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Abstract. The aim of the present study was to investigate the 
expression levels of transforming growth factor (TGF)-β1 
and microRNA (miRNA)-145 in patients with diabetic foot 
ulcers (DFUs). A total of 26 patients with DFUs requiring 
amputation were enrolled in the study between January 2013 
and August 2014. In addition, 15 trauma patients undergoing 
amputation over the same time period were included as a 
control group. Samples were collected from the blood, the 
dorsalis pedis arteries and muscles of the amputated limbs. 
The expression levels of TGF-β1 mRNA and miRNA-145 in 
these samples was detected using reverse transcription-quan-
titative polymerase chain reaction. The expression levels of 
TGF-β1 protein were evaluated using western blot analysis. In 
comparison with the control, the protein and mRNA expres-
sion levels of TGF-β1 in the DFU patients was significantly 
higher in the serum and the dorsalis pedis arteries, and 
significantly lower in the muscles with ulcers. In contrast, 
the expression levels of miRNA-145 was significantly lower 
in the blood and the dorsalis pedis arteries, and significantly 
higher in the muscles with ulcers in DFU patients compared 
with the control. The results of the present study suggested 
that there exists an inverse correlation between the expression 
levels of miRNA-145 and TGF-β1 in patients with DFU; thus 
suggesting that miRNA-145 may regulate the expression of 
TGF-β1 in patients with DFUs.

Introduction

Diabetes mellitus (DM) can cause serious health complica-
tions and lead to chronic damage and dysfunction of organs, 
including the eyes, kidneys, cardiovascular system and 
nervous system. Diabetic foot (DF) is one of the most serious 

complications of DM. It is a major cause of morbidity and 
disability in patients with DM (1). Disorders associated with 
DF include ulceration, infection, vascular disease, Charcot 
arthropathy and neuropathic fracture. Slight foot injuries in 
patients with DM, particularly in elderly individuals with a 
long duration of DM, can develop into ulcers because of the 
high blood glucose levels at the wounds, and may ultimately 
lead to amputation.

DFU is characterized by chronic poor blood flow in the 
lower extremities (2). The study of vascular disease of the 
lower extremity is important in DFU research. In the course of 
DFU, vascular disease can lead to alterations in the expression 
levels of regulatory factors such as hypoxia-inducible factor-1α, 
vascular endothelial growth factor and transforming growth 
factor (TGF)-β1 (3,4). TGF-β1 is important in the morpho-
logical changes, proliferation, differentiation and healing of 
cells. Madhyastha et al (5) reported that TGF-β1 induced the 
expression of miRNA-21 under high-glucose conditions, and 
this effect was dependent on NF-κB activation; therefore, it was 
suggested that manipulation of the TGF-β1/NF-κB/miRNA-21 
pathway may serve as an innovative approach in the develop-
ment of therapeutics to treat diabetic ulcers. Previous studies 
have investigated the regulation of the expression of genes 
associated with the TGF-β1 pathway by miRNA-145 in gall-
bladder cancer (6), cardiac myofibroblast differentiation (7), 
lung fibrosis (8) and cystic fibrosis (9). However, to the best 
of our knowledge, there have been no previous reports on the 
correlation between the expression levels of miRNA-145 and 
TGF-β1 in patients with DFUs.

In the present study, the expression levels of TGF-β1 and 
miRNA-145 were detected in the serum, dorsalis pedis arteries 
and muscles of the amputated limbs of patients with DFUs, in 
order to investigate whether miRNA-145 regulates the expres-
sion of TGF-β1 in DFU patients.

Materials and methods

Patients. A total of 26 patients with DFUs (16 males and 
10 females; mean age, 61.6±5.1 years; age range, 53‑68 years) 
with amputation, and 15 trauma patients (9 males and 6 females; 
mean age, 52.3±7.8 years; age range, 46‑61 years) undergoing 
amputation, at Laiwu City People's Hospital (Laiwu, China) 
were enrolled in the present study between January 2013 and 
August 2014. The present study was approved by the Ethics 
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Committee of Laiwu City People's Hospital and prior written 
informed consent was obtained from all patients.

