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Abstract

Diabetes patients experience an accelerated aging process that increases their predisposition to multiorgan
complications and earlier death. Lower extremity ulceration and wound chronification are among the devastating
complications of diabetes. Likewise, ulcer recurrence is a frequent and challenging event whose cellular and
molecular driving forces have remained elusive. Thus far educative prevention and interventions on predisposing
factors are the only tools to prolong ulcer remission. Cellular senescence plays a critical role in diabetics healing
impairment. Hyperglycemia-associated glucooxidative stress and other biochemical derangements can foster this
premature senescence. Since diabetic microenvironment is permissive to senescence, we have hypothesized that
the increasing thresholds of scar’s senescent fibroblasts may contribute to wound recurrence. Diabetic wounds
healing therapies have not accounted for a consistent reduction in recurrences rates. Reviewing 18 clinical trials of
representative therapeutic alternatives for the healing of diabetic lower extremity wounds; indicated that epidermal
growth factor therapy-either topical or by infiltrative delivery, proved to be the only intervention associated to the
lowest recurrences rates. According to literature evidences, we propose that epidermal growth factor exerts a local
rejuvenating effect by replacing senescent cells, or by dismounting/reversing the fibroblasts’ epigenetic senescence
program. This growth factor may potentially act as a senolytic agent for diabetic wounds, promoting the neodermal
resilience and tolerance to physical and mechanical stress.
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Introduction
Healing chronic wounds demands prolonged medical attention and

consumes a substantial amount of expenses. These lesions impose a
dramatic social impact especially within the diabetic population which
renders the largest figures of lower extremities amputations.
Accordingly, enormous efforts are invested in developing innovative
and efficient therapies to restore the physiological healing trajectory
[1,2].

Aside from the diabetes-associated predisposing factors for foot
ulceration and the ensued healing impairment, a common episode in
diabetic patients is ulcer recurrence after the primary wound closure.
Studies addressed to characterize this sensitive topic are relatively
scarce and appear mostly circumscribed to predisposing factors such
as bone deformities, neuropathy, ischemia, etc. Nonetheless, the role
played by biological intrinsic factors related to scar-tissue cells’
resilience, and neodermal matrix biochemical and physical properties,
demand further investigation. A recently published review by
Armstrong and co-workers reveals that roughly 40% of patients have a
recurrence within 1 year after ulcer healing, almost 60% within 3 years,
and 65% within 5 years. Thus, the authors judiciously consider that it
may be more useful to think of patients who have achieved wound
closure as being in remission rather than being healed [3].

Diabetic subjects are prone to orchestrate the wound chronification
process which clinically translates in: (a) failure for triggering

proliferative phase/granulation tissue outgrowth, (b) meager or
histologically abnormal angiogenesis, (c) impaired wound contraction,
and (d) stagnant re-epithelialization. In general terms, diabetic
wounds-derived epidermal and dermal cells exhibit a poor
spontaneous and growth factors-induced proliferative response
potential [4]. Notoriously, all these traits are compatible with the repair
process in senescencent tissues and organisms [5].

Diabetic wound fibroblasts are characterized by impaired migratory
and secretory abilities which hinder matrix scaffolding and ultimately
the creation of a granulation tissue plug. Few years ago we identified
molecular markers [6] suggestive of premature senescence in biopsy-
derived fibroblasts harvested from an ischemic, non-granulating
diabetic lower limb wound. As derived from a diabetic donor, this
population of senescent, arrested cells may be impinged by a variety of
hyperglycemia-associated stressor factors including reactive oxygen
species. Different pathogenic loops linked to diabetes progression and
complications development, appear to be mechanistically related to the
orchestration of a senescencent phenotype [7].

Simultaneous to the unparalleled increase in the incidence of
diabetes, a constellation of therapeutic alternatives have emerged
during the last 20 years to enhance the healing process of diabetic foot
ulcers, ranging from the local administration of recombinant growth
factors to in vitro engineered living skin equivalents [8]. Regardless of
the primary healing clinical efficacy evidences described for different
therapeutic modalities, recurrence rates remain disproportionately
high [3,9-12].

