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Abstract
For many years, extracellular matrix (ECM) was considered to function as a tissue support and
filler. However, we now know that ECM proteins control many cellular events through their
interaction with cell-surface receptors and cytoplasmic signaling pathways. For example, they
regulate cell proliferation, cell division, cell adhesion, cell migration, and apoptosis. We focus in
this review on a laminin isoform, laminin-332 (formerly termed laminin-5), a major component of
the basement membrane (BM) of skin and other epithelial tissues. It is composed of 3 subunits
(α3, β3, and γ2) and interacts with at least two integrin receptors expressed by epithelial cells
(α3β1 and α6β4 integrin). Mutations in either laminin-332 or integrin α6β4 result in junctional
epidermolysis bullosa, a blistering skin disease, while targeting of laminin-332 by autoantibodies
in cicatricial pemphigoid leads to dysadhesion of epithelial cells from their underlying connective
tissue. Abnormal expression of laminin-332 and its integrin receptors is also a hallmark of certain
tumor types and is believed to promote invasion of colon, breast and skin cancer cells. Moreover,
there is emerging evidence that laminin-332 and its protease degradation products are not only
found at the leading front of several tumors but also likely induce and/or promote tumor cell
migration. Thus, in this review, we focus specifically on the role of laminin-332 and its integrin
receptors in adhesion, proliferation, and migration/invasion of cancer cells. Finally, we discuss
strategies for the development of laminin-332-based antagonists for the treatment of malignant
tumors.
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INTRODUCTION
Cancer is one of the leading causes of death in developed countries [1]. Therefore,
considerable research effort has focused on developing new therapeutic regimens for cancer
patients and on improving methods to diagnose cancer so that tumors can be treated as early
as possible. One obvious target is the extracellular matrix (ECM).
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In normal tissue, cell attachment to the extracellular matrix maintains tissue integrity.
However, in tumor tissue, cancer cells infiltrate into the connective tissue (infiltration/
invasion), migrate, and enter the blood or lymphatic circulation. Subsequently, they attach to
endothelial cells located distant from the original tissue, penetrate through the endothelial
cell layer, and then infiltrate new sites: at these new sites, they proliferate and form
secondary tumors [2]. In addition, angiogenesis occurs around primary and secondary
tumors to nourish the tumors [2]. The ECM is not merely a bystander in the above processes
but is an active participant. Both full length matrix proteins and their proteolytic fragments
promote survival, adhesion, migration and proliferation of tumor and endothelial cells [3–6].
Thus, understanding tumor cell-ECM interactions and the mechanisms via which ECM and
ECM receptors regulate cancer progression is critical to the development of therapies that
target cancer progression.

The ECM of normal and diseased tissues is a complex of various molecules. These include
various collagens, elastin, fibronectin, laminin, fibulin, perlecan, entactin, and nidogen [7].
Among these, laminin is a glycoprotein produced mainly by epithelial cells and endothelial
cells. Laminins are composed of 3 subunits, namely α,β, and γ with each laminin isoform
being named based on its component subunits [6]. For instance, laminin-111 (formerly,
laminin-1) is composed of α1, β1, and γ1 subunits and laminin-332 (formerly, laminin-5),
the subject of this review, consists of α3, β3, and γ2 subunits [8]. Laminin-332 has also been
termed kalinin, epiligrin, ladsin, BM600 and nicein [9–12].

The aim of this article is to provide an overview of what we currently know about epithelial-
ECM interaction mediated by laminin-332 and its receptors in normal and diseased tissues,
with an emphasis on the functional role laminin-332 plays in the dissemination of tumor
cells. We conclude with a discussion of therapeutic strategies for cancer treatment using
various laminin-332 antagonists. We emphasize that it is not our goal to provide a
comprehensive review of the expression and regulation of laminin-332 in various cancers.
We direct you to several recent reviews that provide a detailed account of the association of
laminin-332 with cancer [13,14].

