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Abstract: Malignant transformation is accompanied with aberrant glycosylation of proteins. Such
changes in glycan structure also occur in the integrins, which are a large family of cell surface receptors
for the extracellular matrix and play key roles in tumor progression. There is now increasing evidence
that glycosylation of integrins affects cellular signaling and interaction with the extracellular matrix,
receptor tyrosine kinases, and galectins, thereby regulating cell adhesion, motility, growth, and
survival. Integrin o634 is a receptor for laminin-332 and the increased expression level is correlated
with malignant progression and poor survival in various types of cancers. Recent studies have
revealed that integrin «634 plays central roles in tumorigenesis and the metastatic process. In this
review, we summarize our current understanding of the molecular mechanisms of tumor progression
driven by integrin «634 and also discuss the modification of glycans on integrin 34 subunit to address
the important roles of glycan in integrin-mediated tumor progression.

Keywords: integrin; glycosylation; cancer; N-acetylglucosaminyltransferase-V (GnT-V); epithelial to
mesenchymal transition (EMT); galectin-3

1. Introduction

Integrins are a large family of heterodimeric transmembrane receptors comprising « and 3
subunits. In mammals, 18x and 8 subunits have been characterized, and the combination of
them forms 24 distinct integrins. Integrins bind to extracellular matrix proteins including collagen,
fibronectin, laminin, osteopontin, and tenascin in the extracellular domain, which leads to the assembly
of signaling complexes including focal adhesion kinase, paxillin, and Src in the cytoplasmic domain
and the rearrangement of actin cytoskeleton. The transducing signals from integrin receptors to
cytoskeletal and adhesive machinery regulate cell adhesion, migration, proliferation, differentiation,
and tumor progression.

Of note, integrins are known to be major glycan-carrying proteins. In fact, the functions of
integrins are also dependent on their complex N-glycosylation modifications [1]. Among the different
types of integrins, 531, a major fibronectin receptor, is believed to be a relatively well-characterized
example, and N-glycosylation is important for its mediated many biological functions such as cell
adhesion and migration [2,3]. Alterations in the oligosaccharide portion of integrin «531 from the
enhanced expression of some glycosyltransferase genes—such as N-acetylglucosaminyltransferase-V
(GnT-V), N-acetylglucosaminyltransferase-III (GnT-III), or «2,6-galactoside sialyltransferase 1—can
be used to regulate the cell spreading and migration onto fibronectin [1,4,5]. Furthermore, we
recently found that N-glycosylation on the calf domain of o5, putative sites 10-14, was essential
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for the «5-mediated inhibitory effect on epidermal growth factor receptor (EGFR) signaling and cell
proliferation [6], while N-glycosylation on sites 1-2 on the B-propeller domain of 5 played a key
role in driving integrin «531 dynamics and cell migration [7]. Taken together, these findings support
the idea that individual integrin a5 N-glycosylation differentially functions as a molecular switch to
regulate the biological functions of «531. Similarly, recent studies have revealed that glycosylation of
the integrin 34 subunit is important for integrin «6p34 functions, the expression of which is associated
with cancer progression. In this review, we summarize our current understanding of integrin o634 in
cancer and also discuss function of glycans on integrin 34 subunit.

2. Structure and Functions of Integrin «634

Integrin «6f34 is an essential component of the hemidesmosome that provides stable adhesion
of basal epithelial cells to the underlying basement membrane [8-10]. The integrin 34 can form
heterodimer only with the 6 integrin. Patients with genetic mutations in either integrin «6 or 34
subunit suffer from the junctional epidermolysis bullosa with pyloric atresia (JEB-PA), which is an
autosomal-recessive disorder clinically characterized by mucocutaneous fragility and gastrointestinal
atresia [11-13]. The extracellular domain of integrin (34 associates with extracellular matrix,
laminin-332, which is a major component of the hemidesmosome [14,15] (Figure 1). The cytoplasmic
domain of integrin 34 is much longer (>1000 amino acid) than that of other integrin 3 subunits (<50
amino acid) [16], and the large cytoplasmic domain of integrin 34 interacts with other hemidesmosome
component, plectin, collagen XVII (BP180/BPAG2), and BP230 (BPAG1) [9,10] (Figure 1). The adhesion
complex consisting of those hemidesmosome proteins plays an important role in maintaining the
hemidesmosome structure. Mice carrying a target deletion of the integrin 34 cytoplasmic domain
display extensive epidermal detachment at birth and die shortly thereafter from a syndrome resembling
the human JEB-PA [17]. The integrin 34 cytoplasmic domain contains several serine, threonine, and
tyrosine phosphorylation sites (Figure 1), and the phosphorylation of integrin 34 cytoplasmic domain
is caused by activation of receptor tyrosine kinases (RTKs) [18], and directly by protein kinase [19].

3. Integrin «634 in Cancer

Integrin o634 was first discovered as a tumor-specific antigen [20,21]. Subsequent studies
demonstrated that increased expression level of integrin «634 was correlated with malignant
progression and poor survival in squamous cell carcinoma (SCC) of the skin [21,22], lung [23], head
and neck [24], and cervix [25]. Further studies have reported that high expression levels of integrin
634 were found in several types of cancer—including breast, bladder, colon, ovarian, pancreatic,
prostate, and thyroid—and linked to poor prognosis [26]. In a mouse model of active H-Ras and
IkBa-driven human cutaneous SCC, integrin f4-negative keratinocytes (derived from JEB-PA patients
with null ITGB4 gene mutations) failed tumor formation but reintroduction of integrin 34 gene into the
cells restored it [27], suggesting that integrin (34 plays an essential role in human SCC development.

Association of integrin 634 with laminin substrates significantly promotes cancer cell adhesion,
migration, invasion, proliferation, and tumorigenesis through the activation of Racl, PKC, PI3K, and
ERK signaling pathways [10,14,26,28-32] (Figure 1). The PI3K activation response to integrin a634
ligation is involved in invasive potential of carcinoma cells, and Tyr!4** in the cytoplasmic domain
of the integrin 34 is required for the activation [33]. Ligand binding to the extracellular domain of
integrin «634 induced phosphorylation at serine and tyrosine residues in integrin 34 cytoplasmic
domain, which were associated with a metastatic phenotype of cancer cells [34]. Phosphorylation
of Tyr!4%* and Tyr!52
the 34 cytoplasmic domain, respectively, followed by activation of Ras-MAP kinase pathways, and
promotes cell cycle progression [31,35-37] (Figure 1). However, crystallographic studies have been
shown that the structural environment of Tyr!4** and Tyr!>2¢ are not compatible with binding to the
SH2 and PTB binding domains of Shp2 and Shc, respectively [38]. Furthermore, both Tyr residues
are not well solvent-exposed. It is therefore questionable whether these residues are involved in the
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recruitment of SHP2 and Shc, and the subsequent coupling of the integrin o634 to the MAPK signaling
pathways [39].

