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Abstract. The aim of the present study was to investigate the 
effect of epidermal growth factor (EGF) and acidic fibroblast 
growth factor (aFGF) on the healing of diabetic foot wounds. 
A total of 199 patients with diabetic foot ulcers were recruited 
and randomly divided into four groups: A recombinant human 
EGF group (n=50), an aFGF group (n=50), a combined EGF 
and aFGF group (n=50) and a normal saline control group 
(n=49). Patients in all groups received a daily dressing 
change and growth factor reagents were applied topically 
when dressing. To observe the time required for each stage 
of wound healing, the epidermal healing rate and granulation 
tissue growth were recorded. Following 3‑4 days of treatment, 
the wound healing stage was similar in all groups. Later 
stages (following 4 days) of wound healing were achieved 
significantly faster in the combined group compared with the 
control group (P<0.05). The rate of wound healing in the EGF 
group was similar to that observed in the combination group. 
No significant difference was observed between the EGF 
and aFGF groups during the initial period of wound healing. 
However, in the later stage (following 4 days), the combined 
use of recombinant human EGF and aFGF had a marked posi-
tive effect on wound healing when compared with the control 
group. Growth factors have extensive biological activities with 
functions including promoting cell proliferation as well as 
rehabilitating and regenerating tissues, which serve important 
roles in wound healing.

Introduction

Diabetic foot wounds are a complication of diabetic peripheral 
neuropathy and manifest as peripheral vascular lesions in the 
lower limbs of patients with diabetes mellitus (1). Lesions may 

lead to lower limb infection, ulcer formation and the destruc-
tion of deep tissue  (2). Diabetic foot wounds are prone to 
relapse and wound healing is extremely slow; as such, clinical 
treatments typically have poor outcomes, which may cause 
long‑term physical and mental suffering and financial hard-
ship for the patient (3). It has previously been demonstrated 
that reduced absolute or relative levels of growth factors may 
contribute to healing resistance in diabetic foot wounds (4). 
The majority of research has focused on mechanisms under-
lying the involvement of growth factors in diabetic foot wound 
healing, whereas few clinic trials have been performed to 
assess the efficacy of growth factor treatments on diabetic foot 
wound healing (5). More rigorous and accurate randomized 
controlled trials are required to investigate the clinical efficacy 
of growth factors.

The clinical use of recombinant human epidermal 
growth factor (EGF) and fibroblast growth factor (FGF) is 
common (6). However, comparative studies of the treatment 
effects of these growth factors alone or combined are few. The 
aim of the present study was to investigate the effects of EGF 
and acidic FGF (aFGF) factors on diabetic foot wound healing, 
alone and in combination.

Materials and methods

Patients. A total of 199 patients with diabetic foot ulcers were 
recruited at the Burn Treatment Center of the First Affiliated 
Hospital of Nanchang University (Nanchang, China) between 
February 2015 and February 2017. All patients volunteered to 
participate in the present study and provided written informed 
consent. The present study has been approved by the Ethics 
Committee of the First Affiliated Hospital of Nanchang 
University. Patient demographics are presented in Table I.

All patients met the following inclusion criteria: Type II 
diabetes mellitus according to the World Health Organization 
diagnostic criteria (7), wounds of grade II according to the 
Wagner grading method (8) and wounds located in the foot 
with good blood supply (or located at the toe with limb salvage 
treatment required). The nutritional status of enrolled patients 
was good (malnourished patients were given underlying nutri-
tional support before treatment). The exclusion criteria were as 
follows: Presence of other serious complications, other serious 
diseases, foot gangrene or severe ischemic necrosis where 
amputation treatment was required.
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Treatment groups. Patients were randomly divided into four 
groups: A combination treatment group (EGF + aFGF; n=50), 
a recombinant human EGF group (n=50), an aFGF group 
(n=50) and a normal saline control group (n=49). The fasting 
blood glucose levels of all patients were <11.1 mmol/l prior 
to wound treatment. Antibiotics (cftazidime, administered 
via 1  g/12  h intravenous drip) were used to completely 
control the infection. Antibiotics were used in all patients at 
the same dosage for 3‑7 days according to severity and were 
not used in the trial following the administration of growth 
factor reagents (beginning 3 days following the cessation of 
antibiotic treatment). Therefore, antibiotics should not influ-
ence the results of the present study. Debridement, cleaning 
and pathological granulation removal were performed prior 
to the start of this experimental study. EGF was provided by 
Shenzhen Watsin Genetech Co., Ltd. (Shenzhen, China) and 
aFGF was provided by Shanghai Tenry Pharmaceutical Co., 
Ltd. (Shanghai, China).

