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Introduction

Gowda S, Weinstein DA, Blalock TD, Gandhi K, Mast BA, Chin G, Schultz GS.
Topical application of recombinant platelet-derived growth factor increases the rate
of healing and the level of proteins that regulate this response. Int Wound J 2015;
12:564-571

Abstract

A bipedicle ischaemic rat skin flap model was used to study the effects of daily topical
applications of platelet-derived growth factor (PDGF) on the healing of ischaemic
wounds. Levels of tumour necrosis factor-alpha (TNFA), interleukin 1-beta (IL1B)
and both the latent and active forms of matrix metalloproteinase 2 (MMP2) and
9 (MMP9) were measured. Full-thickness wounds were made on a total of 72 adult
male Sprague—Dawley rats. Each group of 18 rats with normal and ischaemic wounds
received either vehicle or 0-01% recombinant PDGF-BB. Additional applications were
made on the wounds on a daily basis. Wound areas were measured at 0, 1, 3,5,7 9
and 13 days after wounding. Ischaemia caused a delay in wound healing as well as
an increase in TNFA, IL1B and both the pro and active forms of MMP2 and MMP9.
PDGF accelerated the rate of wound healing in both normal and ischaemic wounds
and negated the effect of ischaemia. PDGF reduced the TNFA concentration in both
normal and ischaemic wounds, and the rate of wound healing closely resembled the
pattern of TNFA protein expression. PDGF also reduced both the magnitude and
duration of the increases in IL1B and both the pro and active forms of MMP2 and
MMP?9 induced by ischaemia.

Key Messages

Wound healing is a complex process that integrates multiple
metabolic pathways and cell types, and therefore, successful
wound healing depends on precise spatiotemporal gene reg-
ulation (1). Perturbations that lead to dysregulation of this
process disrupt normal wound healing, resulting in pathogen-
esis (2,3). One such example, the chronic non-healing wound,
is an important cause of morbidity and mortality in surgi-
cal and medical patients (4—6). Chronic wounds are generally
associated with other underlying medical conditions, including

e chronic non-healing wounds are an important cause of
morbidity and mortality in surgical and medical patients

e the purpose of this study was to assess the effect of
PDGF on healing and biochemical parameters of normal
and ischaemic rat skin wounds

o full-thickness normal and ischaemic wounds were made
on a total of 72 Sprague-Dawley rats who received
either vehicle or 0.01% PDGF-BB
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e PDGF reduced the levels TNFA, ILB, and the pro and
active forms of MMP2 and MMP9

e PDGF accelerated the rate of wound healing in both
normal and ischaemic wounds and negated the effect of
ischaemia possibly through reduction of levels of pro-
inflammatory cytokines and matrix metalloproteinases

diabetes, trauma, peripheral vascular insufficiency, vasculitis,
radiation injury, neuropathy, venous stasis, and most com-
monly, hypoxia (7).

Chronic non-healing wounds of different aetiologies are
characterised by having elevated levels of pro-inflammatory
cytokines and matrix metalloproteinases (MMPs) in both
wound fluid and tissue (8). The release of pro-inflammatory
cytokines, particularly, tumour necrosis factor-alpha (TNFA)
and interleukin 1-beta (IL1B) is an early response to tissue
injury (1,9). TNFA and IL1B exert their effect by stimulating
the production of MMPs in fibroblasts. During wound healing
MMPs play two critical roles. First, they degrade damaged
components of the extracellular matrix (ECM), which ulti-
mately allows for cellular adherence and lying down of the
basement membrane; second, they are responsible for remod-
elling of the new ECM (8). However, for wound healing to be
successful, the levels and duration of protease expression must
be tightly controlled. Elevated levels of MMP2 and MMP9
have been observed in chronic wounds, leading to the specu-
lation that overproduction of MMPs results in degradation of
components necessary for normal wound healing (10—12).

Until recently, treatment strategies for chronic wounds were
limited to preparation of the wound bed and included remov-
ing necrotic tissue by debridement, controlling infection and
inflammation, maintaining optimal moisture balance and eval-
uating the edge of wounds (13). While these strategies are
of benefit, they are only partially successful because they
fail to target the pathophysiologic and molecular cause of
most chronic wounding (14—16). Recently, animal models and
human clinical studies have confirmed that exogenous appli-
cation of platelet-derived growth factor (PDGF) accelerates
wound healing. As a result, topical application of recombinant
human PDGF (PDGF-BB) is now approved as a treatment for
diabetic foot ulcers (17).

