contacting 
epithelial cells the Par complex is located apically in region where the tight junctions (TJs) are present 
and consists of Par3, Par6 and aPKC. Also apically localized is the Crumbs complex, consisting of Crb3, 
Pals1 and PATJ. Mutual exclusion of these apical polarity proteins and the basolaterally localized Scribble 
complex (comprising Scrib, Dlg1, Lgl1/2) confers apical–basal polarity. (B) Interplay between polarity 
proteins of the different complexes is possible in multiple ways, including competition of binding of Lgl1/2 
and Par3 to Par6/aPKC (I), binding of proteins from different complexes (II), phosphorylation of Par3, 
Lgl1/2 and Crb3 by aPKC (III) and mutual exclusion of the Scribble complex and the apically located Par 
and Crumbs complex (IV). See also text.
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Crumbs complex proteins and cancer

The Crumbs polarity complex, consisting 
of Crumbs (Crb1-3 in mammals), Pals1 
(Protein associated with Lin seven 1) 
(Pals1 and 2 and MPP1-4 and -7 in 
mammals) and Pals1-associated tight 

junction protein (PATJ) (PATJ and MUPP1 
in mammals), was identified in Drosophila 
epithelial cells and shown to regulate a 
common pathway essential for induction 
and maintenance of proper apical-basal 

Since cell polarity is crucial for the 
development of tissue integrity and 
tissue homeostasis, loss of cell 
polarity is suggested to result in tissue 
disorganization and to facilitate both 
initiation and progression of cancer. 
Most human cancers are formed from 
epithelial cells, a cell type in which polarity 
proteins play crucial roles in maintaining 
epithelial structures (21). Tumorigenesis 
is a multistep process in which genetic 
aberrations may cause initial benign 
overproliferation, accompanied by 
inhibition of apoptosis and enhanced 
survival. The transition of benign cells to 
fully transformed malignant tumor cells 
includes altered cell-matrix adhesion, 
invasion and finally migration to distal 
parts where tumor cells extravasate 
and metastasize. Dissemination of 

epithelial tumor cells is accompanied 
by EMT, a process initiated by different 
transcriptional repressors, including Snail 
and ZEB1 (22). Loss of apical-basal 
polarity and cell-cell adhesions causes 
EMT and is associated with metastasis.  
 Deregulated signaling of each 
the three polarity protein complexes 
has been suggested to contribute to all 
separate steps of human tumorigenesis. 
In this review we have combined current 
knowledge on aberrant expression of 
the polarity proteins as well as functional 
evidence from different experimental 
models, including Drosophila and 
zebrafish. This review concentrates on 
the three different polarity complexes: 
The Crumbs, the Par and the Scribble 
complex.

Polarity proteins in cancer

 The polarity protein Par3 can bind 
the Rac-activator Tiam1 linking Rac 
activation to polarity signaling of the Par 
complex. Tiam1-mediated Rac activity 
has been shown to be able to activate 
the Par complex during epithelial tight 
junction (TJ) maturation (15). Alternatively, 
Par6/Par3 has been shown to regulate 
Cdc42-mediated Rac1 activation through 
Tiam1 in neuronal cells (16). Both Rac 
and Cdc42 can activate aPKC by binding 
to Par6 (17;18). Binding of these small 
GTPases releases Par6-induced inhibition 
of aPKC and results in aPKC-mediated 