Treatment methods. Patients were administered with growth 
factors according to the manufacturer's recommended dosage. 
Patients in the combination treatment group were treated with 
topical recombinant human EGF at 40 IU/cm2 and aFGF at 
40 AU/cm2. Patients in the recombinant human EGF treatment 
group were treated with topical recombinant human EGF 
at 40 IU/cm2. Patients in the aFGF group were treated with 
topical aFGF 40 AU/cm2. For patients in the control group, the 
wound was cleaned with normal saline only. Growth factors 
were dissolved in normal saline and applied evenly to the 
surface of the lesions prior to dressing application. Dressings 
were changed and treatments were applied once per day for a 
total of 60 days.

Observation indices. The time required for wound healing at 
each stage was recorded. The healing stage was determined 
by the percentage of the wound healed and the degree of 
granulated tissue growth. Wound healing percentage=[(initial 
wound area‑corresponding time‑point wound area)/initial 
wound area] x100. To assess the degree of granulation, the 
following scoring system was used: No new granulated tissue 
formation in the wound surface, grade 0. New granulated 
tissue formation in the wound surface, grade 1. Granulated 
tissue accounting for 50% of the total wound area, grade 2. 
Granulated tissue covering the entire wound area, grade 3. The 
time taken to reach granulation grade 1, 2 and 3 in each group 
was recorded for each patient. The time taken to reach 50 and 
100% healing were also recorded.

Statistical analysis. SPSS v18.0 (SPSS, Inc., Chicago, IL, 
USA) were used for statistical analysis. Data were analyzed 
by two‑way analysis of variance followed by a post‑hoc 
Student‑Newman‑Keuls q‑test. Data are presented as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Patient demographics. According to the diagnostic criteria, 
199 patients with diabetic foot wounds classified as Wagner 
grade  II were enrolled in the present study. No patients 

withdrew or were lost to follow‑up and all are included in the 
analysis. No significant differences were observed in diabetes 
mellitus history, age, original wound surface area and duration 
of wound formation between any of the groups (Table I).

Wound healing. Wound healing initiation was observed in all 
groups within 4 days of the start of treatment and no significant 
difference was observed between groups (Fig. 1 and Table II). 
However, 50% wound healing and complete wound healing 
were achieved with significantly shorter treatment durations 
in the combination group compared with the control group 
(P<0.01; Fig. 1 and Table II). Similar results were observed in 
the EGF treatment group, with significantly shorter 50% and 
complete wound healing durations compared with the control 
group (P<0.05; Fig. 1 and Table II).

Granulated tissue maturation. No significant difference in 
the duration of treatment required to achieve granulated tissue 
growth grade 1was observed between groups (Table  III). 
However, granulated tissue growth grades 2 and 3 were 
achieved with a significantly shorter treatment time in the 
combination (P<0.01) and EGF (P<0.05) groups compared 
with the control (Table  III). No significant differences in 
treatment time were observed between the aFGF and control 
groups for any granulated tissue grade.

Discussion

Diabetic foot wounds represent a refractory disease that may 
be caused by multiple factors and the associated pathophysi-
ological processes are very complex. Diabetic foot refers to 
pathological changes caused by chronic diabetes mellitus (9) 
and typically manifests as pathological changes to blood 
vessels and nerves in the lower limbs (10). Infection of ulcers 
is common and foot gangrene is the most serious complica-
tion associated with diabetic foot (11‑13). It is thought that 
decreased levels of growth factors and their receptors in the 
diabetic foot result in wounds that are resistant to healing (14). 
However, previous animal studies have reported that growth 
factor therapy does not aid diabetic wound healing in 
mice (15‑18). Some studies have suggested that decreased local 
growth factor activity, including growth factor glycosylation, 
is responsible for delayed wound healing (19‑21).

