
Introduction

Diabetes mellitus (DM) is a group of metabolic disorders which 

are caused by insulin secretion and/or action defects 

(Association, 2010). Diabetes is associated with chronic 

hyperglycemia that leads to many complications, dysfunction, 

and even failure of several organs such as eyes, kidneys, nerves, 

heart, and blood vessels (Logan et al., 2018). Tight glycemic 

control has a pivotal role in reducing diabetic complications 

although many diabetic patients believe that anti-diabetic 

medications had poor ability to achieve good glycemic control 

(Hussein et al., 2017). One of the major complications 

associated with uncontrolled diabetes mellitus is diabetic foot 

ulcer (DFU) or Lower limb ulcers which may lead to amputation 

in up to 90% of cases (Ahmad et al., 2014). DFU is related to 

several risk factors which include the duration of diabetes, blood 

glucose levels, age of the patient, peripheral nerve damage, 

defect in vascular circulation, blood pressure, and smoking 

(Tapp et al., 2003).

Genetic factors and ethnicity also play a significant role in the 

development of DFUs through their effects on multiple 

aspects of the pathophysiological process (Lamont et al., 

2013). DFUs involve complex organic processes and wound 

healing can be promoted or inhibited depending on a variety 

of molecular and genetic components (Jhamb et al., 2016).

Recently, microRNAs (miRNAs) which are non-coding 

small RNAs that negatively control gene expressions 

displayed an important role in the regulation of gene 

expression in various cells of the skin, including stem cells, 

immune cells, and keratinocytes (Xu et al., 2014). Moreover, 

several miRNAs were shown to be differentially expressed in 

diabetic skins and their expression levels varied during the 

wound healing process (Madhyastha et al., 2012). For 

instance, miRNA-126 depletion causes defective endothelial 

cell proliferation, migration, and angiogenesis contributed 

by elevated levels of miRNA-503 which is specially grown in 

diabetes resulting in impaired wound healing via persistent 
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ischemia (Madhyastha et al., 2012).

Other proteins that play a key role in the innate immune system 

in diabetic patients with DFUs are toll-like receptors (TLR) 

which are down regulated in T2DM wounds compared to control 

wounds (Ey et al., 2009). 

Additionally, persistent toll-like type 2 receptors (TLR2) 

signaling in diabetic patients may lead to hyper inflammation in 

the wound microenvironment and may lead to the development 

of high-grade chronic wounds (Dasu et al., 2014). Whereas 

Polymorphism of growth factors especially Vascular endothelial 

growth factor (VEGF) is suggested as an effective target for the 

management of diabetic foot complications (Mu et al., 2009). 

This narrative review aimed to summarize all the previous 

studies within the last ten years associating gene polymorphism 

and DFU.

Methods

The two authors survey Google scholar and PubMed sites for 

any previous studies within the last ten years associating 

between gene polymorphism and DFU.

Types of polymorphisms associated with DFU

Vascular endothelial growth factor polymorphism (rs699947)

Vascular endothelial growth factor (VEGF), also known as 

vascular permeability factor (VPF), is produced by many cells 

such as macrophages, T cells, retinal pigment epithelium, and 

pericytes (Tavakkoly-Bazzaz et al., 2010).

The location of the VEGF gene is on chromosome 6p21.3, and it 

includes 8 exons and 7 introns (Sudhesan et al., 2017). 

According to Ratnasari et al (2017), there are at least 25 different 

VEGF polymorphisms. 

Two single nucleotide polymorphisms (SNPs) in VEGF gene 

like Rs699947 (-2578C/A) and rs13207351 (-125A) 

polymorphisms were located in the promoter region of VEGF 

gene (Sellami et al., 2018).

These polymorphisms were found to be associated with DFU 

formation and progression (Li et al., 2018). In addition, a 

significant association was found between the VEGF 

polymorphism (rs699947) and DFU In an Iraqi study that 

investigated the molecular basis of the SNP (rs699947) and its 

correlation with biochemical parameters, such as glycated 

hemoglobin (HbA1c) and glutathione (GSH). This study 

showed that the A/C genotype especially the C allele 

significantly raised the risk of DFU (Ahmed et al., 2020). 

