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and IGF2BP3 Expression in Type 2 Diabetes Mellitus: 

Implications for Biomarker Discovery and Disease 
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Abstract

Background: This study is designed to investigate the differential 
microRNA (miRNA) expression profiles in individuals with and 
without type 2 diabetes mellitus (T2DM). The focus is on miRNAs 
that play a crucial role in the onset and progression of T2DM, par-
ticularly in glucose metabolism, inflammation, platelet reactivity, and 
endothelial dysfunction.

Methods: Twenty samples were categorized into groups of T2DM 
and non-T2DM, and miRNA profiling was conducted using microar-
ray analysis. The expression levels of the candidate miR-25-3p, as 
well as its target genes platelet-activating factor receptor (PTAFR) 
and insulin-like growth factor 2 mRNA binding protein 3 (IGF2BP3), 
were validated using quantitative polymerase chain reaction (qPCR).

Results: The present study revealed a significant reduction in the level 
of miR-25-3p in the T2DM group compared to the non-T2DM group. 
This suggests higher levels of PTAFR and IGF2BP3 in individuals 
with T2DM, indicating a potential biomarker for the condition.

Conclusions: The downregulation of miR-25-3p, which is associated 
with increased PTAFR levels, may contribute to heightened platelet 
reactivity and inflammation, worsening endothelial dysfunction, and 
potentially influencing vascular complications in diabetes. Addition-
ally, the upregulation of IGF2BP3 is correlated with insulin resistance 

and β-cell dysfunction, which may contribute to elevated hypergly-
cemia and hyperinsulinemia, further aggravating the progression of 
diabetes. These findings highlight the potential of miR-25-3p and IG-
F2BP3 as biomarkers for T2DM and suggest their possible relevance 
for improving diagnosis and treatment strategies.
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Introduction

Type 2 diabetes mellitus (T2DM) is characterized by elevated 
blood glucose levels resulting from cellular resistance to insulin 
or dysfunction of pancreatic β cells, leading to decreased insulin 
production and secretion. Insufficient insulin activity impedes 
cellular glucose uptake, consequently raising blood sugar levels. 
In patients with T2DM, insulin production may be inadequate, 
or the body may exhibit insulin resistance, further exacerbating 
hyperglycemia. Common signs and symptoms of T2DM include 
increased thirst and appetite, unintended weight loss, blurred vi-
sion, frequent urination, and peripheral neuropathy manifesting 
numbness or tingling in the hands or feet. Additionally, there 
may be slow wound healing, ketones in the urine, and potential 
acidosis. In males, issues related to sex hormone regulation and 
sexual performance are observed, while females may experi-
ence vaginal candidiasis, abnormal itching, and increased vagi-
nal discharge [1]. Management of T2DM encompasses dietary 
regulation, physical activity, self-monitoring of blood glucose 
levels, and, when necessary, oral hypoglycemic agents and insu-
lin therapy. Approximately 40% of individuals with T2DM re-
quire insulin injections. The diagnostic process aims to confirm 
the presence of T2DM and facilitate effective treatment and pre-
vention strategies. This process necessitates integrating clinical 
symptomatology with laboratory test results to ensure accurate 
diagnosis and optimal patient care [2, 3].

Platelet-activating factor receptor (PTAFR) pathway plays 
a key role in astrocyte activation and inflammation in Alzhei-
mer’s disease (AD), leading to increased Aβ accumulation and 
reactive oxygen species (ROS) production. Polar lipids (PLs) 
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from salmon and yogurt inhibit PTAFR-mediated activation 
in astrocytes, reducing inflammation and improving neuronal 
health. These findings suggest that PL-rich foods may help re-
duce AD risk by targeting neuroinflammation [4]. PTAFR is 
upregulated in AD patients’ brain tissue, blood, and cerebro-
spinal fluid, contributing to inflammation via the IL10-STAT3 
pathway, especially in microglia. Elevated PTAFR levels are 
also seen in APP/PS1 mice, and PTAFR is a potential target 
for anti-AD therapies, highlighting its role as a biomarker for 
early diagnosis and treatment [5].

