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Abstract

Diabetes mellitus remains with an ever-increasing prevalence, indefectibly associated to progressive and irreversible complications. Diabetic lower extremities
ulcerations contribute to amputations, disability,and mortality. Ulcers result from a wound healing failure characterized by proliferative arrest, apoptosis, and senescence
of granulation tissue-producing cells. Diabetic wounds are also distinguished by an inflamed, toxic, and degradative environment, acting as deterrents for local growth
factors availability and receptors’ physiology. The emergence of growth factors caused expectation as biological modifiers for wounds repair arrest. The clinical
introduction of growth factors was precocious when critical pieces of chronicity pathophysiology and growth factors pharmacology remained elusive. Mounting
observations indicated that topical administration of these agents failed by the effect of local proteolysis, narrow bioavailability window, inadequate local kinetics/
diffusion, and a regenerating polymicrobial biofilm. As an alternative to circumvent these pharmacodynamics obstacles as to preserve EGF biological capabilities, we
developed a series of experiments which provided the rationale and fundamentals for an intra-ulcer infiltrative delivery route. The clinical development program has
included from a proof-of-concept to post-marketing studies in poor-prognosis ischemic, neuropathic and neuroischemic wounds. Along 18 years of clinical progress
more than 259 000 patients were treated. As demonstrated by pharmacovigilance studies, aside from the success in the primary healing, the infiltrated EGF accounted
for a reduction of amputation risks, negligible rates of annual recurrence, and prolonging survival of the healed patients. This pharmacological intervention is added
to conventional treatments and surgical procedures. Infiltrated EGF has proved to reverse wound cells arrest being efficacious and safe for long terms of follow up.

Brief reflections on diabetes and the wound healing
failure

Since the seminal contribution of Banting and Best diabetes
treatment was revolutionized. Hereafter, insulin therapy eliminated
ketoacidosis as a principal cause of death among diabetics who enjoyed
a longer lifespan. However, traditional insulin therapy combined with
emerging novel approaches did not translate into a significant reduction
of major complications that nowadays lead to morbidity and mortality
[1]. Type 2 Diabetes Mellitus (T2-DM) is a heterogeneous and complex
process comprising multiple pathogenic factors [2] and multi-organs
complications’” that remain as a challenge for scientists and clinicians.
T2-DM has progressively expanded as a pandemic condition accounting
for 90% to 95% of all the diabetic population [3,4].

Diabetic foot ulceration (DFU) is one of the most frightened
diabetic complications, leading to amputation-disability, social
exclusion and early mortality [5]. The lifetime incidence of foot ulcers
has been estimated to reach up to 34% of subjects with diabetes whereas
diabetes-related lower extremity complications affect about 159
million people worldwide [6,7]. Accordingly, diabetic population still
contributes to 80% of all non-traumatic lower extremities amputations
around the world [8].

An illuminating review by Armstrong and coworkers prompted for
the first time to distinguish the ulcer healing process not as the mere
route for limb salvage, but as the foremost alternative to prevent early
mortality. The 5-year relative mortality rate after limb amputation in
diabetics rises to 68% only preceded by lung cancer [9].
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The molecular pillars governing diabetic wounds chronification
appear to reside on three major events: precocious senescence,
proliferative refractoriness, and apoptosis [10]. Notoriously, these
traits seem to be related to a threshold of senescent cells which may
be secondary to a substantial deficit of growth factors (GFs) [11]. An
alluring hypothesis is that the role of GFs within the diabetic wound
microenvironment may even include the prevention and/or the
reversion of a cellular senescence program [12].