The assembling of different and disperse pieces of knowledge
regarding the role of EGF for the healing of diabetic lower limb
wounds, have contributed to postulate that among the beneficial
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biological effects of this growth factor could be the reversion of the
senescent program within the scar environment. Thus, this article is
both a hypothetical reflection and a revision of the biological
foundations of the senescence process and its involvement in the
pathogenic process of wound chronification and recurrence. We
believe that EGF could be a useful antisenolytic therapy with an
extraordinary therapeutic potential for chronic wounds and other age-
related disorders.

Method Used Along Search Strategy
The search strategy involved Medline/Pubmed and Bioline

International (www.bioline.org.br) data sources introducing key words
as: chronic wounds+senescencent cells, diabetes+senescence, diabetic
foot ulcers, EGF+cellular senescence, EGF+telomeres, replicative
senescence+chronic wounds, fibroblasts+proliferative arrest. The
clinical trials for the different pharmaceutical forms of EGF, PDGF/
Regranex, Dermagraft, Apligraf, Vacuum Assisted Closure (VAC), etc.,
were studied. All the articles reviewed were restricted to English
language.

Concise Views on the Molecular Basis of Cell
Senescence

Senescence represents a terminal mitotic fate in which cells
withdraw from the cell cycle and lose the capability to proliferate in
response to growth factors or mitogens [13]. Two types of senescence
have been described; telomere dependent and stress induced
premature senescence (SIPS). Unlike replicative senescence (telomere
dependent), cellular senescence does not necessarily involve telomeric
attrition and can be induced by different stressor factors as ultraviolet
light, reactive oxygen species, chemotherapeutics, ionizing radiation,
and excessive mitogenic signaling [14,15]. Recent findings have
established a causal relationship between senescence and aging: an in
vivo selective clearance of p16-positive senescent cells ameliorates
aging-related features in a mouse model of progeroid syndrome [16].
Mechanistically speaking, senescence relies on two main molecular
pathways: p53-p21 and p16INK4A-Rb. Accordingly p16, a cyclin/cdk
inhibitor, prevents phosphorylation of the retinoblastoma protein (Rb)
by cyclin/cdk complexes. Under the hypophosphorylated state, Rb
inhibits cell proliferation by preventing binding to E2Fs transcription
factors, thus constraining them from stimulating transcription of genes
involved in cellular proliferation and DNA replication. p16-Rb axis is
pivotal to the establishment of cell-cycle arrest [16,17]. Recent findings
indicate that p21 and/or p16Ink4a overexpression appears irreversible
and predominantly orchestrated by epigenetic forces as the senescence-
associated heterochromatic foci [18]. Genetically manipulated murine
models that attained a robust constitutive p53 activity show a vast
array of age-related features including reduced lifespan. Conclusively,
unrestrained p53 activation acts as a crucial pro-aging factor [13].

Senescent cells also display distinctive morphological and
biochemical phenotypes which define the senescent state from normal,
post-mitotic, quiescent cell populations [19]. These cells appear of
larger size, flattened morphology in culture, resistance to apoptosis,
and altered gene expression including upregulation of SA-β-Gal. An
abnormal secretory pattern of pro-inflammatory agents characterizes
this population. The pro-inflammatory response known as senescence-
associated secretory phenotype (SASP) is instrumented via the
transcription factors nuclear factorκB (NFκB) and CCAAT/enhancer
binding protein-β (CEBPβ). This SASP phenotype that includes the

secretion of pro-inflammatory cytokines and proteases is believed to
be activated upon DNA damage and/or p38MAPK signaling. At the
end, these are metabolically active cells that release their inflammatory
and senescence signals, thus spreading their phenotype to adjacent
cells amplifying cellular arrest, senescence, and inflammation [20,21].

Of pathogenic relevance, senescent cells are also characterized by
mitochondrial dysfunction which is an additional and concurrent
source of free radicals and oxidative stress. Eventually, this vicious
circle amplifies the senescent cell burden, consequently nurturing the
50 years old theory of oxidative stress and aging [22].

