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Background: Coronary heart disease (CHD) is a heart condition caused by narrowed or blocked coronary arteries. The miR-322-5p is 
closely related to inflammation and vascular diseases, yet its role in CHD remains unknown.
Objective: This study focused on investigating the clinical significance of miR-322-5p and its regulatory mechanism in CHD.
Materials and Methods: This study enrolled 160 CHD patients and 130 healthy individuals. The expression of miR-322-5p and 
TRAF6 was measured by RT-qPCR. The correlation between miR-322-5p and CHD was evaluated via Pearson correlation analysis. 
The clinical predictive performance of miR-322-5p was assessed by ROC analysis. Cell viability was assessed using the CCK-8 assay 
while apoptosis was analyzed by flow cytometry. Inflammatory cytokine levels were determined by ELISA.
Results: MiR-322-5p was significantly downregulated in patients with CHD and exhibited high diagnostic accuracy for CHD with an 
AUC of 0.882. The declined miR-322-5p was negatively correlated with Gensini score (r = −0.611) and CRP (r = −0.646), but 
positively associated with HDL-C (r = 0.598). Although miR-322-5p was reduced under pathological conditions, its upregulation 
enhanced cell viability and inhibited both apoptosis and inflammatory factors. TRAF6, a direct target of miR-322-5p, was negatively 
regulated by miR-322-5p (r = −0.683), and high levels of TRAF6 aggravated CHD.
Conclusion: The declined miR-322-5p in CHD presented high diagnostic value. Reduced miR-322-5p exacerbated the CHD by 
inhibiting cell viability, enhancing apoptosis and inflammation through negatively regulating the TRAF6.
Keywords: miR-322-5p, coronary heart disease, apoptosis, inflammation

Introduction
Coronary heart disease (CHD) is a heart condition caused by narrowed or blocked coronary arteries, leading to heart 
muscle ischemia or infarction. It is the disease with the highest incidence and mortality globally.1 Reports show that the 
prevalence in people over 60 years old is as high as 27.8%.2 Studies also indicate that the incidence and mortality rates 
are increasing annually.3 Currently, significant progress has been made in the treatment of CHD in both techniques and 
medications. However, challenges still remain in adverse drug reactions,4 microcirculatory disorders,5 myocardial no- 
reflow,6 reperfusion injury,7 as well as in-stent restenosis.8 Therefore, developing specific molecular markers may 
provide a promising approach for early identification and personalized treatment of CHD, although further validation 
in clinical settings is required.

MicroRNAs (miRNAs) have been proved to mediate gene expression, at the post-transcriptional level, via binding to 
the 3’UTR of target mRNAs, promoting degradation or inhibiting translation.9 As a result, miRNAs play a significant 
role in the development and progression of acute and chronic CHD. For example, a bioinformatics analysis has confirmed 
that miR-22-3p is a potential biomarker for CHD.10 A clinical study revealed that serum miR-183-5p correlates 
positively with the severity of CHD.11 Mechanistic studies have further underscored the critical role of miRNAs in 
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CHD. Research has manifested that miR-223-3p regulates endothelial cell apoptosis in CHD.12 The miR-148a-3p has 
been proven to reduce vascular endothelial cell injury by downregulating PCSK9 and inhibiting the NF-κB pathway.13 It 
has been reported that miR-181c-5p improves myocardial pathology and reduce cell apoptosis by enhancing SIRT1 and 
reducing acetylated p65 levels in CHD.14 These findings highlight the potential of miRNAs in the early diagnosis and 
treatment of CHD.

In recent years, emerging reports have highlighted the broad regulatory role of miR-322-5p in diseases associated 
with vessels as well as inflammatory. For instance, miR-322-5p has been shown to regulate lipopolysaccharide-induced 
acute kidney injury in mice.15 In the context of neuroinflammation, research has demonstrated a significant down
regulation of miR-322-5p, coinciding with elevated levels of pro-inflammatory cytokines.16 In studies on vascular 
diseases, miR-322-5p has been linked to the instability of atherosclerotic plaques.17 There is also evidence that miR- 
322-5p is associated with the formation of carotid atherosclerotic plaques.18 In addition, mechanistic investigations have 
further revealed that miR-322-5p is involved in modulating vascular smooth muscle cell proliferation, migration as well 
as the angiogenesis.19 Nevertheless, the precise role and underlying mechanisms of miR-322-5p in CHD remain to be 
fully elucidated.

This study investigated the clinical significance of miR-322-5p in CHD patients and explored the underlying 
mechanisms in the coronary artery endothelial cells treated with ox-LDL, with the goal of providing a theoretical 
foundation for the early diagnosis and targeted treatment of CHD.

Materials and Methods
Enrolled Population
This study recruited 160 patients with CHD and 130 healthy individuals from author’s institution. A total of 160 patients 
with CHD were recruited from the inpatient ward and outpatient clinic of the Department of Cardiology in our hospital. 
They were diagnosed with stable CHD or unstable angina pectoris (non-acute myocardial infarction) with coronary artery 
stenosis ≥ 50%. Meanwhile, 130 healthy controls were volunteers recruited from the Physical Examination Center of our 
hospital, who were excluded from coronary artery disease by electrocardiogram, blood lipid test and coronary CT, and 
had no cardiovascular risk factors such as hypertension and diabetes mellitus.

