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Purpose: This study aims to explore the clinical significance of miR-17-5p in T2DM and its chronic complications.
Patients and Methods: A total of 100 patients with T2DM and 90 healthy controls were included. The expression of miR-17-5p was 
detected by reverse transcription-polymerase chain reaction. A receiver operating characteristic curve was plotted to evaluate the 
diagnostic value of miR-17-5p for T2DM. Pearson correlation analysis was used to explore the correlation between miR-17-5p and 
blood glucose indicators in T2DM patients. The Kaplan-Meier curve and multivariate Cox regression analysis were employed to 
analyze the factors influencing chronic complications. Liposome-mediated transfection technology was used to transfect miR-17-5p 
mimics and inhibitors into endothelial progenitor cells (EPCs) respectively, to achieve overexpression and knockdown of miR-17-5p in 
cells. On this basis, we further investigate the potential molecular mechanism by which miR-17-5p is involved in the occurrence and 
development of chronic complications inT2DM.
Results: Serum miR-17-5p was significantly downregulated in T2DM patients (vs healthy controls, P<0.001). The AUC for 
distinguishing T2DM patients from healthy individuals was 0.932. The expression of this miRNA was significantly negatively 
correlated with FBG (r=−0.718) and HbA1c (r=−0.695) (P<0.001). Follow-up showed that low expression of miR-17-5p was closely 
associated with T2DM chronic complications (complication group vs non-complication group, P<0.001), with an AUC of 0.866 for 
distinguishing the presence from the absence of complications. Kaplan-Meier analysis indicated that individuals with low miR-17-5p 
expression had a higher risk of complications (Log-rank P=0.009). Mechanistically, miR-17-5p targets FBXO48 and affects the 
functions of EPCs.
Conclusion: The expression of miR-17-5p is reduced in T2DM. It influences the functions of EPCs by targeting FBXO48, and may 
be involved in the occurrence and development of chronic complications of T2DM.
Keywords: T2DM, chronic complications, miR-17-5p, EPCs

Introduction
Type 2 diabetes mellitus (T2DM) is a common endocrine and metabolic disorder in clinical practice.1 According to 
statistics, the prevalence of diabetes is constantly increasing worldwide.2 Diabetes predisposes individuals to a range of 
complications affecting both large and small blood vessels throughout the body, such as cardiovascular diseases, diabetic 
nephropathy, retinopathy, and neuropathy.3,4 These vascular complications are major drivers of disability and mortality in 
T2DM patients, significantly impairing their quality of life and overall health.5 Therefore, the early detection of vascular 
lesions is imperative for the effective management of T2DM. Nonetheless, the search for reliable predictive indicators 
remains a significant challenge in clinical practice.

In recent years, microRNAs (miRNAs) have garnered significant attention within the scientific community.6 

Numerous studies have elucidated the intricate relationship between miRNAs and the onset and progression of diabetes, 
highlighting their crucial role in regulating physiological processes associated with blood glucose levels and metabolic 
functions.7,8 Studies on miRNAs not only deepen our understanding of the genetic mechanisms underlying T2DM but 
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also provide valuable insights for its early diagnosis, therapeutic development, and prognostic evaluation.9 miR-335-5p 
has been implicated as a potential therapeutic target for T2DM.10 Serum miR-7 is a potential biomarker for T2DM and its 
microvascular complications.11 Under different research backgrounds and disease models, the expression status of miR- 
17-5p shows significant differences. In diabetes-related studies, multiple pieces of literature have pointed out that its 
expression trend is downregulated. For example, miR-17-5p in the peripheral blood of diabetic patients is 
downregulated.12 miR-17-5p expression is also downregulated in gestational diabetes mellitus, and it can alleviate the 
inflammatory response and apoptosis of trophoblasts under high glucose conditions.13 Studies have shown that diabetes 
and a high-glucose environment can downregulate the expression of miR-17-5p,14 further implying a close association 
with the pathological processes of diabetes. In addition, Pan et al found that in a diabetic hindlimb ischemia model, 
enrichment of miR-17-5p can enhance the vascular protective effect of exosomes derived from EPCs,12 suggesting 
a potential regulatory role of miR-17-5p in diabetic vascular lesions.

Although existing studies have revealed the potential role of miR-17-5p in diabetes, its specific expression and 
potential functions in patients with T2DM remain unclear. Therefore, this study aims to explore the clinical sig
nificance of miR-17-5p in T2DM and its chronic complications, providing new insights for the diagnosis and treatment 
of T2DM.

Materials and Methods
Research Subjects
The study included 100 patients with T2DM diagnosed with T2DM who received care at the Affiliated Hospital of 
Jiangnan University from January 2018 to January 2020. Meanwhile, the control group comprised 90 healthy individuals 
who underwent routine health check-ups at the same institution during the corresponding period.

