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Purpose: To study the correlations of miR-222-3p expression in the peripheral blood and wound marginal tissues of type 2 diabetes 
mellitus (T2DM) patients with the onset of diabetic foot ulcer (DFU), as well as explore the clinical value possessed by miR-222-3p in 
the diagnosis and treatment outcomes of DFU.
Methods: The study included 70 T2DM patients who did not suffer foot ulcers (T2DM group), 146 T2DM patients who suffered foot 
ulcers (DFU group), as well as 70 normal controls (NC group). Quantitative real-time PCR determined the MiR-222-3p relative 
expression. Clinical features and risk factors regarding DFU were assessed. Multiple stepwise logistic regression analysis assisted in 
confirming whether miR-222-3p expression could serve for independently predicting the risk factors for DFU. ROC curve analysis 
evaluated the diagnostic value exhibited by miR-222-3p level against DFU.
Results: T2DM group exhibited an obviously higher MiR-222-3p expression relative to NC group [1.98 (0.98, 3.62) vs 0.92 (0.61, 
1.87)] (P < 0.01), but DFU group exhibited an obviously higher miR-222-3p expression relative to T2DM group [5.61 (1.98, 10.24) vs 
1.98 (0.98, 3.62)] (P < 0.01). Besides, miR-222-3p expression presented a negative correlation with DFU healing rate (P < 0.05). 
According to Kaplan–Meier survival curve analysis, the group with high miR-222-3p expression showed higher unhealed DFU 
cumulative rate relative to the group with low expression (log-rank, P = 0.011, 0.001, respectively). Multivariate logistic regression 
analysis confirmed that high miR-222-3p expressions could independently predict DFU risk (OR=3.85, 95% CI 1.18~12.37, P = 
0.008). According to the ROC curve analysis, the AUC of miR-222-3p specific to DFU diagnosis reached 0.803, with the best 
sensitivity of 95.93% and best specificity of 96.27%.
Conclusion: The increased expression of miR-222-3p in the peripheral blood of T2DM patients is closely related to the occurrence of 
DFU. MiR-222-3p is a biomarker with potential clinical value in diagnosing and evaluating the prognosis of DFU.
Keywords: miR-222-3p, diabetic foot ulcer, type 2 diabetes mellitus, microRNA, biomarker

Introduction
Diabetic foot (DF), commonly manifested as diabetic foot ulcer (DFU), is the primary cause of disability and death for 
diabetic patients. It threatens the public health and is costly to treat. According to a meta-analysis, DFU has a global 
prevalence of 6.3%.1 DFU has a poor prognosis and a high risk of disability and death. More than 85% of amputations in 
diabetic patients are due to DFU, and the mortality rate after DFU occurrence is estimated to be 5% in the first 12 months 
and 42% in 5 years.2 DFU has a quite complex pathogenesis, which has not been well understood.
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MicroRNA (miRNA), a kind of endogenous non-coding small RNA, has the function of regulating gene expression 
by hindering the protein translation process of target mRNA or directly degrading the mRNA.3 According to more and 
more recent studies, abnormal miRNA expression exhibits a close association with DFU occurrence and prognosis.4

MiR222, which is located on the X chromosome p11.3 of the human genome, belongs to the miR221/222 family. In 
the mature miR222 sequence, there is a hairpin precursor, which has two arms, referred to as 5p and 3p, respectively. 
MiR-222-3p is a highly conserved miRNA mainly expressed in bladder, prostate, lung, ovary, adipose tissue, thyroid, 
bronchus, islet, skin, and other tissues.5 Studies have found an increasing miR-222-3p expression in the peripheral blood 
(PB) of patients suffering type 2 diabetes mellitus (T2DM),6 obesity,7 polycystic ovary syndrome,8 and gestational 
diabetes mellitus.9 According to a cohort follow-up study, miR-222-3p overexpression in the mononuclear cells of PB 
raises the risk of T2DM.10 In addition, high miR-222-3p expression impacts the atherosclerosis progression in patients 
with subclinical hypothyroidism.11 Many studies have confirmed the crucial role played by miR-222-3p in oncogenesis, 
tumor cell multiplication, apoptosis, distant invasion and metastasis, and tumor microenvironment.12 Some scholars 
believe that there are similar molecular and functional mechanisms between the wound healing and tumor.13 Insufficient 
blood supply and dysangiogenesis of wound surface are important causes of difficulty in DFU healing. Currently, miR- 
222-3p is a type of anti-angiogenic miRNA closely related to arterial atherosclerosis.14,15 In a vitro study, miR-222-3p 
can reduce the survival, migration, and angiogenesis ability possessed by human umbilical vein endothelial cells through 
directly hindering the expression of c-Kit.16 Downregulation of miR-222-3p expression can alleviate the damage to 
human brain microvascular endothelial cells triggered by oxygen-glucose deprivation/reoxygenation and increase the 
cyclic adenosine monophosphate level in endothelial cells by reducing the expression of phosphodiesterase 3 (PDE3), 
thereby improving vascular endothelial dysfunction.17,18 Previous studies have confirmed that endothelial progenitor cell- 
derived exosome is conducive to the healing of skin wounds.19 According to high-throughput sequencing, miR-222-3p 
and miR-221-3p are the second and third most abundant miRNAs, respectively, in endothelial progenitor cell-derived 
exosomes. Animal experiments and in vitro studies have shown that miRNA-221-3p, belonging to the same gene cluster 
with miR-222-3p, can promote angiogenesis in the skin wound granulation tissue of diabetic mice through the AGE 
(advanced glycosylation end products)-RAGE (receptor of AGEs) signaling pathway and then promote wound healing. 
These studies indicated that miR-222-3p may participate in chronic skin wound healing.

