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Abstract. – OBJECTIVE: To explore the role 
of microRNA-92a (miR-92a) during the develop-
ment of cardiovascular disease (CAD) in diabe-
tes mellitus (DM) patients, and to investigate its 
correlation with NF-κB and downstream inflam-
matory cytokines in diabetes mellitus-associat-
ed cardiovascular disease (DM-CAD).  

PATIENTS AND METHODS: Expression of 
miR-92a in DM and DM-CAD patients was es-
timated by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). Receiver operating 
characteristic (ROC) analysis was used to esti-
mate the capability of miR-92a to discriminate 
between DM-CAD and DM patients. Nuclear fac-
tor-κB (NF-κB) p65 protein expression and se-
rum concentrations of monocyte chemotactic 
protein-1 (MCP-1), endothelin-1 (ET-1) and inter-
cellular adhesion molecule-1 (ICAM-1) were in-
vestigated. Correlations between miR-92a and 
NF-κB p65, inflammatory factors were assessed. 
Risk analysis based on miR-92a was performed 
for DM-CAD patients.   

RESULTS: MiR-92a expression was increased 
in DM-CAD group compared with both DM and 
healthy groups (all p<0.05). The expression of 
miR-92a was associated with FIB and HbA1c 
of DM-CAD patients. MiR-92a could be used to 
distinguish DM-CAD patients from DM patients 
with an area under the ROC curve (AUC) of 0.866. 
Moreover, miR-92a was demonstrated to be a 
risk factor for DM-CAD onset. Expression levels 
of NF-κB p65, ET-1, MCP-1, and ICAM-1 were all 
elevated in DM-CAD patients and shown positive 
correlations with miR-92a.  

CONCLUSIONS: Expression of miR-92a in 
DM-CAD patients is up-regulated, and serves 
as a potential marker to predict the CAD in DM 
patients. MiR-92a may contribute to the devel-
opment of CAD through activation of NF-κB and 
downstream inflammatory pathways. 
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Introduction

Cardiovascular disease (CAD) is a serious com-
plication in the pathogenesis of type 2 diabetes mel-
litus (T2DM)1. According to the statistics, about 
70% of T2DM patients die from the CAD, leading 
to an increasing attention on the development of di-
abetes mellitus-associated cardiovascular disease 
(DM-CAD)2. Emerging studies have reported that 
inflammation plays an important role in the progres-
sion of DM-CAD3. Various inflammatory factors 
have been demonstrated to be associated with the 
development of CAD and DM4,5. Nuclear factor-κB 
(NF-κB) signaling pathway is a critical regulator of 
inflammation. The activation of NF-κB induces the 
translation of diverse inflammatory factors, such as 
monocyte chemotactic protein-1 (MCP-1), endothe-
lin-1 (ET-1) and intercellular adhesion molecule-1 
(ICAM-1)6. There is compelling evidence that ac-
tivations of NF-κB and downstream inflammatory 
signaling pathways are key events in DM and CAD7. 
Thus, we suspect that (the) NF-κB may be involved 
in the development of CAD in DM patients.

MicroRNAs (miRNAs), small non-coding RNA 
molecules, which regulate gene expression at the 
post-transcriptional level, have emerged as funda-
mental for many diseases8-10. MiRNAs have become 
one of the most encouraging and fruitful fields in 
biological researches, and have been implicated as 
new players in the pathogenesis of DM and DM-as-
sociated complications11,12. MicroRNA-92a (miR-
92a) has been demonstrated to be associated with 
cardiovascular development and diseases13. In addi-
tion, some research found that miR-92a is involved 
in the development of diseases through the regula-
tion of NF-κB13,14. However, the effects of miR-92a 
on the pathogenesis of DM and DM-associated com-
plications, especially DM-CAD, remain elusive. To 
better understand the underlying molecular mech-
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anisms during the development of DM-CAD, this 
study examined the expression patterns of miR-92a, 
NF-κB p65 and downstream inflammatory factors 
in patients with DM-CAD. In addition, the associ-
ation of miR-92a with NF-κB and downstream in-
flammatory factors, and risk factor analysis were 
performed in DM-CAD. Overall, this study provides 
evidence for a role of miR-92a-NF-κB signaling in 
the pathogenesis of T2DM and development of DM-
CAD. If so, translation to the clinic may be feasible 
given current pharmacological strategies to lower 
miR-92a-NF-κB activity for DM-CAD treatment.

