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Cell Adhesion to Collagen - Is One Collagen Receptor Different from Another ?
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Abstract: The integrins are a large family of cell adhesion receptors involved in cell-cell and cell-matrix interactions. At present,
23 different integrin heterodimers are known. Integrins participate in a complex apparatus which anchors cells to their surround-
ings and transduces signals into the cells. These signals regulate many important aspects of cell behavior, including growth,
survival, differentiation, and phenotype. Integrins may also play a central role in the healing process of tissue injuries and in the
progression of human cancer. This review is focused on integrins mediating cell adhesion to the collagens, the most important

structural components of the connective tissue.
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The Collagen Receptor Integrins

The existence of collagen-like proteins might have been
essential for the development of the first metazoans around 600-
800 million years ago". In mammals at least 19 different col-
lagen types are known. The major subgroups are 1) fibrillar
collagens (types I, I1, III, V, XI), 2) network forming collagens
(types 1V, VIII, X), 3) fibril-associated collagens (types IX, XII,
X1V, XVI, XIX), 4) collagens forming beaded filaments (type
VI), 5) collagens forming anchoring fibrils (type VII), and 6)
transmembrane collagens (types XIII, XVII)?. The basic struc-
ture of collagen is highly conserved from marine sponges to
vertebrates. Marine sponges, such as Geodia cydonium, have a
fibril collagen and some of these metazoan species also have a
network forming basement membrane type collagen®. In addi-
tion to the collagen types resembling the ones found in mam-
mals many invertebrates have developed large numbers of
unique collagen subtypes.

The integrin-type cell adhesion receptors are responsible
for the attachment of the most cell types to their surroundings
in all metazoans®. A typical integrin is composed of an ot and a
B subunit (the members of the integrin family are shown in
Figure 1). Both subunits have a relatively short intracellular
domain (with the exception of the hemidesmosome laminin
receptor B4 subunit), one single transmembrane domain and a
ligand binding extracellular domain. The two subunits are
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non-covalently linked together and inside the cell they are
connected to cytoskeleton. In addition to anchoring, inte-
grins mediate molecular signals into cells and regulate im-
portant cellular functions including migration and differentia-
tion. Integrin ligands include many collagen types, laminins,
fibronectin, and some members of the immunoglobulin super
gene family.

The classical example of the cell-extracellular matrix
interaction is the recognition of the arginine-glycine-aspartic
acid (RGD) sequence” in fibronectin and in many other
glycoproteins by integrins, such as a5B1, olIbB3, aVB3, aVB5,
and atV36. Also type I collagen has an RGD motif but is seems
to be recognized only in denatured or degraded collagen. In-
stead, two RGD-independent integrins, o1 1 and o2B1 het-
erodimers, mediate cell adhesion to native collagens. Inte-
grin a1B1 is expressed on fibroblasts, smooth muscle cells,
certain endothelial cells, chondrocytes, osteoblasts, and lym-
phocytes. Integrin 02B1 is expressed for example on epithe-
lial cells, platelets, osteoblasts, chondrocytes, and fibro-
blasts. Integrin o131 may prefer the basement membrane type
collagen (type IV) and 02B1 integrin seems to have larger af-
finity to fibrillar collagens. Most collagen subtypes have not
been tested in the terms of integrin binding.

In addition to a1 B1 and 021 integrins a third heterodimer,
namely o331 has been shown to recognize distinct collagen
types. In spite of the fact that in many cell types the adhesion to
collagen leads to the localization of 31 integrin in focal
adhesion sites, it is more probable that cells do not use it in
primary adhesion to collagen but rather as an assisting recep-
tor®. Interaction of other integrins, including the tenascin
receptor 91, with collagen has also been suggested”.

A recent paper reports the cloning of a new collagen
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receptor, o0 B1 integrin®. It is expressed on chondrocytes, but
its biology is mostly unknown®.

