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Abstract

Cell polarity is one of the most basic properties of all normal cells and is essential for regulating
numerous biological processes. Loss of polarity is considered a hallmark for cancer. Multiple po-
larity proteins are implicated in maintenance of cell polarity. Lethal (2) giant larvae (Lgl) is one of
polarity proteins that plays an important role in regulating cell polarity, asymmetric division as well
as tumorigenesis. Lgl proteins in different species have similar structures and conserved functions.
Lgl acts as an indispensable regulator of cell biological function, including cell polarity and asym-
metric division, through interplaying with other polarity proteins, regulating exocytosis, mediating
cytoskeleton and being involved in signaling pathways. Furthermore, Lgl plays a role of a tumor
suppressor, and the aberrant expression of Hugl, a human homologue of Lgl, contributes to
multiple cancers. However, the exact functions of Lgl and the underlying mechanisms remain
enigmatic. In this review, we will give an overview of the Lgl functions in cell polarity and cancer
development, discuss the potential mechanisms underlying these functions, and raise our conclu-

sion of previous studies and points of view about the future studies.

Key words: lethal (2) giant larvae, cell polarity, asymmetric division, tumor suppression

Introduction

Lethal (2) giant larvae (Lgl) proteins, a group of
conserved proteins, plays a crucial role in regulating
cell polarity. Cell polarity is a cell property of asym-
metric distribution of proteins, lipids, carbohydrates
and RNA macromolecules. This property is crucial for
a multitude of cellular fates, including differentiation,
proliferation, migration, adhesion and transformation
[1,2].

Lgl mainly locates in apical and basolateral do-
mains, thus plays an important role in regulating
apico-basal polarity. Apico-basal polarity, dividing
the cell into the apical and basal domains, defines the
structural and functional polarity of an epithelial cell,
which is essential for diverse cellular processes, in-
cluding cell proliferation, differentiation, asymmetric
cell division, cell migration, tissue morphogenesis,

and tumor formation. Many excellent reviews have
covered this subject in recent years [3-5]. As we know,
apico-basal polarity is regulated by several conserved
polarity proteins. These proteins control asymmetric
cell division by regulating the polarized localization
of cell fate determinants and maintaining the correct
orientation of mitotic spindles in different tissues and
organisms [6-8]. These polarity proteins cluster to-
gether to form three evolutionarily conserved polarity
protein complexes, namely, Partitioning defective
(Par) complex [Par3, Par6 and atypical protein kinase
C (aPKCQ)], Crumbs complex [Crumbs, Pals and
Palsl-associated tight junction protein (Patj)], and
Scribble complex [Scribble (Scrib), discs large (Dlg)
and lethal (2) giant larvae (Lgl)]. These polarity pro-
teins influence cell polarity by interplaying with each

http://www.ijbs.com



Int. J. Biol. Sci. 2015, Vol. 11

381

other and other factors.

Proper cell polarity contributes to maintenance
of tissue homeostasis. Loss of epithelial cell polarity
has been widely assumed to be a key step in tissue
disorganization and often lead to cancers [9]. In this
review, we focus solely on the roles of Lgl in cell po-
larity and cancer development and discuss the poten-
tial mechanisms underlying the biological functions
of Lgl.

The conservative property of Lgl proteins

Lgl is so named because it can influence larvae
growth by inhibiting larval tissues from proliferation
and differentiation. Loss of Lgl does not result in ab-
normal phenotypes of the Drosophila during its em-
bryogenesis; however, the brain and the imaginal
discs of the mutant larvae overgrow spectacularly and
the resultant giant larvae die without entering meta-
morphosis [10]. Lgl proteins in different species have
similar structures, which contain multiple WD40 do-
mains and conserved phosphorylation sites in eu-
karyotes (Fig.1) [11, 12]. In human, members of Lgl
family mainly include Lgl-1 and Lgl-2, also known as
Hugl-1 and Hugl-2. The two have the similar struc-
tures, as shown in Fig 1. WD40 domains normally act
as a scaffold for coordination of multiprotein complex
assemblies; they are also involved in a wide variety of

Hugl-1 (Human)