Exclusion criteria were: (1) severe heart failure or myocardial infarction; (2) malignant tumors; (3) acute infections. 
In addition, the study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by 
the Ethics Committee of The Second Hospital of Hebei Medical University before the study began. The written informed 
consent has been obtained from the participants involved. All peripheral blood samples from participants were 
centrifuged (3700 rpm for 15min) one hour after collection, and subsequently the supernatant was stored at −80°C in 
new tubes.

Cell Culture and Transfection
The coronary artery endothelial cells were cultured in a sterile environment maintained at 37°C with 5% CO2, with 
routine procedures for cell culture and passage. Before passage, cells were washed with room-temperature PBS and 
digested with 0.25% trypsin-EDTA buffer. The complete culture medium included 94% endothelial cell medium, 5% 
FBS as well as endothelial cell growth supplement (1%). In addition, ox-LDL was employed to simulate the 
inflammatory pathological state of CHD as reported previously.20,21 After passage, cells were placed in serum-free 
medium for 12 hours and followed by treatment with ox-LDL (100 μg/mL) for 24 hours when 80% confluence was 
reached.

The expression level of miR-322-5p was artificially upregulated by transient transfection with miR-322-5p mimic 
(miR-mimic) with negative control (miR-NC). Moreover, the recombinant plasmid with the full TRAF6 sequence was 
used for its overexpression (oe-TRAF6), with the empty vector as negative control (oe-NC). Lipofectamine was utilized 
to encapsulate small nucleic acid molecules and transport them into cells with good growth conditions. The effect on 
gene regulation was verified by subsequent qPCR.
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RT-qPCR
The transfected cells or collected serum samples were processed using the Trizol method to obtain RNA. Soluble RNA 
was promptly reversely transcribed into the more stable cDNA following the determination of its concentration and 
purity. The expression level of miR-322-5p and TRAF6 were measured by a quantitative analysis kit and then calculated 
by 2−ΔΔCT method, normalized to reference gene GAPDH.

Cell Viability
The viability of cultured coronary artery endothelial cells invitro was measured by CCK-8 kit. Cells in optimal growth 
conditions were seeded into 96-well plates and wells containing only culture medium served as blank controls. Following 
cultivation, CCK-8 solution (10 μL) was added to each well and incubated under culture conditions for 2 hours. The 
absorbance of each well was measured at 450 nm using a microplate reader.

Cell Apoptosis
Adherent cells were harvested following trypsinization and resuspended in PBS, washing three times. After adjusting the 
cell concentration, Annexin V-FITC and PI solution were added and incubated in dark for ten minutes at room 
temperature. The stained cells were subsequently analyzed using a flow cytometer to determine the apoptosis rate.

Measurement of Inflammatory Factors
The inflammatory factors including interleukin-6 (IL-6), interleukin-1β (IL-1β) as well as tumor necrosis factor-α (TNF- 
α) in the supernatant were detected by ELISA assay based on the specific reaction between antigen and antibody. The 
ELISA plate was initially coated with specific antibody overnight followed by blocking with filtered 10% FBS. Diluted 
samples and standards were then added respectively for incubation. After washing, the enzyme-conjugated antibody was 
introduced for subsequent color development reaction. The OD value at 450 nm was measured via a microplate reader. 
The concentration of the samples was determined based on a standard curve.

Dual-Luciferase Reporter Assay
Dual-luciferase reporter assays were performed in coronary artery endothelial cells under normal culture conditions 
(without ox-LDL treatment) to verify the direct binding between miR-322-5p and TRAF6, independent of pathological 
stimulation. Specifically, the 3’UTR sequences of wild-type (WT) or mutant (MUT) TRAF6 were amplified by PCR, 
then inserted into the pmirGL3 vector via enzymatic digestion and ligation to create recombinant plasmids. These 
plasmids were severally transformed into competent cells, and positive clones were selected using antibiotics. After 
extraction, the recombinant plasmids were co-transfected with miR-322-5p mimic (miR-mimic) or inhibitor (miR- 
inhibitor) into cells with negative control (miR-NC). After 48 hours, luciferase activity was measured to assess the 
regulation of TRAF6 expression by miR-322-5p. The relative luciferase activity was calculated as the ratio of firefly 
luciferase activity to Renilla luciferase activity. Each group was performed in 3 independent biological replicates, with 3 
technical replicates per biological replicate.

Statistical Analysis
Both SPSS Statistics 23.0 and GraphPad Prism 7.0 were utilized for data processing. Group comparisons were performed 
using t-tests or one-way ANOVA or chi-square tests. The diagnostic potential of miR-322-5p was assessed via receiver 
operating characteristic (ROC) curves, and its correlation with CHD was examined through Pearson correlation analysis. 
A p-value below 0.05 was considered statistically significant.