Patients and Methods

Patients
This investigation was approved by the Eth-

ics Committee of Tianjin First Central Hospital, 
and each participant signed the informed consent. 
186 patients were enrolled in this research and 
who were diagnosed with T2DM in Tianjin First 
Central Hospital from October 2014 to June 2015. 
These collected patients included 117 DM-CAD 
cases and 69 simple DM cases. The patients with 
following conditions were excluded: (1) acute 
coronary syndrome; (2) type 1 diabetes mellitus 
(T1DM), diabetic ketoacidosis acidosis, coma; (3) 
malignant tumor, hematological system diseases, 
immune system diseases; (4) acute inflamma-
tion, hemorrhage, pregnancy; (5) severe hepatic 
and renal dysfunctions, psychological problems. 
In addition, 68 healthy volunteers were recruited 
to act as negative control (NC) group. The clini-
copathological characteristics of the participants, 
including age, gender, body mass index (BMI), 
low-density lipoprotein cholesterol (LDL-C), fi-
brinogen (FIB), HbA1c, hypertension, and smok-
ing status, were recorded for the subsequent anal-
yses. Self-reported T2DM status was confirmed 
by reviewing the medical records of the Tianjin 
First Central Hospital.

Samples Collection and RNA Extraction
A volume of 2 mL of whole blood was collected 

from the participants, and the serum samples were 
isolated from the blood through centrifugation. 
Total RNA was extracted from the serum using a 
commercial Trizol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturers’ pro-
tocols and stored at −20°C. The concentration of 
the RNA was quantified by NanoDrop ND-1000 
(Thermo Fisher Scientific, Waltham, MA, USA).

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Single-stranded cDNA was obtained from the col-
lected RNA using PrimeScript RT reagent Kit (Ta-
KaRa, Otsu, Shiga, Japan). QRT-PCR was performed 
to measure the expression levels of miR-92a using 
SYBR Premix Ex Taq TM II (TaKaRa, Otsu, Shi-
ga, Japan) in a 7300 q-PCR system (Applied Biosys-
tems, Foster City, CA, USA). The miRNA-specific 
primer sequences were designed based on the miR-
NA sequences obtained from the miRBase database 
(http://micro-rna.sanger.ac.uk/): miR-92a forward: 
5’-TATTGCACTTGTCCCGGCCTGT-3’, reverse: 
5’-CTTTCTACACAGGTTGGGATCG-3’. The ex-
ogenous cel-miR-39 was used as the internal control 
of the reactions. Each amplification reaction was per-
formed in the final volume of 20 μL containing 1 μL 
of the cDNA, 0.25 mM of each primer and 1× SYBR 
Green PCR Master mix, following the cycling condi-
tions recommended by the supplier (40 cycles of 30 
s at 90°C, 5 s at 95°C, and 31 s at 60°C). At the end 
of the PCR cycles, melting curve analyses as well as 
electrophoresis of the products on 3.0% agarose gels 
were performed to validate the specific generation of 
the expected PCR product. Each sample was run in 
duplicates for analysis. The expression levels of miR-
92a were normalized to miR-39 and were calculated 
utilizing the 2-ΔΔct method.

Western Blot Analysis
Western blot was performed as described else-

where. In brief, the proteins in the serum samples 
were quantified by BCA protein quantification kit 
(Beyotime, Beijing, China), and were then separat-
ed by 15% of sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE). The sepa-
rated proteins were transferred to membranes at 60 
V for 4 h at 4°C. Membranes were blocked in 5% 
of nonfat dry milk in TBS, incubated with prima-
ry antibody of anti-NF-κB p65 (1:200; Proteintech, 
Wuhan, China) in TBST overnight at 4°C, and 
washed thrice with TBST. The membranes were 
then incubated with secondary antibodies conju-
gated with horseradish peroxidase (1:5000; Pro-
teintech, Wuhan, China) in TBST for 1 h at room 
temperature and then washed using TBST for 
thrice. Protein bands were visualized on an X-ray 
film using an enhanced chemiluminescence (ECL) 
detection system (Bio-Rad, Hercules, CA, USA).

Enzyme-Linked Immunosorbent 
Assay (ELISA)

Proteins in the serum samples were quantified 
by BCA protein quantification kit (Beyotime, Bei-
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jing, China). The concentration of the pro-inflam-
matory cytokines: ET-1, MCP-1, ICAM-1, was es-
timated by ELISA (Biotang, MA, USA). Briefly, 
100 µL of protein extract was added into sample 
wells and standard wells. For the blank, no pro-
tein extract or standard control protein was added. 
Wells were blended and covered with parafilm and 
incubated at 20-25°C for 90 min. 100 µL of ET-
1, MCP-1 and ICAM-1 biotinylation anti-human 
IgG antibodies (Proteintech, Wuhan, China) were 
added into each well and incubated at 20-25°C for 
60 min on an orbital shaker (100 rpm). Then, 100 
µL of horse-radish peroxide (HRP)-conjugated 
detection antibodies (ProteinTech, Wuhan, Chi-
na) were added into the wells and incubated at 
20-25°C for 30 min. After the incubation, 100 µL 
of TMB substrate buffer solution was added into 
the wells and incubated at 20-25°C for 10-20 min 
away from light. Lastly, 100 µL of stop solution 
was added into each well to stop enzyme reac-
tion. The absorbance can be read on a microplate 
reader (Thermo Fisher Scientific, Waltham, MA, 
USA) at 450 nm within 2-15 min. 