Studying the factors that regulate wound healing is key to
understanding and maintaining health. Therefore, the purpose
of this study was to test PDGF as a potential therapeutic agent
for the healing of chronic ischaemic wounds and to monitor
levels of TNFA, IL1B, MMP2 and MMP?9 in order to develop
a more mechanistic understanding of the effects of PDGF on
wound healing.

Methods

Rat ischaemic skin wound model

For this procedure, we used our previously developed
ischaemic bipedicle rat skin flap model (18). All the animal
surgeries were conducted using isoflurane as an inhalation
anaesthetic. Rats were initially anaesthetised with a higher
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induction dose in an induction chamber followed by a lower
maintenance dose administered via a nose cone. All animal
experiments were conducted under a protocol approved by
the University of Florida Animal Care and Use Committee.

The dorsal aspect of 72 adult male Sprague—Dawley rats,
obtained from Charles River Laboratories International, Inc.,
weighing on average 250-300 g, was shaved. An 11 x 2-5cm
rectangular template was centred on the spine and positioned
between the base of the scapula and the iliac crest of each rat.
The template contained six circular holes arranged with two
adjacent holes in each of three rows. The holes were located at
2.5, 5-2 and 7-8 cm from the longitudinal end of the template
and 3mm from the lateral edges. Location of the holes was
traced on the dorsal rat skin. The skin was folded to super-
impose the two circles of each row and a wooden dowel was
placed against one side of the skin. Under strict aseptic condi-
tions, three pairs of full-thickness wounds were created using
a 6-mm punch biopsy fitted to an electric drill. These normal
skin punch biopsies, which served as day O samples, were
immediately frozen in liquid nitrogen and then transferred to
a —80°C freezer for future biochemical analyses.

Two parallel linear incisions were made along the long
side of the template and extended to just above but not
including the panniculus carnosus muscle layer. The skin flap
was then elevated and the underlying vasculature was severed
between the panniculus carnosus and the deep fascia of the
skin. The skin flap was then repositioned and stapled on each
lateral side. In so doing, this procedure created a condition of
transient ischaemia.

Treatment application and sample collection

The area of each wound was traced on a transparent acetate
sheet and was considered as the initial wound size. All of the
wounds in each group of rats received one of two treatments,
Regranex gel (Healthpoint Biotherapeutics, Forth Worth, TX)
that contained 0-01% recombinant human PDGF-BB in car-
boxymethylcellulose gel or 50 ul of 1% carboxymethylcellu-
lose gel (Johnson and Johnson, New Brunswick, NJ; vehicle
for Regranex that served as the control). In group 1, rats
with ischaemic wounds were all treated with vehicle (1%
carboxymethylcellulose gel); in group 2, rats with ischaemic
wounds were all treated with Regranex gel (Healthpoint Bio-
therapeutics); in group 3, rats with normal wounds were all
treated with vehicle; and in group 4, rats with normal wounds
were all treated with Regranex gel. Treatments were topi-
cally applied to each of the six full-thickness punch wounds.
Following treatment, rats were housed in the animal care
facility, assigned two per cage and given unrestricted food
and water. Post-surgery follow-up was done on a daily basis
and the respective groups were given an additional dose of
either the control or PDGF-BB. On post-surgery days 1, 3,
5, 7, 9 and 13, three rats from each of the four treatment
groups were anaesthetised. The size of each wound was traced
and photographed. Tissue biopsies were collected from each
of the original wounds using an 8-mm punch biopsy. Tis-
sue samples were frozen immediately and stored in a —80°C
freezer for future biochemical analyses. After tissue collection,
animals were euthanised by injecting 0-3ml or >150 mg/kg
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Figure 1 Measurement of wound areas in normal and ischaemic
wounds treated with vehicle or platelet-derived growth factor (PDGF).
Wounds were treated with daily topical application of placebo (n=18)
or PDGF (n=18). The wound areas were then measured on days 1, 3,
5, 7, 9 and 13 after surgery.

of Beuthanasia-D (sodium pentabarbitol 390 mg/ml, sodium
phenytoin 50 mg/ml) intraperitoneally.