Results
Clinical Characteristics
The mean age of patients with CHD was 60.51 ± 8.99 years, comprising 98 males and 62 females. In the Control group 
the average age was 61.81 ± 7.47 years, with 75 males and 55 females. The body mass index (BMI) in the CHD group 
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was 23.92±2.86 kg/m2, which was comparable to that in the Control group (23.40±2.51 kg/m2). In the CHD group, 
23.75% of individuals had a smoking history, compared to 16.69% in the Control group. In the CHD group, 29.38% had 
diabetes, whereas this proportion was 21.54% in the control group. Blood tests showed no significant differences in total 
cholesterol and low-density lipoprotein cholesterol levels between the groups. On the contrary, in the CHD group, 
57.50% had hypertension, significantly higher than that of the Control group (P = 0.040). Similarly, 51.88% had 
hyperlipidemia, compared to 39.23% in the control group (P = 0.032). Additionally, the CHD group had significantly 
lower HDL-C (P = 0.004) and higher CRP levels (P < 0.001). Additionally, the Gensini score in the CHD group 
exhibited significant increase (P < 0.001). The level of N-terminal pro-B-type natriuretic peptide (NT-proBNP) in the 
CHD group was significantly higher than that in the control group (P < 0.001). The above indicators were summarized in 
Table 1.

Expression Level of miR-322-5p and Diagnostic Performance
Calculation on the expression level of miR-322-5p confirmed a distinct decline in patients with CHD compared to the 
Control (Figure 1, P < 0.001). The abnormal expression suggested a potential participation role of miR-322-5p in CHD. 

Table 1 Basic Characteristics of Study Population

Indicators Control (n=130) CHD (n=160) P values

Age, years 61.81 ± 7.47 60.51 ± 8.99 0.761
BMI, Kg/m2 23.40±2.51 23.92±2.86 0.108

Gender 0.539

Male 75 (57.69%) 98 (61.25%)
Female 55 (42.31%) 62 (38.75%)

Smoking 49 (16.69%) 70 (23.75%) 0.297

Diabetes 28 (21.54%) 47 (29.38%) 0.130
Hypertension 59 (45.38%) 92 (57.50%) 0.040

Hyperlipidemia 51 (39.23%) 83 (51.88%) 0.032
TC (mmol/L) 4.66 ± 1.06 4.69 ±1.02 0.776

LDL-C (mmol/L) 2.75 ± 0.71 2.91 ± 0.76 0.063

HDL-C (mmol/L) 1.30 ± 0.29 1.20 ±0.28 0.004
Gensini score 2.41 ± 1.20 37.87 ±12.78 < 0.001

CRP (mg/L) 3.42 ± 1.53 7.48 ± 3.37 < 0.001

NT-proBNP (pg/mL) 234.44 ± 88.59 606.55 ± 162.58 < 0.001

Abbreviations: CHD, coronary heart disease; BMI, body mass index; TC, total choles
terol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high density lipoprotein cho
lesterol; CRP, C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Figure 1 Expression level and diagnostic ability of miR-322-5p. (A) Relative expression of miR-322-5p in CHD group (n = 160) compared to the control (n = 130). (B) ROC 
curve of miR-322-5p. ***P <0.001.
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The ensuing ROC curve was established to evaluate its diagnostic capacity for CHD. The area under the curve was 0.882, 
with a sensitivity of 86.88% and specificity of 76.15% (Figure 1B).

Correlation Analysis Between miR-322-5p and CHD
Both the Gensini score and the SYNTAX score are quantitative indicators for the severity of coronary artery lesions. It 
was found in the study that miR-322-5p was significantly negatively correlated with both the Gensini score (r=−0.611) 
and the SYNTAX score (r=−0.654) (Figures 2A and B, P <0.001), suggesting that its expression level decreases with the 
increase in the severity of coronary artery lesions. Moreover, the relative miR-322-5p level was observed to be directly 
proportional to the concentration of HDL-C in the blood of CHD patients (Figure 2C, r = 0.598, P < 0.001), indicating 
a close association between miR-322-5p and the risk of CHD. Meanwhile, the downregulation of miR-322-5p was 
moderately negatively correlated with the increase in C-reactive protein (CRP) level (Figure 2D, r=−0.646, P<0.001), 
which further supports its correlation with the inflammatory process of CHD. Notably, miR-322-5p was also moderately 
negatively correlated with NT-proBNP, a biomarker of myocardial injury (Figure 2E, r=−0.505, P<0.001), suggesting 
that it may be involved in the regulation of myocardial function injury in CHD patients.

The Effect of miR-322-5p on Cell Viability and Apoptosis
Subsequent exploration principally probed the regulatory role of miR-322-5p in CHD. Coronary artery endothelial cells 
were treated with ox-LDL (100 μg/mL) to simulate pathological conditions. Under pathological conditions, the expres
sion of miR-322-5p was significantly reduced, aligning with the findings from patients (Figure 3A, P < 0.001). Moreover, 
its expression level could be artificially increased by transfecting miR-322-5p mimics (P < 0.01). Cell viability tests 
showed that ox-LDL treatment prominently reduced cell viability, which was reserved by subsequent transfection with 
miR-322-5p mimics (Figure 3B, P < 0.001). Apoptosis assays revealed that ox-LDL significantly increased apoptosis 
rates while miR-322-5p upregulation effectively attenuated apoptosis (Figure 3C, P < 0.001).