Inclusion criteria: Adherence to the diagnostic criteria for T2DM stipulated in Chinese Guidelines for the Prevention 
and Treatment of T2DM (2020 Edition)”;15 Possession of complete and authentic medical records. Exclusion criteria: 
Type 1 diabetes or other types of diabetes; those with definite coagulation dysfunction, specifically including congenital 
coagulation factor deficiency, acquired coagulation abnormalities, and abnormalities in platelet count and function; those 
with acute diabetic complications, including diabetic ketoacidosis, hyperosmolar hyperglycemic syndrome, lactic acido
sis, and severe hypoglycemic coma; patients with mental disorders; coexisting malignant tumors, other endocrine 
systems disorders, immune systems disorders, blood systems disorders, severe infections, etc.

Approval was obtained from the ethics committee of Affiliated Hospital of Jiangnan University. The procedures used 
in this study adhere to the tenets of the Declaration of Helsinki, and all patients signed informed consent forms.

Data Collection
All pertinent basic information and biochemical indicators for each patient were meticulously collected. This included 
age, gender, body mass index (BMI), any underlying medical conditions, as well as key metabolic parameters such as 
fasting blood glucose (FBG), hemoglobin A1c (HbA1c), total cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). Prior to the initiation of treatment, 
venous blood was drawn from the patients, followed by centrifugation to obtain serum for subsequent analysis.

Real-Time Quantitative PCR
Total RNA was extracted utilizing the Trizol extraction kit (Invitrogen, USA), and the concentration and purity of the 
RNA were assessed with a NanoDrop2000 spectrophotometer. After qualification, total RNA was reverse-transcribed into 
cDNA using the Taqman miRNA reverse transcription kit (YaJi mall, Shanghai). Quantitative RT-PCR was conducted 
using the ABI 7500 Fast Real-Time PCR System, with each sample tested a minimum of three times and each experiment 
replicated three times. U6 was used as the endogenous control for normalization. A melting curve analysis was 
performed post-amplification, and the relative expression level of serum miR-17-5p was determined using the 2−ΔΔCt 

method based on the corresponding Ct values.
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Nursing Interventions
All T2DM patients received standardized basic nursing interventions, including routine blood glucose monitoring and 
dietary guidance, standardized medication management, basic condition monitoring, and follow-up management. The 
aim was to reduce potential confounding effects of drastic blood glucose fluctuations or treatment differences on the 
assessment of miR-17-5p expression levels and chronic complications through unified intervention measures, so as to 
ensure the reliability of the research results.

Follow-Up
All patients were monitored primarily through telephone consultations and outpatient visits. Follow-up commenced at the 
time of T2DM diagnosis and continued until the onset of chronic complications or the completion of a five-year follow- 
up period. T2DM complications affect multiple important systems, including macrovascular complications (such as 
coronary heart disease, stroke and peripheral artery disease), microvascular complications (diabetic nephropathy, diabetic 
retinopathy, diabetic neuropathy), and other complications such as diabetic foot and diabetic skin lesions.

Cell Culture and Transfection
EPCs were acquired from SAIOS (Wuhan) and subsequently cultured in EGM-2 complete medium supplemented with 
10% fetal bovine serum (FBS) within a 5% CO2 incubator maintained at 37°C. Cells in the logarithmic growth phase 
were selected for the transfection process. The transfection was performed utilizing Lipofectamine™ 3000 (Invitrogen, 
USA). Subsequent experiments were executed 48 hours post-transfection. The designated experimental groups for cell 
transfection included: a control group (no transfection), a mimic NC group (transfected with a mimic negative control), 
a miR-17-5p mimic group (transfected with the miR-17-5p mimic), an inh-NC group (transfected with an inhibitor 
negative control), and an inh-miR-17-5p group (transfected with the miR-17-5p inhibitor).

CCK-8 Assay to Detect Cell Proliferation Ability
Transfected cells in each group were harvested, digested, and inoculated into 24-well plates (2.5×104 cells/well). The 
culture plates were placed in a CO2 incubator at 37°C with 5% CO2 for incubation for 24, 48 and 72 hours. After 
incubation, 10 µL of CCK-8 solution was added to each well, and the plates were returned to the incubator for 1 hour. 
Absorbance was measured at 450 nm using an ELISA spectrophotometer.

Annexin V/PI Flowcytometric Detection of Cells Apoptotic
Transfected cells from each group were collected and digested with 0.125% trypsin. Cells were centrifuged, washed once 
with phosphate-buffered saline (PBS), recentrifuged, and the supernatant was discarded. Cell pellets were resuspended in 
1x Annexin binding buffer to a final concentration of 1×106 cells/ mL. 5 µL Alexa Fluor 488 Annexin V and 1 µL 
100 µg/mL propidium iodide (PI) were added to 100 µL of cell suspension, and the mixture was incubated at room 
temperature in the dark for 15 minutes. After incubation, Annexin binding buffer was added to each sample and mixed 
thoroughly. Flow cytometry was used to detect the cells and calculate the apoptosis rate.