The fact that in tissues the collagen fibrils are often
covered by glycoproteins and proteoglycans rises the question
whether cells can at all bind directly to collagen molecules in
them. Often it is more likely that proteins such as fibronectin
mediate adhesion to collagen fibrils. Thus the role of the cel-
lular receptors for native collagens might be limited to the
recognition of newly synthesized molecules or to the bind-
ing of collagen sequences uncovered during tissue injury or
inflammation.

The Structural Basis of Collagen Recognition

As mentioned above, integrins at1B1, 02B1, a3B1 and 110
B1 are those found to function as collagen receptors in various
cells. Integrin a1, o2 and a10 subunits belong to a group of
eight o subunits having about 200 amino acids long inserted
domain between the second and the third repeated sequence,
close to the N-terminus. The collagen binding integrin al, o2
and a10 subunits are the only matrix receptor integrins that
have an I domain (Fig. 1). Thus the collagen receptors have
structural similarities with the lymphocyte integrins and differ
from e.g. fibronectin and laminin receptors. The integrin I do-
mains (or A domains) show high homology to collagen binding
A domains found in von Willebrand factor®. The important role
of the I domain in ligand binding has been shown with many o
subunits'™'®.  For collagen binding integrins it has been shown
with function blocking antibodies'*'”, using recombinant
proteins to bind to collagen'* '*2" and using mutagenesis

Fig. 1. The integrin family of cell adhesion receptors. At the
present 17 otsubunits and 8 B subunits are known. Together
they form 23 different heterodimers (in the figure the het-
erodimer forming subunits have been connected with a line).
Heterodimers containing B1, B3, B4, or oV subunits are recep-
tors for various extracellular matrix molecules. The integrin o
subunits which have aligand binding I domain have been
marked with a double circle. Note that the collagen receptor
integrins o, 2 and 10 are the only matrix receptors that
have an o1 domain.

studies to point out important amino acid residues'*'”,

The crystal structure of o2 I domain has been solved re-
cently?? and it is quite similar when compared to two other I
domain structures, «M and aL?*?* as well as to von Willebrand
factor A3 and A1 domain structures®*”. The I domain consists
of a-helices surrounding B-sheets buried inside the domain and
the structure is called the 'Rossman fold'*. The I domain also
has a binding site for divalent metal called MIDAS?Y.

The role of the divalent metal ion for the function of the I
domains is still somewhat uncertain. Based on &M I domain
structure it has been proposed that the metal could be involved
in ligand binding®”. For o2 I domain there is no direct evi-
dence indicating collagen binding to Mg** in o2l domain. How-
ever, it is commonly expected that Asp or Glu in collagen would
be important for the binding. These two amino acids have
the potency to participate in the coordination of the metal ion.
There is some controversy in the cation-dependency of collagen
binding: two groups have shown that the phenomenon is de-
pendent on the metal'*?" and Kamata and Takada' have intro-
duced metal-independent collagen binding. Also the possible
structural arrangements by the metal in I domains are un-
certain. In both von Willebrand A domain structures no
metal is bound®2” and this was also shown experimentally
for A3 domain?®.

Amino acids surrounding MIDAS in I domain have been
proposed to be responsible for the ligand recognition/binding
29 and some evidence for this proposal has been presented ***".
The a2 I domain contains an extra o-helix (0C) very close to
MIDAS and the DNA sequence alignment of ot I'and o2 1
subunits predicts that o.11 domain has that helix too?. Emsley
et al.®® manually docked a model of collagen triple helix into
the structure of a2 I domain and proposed that ten amino acids
around MIDAS could be involved in collagen binding. They
also pointed out that ocC-helix could have an important role in
collagen binding.

The binding sites in different collagen molecules are not
known, but triple helical structure and Asp/Glu and Arg were
shown to be important for the binding of a1 integrin to col-
lagen IV*. There is evidence for multiple binding sites present
in collagen I for «2B1* and in collagen IV for alfB1 and
o 2B1%.

