
Epidermal and platelet-derived Growth 
Factors in Diabetic Foot Ulcer

By: Mahboobeh Nazar i

Endocr ine Research Center
Institute of Endocr inology and Metabolism



Agenda

Introduction: (Epidemiology and Economic Burden of DFU) 

Wound healing process

Growth factors in wound healing process (E.g. PDGF, EGF)

Clinical evidence related to growth factor therapy
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Epidemiology of Diabetes
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 In 2021, there were 529 million
 By 2050, more than 1.31 billion
 Nationwide prevalence of diabetes among 

Iranian adults: 15%

The Lancet 2023; 402: 203–34.

Age-standardized total diabetes prevalence rates in 2021

Diabetes Therapy, 2021; 12, 2921-2938



Ann Med. 2017 Mar;49(2):106-116

Diabetic foot ulcer prevalence

Globally: 6.3% ≈ 33 million people
In males: 4.5% 
In females: 3.5% 
In T2DM: 6.4% 
In T1DM: 5.5% 
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BURDEN and Economic Burden OF DFU
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50%–70% of all the limb amputations are because of diabetic wounds.

In every 30 s, one leg is amputated due to diabetic wounds in worldwide

Cost of Diabetes care in the U.S. annually : $363 billion

Added cost of DFU: 50% to 200% above the baseline cost of diabetes-related 

care

National Diabetes Statistics Report. Centers for Disease Control and Prevention 2022,    Diabetes Care 2014;37:651–658, 
Biomedicine & Pharmacotherapy 112 (2019) 108615, Journal of Vascular Surgery 2018;67:1455–1462



Five year mortality rate

6Journal of Foot and Ankle Research (2020) 13:16



Wound Healing process
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The phases of wound healing

8Int. J. Mol. Sci. 2023, 24, 15109



Problems in diabetic wounds healing

9World J Diabetes 2023 April 15; 14(4): 364-395

 Excessive formation of AGEs (advanced 
glycation end-products),

 insufficient neovascularization, 
 insufficient concentration of GFs, 
 imbalance between metabolism and nutrient 

delivery, 
 abnormal regulation of gene expression, 
 impaired vascularization



Role of major Growth Factors on different cells and 
process involved in wound healing
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Biomedicine & Pharmacotherapy (2019); 112: 108615

IGF: Insulin-like growth factor 
EGF: Epidermal growth factor 
TGF: Transforming growth factor

PDGF: Platelet-derived growth factor
VEGF: Vascular endothelial growth factor
bFGF: Basic fibroblast growth factor



Main growth factors in wound healing

11World J Diabetes 2023 April 15; 14(4): 364-395

 change of their expression, 
 decreased production, 
 decreased release,
 trapping and excessive degradation 



Treatment of DFU
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 Off-loading

 Antibiotics in the Presence of Infection

 Repeated Debridement of Necrotic Tissue

Diabetes Therapy (2012): 4. 3.1
Current Medical Research and Opinion. 2016; 32 (3): 519-542.



The signalling pathways of PDGF and EGF

13Diab Vasc Dis Res. 2020; 17(4): 1479164120942119.
Int. J. Mol. Sci. 2016, 17, 1605, Clin Podiatr Med Surg.1991; 8:937–953
Plast Reconstr Surg. 1991; 88:189–196



Platelet-Derived Growth Factor 
(PDGF)
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PDGF activity

PDGF acts as a cellular chemoattractant
promotes the migration of various cells (fibroblasts, 

neutrophils, and monocytes) to the site of injuries.
responsible for the differentiation of fibroblast cells 

into myofibroblast
 supporting the contraction of collagen fibers and 

the wound 
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CRC Press, Boca Raton, 1988; 149–162
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A phase III randomized placebo-controlled double-blind study

Diabetes Care 1998;21(5):822–827

Patient demographics and target ulcer characteristics
Effect of becaplermin gel on complete wound closure in patients receiving 
becaplermin gel 100 ug/g (n = 123), becaplermin gel 30 ug/g (n = 132), and 
placebo gel (n = 127). *P = 0.007 vs. placebo gel.



17

clinical use of PDGF Approved by (FDA) in December 1997 
topical interventions are used for the Treatment of neuropathic diabetic 

foot ulcers.

becaplermin gel 100 μg/g 
increased the complete wound closure 43% (50 vs. 35%, P = 0.007) 
decreased the time of wound closure 32% (86 vs. 127 days; estimated 35th percentile, P = 0.013).

Diabetes Care 1998;21(5):822–827



Characteristics of RCTs evaluated PDGF safety and effectiveness

18J Diabetes Res. 2020; 6320514.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7378608/


Outcomes of RCTs that evaluated PDGF safety and effectiveness

19
J Diabetes Res. 2020; 6320514.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7378608/


Safety and adverse effects

studies report : no adverse event 

safety of Becaplermin® gel: 

six RTCs  suggests: the gel is safe for the treatment of diabetic ulcers 

(1998). 

A cohort study (1622 patients): no increased risk of cancer

20J Diabetes Res. 2020; 6320514. American Journal of Surgery. 1998; 176 (2): 68S–73S.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7378608/
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Epidermal growth factor (EGF)
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Int Wound J . 2020;17(4):1062-1073.

General characteristics of included trials

F1000Research 2023, 11:773 Last updated: 19 OCT 2023 

Eight randomized control trials:
620 patients (337 in EGF group, 283 in placebo group)



24Int Wound J . 2020;17(4):1062-1073.