Diabetes, Cellular Senesce and Chronic Wounds
The definite pathogenic relevance of senescence for the onset of

type-2 diabetes and the progression of its multiorgan complications, or
whether senescence precedes or follows the onset of perpetual
inflammation and insulin resistance are topics of intense debate [7].
Anyhow, diabetic patients experience an obvious accelerated aging
process that increases their predisposition to morbidity and earlier
death. This premature organismal aging, driven by an increased
cellular senescence, is often expressed as an appreciable incompatibility
between the perceived age and the actual chronological age [23].
Irrespective to the position of the senescent cells population within the
pathogenic cascade as cause or consequence, the increasing burden of
cutaneous senescent fibroblasts above a tolerable threshold, may
preside skin aging and specifically the diabetic impaired healing
response [24].

The high-level of oxidative stress induced by hyperglycemia and
other derangements associated to diabetes have the potential to foster
premature senescence. Diabetic microenvironment is therefore
permissive to senescence which is not surprising since the two major
molecular operators’ of diabetic complications as, oxidative stress and
endoplasmic reticulum stress have been recently associated to
senescence, including its SASP phenotype [24]. In line with this, the
“glucocentric theory” places hyperglycemia as the proximal trigger for
the onset of a pro-inflammatory phenotype that may be defined as a
diabetes- or hyperglycemia-associated secretory phenotype. A non-
diabetic murine knockout model which somewhat mirrors the
pathogenic inflammatory realm of diabetes, exhibit a heightened
senescent fibroblasts population whose tissue regenerative potential is
apparently reverted by anti-inflammatory or antioxidant treatments
[25]. Aside from inflammation, the mechanisms of glucose-mediated
senescence include mitochondrial dysfunction and a vicious circle of
increased reactive oxygen species in a proximal position of the
pathogenic cascade. From a pathobiologic point of view, it has been
stated that low-level, chronic exposure to reactive oxygen species
(ROS) accelerates telomere shortening, whereas high levels of ROS
induce telomere-independent premature senescence [26]. The
pathogenic role of oxidative stress for wound fibroblast senescence has
been demonstrated in other non-diabetic chronic wounds types.
Microarray and functional characterization of these premature
senescencent fibroblasts confirm their decreased ability to withstand
with oxidative stress [27]. The exaggerated processes of diabetic
glucoxidation with the consequent formation and accumulation of
advanced glycation end products (AGEs) and its agonistic binding to
the receptor (RAGE) have a dramatic impact in inducing premature
senescence [24]. Under the scenario of a continuous oxidative stress,
inflammation, and glucotoxicity, senescent cells accumulate and spread
their senescence messages to a systemic level [28].
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The role of cellular senescence within the complex pathogenic realm
of type-2 diabetes dates back to the 70’s and 80’s of last century. The
theory is associated with the existence of a kind of a pro-senescencent
state in fibroblast from pre-diabetic individuals which may predispose
to wound healing failure [24,29]. Aside from the impact generated by
the exposure to high glucose concentrations which impose pro-
senescent and apoptogenic signature in most skin cells [30]; these
studies allow to infer that a persistent heritable abnormality, related to
a precocious cellular senescence is present in mesenchymal tissues of
genetically predisposed individuals to suffer diabetes [29].