downstream signaling (19). Rho-kinase 
(effector protein of RhoA) on the other 
hand, can suppress the activity of the 
Par complex by phosphorylating Par3 
(20). These studies indicate that cross-
talk between small GTPases and specific 
polarity proteins during various polarization 
processes exists and as a consequence 
that abnormal GTPase signaling could 
contribute to aberrant polarity signaling. 
In the following paragraphs we will give 
an overview of studies investigating the 
contribution of (aberrant) polarity signaling 
to the initiation and progression of tumors.
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polarity (23-25). This protein complex 
plays a crucial role in apical domain 
specification of the plasma membrane. 
Although evidence is accumulating 
on the involvement of deregulated 
polarity signaling to tumorigenesis, little 
is currently known about the possible 
contribution of deregulated signaling from 
the Crumbs complex. However, the Crb3 
protein (expressed in epithelial cells) has 
been shown to suppress progression of 
mammalian epithelial tumors in functional 
studies. Analysis of gene expression in 
mouse kidney epithelium cells (iBMK 
cells) selected for the ability to induce 
tumor growth in vivo, revealed inhibited 
expression of Crb3 in cells with tumorigenic 
potential. This repression of Crb3 occurs 
concomitantly with increased expression 
of vimentin and reduced expression of 
E-cadherin, two important hallmarks of 
EMT. In addition, expression negatively 
correlates with both migratory and 
metastatic capacity of cells (26). Inhibition 
of Crb3 expression impairs TJ formation 
and disrupts organization of epithelium 
in 3D cultures. Crb3 is suggested to 
control growth arrest by contact inhibition 
and maintenance of apical-basal polarity 
(26). Other indications that disruption of 
the Crumbs complex makes cells more 
susceptible to EMT come from studies 
using mouse mammary epithelial cells. 
Varelas et al. show that assembly of the 
Crumbs complex results in phosphorylation 
of TAZ/YAP, transcriptional regulators 
controlled by the Hippo pathway, which 
sense cell density and regulate tissue 
growth. Phosphorylation of TAZ/YAP 
upon Crumbs complex formation leads to 
suppression of TGFβ-SMAD signaling that 
normally promotes EMT (27). In addition, 
recently Crumbs has been shown to act 
as a tumor suppressor in Drosophila 
imaginal disc epithelium. The same study 
revealed that Crumbs can bind Expanded, 

an apical membrane associated protein 
known to regulate the Hippo pathway 
(28). Repression of Crumbs can be 
mediated by the proteins ZEB1 and 
Snail by direct binding to the protein 
(29-31). ZEB1 and Snail also regulate 
the expression of the cell-cell adhesion 
molecule E-cadherin and thereby control 
EMT. Both ZEB1 and Snail expression 
levels are increased in different human 
cancers, correlating with dedifferentiation 
and invasion of tumor cells (32-34). 
These findings link known regulators of 
EMT to polarity protein signaling through 
the Crumbs protein (22). Recently it has 
been shown that Crumbs can antagonize 
Rac1 in Drosophila embryos by inhibiting 
the positive feedback loop between this 
small GTPase and PI3K. Rac1 functions 
in Par complex-mediated signaling, 
which is also important to maintain 
epithelial tissue integrity. Disturbance of 
the balance between Crumbs and Rac1 
results in loss of epithelial organization 
(35). Together, the described data 
suggest that loss of polarity due to altered 
Crumbs expression can contribute to 
tumorigenesis. Crumbs apparently not 
only has tumor suppressive potential in 
Drosophila, but also in mammalian cells.  
 Multiple polarity proteins have 
been identified to be targets of viral 
oncoproteins (36). The human papilloma 
virus (HPV) is the primary risk factor 
for development of cervical cancer. 
Functional studies revealed that PATJ, 
another member of the Crumbs complex, 
is targeted for proteasomal degradation 
by E6 oncoproteins in cervical cancer-
derived cell lines. This might represent 
a mechanism by which loss of polarity 
can be induced since PATJ has been 
shown to be required for proper TJ 
formation (37;38). In the human epithelial 
colorectal adenocarcinoma-derived Caco-
2 cell line, PATJ is required for stability 
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of the Crumbs complex, and to localize 
TJ proteins and organize apical and 
lateral domains (39). Downregulation 
of PATJ by viral oncoproteins could 
thus contribute to the progression of 
cancer, due to disturbed TJ formation 
and loss of apical-basal cell polarity. 
 In mice, tissue specific inactivation 
of Pals1 suggests a function of the protein 
in survival signaling, whereas complete 
loss of Pals1 results in embryonic lethality. 
Loss of Pals1 in developing mammalian 
cerebral cortex blocks survival signals, 
resulting in almost complete absence 
of the entire cortex. This inhibition of 
survival signaling is linked to decreased 
mTor signaling observed in these 
conditional Pals1 mice. Progenitor cell 
divisions and cell fate determination are 
deregulated. In addition, loss of Pals1 
disrupts the composition of the Crumbs 
complex, resulting in mislocalized aPKC, 
a component of the Par polarity complex, 

