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ABSTRACT
We reported previously that topical treatment of Diabetic Foot Ulcers (DFU) with authentic human epidermal 
growth factor (rEGF) in addition to debridement surgery was over 50% more efficient than the latter operation 
employed alone. In this communication, using the facile topical protocol, we further demonstrate that rEGF is not 
only capable of healing DFU, but was also shown to be effective in bringing a traumatic wound, which was caused 
by the amputation of the three larger toes of an ulcerated foot, to complete healing.
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Introduction
Diabetic Foot Ulcers (DFU), one of the major health-threatening 
side effects afflicting patients with diabetes mellitus, are chronic 
ulcerations of the lower limbs. As a result of diabetic peripheral 
neuropathy and vascular damage, thereby leading to poor 
circulation and deficient supply of skin growth factors to wounds 
occurring in lower extremities, DFU are difficult to heal. Various 
methods including wound debridement [1], hyperbaric oxygen 
therapy [1], electrical stimulation [2], maggot therapy [3-4] and 
skin grafting [2], have been employed for treating DFU. These 
treatments result commonly in some degree of healing but rarely in 
the complete closure of chronic wounds associated with diabetes.

In 2003, our group pioneered the application of a treatment 
protocol combining wound debridement and a skin growth factor, 
human epidermal growth factor (EGF), for effective (95%) healing 
of DFU [5]. The EGF employed was expressed and purified from 
a genetically engineered Escherichia coli excretion system [6-10]. 
The resulting recombinant EGF (rEGF) was not only shown to be 
biologically potent, but also highly stable. More importantly, it is 
authentic in structure, thus sharing the same amino acid sequence 
with that of its natural counterpart produced in our bodies [7].

Subsequently, topical treatments using rEGF as the active 
ingredient for various kinds of wounds including: DFU [5,11], 
serious scalds [11-12], an acute immunological disorder – Steven 
Johnson Syndrome [13-14], and hard-to-heal bedsores commonly 
afflicting elderly and handicapped individuals [11,14], have all 
resulted in successful outcomes. The findings further lend support 
to the view that rEGF is an active ingredient for treating a wide 
range of wounds. They also shed light on the controversial results 
attained in previous studies regarding the application of EGF to 
wound healing. In many of them, the identity/primary structure 
of EGF employed was not explicitly disclosed, thus leading to 
conflicting observations [15-16].

To further explore the application of rEGF to the healing of 
recalcitrant wounds, we applied the same treatment protocol, 
involving the use of 0.04% (w/w) rEGF [5,17], to treat a traumatic 
injury resulting from the amputation of the first three toes of an 
ulcerated foot. In this communication, we report our success in 
treating such a severe wound.

Results and Discussion
In many cases of DFU, despite the implementation of wound 
care management procedures, e.g. debridement surgery [1], the 
ulceration concerned may continue to deteriorate to result in an 
incurable wound, which requires amputation in attempting to halt 
the progression of complications.

An 80-year-old diabetic German patient underwent amputation in 
which the first three toes of his right foot were trimmed for over 
6 months (Figure 1). Despite being treated using conventional 
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procedures for a long duration, there was no sign that the surgical 
wound would heal and the pathological conditions might get worse 
to result in destructive side effects such as infections. The patient 
was recommended to try one of our commercial products, Platinum 
cream (Platinum), in which 0.04% (w/w) rEGF is employed as 
the active ingredient (www.gene-viante.com). Although Platinum 
had never been applied to treat wounds which were as severe 
as that shown on the affected foot (Figure 1), and there were 
controversial findings reported by others regarding the efficacy of 
EGF on wound healing [15-16], based on the superb performance 
previously achieved by rEGF in treating various types of wounds 
[5,11-14,17], we were hopeful that it would work equally well to 
promote healing of the residual limb.

The open wound was treated using the protocol established 
previously for topical management of various hard-to-heal wounds 
[17]. In short, a wound was first thoroughly cleansed (with diluted 
Dettol) and it was then allowed to air dry. Subsequently, a film 
of Platinum containing 0.04% (w/w) rEGF (www.gene-viante.
com) was layered on the wound, which was then covered up with 
a gauze pad. The whole process was repeated twice daily and the 
progress of healing was monitored closely.

The treatment regimen worked well on the traumatic wound 
(Figure 1). Despite handling a pretty large area involving the 
truncation of the first three toes from the right foot (Figure 1), 
rEGF appeared to exert an active role in the healing process. The 
wound was shown to heal readily and effectively, as reflected by 
the lack of signs of infection, inflammation or excessive exudate 
production (Figure 1), which are commonly found in infected 
or unsuccessfully treated wounds [18-19]. With continuous 
application of the topical protocol [17], the healing of the surgical 
wound progressed satisfactory to result finally in complete closure 
in about 7 weeks (Figure 1). Our successful achievement in the 
present study may prove to represent a practical approach for 
effective healing of recalcitrant wounds such as lower extremity 
injuries resulting from surgical amputations.

Figure 1: Treatment of an unhealed amputation injury. The pictures depict 
the progress of healing of the wound caused by the surgical removal 
of the first three toes of the right foot of an 80-year-old diabetic male 
patient. Despite being treated with conventional treatment methods, there 

was no sign of healing of the wound for over 6 months. The wound was 
then topically treated with Platinum containing 0.04% (w/w) rEGF. The 
duration of the treatment is shown on top of the picture. Day 0 stands for 
prior to commencing treatment.