Insulin-like growth factor 2 mRNA binding protein 3 (IG-
F2BP3), a ribonucleic acid (RNA)-binding protein, plays a cru-
cial role in MLL-AF4 leukemia by regulating leukemogenesis. 
Targeting IGF2BP3 using CRISPR-Cas9 and inhibiting the 
menin-MLL interaction with small molecules enhanced the ther-
apeutic effect, leading to increased differentiation and improved 
survival in leukemia models. IGF2BP3 depletion showed more 
potent antileukemic effects than menin-MLL inhibition alone, 
suggesting it as a promising therapeutic target in leukemia [6]. 
IGF2BP3 is upregulated in colorectal cancer (CRC) and as-
sociated with poor prognosis. It promotes CRC tumorigenesis 
and progression by stabilizing epidermal growth factor receptor 
(EGFR) mRNA and activating the EGFR pathway in an m6A-
dependent manner. Additionally, IGF2BP3 enhances resistance 
to EGFR-targeted therapies, making it a functional oncogene in 
CRC. Targeting IGF2BP3 and m6A modification offers poten-
tial therapeutic strategies for CRC patients [7].

MicroRNA (miRNA, miR) is a small RNA molecule con-
sisting of approximately 20 - 25 nucleotides, with the specific 
nucleotide sequence varying depending on the type of miRNA. 
These single-stranded RNA molecules, produced by genes re-
sponsible for their synthesis or by non-coding regions of the 
genome (introns), play a crucial role in regulating gene ex-
pression. They bind to target RNA at the 3' untranslated region 
(UTR), which does not code for proteins [8]. This binding re-
sults in the inhibition of protein production or the degrada-
tion of the target RNA, responsible for approximately 30% of 
protein production within the entire genome [9]. What is fasci-
nating is that a single type of miRNA can bind specifically to 
multiple types of RNA, underscoring their versatility in gene 
regulation and the complexity of diabetes research [10, 11].

The mechanism by which miRNAs inhibit protein produc-
tion or cause the degradation of target mRNA relies on the bind-
ing ability of the complementary bases on the miRNA to the tar-
get mRNA’s 3' UTR [12]. When there is perfect or near-perfect 
complementarity between the miRNA and the target mRNA, 
the mRNA is degraded, a mechanism commonly observed in 
plants. Conversely, when the complementarity is partial, protein 
production is inhibited by blocking the translation process of 
the target mRNA. In this case, the miRNA-mRNA complex is 
stored in a cellular region called the processing body (P-body) 
in the cytoplasm, which contains enzymes capable of degrad-
ing mRNA. However, the inhibition of protein production does 
not always occur through mRNA degradation [13]. Under ap-
propriate stimulation, mRNA stored in the P-body can be re-
leased back into the cytoplasm and translated, indicating that 
this mechanism is reversible [14]. This reversible mechanism of 
action has been observed in animals but not in plants.

Currently, miRNAs are recognized for their involvement 

in various fundamental cellular processes, including embryonic 
development, metabolic processes, cell differentiation, pro-
grammed cell death (apoptosis), and insulin secretion [15]. The 
versatility and complexity of miRNAs in gene regulation are 
intriguing. Additionally, miRNAs are implicated in numerous 
human diseases such as AD, Parkinson’s disease, muscle dis-
orders, and cancer. Studies have identified a significant role of 
miRNAs in the disease process, specifically concerning diabe-
tes. In T2DM, abnormal miRNA expressions have been linked 
to the regulation of glucose metabolism, inflammation, platelet 
reactivity, and endothelial dysfunction [16]. For instance, the 
downregulation of miR-25-3p, as observed in this study, is asso-
ciated with increased levels of PTAFR and IGF2BP3, which in 
turn may intensify platelet reactivity and inflammation, worsen 
endothelial dysfunction, and contribute to vascular complica-
tions in diabetes. These findings are consistent with prior re-
search linking miR-25-3p to platelet function and endothelial 
health [17, 18]. Additionally, the upregulation of IGF2BP3 has 
been implicated in promoting insulin resistance and β-cell dys-
function, leading to heightened hyperglycemia and hyperinsu-
linemia, thus exacerbating diabetes progression. These conclu-
sions are supported by these experimental data and are in line 
with previous studies that highlighted the role of IGF2BP3 in 
glucose metabolism and insulin resistance [19, 20].

