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ABSTRACT 

CLINICAL VALUE OF CIRCULATING MICRORIBONUCLEIC 

ACIDS MIR-1 AND MIR-21 IN EVALUATING THE DIAGNOSIS 

OF ACUTE HEART FAILURE IN ASYMPTOMATIC TYPE 2 

DIABETIC PATIENTS 

 

Mutaa Abdalmutaleb Abd ALHAYALI 

 

Department of Chemistery 

PhD Thesis 

 

Adviser: Assoc. Prof. Dr. Volkan SOZER 

Co-adviser: Prof. Dr. Hafize UZUN 

 

Objective: To investigate whether the circulating (microRNA-1 and 21) miR-1 and 

miR-21 expression might be used in the diagnosis of heart failure (HF) and silent 

coronary artery disease (SD) in asymptomatic type 2 diabetes mellitus (T2DM) patients 

and to explore the relationship of these miRs with N-terminal pro-brain natriuretic 

peptide (NT-proBNP) and galectin-3.  

Methods: One hundred thirty-five consecutive patients with T2DM and 45 matched 

control subjects were enrolled in the study. This study consisted of four groups: control 

group (mean age: 60.23±6.27 years, F/M:23/22), diabetic group (DM) (mean age: 

61.50±5.08, F/M:23/22), DM+SCAD group (mean age: 61.61±6.02, F/M:20/25) and 

DM+ acute HF group (mean age: 62.07±5.26 years, F/M:20/25). 

 Results: miR-1 was downregulated in the DM, CAD+DM and HF+DM groups by 0.54, 

0.54 and 0.12 fold when compared with controls, respectively. miR-1 levels were 

significantly lower in HF+DM than DM with 0.22 fold changes (p<0.001); and in 

patients with CAD+DM group with 0.22 fold changes (p<0.001). Similarly, miR-21 

was overexpressed in patients with DM, CAD+DM and HF+DM 1.30, 1.79 and 2.21 

fold when compared with controls, respectively. An interesting finding is that miR-21 

expression is significantly higher in HF+DM group compared to CAD+DM group. 
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miR-1 was negatively correlated with NT-proBNP (r=-0.891; p<0.001) and galectin-3 

(r=-0.886; p<0.001) in HF+DM group. miR-21 showed strongly positive correlation 

with (r=0.734; p<0,001) and galectin-3 (r=0.764; p<0.001) in HF+DM group. 

Conclusion: This results suggest that the circulating decreased miR-1 and increased 

miR-21 expression is associated with NT-proBNP and galectin-3 levels in acute 

HF+DM. Especially miR-21 expression might be useful in predicting the onset of acute 

HF in asymptomatic T2DM patients. miR-21 expression is more valuable than miR-1 in 

predicting cardiovascular events of acute HF and the combined analysis of miR-21 

expression, galectin-3 and NT-proBNP can increase the predictive value of miR-21 

expression.  

Keywords: Asymptomatic type 2 diabetes mellitus; acute heart failure; silent coronary 

artery disease; NT-proBNP; galectin-3; miRNA-1; miRNA-21. 
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ÖZET 

Dolaşımdaki mikroribonükleik asitler miR-1 ve miR-21 ' in klinik 

deǧerinin Tip 2 diabetik hastalarda akut kalp yetersizliǧi teşhisindeki 

önemi 

 

Mutaa Abdalmutaleb Abd ALHAYALI 

 

Kimya Anabilim Dalı 

Doktora Tezi 

 

Tez Danışmanı: Doç. Dr. Volkan Sozer 

Eş Danışmanı: Prof. Dr. Hafize UZUN 

 

Amaҫ: Tip 2 diabetes mellitus (T2DM) hastalarunda dolaşımdaki (microRNA-1) miR1 

and (microRNA-21) miR-21 ekspressiyon kalp yetersizliği ve sessiz koroner arter 

hastalığı teşhisinde kullanılıp kullanılmayacağının ve mikro RNA lar ile N-terminalpro-

brain natriuretic peptide (NT-proBNP) ve galektin-3 ile olan ilgilerinin belirlenmesidiri. 

 Metodlar: T2DM lu 135 hasta ile 45 kontrol çalışmamıza dahil edildi.Çalışmamızdaki 4 

grup: kontrol grubu (ortalama yaş: 60.23±6.27, K/E:23/22), diabetik grup (DM) 

(ortalama yaş: 61.50±5.08, K/E:23/22), DM+Koroner Arter Hastalığı grup (ortalama 

yaş:61.61±6.02, K/E:20/25) ve DM+ akut kalp yetmezliği grubu (ortalama yaş: 

62.07±5.26,K/E:20/25). 

Sonnҫlar: Kontrol gruplarıyla mukayesese edildiğinde miR-1, DM, Koroner Arter 

Hastalığı+DM ve KalpYetmezliği+DM gruplarında 0.54, 0.54 and 0.12 kat azaldı. 

(p<0.001); Bununla beraber miR-1 düzeyi  Kalp yetersizliği+DM grubunda, Koroner 

Arter Hastalığı+DM ve DM gruplarından 0.22 kat düşük bulundu. (p<0.001). Benzer 

şekilde, miR-21 kontrol grubuyla mukayase edildiği zaman DM, Koroner Arter 

Hastalığı+DM ve Kalp Yetmezliği+DM gruplarında sırasi ile belirtilecek şekilde 1.30, 

1.79 ve 2.21 kat arttı (p<0.001). İlginç bir bulgudur ki miR-21 ifadesinin Kalp 

Yetmezliği+DM grubunda Koroner Arter Hastalığı+DM grubuna göre arttığıdır. miR-1 

HF+DM grubunda NT-proBNP ve galektin 3 ile negatif korolesyon göstermiştir. Sırası 

ile (r=-0.891; p<0.001) ve (r=-0.886; p<0.001), akut Kalp Yetmezliği+DM.grubunda 

miR-21 pro BNP  ve galaktin 3 ile yüksek pozitif korolasyon gösterdi sırası ile 

(r=0.734; p<0.001) ve (r=0.764; p<0.001).  
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Tartışma: Bu sonuçlar bize gösterir ki  KalpYetmezliği+DM gurubunda azalmış miR-21 

ifadesi ve artmış NT-proBNP ve galektin 3 düzeyleri bize; DM hastalarında akut kalp 

yetersizliğinin başlayabileceğini göstermektedir. Akut kalp yetersizliğinin başlangıcını 

anlayabilmek için miR-21 ifadesin incelenmesi miR-1 ekspressiyonunu 

incelenmesinden daha değerlidir ve galektin-3 ve NT-proBNP ile beraber bakıldığında 

miRNA-21, bize kalp yetersizliğinin başlayabileceğini gösterebileceği anlaşılmaktadır. 

Anahtar Kelimeler: Asymptomatik tip 2 diabetes mellitus; akut kalp yetersizliği; 

sessiz koroner arter hastalık; koroner arter hastalık NT-proBNP; galectin-3; miRNA-1; 

miRNA-21 
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CHAPTER 1 

INTRODUCTION 

1.1   Mini Literature Review  

Diabetes is considered as a big problem causing death around the world. Diabetes 

mellitus type 2 (T2DM) has a negative influence on the prevalence, presentation, 

severity and prognosis of coronary artery disease (CAD) [1]. T2DM and heart failure 

(HF) are also common companions in clinical practice. For many years, HF was noted 

to be a complication of diabetes [2]. Increasing numbers of older patients with diabetes, 

and their improved survival from cardiovascular events will undoubtedly see a massive 

increase in patients with both diabetes and HF. Accurate diagnosis of HF is important 

because the morbidity and mortality of HF is high. A quarter of those with chronic HF 

have diabetes and over 40% of these patients are hospitalized with worsening HF [1,3].

  

The natriuretic peptides are a family of ring shaped vasoactive hormones showing 

considerable sequence homology. There are 4 types of natriuretic peptides A, B, C, D. 

One of them is N-terminal pro-brain natriuretic peptide (NT-proBNP) which is a 

prohormone consisting of 76 amino acid. The N-terminal is inactive protein which is 

splitted from the molecule to formation brain natriuretic peptide (BNP). Both BNP and 

NT-proBNP  are manufactured in response to ventricular stretch and ischemic injury, so 

their concentrations are important to detection of HF. However, NT-proBNP represents 

a useful biomarker in the diagnosis and risk stratification of patients with chronic HF 

because of its more stable form in serum after blood collection. Increment of circulating 

NT-proBNP levels have used as a biomarker for the apprising of cardiovascular disease 

[4,5,6,7]. Moreover, NT-proBNP is a potential marker  of subclinical atherosclerosis in 

patients with T2DM [8] and elevated its level in blood is a strong predictor of 

cardiovascular death [9]. 
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Galectin-3 is a member of the lectin family composed of  a protein which is encoded by 

one gene. One of  its features is ability to binding with β-galactosides due to possessing 

recognition domain of carbohydrate. Galectin-3 contributes in an inflammatory 

response, repairing tissues addition to demodulation of cardiac ventricular. It is 

considered a strong biomarker and predictor in HF and recently used to estimation death 

rates, especially in patients with DM and HF  [10,11,12, 13,14]. 

miRNAs are small non-coding RNAs, with an average 22 nucleotides in a single spiral. 

Numerous studies have demonstrated that miRNAs can be released into extracellular 

fluids. miRNAs have hormone-like activities because extracellular miRNAs can be 

delivered to target cells and they may act as autocrine, paracrine, and/or endocrine 

regulators to modulate cellular activities [15]. Extracellular miRNAs play a very crucial 

role in many biological processes such as cancer development, immune system, 

epithelial-to-mesenchymal transition and fibrosis, in various types of cardiac diseases, 

and in DM [16]. Dysregulation of miRNA-1 and miRNA-21 was observed in HF [17]. 

1.2    Objectives of the Thesis  

Studies in recent years have shown that the prevalence of heart failure in patient with 

diabetes is very high, and the prognosis for patients with heart failure is worse in those 

with diabetes than in those without diabetes [18]. Various epidemiologic data also have 

shown that pre-diabetes is associated with a high risk of heart failure and suggest an 

age-adjusted hazard ratio (HR) between 1.2 and 1.7 in different populations of patients 

with impaired fasting glucose, [19,20] although not confirmed in all studies [21]. 

Prevalence of pre-diabetes and diabetes is high among patients with heart failure and 

proves as a relevant predictor of prognosis [18]. 

miRNAs are small single-strand RNA molecules that influence their target genes at a 

posttranscriptional level, thereby regulating many biological processes have shown to 

be involved in regulating beta cell function, insulin response, glucose homeostasis, as 

well as the pathogenesis of diabetic vascular complications [22,23]. Research in this 

field has highlighted new mechanistic links between diabetes and cardio vascular 

disease CVD [24], with many evidences proving the involvement of distinct miRNAs in 

the pathological steps that lead to atherosclerosis. 
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Increased incidence of ischemic heart failure (HF) occurs in patients with diabetes 

mellitus even in the absence of larger infarct size, lower left ventricular ejection fraction 

(LVEF), or reduced infarct artery patency [25,26]. 

Therefore, this study aimed to investigate whether the circulating miR-1 and miR-21 

expressions might be used in the diagnosis of SCAD and in acute HF with 

asymptomatic T2DM patients and without diabetes and to explore the relationship of 

these miRNAs with NT-proBNP and galectin-3. 

1.3    Hypothesis  

 Increased morbidity and mortality associated with ischemic heart failure HF in type 2 

diabetic patients requires a deeper understanding of the underpinning pathogenic 

mechanisms. However, the molecular mechanisms by which diabetes contributes to 

worsening ischemic HF remain unclear [27]. Patients with T2DM had a poor prognosis 

due to silent CAD (SCAD) and acute HF, and therefore it is important to define any 

early predictors of SCAD and acute HF in patients with T2DM. In addition, there is not 

adequate information in the literature regarding the relationship between SCAD and 

acute HF patients with T2DM and miR-1 and miR-21 expressions.. 
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CHAPTER 2 

LITERATURE REVIEW  

2.1    MicroRNAs 

 MicroRNAs (miRNAs) are a group of short non-coding RNA molecules containing 

about 21 – 27 nucleotides. They are regulatory molecules of gene expression in 

eukaryotic species in both normal and pathologic cellular process at the level of post-

transcriptional [28,29]. miRNAs are related to the modifying of expressing of gene, by 

disable or activation transcription via very specific-sequence DNA/RNA binding [30]. 

In 1993  the first miRNA was explored in Caenorhabditis elegans. The greatest effect of 

miRNAs have not been recognized until 2000s [31]. About 2000 human miRNAs are 

recognized by using cloning and sequence analysis. They have an important role in the 

regulation of target genes. They are binding to complementary regions of messenger 

transcripts for repressing there translation [32], in 3'-untranslated region (3'-UTR) of 

mRNA [33].  

Mature miRNAs are bound with the 3-UTR of their target region in mRNA and 

negative regulation of expression in gene occurs via smashing or inhibition translation. 

Because the ability of new miRNA to regulation the expression of more than one of its 

target genes, it is considered as a transcriptional factor [34,35,36]. Binding results in 

mRNA degradation or impaired translation and subsequent decreased protein expression 

[36]. 

miRNAs can post transcriptionally silencing protein expression by conjunction with 

complementary target mRNAs and degrading them, or by malfunctioning translation of 

mRNAs to proteins [37].  

The function of miRNA is regulation of gene expression. It has been predicted that 

miRNA could regulate about 60% of the whole human genome. miRNAs are abundance 

present in all human cells. It is thought that each miRNA has more than one of 
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conserving targets and non-conserving targets. It has been suggested the possibility of 

each miRNA for regulating an unlimited number of targets [38,39]. 

miRNAs have a significant presence in differentiation, development  of programmed 

cell death. Addition to the limitation of final phenotype of cancer cells [40], like the let- 

7 family of miRNAs that target oncogenes leading to inhibition tumor growth [41]. Also 

they  mediate intracellular communication [42], and regulate mRNA which is encoding 

proteins alter cellular functions. miRNAs involve in stable equilibrium processes in 

body and pathophysiology demolition in disorders and abnormalities cases [43]. More 

than one miRNA can be responsible for one gene target. Through regulation of gene 

expression, miRNAs take part in the regulation of many process in cell, including 

cholesterol metabolism [44], post-implantation developing [45], synthesis of insulin 

[46], and hematopoiesis [47]. Modulation of miRNA occurs by exercise [48], chemicals 

in environment [49] and nutrition factors [50, 51,52,53]. Also miRNAs are regulators in 

pathogenicity of diseases, as in cardiovascular disease [54]. miRNAs have vital role in 

animal development by regulating multiple cellular processes including cell fate 

specification, cell signaling, and tissue morphogenesis [55,56]. In mammals, miRNAs 

are able to modulate of differentiation hematopoietic lineage. Modern computational 

speculation of miRNAs target sites explains their participation in an interactive 

regulatory network of gene [57,58, 59].  

Many human diseases, including cancer, may occur due to changes in expression of 

miRNA [60]. miRNAs may down-regulated during tumor development, resulting in up-

regulation of their target genes, so they work to  suppress genes of tumor and targeting 

cell cycle [61]. In similar way, a group of miRNAs are up-regulation through 

tumorigenesis causative down-regulated of their targets that are genes of suppressing 

tumor [62]. 

2.1.1    Biogenesis of miRNAs 

The biogenesis of miRNA is a critical process in all organisms because an alteration to 

any step may cause downstream effects. Transcription a primary miRNAs which may 

contain single or cluster miRNAs, resulting from transcription genes of miRNA from 

genome [31]. Primary miRNAs are generated from RNA polymerase ІІ and production 

from introns and inter-genic regions. These molecules include one or more short 

sequence that formation structure of thermodynamic stable hairpin [29]. Processing of 

miRNAs consist of multiple enzyme and proteins like exportin-5 that binding to hairpin 
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and transfers it outside of nucleus [63]. In cytoplasm, the pre-miRNA reacts the RNase 

ІІІ (DICER) which is binding with its protein (TAR RNA binding protein) to hairpin. 

The complex of protein –RNA permits DICER to split hairpin to formation 21-23 

nucleotides dsRNA which forms mature miRNA and its complement [64,65]. Finally, it 

is treated with Argonaute protein ( AGO2), which is composed of RISC "RNA induced 

silencing complex". RISC chooses the mature miRNA strand and transfers to the target 

mRNA where it links with a targeted sequence in the 3′ UTR of the message as in 

Figure 2.1. 

Complex of miRNA: mRNA will contribute to mRNA degradation or translational 

repression of the message [66]. Dysregulation of components of miRNA –processing 

lead to disturb the product and appearing disease [67]. 

miRNAs have function in the pathogenesis and prognosis of disease like 

neurodegenerative disorder [68], gastrointestinal diseases[69], diabetes[70], cancer and 

its resistance against chemotherapy [71] and cardiovascular system [72],  

neurodegeneration, rheumatoid arthritis [73]. Studies show the dysregulation of the 

miRNA expression  in tissue of placenta contributes in pathogenesis of preeclampsia  

[43,74]. 

 

 

  



7 
 

 

Figure 2.1 miRNA biosynthesis pathway [67] 
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2.1.2    Biochemistry of miRNAs 

miRNAs are more stable compared wto mRNA profiles. Contrasting of mRNAs resides, 

miRNAs work as an essential regulators of many genes. Therefore, miRNAs give more 

truly physiological alterations. Circulating miRNAs are more resistance to activity of 

endogenous ribonuclease. They are certain stable [75], due to existence materials 

binding with them such as exosomes in blood [76]. miRNAs have been seemed to be 

stable 10 times more than mRNA, the half‑life of which is ~10 h as in miR‑125b 

(half‑life, 225 h) [77]. Pure structural features of miRNAs presented in form related 

with exosomes, and the soluble form with RNA‑binding proteins [78]. Advances in 

PCR, RT‑qPCR platforms, are confirmed that quantitative analysis of miRNAs from 

tissue specimens and plasma/serum has more easier and accurate [79]. 

2.1.3    miRNA's Structure 

Production of mature miRNA was reduced affected by lack structural stability of the 

hairpin that resulting from many variants in the pre-miRNAs [80]. The ability of drosha 

to recognizing and processing pre-miRNA will be decreased when there was a 

secondary structure of pre-miRNA far from the standard hairpin. This little variation in 

sequence leads to strong effects [81]. Through pre-miRNA biogenesis, the situation of 

split sites of drosha may changes due to stable hairpin structure resulting from mutation 

in sequence of primary miRNA. Presence of seed regions in mature miRNA belongs to 

deleting shift the split sites of dicer [82,83]. miRNAs are found also in all fluids in body 

like serum, plasma, saliva. They are surrounded by membranous vesicles such as micro-

particles and exosomes which are protected them from digestion by RNAse 

[84,85,86,87]. Extracellular miRNAs have vital role in regulation immune response, 

cellular migration and differentiation and in cell-cell communication [88]. According to 

above, they are good marker for detection and prediction for different diseases and 

[89,90,91], metabolic disorders as in case with T2DM [92]. 

2.1.4    Mechanisms of Action of miRNA  

The corresponding among targeted gene (mRNA) and sRNA , miRNA –RISC intercede 

repression gene can be sectioned in 3 processes : (a) fissure at specific site (b) 

translational inhibition (c) enhance mRNA degradation (10). 
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miRNA will cleavage specifically if the mRNA has complementarity to the miRNA or 

productive translation will be repress. If the mRNA does not have efficient 

complementarity to be cleaved it has suitable constellation of miRNA complementarity 

site [93]. The interaction of miRISC – mRNA may executes to some manners of direct 

and  indirect in suppression of translation [83]. Direct modes include: (a) initiation 

block : translation initiation is inhibited by interfering of miRISC with elF4F- cap and 

through weaken correlation of "60s subunit" and blocking formation of "80s subunit" of 

ribosome.  

(b) Prohibition of post-initiation: declining ribosomal premature, so "40s /60s" 

ribosomes were prevented of joining during elongation process [94,95]. Indirect mode 

occurs by mRNA deadenylation by glycine – tryptophan protein and degradation 

[96,97]. Subsequent 50 terminal cap was discarded by specific enzyme work to 

removing the cap [94] as shown in Figure 2.2. 

Human miRNAs located among genes coding protein, while one-third of them are 

located within the introns of mRNA. So they are under the control of the promoter 

responsible for transcript of primary mRNA. Strong association expressions are noticed 

between miRNAs and their host genes. That give us evidence that processing of 

miRNAs and their host genes are from the same primary transcripts [98].   

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

 

 

 

Figure 2.2 Mechanism of action of miRNAs and use of therapeutic agents to block or 

activate their function [99] 
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2.1.5    miRNAs As Serum Biomarkers 

Serum miRNAs are highly stable. Being resistant to RNase A digestion and other harsh 

conditions like (low/high pH, boiling, extended storage and freeze/thaw cycles). That 

makes them ideal for using in the clinical setting as biomarkers. Their expression 

profiling have demonstrated the presence of different miRNAs expression patterns in 

pathological condition, colorectal cancer, type 2 diabetes [100], diffuse large B-cell 

lymphoma [101] and ovarian cancer [102]. As well as physiological conditions such as 

pregnancy [103]. It can be used miRNAs as markers to follow -up progression of 

pregnancy and gestational diseases such as preeclampsia [104]. 

2.2    miR -1 

miR-1 is high expression in tissue or cell, but little expression  in another cells [105]. It 

is a critical mediator of cell proliferation and differentiation in cardiac [106,107] and 

skeletal muscles [108]. In particular, miR-1 is highly enriched in cardiac and skeletal 

muscle cells as compared to non-striated muscle tissues during animal development and 

in adults [106,107,108] and has the following sequence: 

>hsa-mir-1MI0000651 

UGGGAAACAUACUUCUUUAUAUGCCCAUAUGGACCUGCUAAGCUAUGGA

AUGUAAAGAAGUAUGUAUCUCA 

It promotes cardiac and skeletal muscle gene expression and muscle differentiation, in 

part, by repressing the key transcriptional regulators histone deacetylase 4 (HDAC4) 

[108] or hand2 [109]. It has been shown that tissue-specific expression of miR-1 is 

dependent on SRF in the heart [109] and Myo D family of transcription factors in 

skeletal muscle [108,110]. miR-1 is exceedingly abundant in muscle that prevents 

proliferation of progenitor cells and enhancement myogenesis [108,109,111]. It is 

expressed in developing skeletal muscle and heart [112, 113, 114]. 

miR-1 is the first miRNA that has been explored and proved to be a regulator of cardiac 

development and disease [109,115,116,117]. Cardiac ischemic arrhythmias are 

developed when miR-1 targets KCNJ2 gene. Some reports confirmed that miR-1 cause 

severe cardiac infection by influence of the expression of protective proteins in host 

[115,116]. miR-1 has ability to inhibition cardiac hypertrophy by affecting the growth-

related targets, including Ras GTPase-activating protein (RasGAP), cyclin-dependent 
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kinase9  (Cdk9), fibronectin, and Ras homolog enriched in brain (Rheb) [118].  miR-1 

is important for both cardiogenesis, through the regulation of Notch signaling, and 

skeletal muscle growth during embryonic development of Drosophila. Analysis of the 

presumptive miR-1 promoter has shown that miR-1 expression is regulated by SRF, 

MyoD, MEF2, and Twist, all factors known be important in conferring muscle-specific 

expression [119,120]. 

miR-1 has direct regulation on protein kinase C epsilon (PKCe) and heat shock protein 

60 (HSP60), so this demonstrates  that miR-1 is an important factor in cardiac injury 

[120,121,122]. miR-1 protects heart from hypertrophy and HF by regulation some 

hypertrophy-related genes like apoptosis regulators, ion channels 

[123,124,125,126,127]. miR-1 is down-regulated in symptomatic heart failure patients  

and there was a reduction of its expression in severity of NYHA class [17]. It has a 

potential therapeutic role against lung cancer [128,129,130]. A study indicates that miR-

1 is down-regulation in thyroid carcinogenesis [131]. Expression of miR-1 considers a 

prognostic marker in patients with breast cancer [132]. miR-1 affects cardiomyocyte 

growth by negatively regulating expression of calmodulin and calmodulin-dependent 

nuclear factor in activated T cells (NFAT) signaling, it also targets the 31UTRs of 

several gene transcripts important in cardiomyocyte growth. These include myocyte 

enhancer factor 2A (Mef2a) and GATA binding protein 4 (Gata4), and targets key 

cardiac-specific transcription factors, notch ligand, Delta like 1 (Dll-1), Iroquois-class 

home domain protein (Irx-5) and heart and neural crest derivatives expressed 2 (Hand2). 