Peripheral blood samples were collected in the early 
morning from fasted patients prior to amputation. The serum 
was separated and stored at ‑80˚C. The dorsalis pedis arteries 
and muscles with ulcers were collected from the amputated 
limbs of the patients shortly following amputation and stored 
in liquid nitrogen.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted from the 
samples of dorsalis pedis arteries and muscles using TRIzol 
reagent (Yisheng Biotechnology Co., Ltd., Shanghai, China) 
and the serum using an miRNeasy Serum/Plasma kit (Jianlun 
Biological Technology Co., Ltd., Guangzhou, China). Total 
RNA (4 µl) was reverse transcribed to form cDNA using a 
TIANscript RT kit (Tiangen Biotech Co., Ltd., Beijing, China). 
RT-qPCR analysis of miRNA and mRNA levels was performed 
using the iQ5 Real-Time PCR detection system (Bio-Rad 
Technologies, Inc., Hercules, CA, USA) with miRcute miRNA 
qPCR detection and SuperReal PreMix (SYBR Green) kits 
(both from Tiangen Biotech Co., Ltd.). The 2‑ΔΔCq method was 
used to calculate the expression levels of the TGF-β1 gene and 
miRNA-145 relative to the endogenous control genes: β-actin 
and U6 small nuclear RNA (RNU6), respectively. PCR reac-
tions were conducted using the CFX96 Touch™ thermal cycler 
(Bio-Rad Technologies, Inc.), in which the following primers 
were used: TGF-β1, 5'-GGA CAC CAA CTA TTG CTT CAG-3' 
and 5'-TCC AGA CTC CAA ATG TAG-3'; β-actin, 5'-TTC CAG 
CCT TCC TTC CTGG-3' and 5'-TTG CGC TCA GGA GGA 
GGAAT-3'; miRNA-145, 5'-ACA CTC CAG CTG GGG TCC 
AGT TTT CCC AGGAA-3' and 5'-CTC AAC TGG TGT CGT 
GGA GTC GGC AAT TCA GTT GAG-3'; RNU6, 5'-ACA CTC 
CAG CTG GGT TCG TGA AGC GTT CCA-3' and 5'-CTC AAC 
TGG TGT CGT GGA GTC GGC AAT TCA GTTGAG-3' (Sangon 
Biotech Co., Ltd., Shanghai, China). PCR procedures for TGF-β1 
and β‑actin comprised template denaturation at 95˚C for 2 min, 
then 30 cycles of 94˚C for 45 sec, 55˚C for 55 sec and 72.0˚C for 
1 min, and a final extension at 72˚C for 10 min. PCR procedures 
for miRNA-145 and RNU6 comprised template denaturation at 
95˚C for 30 sec, then 40 cycles of 95˚C for 5 sec, 55˚C for 34 sec 
and 72.0˚C for 34 sec, and a final extension at 72˚C for 10 min.

Western blot analysis. Total proteins were harvested from 
the samples and the concentrations of the proteins were 
determined using a Bicinchoninic Acid Protein Assay kit 
(Real-Times Biotechnology Co., Ltd., Beijing, China). Then, 
20 µg total proteins were separated by 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (Beyotime Institute 
of Biotechnology, Haimen, China), and then transferred to 
polyvinylidene difluoride membranes (Bio‑Rad Laboratories, 
Inc.) for western blotting. After blocking with 5% non-fat milk 
for 1 h at room temperature, the membranes were incubated 
at 4˚C overnight with rabbit anti-human TGF-β1 (1:500; cat. 
no. ab92486; Abcam, Cambridge, MA, USA) and rabbit 
anti-human β‑actin (1:5,000; cat. no. ab8227; Abcam) polyclonal 
antibodies. After washing with phosphate-buffered saline three 
times, the membranes were incubated with horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit IgG (1:3,000; cat. no. 
ab6721; Abcam) for 1 h at room temperature. Bound antibodies 

were detected using an enhanced chemiluminescence system 
(Abcam). The mean normalized optical density (OD) of the 
TGF-β1 protein band relative to the OD of the β-actin band 
from the same individual was calculated using Image Lab 
software, version 3.0 (Bio-Rad Laboratories, Inc.).