SECTION 1: STRUCTURE OF LAMININ-332, INTERACTIONS OF ITS
SUBUNITS AND ASSEMBLY OF MATRIX ADHESIVE COMPLEXES

All laminin isoforms are high-molecular-weight trimeric glycoproteins that assemble into
cross-like structures (Fig. 1A) [2,6]. Thus far, there are 5 α subunits, 3 β subunits and 3 γ
subunits that associate in different combination into at least 15 laminin isoforms [6,15].
These laminin isoforms show distinct tissue distributions and their expression often is
precisely regulated during development.

Unlike some other laminins, laminin-332 is specifically and extensively degraded by
proteases either following secretion or as a consequence of tissue remodeling (Fig. 1B).
Specifically, the 200-kD laminin α3 chain is cleaved to a 165-kD subunit via the action of
bone morphogenic protein (BMP)-1 or serine proteases, while the 155-kD precursor of the
γ2 chain is cleaved to a 105-kD subunit via the action of membrane type 1-matrix
metalloproteinase (MT1-MMP), MMP-2 or BMP-1 [16,17]. During tissue remodeling, the
γ2 subunit is further proteolyzed by MMP-2 to an 80 kD species [18]. The β3 laminin chain
has also recently been found to be processed by the action of matrix metalloproteinase-7
(MMP-7, matrilysin-1) or membrane type1 (MT1)-MMP in several cell lines [19,20]. The
proteolytic cleavage of the subunits of laminin-332 is biologically important and likely alters
its interaction not only with cell-surface receptors but also with other ECM molecules [21].
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Each laminin subunit has a number of distinct functional domains via which they assemble
into the trimeric molecule, bind to other ECM molecules and/or interact with cell surface
receptors (Fig. 1A). For example, the globular (G) domain at the carboxy-terminal of the
laminin α chain interacts with cell-surface receptors such as integrin, syndecan, and α-
dystroglycan [13,22–24]. In regard to the α3 laminin subunit, its G domain interacts with
two integrins (α3β1 and α64 integrin) and syndecan [25,26].

In the BM of normal skin it is believed that the β3 laminin subunit interacts with other
laminins [9]. Moreover, the β3 laminin subunit binds to the amino-terminal noncollagenous
(NC) 1 domain of type VII collagen [27]. Both of these interactions likely strengthen
attachment of keratinocytes to the connective tissue. This notion is supported by the finding
that mutations in the gene encoding the β3 laminin subunit cause generalized atrophic
benign epidermolysis bullosa [28].

Complexes composed of laminin-332 and α3β1 integrin are assembled by actively migrating
cells and likely exist in focal contact adhesive structures, which are not only dynamic
attachments but also mediate cell movement (Fig. 2) [29]. In contrast, laminin-332/α6β4
integrin complexes nucleate the assembly of hemidesmosomes in stratified squamous
epithelial tissues and in some glands whereas in simple epithelial cells such as those that line
the gut the same complex assembles into a variant of the hemidesmosome (a “type II
hemidesmosome”) (Fig. 2) [30,31]. Hemidesmosomes are considered to mediate more stable
anchorage of cells to their ECM than focal contacts [32,33]. They also differ structurally in
that the hemidesmosome tethers the keratin intermediate filament cytoskeleton to the cell
surface while in focal contacts α3β1 and other integrins anchor the actin cytoskeleton
[32,33].

SECTION 2: INVOLVEMENT OF LAMININ-332 IN CANCER DEVELOPMENT
Cancer is a malignant transformation of epithelial cells. The ECM of the BM acts as a
barrier for cancer cell infiltration but ECM molecules are also co-opted by cancer cells as
they invade and migrate from an initial tumor [2,13].