A further target gene is potassium voltage-gated channel subfamily D member 2 

(Kcnd2) [128]. 

2.2.1    miR-1 Regulates Electrical and Contractile Activity of the Heart 

Efficient contraction of heart is the result of highly organized conductive system and 

effective electromechanical coupling. Electrical stimulation proceeds from apex toward 

the base in ventricles and repolarize in reverse order [130]. Spatial heterogeneous 

action-potential duration and conductance guarantee depolarization and repolarization 

propagate orderly. To ensure the heterogeneity, heart has adopted a spatial specific 

transcriptional network that tightly regulates expression of ion channel and gap 

junction. When stimuli reach working cardiomyocyte, it triggers release of calcium 

which binds to troponin C followed by myosin-actin cross-bridge formation. In this 

process, myosin light chain kinase (MLCK) potentiates the force and rate of cross-
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bridge recruitment in cardiomyocyte and may serve as a major target in regulation of 

cardiac contraction [132,133].  

miR-1 homozygous null mice show prolonged QRS complex, prolonged PR and QT 

intervals on surface electrocardiograph, indicating defects in atrioventricular (AV) and 

ventricular conduction. Echocardiography also reveals severely impaired fractional 

shortening with poor systolic function [134]. miR-1 over expression mice develops 

frequent atrioventricular block of varying degree as evidenced by prolonged PR 

interval. The transgenic mice also show impaired contractile and diastolic function that 

might due to damaged sarcomere assembly [135,136]. Disorder expression of miR-1 

results in defects of electrophysiology and contractions in heart causative severe 

destruction and shortening systolic function which can be discovered by 

echocardiography [133,134,135,136]. miR-1 over expression appears impairment 

sarcomere assembly causative obstruction contractile and diastolic function [137,138]. 

miR-1 and miR-133 are specifically expressed in adult cardiac and skeletal muscle 

tissues, but not in other tissues tested [139,140]. 

2.3     miR- 21 

miR-21 is aplenty expression in mammalian cells which have up-regulated related to 

some types of cancer [141], and other diseases in association with regulation of cell 

proliferation and apoptosis. The coding gene for miR-21 in human is found on 

chromosome 17q23.2 [142] over lapping with the TMEM 49 gene [143,144] and has the 

following sequence: 

>hsa-mir-21 MI0000077 

UGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUGGCAAC

ACCAGUCGAUGGGCUGUCUGACA      

The indication of aberrant expression of miR-21 is came from the profiling of miRNA 

of human glioblastoma (GBM), brain tumor of glial origin [145]. miR-21 participates in 

tumors development including cell proliferation, migration and metastasis, by variety 

mechanisms [146,147]. miR-21 relates to growth of the endocrine pancreas, insulin 

secretion regulation, and took part in β-cell dysfunction in T2DM [148], glucose 

homoeostasis, angiogenesis, inflammatory response modulation and complications of 

micro-and macro-vascular [149]. Suppression  expression of mir-21  has  an therapeutic 

effect  on diabetic nephropathy [150]. miR-21 is identified a key molecule associated 
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with a wide range of cancers like in breast cancer which is diagnosing by a raising 

circulating level of miR-21 [151]. miR-21 over expression was noticed in some solid 

tumors like colon, breast, gastric and pancreatic cancers [64,152]. Aberrant miR-21 

expression has an effect on the growth of HCC (Human hepatocellular cancer) and 

spread by alteration of phosphatase and tensin homolog (PTEN) expression. The PTEN-

dependent pathways included mediating phenotype of cancer cells features like growth, 

migration and invasion [153]. miR-21 can enhances oncogenesis and progression of 

various carcinomas through targeted tumor suppressors [154]. miR-21 is up-regulation 

in leukemic, and its expression rises in patients with chronic lymphocytic leukemia 

[155]. High level of miR-21 was noticed in cancer cell lines, it represents about 15–25% 

of  other miRNAs [156], pathological stress cells [157,158] and in vascular after balloon 

operation [159]. Elevated concentration of miR-21 is not a featured for cancer cells but 

also considers a distinguished feature of pathological cell growth [158]. Also high levels 

of miR-21 are observed in vascular walls after balloon injury [159]. Low expression 

miR-21 diminishes formation of neointima in rat artery after a surgery via influencing 

both apoptosis and proliferation of smooth muscle in vascular [158]. 

It is clearly that expression of miR-21 is up-regulation in cardiac hypertrophy, promotes 

cardiac fibrosis and save cardiomyocytes from apoptosis [127]. In cardiac fibrosis, miR-

21 has been an effective role [160,161]. mir-21 has ability to impaired cardiac 

fibroblasts proliferation, using CADM1/STAT3 pathway, targeting CADM1. Serum 

miR-21 showed potential diagnostic values on heart failure (HF) due to heart valve 

disease (HVD) [162]. 

miR-21 is involved in the pathogenesis of proliferative vascular disease such as 

coronary heart disease [163,164]. It is responsible of cell dysfunction in patients with 

coronary artery disease by influence of super oxide dismutase expression [165]. miR-21 

is important for keep survival of c-kit+ CSCs and  allows to proliferation in it [166]. 

Recent studies indicate to the effect of miR-21 in the immune system function 

regulation [167]. It keeps non-activated T-Cell and antigen presenting cells in less levels 

of expression [168]. miR-21 was promoting inflammation and autoimmune disease 

pathogenesis involving psoriasis, T1DM, rheumatoid arthritis, multiple sclerosis and 

systemic lupus erythematosus [64]. 
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miR-21-5p is an “oncomiR”, and  non-regulated in cancers [16], it has been classified as 

an “inflammatory miR”, because its effective role in modifying inflammation and tissue 

repairing [169,170].  

2.3.1    Regulation of miR-21 

Detection of miR-21 can be able in mature mast cells, neutrophils, T and B cell. Many 

extracellular and intracellular signaling molecules participate in regulation of miR-21 

expression. It works as a good indicator for activation of immune response, due to 

ability of IL-4, and lipopolysaccharide to stimulate the miR-21expression in monocytes 

[171], by activation of transcriptional factors. Positive regulation of miR-21 expression 

resulting from association among p65 and miR-21 in promoter region [172] inhibits of 

miR-21 expression occurs when binding transcription repressor Bcl-6 with miR-21 in 

promoter region [173].    

A study indicates that negatively regulated of miR-21 expression related to lncRNA 

GAS5 "growth arrest specific 5" [174]. 

2.3.2    Targets of miR-21 

Tumor-suppressor genes are the targeting genes of miR-21, such as Akt and p53 activity 

[175], and transforming growth factor beta [176]. miR-21 has effects in variety 

biological processes, as cell differentiation, proliferation, and apoptosis [177]. 

miR-21 enhances immune response, plays great role  in autoimmune diseases. Down – 

regulation of (PDCD4, TIPE2 and FASL) impairs apoptosis of T cells 

[168,172,178,179]. Down-regulation of miR-21 target (SPRY1) leads to activation of T 

cells [180], while down-regulation of (PLEKHA1 and CXCR4) causative inhibition of 

T cell activation [181]. In cardiovascular system (SPRY1, PDCD4 and PTEN) are 

targeted genes of miR-21 [182]. 

2.4    Diabetes Mellitus  

Diabetes mellitus (DM) is a combination of heterogeneous disorders. DM presents with 

hyperglycemia and glucose intolerance, as a result of lack of insulin, defective insulin 

action, or both [183]. Such complications arise due to derangements in the regulatory 

systems for storage and mobilization of metabolic fuels. These complications include 

catabolism and anabolism of carbohydrates, lipids and proteins emanating from 

defective insulin secretion, insulin action, or both [184]. Also DM can be defined as a 
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group of metabolic disorders characterized by a chronic hyperglycemic condition 

resulting from defects in insulin secretion, insulin action or both. Permanent neonatal 

diabetes is caused by glucokinase deficiency, and is an inborn error of the glucose-

insulin signaling pathway [185]. Relationship between DM and elevated mortality 

makes it the direct reason of the most healthy problems and death in world [186, 187]. 

DM is related with a different implications, like personal, family, social and high cost 

for the National Health System for each country due to long hospitalization, diagnostic 

tests [188,189,190,191,192]. The prevalence of DM has been risen at serious rates all 

over the world [187,193].  

Complications of diabetes are vascular originally. In diabetic patients, retinopathy (DR) 

is one of the most complications which causing a new-onset blindness [194,195,196]. 

Types of diabetes mellitus is classified according on its etiology and clinical 

presentation. As such, there are four types of diabetes mellitus: type 1 diabetes, type 2 

diabetes, gestational diabetes, and other specific types [183,197].  

2.4.1    Type 1 Diabetes Mellitus  

T1DM occurs when the β-cells in the pancreas could not able to producing enough 

amounts of insulin causative elevated blood sugar levels. In many cases, immune 

system attacks β-cells by mistake, it can considers as "an autoimmune disease" [141]. 

2.4.2    Type 2 Diabetes Mellitus  

T2DM is a disorder in metabolism takes place because of insulin resistance and/or 

deficiency, it represents 90% of diabetic patients [198,199]. Insulin Resistance (IR) 

means malfunction in response to insulin in cell and inefficiency of insulin amounts to 

access glucose balance. IR is a good marker of T2DM [141]. Hyperglycemia causes 

vascular destruction in T2DM patients [200,201]. Combination of genetic, 

environmental factors and life style are an essential reasons of T2DM occurrence [202]. 

Increased weight and obesity epidemic, belong to diet, rareness of practicing sports and 

activities and interfere with genetic readiness, have an influence of the prevalence of 

diabetes [200]. Type2 diabetes mellitus (T2DM) was considered a disease of adults, 

now is widespread in children and teenagers [201]. The increasing incidence of obesity 

in children and the resultant insulin resistance contributes to the increasing prevalence 

of T2DM in this population. 
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2.4.3    Risk Factors for the Incidence of Type2 Diabetes Mellitus 

Many factors increase the incidence of T2DM, like gender (female), age (increasing 

age), diet, lack of sleep, nutritional supplement received by the mother during 

pregnancy. But the essential factors that play critical role are [199, 203]: 

A) Lifestyle: which includes stress, obesity, diet, consumption high quantities of 

sweets and lack of physical activity 

B) Genetic factors: are associated with a family history of DM and  found several 

genes related with the incidence  of T2DM.  

C) Other medical problems: these include tow essential points first of them use of 

some medication as diuretics, antihypertensive and antipsychotic treatments. The 

second suffering from diseases like gestational diabetes, Cushing’s syndrome, 

hyperthyroidism and glucagonomas   

2.4.4    Insulin Receptor (INSR)   

Insulin is anabolic hormone which enhances of metabolism, energy homeostasis [204]. 

Insulin signaling has been started by interaction of ligand-receptor. Insulin binding with 

tyrosine kinase enzyme which represents its receptor involving auto phosphorylation 

and mediating a steps of phosphorylation reactions, leading to insulin action [205]. It 

founds in all vertebrate tissues with the highest concentration in the major metabolic 

organs such as muscle, adipocytes and hepatocytes [206,207]. The receptor consists of 2 

subunits of each α and β. The α subunits are localized outside of the cell (extracellular 

domains) of the receptor complex and bind to insulin. β subunits constitute 

transmembaranous and intracellular components of the receptor complex. The beta 

subunits are binding by disulphide linkages. When insulin binding to the alpha subunit, 

the beta subunit undergoes auto phosphorylation resulting in activation of a cascade of 

phosphorylation [205]. Decrease in INSR in T2DM patients was confirmed the 

important role of INSR to maintain insulin sensitivity. In some studies, the augmenting 

of both miR-195 and miR-15b were confirmed in the animals with obese T2DM and 

conjugated with down-regulation of INSR. A result of interconnection between these 

miRNAs and 30-UTR of INSR, a detention of insulin signaling in hepatocytes 

occurrence [206]. 
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2.4.5    Insulin Signaling  

Insulin binding to the α-subunits induces trans-auto phosphorylation of the β-subunits 

which become activated [208,209]. There are 3 pathways used to activation IR. 

Phosphatidylinositol 3-kinase (PI3K), Cbl/CAP pathway and mitogen-activated protein 

kinases (MAP k) [209,210]. The MAP kinase cascade leads to enhanced cell growth, 

while Cbl/CAP cascade mediates glucose transporting to the plasma membrane 

[211,212, 213]. 

Insulin signaling proteins stimulate PI3K cascade to excite insulin metabolic functions 

[213]. Stimulation of PI-3K creates phosphatidylinositol (3-5) triphosphate, enrolling 3-

phosphoinositide– dependent protein kinase-1 and -2 (PDK1 and PDK2) and Akt 

"which was induced by PDK1 and PDK2 mediated phosphorylation at T308 and S473 

respectively" to the plasma membrane [214]. Targets are phosphorylate by Akt, leading 

to inhibition the synthesis of macromolecules, such "as glycogen synthase kinase-3b 

and p70S6K" and transcription factor fork head box class O1 (Foxo1). Foxo1 lose its 

transcriptional activity when phosphorylated by Akt at S253, which influence in 

regulation of a set of physiological activities such as metabolism, growth of heart 

muscle and survival [215]. So, phosphorylation of Akt→Foxo1 intermediates the action 

of insulin and works as an indicator of insulin sensitivity.   

Vital molecules in the insulin signaling are Tyrosine-phosphorylated proteins, which are 

substrates of insulin receptor [214,215,216]. These molecules participate in insulin 

action through binding of serine homology 2 [217,218,219]. The subunit p85 found in 

SHP2 and PI3K have a regulatory function in insulin mechanism action [220,221]. 

Proteins of IRS have the same structure which is featured by existence of an NH2-

terminal "pleckstrin homology" (PH) domain close to a phosphor tyrosine-binding 

(PTB) domain. Subsequent with a different-length of COOH-terminal tail which are 

phosphorylation sites composed of a number of tyrosine and serine. Elements of 

cytoskeletal, phospholipids in plasma membrane and protein ligands are interceded the 

interactions between IR-IRS [222,223]. The domain of kinase regulation ring bound 

(KRLB) presents just in IRS-2 [224,225], and is in contact with IR in phosphorylation 

regulatory loop region [211]. Both of IRS-1 and IRS-2 have long tails with 20 

phosphorylated Tyr sites [221]. 
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2.4.6    Pathogenesis of Type2 Diabetes Mellitus 

The distinguished feature of T2DM is abnormal function of islet cell. Releasing 

accurate amounts of insulin from β-cell are decreasing compared to elevated level of 

sugar in blood. Hyperglycemia was quantified according to functional shortage of this 

islet [226,227,228]. Furthermore, glucagon was produced from α-cells in pancreas 

motivating production of hepatic glucose. Recently, presence of abnormalities gut 

hormones as glucagon-like peptide 1 (GLP-1), and glucose-dependent insulinotropic 

peptide (GIP) are also considered a reason of type 2 diabetes, but it still uncertain 

[229,230]. Resistance of insulin is the prevalent feature of T2DM, particularity in 

obesity [231,232]. Impaired insulin secretion and insulin resistance contribute more or 

less jointly to the development of pathophysiological conditions. Impaired glucose 

tolerance (IGT) was stimulated through reduction of glucose-responsive early-phase 

insulin secretion, and insulin secretion reduction after meals causative postprandial 

hyperglycemia [233,234].  

Pathogenesis is supposed existence of genetic defects in regulatory molecules that 

responsible of glucose metabolism. A study showed that targeted genes responsible of 

insulin secretion in pancreatic cells and the molecules encompassing mechanism of 

insulin action have identified as genetic abnormalities that causative pathogenesis as in 

glucokinase genes, mitochondrial genes, and genes encoding for insulin receptor. 

Genetic abnormalities in genes -encoding production of insulin, can be considered as a 

strong causative of pathogenesis. Occurrence of these abnormalities may belong to 

mutations in the KCNQ1 gene related to insulin secretion [235].  

2.4.7    Type2 Diabetes Mellitus and Its Complications 

Insulin resistance is an essential reason of T2DM and cardiovascular disease [236]. 

Serious macrovascular and microvascular complications are resulting from 

hyperglycemia. Macrovascular complications, cardiovascular deterioration, coronary 

heart disease and stroke are common in diabetic patients [237]. While, diabetic 

retinopathy a leading reason of blindness in patients resulting from the microvascular 

events [238]. Kidneys were also affected by diabetes which causes disruption of 

glomeruli tubules, obstruction in function of kidney this is called diabetic nephropathy 

[239]. Nervous system was affected by diabetic, which considers a mean cause of 

developing chronic diabetic foot ulcers (DFU). The quality persons’ lives with diabetes 
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or one of its related complications was decrease and create many social and economic 

problems [240,241]. 

The inflammation status distinctive of T2DM, which causative its severe complications, 

may be slowed or denied by right nutrition and practice physical activities, regularly. 

Needing to determined best effective treatment and development of new therapeutic 

strategies for these complications in patients is still of importance [242,243]. Many 

studies showed that although using glucose-lowering treatment reduces the risk of 

occurrence of cardiovascular disease, but the risk of diabetic complications is still 

unknown due to delayed of  interferences are executed  after diagnosis of the disease 

[244,245]. 

2.5     miRNA and Diabetes Mellitus 

2.5.1   miRNAs and Pancreatic β-Cells  

miRNAs usually work to target genes responsible of regulation survival and apoptosis 

of β-cell like Bax and Bcl-2 genes [246]. Concerning with the differentiation of β-cell, 

the ability of human stem cells to differentiate into cell responsible of producing insulin 

in vitro gives hope that the regulatory role of miRNAs in this process can be studied. 

miRNAs have a regulatory roles in β-cell proliferation. For example, miR-375 

negatively regulates of Cadm1, the direct target gene, impedes cell growing in various 

cancer cells lines [247]. On the contrary, miR-181a has positive role due to its reduction 

action in islets of rats [248]. Expression of miRNAs were estimated, and 4 islet-specific 

miRNAs (miR-7, miR-375, miR-34a, and miR-146a) give distinctive expressive modes. 

Many other miRNAs are linked with insulin secretion such as miRNAs (375, 33, 29a, 

184, 187, 30a) [249,250], which are regulated by targeting Stx-1a, at-SNARE protein 

that related with insulin exocytosis [251] . 

2.5.2    miRNAs as Type2 Diabetes Mellitus Markers and Its Complications 

Pathogenesis of diabetic complications are not easy to follow-up because they are 

featured by genetic alterations [252]. Using classical parameters to monitoring T2DM 

progression are not accurately prediction of developing its complications [253,254]. 

Accordingly, the importance to identify new potential markers have ability to give 

evidence for patients who are at elevated risk of T2DM-associated complications [ 

255,256].  
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Using miRNAs as biomarkers for diagnosis diabetes is very useful especially after using 

microarray technique, and then demonstrate by using qPCR which is giving 

conceptualize about the ability to determination diagnostic profile of miRNAs types of 

DM [257,258,259,260,261].  

Circulating miRNAs can be used to indicate the occurrence by T2DM or one of its 

complications, as in using miR-29a/b/c, and miR-192 miR-21 to determine onset of  

DM and prevent development of DM [262]. miR-21 works to bloke " PTEN", a key 

modulator in DM [263]. Also using miR-126 as a strong marker for diagnostic 

Coronary artery disease in plasma of patients of T2DM [264]. In addition, a study 

showed three serum miRNAs (miR-138, miR376a and miR-15b) as potential 

biomarkers to distinguish obesity patients from obesity-T2DM and T2DM patients, 

while it can be used the integration of miR-138 and miR-503 to distinguish between  

diabetic and obese diabetic patients [265,266]. A levels of miRNAs as (miR-20b, miR-

21, miR-24, miR-15a, miR-126, miR-191, miR-197, miR-223, miR-320, and miR-486) 

were reduced in plasma of T2D patients. Other study identified miR-144, miR-146a, 

miR-150 and miR182 from the blood of T2D patients as the signature miRNAs for 

prediction of T2DM, while considered miR-126 a distinctive biomarker in the serum of 

T2DM patients with Coronary artery disease (CAD) because of its own expression 

modality [266]. 

miR-21, miR-21-5p, miR-126  and miR126-3p have a significant role in diagnosis of 

T2DM or its complications because of their expression  in the inflammatory response 

and vascular homeostasis [267]. miR-21 is a strong biomarker in detection of DM due 

to reducing expression in diabetic wounds  [268] and its functions  in wound healing 

[269]. 

2.6    Heart Failure 

 Heart failure (HF) is a clinical syndrome cause by structural and functional defects in 

myocardium resulting in obstruction of ventricular filling or the discharge of blood. The 

most common cause for HF is reduced left ventricular myocardial function. Heart 

failure result  from pathogenic mechanisms which cause raising hemodynamic overload, 

immoderate humoral neurons inducement, revising of ventricular, ischemia, untypical 

myocyte calcium channel, exaggerated or inappropriate of extracellular matrix 

proliferation and mutations in genes [270]. It can be identified through ideal sings like 

tiredness, breathlessness and swelling of ankle. That may be accompanied by, 
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pulmonary splinter, arising pressure of jugular venous and peripheral edema resulting in 

a reduction of cardiac productivity and elevation intra cardiac pressures through stress, 

tension and rest. In children, the signs may different according to the age of the child 

and commonly involve difficulty feeding, sweating, rapid breathing, failing growth 

[271]. 

Originally in heart failure, patients have asymptomatic structural or functional  

distortions in heart" systolic or diastolic left ventricular (LV) dysfunction", then a 

clinical signs seem to be obvious. Realization these distortions are paramount because 

their relationship to the serious complications that may be result from it. Identification 

of these origins are very important and treatment them may reduce death rates in 

patients [272,273,274].  

Symptoms are not enough to distinguish HF and other diseases [275,276]. Heart failure 

symptoms are resulting from detention of fluids which may be treated readily by using 

diuretic drugs. Using of displacing of the apical impulse, which may be particular, but is 

difficult to reveal [274,277,278]. In old, obese people and patients with pulmonary 

disease symptoms may be so complicated to recognized and explain [279,280,281]. 

Comparing with elderly patients, heart failure in young patients has another causes, 

clinical signs and effects [282,283]. 

2.6.1    Classification of Heart Failure 

 Heart failure can be divided in to left ventricular, right ventricular or biventricular 

according to the situation of the deficiency. HF is classified as acute or chronic 

according to the period onset. Clinically, it is divided into two types depending on its 

functional condition of heart to: HF with preserved ejection fraction (HFpEF) which  is 

the most prevalent HF phenotype and HF with reduced ejection fraction (HFrEF) 

[284,285]. According to heart productivity, HF can be divided to high-output failure 

which means uncommon disorder featured by rising resting cardiac index more than 

2.5–4.0 L/min/m², and low-output failure which is more common and featured by 

insufficient forward cardiac output, predominately through excessing metabolic instance 

[286,287]. Deliberate oxygen up taking in HF with muscle function deterioration, 

practicing exercise rehabilitation imitate to be an essential factors in progressing the 

inflammatory imbalance, sedative high cardiac filling pressure, improving quality of life 

and reduction death rates related with heart failure [288,289,290].  
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According to the "American College of Cardiology/American Heart Association" there 

are four stages for HF [289,290,291]: 

 A) Elevated risk of HF without symptoms or structural heart infection 

 B) Found heart disease without HF symptoms. 

C) Heart disease with HF symptoms.  

D) HF needing for clinical interferences  

2.6.2    Risk Factors for Developing Heart Failure 

There are many risk factors that lead to damage the cardiac muscle and can be caused 

heart failure. These involve the following [290]: 

• Presences some diseases such as: hypertension, diabetes mellitus, arrhythmia, 

congenital heart disease, heart valve disease, myocarditis, anemia and thyroid 

disease. 

• Coronary Heart Disease which means decreased quantities of oxygenated blood 

to heart because of formation plaques on wall of arteries causative HF. 

• Other causes such as developing of aging, obese, cancer treatment, drugs abuse, 

viral infection like HIV virus  

2.6.3    Systolic and Diastolic Heart Failure as Distinct Phenotypes     

HFpEF and HFrEF may be shared the same clinical phenotype, signs, symptoms, 

exercise intolerance and mechanisms, but this not means that they are belong to a 

common pathogenesis, or have the same medical treatment. Actually, it can be 

distinguished depending on cause and treatment. Studies submit strong evidence that 

HFpEF and HFrEF represent 2 distinct diseases and they have bimodal distribution not 

unimodal in patients with HF. Response to therapies, it can be seen that some therapies 

give benefits when using with HFrEF and failed with HEpEF. Modalities of left 

ventricular modifying in HFrEF and HFpEF are different. The dilation chamber of left 

ventricular is an identical featured in HFrEF. Ejection fraction in HErEF is lower 

because of large size of this chamber, while strok volume is similar to that in healthy 

persons [284,285]. 