Statistical analysis. All data were processed using SPSS soft-
ware, version 18.0 (SPSS, Inc., Chicago, IL, USA). Data are 
presented as the mean ± standard deviation. A normality test 
was performed on all data. One-way analysis of variance was 
conducted in order to determine the statistical significance of 
differences. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. The lesions of peripheral arterial 
disease (PAD) in the DFU patients include arterial intimal 
thickening (≥1 mm), single or multiple artery plaques, artery 
stenosis and occlusion. PAD with one of these four types of 
lesions was designated as mild, with two as moderate and 
three or more as severe (10). In the present study, all 26 DFU 
patients had previously been diagnosed with PAD, of which 
1 patient had mild PAD, 6 patients had moderate PAD and 
19 patients had severe PAD.

Expression of TGF‑β1 mRNA in DFU patients. To inves-
tigate the expression of TGF-β1 in DFU patients, the levels 
of TGF-β1 mRNA were detected using RT-qPCR analysis. 
The expression level of TGF-β1 in the serum of DFU patients 
was significantly higher than that in the serum of the control 
trauma patients (1.00±0.12 vs. 1.75±0.16, respectively; P<0.01; 
Fig. 1). TGF-β1 mRNA expression was also detected in the 
dorsalis pedis arteries of the amputated limbs. Consistent with 
the observations in the serum, the expression level of TGF-β1 
mRNA in the dorsalis pedis arteries of DFU patients was 
significantly higher than that in the corresponding arteries 
of the control (1.00±0.08 vs. 3.75±0.36, respectively; P<0.01, 
Fig. 1). Notably, the expression level of TGF-β1 mRNA was 
significantly lower in the ulcerated muscles of the amputated 
limbs of DFU patients compared with those in the amputated 

Figure 1. Expression of transforming growth factor (TGF)-β1 mRNA in 
patients with diabetic foot (DF) ulcers. Reverse transcription-quantitative 
polymerase chain reaction was performed to evaluate the relative expression 
level of TGF-β1 mRNA in the serum, and the dorsalis pedis arteries (DPAs) 
and muscles of amputated limbs in DF patients (n=26) and control trauma 
patients (n=15). Data are presented as means ± standard deviation, and were 
analyzed by one-way analysis of variance. **P<0.01 vs. the control.
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leg muscles of the control patients (1.00±0.12 vs. 0.41±0.05, 
respectively; P<0.01; Fig. 1). These results reveal a distinct 
expression pattern of TGF-β1 mRNA in DFU patients.

Expression of TGF‑β1 protein in DFU patients. To confirm 
the results of the TGF-β1 mRNA expression analysis 
described above, the levels of TGF-β1 protein were detected 
using western blot analysis. As shown in Fig. 2, compared with 
the control, the expression of TGF-β1 protein in DFU patients 
was significantly higher in the serum (1.00±0.10 vs. 1.33±0.15, 
respectively; P<0.05) and the dorsalis pedis arteries (1.00±0.15 
vs. 3.27±0.39, respectively; P<0.01), but significantly lower in 
the ulcerated muscles of the amputated limb (1.00±0.11 vs. 
0.55±0.09, respectively; P<0.01). These results indicate that 
the expression level of TGF-β1 protein correlates well with 
the TGF-β1 mRNA expression level, and further confirms the 
expression pattern of TGF-β1 in DFU patients.

Expression of miRNA‑145 in DFU patients. In order to investi-
gate whether the expression of TGF-β1 is negatively regulated 

by miRNA-145 in patients with DFUs, miRNA-145 expression 
levels were evaluated using RT-qPCR analysis. As shown in 
Fig. 3, compared with the control, in the DFU patients the 
expression of miRNA‑145 was significantly lower in the serum 
(1.00±0.12 vs. 0.71±0.06, respectively; P<0.05) and the dorsalis 
pedis arteries (1.00±0.16 vs. 0.39±0.07, respectively; P<0.01), 
but significantly higher in the ulcerated muscles (1.00±0.12 vs. 
2.65±0.35, respectively; P<0.01). These results indicate that an 
inverse correlation exists between miRNA-145 and TGF-β1 
expression levels in patients with DFUs.

