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Abstract
Diabetic foot ulcer is one of the most frightened diabetic complications leading to

amputation disability and early mortality. Diabetic wounds exhibit a complex net-

working of inflammatory cytokines, local proteases, and reactive oxygen and nitro-

gen species as a pathogenic polymicrobial biofilm, overall contributing to wound

chronification and host homeostasis imbalance. Intralesional infiltration of epider-

mal growth factor (EGF) has emerged as a therapeutic alternative to diabetic wound

healing, reaching responsive cells while avoiding the deleterious effect of proteases

and the biofilm on the wound's surface. The present study shows that intralesional

therapy with EGF is associated with the systemic attenuation of pro-inflammatory

markers along with redox balance recovery. A total of 11 diabetic patients with neu-

ropathic foot ulcers were studied before and 3 weeks after starting EGF treatment.

Evaluations comprised plasma levels of pro-inflammatory, redox balance, and

glycation markers. Pro-inflammatory markers such as erythrosedimentation rate,

C-reactive protein, interleukin-6, soluble FAS, and macrophage inflammatory pro-

tein 1-alpha were significantly reduced by EGF therapy. Oxidative capacity,

nitrite/nitrate ratio, and pentosidine were also reduced, while soluble receptor for

advanced glycation end-products significantly increased. Overall, our results indi-

cate that the local intralesional infiltration of EGF translates in systemic anti-

inflammatory and antioxidant effects, as in attenuation of the glycation products'

negative effects.
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2-DM) is a heterogeneous and
complex group of disease involving multiple pathogenic fac-
tors and multiorgans' complications. Hyperglycaemia is its
most proximal, constant, and outspoken marker.1 T2-DM
has progressively expanded to pandemic magnitude account-
ing for 90% to 95% of all the diabetic population.2 Diabetic
foot ulcer (DFU) is one of the most frightened complications
leading to amputation disability, social exclusion, and early
mortality. Accordingly, diabetic population still contributes
to 80% of all non-traumatic lower extremities' amputations
around the world.3

Cutaneous wound repair is a multifaceted linear process
in which a sequence of overlapping changes integrates to
repair a lesion, comprehensively involving soluble media-
tors, immunoinflammatory cells, mesenchyme-derived gran-
ulation tissue-producing cells, and epidermal keratinocytes.4

Analogous to the multifaceted interplay between genes and
environment in diabetes pathogenesis is the interaction
between the wound and its host. Complex and problem
wounds are a superimposed organ that establishes a constant
cross-talk with the patient, so that this reciprocal influential
loop creates a dynamic bidirectional reciprocity circuit. This
turns particularly relevant and clinically meaningful in
severe burn injuries5 and diabetic lower extremity wounds.6

Conceptually, diabetic wounds exhibit a complex net-
working of inflammatory cytokines, local proteases, cytotoxic
reactive oxygen and nitrogen species, and a polymicrobial
biofilm that altogether contribute to wound cells' senescence,
chronification, and host homeostasis imbalance.7 These
wounds magnify a pre-existing endovascular systemic, non-
specific, immuno-inflammatory response that amplifies insu-
lin resistance, disrupts anabolic processes, produces a sys-
temic toxic syndrome, and delays wound healing.8 Therefore,
innovative interventions are required to trigger the wound
cells to resume the acute healing phenotype in a manner that
could effectively lessen the systemic inflammatory repercus-
sion. The organismal translation of this type of therapy may
contribute to attenuate cellular degeneration, tissue catabo-
lism, and ultimately insulin resistance.

Studies dating more than a decade ago have reproducibly
shown the intrinsic ability of epidermal growth factor (EGF)
at pharmacological concentrations to trigger biological
actions required for diabetic wound healing upon its system-
atic infiltration into the wound edges and bottom.9 Conse-
quently, broad pharmacovigilance studies confirm the
clinical efficacy of the infiltrative procedure in terms of both
safety and patients' response with 16% absolute, 71% relative
reduction amputation risks, and only 5% reulcerations upon
a 12-month follow-up period.10

The present study validates previous observations of our
group,11 demonstrating the systemic impact of locally infil-
trated EGF in reestablishing a pro-physiological redox balance.
Furthermore, here we show that EGF pharmacodynamic
bounties also encompass the attenuation of endovascular pro-
inflammatory markers with dramatic negative impact in dia-
betic individuals' general homeostasis.