The diabetic wound biochemical milieu and local
growth factors availability

Conceptually, diabetic wounds exhibit a singular and complex
networking of inflammatory cytokines, local proteases, cytotoxic
reactive oxygen and nitrogen species, and a polymicrobial biofilm. All
together contribute to the stagnant phenotype. Diabetes predisposes
to inflammation which is more a condition than a transient reaction
while impairment in its resolution also perpetuates the inflammatory
induration [13]. Converging evidences suggest that fibroblasts,
endothelial cells, and keratinocytes are significantly impinged by
the “hard-to-forget” hyperglycemic stress, which eventually dictates
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a particular epigenome/transcriptome, that somehow recreates a
senescent landscape by the replicative refractoriness and the pro-
inflammatory senescence-associated secretory phenotype (SASP)
[11]. In this regard, a continued activation of the nuclear factor-
kappaB (NF-kB)-p65 and downstream effectors play a definitive role
in the inflammatory response. Germane for the cytotoxicity within
the diabetic wounds environment is the disproportionate generation
of reactive oxygen species (ROS), and the accumulation of advanced
glycoxidation-end products (AGEs) which warrant a relentless state
of multicellular cytotoxic aggression. The NF-xB-related “response-
to-injury” is also mechanistically linked to the orchestration of a
procatabolic/prodegradative phenotype which appear largely mediated
by the substantial upregulation of matrix metalloproteinases (MMPs)
[14]. The crosstalk of these molecular aspects is summarized in Figure
1.

Myriad of evidences document the negative impact of an
uncontrolled release and activation of MMPs for the local bioavailability
and bioactivity of the GFs and their receptors [15-17]. Since the
senescent phenotype depends on the downregulation of proliferation
regulatory-positive genes (i.e, c-myc, c-fos, CDC2, and cyclins)
ordinarily upregulated by GFs [18]; the early idea that GFs could
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Figure 1. Putative mechanism linking wound chronification in diabetes

The high-level oxidative stress induced by hyperglycemia and other molecular disturbances
associated to diabetes have the potential to foster premature senescence. Diabetic
microenvironment is therefore permissive to senescence. Senescence is therefore a terminal
mitotic fate in which cells lose the capability to proliferate in response to growth factors.
We deem that diabetes-related molecular disorders can induce both telomeres attrition and
replicative senescence by direct DNA damage —i.e., reactive oxygen species. Mitochondrial
DNA is also targeted by oxygen which progressively perpetuates both mitochondrial
damage and free radicals spillover. Thereafter it seems that epigenetic forces upregulate
p53-p21 and/or pl16Ink4a-pRb overexpression which implement the senescence program.
Cells become arrested, pro-apoptogenic, and display and abnormal morphology. Beyond
this, the pro-inflammatory response known as senescence-associated secretory phenotype
is also instrumented. This SASP phenotype that includes the secretion of pro-inflammatory
cytokines and proteases which contribute to poor granulation tissue growth.
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reverse this arrest within the repair process appeared thoughtfully
justified [19,20].

Back along the history, it is likely that the first approach to
recombinant human GFs topical administration dates back to almost
40 years ago which fostered an alternative for torpid healing wounds.
Nonetheless, the initial expectations with these “magic bullets” vanished
away in about a 10-year period. To our understanding, two main factors
quenched such excitement: (a)-the inputs from basic science that
associated GFs to malignant cells promotion and progression [21] and
(b)-the setback that stemmed from clinical trials in which the topical
administration of epidermal growth factor (EGF) failed to enhance the
healing process of chronic wounds [22] and, unexpectedly, of acute,
controlled, and purposely induced wounds in healthy volunteers [23].

These disappointments warned about the need for additional
research in GFs physiology and pharmacology as in the understanding
of the wound milieu biochemistry [24]. Thereafter, numerous
investigations plagued the literature supporting the need to modify
wound local factors to ensure an appropriate GFs pharmacodynamics
response. Others claimed the need of GFs combinations as the optimal
tool to restore the healing trajectory in chronic wounds [25]. The
debut of GFs in the clinical arena seemed premature in relation to
the basic science knowledge supporting its molecular pharmacology
in the context of chronic wounds [26]. This statement is likely based
on the classic observation by Davidson's group in 1985 in which they
demonstrated that EGF wound healing enhancement was promoted
under a prolonged, sustained, slow release system [27]. This innovation
assimilated the classic concept that EGF required a constant exposure
to its receptor. It means that the EGF-related wound healing properties
could happen if the receptors are exposed for at least 8 to 12 hours
when these are steadily occupied and a mitogenic signal is eventually
transduced [27,28].