Figure 2 Correlation analysis of miR-322-5p with CHD. (A) Correlation between miR-322-5p and Gensini score. (B) Correlation between miR-322-5p and SYNTAX score. 
(C) Correlation between miR-322-5p and HDL-C. (D) Correlation between miR-322-5p and CRP. (E) Correlation between miR-322-5p and NT-proBNP.
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The Effect of miR-322-5p on Inflammation
Inflammation is pivotal in the development and progression of CHD. Under pathological conditions, we observed 
a significant elevation in the levels of IL-6, IL-1β as well as TNF-α in the cell supernatant (P < 0.001). Surprisingly, 
this abnormally enhanced inflammatory level could be effectively mitigated by miR-322-5p upregulation (Figure 3D–F, 
P < 0.001).

The Target Relationship Between miR-322-5p and TRAF6
The downstream target of miR-322-5p was predicted in the ENCORI database and further verification was done by the 
dual-luciferase reporter system. TRAF6 was thought to possess binding sites for miR-322-5p (Figure 4A, P < 0.001). 
Data manifested that in the WT-TRAF6 group, the luciferase activity was regulated by miR-322-5p levels, with both 
upregulation and downregulation of miR-322-5p affecting it (Figure 4B). However, after TRAF6 mutation, the activity of 

Figure 3 The effect of miR-322-5p on cell viability, apoptosis and inflammation. (A) Relative expression of miR-322-5p. (B) The regulatory effects of miR-322-5p on cell 
viability. (C) The regulatory effects of miR-322-5p on cell apoptosis. (D) The regulatory effects of miR-322-5p on IL-6. (E) The regulatory effects of miR-322-5p on IL-1β. 
(F) The regulatory effects of miR-322-5p on TNF-α. **P <0.01. ***P <0.001.

Figure 4 The target relationship between miR-322-5p and TRAF6. (A) Binding sites between TRAF6 and miR-322-5p. (B) The luciferase activity in WT-TRAF6 and MUT- 
TRAF6 groups. (C) Expression level of TRAF6 in CHD group. (D) Correlation analysis of TRAF6 and miR-322-5p in patients with CHD. ***P <0.001.
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luciferase was no longer influenced by miR-322-5p levels (Figure 4B). In addition, it was observed that the TRAF6 was 
significantly increased in patients with CHD compared to the Control (Figure 4C, P < 0.001). Subsequent Pearson 
analysis confirmed that the expression of TRAF6 was negatively correlated to miR-322-5p level in patients with CHD 
(Figure 4D, r = −0.683, P < 0.0001).

The Regulatory Effect of miR-322-5p on TRAF6
To confirm the regulatory effect of miR-322-5p on TRAF6, we conducted a rescue experiment. As shown in Figure 5A, 
in ox-LDL-induced cells, the significantly elevated TRAF6 was markedly inhibited by miR-322-5p upregulation. 
However, the TRAF6 overexpression reversed the inhibitory effect of miR-322-5p (P < 0.001). The effects of 
differentially expressed TRAF6 on cells were also investigated. Cell viability under pathological conditions was 
enhanced by miR-322-5p upregulation, which was rescued by TRAF6 overexpression (Figure 5B, P < 0.001). 
Conversely, the enhanced apoptosis rate was reduced by miR-322-5p upregulation and then was reversed by TRAF6 
overexpression (Figure 5C, P < 0.001). It was also observed that highly expressed TRAF6 reversed the reduced 
inflammatory factors caused by upregulated miR-322-5p, including IL-6, IL-1β and TNF-α (Figure 5D–F, P < 0.01).

Discussion
CHD remains a leading cause of global morbidity and mortality, with unmet needs in early diagnosis and targeted 
therapy. Research on specific miRNAs as potential biomarkers for CHD offers a new perspective for early diagnosis and 
treatment. This study explored the clinical significance and regulatory mechanism of miR-322-5p in CHD. The results 
showed that the expression of miR-322-5p was significantly decreased in CHD patients, which had high diagnostic value 
for CHD. In addition, its expression level was negatively correlated with Gensini score and CRP, and positively 
correlated with HDL-C. Further cellular experiments demonstrated that upregulation of miR-322-5p could reverse ox- 
LDL-induced coronary endothelial cell injury, exerting a protective effect by enhancing cell viability, inhibiting 
apoptosis, and reducing the release of inflammatory factors. Mechanistically, miR-322-5p directly targets and negatively 
regulates TRAF6, while high expression of TRAF6 exacerbates the pathological progression of CHD.

