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Abstract
Aims/hypothesis Bone marrow (BM)-derived endothelial pro-
genitor cells (EPC) promote tissue healing and angiogenesis,
whereas altered EPC biology may favour diabetic complica-
tions. We tested the hypothesis that diabetes impairs the
contribution of BM-derived cells at sites of wound healing.
Methods Four weeks after induction of diabetes in C57BL/6
mice, hindlimb skin wounds were created and monitored by
digital imaging and histology. Circulating EPCs were quan-
tified by flow cytometry before and after wounding. In
separate experiments, bone marrow from C57BL/6 mice
constitutively producing green fluorescent protein (GFP) was
transplanted into myeloablated wild-type mice before induc-
tion of diabetes. We quantified proliferation, apoptosis and
endothelial differentiation of tissue GFP+ cells. Net recruit-
ment of GFP+ cells was estimated by correcting the number
of tissue GFP+ cells at each time point for basal levels,
apoptosis and proliferation rates.
Results Diabetes delayed wound healing, with reduced
granulation tissue thickness and vascularity, and increased
apoptosis. Circulating EPC levels were not modified by
4 week diabetes and/or skin wounding. BM-derived EPCs

(GFP+vWf+ [von Willebrand factor] cells) within the
granulation tissue were significantly reduced in diabetic
compared with control mice. BM-derived GFP+ cells
showed increased apoptosis and decreased proliferation in
diabetic versus non-diabetic wound tissues. Estimated net
recruitment of BM-derived GFP+ cells was reduced on
day 1 after wounding in diabetic mice.
Conclusions/interpretation Diabetic-delayed wound heal-
ing was associated with defective recruitment, survival
and proliferation of BM-derived progenitor cells. Local
treatments aimed at restoring EPC homing and survival
might improve tissue healing in diabetes.
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Abbreviations
BM Bone marrow
DM Diabetes mellitus
EPC Endothelial progenitor cells
FLK Fetal liver kinase
GFP Green fluorescent protein
HPF High power field
KDR Kinase insert domain receptor
SDF Stromal derived factor
STZ Streptozotocin
TRITC Tetramethyl rhodamine iso-thiocyanate
vWf von Willebrand factor

Introduction

Diabetes mellitus predisposes to the development of chronic
foot ulcers, which represents a major cause of disability and
mortality [1, 2]. Diabetic neuropathy impairs nociception and
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favours traumatic lesions, whereas diabetic vasculopathy
impairs nutritive blood flow and delays wound healing [3].
The mechanisms underlying these alterations include ad-
vanced glycation, oxidative stress and widespread microvas-
cular damage [4]. It has been recently shown that, besides
damage pathways, vascular regeneration is also important for
tissue homeostasis and healing. Interestingly, the bone
marrow (BM) harbours a subset of cells capable of
endothelial differentiation [5]. These endothelial progenitor
cells (EPCs) are released into the peripheral circulation in
response to ischaemia or vascular injury; once in the
bloodstream, they travel (home) to damaged tissues and
participate in endothelial healing and angiogenesis [6].
Diabetic patients with long-standing disease have a severe
reduction and dysfunction of circulating EPCs, especially in
the presence of peripheral vascular complications and
diabetic foot [7]. The impairment of endothelial regenerative
cells is indeed considered a novel mechanism of vascular
disease in diabetes and might be related to delayed wound
healing. Interestingly, transplantation of an EPC-enriched
cell population was able to improve ulcer healing more than
conventional therapy in a pilot clinical trial in diabetic
patients with critical limb ischaemia [8].

We have previously shown that mobilisation of EPCs
from the BM after acute ischaemic damage is inhibited by
diabetes [9], but it is not clear if the homing process and
local survival of these cells are impaired as well. In this
study, we used a genetic cell tracking method to assess the
contribution of BM-derived cells in a model of delayed
diabetic wound healing in terms of recruitment, prolifera-
tion and apoptosis.

Methods

Induction of diabetes and wounding All the procedures
involving animals and their care were conducted in accor-
dance with international guidelines, laws and policies and
with the National Institutes of Health Principles of Laboratory
Animal Care (NIH publication no. 85-23, revised 1985). The
protocol was authorised by our local institutions. Ten- to
twelve-week-old C57BL6 mice (in-house colony) were used.
Diabetes was induced by a single intraperitoneal injection of
150 mg/kg streptozotocin (STZ) in pH 4.5 citrate buffer.
Hyperglycaemia was confirmed after 4 and 7 days by testing
blood glucose using a commercially available glucose meter
(Glucocard G-Sensor; Menarini, Florence, Italy). Mice with
blood glucose >16.7 mmol/l (300 mg/dl) were used. To rule
out a persistent effect of STZ on immune/inflammatory blood
cells that might bias results from the present study, in separate
experiments (n=6) we analysed white blood cell subpopu-
lations, CD34+ cells and apoptotic CD34+ cells at baseline,
3, 5, 7 and 30 days after STZ injection.

