
Abstract. Membrane-associated guanylate kinase with an
inverted repeat member 1 (MAGI1), is a member of a family
of proteins which are emerging as important in coupling the
extracellular environment to intracellular signaling pathways
and the cytoskeleton at synapses and tight junctions. Early
studies described it as a scaffold protein localized at cell–cell
junctions. Recently, MAGI1 was found to recruit various kinds
of molecules via its PSD-95/Disks Large/Zonula Occludins
(PDZ) domains to strengthen the junctional complex. There is
an increasing body of evidence showing its involvement in
receptor synaptic localization and the homeostasis of ion
channels in the nervous system. Furthermore, evidence has
accumulated to confirm the critical role of MAGI1 in regulating
cell–cell contacts, which is always disrupted in tumor
progression and is associated with invasiveness and metastasis.
It has also been shown in vitro that the abnormal expression
of MAGI1 influences the adhesion and invasiveness of cancer
cells. Due to the presence of docking domains for PDZ-binding
molecules, MAGI1 associates with a variety of molecules such
as phosphatase and tensin homolog deleted on chromosome ten
(PTEN), brain-specific angiogenesis inhibitor-1, β-catenin and
the mouse homologue of the human NET1 DH domain protein.
Pathway signaling analysis has indicated that MAGI1 is
probably involved in many kinds of pathways especially the
PTEN/Phosphatidylinositol-3 kinase/Akt pathway and the (Wg-
Int)–β-catenin pathway which mediates intracellular functions.

MAGI1 may therefore be a tumor suppressor and a therapy
target for cancer and other diseases, although more in vitro
and in vivo investigations are required. 

Epithelia form vital cellular barriers which generate and
maintain a very unique fluid and solute composition
between adjacent tissue compartments. Multi-cellular
organisms are separated from the external environment by a
layer of epithelial cells whose integrity is maintained by
intercellular junctional complexes. Epithelial junctions are
symmetrical junctions which include tight, adherent and gap
junctions and desmosomes, whereas synaptic junctions are
asymmetric junctions between neurons. Tight junctions (TJ)
are the most apical organelle of the apical junctional
complex and are primarily involved in the regulation of
paracellular permeability and membrane polarity (1, 2).
They are composed of several transmembrane and
intracellular molecules such as the claudin protein family,
the tight junction-associated MAL and related proteins for
vesicle trafficking and membrane link proteins family
including occludin and the junctional adhesion molecules
(JAMs) (3-5). Accumulating evidence suggests that the
membrane-associated guanylate kinase (MAGUK) family
plays an important role in the organization not only of
synaptic junctions but also of epithelial TJs (6, 7). Cell-to-
cell communication is a key process in multi-cellular
organisms. In multi-cellular animals, scaffolding proteins
belonging to the family of MAGUK are involved in the
regulation and formation of cell junctions. MAGUK proteins
participate in the assembly of multi-protein complexes on
the inner surface of the plasma membrane at regions of
cell–cell junctions. MAGUKs are a family of scaffolding
proteins that contain multiple protein interaction domains,
including PSD-95/Disks Large/Zonula Occludins (PDZ), Src
homology 3 (SH3), WW, and guanylate kinase (GUK)
motifs (8). These proteins can be classified phylogenetically
into 10 sub-families by comparison of the genomic
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sequences of the core PDZ-SH3-GUK region and the
supplemental domains that they possess (6). The 10 sub-
families are: calcium/calmodulin-dependent serine protein
kinase (CASK), membrane protein palmitoylated 1 (MPP1),
MPP2 to 7, MPP5, zona occludins (ZO), caspase
recruitment domain containing MAGUK protein (CARMA),
discs large 5 (DLG5), calcium channel b subunit (CACNB)
and MAGUK with an inverted repeat (MAGI) (9, 10). The
MAGI subfamily contains MAGI1, MAGI2 and MAGI3 and
they are present in the TJs of cultured epithelial cells (11).
MAGI1 was discovered and cloned in 1998 (12). Early
reports have shown that MAGI1 is recruited with ZO-1and
located to the TJs of epithelial cells (13).  Following this
discovery, detailed reports of molecules interrelated with
MAGI1 have been found. In this review, we focus on the
role of MAGI1 as a TJ scaffold protein and its role in
signaling pathways in normal tissues as well as in human
diseases.