Data from our research indicated that miR-322-5p was distinctly declined in patients with CHD and presented high 
accuracy for the recognition of CHD. This highlighted its potential as a biomarker for CHD. Similar findings have been 
reported before. For example, miR-322-5p is downregulated in rats with pulmonary arterial hypertension.22 In acute 

Figure 5 The regulatory role of TRAF6 on cell viability, apoptosis and inflammation. (A) Expression level of TRAF6. (B) The regulatory role of TRAF6 on cell viability. (C) The 
regulatory role of TRAF6 on apoptosis. (D) The regulatory role of TRAF6 on IL-6. (E) The regulatory role of TRAF6 on IL-1β. (F) The regulatory role of TRAF6 on TNF-α. 
**P <0.01, ***P <0.001.
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myocardial infarction, low miR-322-5p can serve as an early diagnostic marker and monitoring miR-322-5p expression 
contributes to assessing disease severity and prognosis.23 Moreover, our subsequent findings further supported the above 
conclusion that declined miR-322-5p was negatively correlated to both Gensini score and CRP, while it was positively 
associated with HDL-C. Increasing studies have confirmed that HDL-C is negatively correlated with the risk of CHD,24 

and elevated CRP levels are positively correlated with increased CHD risk.25 Additionally, the Gensini score has been 
shown to be closely related to the severity of CHD.26

The SYNTAX score is an anatomical factor-based scoring system for coronary arteries, which can comprehensively 
reflect the complexity of coronary artery lesions in patients with stable coronary artery disease.27 Pearson correlation 
analysis further confirmed the strong link between miR-322-5p and CHD. These results suggest that lower expression 
level of miR-322-5p is associated with higher inflammation levels and more severe coronary artery lesions.

Our further research focused on the regulatory role of miR-322-5p in CHD and found that under pathological 
conditions, cell apoptosis and inflammation levels were significantly increased. However, upregulation of miR-322-5p 
enhanced cell viability, and inhibited apoptosis and the level of inflammatory factors (IL-6, IL-1β, and TNF-α). Similar 
findings have been reported in previous publications. In myocardial ischemia/reperfusion injury, miR-322 is down
regulated, leading to increased apoptosis and inflammation, and reduced cell viability.28 In myocardial infarction and 
OGD-stimulated rat cardiomyocytes, miR-322-5p is downregulated, while its overexpression can inhibit apoptosis, 
enhance both cell viability and cardiac function.29 In the acute lung injury model, miR-322-5p is downregulated, with 
elevated levels of IL-1β, IL-6, and TNF-α.30 These results show that increasing miR-322-5p can improve cell viability 
and reduce inflammation, highlighting the pivotal regulatory role in CHD. In addition, it is worth noting that this study 
found a significant increase in the level of NT-proBNP in patients with CHD. This result is consistent with the clinical 
characteristics of NT-proBNP — as a marker secreted by ventricular myocytes when pressure or volume load increases, 
its elevated level usually indicates myocardial remodeling or impaired cardiac function.31 Further analysis showed that 
the increase in NT-proBNP in the CHD group was moderately negatively correlated with the downregulation of miR- 
322-5p, suggesting that low expression of miR-322-5p may be one of the potential molecular factors associated with the 
increase in NT-proBNP. This provides a new clue for subsequent exploration of the role of miR-322-5p in cardiac 
function protection in CHD patients.

TRAF6 is a key signaling protein involved in many inflammatory and immune responses.32 Recent studies suggest 
that high levels of TRAF6 may play a role in the progression of CHD. It has been declared that TRAF6 mRNA levels are 
much higher in patients with coronary artery disease than in those without it.33 In addition, abnormally expressed TRAF6 
can also regulate cell death and inflammation. For instance, in atherosclerosis, elevated TRAF6 increases the death of 
macrophage and the release pro-inflammatory factors, making plaques less stable.34 TRAF6 knockdown has been 
confirmed to suppress the expression of IL-6 and TNF-α levels.35 A cardiovascular study also confirms that TRAF6 
inhibitors improve endothelial function and reduce inflammation and oxidative stress.36 Our results showed that TRAF6 
was negatively regulated by miR-322-5p and high levels of TRAF6 aggravated the CHD and it could be a promising 
target for treatment. At the level of clinical translation, speckle tracking echocardiography enables the simultaneous 
assessment of miRNA expression levels and myocardial strain parameters, providing an effective means to analyze the 
association between abnormal myocardial strain parameters and imbalanced miRNA expression.37 This offers systematic 
and comprehensive evidence support for research on the pathological mechanisms of CHD, clinical diagnosis, and 
evaluation of treatment responses, and is of great significance for promoting the translation of basic research in the field 
of CHD into precise clinical applications.

Furthermore, TRAF6 can affect cell survival and function through various signaling pathways. Results from 
myocardial ischemia/reperfusion injury show that high TRAF6 expression can worsen damage to heart muscle and 
blood vessel cells by activating inflammatory pathways like NF-κB.38 Our results indicate that miR-322-5p exerts 
a protective effect by regulating TRAF6. However, whether it blocks these inflammatory pathways by inhibiting TRAF6 
requires further verification. In subsequent studies, we will explore and clarify the specific molecular mechanisms by 
which TRAF6 mediates CHD pathology, and improve the regulatory network of “miR-322-5p→TRAF6→inflammatory/ 
apoptotic pathways”.

https://doi.org/10.2147/JIR.S536945                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 13180

Wang et al                                                                                                                                                                           

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



This study has some limitations. The single-center design may limit the generalizability of our findings. Although we 
find that miR-322-5p regulates TRAF6 in vitro, its exact mechanism and therapeutic potential in CHD need confirmation 
through in vivo experiments. In addition, we do not conduct a long-term follow-up to assess miR-322-5p’s prognostic 
value. Future research will focus on clinical translation. Next, we will first standardize miR-322-5p detection, verify its 
reliability as a CHD diagnostic marker via multi-center large-sample studies, and build a combined diagnostic model to 
enhance early identification. Mechanistically, we will further analyze downstream pathways of the miR-322-5p/TRAF6 
axis and use animal models to optimize synergistic interventions with targeted delivery systems and TRAF6 inhibitors. 
Ultimately, clinical trials will promote its development as a clinically applicable diagnostic tool and therapeutic target, 
translating basic research into clinical application.