Regarding to pathogenicity and developing of disease there is a different between 

HFrEF and HFpEF .The distinct risk factors of HFpEF are age, hypertension and 

diabetes mellitus, so it can be considered HFpEF as a form of accelerating hypertension. 
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On the other hand, HFrEF may be advanced acutely responding myocardial loss of 

function [285,290].  

 2.6.4    Pathogenesis of Heart Failure in Patients with Diabetes Mellitus 

The most prevalent complication of DM is cardiovascular disorder [291]. Both of them 

sharing the general pathogenic factors. In the diabetic patients heart disorders may 

evolve to coronary artery disease and high blood pressure. The relationship between 

heart failure and diabetes mellitus is very strong as confirmed by many epidemiological 

studies and also supported by proofs from scientific experiments which explained the 

functional defects cardiac muscle in diabetic patients [292,293]. Occurrence of HF in 

diabetic patients belongs to many factors such as resistance of insulin, elevated glucose 

level and up taking some drugs related to DM as insulin, glitazones and sulfonylurea 

[294,295] as in Figure 2.3.  

Some hypotheses like disorders of metabolism, fibrosis of myocardia, destruction 

calcium balance and other have been given explanations about mechanisms responsible 

of decreasing myocardial contraction in the DM patients [296]. 
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Figure 2.3 Pathophysiology of heart failure in diabetic patients [296] 
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2.6.5    Frequency of Heart Failure in the Diabetic Patients   

The incidence with HF in diabetic patients is elevated in about twice in men and more 

than  five times women compared to healthy people, and the real cause is  unknown still 

now [297]. This combination was distinct of hypertension, age, obesity, coronary artery 

disease (CAD) and hyperlipidemia [298]. A study showed that using drugs for T2DM 

would elevate the risk factor of incidence with HF [299,300]. Existence of metabolic 

disorders, time of undiagnosed DM and duration and need for drugs may expedite 

developing HF in patients with T2DM. In general, the predominance of DM in the 

societies ranges between 4% to 6%, and was increasingly in HF cases. Using of 

pharmaceutical therapies related to T2DM was correlating with a 4.75-fold change 

excessed HF risk, that means the degree of metabolic troubles, interval of undiagnosed 

DM, and requirement for pharmalogical therapies, but not the therapies themselves, 

could be all expedite promoting of HF in T2DM patients. Rates of cardiovascular death 

in patients with T2DM have been augmented comparison with non-diabetics. Increment 

incidence with coronary artery disease and stroke were related with a 2–4-fold, and 2–8 

fold the risk of HF in diabetic patients. Some studies suggest that using therapeutic 

strategies for cardiovascular risk factors in patients with T2DM is very substantial in 

diminution the risk of CVD [301,302,303]. 

Diabetes also increases the risk of developing heart failure in patients with other causes, 

as in acute myocardial infarction. It is believed that diabetes promotes the development 

of myocardial fibrosis and diastolic dysfunction [304,305,306].  

2.6.6   Using Functional Alterations in Heart as an Indicator of Heart Failure in      

Type 2 Diabetes Mellitus Patients                                                                                                 

weaken  in encompass with T2DM in patients occur sunctionheart f of Alterations

That  ].730the systolic dysfunction [ outstripmay  whichof the heart,  diastolic function

hypertension  ,coronary artery disease ofdistinct in diabetic patients  was confirmed

The left ventricular (LV) ejection time is reduced, but  .]830[ were obviousbefore they 

 ejection period to LV ejection time are-ejection period and the ratio of pre-the pre

LV  ,n ejection fractionI .is noticed intensityncreased LV wall I .]11,3013,930[ increased

 augment concerning-an ageand , descend concerning-an age moreover, indicatormass 

                                                                                           in diastolic diameter [312,313].  
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2.6.7    Heart Failure and miRNAs 

All vascular diseases may lead to heart failure, which is a status when heart productivity 

was not match the needs of tissues. The most studies concerning with miRNAs and 

heart disease, showed that miRNAs embroiled in pathological cases and may also be 

engaged in heart failure. Particularly, the miRNAs like "miR-21, miR-129 and miR-

210" were high expression, while other miRNAs like "miR-30 and miR-182" were low 

expression [128]. In heart failure, a transition to programmed fetal gene is noticed. 

These variations to expressed fetal genes may give a share in pathological features 

noticed in heart failure. Comprehend the expression of miRNA profile in heart failure 

situation may give us possibility to confirm the selective targets. Growing cardiac 

muscle was affected by miR-1 which caused negative regulated expression of 

calmodulin and calmodulin-dependent nuclear factor in activated T cells" (NFAT) 

signaling. Furthermore, miR-1 has ability to targeting the 3′UTRs genes contribute in 

growth of cardiomyocyte. miR-1 and miR-30a have a key roles" apoptosis and cardiac 

hypertrophy" [163]. miR-21 has been targeted genes responsible of apoptosis, 

hypertrophy and fibrosis of cardiomycytes, while  miR-195, miR-499-5p and miR-92a 

have been targeted genes participating  in apoptosis [162,164]. 

2.7    Galectin-3 (Gal-3) 

Galectins are a family of lectins (carbohydrate binding proteins) that have tendencies to 

β-galactosides. They are involved in many cellular functions as in cell–cell adhesion 

and apoptosis [314,315]. They are available in immune and epithelial cells of animals 

[316] and possess one carbohydrate-recognition domain (CRD) at least [317]. There are 

17 galectins were identified, most of them have a single CRD-1 while others contain 

two homologous CRD-2 [318,319]. Currently, 15 members of the galectin family have 

been described in vertebrates without classical signal sequence, but can function 

extracellular. According to that, proteins are found in cytoplasm and nucleus in some 

conditions [320,321].  

Gal-3 is one of the most well-studied members of the galectins which was encoded by a 

single gene, located on chromosome 14, locus "q21–q22" [315,322]. Nuclear expression 

of Gal-3 is associated with proliferative effects. It has been described that Gal-3 is 

translocated from the cytosol into the nucleus via a passive and an active pathway [317]. 

Gal-3 contains several phosphorylation sites and other determinants important for the 

secretion of Gal-3 [323].   
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Human Gal-3 is a 31-kDa chimeric protein, has CRD-1 and a non-lectin domain 

enriched with proline and glycine [318,319]. This unique galectin consists of four 

structural domains [324,325,326] as in Figure 2.4: 

1) NH₂ terminal domain containing a serine phosphorylation site, which has ability to 

regulation signaling activity in cell. 

2) A collagen-α-like sequence is rich in glycine, tyrosine, and proline. 

3) COOH terminal domain, which is recognition of β-galactosides  

Gal-3 is a monomer in solution and can formation pentamers by means of supple "N-

terminal domains" by connected with its saccharide molecules. It is secreted into the 

extracellular space through non-classic secretion pathway [327], so it is available in 

cytoplasm, nucleus and cell surface [328,329].  

Gal-3 contacts with proteins, carbohydrates, un-glycosylated proteins as receptors on 

cellular surface and extracellular receptors, which modulate cell-cell adhesion signaling 

in the extracellular compartment [330,331]. Intracellular Gal-3 has an importance in cell 

growth, anti-apoptosis signaling, and mRNA interlacing, whereas implication of 

extracellular  Gal-3 was in migration, growth, cell-cell communication, including 

laminin, fibronectin, and Mac-2 binding protein [332,333,334] as in Figure 2.5. In 

addition, Gal-3 has also a high binding affinity to advanced glycation end products 

(AGE) and is considered to be a receptor of AGE. Also influence the activation and 

regulation of both innate and adaptive immune responses they have been compromised 

in the pathogenicity of a diversity of diseases, like tumor initiation, advancement, and in 

migration of malignant tumor [335]. 
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Figure 2.4 Structure of galectin-3[329] 

 

 

 

 

Figure 2.5 Galectin-3 intra cellular functions [329] 
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2.7.1    Expression of Galectin-3    

Stimulation of Gal-3 secretion in macrophage and  fibroblasts can be occurred by stress, 

such as irradiation and heat shock. Expression of Gal-3 has an importance in many 

physiological and pathological processes, such as inflammation and immune responses, 

tumor growth and headway, diabetes, moreover to repairing wound. It can be revealed 

in most proliferative cells as in "tumor cells, eosinophils, neutrophils, macrophages and 

fibroblasts" [336,337,338,339]. Expression level of Gal-3 can be altered due to external 

stimulation and environmental conditions [340]. Gal-3 plays a key role in the cardiac 

reconstructing  process by involvement in inflammatory response and homeostasis 

[341,342]. High expressions of Gal-3 are in tissues as in stomach, colon, spleen, lung, 

ovary and uterus, while its expressions in kidney, heart, cerebrum, pancreas, and liver 

are at lower level [343]. 

2.7.2  Galectin-3 in Type 2 Diabetes Mellitus, Cardiac Remodeling and Heart          

Failure                                                                                                                     

Circulating Gal-3 was highest in T2DM patients [344,345,346,347]. It may be a risk 

factor for vascular complications, such as HF, peripheral artery disease, and other 

vascular complications [347]. In diabetic patients, Gal-3 concentrations were 

significantly elevated in subjects with CAD and associated with the formation of 

plaques [344].   

Elevated level of Gal-3 in serum can be used as a potential marker for detection and 

prediction of HF. Gal-3 was involved in cardiovascular disease as blood pressure, low 

and high-density lipoprotein, cholesterol, triglyceride, creatinine, urinary albumin 

excretion rate, pro-BNP and C-reactive protein [348].  

Gal-3 is elevated in patients with unstable CAD more than stable counterparts. Thus it 

may be used as a marker for atherosclerotic plaques [349]. Clinical trials demonstrated 

that Gal-3 is considered a prognostic marker in heart failure. Gal-3 predictive value was 

evaluated as a good marker in acute HF [350]. Expression of myocardial Gal-3 was up-

regulation in hearts which is developed to HF in animal models. It is useful in a patients 

with HF to determine their risk and to evaluation this biomarker compared to other 

conventional risk markers. Gal-3 is a prognostic biomarker for early detection of HF 

phenotyping, and therapeutic targeting of HFPEF [351,352]. Prognosis utility of Gal-3 

in acute heart failure was confirmed by the Food and Drug Administration. It is a 
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typical marker can be used for early detection of fibrotic cardiac injuries, hypertrophic 

and risk stratification [353]. Experimental observations found that Gal-3 is increased in 

decompensated heart failure more than 5-fold compared to compensated hearts [12], and 

up- regulation in LV dysfunction and not be became shorter to patients with rising 

AngII signaling [354].  

2.8    Natriuretic Peptide 

The natriuretic peptide family composed of 4 members ANP, BNP- which they are 

derived from atria and brain respectively-, CNP and DNP [7]. All of them are belonged 

to polypeptide precursors and each one contains a ring made of 17 amino acids in 

animals and 32 amino acids in human as in Figure 2.6. BNP was separated from pig 

brain in 1988, also it can be found in myocytes of ventricular [355,356].  

  

 

Figure 2.6 Primary structure of human BNP [359] 

Ancestor of  BNP  consists of 134 amino acids. After fissure, prepro-BNP cleaves into 

two parts a pro-BNP (108 amino acids) and signal peptide (26 amino acids). In turn, 

pro-BNP breaks up into two molecules active BNP (32-amino acid C-terminal 

fragment) and the inactive NT-proBNP (76-amino acid N-terminal fragment) 

[357,358,359]. BNP has a half-life about 20 minutes. BNP and NT-proBNP are similar, 

just in NT-proBNP longer half-life time which is (72h), while BNP ( 4h) [359,360]. 
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BNP is stocked in vesicles and released from atria and left ventricular  through  

regulative and  constitutive pathways, respectively. Secretion BNP is from the 

cardiomyocytes of LV, which is dominated at the transcription stage, and the 

stimulation process takes longer time. BNP is still at high levels for a longer time 

compared to ANB [361,362,363]. BNP has ability to inhibition fibrotic response that 

could be influenced on the cardiac fibroblasts through "extracellular signal-related 

kinase signaling". 

Generally, the level of BNP is low in serum of healthy people but in patients it depends 

on their sex, age and race [364]. Clinically, active form of BNP which is found in 

plasma and featured by short half-life could be very important in follow up the situation 

of patients during taking pharmaceutical drugs [365]. 

2.8.1     Structure of the BNP  

The BNP gene is found on the short arm of the human chromosome 1and consists of 

three exons [366]: 

 Exon 1: Encoding for a 26-amino acid signal peptide. 

 Exon 2: Encoding for most of the proBNP sequence. 

 Exon 3: Encoding for the terminal histidine and the 3´-UTR.  

BNP mRNA is translated to 134-amino acid, then removing 26-amino acid signal 

peptide, the remaining were 108-amino acid proBNP. BNP composed of 2 forms: 

proBNP-108 is prevalent in ventricular tissue about (60%) and BNP-32 which is 

prevalent in atria tissue about (60%) [367]. Fission of proBNP into BNP-32 and N-

terminal proBNP-76 takes place in the trans-Golgi network by corin convertase enzyme, 

thereafter into the circulation by a constitutive pathway as in Figure 2.7. Some studies 

gave an evidences of presence proBNP-108 and augmented proBNP-108/BNP-32 ratio 

in plasma of patients with severe HF. There was a substitution duplicate for proBNP, 

which has an ability to retain intron. This transcript contains the first and second exons 

and the second intron. It encodes and alters BNP [368]. 
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Figure 2.7 Activation of brain natriuretic peptide (BNP) by cleavage from its 

propeptides [371] 

       

         

 

 

 

 

 

 

 

 

 

 

 



34 
 

2.8.2    Physiological Effects of Brain Natriuretic Peptides 

BNP is a neuro-hormone. It represents  an activated form of proBNP, stored as 

secretory granules in both ventricles and, to a lesser extent, in the atria [290]. It is 

produced predominantly by cardiac ventricular myocardium, much less by atrial 

myocardium. Production of BNP is stimulated by increased cardiac wall stress during 

volume and/or pressure overload. Binding between BNP and its receptor (NPR-A) leads 

to diuresis, natriuresis [370,371]. High levels of BNP and NTproBNP related to 

impaired LV ejection fraction [372] and also for detection of asymptomatic LV systolic 

dysfunction [373].  

An elevated in BNP concentration was noticed in chronic heart failure and CAD 

patients. According to "New York Heart Association" (NYHA) classification, levels of 

BNP in CAD cases may be more 25 times than its levels in patients without HF. In 

forms of acute coronary artery disease, the excessive concentration of BNP can be 

noticed [7,374]. NPs are used to determination patients with HFPEF at highest risk, that 

due to levels of NPs in patients with HFREF are higher than its levels in HFPEF 

patients [351]. BNP and NT-proBNP values are very influenced by many factors 

including renal function, anemia and age [375].  

The measurement of BNP concentrations in plasma has an importance in addition to the 

chest x-ray, Doppler echocardiography and electrocardiogram in diagnosis HF in 

suspected patients [376]. When physical signs and radiographic results are not clear, NP 

levels are useful for detection of a new or acutely decompensated HF [377]. In 

myocardial ischemia, rising concentrations of BNP are also noticed and performed the 

expansion and adversity of ischemia. Temporary myocardial ischemia may be 

corresponded to a fast rising in BNP concentration [378]. 

2.9    High Sensitivity C Reactive Protein (hs-CRP) 

C-Reactive protein (CRP) is un-glycosylated member of pentraxin family which due to 

lectin superfamily [379]. It is a type of α globulin and has a molecular weight about 

110,000–140,000 Dalton. CRP consists of 5 subunits, which are assembly as a cyclic 

shape called pentamer [380]. CRP was discovered firstly through a precipitation 

reaction among patient's serum and pneumococcus pneumonia in 1930. The 

"polysaccharide fraction C" was extracted from the cell wall of this bacteria, and named 

C-reactive protein [379]. Each subunit possesses 2 faces, "recognition" face which is 
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displaying 5 phosphocholin-binding sites and an "effector" face which is comprising 

complement and Fc-receptor-binding sites. Phosphocholin is an essential molecule of 

CRP, that exists in lipopolysaccharid of bacteria. CRP has an important role in immune 

response. It was produced in liver and activated by complement through classical 

pathway. CRP has ability to motivating the manufacturing cytokines like IL-1 and 

TNFα [380,381]. Excessively high levels of CRP appear in patients with bacterial 

infections, autoimmune diseases, and cardiovascular diseases [379,381,382]. 

Because of lacking CRP its ability to sensitivity through normal extent of inflammatory 

situation, so using high sensitive CRP (hs-CRP) is very useful to exposing the depressed 

level inflammation. Immune techniques are used in detecting of CRP and hsCRP such 

as ELISA, immunonephelometry…etc. [383].  

CRP can be used as a prognostic biomarker and predictive risk factor in patients with 

diabetes mellitus, atherosclerosis and cardiovascular diseases [384]. Highest levels of 

hsCRP correlate to inflammatory conditions in patients with coronary artery disease and 

heart failure [380,384,385]. Recent studies have been confirmed that hs-CRP 

concentrations have a significant biomarker for the whole-body inflammation condition 

[386]. hs-CRP can be decreased by alteration life pattern and taking pharmaceutical 

drugs [380]. 

2.9.1    Correlation between  hs-CRP and Coronary Artery Disease    

Cardiovascular disease is one of the inflammatory disease in which hs-CRP at a serious 

high levels [380]. hsCRP considers as an ideal biomarker using for estimating the 

inflammation in cardiovascular disease [381]. Some studies explain the role of hs-CRP 

in augmentation the cardiovascular epidemic and death rates [383]. Recent studies gave 

indicators about the probable linkage between concentration of hs-CRP and coronary 

artery disease and noticed the excessive high concentration of hs-CRP in patients with 

CAD [387]. Other study, has used hs-CRP to appreciate the correlation of inflammatory 

condition with the new occurrence of CAD and pointed out to the ability of using hs-

CRP as a predictive risk factor for CAD and systemic inflammation [383]. Rising level 

of hs- CRP was observed in patients with peripheral arterial disease, stroke and 

endothelial dysfunction. The hs-CRP also gives an idea about the inflammation 

condition of arterial wall [380,385].  
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Actually, remaining hs-CRP at elevated concentrations with obscurity of chronically of 

intense cases, cardiovascular disease must be taken into account. Interestingly enough, 

modern studies give evidence show that hs-CRP is, in particular, pertinent in prediction 

of cardiovascular disease in asymptomatic patients without heart disease. Therefore, hs-

CRP can be used in classification patients in the absence of classical cardiovascular risk 

factors such as smoking and high blood pressure, according on level of hs-CRP, which 

must be less than '"3.0 mg/L" [380,386]. 

2.9.2    Correlation of hs-CRP with Insulin Resistance and Metabolic Syndrome 

One of the an essential causes of type2 diabetes mellitus is insulin resistance which is 

involving in the metabolic syndrome, and is featured by abdominal obesity  high blood 

pressure, high glucose level and high-density lipoprotein (HDL) cholesterol. All 

previous   properties, have been confirmed to be related with chronic, can be determined 

by hs-CRP estimation. Increasing level of hs-CRP points out to substantially relation 

with T2DM [384]. Excessive concentration of hs-CRP considers a strong predictor and 

diagnostic biomarker of metabolic disorders and diabetes mellitus even after controlling 

the traditional factors such as BMI, history of family with DM, and other factors. Level 

of  hs-CRP  can be used to indicate to the severity of  cardiovascular disease in patients 

with T2DM [385,386].  

Studies showed that using anti-diabetic drugs as metformin supply a low insulin-

sensitizing impact and it would make to decrease level of hs-CRP. On the contrary, anti-

diabetic drugs with no insulin-sensitizing impact seem to have low or no influence on 

inflammation processes such as sulfonylureas, which has not ability to lowering CRP 

levels in patients with T2DM [388]. 

2.10    Coronary Artery Disease (CAD) 

Coronary artery disease (CAD) is a complex chronic inflammatory disease. It is 

characterized by remodeling and narrowing of the coronary arteries supplying oxygen to 

the heart. It can has various clinical manifestations, including stable angina, acute 

coronary syndrome, and sudden cardiac death. It has a complex etiopathogenesis and a 

multifactorial origin related to environmental factors as diet, smoking, physical activity, 

and genetic factors [389]. CAD is one of the major causes of death and based on 

estimates, approaching "1.25 million" persons were infected in the United States per 

year [390,391]. In recent years, the rate of patients with CAD entered to hospitals is 
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raised, that gives visualization about elevated incidence and frequency of it [392]. 

Pattern of life has a significant role in repetition and advancement of common diseases, 

such as CAD. Difficulty of this disease lies in the patient's ability to change lifestyle and 

commitment to take medicine away from supervision of doctors [393]. 

Risk factors of CAD can be divided in to two types [394,395]: 

1) Non-modifiable risk factors: which cannot be altered and include age, gender, 

history of the family, and ethnic. Men have a higher risk than women, especially 

those older than age 45, women older than age 55. Serious risk factors include 

high levels of serum cholesterol, low-density lipoprotein cholesterol, and 

triglycerides; lower levels of high-density lipoprotein cholesterol  

2) Modifiable risk factors : which can be altered by medical and pattern of life 

interventions and include high blood pressure, hypercholesterolemia, physical 

inactivity, diabetes mellitus, excessive weight, obese and smoking. 

There is a relationship between DM and prevalence with CAD. DM is one of the main 

risk factors for CAD. Silent CAD is occurring spontaneously generally related to 

ischemia, which is stimulated by exercise, emotion and reproducible. The standard 

silent coronary artery disease are [396]:  

 stable  xsymptom comple remaining angina, orwith no CAD  is ofdiagnos Formerly 1.  

least 60 days  for at         

2. No alteration in recurrence, priod, accelerating cause of relief of angina for at least     

                                                          60 days                                                 

.deterioration of cardiac muscleproof for 3. No   

CAD is a major cause of death in western and developing countries. This elevating may 

be due to the rising prevalence of many CAD risk factors like DM [397,398]. The 

prevalence of DM in patients with CAD is up to 50% in many countries [399].  

2.10.1    Pathophysiology of Coronary Heart Disease 

Occurrence of CHD belongs to atherosclerosis and its developing is correlated to factors 

concerning with environment and genetic [390]. Atherosclerosis is featured by gradual 

packing of "lipids fibrous elements, and inflammatory molecules" in the walls arteries 

[400]. Oxidized/modified LDL particles are strong ligands that induce the adherence of 

molecules vascular cell and intercellular molecules at the surface of endothelium, and 
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encourage monocyte adherence and migration to the "sub-endothelial space". 

Monocytes are adhesion and immigration to the sub endothelial space and then convert 

into macrophages in the "intima media", which in turn restrict oxidized LDL through 

receptors to be foam cells. That would be stimulated cellular and humoral immune 

response by combination among monocytes, macrophages, T-cell and B-cell in addition 

to production cytokines and TNFα [390,401]. Developing this process and immigration 

of smooth muscle cells from the medium layer to intima follows by formation of 

lesions. 

After that smooth muscle cells start to subtract extracellular ligands which are 

transformed to "fibrous cap". Then lipids would be released and formed "necrotic core". 

Outcome of this process is formation plaques. There are two types of plaques can be 

identified depending on equation between formation and degrading of fibrous cap 

[402,403]: 

A) Stable plaques, which are produced by smooth muscle cell from a substance 

plentiful with collagen type 1and 2, these plaques lead to occurrence of silent 

coronary artery disease (SCAD). 

B)  Un stable or vulnerable plaques, which are broken and leading to releasing 

coagulation proteins causative thrombosis and lead to occurrence of acute 

coronary syndrome (ACS).  

The different clinical manifestations of SCAD are related with various mechanisms 

involve: 

(i) plaque-correlated oculsion of epicardial arteries 

(ii) prevalent convulsion of normal or plaque-diseased arteries 

(iii) functional disruption of microvascular  

(iv) previously acute myocardial necrosis which leads to loss left ventricular its 

function (ischemic cardiomyopathy)  

All mechanisms which are mentioned above may be worked aside or incorporation.  

2.10.2    Silent Myocardial Ischemia 

Silent myocardial ischemia (SMI) is more predominance in patients with DM compared 

to the healthy population. Often, there is an appearance of coronary artery disease when 

diagnosed in diabetic patients in advanced, but  delayed  diagnosis may be clarified by 

the subsistence of SMI [311], which is possibly very widespread in patients with DM 
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due to diabetic neuropathy. In patients with DM, neuropathy can be noticed in only 1 

out of 4 of the patients with SMI [312]. The correlation between glucose status and 

CVD may be dilated to the diabetic threshold and a linkage between them can be 

exposed in the existence of impaired glucose tolerance and impaired fasting glucose 

tests [313].  