2 | METHODS

2.1 | Ethics

The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. In addition, this protocol
was reviewed and approved by the ethics committee of the
National Institute of Angiology and Vascular Surgery,
Havana, Cuba. All the patients approved to be involved in
the study and signed an informed consent.

2.2 | Study population

A total of 11 diabetic patients affected by chronic lower
extremity ulcers, admitted at the angiopathy ward of the

Key Messages
• chronic and extensive acute wounds may act as

pro-inflammatory and pro-oxidative sup-
erimposed organs that establish a dynamic bidi-
rectional reciprocity circuit with the host

• nine local infiltrations of epidermal growth factor
into the wounds accounted for a reduction in
systemic pro-inflammatory biomarkers as
erythrosedimentation rate, C-reactive protein,
interleukin-6, soluble FAS, and macrophage
inflammatory protein 1-alpha

• meaningful is also the observation that EGF infil-
trative therapy also decreased redox and
nitrosilative stress biomarkers, while increased
the circulating levels of the soluble receptor for
the advanced glycation end-products

• anti-inflammatory cytokines such as IL-4, IL-5, IL-
10, and IL-13 exhibited a dual behaviour within
the patient population: (a) parallel reduction to the
drop of pro-inflammatory molecules and (b) an ele-
vation that may suggest “counteraction” to the
increased levels of the pro-inflammatory arm

• attenuation of endovascular inflammation is not a
trivial event: long-term diabetic complications
and patients' outcome is largely influenced by
inflammatory mediators and effectors
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National Institute of Angiology and Vascular Surgery in
Havana, Cuba, were included in this study. Inclusion criteria
were T2-DM, neuropathic úlcera de pie diabético (UPD)
classified as grade 3 or 4 of the Wagner's scale,12 and age
between 45 and 75 years old. All the patients were part of the
national program for integral diabetes care that involved as
instrumental pharmacological intervention, the local infiltra-
tion of recombinant human EGF. Under the in-hospital
regime, the patients received the systemic medical interven-
tions required to eliminate infection, ensure metabolic control,
and the concurrent limb off-loading. Locally, wounds were
cleansed with saline, sharp debrided when required, and
dressed with saline-moistened gauze.13 Wounds were clini-
cally examined on alternate days before EGF administration,
as a routine practice during a 15-day wash-out period. Only
those patients with non-granulating wounds were included in
the study. The treatment began following the wash-out period,
when a clean wound substrate was suitable for infiltrations.14

2.3 | Recombinant human EGF

Recombinant human EGF was obtained from the Center for
Genetic Engineering and Biotechnology (Havana, Cuba).15

It was formulated with buffer salts as injectable, lyophilised,
and is presently available in this composition (Heberprot-P,
HeberBiotec S.A., Havana, Cuba). Patients received 75 μg
of EGF at each intralesional infiltration session, three times
per week on alternate days. The medication, its administra-
tion requisites, and procedure have been extensively
described.16

2.4 | Sample collection

After 12–14 hours overnight fasting, between 7:30 and
9:00 AM, and before taking any medication, 10 mL of
blood was collected from each subject. “Time zero”
(T0) harvesting corresponds to the blood plasma sample
obtained just prior to the initial EGF infiltration when the
wound bed had been fully preconditioned17 and the meta-
bolic status of the patient had been improved. A subse-
quent plasma sample, obtained 3 weeks later when nine
EGF infiltration sessions had been completed, was consid-
ered “time one” (T1), which allowed for paired samples of
the same individual. Previous studies justify this time
point as it represents the maximal outgrowth of the
fibroangiogenic response under the influence of EGF in
situ infiltration.18 Early morning saliva samples were also
collected at T0 and T1 for EGF level quantification. Both
plasma and saliva samples were aliquoted and stored at
−20�C until assayed.

2.5 | Haematological and haemochemical
parameters

Erythrosedimentation rate, total leukocyte count,
haemoglobin, glycated haemoglobin (HbA1c), glycaemia,
creatinine, albumin, and total proteins were determined at
T0 and T1. Blood glucose measurements were frequently
indicated as for patients' metabolic control.