After 4 weeks of hyperglycaemia, skin wounds were
created on the dorsal surface of the right hindlimb using a
4 mm punch biopsy device (H-S Medical, Colton, CA,
USA). At the time of ulceration, capillary glucose was
measured and was confirmed to be >16.7 mmol/l. Wounds
were monitored by taking high resolution frontal photos
every 2–3 days using a digital camera (Coolpix; Nikon,
Torino, Italy) and the area was calculated relative to a
millimetre reference using the image processing software
ImageJ (Research Services Branch, National Institute of
Mental Health, Bethesda, MD, USA). Diabetic and control
animals were used either to determine wound closure times
(n=8 per group) or for histological analyses (n=6 per
group). At baseline, 1 and 4 days after wounding, blood
samples were drawn for determination of EPC levels by
flow cytometry (n=6 per group). Based on preliminary
data, we expected this sample size to be sufficient to detect
a 25% difference in mid-time wound healing, as well as a
30% difference in granulation tissue thickness. We chose
the limb wound in a previously validated type 1 diabetic
animals model [10], proven suitable to study the altered
diabetic wound healing process.

Bone marrow transplantation In separate experiments,
wild-type mice (n=6) were myeloablated with a sublethal
dose of intraperitoneal cyclophosphamide (350 mg/kg).
Meanwhile, BM cells were prepared from C57BL/6 mice
constitutively producing green fluorescent protein (GFP)
(in-house colony) by flushing femurs and tibia. Twenty-
four hours after myeloablation, GFP+ cells were intrave-
nously infused in myeloablated mice. Four weeks after BM
transplantation, recovery and chimerism were assessed by
flow cytometry on a peripheral blood sample, by looking at
the GFP signal. Then, animals were either injected with
STZ (n=3) or vehicle (n=3). Four weeks later, wounds
were created as described above and tissues collected on
day 1 and 4 and after complete healing. We calculated that
this sample size had 80% power to detect a significant 35%
difference in the number of tissue GFP+ cells after
wounding in diabetes vs. controls.

Tissue analyses Half-closed time was calculated as the time
(in days) after which the wound area was reduced to 50%.
Wound tissue and the surrounding 2–4 mm tissues, as well
as deep planes, were then removed en bloc for histological
analyses and immunofluorescence. The wound tissue block
was transversally sectioned at the equator of the wound to
standardise the wound area to be analysed. Cryosections,
7 μm thick, were stained with haematoxylin and eosin, and
Masson’s trichrome, using commercially available kits
(Bio-Optica, Milan, Italy) according to the manufacturer’s
instructions. Within each section, wound edges and the
granulation tissue were identified under low magnification;
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within the granulation tissue of each section, measurements
were performed based on 10 random microscopic fields to
minimise operator-dependent selection of areas. Thickness
of the granulation tissue was measured in cross-sections, as
the connective tissue stained blue with Masson’s trichrome
between epithelium and the underlying muscle fascia.
Vascular density within the granulation tissue was deter-
mined by staining with GSL I-isolectin B4 (Vector Labs,
Burlingame, CA, USA). Apoptosis of granulation tissue
cells was detected with Apoptag Green Plus In situ
Apoptosis Detection Kit (Millipore, Vimodrone, Milan,
Italy) and counted in ten high-power random fields per
slice.

