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Abstract

As with all physiologic processes, chronic wounds are associated with unique
intracellular and cellular/extracellular matrix (ECM) receptor types and signalling
messages. These cellular receptors mediate responses of the epidermis to provisional
wound matrix and change in form and number in cases of impaired wound healing.
Integrins are the major cell-surface receptors for cell adhesion and migration and
epidermal keratinocytes express several integrins that bind ECM ligands in provisional
wound ECM. Integrin receptors and more particularly integrin clusters and focal
adhesion points appear to influence epidermal and dermal cell matrix interactions,
cell motility, cell phenotype and ultimate healing trajectory. In chronic wounds,
a variety of changes in receptors have been identified: decreased integrin α5β1
receptors affect the integration of fibronectin and subsequent keratinocyte migration;
integrin αvβ6 stimulate transforming growth factor (TGF)-β and may increase the
susceptibility to ulceration and fibrosis; however, TGF-β signal receptors have been
found to be dysfunctional in many chronic wounds; additionally receptor interactions
result in increased senescent cells including fibroblasts, myofibroblasts and even
keratinocytes – this produces a degradative ECM and wound bed and corrosive
chronic wound fluid. The activation or inhibition of integrin receptors by various
agents may provide an excellent means of influencing wound healing. This process
offers an earlier intervention into the wound healing cascade promoting intrinsic
healing and elaboration of growth factors and ECM proteins, which may be more
cost effective than the traditional attempts at extrinsic addition of these agents.

Introduction

Any interruption in the traditionally recognised phases of
wound healing can result in a chronic wound. A chronic
wound is one that has failed to heal in a timely fash-
ion. The vast majority of chronic wounds fall into one of
three categories: pressure sores, diabetic ulcers and venous
ulcers (1). Although these wounds all have different aeti-
ologies, chronic wound development is most often associ-
ated with a background pathophysiologic sequence of an
ischemia–reperfusion injury often with biofilm/bacterial con-
tamination resulting in prolonged inflammatory response
(2–4). In many of these cases healing does not occur
despite the best care (1,4) Failure to re-epithelialise can be a
consequence of a number of factors, including prolonged
inflammation, an imbalance of regulatory growth factors (GFs)

and cytokines, defective extracellular matrix (ECM) that fails
to support keratinocyte migration, modified fibroblast func-
tion and defective capillary function leading to inadequate

Key Messages

• any interruption in the traditionally recognised phases
of wound healing can result in a chronic wound

• the vast majority of chronic wounds fall into one of three
categories: pressure sores, diabetic ulcers and venous
ulcers

• although these wounds all have different aetiologies,
chronic wound development is most often associated
with a background pathophysiologic sequence of an
ischemia-reperfusion injury often with biofilm/bacterial
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contamination resulting in prolonged inflammatory
response

• in many of these cases healing does not occur despite
the best care

• new evidence is accumulating that chronic wound
healing failure may be related to increased or reduced
integrin receptors, production of senescent cells that are
unresponsive to GFs and changes relating to cell signal
or receptor dysfunction

• the failure to express appropriate levels of integrin α5
subunit on epidermal keratinocytes in chronic wounds
may contribute to the healing defect in these wounds

• much of the focus of this article is examining cellular
extracellular communication and the changes in ‘con-
versation’ or signalling that occur in different patholog-
ical contexts

• integrin receptors and more particularly integrin clusters
and focal adhesion points appear to influence cell matrix
interaction, cell motility, cell phenotype and ultimate
healing trajectory

• integrin type and status in terms of conformational
expression may provide a good picture of wound bed
healing status and may serve wound diagnostic purposes
in the future

• chronic wound characteristics likely alter the ability of
cells to switch their integrin expression or type affecting
their binding capacity and limiting their adaptation to
changes within the ECM

• the activation or inhibition of integrin receptors by
various agents may provide an excellent means of
influencing wound healing