According to this study; the alteration in the VEGF sequence due 

to polymorphism led to an increase in the oxidative stress and 

decrease in antioxidant glutathione (GSH) which lead to an 

increase in the risk for DFU (Ahmed et al., 2020). Another 

association was found between the VEGF polymorphism at 

position -2578*C/A and DFU located at the minor allele (A) 

and conferred a protective effect from DFU (Kuo et al., 

2016). Another case-control study in Jakarta investigate the 

vascular endothelial growth factor gene +405 C>G and - 

460 C>T polymorphism revealed that there was no 

significant relationship between VEGF + 405 C>G and 

VEGF-460 C> T genes polymorphism with DFU in patients 

with DM (Zhuang et al., 2017). Actually, the results showed 

that G and T alleles have as a potential protective role 

against the existence of DFU in Indonesian diabetic patients 

(Zhuang et al., 2017).

The G894T Polymorphism of the Endothelial Nitric 

Oxide Synthase Gene

Two studies explained the role of Nitric Oxide (NO) in 

wound healing (BOYKIN and JV, 1999; Jude et al., 1999).

NO is produced by endothelial nitric oxide synthase 

(eNOS) which is expressed by vascular endothelium and 

plays a key role in local vascular homeostasis (Deng and 

Rapp, 1995). polymorphisms in the eNOS gene located on 

chromosome 7q35–36 and consists of 26 exons covering 21 

kb can influence NO production(Deng and Rapp, 1995). It 

was found that the healing of the DFU may be delayed if the 

production of NO increases (Kanetsuna et al., 2007). A 

study by Bivalacqua et al (2003) found that the G894T 

polymorphism in the 7th  exon of the eNOS gene can cause 

a structural change in eNOS protein by amino acid 

substitution (Glu298Asp) (Bivalacqua et al., 2003). 

Another study by Demet et al, that measured the association 

between G894T polymorphism of the eNOS gene and DFU, 

in Turkish diabetic patients, concluded that there was no 

significant association between G894T polymorphism and 

DFU. This finding suggested that eNOS gene 

polymorphisms may not be associated with early-onset 

diabetic microangiopathy (Corapcioglu et al., 2010). 

Another study that aimed to evaluate the influence of both 

eNOS G894T and VEGF C936T gene polymorphism in 

DFU patients also considered that the gene polymorphism 

of eNOS G894T is not a risk factor for DFU formation 

(Erdogan et al., 2018). This study found that although the T 

allele is a risk factor for diabetes existence, but T allele is 

not a risk factor for DFU formation, while The gene 

polymorphism of VEGF C936T and T allele are not risk 

factors for diabetes happening or DFU development 

(Erdogan et al., 2018). 

Interleukin-6–174 G>C gene Polymorphism

Interleukin-6 (IL-6) as Proinflammatory cytokines play an 

important role in the inflammatory and autoimmune 

processes (Polska et al., 2010). IL-6 is involved in the 
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pathogenesis and complication of type two diabetes (Lukic et 

al., 2014) and effects on microvascular blood flow 

(microvascular dysfunction) (Guo et al., 2014)

One study by Erdogan et al aimed to investigate the relationship 

between Interleukin (IL)-6 -174 G>C Gene Polymorphism and 

the development of diabetic foot ulcers in Turkish type 2 

diabetic patients concluded that even though an IL-6 gene 

promoter -174 G>C polymorphism could represent a possible 

genetic marker to predict an individual's susceptibility to type 2 

diabetes, but could not predict its association with diabetic foot 

ulcer development (Erdogan et al., 2017).

Heat Shock Protein 70 Gene Polymorphism

The main functions of the Heat Shock Proteins (HSPs) are acting 

as a carrier for immunogenic peptides that are presented on 

antigen-presenting cells (APC) to cytotoxic T cells in addition to 

its action as an activator for the innate immune system 

(Srivastava et al., 1994), additionally its act as a recognition 

structure for natural killer (NK) cells (Multhoff, 2002).

The Three members of the HSP70 gene family ( HSP70-1, HSP70-

2, and HSP70-hom) are located in the major histocompatibility 

complex (MHC) class III region in humans specifically between 

complement (~150 kb) and TNF genes (~300 kb) (Sargent et al., 

1989; Milner and Duncan Campbell, 1990).

