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Delayed wound healing is one of the major therapeutic and economic issues in medicine today. Cutaneous
wound healing is an extremely well-regulated and complex process basically divided into 3 phases:
inflammation, proliferation, and tissue remodeling. Unfortunately, we still do not understand this process
precisely enough to give direction effectively to impaired healing processes. There have been many new
developments in wound healing that provide fascinating insights and may improve our ability to manage
clinical problems. Our goal is to acquaint the reader with selected major novel findings about cutaneous
wound healing that have been published since the beginning of the new millennium. We discuss advances
in areas such as genetics, proteases, cytokines, chemokines, and regulatory peptides, as well as therapeutic
strategies, all set in the framework of the different phases of wound healing. ( J Am Acad Dermatol
2010;63:866-81.)
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C
utaneous wounds are the result of disrupted
skin integrity. The healing process depends
on local wound factors, systemic mediators,

the underlying disease, and the type of injury. These
factors combine to determine if physiologic or acute
wound healing occurs, or if there is an abnormal
healing process, also called chronic wound healing.
Chronic wounds are the result of an inadequate
repair process that is unable to restore anatomic and
functional integrity in an appropriate length of time.
Chronic wounds affect about 1% of the European
population and are frequently a management chal-
lenge, even with an interdisciplinary approach. In
addition to having an adverse effect on the quality of
life of the affected individuals, chronic wounds also
create a significant economic burden: nearly 2% of
health budgets are devoted to the care of chronic
wounds.1

Our understanding of the mechanisms involved in
cutaneous wound healing has dramatically increased

in the past few years. Keeping up to date with the
current literature is sometimes difficult. Our aim is to
provide researchers and clinicians working in the field
of wound healing with selected new insights into
wound pathogenesis and cutaneous repair
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mechanisms. We consider topics such as genetics,
proteases, cytokines, chemokines, and regulatory
peptides, as well as therapeutic strategies. All are
viewed in the context of the intertwined phases of
wound healing: (1) inflammatory phase, (2) prolifer-
ative phase (neoangiogenesis, granulation, re-epithe-
lialization), and (3) remodeling phase (extracellular
matrix [ECM] remodeling).
Detailed figures are provided
to facilitate the understanding
of the rather complex patho-
genetic mechanisms.

Chronic wounds are de-
fined as wounds that do not
follow the well-defined step-
wise process of physiologic
healing. Instead, they are
trapped in an uncoordinated
and self-sustaining phase of
inflammation that impairs
the restoration of anatomic
and functional integrity in
the normal period of time.
Many of the pathophysio-
logic factors (hypoxia, pH changes, and bacterial
colonization) that contribute to delayed wound
healing are well known. However, the exact patho-
genesis of chronic wounds remains unclear.

Rather than giving a comprehensive overview on
wound healing, the following sections will focus on
newly discovered molecular mechanisms and their
importance in wound healing.

THE INFLAMMATORY PHASE
The initial phase after cutaneous injury is domi-

nated by inflammatory reactions mediated by cyto-
kines, chemokines, growth factors, and their actions
on cellular receptors (Fig 1). Intracellular signaling
cascades are activated, contributing to cell prolifer-
ation, migration, and differentiation. In addition,
chemoattractant factors recruit different cell types,
such as granulocytes and macrophages, to the
wound site, thus initiating wound repair. The
wound milieueconsisting of various proteinases,
cytokines, chemokines, pH gradients, and pO2

gradientsehas a major impact on cellular functions.
The importance of wound fluid in regulating the
responsiveness of fibroblasts to proliferation signals
mediated by cytokines has been shown by Nedelec
et al.2

During the inflammatory phase of wound healing,
a variety of membrane-bound receptors play a role in
recruiting leukocytes and other cells. One receptor
mediating leukocyte-endothelial cell interaction3

is intercellular adhesion molecule-1 (CD54).

Intercellular adhesion molecule-1 interacts with leu-
kocytes via CD11a (together with CD18 = lympho-
cyte function-associated antigen-1). Nagaoka et al4

found that intercellular adhesion molecule-1edefi-
cient mice showed impaired wound healing because
of a lack of leukocyte and macrophage infiltration
into the wound site. These cells are required to

establish an inflammatory re-
action, which is a major mile-
stone on the way to
organized wound repair.

Coordinated inflamma-
tory phases require a
subtle balance of proin-
flammatory cytokines and
chemokines and their antag-
onists. Although interleukin
(IL)-1 is known as a key fac-
tor, little is known about the
functions of the IL-1 receptor
antagonist (IL-1ra). Ishida
et al5 found that IL-1ra e/e
mice showed an interruption
in transforming growth

factor (TGF)-b1 signaling, which resulted in reduced
collagen deposition and vascular endothelial growth
factor (VEGF) expression. IL-1ra is only temporarily
up-regulated until 10 days after skin injury. IL-1ra
deficiency induces prolonged nuclear factor (NF)-kB
p65 nuclear translocation. The prolonged inflamma-
tory phase leads to delayed wound healing in these
mice.

Ishida et al6 further studied the role of chemokine
receptors in wound pathogenesis in a full-thickness
excisional skin mouse model. The chemokine che-
mokine C-X3-C motif ligand-1 (CX3CL1) (nomencla-
ture according to patterns of conserved cysteines:
chemokine C-X3-C motif ligand-1; fractalkine) and
its receptor chemokine C-X3-C motif receptor-1
(CX3CR1) are up-regulated at wound sites. Their
role in wound healing was elucidated in an exci-
sional wound CX3CR1 e/e mouse model that
showed reduced macrophage infiltration and then
reduced TGF-b1 and VEGF signaling (because both
are released by macrophages), which in turn led to
decreased collagen deposition and neoangiogene-
sis, inevitably resulting in delayed wound healing.
When IL-1ra is knocked out, different chemokines
are also up-regulated.

Furthermore, the shift in balance between proin-
flammatory and anti-inflammatory factors is one of
the central reasons for persistent inflammation in
chronic wound healing. An anti-inflammatory factor
involved in regulating the balance is secretory leu-
kocyte protein inhibitor-1. Its gene expression is

CAPSULE SUMMARY

d Since the beginning of the new
millennium a large number of articles
have been published dealing with
cutaneous wound healing.

d This article reviews novel findings related
to the major phases of cutaneous wound
healing: inflammation, proliferation, and
tissue remodeling.

d Newly discovered molecular targets and
pathways provide the basis for further
research and future clinical studies.
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