New conception of the pathophysiological principles of myocardial ischemia is based 

on scientific experiments which point out narrowing in coronary artery determined 

coronary blood inflow. Myocardial ischemia in SCAD is resulting from a temporary 

imbalance between blood providing and metabolic requirement. Ischemic results can be 

predicted by some alterations which include [404,405]: 

 in the venous blood thatcalcium ions and  of hydrogen ) Elevated concentrations1

area                                                                                                     ischemicthe  exhaust

                                  of  diastolic and systolic Presence an indicators of weakness in2) 

                                                                         wall malformations     accompanied by ventricular

                                                                T waves alterations-STAdvanced of 3)  

4) Cardiac ischemic pain  

2.10.3    Detection of Coronary Artery Disease by Using miRNAs 

Coronary artery disease (CAD) considers the mean cause that responsible of elevated 

levels of death rates in developing countries, in spite of  the advance in health care, 

diagnosis and treatment options. Present day, depending on symptoms, 

electrocardiogram abnormalities and troponin concentrations in detection of acute 

coronary syndrome, not enough and need to develop much effective biomarkers and 

revoke non effective strategies [406]. Using miRNAs in cardiovascular disease are great 

acceptance as best diagnostic and prognostic biomarkers of "coronary artery disease and 

acute coronary syndrome". 

Modern studies demonstrate the ability of detection of acute myocardial infraction 

(AMI)  is depending on cardiomyocyte-enriched miRNAs [407]. Particularly, these 

studies pointed to "miR-1, miR-133a, miR-133b, miR-208, and miR-499" were up-

regulation in plasma of patients with AMI. Recently, a systematic study suggests that 

only miR-1, miR-133a, miR-208a/b, and miR-499(a) in plasma and serum are a strong 

biomarkers for detection of coronary heart disease [408]. Analytic studies estimated the 

specificity and sensitivity of miR-499 and miR-133a which showed sensitivity and 
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specificity were [(0.88 ,0.87) and (0.89 , 0.87)], respectively. That makes them a good 

markers of AMI [407].  

A recent study confirmed that circulating miRNAs "miR-132, miR140-3p, and miR-

210" can be used as a predictors for cardiovascular disease especially in patients with 

ACS and SCAD [409]. Several miRNAs such as (miR-133, miR-208a, miR-17-92a, 

miR14, miR-155), which are responsible of regulation expression in "cardiomyocyte, 

endothelial cell, vascular smooth cell and inflammatory cell "are associating with CAD, 

whereas "miR-122 and miR-370" correlating to metabolism of lipid were elevated in 

patients with severity CAD [410]. Another study demonstrates that miR-126 related 

with microvesicles, while miR-199a is a good predictor for SCAD patients [411].  

2.10.4    Coronary Artery Disease and Type 2 Diabetes Mellitus   

In patients with T2DM, CVD is the main reason of death in this population. Between all 

conditions under the name of cardiovascular diseases, coronary artery disease is the 

most deadly in diabetic patients. An increasing rates of epidemic and death are in type 2 

diabetic patients with CVD compared to non-diabetic persons [412]. Diabetic vascular 

disease (DV) is in charge of (2-4) - fold increase the prevalence of coronary artery 

disease (CAD) and stroke, and about (2-8)-fold progress in the risk of HF [413]. Risk 

factors in type 2 diabetic patients without family history of CAD are similar risk of 

cardiac proceedings persons with a previous myocardial infarction [414]. Diabetes cases 

may not necessary be a CVD, so consideration should be given to finding appropriate 

strategies to prevent diabetic patients from developing    CVD [415]. It worth noting the 

importance of controlling the traditional risk factors in type 2 diabetic patients to 

decrease the risk of developing coronary artery disease [306]. Furthermore using drugs 

to controlling of glucose level in T2DM such as "statins and insulin-sensitizer" have a 

great influence on non- traditional factors [416,417]. 

There are some essential mechanisms responsible of vascular dysfunction which is the 

main reason of cardiovascular outcomes in DM. Loss vascular its function associates 

with adipose tissues, insulin resistance (IR) and alteration in concentrations of different 

of circulating agents. Oxidative stress (OE) has a significant role in formation of 

plaques in atherosclerosis, particularly, in DM [418], because its ability to oxidation 

LDL. Elevated OE in diabetes mellitus due to deficiency of antioxidants elements that 

may promote increased OE in DM comprise antioxidant deficiencies, high producing of 

reactive oxygen species and glycation and glycooxilation processes [419].  
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The association between traditional and nontraditional risk factors is the main cause of 

increasing prevalence with CAD in patients with T2DM. Correlation between vascular 

risk and (IR) points out that early appearance of cardiovascular risk before evolving 

T2DM [420].   

Some evidences demonstrate that controlling of blood glucose level, high blood 

pressure, reducing LDL and loss of weight are the best strategies to decrease risk of 

cardiovascular in patients with T2DM. Benefits of controlling of cardiovascular are 

more effective when starts early in conditions with short period of diabetes mellitus and 

low cardiovascular risk [420,421]. 

 Treatment with DM and decreasing cardiovascular risk factor are an important step to 

prevent developing events due to strong association between DM and CVD. 

Furthermore, studies have emphasized that rising ability of coagulation and autonomic 

neuropathy are predominating appearance in patients with T2DM and may be 

participate in evolving of CVD, increasing occurrence with myocardial infection and 

then CHV [421].  
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CHAPTER 3 

MATERIALS AND METHODS 

3.1    Subject 

The protocol was approved by the local Ethics Comittee of Istanbul Education and 

Research Hospital (No: 1031, date: 07.07.2017) and was conducted in accordance with 

Declaration of Helsinki. All subjects were of Turkish descent. All subjects gave their 

informed consent for inclusion before they participated in the study. Pregnant women, 

active infection, acute renal failure, hepatic, rheumatic, malignant or endocrine diseases, 

subarachnoid haemorrhage, chronic lung diseases, acute and chronic pulmonary 

embolism, and smokers, individuals with a history of chronic alcohol consumption and 

subjects who were taking certain drugs, such as hepatotoxic drugs (antituberculous, 

antiepileptic) or oral contraceptive pills were excluded from the study.  

All subjects were classified into four different groups.  

Control group: A total of 45 healthy subjects who did not have any endocrine, vascular, 

cardiac or inflammatory diseases were chosen for the control group (mean age: 

60.23±6.27 years, F/M:23/22). An oral questionnaire was applied to the subjects and 

none of our subjects declared that they had a family history of diabetes. They did not 

have diabetes or glucose intolerance as confirmed by an oral glucose tolerance test 

(OGTT). 

DM group: Patients with T2DM (mean age: 61.50±5.08, F/M:23/22) who were 

diagnosed according to the American Diabetes Association (ADA) guidelines [422] 

were included in this study. All of the diabetic patients were being treated for diabetes 

with insulin (20%) and/or metformin (80%). 

DM+CAD group: A total of 45 diabetic patients (mean age: 61.61±6.02, F/M:20/25) 

with coronary artery disease were enrolled in our study. All of the diabetic patients were 

being treated for diabetes with insulin (25%) and/or metformin (75%). A total of 86% of 

diabetic patients in this group had hypertension and they were being treated with beta 
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blockers (48%), thiazide (28%) and/or ACE inhibitors (14%). Diabetic patients with 

dyslipidemia (75%) were taking antihyperlipidemic drugs, such as statins. Patients with 

2 or 3 vascular occlusion were selected as CAD + DM group. 

Acute HF+DM group: A total of 45 patients (mean age: 62.07±5.26 years, F/M:20/25) 

with acute HF were studied. The diagnostic criteria of acute HF were recommended 

according to the American Heart Association (AHA) Guidelines. Exclusion criteria: 

patients with T2DM known HF, chronic obstructive pulmonary disease (COPD), 

pulmonary artery embolism and/or deep venous thrombosis, or who used to take 

anticoagulant drugs in the past three months or received blood transfusion recently, 

patients with a history of malignancy, cognitive dysfunction, mental illness, systemic 

disease.  

3.2    Coronary Angiography 

Patients underwent coronary angiography by Seldinger technique. Three-dimensional 

digital subtraction angiography (3D-DSA) examinations were performed with femoral 

catheterization with a DSA system (Philips Allura Xper FD20, Netherlands). The 

coronary angiograms were read by expert cardiologists, the clinical diagnosis, and 

laboratory results. The cardiologists recorded the location and extent of luminal 

narrowing for 15 segments of the major coronary arteries [423]. Patients were classified 

as having CAD if a stenosis of 50% or greater was found in at least one of the segments. 

Patients without CAD were defined as having less than 50% stenosis in all of the 

segments. A composite cardiovascular score (0–75) was calculated based on 

determination of presence of stenosis on a scale of 0–5 of the 15 predetermined 

coronary artery segments.  

3.3    Echocardiography 

Each patient underwent a complete transthoracic echocardiographic (TTE) studies with 

ultrasound systems located in adjacent echocardiography rooms. The device used was 

the General Electric Vivid S5 (GE Health Medical, Horten, Norway). Left ventricular 

ejection fraction (LVEF) was calculated according to Simpson’s method [424]. HF was 

defined according to the clinical criteria of the Framingham Heart Study 6 and by 25% 

< (LVEF) < 35%, according to bidimensional transthoracic Doppler echocardiography. 

3.4    Sample Collection and Measurements 

Fasting venous blood samples were drawn between 8 and 10 am after the subjects fasted 

overnight (10–12 hours). Blood samples were drawn from the brachial veins in brachial 

fossa and placed into plain tubes (K2-EDTA anticoagulated whole blood) and 
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anticoagulant free tubes. The samples were centrifuged for 10 minutes at 4000 rpm at 4 

°C. Biochemical tests were performed immediately. For the determination of other 

parameters, serum aliquots were frozen and stored at –80 °C immediately until they 

were required for further analysis. 

3.5    Isolation of miRNAs from Serum: 

Serum miRNA was extracted from serum samples using EXTRACTME miRNA KIT 

(BLIRT, Poland). All isolation protocols were conducted according to manufacturers’ 

instructions, without further modifications.  

Isolation protocol according to manufacturers’ instructions: 

1. Place the serum in a 2 ml tube. Add 400 μl miRNA lysis buffer and 4,4 μl antifoam     

reagent and vortex for 60 s. 

2. Centrifuge for 2 min at maximum speed. 

3. Transfer the supernatant into DNA purification column placed in a collection tube. 

Centrifuge for 30s at ≥ 8000 x g. Keep DNA purification column for further DNA 

purification. Keep the flow-through. 

4. Transfer the flow-through into an sterile, 1.5 ml Eppendorf microcentrifuge tube. 

5. Add 0,5 volume of 96-100% ethanol. Mix by pipetting or vortexing for 5 s. 

6. Transfer the mixture into an large RNA purification column placed in a collection 

tube. Centrifuge for 15 s at ≥8000 x g. Keep the flow-through. Keep large RNA 

purification column for large RNA purification. Minicolumn with large RNA can be 

stored no longer than 15 min at 4-8°C. 

7. Transfer the flow-through into an sterile, 1.5-2 ml Eppendorf microcentrifuge tube. 

8. Add 1 volume of 96-100% ethanol. Mix by pipetting or vortexing for 5 s. 

9. Transfer 700 µl of the mixture thus obtained into an miRNA purification column 

placed in a collection tube. Centrifuge for 15s at ≥8000 x g. Discard the flow-through 

and reuse the column, together with the collection tube. 

10. Transfer the remaining mixture into the same miRNA purification column and 

centrifuge at 15s at ≥8000 x g. Discard the flow-through. 

11. Prepare the minicolumns with bound DNA, large RNA and miRNA. 

12. Add 700 μl DNA wash buffer on DNA purification column and 700 μl RNA wash 

buffer on large RNA purification column and centrifuge for 15s at ≥8000 x g. 

13. Again apply 500 μl DNA/RNA wash buffer to the each minicolumn and centrifuge 

at 15s at ≥8000 x g. Discard the flow-through and reuse the collection tube. 
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14. Again apply 500 μl DNA/RNA wash buffer to the each minicolumn and centrifuge     

at 30s at ≥8000 x g. Discard the flow-through and reuse the collection tube. 

15. Centrifuge for 90s at maximum speed.  The wash buffer contains alcohol, which 

may interfere with some enzymatic reactions and also decrease the elution efficiency. It 

is therefore vital to remove the alcohol completely from the minicolumn before elution. 

16. Discard the collection tube and flow-through and carefully transfer the DNA 

purification column and large RNA purification column to a sterile, 1.5 ml Eppendorf 

microcentrifuge tubes and miRNA purification columns to miRNA elution tube. 

17. Add 50-100 μl DNA elution buffer, precisely, onto the center of DNA purification 

column membrane and 30-100 μl RNA elution buffer, precisely, onto the center of large 

RNA and miRNA purification columns membranes. Other buffer volumes may be used.  

18. Centrifuge at ≥8000x g for 1 min. 

19. Remove the minicolumns and place the tubes with the eluted large RNA and 

miRNA in a freezing rack. The isolated RNA and DNA are ready for use in downstream 

applications or for storage at -80°C.  

The concentrations and purities of RNA were estimated using NanoDrop 

spectrophotometer (ThermoFisher Scientific, USA), and A260/A280 ratio = 1.9 – 2.1 

values were considered indicative of relatively pure RNA.  

3.6     Synthesis  and Amplifing cDNA 

To estimate the expression miRNA levels four-step RT-PCR assay was used. 

Normalization was calculated according to determined miRNA levels 

Firstly miRNA samples were transcribed into cDNA using High-Capacity cDNA 

Reverse Transcriptin (RT) Kit (ThermoFisher Scientific, USA) and RT oligos specific 

to miRNAs identified in Table 3.1 (SUARGE, Turkey), the cDNA synthesis was 

performed. Firstly, the 2✕ Reverse Transcription Master Mix was prepared Table 3.2. 

The 2✕ RT master mix was placed on ice and mix gently. 10 µl of 2✕ RT master mix 

was pipetted into each well of a 96-well reaction plate or individual tube. 10 µl of RNA 

sample was pipetted into each well, pipetting up and down two times to mix. the plates 

was sealed. The plate was briefly centrifuged to spin down the contents and to eliminate 

any air bubbles.  The reaction volume was set to 20 µl and  cDNA synthesis was 

performed by adjusting the the thermal cycler conditions Table 3. 
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Table 3.1 RT oligos specific to miRNAs 

hsa-miR-1 

RT 

 

5’GAAAGAAGGCGAGGAGCAGATCGAGGAAGAAGACGGAAGAATGTGCGTCTCG

CCTTCTTTCATGGGCAT-3’ 

hsa-miR-21 

RT 

 

5’GAAAGAAGGCGAGGAGCAGATCGAGGAAGAAGACGGAAGAATGTGCGTCTCG

CCTTCTTTCTCAACATC-3’ 

RNU44 RT  

5’GAAAGAAGGCGAGGAGCAGATCGAGGAAGAAGACGGAAGAATGTGCGTCTCG

CCTTCTTTCAGTCAGTT-3’ 

     These are specific primers for cDNA trancription  

hsa-miR-1 

Forward 

 

 

5’-GCAACATACTTCTTTATATGCCCAT-3 

 

hsa-miR-21 

Forward 

 

 
5’-GCGGTAGCTTATCAGACTGATGT-3’ 

RNU44 

Forward 

 

 

5‘-CCTGGATGATGATAAGCAAATG-3’ 

Universal  

Reversal 

 

 

5’-CGAGGAAGAAGACGGAAGAAT-3’ 

 

     These are specific primers for PCR analaysis  

Table 3.2: Materials and volumes required to prepare the 2✕ RT master mix (per 20-µl 

reaction) 

Components Volume/Reaction (µl) 

 
1x Kit without RNase 

Inhibitor 

10✕ RT Buffer 2.0 

25✕ dNTP Mix (100 mm) 0.8 

10✕ RT specific Primers 2.0 

MultiScribe™ Reverse 

Transcriptase 
1.0 

RNase Inhibitor - 

Nuclease-free H₂O 4.2 

Total per Reaction 10.0 
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Table 3.3: The thermal cycler conditions 

Step Temperature °C Time Sec Cycle 

Activation and denaturation 95 180 

 

35-45 cycles 

Denaturation 95 5 

Annealing 60 10 

Extension 72 5-20 

Melt curve analysis According to the qPCR instrument manual 

Firstly miRNA samples were transcribed into cDNA using the High-Capacity cDNA 

Reverse Transcription (RT) Kit (ThermoFisher Scientific, USA) and RT oligos specific 

to miRNAs identified in Table 1 (SUARGE, Turkey), the cDNA synthesis was 

performed. Then cDNAs amplified and the expression of miR-1 and mir-21 analyzed 

with the StepOnePlus™ Real-Time PCR System (Applied Biosystems, Carlsbad, CA) 

using specific AMPLIFYME SYBR Universal Mix (BLIRT, Poland). RNU44 

(TaqMan® Small RNA Controls from Applied Biosystems) was used as a small RNA 

endogenous control. 

The relative expression levels of miRNA-1 and miR-21 were calculated using the 2-

∆∆Ct method. According to 2-∆∆Ct method the first ΔCT is the difference in threshold 

cycle between the target and reference genes: ΔCT = CT (a target gene (miR-1 or miR-

21))−CT(a reference gene (RNU44)). The ΔΔCT is the difference in ΔCT as described 

in the above formula between the target and reference samples, which is: 

ΔΔCT = ΔCT (patient sample)−ΔCT (control sample) = (CTD − CTB)−(CTC − CTA). 

The final result of this method is presented as the fold change of target gene expression 

in a target sample relative to a reference sample, normalized to a reference gene [1].    

3.7    Measurement of Plasma NT-proBNP Concentrations 

NT-proBNP levels were analyzed (K2-EDTA anticoagulated whole blood) using time 

resolved florescence assay on AQT90 FLEX immunoassay analyzer (Radiometer, DK). 

The results were expressed as pg/mL. Intra- and inter-assay coefficients of variation 

(CVs)  were determined to be 4.1% and 5.2%, respectively. 

3.8    Measurement of Plasma Galectin-3 Concentration 

Serum galectin-3 levels were also assayed by sandwich ELISA kit (Human galectin-3 

kit, Cat. No. E-EL-H1470, Elabscience Biotechnology Co., Wuhan, Hubei, China)). The 

galectin-3 results were expressed as ng/mL. The lowest level of galectin-3 that can be 
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detected by this assay was 0.10 ng/mL. Intra and inter-CV were determined to be 6.6% 

and 7.5%, respectively. 

3.8.1    Test principle  

This ELISA kit uses the Sandwich-ELISA principle. The micro ELISA plate provided 

in this kit has been pre-coated with an antibody specific to Human GAL3. Standards or 

samples are added to the micro ELISA plate wells and combined with the specific 

antibody. Then a biotinylated detection antibody specific for GAL3 and Avidin-

Horseradish Peroxidase (HRP) conjugate are added successively to each micro plate 

well and incubated. Free components are washed away. The substrate solution is added 

to each well. Only those wells that contain Human GAL3, biotinylated detection 

antibody and Avidin-HRP conjugate will appear blue in color. The enzyme-substrate 

reaction is terminated by the addition of stop solution and the color turns yellow. The 

optical density (OD) is measured spectrophotometrically at a wavelength of 450 nm ± 2 

nm. The OD value is proportional to the concentration of Human GAL3. The 

concentration of GAL3 calculated in the samples by comparing the OD of the samples 

to the standard curve as in Figure 3.1. 

 

 

Figure 3.1 Standart curve of galectin-3 (GAL-3) 

 

Biochemical rutin parameters (glucose, total cholesterol, HDL-cholesterol, LDL 

cholesterol, triglyceride, creatinine, uric acid) were determined using the 

spectrophotometric methods (Roche Cobas İntegra 400, Roche Diagnostics Ltd. 
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Germany). HbA1c determination was based on HPLC (Variant Turbo II, Bio-Rad 

Laboratories, Inc. USA). 

3.9    Statistical Analysis 

For statistical analyses, SPSS 21.0 was used. Continuous variables were tested for 

normal distribution by the Shapiro-Wilk test. Results for normally distributed 

continuous variables are expressed as means ± standard deviations, and we used the 

unpaired Student’s t test to compare mean values. Between-group comparisons of 

distributions were performed using the Mann-Whitney U test and Wilcoxon’s signed-

rank sum test. Correlations among continuous variables were assessed using 

Spearman’s rank correlation coefficient [r]. Categorical variables are expressed as 

numbers (percentages) and were compared using Fisher’s exact test. To evaluate the 

expression levels of miRNAs circulating within the two groups, we decided to use 

Student’s t test for two independent groups. ROC analysis was used to determine the 

separation power of the parameters. As a result of ROC analysis, cut-off points were 

determined by using Youden Index. To determine the risk of having the values above 

the cut-off value, the risk analysis was performed and the OR (odds ratio) values were 

obtained. The positive predictive values of the combinations according to the cut-off 

points for the miR-21, NT-proBNP and Galectin-3 parameters were calculated. p values 

< 0.05 were considered statistically significant. 
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CHAPTER 4 

RESULTS AND DISSCUSION  

4.1    Patient’s Characteristics 

One hundred and thirty five diabetic patients was divided into three subgroups: patients 

with diabetes mellitus only (DM) (n:45, mean age 61.50 ± 5.08), patients with CAD 

together with diabetes mellitus (CAD+DM) (n:45, mean age 61.61 ± 6.02) , and patients 

with heart failure with diabetes (HF+DM) (n:45, mean age 62.07 ± 5.26). There were no 

statistically significant differences in terms of age and sex between these groups and 

also between control and these groups (Table 4.1). DBP values of the control 

individuals were significantly lower than DM, CAD+DM and HF+DM groups (for each 

p<0.001). There was no difference between the other groups in terms of DBP. SBP 

values of control subjects were significantly lower than DM, CAD+DM, HF+DM 

groups (for each p<0.001). In the DM group, SBP was significantly lower than the 

CAD+DM group (p<0.05). In the CAD+DM group, SBP was significantly lower than 

the HF+DM group (p<0.001), (Table 4.1).   
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Table 4.1 General characteristics and biochemical parameters of subjects. 

 Control group 

 (n=45) 

Diabetes Mellitus 

(n=45) 

DM + CAD  

(n=45) 

DM + HF  

(n=45) 

Sex (F/M) 23 (%51)/ 22 

(%49) 

23 (%51)/ 22 

(%49) 

20 (%44/ 25 

(%56) 

20 (%44) /25 

(%56) 

Age (years)  60.23 ± 6.27 61.50 ± 5.08 61.61 ± 6.02 62.07 ± 5.26 

BMI (kg/m2) 
23.33±1.39 
a***,b***,c*** 

29.86±3.18 

 

29.62±2.63 29.21±1.66 

DM duration 

(years) 
- 

6.83±2.50 
b*,c*** 

7.96±2.73 
a*,c* 

10.50±4.17 

DBP (mmHg) 
75.32 ± 5.07 
a***, b***, c*** 

83.88 ±6.15 84.93 ± 7.41 84.09 ± 7.80 

SBP (mmHg) 
113.50 ± 6.22 

a***, b***, c*** 

136.88 ± 5.85 
b* 

130.71 ± 14.95 
c*** 

141.36 ± 16.40 

Glucose  (mg/dL) 
83.03 ± 9.85 

a***,b***,c*** 

210.03 ± 77.69  
b*,c*** 

164.89 ± 54.90  
c*** 

92.64 ± 4.35 

HbA1c 
4.74 ± 0.47 

a**,b***,c*** 

10.23 ± 9.67 
c* 

7.46 ± 1.42 
c*** 

5.63 ± 0.73 

 

Total cholesterol 

(mg/dL) 
169.73 ± 13.90 

a***,c*** 

231.73 ± 60.36  
b***,c* 

186.39 ± 32.88 198.36 ± 27.81 

HDL cholesterol 

(mg/dL) 

51.03 ± 8.87  
b***,c*** 

52.63 ± 14.58  
b***,c*** 

41.39 ± 6.75 

 

40.07 ± 8.49 

LDL cholesterol 

(mg/dL) 
93.58 ± 11.43 

a***,b***,***c 

143.65 ± 41.33 

 b**,*c 

116.00 ± 26.57 119.55 ± 34.19 

Triglyceride 
99.53 ± 16.24 

a***,b***,c*** 

196.98 ± 135.86 

 

153.39 ± 61.47 149.43 ± 46.30 

Creatinine 

(mg/dL) 
0.82 ± 0.16 

c*** 

0.86 ± 0.33 
c** 

1.17 ± 0.76 1.19 ± 0.49 

Uric Acid 6.08 ± 0.88 5.69 ± 1.66 6.30 ± 2.31 6.50 ± 1.33 

hsCRP (mg/L) 0.47 ± 0.26 
c* 

1.79 ± 5.64 1.79 ± 3.19 3.33 ± 5.92 

NT-proBNP 

(pg/mL) 

95.10 ± 24.00  
a***,b**,c*** 

111.93 ± 25.23 

 b**,c*** 

4556.44 ± 

6533.47 c* 

8764.71 ± 

6863.97 

Galectin-3 

(ng/mL)  
4.27 ± 1.13 
a***,b***,c*** 

5.92 ± 1.48  
b***,c*** 

8.50 ± 1.63 
c*** 

10.68 ± 2.81 

DM: diabetes mellitus; DBP: diastolic blood pressure; SBP: systolic blood pressure; NT-proBNP: N-

terminal pro-brain natriuretic peptide. 

a: vs DM, b: vs DM+CAD, c: vs DM+HF  

*p<0.05 **p<0.01 ***p<0.001 

 

No correlation was found between the EF with miRNAs and cardiovascular risk factors 

as lipid parameters, systolic and diastolic pressure, BMI, creatinine, and uric acid. 

