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ABSTRACT
Background: Macrovascular complications are the main cause of morbidity and mortality 
among the diabetic patients. MicroRNAs (miRNAs), a family of small non-coding RNAs, play vital 
roles in the regulation of blood glucose level and the concurrent cardiovascular complications 
of type 2 diabetes. We hypothesized that plasma miR-126 and miR-210 are linked to coronary 
artery disease (CAD) in these diabetes patients.
Methods: Fasting blood samples were collected from 20 healthy volunteers and 100 patients 
with diabetes (54 patients without CAD and 46 patients with CAD). Plasma miR-126 and 
miR-210 expressions were assessed by quantitative real time PCR. Specificity and sensitivity 
of miR-126 and miR-210 to discriminate CAD with diabetes was determined by receiver 
operating characteristic curve analysis. Correlations between miR-126 and miR-210 and studied 
characteristics in diabetes patients with and without CAD were compared.
Results: Plasma relative expressions of miR-126 and miR-210 were 0.38 ± 0.03 and 5.3 ± 0.56 
in diabetes alone vs. 0.08  ±  0.03 and 21.44  ±  0.97 in diabetes with CAD, respectively (both 
p < 0.0001). Levels of miR-126 and miR-210 significantly correlated with certain glycemic and 
lipid indices. The miRNAs significantly discriminated between diabetes with and without CAD at 
cut-off values of 0.055 (sensitivity 91.3%, specificity 100%) for miR-126 and of 17.59 (sensitivity 
93.5%, specificity 100%) for miR-210.
Conclusion: Plasma miR-126 and miR-210 levels may be biomarkers for diabetes with or without 
CAD.

Introduction

Type 2 diabetes constitutes approximately 90–95% of all 
patients with diabetes worldwide and represents a grow-
ing epidemic. The International Diabetes Federation (IDF) 
listed Egypt among the world top 10 countries in the 
number of patients with diabetes [1]. Type 2 diabetes 
is a metabolic disorder characterized by insulin resist-
ance and pancreatic β-cell dysfunction due to unsettled 
hyperglycaemia [2]. The American Heart Association con-
siders diabetes as one of the six major controllable risk 
factors for cardiovascular disease [1]. Coronary artery 
disease (CAD) is a major cause of mortality in diabetics 
as  >60% of patients die from cardiovascular diseases, 
whilst diabetes brings a two to threefold greater risk for 
developing [3].

MiRNAs are highly conserved small non-coding 
endogenous RNA molecules that have been proven 
to be involved in the regulation of key biological pro-
cesses such as proliferation, differentiation, apoptosis 
and metabolism [4]. In addition, tumour miRNAs are 
involved in tumourigenesis and the development of 

various cancers [5]. They represent a promising novel 
class of biomarkers for various diseases such as CAD in 
diabetes [6]. MiR-126, abundantly expressed in endothe-
lial cells, maintains endothelial homeostasis and vascular 
integrity via regulating several components of the vas-
cular endothelial growth factor pathway [7]. MiR-210 has 
been strongly linked with the hypoxia pathway, and is 
up-regulated in response to hypoxia-inducible factors 
[8]. It is also over-expressed in cells affected by cardiac 
disease and tumours [9].

The current study aimed to assess levels of plasma 
miR-126 and miR-210 in type 2 diabetes with and with-
out CAD and investigate their potential value as biomark-
ers. Our hypothesis is abnormal levels of plasma miR-126 
and miR-210 in type2 diabetic patients with CAD.

Subjects and methods

The study enrolled 100 patients with type 2 diabe-
tes (of whom 54 had CAD) from the outpatient clinic 
at the National Research Centre, Cairo, Egypt. Twenty 

© 2018 British Journal of Biomedical Science

KEYWORDS
MicroRNAs; MiR-126; 
MiR-210; type 2 diabetes; 
coronary artery disease

ARTICLE HISTORY
Received 5 August 2017 
Accepted 5 November 2017

CONTACT  KS Amr    khalda_nrc@yahoo.com

mailto: khalda_nrc@yahoo.com
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/09674845.2017.1402404&domain=pdf