During cancer progression, integrin «6(34 is released form hemidesmosomes and the number
of hemidesmosomes is decreased, which facilitates the cancer cell migration and invasion [26,39].
Serine phosphorylation of integrin 34 cytoplasmic domain by PKC induces relocation of integrin
634 from hemidesmosomes to cell protrusions in cancer cells [40]. Compared with carcinoma in
situ or normal tissue, increased phosphorylation at Ser!3° in the integrin 34 cytoplasmic domain was
found in around 60% of invasive cutaneous SCC. Triple mutation at Serl3%6 Serl360 and Serl3®4 to
non-phosphorylatable alanines in the integrin 34 cytoplasmic domain stabilized hemidesmosome-like
structures and reduced cell migration in SCC cells [41]. Thus, the phosphorylation at specific
sites in the integrin 34 cytoplasmic domain leads to the disruption of stable adhesion structure,
hemidesmosomes [19,37,42,43], thereby facilitating the migration of cancer cells (Figure 1). Integrin
B4 is also phosphorylated by the associations with several RTKs—including EGFR, ErbB2, and
Met [18,32]—which are often mutated or amplified in tumors. RTKSs activate Src-family kinases,
and thereby phosphorylates integrin 34 cytoplasmic domain. Tyrosine phosphorylation of integrin (34
through Src family kinase, Fyn, which is activated by EGFR, causes disruption of hemidesmosomes,
thereby promoting squamous carcinoma invasion [44]. Conversely, integrin «6334 regulates the
expression of ErbB2 and the subsequent Src-family kinase-dependent phosphorylation of RTKs and
activation of Ras, STAT-3, and c-Jun [45]. These findings suggest that cooperative signaling between
integrin 34 and RTKs promotes cancer progression.

Metastasis of cancer cells is a major cause of death in patients with cancer. A first step in
metastasis of cancer cells is to move from the primary site and invade into the stroma. In the
process of metastasis, some cancer cells undergo epithelial to mesenchymal transition (EMT), which
is characterized by loss of epithelial phenotype with cell-cell adhesion and cell polarity, and gain
of fibroblast-like morphology [46]. EMT induces cell motility, and stem cell-like properties, thereby
enhancing cancer invasion, metastasis, and chemoresistance [47]. A cDNA microarray analysis
using clinical samples of pancreatic ductal adenocarcinoma revealed that high levels of integrin 34
expression were significantly correlated with the hallmarks of EMT, with high tumor grade, and with
the presence of lymph node metastasis [48]. Overexpression of integrin 34 promoted cell motility
of pancreatic ductal adenocarcinoma cell lines in combination with down-regulation of E-cadherin
and up-regulation of vimentin expression [48]. Integrin «634 also promotes EMT in hepatocellular
carcinoma by upregulating the expression of transcription factor Slug that inhibits the transcription
of E-cadherin gene [49]. A recent report has demonstrated that cells with an intermediate level of
integrin 34 expression exhibited a hybrid epithelial /mesenchymal phenotype and contained cancer
stem cell-enriched populations in triple-negative breast cancer cells. Therefore, integrin 34 can
be a mechanistically driven prognostic biomarker for identifying the more aggressive subtypes of
mesenchymal carcinoma cells in triple-negative breast cancer cells [50]. A subpopulation of the PC-3
prostate cancer cell line, TEM4-18, displayed the hallmarks of EMT, including frank loss of E-cadherin
expression and upregulation of E-cadherin repressor ZEB1 compared to parent cells [51]. Surprisingly,
the ZEB1-mediated EMT in TEM4-18 cells repressed integrin 34 and laminin-332 expression by
the binding of ZEB1 to the promoter elements of integrin 34 and laminin y2 (one of the subunit
of laminin-332) genes. The ZEB1 expression exhibited enhanced trans-endothelial migration but
decreased transwell migration and invasion of cancer cells [51]. These results suggest that integrin
a634 is associated with EMT, but the regulatory mechanism of EMT by integrin «634 might depend
on cancer types.

Exosomes are cell-derived small membrane vesicles (30-100 nm) containing proteins, lipids, RNA,
and DNA that can be horizontally transferred to recipient cells [52]. Recent evidence suggests that
exosomes play a critical role in the development of cancers, such as activation of fibroblasts, promoting
angiogenesis, enhancing invasiveness and chemoresistance [52]. Hoshino et al. have reported that
exosomes containing integrin «634 and av(5 derived from tumor cells were associated with lung
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and liver metastasis, respectively [53]. Furthermore, exosomal integrin «634 uptake activated Src
and upregulated pro-migratory and pro-inflammatory S100 molecules in resident cells. These results
suggest that exosomal integrin 634 determines metastatic organotropism and could be a biomarker
for lung-specific metastasis.

4. Roles of Glycans in Integrin 34 Function

N-glycosylation is a common protein post-transcriptional modification occurring on asparagine
in the asparagine-X-serine/threonine motif, where X can be any amino acid except proline. Integrins
o6 and 4 have nine (Asn78, Asn?2, Asn?%*, Asn®0, Asn”3!, Asn7#8, Asn®!, Asn®?, Asn958) [54] and
five (Asn®?, Asn*1, Asn®?, Asn®", and Asn®) N-glycosylation potential sites in each extracellular
domain, respectively [55] (Figure 1). Although the N-glycans on integrin 1 is required for the
heterodimer formation with integrin a5 [56], the presence of N-glycans on integrin (34 is not essential
for integrin o634 heterodimer formation [55]. In contrast, a defect of N-glycosylation in integrin 34
decreases its function such as cell spreading, adhesion, and migration on its substrate, laminin-332, as
well as localization to lipid rafts [55].