Cancer development can be divided into the following 7 stages: mutation of normal cells,
cancer cell proliferation, infiltration/invasion, migration, metastasis, angiogenesis, and
additional cell proliferation in the metastatic lesion [2]. Laminin-332 is associated with each
of these stages. We have divided the subsequent sections into 6 parts: (1) changes in
laminin-332 expression in cancer, (2) proteolytic cleavage of laminin-332 and its relation to
cancer, (3) laminin-332 signal transduction in cancer, (4) interaction of laminin-332 and its
receptors with other molecules in cancer development, (5) growth factor and tumor promoter
regulation of laminin-332 expression and potential role in cancer development, and (6) role
of laminin-332 in cancer angiogenesis.

SECTION 2, PART 1: CHANGES IN LAMININ-332 EXPRESSION IN CANCER
The expression of laminin-332 has been reported to be altered at the transcriptional,
translational, and posttranslational levels in cancer [34,35]. Methylation of the laminin α3
chain mRNA (LAMA3) promoter or silencing of the genes encoding laminin-332 subunits
(α3,β3,γ2) correlates well with tumor stage or breast cancer size [34]. In addition, genetic
inactivation through the methylation of the genes encoding laminin-332 subunits has been
reported in lung and bladder cancer [35,36]. Moreover, in colon cancer, the laminin γ2
subunit mRNA (LAMC2) promoter has been observed to be activated by transforming
growth factor β1 or hepatocyte growth factor (HGF), leading to overexpression of the
laminin γ2 subunit protein [37]. Upregulation of expression of laminin-332 in cancer is also
controled by a number of other molecules. In colorectal carcinoma, an upregulation of β-
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catenin induces not only an increase in the expression of MT1-MMP but also activates
laminin γ2 subunit gene expression through T-cell factor binding elements and HGF,
resulting in an enhancement of tumor development and cancer cell invasion [38,39].

At the protein level there are data indicating that laminin-332 is both up- and down-
regulated in cancer. Elevated expression of laminin-332 in cancer is considered a poor
diagnostic factor and has been related to tumor invasiveness in the cervical cancer,
pancreatic carcinoma, hypopharyngeal cancer, urinary bladder urothelial cancer, small-sized
lung adenocarcinoma, malignant glioma, gastric cancer, squamous cell carcinoma (SCC) of
the tongue, colorectal adenoma and hepatocellular carcinoma [40–47].

The precise patterns of localization of subunits of laminin-332 and their proteolytic
fragments have also been studied in various cancers. For example, in colon carcinoma,
urinary bladder carcinoma, colorectal carcinoma, SCC of the oral cavity, tongue, skin,
kidney, prostate, lung, vagina, hand and neck, gastric carcinoma, alveolar carcinoma, breast
cancer, splenic carcinoma, cervical adenocarcinoma, esophageal carcinoma, adenoid cystic
carcinoma, ductal tumor of the pancreas, glioma, clear cell carcinoma of the ovary, and
epidermoid anal cancer, cells or tissues adjacent to the tumor front express the laminin γ2
chain or its fragment [48–65]. The latter fragment is also known as the laminin γ2 short arm
(SA) and includes an epidermal growth factor (EGF)-like domain. The laminin γ2 fragment
is also found in circulating blood in cancer patients and has been reported to be a tumor
marker [66].

It should be noted that, contrary to the above, laminin-332 expression has been reported by a
number of groups to be down regulated in colorectal carcinoma, breast cancer, prostate
carcinoma, and oral SCC [61,67–72]. There are a number of explanations for this apparent
discrepancy. The most obvious is that investigators have used different laminin subunit
antibodies with distinct antigenic determinants which may or may not be masked in cancer
tissue specimens. Another is that laminin-332 antigens may show differential stability
depending on how tissue is preserved. Nonetheless, the general consensus in the field is that
in many cancers laminin-332 is upregulated and is often found at the migrating edge of
tumor cells.

SECTION 2, PART 2: PROTEOLYTIC CLEAVAGE OF LAMININ-332 AND ITS
RELATION TO CANCER

Cancer cells and the surrounding mesenchymal cells produce and secrete proteases, which
degrade ECM molecules [73,74]. Degradation of the ECM is a necessary prerequisite for the
dissemination of cancer cells. However, certain of the proteolytic fragments of ECM
proteins also have functions, independent of those of the intact matrix molecule. This is the
case with both fragments of the α3 and γ2 subunits of laminin-332 as we will discuss next.