• this process offers an earlier intervention into the
wound healing cascade promoting intrinsic healing and
elaboration of GFs and ECM proteins, which may be
more cost effective than the traditional attempts at
extrinsic addition of these agents

tissue oxygenation (5). The ECM of these wounds has been
referred to as ‘corrupt’ (5,6) characterised by chronic wound
fibroblasts unresponsive to GFs and other signals (7), con-
taining high levels of matrix metalloproteinases (MMPs) and
lacking of receptors such as integrin receptors for fibronectin
(FN) binding and keratinocyte migration (8). New evidence
is accumulating that chronic wound healing failure may be
related to increased or reduced integrin receptors, production
of senescent cells that are unresponsive to GFs and changes
relating to cell signal or receptor dysfunction (1,5,7–15). Inte-
grins appear to be the coordinating translator and effectors of
signals that control cell proliferation, ECM maturation and
cellular spreading. This is very relevant to the chronic wound
state where specific changes in integrin type and receptors
sensitivity may precipitate the changes in cellular phenotype
that contribute to this chronicity.

Integrins are a large family of heterodimeric membrane gly-
coproteins involved in cell-ECM and cell–cell interactions.
Integrins consist of one α and one β subunit with an addi-
tional inserted domain (αI domain) in their α subunit (16,17).
Four out of the nine αI containing integrins, namely α1β1,

α2β1, α10β1 and α11β1, are receptors for collagens (16,17)
but α1β1 and α2β1 integrins are the major cellular collagen
receptors in fibroblasts (16–18). Integrin α1β1 regulates col-
lagen synthesis and promotes cell growth, whereas integrin
α2β1 is a functional cellular receptor for type I collagen fib-
rils, which mediates collagen gel contraction and regulates
MMP-1 expression (16–20). Integrins provide a mechanical
connection between matrix components and the cytoskeleton
and transduce an astonishing variety of signals either alone or
in collaboration with GF receptors (16–20).

They were originally discovered as receptors that anchor
cells to their surroundings by concomitantly binding to the
cytoskeleton and ECM. Later, integrins were shown to activate
cellular signalling pathways and, in that way, to contribute
to the decisions about cell behaviour and fate (16,21). Direct
binding to GFs and regulation of endocytosis and trafficking of
GFs make integrins even more multifunctional than previously
appreciated (11,16). α5β1 is considered the classical receptor
for FN but other integrins (e.g. α3β1, α4β1 and αvβ1) also
bind to FN with a lower affinity (8,18). The combination
of α and β subunits determines binding specificity for the
ligands. The effect of multiple integrin binding that is, integrin
clustering, increases the overall affinity for ligands (22). The
cytoplasmic domain of integrins is anchored to the actin
cytoskeleton through cytoskeletal linkage proteins such as
vinculin and paxillin (17,22). It is likely that collagen matrix
remodelling is regulated through cell attachment to matrix
molecules by integrin. Blocking of integrin subunits resulted
in the detachment of fibroblasts from collagen (23).

Chronic wound integrin/receptor changes

Decreased epithelial cell α5β1 integrin receptor, altered

FN stimulation and keratinocyte migration

FN is a component of the initial blood clot and provisional
matrix and is one of the key ECM proteins involved in wound
healing (Figure 1) (8). It provides a matrix for deposition of
other extracellular proteins and forms the framework over
which epithelial cells, endothelial cells and fibroblasts migrate
to accomplish wound closure. It thus constitutes a founda-
tion for healing. Additionally it attracts monocytes, fibroblasts
and endothelial cells to the site of the wound and opsonises
debris (8,18). Once the foundation and pathway for cellular
migration has been established by FN, keratinocytes migrate
over this foundation.

Chronic wound fluid (CWF) is corrosive (3,24) and appears
to degrade FN resulting in its fragmentation. As a result,
FN mRNA is stimulated to replace the degraded FN. High
levels of FN mRNA have been showed in chronic leg
ulcers (8). However, this does not translate to increased levels
of complete FN and in fact; certain therapeutic interventions
have suggested the application of FN to improve healing in
chronic wounds (25). Why does the FN mRNA not translate
to increased FN? It appears that the receptor responsible for
converting FN mRNA to complete FN is deficient or altered
in chronic wounds.