Present clinical studies have not paid attention to the impact of miR-222-3p on the DFU pathogenesis. Hence, we 
conducted this study to understand miR-222-3p expression change in DFU patients’ PB and wound marginal tissue 
(WMT) as well as its relevance to DFU pathogenesis and treatment. In addition, we evaluated the clinical value 
possessed by miR-222-3p for DFU diagnosis and treatment as a useful biomarker.

Materials and Methods
Study Subjects
146 T2DM patients with DFU (DFU group) hospitalized in the Department of Endocrinology of the First Affiliated Hospital 
of Anhui Medical University during January 2020 and June 2022 were selected. The foot ulcer course was ≥4 weeks, the 
Wagner classification grade was II–IV, and the ABI was 0.7–1.3. During the same period, 70 newly diagnosed T2DM patients 
were recruited as the T2DM group. These diabetics had neither lower extremity atherosclerotic disease nor diabetic peripheral 
neuropathy. The NC group included another 70 healthy individuals receiving physical examinations at our hospital in the 
same period, and all of them received a 75 g oral glucose tolerance test and were confirmed to have normal glucose tolerance. 
Participants with serious heart, kidney, or liver dysfunction; autoimmune disease; cancerous ulcer wounds; or severe sepsis 
were excluded. The study completed with the approval of the Medical Ethics Committee of the First Affiliated Hospital of 
Anhui Medical University (Ethics batch number P20210039) and received written informed consent from all participants.

Research Methods
DFU Treatment
After admission, all DFU patients received conventional systemic treatment, including anti-infection therapy, hyperten-
sion management, hypoglycemic therapy, hypoproteinemia correction, nerve nutrition, and lower limb wound blood 
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supply improvement. Wound debridement served for cleaning up necrotic tissues. Other treatments were given depending 
on the specific condition of patients, such as decompression or negative pressure wound treatment. During debridement, 
a skilled surgeon took charge of cutting full-thickness skin tissue within 0.5 cm of the wound margin as per the sampling 
protocol, followed by storing them in a −80°C refrigerator. Follow up was conducted on all DFU patients until the 
complete wound healing, together with the recording of the healing time. During follow-up, a multidisciplinary diabetes 
foot team decided whether to amputate based on the patient’s condition. Ulcer healing after eight weeks referred to 
spontaneous complete wound closure after eight weeks of DFU treatment (100% re-epithelialization), and recorded 8 
weeks after the treatment.20

Detection of Clinical Indicators
All participants fasted for 10 hours and the next morning from 8:00 to 8:30, venous blood was extracted in the fasting state 
to determine albumin (ALB), blood glucose, blood lipid composition, glycosylated hemoglobin A1c (HbA1c), white blood 
cell (WBC) count, hemoglobin (Hb), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), interleukin-6 (P-IL- 
6), interleukin-10 (P-IL-10), and other indicators. In addition, tools were used to measure the skin ulcer area, ABI, and 
transcutaneous oxygen partial pressure (TcPO2). The specific detection methods for each index are shown in Table S1.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
The miRcute miRNA Extraction and Isolation kit served for extracting RNA from EDTA anticoagulant blood samples 
(2 mL) or WMT (50 mg). The miRcute miRNA cDNA Synthesis Kit served for the synthesis of the cDNA. At last, the 
miRcute miRNA fluorescence quantitative detection kit served for the qRT-PCR (Table S2). The above reagent kits were 
all purchased from Tianjin Biochemical Technology Co., Ltd., Beijing, China. U6 or GAPDH served as internal controls. 
We calculated the miR-222-3p expression in the PB (P-miR-222-3p) and WMT (T-miR-222-3p), and the mRNA 
expression of VEGF, CD31, IL-6, and IL-10 in the WMT by the 2−ΔΔCt method. We repeated each sample three times 
and took the mean value as the final result.

Statistical Analysis
Statistical analysis was carried out with the assistance of SPSS 19.0 software (SPSS Inc., Chicago, IL). Normal and non- 
normal measurement data were in the form of mean ± standard deviation and median (interquartile range) [M (P25, 
P75)], respectively. Chi-square test or t-test was used for comparison between two groups. As for the multi-group 
comparison, the analysis of variance test was used if the data followed a normal distribution, and the LSD-t test served 
for deeper pairwise comparisons; a non-parametric test (Kruskal–Wallis rank sum test) was conducted if the normal 
distribution was not followed, and Dunn’s test served for deeper pairwise comparison. Spearman correlation analysis 
assisted in evaluating the relevance of miR-222-3p expressions to other clinical variables. Multiple stepwise logistic 
regression analysis confirmed whether miR-222-3p in PB could independently predict DFU risk. Kaplan–Meier survival 
curve analysis assisted in investigating the association between DFU wound healing and miR-222-3p expression in PB 
and WMTs. ROC curve analysis assisted in exploring whether miR-222-3p in the PB could serve for the DFU diagnosis 
as a potential biomarker. All tests were two-sided. P <0.05 reported statistical significance.