663 958
s

cell biological processes, including signal transduc-
tion, vesicle trafficking, cytoskeleton assembly and
cell division [13, 14]. WD40 domains in Lgl have
properties similar to those of cellular membranes and
are probably involved in cell-cell interaction [15, 16].
The WD40 domains spanning the N-terminal part of
Lgl in Drosophila fold into two pB-propellers, and then
interact with the C-terminal part of Lgl [11]. At the
C-terminus of Lgl exist conserved sites for serine
phosphorylation, and the phosphorylation at these
residues leads to an intramolecular interaction of the
N- and C-terminal parts and alters the activity of Lgl
[11,17].

Proteins of the Lgl group have highly conserved
structures and functions (Fig.2). Lgl in one species can
be functionally substituted by homologues of Lgl
from another species [18, 19]. Kim et al. used MgI-1, an
Igl homologue in mouse, to complement the aberrant
expressions of sro7 and sro77 (Igl homologues in
yeasts), and found that the loss of sr07/77 was associ-
ated with salt tolerance and temperature sensitivity
and that sr07/77 could be functionally complemented
by exogenous Mgl-1 [12]. Furthermore, earlier studies
showed yeast complementation with mammalian
homologues [18]. Their research suggests a high level
of functional conservation of Igl between different
species.
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Figure 1. Schematic model of the domain structure of Lgl family proteins (Yeast, Xenopus, Drosophila, Mouse, Rat and Human). The domain structure was
determined using the Uniprot (http://www.uniprot.org/) and SMART (http://smart.embl-heidelberg.de/) servers. A yellow triangle represents a WD40
domain. S is a serine phosphorylation site. T is a threonine phosphorylation site.
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Figure 2. Conservation of Lgl family proteins in eukaryotes. Phylogenetic tree from the Macvector 7.2 ClustalW multiple sequence alignment of Lgl
proteins from Yeast (Sro7 and Sro77), Xenopus (Lgl-1 and Lgl-2), Drosophila (Lgl), Mouse (Mgl-1, Mgl-2), Rat (Rgl-1) and Human (Hugl-1 and Hugl-2). A value
of 0.1, as an approximate guide, corresponds to a 10% difference between two sequences.

How Lgl works in organism models

Lgl mutants are commonly utilized as genetic
tools for investigation of the molecular basis of epi-
thelial transformation and Lgl-induced tumor sup-
pression. In vivo Igl-mutant organism models have
been developed to determine the consequences of the
aberrant expression of Lgl [20]. Lgl was originally
identified in the Drosophila, which has long been rec-
ognized as an important genetically tractable model
organism for elucidating the mechanism of tumor-
igenesis and tumor suppression [21-23]. In Drosophila,
depletion of Lgl disturbs apico-basal cell polarity and
alters cell proliferation, leading to malignant growth
of larval brain neuroblasts and imaginal discs [24]. Lgl
is distributed in the cytosol, and phosphorylated by
aPKC in the apical domain, and recruited to the ba-
solateral domain after cell-cell contact-initiated po-
larization [6, 25]; Lgl, interdependently binding to Dlg
and Scribble as the Scribble complex [26], localizes to
the basolateral domain of epithelial cells and excludes
apical components from this region [24, 27, 28].

The essential role of Lgl in cell polarity

Although the molecular mechanism of how Lgl
regulates cell polarity is not fully understood, studies
using numerous model organisms have revealed the
potential functions of Lgl. Defect of Lgl function,
leading to a disruption of cell polarity and epithelial
integrity, is associated with an increase in ectopic
proliferation and tissue overgrowth [29, 30].