Analysis of wound size

Acetate traces of each wound were enlarged 200% using a
photocopier, and the paper images were digitised using a high-
resolution HP Scan Jet 3C Scanner (Hewlett-Packard, Palo
Alto, CA). The size of each wound was calculated using the
NIH ImageJ Program (http://rsbweb.nih.gov/ij/). Mean wound
areas and standard error of the mean were expressed as mm?.
The time required for each treatment to obtain 50% wound
closure was interpolated from graphs of mean wound size

(Figure 1).

Biochemical analyses of biopsy tissue

Four of six skin punch biopsies from each rat were removed
from the freezer, weighed, cut into small pieces, pooled and
homogenised with a 15ml glass homogeniser in phosphate
buffered saline (PBS) containing 0-1% Triton-X-100 at a
ratio of 1 ml buffer per gram of tissue. Homogenates were
transferred to 1-5ml microcentrifuge tube and centrifuged
at 1700 g for 10 minutes at 4°C. Following centrifugation,
the clear supernatant was collected and stored at —80°C for
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future use. Aliquots of each sample were used in enzyme-
linked immunosorbent assays (ELISA) to determine the level
of TNFA (Quantikine, R&D Systems, Minneapolis, MN) and
IL1B (Biotrak, Amersham Pharmacia, UK). All samples were
run in duplicate and the concentrations (pg/ug total protein)
of TNFA and IL1B were determined from standard curves
generated from recombinant rat TNFA and IL1B included with
the respective ELISA Kits.

Aliquots of each sample were also analysed for the latent
and active form of both MMP2 and MMP9 by gelatin zymog-
raphy following the manufacturer’s protocol (Invitrogen,
Carlsbad, CA) and as previously described by Ladwig et al.
(19) The amount (ng of MMP/ml homogenate) of protease was
calculated as nanogram of MMP per milliliter of homogenate.

Statistical analyses

A one-way analysis of variance (ANOVA) was conducted
to evaluate the impact of the four treatments (TNFA, IL1B,
MMP-2 and MMP-9 protein) on wound size for all three
replications for each sample day. Post-hoc comparisons were
then conducted using Tukey’s honestly significant difference
(HSD) test to determine if group differences were significant.
All statistical tests were performed using STATISTICA/Mac
(StatSoft™, 1995).

Results

Wound healing

Typical wound healing in this study was represented by the
normal wounds that received only vehicle gel (Figure 1).
Normal wounds increased slightly in size immediately after
wounding and then steadily decreased until day 9, when
there was approximately 85% closure of the wound. Over
the remaining sampling days, the rate of healing slowed
considerably and by day 13, the last sampling day, there was
approximately 92% wound closure. Normal wounds reached
50% closure in slightly less than 7 days.

Both ischaemia and PDGF affected the rate of wound heal-
ing (Figure 1). Ischaemia slowed the rate of wound healing,
particularly between days 5 and 13. On day 7, ischaemic
wounds were still as large as the initial wounds. Ischaemic
wounds required 9days to reach 50% closure and after
13 days, were still significantly larger than normal wounds.

Daily topical application of PDGF had the opposite effect
on wounds; it accelerated the rate of healing. In normal
wounds, PDGF accelerated the rate of healing, which was sta-
tistically significant on day 7 (Figure 1), and reduced the time
for 50% wound closure to just under 6days, approximately
1 day sooner than in normal wounds (P < 0-005). Similarly,
PDGF-treated ischaemic wounds were significantly smaller
than vehicle-treated ischaemic wounds on days 3 through 13
and reached 50% wound closure 2days sooner, on day 7
(P < 0-005). Thus, the net effect of PDGF was to increase the
rate of wound healing in normal wounds and increase the rate
of healing in ischaemic wounds to that of normal untreated
wounds.

© 2013 The Authors
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Figure 2 Tumour necrosis factor-a (TNF-a) concentration in normal and
ischaemic wounds treated with platelet-derived growth factor (PDGF) or
placebo on days 0, 1, 3, 5, 7, 9 and 13 after surgery.

TNFA concentration in wound tissue

The TNFA protein concentration in unwounded tissue was
very low and increased as a result of wounding (Figure 2). The
TNFA concentration in wound tissue increased to a maximum
3 days after wounding, representing an approximate sevenfold
increase above the concentration in unwounded tissue. After
day 3, the TNFA concentration gradually decreased and
returned to a level slightly above its original unwounded
concentration on day 7.