Results
Clinical Parameter Comparison Among the Three Groups
Among the three groups, the sex composition, age, TCH, LDL-C, and P-IL-10 levels were not significantly different (P > 
0.05). The T2DM and DFU groups showed higher FPG, HbA1c, TG, and P-miR-222-3p expressions relative to the NC 
group. In contrast, the T2DM and DFU groups exhibited lower HDL-C levels relative to the NC group. The differences 
presented statistical significance (P < 0.05). Besides, the NC and T2DM groups did not present significantly different in 
TcPO2, ABI, CRP, ESR, ALB, WBC count, Hb, and P-IL-6 (P > 0.05). Furthermore, the DFU group had higher FPG, 
HbA1c, TG, CRP, ESR, WBC count, P-IL-6, diabetes duration, and P-miR-222-3p expression levels, but lower HDL-C, 
TcPO2, ABI, ALB, and Hb levels relative to the T2DM group. These differences indicated statistical significance (P < 
0.05) (Table 1).
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Relevance of miR-222-3p Expressions in PB and WMT to Clinical Features of DFU
For more deeply studying the clinical implications of miR-222-3p expression change, we took the median expression in 
DFU patients’ PB and WMT as the cut point for grouping, classifying those with lower miR-222-3p expression than the 
median into the group with low expression, and those whose miR-222-3p expression was higher than or equal to the 
median into group with high expression. We compared the clinical characteristics of foot ulcers in the two groups, finding 
the positive relevance of miR-222-3p expression in PB to the ulcer duration, Wagner grade, and severity of IDSA 
infection (P = 0.039, 0.023, 0.046, respectively). Similarly, miR-222-3p expression in WMT showed a positive relevance 
to ulcer duration, Wagner grade, and severity of IDSA infection (P = 0.023, 0.024, and 0.016, respectively). In addition, 
the miR-222-3p expression in both PB and WMT was negatively related to the ulcer healing rate after 8 weeks (P = 
0.030, 0.028, respectively). The miR-222-3p expression (either in PB or WMT) showed no relevance to other clinical 
characteristics of foot ulcers (Table 2 and Table 3). Kaplan–Meier survival curve analysis more deeply explored how 
miR-222-3p expression change in PB and WMT affected the wound healing. According to the analysis, in PB, the 
median estimated wound healing time in groups with high and low miR-222-3p expression was 9.64 weeks and 8.70 

Table 1 Comparisons of Clinical Parameters Among the Three Groups [n (%), (x� s), M (P25, P75)]

Variables NC (n=70) T2DM (n=70) DFU (n=146) F/t/x2 value P value

Gender 1.364 0.411

Male 40 (57.1) 39 (55.7) 78 (53.4)

Female 30 (42.9) 31 (44.3) 68 (46.6)

Age (y) 55.2±10.6 56.8±11.6 56.5±11.5 1.726 0.368
Diabetes duration (y) – 0.4±0.2 12.3±6.5d 9.831 <0.001

FPG (mmol/L) 4.9±0.5 9.2±3.1b 12.7±3.9bd 38.564 <0.001

HbA1c (%) 5.2±0.4 8.5±1.8b 9.3±2.9cd 33.712 <0.001
TG (mmol/L) 1.5±0.4 1.9±0.8b 2.2±0.9cd 8.975 <0.001

TCH (mmol/L) 4.6±0.7 5.0±0.9 4.8±0.7 1.792 0.221

LDL-C (mmol/L) 2.5±0.4 2.9±0.6 2.8±0.5 1.589 0.086
HDL-C (mmol/L) 1.5±0.3 1.1±0.4a 0.9±0.5bc 2.851 0.021

TcPO2 (mmHg) 77.1±7.8 72.1±9.1 51.7±11.3bd 25.624 <0.001

ABI 1.13±0.12 1.07±0.18 0.85±0.21bd 6.126 <0.001
CRP (mg/L) 5.9±0.8 8.2±1.3 49.3±18.7bd 79.462 <0.001

ESR (mm/h) 10.5±2.4 12.2±2.6 47.8±19.1bd 32.535 <0.001

WBC (×109) 4.6±0.5 4.7±0.8 11.5±3.9bd 28.521 <0.001
ALB (g/L) 41.7±1.3 41.3±1.1 36.2.±3.2bd 3.127 0.014

Hb (g/L) 129.1±1.5 128.5±1.7 115.3±3.8bd 2.831 0.029

P-IL-6 (pg/mL) 12.8±3.9 19.5±7.5 38.6±10.4bc 28.259 <0.001
P-IL-10 (ng/L) 4.5±0.9 4.1±1.2 3.6±1.4 1.803 0.218

T-VEGF – – 0.49 (0.15, 0.79) – –

T-CD31 – – 0.64 (0.28, 1.01) – –
T-IL-6 – – 2.92 (0.96, 4.11) – –

T-IL-10 – – 0.52 (0.19, 0.96) – –

P-miR-222-3p 0.92 (0.61, 1.87) 1.98 (0.98, 3.62)b 5.61 (1.98, 10.24)bd 30.719 <0.001
T-miR-222-3p – – 7.93 (2.27, 12.86) – –