Discussion

In the present study, the expression levels of TGF-β1 and 
miRNA-145 were investigated in patients with DFUs and 
control trauma patients undergoing amputation. The results 
unveiled a distinct expression pattern of TGF-β1 in the DFU 
patients. An inverse correlation of the expression of miR-145 
with the expression of TGF-β1 was also observed in the 
patients with DFUs.

Peripheral artery disease (PAD) is an important factor 
leading to DFU. Hao et al reported that DFUs are more evident 
in patients with PAD, which is further reflected by a signifi-
cantly greater number of underlying cases of infection and 
disabling comorbidity (11). PAD was evident in all 26 patients 
with DFUs enrolled in the present study. Janda et al observed 
a significant correlation of increased TGF‑β1 expression levels 
with atherosclerotic changes in the carotid arteries of patients 
requiring peritoneal dialysis (12). In the present study, it was 
found that the levels of TGF-β1 expression in the serum and 
dorsalis pedis arteries of the amputated limbs of DFU patients 
were significantly higher than those in the control patients. The 
results also suggest that a correlation exists between increased 
TGF-β1 expression and vascular diseases in DFU patients.

It has been reported that TGF-β1 can stimulate the secre-
tion of extracellular matrix (ECM) and plays important roles 
in the morphological changes, proliferation and differentia-
tion of mononuclear cells, brain cells and osteocytes (13-15). 

Figure 2. Expression of transforming growth factor (TGF)-β1 protein in patients with diabetic foot (DF) ulcers. Western blot analysis was performed to 
evaluate the TGF-β1 protein expression level in the serum, and the dorsalis pedis arteries (DPAs) and muscles of amputated limbs in DF patients (n=26) and 
control trauma patients (n=15). (A) Representative results and (B) quantitative comparison of the data obtained from the two groups. Data are presented as 
means ± standard deviation, and were analyzed by one-way analysis of variance. *P<0.05 and **P<0.01 vs. the control.

Figure 3. Expression of microRNA (miRNA)-145 in patients with diabetic 
foot (DF) ulcers. Reverse transcription-quantitative polymerase chain reac-
tion was performed to evaluate the relative expression level of miRNA-145 in 
the serum, and the dorsalis pedis arteries (DPAs) and muscles of amputated 
limbs in DF patients (n=26) and control trauma patients (n=15). Data are 
represented as means ± standard deviation, and were analyzed by one-way 
analysis of variance. *P<0.05 and **P<0.01 vs. the control.
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In vivo studies have suggested that the upregulation of 
TGF-β1 can promote wound healing and the formation 
of typical granulation tissues (16,17). In the present study, 
TGF-β1 expression levels were observed to be significantly 
decreased in the ulcerated muscles of the amputated limbs 
of DFU patients. This may be one of the factors affecting the 
healing of DFUs.

TGF-β1 expression can be regulated by, for example, 
nemo‑like kinase and Smad (18,19). It has been reported 
that TGF-β1 may also be post-transcriptionally regulated by 
miRNA (20). The present study provides direct evidence of 
the inverse correlation of the expression of miRNA-145 and 
TGF-β1 in DFU patients, which is consistent with the afore-
mentioned studies. These results suggest that miRNA-145 
regulates the expression of TGF-β1 in DFU patients.

DF is the most common cause of hospitalization of 
diabetic patients. The incidence of DF is particularly high in 
the elderly populations of developing countries. Every year, 
4 million diabetic patients develop DFUs. Worldwide, one 
person undergoes DF amputation every 30 sec (21). However, 
85% of these amputations could be avoided (21), and it is 
important to identify reliable and stable molecular markers of 
DFU in diabetic patients. In the present study, it was found 
that the expression of miRNA-145 is negatively correlated 
with TGF-β1 expression. Since TGF-β1 plays important roles 
in DFU development (5), miRNA-145 might be a potential 
marker or therapeutic target for the diagnosis or treatment of 
DFU. The effects of miRNA-145 on DFUs and the underlying 
mechanisms merit further investigation.
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