It is well-known that the Par, Crumbs, and
Scribble complexes are necessary for establishment
and maintenance of apico-basal cell polarity. As

shown in figure 3, the Par and Crumbs complexes act
in a mutually exclusive manner with the Scribble
complex, and then the three complexes dynamically
regulate polarization [27]. Lgl, as a member of the
Scribble complex, can interplay with other polarity
proteins. The Scribble complex has antagonistic in-
teractions with the other two complexes, which is
highlighted by the increased Crumbs or Par complex
activity observed in Drosophila and mammalian cells
with loss-of-function mutations in the three compo-
nents of the Scribble complex [31]. The Crumbs com-
plex and the Par complex can function mutually with
Scribble complexes to define apical and basolateral
surfaces (Fig.3), and the epithelial polarity cannot be
maintained by the Crumbs complex individually in
the absence of Lgl activity [31-33]. These findings in-
dicate that Lgl plays an important role in maintaining
the function integrity of the Scribble complex, and has
certain influence on the interaction between the
Scribble cell polarity complex and the others.

Lgl can also interplay with other polarity pro-
teins individually (Fig.3). Lgl can be phosphorylated
by aPKC [34]. After phosphorylation, Lgl becomes
inactive and is released from the apical cell cortex and
then recruited to the basolateral membrane by bind-
ing to Dlg to form a complex [35, 36]. However, it is
still not clear how this relocalization from the apical to
the basolateral domain has occurred. As a competitor
of Par3, Lgl can directly interact with Par6-aPKC
protein complex in Drosophila polarizing neuroblasts
and mammalian migrating cells [6, 37]. By combining
with the Par complex, Lgl can inhibit aPKC activity
[38]. In addition to the interplay between the Scribble
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complex and the other two complexes via their com-
ponents, the protein components of the Scribble com-
plex also can interact with each other. A recent study
has reported that phosphorylation of any one of the
three conserved Ser residues situated in the central
linker region of Lgl is enough to make Lgl bind to the
Dlg guanylate kinase (GK) domain. This finding
means that Dlg is able to directly interact with Lgl in a
phosphorylation-dependent manner [36].

Interplay of Lgl with other polarity proteins is
important to maintenance of cell biological and mor-
phologic characteristics. Based on the above review, it
can be considered that such interplay must be an es-
sential way that Lgl affects cell polarity and other cell
functions. Besides, Igl null mutation in Drosophila
leads to an ectopic expression of Cyclin E (CycE),
which is a key cell cycle regulator [29]. Therefore, Lgl
may modulate cell functions by relating other com-
ponents, which has also been evidenced in mamma-
lian Lgl proteins before. It is showed that Lgl-2 in
mammalian cell lines can directly bind to p32, a kind
of proteins which is related to the enhanced phos-
phorylation of aPKC on Lgl-2 and the regulation of
cell polarity [39].

The critical function of Lgl in cell polarity may be
represented by its ability to regulate polarized exo-
cytosis, which is mostly evidenced by yeasts models.

APICAL

Exocytosis regulates the transport of secreted and
transmembrane macromolecules, including proteins
and lipids, to the cell surface [40, 41]. This transport is
highly polarized and exquisitely regulated in order to
maintain the molecular identities of the apical, lateral
and basal membrane domains [42]. Lgl proteins reg-
ulate the polarized transport of exocytic vesicles,
which is evidenced by the finding that cells with
Sro7/77 (Igl homologues in yeast) mutants display
prominent defects in exocytosis [43]. Sro7/77 is a
downstream effector of Sec4, a Rab GTPase that me-
diates the post-Golgi stage of exocytosis [44]. Sro7/77
also affects exocytosis by directly interacting with a
component of the exocyst complex, Exo84, which is
essential for targeting vesicles to specific sites of the
plasma membrane for exocytosis [42]. Moreover, in
Madin-Darby canine kidney cells, the mammalian
homologue of Lgl influences cell polarity via altering
exocytosis, which may be due to an interaction with
syntaxin 4, a t-SNARE protein (target soluble
N-ethylmaleimide attachment protein receptor) [25].
Thus, Lgl plays a role in exocytosis probably by
binding to proteins such as the plasma membrane
t-SNARE proteins and the components of the exocyst
complex, or by regulating the pathways which medi-
ate the fusion of post-Golgi transport vesicles to target
membranes [25, 43].
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Figure 3. Interplay between polarity proteins. Left: Lgl interacts with other polarity proteins. Lgl can be phosphorylated by aPKC, and competes for Par3
in binding to Par6-aPKC. Right: Apico—basal polarity complexes dynamically regulate polarization by mutual exclusion. T} is the abbreviation of tight junction
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Lgl regulates asymmetric cell divisions