Similarly, there was no association between cardiovascular risk factors (lipid 

parameters, systolic and diastolic pressure, BMI and miRNAs in CAD+DM patients. It 

was not shown in the Table 4.1, but there was no correlation between the number of 

vascular occlusion and cardiovascular risk factors (lipid parameters, systolic and 

diastolic pressure, BMI) and miRNAs in the CAD+DM group. 
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4.2    Biochemical Findings and Expression of miRs 

Serum NT-proBNP and galectin-3 levels were found to be increased significantly DM, 

CAD+DM and HF+DM groups with respect to control group, respectively (for NT-

proBNP: control vs DM p<0.001, control vs CAD+DM p<0.01, control vs HF+DM 

p<0.001, DM vs CAD+DM p<0.01, DM vs HF+DM p<0.001, CAD+DM vs HF+DM 

p<0.05; for Galectin-3 p <0.001 for all comparisons) (Table 4.1).  

Serum miR-1 levels were significantly lower in patients with DM, CAD+DM and 

HF+DM groups than in control groups, with 0.54-, 0.54- and 0.12-fold changes, 

respectively (for each group p<0.001). miR-1 levels were significantly lower in patients 

with HF+DM group than in patients with DM with 0.22-fold changes (p<0.001); and in 

patients with CAD+DM group with 0.22-fold changes (p<0.001) (Figure 4.1). 

 
Figure 4.1 Relative expression levels of miR-1. miR-1 levels were significantly lower in 

patients with DM, CAD+DM and HF+DM groups than in control groups, with 0.54-, 

0.54- and 0.12-fold changes, respectively. miR-1 levels were significantly lower in 

patients with HF+DM group than in patients with DM with 0.22-fold changes; and in 

patients with CAD+DM group with 0.22-fold changes. Data are presented as fold-

change derived from mean 2−ΔΔCT method. values *p<0.05 **p<0.01 ***p<0.001. 

On the contrary, serum miR-21 levels were significantly upregulated in patients with 

CAD+DM and HF+DM groups than in control groups, with 1.79-, and 2.21-fold 

changes, respectively (for each group p<0.001). miR-21 levels also were significantly 

higher in patients with HF+DM group than in patients with DM with 1.70-fold changes 

(p<0.001), and in patients with CAD+DM group with 1.24-fold changes (p<0.01), in 

patients with CAD+DM group than in patients with DM with 1.37-fold changes 

(p<0.001) (Figure 4.2). 
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Figure 4.2 Relative expression levels of miR-21. miR-21 levels were significantly 

higher in patients with CAD+DM and HF+DM groups than in control groups, with 

1.79-, and 2.21-fold changes, respectively. miR-21 levels were significantly higher in 

patients with HF+DM group than in patients with DM with 1.70-fold changes, and in 

patients with CAD+DM group with 1.24-fold changes. In patients with CAD+DM 

group than in patients with DM with 1.37-fold changes. Data are presented as fold-

change derived from mean 2−ΔΔCT method. *p<0.05 **p<0.01 ***p<0.001. 

 

Figure 4.3 shows miR-1 correlations with NT-proBNP and galectin-3 in DM, 

CAD+DM and HF+DM groups. In DM group, miR-1 was found to be positively 

correlated with NT-proBNP (r=0.419, p<0.01). In other groups, miR-1 was found to be 

negatively correlated with NT-proBNP (for CAD+DM r=-0.882, p<0.001; for HF+DM 

r=-0.891, p<0.001) and galectin-3 (for DM r=-0.371, p<0.05; for CAD+DM r=-0.754, 

p<0.001; for HF+DM r=-0.866, p<0.001).  
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Figure 4. 3 miR-1 correlations with NT-proBNP and galectin-3 in DM, CAD+DM and 

HF+DM groups. Data are presented as fold-change derived from mean 2−ΔΔCT method.  

Rs: Spearman’s rank correlation coefficients (r) 
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Figure 4.4 shows miR-21 correlations with NT-proBNP and galectin-3 in DM, 

CAD+DM and HF+DM groups. In contrast to miR-1, in all groups miR-21 was 

positively correlated with NT-proBNP and (for DM r=0.893, p<0.001; for CAD+DM 

r=0.898, p<0.001; for HF+DM r=0.734, p<0.001) and galectin-3 (for DM r=0.782, 

p<0.001; for CAD+DM r=0.773, p<0.001; for HF+DM r=0.764, p<0.001). 

 

Figure 4. 4 miR-21 correlations with NT-proBNP and galectin-3 in DM, CAD+DM and 

HF+DM groups. Data are presented as fold-change derived from mean 2−ΔΔCT method. 

Rs: Spearman’s rank correlation coefficients (r). 
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In the second part of the study, ROC curve of serum biomarkers and miRNA fold-

change levels were determined for different group combinations and cut-off points were 

determined (Figure 4.5). According to the results of ROC analysis, miR-21, NT-

proBNP and galectin-3 might be a good biomarkers to distinguish HF+DM (Sensitivity: 

%84.4, Specificity: %71.1, p<0.001; Sensitivity: %100, Specificity: %100, p<0.001; 

Sensitivity: %80.0, Specificity: %100, p<0.001 respectively for miR-21, NT-proBNP 

and galectin-3) from DM (Table 4.2). Although it is not as powerful as other 

parameters, miR-1 levels were found to be statistically significant in differentiating 

HF+DM patients from DM according to ROC analysis (Sensitivity: %46.7, Specificity: 

%22.2, p<0.001, Table 4.2). Analysis results for other parameters are shown in( Figure 

4.5 and Table 4.2). 
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Figure 4. 5 ROC analysis of laboratory findings for different groups: A. Control vs DM 

groups B. Control vs CAD+DM groups C. Control vs HF+DM groups D. DM vs 

CAD+DM groups E. DM vs HF+DM groups F. CAD+DM vs HF+DM vs CAD+DM 

groups. 
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Table 4.2 ROC analysis of laboratory findings for different groups and risk assesment 

according to cut-off values 

A. Control vs DM 

 Variables AUC P Sensitivity Specificity Cut-off value 
OR for cut-off values 

(95%CI) 

miR-1 0.011 0.000 - - - - 

miR-21 0.777 0.000 0.933 0.600 0.840 21.000 (5.641-78.173)*** 

NT-proBNP  0.694 0.002 0.756 0.667 95.5 6.182 (2.464-15.512)*** 

Galectin-3 0.812 0.000 0.733 0.733 4.95 7.563 (2.971-19.251)*** 

B. Control vs CAD+DM 

Variables AUC P Sensitivity Specificity Cut-off value 
OR for cut-off values 

(95%CI) 

miR-1 0.089 0.000 - - - - 

miR-21 0.944 0.000 0.800 0.911 1.130 38.875 (10.338-124.488)*** 

NT-proBNP 0.988 0.000 0.956 1.000 167.5 X 

Galectin-3 1.000 0.000 1.000 1.000 6.200 X 

C. Control vs HF+DM 

Variables AUC P Sensitivity Specificity Cut-off value 
OR for cut-off values (95% 

CI) 

miR-1 0.000 - - - - - 

miR-21 0.974 0.000 0.889 1.000 1.223 X 

NT-proBNP 1.000 0.000 1.000 1.000 210.500 X 

Galectin-3 0.988 0.000 0.911 1.000 6.700 X 

D. DM vs CAD+DM groups 

Variables AUC P Sensitivity Specificity Cut-off value 
OR for cut-off values (95% 

CI) 

miR-1 0.492 0.063 - - - Not significant 

miR-21 0.755 0.000 0.778 0.667 1.168 7.0 (2.742-17.867)*** 

NT-proBNP 0.976 0.000 0.956 1.000 165.5 X 

Galectin-3 0.891 0.000 0.800 0.822 7.150 18.5 (6.428-53-245)*** 

E. DM vs HF+DM groups 

Variables AUC P Sensitivity Specificity 
Cut off- 

Value 

OR for cut-off values 

(95%CI) 

miR-1 0.194 0.000 0.467 0.222 0.125 1.667 (1.175-2.363)*** 

miR-21 0.834 0.000 0.844 0.711 1.463 12.020 (4.320-33.460)*** 

NT-proBNP 1.000 0.000 1.000 1.000 208.5 X 

Galectin-3 0.933 0.000 0.800 1.000 8.40 X 

F. CAD+DM vs HF+DM groups 

Variables AUC P Sensitivity Specificity Cut-off value 
OR for cut-off values 

(95%CI) 

miR-1 0.207 0.000 0.467 0.244 0.125 1.619 (1.137-2.306)*** 
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miR-21 0.640 0.022 0.711 0.511 1.695 2.570 (1.078-6.144)* 

NT-proBNP 0.764 0.000 0.733 0.800 4747.00 11.0 (4.108-29.454)*** 

Galectin-3 0.761 0.000 0.711 0.756 9.250 7.608 (2.981-19.417)*** 

*p<0.05; ***p<0.001; AUC: Area uder curve; OR: Odds Ratio; X: OR could not be calculated 

because there were no values above or below the cut-off value in the groups. 

 

According to the cut-off values, the risk of the disease was calculated for those who had 

higher levels than the cut-off values (Table 4.2). When compared to DM, serum miR-1 

and miR-21 expression levels were found to be higher than 0.125- and 1.463-fold 

change, respectively and increased the risk of developing HF+DM by 1.667 fold and 

12.020 fold, respectively (Table 4.2). The results of the analysis for other parameters are 

shown in (Table 4.2). 

Compared to the control group; serum galectin-3 levels higher than 4.95 ng/mL were 

found to increase the risk of developing DM by 7.5 fold. In addition, when DM and 

CAD+DM groups are compared; serum galectin-3 levels higher than 7.15 ng/mL were 

shown to increase the risk of CAD+DM by 18.5 fold. And it is interesting that when 

compared with CAD+DM and HF+DM groups; Galectin-3 levels greater than 9.25 

ng/mL were found to increase the risk of HF+DM by 7.6 folds. Serum NT-proBNP 

levels higher than 95.5 pg/mL increased the risk of developing DM by 6.18 folds 

(compared to control); and higher than 4747 pg/mL increased the risk of HF+DM 

(according to CAD+DM) (Table 4.2). 

In cases where the value of miR-21 is higher than 1.695 and the NT-proBNP value is 

higher than 4747 pg/mL, the probability of HF+DM (positive predictive value) was 

found as 95.2%. In cases where the value of miR-21 was lower than 1.695 and the NT-

proBNP value was less than 4747 pg/mL, the probability of being only DM (positive 

predictive value) was found to be 66.7% (Table 4.3). 

Table 4.3 Positive predictive values of combinations based on cut-off for miR-21 and 

NT-proBNP 

 DM CAD+DM HF+DM 

 n % n % N % 

miR-21<1.696 and NT-proBNP<4748  34 66.7 15 29.4 2 3.9 

miR-21>1.695 and NT-proBNP<4748  11 26.2 21 50.0 10 23.8 

miR-21<1.696 and NT-proBNP>4747    8 42.1 11 57.9 

miR-21>1.696 and NT-proBNP>4747    1 4.8 20 95.2 
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In cases where the value of miR-21 was higher than 1.695 and the galectin-3 value was 

higher than 9.25 ng/mL, the probability of HF+DM (positive predictive value) was 

found as 73.7%. In cases where the value of miR-21 was less than 1,695 and the 

galectin-3 value was less than 9.25 ng/mL, the probability of being only DM (positive 

predictive value) was found to be 51.5% (Table 4.4). 

Table 4.4 Positive predictive values of combinations based on cut-off for miR-21 and 

galectin-3 

 DM CAD+DM HF+DM 

 n % n % n % 

miR-21<1.696 and  galectin-3<9.26 34 51.5 22 33.3 10 15.2 

miR-21>1.695 and  galectin-3<9.26 11 42.3 12 48.0 2 8.0 

miR-21<1.696 and  galectin-3>9.25   1 25.0 3 75.0 

miR-21>1.695 and  galectin-3>9.25   10 26.3 28 73.7 

In cases where NT-proBNP value was higher than 4747 pg/mL and galectin-3 value was 

greater than 9.25 ng/mL, the probability of HF+DM (positive predictive value) was 

found to be 100%. In cases where NT-proBNP value was lower than 4747 pg/mL and 

galectin-3 value was less than 9.25 ng/mL, the probability of being only DM (positive 

predictive value) was found as 63.4% (Table 4.5).  

Table 4.5 Positive predictive values of combinations based on cut-off for NT-proBNP 

and Galectin-3 

 DM CAD+DM HF+DM 

 n % n % n % 

NT-proBNP<4748 and galectin-3<9.26 45 63.4 25 35.2 1 1.4 

NT-proBNP>4747 and  galectin-3<9.26   9 42.9 12 57.1 

NT-proBNP<4748 and  galectin-3>9.25   11 50.0 11 50.0 

NT-proBNP>4747 and  galectin-3>9.25     21 100.0 

In the cases where the value of miR-21 was higher than 1.695, the NT-proBNP value 

was 4747 pg/mL and the galectin-3 value was greater than 9.25 ng/mL, the probability 

of HF+DM (positive predictive value) was found to be 100%. In cases where the value 

of miR-21 was 1.695, NT-proBNP value was lower than 4747 pg/mL and galectin-3 

value was less than 9.25 ng/mL, the probability of being only DM (positive predictive 

value) was found to be 69.4% (Table 4.6).  
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Table 4.6 Positive predictive values of combinations based on cut-off for miR-21, NT-

proBNP and galectin-3 

 DM CAD+DM HF+DM 

 n % n % n % 

miR-21<1.696 and NT-proBNP<4748 and  galectin-3<9.26 34 69.4 14 28.6 1 2.0 

miR-21>1.695 and NT-proBNP <4748 and  galectin-3<9.26 11 50.0 11 50.0   

miR-21<1.696 and NT-proBNP >4747 and  galectin-3<9.26   8 47.1 9 52.9 

miR-21>1.696 and NT-proBNP>4747 and  galectin-3<9.26   1 33.3 2 66.7 

miR-21<1.696 and NT-proBNP<4748 and  galectin-3>9.25   1 50.0 1 50.0 

miR-21>1.695 and NT-proBNP<4748 and  galectin-3>9.25   10 50.0 10 50.0 

miR-21<1.696 and NT-proBNP>4747 and  galectin-3>9.25     2 100.0 

miR-21>1.695 and NT-proBNP>4747 and  galectin-3>9.25     18 100.0 
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4.3   Discussion 

In this study, we report that miR-1 and miR-21 expressions were associated with the 

presence of DM. miR-1 was found to be downregulated, while miR-21 was 

overexpressed in all patients when compared with the control subjects. We noted 

several important differences between DM, CAD+DM and HF+DM with respect to 

miR-1 and miR-21. First, among subjects with DM, miR-1 were the lowest in HF+DM. 

Second, miR-21 expression is higher in HF+DM group compared to CAD+DM group. 

Furthermore, miR-1 were negatively correlated with NT-proBNP and galectin-3 levels 

in CAD+DM group. miR-21 showed stronger positive correlation with NT-proBNP and 

galectin-3. According to the results of ROC analysis, miR-21 might be a good 

biomarker to distinguish HF+DM from DM. Our results underscore the importance of 

decreased miR-1 and increased miR-21 expression as a cardiovascular risk factor and 

suggest that miR-21 can be used as an early predictor of HF in asymptomatic T2DM 

patients.   

DM is known to be a potent and prevalent risk factor for heart disease. Diabetic 

cardiomyopathy is an early complication of DM and is revealed with diastolic 

dysfunction followed by abnormalities in systolic function [425]. Due to New York 

Heart Association (NYHA) functional class, the mortality risk associated with HF 

patients is not explained fully with comorbidities (DM, anemia, and renal insufficiency) 

and treatment strategies [426]. It is not clear if systemic diseases such as DM have 

effect on the predictive value of biomarkers for HF. In the current study, serum NT-

proBNP and galectin-3 levels were the highest in HF+DM. In the study of Ballo et al. 

[427] the association between NT-proBNP and risk of cardiac events in a population of 

asymptomatic diabetic patients were enrolled in a primary care setting and NT-proBNP 

levels added an independent and an incremental prognostic value for the prediction of 

the clinical outcome. Serum NT-proBNP levels were found to be increased in DM, 

CAD+DM and HF+DM groups. Furthermore NT-proBNP levels were higher in 

HF+DM group compared to CAD+DM group. Both the current and the other mentioned 

study [427,428,429,430] suggest that an elevated plasma NT-proBNP level in 

asymptomatic patients with DM should alert physicians for an increased risk of the 

cardiovascular events. 

It is interesting that when compared with CAD+DM and HF+DM groups; Galectin-3 

levels in CAD+DM was found lower than HF+DM. Tan et al. [431] investigated the 

https://tureng.com/tr/turkce-ingilizce/furthermore
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relationship between serum galectin-3 and incident cardiovascular events and all-cause 

mortality in T2DM patients. According to the results of this study, serum galectin-3 was 

found related with the adverse outcomes in subjects with or without prevalent CAD 

independent from the traditional cardiovascular risk factors.  The results of galectin-3 in 

T2DM seems confusing because some studies claim that galectin-3 deficiency is 

associated with insulin resistance, and galectin-3 elicits a protective effect in T2DM by 

acting as a receptor for advanced glycation end products (AGEs) [432,433]. However, 

Li et al. [434] showed that in galectin-3 gene knockout mice which were fed with a 

high-fat diet, the development of insulin resistance was found to be significantly 

reduced. Furthermore, the results of this study also provided preliminary evidence that 

extracellular galectin-3 binds to the insulin receptor directly and attenuates downstream 

pathways, suggesting galectin-3 to be a novel targetable link between the insulin 

resistance and T2DM. Holmager et al. [435] suggest that glucose metabolism is 

associated with circulating galactin-3 in HF, as elevated levels were found in patients 

with DM and a relation with increasing HbA1c levels was also demonstrated. Both our 

and the mentioned previous study [431,432,434,435]  suggest that there is an urgent 

need to develop galectin-3 inhibitors that have a high oral bioavailability and a low 

toxicity profile to combat increased galectin-3 levels which are related with the 

developing HF in DM. 

The circulating miR-1 which have anticardiac hypertrophic effects was found 

downregulated in all patients groups when compared with the control subjects in the 

present study. In addition, miR-1 expression was found to be decreased gradually in 

DM, CAD+DM and HF+DM groups Furthermore miR-1 was negatively correlated with 

NT-proBNP and galectin-3 levels in CAD+DM and HF+DM and it especially showed 

the strongest correlation in HF+DM group. Although being not as powerful as the other 

parameters, still miR-1 levels were found to be statistically significant in differentiating 

HF+DM patients from DM according to ROC analysis. Similar to our results 

Sygitowicz et al. [17] demonstrated that miR-1 was significantly downregulated. 

Downregulation of the expression of miR-1 was correlated with the increase of serum 

NT-proBNP concentration in patients with symptomatic HF in NYHA class II/III. As no 

patients with acute myocardial infarction were included in this study, the miR-1 

expression pattern was not influenced by the presence of acute ischaemia or myocardial 

necrosis, which could potentially increase the expression of this type of miR. In the 

present study, when compared to DM, serum miR-1 expression were found to be higher 
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than 0.125-fold change and increased the risk of developing HF+DM by 1.667 fold. 

According to the results of our study, miR-1 expression together with NT-proBNP and 

galectin-3 levels might be useful in predicting the onset of HF in asymptomatic T2DM 

patients. There are controversial findings concerning the importance of miR-1 in heart 

disease. Plasma miR-1 was up-regulated in patients with acute myocardial infarction 

(AMI)-HF [125,436]. Ai et al. [126] showed that miR-1 levels were significantly higher 

in the plasma of AMI patients compared with non-AMI subjects and the levels were 

dropped to normal values on discharge following the medication. Increased circulating 

miR-1 was not associated with age, gender, blood pressure, DM or the established 

biomarkers for AMI. Tomaniak et al. [437] found that in symptomatic HF patients with 

LVH, galectin-3 concentrations and miR-1 expressions were correlated with anatomic 

changes of the left ventricle. Karakikes et al. [438] restoration of miR‐1 gene expression 

is a strong medicinal  planning to invert pressure resulting from cardiac hypertrophy and 

prohibit maladaptive cardiac reordering. miR-1 was suggested to be a therapeutic 

potential either via being used to target specific genes, or via becoming a therapeutic 

target itself  [439].  

The roles of miR-21 in cardiac diseases are controversial 

[127,440,441,442,443,444,445,446]. The reason for this is probably because miR-21 

plays different roles in different cell types. miR-21 is only present in interstitial cells 

and correlates with collagen expression in the heart [443]. In the present study, serum 

miR-21 expression was upregulated in patients in CAD+DM and HF+DM groups and 

found higher than the control groups, with 1.79-, and 2.21-fold changes, miR-21 levels 

also were significantly higher in patients with HF+DM group than in patients with DM 

with 1.70-fold changes. No correlation was found between the EF with miRNAs. But, 

miR-21 had correlation with NT-proBNP and galectin-3 in DM, CAD+DM and 

HF+DM groups. Similar to our results, Sygitowicz et al. [17] reported that 

overexpression of miR-21 was seen in all patients, independent of HF severity and 

overexpression of miR-21 was correlated significantly with galectin-3 levels. 

Furthermore, according to the results of ROC analysis, miR-21 might be a good 

biomarker to distinguish HF+DM from DM. Contrary to our results, Tomaniak et al. 

[437] found significant down-regulation of miR-21 associated with the increase of 

LVEDD in symptomatic HF. miR-21 was up regulated in fibroblasts with high glucose 

treatment and exerted its harmful effects [440]. Dai et al. [447] demonstrated that miR-

21 exerted its protective role directly in cardiac myocytes and encouraged further 
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development of cardiac specific overexpression of miR-21 therapy toward cellular 

tropism. Circulating some miRs have also been suggested as promising diagnostic 

biomarkers in patients with T2DM. But, the results of miR-21 in T2DM are 

controversial [448,449,450, 91]. Other study  showed that serum miR-21 level was not 

associated with T2D, however, its expression was significantly down-regulated in 

serum of obese diabetic and non-diabetic subjects [448,449]. Zampetaki et al. [91] 

reported that plasma miR-21 levels were downregulated in T2DM patients when 

compared to non-diabetic subjects. Similar to our results, an upregulation of circulation 

miR-21 was reported in subjects with T2D compared to prediabetic subjects [450]. The 

reason of the discrepancy among different studies remains unclear. A possible 

explanation regading to the divergence among the studies might be because of the 

differences in the source of samples (plasma vs serum) or the differences in study 

populations [448]. When the results of predictive analysis are taken into consideration, 

we also believe that miR-21, NT-proBNP and galectin-3 as activity panel indicator will 

be useful especially for HF+DM.   
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4.4   Conclusion 

miR-1 and miR-21 are the main profibrogenic miRs, they are independently associated 

with the presence and severity (decreased EF) of acute HF in T2DM. miR-1 expression 

together with NT-proBNP and galectin-3 might be useful in predicting the onset of HF 

in asymptomatic T2DM patients. miR-21 might be a good biomarker to distinguish 

HF+DM from DM. These findings led to use miR-1 and miR-21 as the circulating 

potential biomarkers for therapeutic prospects of HF. The roles of miR-1 and miR-21 in 

the pathogenesis of symptomatic HF in T2DM need to be determined in large-scale 

prospective study. 