Wound tissues excised from GFP+ BM transplanted mice
were stained with a primary anti-von Willebrand factor
(vWf) rabbit polyclonal antibody (dilution 1:150; Abcam,
Cambridge, MA, USA) and a secondary TRITC-conjugated
anti-rabbit Ig. BM-derived cells in the wound tissue were
identified based on the endogenous GFP fluorescence. Total
GFP+ cells (all BM-derived cells) and GFP+vWf+ cells
(BM-derived endothelial cells) were counted in 10 random-
ly selected high-power fields per slice, and normalised for
the degree of chimerism. The percentage of GFP+ cells co-
expressing vWf were also counted. Apoptosis of GFP+ cells
was assessed in histological sections using the Apoptag
Red Plus In situ Apoptosis Detection Kit (Millipore) and
identified as double (red and green) fluorescent nucleated
cells. Nuclei were counterstained in blue with Hoechst
33258 (Sigma-Aldrich, Schnelldorf, Germany). Proliferat-
ing cells were identified in histological sections by the
presence of histone H3 phosphorylated at serine 10, using a
rabbit polyclonal histone H3 phospho S10 primary Ab,
with dilution 1:250 (ab47297; Abcam, Cambridge, UK)
and a secondary swine anti-rabbit TRITC-conjugated
polyclonal Ab (Dako Cytomation, Glostrup, Denmark)
with dilution 1:100. We counted the number of total
proliferating cells (labelled in red) in each section, as well
as cells showing double fluorescence for GFP and H3S10,
representing proliferating BM-derived cells, in ten random
high-power fields per slice.

Quantification of circulating EPCs Mouse circulating
EPCs were quantified using flow cytometry on the basis
of the expression of the stem cell antigen CD34 and of the
endothelial antigen fetal liver kinase (FLK)-1. This pheno-
type is reminiscent of the CD34+KDR+ cell population,
which is considered the best human EPC phenotype [11].
Peripheral blood was collected before wounding and 4 days
later. After erythrocyte lysis, 150 μl of blood was incubated
with 10 μl of Alexa Fluor 647 rat α-mouse CD34 Ab
(Beckton Dickinson, Franklin Lakes, NJ, USA) and 10 μl
of Alexa Fluor 488 rat α-mouse FLK-1 Ab (BioLegend,
San Diego, CA, USA). The frequency of peripheral blood

cells positive for the above reagents was determined by a two-
dimensional side scatter fluorescence dot plot analysis, after
appropriate gating to exclude granulocytes. Initially we gated
CD34+ peripheral blood cells and then examined the
resulting population for dual expression of FLK-1. Mouse
white blood cell subpopulations were assessed at different
time points after STZ administration by FACS according to
side scatter and forward scatter properties of lymphocytes,
monocytes and granulocytes. Apoptosis of CD34+ cells was
analysed after gating on CD34+ events based on Annexin V
(Becton Dickinson) binding to externalised phosphatidylser-
ine. Data were processed using the Macintosh CELLQuest
software programme (Beckton Dickinson).

Statistical analysis Data are expressed as mean±standard
error. Differences between means were assessed using two-
tailed unpaired Student’s t test for two independent groups
and paired Student’s t test for two repeated measures. When
there were more than two repeated measures, we used
repeated measures ANOVA with the post hoc Hochberg
procedure. Statistical significance was accepted at p<0.05.

Results

Experimental diabetes delays wound healing Healing was
monitored macroscopically by quantitative imaging of
wound area at different time points. Initial wound area
was not different between diabetic and control animals
(17.1±1.0 vs. 16.8±1.2 mm2, respectively; p=0.824).
Figure 1a shows that wound closure was delayed in diabetic
mice compared with control mice by about 35. The residual
wound area was significantly higher in diabetic versus
control mice on day 4 and 7 (p<0.05 for both after
controlling for multiple testing). On day 7, wounds were
healed in control mice, whereas it took 9–12 days in
diabetic mice (Fig. 1b).

Granulation tissue vascularisation is impaired in diabe-
tes The granulation tissue of half-closed wounds was
assayed for thickness, vascularity and apoptosis (n=6 mice
per group). Thickness, measured in Masson’s trichrome
stained sections, was reduced by about 63% in diabetic
versus control mice (155±32 vs. 412±48 μm, p=0.02).
Vascular density, measured by isolectin staining, was
reduced by about 60% in diabetic mice versus control mice
(77±18 vs. 192±23 vessels/HPF, p=0.01). As isolectin
may give some non-specific signal within the granulation
tissue, counterstaining with vWf was performed, confirm-
ing reduced number of Isolectin+vWf+ vascular structures
in diabetes versus control (see Electronic supplementary
material [ESM] Fig. 1). The number of total apoptotic cells
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within the granulation tissue was significantly increased in
diabetic compared with control mice (84±14 vs. 21±7
apoptotic cells/HPF, p=0.02). Histology showed that most
apoptotic cells in control wounds were fibroblasts. Taken
together, these data indicated that diabetes impairs devel-
opment of the granulation tissue with increased apoptosis
and decreased vascularisation (Fig. 2).