Dual-Luciferase Reporter Gene Assay
The TargetScan database indicates that miR-17-5p possesses binding sites within the FBXO48 nucleotide sequence. The 
fragment containing the FBXO48-3’UTR sequence and the binding site of miR-17-5p was amplified by PCR technology. 
This amplified fragment was subsequently inserted into the luciferase pGL4 vector to establish the wild-type construct of 
FBXO48 (FBXO48-wt). Furthermore, through the application of gene mutation techniques, specific binding site 
sequences were mutated to generate the mutant construct (FBXO48-mut). For the experimental procedure, 
Lipofectamine™ 3000 was employed to co-transfect the FBXO48-wt and FBXO48-mut constructs along with miR-17- 
5p mimic and inh-miR-17-5p into EPCs, respectively. Following a 48-hour transfection period, the cells were washed 
with PBS, and RIPA lysis buffer (250 µL) was added. Cells were incubated in a shaking incubator at room temperature 
for 15 minutes to facilitate lysis. The lysate was collected, and 50 mL of Luciferase Detection Reagent II was added to 
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measure the fluorescence intensity A using an automated luciferase detector. Subsequently, Stop & Glo was introduced to 
determine the fluorescence intensity B. The relative luciferase activity was then calculated as the ratio of A to B.

Statistical Methods
G*Power (version 3.1.9.7) was used to calculate and determine the sample size, with α set at 0.05 (two-tailed test) and 
test power (1-β) set at 0.85. Data analysis was conducted utilizing SPSS version 26.0 statistical software. Measurement 
data were presented as the mean ± standard deviation (mean ± SD), with comparisons performed via analysis of variance 
(ANOVA). For pairwise comparisons, the LSD-t test was employed. Count data were expressed as proportions of their 
respective components, and comparisons were executed using the χ2 test. P < 0.05 was set to indicate statistical 
significance.

Results
Comparison of the Clinical Characteristics of the Subjects
Clinical data and biochemical test results for both groups are presented in Table 1. There were no statistically significant 
differences in gender, age, BMI, history of hypertension, TC and LDL-C levels between the two groups (P > 0.05). 
Notably, TG, FBG, and HbA1c (%) in the T2DM group were markedly elevated compared to the control group, whereas 
the HDL-C levels were substantially lower in the T2DM group (P < 0.05).

Expression of miR-17-5p in T2DM and Its Correlation with Blood Glucose Indicators
RT-qPCR results revealed a significant decrease in serum miR-17-5p levels in T2DM patients compared to the control 
group (P < 0.001) (Figure 1A). The ROC curve was constructed to assess the diagnostic utility of miR-17-5p in 
identifying T2DM. The analysis demonstrated an area under the curve (AUC) of 0.932 (95% CI = 0.898–0.966), with 
sensitivity and specificity rates of 92% and 81.1%, respectively (Figure 1B). Pearson correlation analysis revealed 
a significant negative correlation between serum miR-17-5p levels and both FBG (r = −0.718) and HbA1c (%) 
percentages (r = −0.695) (P < 0.001) (Figure 1D–E).

Table 1 Clinical Characteristics of the Study Participants

Variable Control (n=90) T2DM (n=100) P value

Age (years) 51.74±3.46 51.91±3.75 0.753

Gender (male/female) 43/47 55/45 0.323

BMI (kg/m2) 23.95±1.23 24.11±1.15 0.366

Hypertension (yes/no) 42/48 54/46 0.315

TC (mmol/L) 4.55±0.66 4.72±0.58 0.071

TG (mmol/L) 1.68±0.12 2.03±0.24 <0.001***

HDL-C (mmol/L) 1.35±0.19 1.28±0.17 0.004**

LDL-C (mmol/L) 2.40±0.23 2.44±0.20 0.152

FBG (mmol/L) 4.96±0.57 7.76±0.52 <0.001***

HbA1c (%) 4.79±0.56 8.49±0.82o <0.001***

Note: **P <0.01, ***P<0.001. 
Abbreviations: T2DM, Type 2 diabetes mellitus; BMI, body mass index; TC, Serum total 
cholesterol; TG, Triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low- 
density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c (%), glycosylated 
hemoglobin.
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Relationship Between miR-17-5p Expression and Clinical Characteristics of T2DM
The 100 patients were categorized into two groups based on the median expression level of miR-17-5p in T2DM 
individuals: a low miR-17-5p level group (n = 52) and a high miR-17-5p level group (n = 48). Low miR-17-5p 
expression was closely associated with TG, FBG, and HbA1c in T2DM patients (P < 0.05) (Table 2).

Figure 1 Expression of miR-17-5p in T2DM and Its Correlation with Blood Glucose Indicators. The serum miR-17-5p level in T2DM patients was significantly decreased 
(P<0.001) (A). ROC curves for the assessment of the diagnostic value of miR-17-5p in T2DM (B). The serum miR-17-5p level was significantly negatively correlated with 
both FBG and HbA1 (%) (C and D). ***P<0.001.