 

 

  



67 
 

 

REFERENCES 

[1] Thomas, M.C., (2016). "Type 2 Diabetes and Heart Failure: Challenges and 

Solutions". Curr Cardiol Rev, 12: 249-55. 

[2] Leyden, E. "Asthma und Diabetes mellitus". Z Klin Med, 1881 (3): 358-64. 

[3] Dei Cas, A., Khan, S.S., Butler, J., Mentz, R.J., Bonow, R.O., Avogaro, A., 

Tschoepe, D., Doehner, W., Greene, S.J., Senni, M., Gheorghiade, M. and 

Fonarow, G.C., (2015). "Impact of diabetes on epidemiology, treatment, and 

outcomes of patients with heart failure". JACC Heart Fail, 3: 136-45. 

[4] Geng, Z., Huang, L., Song, M. and Song, Y., (2016). "N-terminal pro-brain 

natriuretic peptide and cardiovascular or all-cause mortality in the general 

population: A meta-analysis". Sci Re, 7: 41504. 

[5] Oremus, M., McKelvie, R., Don-Wauchope, A., Santaguida, P.L., Ali, U., 

Balion, C., Hill, S., Booth, R., Brown, J.A., Bustamam, A., Sohel, N. and Raia, 

P., (2014). "A systematic review of BNP and NT-proBNP in the management 

of heart failure: overview and methods". Heart Fail Rev, 19: 413-19. 

[6] Di Angelantonio, E., Chowdhury, R., Sarwar, N., Ray, K.K., Gobin, R., 

Saleheen, D., Thompson, A., Gudnason, V., Sattar, N. and Danesh, J., (2009). 

"B-type natriuretic peptides and cardiovascular risk: systematic review and 

meta-analysis of 40 prospective studies". Circulation, 120: 2177-87. 

[7] Piechota, M., Banach, M., Jacon, A. and Rysz, J., (2008). "Natriuretic peptides 

in cardiovascular diseases". Cell Mol Biol Lett, 13: 155-81. 

[8] Senmaru, T., Fukui, M., Tanaka, M., Sakabe, K., Ushigome, E., Asano, M., 

Yamazaki, M., Hasegawa, G. and Nakamura, N., (2013). "N-terminal pro-brain 

natriuretic peptide could be a marker of subclinical atherosclerosis in patients 

with type 2 diabetes".  Heart Vessels, 28: 151-56.  

[9] Tarnow, L., Gall, M.A., Hansen, B.V., Hovind, P. and Parving, H.H., (2006). 

"Plasma N-terminal pro-B-type natriuretic peptide and mortality in type 2 

diabetes". Diabetologia, 49: 2256-62. 

[10] Suthahar, N., Meijers, W.C., Sillje, H.H.W. and de Boer, R.A., (2017). "From 

inflammation to fibrosis — molecular and cellular mechanisms of myocardial 

tissue remodelling and perspectives on differential treatment opportunities". 

Curr Heart Fail Rep, 14: 235-50. 

[11] De Boer, R.A., Voors, A.A., Muntendam, P., van Gilst, W.H. and van 

Veldhuisen, D.J., (2009). "Galectin-3: a novel mediator of heart failure 

development and progression". Eur J Heart Fail, 11: 811-17. 



68 
 

[12] Sharma, U.C., Pokharel, S., van Brakel, T.J., van Berlo, J.H., Cleutjens, J.P., 

Schroen B., André, S., Crijns, H.J., Gabius, H.J., Maessen, J. and Pinto, Y.M., 

(2004). "Galectin-3 marks activated macrophages in failure-prone 

hypertrophied hearts and contributes to cardiac dysfunction". Circulation, 110: 

3121-28. 

[13] van Vark, L.C., Lesman-Leegte, I., Baart, S.J., Postmus, D., Pinto, Y.M., de 

Boer, R.A., Asselbergs, F., Wajon, E.M.C.J., Orsel, J.G., Boersma, E., Hillege, 

H.L. and  Akkerhuis, K.M., (2017). "TRIUMPH (Translational Initiative on 

Unique and Novel Strategies for Management of Patients with Heart Failure) 

Investigators. Prognostic Value of Serial Galectin-3 Measurements in Patients 

with Acute Heart Failure". J Am Heart Assoc, 6 (12). 

[14] Alonso, N., Lupón, J., Barallat, J., de Antonio, M., Domingo, M., Zamora, E., 

Moliner, P., Galán, A., Santesmases, J., Pastor, C., Mauricio, D. and Bayes-

Genis, A., (2016). "Impact of diabetes on the predictive value of heart failure 

biomarkers". Cardiovasc Diabetol, 15: 151. 

[15] O'Brien, J., Hayder, H., Zayed, Y. and Peng, C., (2018). "Overview of 

MicroRNA Biogenesis, Mechanisms of Actions, and Circulation". Front 

Endocrinol (Lausanne), 9: 402. 

[16] Kumarswamy, R., Volkmann, I. and Thum, T., (2011). "Regulation and 

function of miRNA-21 in health and disease".  RNA Biol, 8: 706-13. 

[17] Sygitowicz, G., Tomaniak, M., Błaszczyk, O., Kołtowski, Ł., Filipiak, K.J. and 

Sitkiewicz, D., (2015). "Circulating microribonucleic acids miR-1, miR-21 and 

miR-208a in patients with symptomatic heart failure: Preliminary results". 

Arch Cardiovasc Dis, 108: 634-42. 

[18] Lehrke, M. and Marx, N., (2017). "Diabetes Mellitus and Heart Failure". Am J 

Cardiol, 120 (1S): S37-S47.  

[19] Thrainsdottir, I.S., Aspelund, T., Hardarson, T.,Gudnason, V.,Malmberg, K., 

Sigurdsson, G., Thorgerisson, G. and Ryden, L., (2005). "Glucose 

abnormalities and heart failure predict poor prognosis in the population-based 

Reykjavik Study". Eur J Cardiovasc Prev Rehabil, 12: 465e471. 

[20] Thrainsdottir, I.S., Aspelund, T., Thorgeirsson, G., Gudnason, V., Hardarson, 

T., Malmberg, K., Sigurdsson, G. and Ryden, L., (2005). "The association 

between glucose  abnormalities and heart failure in the population-based 

Reykjavik study". Diabetes Care, 28: 612e616. 

[21] Deedwania, P., Patel, K., Fonarow, G.C., Desai, R., Zhang, Y., Feller, M., 

Ovalle, F., Love, T., Aban, T.E., Mujib, MM., Ahmed, M.I., Anker, S.D., 

Ahmed, A., (2013). "Prediabetes is not an independent risk factor for incident 

heart failure, other cardiovascular events or mortality in older adults: findings 

from a population-based cohort study". Int J Cardiol, 168: 3616e3622. 

[22] Kwak, S.H. and Park, K.S., (2016). "Recent progress in genetic and epigenetic 

research on type 2 diabetes". Exp Mol Med, 48: e220.  

[23] Ding, Y., Sun, X. and Shan, P.F., (2017). "MicroRNAs and cardiovascular 

disease in diabetes mellitus". Biomed Res Int, 2017: 4080364. 



69 
 

[24] Diao, X., Shen, E., Wang, X. and Hu, B., (2011).  "Differentially expressed 

microRNAs and their target genes in the hearts of streptozotocin-induced 

diabetic mice". Mol Med Rep, 4: 633–40.  

[25] Stone, P.H., Muller, J.E., Hartwell, T.,York, B.J., John, D., Parker, C.B., Turi, 

Z.G., Strauss, W., Willerson, J.T., Robertson, t., Braunwald, E. And Jaffe, A.S., 

(1989).  "The MILIS Study Group. The effect of diabetes mellitus on prognosis 

and serial left ventricular function after acute  group the effect of diabetes 

mellitusmyocardial infarction: contribution of both coronary disease and 

diastolic left ventricular dysfunction to the adverse prognosis". J Am Coll 

Cardiol, 14: 49–57. 

[26] Mak, K.H., Moliterno, D.J., Granger, C.B., Miller, D.P. and White, 

H.D.,(1997). "Influence of diabetes mellitus on clinical outcome in the 

thrombolytic era of acute myocardial infarction. GUSTO-I Investigators. Global 

Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded 

Coronary Arteries". J Am Coll Cardiol, 30: 171–179. 

[27] Greco, S., Fasanaro, P., Castelvecchio, S., D'Alessandra, Y., Arcelli, D., Di 

Donato, M., Malavazos, A., Capogrossi, M.C., Menicanti, L. and Martelli, F., 

(2012). "MicroRNA dysregulation in diabetic ischemic heart failure patients". 

Diabetes, 61 (6): 1633-41.  

[28] Rosano, G.M., Vitale, C. and Seferovic, P., (2017). "Heart Failure in Patients 

with Diabetes Mellitus". Card Fail Rev, 3: 52-55. 

[29] Devor, E. J., Santillan, D. A. and Santillan, M. K., (2013). "Preeclampsia and 

MicroRNAs". Proceeding in Obstetrics and Gynecology, 3 (1) : 2. 

[30] Roberts, T.C.,(2014). "The MicroRNA Biology of the Mammalian Nucleus". 

Mol. Ther. Nucleic Acids, 3: e188. 

[31] Berezikov, E., (2011). "Evolution of microRNA diversity and regulation in 

animals". Nat. Rev. Gen, 12 (12): 846-860. 

[32] Griffiths-Jones, S., Grocock, R.J., Dongen, S., Bateman, A. and   Enright, 

A.J.,(2006). "miRBase: MicroRNA sequences , targets and gene 

nomenclature". Nucleic Acids Res, 34 : D140-D144. 

[33] Pillar, N., Yoffe, L., Hod, M. and Shorman, N.,(2015). "The possible 

involvement of microRNAs in preeclampsia and gestational diabetes mellitus". 

Best Pract. Res. Clin. Obstet .Gynaecol, 29 (2): 176‑182. 

[34] Chen, K. and Rajewsky, N., (2007). "The evolution of gene regulation by 

transcription factors and microRNAs". Nat. Rev. Genet, 8: 93–103. 

[35] Djuranovic,S., Nahvi, A.  andGreen, A., (2011). "A parsimonious model for 

gene regulation by miRNAs". Science, 331: 550–553. 

[36] Shyu, A.B., Wilkinson, M.F. and vanHoof, A., (2008). "Messenger RNA 

regulation: to translate or to degrade". The EMBO Journa, 27: 471–481. 

[37] Maeda, S., Sakazono, S., Masuko-Suzuki, H,, Taguchi, M., Yamamura, K., 

Nagano, K., Endo, T., Saeki, K., Osaka, M., Nabemoto, M., Ito, K., Kudo, T., 

Kobayashi, M., Kawagishi, M., Fujita, K., Nanjo, H., Shindo, T. Yano, K., 

Suzuki, G., Suwabe, K. and Watanabe, M., (2016). "Comparative analysis of 



70 
 

microRNA profiles of rice anthers between cool-sensitive and cool-tolerant 

cultivars under cool-temperature stress". Genes Genet Syst, 91 (2): 97–109. 

[38] Sayed, D. and Abdellatif, M., (2011). "MicroRNAs in development and 

disease". Physiol Rev, 91: 827–87. 

[39]   Bentwich, I., Avniel, A., Karov, Y., Aharonov, R., Gilad, S., Brad, O., 

Barzilai, A., Einat, P., Einav, U., Meiri, E., Sharon, E., Spector, Y. and 

Bentwich, Z., (2005). "Identification of hundreds of conserved and 

nonconserved human microRNAs". Nat. Genet, 37: 766–70. 

[40] Kim, V. N.,(2005). "MicroRNA biogenesis: coordinated cropping and dicing". 

Nat Rev Mol Cell Biol, 6 (5) : 376 – 385. 

[41] Jieyu, H., Jun, Z., Wenbo, Z., Daxun, Q., Lina, W., Jinfang, S., Bei, W., Xu, 

M., Qiaoyun, D. and Xiaojin, Y., (2016). "MicroRNA biogenesis pathway 

genes polymorphisms and cancer risk : a systematic review and meta – 

analysis". Peer J, 4 :e2706. 

[42]   Liu, Y., Luo, F., Wang, B., Li, H ., Xu, Y., Liu, X ., Shi, L ., Lu, X ., Xu, W., 

Lu, L., Qin, Y., Xiang, Q. and Liu, Q., (2016). "STAT3-regulated exosomal 

miR-21 promotes angiogenesis and is involved in neoplastic processes of 

transformed human bronchial epithelial cells". Cancer Lett, 370 (1) : 125-135. 

[43] Harapan, H., Andalas, M., Mudhakir, D., Pedroza, N. C., Laddha, S. V. and 

Anand, J. R., (2012). "MicroRNA: New aspect in pathobiology of 

preeclampsia ?".The Egyptian Journal of Medical Human Genetics, 13 (2): 127 

-131. 

[44] Moore, K.J., Rayner, K.J., Suárez, Y. and Fernández-Hernando, C., (2010). 

"MicroRNAs and cholesterol metabolism". Trends Endocrinol. Metab., 21: 

699–706.  

[45] Suh, N. and Blelloch, R., (2011). "Small RNAs in early mammalian 

development: from gametes to gastrulation". Development, 138: 1653–61. 

[46]   Melkman-Zehavi, T., Oren, R., Kredo-Russo, S., Shapira ,T., Mandelbaum, 

A.D., Rivkin, N., Nir, T., Lennox, K.A., Behlke, M.A., Dor, Y. and Hornstein, 

E., (2011). "MiRNAs control insulin content is pancreatic b-cells via 

downregulation of transcriptional repressors". EMBO J, 30 (5): 835–45.  

[47] O’Connell, R.M., Zhao, J.L. and Rao, D.S., (2011). "MicroRNA function in 

myeloid biology". Blood, 118: 2960–9. 

[48]   Baggish, A.L., Hale, A., Weiner, R.B., Lewis, G.D., Systrom, D., Wang ,F., 

Wang, T.J. and Chan S.Y., (2011). "Dynamic regulation of circulating 

microRNA during acute exhaustive exercise and sustained aerobic exercise 

training". J. Physiol, 589: 3983–94. 

[49] Hou, L., Wang, D. and Baccarelli, A., (2011). "Environmental chemicals and 

microRNAs". Mutat Res, 714: 105–12. 

[50] Li, Y., Kong, D., Wang, Z. and Sarkar, F.H., (2010). "Regulation of 

microRNAs by natural agents: an emerging field in chemoprevention and 

chemotherapy research". Pharm Res, 27: 1027–41. 



71 
 

[51] Link, A., Balaguer, F. and Goel, A., (2010). "Cancer chemoprevention by 

dietary polyphenols: promising role for epigenetics". Biochem. Pharmacol, 80: 

1771–92. 

[52] Saini, S., Majid, S. and Dahiya, R., (2010). "Diet, microRNAs and prostate 

cancer". Pharm Res, 27: 1014–26. 

[53] Davis, C.D. and Ross, S.A., (2008). "Evidence for dietary regulation of 

microRNA expression in cancer cells". Nutr Rev, 66: 477–82. 

[54]  Zhang, C., (2008). "MicroRNAs: role in cardiovascular biology and disease". 

Clin. Sci, 114: 699–706. 

[55] Staton, A.A. and Giraldez, A.J., ( 2008). "MicroRNAs in development and 

disease". In Encyclopedia of life sciences, pp. 1–10. Wiley, Chichester, UK. 

[56] Kloosterman, W.P. and Plasterk, R.H., (2006). "The diverse functions of 

microRNAs in animal development and disease". Dev. Cell, 11: 441–450. 

[57] Chen, C.Z., Li, L., Lodish, H.F. and Bartel, D.P., (2004). "MicroRNAs 

modulate hematopoietic lineage differentiation". Science, 303: 83– 86. 

[58] Kiriakidou, M., Nelson, P.T., Kouranov, A., Fitziev, P., Bouyioukos, C., 

Mourelatos, Z. and Hatzigeorgiou, A., ( 2004). "A combined computational-

experimental approach predicts human microRNA targets". Genes & 

Development, 18: 1165–1178. 

[59] Lewis, B.P., Shih, I.H., Jones-Rhoades, M.W., Bartel, D.P. and Burge, C.B.,( 

2003). "Prediction of mammalian microRNA targets". Cell, 115: 787–798. 

[60] Munker, R. and Calin, G.A., (2011). "MicroRNA profiling in cancer". Clinical 

Science (Lond), 121: 141–58. 

[61] Croce,C.M., (2009). "Causes and consequences of microRNA dysregulation in 

cancer". Nature Reviews Genetics, 10: 704–714.  

[62] Medina, P.P, and Slack, F.J., (2008). "microRNAs and cancer: an overview". 

Cell Cycle, 7: 2485–2492. 

[63]  Yi, R., Qin, Y., Macara, I. G. and Cullen, B. R., (2003). "Exportin – 5 

mediates the nuclear export of pre-microRNAs and short hairpin RNAs". 

Genes Development, 17 (24): 3011-3016. 

[64] Wang, S., Wan, X. and Ruan, Q., (2016). "The microRNA-21 in autoimmune 

diseases". International Journal of  Molecular Science, 17: 864. 

[65] Haase, A. D., Jaskiewicz, L. , Zhang, J., Lainѐ, S., Sack, R., Gatignol, A. and 

Filipowicz, W., (2005). "TRBP,a regulator of cellular PKR and HIV-1 virus 

expression ,interacts with Dicer and functions in RNA silencing" . EMBO Rep, 

6 (10): 961-967. 

[66] Bartel, D. P., (2009). "MicroRNAs target recognition and regulatory 

functions". Cell, 136 (2): 215-233. 

[67]   He, J., Zhao, J., Zhu,W., Qi, D., Wang, L., Sun, J., Wang, B., Ma, X., Dai, Q. 

and Yu, X., (2016). "MicroRNA biogenesis pathway genes polymorphisms and 

cancer risk: a systematic review and meta-analysis". Peer Journal, 4: e2706. 

[68] Jin, P., Alisch, R. S. and Warren, S.T., (2004). "RNA and microRNAs  in 

fragile X mental retardation". Nature Cell Biology, 6 : 1048 -1053. 



72 
 

[69] Pellish, R. S., Nasir, A., Ramratnam, B. and Moss, S. F., (2008). "Review 

article: RNA interference–potential therapeutic applications for the 

gastroenterologist". Aliment Pharmacology Ther, 27 (9): 715- 723. 

[70] Poy, M. N., Eliasson, L., Krutzfeldt, J., Kuwajima, S., Ma, X., Macdonald, P. 

E., Pfeffer, S., Tuschl, T., Rajewsky, N., Rorsman, P. and Stoffel, M., (2004). 

"A pancreatic islet- specific microRNA regulates insulin secretion". Nature, 

432 (7014): 226-230. 

[71] Garofalo, M. and Croce, C. M., (2011). "MicroRNAs : Master regulators as 

potential therapeutics in cancer" .Annual Reveiw of Pharmacology and 

Toxicology, 51: 25-43.    

[72]  Pan, Z., Lu, Y. and Yang, B., (2010). "MicroRNAs: a novel class of potential 

therapeutic targets for cardiovascular disease". APS, 31: 1-9. 

[73]  Jansson, M.D. and Lund, A.H., (2012). "MicroRNA and cancer"  Molecular 

Oncology, 6 (6): 590‑610. 

[74] Choi, S.Y., Yun, J.,  Lee, O. J., Han, H. S., Yeo, M. K.,  Lee, M. A. and Suh, 

K. S., (2013). "MicroRNA expression profiles in placenta with sever 

preeclampsia using a PNA- based microarray". Placenta, 34 (9) :799-804. 

[75] Mitchell, P.S., Parkin, R.K., Kroh, E.M., Fritz, B.R., Wyman, S.K., 

Pogosova‑Agadjanyan, E.L., Peterson, A., Noteboom, J., O'Briant, K.C., 

Allen, A.D., Lin, D.W., Urban, N., Drescher, C.W., Knudsen, B.S., Stirewalt, 

D.L.,  Gentleman, R., Vessella, R.L., Nelson, P.S., Martin, D.B .and Tewari, 

M., (2008). "Circulating microRNAs as stable blood‑based markers for cancer 

detection". Proc. Natl. Acad. Sci. USA, 105 (30): 10513‑10518. 

[76] Cortez, M. A. and Calin, G. A., (2009). "MicroRNA identification in plasma 

and serum: a new tool to diagnose and monitor diseases". Expert Opin. Biol. 

Ther, 9: 703–711. 

[77] Gantier, M.P., McCoy, C.E., Rusinova, I., Saulep, D., Wang, D., Xu, D., 

Irving, A.T., Behlke, M.A., Hertzog, P.J., Mackay, F. and Williams, B.R., 

(2011). "Analysis of microRNA turnover in mammalian cells following Dicer1 

ablation". Nucleic Acids Res, 39 (13): 5692‑5703. 

[78] Arroyo, J.D., Chevillet, J.R., Kroh, E.M., Ruf ,I.K., Pritchard, C.C., Gibson, 

D.F., Mitchell, P.S., Bennett, C.F., Pogosova‑Agadjanyan, E.L., Stirewalt, 

D.L., Tait, J.F. and Tewari, M., (2011). "Argonaute2 complexes carry a 

population of circulating microRNAs independent of vesicles in human 

plasma". Proc. Natl. Acad. Sci. USA, 108 (12): 5003‑5008. 

[79] Kroh, E.M., Parkin, R.K., Mitchell, P.S. and Tewari, M., (2010). "Analysis of 

circulating microRNA biomarkers in plasma and serum using quantitative 

reverse transcription‑PCR (qRT‑PCR)". Methods, 50 (4): 298‑30. 

[80] Gong, J., Tong, Y., Zhang, H.M., Wang, K., Hu, T., Shan, G., Sun, J. and Guo, 

A.Y., (2012). "Genome-wide identification of SNPs in microRNA genes and 

the SNP effects on microRNA target binding and biogenesis". Hum. Mutat, 33 

(1): 254-263. 



73 
 

[81] Duan, R., Pak, C. and Jin, P., (2007). "Single nucleotide polymorphism 

associated with mature miR-125a alters the processing of pri-miRNA". Hum. 

Mol. Genet, 16 (9): 1124-1131. 

[82] Han, J., Lee, Y., Yeom, K.H., Nam, J.W., Heo, I., Rhee, J.K., Sohn, S.Y.; Cho, 

Y., Zhang, B.T. and Kim, V.N., (2006). "Molecular basis for the recognition of 

primary microRNAs by the Drosha-DGCR8 complex". Cell, 125 (5): 887-901. 

[83] Sun, G., Yan, J., Noltner, K., Feng, J., Li, H., Sarkis, D.A., Sommer, S.S. and 

Rossi, J.J., (2009). "miRNA genes affect biogenesis and function". RNA, 15 

(9): 1640-1651. 

[84] Kosaka, N., Iguchi, H. and Ochiya, T., (2010). "Circulating microRNA in body 

fluid :a new potential biomarker for cancer diagnosis and prognosis". Cancer 

Sci, 101 (10) :2087 – 2092. 

[85]  Zampetaki, A., Willeit, P., Drozdov, I., Kiechl, S. and Mayr, M., (2011). 

"Profiling of circulating microRNAs: from single biomarkers to re-wired 

networks". Cardiovascular Res, 93 (4): 555 – 562. 

[86] Vickers, K. C., Palmisano, B.T., Shoucri, B. M., Shamburek, R. D. and 

remaley, A.T., (2011). "MicroRNAs are transported in plasma and delivered to 

recipient cells by high-density lipoproteins". Nature Cel Biology, 13 (4): 423-

433. 

[87] Turchinovich, A., Weiz, L., Langheinz, A. and Burwinkel, B., (2011). 

"Characterization of extracellular circulating microRNA". NucleicAcids Res, 

39 (16): 7223-7233. 

[88] Zhu, H. and Fan,G.C., (2011). "Extracellular/circulating micro-RNAs and their 

potential role in cardiovascular disease". Am. J. Cardiovasc Dis, 1 (2): 138-

149. 

[89] Mayr, M., Zampetaki, A., Willeit, P., Willeit, J. and Kiechl, S., (2013). 

"MicroRNAs within the continuum of postgenomics biomarker discovery". 