Two coding polymorphs have been discovered in the HSP70-hom 

gene (Milner and Campbell, 1990). The first one lies within a NcoI 

restriction site and involve T to C transition at nucleotide 2437 

(resulting in a Met-493-Thr variation), (Milner and Campbell, 

1992), while the second coding polymorphism is known as 

(Glu602Lys variation) is G to A transition at nucleotide 2763 of 

HSP70-hom (Jenkins et al., 2000) , located at 10 kDa domain 

associated with the regulation of substrate binding resulting in a 

glutamic acid to lysine alteration at position 602 in the C-terminal 

domain of HSP70-hom (Mir et al., 2009).

One prospective cohort study in North Indian populations with 

type2 DM was conducted to investigate the potential role of 

C2437T (Met493Thr) SNP of the heat shock protein (HSP) 70 in 

diabetic foot ulcer patients (Zubair and Ahmad, 2018). The 

findings of the study indicated that T/T genotype is significantly 

and positively associated with predispositions to foot 

ulcerations. The findings further explained that there was a 

higher plasma concentration of HSP70 in diabetic patients 

suffering from DFU (Zubair and Ahmad, 2018).

Monocyte chemoattractant protein-1 (MCP-1) –2518A/G 

and vascular endothelial growth factor (VEGF) –634G/C 

polymorphisms

The monocyte chemoattractant protein-1 (MCP-1) is a 

chemokine which is also named chemokine (C-C motif) ligand 2 

(CCL2) that function as an activator for monocytes, 

macrophages, and lymphocytes (Dong et al., 2014).

Some diseases like clear-cell renal cell carcinoma, cerebral 

ischemic stroke, coronary artery disease can cause 

abnormal expression of MCP-1 (Akdoğan et al., 2015; 

Bonifačić et al., 2016; Yang et al., 2016). Hyperglycemia 

can cause abnormal expression in addition to an increase in 

the production of MCP-1 in vascular endothelial cells 

which contribute to the complications related to 

angiogenesis and vascular events among T2DM patients 

(Dong et al., 2014).

Numerous studies have revealed that the polymorphisms of 

MCP-1 –2518A/G may influence the production of MCP-1 

(Jiang et al., 2016; Rovin et al., 1999), although the effects 

of MCP-1 –2518A/G polymorphism and its association 

with MCP-1 level had been rarely reported among patients 

with DFU (Rovin et al., 1999).

One study explored the presence of monocyte MCP-1 

–2518A/G and VEGF –634G/C polymorphisms in type 2 

diabetic patients with DFU. Moreover, the study evaluated 

the effects of these 2 polymorphisms on serum levels of 

MCP-1 and VEGF in all participants (Li, 2018).

The results revealed a significant but different distribution 

of MCP-1 –2518A/G and VEGF –634C/G polymorphisms 

between T2DM and DFU patients. Also, the genotypes of 

the 2 studied polymorphisms may influence serum levels of 

MCP-1 and VEGF in DFU patients (Li, 2018). The detected 

polymorphisms of the genes may play important roles in the 

occurrence and progression of DFU through their 

regulatory function on the transcription activity of the genes 

(Li, 2018).

The apolipoprotein E gene polymorphism

The gene of apolipoprotein E (ApoE or APOE), performs a 

crucial role in lipid metabolism (Vauhkonen et al., 1997). 

The most important polymorphism in (APOE) is (e2, e3, 

and e4) in exon 4, which affects plasma lipoprotein 
concentrations. ApoE polymorphisms have been suggested 

as one of the risk factors for the development of diabetic 

complications (47). Several studies have explored the 

relationship between ApoE isoforms and diabetic 

complications. Nevertheless, the results of most of these 

studies were inconclusive (Araki et al., 2000).

One retrospective study on 50 Type 2 diabetic Turkish patients 
investigates the association between APOE gene polymorphism 

in the development of DFU (Mehmet et al., 2016).

The results showed that although the gene polymorphism of 

ApoE and specifically the E3 allele are a risk factor for 

diabetes, gene polymorphism of ApoE is not an independent 

risk factor for the diabetic foot. They attributed the lack of 
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association with ethnic differences (Mehmet et al., 2016).