Table 2 The Relationship Between miR-17-5p Expression 
and Clinical Characteristics of T2DM

Variable miR-17-5p Expression Level P value

Low (n=52) High (n=48)

TC (mmol/L) 4.64±0.58 4.80±0.57 0.159

TG (mmol/L) 1.99±0.23 2.08±0.24 0.045*

HDL-C (mmol/L) 1.30±0.18 1.26±0.16 0.201

LDL-C (mmol/L) 2.41±0.19 2.48±0.20 0.072

FBG (mmol/L) 7.90±0.51 7.62±0.51 0.008**

HbA1c (%) 8.68±0.83 8.27±0.76 0.013*

Note: *P <0.05, **P <0.01. 
Abbreviations: TC, Serum total cholesterol; TG, Triglycerides; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles
terol; FBG, fasting blood glucose; HbA1c (%), glycosylated hemoglobin.
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Association of miR-17-5p with Chronic Complications of T2DM
Over a 5-year follow-up period, 30 T2DM patients developed chronic complications, comprising 23 instances of 
microvascular complications and 7 instances of macrovascular complications. RT-qPCR analysis revealed that miR-17- 
5p expression was significantly lower in patients with chronic complications than in those without (P < 0.001) 
(Figure 2A). Further ROC curve analysis results showed that miR-17-5p has a good ability to identify and distinguish 
individuals with T2DM without complications, with an area AUC of 0.866 (95% CI: 0.796–0.936), corresponding to 
a sensitivity of 76.7% and a specificity of 78.6% (Figure 2B). Kaplan-Meier analysis demonstrated that T2DM patients 
with low miR-17-5p levels had a significantly higher risk of developing chronic complications than those with high levels 
(Log-rank P=0.009) (Figure 2C).

Analysis of Risk Factors for Chronic Complications in T2DM Patients
Further analyze the influencing factors of the occurrence of chronic complications in patients with T2DM. A multivariate 
Cox analysis was performed with the dependent variable whether T2DM patients had chronic complications (0 for no 
complications, 1 for complications) and the independent variables serum miR-17-5p and clinical parameters. The results 
showed that miR-17-5p, hypertension, FBG level and HbA1c were related risk factors for the occurrence of chronic 
complications in patients with T2DM (P<0.05). While BMI might be a related factor for chronic complications of T2DM, 
it did not reach statistical significance (P>0.05) (Table 3).

Figure 2 Correlation between miR-17-5p and Chronic Complications of T2DM. The expression level of miR-17-5p in the T2DM with chronic complications group was 
significantly lower than that in the non-complication group (P < 0.001) (A). ROC curve of miR-17-5p for distinguishing T2DM patients with or without chronic complications 
(B). Kaplan-Meier curve showing the cumulative incidence of chronic complications in T2DM patients with low vs high miR-17-5p expression levels (C). *** P<0.001.

Table 3 Multivariate Cox Analysis of Clinical Characteristics 
and Progression in T2DM Patients

Variable HR 95% CI for HR P value

Lower Upper

miR-17-5p expression 0.254 0.081 0.794 0.018*

Age 1.612 0.660 3.938 0.295

Gender 0.859 0.352 2.093 0.738

(Continued)
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Effect of miR-17-5p on EPCs
To elucidate the potential mechanisms through which miR-17-5p may influence T2DM and its associated chronic 
complications, including microvascular and vascular complications, we established both overexpression and knockdown 
models of EPCs via transfection experiments. The transfection efficiency is illustrated in Figure 3A. CCK-8 assay results 
revealed that the overexpression of miR-17-5p significantly enhanced the proliferation of EPCs, whereas the knockdown 
of miR-17-5p led to a marked inhibition of cell proliferation (Figure 3B). Furthermore, apoptosis assay findings indicated 
that upregulation of miR-17-5p was associated with a reduction in the apoptosis rate of EPCs, while its knockdown 
resulted in an increased apoptosis rate (Figure 3C).

Figure 3 Effect of miR-17-5p on EPCs. Cell transfection efficiency (A). The CCK-8 assay was used to determine cell proliferation (B). Annexin V/PI flow cytometry for 
detection of cell apoptosis (C). ** P<0.01.

Table 3 (Continued). 

Variable HR 95% CI for HR P value

Lower Upper

BMI 2.146 0.869 5.297 0.098

Hypertension 2.756 1.049 7.243 0.040*

TC 1.585 0.664 3.785 0.300

TG 1.570 0.666 3.703 0.303

HDL-C 0.551 0.228 1.331 0.185

LDL-C 2.143 0.828 5.543 0.116

FBG 3.351 1.319 8.517 0.011*

HbA1c (%) 2.647 1.164 6.020 0.020*

Note: *P <0.05. 
Abbreviations: T2DM, Type 2 diabetes mellitus; BMI, body mass index; TC, 
Serum total cholesterol; TG, Triglycerides; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood 
glucose; HbA1c (%), glycosylated hemoglobin.