Statistical Analysis
Results are reported as means ± standard error 

values for the indicated number of experiments. 
Statistical significance was calculated using the 
Student’s t-test for data pairs, and ANOVA analy-
sis followed by the Dunnett test for multiple com-
parisons to control, and the Tukey test for multiple 
comparisons between groups. The association be-
tween miR-92a expression and clinicopatholog-
ical features was assessed using the Chi-square 
test. The degree of dependency between variables 
was estimated by the Pearson correlation test. 
Logistic regression analysis was carried out to 
identify the risk factor for DM-CAD. SPSS (ver-
sion 21.0) package was used for receiver operating 

characteristic (ROC) curve analysis. Significance 
was set at p < 0.05.

Results

Baseline Characteristics of Patients
and Serum MiR-92a Expression

The general features of the patients were listed 
in Table I. No significant difference was found be-
tween DM-CAD, DM and NC groups at age and 
gender (all p > 0.05). The concentrations of FIB 
and HbA1c were higher in DM-CAD group than 
those in DM and NC groups (all p < 0.05).

According to qRT-PCR, we found that serum 
expression of miR-92a was elevated in DM group 
compared with the NC group (p < 0.05). More-
over, the highest miR-92a was detected in DM-
CAD group when compared with DM and NC 
groups (p < 0.05, Figure 1).

Figure 1. Expression of miR-92a in DM-CAD, DM and 
NC groups. The highest expression of miR-92a was detected 
in DM-CAD group compared with DM and NC groups. &, 
p<0.05 compared with NC group; #,  p<0.05 compared with  
DM group. 

Table I. Baseline characteristics of the participants.

Features	 NC (n = 68)	 DM (n = 69)	 DM-CAD (n = 117)

Age (years)	 62.98 ± 7.42	 64.29 ± 3.77	 64.73 ± 8.22
Male (%)	 45 (66.18)	 48 (69.57)	 79 (67.52)
BMI (kg/m2)	 24.08 ± 2.42	 25.61 ± 5.76	 26.44 ± 3.31a

LDL-C (mM/L)	 2.55 ± 0.83	 3.24 ± 1.27	 4.68 ± 1.70
FIB (g/L)	 2.36 ± 0.37	 4.29 ± 0.58a	 4.41 ± 0.83ab

HbA1c (%)	 5.29 ± 0.33	 6.80 ± 2.41a	 8.22 ± 2.64ab

Hypertension (%)	 8 (11.76)	 25 (36.23)a	 48 (41.03)a

Smoking (%)	 28 (41.18)	 32 (46.38)	 56 (47.86)

NC, negative control; DM, diabetes mellitus; DM-CAD, diabetes mellitus-associated cardiovascular disease; BMI, body mass index; 
LDL-C, low-density lipoprotein cholesterol; FIB, fibrinogen; a, p<0.05 compared with NC group; b, p<0.05 compared with DM group.
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Association of MiR-92a Expression 
and Clinicopathological Features 
of DM-CAD Patients

To investigate the role of miR-92a during the 
progression of CAD in DM patients, the relation 
between miR-92a expression and clinicopatho-
logical characteristics of DM-CAD patients was 
assessed in the current study. DM-CAD patients 
were divided into low miR-92a group (n = 53) and 
high miR-92a expression group (n = 64) based on 
the mean miR-92a expression value (2.587). The 
results of the Chi-square test analysis listed in Ta-
ble II revealed that miR-92a was associated with 
FIB (p = 0.007) and HbA1c (p = 0.042). However, 
no significant relation was detected between miR-
92a and age, gender, BMI, LDL-C, hypertension, 
and smoking (all p > 0.05). Moreover, a positive 
correlation between miR-92a expression and FIB 
was performed in DM-CAD group (R = 0.420 and 
p < 0.001, Figure 2A). However, this correlation 
was not found in DM group (R = 0.120 and p = 
0.327, Figure 2B).

High Specificity and Sensitivity 
of MiR-92a for Determination of DM-CAD

According to the ROC analysis, we evaluated 
the capability of miR-92a to distinguish DM-CAD 
patients from DM and healthy individuals. The 
ROC curve constructed using the miR-92a expres-
sion in DM-CAD and healthy controls revealed 
that the area under the curve (AUC) was 0.958, 
with a sensitivity of 78.6% and specificity of 98.5% 
at the cutoff value of 2.035 (Figure 3A). In addition, 
miR-92a could be used to discriminate DM-CAD 
patients from DM patients, with the AUC value of 
0.866 (Figure 3B). The cutoff value was 2.135, and 
the corresponding sensitivity and specificity were 
76.9% and 88.4%, respectively.