FN regulation of keratinocyte migration involves an interac-
tion between integrin α5β1 receptors expressed on the surface
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Abnormal ECM

Figure 1 Integrin involvement in chronic wound pathophysiology:
Various physiologic mechanisms (ischemia – reperfusion with reactive
oxygen species, infection particularly biofilm, etc) may bring about
a chronic wound status. The extracellular matrix (ECM) of these
wounds has been referred to as ‘corrupt’ characterised by chronic
wound fibroblasts unresponsive to growth factors (GFs) and other
signals, containing high levels of matrix metalloproteinases (MMPs)
and lacking of receptors such as integrin receptors for fibronectin (FN)
binding and keratinocyte migration. The fragmentation of FN due to
the corrosive wound fluid results in stimulation of mRNA FN but the
deficiency of α5β1integrin receptors in chronic wound keratinocytes
results in decreased production of complete FN. Additionally increased
integrin αvβ6 in chronic wound epithelial cells appear to affect wound
healing, by increasing transforming growth factor-β (albeit unresponsive
receptors) which stimulate myofibroblast formation particularly of the
senescent phenotype. Additionally CCN1 and other chronic wound
fluid components bind to specific chronic wound integrins resulting in
senescent fibroblasts and myofibroblasts producing corrosive proteases
and further aggravating the degradative ECM status. It is also likely that
abnormal ECM composition fails to activate adhesion receptors on the
fibroblasts preventing binding to ECM, a prerequisite for maximal GF
stimulation.

of keratinocytes and FN localised in the basement membrane
zone (26). A deficiency of α5β1 receptors would thus interfere
with migration of epidermal keratinocytes to close the wound.
It has been showed that although the level of FN mRNA and
protein is heavily induced in chronic wounds, this integrin
receptor, which was heavily induced in acute wounds, was
not induced in the epidermis of chronic wounds (similar to
normal non injured skin) (8). However, FN is known to bind
to the other subspecies of integrins such as α3, α4 and αv
with a lower affinity (8,21). It is possible that other integrins
with a lesser affinity for FN may be increased to compen-
sate for the lack of α5 expression in chronic wounds. The
failure to express appropriate levels of integrin α5 subunit on
epidermal keratinocytes in chronic wounds may contribute to
the healing defect in these wounds (8). Thus, prevention of
FN degradation (modulation of chronic wound exudate) or
stimulation of integrin α5 subunit in chronic wounds may be

more important than inducing FN synthesis, as FN mRNA is
abundantly expressed in chronic wounds.

Increased epithelial cell αvβ6-integrin, TGF-β and

chronic fibrosis

Apart from the α5β1 subunit associated with FN, integrin
αvβ6 also has implications in chronic wounds (27). This
integrin is an epithelial cell-specific receptor that is not
normally expressed by resting epithelium but its expres-
sion is induced during wound healing (27). αvβ6-integrin
was shown to be strongly up regulated in the epidermis in
human chronic wounds. Transgenic mouse lines were devel-
oped with constitutively expressed human 6-integrin in the
epithelium and during the breeding programme 16·1–27·0%
of these mice developed spontaneous, progressing fibrotic
chronic ulcers with severe fibrosis and numerous activated
macrophages and fibroblasts expressing transforming growth
factor (TGF)-β (27). The findings suggest that increased v6-
integrin activation in keratinocytes is not important in nor-
mal wound repair but may play an active part in abnormal
chronic wound healing possibly through a mechanism involv-
ing increased activation of TGF-β with induction of fibrob-
last differentiation into myofibroblasts. This integrin activa-
tion may play a role when wound healing is compromised
for example in conditions involving chronic inflammation or
immunosupression.