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S542183                                                                                                                                                                                                                                                                                                                                                                                                   3243

Gu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Verification of the Targeting Relationship Between miR-17-5p and FBXO48
We screened for potential target genes of miR-17-5p and identified FBXO48 as a candidate. Binding sites for both miR- 
17-5p and FBXO48 are illustrated in Figure 4A. Dual-luciferase reporter gene assay results corroborated the targeting 
relationship between miR-17-5p and FBXO48 (Figure 4B). In EPCs, overexpression of miR-17-5p significantly inhibited 
FBXO48 levels (Figure 4C). Moreover, FBXO48 expression was notably elevated in T2DM patients compared to the 
control group (Figure 4D). Pearson correlation analysis revealed a significant negative correlation between serum miR- 
17-5p levels and FBXO48 levels in T2DM patients (r = −0.812, P < 0.001) (Figure 4E).

Effect of miR-17-5p Targeting FBXO48 on EPCs
RT-qPCR was used to detect the expressions of miR-17-5p and FBXO48 after the cell transfection or co-transfection 
experiments. As shown in Figure 4F and G, in the miR-17-5p mimic group, the expression of miR-17-5p increased, and 
the expression level of FBXO48 decreased. In the miR-17-5p mimic + oe FBXO48 group, there was no significant 
difference in the expression of miR-17-5p, while the expression level of FBXO48 increased. The results of the CCK-8 
and apoptosis assays (Figure 4H and I) indicated that overexpression of miR-17-5p significantly promoted EPC 
proliferation and inhibited EPC apoptosis, while FBXO48 counteracted this positive effect.

Figure 4 Regulation of miR-17-5p on EPCs Function by Targeting FBXO48. The binding site of miR-17-5p and FBXO48 (A). The results of dual-luciferase reporter gene assay 
verified the targeting relationship between miR-17-5p and FBXO48 (B). RT-qPCR was used to detect the expression level of FBXO48 in EPCs. (C). The expression level of 
FBXO48 in patients with T2DM was significantly higher than that in the control group (D). Correlation Analysis of Serum miR-17-5p and FBXO48 Expression Levels in 
Patients with T2DM (E). Verification of Expression Levels of miR-17-5p and FBXO48 in Co-transfection Experiments (F and G). Detection of EPCs Proliferation Ability in the 
Co-transfection Group by CCK-8 Assay (H). Detection of EPCs Apoptosis Rate in the Co-transfection Group by Flow Cytometry (I). ns P>0.05, ** P<0.01, *** P<0.001.
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Discussion
MiRNAs have emerged as promising biomarkers for T2DM.16 Research exploring the role of miRNAs in T2DM and its 
associated complications has underscored their potential utility in early diagnosis, treatment, and prognostication.17 

Serum miR-23a levels were found to be lower in patients with T2DM, making it a potential biomarker to diagnose 
prediabetes and T2DM.18 Our study also revealed a significant decrease in the serum miR-17-5p levels in patients with 
T2DM, which was closely related to the patients’ blood glucose indices. In addition, miR-17-5p showed high sensitivity 
and specificity in the diagnosis of T2DM. This suggests that miR-17-5p has the potential to serve as a biomarker for the 
early diagnosis of T2DM, which can help in the timely detection and intervention at the early stage of the disease, thus 
delaying the progression of the disease.

Patients with T2DM who failed to maintain optimal long-term blood glucose control were at risk of developing 
microvascular complications, which were the primary causes of morbidity and mortality in this cohort.19 Nursing 
interventions tailored for T2DM patients can effectively manage blood sugar levels, mitigate the onset of complications, 
enhance overall quality of life, and contribute positively to the stabilization of their condition.20 In our study, which 
involved a cohort of 100 patients with T2DM, we observed that 30 individuals developed chronic complications over 
a 5-year period, resulting in an incidence rate of 30%. Furthermore, early diagnosis and vigilant monitoring of T2DM are 
paramount in delaying or even preventing adverse outcomes.21 MiRNAs have been shown to play an important role in 
the complications of T2DM in a large number of studies.22 Existing studies have shown that low expression of miR- 
146a-5p is significantly associated with the occurrence of chronic complications in patients with type 1 diabetes mellitus, 
and its mechanism of action may be related to the regulation of inflammatory pathways.23 In the field of T2DM 
complication prediction, this study found that low expression of miR-17-5p is closely related to T2DM chronic 
complications and has a good ability to identify and distinguish T2DM individuals without complications. Further 
mechanistic studies have confirmed that miR-17-5p can affect the function of EPCs by targeting and binding to the 
FBXO48 gene, thereby participating in the pathological process of vascular complications. The differences in the 
mechanisms of action between the two miRNAs provide a subdivided direction for the precise development of 
intervention targets for T2DM complications and also lay a theoretical foundation for the design of subsequent targeted 
treatment strategies.