Expression of NF-κB p65 Protein
As shown in Figure 4, the results of West-

ern-blot revealed that the protein expression of 
NF-κB p65 was elevated in DM-CAD group com-
pared with both DM and NC groups (all p < 0.05), 
and the lowest value was performed in NC group.

Table II. Association of miR-92a expression with clinicopathological features of DM-CAD patients.

Features	 Total No. n=117	                    miR-92a expression		 p-values
			 
		  Low (n = 53)	 High (n = 64)	

Age (years)				    0.729
    ≤ 50	 35	 15	 20	
    > 50	 82	 38	 44	
Gender				    0.755
    Female	 38	 18	 20	
    Male	 79	 35	 44	
BMI				    0.085
    ≤ 26	 41	 23	 18	
    > 26	 76	 30	 46	
LDL-C (mM/L)				    0.612
    ≤ 4.6	 50	 24	 26	
    > 4.6	 67	 29	 38	
FIB (g/L)				    0.007*
    ≤ 4.4	 42	 26	 16	
    > 4.4	 75	 27	 48	
HbA1c (%)				    0.042*
    ≤ 8.2	 52	 29	 23	
    > 8.2	 65	 24	 41	
Hypertension				    0.779
    No	 69	 32	 37	
    Yes	 48	 21	 27	
Smoking				    0.379
    No	 61	 30	 31	
    Yes	 56	 23	 33

DM-CAD, diabetes mellitus-associated cardiovascular disease; BMI, body mass index; LDL-C, low-density lipoprotein 
cholesterol; FIB, fibrinogen;*p<0.05.
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Expression of MCP-1, ET-1, 
and ICAM-1

The serum concentration of pro-inflammatory 
cytokines, including MCP-1, ET-1, and ICAM-1, 
was evaluated by the ELISA analysis. The ex-
pression value listed in Table III indicated that 
the highest concentrations of MCP-1, ET-1, and 
ICAM-1 were all detected in DM-CAD group 
compared to that in the DM and NC groups (all 
p < 0.001).

Logistic Regression Analysis 
for DM-CAD Patients

To investigate the potential risk factors for CAD 
in DM patients, the Logistic analysis was conduct-
ed to analyze the effects of miR-92a, NF-κB p65, 
MCP-1, ET-1, ICAM-1 and other clinicopathologi-
cal features on the occurrence of CAD in DM pa-
tients. The results shown in Table IV indicated that 
miR-92a (OR = 15.835, 95% CI = 6.307-39.754 and 
p < 0.001) and FIB (OR = 2.495, 95% CI = 1.109-
5.614 and p = 0.027) were two independent risk 
factors for onset of CAD in DM patients.

Figure 2. Correlation analysis between miR-92a expression and FIB concentration in DM-CAD patients and DM patients. A, 
Positive correlation was performed between miR-92a and FIB concentration in patients with DM-CAD (R=0.420, p<0.001). B, 
No significant correlation of miR-92a with FIB was found in sample DM patients (R=0.120, p=0.327).

A B

Figure 3. ROC analysis based on miR-92a expression in DM-CAD patients. A, MiR-92a could distinguish DM-CAD patients 
from NC controls with an AUC of 0.958. B, MiR-92a had the capability to discriminate between DM-CAD patients and DM 
patients with an AUC of 0.866.

A B
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Correlation of MiR-92a 
with NF-κB p65, MCP-1, ET-1, 
and ICAM-1 in DM-CAD Patient

From the Pearson correlation test, we found 
a positive correlation between miR-92a and NF-
κB p65 (R = 0.349 and p = 0.007, Figure 5A). 
Additionally, the miR-92a was also correlated 
with MCP-1 (R = 0.692 and p = 0.004, Figure 
5B), ET-1 (R = 0.439 and p = 0.002, Figure 5C) 
and ICAM-1 (R = 0.785 and p = 0.005, Figure 
5D).

Discussion

According to the statistics, the incidence rate of 
DM is increasing rapidly, and this rate is expected 
to increase in the subsequent years. The vast ar-
ray of long-term complications for DM contributes 
to the elevated mortality of this serious disease14. 
Among these complications, CAD accounts for 
most of the morbidity and mortality in the DM pop-
ulation15. It is reported that almost 80% of deaths 
related to DM occur due to heart diseases16. Thus, 
it is important to further understand the underlying 
molecular mechanisms during the development of 
CAD in patients with DM.