Increased CCN1, stimulation of integrin α6β1, increased

reactive oxygen species (ROS), premature senescent

cellular (fibroblast, myofibroblast, endothelial,

keratinocyte and macrophage) transformations, milieu

of ECM degradation

Traditionally senescence in culture is associated with
shortening of the telomeres during repeated cell divisions
eventually leading to cell cycle arrest, known as replica-
tive senescence (28). In the chronic wound, cellular senes-
cence is not associated with telomere length but rather
this phenotypic cell change is initiated by oxidative stress,
activated oncogene supressor proteins and cyclin-dependent
kinase inhibitors (14). In the chronic wound environment,
ROS attack DNA, causing an accumulation of lipofuscin
(which is undegradable by the cell) and DNA damage-induced
cell cycle arrest (29). Fibroblast senescence in chronic wounds
appears to be more related to chronic inflammation than
telomere length (14). When exposed to CWF, normal fibrob-
lasts in culture appear to switch to a senescent mode, show-
ing changes in morphology consistent with senescent fibrob-
lasts (14). CWF rapidly degrades exogenous GFs, decreases
the production of cyclin D1, phosphorylated retinoblastoma
protein RB and increases p21 (30). Since this form of senes-
cence seems to be telomere independent, treatments aimed
at increasing telomere length such as telomerase would be
ineffective.

The transformation of fibroblast to myofibroblast plays
an important part in the promotion of wound contraction
and healing by producing ECM constituents to form gran-
ulation tissue. It appears that the system is kept in bal-
ance by myofibroblasts being driven into senescence at later
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stages of wound healing, thereby converting these ECM-
producing cells into ECM-degrading cells, limiting fibrosis of
the wound (28). In skin wound healing, myofibroblast senes-
cence is triggered by the dynamically expressed matricellular
protein CCN1 (also known as CYR61) through integrin sig-
nalling (28). CCN1 is an angiogenic matricellular protein of
the CCN family (CCN is the acronym of the first three mem-
bers: Cyr61, CTGF and Nov). CCN1 is normally expressed
at a low level in most tissues but becomes highly expressed
because of bacterial or viral infections (28,31) or in tis-
sue repair (28,32,33). Mechanistically, CCN 1 induces fibrob-
last senescence through its direct binding to integrin α6β1
and cell-surface heparan sulphate (HS) proteoglycans (28)
this triggers formation and accumulation of ROS, DNA
damage and p53 activation resulting in degradation of the
ECM. Additionally, through integrin signalling, myofibroblast
senescence brings about increased expression of inflamma-
tory cytokines/chemokines [e.g. Interleukin (IL)1, IL6, IL8,
Monocyte chemotactic protein (MCP)2, MCP4, macrophage
inflammatory protein (MIP)-1a, MIP-3a] and ECM-degrading
enzymes (e.g. MMPs), with down regulated expression of cer-
tain ECM components (e.g. collagen) (28). Thus, senescent
myofibroblasts accumulate as part of the normal process of
tissue repair, and function to limit the extent of fibrogene-
sis associated with wound healing (28,34). However, prema-
ture cellular senescence is stimulated by events often present
in the evolution of a chronic wound (infection, particularly
biofilm, corrosive CWF, etc). This results in CCN1 binding
to integrin α6β, ROS stimulation, fibroblast and then myofi-
broblast senescence, increased inflammation and degradation
of the ECM.

In a clinical setting, these chronic wound bed changes have
direct consequences on healing. The duration of venous leg
ulcers (VLU) prior to first visit was shown to have a direct
correlation with ultimate healing (5). It appears the longer a
wound remains in the inflammatory phase the more cellular
defects arise and accumulate rendering it less responsive to
treatment. Premature senescence with ongoing ECM degrada-
tion has been suggested as a contributory factor in chronic
wound occurrence (5,14,28). Accumulation of greater than
15% senescent fibroblasts has been described as a threshold
beyond which wounds become hard to heal (5). Evidence for
this is provided by the positive relationship between higher
levels of fibroblasts with a senescent phenotype identified in
VLU and a poor prognosis (5,35).