In conclusion, miR-322-5p is a potential diagnostic marker for CHD and exerts a protective role in CHD through the 
miR-322-5p/TRAF6 axis.

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

References
1. Pietruszka K, Reagan F, Stazka J, Koziol MM. Serologic status of borrelia burgdorferi sensu lato in patients with cardiovascular changes. 

Int J Environ Res Public Health. 2023;20(3):2239. doi:10.3390/ijerph20032239
2. Tao S, Yu L, Yang D, et al. Development and validation of a clinical prediction model for detecting coronary heart disease in middle-aged and 

elderly people: a diagnostic study. Eur J Med Res. 2023;28(1):375. doi:10.1186/s40001-023-01233-0
3. Gao Y, Guo Y, Hao W, et al. Correlation analysis and diagnostic value of serum homocysteine, cystatin c and uric acid levels with the severity of 

coronary artery stenosis in patients with coronary heart disease. Int J Gen Med. 2023;16:2719–2731. doi:10.2147/IJGM.S411417
4. Hu K, Liao XX, Wu XY, et al. Effects of the lipid metabolites and the gut microbiota in ApoE(-/-) mice on atherosclerosis co-depression from the 

microbiota-gut-brain axis. Front Mol Biosci. 2022;9:786492. doi:10.3389/fmolb.2022.786492
5. Wu L, Luan Y, Li Y, et al. Effects of trimetazidine on ventricular remodeling in coronary artery disease patients with left ventricular hypertrophy: 

the rationale and design of a randomized controlled trial. BMC Cardiovasc Disord. 2020;20(1):273. doi:10.1186/s12872-020-01557-3
6. Zhang A, Chen Q. Segmentation algorithm-based safety analysis of cardiac computed tomography angiography to evaluate doctor-nurse-patient 

integrated nursing management for cardiac interventional surgery. Comput Math Methods Med. 2022;2022:2148566. doi:10.1155/2022/2148566
7. Guan L, Yu Z, Che Z, et al. Experimental diabetes exacerbates autophagic flux impairment during myocardial I/R injury through calpain-mediated 

cleavage of Atg5/LAMP2. J Cell Mol Med. 2023;27(2):232–245. doi:10.1111/jcmm.17642
8. Maheronnaghsh M, Niktab I, Enayati S, Amoli MM, Hosseini SK, Tavakkoly-Bazzaz J. Differentially expressed miR-152, a potential biomarker for 

in-stent restenosis (ISR) in peripheral blood mononuclear cells (PBMCs) of coronary artery disease (CAD) patients. Nutr Metab Cardiovasc Dis. 
2021;31(4):1137–1147. doi:10.1016/j.numecd.2020.09.030

9. Shi J, Liu D, Jin Q, et al. Whole-transcriptome analysis of repeated low-level sarin-exposed rat hippocampus and identification of cerna networks to 
investigate the mechanism of sarin-induced cognitive impairment. Biology. 2023;12(4):627. doi:10.3390/biology12040627

10. Zhang M, Hu Y, Li H, Guo X, Zhong J, He S. miR-22-3p as a potential biomarker for coronary artery disease based on integrated bioinformatics 
analysis. Front Genet. 2022;13:936937. doi:10.3389/fgene.2022.936937

11. Lv D, Guo Y, Zhang L, Li X, Li G. Circulating miR-183-5p levels are positively associated with the presence and severity of coronary artery 
disease. Front Cardiovasc Med. 2023;10:1196348. doi:10.3389/fcvm.2023.1196348

12. Zhao B, Zang Y, Gui L, et al. The effect of miR-223-3p on endothelial cells in coronary artery disease. Vitro Cell Dev Biol Anim. 2024;60 
(2):151–160. doi:10.1007/s11626-023-00842-7

13. Tang J, Ma M, Liu F, et al. miR-148a-3p mitigation of coronary artery disease through PCSK9/NF-kappaB inhibition of vascular endothelial cell 
injury. J Biochem Mol Toxicol. 2024;38(11):e70011. doi:10.1002/jbt.70011

14. Ma C, Zheng X, Wu X, Cheng J, Zhang K. microRNA-181c-5p stimulates the development of coronary artery disease by targeting SIRT1. Hellenic 
J Cardiol. 2023;69:31–40. doi:10.1016/j.hjc.2022.10.001