Notes: Data are presented mean±standard deviations or numbers (%) or median with IQR; Differences among three groups analyzed using 
one-way analysis of variance or x2 test, and least-significant difference (LSD) analysis was used for comparison between the two groups, 
versus NC group, aP<0.05, bP<0.01; versus T2DM group, cP<0.05, dP<0.01. 
Abbreviations: NC, normal control group; T2DM, type 2 diabetes group; DFU, diabetic foot ulcer group; FPG, fasting plasma glucose; 
HbA1c, glycated hemoglobin A1c; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high- 
density lipoprotein cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle brachial index; CRP, C-reactive protein; ESR, erythro-
cyte sedimentation rate; WBC, white blood cell; ALB, albumin; Hb, hemoglobin; P-IL-6, IL-6 level in peripheral blood; P-IL-10, IL-10 level in 
peripheral blood; T-VEGF, vascular endothelial growth factor mRNA expression in wound margin tissue; T-CD31, CD31 mRNA expression 
in wound margin tissue; T-IL-6, interleukin-6 mRNA expression in wound margin tissue; T-IL-10, interleukin-10 mRNA expression in wound 
margin tissue; MiR, MicroRNA.
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weeks, respectively. Also, in WMT, the median estimated wound healing time in the two groups was 9.76 weeks and 8.71 
weeks, respectively. In both PB and WMT, group with high miR-222-3p expression showed higher unhealed DFU 
cumulative rate relative to low expression group (log-rank, P = 0.011, 0.001, respectively). Group with high expression 
exhibited longer wound healing time relative to group with low expression (P < 0.05) (Figure 1A and B).

Relevance of miR-222-3p Expression in PB and WMT to Other Clinical Parameters in 
the Three Groups
The NC group did not exhibit obvious relevance of the miR-222-3p expression in the PB to other clinical parameters (P > 
0.05). The T2DM group revealed the positive relevance of the miR-222-3p expression in the PB to FPG and HbA1c 
levels, negative relevance to HDL-C (P < 0.05), and no obvious relevance to the other parameters (P > 0.05). The DFU 
group presented the positive relevance of the miR-222-3p expression in PB and WMT to the foot ulcer duration, Wagner 
grade of foot ulcer, IDSA infection severity, CRP, WBC count, P-IL-6, T-IL-6, and T-miR-222-3p expression, the 
negative relevance to HDL-C, TcPO2, T-VEGF, and T-CD31 expressions (P < 0.05), and no obvious relevance to the 
other parameters (P > 0.05) (Table 4 and Table 5).

Table 2 Relationship Between miR-222-3p Expression Levels in Peripheral Blood and Clinical 
Characteristics of DFU [n (%)]

Characteristics High Expression  
Group (n=88)

Low Expression  
Group (n=58)

x2 value P value

Age (y) 0.458 0.501

≥55 48 (54.5) 28 (48.3)
<55 40 (45.5) 30 (51.7)

Gender 0.112 0.738

Male 48 (54.5) 30 (51.7)
Female 40 (45.5) 28 (48.3)

Ulcer area (cm2) 2.139 0.342
≤5 7 (11.1) 8 (22.5)

5~10 59 (66.7) 40 (52.5)

>10 22 (22.2) 10 (25.0)
Ulcer duration (w) 6.483 0.039

≤6 12 (13.6) 18 (31.0)

6~10 61 (69.3) 32 (55.2)
>10 15 (17.1) 8 (13.8)

Wagner grade 7.523 0.023

II 7 (7.9) 14 (24.1)
III 68 (77.3) 36 (62.1)

IV 13 (14.8) 8 (13.8)

Severity of IDSA infection 6.155 0.046
Mild 8 (9.1) 13 (22.4)

Moderate 59 (65.9) 37 (63.8)

Severe 21 (25.0) 8 (13.8)
Amputation rate (%) 2.303 0.129

Amputated 23 (26.1) 9 (15.5)

Not amputated 65 (73.9) 49 (84.5)
Ulcer healing rate after 8 weeks (%) 4.684 0.030

Healed 37 (42.0) 35 (60.3)

Not healed 51 (58.0) 23 (39.7)

Notes: Data are presented numbers (%); differences between two groups analyzed using x2 test. The cut-off point of miR-222-3p 
expression level for grouping was 5.61. 
Abbreviations: DFU, diabetic foot ulcer; IDSA, Infectious Disease Society of America.
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DFU Risk Factor Analysis
We used DFU as the dependent variable, and used age, gender, and all variables (P < 0.1) from the univariate logistic 
regression analysis (diabetes duration, FPG, HbA1c, TG, LDL-C, HDL-C, ALB, TcPO2, ABI, CRP, WBC, Hb, ESR, 
P-IL-6, P-IL-10, and P-miR-222-3p) in diabetic patients as independent variables to conduct the multiple stepwise 
logistic regression analysis. As found, the diabetes duration, HbA1c, CRP, low TcPO2, low ALB, and high P-miR-222-3p 
expression could be used for independently predicting the DFU risk (Table 6).