While much attention has focused on the fibroblast senes-
cence in the chronic wound, other cells have also been shown
to be affected by cellular senescent transformation. Many of
the same agents that cause abnormal changes in the fibrob-
last also affect the keratinocyte (14). Additionally, increases
in proteolytic enzymes and inflammation may lead to a gradual
loss of endothelial cell function mimicking replicative senes-
cence (14). Therefore, induction of fibroblast senescence may
have a direct effect on the induction of senescence in endothe-
lial cells. The macrophage too, has been shown to produce
significantly less vascular endothelial growth factor (VEGF)
when isolated from aged skin with increased senescence
compared to young controls (14).

Apart from cellular senescence induction, CCN1 can upreg-
ulate plasminogen activator inhibitor-1 (PAI-1), possibly
through the activation of p53 (14,28,36). Plasminogen acti-
vators activate circulating plasminogen to produce plasmin.
Plasmin participates in the breakdown of other glycoproteins
in the ECM and the activation of MMPs (28). Chronic wounds
are associated with elevated levels of plasmin, collagenases
and other degradative enzymes. Over-expression of PAI-1 is
sufficient to drive fibroblasts into senescence in vitro (14,28).
It would appear that a dual process occurs in the ECM of
a chronic wound. Fibroblasts secrete factors that stimulate
matrix degradation yet they also produce matrix-promoting
factors (TGF-β1 and PAI-1). The PAI 1 and CCN1 may
then stimulate senescent myofibroblast phenotype but resultant
ratios of PAI-1 and TGF-β1 to plasmin decrease and dominant
degradative ECM results (37). Thus, the association between
fibroblast senescence and ECM degradation appears to be
supported by changing ratios that shift the balance towards
degradation of the ECM as senescence is reached (37). The
synthetic function of fibroblasts may decrease with senes-
cence, although Herrick et al. (38) have shown that chronic
wound fibroblasts show no decrease in matrix secretion – thus
the observed degradation of ECM appears to be related to
increases in matrix remodelling enzymes.

Unresponsive fibroblast GF receptors, non binding

to ECM, persistent ECM degradation

An additional reason for the dominance of ECM degradation
is its unresponsiveness to the stimulatory action of TGF-β.
Researchers have showed that VLU fibroblasts have decreased
TGF-β Type II receptor expression (7) – this was accompanied
by failure of ulcer fibroblasts to phosphorylate Smad 2, Smad
3 and p42/44 mitogen-activating protein kinase, and was
associated with a slower proliferative rate in response to TGF-
β (7). This further highlights the possibility that non healing in
chronic wounds may well be related to a decrease in receptor
expression and a failure in specific signal transduction.

Much of the destructive ECM milieu that is associated with
cellular senescence relates to the increased presence of MMPs.
In acute wounds, there is a balance between protease activ-
ity and ECM deposition encouraged by tissue inhibitors of
metalloproteases (TIMPs). The ratio of MMP-9/TIMP-1 in
chronic wounds is an important healing measurement param-
eter (14,39). Chronic wound fibroblasts have a diminished
capacity to react to GFs. This decreased response to bFGF,
EGF and PDGF does not appear to be related to a decrease
in receptor quantity, but rather a dysfunction in intracellular
signalling (38). The logical approach to changing the degrada-
tive ECM wound milieu is wound bed preparation including
debridement to stimulate vascularisation, and decrease bacte-
rial burden (3–5). Importantly, removal of the senescent cells
and their products may contribute greatly to this change. Only
then can exogenously applied GFs and biologics be expected
to stimulate the surrounding healthy tissue and promote wound
healing.