The region surrounding I domain in &2 subunit has been
shown to be important for the ligand binding®". The o2 subunit
contains three EF hand-like metal binding sites close to the I
domain and by adding the first EF motif to recombinant I do-
main the collagen binding was significantly enhanced.
Springer*® predicted that all seven N-terminal repeats are form-
ing a special fold called B-propeller domain and the experi-
mental evidence was published just recently™.

At the present it seems that in collagen receptor integrins
a1 and o231 there are two major regions involved in ligand
binding: oI domain and EF hand-like repeats around o1 do-
main. Despite the fact that the ol domains can fold and recog-
nize ligands independently the common Bl subunit may still
participate in ligand binding by the collagen receptors or in the
regulation of integrin activity.

Despite their structural similarities ot1I and o2 I domains
may have functional differences. There is some evidence that
ol I domain might have higher affinity to type IV collagen
than to fibrillar collagens. It is therefore possible that cells
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need distinct collagen receptors because of their differences
in the recognition of various collagen types. More information is
needed before this conclusion can be made.

Independent Regulation of Collagen Receptor
Integrin Genes

Cellular integrin pattern changes during physiological and
pathological conditions, such as cell differentiation’**, wound
healing*”, and chronic and acute inflammation*”. This is at least
partly due to the action of different growth factors and cytok-
ines.

The effect of growth factors on collagen receptor expres-
sion has been studied in different cell culture models. Integrin
subunits a2 and B1 are upregulated by transforming growth
factor-B (TGFE-P) in osteogenic sarcoma cells and human lung
fibroblasts*-4?. In fibroblasts the expression of integrin ol is
enhanced by TGF-B, as well*®. TGF- may enhance tumori-
genesis with concomitant increase in collagen receptor
integrins*’. TGF-P also induces the reorganization of collagen
fibrils around cells, seen as contraction of floating collagen gels.
This is due the increased expression of a2B1 integrins (45, see
below).

Bone morphogenetic proteins (BMPs) are a group of pep-
tide growth factors which are closely related to TGFs-3. Seven
BMPs have been isolated from vertebrates, namely BMP-
2-84-40_ BMPs are in addition to being initiators of carti-
lage and bone formation, also morphogens in other tissues.
BMP-2 reduces the expression of integrin o2 subunit in a hu-
man keratinocyte cell line but has no effect on the o2 integrin
levels in osteosarcoma cells, chondrocytes or fibroblasts *®. In
all these cell types BMP-2 reduces the expression level of o3
integrin 4,

Epidermal growth factor (EGF) and transforming growth
factor-o. (TGF-0) belong to the same family of growth factors*.
TGF-o and EGF stimulate cell proliferation and angiogenesis.
TGF-a is also involved in tumorigenesis *. It is expressed in
pituitary gland, brain, skin and macrophages*”. TGF-a induces
the expression of 02, a3, and B1 integrin subunits in colon
carcinoma cells®®. Integrin subunit 02 is also upregulated in
keratinocytes by TGF-a and EGF **. In fibroblasts EGF
induces the expression of P1 integrin * and in epidermoid and
squamous carcinoma cells it upregulates integrin o2 expres-
Si0n55.56)_

Fibroblast growth factor family consists of at least nine
members, of which acidic fibroblast growth factor (0FGF) and
basic fibroblast growth factor (BFGF) are known to regulate
the expression of integrin subunits. FGFs are involved in chemo-
taxis, cell mitosis, neurite growth, and angiogenesis. The role
of FGFs in angiogenesis can be at least partially explained by
integrin upregulation. Basic FGF induces the expression of o231
integrin in human endothelial cells*”. Acidic FGF upregulates
the a1B1 integrin expression in PC12 cells®®.