Mark Verification
For more deeply exploring the diagnostic efficacy of miR-222-3p for DFU in clinical practice, our study focused on 
detecting the P-miR-222-3p expression in 216 subjects of T2DM and DFU groups, and plotted the receiver operating 
characteristic (ROC) curve. Accordingly, the AUC of P-miR-222-3p specific to DFU diagnosis reached 0.803 (95% CI 
0.713–0.884, P < 0.001), with the optimal cutoff point of 2.52, the sensitivity of 95.93%, and the specificity of 96.27% 
(Figure 2).

Table 3 Relationship Between miR-222-3p Expression Levels in Wound Margin Tissue and Clinical 
Characteristics of DFU [n (%)]

Characteristics High Expression  
Group (n=94)

Low Expression  
Group (n=52)

x2 value P value

Age (y) 0.137 0.712

≥55 50 (53.2) 26 (50.0)
<55 44 (46.8) 26 (50.0)

Gender 1.716 0.190

Male 54 (57.4) 24 (46.2)
Female 40 (42.6) 28 (53.8)

Ulcer area (cm2) 1.606 0.448
≤5 8 (8.5) 7 (13.5)

5~10 63 (67.0) 36 (71.1)

>10 23 (24.5) 9 (15.4)
Ulcer duration (w) 7.505 0.023

≤6 13 (13.8) 17 (32.7)

6~10 64 (68.1) 29 (55.8)
>10 17 (18.1) 6 (11.5)

Wagner grade 7.468 0.024

II 8 (8.5) 13 (25.0)
III 71 (75.5) 33 (63.5)

IV 15 (16.0) 6 (11.5)

Severity of IDSA infection 8.213 0.016
Mild 8 (8.5) 13 (25.0)

Moderate 64 (68.1) 32 (61.5)

Severe 22 (23.4) 7 (13.5)
Amputation rate (%) 2.014 0.156

Amputated 24 (26.1) 8 (15.5)

Not amputated 70 (73.9) 44 (84.5)
Ulcer healing rate after 8 weeks (%) 4.828 0.028

Healed 40 (42.0) 32 (60.3)

Not healed 54 (58.0) 20 (39.7)

Notes: Data are presented numbers (%); differences between two groups analyzed using x2 test. The cut-off point of miR-222-3p 
expression level for grouping was 7.93. 
Abbreviations: DFU, diabetic foot ulcer; IDSA, Infectious Disease Society of America.
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Figure 1 Kaplan-Meier survival curve analysis evaluated the complete wound healing rate of DFU between two expression groups. (A) Group with high miR-222-3p 
expression presented higher unhealed DFU cumulative rate relative to the low expression group in DFU patients’ peripheral blood (log rank, P = 0.011). The estimated 
median time of complete wound healing in groups with high and low miR-222-3p expressions were 9.64 weeks and 8.70 weeks, respectively, in DFU patients’ peripheral 
blood (P < 0.05). (B) Group with high miR-222-3p expression presented higher unhealed DFU cumulative rate relative to the low expression group in DFU patients’ wound 
margin tissue (log rank, P = 0.001). The estimated median time of complete wound healing in high and low expression groups were 9.76 weeks and 8.71 weeks, respectively, 
in DFU patients’ wound margin tissue (P < 0.05).
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Discussion
This study found that the DFU patients’ PB exhibited obviously increased miR-222-3p expression relative to those 
without DFU. According to multivariate logistic regression analysis, elevated miR-222-3p expression in PB could 
independently predict the DFU risk. Furthermore, the miR-222-3p expression in DFU patients’ PB and WMT showed 
an obvious relevance to Wagner grade, foot ulcer infection severity, and foot ulcer healing rate. For patients whose PB 
and WMT had high miR-222-3p expression, DFU status was more serious, the ulcer healing rate was lower, and the ulcer 
healing time was longer. Hence, high miR-222-3p expression strongly indicates the DFU onset on the one hand, and is an 
underlying biomarker for DFU assessment, therapy, and prognosis on the other hand. Per our knowledge, this study is the 
first one that focuses on the relevance of miR-222-3p expression change to DFU onset and treatment in T2DM patients. 
However, this study still has some shortcomings: (1) the study covered a single center; (2) there may be a selection bias 
due to small sample size; (3) the existence of the miR-222-3p 3’ isoform was not considered in this study when analyzing 
miR-222-3p, which may have led to misjudgment of the results. Notably, small endogenous RNA (miRNA) usually 

Table 4 Correlations Between miR-222-3p Expression in Peripheral Blood and Other Clinical Parameters in 
NC Group, T2DM Group, and DFU Group (r)

Variables NC (n=70) T2DM (n=70) DFU (n=146)

r P value r P value r P value

Age (y) 0.059 0.684 0.046 0.767 0.051 0.713
Gender 0.087 0.572 0.052 0.703 0.098 0.426

Diabetes duration (y) – – 0.121 0.227 0.152 0.203

Foot ulcer duration (w) – – – – 0.298 0.031
Foot ulcer area (cm2) – – – – 0.147 0.252