From those years it was known that cutaneous fibroblasts derived
from insulin-dependent or insulin-independent diabetic subjects, not
only exhibit abnormal replicative capacity in vitro, but that senescence
appeared more precociously than in nondiabetic counterparts [4,31].
Rowe and co-workers pioneered the series of in vitro models, that
described the reduced synthetic, proliferative and secreting capabilities
of diabetics’ cutaneous fibroblasts [32]. Further studies showed that the
addition of conditioned media from type-2 diabetes mellitus
fibroblasts induced a dose-dependent inhibition in normal fibroblast
proliferation, thus raising the question of whether there is a “metabolic
memory-soluble factor” that could be passively transferred from
diabetic fibroblasts to non-diabetic counterparts, while the diabetic
phenotype acts as the dominant one. This type of idiopathic replicative
refractoriness found in fibroblasts from pre-diabetic and diabetic
individuals has been unequivocally reproduced along the years [33,34]
confirming the need for supplementary inputs to stimulate diabetic
fibroblasts proliferation [35]. Since the early 80’s it is known that
hyperglycemia exposure to cultured cells directly or indirectly causes
DNA damage and telomeres attrition. Both events are driving forces
toward the onset of a senescent phenotype [24]. These in vitro models
have enriched our knowledge on the molecular impact of high glucose
exposure, and anticipated the thesis of “point of no return,” beyond
which hyperglycemia resulted in irreversible progression to premature
senescence [36].

The studies by Vande Berg and Robson were seminal to define the
protagonist character of senescencent fibroblast in torpid wound
healing: (1) the wound healing process resumed in as much as the
population of senescent fibroblasts decreased (decreasing number of
p21 positive cells and an increasing portion of PCNA labeled cells). (2)
Chronic wound fluid degrades exogenous growth factors, decreases the
production of cyclin D1, phosphorylated Rb (pRb), and increases p21,
which reflect the molecular fundamentals of cellular senescence
[37,38]. Accordingly, in an attempt to explore the participation of
prominent molecular mediators in fibroblasts proliferative arrest and
premature senescence; cells from a clinically complex diabetic foot
wound with ischemic ingredient and long evolution were examined.
The fibroblasts exhibited a slow and progressive proliferative declining
even under ‘physiological’ culture conditions. The arrested phenotype
observed may be explained by the transcriptional upregulation of both
p53 and p21Cip. The serine-15 p53 phosphorylated isoform revealed
an intense nuclear expression which coincided with the substantial
underexpression of cyclin D1. We proposed therefore that the
dampened activity of the Akt/mTOR/cyclin D1 axis by the proximal
activation of p53 and p21 somewhat contributed to impose the
fibroblasts arrest/senescence program that translated in the clinical
healing catastrophe [6]. Figure 1 summarizes the above described
molecular events. Conclusively, fibroblasts senescence seems to
clinically translate in wounds chronicity [39]. Skin epithelial cells are
also involved in wound chronicity by orchestrating a senescence
phenotype. Interestingly, regardless of the biological differences

existing between a mesenchymal-derived (fibroblast) and an
ectodermal counterpart as a skin keratinocytes, p53, p21, and p16 look
as molecular operators in the senescencent landscape [40].

Figure 1: Putative mechanisms underlying diabetic wound
chronification.

Fibroblasts exhibit abnormal behavioral and phenotypical traits in
diabetic lower extremities wounds. One of the pillars of wounds
chronification is fibroblasts senescence. The hyperglycemia
downstream related biochemical derangements may activate the
cellular senesce program, via telomeres attrition, and through the p53/
p21, p16INK4A-Rb pathways. Consequently, cyclin E and cyclin D -
are negatively regulated. In theory, the cellular senescent phenotype is
compatible with behavioral markers of diabetic foot ulcers granulation
tissue cells (fibroblasts and endothelial cells): proliferative arrest, over
expression of degradative proteases, paracrine secretion of
inflammatory mediators, as an exaggerated rate of apoptosis.