EPCs are a type of precursor cells that can proliferate and differentiate into mature endothelial cells, playing an 
important role in the occurrence and development of diabetes and its complications.24 Dysfunction of EPCs is a core link 
in vascular complications of T2DM.25 The vascular damage in diabetic patients is difficult to be repaired in a timely 
manner, increasing the risk of developing microvascular and macrovascular complications.26 The proliferation and 
differentiation abilities of EPCs are inhibited, which affects the repair of blood vessels. Moreover, the increase in cell 
apoptosis leads to a reduction in the number of cells available for blood vessel repair.27 Studies have shown that the 
proliferation capacity and apoptotic status of EPCs are subject to precise regulation by miRNA networks. For example, 
miR-126 promotes EPCs angiogenesis by targeting SPRED1.28 Similar to miR-126, miR-17-5p maintains EPCs function 
by inhibiting negative regulatory factors. In this study, overexpression of FBXO48 could reverse the protective effect of 
miR-17-5p on EPCs, which further confirms that FBXO48 is a key effector molecule through which miR-17-5p regulates 
EPCs function. As a member of the F-box protein family, FBXO48 can inhibit the AMPK signaling pathway by 
ubiquitin-mediated degradation of pAMPKα, thereby exacerbating insulin resistance.29 This study found that the 
expression of FBXO48 was increased in T2DM patients and was negatively correlated with miR-17-5p, which is 
consistent with the pathological-promoting role of FBXO48 in metabolic disorders in this study. In addition, Dong 
et al found that high glucose stabilizes thioredoxin-interacting protein (TXNIP) by downregulating miR-17 and activates 
the ASK1-p38 pathway to induce cell apoptosis.30 In this study, FBXO48 may participate in EPCs injury through 
a similar stress pathway, which provides a supplementary perspective for the multi-target regulation of miR-17-5p.

There are a number of weaknesses in this study. The included sample size was small, and all samples were from 
a single center, which may limit the generalizability of the conclusions. Therefore, multi-center large-sample cohort 
studies are needed to further verify its diagnostic and prognostic value. The detection method of miR-17-5p has not yet 
been standardized, and differences in sample processing, detection platforms, and data analysis may affect the 
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comparability of results. In addition, the in vitro EPCs model can only simulate functional changes at the single-cell level 
and cannot fully reproduce the complex microenvironment in the human vascular system. The correlation between its 
results and the in vivo physiological and pathological states needs to be further verified through animal models.

Conclusion
In conclusion, this study identified a notable reduction in serum miR-17-5p levels in patients with T2DM. By integrating 
the clinical data of these patients, we explored its potential as a biomarker for both T2DM and its associated chronic 
complications. Furthermore, investigating the effects of miR-17-5p targeting FBXO48 on EPCs provided valuable 
insights into the diagnostic potential and underlying pathogenesis of T2DM and its microvascular complications.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Herranz-Antolín S, Álvarez-de Frutos V, Torralba M. Clinical course of a cohort with type 2 diabetes mellitus after endocrine assessment. A 26- 

week study. [Evolución clínica de una cohorte de pacientes con diabetes mellitus tipo 2 tras su valoración en endocrinología. Estudio a 26 semanas]. 
Endocrinologia, Diabetes y Nutricion. 2018;65(4):220–228. doi:10.1016/j.endinu.2017.11.006

2. Al Busaidi N, Shanmugam P, Manoharan D. Diabetes in the middle east: government health care policies and strategies that address the growing 
diabetes prevalence in the middle east. Curr Diab Rep. 2019;19(2):8. doi:10.1007/s11892-019-1125-6

3. Davoudi S, Sobrin L. Novel genetic actors of diabetes-associated microvascular complications: retinopathy, kidney disease and neuropathy. Rev 
Diabetic stud. 2015;12(3–4):243–259. doi:10.1900/rds.2015.12.243

4. Lyssenko V, Vaag A. Genetics of diabetes-associated microvascular complications. Diabetologia. 2023;66(9):1601–1613. doi:10.1007/s00125-023- 
05964-x

5. Strain WD, Paldánius PM. Diabetes, cardiovascular disease and the microcirculation. Cardiovasc Diabetol. 2018;17(1):57. doi:10.1186/s12933- 
018-0703-2

6. Saini VM, Liu KR, Surve AS, Gupta S, Gupta A. MicroRNAs as biomarkers for monitoring cardiovascular changes in Type II Diabetes Mellitus 
(T2DM) and exercise. J Diabetes Metab Disord. 2022;21(2):1819–1832. doi:10.1007/s40200-022-01066-4

7. Tiwari J, Gupta G, de Jesus Andreoli Pinto T, et al. Role of microRNAs (miRNAs) in the pathophysiology of diabetes mellitus. Panminerva 
Medica. 2018;60(1):25–28. doi:10.23736/s0031-0808.17.03382-1