Laminin-332 is subject to proteolysis, mediated by a number of distinct proteases (Fig. 1B).
For example, proteins of the astacin family, BMP-1, and its related enzyme, mammalian
tolloid (mTLD) have been reported to cleave both the laminin α3 and γ2 subunits of
laminin-332 [75]. Thus far, the precise biological role of the latter protease in cancer is
unclear although, interestingly, mTLD is the predominant astacin expressed in skin and
squamous cell carcinoma [75]. The serine protease plasmin, which is a product of
plasminogen degradation by tissue-type plasminogen activator (t-PA), not only binds the G
domain of the laminin α3 subunit but cleaves the molecule within the same domain,
resulting in a decrease in molecular weight from 190-kD to 160-kD [21,76]. The processing
site is a spacer region between G3 and G4 at the amino acids Gln(1337)-Asp(1338) [77].
The G4/G5 fragment that is released is believed to stimulate cell migration [25].
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Proteases belonging to the MMP family, zinc-dependent endoproteases, in particular
MMP-2 or MT1-MMP cleave the γ2 subunit of laminin-332 [17,18,78]. MT1-MMP directly,
or indirectly through MMP-2, is reported to cleave the laminin γ2 subunit into 100-, 85-,
27-, and 25-kD subunits. Among these products, the 27-kD fragment (γ2SA), mentioned
above, has been reported to stimulate the EGF receptor and thus can induce cancer cell
migration [79]. MMP-3, MMP-12, MMP-13, MMP-19, and MMP-20 have also been
reported to cleave the γ2 laminin subunit, and enhance epithelial cell migration [80,81].
With regard to the laminin β3 chain, MMP-7 (matrilysin) cleaves the laminin β3 chain into a
90-kD subunit at Ala(515)-Ile(516) [19,82]. This 90-kD product has been reported to
stimulate the migration of colon carcinoma cells [19]. Protease cleavage sites within the
subunits of laminin-332 are summarized in Table 1 [16–19,21,77,78,81,82].

SECTION 2, PART 3: LAMININ-332 SIGNAL TRANSDUCTION IN CANCER
Although the proteolytic fragments of the subunits of laminin-332 support tumor
dissemination, it is also clear that laminin-332 enhances cancer development by its impact
on various cell surface receptors and their associated signaling pathways (Fig. 3). In this
regard, the role of laminin-332-α3β1 integrin signaling in cancer cell migration has been the
most extensively investigated. However, there is also evidence that laminin-332-α6β4
integrin-mediated signaling also plays a role in cancer cell motility.

The enhanced invasiveness of pancreatic carcinoma, colorectal adenocarcinoma, head and
neck SCC, and melanoma cells is considered to be a result of enhanced laminin-332-α3β1
integrin signaling [83]. For example, laminin-332-α3β1 integrin binding leads to the
activation of the mitogen-activated protein (MAP) kinase pathway and may therefore
promote cancer cell proliferation [84]. In oral cancer cells, the activity of RhoA is
suppressed when cells adhere to laminin-332 via α3β1 integrin [85]. In addition, the
engagement of laminin-332 by α3β1 integrin interaction activates cdc42 and its effector the
serine threonine kinase PAK1 leading to an enhancement of cell motility [85]. Laminin-332-
α3β1 integrin signaling may also activate the FAK/Src/Rac1 pathway and the formation of
lamellipodia [86]. α3β1 integrin signaling is also involved in laminin-332 matrix assembly
by normal and tumor cells [87,88]. This appears to involve Rho-GTPases, stress fiber and
focal contact formation and is dependent on the protein T-lymphoma invasion and
metastasis 1 (Tiam1) [87,88].