2.6 | Biochemical determinations

All the biochemical parameters were determined by spectro-
photometric methods using commercial kits. Pro-
inflammatory markers included C reactive protein (CRP)
[PTX1, Human ELISA Kit, Abcam]; interleukin (IL)-1β (IL-
1 beta Human ELISA Kit, Abcam); IL-6 (IL-6 Human
ELISA Kit, Abcam); and intercellular adhesion molecule
1 (ICAM-1) [CD54, Human SimpleStep ELISA Kit,
Abcam]. Redox balance markers included oxidative capacity
(PerOx [TOS/TOC] Kit, Immundiagnostik, Germany); anti-
oxidant capacity (Total Antioxidant Capacity Assay Kit,
Abcam); and nitrite/nitrate ratio (Nitric Oxide Assay Kit,
Abcam). Components of the advanced glycation end-
products (AGE) pathway were assessed using the following
commercial kits: General AGE ELISA Kit (Donglin, China);
RAGE Human SimpleStep ELISA Kit (Abcam); and Human
Pentosidine ELISA Kit (BlueGene, China). Salivary EGF
levels were determined using the Quantikine Human EGF
Immunoassay (R & D Systems). In all cases, manufacturer's
instructions were followed.

2.7 | Cytokine profiling

Plasma samples underwent fewer than two freeze–thaw
cycles before measurements. Seventeen cytokines were
determined using magnetic bead assays (HCD8MAG15
K17PMX human [Millipore Sigma Corp., Billerica, Massa-
chusetts]). Proteins evaluated included granulocyte-
macrophage colony-stimulating factor (GM-CSF), soluble
cluster of differentiation 137 (sCD137), soluble FAS
(sFAS), FAS ligand (FASL), interferon gamma (IFN-γ), IL-
2, IL-4, IL-5, IL-6, IL-10, IL-13, tumour necrosis factor
alpha (TNF-α), macrophage inflammatory protein 1-alpha
(MIP1-a), macrophage inflammatory protein 1-beta
(MIP1-b), granzyme A (GRZA), granzyme B (GRZB), and
perforin (PRF). A total of 25 μL of subjects' plasma at T0
and T1 were analysed in duplicate as instructed by the man-
ufacturer. Briefly, plasma samples and cytokine capture-
bead cocktails were incubated for 20 hours at 4�C under agi-
tation at 600 rpm. After washing and supernatant removal,
biotin-labelled anticytokine mixtures were added for 1 hour
at 20 ± 2�C followed by the addition of a streptavidin-
phycoerythrin solution. Quantitation was performed on a
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Luminex MAGPIX instrument using the xPONENT 4.2
software and analysed with the Milliplex Analyst software
(v5.1, Millipore) with five parameter logistics and standard
curves (r2 > 0.99 in all cases). Measurements on blinded
replicate samples included with test samples had coefficients
of variation of 10–25%.

2.8 | Statistical analyses

Statistical analyses were performed using the GraphPad
Prism 6.01 software. Normal distribution was analysed using
D'Agostino-Pearson and Shapiro–Wilk normality tests. Vari-
ance homogeneity was evaluated using Brown-Forsythe and
Bartlett's tests. If data were in compliance with normal distri-
bution and variance homogeneity, comparisons between
time points were carried out using the Student's paired t test.
Otherwise, Wilcoxon test was performed. Values of P < .05
indicated statistically significant differences. Cytokines/
chemokine level changes at T1 were compared using a
paired t test, with a significance level of α = .05. Spearman
correlation was run among T0/T1 level variations of sys-
temic markers.

3 | RESULTS

3.1 | Demographics

A total of 11 type 2 diabetic patients with neuropathic DFU
were studied. Male gender predominated over female with
10 men (91%) vs 1 woman (9%). Patients were between
48 and 73 years old (59.5 ± 7.6 years). Diabetes evolution
time ranged between 2 and 35 years (15.6 ± 9.6 years). On
the other hand, wound evolution times were in the range
30–180 days (51.8 ± 46.6 days). All lesions were classified
as grade 3 of Wagner's scale and grades 1B-2D according to
the Texas classification of wound.

3.2 | Systemic response of patients with DFU
to the intralesional treatment with EGF

Plasma samples from patients with DFU, before (T0) and
after receiving nine doses of intralesional EGF (T1), were
analysed regarding haematological and haemochemical
parameters, pro-inflammatory, and redox balance markers,
so as that of the molecules of the AGE pathway.
Haematological and haemochemical parameters are
summarised in Table 1. Erythrosedimentation rate under-
went a highly significant reduction (P = .0006) at T1 with
respect to T0, with a mean value decrease of 28%. All the
patients showed reduced erythrosedimentation rates in more
than 10%. The rest blood chemistry parameters analysed did
not significantly modify.