Overexpression of 31,6-N-acetylglucosamine (GlcNAc)-branched N-glycans is often found in
tumor tissues, and the increase in (1,6-GlcNAc-branched N-glycans is directly associated with
malignancy and poor prognosis [57]. The addition of the 31,6-GlcNAc-branched N-glycans is
catalyzed by GnT-V, a member of the family glycosyltransferase [58] (Figure 2). GnT-V knockout
mice showed reduced 1,6-GlcNAc-branched N-glycans, resulting in suppression of mammary
tumor growth and metastasis induced by the polyomavirus middle T oncogene [59]. In vitro,
1,6-GlcNAc-branched N-glycans-modified integrins «331 and «5(31, and laminin-332 strongly
promoted cancer cell motility [60-62]. In contrast, introduction of bisecting GlcNAc by GnT-1II
expression suppresses 31,6-GIcNAc branching formation catalyzed by GnT-V [58], resulting in
suppression of cancer metastasis (Figure 2). These findings indicate that 31,6-GlcNAc-branched
N-glycans catalyzed by GnT-V play important roles in tumor malignancy and progression.

Galectins are a family of soluble lectins that bind (3-galactoside-containing glycans such as
N-acetyllactosamine (Galp1,4-GIcNAcf1,3). The most studied member of the galectin family,
galectin-3 is known to be associated with cancer aggressiveness and metastasis [63,64]. The binding
of galectin-3 to (3-galactoside sugars on glycoproteins crosslinks between the glycoproteins and
regulates diverse cellular functions in cancer cells. (31,6-GlcNAc-branched N-glycans catalyzed
by GnT-V can be elongated with N-acetyllactosamine repeats (polylactosamine), which acts as a
high-affinity ligand for galectin-3 (Figure 2). Previously, we found the molecular complex consisting
of integrin a634, EGFR, and galectin-3 in gastric cancer cell line MKN45 cells, which highly express
GnT-V [65,66]. The formation of integrin «634/EGFR/galectin-3 complex was inhibited by either the
presence of a competitive inhibitor of galectin-binding to (3-galactoside structure, 3-lactose or GnT-1II
expression [66]. In addition, the breakdown of the tri-molecular complex by an anti-galectin-3 antibody
inhibited integrin 64 clustering and cell migration [66]. Similar effect was also observed on the
laminin-332/integrin «634 association. In GnT-III-overexpressing MKN45 cells, the modification of
laminin-332 increased bisecting GlcNAc, thereby decreasing 31,6-GlcNAc branched N-glycans, as well
as integrin «6(34 clustering and cell motility [61]. These findings indicate that galectin-3 cross-links
among integrin w634, EGFR, and laminin-332, thereby inducing efficient signaling and the following
cellular function.

Mucin type O-glycosylation (hereafter referred to as O-glycosylation) is one of the most
abundant forms of post-translational modification of secreted and membrane-bound proteins that
contains a range of N-acetylgalactosamine (GalNAc)-Serine/Threonine O-linked oligosaccharaides
(O-glycans) [67]. Sialic acids occupy terminal positions of N-glycans and O-glycans in glycoproteins,
and altered sialylation has long been associated with the cancer progression. Desialylation of O-glycans
on integrin 34 by sialidase NEU1 suppressed colon cancer cell adhesion to laminin-332, tyrosine
phosphorylation of integrin (34, and metastasis of human colon cancer cells [68]. In contrast, sialylation
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of integrin 34 was downregulated during EMT but then reverted and upregulated in the mesenchymal
state after EMT [69]. These results indicate that sialylation of integrin 34 is dynamically regulated
and contributes to cancer progression. Although there are some data using lectin suggesting that
O-glycosylation may occur on the integrin 34 [55,68], direct evidence for the O-glycan structure
and O-glycosylation site in the molecule has not been presented. Further studies including mass
spectrometry analysis are required for the study about O-glycosylation on the integrin (34.
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Figure 1. Structure and functions of integrin 34. Integrin 34 contains laminin-332 binding sites [14]
and five N-glycosylation sites (Asn327, Asn®! Asn®7?, Asn®Y7, Asn®%> ) in its extracellular domain [55],
and the binding sites for Plectin [70], BP180, BP230 [71,72], and ErbB2 [45] in its cytoplasmic
domain. Phosphorylation of Ser!3%, Ser!3%0, Ser!364, Tyr1526 and Thr!73¢ induces hemidesmosome
disassembly [19,37,42,43]. Phosphorylation of Tyr1526 promotes recruitment of Shc, which in turn
activates Ras, Raf-ERK and Rac-JNK signaling [31,37]. Tyr1494 is associated with PI3K activation [33].
N-Glycosylation sites are shown by flags. Numbers and boxes indicate the number of amino acid
residue and the four fibronectin type III repeats, respectively. Star shape indicates phosphorylation site.
TM, transmembrane region. HD, hemidesmosome. EGFR, epidermal growth factor receptor.
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Figure 2. Glycosylation reactions catalyzed by GnT-V. GnT-V catalyzes the formation of
1,6-GlcNAc-branched structures. $1,6-GlcNAc-branching can be elongated with N-acetyllactosamine
repeats (polylactosamine), which acts as a high-affinity ligand for galectin-3. Enhanced expression of
GnT-V results in increased migration and metastasis of cancer cells. GnT-III adds GlcNAc to the core
mannose to form bisecting N-acetylglucosamine (GleNAc) in N-glycans, which inhibit the 31,6-GlcNAc
branching formation catalyzed by GnT-V and the resultant increase in cancer migration and metastasis.
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5. Conclusions and Perspective

In normal stratified and complex epithelial tissues, integrin o634 is an essential component of
the hemidesmosomes. However, integrin a634 also overexpresses in several types of cancers and
the expression level is correlated with malignant progression and poor survival in cancer patients.
Integrin 634 significantly promotes cancer cell adhesion, migration, invasion, proliferation, and
tumorigenesis through the activation of Racl, PKC, PI3K, and ERK signaling pathways, which are
induced by the interaction with other molecules including RTKs and laminin-332. Phosphorylation
of the cytoplasmic domain in integrin (34 also contributes to the cancer progression by activation
of Ras-MAP kinase pathways and hemidesmosome disassembly. In addition, the expression levels
of integrin 34 are closely correlated with the hallmarks of EMT, and also exosomal integrin a634
determines metastatic organotropism.

The biosynthesis of glycan is primarily determined by the glycosyltransferases, the expression
level of which is controlled at the level of gene transcription, and by enzymatic activity and chaperone.
Since the expression profile of glycolsyltransferases in cancer cells is quite different from that of normal
cells, the resultant glycan structure is aberrant and specific to cancer. Therefore, alteration of glycan
structures is one of the hallmarks of cancer. Recent studies have revealed that integrin o634 functions
are regulated by glycosylation of integrin 4. The formation of integrin «634/EGFR/galectin-3
complex through N-glycans induces integrin «6p34 clustering and cell migration. Specifically,
sialylation of integrin 34 seems to be associated with cancer progression. Therefore, glycosylation on
integrin 34 may be a useful biomarker and a novel therapeutic target for cancer.