miRNAs are considered excellent biomarkers due to their 
specific structure and stability in cells, the bloodstream, and 
bodily fluids. Typically, exosomes encapsulate miRNAs, but 
some are bound to proteins, such as argonaute-2 (AGO-2) or 
lipoproteins. miRNAs can exit the cell through secretion, exo-
cytosis, and cell death (apoptosis). Importantly, miRNA assays 
in serum or plasma remain stable for 48 h at room temperature 
and can be preserved at -70 °C, providing a reliable method for 
disease diagnosis [21]. This stability, along with the potential 
for miRNAs to serve as biomarkers for indicating abnormal 
conditions, offers reassurance about the reliability of miRNA 
assays and their potential for disease diagnosis.

miRNAs are integral to physiological development and the 
pathogenesis of various diseases, including T2DM. In individu-
als with T2DM, miRNAs produced and released by cells exhibit 
stability and resistance to enzyme degradation, allowing them to 
be detected in serum or plasma. These stable molecules, present 
in biological fluids like plasma, retain their integrity, making 
them potential biomarkers for identifying abnormal conditions. 
Therefore, the objective of this study is to investigate and com-
pare miRNA biomarkers in plasma samples from patients with 
T2DM and healthy controls. The findings may contribute to a 
better understanding of miRNA’s role in T2DM and their poten-
tial use as diagnostic tools for this condition.

Materials and Methods

Sample collection

Twenty leftover ethylenediaminetetraacetic acid (EDTA) plas-
ma blood samples were collected, consisting of 10 samples 
from patients with T2DM and 10 samples from non-T2DM 
individuals. The inclusion criteria for the T2DM patients were 
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defined by fasting blood sugar (FBS) levels of ≥ 126 mg/dL and 
hemoglobin A1c (HbA1c) levels of ≥ 6.5. Patients with other 
forms of diabetes, such as type 1 diabetes mellitus (T1DM) 
and gestational diabetes, were excluded from the study. Al-
though the presence of comorbidities such as hypertension 
and dyslipidemia was not systematically assessed in this study, 
these factors should be considered in future investigations, and 
statistical adjustments for comorbidities may be necessary to 
ensure accurate interpretation. This study was approved by the 
Human Research Ethics Committee at Walailak University, 
Thailand (WUEC-23-235-01).

miRNA extraction

miRNA extraction was performed on all 20 blood samples us-
ing the HiPure Serum miRNA Kit (Magen, China), following 
the manufacturer’s instructions. The quantification and purity 
of the extracted miRNA were assessed using the NanoDrop™ 
One/OneC Microvolume UV-Vis Spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA).

Microarray analysis

All samples were analyzed using the microarray technique 
with the GeneChip™ miRNA 4.0 Assay (Applied Biosystems, 
USA), following the manufacturer’s instructions. The microar-
ray results from the two sample groups were processed using 
the Transcriptome Analysis Console (TAC) Software (Thermo 
Fisher Scientific, Waltham, MA, USA) to identify candidate 
miRNA genes and their target genes for quantitative analysis.

RNA secondary structure of miR-25-3p

The RNA secondary structure of miR-25-3p was analyzed to 
gain insights into its functional stability and interaction with 
target mRNAs. The secondary structure prediction was per-
formed using miRTarBase [22] that modelled the folding of the 
miRNA into its characteristic stem-loop configuration.

Comprehensive overview of miRNA expression profiles 
across different tissues

Expression levels of miR-25-3p in vein tissue were obtained 
from the Human miRNA Tissue Atlas, which offers a compre-
hensive overview of miRNA expression profiles across differ-
ent tissues using miRTarBase [22]. The atlas was accessed to 
evaluate the tissue-specific expression patterns of miR-25-3p, 
providing contextual information relevant to its role in vascu-
lar health and systemic inflammation in T2DM.