MiRNAs, a group of small non-coding RNAs 
with gene expression regulatory function, have 
been reported to be involved in various physio-

Figure 4. Protein expression of NF-κB p65 measured by 
Western blot. A, Results of Western blot analysis for NF-κB 
p65 expression. B, Expression of NF-κB p65 was elevated 
in DM-CAD group compared with DM and NC groups. &, 
p<0.05 compared with NC group; #, p<0.05 compared with  
DM group.

Table III. Serum concentration of MCP-1, ET-1 and ICAM-1.

Cytokines	 NC	 DM	 DM-CAD

MCP-1 (pg/ml)	 58.71 ± 16.23	 64.24 ± 14.28a	 293.15 ± 58.41ab

ET-1 (ng/ml)	 38.35 ± 9.02	 77.5 ± 11.22a	 90.04 ± 22.46ab

ICAM-1 (μg/L)	 205.3 ± 47.8	 298.08 ± 65.32a	 841.28 ± 125.45ab

MCP-1, monocyte chemotactic protein-1; ET-1, endothelin-1; ICAM-1, intercellular adhesion molecule-1; NC, negative control; 
DM, diabetes mellitus; DM-CAD, diabetes mellitus-associated cardiovascular disease; a, p<0.05 compared with NC group; b, 
p<0.05 compared with DM group. 

NF-κB, Nuclear factor-κB; MCP-1, monocyte chemotactic 
protein-1; ET-1, endothelin-1; ICAM-1, intercellular adhesion 
molecule-1; BMI, body mass index; LDL-C, low-density 
lipoprotein cholesterol; FIB, fibrinogen; *p<0.05.

Table IV. Logistic regression analysis for miR-92a and 
clinical factors in DM-CAD patients.

Variables	              Logistic analysis	 p-values
			 
	 OR	 95% CI	

miR-92a	 15.835	 6.307-39.754	 < 0.001*
Age	 1.392	 0.639-3.032	 0.405
Gender	 1.718	 0.810-3.646	 0.159
BMI	 1.468	 0.662-3.255	 0.345
LDL-C	 1.075	 0.506-2.283	 0.850
FIB	 2.495	 1.109-5.614	 0.027*
HbA1c	 1.614	 0.758-3.434	 0.214
Hypertension	 1.339	 0.634-2.827	 0.444
Smoking	 1.122	 0.532-2.364	 0.763
NF-κB p65	 1.193	 0.555-2.565	 0.651
MCP-1	 1.481	 0.701-3.128	 0.303
ET-1	 1.231	 0.590-2.567	 0.579
ICAM-1	 1.428	 0.685-2.976	 0.342
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logical and pathological processes17. Accumulat-
ed evidence revealed that miRNAs are associat-
ed with the diagnosis and prognosis of various 
human diseases18. Importantly, some miRNAs 
with abnormal expression patterns serve pivotal 
roles during the progression of DM. For exam-
ple, a study scheduled by Zhang et al19 revealed 
that circulating miR-126 could predict the onset 
of T2DM and acted as a non-invasive diagnos-
tic biomarker. MiR-375, as another example, has 
been described as a key factor for glucose-regu-
lated insulin secretion via regulation of MTPN 
and PDK1 and may serve as a candidate target 
for DM treatment20. Furthermore, miRNAs have 
also been demonstrated to be involved in the de-

velopment of cardiovascular complications, such 
as angiogenesis, hypertrophy, endothelial dys-
function, and myocardial fibrosis21-24. Circulating 
miR-21-5p and miR-126a-3p have been reported 
as dynamic biomarkers for the prediction of major 
cardiovascular events in patients with T2DM25. 
MiR-92a is an extensively studied miRNA and 
plays important roles in various biological pro-
cesses, such as cell proliferation, differentiation, 
migration, invasion, and apoptosis26,27. The rela-
tion between miR-92a and initiation and develop-
ment of human diseases, including DM, has been 
reported in previous researches. For example, a 
previous study indicated that miR-92a could pro-
mote the treatment effects of CD34+ cells for the 

Figure 5. Correlations of miR-92a with NF-κB p65, MCP-1, ET-1, and ICAM-1 in DM-CAD patients. The expression of miR-92a 
was positively correlated with (A) NF-κB p65 (R=0.349 and p=0.007), (B) MCP-1 (R=0.692 and p=0.004), (C) ET-1 (R=0.439 and 
p=0.002) and (D) ICAM-1 (R=0.785 and p=0.005) in patients with DM-CAD.

A

C

B

D
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vascular repair in the cases with DM28. In the 
present study, we observed the increased serum 
expression of miR-92a in CAD-DM patients com-
pared with DM patients. Thus, we suspected that 
miR-92a might be involved in the development of 
CAD in DM patients. 