Arterioscler. Thromb. Vasc. Biol, 33 (2): 206- 214. 

[90] Guay, C. and Regazzi, R., (2013). "Circulating microRNAs as novel 

biomarkers for diabetes mellitus". Nat.Rev. Endocrinol, 9 (9): 513- 521. 

[91] Zampetaki, A., Kiechl, S., Drozdov, I., Willeit, P., Mayr, U., Prokopi, M., 

Mayr, A., Weger, S., Oberhollenzer, F., Bonora, E., Shah, A., Willeit, J. and 

Mayr, M., (2010). "Plasma microRNA profiling reveals loss of endothelial 

miR-126 and other microRNAs in type 2 diabetes" .Circ. Res, 107 (6): 810-

817. 

[92] Guay, C., Roggli, E., Nesca, V., Jacovetti, C.and Regazzi, R., (2011). 

"Diabetes mellitus , a microRNA-related disease?". Transl. Res, 157 (4): 253- 

264. 

[93] Bartel, D.P., (2004). "MicroRNAs: Genomics, biogenesis, mechanism, and 

function". Cell, 116 (2) : 281–297. 

[94] Fabian, M.R., Sundermeier, T.R. and  Sonenberg,N., (2010). "Understanding 

how miRNAs post-transcriptionally regulate gene expression". Prog. Mol . 

Subcell. Boil, 50: 1–20. 



74 
 

[95] Nilsen, T.W., (2007). "Mechanisms of microRNA-mediated gene regulation in 

animal cells". Trends Genet, 23 (5) : 243–249. 

[96] Gu, S. and Kay, M.A., (2010). "How do miRNAs mediate translational 

repression?". Silence, 1 (1): 11. 

[97] Krol, J., Loedige, I. and Filipowicz,W., (2010). "The widespread regulation of 

microRNA biogenesis, function and decay". Nat Rev Genet, 11 (9) : 597 – 610. 

[98] Rodriguez, A., Griffiths-Jones, S., Ashurst, J.L. and Bradley, A., (2004). 

"Identification of mammalian microRNA host genes and transcription units". 

Genome Res, 14: 1902–1910. 

[99] Ling,H., Fabbri, M. and Calin, G.A., (2013). "MicroRNAs and other non-

coding RNAs as targets for anticancer drug development". Nature Reviews 

Drug Discovery, 12: 847-865. 

[100] Chen, X., Ba, Y., Ma, L., Cai, M. and Yin, Y., (2008). "Characterization of 

microRNAs in serum: a novel class of biomarkers for diagnosis of cancer and 

other diseases". Cell Res, 18 (10): 9971006. 

[101] Lawrie, C. H. S., Gal, S, (2008). "Detection of elevated levels of tumour-

associated microRNAs in serum of patients with diffuse large B-cell 

lymphoma". Br. J. Haematol, 141 (5): 672-5. 

[102] Resnick, K. E.,  Alder, H., Hagan, J.P.; Richardson, D.L., Croce, C.M. and 

Cohn,D.E., (2009). "The detection of differentially expressed microRNAs from 

the serum of ovarian cancer patients using a novel real-time PCR platform". 

Gynecol. Oncol, 112 (1): 55-59.   

[103] Gilad, S. E., Meiri, E., Yogev, Y., Benjamin, S., Lebanony, D., Terushalmi, N., 

Benjamin, H., Kushnir, M., Cholakh, H., Melamed, N., Bentwich, Z., Hod, M., 

Goren, Y., and Chajut, A., (2008). "Serum microRNAs are promising novel 

biomarkers". PLoS ONE, 3 (9): e3148. 

[104] Muralimanoharan, S., Maloyan, A., Mele, J., Guo, C., Myatt, L. G. and Myatt, 

L., (2012). "MiR-210 modulates mitochondrial respiration in placenta with 

preeclampsia". Placenta, 33 (10): 816–823. 

[105] Lagos-Quintana, M., Rauhut, R., Yalcin, A., Meyer, J., Lendeckel, W. and 

Tuschl, T., (2002). "Identification of tissue-specific microRNAs from mouse". 

Curr. Biol, 12: 735–739. 

[106] Zhao, Y., Ransom, J.F., Li, A., Vedantham, V., von Drehle, M., Muth, A.N.; 

Tsuchihashi, T., McManus, M.T., Schwartz, R.J. and Srivastava, D., (2007). 

"Dysregulation of cardiogenesis, cardiac conduction, and cell cycle in mice 

lacking miRNA-1–2". Cell, 129: 303–317. 

[107] van Rooij, E., Sutherland, L.B., Qi, X., Richardson, J.A., Hill, J. and Olson, 

E.N., (2007). "Control of stress-dependent cardiac growth and gene expression 

by a microRNA". Science, 316: 575–579. 

[108] Chen, J.F., Mandel, E.M., Thomson, J.M., Wu, Q., Callis, T.E., Hammond, 

S.M.,  Conlon, F.L. and Wang, D.Z., (2006). "The role of microRNA-1 and 

microRNA-133 in skeletal muscle proliferation and differentiation". Nat. 

Genet, 38: 228–233. 



75 
 

[109]   Zhao, Y., Samal, E. and Srivastava, D., (2005). "Serum response factor 

regulates a muscle-specific microRNA that targets Hand2 during 

cardiogenesis". Nature, 436: 214–220. 

[110] McCarthy, J.J. and Esser, K.A., (2007). "MicroRNA-1 and microRNA-133a 

expression are decreased during skeletal muscle hypertrophy". J. Appl. Physiol, 

102: 306–313. 

[111] Sokol, N.S. and Ambros, V., (2005). "Mesodermally expressed Drosophila 

microRNA-1 is regulated by Twist and is required in muscles during larval 

growth". Genes Dev, 19: 2343–2354. 

[112] Sweetman, D., Goljanek, K., Rathjen, T., Oustanina, S., Braun, T., Dalmay ,T. 

and  Müsterberg, A., (2008). "Specific requirements of MRFs for the 

expression of muscle specific microRNA miR-1,miR-206,miR-133". Dev. 

Biol, 321: 491-499. 

[113] Sweetman, D., Rathjen, T., Jefferson, M., Wheeler, G., Smith, T.G.,  Wheeler, 

G.N.,  Müsterberg, A. and Dalmay,T., (2006). "FGF-4 signaling is involved in 

mir-206 expression in developing somites of chicken embryo". Dev.Dyn, 253: 

2185-2191. 

[114] Darnell, D.K., Kaur, S., Stanislow, S., Konieczka, J.K., Yatskievych, T.A. and 

Antin, P.B., (2006). "MicroRNA expression during chick embryo 

development". Dev.Dyn, 235: 3156-3165. 

[115] Tang, Y., Zheng, J., Sun, Y., Wu , Z., Liu, Z. and Huang,G., (2009). 

"MicroRNA-1 regulates cardiomyocyte apoptosis by targeting Bcl-2". Int. 

Heart J, 50 (3): 377–387. 

[116] Shan, Z.X., Lin, Q.X., Fu, Y.H., Deng, C.Y., Zhou, Z.L., Zhu, J.N., Liu, X.Y., 

Zhang, Y.Y., Li, Y., Lin, S.G. and Yu, X.Y., (2009). "Upregulated expression 

of miR-1/miR-206 in a rat model of myocardial infarction". Biochem. Biophys. 

Res. Commun, 381 (4): 597–601. 

[117] Sayed, D., Hong, C., Chen, I.Y., Lypowy, J. and Abdellatif, M., (2007). 

"MicroRNAs Play an Essential Role in the Development of Cardiac 

Hypertrophy". Circulation Research, 100: 416–424. 

[118] Yang, B., Lin, H., Xiao, J., Lu, Y., Luo, X., Li, B., Zhang, Y., Xu, C., Bai, Y.,  

Wang, H., Chen, G. and Wang, Z., (2007) ."The muscle-specific microRNA 

miR-1 regulates cardiac arrhythmogenic potential by targeting GJA1 and 

KCNJ2". Nat. Med, 13 (4): 486–491. 

[119] Yu, X.Y., Song ,Y.H., Geng, Y.J., Lin, Q.X., Shan, Z.X., Shan, Z. X., Lin, S.G. 

and Li, Y., (2008). "Glucose induces apoptosis of cardiomyocytes via 

microRNA-1 and IGF-1". Biochem. Biophys. Res. Commun, 376 (3): 548–

552. 

[120] Kwon, C., Han, Z., Olson, E.N. and Srivastava, D., (2005). "MicroRNA1 

influences cardiac differentiation in Drosophila and regulates Notch signaling". 

Proc. Natl. Acad. Sci. USA, 102: 18986–18991. 

[121] Biemar, F., Zinzen, R., Ronshaugen, M., Sementchenko, V., Manak, J.R. and 

Levine, M.S., (2005). "Spatial regulation of microRNA gene expression in the 

Drosophila embryo". Proc. Natl. Acad. Sci. USA, 102: 15907–15911. 



76 
 

[122] Pan, Z., Sun, X., Ren1, J., Li, X., Gao, X., Lu, C., Zhang, Y., Sun, H., Wang, 

Y., Wang, H., Wang, J., Xie, L., Lu, Y. and Baofeng Yang, B., (2012). "Mir -1 

Exacerbates Cardiac Ischemia-Reperfusion Injury in Mouse Models". PLOS 

ONE, 7 (11): e50515. 

[123] Orenes-Pinero, E., Montoro-Garcia, S., Patel, J.V.,  Valdes, M., Marin, F. and 

Lip, G.Y., (2013). "Role of microRNA in cardiac remodeling: new insights and 

future perspectives . Int. J. Cardiol, 167: 1651-1659. 

[124]  Kumarswamy, R. and Thum,T., (2013). "Non-coding RNAs in cardiac 

remodeling and heart failure". Circ.Res, 133: 676-689. 

[125] Zhang, R., Niu, H., Ban, T., Xu, L., Li, Y., Wang, N., Sun, L., Ai, J. and Yang, 

B., (2013). "Elevated plasma microRNA-1 predicts heart failure after acute 

myocardial infraction". Int.J.Cadiol, 166: 259-260. 

[126]  Ai, J., Zhang, R., Li, Y., Pu, J., Lu, Y., Jiao, J., Li, K., Yu, B., Li, Z., Wang, 

R., Wang, L., Li, Q., Wang, N., Shan, H., Li, Z. and Yang, B., (2010). 

"Circulating microRNA -1 as a potential novel biomarker for acute myocardial 

infraction". Biochem.Biophy.Res.Commun, 391 (1): 73-77. 

[127] Thum, T., Gross, C., Fiedler, J., Fischer, T., Kissler, S., Bussen, M., Galuppo, 

P., Just, S., Rottbauer, W., Frantz, S., Castoldi, M., Soutschek, J., Koteliansky, 

V., Rosenwald, A., Basson, M.A., Licht, J.D., Pena, J.T., Rouhanifard, S.H., 

Muckenthaler, M.U., Tuschl, T., Martin, G.R., Bauersachs, J. and Engelhardt, 

S., (2008). "MicroRNA -21 contributes to myocardial disease by stimulating 

MAP kinase signaling in fibroblasts". Nature, 456 (7224): 980-984. 

[128] Ikeda, S., He, A., Kong, S.W., Lu, J., Bejar, R., Bodyak, N., Lee, K.H., Ma, Q., 

Kang, P.M., Golub, T.R. and Pu,W.T., (2009). "MicroRNA-1 negatively 

regulates expression of the hypertrophy-associated calmodulin and Mef2a 

genes". Mol. Cell. Biol, 29: 2193–2204. 

[129] Ahrend, H. Kaul, A., Ziegler, S., Brandenburg, L.O., Zimmermann, U., 

Mustea, A., Burchardti, M., Ziegler, P. And Stope, M.B., (2017). "MicroRNA-

1 and MicroRNA-21 Individually Regulate Cellular Growth of Non-malignant 

and Malignant Renal Cells". In vivo, 31: 625-630. 

[130] Nasser, M.W., Datta, J., Nuovo, G., Kutay, H., Motiwala, T., Majumder, S., 

Wang, B., Suster, S., Jacob, S.T. and Ghoshal, K., (2008). "Down-

regulationofMicro-RNA-1(miR-1)in lung cancer suppression of tumorigenic 

property of lung cancer cells and their sensitization to doxorubicin-induced 

apoptosis by miR-1". J.Biol.Chem, 283 (48): 33394–33405.  

[131] Leone,V., D’Angelo, D., Rubio, I., deFreitas, P.M., Federico, A., Colamaio, 

M., Pallante, P., Medeiros-Neto, G. and Fusco,A., (2011). MiR-1 Is a Tumor 

Suppressor in Thyroid Carcinogenesis Targeting CCND2, CXCR4, and SDF-1 

α". J. Clin. Endocrinol. Meta, 96 (9): E1388–E1398. 

[132] Rigaud, V.O.C., Ferreira, L.R.P., Ferreira, S.M.A., Ávila, M.S., Brandão, 

S.M.G., Cruz, F.D., Santos, M.H.H.,  Cruz, C.B.B.V., Alves, M.S.L.,  Issa, 

V.S.,  Guimarães, G.V., Cunha-Neto, E. and Bocchi, E.A., (2017). "Circulating 

miR-1 as a potential biomarker of doxorubicininduced cardiotoxicity in breast 

cancer patients". Oncotarget, 8 (4): 6994-7002. 



77 
 

[133] Gaborit, N., Sakuma, R., Wylie, J.N., Kim, K.H., Zhang, S.S., Hui,C.C. and 

Bruneau, B. G., (2012). "Cooperative and antagonistic roles for Irx3 and Irx5 

in cardiac morphogenesis and postnatal physiology". Development, 139 (21): 

4007-4019. 

[134]  Costantini, D.L., Arruda, E.P., Agarwal, P., Kim, K.H., Zhu, Y., Zhu,W., 

Lebel, M., Cheng, C.W., Park, C.Y., Pierce, S. A., Guerchicoff, A., Pollevick, 

G. D., Chan, T.Y., Kabir, M.G., Cheng, S.H., Husain, M., Antzelevitch, C., 

Srivastava, D., Gross, G.J., Hui, C.C., Backx, B.H. and Bruneau, B.G., (2005). 

"The homeodomain transcription factor Irx5 establishes the mouse cardiac 

ventricular repolarization gradient". Cell, 123 (2): 347-358. 

[135] Chan, J.Y., Takeda, M., Briggs, L.E., Graham, M.L., Lu, J.T., Horikoshi, N., 

Weinberg, E.O., Aoki H., Sato, N., Chien K.R. and Kasahara, H.(2008). 

"Identification of cardiac-specific myosin light chain kinase". Circ. Res, 102 

(5): 571-580.  

[136] Heidersbach, A., Saxby, C., Carver-Moore, K., Huang, Y., Ang, Y.S., de Jong, 

P.J., Ivey, K. N. and Srivastava, D., (2013). "MicroRNA-1 regulates sarcomere 

formation and suppresses smooth muscle gene expression in the mammalian 

heart". Elife, 2: e01323. 

[137] Zhang, Y., Sun, L., Zhang, Y., Liang, H., Li, X., Cai, R., Wang, L., Du, W., 

Zhang, R., Li, J., Wang, Z., Ma, N., Wang, X., Du, Z., Yang, B., Gao, X. and 

Shan, H., (2013). "Overexpression of microRNA-1 causes atrioventricular 

block in rodents". Int. J. Biol. Sci, 9 (5): 455-462. 

[138]   Ai, J., Zhang, R., Gao, X., Niu, H.F., Wang, N., Xu, Y., Li, Y., Ma, N., Sun, 

L.H., Pan, Z. W., Li, W.M. and Yang, B.F., (2012). "Overexpression of 

microRNA-1 impairs cardiac contractile function by damaging sarcomere 

assembly". Cardiovasc. Res, 95 (3): 385-393. 

[139] Sempere, L.F., Freemantle, S., Pitha-Rowe, I., Moss, E., Dmitrovsky, E. and 

Ambros, V., (2004). "Expression profiling of mammalian microRNAs 

uncovers a subset of brain-expressed microRNAs with possible roles in murine 

and human neuronal differentiation". Genome Biol, 5 (3): R13. 

[140] Lee, R.C. and Ambros, V., (2001). "An extensive class of small RNAs in 

Caenorhabditis elegans". Science, 294: 862–864. 

[141]  Feng, J., Wanli Xing, W. and Xie, L., (2016). "Regulatory Roles of 

MicroRNAs in Diabetes". Int. J. Mol. Sci, 17: 1729. 

[142] Escudero, C.A., Herlitz, K., Troncoso, F., Acurio, J., Aguayo ,C., Roberts, 

J.M., Truong, G., Duncombe, G., Rice, G. and Salomon,C., (2016). "Role of 

extracellular vesicles and microRNA on dysfunctional angiogenesis during 

preeclamptic pregnancies". Frontiers in physiology, 7: 98. 

[143] Jiang, Q., Lyu, X., Yuan, Y. and Wang, L., (2017). "Plasma miR-21expression: 

an indicator for the severity of Type 2 diabetes with diabetic retinopathy". 

Bioscience Reports, 37: BSR20160589. 

[144]  Wu, H., Ng, R., Chen, X., Steer, C.J. and Song, G., (2015). "MicroRNA-21 is 

a potential link between non-alcoholic fatty liver disease and hepatocellular 

carcinoma via modulation of the HBP1-p53-Srebp1c pathway". Gut, 65: 1850–

1860. 



78 
 

[145]   Chan, J. A., Krichevsky, A. M. and Kosik, K. S., (2005). "MicroRNA-21 is an 

Antiapoptotic Factor ın Human Glioblastoma Cells". Cancer Res, 65 (14) : 

6029-6033. 

[146] Tao, Y.J., Li, Y.J., Zheng, W., Zhao, J.J., Guo, M.M., Zhou, Y., Qin, N., 

Zhang, J. and Xu, L., (2015). "Antisense oligonucleotides against microRNA-

21 reduced the proliferation and migration of human colon carcinoma cells". 

Cancer Cell Int, 15: 77. 

[147] Ding, Y., Wu, M., Liu, J., Wu, C., Huang, R., Zhu, R. and Fei,J., (2014). 

"Seed-targeting anti-miR-21 inhibiting malignant progression of 

retinoblastoma and analysis of their phosphorylation signaling pathways". Exp. 

Eye Re, 122: 1–8. 

[148] Sekar, D., Venugopal, B., Sekar, P. and Ramalingam, K., (2016). "Role of 

microRNA 21 in diabetes and associated/related diseases". Gene, 582: 14–18. 

[149] Mastropasqua, R., Toto, L., Cipollone, F., Santovito, D., Carpineto, P. and 

Mastropasqua, L., (2014). "Role of microRNAs in the modulation of diabetic 

retinopathy". Prog. Retin. Eye Res, 43: 92–107. 

[150] Zhong, X., Chung, A.C., Chen, H.Y., Dong, Y., Meng, X.M., Li, R., Yang, W., 

Hou, F. F. and Lan, H. Y., (2013). "MiR-21 is a key therapeutic target for renal 

injury in a mouse model of type 2 diabetes". Diabetologia, 56 (3): 663–674 . 

[151] Liu, X., Feng, J., Tang, L., Liao, L., Xu ,Q. and Zhu,S., (2015). "The 

Regulation and Function of miR-21-FOXO3a-miR-34b/c Signaling in Breast 

Cancer". Int. J. Mol. Sci, 16: 3148-3162. 

[152] Krichevsky, A.M. and Gabriely,G., (2009). "MiR-21: a small multi-faceted 

RNA". J. Cell. Mol. Med, 13 (1): 39-53. 

[153] Meng, F., Henson, R., Wehbe-Janek, H., Ghoshal, K., Jacob, S. T. and Patel, 

T., (2007). "MicroRNA-21 Regulates Expression of the PTEN Tumor 

Suppressor Gene in Human Hepatocellular Cancer". J. Gastro, 133 (2): 647-

658. 

[154] Wickramasinghe, N.S., Manavalan, T.T., Dougherty, S.M., Riggs, K.A., Li, Y. 

and Klinge, C.M., (2009). "Estradiol downregulates miR-21 expression and 

increases miR-21 target gene expression in MCF-7 breast cancer cells". 

Nucleic Acids Res, 37: 2584–2595. 

[155] Fulci, V., Chiaretti, S., Goldoni, M., Azzalin, G., Carucci, N., Tavolaro, S., 

Castellano, L., Magrelli, A., Citarella, F., Messina, M., Maggio ,R., Peragine, 

N., Santangelo, S., Mauro, F.R., Landgraf, P., Tuschl, T., Weir, D.B., Chien, 

M., Russo, J.J., Ju, J., Sheridan, R., Sander, C., Zavolan, M., Guarini, A., Foà, 

R. and Macino, G., (2007). "Quantitative technologies establish a novel 

microRNA profile of chronic lymphocytic leukemia". Blood, 109: 4944–4945. 

[156] Landgraf, P., Rusu, M., Sheridan, R., Sewer, A., Iovino , N., Aravin, A., 

Pfeffer, S., Rice, A., Kamphorst, A.O., Landthaler, M., Lin, C., Socci, N.D., 

Hermida, L., Fulci, V., Chiaretti, S., Foà, R., Schliwka, J., Fuchs, U., Novosel, 

A., Müller, R.U., Schermer, B., Bissels, U., Inman, J., Phan, Q., Chien, M., 

Weir, D.B., Choksi, R., De Vita, G., Frezzetti, D., Trompeter, H.I., Hornung, 

V., Teng, G., Hartmann, G., Palkovits, M., Di Lauro, R., Wernet, P., Macino, 

G., Rogler, C.E., Nagle, J.W., Ju, J., Papavasiliou, F.N., Benzing, T., Lichter, 



79 
 

P., Tam, W., Brownstein, M.J., Bosio, A., Borkhardt, A., Russo, J.J., Sander, 

C., Zavolan, M. and Tuschl, T., (2007). "A mammalian microRNA expression 

atlas based on small RNA library sequencing". Cell, 129: 1401–14. 

[157]  Cheng, Y., Ji, R., Yue, J., Yang, J., Liu, X., Chen, H., Dean, D.B. and Zhang, 

C., (2007). "MicroRNAs are aberrantly expressed in hypertrophic heart: do 

they play a role in cardiac hypertrophy?". Am. J. Pathol, 170: 1831–40. 

[158] van Rooij, E., Sutherland, L.B., Liu, N., Williams, A.H., McAnally, J., Gerard, 

R.D., Richardson, J.A. and Olson, E.N., (2006). "A signature pattern of stress-

responsive microRNAs that can evoke cardiac hypertrophy and heart failure". 

Proc Natl Acad Sci USA, 103: 18255–60. 

[159] Ji, R., Cheng, Y., Yue, J., Yang, J., Liu, X., Chen, H., Dean, D.B. and Zhang, 

C., (2007). "MicroRNA expression signature and antisense-mediated depletion 

reveal an essential role of microRNA in vascular neointimal lesion formation". 

Circ Res, 100: 1579–88. 

[160] Cavarretta, E. and Condorelli, G., (2015). "MiR-21 and cardiac fibrosis: 

another brick in the wall?". Eur Heart J, 36 (32): 2139–41. 

[161] Dong, X., Liu, S., Zhang, L., Yu, S., Huo, L., Qile, M., Liu, L., Yang, B. and 

Yu, J., (2015). "Downregulation of miR-21 is involved in direct actions of 

ursolic acid on the heart: implications for cardiac fibrosis and hypertrophy". 

Cardiovasc Ther, 33 (4): 161–7. 

[162] Zhao, Z. and Zhou,Y., (2017). "Circulating miR-21 and miR-423-5p as 

biomarkers  for heart failure in heart valve disease patients". Int. J. Clin. Exp. 

Pathol, 10 (5): 5703-5711. 

[163] Thum, T., Galuppo, P., Wolf, C., Fiedler, J., Kneitz, S., van Laake, L.W., 

Doevendans, P.A., Mummery, C. L., Borlak, J., Haverich, A., Gross, C., 

Engelhardt, S., Ertl, G. and Bauersachs, J., (2007). "MicroRNAs in the human 

heart: a clue to fetal gene reprogramming in heart failure". Circulation,116 (3): 

258–267.  

[164] Matsumoto, T. and Hwang, P.M., (2007). "Resizing the genomic regulation of 

restenosis". Circulation Research, 100 (11): 1537–1539. 

[165] Fleissner, F., Jazbutyte, V., Fiedler, J., Gupta, S.K., Yin, X., Xu, Q., Galuppo, 

P., Kneitz, S., Mayr, M., Ertl, G., Bauersachs, J. and Thum, T., (2010). "Short 

communication: asymmetric dimethylarginine impairs angiogenic progenitor 

cell function in patients with coronary artery disease through a microRNA-21-

dependent mechanism".Circ.Res, 107: 138–143. 