Wagner grade – – – – 0.326 0.021

Severity of IDSA infection – – – – 0.315 0.024
FPG (mmol/L) 0.101 0.326 0.286 0.035 0.273 0.048

HbA1c (%) 0.085 0.581 0.301 0.027 0.292 0.032

TG (mmol/L) 0.041 0.815 0.092 0.581 0.037 0.838
TCH (mmol/L) 0.022 0.894 0.028 0.865 0.043 0.813

LDL-C (mmol/L) 0.029 0.817 0.016 0.902 0.026 0.865

HDL-C (mmol/L) −0.087 0.552 −0.291 0.032 −0.284 0.041
ALB (g/L) 0.015 0.903 0.068 0.625 −0.099 0.426

TcPO2 (mmHg) −0.007 0.928 0.018 0.891 −0.298 0.029

ABI 0.025 0.872 0.073 0.658 −0.203 0.064
CRP (mg/L) 0.031 0.704 0.093 0.579 0.281 0.043

ESR (mm/h) 0.019 0.898 0.074 0.584 0.191 0.098

WBC (×109) 0.012 0.911 0.078 0.581 0.275 0.045
Hb (g/L) 0.083 0.593 0.024 0.882 −0.093 0.436

P-IL-6 (pg/mL) 0.091 0.583 0.176 0.118 0.319 0.021

P-IL-10 (ng/L) −0.028 0.857 −0.102 0.397 −0.117 0.184
T-VEGF – – – – −0.341 0.005

T-CD31 – – – – −0.291 0.033
T-IL-6 – – – – 0.398 <0.001

T-IL-10 – – – – −0.195 0.072

T-miR-222-3p – – – – 0.435 <0.001

Abbreviations: NC, normal control group; T2DM, type 2 diabetes group; DFU, diabetic foot ulcer group; IDSA, Infectious Disease Society of 
America; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin A1c; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle brachial index; 
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; ALB, albumin; Hb, hemoglobin; P-IL-6, IL-6 level in 
peripheral blood; P-IL-10, IL-10 level in peripheral blood; T-VEGF, vascular endothelial growth factor mRNA expression in wound margin tissue; 
T-CD31, CD31 mRNA expression in wound margin tissue; T-IL-6, interleukin-6 mRNA expression in wound margin tissue; T-IL-10, interleukin- 
10 mRNA expression in wound margin tissue; MiR, MicroRNA.
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exists in the form of multiple isoforms and may have different functional roles.21 Further studies shall be conducted for 
confirming our findings.

According to the study results, T2DM patients presented obviously increased miR-222-3p levels in PB relative to 
normal-glucose-tolerance controls. Correlation analysis revealed the positive relevance of miR-222-3p expression to FPG 
and HbA1c in T2DM and DFU patients. In addition, miR-222-3p expression exhibited a negative relevance to HDL-C in 
T2DM patients. In previous studies, miR-222-3p can not only target and regulate the genetic expression closely 
associated with glycometabolism in the PI3K-Akt pathway,22 but also regulate genes related to cholesterol metabolism 
(such as MYLIP),10 thus affecting glycolipid metabolism. Furthermore, high miR-222-3p expression exhibits a positive 
relation to FPG in patients with GDM, T2DM, and PCOS.8–10 Consistently, in T2DM patients treated with metformin, 
reduced miR-222 in the PB positively correlates with the reduction of FPG and HbA1c.6 Nevertheless, in patients 
suffering T2DM and PCOS, high miR-222-3p expressions report lower HDL-C.10 All these conformed to our study 

Table 5 Correlations Between miR-222-3p Expression in Wound 
Margin Tissue and Other Clinical Parameters in the DFU Group (r)

Variables DFU (n=146)