Conclusively diabetic chronic wounds microenvironment is
hostile for local GFs stability, chemical integrity, bioavailability, and
ultimately to their physiological role as major drivers of the healing
process. Within this environment the receptors steady expression and
signaling ability are impaired [29,30]. These thoughts lead us to support
the tenet that diabetic wound cells are embedded in a GFs-negative
balance which would presuppose reduced cytoprotective reserves and
proliferative capabilities, and an obvious inclination to a precocious
senescent phenotype [31,32].

Biological fundamentals for EGF administration to
diabetic wounds

EGF is perhaps the most widely studied growth factor. Since
the 60s interpretation that its exogenous administration timely
reprogrammed chronologically-specified biological events, this
polypeptide has been used to repair multiple forms of wounds in both
peripheral and internal tissues and organs [33]. Unquestionably, EGF
is endowed with the sufficient biological competence for potentially
reversing wounds’ chronicity [34]. The first evidence suggesting a
role for EGF in tissue repair derived from Stanley Cohen in the early
1960’s (Prof. Stanley Cohen-unpublished observations, personal
communication) in rabbits with corneal burns that received eye drops
based on natural EGE. Two major intracellular pathways are activated
by the EGF-Receptor that invokes the two most important biological
actions of EGF in tissue repair: cell proliferation and cell survival.
It means that EGF-Receptor agonistic stimulation may shift toward
mitogenic and pro-survival programs that concertedly translate
into an increase in cell population number and stress tolerance. For
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the mitogenic response, the RAS-RAF-MEK-MAPK pathway that
controls cell-cycle progression from the G1 phase to the S phase is
important, whereas the PI3K-Akt pathway activates a cascade of anti-
apoptotic and cytoprotective mediators thus rescuing injured cells [33].

EGF receptor is expressed in most human cell types including
those which play critical roles for wound repair such as fibroblasts,
endothelial cells and keratinocytes (undifferentiated, marginal, leading
edge, hair follicles, sweat ducts and sebaceous glands). Aside from the
classic mitogenic, motogenic and cytoprotective actions for healing
events [35-37], EGF biological spectrum involve a potential senolytic
effect. Experimental evidences support the hypothesis that EGF aborts
cellular senescence programs in response to certain forms of DNA
damage [38]. Likewise, 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 [39]. 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 [40]. Chronic wounds irrespective to their etiology are
a rich source of pro-oxidant metabolites with a negative local and
systemic impact including cellular senescence [41,42]. In the context of
free radicals over production we showed that diabetic ulcerated subjects
behave as a unique pathological group since they exhibit an exacerbation
of the oxidative stress arm along with a concomitant deterioration
of the antioxidant reserves, as compared to non-ulcerated diabetic
individuals. EGF administration for 3-4 weeks contributed to restore
circulating levels of numerous redox status markers up to values close
to those of non-ulcerated diabetic patients and non-diabetic subjects.
Hence, we consider that EGF is a key factor in indirectly attenuating
premature senescence, apoptosis and proliferative arrest. Furthermore,
EGF intra-ulcer administration also tended to restore the systemic
balance between MMP-9/TIMP-1, suggesting the recovery between
pro-degradative and pro-synthetic forces, [43] which may denote an
attenuation of the SASP-associated phenotype [44]. Finally, a 2015
groundbreaking study revealed for the first time that the EGF exerts
a potent anti-senescence activity in certain stem and differentiated
cells. The study showed that cell cultures depleted of EGF orchestrated
a senescencent phenotype with enlarged morphology, elevated SA-p-
gal activity, decreased proliferation, reduced Rb phosphorylation and
elevated p21 expression. Therefore, these results advise that cultured
cells may depend on 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 [45,46].