Complementary DNA (cDNA) synthesis

According to the manufacturer’s instructions, miRNA samples 

were converted to cDNA using the ExcelRT™ Reverse Tran-
scription Kit (SMOBIO, Taiwan). All cDNA products were 
subsequently subjected to real-time polymerase chain reaction 
(PCR). The first-strand cDNA synthesis involved incubation at 
42 °C for 50 min, termination at 85 °C for 5 min, and storage at 
-20 °C before the PCR reaction. The reactions were conducted 
using the Veriti™ 96-Well Thermal Cycler (Applied Biosys-
tems™, Thermo Fisher Scientific, Waltham, MA, USA).

Real-time PCR

Quantitative analysis of the candidate miRNA gene (miR-25-
3p) and its target genes (PTAFR and IGF2BP3) was performed 
using RNA oligo primers (Macrogen, Korea). Plasma samples 
were used to extract miRNA, and the expression levels of 
PTAFR and IGF2BP3 were analyzed using quantitative PCR 
(qPCR). The reactions were conducted with the ExcelTaq™ 
2X Q-PCR Master Mix (SYBR, ROX) (SMOBIO, Taiwan) 
according to the manufacturer’s instructions. The qPCR con-
ditions included an initial denaturation and enzyme activation 
step at 95 °C for 10 min, followed by 40 cycles of denaturation 
at 95 °C for 15 s and annealing/extension at 60 °C for 60 s. 
The reactions were performed using the StepOne™ Real-Time 
PCR System (Applied Biosystems™, Thermo Fisher Scien-
tific, Waltham, MA, USA).

Data analysis

The mean CT values were determined from duplicate experi-
ments. Comparative gene expression data were analyzed using 
the comparative CT (2-ΔΔCT) method. U6 snRNA served as an 
internal control for the miRNA qPCR assay. Data were sum-
marized by calculating the mean and standard deviation (SD). 
The means of the two groups were compared using Student’s 
t-test. Statistical analysis was conducted using SPSS version 
20.0 (IBM, Armonk, NY, USA), with statistical significance 
defined at P < 0.05.

Results

The patients in this study were divided into two groups. Pa-
tients with T2DM were assigned sample IDs DM 1 through 
DM 10, while patients without T2DM were assigned sample 
IDs NDM 11 through NDM 20. In the T2DM group, there were 
three male patients (30%); in the non-T2DM group, there were 
five male patients (50%). The distribution of male and female 
participants was noted for transparency; however, the analysis 
of miRNA expression was not stratified by sex in this study. 
Future investigations with larger sample sizes and subgroup 
analyses will be necessary to explore potential sex-based dif-
ferences in miRNA expression. The average age of the T2DM 
group was 54.8 years, compared to 45 years in the non-T2DM 
group. The average FBS level was 184.1 mg/dL in the T2DM 
group and 87.2 mg/dL in the non-T2DM group. The average 
HbA1c level was 10.76% in the T2DM group and 5.27% in the 
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non-T2DM group (Table 1).
Principal component analysis (PCA) mapping from mi-

croarray analysis demonstrated differential miRNA expres-
sion, with DM samples represented by blue dots and NDM 
samples represented by red dots (Fig. 1).

The hierarchical clustering analysis of microarray data has 
unveiled significant differential miRNA expression patterns 
between DM (blue columns) and NDM (red columns). This 
discovery, depicted in Figure 2, provides a deeper understand-
ing of the molecular mechanisms underlying diabetes.

Based on the microarray analysis results, 53 miRNAs 
exhibited differential expression between the DM and NDM 
groups. The selection of potential miRNAs implicated in the 
pathogenesis of diabetes was informed by in-house and third-
party resources integrated into miRTargetLink 2.0 (Table 2) 
[23].

This study has leveraged the collaborative power of miR-
TarBase and miRDB to identify potential miRNAs implicated 
in the pathogenesis of diabetes. This comprehensive analysis, 
detailed in Table 3, underscores the robustness of this findings.

miRNA and their corresponding targets were selected 
based on the following criteria: 1) involvement of target genes 
in complications associated with DM; 2) validation of target 
genes across multiple miRNA targets; and 3) target ranking 
of ≥ 90. miR-25-3p, PTAFR, and IGF2BP3 were selected and 
validated using qPCR analysis for individual validation.