Epidermal Growth Factor (EGF) Therapy and Ulcer
Recurrences

In the face of the advancements in wound care and the holistic
approaches achieved during the last 20 years, chronic wounds remain
as a major clinical problem [41]. Diabetic Foot Ulcer (DFU) therapies
include the most advanced state-of-the-art knowledges and
technologies [42]. Yet, a significant number of patients within the
diabetic population are still bound to amputation, reulcerations, and
short term survival [43-47].
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Since the senescent phenotype depends on the downregulation of
positive-acting cell cycle regulatory genes as c-fos proto-oncogene,
Cdc2 and cyclins [48], which translates in inability to proliferate; the
early idea that growth factors could reverse the arrest of the repair
process appeared judiciously justified [17,49]. During those early days
wound bed preconditioning was not a routine practice. This procedure
ensures biofilm and debris removal, growth factors local bioavailability,
signaling activation, and reduction of the senescent cells population
burden [50]. EGF is perhaps the most widely studied growth factor.
Since the 60’s interpretation that its exogenous administration
reprogrammed biological events chronologically established within
specific temporary windows, this polypeptide has been used to repair
multiple forms of wounds in both peripheral and internal tissues and
organs [51]. Unquestionably, EGF is endowed with the sufficient
biological competence for potentially reversing wounds’ chronicity
[52]. Today and after many years confronting peaks and troughs, EGF
and platelet-derived growth factor (PDGF) stand as the sole growth
factors within the clinical armamentarium to treat diabetic lower
extremity wounds [53,54].

After reviewing 18 published clinical trials conducted during the
last 20 years with representative therapeutic alternatives for the healing
of diabetic lower extremity wounds; EGF therapy -either topical or by
infiltrative delivery, targeting either low or high grade wounds, proved
to be the only intervention associated with the lowest reulcerations
rates (Table 1). The other interventions enlisted which showed a
significant healing efficacy in the primary lesion, did not entail
prevention of reulcerations. In some articles reulcerations rates are not
reported. This observation somehow validates the notion that in
addition to educative prevention programs, intrinsic biological factors
may lie beneath the capability of the scar tissue to tolerate physical
forces. If this notion is valid, the key question to answer is whether
EGF exerts a local rejuvenating effect that may involve for instance the
replacement of senescent cells. The integration of the evidences
reviewed here from basic and clinical studies support the hypothesis
that EGF may counter cellular senescence.

EGF May Counteract Cellular Senescence
Beyond the effects of ageing on cellular migration and proliferation,

a reduction in EGF receptor number and transduction responsiveness
has been described in senescent fibroblasts, which may obviously
suggest that EGF receptor (EGFR) manipulation could be of
therapeutic benefit for problem wounds [55]. Experimental evidences
derived from cancer basic science, support the hypothesis that EGFR
aborts cellular senescence programs in response to certain forms of
DNA damage [56]. Furthermore, EGF showed to activate the
expression of human telomerase reverse transcriptase in cultured cells,
via Ets-2, a cancer-specific transcription factor that appears to depend
on EGFR-mediated Erk and Akt activation [57]. In line with this
finding, stands our observation that granulation tissue cells from
neuropathic diabetic wounds, exhibit a 308% increase of telomerase
reverse transcriptase mRNA expression after four weeks of local
infiltration with EGF (Figure 2). Whether this increase in telomerase
expression translates or represents a renewal of proliferative
competence, elimination of senescent cells population, or a reversion
of the senescent phenotype is under current investigation
(Unpublished observation). In a clinical language all these wounds
were fully re-epithelialized in an average of 4 weeks and no patient
recurred before month 25th. These evidences support the existing link
between the EGF system and its potential senolytic repercussion.

Experimental studies suggest that EGF is able to enhance cell survival
and tissue replenishment before otherwise lethal scenarios, by
controlling oxidative stress and mitigating cellular senescence [58].
Chronic wounds irrespective of their etiology are a rich source of pro-
oxidant metabolites with a negative local and systemic impact
including cellular senescence [59,60].

Figure 2: Telomerase reverse transcriptase (TERT) expression by
diabetic foot ulcers.

TERT protein expression appears to significantly increase (p=0.01)
in granulation tissue cells, derived from neuropathic lesions following
9 to 12 interventions with locally infiltrated EGF (Time 1, T1). The
comparison is done with same patient (paired samples) samples,
collected when the wound bed was properly conditioned to begin with
EGF infiltration treatments. No effect was observed for refractory
ischemic ulcers-derived samples. Mann-Whitney test, significance
established for p<0.05.