MAGI1 Structure, Regulation and Signaling

MAGI1 structure. MAGI1 (Hs.476636) is located on
chromosome band 3p14.1. It encodes a 164.5 kDa protein (8)
which consists of six PDZ domains, a guanylate kinase
domain and two WW domains flanked by two PDZ domains.
The PDZs are modular protein–protein interaction domains
of about 100 amino acids. They are often found at the plasma
membrane and are usually involved in signal transduction,
playing a central role in assembling signaling complexes. The
interactions between PDZ domains and their target proteins
are mainly through the C-terminal peptide motif of the ligand
proteins (10). Three splice variants of MAGI1 have been
characterized to date, including MAGI1a, MAGI1b, and
MAGI1c. Among these, MAGI1b is predominantly associated
with the crude membrane fraction. A broader examination of
MAGI1 expression in vivo shows that MAGI1b is mainly
present in the TJs of all epithelial cell types examined. The
major form expressed in cultured colon carcinoma epithelial
cells, as well as in several epithelial-rich tissues contains an
extended carboxy terminus encoding potential nuclear
targeting signals. Out of the three human MAGI1 transcripts,
MAGI1a and MAGI1c are expressed only in nonepithelial
tissues, predominantly in brain (11). MAGI1, ZO-1, and ZO-
2 all colocalize in non-polarized epithelial cells, suggesting
that they form a preassembled complex that is incorporated
into the TJ upon polarization. Overall, each of the
alternatively spliced forms of MAGI1 show TJ localization
and this localization occurs in the absence of the guanylate
kinase and WW domains as well as the extended carboxy
terminus (8).

MAGI1 regulation. During Fas-induced apoptosis in mouse
3T3A31 cells, as well as during UV irradiation-and

staurosporine-induced apoptosis in HaCaT cells, MAGI1 is
shown to be rapidly cleaved. In addition, in vitro translated
radio-labeled-MAGI1 is efficiently cleaved into a 97 kDa N-
terminal fragment and a 68 kDa C-terminal fragment by
caspase-3 and -7 at physiological concentrations. This
generates a N-terminal fragment that dissociates from the cell
membrane, allowing further dismantling of the cell junctions,
one of the key features of apoptosis. This process is largely
prevented in the presence of the caspase inhibitor Z-VAD-
fmk, while the mutation of MAGI1 Asp (761) to Ala
completely abolished the caspase-induced cleavage. Thus,
MAGI1 cleavage appears to be an important step in the
disassembly of cell–cell contacts during apoptosis (14).
Others have reported that full-length MAGI1 exhibited sub-
membrane localization, while the N-terminal caspase
cleavage product of MAGI1 is translocated to the cytosol and
the C-terminal caspase cleavage product accumulates in the
nucleus (15). 