The RNA secondary structure of miR-25-3p, character-
ized by its base-pairing interactions that form a stem-loop or 
hairpin structure, is crucial for its stability, processing, and 
function. This structure plays a vital role in the maturation of 
miR-25-3p from its precursor form and directly influences its 
ability to bind effectively to target mRNAs, such as PTAFR 
and IGF2BP3. Proper folding of the miR-25-3p molecule is 
essential for its gene regulatory functions, as any alterations 
in its secondary structure could impair its interaction with the 
3' UTR of target mRNAs, ultimately affecting the expression 
levels of these genes and contributing to disease pathogenesis 
(Fig. 3).

Furthermore, the Human miRNA Tissue Atlas provides 
comprehensive insights into the expression profiles of various 
miRNAs across different tissues and organs. For miR-25-3p, 
this atlas reveals its expression levels specifically in the vein 
tissue, offering crucial context for understanding its role in 
vascular and systemic health (Fig. 4).

miR-25-3p exhibited downregulation in the DM group 
compared to the NDM group. The x-axis depicts the sample 
groups comprising DM and NDM, while the y-axis represents 
the relative expression of miR-25-3p measured by qPCR anal-
ysis (Fig. 5).

PTAFR and IGF2BP3 exhibited upregulation in the DM 
group compared to the NDM group. The x-axis represents the 
sample groups comprising DM and NDM, while the y-axis 
represents the relative expression of PTAFR and IGF2BP3 
measured by qPCR analysis (Fig. 6).

These findings reveal a significant downregulation of 
miR-25-3p in the T2DM group compared to the non-T2DM 
group, as demonstrated by qPCR analysis. In contrast, the 
expression levels of PTAFR and IGF2BP3 were markedly 
higher in T2DM patients. These results suggest that the down-
regulation of miR-25-3p is a key factor in the upregulation of 
PTAFR and IGF2BP3, potentially exacerbating inflammatory 
responses and insulin resistance, critical mechanisms involved 
in T2DM progression.

Discussion

Patients diagnosed with T2DM were identified based on cri-
teria established by the National Institute of Diabetes and Di-
gestive and Kidney Diseases (NIDDK), National Institutes of 
Health. These criteria included fasting plasma glucose levels 
of 126 mg/dL or higher and HbA1c levels of 6.5% or higher 
[24]. The DM group comprised 10 patients meeting these crite-
ria, while the NDM group included 10 patients without T2DM. 
miRNA samples from both groups were analyzed using micro-
array analysis techniques.

The present study found that miR-25-3p expression was 
downregulated in DM compared with the NDM group. miR-
25-3p, a member of the miR-25 family, has been implicated in 
regulating metabolic pathways and insulin signaling, making it 
a significant focus in the study of T2DM. The role of miR-25-
3p in T2DM pathophysiology includes insulin resistance and 
secretion, β-cell apoptosis, inflammation, and oxidative stress.

miR-25-3p is notably expressed in vein tissues, critical in 

Table 1.  Characteristics of Patients With Type 2 Diabetes Mel-
litus (DM) and Patients Without Type 2 Diabetes Mellitus (NDM)

Sample ID Sex Age (years) FBS (mg/dL) HbA1c (%)
DM 1 M 33 270 13.8
DM 2 F 72 182 11.9
DM 3 M 83 205 11.7
DM 4 F 41 146 11.7
DM 5 F 40 145 11.3
DM 6 M 40 209 9.8
DM 7 F 62 191 9.8
DM 8 F 66 126 9.8
DM 9 F 62 211 9.2
DM 10 F 49 156 8.6
NDM 11 M 46 95 4.4
NDM 12 F 46 79 4.7
NDM 13 F 33 81 5.3
NDM 14 F 40 84 5.4
NDM 15 F 47 90 5.4
NDM 16 M 43 91 5.4
NDM 17 M 54 82 5.5
NDM 18 M 26 91 5.5
NDM 19 F 59 99 5.5
NDM 20 M 56 80 5.6