and induction of TJ and polarity defects 
(40;41). This again illustrates the interplay 
between the different polarity complexes. 
To date, there is no direct evidence for 
altered Pals1 signaling in cancer. The 
above described studies indicate possible 
pro-survival signaling mediated by Pals1 
which upon alteration of protein expression 
might influence tumorigenesis. In addition, 
altered expression of Pals1 could perhaps 
affect tumor progression through negative 
effects on epithelial tissue integrity. 
However, conditional knockout studies 
combined with mouse models of cancer 
are required to proof the potential function 
of the Pals1 protein in tumorigenesis. So 
far this function has only been suggested 
in development and homeostasis. 
 Taken together, studies on the 
Crumbs complex in relation to cancer 
reveal that proteins of this polarity 
complex may act as a tumor suppressor 
by its effects on TJ formation. 

Par complex proteins and cancer

The Par polarity complex consists of 
Par3 (Par3A and B in mammals), Par6 
(Par6A, B and G in mammals) and aPKC 
(aPKCζ or aPCKλ (mice)/ι (human). For 
aPKC evidence is accumulating that this 
kinase is involved in the progression of 
human cancer (see also (42)). In many 
human cancers, including human non-
small cell lung cancer (NSCLC), aPKCι 
is overexpressed and correlates with 
poor prognosis (43). Similarly, in human 
ovarian cancer overexpression and 
mislocalization of the protein contributes 
to poor prognosis. The overexpression of 
aPKC correlates with overexpression of 
Cyclin E and loss of apical-basal polarity. 
Interestingly, comparable results were 
observed in Drosophila epithelial tissue 
(imaginal disc) where overexpression of 
active aPKC also resulted in defects in 

apical-basal cell polarity, increased Cyclin 
E expression and enhanced proliferation 
(44). Although the exact relation between 
aPKC and Cyclin E expression remains to 
be determined, it is interesting to note that 
Cyclin E levels have been linked to multiple 
human cancers (45). Further evidence for 
the involvement of aPKC in human cancer 
comes from studies where overexpression 
of (cytoplasmic) aPKCι was observed in 
invasive ductal breast carcinomas, which 
also correlates with poor prognosis (46). 
Studies in Drosophila revealed that cortical 
localization of aPKC results in overgrowth 
of neuroblasts, through release of the 
membrane localization of Lgl (47). In 
addition to the above mentioned observed 
upregulation of aPKCι expression in 
NSCLC, mouse studies further stress the 
importance of aPKC in tumor formation, 
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Table 1: Aberrant polarity protein signaling in human cancer. Examples of aberrant expression or 
localization of polarity proteins detected in human cancer.

since loss of the protein inhibits the 
formation of Ras-induced lung tumors (48). 
 While examining the Par3 gene in 
cell lines derived from human esophageal 
squamous cell carcinomas homozygous 
loss of the gene was observed as well 
as reduced protein expression (49). Total 
loss of Par3 expression in mice causes 
embryonic lethality due to epicardial 
defects (50). During development of the 
mammalian neocortex both Par3 and Par6 
play a role in asymmetric cell division and 
cell fate specification (51;52). Affecting 
asymmetrical division could result in 
increasing numbers of tumor initiating 
cells and dedifferentiation, according to 
the cancer stem cell theory (53). TGFβ 
plays a key role in the dissociation of TJs 
and downregulates Par3 expression in rat 
epithelial cells, revealing a mechanism 
by which TGFβ could mediate loss of 
apical-basal cell polarity and induction of 
EMT (54;55). Loss of Par3 expression in 
epidermal layers of the mouse skin does not 
result in spontaneous tumors, but instead 
results in reduced numbers and growth of 
papillomas in a Ras-driven tumor model 
(Iden et al. unpublished results), similar to 
deletion of Tiam1 and Rac1 in this model 
(56;57). Not only do these observations 
stress the conjunctional action of these 
proteins, they also provide evidence for 
a pro-oncogenic function. From the same 
study however, evidence for a tumor 