BRITISH JOURNAL OF BIOMEDICAL SCIENCE﻿    83

GCGCAUGGUUUUCAUUAUUAC), for the target has-
miR-210 (forward, CUGUGCGUGUGACAGCGGCUGA; 
reverse, GUCACACGCCACCCGUCCCCGA 3՝) and for the 
endogenous control RNU 6B (CGCAAGGATGACACGCAAA 
TTCGTGAAGCGTTCCATATTTTT) (Applied Biosystems 
Life Technologies) in Universal Master Mix without 
AmpErase UNG (Applied Biosystems, Foster City, CA). 
The cycling conditions were initial denaturation at 95 °C 
for 2 min, 40 cycles of 95 °C for 10 s, 57 °C for 20 s, and 
7 °C for 10 s. Only miRNAs with threshold cycle (Ct) < 35 
were considered for subsequent analysis. Relative quan-
tifications were calculated using 2–ΔΔCt method [12].

GraphPad Prism®5 software was used for analysis of 
data. Clinical data were presented as mean and stand-
ard deviation (SD). Differences of the frequencies in the 
studied groups were analysed using chi-square test. One-
way analysis of variance (ANOVA), followed by Tukey test 
was used for parametric data while, Kruskal–Wallis test 
followed by Dunns test was used for non-parametric 
data to explore the difference among studied groups. 
Correlation analysis was by Spearman’s method. Receiver 
Operating Characteristic (ROC) curve was used to deter-
mine the cut-off values. The ordinal logistic regression 
(OLR) test was done using Minitab® 17 software pack-
age. P-value was considered statistically significant when 
p < 0.05 vs. corresponding control.

Results

There was no significant difference in age and sex 
between the three groups (Table 1), but there were dif-
ferences in glycemic control and lipid profile between 
patients with or without CAD. MiR-126 was significantly 
lower by 13.1 and 2.8-fold in diabetes patients with 
and without CAD, respectively, compared to controls. 
Moreover, patients with CAD had lower miR126 levels 
than patients without CAD. miR-210 was significantly 
higher by 21.4 and 5.3-fold in diabetes patients with and 
without CAD, respectively, compared to controls and in 
patients with CAD compared to those without CAD.

In those with diabetes alone, there was a signifi-
cant inverse correlation between miR-126 and fast-
ing glucose and HbA1c (Table 2). As regards miR-210, 
there were significant correlations with lipid profile. In 
patients with CAD, miR-126 and miR-210 correlated 
with fasting glucose, HbA1c and lipid profile. The two 
miRNAs correlated inversely with each other in diabetes 
(r = 0.32, p = 0.018) and in diabetes plus CAD (r = −0.64, 
p < 0.001).

Ordinal logistic regression analysis revealed a signifi-
cant association between groups and miR-126 and HDL-c 
(p  <  0.05): as miR-126 and HDL-c decreased, subjects 
were more likely to be diabetic with CAD. This analysis 
also revealed a significant association between groups 
and miR-210, BMI, fasting glucose, HbA1c, TC, TG and 
LDL-c (p < 0.05): with increases in these indices, subjects 
more likely to be diabetic with CAD.

apparently healthy volunteers recruited from paramed-
ical personnel served as controls. Patients with type 1 
diabetes, cancer, major organ failure, autoimmune dis-
eases or sepsis were excluded. Diabetic patients were 
previously diagnosed and treated with oral hypoglycae-
mic and/or insulin, diagnosed by with American Diabetes 
Association criteria 2016 [10]. CAD was diagnosed by 
cardiac catheterization, with at least one major vessel 
with ≥ 50% stenosis.

Patients and healthy volunteers were subjected to 
detailed medical and family history and demographic 
and clinical data with emphasis on symptoms suggestive 
of CAD. Anthropometric measurements: weight, height 
and calculation of body mass index [weight (kg)/height 
(m2)] were done. Twelve lead electrocardiography (ECG) 
was performed on all subjects, whilst cardiac catheteriza-
tion was performed on those with symptoms and/or ECG 
findings suggestive of CAD. The study was approved by 
the ethical committee of the National Research Centre, 
Cairo, Egypt and was conducted according to the rules 
of Helsinki declaration for human studies. A written 
informed consent was obtained from all participants.