Platelet-derived growth factor (PDGF) is a polypeptide
growth factor, involved in inflammation, wound healing,
atherosclerosis, and tumorigenesis*”. PDGF increases the
synthesis of o2 integrin subunit which leads to increased
collagen gel contraction by fibroblasts®”. Recently it has
been shown that PDGF upregulates the expression of o2

integrin only when fibroblasts are adhered to collagen®®.

Tumor necrosis factor-o. (TNF-a) is a cytokine which is
mainly expressed by monocytic cells, but also by B and T lym-
phocytes, natural killer cells, glial cells, and adipocytes 69,
TNF-o affects cell growth, adhesion, and differentiation. TNF-
o upregulates o integrin in osteogenic sarcoma cells, skin
fibroblasts, melanoma cells, endothelial cells, and in normal
synoviocytes®¢7, It also upregulates the expression of o2
integrin in epidermal keratinocytes®®.

Interferon-y (IFN-vy) regulates MHC class I and II protein
expression on the cell surface of immunosystem cells. It also
functions in the induction of cell surface receptors, integrins
and ICAM-1. Interferon-y is produced by T lymphocytes and
natural killer cells. The production of interferon-vy is regulated
by other cytokines, TNF-o ® and interleukin-2 (IL-2)™. Inter-
feron-y upregulates the expression of o integrin in human
synoviocytes’".

All these examples show that the genes of the collagen
binding integrin o subunits are regulated independently.
However, very little is known about the molecular details of
integrin gene regulation in different conditions. The 5'-flank-
ing region of a2 integrin subunit gene has been cloned 7. This
961-base pair fragment lacks TATA and CAAT boxes but con-
tains six Sp1 binding sites. Consensus binding sites for AP-1
and AP-2 complexes, a GATA box, Pu.1 box, and two palindro-
mic motifs with the potency to bind the estrogen receptor are
also present.

It has been shown that nuclear factor-kB (NF-kB) is a
potential regulator of 0.2 integrin subunit. Normal aduit human
dermal fibroblasts grown in a three-dimensional collagen
lattice increase mRNA level of a2 integrin®’, Collagen gel
also elevates DNA binding activity of NF-kB and PKC-{ acti-
vation precedes this’. Collagen lattice induces the nuclear
translocation of p50, one member of NF-xB family, and the
degradation of NF-xB inhibitor protein, I-kB-o.. A region
located between -549 and -351 bp in the promoter of integrin o
2 gene confers the inducibility by three-dimensional collagen
lattice 7.

There are two Sp1 binding sites in the promoter region of
0.2 integrin gene. These sites and a potential AP-2 motif are
located at the core region of the a2 integrin promoter (between
-30 and -92 bp). This region plays essential role in &2 integrin
promoter activity”™. It has been shown that both Sp1 sites are
required for full promoter activity and for DNA-protein com-
plex formation.

The regulation of ol integrin subunit gene at transcrip-
tional level has been studied in chicken smooth muscle cells.
Integrin o 1 expression was down-regulated during serum-
induced dedifferentiation. Promoter analyses have revealed that
the 5'-upstream region, -516 to +281, is sufficient for transcrip-
tional activation in differentiated smooth muscle cells or chick
embryo fibroblasts. The promoter region of integrin a1 gene,
like o 2 and other ot integrin promoters, lacks TATA and CCAAT
boxes and contains putative binding sites for AP1 and AP2.
It differs from other o integrin subunit promoters in that the
regulatory element of al integrin gene contains CArG box-
like motif. In differentiating smooth muscle cells this is an
essential cis-element for transcriptional activation, unlike
the binding sites for AP1 and AP277.
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Integrins o1p1 And 021 Have Distinct Cellular
Functions

Integrin 02P1 is the prominent collagen receptor on plate-
lets and epithelial cells, whereas smooth muscle cells seem to
use ot1B1 in collagen binding. Many cell types express con-
comitantly the both collagen receptors and several in vitro
assays indicate that they might have distinct functions.