suppressive function of Par3 became 
apparent as well. Loss of epidermal 
Par3 expression results in increased 
incidence of a Ras-induced cutaneous 
tumor type, called keratoacanthoma. 
These tumors, arising from different 
compartments of the epidermis, display 
reduced Par3 expression, indicating a 
tumor suppressive function of Par3 in this 
tumor type. In these tumor-promoting and 
suppressing functions of Par3, the protein 
likely serves to localize aPKC to cell-cell 
contacts (Iden et al. unpublished results).  
 The resemblance between the effect 
on papilloma formation in Par3-deficient, 
Rac-deficient and Tiam1-deficient mice 
indicates that Par3 acts at the level of 
Tiam1-Rac signaling. Additional evidence 
for conjunctional activity of these proteins 
comes from results on the regulation 
of polarizing keratinocytes, where Par3 
and Tiam1 act in conjunction to regulate 
polarity of both single persistently 
migrating keratinocytes and apical-
basal polarized contacting keratinocytes 
(15;58;59). PI3kinase (PI3K) might 
be an important candidate to connect 
signaling from Ras and Par3. Par3 can 
interact with PI3K as well as PTEN and 
phosphoinositides as has been shown in 
axonal studies and membrane polarity 
studies (60;61). Further evidence for a 
pivotal role for PI3K in integration of the 
signaling from Ras and polarity proteins 
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comes from Drosophila screening studies. 
Loss of PI3K (or Akt) in cells expressing 
RasV12 as well as interfering RNAs 
for Dlg blocks cell cycle progression in 
a tumor model, whereas the effect on 
normal tissue is only minor (62). Ras has 
previously been shown to exert its effects 
on proliferation, survival and polarity by 
affecting Raf/MEK/ERK, PI3K/Akt and 
Tiam1/Rac- signaling pathways (63). 
 Par6 has been shown to play 
a promoting role in tumor initiation 
and progression through induction 
of proliferation in cultured human 
mammary epithelial cells. This function 
involves conjunctional signaling between 
Par6, Cdc42 and aPKC, but not Par3. 
Furthermore, overexpression of Par6 is 
found in human breast cancer where it 
is suggested to be important for tumor 
initiation and progression (64). Functional 
in vitro studies indicate that Par6 could 
contribute to EMT, since it interacts 
with the TGFβ receptor. For the TGFβ-
induced dissolution of TJs Par6 has 
to be phosphorylated and preventing 
this event maintains stable TJs upon 
stimulation with TGFβ (65). More recently, 

it has been suggested that this interaction 
contributes to breast cancer progression 
based on results from breast cancer 
models in mice. In mammary fat pad 
assays blocking the TGFβ-dependent 
phosphorylation of Par6 reduces 
metastasis to the lungs and highlights the 
importance of loss of polarity signaling for 
EMT and metastasis (66). Interestingly, 
increased Par6 expression is detected in 
stromal tissue derived from NSCLC and 
correlates to improved prognosis (67). 
This observation stresses the importance 
of thorough investigation of the influence 
of the tumor microenvironment (TME) 
that comprises immune cells, stromal 
cells and extracellular factors. The 
TME likely contributes to the ability of 
transforming cells to acquire/accumulate 
all typical features of cancer (68-70). 
 Together, studies on the Par polarity 
complex indicate that the proteins can 
serve both tumor suppressive (Par3) as 
well as oncogenic (aPKC, Par3, Par6) 
functions in various human cancers. 
Aberrant signaling is suggested to 
intervene at the level of tumor initiation as 
well as tumor progression.