Proteolysis by MMPs exposes RGD sites on ECM pro-
teins (FN, fibrinogen, osteopontin, tenascin and vitronectin)
facilitating cell-surface integrin recognition and attachment of
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the cell to the ECM protein (40). This then initiates GF sig-
nalling (40). Chronic wounds are associated with increased
inflammation, copious corrosive wound exudate, increased
proteolysis and degradation of the ECM resulting in an
abnormal wound matrix that induces less GF action because
of diminished integrin binding (3–5,9–11,18–20,23,41,21,
42,22). Aside from increased proteinases (particularly MMP9)
levels, chronic wound edge keratinocytes also display GF and
ECM receptor dysfunction, which fails to convert them into
a migratory phenotype (1). VEGF wound fluid levels were
also significantly higher in non healing VLU than in nor-
mal wounds despite excessive degradation of VEGF by plas-
min (1,43). However, the VEGF inhibitor, soluble VEGFR-1,
was increased fourfold in wound fluids from chronic VLU
compared with wound fluids from acute excisional wounds
on the lower leg (1). Thus, it is likely that abnormal ECM
composition fails to activate adhesion receptors on the fibrob-
lasts preventing binding to ECM, a prerequisite for maximal
GF stimulation (1,9,12).

Integrin clustering

Complexes between receptors and their ECM ligands do
not appear to be a one to one reaction (44). Instead, clus-
ters of multiple ligands and signalling receptors interact with
each other and the resulting cellular responses occur follow-
ing integration of multiple incoming signals (44). The best-
characterised matrix receptors are the integrins, but syndecans,
receptor tyrosine kinases and phosphotyrosine phosphatases as
well as HS receptors and hyaluronan receptors have recently
been shown to be equally important players (44).

The expression and action of integrins are predominantly
localised to the focal adhesion complex as originally showed
in fibroblasts. Focal adhesion complexes are the structural con-
nection between the ECM and the cytoskeleton. Here, trans-
membrane signalling is mediated by integrins that cluster with
dozens of cytoskeletal proteins and signalling molecules (20).
An example of such ECM component clustering is seen with
native collagen integrin receptor α2β1. Major functions of
this receptor include the induction of MMP1, MMP13 and
MT1-MMP, as well as activation of proMMP2 (44–47). More
importantly, the formation of a direct complex between α2β1
and pro-MMP1 has been shown in keratinocytes plated on
native type I collagen (48). It is postulated that tissue injury
exposes epithelial cells to fibrillar collagen, which triggers
integrin ligation. This collagen and integrin interaction induces
transcriptional upregulation of MMP1 in the cell which then
binds to the α2β1 receptor complex and is converted to its
active form (44,48). The activated MMP1 then cleaves type I
collagen, which rapidly denatures reducing its integrin-binding
affinity. The focal adhesion complex then disassembles allow-
ing the cell to move forward to its next ECM contact (44).
Thus, cellular proliferation and movement takes place by
sequential component clustering. The components of this
focal adhesion largely determine the ECM remodelling and
subsequent healing trajectory.

This integrin clustering in the chronic wound situation
translates to a simultaneous transformation in integrin appear-
ance and signal modulation described above with concurrent

changes occurring predominantly in fibroblasts, keratinocytes
and the ECM. The chronic wound milieu is self perpetuating
with CWF and its corrosive nature (or biofilm) stimulating the
formation of altered integrin clusters that transform the cel-
lular cross talk and ‘dynamic reciprocity’ between cells and
ECM.