Diabetes is associated to a particular deficit of circulating [47]
and salivary levels of EGF [48]. Of major relevance is the evidence
that EGF and other GFs that are essential for cell proliferation are
missing or reduced in chronic wounds including diabetic foot ulcers
[49-51]. The low concentrations of several key GFs and the ensued
reduced mitogenic activity incited to theorize that exogenous GFs
therapy to chronic wounds would act as a sort of “replacement therapy”
Nevertheless a major subsisting hurdle is how to target the GFs message
in a timely manner to a sensitive/responsive cellular stratum within the
chronic wound bed [17].

The EGF replacement therapy via intralesional

infiltration
During the early 90’s we accrued the experience of EGF local

infiltration into rats' hind limbs denervated upon sciatic nerve
full-thickness transection. In addition to significantly assisting in
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neurological restoration, the treatment enhanced limbs peripheral soft
tissues survival by delaying or preventing the onset of plantar ulcers
and toes necrosis [52]. These experiments rendered an important
lesson: locally injected EGF could stimulate the survival and repair of
cutaneous and adjacent soft tissues in a context of circulatory neurogenic
deterioration. We subsequently showed in a variety of pathological
models that single or repeated EGF systemic or local injections exerted
“clear-cut” cytoprotective and proliferative responses supporting the
intrinsic ability of EGF at supraphysiological concentrations to unleash
biological events required for tissue repair [53,54]. Notwithstanding
from the above message, EGF intralesional infiltration associated
to wound debridement, appears to overcome the enlisted obstacles
confronted upon its topical application:

Local GFs degradation

A relevant requisite for topically applied GF pharmacodynamics
is local bioavailability and pharmacokinetic. Different laboratories
demonstrated the degradative action of locally secreted proteases
in chronic wounds against GFs and their cellular receptors [55,56].
Moreover, proteolytic effect was also observed using a synthetic
fluorescent substrate with an EGF-like molecule sequence when
incubated with sterile exudate, obtained from full-thickness controlled
acute wounds in Yorkshire pigs under laboratory conditions [57]. The
understanding of the pathogenic significance of the diabetic wounds
biofilm rendered explanation on why topically administered GFs may
have failed in healing some of these lesions [58].

Limited diffusion of topically administered GFs

One of the greatest advances in GFs investigation was offered
by Cross and Roberts in 1999. They demonstrated that EGF only
penetrated slightly into the upper granulating layers of the wound site,
showing an exponential decline in solute concentration with tissue
depth in the wound and underlying area. Diffusion limitations into the
wound bed-deep layers, appeared to be critical irrespective to the phase
of the healing process. This limited absorption kinetic also contributed
to explain why topically administered GFs failed in the clinical arena
[59].

EGF receptor expression is limited on the wound surface cells

Immunohistochemistry studies (Figure 2) with specific antibodies
showed that in neuropathic granulation tissue the EGF receptor is
not detected on the wound surface cells layer but in deeper strata
of fibroblasts. This is particularly relevant for the catalytic domain
of tyrosine-1197 residue, which is involved in cell survival, motility,
and proliferation. On the contrary, the wound surface cells exhibit far
more abundant expression of prohibitin, a cell cycle arrest protein.
These findings suggest that topical administration pharmacodynamics
is questionable by two major limiting factors: limited diffusion to
deeper wound layers, and the lack of EGF-Receptor on the wound
surface cells [60].