In the context of free radicals overproduction as proximal
detonators of events leading to ulceration and wound chronification,
the pharmacologic manipulation of the EGFR system proved its
benefits in a specific clinical process. The study by Garcia-Ojalvo and
co-workers shows that diabetic ulcerated subjects behave as a unique
pathological group as they exhibit an exacerbation of the oxidative
stress arm along with a concomitant deterioration of the antioxidant
reserve as compared to non-ulcerated diabetic individuals. EGF intra-
lesional infiltrations for 3-4 weeks contributed to restore circulating
levels of several redox status markers, up to values close to those of
non-ulcerated diabetic patients and non-diabetic subjects. The authors
consider that EGF is a key factor in restoring redox balance and
indirectly attenuating premature senescence, apoptosis and
proliferative arrest [61]. Furthermore, the EGF intra-ulcer infiltration
also tended to restore the systemic balance between MMP-9/TIMP-1,
suggesting the recovery between pro-degradative and pro-synthetic
forces, which may denote an attenuation of the SASP-associated
phenotype [62]. This study contributes to validate the notion that
relieving oxidative stress in chronic wounds would ameliorate
fibroblast dysfunction.

Finally, although EGF has been regarded as merely a mitogen for
many years, a 2015 groundbreaking study revealed for the first time
that EGF exerts a potent anti-senescence activity in certain stem and
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differentiated cells upon the receptor stimulation. The study showed
that cell cultures depleted of EGF orchestrated a senescencent
phenotype with enlarged morphology, elevated SA-β-gal activity,
decreased proliferation, reduced Rb phosphorylation and elevated p21
expression. These results suggest that cells cultured require EGF as a

mechanism to escape from senescence and ensure proliferation, thus
placing EGF as a central driver in preserving mitogenic competence
and suppressing senescence [63]. Consistently, the anti-senescent role
of EGF extended to adipose stem cells, promoting its proliferation and
differentiation potency as markedly delaying their senescence [64].

Clinical Interventions with Epidermal Growth Factor (EGF). Includes both topical and intralesional infiltrations

Reference Study population Conclusions Reulceration

Tsang, et al. [65]. 61 neuropathic patients with grades I or
II, by the Wagner Classification.

application of EGF-containing cream, in
addition to good foot significantly enhances
diabetic foot ulcer wound healing and reduces
the healing time

Not reported.

Le Tuyet, et al. [66].
28 neuropathic subjects with foot ulcers
on Wagner’s grades I and II were
recruited.

EGF has positive effects on healing of
moderate-to-severe foot ulcers and
demonstrated being safe to diabetic patients.

Not reported.

Hong, et al. [67].
89 patients enrolled for the prospective,
open-label trial, crossover study. EGF
0.005% twice-a-day treatment.

This study suggests that topical treatment with
EGF combined with advanced dressing may
have positive effects in promoting healing of
chronic diabetic foot wounds

Recurrence was not noted
during the 6-month observation.
5 patients showed new lesions
different from the prior site.

Berlanga-Acosta, et al. [68].

Twenty-nine in-hospital patients with
diabetic neuropathic or ischemic lesions
treated in a non-controlled study.
Lesions, classified as Wagner's grade 3
or 4. EGF 25µg/ infiltration/48 hours.

Preliminary evidences suggest that EGF
intralesional infiltrations may be effective in
reducing diabetic lower limb amputation

Wound recurrence after 1 year
of follow-up appeared in only
one patient.

Fernandez-Montequin et al. [69].

Two EGF dose levels were used in
ischemic or neuropathic patients with
Wagner’s grade 3 or 4 ulcers. EGF was
given through intralesional injections,
three times per week for 5–8 weeks

rhEGF local injection enhances advanced DFU
healing and reduces the risk of major
amputation.

After 1-year follow-up, only one
patient relapsed.

Fernandez-Montequin et al. [70].

149 patients were randomized to
receive EGF 75 or 25 µg or placebo,
three times per week for 8 weeks via
intralesional infiltration

75 µg dose enhanced granulation and
recombinant human EGF (rhEGF) local
injections offer a favorable risk–benefit balance
in patients with advanced DFU closure.