The function of collagen binding integrins in vitro has
been studied by assessing the ability of cell cultures to bind to
different matrices. In recent years the conventional adhesion
assays have been somewhat replaced with a collagen gel con-
traction assay which not only measures the ability of cells to
cope with a three dimensional collagen environment but also
the ability of the integrins expressed on the cell surface to func-
tion as organizers of the matrix. Two different types of col-
lagen gels are commonly used as a model for matrix reorgani-
zation™, The gels in both experimental models are prepared
from soluble type I collagen preparation which occasionally
includes traces of other types of collagens as well. The cells
studied are added in the neutralized solution of collagen which
initially, when placed in 37°C, gelates and traps the cells inside
a three dimensional fibrillar collagen network. When the gels
are detached from the sides of the cell culture wells and growth
media is added, the gel starts to shrink in size. As the cells are
adhering to the proximal collagen fibers trying to migrate on
them the areas of the gels are diminished and the collagen
fibers form a dense tissue like structure **#® When fibroblasts
are used this type of floating collagen gel is thought to mimic
the formation of dermis, whereas the anchored type in which
the gel is attached to the cell culture plastic, resembles scar
formation™. Type I collagen is a major constituent in bone
matrix and therefore in addition of wound healing the collagen
contraction assay may be used as a model of bone fracture heal-
ing. Addition of different growth factors such as TGF-f} and
PDGEF increases the ability of many cell types to contract col-
lagen gels®!*#2,

Osteogenic cells being in vivo surrounded by type I col-
lagen make a useful tool to study cell-collagen interaction.
Addition of TGF-f, which may also be involved in the healing
processes of bone matrix, to these cells, increases the magni-
tude of collagen gel contraction*”. Among other things TGF-[3
is a potent regulator of integrin expression®*42. Indeed, to be
able to contract the collagen gels the cells need to have a proper
collagen binding integrin pattern on their surface*”, an intact
cytoskeleton™ and also the presence of serum is required.

Studies using antibodies against collagen binding integrins
and transfections with sense and antisense integrin cDNA con-
structs have shown the relevance of the o231 integrin as a re-
organizer of the collagen matrix”**", Overexpression of this
collagen receptor on the cell surface enhances contraction and
downregulation of o2f1 with antisense strategies abrogates
contraction*”, The experiments suggest that «2p1 integrin may
participate in physiological phenomena, such as scar contrac-
tion. There are however few reports that demonstrate that the
role of a1fB1 integrin is essential in the contraction process
with smooth muscle cells*® and liver myofibroblasts®*'”.
Either of the cell types do not express 2B 1 integrin in vivo.

With many cell types the collagen ot1(I) mRNA levels are
reduced inside collagen gels when compared to monolayer

cultures®®, whereas the expression of matrix metalloprotein-
ase-1 (MMP-1) mRNA is induced”*#*#% The cells seem to sense
that no excess collagen is required rather a proteinase is per-
haps useful in the context of reorganizing the matrix. Also these
phenomena are regulated by collagen binding integrins.
Studies on 02P1 integrin have shown that not only does it act
as a collagen receptor but also as a sensor of the environment
signaling to the cell interior and triggering the expression of
MMP-1%*8)_On the other hand there is evidence that the
downregulation of collagen inside collagen gels is mediated
through at1B1 integrin®®*). Thus it is becoming clear now that
the two collagen binding integrins o1 and 02p1 have clearly
distinct missions (Fig. 2).