Pro-inflammatory markers are shown in Figure 1. CRP
exhibited no statistical differences between T0 and T1
moments (P = .1826) (Figure 1A). However, the median
value at T1 was 45% lower than the median value at T0.
ICAM-1 and IL-1β levels were not significantly modified
after treatment with respect to baseline (P = .0506 and
P = .1266, respectively) (Figure 1B, C). Moreover, IL-6
levels significantly decreased at T1 (P = .0049), with a
median value drop of 66% (Figure 1D).

A broader evaluation of inflammatory markers using a
Luminex magnetic bead assay validated the reduction of IL-
6 circulating levels at T1 (P = .0273), which appeared
accompanied by a significant reduction of other pro-
inflammatory mediators like MIP1-a (P = .0273) and sFAS
(P = .0371) (Figure 2). Analyses of anti-inflammatory cyto-
kines such as IL-4, IL-5, IL-10, and IL-13 suggested a split
behaviour within the patients' cohort: (a) with a reduction
parallel to the drop of the pro-inflammatory counterpart and
(b) an induction that seems to counteract the increased levels
of the pro-inflammatory arm (data not shown).

Redox balance markers are represented in Figure 3. Total
oxidative capacity exhibited a significant reduction after
EGF treatment with respect to baseline (P = .0299)
(Figure 3A). The mean value at T1 was 16% lower than the
mean value at T0. Conversely, antioxidant capacity showed
no significant variation between T0 and T1 (P = .4894)
(Figure 3B). On the other hand, the nitrite/nitrate ratio was
significantly lower at T1 than before treatment (P = .0123),
with a mean value decrease of 57% (Figure 3C).

AGE levels showed no statistical differences between T0
and T1 (P = .3501) (Figure 4A). However, pentosidine
levels were significantly reduced after treatment with respect
to baseline (P = .0122), with a median value decrease of
19% (Figure 4B). In addition, soluble RAGE exhibited a sig-
nificant increase at T1 (P = .0210), with a median value rise

TABLE 1 Haematologic and haemochemical parameters of
patients before (T0) and after (T1) intralesional treatment with EGF

Parameters T0 T1 P

Erythrosedimentation
(mm/h)

65.9 ± 36.6 47.7 ± 30.3 ***

Leukocytes (×109/L) 9.2 ± 2.0 8.1 ± 1.7 ns

Haemoglobin (g/L) 117.5 ± 17.4 113.4 ± 19.5 ns

HbA1c (%) 10.12 ± 2.16 9.67 ± 2.04 ns

Glycaemia (mmol/L) 8.44 ± 2.55 8.28 ± 2.57 ns

Creatinine (μmol/L) 99.6 ± 24.6 98.6 ± 27.5 ns

Albumin (g/L) 39.6 ± 5.1 41.8 ± 5.0 ns

Total proteins (g/L) 69.5 ± 5.5 69.0 ± 7.6 ns

Note: Statistical analyses were performed using the Student's paired t test.
Abbreviations: HbA1c, glycated haemoglobin, ns, not significant.
***P < .001.
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of 16% (Figure 4C). Salivary EGF levels were not signifi-
cantly modified after treatment with respect to T0
(P = .4458), as represented in Figure 5.

4 | DISCUSSION

The present study provides preliminary evidence that locally
infiltrated EGF into neuropathic diabetic lower extremity
wounds, translates in the reduction of some pro-
inflammatory and other harmful biomarkers. Despite the
limitations inherent to a small cohort of patients and the lack
of a concurrent control group receiving the conventional
therapy without EGF treatment, this seems to be the first
clinical demonstration to our knowledge, describing the

putative effects of EGF on the systemic endovascular
inflammation in diabetic subjects. This assumption may
broaden the spectrum of EGF-associated pharmacological
bounties and would confirm basic science studies.19,20

Our group had previously demonstrated that EGF
intralesional infiltrations for 3–4 weeks (9–12 infiltrations)
associated with the standard of care, beyond promoting gran-
ulation tissue over 75% of the wounded area, and contrib-
uted to restore the circulating levels of several redox biology
parameters up to values close to those of non-ulcerated dia-
betic patients and non-diabetic subjects.11 In this opportu-
nity, using a similar clinical investigation protocol and under
a 3-week treatment timeframe, we investigated the impact of
EGF intervention on four major fields including1:

FIGURE 1 Pro-inflammatory
marker levels in plasma samples from
patients with DFU, before (T0) and
after (T1) intralesional EGF
treatment. A, C reactive protein
(CRP). B, intercellular adhesion
molecule 1 (ICAM-1). C, Interleukin-
1β (IL-1β). D, Interleukin-6 (IL-6). If
data are in compliance with normal
distribution, they are expressed as
mean ± SD. Otherwise, they are
represented as the median, 25th and
75th percentiles. Statistical analyses
were performed using the Student's
paired t test (data with normal
distribution) or the Wilcoxon test (data
without normal
distribution). **P < .01
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ordinary/routine blood chemistry,2 acute reactants and pro-
inflammatory mediators,3 oxidative and nitrosilation stress,
and4 the AGE/RAGE axis.

The current standard of care21 supported with the EGF
intervention under the in-hospital regimen showed not to
significantly impact on the haemochemical parameters stud-
ied. Of note is, however, that EGF accounted for a signifi-
cant reduction at T1 of erythrocyte sedimentation rate and
IL-6 although with no modifications of albumin levels.
Albumin circulating levels would be expected to marginally
increase given the attenuation of the acute-phase reactant.22

The fact that EGF somewhat opposed to acute-phase reac-
tants is supported by the fact that 3 weeks after treatment,
CRP median values were arithmetically reduced to 45%. A
hypothetical interpretation of these clinical findings incites
to speculate that the systemic exposure to EGF contributes
to attenuate the hepatic-reactive phenotype.23 Previous stud-
ies document the modulating effect of circulating EGF on
hepatic-derived acute phase proteins.24 Other in vitro studies
illustrate the effect of EGF on modulating acute-phase pro-
teins on hepatic cells.25,26

Although with an impartial effect on ICAM-1 and the
inflammasome effector IL-1β, the observation that EGF
decreased IL-6 associated with a significant reduction of
both sFAS and MIP1-a circulating levels is at least of phar-
macological connotation. IL-6 plays a definitive pathogenic
role in T2-DM onset, progression, and complications as has
been demonstrated.27 sFAS has been associated with insulin
resistance, onset of T2-DM, as to the ensued endovascular
inflammation, diabetes-related apoptosis, and multiorgan
complications.28 The chemokine MIP1-a is one of the
inflammatory cytokines induced by high glucose levels,29

and pathogenically involved in prediabetes and diabetic
chronic inflammation.30 Collectively, our findings suggest

FIGURE 2 Results from Milliplex-based evaluation of
CD8-related cytokines in plasma samples from patients with DFU. The
behaviour of cytokine concentration from the baseline (T0) to 3 weeks
after starting intralesional EGF treatment (T1) is represented for those
factors showing significant concentration changes: interleukin-6 (IL-6),
macrophage inflammatory protein 1-alpha (MIP1-a), and soluble FAS
(sFAS). Data are shown as the base-10 logarithm of protein
concentration. Statistical analyses were performed using the Wilcoxon-
matched pairs-signed rank test (P < .05)

FIGURE 3 Redox balance marker levels in plasma samples from patients with DFU, before (T0) and after (T1) intralesional EGF
treatment. A, Oxidative capacity. B, Antioxidant capacity. C, Nitrite/nitrate ratio. Data are expressed as mean ± SD. Statistical analyses were
performed using the Student's paired t test. *P < .05
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that systemic exposure to EGF may be modulating these
three major well-renowned biomarkers of T2-DM and its
ensued complications pathophysiology. This fact reinforces
the need for more comprehensive clinical studies. Simply
said, dampening IL-6 circulating levels could contribute to
restore metabolic homeostasis in diabetes-afflicted patients,

as to reinstate tissues' pro-anabolic programmes in the course
of the healing process.31

By its side, the analyses of anti-inflammatory cytokines
do not show a clear-cut distribution, although with a clear
trend to the induction of IL-13, IL-10, and IL-5 in patients
with higher pro-inflammatory cytokine levels. Again, further
studies including a broader sampling window will be
necessary.