Sirtuin 1 (SIRT1) polymorphisms (rs12778366 and 

rs3758391)

Sirtuin 1 protein (SIRT1), also known as NAD-dependent 

deacetylase sirtuin-1, in humans is encoded by the SIRT1 gene 

which is located at chromosome 10q21.3 (Sun et al., 2007).

SIRT1 expression is reduced in the case of high insulin resistance 

and results in reduced insulin sensitivity (Sun et al., 2007). 

Neurons' functions of neurons could be altered by SIRT1by 

limiting the calorie intake of these neurons (Srivastava and Haigis, 

2011). SIRT1 is associated with oxidative stress and is down-

regulated in patients with T2DM (Srivastava and Haigis, 2011). 

The suppression of SIRT1 expression accelerates the 

inflammation in patients with T2DM (Peng et al., 2018). 

Moreover, SIRT1 enhances the survival of endothelial cells (Jiang 

et al., 2015). Polymorphisms in the SIRT1 gene might alter the 

expression or function of it, then contribute to different disorders, 

such as neural or vascular lesions (Figarska et al., 2013).

According to a case-control study in the Chinese Han, Beijing 

population, two SNPs, rs12778366 and rs3758391, which 

located in the promoter region of the SIRT1 gene with the minor 

allele frequencies more than 0.1. were explored to detect their 

association with DFU susceptibility (Peng et al., 2018). The 

study concluded that the T allele of the SIRT1 gene (rs12778366) 

could lower individual susceptibility to DFU in the Chinese Han 

population. Although SIRT1 rs12778366 and rs3758391 

polymorphisms had no significant impact on SIRT1 expression 

and DFU severity (Peng et al., 2018). 

Hypoxia Inducible Factor -1 Alpha Exon 12 Mutation

Both of hypoxia-inducible factors (HIF) HIF-1α and HIF-1β are 

regulated under hypoxic conditions (Mole et al., 2009). HIF-1α 

polymorphism includes the substitution of Proline to Serine 

(P582S C-T, rs11549465) in DFU has been reported to be 

associated with DFU (Pichu et al., 2015). One study that intended 

to verify if the HIF-1α gene polymorphisms have an association 

with protein expression in 529 diabetic patients with and without 

DFU (Pichu et al., 2018). The results showed that there is a 

significant association in HIF-1α polymorphisms with DFU 

when compared to that of diabetes and control subjects (Pichu et 

al., 2018). Furthermore, the study showed that there is a 

diminished circulatory expression of HIF-1α on DFU when 

compared to that of T2DM and control subjects (Pichu et al., 

2018).  The reduced expression level of HIF-1α on DFU 

suggested a possible mechanism for the pathogenesis of diabetic 

complications in DFU (Pichu et al., 2018).

Toll-Like Receptor Gene (Thr399Ile polymorphism)

Toll-like receptors (TLR) are a wide group of transmembrane 

pattern recognition receptors (PRRs) (Kaisho and Akira, 2006). 

TLRs play a key role in the enhancement of the innate 

immune response due to their expression on sentinel cells 

such as macrophage and dendritic cells, which in turn 

identify the invading pathogen conserved molecules or 

endogenous damage signals and induces the innate immune 

response (Kaisho and Akira, 2006). TLR type 4 (TLR4) is a 

protein encoded by the TLR4 gene and involved in the 

pathogenic process of type-2 diabetes, via stimulation of a 

chronic sub-clinical inflammatory process, which 

additionally triggers dysfunction of the pancreatic B cells 

(Turin and Riva, 2008).

Ligand-binding capacity with TLR4 may be disturbed by 

SNPs in the extracellular domain of TLR4 that leads to 

deregulation of the TLR4 signaling modifying the risk of 

chronic inflammation, thus prolonging wound healing (Liu 

et al., 2016).

 The SNP named Thr399Ile (rs4986791), affect the TLR4 

mediated effector functions by different means. These 

SNPs can reduce the binding efficiency of TLR4 with its 

endogenous and exogenous ligands (Arbour et al., 2000). 