In the present study, wounds had begun to heal in all 
groups following 3‑4 days of treatment. However, as treat-
ment continued, healing was significantly faster in the EGF 
and combination groups compared with the normal control. 
The time taken for granulated tissue to reach Wagner grade 1 
was also similar in all groups, whereas grades 2 and 3 were 
achieved significantly faster in the EGF and combination 
groups compared with the control. In order to interpret these 
results, the mechanism by which growth factors promote 
wound healing must be investigated.

The accumulation of necrotic tissue, severe inflammation 
and a decrease in EGF release in a wound results in local 
increases in sugar levels, non‑enzymatic glycosylation and 
advanced glycation end products (AGEs) (22). The increase 
in AGEs negatively regulates cell proliferation, inflamma-
tory reactions and granulated tissue maturation (23), thereby 
inhibiting the function of fibroblasts, vascular endothelial 
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cells and epidermal stem cells to delay wound healing. Several 
large‑sample randomized double‑blind studies have been 
performed to assess the effect of EGF treatment in diabetic 
foot ulcers (14‑17,24‑27) and it has previously been reported 
that the application of exogenous EGF has a good curative 
effect in diabetic wounds (28).

Under normal physiological conditions, FGF binds to a 
tyrosine kinase receptor, leading to signal transduction (29) to 
stimulated fibroblasts and vascular endothelial cells to move 
towards the site of trauma (30). FGF and AGEs have the same 
receptor binding sites, and so when the concentration of AGEs 

is elevated (31) the function of FGF is inhibited. Conversely, 
when local FGF is applied, the increase of exogenous FGF (32) 
inhibits the binding of AGEs to the tyrosine kinase receptor 
and accelerates wound healing. A previous controlled trial 
treated diabetic foot wounds with FGF alone  (31) and the 
results demonstrated that the use of exogenous FGF effectively 
promoted wound healing (33).

Few studies have been performed to investigate the effect 
of combined EGF and aFGF on diabetic foot wounds (32). 
Based on the mechanism by which growth factors promote 
wound repair, the difficult healing of clinical diabetic foot 

Table I. Basic information comparison of the four included groups.

	 Sex
	 Case	 Diabetes mellitus		  Wound	 Wound formation	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 number	 history (year)	 Age	 area/cm2	 Time/week	 Male	 Female

Combination group of	 50	 12.67±3.96	 61±5.31	 3.6±0.5	 12±0.53	 26	 24
the growth factors							     
Human epidermal	 50	      13±4.88	 65±3.65	 4.7±0.3	 16±0.62	 25	 25
growth factor group							     
Acidic fibroblast	 50	     15±6.72	 60±6.21	 5.1±0.2	 14±0.27	 24	 26
growth factor group							     
Control group	 49	     12±4.26	 63±4.56	 4.2±0.4	 13±0.35	 25	 24
P‑value		  >0.05	 >0.05	 >0.05	 >0.05	 >0.05

Statistic analysis the diabetes mellitus history, age, size of original wound surface, time of wound formation demonstrate no statistic significant 
between those four groups (P>0.05).

Figure 1. Representative images of a patient with a diabetic foot wound at different treatment stages. Image of wound (A) prior to treatment, (B) at wound 
healing initiation stage, (C) at 50% wound surface healing stage and (D) at complete wound healing stage.
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wounds can be explained by the following aspects: The func-
tion of local microenvironment is changed such as strong 
inflammatory response, necrotic tissues, and enhanced glyco-
sylation. Changes in the local microenvironment inhibit the 
function of fibroblasts, endothelial cells and epidermal cells 
in wound repair  (34). When exogenous growth factors are 
applied to necrotic tissue, the high level of local AGEs results 
in competitive inhibition at the early stage of wound healing, 
countering the curative effect of the growth factors (35). In the 
later stages of would healing, a sufficient amount of exogenous 
growth factors will have entered the necrotic tissue, signifi-
cantly increasing the local growth factor concentration and 
outcompeting AGEs for binding sites. As such, the effect of 
exogenous growth factors on wound healing is more obvious 
with increased treatment time. Combined use of EGF and aFGF 
results in a more rapid increase in local growth factor concen-
tration, accelerating the binding site competition process and 
ultimately promoting cell proliferation. Combination treat-
ment may promote mitosis, signal transduction, endogenous 
growth factor production and inflammatory cell chemotaxis of 
fibroblasts. These processes all contribute to accelerating the 
healing rate of the tissue (36).