Acknowledgments: This work was partially supported by the Japan Society for Promotion of Science KAKENHI
Grant Number JP25860243 to Yoshinobu Kariya; JP15H04354 to Jianguo Gu.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gu,J.; Taniguchi, N. Regulation of integrin functions by N-glycans. Glycoconj. J. 2004, 21, 9-15. [CrossRef]
[PubMed]

2. Isaji, T.; Gu, J.; Nishiuchi, R.; Zhao, Y.; Takahashi, M.; Miyoshi, E.; Honke, K.; Sekiguchi, K.; Taniguchi, N.
Introduction of bisecting GIcNAc into integrin «531 reduces ligand binding and downregulates cell adhesion
and cell migration. J. Biol. Chem. 2004, 279, 19747-19754. [CrossRef] [PubMed]

3.  Isaji, T.; Sato, Y.; Fukuda, T.; Gu, J. N-glycosylation of the I-like domain of 31 integrin is essential for 31
integrin expression and biological function: Identification of the minimal N-glycosylation requirement for
«531. J. Biol. Chem. 2009, 284, 12207-12216. [CrossRef] [PubMed]

4.  Takahashi, M.; Kizuka, Y.; Ohtsubo, K.; Gu, J.; Taniguchi, N. Disease-associated glycans on cell surface
proteins. Mol. Asp. Med. 2016, 51, 56-70. [CrossRef] [PubMed]

5.  Janik, M.E,; Litynska, A.; Vereecken, P. Cell migration-the role of integrin glycosylation. Biochim. Biophys.
Acta 2010, 1800, 545-555. [CrossRef] [PubMed]

6. Hang, Q.; Isaji, T.; Hou, S.; Im, S.; Fukuda, T.; Gu, J. Integrin o5 suppresses the phosphorylation of epidermal
growth factor receptor and its cellular signaling of cell proliferation via N-Glycosylation. J. Biol. Chem. 2015,
290, 29345-29360. [CrossRef] [PubMed]

7. Hang, Q.; Isaji, T.; Hou, S.; Wang, Y.; Fukuda, T.; Gu, J. A key regulator of cell adhesion: Identification and
characterization of important N-Glycosylation Sites on Integrin o5 for Cell Migration. Mol. Cell Biol. 2017,
37. [CrossRef] [PubMed]

8.  Sonnenberg, A.; Calafat, J.; Janssen, H.; Daams, H.; van der Raaij-Helmer, L.M.; Falcioni, R.; Kennel, S.J.;
Aplin, ].D.; Baker, J.; Loizidou, M.; et al. Integrin alpha 6/beta 4 complex is located in hemidesmosomes,
suggesting a major role in epidermal cell-basement membrane adhesion. J. Cell Biol. 1991, 113, 907-917.
[CrossRef] [PubMed]

9. Litjens, S.H.; de Pereda, ].M.; Sonnenberg, A. Current insights into the formation and breakdown of
hemidesmosomes. Trends Cell Biol. 2006, 16, 376-383. [CrossRef] [PubMed]


http://dx.doi.org/10.1023/B:GLYC.0000043741.47559.30
http://www.ncbi.nlm.nih.gov/pubmed/15467392
http://dx.doi.org/10.1074/jbc.M311627200
http://www.ncbi.nlm.nih.gov/pubmed/14998999
http://dx.doi.org/10.1074/jbc.M807920200
http://www.ncbi.nlm.nih.gov/pubmed/19261610
http://dx.doi.org/10.1016/j.mam.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/27131428
http://dx.doi.org/10.1016/j.bbagen.2010.03.013
http://www.ncbi.nlm.nih.gov/pubmed/20332015
http://dx.doi.org/10.1074/jbc.M115.682229
http://www.ncbi.nlm.nih.gov/pubmed/26483551
http://dx.doi.org/10.1128/MCB.00558-16
http://www.ncbi.nlm.nih.gov/pubmed/28167607
http://dx.doi.org/10.1083/jcb.113.4.907
http://www.ncbi.nlm.nih.gov/pubmed/2026654
http://dx.doi.org/10.1016/j.tcb.2006.05.004
http://www.ncbi.nlm.nih.gov/pubmed/16757171

Cancers 2017, 9, 79 7 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kariya, Y,; Kariya, Y.; Gu, J. Laminin-332 and integrins: Signaling platform for cell adhesion and migration
and its regulation by N-glycosylation. In Laminins: Structure, Biological Activity and Role in Disease; Nova
Science Publishers, Inc.: Hauppauge, NY, USA, 2013; pp. 29-51.

Takizawa, Y.; Shimizu, H.; Nishikawa, T.; Hatta, N.; Pulkkinen, L.; Uitto, J. Novel ITGB4 mutations in a
patient with junctional epidermolysis bullosa-pyloric atresia syndrome and altered basement membrane
zone immunofluorescence for the «6p4 integrin. J. Investig. Dermatol. 1997, 108, 943-946. [CrossRef]
[PubMed]

Ko, M.S.; Marinkovich, M.P. Role of dermal-epidermal basement membrane zone in skin, cancer, and
developmental disorders. Dermatol. Clin. 2010, 28, 1-16. [CrossRef] [PubMed]

Pulkkinen, L.; Rouan, E; Bruckner-Tuderman, L.; Wallerstein, R.; Garzon, M.; Brown, T.; Smith, L.; Carter, W.;
Uitto, J. Novel ITGB4 mutations in lethal and nonlethal variants of epidermolysis bullosa with pyloric atresia:
Missense versus nonsense. Am. . Hum. Genet. 1998, 63, 1376-1387. [CrossRef] [PubMed]

Russell, A.J.; Fincher, E.F; Millman, L.; Smith, R.; Vela, V.; Waterman, E.A.; Dey, C.N.; Guide, S.; Weaver, V.M.;
Marinkovich, M.P. 6334 integrin regulates keratinocyte chemotaxis through differential GTPase activation
and antagonism of «331 integrin. J. Cell Sci. 2003, 116, 3543-3556. [CrossRef] [PubMed]

Kariya, Y.; Tsubota, Y.; Hirosaki, T.; Mizushima, H.; Puzon-McLaughlin, W.; Takada, Y.; Miyazaki, K.
Differential regulation of cellular adhesion and migration by recombinant laminin-5 forms with partial
deletion or mutation within the G3 domain of &3 chain. J. Cell Biochem. 2003, 88, 506-520. [CrossRef]
[PubMed]