The ability of cells to move on collagen is important
during development, tissue healing and also in invasion. The
migration rate of cells can be altered by changing the expres-
sion pattern of integrins on the cell surface®”. The migration of
osteogenic cells as well as the invasion of them through col-
lagen gels can be enhanced by overexpressing 021 integrin
on their surface®®. Similarly the movement of keratinocytes and
melanoma cells on collagen is dependent on the presence of
o2B1 integrin®*##7,

Three-dimensional collagen network has for long been used
as a growth environment which supports the formation of
differentiated structures such as glands by colon carcinoma
cells ® or duct like structures by mammary tumor cells*”. First
clues from the involvement of integrins came from studies in
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Fig. 2. Both a1B1and o2P1 collagen receptor integrins seem
to be involved in the regulation of collagen accumulation but
by different mechanisms. Integrin o1P1seems to be a negative
feed-back regulator of collagen synthesis, whereas o231 inte-
grin induces collagenase-1 (MMP-1) gene expression. In the
absence of o1B1integrin 02B1 might even enhance the col-
lagen synthesis.
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which the RGD peptide could partially block the differentia-
tion of colorectal tumor cells grown inside collagen gel®*".
Later on function blocking antibody experiments on capillary
forming endothelial cells®? and colon carcinoma cells* showed
that o281 integrin function is crucial for the differentiation of
these cells to form three dimensional functional structures.

The Two Collagen Receptor Integrins May Be Connected
to Distinct Signaling Pathways

Integrin-mediated anchoring to the components of the
extracellular matrix has an essential role in regulating gene
expression, cell differentiation, survival and proliferation.
This is due to the fact that integrins are not only responsible for
mediating cell adhesion but they also activate intracellular sig-
naling pathways. Many of the pathways previously described
to be involved in growth factor and oncogene signal transduc-
tion have now been shown to be utilized by integrins too. In
addition to activating intracellular signaling integrins also have
dramatic effects on the actin-containing cytoskeleton. The
Figure 3 shows some of the known principles of integrin
signaling.

The initiation of integrin signaling involves binding of the
extracellular ligand to the integrin. This is believed to result in
conformational changes in integrins observed in both the globu-
lar head region and the membrane proximal regions of the B

She [

I

Intracellular signals

subunit* *», However, one must remember that in cultured
cells the integrins do not function as isolated signal trans-
ducing receptors but are found in a complex structure termed
focal adhesion. These structures involve both structural pro-
teins and signaling molecules. The structural components
include proteins that are able to directly bind to integrins,
namely talin and o-actinin®**7*® and bind other structural pro-
teins like vinculin, paxillin and tensin leading to reorganization
of actin filaments. The signaling components involve a number
of kinases and transmembrane adaptor molecules (Fig. 3).
The clustering of integrins in response to ligand molecule
binding leads to increased tyrosine phosphorylation of several
proteins®-'%, Today these events have been intensively studied
and numerous participating molecules have been identified. In-
tegrin signaling induces the activation of many membrane-proxi-
mal kinases that interact either directly with the cytoplas-
mic domain of the B subunit''*® or indirectly via other pro-
teins found in focal adhesions. Focal adhesion kinase (FAK) is
a nonreceptor protein-tyrosine kinase that unlike other cyto-
plasmic tyrosine kinases is devoid of the Src homology (SH)2
or SH3 domains. It contains a central tyrosine kinase domain
flanked by amino-terminal and carboxy-terminal domains.
Activated FAK is autophosphorylated at tyrosine residue 397
which creates a binding site for the SH2 domain of the Src fam-
ily kinases Src or Fyn'®¥. Src and Fyn can phosphorylate paxillin
and tensin, which are involved in the regulation of focal adhe-
sions and also the multidomain docking protein Cas'™. Once
phosphorylated Cas may interact with adaptor proteins Crk and

k Ligand binding

Conformational changes/
Integrin clustering

.
Calcium influx

= 0 .
Grb-2/SOS | |5 ’ Organization of
2 cytoskeleton
3 Grb-2/S0S Cell motility
8 Src |~ ' Growth, anoikis, differentiation
~ -~
\ - [Rat
MAP kinase
pathway