Scribble complex proteins and cancer

Already over 30 years ago, both Lgl (Lgl1 
and 2 in mammals) and Dlg (Dlg1-4 in 
mammals and hDlg5 in human) have been 
described as tumor suppressor proteins in 
Drosophila (71). Later also Scribble (Scrib) 
was identified as a fly tumor suppressor 
and shown to act in a common pathway 
with Dlg and Lgl to regulate cell growth and 
polarity. These three proteins are therefore 
referred to as ‘the Scribble complex’ (72). 
Currently, concerning the role of polarity 
proteins in initiation and development 
of human tumors, most is known about 
the proteins of the Scribble complex.  

 The Scribble protein was found 
both mislocalized and downregulated in 
spontaneous tumors in human and mice. In 
humans, mislocalized Scribble is observed 
in cervical cancer, colon adenocarcinoma, 
endometrial and prostate cancer (73-
76). Both Scribble and Dlg1 have been 
associated with cervical cancer in which 
reduced protein expression is observed. 
Moreover, expression of both proteins is 
specifically decreased in invasive cervical 
carcinoma (73;77). Targeted degradation 
by oncoproteins from HPV is suggested 
to be associated with the decreased 
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Table 2: Tumor promoting or suppressive function of different polarity proteins in various tumor 
model systems. Examples of the evidence for tumor promoting or suppressing roles of the various 
polarity proteins in cancer based on functional studies in various tumor model systems. Note that proteins 
of the Par complex may act both as tumor promoter and tumor suppressor. For details see text.

levels of these tumor suppressors and 
consequent poor prognosis (78;79). In 
MDCK cells and primary epithelial cells 
HPV-derived E6 oncoproteins promote 
ubiquitin-mediated degradation of 
Scribble (80). Expression levels of both 
Scribble and Dlg1 are correlated with loss 
of tissue architecture in the colon (74). 
In the human colon-derived epithelial 
cell line SK-CO15 downregulation 
of Scribble inhibits TJ reassembly, 
independently of Lgl1 and Dlg1 (81).  
 It is interesting to note that viral 
oncoproteins target multiple proteins 
of one polarity complex that perform 
complementary functions, indicating their 
importance in maintenance of cell polarity. 
For example, the oncoprotein Tax, from the 
human T-cell leukemia virus type 1 (HTLV-
1) can interact with both Scribble and 

Dlg1 affecting their localization, activity 
and function (82-85). In addition, Dlg1 
localization is altered in colon and kidney 
carcinomas that are not associated with 
HPV (77). Additional evidence that polarity 
proteins from the Scribble complex function 
as tumor suppressors in tumorigenesis 
comes from functional studies, using 
tumor models with total or tissue-specific 
gene alteration. Mouse mammary fat 
pad transplantation assays suggest that 
Scribble acts as a tumor suppressor in 
mammalian epithelial cells as well (86).  
 Dysfunction or mal-expression 
of polarity proteins alone is not always 
sufficient to initiate tumor formation and/or 
progression in human pathology. Although 
mutations in Ras proteins are common 
(~30%) in human cancer, hardly ever is a 
mutation in this pathway sufficient to result 
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in tumor development (87;88). In human 
epithelial cells that express oncogenic Ras 
or Raf, loss of Scribble stimulates invasion 
of cells through the extracellular matrix. 
Scribble suppresses MAPK signaling in 
this system, which could be a mechanism 
involved in the above mentioned studies 
on invasive human cancers in which 
decreased Scribble expression was 
observed (89). Recently it was shown that 
targeted prostate-specific bi-allelic loss 
of Scribble predisposes mice to prostate 
intraepithelial neoplasia, whereas 
heterozygous loss induces prostate 
hyperplasia. Signaling of the MAPK-
pathway is elevated in these neoplasias, 
confirming the suppressive capacity of 
Scribble on MAPK-signaling. Combining 
loss of Scribble with expression of 
oncogenic Ras in mouse prostate results 
in disease progression, and epithelial 
neoplasia are promoted (76). Interestingly, 
loss of Scribble has also been shown to 
cooperate with the c-myc oncogene and 
by blocking apoptosis epithelial cells can 
be transformed and mammary tumor 
formation is induced (86). Furthermore, 
screening studies in Drosophila revealed 
that mutations in Scribble result in 
impaired growth. However, combining 
mutations in Scribble with overexpression 
of oncogenic Ras results in loss of apical-
basal polarity, neoplastic overgrowth and 
invasive and metastatic capacity (90;91). 
In Drosophila Lgl was found to require 
myc to stimulate clonal malignancy (92).  
 Interestingly, the two genetic 
aberrations not necessarily have to be in 
one and the same cell. Synergy can also 
occur in a paracrine manner when the 
two mutations are individually present in 
neighboring cells (93). Cytokines derived 
from Scribble mutant cells activate 
the JAK/STAT pathway in RasV12-
expressing neighboring cells (93). These 
observations illustrate that cancer is a 