Hogervorst, F.; Kuikman, I.; von dem Borne, A E.; Sonnenberg, A. Cloning and sequence analysis of (34
cDNA: An integrin subunit that contains a unique 118 kd cytoplasmic domain. EMBO J. 1990, 9, 765-770.
[PubMed]

Murgia, C.; Blaikie, P.; Kim, N.; Dans, M.; Petrie, H.T.; Giancotti, EG. Cell cycle and adhesion defects in mice
carrying a targeted deletion of the integrin 34 cytoplasmic domain. EMBO ]. 1998, 17, 3940-3951. [CrossRef]
[PubMed]

Mainiero, E; Pepe, A.; Yeon, M.; Ren, Y.; Giancotti, EG. The intracellular functions of «634 integrin are
regulated by EGF. J. Cell Biol. 1996, 134, 241-253. [CrossRef] [PubMed]

Rabinovitz, I.; Tsomo, L.; Mercurio, A.M. Protein kinase C-« phosphorylation of specific serines in the
connecting segment of the 34 integrin regulates the dynamics of type Il hemidesmosomes. Mol. Cell Biol.
2004, 24, 4351-4360. [CrossRef] [PubMed]

Falcioni, R.; Kennel, S.J.; Giacomini, P.; Zupi, G.; Sacchi, A. Expression of tumor antigen correlated with
metastatic potential of Lewis lung carcinoma and B16 melanoma clones in mice. Cancer Res. 1986, 46,
5772-5778. [PubMed]

Kimmel, K.A.; Carey, T.E. Altered expression in squamous carcinoma cells of an orientation restricted
epithelial antigen detected by monoclonal antibody A9. Cancer Res. 1986, 46, 3614-3623. [PubMed]

Savoia, P,; Trusolino, L.; Pepino, E.; Cremona, O.; Marchisio, P.C. Expression and topography of integrins
and basement membrane proteins in epidermal carcinomas: Basal but not squamous cell carcinomas display
loss of a634 and BM-600/nicein. J. Investig. Dermatol. 1993, 101, 352-358. [CrossRef] [PubMed]

Mariani Costantini, R.; Falcioni, R.; Battista, P.; Zupi, G.; Kennel, S.J.; Colasante, A.; Venturo, I.; Curio, C.G.;
Sacchi, A. Integrin (alph 6/beta 4) expression in human lung cancer as monitored by specific monoclonal
antibodies. Cancer Res. 1990, 50, 6107-6112. [PubMed]

Wolf, G.T.; Carey, T.E.; Schmaltz, S.P.; McClatchey, K.D.; Poore, J.; Glaser, L.; Hayashida, D.J.; Hsu, S. Altered
antigen expression predicts outcome in squamous cell carcinoma of the head and neck. J. Natl. Cancer Inst.
1990, 82, 1566—1572. [CrossRef] [PubMed]

Carico, E.; French, D.; Bucci, B.; Falcioni, R.; Vecchione, A.; Mariani-Costantini, R. Integrin 34 expression in
the neoplastic progression of cervical epithelium. Gynecol. Oncol. 1993, 49, 61-66. [CrossRef] [PubMed]
Stewart, R.L.; O’Connor, K.L. Clinical significance of the integrin «634 in human malignancies. Lab. Investig.
2015, 95, 976-986. [CrossRef] [PubMed]

Dajee, M.; Lazarov, M.; Zhang, ].Y.; Cai, T.; Green, C.L.; Russell, A.J.; Marinkovich, M.P; Tao, S.; Lin, Q.;
Kubo, Y.; et al. NF-«B blockade and oncogenic Ras trigger invasive human epidermal neoplasia. Nature 2003,
421, 639-643. [CrossRef] [PubMed]

Kariya, Y.; Miyazaki, K. The basement membrane protein laminin-5 acts as a soluble cell motility factor. Exp.
Cell Res. 2004, 297, 508-520. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/1523-1747.ep12296240
http://www.ncbi.nlm.nih.gov/pubmed/9182827
http://dx.doi.org/10.1016/j.det.2009.10.001
http://www.ncbi.nlm.nih.gov/pubmed/19945611
http://dx.doi.org/10.1086/302116
http://www.ncbi.nlm.nih.gov/pubmed/9792864
http://dx.doi.org/10.1242/jcs.00663
http://www.ncbi.nlm.nih.gov/pubmed/12865436
http://dx.doi.org/10.1002/jcb.10350
http://www.ncbi.nlm.nih.gov/pubmed/12532327
http://www.ncbi.nlm.nih.gov/pubmed/2311578
http://dx.doi.org/10.1093/emboj/17.14.3940
http://www.ncbi.nlm.nih.gov/pubmed/9670011
http://dx.doi.org/10.1083/jcb.134.1.241
http://www.ncbi.nlm.nih.gov/pubmed/8698818
http://dx.doi.org/10.1128/MCB.24.10.4351-4360.2004
http://www.ncbi.nlm.nih.gov/pubmed/15121854
http://www.ncbi.nlm.nih.gov/pubmed/3756921
http://www.ncbi.nlm.nih.gov/pubmed/3708592
http://dx.doi.org/10.1111/1523-1747.ep12365531
http://www.ncbi.nlm.nih.gov/pubmed/8370973
http://www.ncbi.nlm.nih.gov/pubmed/2393872
http://dx.doi.org/10.1093/jnci/82.19.1566
http://www.ncbi.nlm.nih.gov/pubmed/2119437
http://dx.doi.org/10.1006/gyno.1993.1087
http://www.ncbi.nlm.nih.gov/pubmed/7683305
http://dx.doi.org/10.1038/labinvest.2015.82
http://www.ncbi.nlm.nih.gov/pubmed/26121317
http://dx.doi.org/10.1038/nature01283
http://www.ncbi.nlm.nih.gov/pubmed/12571598
http://dx.doi.org/10.1016/j.yexcr.2004.03.044
http://www.ncbi.nlm.nih.gov/pubmed/15212952

Cancers 2017, 9, 79 8 of 10

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Nikolopoulos, S.N.; Blaikie, P.; Yoshioka, T.; Guo, W.; Puri, C.; Tacchetti, C.; Giancotti, F.G. Targeted deletion
of the integrin 4 signaling domain suppresses laminin-5-dependent nuclear entry of mitogen-activated
protein kinases and NF-«kB, causing defects in epidermal growth and migration. Mol. Cell Biol. 2005, 25,
6090-6102. [CrossRef] [PubMed]