Furthermore, it might reduce the extracellular buildup of 

functional TLR4 thereby causing poor TLR4 signaling in 

response to microbial infection (Singh et al., 2013). The 

effect of TLR 4 polymorphism was studied in a case-control 

study included 120 Iraqi patients by Al-karawi et al. (2019) 

that assessed whether Thr399Ile polymorphism in TLR-

4genes is related to DFU in a sample of Iraqi patients having 

type 2 diabetes mellitus (T2DM). 

The results revealed that theThr399Ile polymorphisms 

were not associated with a diabetic foot ulcer in type 2 Iraqi 

diabetic patients (Al-Karawi et al., 2019). Asp299Gly 

(rs4986790) and Thr399Ile (rs4986791) SNPs affect the 

TLR4 mediated effector functions in a variety of ways like 

reducing the binding efficiency of TLR4 with its 

endogenous and exogenous ligands (Singh et al., 2013), or 

reduce the extracellular accumulation causing inadequate 

TLR4 signaling in response to microbial infection 

(Prohinar et al., 2010).  Three more SNPs, namely, 

rs11536858 (now merged into rs10759931), rs1927911, 

and rs1927914 of the TLR4 gene were also reported to be 

associated with inflammatory diseases including cancer 

(Song et al., 2009).

One study evaluated the association of TLR4 SNPs 

(Asp299Gly rs4986790, Thr399Ile rs4986791, rs11536858 

merged into rs10759931, rs1927911, and rs1927914) with 

DFU risk in patients with T2DM. The results illustrated that 

TLR4 SNPs and their haplotypes may increase the risk of 

impairment of wound healing in T2DM patients (Singh et 

al., 2013). 
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Vitamin D receptor gene FokI variant

Most antioxidant vitamins protect against DNA damage induced 
by reactive oxygen species (ROS) (Pati et al., 2015). Vitamin D 
antioxidant activity is related to its ability to modulate free 
radical formation and upregulate glutathione peroxidase and 
superoxide dismutase in OS (Hashemi Taheri et al., 2015).

Vitamin D nuclear receptor is transcribed from a gene located in 
chromosome 12q13 (Uitterlinden et al., 2004)

A single nucleotide polymorphism of the vitamin D receptor 
(VDR) gene is named FokI (rs2228570 CNT), in the exon 2, 
comprising of a T allele to C altered located in a start codon 
(ATG) and at the presence of the C variant this lead to a different 
start position resulting in a synthesis of a protein with a different 
size (Valdivielso and Fernandez, 2006).

FokI polymorphism is the only mutation that is particularly 
translated into two distinct VDR protein products. Besides; it is 
the only polymorphism within the VDR gene that is not linked to 
the other VDR variants, and thus it might have a unique role 
(Neyestani et al., 2013).

According to Zhong et al (Zhong et al., 2015), FokI 
polymorphism is significantly linked with diabetic 
complications. The T allele of FokI polymorphism was shown to 
be correlated with increased risk of Diabetic Retinopathy (DR) 
and has been considered as a biomarker that might predict the 
risk of retinopathy in Chinese patients with T2DM. 

Moreover, according to a meta-analysis study in the Caucasian 
population FokI polymorphism has a role in the level of 
susceptibility to Diabetic Nephropathy (DN) (Yang et al., 2017). 
A single study investigated the association between vitamin D 
receptor (VDR) gene FokI polymorphism and DFU in the 
Iranian population as well as its correlation with biomarkers for 
oxidative stress (Soroush et al., 2017). The results showed a 
significantly elevated occurrence of the T allele of VDR gene 
FokI polymorphism among Iranian patients with DFU. Hence, 
this allele might be used as a candidate biomarker in preventive 
medicine to reduce the risk of this life-threatening complication 
of diabetes (Soroush et al., 2017). 

Conclusions

Several risk factors that depend on a variety of molecular and 

genetic components can lead to DFU. Improved understanding 

and knowledge of the genomic basis that increases the risk for 

DFU or interferes with the healing process will permit the 

development of targeted therapies specific to each patient.  

Screening for Polymorphisms might be helpful for early 

screening and prevention of DFU through their regulatory 

function on the transcription activity of the genes. Additional 

studies should be conducted in larger and different populations 

and ethnic regions to confirm the results of all previous studies 

mentioned in this review.
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