Eight hours fasting venous blood samples (6 mL) were 
collected from all subjects as follows: 2 mL blood was 
taken into NaF tubes for glucose determination, 2 × 2 mL 
into K-EDTA for HbA1c and miRNAs. For lipid profile, 4 mL 
was taken into non-gel serum tubes, were left for 45 min 
to clot, and then was centrifuged at 3000 × g for 15 min. 
Serum and plasma samples were stored at −40 °C till the 
time of use. Glycosylated Hb (HbA1c) was assayed by 
quantitative colorimetry (Stanbio Laboratory, Boerne, 
TX, USA), fasting blood glucose, total cholesterol (TC), 
high-density lipoprotein-cholesterol (HDL-c) and tri-
glycerides (TG) by standard techniques (Olympus auto-
matic analyser AU 2700, Olympus Diagnostics GmbH, 
Irish Branch, Lismeehan, Ireland). Low-density lipopro-
tein-cholesterol (LDL-c) was calculated by Friedewald 
formula (LDL = TC-TG/5-HDL) [11].

For miRNA-126 and miRNA-210 extraction and 
RT-quantitative PCR, RNA stabilization in the blood sam-
ples was ensured by mixing 0.5  mL aliquots of EDTA 
blood with 1.3 mL RNA later (Ambion, Austin, TX, USA) 
and stored at −80  °C until miRNA extraction. MiRNA-
rich fraction was extracted from plasma specimens 
using the miRNeasyMini kit (Qiagen, Valencia, CA, USA) 
according to the manufacturer’s instructions. RNAs 
were quantified with NanoDrop ND-1000. For RT-PCR, 
extracted miRNA was reverse transcribed in reaction 
mixture containing miR-specific stem-loop RT prim-
ers using an Applied Biosystems™ TaqMan MicroRNA 
RT kit (Thermo Fisher Scientific), for one cycle only. 
Quantitative real time polymerase chain reaction (qRT-
PCR) was performed using TaqMan microRNA assay 
(Applied Biosystems Life Technologies), for 40 cycles, 
in duplicate reactions containing the prepared cDNA 
and TaqMan specific primers for the target has-miR-126 
(forward, UCGUACCGUGAGUAAUAAUGCG; reverse, 
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Sensitivity and specificity of miR-126 and miR-210 
for diabetes with/without CAD assessed by ROC curves 
showed abilities to discriminate between patients with 
and without CAD from healthy controls at cut-off value of 
0.57 (sensitivity 97.8%, specificity 95%), 0.65 (sensitivity 
96.3%, specificity 95%), respectively, for miR-126 and of 
9.2 (sensitivity 97.8%, specificity 100%), 1.12 (sensitivity 
87%, specificity 100%), respectively, for miR-210. ROC 
curves of both miRNAs significantly discriminated dia-
betes with CAD patients from those without CAD at cut-
off value of 0.055 (sensitivity 91.3%, specificity 100%) for 
miR-126 and of 17.59 (sensitivity 93.5%, specificity 100%) 
for miR-210 (Figures 1 and 2, respectively).

Discussion

The development of biomarkers that can identify dia-
betes patients at risk of CAD can improve the care of 
such patients. MiRNAs have roles in the epigenetic 
regulation of key metabolic, inflammatory and antian-
giogenic pathways in diabetes that may be associated 
with long term complications [13]. Our results revealed a 
significant decrease of plasma miR-126 levels in diabetic 
patients with and without CAD compared to controls as 
well as between diabetic patients with CAD compared 
to diabetic patients without CAD. These results are in 
accordance with many studies [6,13–15] although one 

Table 1. Demographic and clinical characteristics of the studied groups.

Notes: CAD: coronary artery disease; BMI: body mass index; HbAlc: glycosylated haemoglobin; TC: total cholesterol; TG: triglycerides; HDL-c: high-density 
lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol; MiR: MicroRNA; Data presented as mean ± SD or median with IQR. P values by ANOVA 
followed by Tukey test or Kruskal–Wallis test followed by Dunn’s test.

aDifferent from the control group.
bDifferent from diabetes alone.