Skin wounding does not mobilise EPCs Circulating
CD34+FLK-1+ EPCs were quantified by flow cytometry

before, and on day 1 and 4 after, wounding. We found that
4 weeks of experimental diabetes was associated with a mild
and non-significant 20% reduction in basal EPC levels
before wounding. On days 1 and 4 after wounding, EPC
level did not change in both control and diabetic mice (ESM
Fig. 2a), suggesting that a 4-mm skin wound represents too
little tissue damage to stimulate BM EPC mobilisation.

Recruitment, proliferation and apoptosis of BM-derived
cells in wound tissues Transplantation of GFP+ BM into
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Fig. 2 Granulation tissue devel-
opment is impaired in diabetes.
a Representative photomicro-
graphs of wound tissue sections
stained with: (1) Masson’s tri-
chrome for the measurement of
thickness (blue area, scale bar
400 μm); (2) isolectin for iden-
tification of blood vessels (green
structures); (3) ApopTag Plus
for identification of apoptotic
cells (green signal; arrowheads
identify apoptotic cells). Scale
bar, 100 μm. b–d Quantification
of (a) revealed that, compared
with control mice (white col-
umns), diabetic mice (black col-
umns) showed significant
reduction of granulation tissue
thickness and vascularity and
significant increase in apoptotic
cells. *p<0.05
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wild-type mice allowed us to track the fate of BM-derived
EPCs in diabetic and non-diabetic animals. Administration of
STZ to induce diabetes did not significantly modify the
percentage of immune/inflammatory blood cells, whereas it
induced a transient increase in the percentage of apoptotic
CD34+ cells, which accounted for up to 20% of total CD34+

cells on day 3 after STZ injection. Consistently, the level of
CD34+ cells transiently decreased. These alterations resolved
after 7 days, and there were no differences on day 30 versus
baseline (ESM Fig. 2b). Therefore, acute effects of STZ were
confined to the first days after injection, ruling out persistent
toxic effects of STZ on the haematopoietic system. In
addition, there was no difference in haematopoietic reconsti-
tution between diabetic and control mice.

We found that the number of total GFP+ BM cells
transiently increased after tissue damage, peaking between

days 1 and 4 in control mice. A small fraction of these cells in
the granulation tissue showed co-expression of vWf, which
indicates endothelial differentiation, and therefore identifies
BM-derived EPCs. The number of GFP+ and GFP+vWf+

cells were significantly reduced in diabetic mice compared
with control mice at all time points after wounding.
Interestingly, the percentage of vWf+ BM-derived cells
increased to about 15% in control mice, whereas it remained
<5% in diabetic mice (Fig. 3).

Theoretically, the difference in GFP+ cells during healing
of diabetic versus non-diabetic wounds could result from
lower proliferation, increased apoptosis or defective recruit-
ment, or a combination of these mechanisms. We found that
the apoptotic rate of GFP+ cells was slightly but not
significantly higher at baseline, while it was much higher
in closed wound tissues in diabetic compared with non-
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diabetic animals (28.5±11.8 vs. 0.2±0.0 p=0.02; Fig. 4a).
The proliferation rate of dermal cells was close to zero at
baseline in non-wounded tissues, while it increased substan-
tially after wounding in control animals. Diabetic wound
tissues had a lower number of proliferating cells on day 4
(p=0.03) and in closed wounds (p=0.02); proliferating GFP+

cells were significantly reduced in diabetic compared with
non-diabetic tissues on day 1 (0.3±0.3 vs. 13.5±7.4 p=0.03)
and 4 (1.4±0.6 vs. 8.5±4.5 p=0.02; Fig. 4b).

We reasoned that increased apoptosis and reduced
proliferation contributes to explaining the lower number
of GFP+ cells in diabetic wound tissues. To estimate the
actual contribution of defective recruitment at each time
point, tissue GFP+ cell counts were reduced by the
percentage of proliferating cells (because proliferation
increases the number of local GFP+ cells independently of
recruitment) and augmented by the percentage of apoptotic
cells (because apoptosis reduces the number of local GFP+

cells that may have been recruited). Then, we subtracted the
basal GFP+ cell count (ESM Fig. 3a–c). The resulting
adjusted recruitment curve showed a defective income of
GFP+ cells in diabetic versus non-diabetic animals on day 1
(ESM Fig. 3d).