Limited interaction with cell receptors

'Z[-EGF formulated in a semisolid vehicle was rapidly cleared
from the application site, probably by protease-driven cleavage
and receptor-mediated endocytosis. Mean residence time values
suggested that over 60% of the amount administered could have
disappeared as early as two hours after administration. These
evidences reinforce previous paradigmatic findings which provided
the elementary principles for an EGF-mediated cellular mitogenic
response [27,29,61,62].
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Figure 2. Cell proliferation cycle effectors in granulation tissue of neuropathic diabetic
foot ulcers

Legend to Figure 2. Three sections (=2-3mm) length are immunohistochemically
distinguished in biopsies materials by immunolabeling with antibodies against prohibitin as
a cell cycle negative regulator; Cyclin D1 as a master switch controlling G1-S transition in
response to growth factor stimulation. The active EGF-receptor phosphorylated in tyrosine
1197 as a critical substrate for multiple physiological functions of the receptor is shown.
Prohibitin is far more abundant on section 1 corresponding to the most superficial stratum
of the wound. Conversely, Cyclin DI and EGFR Y-1197 appear marginally labeled. It
is noticeable that proliferative Cyclin D1 and the phosphorylated form of the EGFR are
by large abundantly detected in section 3 — deepest wound layer where no prohibitin is
detected. From Jorge Berlanga-Acosta et al., Biomed Res International. Volume 2017,
Article ID 2923759. https://doi.org/10.1155/2017/2923759 (with permission).

Evidences supporting the intralesional infiltrative

administration

In a brief manner, injecting EGF down into the base and contours
of the wounds, including the dermo-epidermal junction, appears to
(1) reduce its local degradation, (2) jump over the diffusion limiting
barriers, and (3) ensure its bioavailability for a prolonged interaction
with the receptor, in a deep fibroblasts-populated stratum along the
longitudinal axis of granulation tissue. A time-point immunoelectron
microscopy kinetic study addressed to characterize the intracellular
trafficking of the EGFR in ulcers-collected fibroblasts, showed that
locally infiltrated EGF into Wagner’s 3 and 4 neuropathic ulcers
resulted in (a) dramatic increase of the EGF-Receptor expression
15 minutes after the EGF infiltration as compared to “time zero”
(TO: prior to the intervention); this evidence suggests the induction
of the receptor by the high-affinity ligand EGF; (b) immediate
endocytosis of the EGFR; (c) translocation and biodistribution to
different cytoplasmic organelles from 15 minutes to 24 hours after
the infiltration; (d) nuclear translocation of the receptor and its
binding to DNA which appeared to last from minute 45 to 24 hours
after the treatment; (e) a concomitant activation of the proliferating
cell nuclear antigen, PCNA (a cell cycle promoting protein) gene
transcription, since a burst of this protein was detected following
EGF intervention which appeared evident even at hour 24™ after the
treatment; (f) a significant and intriguing accumulation of the receptor
in mitochondria which lasted for 24 hours after the infiltration; (g)
significant accumulation of the receptor bound to collagen fibers
within the extracellular matrix [63]. It is noteworthy for the above
described findings that classic studies support the notion that EGF
makes association complex with extracellular matrix proteins, thus
enhancing cell proliferation and migration via a sort of natural slow
deliver system [64]. All together these data suggest that EGF delivery
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via infiltration stimulates the EGF receptor in a manner that meets the
biological requisites for cell proliferation.