MAGI1 signaling. MEK1 is necessary for phosphatase and
tensin homolog deleted on chromosome ten (PTEN)
membrane recruitment as part of a ternary complex
containing MAGI1 as a multi-domain adaptor (16). By using
a yeast two-hybrid assay, PTEN was demonstrated to interact
indirectly with β-catenin by binding MAGI1b. Ectopic
expression of MAGI1b potentiated the interaction of PTEN
with junctional complexes, promoted E-cadherin-dependent
cell–cell aggregation and reversed the Src-induced
invasiveness of kidney MDCKts-Src cells. In this model,
MAGI1b slightly reduced the activity of AKT, a downstream
effector of PI3K, which is involved in the pathways for Src-
induced de-stabilization of junctional complexes and is
necessary and sufficient to trigger invasiveness. These
experiments propose that the recruitment of PTEN at adheren
junctions by MAGI1b and the local down-regulation of
phosphatidylinositol-3,4,5-trisphosphate pools and
downstream effector systems at the site of cell–cell contacts
are focal points for restraining both disruption of junctional
complexes and induction of tumor cell invasion (17). MAGI1
is thought to have the ability to replace PDZ2 binding of
harmonin at the C-terminus of cadherin 23 (CDH23) and the
strong interaction between PDZ1 of harmonin and CDH23
being interrupted by a 35 amino acid insertion in the hair cell-
specific CDH23 (68) splice variant: this puts forward MAGI1
as an attractive candidate for an intracellular scaffolding
partner of this tip-link protein. These data consequently
support a role of MAGI1 in the tip-link complex, where it
could provide a sturdy connection with the cytoskeleton and
with other components of the mechanoelectrical transduction
complex (18). Taken together, MAGI1 is an important
molecule for the stabilization of cadherin mediated cell–cell
interactions and the suppression of invasiveness in non-
transformed epithelial cells.
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MAGI1 regulation and signaling in central nervous system.
As a scaffolding protein, MAGI1 allows formation of
complexes between certain transmembrane proteins, actin-
binding proteins, and other regulatory proteins. MAGI1 is
expressed in a number of tissues, including podocytes and the
brain. In particular, MAGUKs appear to play fundamental
roles in the transporting, anchoring and signaling of specific
subclasses of synaptic receptors and ion channels. Tanemoto
et al. reported that a new isoform of MAGI1 (MAGI1a-long)
interacted with the PDZ-binding motif of inwardly rectifying
potassium channels 4.1 (KIR4.1) via its fifth PDZ domain as
a scaffolding protein for the basolateral K+ channels in renal
cell regulation of fluid and electrolyte homeostasis (19).
MAGI1b interacts with acid-sensing ion channels in neurons
(20). Ridgway et al. showed that MAGI1 interacts with
soybean lipoxygenase 1 (SLO1), the pore-forming subunit of
BKCa channels (21). This interaction suppresses the
trafficking of SLO1 proteins to the cell surface in a
heterologous expression, as well as in a renal-derived cell line
where these proteins are expressed endogenously (21).
MAGI1 is enriched in rat nervous tissues such as the
glomeruli in olfactory bulb of adult rats and dorsal root entry
zone in spinal cord of embryonic rats. RNA interference
(RNAi)-mediated knockdown of Magi1 caused inhibition of
nerve growth factor (Ngf)-induced neurite outgrowth in PC12
rat pheochromocytoma cells. MAGI1, p75 neurotrophin
receptor (p75NTR), which is a low affinity NGF receptor, and
a phosphotyrosine-binding adaptor SHC formed an
immunocomplex in PC12 cells, indicating that MAGI1 may
act as a scaffolding protein for NGF signaling pathway (22).
Emtage et al. demonstrated that scaffolding molecule
MAGI1L, which is a specific isoform of MAGI1, is critical
for the modulation of the α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid type receptor (AMPAR) subunits
glutamate receptor (GLR)1 and GLR2 synaptic localization
in response to prior mechanosensory stimulation in
Caenorhabditis elegans (23). In the hippocampus, MAGI1
regulates GLT1 surface expression and glutamate level.
MAGI1 was found to be a binding partner of GLT1 which
was confirmed by glutathione S-transferase pull-down assay
in astrocytes. A significant reduction in the surface expression
of GLT1 was found when MAGI1 and GLT1 were co-
expressed in C6 glioma cells. Otherwise, siRNA-knockdown
of endogenous MAGI1 expression increased glutamate uptake
and the surface expression of endogenous GLT1 in
differentiated cultured astrocytes, and increased
dihydrokainate-sensitive, Na+-dependent glutamate uptake
(24). Strochlic et al. showed that a synaptic MAGUK
MAGI1c was localized at the adult rat neuromuscular
junction and interacted with muscle-specific receptor tyrosine
kinase which is activated by nerve-derived AGRIN (25). In
the developing spinal cord, MAGI1 recruited delta-like-1 and
co-localized with it at adheren junctions to activate NOTCH

signaling (26). In subsets of cells in the intact zebrafish
embryo, MAGI1 is co-localized with the C-termini of delta
D binding to its PDZ4 domain at the plasma membrane (27).

MAGI1 regulation and signaling in epithelial tissues.
Besides being located in the brain, MAGI1 plays a role as a
scaffolding protein and participates in many signal pathways
in most epithelial tissues with tight junctions. In vitro and
in vivo binding assays confirmed the interaction between
MAGI1 and actin-bundling protein synaptopodin and
identified the second WW domain of MAGI1 to be
responsible for this interaction in glomerular podocytes and
human embryonic kidney (HEK) 293 cells. Actin-bundling
protein α-actinin-4 mutated in an inheritable form of
glomerulosclerosis is also capable of binding to the fifth
PDZ domain of MAGI1 by the C-terminus of α-actinin-4.
Exogenously expressed synaptopodin and α-actinin-4 were
found to co-localize along with endogenous MAGI1 at the
TJ of Madin-Darby canine kidney cells. The interaction and
co-localization of MAGI1 with two actin-bundling proteins
suggested that MAGI1 may play a role in actin cytoskeleton
dynamics within polarized epithelial cells (28). Mino et al.
indicated that MAGI1–BAP1 serves as a scaffolding
molecule for a GDP/GTP exchange protein for Rap1 small
G protein (RAP GEP) at TJs in epithelial cells (29). Sakurai
et al. reported that MAGI1 bound to PDZ-GEF1 (a guanine
nucleotide exchange factor for RAP1) and that cell-cell
contact-induced RAP1 activation and the vascular
endothelial–cadherin-mediated cell–cell adhesion after Ca2+