FBS: fasting blood sugar; HbA1c: hemoglobin A1c.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org540

miR-25-3p Impact in T2DM J Clin Med Res. 2024;16(11):536-546

regulating vascular function and homeostasis. In the vein, miR-
25-3p modulates several vital biological processes, including 
endothelial cell function, platelet activation, and inflammatory 
responses. Its expression levels in the vein reflect its broader 
involvement in maintaining vascular health and contributing 
to systemic conditions. However, this analysis of miR-25-3p 
expression in plasma should be interpreted cautiously, as plas-
ma miRNA levels may not precisely reflect tissue-specific ex-
pression, particularly in vascular tissue. Although the reduced 
levels of miR-25-3p in plasma observed in this study may sug-
gest a systemic dysregulation associated with T2DM, further 
studies targeting vascular tissues directly would be needed to 
validate these findings and confirm the decrease of miR-25-3p 
expression specifically in vascular tissues.

The downregulation of miR-25-3p in T2DM, coupled 
with its known expression in vascular tissues, raises signifi-
cant clinical concerns regarding the potential for earlier onset 
of cardiovascular disease in these patients. This highlights the 
need for proactive cardiovascular risk assessments and con-

sideration of early primary interventions, such as low-dose as-
pirin therapy or enhanced monitoring of endothelial function, 
even in patients without established cardiovascular disease. 
Such strategies could help mitigate the progression of vascular 
complications associated with T2DM.

In the context of T2DM, the downregulation of miR-25-
3p in vein tissues has been observed. This downregulation is 
significant because miR-25-3p usually helps regulate genes in-
volved in endothelial function and inflammation. The reduced 
levels of miR-25-3p in T2DM can lead to disruption in these 
processes, exacerbating vascular complications commonly as-
sociated with diabetes.

The findings from the Human miRNA Tissue Atlas and 
the subsequent analyses suggest a promising avenue for dia-
betes management. By targeting miR-25-3p, we may be able 
to mitigate some of the adverse effects associated with T2DM, 
offering hope for improved patient outcomes.

miR-25-3p exhibits context-dependent functions across 
various diseases, including cancer, inflammation, and meta-

Figure 1. Principal component analysis (PCA) mapping showed the differential miRNA expression between DM and NDM. DM: 
diabetes mellitus; miRNA: microRNA; NDM: non-diabetes mellitus.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org 541

Rattanapan et al J Clin Med Res. 2024;16(11):536-546

bolic disorders. Exosome-derived miR-25-3p stimulates the 
secretion of pro-inflammatory cytokines from tumor-associat-
ed macrophages, thereby promoting liposarcoma progression 
[25]. In triple-negative breast cancer, miR-25-3p enhances 
proliferation by directly targeting B-cell translocation gene 2 
[26], and it facilitates osteoclast differentiation by regulating 
the expression of nuclear factor IX [27]. Additionally, miR-25 
directly reduces insulin expression, while inhibition of miR-25 
using corresponding antagomiRs enhances insulin expression 
in the INS-1 cell line [28]. Furthermore, miR-25 is linked to 
residual β-cell function and poor glycemic control in children 
with new-onset T1DM during disease progression [29]. Con-

versely, miR-25-3p mitigates oxidized low-density lipopro-
tein-mediated coronary vascular endothelial cell inflammation 
by targeting Adam10 in ApoE-/- mouse models of atheroscle-
rosis [17]. Salivary miR-25-3p expression was significantly 
elevated in obese patients with T2DM compared to those with 
T2DM alone or healthy individuals. An animal study corrobo-
rated the positive effects of downregulated miR-25-3p on mice 
with periodontitis [30]. Additionally, miR-25-3p has been re-
ported to directly decrease insulin expression by transcription-
ally regulating β-cell specific genes [31].

Identifying target genes through post-transcriptional regu-
lation by miRNAs is a crucial strategy for understanding the 

Figure 2. Hierarchical clustering showed the differential miRNA expression between DM and NDM. DM: diabetes mellitus; 
miRNA: microRNA; NDM: non-diabetes mellitus.