Clinical authentication of EGF intralesional infiltrative
administration

Increasing and convergent experimental in vivo evidences
supported the hypothesis that EGF parenteral administration elicited
broader tissue’s healing and cytoprotective responses relative to its
topical administration. Accordingly, during 2001-2002 we initiated a
pilot study that included 29 poor-prognostic ischemic and neuropathic
patients/wounds (Wagner stages 3 and 4 ulcers and non-healing
amputation residual bases) that received intralesional EGF thrice a
week after sharp debridement and standard medical interventions.
The main idea was to stimulate granulation tissue growth, especially in
areas where bone and tendons were exposed. By infiltrating around the
dermo-epidermal junction wound contraction and reepithelialization
appeared to be resumed. From these 29 individuals, 17 re-epithelialized
their lesions in about 5 to 8 weeks and were spared from amputation.
Wound bed tissue biopsies collected before and after 3 to 4 weeks of
treatment showed the pharmacodynamics of locally infiltrated EGF
by promoting the secretion of extracellular matrix ingredients as the
local homing of granulation productive cells. For the particular case of
ischemic wounds, a remarkable angiogenic response was observed along
with attenuation in apoptotic bodies and inflammatory infiltration [65].
This seminal study ultimately validated the concept of local infiltration
versus topical administration. For the severity of wounds treated in
these patients the topical route would be useless (Figure 3 offers an
idea of reserved prognosis-treated wounds). This study also shed
hopes on the local infiltration as a creditable to reduce recurrences.
The efficacy demonstrated in these patients/wounds paved the way for
a progressive clinical development which culminated in a nationwide,
double-blind, placebo-controlled phase III clinical trial, and the
insertion of this type of intervention within the integral program for
diabetic foot ulcers care [66]. A nationwide pharmacovigilance study
including more than 2000 patients, confirmed the clinical usefulness
of this delivery route to trigger and sustain the healing process as
demonstrated during the clinical trials. In terms of figures, it was
shown that infiltrated EGF elicited 75% full granulation response,
61% of wound closure, and 71% reduction of amputation-relative risk,
as well as positive benefit-risk balance. Of paramount clinical and
social relevance is that recurrences were reported as an exceptional
event (approximately 5%) upon a 12-month follow-up period
[67,68] which had been anticipated since the proof-of-concept trial.
Irrespective to the primary healing efficacy for different therapeutic
modalities, recurrence rates remain disproportionately high. Recent
investigations disclose that roughly 40% of patients have a recurrence
within 1 year after ulcer healing, almost 60% within 3 years, and 65%
within 5 years [69]. Other international groups who have introduced
EGF intralesional infiltration in the daily practice converge to report
that EGF infiltration triggers an exceptional healing response with
low amputation rates [70-72].

On the safety of intralesional infiltrated EGF

Human recombinant EGF was subjected to clinical assessment
as early as 1989 within the field of tissue repair [73]. EGE like most
growth factors stimulates cell proliferation, migration, extracellular
matrix synthesis, cell survival, phenotypic reprogramming, and
local angiogenesis during wound repair. The fact that early basic
researches demonstrated that these events are also induced by GFs
upon the malignant transformation process [74] ignited concern,

Volume 6: 4-7



Berlanga-Acosta ] (2019) Epidermal Growth Factor (EGF) intralesional infiltrations: From the bench to the diabetic ulcers cells

infiltration sessions.

AAM]J, male, 72 years old. T-2 DM with 27 years of evolution. A stubborn ischemic ulcer entailing high amputation characterizes
TO. Following sharp debridement and wound cleansing EGF infiltrations were started. As shown in T1, EGF infiltrations promoted
almost complete re-epithelialization on week 8", and 24 infiltration sessions.

MRPC, female, 54 years old. T-2 DM with 21 years of evolution. Amputation residual base which became atonic, non-granulating,
and with evidences of ischemia (T0). On T1 re-epithelialization has been completed after 7 weeks of treatment, representing 21

BHL, female, 65 years old. T-2 DM with 16 years of evolution. Extensive amputation residual base in neuropathic /Charcot’s
foot on Time 0 (T0) and subsequently fully re-epithelialized after week 5 upon 15 infiltration sessions with EGF (Time 1, T1).

Figure 3. Clinical evidences of the effect of EGF in both neuropathic and neurosichemic wounds

particularly when some GFs were identified in the conditioned culture
medium of different cancer cell lines [75,76] and when homology
was observed among some GFs receptors-coding genes and viral
oncogenes [77]. In most human epithelial tumors EGF receptor is
amplified or overexpressed and its signaling system deregulated with
a “gain-of-function” profile [78,79]. In parallel to EGF investigation in
tumor biology its clinical use expanded, including systemic repeated
administrations with successful outcomes for the patients [80]. EGF has
been orally [81], systemically [82,83], transrectally [83], and topically
administered including to burn wounds which are a well-known
substrate for squamous carcinomas [84]. To the best of our knowledge
the first systemic intervention with EGF was conducted in 1975 in
patients affected by Zollinger-Ellison disease [81] whereas in the most
recent clinical use EGF is locally infiltrated into recalcitrant diabetic
foot wounds for a period of 5 to 8 weeks [31,65,84].