r P value

Age (y) 0.046 0.763
Gender 0.063 0.548

Diabetes duration (y) 0.179 0.117

Foot ulcer duration (w) 0.311 0.026
Foot ulcer area (cm2) 0.189 0.102

Wagner grade 0.367 0.002

Severity of IDSA infection 0.338 0.015
FPG (mmol/L) 0.276 0.044

HbA1c (%) 0.297 0.035

TG (mmol/L) 0.028 0.872
TCH (mmol/L) 0.048 0.751

LDL-C (mmol/L) 0.034 0.886

HDL-C (mmol/L) −0.295 0.036
ALB (g/L) −0.106 0.314

TcPO2 (mmHg) −0.283 0.039

ABI −0.211 0.058
CRP (mg/L) 0.298 0.033

ESR (mm/h) 0.185 0.107

WBC (×109) 0.281 0.045
Hb (g/L) −0.102 0.294

P-IL-6 (pg/mL) 0.342 0.008

P-IL-10 (ng/L) −0.109 0.278
T-VEGF −0.358 0.001

T-CD31 −0.306 0.028
T-IL-6 0.436 <0.001

T-IL-10 −0.172 0.126

P-miR-222-3p 0.435 <0.001

Abbreviations: DFU, diabetic foot ulcer group; IDSA, Infectious Disease Society of 
America; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin A1c; TG, tria-
cylglycerol; TCH, total cholesterol; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; TcPO2, transcutaneous oxygen pres-
sure; ABI, ankle brachial index; CRP, C-reactive protein; ESR, erythrocyte sedimen-
tation rate; WBC, white blood cell; ALB, albumin; Hb, hemoglobin; P-IL-6, IL-6 level 
in peripheral blood; P-IL-10, IL-10 level in peripheral blood; T-VEGF, vascular 
endothelial growth factor mRNA expression in wound margin tissue; T-CD31, 
CD31 mRNA expression in wound margin tissue; T-IL-6, interleukin-6 mRNA 
expression in wound margin tissue; T-IL-10, interleukin-10 mRNA expression in 
wound margin tissue; MiR, MicroRNA.
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results. Our study was unable to explain the upregulated miR-222-3p expression in T2DM patients. According to one 
previous study, hyperglycemia may regulate miR-24 expression through stimulating c-Myc to be activated.23 However, 
the role of hyperglycemia in directly upregulating miR-222-3p expression has not be explored. Hence, more studies must 
be conducted to elucidate the mechanisms of miR-222-3p expression change in environments with high glucose.

Moreover, our study also revealed the positive relevance of miR-222-3p expression in PB and WMT to inflammatory 
indicators (CRP, WBC count, and IL-6), Wagner grade, and IDSA infection severity in the DFU group. Accordingly, high 
miR-222-3p expression in DFU patients’ PB and WMT is possibly relevant to the infectious inflammatory state. A study 
reveals obviously increased miR-222-3p expression in septic mice’ plasma which can promote the production of IL-6, 
TNF-α, IL-1β, and MIP-2, and is related to sepsis severity.24 Mycoplasma pneumoniae pneumonia (MPP) patients’ PB 
exhibits obviously higher miR-222-3p level relative to healthy people.25 In vitro studies confirm the two-fold 

Figure 2 The biomarker potential of circulating miR-222-3p for DFU and control. ROC analysis assisted in evaluating the ability of circulating miR-222-3p to distinguish 
between two groups. The AUC of P-miR-222-3p specific to DFU diagnosis reached 0.803 (95% CI 0.713–0.884, P < 0.001), with the optimal cut-off point of 2.52, the 
sensitivity of 95.93%, and the specificity of 96.27%.

Table 6 The Multivariate Stepwise Logistic Regression Analysis of Risk Factors for Diabetic 
Foot Ulcer

Variables β SE Wald OR 95% CI P value

Diabetes duration (y) 0.62 0.34 6.21 4.12 1.23~9.78 <0.001

HbA1c (%) 0.37 0.21 3.56 1.47 1.08~7.62 0.041

TcPO2 (kPa) 0.49 0.36 4.16 2.18 1.16~10.26 0.032
CRP (mg/L) 0.41 0.28 3.05 1.13 1.08~9.12 0.045

ALB (g/L) 0.35 0.17 2.98 1.12 1.13~8.75 0.048

P-miR-222-3p 0.75 0.48 5.83 3.85 1.18~12.37 0.008

Notes: Multivariate unconditional logistic regression analysis adjusted for sex, age, the course of diabetes, FPG, HbA1c, 
TG, LDL-C, HDL-C, Hb, ALB, TcPO2, ABI, CRP, WBC, ESR, P-IL-6, P-IL-10, miR-222-3p. 
Abbreviations: FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; TG, triglycerides; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Hb, hemoglobin; ALB, serum albumin; TcPO2, 
transcutaneous oxygen partial pressure; ABI, ankle-brachial index; CRP, C-reactive protein; WBC, white blood cell 
count; ESR, erythrocyte sedimentation rate; P-IL-6, IL-6 level in peripheral blood; P-IL-10, IL-10 level in peripheral 
blood; P-miR-222-3p, miR-222-3p expression in peripheral in blood; MiR, microRNA.
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upregulation of miR-222-3p expression in mouse bone marrow-derived macrophages treated with bacterial lipopolysac-
charide (LPS).21 MiR-222-3p can increase the expression of proinflammatory cytokines such as IL-1β, IL-6, and TNF-α 
by targeted regulation of downstream gene functions.25–27 Inflammatory cytokines, such as TNF-α and IFN-γ can also 
induce the upregulation of miR-222-3p expression.15 This suggests that there may be a bidirectional regulatory effect 
between miR-222-3p expression and inflammatory factors, forming a vicious circle that aggravates the inflammatory 
response. All these conformed to our study results. In addition, despite that the DFU and T2DM groups presented 
obviously different diabetes courses, according to deeper analysis, miR-222-3p showed no correlation with diabetes 
course in neither of them. Hence, the obviously different disease course between the two groups may impact their miR- 
222-3p expression difference to a very little extent.

The DFU group had a foot ulcer course of at least four weeks, which is what we call chronic refractory ulcers. 
According to multivariate regression analysis, the diabetes duration, HbA1c, TcPO2, CRP, and hypoalbuminemia could 
independently affect foot ulcer occurrence, which conformed to previous study results.20,28 Further, the DFU group 
presented obviously higher miR-222-3p level in PB and WMT relative to the T2DM group. In the DFU group, the miR- 
222-3p expression in PB and WMT exhibited a positive relevance to the foot ulcer duration, Wagner grade, and severity 
of IDSA infection, and a negative relevance to foot ulcer healing rate following eight weeks of treatment. Higher miR- 
222-3p expression means longer healing time and larger difficulty in complete DFU wound healing. This study did not 
observe a correlation between amputation rate and the miR-222-3p expression in PB and WMT in the DFU group, which 
may be due to insufficient follow-up time to accurately track the final results of each participant. According to multiple 
regression analysis, high miR-222-3p expression in PB and WMT could independently predict foot ulcers risk. Hence, 
miR-222-3p impacts DFU development, and can evaluate DFU severity and prognosis as a useful marker.