Shaw, L.M.; Rabinovitz, I.; Wang, H.H.; Toker, A.; Mercurio, A.M. Activation of phosphoinositide 3-OH
kinase by the a6[34 integrin promotes carcinoma invasion. Cell 1997, 91, 949-960. [CrossRef]

Mainiero, F.; Murgia, C.; Wary, K.K.; Curatola, A.M.; Pepe, A.; Blumemberg, M.; Westwick, ].K.; Der, C.J.;
Giancotti, EG. The coupling of a64 integrin to Ras-MAP kinase pathways mediated by Shc controls
keratinocyte proliferation. EMBO J. 1997, 16, 2365-2375. [CrossRef] [PubMed]

Kariya, Y.; Kariya, Y.; Gu, J. Roles of laminin-332 and «634 integrin in tumor progression. Mini Rev. Med.
Chem. 2009, 9, 1284-1291. [CrossRef] [PubMed]

Shaw, L.M. Identification of insulin receptor substrate 1 (IRS-1) and IRS-2 as signaling intermediates in the
a634 integrin-dependent activation of phosphoinositide 3-OH kinase and promotion of invasion. Mol. Cell
Biol. 2001, 21, 5082-5093. [CrossRef] [PubMed]

Sacchi, A.; Falcioni, R.; Piaggio, G.; Gianfelice, M.A.; Perrotti, N.; Kennel, S.J. Ligand-induced
phosphorylation of a murine tumor surface protein (TSP-180) associated with metastatic phenotype. Cancer
Res. 1989, 49, 2615-2620. [PubMed]

Trusolino, L.; Bertotti, A.; Comoglio, PM. A signaling adapter function for «634 integrin in the control of
HGEF-dependent invasive growth. Cell 2001, 107, 643-654. [CrossRef]

Bertotti, A.; Comoglio, PM.; Trusolino, L. 34 integrin activates a Shp2-Src signaling pathway that sustains
HGF-induced anchorage-independent growth. J. Cell Biol. 2006, 175, 993-1003. [CrossRef] [PubMed]

Dans, M.; Gagnoux-Palacios, L.; Blaikie, P,; Klein, S.; Mariotti, A.; Giancotti, EG. Tyrosine phosphorylation
of the 4 integrin cytoplasmic domain mediates Shc signaling to extracellular signal-regulated kinase and
antagonizes formation of hemidesmosomes. |. Biol. Chem. 2001, 276, 1494-1502. [CrossRef] [PubMed]
Alosnso-Garcia, N.; Garcia-Rubio, I.; Manso, J.A.; Buey, RM.; Urien, H.; Sonnenberg, A.; Jeschke, G.; de
Pereda, ].M. Combination of X-ray crystallography, SAXS and DEER to obtain the structure of the FnlII-3,4
domains of integrin a6B4. Acta Crystallogr. D Biol. Crystallogr. 2015, 71, 969-985. [CrossRef] [PubMed]
Ramovs, V.; Molder, L.T.; Sonnenberg, A. The opposing roles of laminin-binding integrins in cancer. Matrix
Biol. 2017, 57-58, 213-243. [CrossRef] [PubMed]

Rabinovitz, I.; Toker, A.; Mercurio, A.M. Protein kinase C-dependent mobilization of the «634 integrin from
hemidesmosomes and its association with actin-rich cell protrusions drive the chemotactic migration of
carcinoma cells. J. Cell Biol. 1999, 146, 1147-1160. [CrossRef] [PubMed]

Kashyap, T.; Germain, E.; Roche, M.; Lyle, S.; Rabinovitz, I. Role of 34 integrin phosphorylation in human
invasive squamous cell carcinoma: Regulation of hemidesmosome stability modulates cell migration. Lab.
Investig. 2011, 91, 1414-1426. [CrossRef] [PubMed]

Wilhelmsen, K.; Litjens, S.H.; Kuikman, I.; Margadant, C.; van Rheenen, J.; Sonnenberg, A. Serine
phosphorylation of the integrin 34 subunit is necessary for epidermal growth factor receptor induced
hemidesmosome disruption. Mol. Biol. Cell 2007, 18, 3512-3522. [CrossRef] [PubMed]

Frijns, E.; Kuikman, I; Litjens, S.; Raspe, M.; Jalink, K.; Ports, M.; Wilhelmsen, K.; Sonnenberg, A.
Phosphorylation of threonine 1736 in the C-terminal tail of integrin 4 contributes to hemidesmosome
disassembly. Mol. Biol. Cell 2012, 23, 1475-1485. [CrossRef] [PubMed]

Mariotti, A.; Kedeshian, P.A.; Dans, M.; Curatola, A.M.; Gagnoux-Palacios, L.; Giancotti, FG. EGF-R
signaling through Fyn kinase disrupts the function of integrin «634 at hemidesmosomes: Role in epithelial
cell migration and carcinoma invasion. J. Cell Biol. 2001, 155, 447-458. [CrossRef] [PubMed]

Guo, W,; Pylayeva, Y.; Pepe, A.; Yoshioka, T.; Muller, W.J.; Inghirami, G.; Giancotti, EG. 34 integrin amplifies
ErbB2 signaling to promote mammary tumorigenesis. Cell 2006, 126, 489-502. [CrossRef] [PubMed]
Kalluri, R.; Weinberg, R.A. The basics of epithelial-mesenchymal transition. J. Clin. Investig. 2009, 119,
1420-1428. [CrossRef] [PubMed]

Shibue, T.; Weinberg, R.A. EMT, CSCs, and drug resistance: The mechanistic link and clinical implications.
Nat. Rev. Clin. Oncol. 2017. [CrossRef] [PubMed]