In the present study, miR-92a in DM-CAD, 
DM, and healthy individuals was investigated by 
qRT-PCR. The analysis results revealed that serum 
miR-92a was markedly elevated in DM-CAD pa-
tients compared with  DM patients and NC. The 
expression of miR-92a in DM-CAD patients was 
found to be associated with patients’ FIB and 
HbA1c, which respectively represent the risk fac-
tors of CAD and DM. Furthermore, the ROC anal-
ysis indicated that miR-92a had a high sensitivity 
and specificity to distinguish DM-CAD patients 
from DM patients. Additionally, the Logistic re-
gression analysis indicated that miR-92a was an 
independent risk factor for DM-CAD patients. 
Given the above data, we considered that the ab-
errant expression of miR-92a might be involved in 
the development of DM-CAD, and could be used 
as an indicator to predict the DM-CAD onset.

NF-κB represents one of the most important 
transcription factors and is involved in the tran-
scription of many genes29. It is a dimer comprised of 
p50 and p65. Under resting conditions, p65 forms a 
complex with the inhibitory subunit IκB, while p65 
is released by the phosphorylation of IκB, leading 
to the translocation into the nucleus of p65 and the 
induction of genes transcription30. There is strong 
evidence in the previous literature that the NF-κB 
activation is an initial and crucial step in the evo-
lution of T2DM, contributing to both hepatic insu-
lin resistance and β-cell apoptosis, and providing a 
link between overnutrition, metabolic inflammation 
and impaired autophagy in the hypothalamus and 
the development of obesity31-35. In addition, the tran-
scription of inflammatory mediators, such as MCP-
1, ET-1, and ICAM-1, induced by the activation of 
NF-κB, is considered as the pathologic and physio-
logic basis of both DM and CAD36. Therefore, NF-
κB and downstream inflammatory signaling path-
ways play critical roles in the development of CAD 
in DM individuals. In the current study, the protein 
expression of NF-κB p65 evaluated by Western blot 
was significantly upregulated in DM-CAD patients 
compared with both DM and NC groups. Moreover, 
the serum concentrations of inflammatory cyto-
kines, including MCP-1, ET-1, and ICAM-1, were 
higher in DM-CAD group than those in DM and NC 
groups. These data were inconsistent with the previ-
ous studies, which indicated the crucial role of in-

flammation in the development of DM and DM-as-
sociated complications37. Furthermore, we found the 
positive correlations between miR-92a and NF-κB 
and the inflammatory cytokines levels, suggesting 
that miR-92a might be involved in the development 
of DM-CAD through the NF-κB and downstream 
inflammatory pathways. However, the precise mo-
lecular mechanisms between miR-92a and NF-κB 
remain unclear and warrant further studies.

Conclusions

We found that miR-92a is expressed at a high 
level in T2DM with CAD patients. The expression 
of NF-kB p65 as well as the downstream inflamma-
tory cytokines, including ET-1, MCP-1 and ICAM-
1, were significantly higher in DM-CAD group than 
those in DM and NC groups. The upregulated miR-
92a is involved in the pathological changes of DM-
CAD, and may contribute to the development of this 
disease through NF-κB and downstream inflamma-
tory pathways. MiR-92a may serve as an efficient 
predictor of DM-CAD and could be applied in the 
DM-CAD screening.

Conflict of Interest
The authors have declared that they have no conflict of 
interests.

Acknowledgement
This work was supported by Tianjin Health Committee 
(2014KY13, 15KG132), National Natural Science Founda-
tion of China (81602139), Tianjin Natural Science Founda-
tion(16JCQNJC10100).

References

    1)	Bollero P, Di Renzo L, Franco R, Rampello T, Pujia A, 
Merra G, De Lorenzo A, Docimo R. Effects of new 
probiotic mouthwash in patients with diabetes 
mellitus and cardiovascular diseases. Eur Rev 
Med Pharmacol Sci 2017; 21: 5827-5836.

    2)	Pan A, Wang Y, Talaei M, Hu FB. Relation of 
smoking with total mortality and cardiovascular 
events among patients with diabetes mellitus: a 
meta-analysis and systematic review. Circulation 
2015; 132: 1795-1804.

    3)	Steinberg GR, Schertzer JD. AMPK promotes mac-
rophage fatty acid oxidative metabolism to miti-
gate inflammation: implications for diabetes and 
cardiovascular disease. Immunol Cell Biol 2014; 
92: 340-345.



W.-Y. Wang, Y.-S. Zheng, Z.-G. Li, Y.-M. Cui, J.-C. Jiang

3078

    4)	Lowe G, Woodward M, Hillis G, Rumley A, Li Q, 
Harrap S, Marre M, Hamet P, Patel A, Poulter N, 
Chalmers J. Circulating inflammatory markers and 
the risk of vascular complications and mortality 
in people with type 2 diabetes and cardiovascu-
lar disease or risk factors: the ADVANCE study. 
Diabetes 2014; 63: 1115-1123.

