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Aim: To study the association of (C2437T) single nucleotide polymorphisms (SNP), of the heat shock 
protein70-hom gene, in patients who have diabetic foot ulcers (DFU) in a South Indian population. 

Research and Design Methods: In this case-control study, peripheral blood samples were obtained from 
95 type 2 diabetic subjects with neuropathic foot ulcers and 124 healthy controls. All patients were recruited 
from a well-established foot clinic of a tertiary care center in India. Anthropometric and certain biochemical 
parameters were measured. Demographic details and duration of diabetes were recorded for all of the 
patients. Deoxyribonucleic acid (DNA) was extracted and polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) was performed to examine the SNP polymorphism of the heat shock 
protein 70-hom gene.

Results: Genotype frequency of patients with DFU had 2.0% cases with C/C genotype, 36.0% patients with 
C/T and  62.0% with T/T genotype. Comparison of these data with genotype frequency of normal healthy 
controls indicated a significant difference among patient and control groups (p<0.001). The overall allelic 
frequency of HSP70-hom T/T allele showed significantly high relative risk of 4.55 in DFU patients compared to 
healthy controls (p <0.001).

Conclusion: Our findings indicate that HSP70-hom T/T genotype is highly associated with patients with DFU 
and their functional polymorphism may play an important role in the pathogenesis of DFU in type 2 diabetes in 
our South Indian population.

Diabetes mellitus (DM) is a metabolic 
disorder that occurs due to defects in insulin 
secretion, insulin action or both, resulting in high 
blood glucose levels. Developing countries are 
found to be at greater risk for diabetes, which is 
evident from increasing incidences of diabetic 
cases1.  By the year 2030, India is estimated to 

have the largest number of diabetic patients. 
Diabetic foot ulcers (DFU) will affect 12% to 25% 
of persons with diabetes mellitus throughout 
their lives and is the leading cause for hospital 
admission among diabetic patients in India.2-3 
Recurrence of foot infection is common and is 
mainly due to the presence of neuropathy and

Introduction   



58

peripheral vascular disease.4,5 The etiology 
of diabetic foot ulcers is multifactorial and the 
management of DFU and its consequences put 
a great strain on both health and social services.  
This results in huge related costs for treatment, 
as well as the loss of general economic produc-
tivity.6

Heat-shock proteins (HSPs) are molecular 
chaperones synthesized under stressful condi-
tions. They are important in physiological and 
pathological processes and are highly active 
within the immune system. At normal physi-
ological conditions, HSPs are expressed at low 
levels.   However, in response to cellular stress, 
there is an increased expression of HSPs. They 
protect against tissue injury by maintaining 
synthesis and proper conformation of proteins 
by repairing damaged proteins and promoting 
the healing of injured tissue.  This process plays 
an important role in the assembly and transport 
of newly synthesized proteins within cells.7 Xiao 
et al showed that the expression of heat shock 
proteins was triggered when organisms are 
exposed to a variety of stressful stimuli including 
hypoxia, ischemia, and oxidative free radicals. 
Initially, HSPs were thought to be only func-
tional in the cytoplasm and nucleus. 8 However, 
recently they have been implicated in intercellu-
lar signaling and transport after they are released 
to the extracellular space and bloodstream.9  The 
known family members  of HSPs are HSP70, 
HSP90, HSP60, HSP47 and HSP110, which are 
numbered based on their molecular masses. 
They have also been reported to be associ-

ated with diabetes through their effect on insulin 
sensitivity. It is found that there is increased 
expression of HSP70 in various tissues after 
stressful injury.10,11,12 HSP70 has been proposed 
to have a role in the wound healing process, 
which is supported by the finding that its expres-
sion is rapidly induced after skin is wounded in 
animal models. In experimental studies, creation 
of a cutaneous wound induced HSP70 expres-
sion in epithelial and inflammatory cells.  This 
response was significantly delayed or attenu-
ated in diabetic animals. Wu et al13 reported that 
polymorphisms in the heat shock protein genes 
may contribute to differential disease susceptibil-
ity because these proteins are involved in stress 
tolerance. HSP70 is a dominant chaperone gene 
and is the most abundant in eukaryotic cells 
and is essential for cell survival under stress 
conditions.14 The human HSP70 family consists 
of 3 main genes: HSP70-1, HSP70-2 and 
HSP70-hom.15 HSP70-hom encodes a non-heat 
inducible protein that shares high homology with 
that of HSP70-1 and HSP70-2. These genes are 
polymorphic, potentially accounting for variation 
in their functions and susceptibility to stress 
tolerance.16 Based on previous other works 
published on the association of HSP70-hom 
polymorphism in different disease conditions, we 
studied the association between HSP70-hom 
polymorphism in DFU. The aim of this study was 
to investigate the functional single nucleotide 
polymorphisms (SNP) of the HSP70-hom gene 
and to correlate this with the occurrence in type 
2 diabetic patients with foot ulcer. 