Controls (n = 20) Diabetes (n = 54) Diabetes with CAD (n = 46) P-value
Age (years) 58.1 ± 1.1 56.5 ± 7.7 57.0 ± 6.2 0.48
Sex (male/female) 11/9 29/25 23/23 0.9
BMI (kg/m2) 23.2 ± 0.2 30.7 ± 5.3a 29.7 ± 3.5a <0.001
Duration (years) – 10.8 ± 7.8 11.2 ± 5.2 0.34
Fasting glucose (mmol/L) 4.5 ± 0.3 7.7 ± 1.4a  9.9 ± 4.5a, b <0.001
HbA1C (%) 4.8 ± 0.4 8.3 ± 1.1a  9.4 ± 1.0a,b <0.001
TC (mmol/L) 4.2 ± 0.2 5.2 ± 0.5a  6.2 ± 1.3a,b <0.001
TG (mmol/L) 1.2 ± 0.1 1.4 ± 0.2a  1.8 ± 0.6a,b <0.001
HDL-c (mmol/L) 1.3 ± 0.1 1.0 ± 0.6a  0.9 ± 0.3a <0.001
LDL-c (mmol/L) 2.4 ± 0.2 3.6 ± 0.8a  4.6 ± 1.4a,b <0.001
MiR-126 1.01 (0.77–1.34) 0.36 (0.18–0.45)a 0.04 (0.02–0.05)a,b <0.001
MiR-210 1.01 (0.97–1.49) 5.22 (1.37–7.50)a 20.7 (18.62–22.65)a,b <0.001

Table 2. Correlation of miR-126 and miR-210 with demographic and biochemical parameters.

See Table 1 for abbreviations. r: Spearman correlation coefficient.

Diabetes (n = 54) Diabetes with CAD (n = 46)

miR-126 miR-210 miR-126 miR-210

r P r P r p r p
Age 0.04 0.744 0.19 0.171 −0.07 0.631 0.27 0.074
BMI 0.01 0.978 −0.20 0.139 0.03 0.829 −0.01 0.940
Disease duration 0.11 0.439 −0.01 0.931 0.15 0.219 −0.08 0.595
Fasting glucose −0.67 <0.001 0.15 0.274 −0.92 <0.001 0.56 0.006
HbA1c −0.68 <0.001 0.15 0.267 −0.81 <0.001 0.48 0.001
TC −0.27 0.052 0.43 <0.001 −0.48 0.001 0.46 0.001
TG −0.03 0.849 0.53 <0.001 −0.20 0.189 0.52 <0.001
HDL-c 0.09 0.500 −0.79 <0.001 0.41 0.005 −0.50 <0.001
LDL-c −0.17 0.226 0.68 <0.001 −0.46 0.001 0.41 0.004
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Figure 1. ROC curves of plasma miR-126.
Notes: A, Type 2 diabetes (T2D) without CAD vs. controls; B, T2D with CAD vs. controls; C, T2D with CAD vs. T2D without CAD.
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showed no changes in miR-126 levels between diabetic 
patients and controls [16]. In patients with stable CAD, 
Jansent and colleagues reported a significant associa-
tion between high miR-126 in circulating microvesicles 
and lower major adverse cardiovascular events [17]. 
Moreover, the current study revealed that the expression 
levels of miR-126 were negatively associated with fasting 
glucose and HbA1c in both patient groups. Notably, the 
miR-126 ROC curve significantly discriminated between 
both patient groups and controls as well as between dia-
betes patients with and without CAD, in accordance with 
others [6,14].

The downregulation of miR-126 in diabetes patients 
might be caused by hyperglycaemia that reduces the 
miR-126 content of endothelial apoptotic bodies, or 
prolonged hyperglycaemia may lead to further decrease 
of endothelial miR-126. These findings might relate to 
impaired peripheral angiogenic signalling in patients 
with diabetes due to the loss of endothelial protective 
role of miR-126 [13]. The epigenetic effect of miR-126 
is encoded within an intron of Egfl7 and it is enriched 
in endothelial cell. Its expression has been shown to be 
partly driven by vascular-associated Ets transcription 
factors. These transcription factors play important roles 
in vasculogenesis, angiogenesis, inflammation, and 
remodelling [18]. For example, miR-126 promotes vas-
cular endothelial growth factor (VEGF) signalling by sup-
pressing two negative regulators of the VEGF pathway 
[19]. The lower plasma miR-126 in diabetes patients with 
CAD may be explained by its depletion from endothelial 
cells during hyperglycaemia resulting in its decrease in 
plasma [13] as well as circulating miR-126 was consumed 
during transcoronary passage [20].