Both ischaemia and PDGF affected TNFA concentration in
wound tissue. Ischaemia caused an increase in TNFA con-
centration and, similar to the expression pattern in normal
wounds, it reached a maximum level 3days after wound-
ing. At its maximum, however, the TNFA concentration in
ischaemic wounds was 14-fold higher than the concentration
in unwounded tissue and 2-fold higher than the concentration
in normal wounds. From its peak on day 3, the TNFA con-
centration in ischaemic wounds decreased slowly and on day
13 was still fivefold higher than the level observed in nor-
mal wounds. In contrast, daily topical application of PDGF
decreased the TNFA concentration in both ischaemic and nor-
mal wounds (Figure 2). In ischaemic wounds treated with
PDGF, there was a large (two- to five-fold) reduction in the
concentration on all sampling days except the first. By day
7, the TNFA concentration had essentially returned to nor-
mal wound levels. Thus, the net effect of PDGF was to lower
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Figure 3 Interleukin-18 (IL-1p) concentration in normal and ischaemic
wounds treated with platelet-derived growth factor (PDGF) or placebo
ondays 0, 1, 3, 5, 7, 9 and 13 after surgery.

the peak expression level in ischaemic wounds to near nor-
mal wound levels. In normal wounds, PDGF application also
caused a substantial reduction in TNFA concentration on days
1, 3 and 5. At its maximum on day 3, the TNFA concentra-
tion of treated normal wounds was approximately half of that
observed in normal wound tissue.

IL1B concentration in wound tissue

Relative to the concentration in unwounded tissue, wounding
caused a twofold decrease in IL1B protein concentration in
the first 24 hours (Figure 3). Over the remaining 12 days the
concentration continued to decline but at a much slower rate.

Between days 1 and 3, the IL1B concentration increased
twofold relative to the concentration in normal wounds. From
its peak on day 3, the concentration steadily decreased and
eventually returned to the level in normal wound tissue on
day 13.

PDGEF had no effect on the concentration in normal wounds
but did cause a reduction in ischaemic wounds. Although
PDGF had no effect on the IL1B concentration in normal
wounds, it was able to more than compensate for the effect of
ischaemia and reduce the concentration to levels below that
in normal wounds (Figure 3).
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Figure 4 Time course of pro-metalloproteinase 2 (pro-MMP2) levels
measured in both normal and ischaemic wounds treated with placebo or
with platelet-derived growth factor (PDGF). Pro-MMP2 levels in normal
and ischaemic wounds treated with placebo or PDGF were determined
by gelatin zymography on days 1, 3, 5, 7, 9 and 13 after surgery.

MMP2 concentration in wound tissue

During the first day after wounding, the concentration of pro-
MMP2 decreased between two- and three-fold but remained
stable thereafter (Figure 4). In contrast, the active form
of MMP2 increased slightly during the first 24 hours after
wounding. This increase was short lived and the activity
returned to approximately normal wound levels between days
3 and 5 (Figure 5).

Ischaemia caused a large and more long-lasting increase in
levels of both the pro and active forms of MMP2 (Figures 4
and 5). Peak activity was reached on day 3 and represented
an approximate five- and two-fold increase above the level
in normal wounds for the pro and active forms of MMP2,
respectively. Although activity steadily decreased after day 3,
the concentration of both pro and active forms on day 13 still
remained twofold higher than that in normal wound tissue.

PDGEF application to normal wounds had little effect on pro-
MMP2 levels and no effect on active MMP2 levels. PDGF
application did cause a decrease in the level of both pro- and
active MMP2 in ischaemic wounds (Figures 4 and 5). In the
case of the pro form, despite a decrease, PDGF application
did not overcome the effect of ischaemia and the expression
mimicked the pattern in ischaemic tissue, peaking on day 3
and remaining twofold higher than the level in normal wounds
on day 13. For the active form, however, PDGF application
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Figure 5 Time course of active metalloproteinase 2 (MMP2) levels
measured in normal and ischaemic wounds treated with placebo or
platelet-derived growth factor (PDGF). Active MMP2 levels in normal
and ischaemic wounds treated with placebo or PDGF was determined
by gelatin zymography on days 1, 3, 5, 7, 9 and 13 after surgery.

reduced MMP2 levels close to those observed in normal
wounds and caused the pattern of expression to mimic normal
rather than ischaemic wounds.