Table 2.  In-House and Third-Party Resources Are Included in miRTargetLink 2.0 to Select the Potential miRNA Expression Involved 
in the Pathogenesis of Diabetes

Database Task Own/third-party Type Version
miRTarBase miRNA target database Third-party Database 8.0 (2020)
miRDB miRNA target database Third-party Database 6.0

miRNA: microRNA.
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biological processes in which miRNAs are involved in disease 
development. The present study determined that two target 
genes may be implicated in the development of T2DM, includ-
ing PTAFR and IGF2BP3.

PTAFR is depicted as releasing platelet-derived micropar-
ticles (PDMPs). These microparticles express surface markers 
such as CD41 and CD42, indicating their origin from platelets. 
The upregulation of PTAFR on platelets enhances their reac-
tivity to platelet-activating factor (PAF), a potent activator of 
platelet aggregation and inflammation [32]. The interaction of 
activated platelets and PDMPs with endothelial cells promotes 
the release of endothelial-derived microparticles (EDMPs), 
which carry CD144, CD146, and CD31 surface markers. These 
EDMPs contribute to oxidative stress and increase NADPH 

oxidase activity, producing ROS. The upregulation of PTAFR 
enhances this process, as PTAFR signaling can further promote 
oxidative stress and inflammatory responses. ROS and other 
inflammatory signals from activated platelets and microparti-
cles cause endothelial dysfunction. Endothelial cells become 
more permeable and exhibit increased expression of adhesion 
molecules such as intercellular adhesion molecule (ICAM) and 
vascular cell adhesion molecule (VCAM), facilitating leuko-
cyte adhesion and transmigration [33]. Upregulated PTAFR on 
these immune cells can enhance their activation and inflamma-
tory responses, further exacerbating endothelial dysfunction. 
Inflammatory miRNAs and additional microparticles from 
monocytes (MDMPs) and leukocytes (LDMPs) perpetuate 
the inflammatory milieu [34]. Vascular smooth muscle cell-

Figure 3. RNA secondary structure of miR-25-3p.

Table 3.  Ten Downregulated and Six Upregulated miRNAs Are Involved in the Pathogenesis of Diabetes

No. miRNA Glucose metabolism Platelet reactivity Insulin resistance
Ten downregulated
    1. miR-92a-3p UGP2 PTAFR IGF2

INSIG1
    2. miR-140-3p - - -
    3. let-7b-5p UGCG PTAFR IGF2BP1

IGF1R
IGF2BP3

    4. miR-25-3p UGP2 PTAFR IGF2BP3
INSIG1

    5. miR-425-5p SOGA1 PAFAH1B1 IGF1R
    6. miR-93-5p UGCG

SOGA1
PAFAH1B2
PDGFRB
PAFAH1B1

IGF2BP1

    7. miR-6807-5p SOGA1 - -
    8. miR-103a-3p SOGA1 PAFAH1B2 -
    9. miR-24-3p UGCG PAFAH1B2

PDGFRB
INSIG1

    10. miR-210-3p - - IGF2
Six upregulated
    1. miR-4428 SOGA1 - -
    2. miR-4253 - PAFAH1B2 -
    3. miR-150-3p - PDGFRB

PAFAH1B1
-

    4. miR-5100 SOGA1 - -
    5. miR-939-5p SOGA1 - IGF2
    6. miR-6824-5p - - -

miRNA: microRNA.
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derived microparticles (VSMCMPs) are shown contributing 
to atherogenesis and vascular calcification [35]. Amplified by 
PTAFR upregulation, the inflammatory and oxidative environ-
ment promotes vascular smooth muscle cell proliferation and 
migration, leading to plaque formation and calcification. The 
cumulative effect of these processes results in diabetic micro-
vascular complications, atherosclerosis, and atherothrombosis.