The application of rEGF produced in our laboratory to the 
treatment of various types of wounds has led corroboratively to a 
positive healing effect [5,11-14,17], which contradicts to previous 
results reporting conflicting observations [15-16]. The inconsistent 
outcomes were found to result from the use of different EGF 
isoforms. In many studies the peptide sequence of EGF was not 
disclosed, thus creating a false impression that the same EGF 
molecule was employed [15]. As a matter of fact, despite the 
presence of the information concerned, the sequence was revealed 
to be unauthentic, thus presenting a different primary structure 
from that of native EGF [15, 20]. Since our application of rEGF, 
which is authentic in structure [5,7,10-11,14], to the treatment of 
various wounds results consistently in a positive outcome, the 
findings lend strong support to our interpretation that authentic 
EGF, e.g. rEGF, possesses the required conformation to interact 
with its cellular receptor to perform its biological functions [11,14-
15].

Conclusion
DFU are chronic wounds which have been shown to be difficult 
to heal. Employing rEGF in combination with a simple topical 
treatment protocol, we have achieved high rates of success in 
healing DFU. In the current communication, we further demonstrate 
that rEGF performs effectively in treating a recalcitrant wound 
resulting from the amputation of the first 3 toes of an ulcerated 
foot. 

Acknowledgments
We are grateful to Mr. H. Borchert for his assistance in reporting 
the progress of healing of the treated wound.

References
1.	 Dinh T, Elder S, Veves A. Delayed wound healing in diabetes 

considering future treatments. Diabetes Manage. 2011; 1: 
509-519.

2.	 Belly C, Bonula SP, Kandukuri UR, et al. A review on methods 
of treatment for diabetic foot ulcer. Advances in Decision 
Sciences, Image Processing, Security and Computer Vision. 
Springer, Cham. ICETE. Learning and Analytics in Intelligent 
Systems, 2020; 66-73.

3.	 Sherman RA. Maggot therapy for treating diabetic foot ulcers 
unresponsive to conventional therapy. Diabetes Care. 2003; 
26: 446-451.

4.	 Marilia ARQ. Pinheiro, Julianny B. Ferraz, Miguel AA Junior, 
et al. Use of maggot therapy for treating a diabetic foot ulcer 
colonized by multidrug resistant bacteria in Brazil. Indian J. 
Med. Res. 2015; 141: 340-342.

5.	 Tsang MW, Wong WKR, Hung CS, et al. Human epidermal 
growth factor enhances healing of diabetic foot ulcers. 
Diabetes Care. 2003; 26: 1856-1861.

6.	 Wong DKH, Lam KHE, Chan CKP, et al. Extracellular 



Volume 4 | Issue 1 | 3 of 3Diabetes Complications, 2020

© 2020 Wong W.K.R & Ng K.L. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

expression of human epidermal growth factor encoded by 
an Escherichia coli K-12 plasmid stabilized by the ytl2-
incR system system of Salmonella typhimurium. J. Industrial 
Microbiology & Biotechnology. 1998; 21: 31-36.

7.	 Huang RC, Lam E, Chen YH, et al. Human epidermal 
growth factor excreted by recombinant Escherichia coli K-12 
has the correct N-terminus and is fully bioactive. Process 
Biochemistry. 1999; 35: 1-5.

8.	 Sivakesava S, Xu ZN, Chen YH, et al. Production of excreted 
human epidermal growth factor hEGF by an efficient 
recombinant Escherichia coli system. Process Biochemistry. 
1999; 34: 893-900.

9.	 Wong WKR, Lam E, Huang RC, et al. Applications and effi-
cient large-scale production of recombinant human epidermal 
growth factor. Biotechnology & Genetic Engineering Re-
views. 2001; 18: 51-71.

10.	 Wong WKR, Fu BZB, Wang YY, et al. Engineering of 
efficient Escherichia coli excretion systems for the production 
of heterologous proteins for commercial applications. Recent 
Patents on Chemical Engineering. 2012; 5: 45-55.

11.	 Wong WKR, Ng KL, Lam CC, et al. The importance of 
authentic human epidermal growth factor in offering effective 
treatments for hard-to-heal wounds. EC Diabetes and 
Metabolic Research. 2019; 3: 138-146.

12.	 Wong WKR, Kwong KWY, Ng KL. Application of 
recombinant human epidermal growth factor to effective 
treatment of scalds. J Anal Pharm Res. 2016; 3: 00045.

13.	 Tsang MW, Tsang KY, Wong WKR. A case report on the use 
of recombinant human epidermal growth factor rhEGF in a 
gentlemen with drug induced Steven Johnson Syndrome. 
Derm Ontline J. 2004; 10: 25.

14.	 Wong WKR, Ng KL, Xu XH. Authentic human epidermal 
growth factor: a panacea for wound healing. EC Endocrinology 
and Metabolic Research. 2018; 3: 138-146.

15.	 Wong WKR, Ng KL, Lam CC, et al. Review article reasons for 
underrating the potential of human epidermal growth factor in 
medical applications. J Anal Pharm Res. 2017; 4: 00101.

16.	 Falanga V, Eaglstein WH, Bucalo B, et al. Topical use of 
human recombinant epidermal growth factor h-EGF in venous 
ulcers. J Dermatol Surg Oncol. 1992; 18: 604-606.

17.	 Wong WKR. Effective treatment of an unhealed incision of a 
diabetic patient with recombinant human epidermal growth 
factor. Modern Chemistry & Applications. 2015; 3: 166.

18.	 Adderley UJ. Managing wound exudate and promoting 
healing. British Journal of Community Nursing. 2010; 15: 
S15-S16. 

19.	 Vowden K, Vowden P. Understanding exudate management 
and the role of exudate in the healing process. British Journal 
of Community Nursing. 2003; 8: 4-13.

20.	 Pouranvari S, Ebrahimi F, Javadi G, et al. Cloning expression 
and cost effective purification of authentic human epidermal 
growth factor with high activity. Iran Red Crescent Med J. 
2016; 18: e24966.