Research and Design Methods           

The study patients were selected from 
a well-established foot clinic of a tertiary care 
center for diabetes in India. The gene and allele 
frequencies were determined in a group of 
95 type 2 diabetic patients with foot ulcer and 
124 healthy controls. The institutional ethical 
committee of M.V.Hospital for Diabetes approved 
the study protocol, and written informed consent 

was obtained from all participating individuals. 
Anthropometric and certain biochemical param-
eters were measured. Hemoglobin A1c% was 
estimated by a high performance liquid chroma-
tography (HPLC) method using turbo variant II 
(Biorad). Urea, creatinine, and lipid profile were 
measured by using standard enzymatic proce-
dures.
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Isolation of DNA from the peripheral blood cells 
was performed using phenol - chloroform extrac-
tion method 17. The isolated DNA were subjected 
to PCR amplification by using Eppendorf Master 
Cycler (Germany). The coding sequence of this 
HSP70-hom (C2437T) gene was amplified from 

the genomic DNA, using sequence specific oligo-
nucleotide forward and reverse primers obtained 
from Sigma, Bangalore, India. The details of 
primers, annealing temperature, restriction en-
zyme, and fragment sizes are shown in Table 1. 

The reaction mixture for polymerase chain reac-
tion (PCR) contained 25–75 ng DNA, 10 pmol of 
oligonucleotides and a 2x solution of Prime Taq 
Premix (Genet Bio, Chungnam, Korea). Ampli-
fication was accomplished by initial incubation 
at 94°C for 5 minutes followed by 30 cycles of 
denaturation at 94°C for 30 seconds, annealing 
at 55°C, and extension at 72°C for 1 minute fol-
lowed by a final incubation at 72°C for 10 min-
utes. Amplimers were digested by the restriction 
endonuclease at 37°C in 1x one phor buffer for 
2 hours. The digested products were visualized 

by ethidium bromide staining in 1.5% agarose 
gel and viewed on a gel documentation system 
(Gel-Doc model XR+ Bio-Rad, USA).  To ensure 
that the genotyping was of adequate quality, we 
performed random duplicates in 20% of the sam-
ples. The HSP70-hom C/C allele corresponds to 
706 bp uncleaved product with absence of NcoI 
site and HSP70-hom T/T allele corresponds to 
550 and 155 bp cleavage products with pres-
ence of NcoI site. The reaction products were 
electrophoresed on 1.5% agarose gel is shown 
(Figure 1).
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GENE PRIMERS MgCl2 concentration Annealing 
Temperature SNP Restriction 

Enzyme
Fragment 
Size (bp)

HSP70-hom F:GATCCAGGTGTATGA       
GGG
R: GTA ACT TAG ATT CAG 
GTC TGG

1.0 mmol/l 55°C C2437T NcoI (Boehring-
er, Mannheim, 
Germany)

706,550 and 
155

Table 1- HSP70-hom primer sequence, PCR conditions and product detection: F, forward; R, reverse

Figure 1  - Lane #L: 100bp Molecular Weight Marker; Lane #1,2,3,5,7,9: C/C Homozygous wild showing one band (706bp PCR product); Lane 
#4,8: C/T Heterozygote genotype showing three bands (706bp, 550bp & 155bp); Lane #6,10: T/T Homozygous Mutant showing two bands 
(550bp & 155bp).



We analyzed the association of all HSP70-hom genotypes and alleles with the risk of DFU (Table 3). 

OR= odds ratio; CI=Confidence 
Intervals; χ2= Chi-square; 
The Chi-square test was used 
whether significant differences 
(p-value) in genotype frequen-
cies were observed when patient 
group was compared with control 
subjects. 

HSP=Heat shock protein; 
f=genotype frequencies.
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SNP Diabetic Foot Ulcer (DFU)
(n=95) (f)

Healthy Controls
(n=124) (f)

C2437T Genotype

HSP70-hom C/C 2 (2.0 %) 20 (16.1 %)

HSP70-hom C/T 34 (36.0 %) 92 (74.2 %)

HSP70-hom T/T 59 (62.0 %) 12 (9.7. %)

Allele

              C 38 (2.0 %) 132 (5.0 %)

              T 152 (8.0 %) 116 (5.0 %)

SNP OR (95%CI) χ2  p

DFU compared with Healthy controls

C/C 0.112 (0.025-0.491) 0.001

C/T 0.194 (0.108-0.347) <0.001

T/T 15.296 (7.405-31.596) <0.001

Allele
              C 0.220 (0.142-0.339) <0.001

              T 4.552 (2.948-7.027) <0.001

Table 2 - Genotype and allelic frequencies of the HSP70-hom (C2437T) 
SNP in Diabetic Foot Ulcer Patients and Healthy Controls

Table 3 - Association of HSP70-hom gene polymorphisms with 
DFU: ORs for major and minor alleles and their homozygous and 
heterozygous genotypes

Statistical Analysis         

SPSS Windows, version 10.0 (SPSS, 
Chicago, IL), was used for statistical analysis. 
The Chi-square test was used to test for a signifi-
cant association between DFU and HSP70-hom 

genotypes (allelic frequencies). Relative risk 
associated with a particular genotype was 
estimated by the odds ratio formula.18 P-values 
of less than 0.05 were considered significant.