As we have already mentioned, in normal cells laminin-332-α6β4 integrin interaction is at
the site of hemidesmosomes. However, in cancer cells, it is now believed that laminin-332-
α6β4 integrin interaction triggers a number of signaling cascades that promote both cell
migration and cancer cell survival. Laminin-332-α6β4 integrin association causes clustering
of receptor tyrosine kinases (RTKs), such as ErbB2, EGF receptor, and Met (a hepatocyte
growth factor receptor), thereby resulting in the phosphorylation of the cytoplasmic domain
of β4 integrin [89]. These events lead to a recruitment of the adaptor protein, Shc to the
β4cytoplasmic tail; this protein then undergoes phosphorylation and recruits the Grb2/Sos
complex, leading to activation of the Ras/Raf/MEK/Erk pathway or the Ras/Rac/JNK/c-Jun
pathway [90,91]. Moreover, Akt/PkB kinase and lipid kinase pathways have also been
reported to be activated following α6β4 integrin clustering by laminin-332 ligand [92,93]. In
keratinocytes, Rac1 signaling leads to MAP kinase and NF-κB activation resulting in cell
proliferation, differentiation, apoptosis, cytoskeletal reorganization and migration [94].

Recently, signaling mediated by α6β4 integrin has been shown to be involved in the
assembly of laminin-332 tracks which determine cell migration behavior. Sehgal et al.
showed that β4 integrin-deficient (JEB) keratinocytes display aberrant migration; they move
in circles, a behavior that mirrors the circular arrays of laminin-332 in their matrix [95]. In
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contrast, wild-type keratinocytes, and JEB keratinocytes induced to express β4 integrin,
assemble laminin-332 in linear tracks over which they migrate. Moreover, laminin-332-
dependent migration of JEB keratinocytes along linear tracks is restored when cells are
plated on wild-type keratinocyte matrix. The activities of Rac1 and the actin cytoskeleton-
severing protein cofilin are low in JEB keratinocytes compared with wild-type cells but are
rescued following expression of wild-type β4 integrin protein in JEB cells. Moreover, Rac1
or cofilin inactivation results in wild-type keratinocytes moving in circles over rings of
laminin-332 in their matrix. Recently, Kligys et al. have identified key components that
regulate the ability of β4 integrin to determine cofilin activation [96]. They analyzed how
cofilin phosphorylation is regulated by certain phosphatases, termed slingshots (SSH1-3),
downstream of signaling by α6β4 integrin/Rac1 in human keratinocytes. Moreover,
expression of phosphatase-dead versions of all three SSH proteins results in
phosphorylation/inactivation of cofilin, changes in actin cytoskeleton organization, loss of
cell polarity and assembly of aberrant arrays of laminin-332 in human keratinocytes. SSH
activity is regulated by 14-3-3 protein binding. Taken together these findings suggest novel
mechanisms in which α6β4 ̣integrin signaling via Rac1, 14-3-3 proteins and SSH family
members regulates cofilin activation, cell polarity and matrix assembly, leading to specific
epidermal cell migration behavior.

SECTION 2, PART 4: INTERACTION OF LAMININ-332 AND ITS RECEPTORS
WITH OTHER MOLECULES IN CANCER DEVELOPMENT

In cancer cells and tissues, laminin-332 is reported to interact with a number of other matrix
molecules. In oral SCC invasion, laminin-332 and tenascin-C co-deposition has been
detected [97,98]. Moreover, in poorly differentiated esophageal adenocarcinoma, the co-
expression of laminin-332 and tenascin-C has been reported [99]. Moreover, the down-
regulation of tenascin-C along with laminin-332 is greater in scirrhous hepatocellular
carcinoma (HCC) than in nonscirrhous HCC [100].

The coexpression of laminin-332 with type VII collagen indicates poor prognosis in
esophageal SCC [101]. Moreover, Ortiz-Urda et al. reported that a specific collagen VII
fragment including the NC1 domain promotes tumor cell invasion in a laminin-332-
dependent fashion in recessive dystrophic epidermolysis bullosa (RDEB) keratinocytes
[102]. This may partly explain the association of epidermal cancer with RDEB.