Researches have not well elucidated the action mechanism of miR-222-3p in the wound healing at present. Generally, 
persistent and excessive inflammation and oxidative stress in the wound, deficient wound angiogenesis, and damaged 
function of epidermal cells involved in wound healing primarily lead to DFU healing difficulty.29 A study has found that 
in a liver injury model induced by staphylococcal enterotoxin B (SEB), inhibition of miRNA-222-3p expression can 
reduce SEB-induced liver inflammatory injury.30 According to in vitro studies, miR-222-3p expression downregulation 
improves H2O2-induced human lens epithelial HLE-B3 cell damage.31 Studies have found the close relevance of the 
elevated miR-222-3p expression to the expression of genes related to chronic inflammation and oxidative stress in 
tissues, and reveals the ability of miR-222-3p to elevate proinflammatory cytokines expression and enhance oxidative 
stress conditions.32,33 However, there is still no evidence proving the direct involvement of miR-222-3p in inflammation 
and oxidative stress in diabetic skin chronic wounds. Further studies are needed in this respect. As reported, miR-222-3p, 
as a kind of miRNA, ranks second in human fibroblasts in terms of the abundance. After human fibroblasts are treated 
with LPS, the miR-222-3p expression underwent an obvious upregulation,21 which may have adverse effects on the 
biological functions of fibroblasts. Therefore, we speculated that miR-222-3p may affect wound epithelialization. In 
addition, angiogenesis in wound tissues vitally impacts the DFU wound healing. In studies, high miR-222-3p expression 
results in dysfunction of vascular endothelial cells and reduce angiogenesis.16,18 In a rat model of abdominal aortic 
aneurysm, downregulation of miR-222-3p expression promoted the migration, invasion, and recruitment regarding 
endothelial progenitor cells; repaired vascular endothelial damage; and maintained vascular integrity.34 In human 
atherosclerotic vascular samples, the vascular intima observes increased miR-222-3p expression, and according to 
in vitro studies, miR-222-3p overexpression in human aortic endothelial cells (HAEC) can lead to intracellular ROS 
accumulation and apoptosis and participate in the occurrence of atherosclerosis.15 The TcPO2 level and VEGF and CD31 
expression levels in the WMTs can reflect circulatory perfusion and angiogenesis in the wound healing process.35,36 In 
our study, in the DFU group, miR-222-3p expression in PB and WMTs exhibited a negative relevance to the expression 
of TcPO2, VEGF, and CD31. Hence, the way miR-222-3p impacts angiogenesis may be one of the important mechan-
isms of miR-222-3p involvement in wound healing. This needs to be confirmed by further studies.

The miR-222-3p expression in PB is capable of predicting the MPP diagnosis and prognosis from biological 
perspective, and also serves for prostate cancer detection as a biomarker without invasiveness.37,38 In this study, based 
on ROC curve analysis results, miR-222-3p expression in T2DM patients’ PB could predict DFU risk as a useful 
biomarker. In addition, miR-222-3p expression in PB and WMT showed a positive relevance to DFU duration, complete 
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healing time of DFU and a negative relevance to the wound healing rate after eight weeks of treatment. Hence, miR-222- 
3p expressions in PB and WMT are useful for DFU diagnosis and prognosis. Despite this, why miR-222-3p expression 
elevated in DFU patients’ PB and WMT shall be determined in further studies. Notably, our study determined the good 
agreement of miR-222-3p regarding its expression in PB and WMT and its value for wound healing prediction. The PB 
sampling has a low trauma risk, and it is easy and convenient to determine miR-222-3p in PB. On that account, 
combining our study with previous studies,20,39 we recommend detecting miR-222-3p expression in PB to predict the 
therapeutic outcome of DFU.

Conclusion
According to our study, the increasing miR-222-3p expression in T2DM patients’ PB exhibited a close relation to DFU 
occurrence, which could be used as a biomarker for DFU diagnosis (Figure 3). Besides, elevated miR-222-3p expression 
in the PB and WMT reported poor DFU prognosis. Nevertheless, the present study could not elucidate the causal 
relationship between miR-222-3p and DFU, nor could it explain why the miR-222-3p expression increased in DFU 
patients’ PB and WMT. Therefore, in the future, more research is required for more deeply exploring the action 
mechanism of miR-222-3p as well as assessing whether miR-222-3p can be a new treatment target for DFU.
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erythrocyte sedimentation rate; P-IL-6, IL-6 level in peripheral blood; P-IL-10, IL-10 level in peripheral blood; TcPO2, 
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vascular endothelial growth factor mRNA expression in wound margin tissue; T-CD31, CD31 mRNA expression in 
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Figure 3 MiR-222-3p effectively served for DFU diagnosis and prognosis as a useful biomarker. ↑: increase; ↓: decrease.
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