15. Ji X, Liu X, Li X, Du X, Fan L. MircoRNA-322-5p promotes lipopolysaccharide-induced acute kidney injury mouse models and mouse primary 
proximal renal tubular epithelial cell injury by regulating T-box transcription factor 21/mitogen-activated protein kinase/extracellular signal-related 
kinase axis. Nefrologia. 2023;43(Suppl 2):8–20. doi:10.1016/j.nefroe.2023.05.004

16. Zhou Q, Wang Q, He B, et al. MicroRNA 322-5p reduced neuronal inflammation via the TLR4/TRAF6/NF-kappaB axis in a rat epilepsy model. 
Open Med. 2022;17(1):907–914. doi:10.1515/med-2022-0485

17. Chen YC, Bui AV, Diesch J, et al. A novel mouse model of atherosclerotic plaque instability for drug testing and mechanistic/therapeutic 
discoveries using gene and microRNA expression profiling. Circ Res. 2013;113(3):252–265. doi:10.1161/CIRCRESAHA.113.301562

18. Nie P, Yang F, Wan F, Jin S, Pu J. Analysis of MicroRNAs associated with carotid atherosclerotic plaque rupture with thrombosis. Front Genet. 
2021;12:599350. doi:10.3389/fgene.2021.599350

19. Wang Q, Zhang F, Lei Y, Liu P, Liu C, Tao Y. microRNA-322/424 promotes liver fibrosis by regulating angiogenesis through targeting CUL2/ 
HIF-1alpha pathway. Life Sci. 2021;266:118819. doi:10.1016/j.lfs.2020.118819

20. Yang TC, Chen YJ, Chang SF, Chen CH, Chang PY, Lu SC. Malondialdehyde mediates oxidized LDL-induced coronary toxicity through the 
Akt-FGF2 pathway via DNA methylation. J Biomed Sci. 2014;21(1):11. doi:10.1186/1423-0127-21-11

21. Li P, Xing J, Zhang J, et al. Inhibition of long noncoding RNA HIF1A-AS2 confers protection against atherosclerosis via ATF2 downregulation. 
J Adv Res. 2020;26:123–135. doi:10.1016/j.jare.2020.07.015

Journal of Inflammation Research 2025:18                                                                                          https://doi.org/10.2147/JIR.S536945                                                                                                                                                                                                                                                                                                                                                                                                 13181

Wang et al

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

https://doi.org/10.3390/ijerph20032239
https://doi.org/10.1186/s40001-023-01233-0
https://doi.org/10.2147/IJGM.S411417
https://doi.org/10.3389/fmolb.2022.786492
https://doi.org/10.1186/s12872-020-01557-3
https://doi.org/10.1155/2022/2148566
https://doi.org/10.1111/jcmm.17642
https://doi.org/10.1016/j.numecd.2020.09.030
https://doi.org/10.3390/biology12040627
https://doi.org/10.3389/fgene.2022.936937
https://doi.org/10.3389/fcvm.2023.1196348
https://doi.org/10.1007/s11626-023-00842-7
https://doi.org/10.1002/jbt.70011
https://doi.org/10.1016/j.hjc.2022.10.001
https://doi.org/10.1016/j.nefroe.2023.05.004
https://doi.org/10.1515/med-2022-0485
https://doi.org/10.1161/CIRCRESAHA.113.301562
https://doi.org/10.3389/fgene.2021.599350
https://doi.org/10.1016/j.lfs.2020.118819
https://doi.org/10.1186/1423-0127-21-11
https://doi.org/10.1016/j.jare.2020.07.015


22. Connolly M, Garfield BE, Crosby A, Morrell NW, Wort SJ, Kemp PR. miR-322-5p targets IGF-1 and is suppressed in the heart of rats with 
pulmonary hypertension. FEBS Open Bio. 2018;8(3):339–348. doi:10.1002/2211-5463.12369

23. Ruan Y, Meng S, Jia R, Cao X, Jin Z. MicroRNA-322-5p protects against myocardial infarction through targeting BTG2. Am J Med Sci. 2024;367 
(6):397–405. doi:10.1016/j.amjms.2024.02.012

24. Casula M, Colpani O, Xie S, Catapano AL, Baragetti A. HDL in atherosclerotic cardiovascular disease: in search of a role. Cells. 2021;10(8):1869. 
doi:10.3390/cells10081869

25. Kuppa A, Tripathi H, Al-Darraji A, Tarhuni WM, Abdel-Latif A. C-reactive protein levels and risk of cardiovascular diseases: a two-sample 
bidirectional mendelian randomization study. Int J Mol Sci. 2023;24(11):9129. doi:10.3390/ijms24119129

26. Yang B, Ma K, Xiang R, et al. Uric acid and evaluate the coronary vascular stenosis gensini score correlation research and in gender differences. 
BMC Cardiovasc Disord. 2023;23(1):546. doi:10.1186/s12872-023-03581-5

27. Karadeniz F, Altuntaş E. Correlation between frontal QRS-T angle, Tp-e interval, and Tp-e/QT ratio to coronary artery severity assessed with 
SYNTAX score in stable coronary artery disease patients. Journal of Arrhythmia. 2022;38(5):783–789. doi:10.1002/joa3.12756