http://dx.doi.org/10.1128/MCB.25.14.6090-6102.2005
http://www.ncbi.nlm.nih.gov/pubmed/15988021
http://dx.doi.org/10.1016/S0092-8674(00)80486-9
http://dx.doi.org/10.1093/emboj/16.9.2365
http://www.ncbi.nlm.nih.gov/pubmed/9171350
http://dx.doi.org/10.2174/138955709789878114
http://www.ncbi.nlm.nih.gov/pubmed/19929806
http://dx.doi.org/10.1128/MCB.21.15.5082-5093.2001
http://www.ncbi.nlm.nih.gov/pubmed/11438664
http://www.ncbi.nlm.nih.gov/pubmed/2713845
http://dx.doi.org/10.1016/S0092-8674(01)00567-0
http://dx.doi.org/10.1083/jcb.200605114
http://www.ncbi.nlm.nih.gov/pubmed/17158954
http://dx.doi.org/10.1074/jbc.M008663200
http://www.ncbi.nlm.nih.gov/pubmed/11044453
http://dx.doi.org/10.1107/S1399004715002485
http://www.ncbi.nlm.nih.gov/pubmed/25849406
http://dx.doi.org/10.1016/j.matbio.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27562932
http://dx.doi.org/10.1083/jcb.146.5.1147
http://www.ncbi.nlm.nih.gov/pubmed/10477766
http://dx.doi.org/10.1038/labinvest.2011.104
http://www.ncbi.nlm.nih.gov/pubmed/21769085
http://dx.doi.org/10.1091/mbc.E07-04-0306
http://www.ncbi.nlm.nih.gov/pubmed/17615294
http://dx.doi.org/10.1091/mbc.E11-11-0957
http://www.ncbi.nlm.nih.gov/pubmed/22357621
http://dx.doi.org/10.1083/jcb.200105017
http://www.ncbi.nlm.nih.gov/pubmed/11684709
http://dx.doi.org/10.1016/j.cell.2006.05.047
http://www.ncbi.nlm.nih.gov/pubmed/16901783
http://dx.doi.org/10.1172/JCI39104
http://www.ncbi.nlm.nih.gov/pubmed/19487818
http://dx.doi.org/10.1038/nrclinonc.2017.44
http://www.ncbi.nlm.nih.gov/pubmed/28397828

Cancers 2017, 9, 79 90f 10

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Masugi, Y.; Yamazaki, K.; Emoto, K.; Effendi, K.; Tsujikawa, H.; Kitago, M.; Itano, O.; Kitagawa, Y,;
Sakamoto, M. Upregulation of integrin 4 promotes epithelial-mesenchymal transition and is a novel
prognostic marker in pancreatic ductal adenocarcinoma. Lab. Investig. 2015, 95, 308-319. [CrossRef]
[PubMed]

Li, X.L.; Liu, L,; Li, D.D,; He, Y.P,; Guo, L.H.; Sun, L.P; Liu, L.N.; Xu, H.X.; Zhang, X.P. Integrin 34
promotes cell invasion and epithelial-mesenchymal transition through the modulation of Slug expression in
hepatocellular carcinoma. Sci. Rep. 2017, 7, 40464. [CrossRef] [PubMed]

Bierie, B.; Pierce, S.E.; Kroeger, C.; Stover, D.G.; Pattabiraman, D.R.; Thiru, P.; Liu Donaher, J.; Reinhardt, F.;
Chaffer, C.L.; Keckesova, Z.; et al. Integrin (34 identifies cancer stem cell-enriched populations of partially
mesenchymal carcinoma cells. Proc. Natl. Acad. Sci. USA 2017, 114, E2337-E2346. [CrossRef] [PubMed]
Drake, ]. M.; Barnes, ].M.; Madsen, ].M.; Domann, FE.; Stipp, C.S.; Henry, M.D. ZEB1 coordinately regulates
laminin-332 and (34 integrin expression altering the invasive phenotype of prostate cancer cells. J. Biol. Chem.
2010, 285, 33940-33948. [CrossRef] [PubMed]

Soung, Y.H.; Nguyen, T.; Cao, H.; Lee, J.; Chung, ]. Emerging roles of exosomes in cancer invasion and
metastasis. BMB Rep. 2016, 49, 18-25. [CrossRef] [PubMed]

Hoshino, A.; Costa-Silva, B.; Shen, T.L.; Rodrigues, G.; Hashimoto, A.; Tesic Mark, M.; Molina, H.; Kohsaka, S.;
Di Giannatale, A.; Ceder, S.; et al. Tumour exosome integrins determine organotropic metastasis. Nature
2015, 527, 329-335. [CrossRef] [PubMed]

Tamura, R.N.; Rozzo, C.; Starr, L.; Chambers, J.; Reichardt, L.E.; Cooper, H.M.; Quaranta, V. Epithelial
integrin «634: Complete primary structure of o6 and variant forms of 34. J. Cell Biol. 1990, 111, 1593-1604.
[CrossRef] [PubMed]

Kariya, Y.; Gu, J. N-glycosylation of 34 integrin controls the adhesion and motility of keratinocytes. PLoS
ONE 2011, 6, €27084. [CrossRef] [PubMed]

Isaji, T.; Sato, Y.; Zhao, Y.; Miyoshi, E.; Wada, Y.; Taniguchi, N.; Gu, J. N-glycosylation of the beta-propeller
domain of the integrin &5 subunit is essential for «5p1 heterodimerization, expression on the cell surface,
and its biological function. J. Biol. Chem. 2006, 281, 33258-33267. [CrossRef] [PubMed]

Dennis, J.W.; Laferte, S. Oncodevelopmental expression of—GlcNAc beta 1-6Man alpha 1-6Man beta
1—Branched asparagine-linked oligosaccharides in murine tissues and human breast carcinomas. Cancer
Res. 1989, 49, 945-950. [PubMed]

Gu, J; Isaji, T.; Sato, Y.; Kariya, Y.; Fukuda, T. Importance of N-glycosylation on 531 integrin for its
biological functions. Biol. Pharm. Bull. 2009, 32, 780-785. [CrossRef] [PubMed]

Granovsky, M; Fata, J.; Pawling, J.; Muller, W.].; Khokha, R.; Dennis, ].W. Suppression of tumor growth and
metastasis in Mgat5-deficient mice. Nat. Med. 2000, 6, 306-312. [PubMed]

Zhao, Y.; Nakagawa, T, Itoh, S.; Inamori, K, Isaji, T, Kariya, Y,; Kondo, A.; Miyoshi, E,;
Miyazaki, K.; Kawasaki, N.; et al. N-acetylglucosaminyltransferase IIl antagonizes the effect of
N-acetylglucosaminyltransferase V on «3f1 integrin-mediated cell migration. J. Biol. Chem. 2006, 281,
32122-32130. [CrossRef] [PubMed]

Kariya, Y.; Kato, R.; Itoh, S.; Fukuda, T.; Shibukawa, Y.; Sanzen, N.; Sekiguchi, K.; Wada, Y.; Kawasaki, N.;
Gu, J. N-Glycosylation of laminin-332 regulates its biological functions: A novel function of the bisecting
GIcNAc. J. Biol. Chem. 2008, 283, 33036-33045. [CrossRef] [PubMed]