Our study revealed a significant increase of plasma 
miR-210 in diabetic patients with and without CAD 
compared to controls. In type 1 diabetes, Nielsen and 
colleagues reported increased serum miR-210 [21]. 
Conversely, Nesca and colleagues reported reduced 
miR-210 in the islet cells of prediabetic and overtly 
diabetic mice and an increase in apoptosis of pancre-
atic cells after downregulation of miR-210 [22]. The link 
between miR-210 and diabetes may be mediated by 

HIFs, where dysregulation in HIFs plays a role in the 
pathogenesis of several diseases including diabetes 
and cardiovascular diseases [23]. Also, there is an asso-
ciation between diabetes and hypoxia where, intermit-
tent periods of hypoxia associated with obstructive 
sleep apnea may play a pathogenic role in insulin 
resistance and diabetes [24]. HIF is responsible for the 
overexpression of miR-210 which is considered one of 
the most responsive and influential miRNAs regulated 
by HIF. MiR-210 affects cellular processes, including 
regulation of cell cycle, function of mitochondria, 
apoptosis and angiogenesis [25]. In the current study, 
patients with diabetes and CAD showed higher levels 
of miR-210 than in diabetes alone. Li and colleagues 
reported increased expression of hsa-miR-210 in 
the intima layer of patients with atherosclerosis [26] 
whilst Chen and colleagues reported increased miR-
210 expression in the aorta of mice with high-fat diets 
[27]. Proangiogenic and anti-apoptotic roles of miR-210 
may act through regulation of different genes; ephrin 
A3 (Efna3), Protein tyrosine phosphatase 1B (Ptp1b), 
death-associated protein kinase 1(Dapk1) and connec-
tive tissue growth factor (Ctgf ) which were predicted 
to be the putative target genes of miR-210, where its 
over expression leads to suppression of these genes 
[28]. Efna3 is involved in inhibition of angiogenesis 
and its suppression is vital for stimulation of tubu-
logenesis and angiogenesis [29]. Ptp1b is involved in 
induction of apoptosis, where its inhibition by siRNA 
significantly decreased apoptosis in cardiomyocyte 
[30]. Dapk1, which encodes a pro-apoptotic serine/
threonine kinase, is critical for regulating the cell cycle, 
apoptosis and metastasis, mainly functioning in the 
early stages of eukaryotic programmed cell death [31]. 
Ctgf is a secreted cysteine-rich protein with different 
roles in angiogenesis, chondrogenesis, osteogene-
sis, tissue repair, cancer and fibrosis, with enhanced 
expression in cardiac myocytes and fibroblasts after 
myocardial infarction [32]. Despite several studies 
reported anti-apoptotic role of miR-210 [33,34], others 
suggested a pro-apoptotic function of miR-210 by tar-
geting the anti-apoptotic gene BCL2 and PDK1 [35,36]. 
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Figure 2. ROC curves of plasma miR-210.
Notes: A, Type two diabetes (T2D) without CAD vs. controls; B, T2D with CAD vs. controls; C, T2D with CAD vs. T2D without CAD.
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Notably, Abdul-Maksoud et al. report low serum lev-
els of miR-210 in rheumatoid arthritis that correlated 
inversely with TNF-α and IL-1β, out-performing sev-
eral routine indices (ESR, CRP, rheumatoid factor), and 
reflecting disease activity, and so might also serve as 
a non-invasive biomarker.

The current study revealed associations between miR-
126, miR-210 and glycaemia and lipid profiles which sug-
gest a potential role for these miRNAs in metabolism. 
The ROC curve of miR-210 significantly discriminated 
between both patient groups and controls as well as 
between diabetes patients with and without CAD. The 
limitations of our study were that all participants were 
selected from one hospital and some level of selection 
bias could not be avoided, and the small number of con-
trols. Further studies are recommended to understand 
the mechanism of action of miR-126 and miR-210 as well 
as to assess their possible roles as therapeutic targets for 
such disease.

This work represents an advance in biomedical sci-
ence because it reports miR-126 and miR210 as potential 
biomarkers for diabetes with and without CAD.

Summary table

What is known about this subject:

• �D iabetes brings a two to threefold greater risk for cardiovascular 
disease

• � Plasma miRNAs are potential noninvasive biomarkers for the diagno-
sis and prognosis of many diseases.