8. Yaribeygi H, Katsiki N, Behnam B, Iranpanah H, Sahebkar A. MicroRNAs and type 2 diabetes mellitus: molecular mechanisms and the effect of 
antidiabetic drug treatment. Metabolism. 2018;87:48–55. doi:10.1016/j.metabol.2018.07.001

9. Ismail A, El-Mahdy HA, Eldeib MG, Doghish AS. Doghish AS. miRNAs as cornerstones in diabetic microvascular complications. Mol Genet 
Metab. 2023;138(1):106978. doi:10.1016/j.ymgme.2022.106978

10. Li G, Zhang L. miR-335-5p aggravates type 2 diabetes by inhibiting SLC2A4 expression. Biochem Biophys Res Commun. 2021;558:71–78. 
doi:10.1016/j.bbrc.2021.04.011

11. Wan S, Wang J, Wang J, et al. Increased serum miR-7 is a promising biomarker for type 2 diabetes mellitus and its microvascular complications. 
Diabetes Res Clin Pract. 2017;130:171–179. doi:10.1016/j.diabres.2017.06.005

12. Pan Q, Xu X, He W, et al. Enrichment of miR-17-5p enhances the protective effects of EPC-EXs on vascular and skeletal muscle injury in 
a diabetic hind limb ischemia model. Biol Res. 2023;56(1):16. doi:10.1186/s40659-023-00418-5

13. Li J, Wang Y, Wu T, Li S, Sun YN, Liu ZH. Baicalein suppresses high glucose-induced inflammation and apoptosis in trophoblasts by targeting the 
miRNA-17-5p-Mfn1/2-NF-κB pathway. Placenta. 2022;121:126–136. doi:10.1016/j.placenta.2022.02.013

14. Coucha M, Mohamed IN, Elshaer SL, Mbata O, Bartasis ML, El-Remessy AB. High fat diet dysregulates microRNA-17-5p and triggers retinal 
inflammation: role of endoplasmic-reticulum-stress. World J Diabet. 2017;8(2):56–65. doi:10.4239/wjd.v8.i2.56

15. Xing C, Lu Y, Liu G, Chen F, Hou Z, Zhang Y. The expression of miR-377-3p in patients with DKD and the regulatory mechanism of miR-377-3p 
on the inflammatory response of HK-2 cells through TGF-β. Diabetes Metab Syndr Obes. 2024;17:903–911. doi:10.2147/dmso.S449791

16. Grieco GE, Besharat ZM, Licata G, et al. Circulating microRNAs as clinically useful biomarkers for type 2 diabetes mellitus: miRNomics from 
bench to bedside. Transl Res. 2022;247:137–157. doi:10.1016/j.trsl.2022.03.008

17. Paschou SA, Siasos G, Katsiki N, Tentolouris N, Tousoulis D. The role of microRNAs in the development of type 2 diabetes complications. Curr 
Pharm Des. 2020;26(46):5969–5979. doi:10.2174/1381612826666201102102233

18. Yang Z, Chen H, Si H, et al. Serum miR-23a, a potential biomarker for diagnosis of pre-diabetes and type 2 diabetes. Acta diabetologica. 2014;51 
(5):823–831. doi:10.1007/s00592-014-0617-8

19. Bielska A, Niemira M, Kretowski A. Recent highlights of research on miRNAs as early potential biomarkers for cardiovascular complications of 
type 2 diabetes mellitus. Int J Mol Sci. 2021;22(6):3153. doi:10.3390/ijms22063153

20. Sina M, Graffy J, Simmons D. Associations between barriers to self-care and diabetes complications among patients with type 2 diabetes. Diabetes 
Res Clin Pract. 2018;141:126–131. doi:10.1016/j.diabres.2018.04.031

21. Hyun MK, Lee JW, Ko SH. Chronic disease management program applied to type 2 diabetes patients and prevention of diabetic complications: 
a retrospective cohort study using nationwide data. BMC Public Health. 2023;23(1):928. doi:10.1186/s12889-023-15763-z

22. Banerjee J, Nema V, Dhas Y, Mishra N. Role of MicroRNAs in type 2 diabetes and associated vascular complications. Biochimie. 2017;139:9–19. 
doi:10.1016/j.biochi.2017.05.007

https://doi.org/10.2147/DMSO.S542183                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 3246