IGF2BP3 (insulin resistance) likely plays a role in the 
development of T2DM by affecting the insulin/insulin-like 
growth factor 1 receptor (IGF1R) pathway. The function of 
IGF1R in T2DM development varies across different stages. 
During the prediabetes phase, disruptions in IGF1R signaling 
in adipose tissue may induce insulin resistance, potentially 
progressing to T2DM. Malfunctions in the insulin and IGF1 
signaling pathways also contribute to β-cell proliferation and 
mass decompensation, which disrupts insulin secretion and 

Figure 6. PTAFR and IGF2BP3 upregulated in DM patients. DM: dia-
betes mellitus; IGF2BP3: insulin-like growth factor 2 mRNA binding 
protein 3; PTAFR: platelet-activating factor receptor.

Figure 4. miR-25-3p expression in vein tissue from the human miRNA tissue atlas. miRNA: microRNA.

Figure 5. miR-25-3p downregulated in DM patients. DM: diabetes 
mellitus.
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leads to glucose intolerance in T2DM [36]. Reduced levels 
of IGF2BP3 may elevate the risk of T2DM by interacting 
with IGF1 signaling, influencing insulin resistance and β-cell 
dysfunction. Conversely, increased expression of IGF1R has 
been observed in association with hyperglycemia and hyper-
insulinemia, exacerbating the progression of diabetes mellitus 
[37]. Elevated circulating levels of miR-25-3p and IGF2BP3 
could serve as potential biomarkers for the early detection of 
T2DM, complementing established diagnostic tools like FBS 
and HbA1c. These biomarkers may not only help identify early 
onset but also provide insights into more aggressive disease 
progression, enabling timely interventions to reduce the risk of 
severe comorbidities associated with diabetes.

In addition to their potential harmful effects, the modula-
tion of biomarkers such as PTAFR and IGF2BP3 could offer 
therapeutic benefits for diseases like diabetes. However, ex-
cessive or inappropriate regulation of these biomarkers may 
lead to unintended consequences, including the development 
of new medical conditions or exacerbating existing ones. Un-
derstanding the normal or healthy levels of these biomarkers is 
critical for their safe manipulation in clinical settings.

The strengths of this study include the use of a well-de-
fined cohort of T2DM and non-T2DM individuals, along with 
the integration of microarray and qPCR techniques to vali-
date miRNA expression and target gene levels. However, this 
study has some limitations. This research cohort comprises a 
relatively small sample size of 20 individuals, and this was 
designed as an exploratory study to identify differential miR-
NA expression patterns in T2DM and non-T2DM groups. The 
findings from this study provide preliminary evidence sup-
porting the potential of miR-25-3p, PTAFR, and IGF2BP3 as 
biomarkers for T2DM. The authors acknowledge the limita-
tion of the cohort size and have highlighted the need for larger, 
more diverse cohorts in future studies to validate and expand 
on these findings. While the study did not perform subgroup 
analyses to investigate the potential effects of sex, medication 
use, or comorbidities on miRNA expression. Future studies 
with larger cohorts and detailed clinical data are warranted to 
examine how these variables may influence miRNA expres-
sion and to confirm that the observed differences are indeed 
attributable to T2DM. Such analyses will strengthen the under-
standing of miRNA’s role in T2DM pathophysiology. Further-
more, this study utilized leftover blood specimens collected 
from patients attending a diabetes clinic. Due to the nature of 
the specimen source, we had access only to limited clinical 
information, specifically sex, age, FBS, and HbA1c levels. 
Unfortunately, data on body weight, height, body mass index, 
smoking habits, alcohol consumption, comorbidities, diabetic 
complications, and pharmacotherapy were not available in this 
dataset. In addition, functional studies are required to elucidate 
the precise mechanisms by which miR-25-3p regulates PTAFR 
and IGF2BP3 expression in T2DM.

Conclusions

The downregulation of miR-25-3p observed in plasma, along 
with the associated changes in PTAFR and IGF2BP3 levels, 

may suggest a potential role in platelet reactivity, inflamma-
tion, and insulin resistance in T2DM. However, as these find-
ings are based on plasma miRNA levels, further studies are 
required to validate these associations in tissue-specific con-
texts, particularly in vascular tissues, to confirm their potential 
contribution to vascular complications in diabetes.
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