Diabetes is a multifactorial toxic entity in which
glucotoxicity is associated with increased reactive oxygen
species levels, disruption of the balance between pro-
degradative an pro-synthetic forces, as to the AGE/RAGE
noxious impact, thus leading to cellular proliferative and sur-
vival reserves demise.32 In line with this, our group had pre-
viously demonstrated that ulcerated diabetic subjects behave
as a particular diseased group, as they exhibit an exacerba-
tion of the oxidative stress arm as compared with non-
ulcerated diabetics.11 Here, we confirm that nine EGF infil-
trations over 3 weeks were sufficient to reduce the
circulating levels of oxidative reactants although with no
effect on the circulating antioxidant defence reserves. The
high level of oxidative stress induced by hyperglycaemia
and other diabetes-derived derangements has the potential to
foster premature organismal senescence32 and therefore to
disrupt the physiological healing response.33

Hyperglycaemia along with other metabolic changes
appears proximal to nitric oxide (NO) production and
utilisation impairments by an endothelial dysfunction.34 The
fact that EGF treatment significantly reduced the nitrite
levels, as the main NO-derived oxidation product35 at T1 is
of paramount clinical relevance. Converging types of

FIGURE 4 AGE pathway molecule levels in plasma samples from patients with DFU, before (T0) and after (T1) intralesional EGF
treatment. A, Advanced glycation end-products (AGE). B, Pentosidine. C, Receptor for AGE (RAGE). Data are expressed as the median, 25th, and
75th percentiles. Statistical analyses were performed using the Wilcoxon test. *P < .05

FIGURE 5 Salivary EGF levels in samples from patients with
DFU, before (T0) and after (T1) intralesional EGF treatment. Data are
expressed as mean ± SD. Statistical analysis was performed using the
Student's paired t test

1300 GARCÍA-OJALVO ET AL.



evidence indicate that nitrosilative stress is strongly associ-
ated with a myriad of diabetes-related complications, organs'
dysfunctions, and ultimately to patients outcome.36,37 Cuta-
neous wound repair is also dramatically influenced by NO
metabolism38 where an exquisite fine-tuning is required at
both organismal and in the wound milieu levels for a proper
healing trajectory.39

AGE are a heterogeneous group of molecules that upon
their interaction with the cell-bound RAGE results in genera-
tion of oxygen radicals, pro-inflammatory cytokines, and
cell adhesion molecules overexpression, altogether largely
involved in diabetic multiorgan complications pathophysiol-
ogy.40 Here, we show that although EGF did not contribute
to reduce the burden of AGE circulating levels, pentosidine
appeared as the unique responder among the constellation of
AGE. Pentosidine is not only a glycation but an oxidation-
derived product (glycoxidation product), which may theoret-
ically correlate with the detected attenuation of the oxidative
reactants by EGF. Previous reports associate pentosidine cir-
culating levels with diabetic chronic complications, hence
pentosidine has been invoked as a bona fide predictor for
diabetic complications.41 An enlightening finding related to
the AGE/RAGE is the significant elevation of plasma levels
of endogenous soluble RAGE, which acts as a “decoy recep-
tor” that inhibits the AGE/RAGE signalling axis, thus
preventing the amplification of cytotoxic episodes. This
observation prompts further studies for confirmation given
its potential therapeutic significance.

A cascade of serendipitous events led to the discovery of
salivary EGF about 60 years ago.42 EGF production is
impaired by diabetes and it has been invoked as a major fac-
tor for wound chronification.43 Experimentally induced dia-
betes damages the submandibular salivary glands
physiology, accounting for a concomitant reduction of EGF
output.44 Furthermore, reduced levels of salivary EGF in
diabetic patients contribute to the development of oral and
systemic complications of diabetes.45 This theoretical back-
ground encouraged us to examine the possible impact of
EGF infiltration on its salivary levels. Ultimately, there was
no variation on the morning salivary content of EGF after
completing the nine infiltration sessions when wounds had
healed to 75%. Additional studies are required to shed light
on the potential involvement of EGF endocrine and para-
crine profiles in diabetic-ulcerated individuals.

An integral vision of these findings advice that behind
the healing success achieved upon EGF infiltration, with a
resulting reduction of amputation risks and long-term low
recurrence rates,10,16 there is an extensive profile of pharma-
codynamic effects, given by the systemic restoration of mul-
tiple and converging molecular events that facilitate the
resumption of a physiologic healing trajectory. Infiltrated
EGF, in addition to assistance in the amendment of soluble

imbalanced mediators, is theoretically endowed with the
ability to counteract the diabetic-associated premature senes-
cence.46 The actual validation of this notion could provide
the bases for novel therapeutic horizons to deter diabetic
complications.
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