The activity of laminin-332 binding integrins is regulated by molecules called tetraspanins
in both normal and tumor cells. As their name suggests, tetraspanin molecules are
characterized by four transmembrane domains [103–106]. The tetraspanin CD151 interacts
with both integrins α3β1 and α6β4 and is believed to strengthen the cell attachment to ECM
molecules [107,108]. Moreover, CD151 modulates integrin-dependent signals, such as Ras,
or CDC42 [109,110]. Recently, Zijlstra et al. have reported that CD151 regulates the
dissemination of tumor cells in vivo [111]. This is consistent with a proposed role for CD151
in regulating cell migration [112].

SECTION 2, PART 5: GROWTH FACTOR AND TUMOR PROMOTER
REGULATION OF LAMININ-332 EXPRESSION AND POTENTIAL ROLE IN
CANCER DEVELOPMENT

The role of growth factors and tumor promoters in regulating laminin-332 synthesis remains
uncertain. Some workers have reported that epidermal growth factor, insulin-like growth
factor-1, interferon-γ and keratinocyte growth factor, transforming growth factor (TGF)-α
tumor necrosis factor (TNF)-α, TGF-β1 and TPA trigger an increase in laminin-332
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production by epithelial cells in vitro [52,113,114]. In contrast, others have presented
evidence that at least one of the above growth factors (TGF-β) induces a decrease in the
expression of laminin-332 [115]. Moreover, TGF-β1 causes dramatic changes in cellular
interactions of keratinocytes with laminin-332. It inhibits the interaction between
laminin-332 and α3β1 and α6β4 integrin by downregulating the surface expression of these
integrins [116]. In contrast, it promotes interaction of unprocessed laminin-332 in the matrix
of the TGF-β treated cells with heparin sulfate proteoglycan, thereby enhancing cell
migration [116], but the upregulation of the binding between unprocessed form of
laminin-332 (including G4/5) and heparin sulfate proteoglycan increases [116]. As regards
EGF, EGF receptor and the α6β4 integrin are often overexpressed in highly invasive SCCs
[117–119]. EGF treatment induces tyrosine phosphorylation of the cytoplasmic domain of
β4 integrin and disruption of hemidesmosomes [120]. Interestingly, recent data have
suggested that laminin-332 receptors work synergistically with growth factors in regulating
cancer cells. For example, the production of HGF by tumor cells coincides with an increase
in expression of Met [121]. This increase results in phosphorylation of the cytoplasmic tail
of β4 integrin, leading to an increase in migration and invasion of tumor cells [122]. Indeed,
at the surface α6β4 integrin interacts with a number of receptor tyrosine kinases including
EGF-R, ErbB2, Ron, as well as Met. When these kinases are stimulated, the β4 integrin tail
undergoes phosphorylation, thereby inducing not only disassembly of hemidesmosomes but
also an enhancement of cell motility [122–125].

SECTION 2, PART 6. ROLE OF LAMININ-332 IN CANCER ANGIOGENESIS
Although laminin-332 is best known as an epithelial BM component, it has also been
reported in the BM of blood vessels [126]. Its receptor α6β4 integrin has also been localized
to endothelial cells [127]. In fact, β4 integrin knockout mice have reduced angiogenesis in
skin wounds, suggesting the importance of β4 integrin-laminin-332 interaction in
angiogenesis [89]. In human gliomas, the expression of MMP2, MT1-MMP, the laminin γ2
chain, and angiopoietin-2 are associated with tumor angiogenesis [128]. Moroever, there is
an upregulation in expression of the γ2 subunit of laminin-332 during vasculogenesis in
melanoma [129].