MMP9 concentration in wound tissue

The level of pro-MMP9 in unwounded tissue was low and
unaffected by wounding (Figure 6). The level of active MMP9
also was low in unwounded tissue but increased approximately
two- to three-fold in the first 24 hours after wounding. After
day 1 the active MMP9 level was stable (Figure 7).

Ischaemia caused a large and more long-lasting increase in
levels of both the pro and active forms of MMP9 (Figures
6 and 7). Peak activity of each was reached on day 5,
representing an approximate 14- and 3-fold increase above the
level in normal wounds for the pro and active forms of MMP9,
respectively. Although activity steadily decreased after day 5,
the concentration of the pro and active forms on day 13 still
remained eight- and three-fold higher, respectively, than that
in normal wound tissue.

PDGEF application to normal wounds had no effect on either
the pro or active form of MMP9. PDGF application did cause
a decrease in the levels of pro- and active MMPO9 in ischaemic
wounds (Figures 6 and 7). In the case of the pro form, PDGF
application did not overcome the effect of ischaemia and
the pro MMP9 level was higher by three- to five-fold than
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Figure 6 Time course of pro-metalloproteinase 2 (pro-MMP9) levels
measured in normal and ischaemic wounds treated with placebo or
platelet-derived growth factor (PDGF). Pro-MMP9 levels in normal and
ischaemic wounds treated with placebo or PDGF was determined by
gelatin zymography on days 1, 3, 5, 7, 9 and 13 after surgery.

in normal wounds on all samples days. For active MMP9,
however, PDGF application did reduce the level in ischaemic
wounds to the level in normal wounds by day 7.

Discussion

Following wounding, chronic wound conditions are simulated
by ischaemia. Normal wounds reached 50% wound closure
in less than 7 days while ischaemic wounds required approxi-
mately 9days (Figure 1). In this study, daily application of
PDGF accelerated the rate of healing in both normal and
ischaemic wounds. Levels of active forms of MMP2 and
MMP9 were reduced to that of normal wounds.

The enhanced wound healing effect of PDGF has been
observed in other chronic wound models. For example, Cheng
et al. using a diabetic rat model found that PDGF enhanced
cell proliferation (20). At the histological level, they also
found that PDGF accelerated regeneration of epithelia and
enhanced the formation of granulation tissue. Topical PDGF
has already shown efficacy in treating chronic wounds, specif-
ically diabetic foot ulcers in humans and is a recommended
treatment modality (17).

Although the accelerated wound healing properties of
PDGF are well documented, the exact mechanism is not.
Recently it has been shown that PDGF may exert its effect

© 2013 The Authors
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Figure 7 Time course of active metalloproteinase 9 (MMP9) levels
measured in normal and ischaemic wounds treated with placebo or
platelet-derived growth factor (PDGF). Active MMP9 levels in normal
and ischaemic wounds treated with placebo or PDGF was determined
by gelatin zymography on days 1, 3, 5, 7, 9 and 13 after surgery.

through increasing cell proliferation and upregulation of the
ERK pathway (20). Unwounded skin contains little PDGF
(21). During the early stages of wound healing, platelets
adhere to collagen fragments of the damaged ECM, become
activated and secrete PDGF. PDGF stimulates chemotaxis
of neutrophils, monocytes and fibroblasts. Neutrophils are
the first to respond to injury and help destroy and remove
bacteria, foreign material and devitalised tissue from the
wound. Neutrophils also produce and release TNFA and IL-
1. Monocytes infiltrate the wound site and become activated
macrophages (21). Activated macrophages have a dual role in
wound healing. First, macrophages act as phagocytes ingesting
bacteria, devitalised tissue and depleted neutrophils. Second,
macrophages mediate the transition from the inflammatory
phase to the proliferative phase of healing by releasing
a wide variety of growth factors and cytokines including
TNFA, PDGF and IL-1 (1,22). These compounds recruit and
activate fibroblasts, which are the main cell type involved in
remodelling the new ECM (8). TNFA and IL1B stimulate the
production of MMPs in human fibroblasts (23,24). Various
MMPs (MMP1, MMP2, MMP3 and MMP9) facilitate the
migration and accumulation of fibroblasts at the wound site
by clearing a path for their movement through the ECM (8).
Once fibroblasts have migrated into the wound matrix, they
begin to proliferate and to synthesise collagen, proteoglycans
and other components that comprise granulation tissue (25).
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In this study we monitored the levels of TNFA, IL1B,
MMP2 and MMP9 during the course of wound healing. The
concentration in normal wounds served as the standard for
the effect of both ischaemia and PDGF application. Relative
to normal wounds, ischaemia had two major effects. First,
ischaemia caused a large and significant increase in the levels
of TNFA, pro-MMP2 (5-fold), active MMP2 (2-fold), pro-
MMP9 (14-fold) and active MMP9 (4-fold). Second, levels
remained elevated for the remainder of the study in most cases.
Levels of IL1B decreased rapidly after wounding and contin-
ued to decline but at a much slower rate. This may have been
due to a decreased number of epithelial cells producing ILB.