Discussion

In the present study, we used an in vivo genetic cell
tracking method to demonstrate that impaired wound
healing and vascularisation of the granulation tissue is
associated with defects of BM-derived EPCs in diabetic
mice, comprising lower proliferation, increased apoptosis
and defective recruitment.

During the last 10 years, data have accumulated
indicating that reduction and impairment of EPCs are
involved in the development of diabetic complications
[12]. In humans, circulating EPCs are altered in parallel
with increasing severity of micro- and macrovascular
disease [7, 13]. In addition, a low EPC level has been
shown to represent an independent risk factor for future
cardiovascular events [14, 15]. These clinical data support,
but do not prove, the idea that EPCs influence diabetic
complications and outcomes. Experimental studies show
that restoration of a normal EPC pool is associated with
prevention or reversal of myocardial and peripheral
ischaemia, as well as glomerular and retinal damage in
diabetic animals [16–19], mechanistically demonstrating
the protective role of EPCs. Preliminary clinical experience
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confirms that EPC-based therapies are safe and potentially
effective in treating diabetic complications, such as critical
limb ischaemia [8].

The causes of low EPC levels in diabetes are not entirely
understood. We hypothesise a three-compartment model of
EPC kinetics, made up of a reservoir (BM), a disposable
pool (peripheral blood) and a target (peripheral tissues).
Thus, the theoretical mechanisms accounting for circulating
EPC reduction include: (1) defective bone marrow mobi-
lisation; (2) death in the bloodstream (e.g. apoptosis); and
(3) increased homing outside the bloodstream (Fig. 5). It
has been previously shown that post-ischaemic angiogen-
esis and mobilisation of EPCs are impaired in diabetic rats
and mice, owing to an inability to upregulate hypoxia-
sensing systems in ischaemic tissues and reduced BM
responsiveness [9, 20, 21]. More recently, BM histopathol-
ogies have been substantiated in diabetic animals, with
evidence of microangiopathy and neuropathy [19, 22].
Reduced survival or differentiation of EPCs cultured in
high glucose have been shown by several groups in vitro
[23, 24], but there is no evidence that this occurs in vivo.
Our recent study in humans supports the argument against
an increased apoptosis of circulating progenitor cells from
diabetic patients compared with controls [25]. Finally, low
EPCs might reflect an increased homing to target tissues
owing to the widespread endothelial damage in diabetes.
This ‘waste’ hypothesis has not been demonstrated so far.

In the present study, we used a mouse model of
relatively short disease duration (4 weeks), which was not

sufficient to produce a significant reduction of circulating
EPCs in mice. Probably, these mice had not yet developed
anatomical BM alterations, which have been shown only
after 24 weeks of hyperglycaemia [22]. In addition, the
degree of tissue damage produced by a 4 mm skin wound
was not sufficient to trigger BM mobilisation of EPCs in
diabetic or control mice. As a result, circulating EPC levels
were similar in control and diabetic mice throughout the
study. This is an ideal situation to study homing processes,
indeed, changes in the amount of local EPCs after tissue
damage could be attributed to altered recruitment from the
bloodstream, proliferation or survival. We found that BM-
derived EPCs (GFP+vWf+ cells) were significantly reduced
in diabetic wound tissues compared with non-diabetic ones.
To account for this alteration, in mid–late time points of
wound healing, apoptosis was higher whereas proliferation
of BM-derived GFP+ cells was lower in diabetic animals
compared with controls. Indeed, the number of local BM-
derived cells at any time point represents the balance
between recruitment and proliferation (that increase it) and
apoptosis (that lowers it). The following formula can be
applied: number of cells in sections = basal cell count +
recruited cells + proliferated cells − apoptotic cells.
Therefore, the net recruitment was estimated by subtracting
the basal cell count and proliferation rate and by adding the
apoptotic rate to the number of local GFP+ cells. With this
approach, we found a defective recruitment at the earliest
time point (day 1) in diabetic wound tissues compared with
non-diabetic wound tissues. Proliferation and apoptosis

Effects of 4 weeks experimental diabetes

Theoretical three-compartment EPC model

Bone 
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Peripheral 
blood

Peripheral
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Reservoir Disposable pool Target
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= =
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Fig. 5 The three-compartment model of EPC kinetics. a According to
current knowledge, EPCs move from a reservoir (BM) to a disposable
pool (peripheral blood) through processes of mobilisation. Survival of
EPCs in the bloodstream can then be differentially regulated. From the
blood, EPCs can reach the target compartment (peripheral tissues) by
homing/recruitment processes. Circulating EPC levels are positively

influenced by BM mobilisation and peripheral survival of EPCs,
whereas it is negatively affected by increased homing. Within the
target tissue, the level of EPCs results from the balance between
recruitment, survival and proliferation. b The effects of 4 week
experimental diabetes on the three compartment kinetics
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showed plausible and consistent variations over time. For
instance, in normal unwounded skin, dermal cell prolifera-
tion was virtually absent and there was a mildly increased
apoptotic rate in diabetes. Proliferation increased after
wounding as part of the granulation tissue development.
Apoptosis of GFP+ cells decreased due to the effect of the
incoming (non-apoptotic) BM-derived cells recruited from
the bloodstream after wounding.