The genotype frequencies of 
HSP70-hom in patients with diabetic foot ulcer 
and the control group from our South Indian 
population are shown (Table 2). The frequency 
of C/C genotype was 2.0% in patients with DFU 
and 16.1% in healthy controls. The frequency 
of C/T genotype was 36.0% and 74.2% among 
patients with DFU and the healthy controls, 

respectively. The value for the T/T genotype was 
62.0% among patients with DFU and 9.7% in the 
healthy control group. The allele frequency of 
C showed 2.0% in patients with DFU and 5.0% 
in the healthy control group, whereas the allele 
frequency of T were 8.0% and 5.0% in patients 
with DFU and healthy controls, respectively.

RESULTS
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Discussion    

HSPs are among the most abundant 
intracellular proteins and under normal physi-
ological conditions, are expressed in low levels.   
However, in response to cellular stress HSPs 
show dramatically increased expression. HSP70 
has both anti-inflammatory and pro-inflammatory 
effects depending on the cell type in the intracel-
lular or extracellular location. HSP functions are 
compromised in the presence of diabetes. Poly-
morphism within HSP70 gene has been charac-
terized by Milner and Campbell, who identified a 
polymorphic NcoI site of the HSP70-hom gene.19 
There are few studies reported on the associa-
tion between HSP70 and risk for or protection 
against various diseases.20,21,22 Comparison of 
HSP70-hom genotype frequencies in patients 
with DFU and healthy controls from the same 
population indicated a significant decrease of 
HSP70-hom C/C allele in DFU cases, whereas 
the C/T genotype frequencies was found to 
be increased in healthy controls compared 
to patients with DFU.  This suggests that the 
healthy controls from South Indian populations 
had this genotype to be naturally polymorphic. 
Conversely, the HSP70-hom T/T genotype was 
found to impart significantly high relative risk for 
DFU in type 2 diabetic patients when compared 
with healthy controls. This report is in agreement 
with an earlier report where the T/T genotype 

was increased in patients with DFU, though the 
results were not statistically significant.23 The 
previous author analyzed the HSP70 gene as-
sociation only in patients with DFU and did not 
compare them with healthy controls.  In contrast, 
we have compared the genotypes of patients 
with DFU to that of healthy controls in the 
present study. The HSP70-hom C2437T poly-
morphism (Methionine [Met]→Threonine [Thr] 
amino acid substitution at position 493) has also 
been reported to be associated with spondyloar-
thropathies, sarcoidosis and Type 1 DM. 24, 25,26  
Few studies have investigated possible roles 
of these HSP70-hom polymorphisms. Thereby, 
according to the Pociot’s theory, the neutrality 
of the Thr residue may affect the efficiency of 
the HSP70-hom protein in acting as a molecular 
chaperone by lowering the strength of hydro-
phobic interactions between the chaperone and 
target protein. 26  It is thought that this Met→Thr 
amino acid substitution may be associated with 
variations in the peptide-binding specificity of 
different HSP70-hom haplotypes.

 
In conclusion our results suggest that 

HSP70-hom T/T genotype may represent a 
specific risk factor for DFU, at least in our South 
Indian population. Due to lack of the functional 
studies on HSP70-hom gene polymorphism and

The frequency of HSP70-hom C/C homozygous 
wild in patients with DFU showed a significantly 
negative relative risk, when compared with 
healthy controls.  There was almost a ninety per-
cent risk reduction, associated with this genotype 
(O.R.=0.112, 95% CI 0.025-0.491, p=0.001). A 
decreased frequency of HSP70-hom C/T het-
erozygote was observed in patients with DFU 
compared with healthy controls, and showed a 
significant negative relative risk of almost 80% 
(OR 0.194, 95% CI 0.108-0.347, p <0.001). 
Conversely, the frequency of HSP70-hom T/T 
homozygous mutant was significantly more 
frequent in DFU subjects and predicted a 15-fold 

risk for DFU in diabetic patients when compared 
to healthy controls (OR 15.296, 95% CI 7.405-
31.596 , p <0.001). The overall allelic frequency 
of HSP70-hom T allele in either homozygous or 
heterozygous condition was 4.5-fold higher in 
DFU patients compared to healthy controls (OR 
4.552, 95% CI 2.948-7.027, p<0.001). These 
results indicate that the risk of DFU associated 
with HSP70-hom polymorphism is confined to 
HSP70-hom T allele in homozygous or heterozy-
gous state while HSP70-hom C allele in homo-
zygous condition is a rather protective allele for 
DFU in our South Indian population.



the expression or production of HSP, our present 
findings can only be interpreted as preliminary. 
Studies in different populations and with larger 
sample sizes are required to confirm these find-
ings. 
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