• �C irculating miR-126 is increased in several cardiovascular diseases.

What this study adds

• �M iR-210 and miR-126 are significantly inversely correlated with each 
other in diabetes and in diabetes plus CAD

• �M iR-210 levels are reduced in diabetes, and reduced further in diabe-
tes plus CAD, whilst miR-126 levels are raised in diabetes, and raised 
further in diabetes plus CAD.

• �ROC  curves indicate both miRNAs can discriminate diabetes from 
healthy controls, and diabetes from diabetes plus CAD.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

  [1] � Hegazi R, El-Gamal M, Abdel-Hady, N, et al. Epidemiology 
of and risk factors for type 2 diabetes in Egypt. Ann Glob 
Health. 2015;81:814–820.

  [2] � Quan W, Jo EK, Lee MS. Role of pancreatic β-cell death 
and inflammation in diabetes. Diabetes Obes Metab. 
2013;15(S3):141–151.

  [3] � Ryde'n L, Grant PJ, Anker SD, et al. ESC guidelines on 
diabetes, pre-diabetes, and cardiovascular diseases 
developed in collaboration with the EASD. Eur Heart J. 
2013;34:3035–3087.

  [4] � Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, 
and function. Cell 2004;116(2):281–297.

  [5] � Sun B, Liu X, Gao Y, et al. Downregulation of miR-
124 predicts poor prognosis in pancreatic ductal 

adenocarcinoma patients. Br J Biomed Sci. 2016;73:152–
157.

  [6] � Al-Kafaji G, Al-Mahroos G, Abdulla Al-Muhtaresh H, et al. 
Circulating endothelium-enriched microRNA-126 as a 
potential biomarker for coronary artery disease in type 2 
diabetes mellitus patients. Biomarkers. 2017;22:268–278.

  [7] � Wang S, Aurora AB, Johnson BA, et al. The endothelial-
specific microRNA miR-126 governs vascular integrity and 
angiogenesis. Dev Cell. 2008;15:261–271.

  [8] � Huang X, Le QT, Giaccia AJ. MiR-210 - micromanager of 
the hypoxia pathway. Trends Mol Med. 2010;16:230–237.

  [9] � Devlin C, Greco S, Martelli F, et al. MiR-210: More than a 
silent player in hypoxia. IUBMB Life. 2011;63:94–100.

[10] � American Diabetes Association. Classification and 
diagnosis of diabetes. Diabetes Care. 2016;39:S13–S22.

[11] � Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
concentration of low-density lipoprotein cholesterol in 
plasma, without use of the preparative ultracentrifuge. 
Clin Chem. 1972;18:499–502.

[12] � Livak KJ, Schmittgen TD. Analysis of relative gene 
expression data using real-time quantitative PCR and the 
2−ΔΔCT method. Methods 2001;25:402–408.

[13] � Zampetaki A, Kiechl S, Drozdov I, et al. Plasma microRNA 
profiling reveals loss of endothelial MiR-126 and other 
microRNAs in type 2 diabetes. Circ Res. 2010;107:810–817.

[14] � Rezk NA, Sabbah NA, Saad MS. Role of microRNA 126 in 
screening, diagnosis, and prognosis of diabetic patients 
in Egypt. IUBMB Life. 2016;68:452–458.

[15] � Zhang T, Li L, Shang Q, et al. Circulating miR-126 is a 
potential biomarker to predict the onset of type 2 diabetes 
mellitus in susceptible individuals. Biochem Biophys Res 
Commun. 2015;463:60–63.

[16] � Karolina DS, Tavintharan S., Armugam A, et al. Circulating 
miRNA profiles in patients with metabolic syndrome. J Clin 
Endocrinol Metab. 2012;97:E2271–E2276.

[17] � Jansent F, Yang X., Proebsting S, et al. MicroRNA expression 
in circulating microvesicles predicts cardiovascular events 
in patients with coronary artery disease. J Am Heart Assoc. 
2014;3:1–16.

[18] � Harris TA, Yamakuchi M, Ferlito M, et al. MicroRNA-126 
regulates endothelial expression of vascular cell adhesion 
molecule 1. Proc Natl Acad Sci USA. 2008;105:1516–1521.