    5)	Xu C, Han Z, Li P, Li X. Fibroblast growth fac-
tor-21 is a potential diagnostic factor for patients 
with gestational diabetes mellitus. Exp Ther Med 
2018; 16: 1397-1402.

    6)	Shih RH, Wang CY, Yang CM. NF-kappaB Signaling 
pathways in neurological inflammation: a mini 
review. Front Mol Neurosci 2015; 8: 77.

    7)	Palomer X, Salvadó L, Barroso E, Vázquez-Carrera 
M. An overview of the crosstalk between inflam-
matory processes and metabolic dysregulation 
during diabetic cardiomyopathy. Int J Cardiol 
2013; 168: 3160-3172.

    8)	Zhou B, Li Z, Yang H, He N. Extracellular miRNAs: 
origin, function and biomarkers in hepatic diseas-
es. J Biomed Nanotechnol 2014; 10: 2865-2890.

    9)	Piasecka D, Braun M, Kordek R, Sadej R, Romanska H. 
MicroRNAs in regulation of triple-negative breast 
cancer progression. J Cancer Res Clin Oncol 
2018; 144: 1401-1411.

  10)	Goldberg L, Tirosh-Wagner T, Vardi A, Abbas H, 
Pillar N, Shomron N, Nevo-Caspi Y, Paret G. Cir-
culating microRNAs: a potential biomarker for 
cardiac damage, inflammatory response, and 
left ventricular function recovery in pediatric 
viral myocarditis. J Cardiovasc Transl Res 2018; 
11: 319-328.

  11)	Xu XH, Ding DF, Yong HJ, Dong CL, You N, Ye XL, 
Pan ML, Ma JH, You Q, Lu YB. Resveratrol tran-
scriptionally regulates miRNA-18a-5p expression 
ameliorating diabetic nephropathy via increasing 
autophagy. Eur Rev Med Pharmacol Sci 2017; 21: 
4952-4965.

  12)	Lin N, Li XY, Zhang HM, Yang Z, Su Q. microR-
NA-199a-5p mediates high glucose-induced re-
active oxygen species production and apoptosis 
in INS-1 pancreatic β-cells by targeting SIRT1. 
Eur Rev Med Pharmacol Sci 2017; 21: 1091-1098.

  13)	Loyer X, Potteaux S, Vion AC, Guérin CL, Boulkroun 
S, Rautou PE, Ramkhelawon B, Esposito B, Dalloz M, 
Paul JL, Julia P, Maccario J, Boulanger CM, Mallat 
Z, Tedgui A. Inhibition of microRNA-92a prevents 
endothelial dysfunction and atherosclerosis in 
mice. Circ Res 2014; 114: 434-443.

  14)	Ekezue BF, Laditka SB, Laditka JN, Studnicki J, Blanch-
ette CM. Diabetes complications and adverse 
health outcomes after coronary revascularization. 
Diabetes Res Clin Pract 2014; 103: 530-537.

  15)	Szuszkiewicz-Garcia MM, Davidson JA. Cardiovascu-
lar disease in diabetes mellitus: risk factors and 
medical therapy. Endocrinol Metab Clin North Am 
2014; 43: 25-40.

  16)	Hayat SA, Patel B, Khattar RS, Malik RA. Diabet-
ic cardiomyopathy: mechanisms, diagnosis and 
treatment. Clin Sci (Lond) 2004; 107: 539-557.

  17)	Bhaskaran M, Mohan M. MicroRNAs: history, bio-
genesis, and their evolving role in animal devel-
opment and disease. Vet Pathol 2014; 51: 759-
774.

  18)	Zhou X, Lu Z, Wang T, Huang Z, Zhu W, Miao Y. 
Plasma miRNAs in diagnosis and prognosis of 
pancreatic cancer: a miRNA expression analysis. 
Gene 2018; 673: 181-193.

  19)	Zhang T, Li L, Shang Q, Lv C, Wang C, Su B. Circu-
lating miR-126 is a potential biomarker to predict 
the onset of type 2 diabetes mellitus in suscep-
tible individuals. Biochem Biophys Res Commun 
2015; 463: 60-63.

  20)	Li X. MiR-375, a microRNA related to diabetes. 
Gene 2014; 533: 1-4.

  21)	Li Y, Song YH, Li F, Yang T, Lu YW, Geng YJ. 
MicroRNA-221 regulates high glucose-induced 
endothelial dysfunction. Biochem Biophys Res 
Commun 2009; 381:  81-83.