heterogeneous disease, with differences 
between tumors as well as between 
cells within a tumor. Furthermore, these 
observations stress the importance of 
the tumor microenvironment. Apparently, 
polarity proteins also collaborate 
with the tumor microenvironment 
to promote tumor progression. 
 Lgl1 expression is significantly 
decreased in human malignant 
melanoma and loss of its expression 
correlates with progression (94). In 
addition, reduced expression of Lgl1 is 
detected in solid tumors from different 
origins, including lung, ovarian, prostate, 
breast and colon carcinoma (95). Mice 
lacking Lgl1 expression are born with 
hydrocephalus and die neonatally. 
Lgl1-deficiency results in failure of 
asymmetric cell divisions and severe 
brain dysplasias that contain structures 
resembling those observed in human 
primitive neuroectodermal tumors (96).  
 In human tissue, Lgl2 protein 
expression is lost and mislocalized in 
gastric dysplasia and adenocarcinoma 
(97;98). In colorectal cancer, reduced 
expression of human Lgl2 has been 
shown to contribute to the progression 
of these tumors. Moreover, loss of 
Lgl2 expression is linked to advanced 
stage and lymph node metastasis (99). 
Studies in zebrafish contribute to reveal 
the mechanisms underlying human 
cancer, where for example Lgl2 has 
been found to perform tumor suppressive 
functions (100). Lgl2-mutant cells display 
neoplasia and EMT, two important 
characteristics of human pathology.  
 In conclusion, there is increasing 
evidence that Scribble proteins which 
were originally identified as fly tumor 
suppressor genes serve a suppressive 
role in mammalian tumorigenesis as 
well. Studies analyzing expression and 
localization of the Scribble complex 
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CONCLUSIONS

Taken together, evidence is accumulating that signaling via and (de)regulation of proteins 
of all three conserved polarity complexes in various ways contribute to different steps of 
(epithelial) tumor formation and progression. For the Crumbs complex tumor suppressive 
potential is likely in mammalian cells, although poorly understood. Proteins of the Par 
complex are suggested to have both tumor suppressive potential (shown for Par3 and 
Par6) as well as tumor promoting functions (aPKC, Par3 and Par6). So far the best 
studied complex in human tumorigenesis is the Scribble complex. Similar to their original 
identification in flies, they serve tumor suppressive functions in mammalian cells. For 
all polarity protein complexes tightly regulated localization appears crucial for proper 
functioning in normal tissue. The ample possibilities of interplay between the three polarity 
complexes provide additional possibilities for involvement in cancer. Extending our 
understanding of the molecular pathways and interactions underlying polarity processes 
will help to exploit the possibilities of therapeutic intervention of polarity signaling for 
cancer diagnosis and treatment.

proteins in human tumors suggest that 
both downregulation and mislocalization 
play a role during tumor initiation and 
progression.
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