[19] � Fish JE, Santoro MM, Morton SU, et al. miR-126 regulates 
angiogenic signaling and vascular integrity. Dev Cell. 
2008;15:272–284.

[20] � Fichtlscherer S, De Rosa S, Fox H, et al. Circulating 
microRNAs in patients with coronary artery disease. Cir 
Res. 2010;107:677–684.

[21] � Nielsen LB, Wang C, Sørensen K, et al. Circulating levels 
of microRNA from children with newly diagnosed type 
1 diabetes and healthy controls: evidence that miR-25 
associates to residual beta-cell function and glycaemic 
control during disease progression. Exp Diabetes Res. 
2012; Article ID 896362: 1–7.

[22] � Nesca V, Guay C, Jacovetti C, et al. Identification of particular 
groups of microRNAs that positively or negatively impact 
on beta cell function in obese models of type 2 diabetes. 
Diabetologia. 2013;56:2203–2212.

[23] � Girgis CM, Cheng K, Scott CH, et al. Novel links between 
HIFs, type 2 diabetes, and metabolic syndrome. Trends 
Endocrinol Metab. 2012;23:372–380.

[24] � Xi L, Chow C, Kong X. Role of tissue and systemic 
hypoxia in obesity and type 2 diabetes. J Diabetes Res. 
2016;2016:1–3.

[25] � Dang K, Myers KA. The role of hypoxia-induced miR-210 
in cancer progression. Int J Mol Sci. 2015;16:6353–6372.



BRITISH JOURNAL OF BIOMEDICAL SCIENCE﻿    87

[32] � Ohnishi H, Oka T, Kusachi S, et al. Increased expression 
of connective tissue growth factor in the infarct zone of 
experimentally induced myocardial infarction in rats. J Mol 
Cell Cardiol. 1998;30:2411–2422.

[33] � Lou YL, Guo F, Liu F, et al. miR-210 activates notch signaling 
pathway in angiogenesis induced by cerebral ischemia. 
Mol Cell Biochem. 2012;370:45–51.

[34] � Yang W, Sun T, Cao J, et al. Downregulation of miR-210 
expression inhibits proliferation, induces apoptosis and 
enhances radiosensitivity in hypoxic human hepatoma 
cells in vitro. Exp cell res. 2012;318:944–954.

[35] � Chio CC., Lin JW., Cheng HA., et al. MicroRNA-210 targets 
antiapoptotic Bcl-2 expression and mediates hypoxia-
induced apoptosis of neuroblastoma cells. Arch toxicol. 
2013;87:459–468.

[36] � Li Y., Yang C., Zhang L., et al. MicroRNA-210 induces 
endothelial cell apoptosis by directly targeting PDK1 
in the setting of atherosclerosis. Cell Mol Biol Lett. 
2017;22(1):1369.

[26] � Li T, Cao H, Zhuang J, et al. Identification of miR-130a, miR-
27b and miR-210 as serum biomarkers for atherosclerosis 
obliterans. Clin Chim Acta. 2011;412:66–70.

[27] � Chen KC, Liao YC, Wang JY, et al. Oxidized low-density 
lipoprotein is a common risk factor for cardiovascular 
diseases and gastroenterological cancers via epigenomical 
regulation of microRNA-210. Oncotarget. 2015;6:24105.

[28] � Hu S, Huang M, Li Z, et al. MicroRNA-210 as a novel therapy 
for treatment of ischemic heart disease. Circulation. 2010; 
122(11 S1): S124–S131.

[29] � Fasanaro P, D’Alessandra Y, Di Stefano V, et al. MicroRNA-210 
modulates endothelial cell response to hypoxia and 
inhibits the receptor tyrosine kinase ligand ephrin-A3. J 
Biol Chem. 2008;283:15878–15883.

[30] � Song H, Zhang Z, Wang L. Small interference RNA against 
PTP-1B reduces hypoxia/reoxygenation induced apoptosis 
of rat cardiomyocytes. Apoptosis 2008;13(3):383–393.

[31] � Maiuri MC, Tasdemir E, Criollo A, et al. Control of autophagy 
by oncogenes and tumor suppressor genes. Cell Death 
Differ. 2009;16:87–93.


	Abstract
	Introduction
	Subjects and methods
	Results
	Discussion
	Summary table
	Disclosure statement
	References