We identified BM-derived EPCs as GFP+ cells co-
expressing vWf, as an index of endothelial differentiation.
In this study, we used different definitions for circulating
EPCs (CD34+FLK-1+) and local EPCs (GFP+vWf+) because
CD34 is rapidly downregulated in tissue-resident cells and
because FLK-1 is expressed in more immature cells than
vWf [26]. Thus, local GFP+vWf+ cells may represent BM-
derived EPCs that home to the tissue and complete
endothelial maturation or BM-derived cells that differentiate
toward the endothelial lineage within the tissue. In both
cases, these cells are known to contribute to granulation
tissue angiogenesis [27]. In control and diabetic mice, the
total number of GFP+ cells peaked during wound healing
and then returned to baseline in completely healed tissues.
By contrast, GFP+vWf+ cells increased steadily in control
mice, while they were lower, and only transiently increased,
in diabetic mice (Fig. 3f). Remarkably, the percentage
expression of vWf on GFP+ cells, reflecting the accumula-
tion of BM-derived EPCs or progressive endothelial differ-
entiation of BM-derived cells within the granulation tissue,
was strikingly flattened in diabetic wounds (Fig. 3g). The
reduction of EPCs in diabetic tissues was associated with a
severely compromised development of granulation tissue.
Given the low absolute number of GFP+vWf+ cells, it is
possible that these cells contribute to the vascular bed mainly
by paracrine activity (i.e., by secretion of growth factors and
cytokines) rather than physically forming entire capillaries
[28]. Nonetheless, neovasculogenesis is essential for the
formation of a competent connective tissue for healing of a
substance loss [3], because impairment of nutritive blood
flow hampers cell proliferation and differentiation, while
promoting apoptosis. The result of these histopathological
alterations was delayed wound healing in diabetic mice.
Although we have not definitely demonstrated that EPC
defects account for poor granulation tissue vascularisation in
diabetes, data in the literature support this view, and
restoration of EPC homing and survival in diabetic tissues
may improve local neovasculogenesis and tissue healing. For
instance, it was previously shown that human BM-derived
stem cells accelerate vascularisation and healing of murine
diabetic wounds [29]. In addition, Barcelos et al. [29] found
that local treatment with exogenous human vascular stem
cells improves healing of mouse diabetic wounds by para-
crine stimulation of angiogenesis. Our data show defects of
endogenous BM-derived stem cells in diabetic wound

healing provide a hitherto unrecognised rationale for
devising similar therapeutic strategies.

The mechanism underlying the defective contribution of
BM-derived cells in diabetes needs to be further explored.
Previous data indicate that production of the chemokine SDF
(stromal derived factor)-1α, an established regulator of EPC
trafficking, is blunted in diabetic tissues [9]. Gallagher et al.
[20] reported that local treatment with SDF-1α improved
wound healing and increased local BM-derived cells. While
chemokine defects/imbalances may account for altered EPC
recruitment, multiple factors are likely to be implicated in the
complex impairment of BM-derived cells in diabetic wound
healing; these may include biochemical pathways activated
by hyperglycaemia together with oxidative stress, accounting
for increased local apoptosis. In parallel p53/p21 signalling
in high glucose may trigger early EPC senescence and
proliferative arrest [30].

In conclusion, we show that diabetes impairs the
contribution of BM-derived cells to the wound healing
process, by means of increased apoptosis, reduced prolif-
eration and defective recruitment.

The demonstration of impaired homing of EPCs to sites
of delayed wound healing identifies another mechanism
that hampers wound healing in diabetes. Thus, for the first
time, we provide a rationale for devising therapeutic
strategies aimed at enhancing progenitor cell recruitment
and survival to achieve good vascularisation of the
granulation tissue. This might finally translate into im-
proved outcomes of this disabling diabetic complication.
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