The differences between EGF and aFGF treatment 
remain unclear and a larger clinical investigation is required. 
However, based on the present study it may be hypothesized 
that EGF treatment is more effective than aFGF for treating 
diabetic foot wounds. A possible reason for this difference is 
that diabetic foot wound tissues release low levels of EGF and 
using exogenous growth factors directly increases the concen-
tration of EGF in the wound, which may have a negative 
feedback effect on non‑enzymatic glycosylation to directly 

accelerate the process of tissue repair. aFGF, on the other 
hand, is a competitive antagonist of AGEs and therefore a high 
local concentration is required to improve wound healing. As 
such, a longer treatment time is required to observe the cura-
tive effects of aFGF compared with EGF (37‑39).

It has previously been reported that epidermis cell prolif-
eration is associated with age (40). Tiaka et al (35) suggested 
that diabetes, medical history, age and foot blood perfusion 
may influence wound healing. At the start of the present study, 
the baseline data of patients in each group were compared and 
no significant differences were observed. During treatment, 
patients were prescribed bed rest in order to prevent differ-
ences in the load applied to the wounded foot. The results 
of the present study demonstrate that growth factors have 
good biological activity in that they promote the growth of 
granulation tissue and that in combination with EGF and aFGF 
treatment, they are important for angiogenesis and wound 
repair. However, there were several limitations to the present 
study. The results suggest that the combination of two growth 
factors promotes wound healing, but the relationship between 
dosage and healing effect was not investigated. Furthermore, 
a small sample size was used and it could not be determined 
whether individual factors, including sex, may affect the 
results. The molecular mechanism by which growth factors 
promote wound healing remains unclear and further research is 
required to explore relevant signaling pathways and determine 
which factors influence the efficacy of growth factor treatment.

In summary, the present study assessed the clinical effect 
of growth factors as a treatment for diabetic foot wounds. The 
results indicated that combined application of EGF and aFGF 
effectively promotes wound healing. Diabetic foot wound 

Table II. Treatment duration and for wound healing.

	 Wound healing initiation	 50% wound surface healing	 Complete wound healing
Group	 time (days)	 time (days)	 time (days)

aFGF + EGF	 3.3±0.60	 17.21±0.36b	 36.31±1.62b

EGF 	 3.4±0.82	 19.35±0.76a	 38.51±1.46a

aFGF 	 3.5±0.78	 22.42±0.86	 41.83±1.78
Normal control 	 3.5±0.56	 25.36±0.48	 47.52±1.82

aP<0.05 and bP<0.01 vs. control group. aFGF, acidic fibroblast growth factor; EGF, epidermal growth factor.

Table III. Treatment duration and granulated tissue growth.

	 Treatment duration for granulated tissue growth (days)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Grade 1	 Grade 2	 Grade 3

aFGF + EGF	 3.61±0.72	 10.23±0.57b	 26.19±1.35b

EGF 	 3.83±0.63	 11.65±0.71a	 28.31±1.68a

aFGF 	 4.12±0.78	 13.73±0.69	 31.07±1.03
Normal control 	 3.94±0.22	 16.27±0.61	 37.21±1.27

aP<0.05 and bP<0.01 vs. control group. aFGF, acidic fibroblast growth factor; EGF, epidermal growth factor.
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healing involves several pathological processes and so the 
treatment regime used in the present study may need to be 
further improved. It could be optimized based on further study 
of the pathogenesis of the disease, as well as further evaluation 
of pharmacological agents, treatment duration, dosage and 
route of administration (41). Using a combination of multiple 
growth factors and dosages at different stages may improve the 
therapeutic efficacy of growth factor treatment in diabetic foot 
wound. Further studies are required to validate these findings.
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