Guo, H.B; Lee, I; Kamar, M.; Akiyama, S.K.; Pierce, M. Aberrant N-glycosylation of 31 integrin causes
reduced 531 integrin clustering and stimulates cell migration. Cancer Res. 2002, 62, 6837-6845. [PubMed]
Takenaka, Y.; Fukumori, T.; Raz, A. Galectin-3 and metastasis. Glycoconj. J. 2004, 19, 543-549. [CrossRef]
[PubMed]

Liu, ET,; Rabinovich, G.A. Galectins as modulators of tumour progression. Nat. Rev. Cancer 2005, 5, 29-41.
[CrossRef] [PubMed]

Huang, B, Wu, Q.; Ge, Y,; Zhang, J.; Sun, L.; Zhang, Y.; Fu, L.; Fan, J.; Wang, Z. Expression of
N-acetylglucosaminyltransferase V in gastric cancer correlates with metastasis and prognosis. Int. J. Oncol.
2014, 44, 849-857. [PubMed]

Kariya, Y.; Kawamura, C.; Tabei, T.; Gu, J. Bisecting GIcNAc residues on laminin-332 downregulate
galectin-3-dependent keratinocyte motility. J. Biol. Chem. 2010, 285, 3330-3340. [CrossRef] [PubMed]
Brockhausen, I. Mucin-type O-glycans in human colon and breast cancer: Glycodynamics and functions.
EMBO Rep. 2006, 7, 599-604. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/labinvest.2014.166
http://www.ncbi.nlm.nih.gov/pubmed/25599535
http://dx.doi.org/10.1038/srep40464
http://www.ncbi.nlm.nih.gov/pubmed/28084395
http://dx.doi.org/10.1073/pnas.1618298114
http://www.ncbi.nlm.nih.gov/pubmed/28270621
http://dx.doi.org/10.1074/jbc.M110.136044
http://www.ncbi.nlm.nih.gov/pubmed/20729552
http://dx.doi.org/10.5483/BMBRep.2016.49.1.239
http://www.ncbi.nlm.nih.gov/pubmed/26592936
http://dx.doi.org/10.1038/nature15756
http://www.ncbi.nlm.nih.gov/pubmed/26524530
http://dx.doi.org/10.1083/jcb.111.4.1593
http://www.ncbi.nlm.nih.gov/pubmed/1976638
http://dx.doi.org/10.1371/journal.pone.0027084
http://www.ncbi.nlm.nih.gov/pubmed/22073258
http://dx.doi.org/10.1074/jbc.M607771200
http://www.ncbi.nlm.nih.gov/pubmed/16959765
http://www.ncbi.nlm.nih.gov/pubmed/2521456
http://dx.doi.org/10.1248/bpb.32.780
http://www.ncbi.nlm.nih.gov/pubmed/19420742
http://www.ncbi.nlm.nih.gov/pubmed/10700233
http://dx.doi.org/10.1074/jbc.M607274200
http://www.ncbi.nlm.nih.gov/pubmed/16940045
http://dx.doi.org/10.1074/jbc.M804526200
http://www.ncbi.nlm.nih.gov/pubmed/18812317
http://www.ncbi.nlm.nih.gov/pubmed/12460896
http://dx.doi.org/10.1023/B:GLYC.0000014084.01324.15
http://www.ncbi.nlm.nih.gov/pubmed/14758078
http://dx.doi.org/10.1038/nrc1527
http://www.ncbi.nlm.nih.gov/pubmed/15630413
http://www.ncbi.nlm.nih.gov/pubmed/24399258
http://dx.doi.org/10.1074/jbc.M109.038836
http://www.ncbi.nlm.nih.gov/pubmed/19940114
http://dx.doi.org/10.1038/sj.embor.7400705
http://www.ncbi.nlm.nih.gov/pubmed/16741504

Cancers 2017, 9, 79 10 of 10

68.

69.

70.

71.

72.

Uemura, T.; Shiozaki, K.; Yamaguchi, K.; Miyazaki, S.; Satomi, S.; Kato, K.; Sakuraba, H.; Miyagi, T.
Contribution of sialidase NEU1 to suppression of metastasis of human colon cancer cells through
desialylation of integrin 34. Oncogene 2009, 28, 1218-1229. [CrossRef] [PubMed]

Du, J.; Hong, S.; Dong, L.; Cheng, B.; Lin, L.; Zhao, B.; Chen, Y.G.; Chen, X. Dynamic Sialylation in
Transforming Growth Factor-f3 (TGF-f3)-induced Epithelial to Mesenchymal Transition. J. Biol. Chem. 2015,
290, 12000-12013. [CrossRef] [PubMed]

Wilhelmsen, K.; Litjens, S.H.; Sonnenberg, A. Multiple functions of the integrin a6p4 in epidermal
homeostasis and tumorigenesis. Mol. Cell Biol. 2006, 26, 2877-2886. [CrossRef] [PubMed]

Koster, ].; Geerts, D.; Favre, B.; Borradori, L.; Sonnenberg, A. Analysis of the interactions between BP180,
BP230, plectin and the integrin «a634 important for hemidesmosome assembly. J. Cell Sci. 2003, 116, 387-399.
[CrossRef] [PubMed]

Schaapveld, R.Q.; Borradori, L.; Geerts, D.; van Leusden, M.R.; Kuikman, I.; Nievers, M.G.; Niessen, C.M.;
Steenbergen, R.D.; Snijders, PJ.; Sonnenberg, A. Hemidesmosome formation is initiated by the 34 integrin
subunit, requires complex formation of 34 and HD1/plectin, and involves a direct interaction between 34
and the bullous pemphigoid antigen 180. ]. Cell Biol. 1998, 142, 271-284. [CrossRef] [PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/onc.2008.471
http://www.ncbi.nlm.nih.gov/pubmed/19151752
http://dx.doi.org/10.1074/jbc.M115.636969
http://www.ncbi.nlm.nih.gov/pubmed/25809486
http://dx.doi.org/10.1128/MCB.26.8.2877-2886.2006
http://www.ncbi.nlm.nih.gov/pubmed/16581764
http://dx.doi.org/10.1242/jcs.00241
http://www.ncbi.nlm.nih.gov/pubmed/12482924
http://dx.doi.org/10.1083/jcb.142.1.271
http://www.ncbi.nlm.nih.gov/pubmed/9660880
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Structure and Functions of Integrin 64 
	Integrin 64 in Cancer 
	Roles of Glycans in Integrin 4 Function 
	Conclusions and Perspective 