Compelling studies demonstrate that EGF overexposure even
in pharmacological concentrations does not initiate malignant
transformation, and that its “promoting” role is controversial. By the
contrary EGF may induce apoptosis in some experimental epithelial
tumors [21,85,86]. In contrast to platelet-derived growth factor
(PDGEF), EGF is not an oncogene-derived product and does not appear
to be endowed with the ability to irreversibly transform cells [85,86].
These notions are supported by the evidences derived from different
transgenic models which definitively support that innate overexposure
to EGF does not provoke tumors in the animals with the exception of a
liver-targeted construct that provoked hepatocarcinogenesis.

Along these almost 30 years of EGF clinical use, no evidence
has ever been identified to indicate that any of these therapeutic and
repeated interventions with EGF at pharmacological concentrations,
and by any of the above mentioned routes is associated to
carcinogenesis. Some of these studies have included follow-up
periods of 6-12 months up to 4 years; the later representing an
appropriate biological window for EGF-mediated long-term adverse
reactions [67,68]. Likewise, prior to EGF or another peptide growth
factor administration, a careful patient selection should be performed
based in the personal and family background, and on the basis of the
benefit/risk balance. In fact, this rule is ordinarily applied in clinical
practice for many approved drugs.
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Concluding remarks

Skin cells cannot hide out from the diabetic biochemical
derangements and an imprinting is left in fibroblasts, vascular cells
and keratinocytes. Not less significant is the damage induced by
hyperglycemia and its associate by-products on the mesenchymal-
derived stem cells. Diabetic subjects cutaneous cells exhibit an abnormal
behavior and a short replicative life span mirroring a senescencent
phenotype even under placed under ideal in vitro culture conditions.
This replicative refractoriness that remains in the cellular memory is
one of the major grounds for wound chronification. Diabetic wound is
conceptually inflamed, catabolic, and an additional source of circulating
pro-inflammatory cytokines and oxidative radicals, establishing a self-
perpetuating loop. More recently, the picture has been further completed
with the recent identification and characterization of dozen of miRNA
released from the diabetic wound realm. The microenvironment of
these wounds has proved to be hostile for growth factors and their
receptors in terms of physicochemical integrity and physiology. This
growth factors deficit has been associated to the early onset of cellular
senescence.

The discovery of growth factors opened a new era in wound
healing biology and planted hopes for the treatment of recalcitrant,
hard-to-heal wounds. Despite the initial promise for optimal wound
management and despite long years of research efforts, growth factors
have not conquered definitive praise in the clinical armamentarium.
For the particular case of EGEF, it was the first in line used by topical
administration in acute and chronic wounds. In the aftermaths, the
results were either controversial or neutral in both basic and clinical
studies. Despite these outcomes, there is no question about its intrinsic
biological potency in mitogenic commitment for most epithelial and
mesenchymal-derived cells. Critical is also its role during embryonic
development - thus, the acquisition of a differentiated phenotype is on
the list of its biological attributes. The experiments based on the local
infiltration of EGF in rats injured hind limbs were seminal and graphic
in showing the big gap existing between the topical and the infiltrative
delivery routes in terms of a clear-cut tissue healing response. These
experiments translated up today in more than two hundred thousand
diabetic patients successfully treated in terms of healing, low recurrence
rates, reductions of amputations, and prolonged survival.
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This intralesional infiltrative procedure seems to ensure EGF

bioactivity for prolonged times, thus reinforcing the concept that
the spatio-temporal control of EGF availability and local residence
time, are relevant requisites for their clinical success as a regenerative
alternative. Conclusively, we deem that growth factors are biologically
“empowered” molecules with broad pharmacological potential in
regenerative medicine; we just need to learn more from them and to
know how, when, and where to deliver their messages to the cells.
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