28. Dong W, Weng JF, Zhu JB, et al. CREB-binding protein and HIF-1alpha/beta-catenin to upregulate miR-322 and alleviate myocardial 
ischemia-reperfusion injury. FASEB J. 2023;37(9):e22996. doi:10.1096/fj.202200596RRRRRR

29. Guo L, Li K, Ma Y, et al. MicroRNA-322-5p targeting Smurf2 regulates the TGF-beta/Smad pathway to protect cardiac function and inhibit 
myocardial infarction. Hum Cell. 2024;37(4):972–985. doi:10.1007/s13577-024-01062-1

30. Umar T, Yin B, He L, et al. 6-Gingerol via overexpression of miR-322-5p impede lipopolysaccharide-caused inflammatory response in RAW264.7 
cells. Naunyn Schmiedebergs Arch Pharmacol. 2023;396(12):3797–3807. doi:10.1007/s00210-023-02543-0

31. Duchnowski P, Śmigielski W, Kołsut P. Usefulness of myocardial injury parameters in predicting prolonged postoperative use of inotropes drugs in 
patients undergoing heart valve surgery. J Clin Med. 2025;14(8):2719. doi:10.3390/jcm14082719

32. Ceregido MA, Spinola Amilibia M, Buts L, et al. The structure of TAX1BP1 UBZ1+2 provides insight into target specificity and adaptability. J Mol 
Biol. 2014;426(3):674–690. doi:10.1016/j.jmb.2013.11.006

33. Takahashi Y, Satoh M, Minami Y, Tabuchi T, Itoh T, Nakamura M. Expression of miR-146a/b is associated with the Toll-like receptor 4 signal in 
coronary artery disease: effect of renin-angiotensin system blockade and statins on miRNA-146a/b and Toll-like receptor 4 levels. Clin Sci. 
2010;119(9):395–405. doi:10.1042/CS20100003

34. Chu T, Xu X, Ruan Z, Wu L, Zhou M, Zhu G. miR-146a contributes to atherosclerotic plaque stability by regulating the expression of TRAF6 and 
IRAK-1. Mol Biol Rep. 2022;49(6):4205–4216. doi:10.1007/s11033-022-07253-z

35. Huang W, Wu X, Xue Y, et al. MicroRNA-3614 regulates inflammatory response via targeting TRAF6-mediated MAPKs and NF-kappaB signaling 
in the epicardial adipose tissue with coronary artery disease. Int J Cardiol. 2021;324:152–164. doi:10.1016/j.ijcard.2020.09.045

36. Strohm L, Ubbens H, Mihalikova D, et al. CD40-TRAF6 inhibition suppresses cardiovascular inflammation, oxidative stress and functional 
complications in a mouse model of arterial hypertension. Redox Biol. 2025;80:103520. doi:10.1016/j.redox.2025.103520

37. Sonaglioni A, Nicolosi GL, Rigamonti E, Lombardo M, La Sala L. Molecular approaches and echocardiographic deformation imaging in detecting 
myocardial fibrosis. Int J Mol Sci. 2022;23(18):10944. doi:10.3390/ijms231810944

38. Lu Z, Deng M, Ma G, Chen L. TRIM38 protects H9c2 cells from hypoxia/reoxygenation injury via the TRAF6/TAK1/NF-kappaB signalling 
pathway. PeerJ. 2022;10:e13815.

Journal of Inflammation Research                                                                                               

Publish your work in this journal 
The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on 
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis 
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology 
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2025:18 13182

Wang et al                                                                                                                                                                           

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

https://doi.org/10.1002/2211-5463.12369
https://doi.org/10.1016/j.amjms.2024.02.012
https://doi.org/10.3390/cells10081869
https://doi.org/10.3390/ijms24119129
https://doi.org/10.1186/s12872-023-03581-5
https://doi.org/10.1002/joa3.12756
https://doi.org/10.1096/fj.202200596RRRRRR
https://doi.org/10.1007/s13577-024-01062-1
https://doi.org/10.1007/s00210-023-02543-0
https://doi.org/10.3390/jcm14082719
https://doi.org/10.1016/j.jmb.2013.11.006
https://doi.org/10.1042/CS20100003
https://doi.org/10.1007/s11033-022-07253-z
https://doi.org/10.1016/j.ijcard.2020.09.045
https://doi.org/10.1016/j.redox.2025.103520
https://doi.org/10.3390/ijms231810944
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
	Enrolled Population
	Cell Culture and Transfection
	RT-qPCR
	Cell Viability
	Cell Apoptosis
	Measurement of Inflammatory Factors
	Dual-Luciferase Reporter Assay
	Statistical Analysis

	Results
	Clinical Characteristics
	Expression Level of miR-322-5p and Diagnostic Performance
	Correlation Analysis Between miR-322-5p and CHD
	The Effect of miR-322-5p on Cell Viability and Apoptosis
	The Effect of miR-322-5p on Inflammation
	The Target Relationship Between miR-322-5p and TRAF6
	The Regulatory Effect of miR-322-5p on TRAF6

	Discussion
	Disclosure