Asymmetric cell divisions are important regula-
tors of stem cell and cancer biology. Various proteins,
asymmetrically distributed during mitosis, are in-
volved in the pathways underlying spindle orienta-
tion and asymmetric cell divisions, including polarity
proteins and other cell fate determinants [45]. For
example, in Drosophila neuroblasts, the activities of
Par-3, Inscuteable (Insc), and Partner of inscuteable
(Pins) are required for the spindle rotation [46]. Pins
asymmetrically colocalizes with inscuteable in neuro-
blasts [46, 47]. G-protein signaling modulator 2
(GPSM2), also known as LGN (leu-gly-asn), the
mammalian Pins homolog, plays a key role in spindle
pole organization during mitosis in mammalian cells.
NuMA, a nuclear mitotic apparatus protein, binds to
LGN to form a complex [48, 49]. Lgl-2 in mammal can
directly bind to LGN to form a complex with aPKC,
Par-6. This binding regulates the formation of
LGN-NuMA complex, and then involves in the mi-
totic spindle organization and cell division [50].

Asymmetric cell divisions are regulated by the
Par complex through phosphorylation of Lgl (Fig.4)
[6]. Besides, recent studies showed that Lgl relocalizes
to the cytoplasm during mitosis, and the mitotic Au-
rora A/B kinases can directly phosphorylate Lgl to
influence its relocalization in Drosophila [51, 52]. This

provides a new insight into the regulation and func-
tion of Lgl in cell divisions. Moreover, Lgl is a com-
ponent of the cytoskeletal network including
non-muscle myosin II (NMII) heavy chain. As we
know, cytoskeleton plays an essential role in cell di-
vision. Lgl affects cytoskeleton by directly interacting
with NMII-A, an actin-based motor protein essential
for various cell functions such as adhesion, migration,
and polarity [6, 53, 54]. Lgl and Dlg regulate targeting
of basal proteins such as Miranda, Prospero, Numb
and Partner of Numb (Pon), which requires micro-
filament and myosin function [55]. Generally, un-
phosphorylated Lgl at the basolateral domain restricts
activity of NMII-A and inhibits assembly of ac-
tin-myosin II cytoskeleton, while phosphorylated Lgl
at the apical domain dissociates from the cytoskele-
ton, unable to influence the actin-myosin II cytoskel-
eton [6, 11]. Lgl’s regulation of cytoskeleton is in-
volved in maintenance of the locations of cell fate de-
terminants. For example, asymmetric segregation of
Numb and Prospero, excluded from the apical cortex,
is regulated by NMII-A cytoskeleton in Drosophila
neuroblasts [56]. As we mentioned above, Lgl is a
component of NMII cytoskeleton. The asymmetric
activity of cytoskeleton caused by Lgl may contribute
to maintenance of cell shape, cell polarity and normal
cell division. Moreover, aPKC may inhibit the effects
of Lgl on NMII and cytoskeleton since NMII and
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aPKC are considered to be competitive in binding to
Lgl [11, 57]. However, the inhibitive effect of Lgl on
NMII has been challenged by the report that overex-
pression of Lgl leads to enhanced NMII activation
[58]. The discrepancy might be explained as follows:
Lgl overexpression might trigger the ability of cells to
maintain their homeostasis, increase phosphorylation
of Lgl by aPKC, and consequently, enhance NMII
activation. However, this postulation remains to be
confirmed in the future.

How Lgl influences signaling pathways

The Hippo signaling pathway

The Hippo signaling pathway is an evolutionar-
ily conserved signaling network implicated in the
proper control of cell survival and organ size. It coor-
dinately promotes apoptosis and restricts cell prolif-
eration, thus its deregulation can induce tumorous
tissue overgrowth [59]. In Drosophila, the SWH
(Sav-Wts-Hippo) signaling pathway mainly consists
of the protein kinases Hippo (Hpo) and Warts (Wts),
their respective adaptors Salvador (Sav) and Mats, the
transcriptional co-factor Yorkie (Yki), as well as a
number of upstream regulators, such as the cytoskel-
etal proteins Expanded (Ex) and Merlin (Mer) and the
atypical cadherins Fat (Ft) and Dachsous (Ds) [60].
Figure 5A shows the activation process of the SWH
pathway in normal cells.