After 1-year follow-up, no EGF-
treated patient relapsed.

Dumantepe, et al. [71].

Seventeen diabetic patients with full-
thickness lower extremity ulcers of
more than 4 weeks. Intralesional
injections of EGF 75 µg three times per
week.

Intralesional EGF administration up to complete
closure can be safe, effective and suitable to
improve healing of diabetic foot ulcers.

After 1-year follow-up, only one
patient relapsed.

Yera-Alos I, et al. [72].

Pharmacovigilance study with 1788
patients with 1835 DFU treated from
May 2007 to April 2010 with hrEGF, 25
or 75 μg, intralesionally 3 times/week

The favorable benefit/risk balance, confirms the
beneficial clinical profile of intralesional hrEGF
in the treatment of DFUs.

Relapses occurred in 5%
person-years, regardless of the
ulcer etiology or other
characteristics

Lopez-Saura P, et al. [73].

Post marketing experiences with
intralesional EGF, in more than 2000
subjects, with 75% probability of
complete granulation response, 61%
healing, and a 16% absolute and 71%
relative reduction of the risk of
amputation. Benefit includes ischemics.

The benefit-risk balance seems thus quite
favorable. The post marketing information
ratifies the results of the clinical trials in terms
of efficacy, safety and impact.

The frequency of relapses at
any moment was significantly
lower (p<0.001) in patients that
received rhEGF (2.0% and
1.3% person-years of follow-up
for the 75 μg and 25 μg doses,
respectively) as compared to
the control group (7.9% person-
years). No effect was seen on
the appearance of new DFU on
other locations.

Clinical Interventions with Platelet Derived Growth Factor (PDGF/Regranex, Becaplermin)

Reference Study population Conclusions Reulceration

Steed, et al. [74].

118 patients with neuropathic ulcers
were randomized to either topical rh-
PDGF-BB (2.2 µg/cm2 of ulcer area) or
placebo until the ulcer was completely

Once-daily topical application of rhPDGF-BB is
safe and effective in stimulating the healing of
chronic, full-thickness, lower-extremity diabetic
neurotrophic ulcers.

In the placebo group, 46% of
the originally healed ulcers
recurred at a mean time of 8.5
weeks, in the rhPDGF-BB
group 26% of target ulcers
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resurfaced or for a maximum of 20
weeks

recurred at a mean of 8.6
weeks.

Embil, et al. [75].
134 patients with diabetics lower
extremity ulcers with Wagner’s grades I
and II

Results of this study further confirm the efficacy
and safety of becaplermin gel for the treatment
of lower extremity diabetic ulcers.

Complete healing of ulcers was
achieved in 57.5% of patients,
with a mean time to closure of
63 days and a recurrence rate
of 21% at 6 months.

Smiel, et al. [76].

Included 922 patients with non-healing
lower extremity diabetic ulcers
randomized to receive a standardized
good ulcer care, or good ulcer care plus
becaplermin gel-30 μg/g, or
becaplermin gel-100 μg/g, in the four
studies

Becaplermin gel at a dose of 100 μg/g once
daily, in conjunction with good ulcer care, is
effective and well tolerated in patients with full
thickness lower extremity diabetic ulcers.

Not reported

Wieman, et al. [77].

382 patients with type 1 or type 2
diabetes and chronic ulcers of at least 8
weeks' duration. patients were
randomized to receive becaplermin gel
30 μg/g, becaplermin gel 100 μg/g, or
placebo gel.

Becaplermin gel 100 μg/g, significantly
increased the incidence of complete wound
closure and significantly reduced the time to
complete closure of chronic diabetic
neuropathic ulcers.

The incidence of ulcer
recurrence was 30% in all
treatment groups, the durability
of ulcer closure was
comparable in all treatments

Clinical Interventions with Devices

Reference Study population Conclusions Reulceration

Marston, et al. [78].

314 patients to evaluate complete
wound closure by 12 weeks in a
randomized, controlled, study at 35
centers throughout the U.S. Patients
were randomized to either the
Dermagraft treatment group or control
(conventional therapy)

The data from this study show that Dermagraft
is a safe and effective treatment for chronic
diabetic foot ulcers.