Reprogramming integrins and/or their receptors

From the ECM changes described above, the extrinsic addi-
tion of GFs would not be expected to alter this wound milieu
significantly. This has been borne out in the literature where
results with PDGF and other GFs have been rather disap-
pointing (49,50). As a result, new therapeutic applications
have been sought. Amelogenins (AMG), extracted from the
developing porcine tooth, are local adjunctive proteins to peri-
odontal surgery for advanced periodontitis (51). Topical AMG
proteins promoted granulation tissue formation and acceler-
ated the time of the closure of full-thickness experimental
skin wounds in rabbits (52). AMG have been identified as cell
adhesion proteins. Endothelial cells do not produce significant
amounts of VEGF and must therefore rely on VEGF supplied
by neighbouring cells, mainly macrophages and fibroblasts, in
early granulation tissue (52). Incubation of dermal fibroblasts
with AMG significantly increased VEGF levels and MMP2
is expressed by endothelial cells during wound healing (52) –
these both contribute to angiogenesis by cleavage of endothe-
lial buds (MMP2) and promotion of VEGF (52). Van der Pauw
et al. (53) proposed that the integrin subunit β-1 is involved
in the interaction between AMG and fibroblasts – GFs such as
TGF-β have high affinity for AMG (53). Additionally AMG
was shown to increase endogenous production of TGF-β by
fibroblasts in a collagen matrix. AMG promote the adhesion of
several cell lines and to a similar degree as FN (53). Although
AMG lacks RGD sequences that bind to integrins, reports
suggest that fibroblasts bind to AMG via integrins (53–56).
Thus, integrin character changes are assumed to have taken
place reinvigorating GF sensitivity. In a study of treatment
for hard-to-heal leg ulcers, wound area reduction in those
treated with AMG (Xelma) was showed (54). However, this
did not reach statistical significance when compared with the
control (54). Although this is a step in the right direction,
AMG may not adequately alter the chronic wound receptor
status.

Other indirect attempts have been made to restimulate
integrin receptors by adding ECM components that have been
degraded in chronic wound beds. Thus, heparan sulphate
glycosaminoglycan has been used as a fluid wound dressing
(CACIPLIQ20), with the aim of replacing HS that has been
destroyed, thus restoring tissue homeostasis and protecting
the wound from further degradation (57). Integrins and HS
proteoglycans act as master regulators of multiple ECM
proteins and signalling pathways – they sense, integrate
and respond to the physical and chemical environmental
information either by directly connecting with the local
adhesion sites or regulating global cellular processes through
growth factor receptor signalling pathways, leading to the
integration of both external and internal signals in space
and time (57). The study showed an improvement in chronic
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wound healing and pain in recalcitrant wounds free of heavy
purulent drainage or necrotic tissue (57).

It is apparent that limited therapeutic agents have been
used and few related studies have been undertaken focusing
on integrin receptor stimulation, signal alteration or cellular
cross talk. It would appear that specific focus on integrin
and cell receptor activation could be useful. In this regard,
certain linker proteins have been identified that modulate inte-
grin conformation. Agonist stimulation of integrin receptors,
composed of transmembrane α and β subunits, leads cells
to regulate integrin affinity (‘activation’), a process that con-
trols cell adhesion and migration, and ECM assembly (58,59).
Talin and kindlin were recently described as key linker pro-
teins responsible for integrin activation (58,59). Activation
results in increased affinity for ECM molecules and cluster-
ing into focal adhesions with rapid tyrosine phosphorylation
of specific substrates and an increase in the concentration
of lipid second messengers (58,59). Activation is initiated
through interactions at the integrin tails (60). Additionally
in vivo experiments indicate that kindlins are also important
in integrin activation (61). Talin is a major cytoskeletal pro-
tein that colocalises with and binds to integrins and to actin
and actin-binding proteins such as vinculin (59). The binding
of talin to integrin β cytoplasmic domains appear to change
the integrin conformation to an extended activated form (62).
It appears that a bent conformation represents a low-affinity
state, whereas the extended conformation is associated with
a high-affinity state of integrins. Currently, three separate
integrin conformational classes have been identified: inactive,
active (or primed) and ligand bound. It is surmised that these
states correspond to a bent conformation, an extended form
with a closed headpiece and an extended form with an open
headpiece, respectively (62). Thus, talin appears to play a
general role in activating multiple classes of integrins.