Because of the similar roles of Lgl and SWH
pathway in regulating tissue growth and organ size,
there must be a crucial relationship between Lgl and
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the SWH pathway, which is evidenced by numerous
studies. Igl null mutation suppresses cell death by
upregulating the transcription and translation levels
of downstream effectors of the SWH pathway, such as
CycE, Diap1 (Drosophila inhibitor of apoptosis-1) [30, 38,
61]. Similarly, deregulation of the SWH pathway can
upregulate the expression levels of its downstream
effectors and inhibit cell death. The localizations
and/or activities of SWH pathway components may
be altered due to the different expression level of Lgl.
Hpo mainly locates apicolaterally in normal cells but
tends to be more basolateral as a result of loss of Igl. In
Drosophila, the Drosophila Striatin-interacting phos-
phatase and kinase (dSTRIPAK) directly combines
with Drosophila Ras-association domain family protein
dRASSF, dephosphorylates Hpo and prevents the
activation of the SWH pathway to promote tissue
growth. It has been found that dRASSF and
dSTRIPAK are also mislocalized and colocalized with
Hpo in Igl null mutant tissues [38, 62]. Morover, Igl
null mutation downregulates the level of the phos-
phorylated Yki protein and translocates Yki from the
cytoplasm to the nucleus [29, 30]. The
above-mentioned findings reveal that the absence of
Igl is involved in the down-regulation of the SWH
pathway. However, Il null mutation does not change
the localizations and expression levels of Ex and Ft at
the apical cortex [38], suggesting that not all the
components of the SWH pathway can be affected by

Igl.
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Figure 5. Schematic representation of relationship between Lgl and Hippo pathway in Drosophila. (A) in Lgl"’* cells, the induction of Hippo pathway is
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Lgl has an antagonistic relationship with aPKC
in regulation of the SWH pathway [38, 62, 63]. The
overexpression of aPKC leads to colocalization of Hpo
and RASSF in the basolateral domain of cells [38].
Besides, ectopic overactivity of aPKC may increase
Yki activity through upregulation of Jun N-terminal
kinase (JNK) signaling [64], just as the Ig/ gene
knockout does (Fig.5B).

The Whnt signaling pathway

The Wnt signaling consists of a large number of
components, including the Wnt protein family, Wnt
receptors the Frizzled (Fzd) family, and Dishevelled
proteins (Dvl, essential mediators of Wnt signaling)
[65]. The Wnt signaling is an important pathway for
regulating cell polarity. Multiple lines of evidence
have indicated that the Wnt signaling pathway is
linked to numerous cell polarity proteins, including
Lgl. For example, Dvl is required for maintenance of
Lgl activity and localization at the cortex in Xenopus
and Drosophila [66]. It has also been found that Fzd 8
receptor rather than Fzd 7 is implicated in modulation
of Lgl activity and its delocalization from the baso-
lateral cortex into the cytoplasm, which suggests that
different subtypes of Fzd receptors may display dis-
tinct effects on Lgl [66]. As similar with Fzd receptors,
Wnt proteins may also have distinct effects due to
their different ligands. Moreover, previous work has
shown that Wnt5a causes the instability of Lgl, disso-
ciating Lgl from the cell cortex in Xenopus [67]. The
molecular connection between Wnt5a and Lgl is es-
sential for morphological and molecular changes of
cell polarity construction. The above review indicates
that the Wnt signaling may impact Lgl by changing its
location, activity and consequent function.