Gu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.endinu.2017.11.006
https://doi.org/10.1007/s11892-019-1125-6
https://doi.org/10.1900/rds.2015.12.243
https://doi.org/10.1007/s00125-023-05964-x
https://doi.org/10.1007/s00125-023-05964-x
https://doi.org/10.1186/s12933-018-0703-2
https://doi.org/10.1186/s12933-018-0703-2
https://doi.org/10.1007/s40200-022-01066-4
https://doi.org/10.23736/s0031-0808.17.03382-1
https://doi.org/10.1016/j.metabol.2018.07.001
https://doi.org/10.1016/j.ymgme.2022.106978
https://doi.org/10.1016/j.bbrc.2021.04.011
https://doi.org/10.1016/j.diabres.2017.06.005
https://doi.org/10.1186/s40659-023-00418-5
https://doi.org/10.1016/j.placenta.2022.02.013
https://doi.org/10.4239/wjd.v8.i2.56
https://doi.org/10.2147/dmso.S449791
https://doi.org/10.1016/j.trsl.2022.03.008
https://doi.org/10.2174/1381612826666201102102233
https://doi.org/10.1007/s00592-014-0617-8
https://doi.org/10.3390/ijms22063153
https://doi.org/10.1016/j.diabres.2018.04.031
https://doi.org/10.1186/s12889-023-15763-z
https://doi.org/10.1016/j.biochi.2017.05.007


23. Barutta F, Corbetta B, Bellini S, et al. MicroRNA 146a is associated with diabetic complications in type 1 diabetic patients from the EURODIAB 
PCS. J Trans Med. 2021;19(1):475. doi:10.1186/s12967-021-03142-4

24. Fluitt MB, Mohit N, Gambhir KK, Nunlee-Bland G. To the future: the role of exosome-derived micrornas as markers, mediators, and therapies for 
endothelial dysfunction in type 2 diabetes mellitus. J Diabet Res. 2022;2022:5126968. doi:10.1155/2022/5126968

25. Yang C, Kelaini S, Caines R, Margariti A. RBPs play important roles in vascular endothelial dysfunction under diabetic conditions. Front Physiol. 
2018;9:1310. doi:10.3389/fphys.2018.01310

26. Fang X, Zhang Y, Wu H, et al. Mitochondrial regulation of diabetic endothelial dysfunction: pathophysiological links. Int J Biochem Cell Biol. 
2024;170:106569. doi:10.1016/j.biocel.2024.106569

27. Altabas V, Marinković Radošević J, Špoljarec L, Uremović S, Bulum T. The impact of modern anti-diabetic treatment on endothelial progenitor 
cells. Biomedicines. 2023;11(11):3051. doi:10.3390/biomedicines11113051

28. Meng S, Cao JT, Zhang B, Zhou Q, Shen CX, Wang CQ. Downregulation of microRNA-126 in endothelial progenitor cells from diabetes patients, 
impairs their functional properties, via target gene Spred-1. J Mol Cell Cardiol. 2012;53(1):64–72. doi:10.1016/j.yjmcc.2012.04.003

29. Liu Y, Jurczak MJ, Lear TB, et al. A Fbxo48 inhibitor prevents pAMPKα degradation and ameliorates insulin resistance. Nat Chem Biol. 2021;17 
(3):298–306. doi:10.1038/s41589-020-00723-0

30. Dong D, Fu N, Yang P. MiR-17 downregulation by high glucose stabilizes thioredoxin-interacting protein and removes thioredoxin inhibition on 
ASK1 leading to apoptosis. Toxicol Sci. 2016;150(1):84–96. doi:10.1093/toxsci/kfv313

Diabetes, Metabolic Syndrome and Obesity                                                                                 

Publish your work in this journal 
Diabetes, Metabolic Syndrome and Obesity is an international, peer-reviewed open-access journal committed to the rapid publication of the 
latest laboratory and clinical findings in the fields of diabetes, metabolic syndrome and obesity research. Original research, review, case reports, 
hypothesis formation, expert opinion and commentaries are all considered for publication. The manuscript management system is completely 
online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-journal

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                                  3247

Gu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1186/s12967-021-03142-4
https://doi.org/10.1155/2022/5126968
https://doi.org/10.3389/fphys.2018.01310
https://doi.org/10.1016/j.biocel.2024.106569
https://doi.org/10.3390/biomedicines11113051
https://doi.org/10.1016/j.yjmcc.2012.04.003
https://doi.org/10.1038/s41589-020-00723-0
https://doi.org/10.1093/toxsci/kfv313
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Research Subjects
	Data Collection
	Real-Time Quantitative PCR
	Nursing Interventions
	Follow-Up
	Cell Culture and Transfection
	CCK-8 Assay to Detect Cell Proliferation Ability
	Annexin V/PI Flowcytometric Detection of Cells Apoptotic
	Dual-Luciferase Reporter Gene Assay
	Statistical Methods

	Results
	Comparison of the Clinical Characteristics of the Subjects
	Expression of miR-17-5p in T2DM and Its Correlation with Blood Glucose Indicators
	Relationship Between miR-17-5p Expression and Clinical Characteristics of T2DM
	Association of miR-17-5p with Chronic Complications of T2DM
	Analysis of Risk Factors for Chronic Complications in T2DM Patients
	Effect of miR-17-5p on EPCs
	Verification of the Targeting Relationship Between miR-17-5p and FBXO48
	Effect of miR-17-5p Targeting FBXO48 on EPCs

	Discussion
	Conclusion
	Disclosure