Fig. 3. Overview of integrin signaling. Integrin ligation results in outside-in integrin signaling where the binding of the
extracellular matrix ligand triggers conformational changes and clustering of the receptor. Different integrin subunits bind to
either transmembrane adaptor proteins that in turn transmit the signal to membrane proximal kinases involved in signal trans-
duction or interact directly with these kinases via their cytoplasmic tails. Calreticulin is a calcium regulatory protein shown to
bind the conserved sequence GFFKR found in all o subunits. IAP (integrin associated protein) has been shown to bind to some
B subunits and to activate FAK (focal adhesion kinase). See the text for discussion of the other pathways shown in this figure.
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Nck and therefore also regulate the MAP kinase pathway'®,
Binding of the Src family kinases to Tyr397 leads to further
phosphorylation of FAK at Tyr925 which leads to recruitment
of Grb2/Sos adaptor protein-exchange factor complex'®,
Finally phosphorylated FAK can associate with and activate
phospho-inositide 3-kinase (PI-3K)'7,

The biological role of FAK remains some what unclear.
Since activation of FAK involves the recruitment of the Grb2/
Sos complex and integrin mediated adhesion triggers the acti-
vation of MAP kinases'®!'® it can well be that FAK activates
Ras and downstream pathways. However recent data has pro-
vided evidence of MAP kinase activation in response to inte-
grin ligation that is independent of FAK"?. FAK activation
has been shown to be important in controlling anchorage-
dependent cell survival''" and cell motility"'?.

It is now generally accepted that integrin ligation leads to
activation of ERK via Ras signaling''® and something is also
known about the mechanisms by which some integrins acti-
vate Ras. Integrins a6p4, a1P1, 581, and owvB3 are able to
recruit adaptor protein Shc either directly''® or in an indirect
manner involving transmembrane adaptor proteins, possibly
caveolin''?. Other integrins, like a2B1, cBB1, o6p1, appear to
be unable to activate Ras. This Ras signaling pathway involves
the downstream kinase Raf which in turn activates the MAP
kinase cascade. While FAK does not seem to be required for
Ras activation it can activate PI-3K which is necessary for
activation of Raf by Ras in response to integrin ligation''.
The activation of the MAP kinase cascade in response to
cell adhesion has been shown to be important in a number
of cellular processes, such as the control of cell cycle pro-
gression''?, cell migration''® and gene transcription''”.

Ligation of different integrins sharing a common 3 sub-
unit but having different o subunits seem to have different
effects on cell behavior*!'"®. An important and still unan-
swered question is how is this specificity in signaling estab-
lished? A tempting explanation would be the specific interac-
tions of some integrins with transmembrane adaptor pro-
teins!!*!"120_The collagen binding integrins o1B1 and o231
have different effects on gene expression. Integrin 02B1 regu-
lates the level of matrix metalloproteinase 1. (MMP-1) expres-
sion in osteogenic cells while the decrease in the production of
type I collagen, seen in cells grown inside a three-dimensional
collagen gel, is mediated by at1f1 integrin®**¥, Integrin o1B1
is able to activate Ras by binding to transmembrane adaptor
protein caveolin that in response to adhesion recruits She
whereas o2P1 integrin seems to unable to interact with
caveolin. It is not known whether this explains the different
signaling through these receptors. In addition the third col-
lagen binding integrin, 03B1, is also unable to interact with
caveolin but instead has been shown to bind to tetraspan trans-
membrane proteins CD63 and CD81. These proteins associate
with phosphatidylinositol 4-kinase (PI-4K) and may therefore
control the first step in the biosynthesis of PIP2 in response to
cell adhesion'?",

Two recently published papers indicate that in addition to
integrins two orphan-type receptors, namely discoidin domain
receptors 1 and 2 (DDR1 and DDR2) bind to collagen'?>!2%,
Although it is not probable that these receptors mediate actual
cell attachment to collagen they may have an important contri-
bution to collagen-related signaling in cells.
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Collagen Receptors in Cancer