The Notch signaling pathway

The Notch signaling is an evolutionarily con-
served pathway. Previous research has shown that
Lgl affects the Notch signaling through controlling the
localizations of the Notch signaling regulators, such
as the asymmetric segregation of Numb, asymmetric
localization of Neuralized, and plasma-membrane
localization of Sanpodo [8, 68]. Il depletion upregu-
lates the Notch signaling in Drosophila eye tissue [69].
In addition, /gl mutant mice exhibit hyperplasia of the
neural tubes, linked with the enhanced Notch signal-
ing [70]. The numb null mice also undergo hyperplasia
in the developing cortex [70, 71]. Asymmetric cell di-
visions promote Notch-dependent epidermal differ-
entiation [72]. It is assumed that abnormal expression
of Igl induces ectopic asymmetric cell division and
deregulation of the Notch signaling pathway through
regulating components of the Notch signaling.

Besides the three signaling pathways we have

described above, Lgl may have relationships with
other signaling pathways, such as the mitochondria
related signaling, Ras signaling, and mTOR signaling.
However, little is known about the role of Lgl in these
signaling patheways, which may present interesting
topics for future research.

The role of Lgl in human

Normal polarity signaling is required for
maintenance of tissue integrity and disordered cell
polarity may contribute to development of epitheli-
al-to-mesenchymal transition (EMT) and tumorigene-
sis [73-75]. Since polarity proteins have important
roles in regulating cell polarity, they are generally
considered as modulators of tumorigenesis [76, 77]. In
mice, Igl-1 gene knockout results in the hyperplasia of
the neural tubes, forming structures similar to the
neuroblastic rosettes in human primitive neuroecto-
dermal tumors. Severe hydrocephalus and neonatal
death are also observed in Igl1/- mouse pups [70].
Loss of Lgl leads to severe malignant phenotypes in
organism models. Therefore, what roles Lgl plays in
human is need to be discovered.

The human homologues of Lgl are known as
Hugl-1 and Hugl-2 [78]. Hugl proteins contain several
conserved functional domains highly homologous to
some regions of Lgl, which indicates that Hugl and
Lgl proteins may have closely related functions [19,
53]. Accumulating evidence has shown that Hugl
plays a suppressive role in various human epithelial
cancers. In hepatocelluar carcinoma (HCC), Hugl-1
transcripts are frequently mutated by aberrant splic-
ing, indicating that Hugl-1 mutation may be involved
in progression of HCC [79]. In esophageal carcinoma,
Hugl-1 inhibits cell proliferation and promotes
apoptosis via regulation of the mitochondria-related
pathway [80]. In malignant melanoma, Hugl-1 ex-
pression varies with the progression or development
of the disease and is involved in increased cell adhe-
sion and decreased cell migration, suggesting that loss
of Hugl-1 expression contributes to melanoma pro-
gression [81]. In colorectal cancer, reduced expression
of Hugl-1 is implicated in the progression of the dis-
ease [82]. However, studies of Lgl in leukemia have
displayed inconsistent findings. Heidel et al. have
reported that loss of Hugl-1 enhances self-renewal
and fitness of hematopoietic stem cells (HSCs) and is
associated with poor prognosis in patients with acute
myeloid leukemia (AML) [83]. On the other hand, a
recent study has shown that the absence of Ig/1 in
mice does not alter leukemia driven by constitutive
Notch, c-Myc or Jak2 signaling [84]. The discrepancy
may be due to the different cellular contexts of haem-
atopoietic system, and this indicates that the role of
Lgl-1 in regulation of leukemia might be restricted to
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specific cell conditions. The tumor suppressive role of
Hugl-1 may be limited to specific cellular contexts of
different cancer types.