Not reported

Veves A, et al. [79].

276 patients from 11 centers were
enrolled. Neuropathic ulcers, Wagner
grade 1 to 2, and an area of at least 1
cm2 (greatest length × greatest width)
were studied.

Promogran, a wound dressing consisting of
collagen and oxidized regenerated cellulose,
was as effective as moistened gauze in
promoting wound healing in diabetic foot ulcers.

Not reported

Blume P, et al. [80].

342 patients were enrolled at one
Canadian and 28 U.S. sites.
Neuropathic lesions, stages 2 or 3 by
Wagner's scale. calcaneal, dorsal, or
plantar foot ulcer ≥ 2 cm2 in area after
debridement

Negative pressure therapy appears to be as
safe as and more efficacious than advanced
moist therapy for the treatment of diabetic foot
ulcers.

Not reported

Armstrong D, et al. [81].

162 patients into a 16-week, 18-centre,
randomized clinical trial in the USA.
Patients who were randomly assigned
to NPWT (n=77) received treatment
with dressing changes every 48 h.
Control patients (n=85) received
standard moist wound care according
to consensus guidelines.

More patients healed in the NPWT group than
in the control group (43 [56%] vs. 33 [39%],
p=0·040). The rate of wound healing, based on
the time to complete closure, was faster in the
NPWT group than in controls (p=0·005)

Not reported

Veves, et al. [10].

208 patients with neuropathic ulcers
were assigned Graftskin (112 patients)
or saline-moistened gauze (96 patients,
control group).

Graftskin for 4 weeks results in a higher healing
rate when compared with state-of-the-art
currently available.

At 6 months, the incidence of
ulcer recurrence was similar in
the Graftskin and control
groups.

Table 1: Diabetic foot ulcers clinical interventions.

Concluding Remarks
Here we have reviewed the main mechanisms and roads connecting

the pathogenic role of hyperglycemia, oxidative stress, and cellular
senesce for the inception of the process of wound chronification that
afflicts diabetic patients. We were inspired by mounting contemporary
evidences which suggest that EGF therapy is privileged with the ability

to reduce and/or delay ulcer recurrence. We consequently
hypothesized that in addition to the well-identified predisposing
external factors which may certainly abort ulcers remission,
amalgamated systemic and local biological factors can impact on scar
tissue tolerance thus leading to ulcer recurrence. Among these
“resilience or vulnerability factors”, the scar tissue burden of senescent
cells may play a definitive role. One solid truth is that diabetes
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complications are largely impinged by cellular senescence and that
hyperglycemia acts as a permissive factor. Sidewise, tissue repair
decline with age given that senescent cells increase. Therefore, we have
addressed our discussion to the contention that EGF intervention
includes the pharmacological competence to prevent or reduce the
accumulation of senescencent cells within the scar area. EGF discovery
was presided by its ability to accelerate epithelial growth and
differentiation upon its injection to newborn mice which was
subsequently interpreted as that, EGF exogenous administration
proved to impact on the chronological setting of evolutionarily
programmed events. In other words, this growth factor proved to
retune the temporary window of biological events.

EGF is a well-reputed cytoprotective growth factor, and its activity is
driven by the agonistic stimulation of the phosphatidylinositol 3-
kinase (PI3K)-Akt axis upon the receptor phosphorylation.
Accordingly, a variety of in vitro and in vivo experimental models have
documented the ability of EGF to enhance cells, tissues and animals’
survival following otherwise lethal insults, including cytotoxic
oxidants. Whether EGF certainly perpetuates wound closure by
downregulating cellular senescence operators, may presuppose its
therapeutic relevance for pressure ulcers in elderly or disable patients.
These are empty niches and contemporary clinical challenges to be
afforded and in which cellular senescence may play a critical role. In
summary, EGF may potentially be acting as senolytic agent for diabetic
foot wounds thus promoting the tissue resilience.
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