switch was suppressed by the depletion of MAGI1 in
vascular endothelial cells (30). MAGI1 as a close homolog
of glycoprotein 330-associated protein, is more ubiquitous
in its tissue distribution (including kidney) and is able to
specifically bind to megalin (transmembrane endocytic
receptor, also named glycoprotein 330) via its fifth PDZ
domain in the glomerulus of the kidney. The association of
megalin with MAGI1 may allow the assembly of a multi-
protein complex, in which megalin may serve a
nonendocytic function in glomerular podocytes (31). Co-
expression of MAGI1 with SLO1 channels was also
observed in HEK293T cells, suggesting that MAGI1
regulates the surface expression of BK (Ca) channels in the
kidney tissues (21). MAGI1b forms complexes with beta-
catenin and E-cadherin during the formation of cell–cell
junctions in MDCK cells, and moreover, a significant
portion of a green fluorescent protein fusion of MAGI1b
localizes to the basolateral membrane of polarized MDCK
cells (32). Work by Kimura et al. implied that the
intracellular domain endothelial cell-selective adhesion
molecule (ESAM) was necessary for the recruitment of
MAGI1 and in addition, the co-localization of ESAM with
MAGI1 promoted actin polymerization and activated RhoA
in Chinese hamster ovary cells (33).
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MAGI1 and Its Role in Cellular Adhesion,
Migration and Invasiveness

MAGI1 plays an important role in stabilization of TJs and the
suppression of invasiveness and metastasis in several
important human diseases and conditions. Cell culture studies
have demonstrated a potential biological role for MAGI1 in
regulating cell motility, invasiveness, proliferation, and
adhesion. 

Stable transfection of MAGI1 in HepG2 cells resulted in a
slower closure of cells by wound-healing assay and a reduced
number of cells passed through the basement membrane
during in vitro invasion assays, suggesting that overexpression
of MAGI may block the migration and invasion of
hepatocellular carcinoma (HCC) (34). Decreased expression
of MAGI1 was correlated with vascular invasion of HCC
tissues (35). Overexpression of MAGI1 in colorectal cancer
(CRC) cells suppressed migration and invasion, while MAGI1
silencing enhanced migration and invasion in vitro (36).
Ectopic expression of MAGI1b potentiated the interaction of
PTEN with junctional complexes, promoted E-cadherin-
dependent cell–cell aggregation, and reverted SRC-induced
invasiveness of kidney MOCKts-SRC cells (17). Using yeast
2-hybrid screening, Chastre et al. found that the thyroid
receptor interacting protein-6 interacted directly with the fifth
PDZ domain of MAGI1b and promoted the invasiveness of
epithelial MOCK and MOCKts-src cells in a PI3K- and a
nuclear factor-k-gene binding-dependent manner (37).

MAGI1 and Human Disease

MAGI1 is widely expressed in multiple human tissues of
almost all epithelial cell types, especially in the human brain.
Dysregulated expression of MAGI1 is detected in some types
of cancer and human papilloma virus (HPV)-related diseases,
but there are only a few reports. 

HCC. Genetic profiles of HCC in Egyptian patients showed
down-regulation of MAGI1 (38). Wound-healing assays in the
HepG2 cell line, which stably overexpressed MAGI1, showed
significantly slower wound closure than that of normal HepG2
cells.  Invasion assays showed that the number of HepG2 cells
overexpressing MAGI1 which passed through the basement
membrane and transwell pores was reduced when compared to
the number of HepG2 cells. These data confirmed that MAGI1
suppressed metastasis of HepG2 cells, which may correlate
with PTEN (34). Further research found that the decrease in
expression of MAGI1 was correlated with the presence of
multiple tumor nodules, absence of capsular formation, worse
Edmondson-Steiner grade, venous invasion and shortened
median overall survival time (35). Multivariable Cox regression
analysis revealed that reduced MAGI1 expression was an
independent factor for prognosis (35). Murata et al. found that

high expression of MAGI1 in mouse hepatic cell line Cx32
transfectants was concurrent with co-localized expression of
occludin, claudin-2, ZO-1 and F-actin, but not with E-cadherin
in the apical-most regions at cell borders. The gap junction
blocker 18β-glycyrrhetinic acid did not affect expression of
MAGI1 and JAM1 in Cx32 transfectants, suggesting that in the
Cx32 cells, expression is in part related to the induction of TJs
through modulation of MAGI1 expression (39). These results
suggest that MAGI1 may act as a tumor suppressor through
stable cell junctions in HCC.