Hugl-2 is also associated with cancer progression
and suppression. It has been found that Snail, an EMT
inducer, downregulate Hugl-2 expression in cells.
However, when Hugl-2 expression is induced in
Snail-expressing cells, Hugl-2 overrides Snail tumor-
igenesis and induces mesenchymal to epithelial tran-
sition (MET) [85]. Another research has also found
that ZEB1, an EMT-inducing transcriptional re-
pressor, suppresses the expression of Hugl-2 in colo-
rectal and breast cancers [86]. ZEB1 and Snail have the
ability of regulating the expression of the cell-cell
adhesion molecule and thereby controlling EMT pro-
gression. Increased ZEB1 and Snail expression levels,
involving with dedifferentiation and invasion of tu-
mor cells, can be observed in different human cancers,
correlating with dedifferentiation and invasion of
tumor cells [87-89]. These findings indicate that loss of
Hugl-2 is associated with EMT, and EMT-related fac-
tors have negative effects on the expression of Hugl-2.
Moreover, Hugl-1 and Hugl-2 are both essential for
maintenance of polarity, proliferation and morphol-
ogy of human mammary epithelial cells [90]. Aberrant
localization or deletion of Lgl2 contributes to gastric
epithelial dysplasia and gastric adenocarcinoma as
well as pancreatic intraepithelial neoplasia and pan-
creatic ductal adenocarcinoma [91-93]. Apical mem-
brane localization of Hugl-2, combined with aPKC, is
associated with lymphatic invasion and lymph node
metastasis in human lung adenocarcinoma [94].
However, roles of Hugl-2 in regulation of other cancer
types need to be studied in future works. Taken to-
gether, the expression changes of Hugl-1/-2 in vari-
ous cancers suggest their tumor-suppressive roles
(Table 1).

Previous studies, reviewed above, have sug-
gested the suppressive role of Hugl in cancer pro-
gression, however, the exact mechanism underlying
this suppression effect still has not elucidated. Com-

bined with the influences of Lgl on cell polarity men-
tioned above, we postulate that similarly to Drosophila
or yeasts or other species, the effects of Hugl on hu-
man cancer progression must be based on its role of
regulating cell normal functioning, and be associated
with its mislocalization, deficit of expression, and
dysregulation of its downstream pathways. Further
investigations are needed to be clarified the exact
mechanism underlying cancer suppressive effect of
Hugl.

Conclusion and perspectives

We have attempted to summarize the cell bio-
logical functions of Lgl. As outlined above, Lgl affects
epithelial cell polarity and cell proliferation in various
manners, including combining with other proteins,
regulating exocytosis, modulating cytoskeleton, and
being implicated in signaling pathways. Drosophila,
yeasts, mice, etc. are used as model organism for stud-
ies of Lgl and some mechanisms for Lgl functions in
these species have been reported in literatures. How-
ever, little is known about the mechanism for Lgl
regulation of epithelial cell polarity and cell division
in human. It is still uncertain what Lgl proteins do
exactly, how they are translocated, how their interac-
tions with other proteins are regulated, how their
participation in various signaling pathways are me-
diated, and whether the alteration of Lgl in human are
similar to those in other species.

Lgl dysfunction or depletion inevitably has a
broad impact on cancers. Lgl may act as a neoplastic
tumor suppressor in numerous species. However, the
exact tumor-suppressing mechanism of Lgl is still
unknown. In short, unraveling the mechanisms re-
sponsible for the effects of Lgl alteration on tumor-
igenesis is the major goal of the future work. A better
and deeper understanding of the mechanisms un-
derlying the changes in Lgl and the pathways it par-
ticipates in is likely to provide clues for developing
new ways to diagnose and control cancers.

Table 1. Alterations in Hugl expression and location in human cancers

Gene /Protein Alteration Tumor type

Phenotype

Malignant phenotype, disruption of cell polarity and tissue archi-
tecture, overgrowth

Advanced stage, lymph node metastases

Poor differentiation, large tumour size

Poor prognosis, enhanced hematopoietic stem cells self-renewal
Induced cell apoptosis

MET

Disruption of tissue morphology

Hugl-1 Downregulation Breast, melanoma, prostate, lung, and ovarian
tumours [81, 90]
Downregulation Colon and colorectal cancer [82]
Aberrantly splicing ~ Hepatocellular carcinoma [79]
Null mutant Acute myeloid leukemia [83]
Upregulation Esophageal carcinoma [80]
Hugl-2 Upregulation Human cell lines [85, 86]
Mislocalization or Gastric epithelial dysplasia, gastric adenocarcino-
downregulation ma, pancreatic intraepithelial neoplasia and pan-
creatic ductal adenocarcinoma [91-93]
Mislocalization Lung adenocarcinoma [94]

Null mutant Breast cancer [90]

Lymphatic invasion and lymph node metastases
Increased proliferation and disruption of cell polarity
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