Malignant transformation can affect the cell surface inte-
grin expression, including the expression of collagen recep-
tors. Chen et al.'"® have shown that a single biopsy of a human
lung tumor consists of cell populations with different integrin
patterns, but those showing high o1B1 and oi2B1expression
levels also display the most effective metastatic capacity in vivo
in scid mice. The expression of ol B1 integrin can be upregu-
lated in Ewing's sarcoma'?”, in neuroblastoma'?®, and in mela-
noma cells®®. However, in most cases the expression levels of
o1B1 integrin are unaltered after malignant transformation.
Recently it has been suggested that the interplay of odf1 and
TNF-o. mediated signaling is associated to the favourable
diagnosis of IFN-a treated melanoma patients'??,

The role of a2p1 integrin in cancer initiation can be bi-
polar depending on the type of tissue. In some tissues, as in
normal mammary gland cells, the function of 02B1 can be in
the maintenance of the normal tissue structure. Poorly differ-
entiated mammary carcinoma cells show restored ability to
differentiate into gland-like structures and reduced tumorige-
nicity when made to express a2B1 integrin'?®®. However, the
increased expression of ot2B1 integrin often correlates with
the malignant behavior of cells. For example, melanoma cells
use both o 181 and ot 2B1 integrins as collagen receptors'?,
but the expression of 0231 integrin can be associated to mela-
noma tumor progression'**!*». The increased expression of
021 integrin mediates reorganization of collagen fibrils by
aggressive melanoma cells™ and leads to enhanced migra-
tion of squamous carcinoma cells on type I collagen®®. Chan
et al.'™ have shown that the expression of 02p1 integrin in
human rhabdomyosarcoma cells enhances experimental me-
tastasis, without affecting the tumor growth rate. In human
osteosarcoma cells the expression of 02 integrin is induced by
malignant transformation'*”. In another osteosarcoma cell line
the expression of o2 integrin could be induced by tumor pro-
moters, namely 12-o-tetradecanoylphorbol 13-acetate (TPA) and
okadaic acid'*. TPA is an activator of protein kinase C and
okadaic acid is an inhibitor of serine/threonine protein phos-
phatases. TPA also induces the spreading and adhesion of these
cells on type I collagen. Furthermore, the expression of 021
collagen receptor is responsible for the increased migration and
invasion ability of malignant osteosarcoma cells in in vitro
model*®. In some other experimental models the role of 021
integrin has also been discussed. Lang et al.'* have shown that
epithelial cells derived from malignant prostate tissue adhere
to bone marrow via a2P1 integrin. This suggests a role for
o2 lintegrin in the formation of bone metastasis. The prefer-
ential adhesion of epithelial ovarian carcinoma cells to type I
collagen is mediated by a2p1 - a phenomenon which can be
important in intraperitoneal dissemination of ovarian carci-
noma'®,

Conclusions

The two major cellular collagen receptors, integrins ol 1
and a2P1, share many structural similarities, but still many cell
types seem to express both receptors on their surfaces. The
existence of two distinct collagen receptors may be required
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for several reasons. The present knowledge suggests that
ol B1 and o2B1 integrins differ at least in three points: 1) in
their ability to recognize distinct collagen types, 2) in their ability
to activate signal transduction pathways inside cells, and 3) in
the regulation of their gene expression.

The fact that mice deficient of ol integrin subunit are
viable suggests that ol integrin is not required for normal
development'*”. These animals will however provide an ex-
cellent model for future studies on al integrin function in
different tissues and organs.

Integrin 0231 seems to participate in a large variety of cel-
lular functions. It may be an important receptor in phenomena
such as collagen-induced platelet aggregation, wound healing,
organ formation and cancer invasion. In the lack of a transgenic
mouse model it is not possible to speculate in which of the
phenomena other adhesion receptors may be able to replace
it and whether there are cellular functions in which o231 inte-
grin is absolutely required.
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