CRC. In the CRC cell lines SW480 and HCT116, MAGI1
silencing disrupted actin stress fiber and focal adhesion
formation. Moreover, it reduced E-cadherin and β-catenin
localization at cell–cell junctions and enhanced WNT signaling,
anchorage-independent growth and migration and invasion in
vitro. Overexpression of MAGI1 led to the converse.
Furthermore, MAGI1 overexpression suppressed subcutaneous
primary SW480 and HCT116 tumor growth and attenuated
primary tumor growth and spontaneous lung metastasis in an
orthotopic model of CRC, and reduced the number and size of
metastatic nodules in an experimental model of lung metastasis
(36). A cyclooxyganase-2 inhibitor Coxib, which reduces the
risk of cancer development and progression, increased the
mRNA and protein levels of MAGI1 in SW480, HCT116,
SW680, T84 and HT29 human CRC-derived cells. This study
demonstrated that MAGI1 has tumor-suppressive and anti-
metastatic activity in experimental CRC (36).

Cervical cancer. The causal role of HPV in cancer of the
uterine cervix has been firmly established biologically and
epidemiologically. HPV is known to be the main cause of
cervical carcinomas (40). High-risk HPV oncoprotein targets
MAGUK protein via the E6 polypeptide (41).  Using HPV-
16-positive CaSKi cells and HPV-18-positive HeLa cells,
Kranjec and Banks found that MAGI1 is a major degradation
target of both HPV-16 and HPV-18 E6 oncoprotein and that
E6 oncoprotein preferentially targets MAGI1 within the
nucleus and at membrane sites. One of the direct
consequences of MAGI1 degradation is a loss of TJ integrity,
as determined by mislocalization of the TJ protein ZO-1.
Ablation of E6 expression restores TJs, with this restoration
being dependent on the presence of MAGI1 (42). The
degradation of E6 target MAGI1 does not involve the cellular
ubiquitin ligase E6-AP (43). Using nuclear magnetic
resonance, the three-dimensional solution structure of an
extended construct of the second PDZ domain of MAGI1
(MAGI1 PDZ1) can bind to a peptide derived from the C-
terminus of HPV16 E6 (44). Surface plasmon resonance
analysis showed that both high-risk mucosal HPV E6 C-
terminal peptides and cellular partners of MAGI1 PDZ1 bind
to MAGI1 PDZ1 with comparable dissociation constants in
the micromolar range (45). 
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Other diseases. Recently Ferentinos et al. reported that
bipolar disorder was associated with MAGI1 (46). Human T-
cell leukemia virus type-1 (HTLV-1) encoding oncoprotein
HTLV-1 trans-activitor (TAX1) interacted with the PDZ
domain of MAGI1 in a PBM (PDZ binding motif at the C-
terminus of TAX1)-dependent manner. This interaction
mislocated MAGI1 to the detergent-insoluble cellular
fraction. What is more, the mRNA expression of MAGI1 was
irreversibly reduced in TAX1 transformation of the T-cell
line. This implied that TAX1 targets MAGI1 in order to
suppress its antitumor functions (47).

Conclusion

The ongoing research involving MAGI1 has provided
significant insights into the interdependence of signaling
pathways and the cytoskeleton in transducing extracellular
signals at the cortical membrane interface. MAGI1 generally
behaves as a tumor suppressor and has been found to be
underexpressed in several different types of cancer, serving
as a novel prognostic marker correlated with the adhesion
and metastasis of cancer cells. In the nervous system,
evidence shows that MAGI1 is involved in receptor synaptic
localization and the homeostasis of ion channels.
Furthermore, MAGI1 may participate in several signal
pathways such as PI3K-AKT, NOTCH and the WNT–β-
catenin pathways and has been found to recruit a number of
different kinds of molecules via its PDZ domains in order to
strengthen the junctional complex. Thus, MAGI1 may have a
tumor-suppressive and an anti-metastatic activity in cancer
therapy and may be important in the nervous system, as well
as in other human diseases.
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