Integrin expression and activity can be further modulated
by other trans membrane proteins such as tetraspanins (and
HS proteoglycans as noted above) (63). They appear to con-
tribute to activation of TGF-β by αv6-integrins as noted ear-
lier. Integrin αvβ6 is abundantly expressed by keratinocytes in
chronic wound keratinocytes (27,63). Binding of latent TGF-
β to this integrin induces a conformational change unmasking
the mature TGF-β moiety, which induces TGF-β signalling
in adjacent cells setting up myofibroblastic transformational
changes and a probable chronic wound healing trajectory (63).
Targeted receptor blocking may be a logical sequence in ther-
apeutic options. Thus far, much of the focus on talin-induced
activation has been on platelet activation and clot retrac-
tion (64). Investigation of β integrin activation in relation
to collagen matrix binding in bioengineered substitutes and
chronic wound manipulation appear to be worth pursuing.

Summary and conclusion

Wound chronicity is a timely process – the typical biochemical
abnormalities described above occur over some time and
the resulting wound milieu often render the wound non
responsive to most treatments. Early focused and targeted
approaches to these wound abnormalities would likely change
the course of chronicity. This is especially relevant in patients

at high risk of developing chronic wounds, including those
with diabetic, venous or pressure ulcers who often do not
respond adequately to several weeks of standard care. Because
of the consequences of this ‘corrupt’ ECM, wound healing
strategies that aim to correct dysfunctional signalling may be
beneficial.

It has often been speculated that, given the relatively large
number of receptors on the cell surface, a decrease in receptor
number does not have important functional consequences.
Results of studies indicate that this may not be the case
and it has been suggested that tissue integrity and ulcer
recurrence might be due to decreased expression of TGF-
β receptors and its consequences on signal transduction (7).
As noted previously topically applied GFs, including TGF-
αs, have been tested extensively in chronic wounds with
mixed results (49,50,65,66). It has been speculated that topical
application of these agents in the corrosive environment of
the wound bed and CWF rapidly degrades these GFs (3,24).
However, an alternate or additional explanation for the relative
lack of success of GFs in the treatment of chronic wounds may
reside in the phenotypic abnormalities of wound cells and their
relative unresponsiveness to stimulatory signals.

A key to understanding the pathogenesis of chronic wounds,
and age-related wound defects, is identifying cellular receptors
that mediate responses of the epidermis to provisional wound
matrix and determining how changes in these receptors con-
tribute to impaired wound healing. Integrins are the major cell-
surface receptors for cell adhesion and migration (9,10,17),
and epidermal keratinocytes express several integrins that bind
ECM ligands in provisional wound ECM (26,27,48).

Much of the focus of this article is examining cellular extra-
cellular communication and the changes in ‘conversation’ or
signalling that occur in different pathological contexts, Inte-
grin receptors and more particularly integrin clusters and focal
adhesion points appear to influence cell matrix interaction, cell
motility, cell phenotype and ultimate healing trajectory. Inte-
grin type and status in terms of conformational expression may
provide a good picture of wound bed healing status and may
serve wound diagnostic purposes in the future. The integrin
influence in cellular ECM interaction, fits in well with the con-
cept of dynamic reciprocity that has been recently updated in
relation to our improved understanding of molecular and cel-
lular events (66). The integrin serves as the facilitator of this
dynamic reciprocity, its extracellular component interacting
with ECM molecules and its intracellular component inter-
acting with signalling proteins that link to the cytoskeleton.
Chronic wound characteristics likely alter the ability of cells to
switch their integrin expression or type affecting their binding
capacity and limiting their adaptation to changes within the
ECM (66). Amongst a host of molecular or other biochemical
and structural abnormalities, this results in the type of integrin
and signalling changes detailed above.

The activation or inhibition of integrin receptors by various
agents may provide an excellent means of influencing wound
healing. This process offers an earlier intervention into the
wound healing cascade promoting intrinsic healing and elab-
oration of GFs and ECM proteins, which may be more cost
effective than the traditional attempts at extrinsic addition of
these agents.

© 2012 The Author
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