Daily application of PDGF returned the pattern of TNFA
protein expression in ischaemic wounds to near that of normal
wounds. Not only was PDGF able to compensate for the effect
of ischaemic on TNFA concentration, but in normal wounds
PDGF application also caused a reduction in both peak
concentration and duration. Thus, the level of wound healing
and TNFA concentration are inversely related such that the
fastest and slowest rates of wound healing are associated with
lowest and highest TNFA concentrations, respectively.

Like TNFA, IL1B was elevated to higher levels and for a
longer period of time in ischaemic wounds. IL1B, however,
responded differently to PDGF. The IL1B concentration in
normal wounds was not effected by PDGF but in ischaemic
wounds was reduced to levels below that in both the treated
and untreated normal wounds.

MMPs are initially synthesised as zymogens, inactive
enzymes, such as pro-MMP2 and pro-MMP9. They are
subsequently converted to active forms via cleavage of the
pro-peptide. PDGF had little or no effect on the pro-MMP2
or pro-MMPY9 concentrations in normal wounds. Relative
to normal wounds, ischaemia caused large and prolonged
increases in the concentration of pro-MMP2 and pro-MMP9.
Although PDGF application did cause a reduction in the
level of both pro-MMP2 and pro-MMP9, the effect was not
sufficient to compensate for the effect of ischaemia. Ischaemia
also caused large and prolonged increases in the concentration
of active MMP2 and active MMP9. Although PDGF had no
effect on the MMP2 and MMP9 levels in normal tissue, it
did reduce the active levels of MMP2 and MMP9. In the
case of MMP2, the levels were reduced to near normal levels,
and for MMP9, normal levels were returned to by day 7. It
may be that PDGF reduces the synthesis of the precursor pro-
MMP2 and pro-MMP9, perhaps at the level of transcription,
in addition to reducing the concentration of active MMPs or
even possibly increasing the synthesis of tissue inhibitors of
metalloproteinases (TIMP).

As seen before, chronic wounds, simulated in this study
by ischaemia, heal more slowly and have higher levels of
pro-inflammatory cytokines and proteases. As PDGF accel-
erates healing in ischaemic wounds, we attempted to deter-
mine if there were concomitant changes in the levels of
pro-inflammatory cytokines and proteases. For TNFA, PDGF
did compensate for the increase caused by ischaemia and
decreased the level in normal wounds; thus TNFA concen-
trations inversely correlated with wound healing. Although
PDGEF did reduce the level of IL1B and also both the pro and

Gowda et al.

active forms of MMPs, these changes did not correlate well
with changes in the rate of wound healing.

This study was limited in that samples from each group for
each day used for measurement of ELISA were pooled and
processed together such that statistical analysis could not be
performed to assess for significant differences. Furthermore,
of six wounds created, only four were randomly sampled from
each of the three rats euthanized for biochemical analysis
on each particular day of measurement. As ischaemia is not
evenly distributed throughout the pedicle, some of the samples
may have shown more or less of an effect of ischaemia. It
should also be noted that a significant proportion of wound
healing is accomplished via wound contraction. As this is
the primary outcome, much of the observed differences may
be secondary to modulation of wound contraction and not
necessarily tissue regeneration.

Wound healing in ischaemic wounds was accelerated
through the topical application of PDGF. As suggested by
the findings of this murine study, the mechanism by which
PDGEF increased the rate of healing may be through atten-
uation of a counterproductive and exuberant inflammatory
response and its inflammatory cytokine mediators, TNFA,
ILB and MMPs or even modulation of wound contraction.
Although this study improves our understanding of how PDGF
augments the wound healing process and provides a rationale
for its clinical utility in humans, research is needed to further
clarify the differential action of PDGF on the various cells
involved in wound healing.
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