Interventional details of included trials

F1000Research 2023, 11:773 Last updated: 19 OCT 2023 
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Proportion of complete healing

Int Wound J . 2020;17(4):1062-1073. F1000Research 2023, 11:773 Last updated: 19 OCT 2023 
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Complete healing rate of EGF and placebo in diabetic foot ulcer patients.

F1000Research 2023, 11:773 Last updated: 19 OCT 2023 



27Int Wound J . 2020;17(4):1062-1073.

Adverse events

F1000Research 2023, 11:773 Last updated: 19 OCT 2023 
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Diabetic foot ulcer prior to start of therapy

Ulcer healed completely after 6 weeks of application of 
recombinant human epidermal growth factor

J Nat Sci Biol Med. 2014 Jul-Dec; 5(2): 273–277.

The application of rhEGF 
 shortens the wound healing time significantly 
 the mean closure was significantly higher in the EGF group 

compared with placebo 34%. 
 .

Int Wound J . 2020;17(4):1062-1073.

F1000Research 2023, 11:773 Last updated: 19 OCT 2023 



Overview of diabetic foot management strategies

29
World J Clin Cases. 2023 Mar 16; 11(8): 1684–1693.



EGF

Easyef Heberprot REGEN-D 
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Clinical trials of growth factors in diabetic wounds

31World J Diabetes 2023 April 15; 14(4): 364-395



Why Are There So Few FDA-Approved Therapeutics for Wound 
Healing?

32Int. J. Mol. Sci. 2023, 24, 15109.

Easier to make a “damager” drug in cancer. Impossible to make a “builder” drug for wound 
healing from a single molecule.

Damaging is far easier than re-building



Take-home message

Proper wound care is a key component during the treatment, but it is not sufficient.

GFs can be regarded as a direct and effective agent in managing and treating diabetic 

wounds

GF shortens the wound healing time significantly 

the mean closure was significantly higher in the GF groups compared with placebo.
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35J Nat Sci Biol Med. 2014 Jul-Dec; 5(2): 273–277.



• Number of participants: 50

• Mean age:18-65 years

• ulcer size: between 2 and 50 cm2

• Group 1(25 patients): received (rhEGF) gel. 

• Group 2 (25 patients): control group, betadine dressing. 

• Follow-up: every two weeks for eight weeks

• Free of ulcer: 13 patients in group A 

• incomplete healing : 2 individuals

36J Nat Sci Biol Med. 2014 Jul-Dec; 5(2): 273–277.

The study was conducted in the Department of Surgery, 
Dayanand Medical College and Hospital, Ludhiana.
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Diabetic foot ulcer prior to start of therapy

Ulcer healed completely after 6 weeks of application of 
recombinant human epidermal growth factor

J Nat Sci Biol Med. 2014 Jul-Dec; 5(2): 273–277.

The application of rhEGF 
 shortens the wound healing time significantly 
 the mean closure was significantly higher in the EGF group 

compared with placebo.
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Biomaterial systems applied for the delivery of growth factors in diabetic wounds
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The recombinant PDGF-BB expression in the yeast, 
Saccharomyces cerevisiae
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42Diabetes Care. 2003 Jun;26(6):1856-61. 

Ulcer healing among different groups with 
respect to time (in weeks). 
Solid line, 0.04% (wt/wt) hEGF;
interrupted line, 0.02% (wt/wt) hEGF; 
dotted line, placebo (P = 0.0003).

Double-blind randomized controlled study



43Int J Low Extrem Wounds 2016; 15:120–125



44Int J Low Extrem Wounds 2016; 15:120–125



Int J Low Extrem Wounds 2016; 15:120–125 45



46Int J Low Extrem Wounds 2016; 15:120–125



Int J Low Extrem Wounds 2016; 15:120–125 47



48Expert Opin Biol Ther 2:211–218



Diverse signalling pathways targeting PDGFs-related diabetes 
mellitus

49Diab Vasc Dis Res. 2020; 17(4): 1479164120942119.



Nature Medicine . 2000;6(3); 389-394

PDGF and angiogenesis
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Approaches to solve the clinical problems

Increase healing velocity rate
Decrease recurrence rate
safe and effective 
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Single/ dual growth factors
cytokine stimulators/inhibitors
cytokine matrix metalloproteinase inhibitors
gene and stem cell therapy
extracellular matrix and angiogenesis stimulators



52
Int Wound J . 2020;17(4):1062-1073.

 EGF achieved a significantly higher complete healing rate than placebo after four weeks of treatment, 
with relative risk (RR): 3.04 (0.50, 18.44) and heterogeneity (Chi2 = 6.46, df = 2 (P = 0.04) I2 = 69 
%). 

 Notably, the healing frequency in the placebo group was 17%, whereas the healing frequency in the 
epidermal growth factor group was 34%. 

 Likewise, after eight weeks of treatment, the relative risk and heterogeneity were RR: 2.59 (1.42, 4.72) 
and (Chi2 =7.92, df= 4 (p= 0.09): I2= 49%), respectively. 

 Moreover, the risk ratio at 12 weeks was RR: 1.01 (0.42, 2.46), and heterogeneity was (Chi2 =8.55, 
df= 2 (p= 0.01): I2= 77%)

F1000Research 2023, 11:773 Last updated: 19 OCT 2023 
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