  22)	Zhao H, Guan J, Lee HM, Sui Y, He L, Siu JJ, Tse 
PP, Tong PC, Lai FM, Chan JC. Up-regulated pan-
creatic tissue microRNA-375 associates with 
human type 2 diabetes through beta-cell deficit 
and islet amyloid deposition. Pancreas 2010; 
39: 843-846.

  23)	Carè A, Catalucci D, Felicetti F, Bonci D, Addario A, 
Gallo P, Bang ML, Segnalini P, Gu Y, Dalton ND, 
Elia L, Latronico MV, Hoydal M, Autore C, Russo 
MA, Dorn GW 2nd, Ellingsen O, Ruiz-Lozano P, 
Peterson KL, Croce CM, Peschle C, Condorelli G. 
MicroRNA-133 controls cardiac hypertrophy. Nat 
Med 2007; 13: 613-618.

  24)	Cardin S, Guasch E, Luo X, Naud P, Le Quang K, 
Shi Y, Tardif JC, Comtois P, Nattel S. Role for mi-
croRNA-21 in atrial profibrillatory fibrotic remod-
eling associated with experimental postinfarction 
heart failure. Circ Arrhythm Electrophysiol 2012; 
5: 1027-1035.

  25)	Olivieri F, Spazzafumo L, Bonafè M, Recchioni R, 
Prattichizzo F, Marcheselli F, Micolucci L, Mensà E, 
Giuliani A, Santini G, Gobbi M, Lazzarini R, Boemi 
M, Testa R, Antonicelli R, Procopio AD, Bonfigli 
AR. MiR-21-5p and miR-126a-3p levels in plas-
ma and circulating angiogenic cells: relationship 
with type 2 diabetes complications. Oncotarget 
2015; 6: 35372-35382.

  26)	Ren P, Gong F, Zhang Y, Jiang J, Zhang H. Mi-
croRNA-92a promotes growth, metastasis, and 
chemoresistance in non-small cell lung cancer 
cells by targeting PTEN. Tumour Biol 2016; 37: 
3215-3225.

  27)	Zhu S, Zhang L, Zhao Z, Fu W, Fu K, Liu G, Jia W. 
MicroRNA-92a-3p inhibits the cell proliferation, 
migration and invasion of Wilms tumor by target-
ing NOTCH1. Oncol Rep 2018; 40: 571-578. 

  28)	Bhatwadekar AD, Yan Y, Stepps V, Hazra S, Korah 
M, Bartelmez S, Chaqour B, Grant MB. miR-92a 
corrects CD34+ cell dysfunction in diabetes by 
modulating core circadian genes involved in 
progenitor differentiation. Diabetes 2015; 64: 
4226-4237.



Role of miR-92a in DM-CAD

3079

  29)	Goldminz AM, Au SC, Kim N, Gottlieb AB, Lizzul 
PF. NF-κB: an essential transcription factor in 
psoriasis. J Dermatol Sci 2013; 69: 89-94.

  30)	Simon PS, Sharman SK, Lu C, Yang D, Paschall AV, 
Tulachan SS, Liu K. The NF-κB p65 and p50 ho-
modimer cooperate with IRF8 to activate iNOS 
transcription. BMC Cancer 2015; 15: 770.

  31)	Mazzone T, Chait A, Plutzky J. Cardiovascular dis-
ease risk in type 2 diabetes mellitus: insights from 
mechanistic studies. Lancet 2008; 371: 1800-1809.

  32)	Shoelson SE, Herrero L, Naaz A. Obesity, inflam-
mation, and insulin resistance. Gastroenterology 
2007; 132: 2169-2180.

  33)	Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, 
Lee J, Shoelson SE. Local and systemic insulin resis-
tance resulting from hepatic activation of IKK-beta 
and NF-kappaB. Nat Med 2005; 11: 183-190.

  34)	Cai D, Liu T. Inflammatory cause of metabolic syn-
drome via brain stress and NF-κB. Aging (Albany 
NY) 2012; 4: 98-115.

  35)	Hundal RS, Petersen KF, Mayerson AB, Randhawa PS, 
Inzucchi S, Shoelson SE, Shulman GI. Mechanism by 
which high-dose aspirin improves glucose metab-
olism in type 2 diabetes. J Clin Invest 2002; 109: 
1321-1326.

  36)	Misra DP, Das S, Sahu PK. Prevalence of in-
flammatory markers (high-sensitivity C-reactive 
protein, nuclear factor-κB, and adiponectin) in 
Indian patients with type 2 diabetes mellitus with 
and without macrovascular complications. Metab 
Syndr Relat Disord 2012; 10: 209-213.

  37)	Lontchi-Yimagou E, Sobngwi E, Matsha TE, Kengne 
AP. Diabetes mellitus and inflammation. Curr Diab 
Rep 2013; 13: 435-444.

.