FUTURE PERSPECTIVES: LAMININ-332 AND CANCER TREATMENT
As we have already discussed, in normal tissues laminin-332 acts to tether cells and inhibits
their movement by inducing assembly of stable adhesive devices called hemidesmosomes.
In a variety of tumors, laminin-332 functions in a completely different fashion by promoting
migration. The importance of laminin-332 in the development of a variety of cancers makes
it an attractive target for cancer therapeutics. However, laminin-332-based cancer therapies
are not without their problems since treatments of necessity must target tumor laminin-332
but not laminin-332 in normal tissues since the latter is essential for maintaining tissue
integrity. Based on this important caveat, we propose the following strategies to generate
potential laminin-332-based therapeutic agents; (1) develop and apply specific antagonists
that inhibit laminin-332 in tumors but not laminin-332 in normal tissue, (2) develop and
apply specific inhibitors of proteases that degrade laminin-332 in tumors but not normal
tissue, (3) develop signal transduction-oriented modifiers that promote stable interactions of
cells with laminin-332 while inhibiting cell migration on laminin-332, (4) develop
recombinant laminin-332 isoforms that promote robust cellular adhesion without promoting
cell motility, (5) develop molecules that enhance the production of endogeneous highly
adhesive laminin-332, and (6) develop molecules that enhance the degradation of
laminin-332 isoforms that promote cell migration.
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There are already promising results using some of the above approaches. Marinkovich and
his coworkers have recently demonstrated the utility of a laminin-332 antibody antagonist in
the treatment of SCC of the skin. These workers first showed that the G4/5 domain of
laminin-332 is expressed in most human SCCs. As we have already mentioned this domain
is absent in normal tissues. More important is the fact that, these same workers treated an
animal model of SCC with an antibody against the G4/5 domain. Remarkably, this antibody
treatment inhibits SCC tumor proliferation, increases tumor cell apoptosis, and inhibits
human SCC tumorigenesis. It does so without impacting normal tissue structure [130].

In addition to antibody antagonists, a number of groups have identified pharmaceutical
reagents and synthetic peptides that may be capable of inhibiting expression of laminin-332
or some of the biological functions of laminin-332 in tumors. For example, COL-3 is a
chemically modified tetracycline reported to inhibit expression of the laminin γ2 chain gene
in melanoma [131]. Moreover, certain peptides have the potential to perturb laminin-332-
induced signal transduction and laminin-332-induced cell migration. The synthetic D-amino
acid peptide HYD1 (KIKMVISWKG) reversibly inhibits cytoskeleton-dependent tumor cell
migration on laminin-332 [132] while peptides containing the tripeptide motif KLP, which is
homologous to laminin-332, have been demonstrated to inhibit the growth of peritoneal
tumors [133].

Future development of new reagents that inhibit the ability of laminin-332 to drive tumor
growth and/or dissemination will be greatly facilitated once we better understand not only
the precise regulation of laminin-332 proteolytic processing but also the different signaling
cascades regulated by laminin-332 in normal versus tumor cells.
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Fig. (1).
(A) The structure of laminin-332. Laminin-332 is composed of three subunits, α3, β3, and γ2
The domains of laminin-332 that bind other molecules are indicated. (B) Cleavage sites in
laminin-332. The proteases which degrade laminin-332 are marked.
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Fig. (2).
The molecular components of the hemidesmosome, and focal contacts.
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Fig. (3).
A summary of signal transduction pathways associated with laminin-332 in normal and
cancer cells.
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Table 1

The Reported Amino Acid Proteolytic Cleavage Sites within Laminin-332

Chain A.A. Position Protease

α3
Lys(191)-Asp(192) BMP-1

Gln(1337)-Asp(1338) serine protease

β3 Ala(515)-Ile(516) MMP-7

γ2

Gly(434)-Asp(435) BMP-1, MT1-MMP

Gly(559)-Asp(560) MT1-MMP

Gly(579)-Ser(580) MT1-MMP

γ2rat

Gly(413)-Asp(414) MT1-MMP

Ala(586)-Leu(587) MT1-MMP, MMP-2, 3, 12,13, 20

Leu(587)-Thr(588) MMP-8

Gly(413)-Asp(414) MMP-14
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