[166] Shi, B., Deng, W., Long, X., Zhao, R., Wang, Y., Chen, W., Xu, G., Sheng, J., 

Wang, D. and SongCao,S., (2017). "MiR-21 increases c-kit+ cardiac stem cell 

proliferation invitro through PTEN/PI3K/Akt signaling". Peer.J, 5: e2859. 

[167] Simpson,L. J. and Ansel, K. M., (2015). "MicroRNA regulation of lymphocyte 

tolerance and autoimmunity". J.Clin. Investig, 125 : 2242–2249.   

[168] Sheedy, F. J., Palsson-McDermott, E., Hennessy, E.J., Martin, C., O’Leary, 

J.J., Ruan, Q., Johnson, D.S., Chen, Y. and O’Neill,  L.A.J., (2010). "Negative 

regulation of TLR4 via targeting of the pro-inflammatory tumor suppressor 

PDCD4 by the microRNA miR-21". Nat. Immuno, 11: 141–147. 



80 
 

[169] Olivieri, F., Procopio, A.D. and Montgomery, R.R., (2014). "Effect of aging on 

microRNAs and regulation of pathogen recognition receptors". Curr. Opin. 

Immunol, 29: 29-37. 

[170] Recchioni, R., Marcheselli, F., Olivieri, F., Ricci, S., Procopio, A.D. and 

Antonicelli, R., (2013). "Conventional and novel diagnostic biomarkers of 

acute myocardial infarction: a promising role for circulating microRNAs". 

Biomarkers, 18: 547-558. 

[171] Sheedy, F.J., (2015). "Turning 21: Induction of miR-21 as a key switch in the 

inflammatory response". Front. Immunol, 6. 

[172] Ruan,Q., Wang, P., Wang, T., Qi, J., Wei, M., Wang, S., Fan, T., Johnson, D., 

Wan, X., Shi,W., Sun, H. and  Chen, Y. H., (2014). "MicroRNA-21 regulates 

T-cell apoptosis by directly targeting the tumor suppressor gene TIPE2". Cell 

Death Di, 5: e1095. 

[173] Sawant, D.V., Wu, H., Kaplan, M.H. and Dent, A.L., (2013). "The Bcl6 target 

gene microRNA-21 promotes Th2 differentiation by a T cell intrinsic 

pathway". Mol. Immunol, 54: 435–442. 

[174] Zhang, Z., Zhu, Z., Watabe, K., Zhang, X., Bai, C., Xu, M., Wu, F., Mo, Y.Y., 

(2013). "Negative regulation of lncRNA GAS5 by miR-21". Cell Death Differ, 

20: 1558–1568. 

[175] Li, L. and Ross, A.H., (2007). "Why is PTEN an important tumor suppressor?" 

J Cell Biochem, 102: 1368–1374. 

[176] Jazbutyte, V. and Thum, T, (2010). "MicroRNA-21: from cancer to 

cardiovascular disease". Curr. Drug Targets, 11: 926–935. 

[177] Kloosterman, W.P. and Plasterk, R.H., (2006). "The diverse functions of 

microRNAs in animal development and disease". Dev. Cell, 11: 441–450. 

[178] Ruan, Q., Wang, T., Kameswaran, V., Wei, Q., Johnson, D.S., Matschinsky, F., 

Shi, W. and Chen, Y.H., (2011). "Themicro RNA-21-PDCD4 axis prevents 

type1diabetes by blocking pancreatic β cell death". Proc. Natl. Acad. Sci. USA, 

108: 12030–12035.  

[179] Wu, M.F., Yang, J., Xiang, T., Shi, Y.Y. and Liu, L.J., (2014). "miR-21 targets 

Fas ligand-mediated apoptosis in breast cancer cell line MCF-7".  J. Huazhong 

Univ. Sci. Technol. Med. Sci, 34: 190–194.  

[180] Wang, L., He, L., Zhang, R., Liu, X., Ren, Y., Liu, Z., Zhang, X., Cheng, W. 

and Hua, Z.C., (2014). "Regulation of T lymphocyte activation by microRNA-

21". Mol. Immunol, 59: 163–171.   

[181] Carissimi, C., Carucci, N., Colombo, T., Piconese, S., Azzalin, G., Cipolletta, 

E., Citarella, F., BaRNAba, V., Macino, G. and Fulci, V., (2014). "miR-21 is a 

negative modulator of T-cell activation". Biochimie, 107: 319–326. 

[182] Cheng,Y. and Chunxiang Zhang,C., (2010). "MicroRNA-21 in Cardiovascular 

Disease". J. Cardiovasc. Transl. Res, 3 (3): 251–255. 

[183] Sicree, R.,  Shaw, J.  and Zimmet, P., (2006). "The Global Burden. Diabetes 

and Impaired Glucose Tolerance. Prevalence and Projections". In: Gan, D. ed. 

Diabetes Atlas, 3rd edn. Brussels: International Diabetes Federation, 33: 16–

103. 



81 
 

[184] Votey, S.R. and Peters, A.L., (2004). "Diabetes mellitus type 2". Areview. 

http://www.emedicine.com/emerg/topic133.htm Accessed July, 2006 

[185] Njolstad, P.R., Sagen, J.V., Bjorkhaug, L., Odili, S., Shehadeh, N., Bakry, D., 

Sarici, S. U., Alpay, F., Molnes, J., Molven, A., Sovik, O. and Matschinsky, F. 

M.,(2003). "Permanent neonatal diabetes caused by glucokinase deficiency: 

inborn error of the glucose-insulin signaling pathway". Diabetes, 52 (11): 

2854-60. 

[186] Moura, L.I., Dias, A.M., Carvalho, E. and de Sousa, H.C., (2013). "Recent 

advances on the development of wound dressings for diabetic foot ulcer 

treatment—A review". Acta. Biomater, 9: 7093–7114. 

[187] Chen, L., Magliano, D.J. and Zimmet, P.Z., (2012). "The worldwide 

epidemiology of type 2 diabetes  mellitus-present and future perspectives". 

Nat. Rev. Endocrinol, 8: 228–236. 

[188] Ko,S., Park, S., Cho, J., Ko, S., Shin, K., Seung-Hwan L, Song, K., Park, Y-M. 

and Ahn, Y., (2012). "Influence of the Duration of Diabetes on the Outcome of 

a Diabetes Self-Management Education Program". Diabetes Metab J, 36 (3): 

222–229. 

[189] Steinsbekk, A., Rygg, L., Lisulo, M., Rise, M. and Fretheim, A., (2012). 

"Group based diabetes selfmanagement education compared to routine 

treatment for people with type 2 diabetes mellitus. A systematic review with 

meta-analysis". BMC Health Services Research, 12: 213. 

[190] Quinn, C.h., Royak-Schaler, R.,  Dan Lender, D.,  Steinle, N., Gadalla, S.h. and 

Zhan, M., (2011). "Patient Understanding of Diabetes SelfManagement: 

Participatory DecisionMaking in Diabetes Care". J Diabetes Sci Techno, 5 (3): 

723-730. 

[191] Hjelm, K., Mufunda, E., Nambozi, G. and Kemp, J., (2003). "Nurses to face 

the pandemic of diabetes mellitus, a literature review". J Adv‐Nurs, 41 (5): 

424‐3.   

[192] Olivarius, N.F., Beck-Nielsen, H., Andreasen, A.H., Hørder, M. and Pedersen, 

P.A., (2001). "Randomized controlled trial of structured personal care of type 2 

diabetes mellitus". BMJ, 323 (7319): 970–5. 

[193] Whiting, D.R., Guariguata, L., Weil, C. and Shaw, J., (2011). "Idf diabetes 

atlas: Global estimates of the prevalence of diabetes for 2011 and 2030". 

Diabetes Res. Clin. Pract, 94: 311–321. 

[194] Shantikumar, S., Caporali, A. and Emanueli,C., (2012). "Role of microRNAs 

in diabetes and its cardiovascular complications". Cardiovascular Research, 93: 

583–593. 

[195] Winer, N. and Sowers, J.R., (2004). "Epidemiology of diabetes". J Clin 

Pharmacol ., 44: 397–405. 

[196] Porojan, M.D., Catana, A., Popp, R.A., Dumitrascu, D.L. and Bala, C., (2015) 

.The role of NOS2A -954G/C and vascular endothelial growth factor +936C/T 

polymorphisms in type 2 diabetes mellitus and diabetic nonproliferative 

retinopathy risk management". Ther. Clin. Risk Manag, 11: 1743–1748. 



82 
 

[197] Piero, M.N., Nzaro, G.M. and Njagi, J.M., (2015). "Diabetes mellitus – a 

devastating metabolic disorder". Asian Journal of Biomedical and 

Pharmaceutical Sciences, 4 (40): 1-7.  

[198] Wu,Y., Ding, Y., Tanaka,Y. and  Zhang, W., (2014). " Risk Factors 

Contributing to Type 2 Diabetes and Recent Advances in the Treatment and 

Prevention". Int. J. Med, 11 (11): 1185-1200. 

[199] Hassan, B.A., (2013). "Overview on Diabetes Mellitus (Type 2)". J. Chromat. 

Separation Techniq, 4: 2. 

[200] Tsai, F.J., Yang, C.F., Chen, C.C., Chuang, L.M., Lu, C.H., Chang, C.T., et al., 

(2010). "A genome-wide association study identifies susceptibility variants for 

type 2 diabetes in Han Chinese". PLos Genet, 6: e1000847. 

[201] Morita, K., Saruwatari, J., Miyagawa, H., Uchiyashiki, Y., Oniki, K., Sakata, 

M., Kajiwara, A., Yoshida, A., Jinnouchi, H. And Nakagawa, K., (2013). 

"Association between aldehyde dehydrogenase 2 polymorphisms and the 

incidence of diabetic retinopathy among Japanese subjects with type 2 diabetes 

mellitus". Cardiovasc. Diabetol; 12: 132. 

[202] Mark, A.A., George, S.E. and Aaron, M., (2014). "Type 1 diabetes".  Lancet, 

383: 69–82. 

[203] Kaku, K., (2010). "Pathophysiology of Type 2 Diabetes and Its Treatment 

Policy". JMAJ, 53 (1): 41-46. 

[204] Kanzaki, M., and Pessin, J.E., (2001). "Signal integration and the specificity of 

insulin action". Cell Biochem. Biophys, 35: 191–209. 

[205] Mandavyapuram, K.,  Rana, A. and Awasthy, A., (2010). "Mechanisms of 

insulin resistance at molecular level". The West London Medical Journal, 2 (2): 

41 – 46. 

[206] Karlsson, M., Thorn, H., Danielsson, A., Stenkula, K. G., Öst, A., Gustavsson, 

J., Nystrom, F. H. and Strålfors, P., (2004). "Colocalization of insulin receptor 

and insulin receptor substrate-1 to caveolae in primary human adipocytes. 

Cholesterol depletion blocks insulin signalling for metabolic and mitogenic 

control". Eur. J. Biochem, 271: 2471-2479. 

[207] Thorn, H., Stenkula, K. G., Karlsson, M., Örtegren, U., Nystrom, F. H.; 

Gustavsson, J. and Strålfors, P., (2003). "Cell surface orifices of caveolae and 

localization of caveolin to the necks of caveolae in adipocytes". Mol. Biol. 

Cell, 14: 3967-3976.  

[208] Youngren, J.F.,(2007). "Regulation of insulin receptor function". Cell Mol. 

Life Sci, 64: 873–891. 

[209] Saltiel, A.R. and Kahn, C.R., (2001). "Insulin signalling and the regulation of 

glucose and lipid metabolism". Nature, 414: 799–806. 

[210] Lodhi, I.J., Chiang, S.H., Chang, L., Vollenweider, D., Watson, R.T., Inoue 

,M., Pessin, J.E. and Saltiel, AR., (2007). "Gapex-5,a Rab31 guanine 

nucleotide exchange factor that regulates Glut4 trafficking in adipocytes". Cell 

Metab, 5: 59–72. 



83 
 

[211] Boura-Halfon, S. and Zick,Y., (2009). "Phosphorylation of IRS proteins, 

insulin action, and insulin resistance". Am. J. Physiol. Endocrinol. Metab, 296: 

E581–E591. 

[212] Sarbassov, D.D., Guertin, D.A., Ali, S.M. and Sabatini, D.M., (2005). 

"Phosphorylation and regulation of Akt/PKB by the rictor-mTOR complex". 

Science, 307: 1098–1101. 

[213] Zhang, K., Li, L., Qi, Y., Zhu, X., Gan, B., Depinho, R.A., Averitt, T., and 

Guo, S., (2012). "Hepatic suppression of Foxo1 and Foxo3 causes 

hypoglycemia and hyperlipidemia in mice". Endocrinology, 153: 631– 646. 

[214] Battiprolu, P.K., Hojayev, B., Jiang, N.,Wang, Z.V., Luo, X., Iglewski, M., 

Shelton, J.M., Gerard, R.D., Rothermel, B.A., Gillette, T.G., Lavandero, S. and 

Hill, J.A., (2012). "Metabolic stress-induced activation of FoxO1 triggers 

diabetic cardiomyopathy in mice". J. Clin. Invest, 122: 1109–1118. 

[215] Evans-Anderson, H.J., Alfieri, C.M. and Yutzey, K.E., (2008). "Regulation of 

cardiomyocyte proliferation and myocardial growth during development by 

FOXO transcription factors". Circ. Res, 102: 686–694.  

[216] Hannenhalli, S., Putt, M.E., Gilmore, J.M., Wang, J., Parmacek, M.S., Epstien, 

J.A., Morrisey, E.E., Margulies, K.B. and Cappola,T.P, (2006). 

"Transcriptional genomics associates FOX transcription factors with human 

heart failure". Circulation, 114: 1269–1276. 

[217] Shiraishi, I., Melendez, J., Ahn, Y., (2004). "Nuclear targeting of Akt enhances 

kinase activity and survival of cardiomyocytes". Circ. Res, 94: 884–891. 

[218] Guo, S., Copps, K.D., Dong, X., (2009). "The Irs1 branch of the insulin 

signaling cascade plays a dominant role in hepatic nutrient homeostasis". Mol. 

Cell Biol, 29: 5070–5083.  

[219] Guo, S., Dunn, S.L. and White, M.F., (2006). "The reciprocal stability of 

FOXO1 and IRS2 creates a regulatory circuit that controls insulin signaling". 

Mol. Endocrinol, 20: 3389–3399. 

[220] Khan, A.H. and Pessin, J.E., (2002). "Insulin regulation of glucose uptake: a 

complex interplay of intracellular signalling pathways". Diabetologia, 45: 

1475– 1483. 

[221] Le Roith, D. and Zick, Y., (2001). "Recent advances in our understanding of 

insulin action and insulin resistance". Diabetes Care, 24: 588–597. 

[222] Greene, M.W., Sakaue, H., Wang, L., Alessi, D.R. and Roth, R.A., (2003). 

"Modulation of insulin-stimulated degradation of human insulin receptor 

substrate-1 by Serine 312 phosphorylation". J. Biol. Chem, 278: 8199–8211. 

[223] Farhang-Fallah, J., Randhawa, V.K., Nimnual, A., Klip, A., Bar-Sagi, D. and 

Rozakis-Adcock, M., (2002). "The pleckstrin homology (PH) domain-

interacting protein couples the insulin receptor substrate 1 PH domain to 

insulin signaling pathways leading to mitogenesis and GLUT4 translocation". 

Mol. Cell Biol, 22: 7325–7336. 

[224] He, W., Craparo, A., Zhu, Y., O’Neill, T.J., Wang, L.M., Pierce, J.H. and 

Gustafson, T.A., (1996). "Interaction of insulin receptor substrate-2 (IRS-2) 

with the insulin and insulin-like growth factor I receptors. Evidence for two 



84 
 

distinct phosphotyrosine-dependent interaction domains within IRS-2". J. Biol. 

Chem, 271: 11641–11645. 

[225] Sawka-Verhelle, D., Tartare-Deckert, S., White, M.F. and Van Obberghen, E., 

(1996). "Insulin receptor substrate-2 binds to the insulin receptor through its 

phosphotyrosine-binding domain and through a newly identified domain 

comprising amino acids 591–786". J. Biol. Chem, 271: 5980–5983. 

[226] Araki, E., Lipes, M.A., Patti, M.E., (1994). "Alternative pathway of insulin 

signalling in mice with targeted disruption of the IRS-1 gene". Nature, 372: 

186–190. 

[227] Withers, D.J., Gutierrez, J.S., Towery, H., (1998). "Disruption of IRS-2 causes 

type 2 diabetes in mice". Nature, 391: 900–904. 

[228] Ferrannini, E., Gastaldelli, A., Miyazaki, Y., Matsuda, M., Mari, A. and 

DeFronzo, R.A., (2005). "Betacell function in subjects spanning the range from 

normal glucose tolerance to overt diabetes: a new analysis". J. Clin. 

Endocrinol. Metab, 90: 493–500. 

[229] Nauck, M.A., (2011). "Incretin-based therapies for type 2 diabetes mellitus: 

properties, functions, and clinical implications". Am. J. Med, 124 (Suppl.): S3–

S18. 

[230] Ferrannini, E., (2010). "Thestunnedbetacell:abrief history". Cell Metab, 11: 

349–352. 

[231] Nauck, M.A., (2009). "Unraveling the science of incretin biology". Am. J. 

Med, 122 (Suppl.): S3–S10. 

[232] Groop, L.C, and Ferrannini, E., (1993). "Insulin action and substrate 

competition". Baillieres Clin. Endocrinol. Metab, 7: 1007–1032. 

[233] Inzucchi, S.E., Bergenstal, R.M., Buse, J.B., Diamant, M., Ferrannini, E., 

Nauck, M., Peters, A.L., Tsapas, A., Wender, R. and Matthews, D.R., (2012). 

"Management of hyperglycemia in type 2 diabetes : A patient-centered 

approach". Diabetes Care, 35. 

[234] Abdul-Ghani, M.A., Matsuda, M., Jani, R., (2008). "The relationship between 

fasting hyperglycemia and insulin secretion in subjects with normal or 

impaired glucose tolerance". Am. J. Physiol. Endocrinol. Metab, 295: E401–

E406. 

[235] Unoki, H., Takahashi, A., Kawaguchi, T., (2008). "SNPs in KCNQ1 are 

associated with susceptibility to type 2 diabetes in East Asian and European 

populations". Nat. Genet, 40: 1098–1102. 

[236] Reaven, G.M., (1995). "Pathophysiology of insulin resistance in human 

disease". Physiol. Rev, 75: 473–486. 

[237] Srikanth, S. and Deedwania, P., (2011). "Primary and secondary prevention 

strategy for cardiovascular disease in diabetes mellitus". Cardiol. Clin , 29: 

47–70. 

[238] Yun, J.S., Ko, S.H., Kim, J.H., Moon, K.W., Park, Y.M., Yoo, K.D. and Ahn, 

Y.B., (2013). "Diabetic retinopathy and endothelial dysfunction in patients 

with type 2 diabetes mellitus". Diabetes Metab, 37: 262–269. 



85 
 

[239] Higgins, G.C. and Coughlan, M.T., (2014). "Mitochondrial dysfunction and 

mitophagy: The beginning and end to diabetic nephropathy?". Br. J. 

Pharmacol, 171: 1917–1942. 

[240] Kim, S.K., Lee, K.J., Hahm, J.R., Lee, S.M., Jung, T.S., Jung, J.H., Kim, S., 

Kim, D.R., Ahn, S.K. and Choi, W.H., (2012). "Clinical significance of the 

presence of autonomic and vestibular dysfunction in diabetic patients with 

peripheral neuropathy". Diabetes Metab. J, 36: 64–69. 

[241] Da Silva, L., Carvalho, E. and Cruz, M.T., (2010). "Role of neuropeptides in 

skin inflammation and its involvement in diabetic wound healing". Expert 

Opin. Biol. Ther, 10: 1427–1439. 

[242] Hata, J., Arima, H., Zoungas, S., Fulcher, G., Pollock, C., Adams, M., Watson, 

J., Joshi, R., Kengne, A.P. and Ninomiya, T., (2013). "Effects of the endpoint 

adjudication process on the results of a randomised controlled trial: The 

advance trial". PLoS ONE, 8: e55807. 

[243] Bianchi, C. and Del Prato, S., (2011). "Metabolic memory and individual 

treatment aims in type 2  diabetes-outcome-lessons learned from large clinical 

trials". Rev. Diabet. Stud, 8: 432–440. 

[244] Gaede, P., Lund-Andersen, H., Parving, H.H. and Pedersen, O., (2008). "Effect 

of a multifactorial intervention on mortality in type 2 diabetes". N. Engl. J. 

Med, 358: 580–591. 

[245] Holman, R.R., Paul, S.K., Bethel, M.A., Matthews, D.R. and Neil, H.A., 

(2008). "10-year follow-up of intensive glucose control in type 2 diabetes". N. 

Engl. J. Med, 359: 1577–1589. 

[246] Chen, X.Y., Li, G.M., Dong, Q. and Peng, H., (2015). "MiR-577inhibits 

pancreatic β-cell function and survival by targeting fibroblast growth factor 21 

(FGF-21) in pediatric diabetes". Genet. Mol. Res, 14: 15462–15470. 

[247] Poy, M.N., Hausser, J., Trajkovski, M., Braun, M., Collins, S., Rorsman, P., 

Zavolan, M. and Stoffel, M., (2009). "MiR-375 maintains normal pancreatic α- 

and β-cell mass". Proc. Natl. Acad. Sci. USA, 106: 5813–5818. 

[248] Zhang, W., Xie, H.Y., Ding, S.M., Xing, C.Y., Chen, A., Lai, M.C., Zhou, L. 

and Zheng, S.S., (2016). "CADM1 regulates the G1/S transition and represses 

tumorigenicity through the Rb-E2F pathway in hepatocellular carcinoma". 

Hepatob. Pancreat. Dis. Int, 15: 289–296. 

[249] Wijesekara, N., Zhang, L.H., Kang, M.H., Abraham, T., Bhattacharjee, A., 

Warnock, G.L., Verchere, C.B. and Hayden, M.R., (2012). "MiR-33a 

modulates ABCA1 expression, cholesterol accumulation, and insulin secretion 

in pancreatic islets". Diabetes, 61: 653–658. 

[250] Poy, M.N., Eliasson, L., Krutzfeldt, J., Kuwajima, S., Ma, X., Macdonald, P.E., 

Pfeffer, S., Tuschl, T., Rajewsky, N. and Rorsman, P., (2004). "A pancreatic 

islet-specific microRNA regulates insulin secretion". Nature, 432: 226–230. 

[251] Gomes, P.R., Graciano, M.F., Pantaleão, L.C., Rennó, A.L., Rodrigues, S.C., 

Velloso, L.A., Latorraca, M.Q., Carpinelli, A.R., Anhê, G.F. and Bordin, S., 

(2014). "Long-term disruption of maternal glucose homeostasis induced by 

prenatal glucocorticoid treatment correlates with miR-29 upregulation". Am. J. 

Physiol. Endocrinol. Metab, 306: E109–E120. 



86 
 

[252] Stumvoll, M., Goldstein, B.J. and van Haeften, T.W., (2005). "Type 2 diabetes: 

Principles of pathogenesis and therapy". Lancet, 365: 1333–1346. 

[253] Yang, W.M., Jeong, H.J., Park, S.W. and Lee, W., (2015). "Obesity-induced 

miR-15b is linked causally to the development of insulin resistance through the 

repression of the insulin receptor in hepatocytes". Mol. Nutr. Food Res, 59: 

2303–2314. 

[254] Yang, W.M., Jeong, H.J., Park, S.Y. and Lee, W., (2014). "Saturated fatty acid-

induced miR-195 impairs insulin signaling and glycogen metabolism in HepG2 

cells". FEBS Lett, 588: 3939–3946. 

[255] Raciti, G.A., Longo, M., Parrillo, L., Ciccarelli, M., Mirra, P., Ungaro, P., 

Formisano, P., Miele, C. and Béguinot, F., (2015). "Understanding type 2 

diabetes: from genetics to epigenetics". Acta.Diabetol, 52 (5): 821-7. 

[256] Reddy, M.A., Zhang, E. and Natarajan, R., (2015). "Epigenetic mechanisms in 

diabetic complications and metabolic memory". Diabetologia, 58: 443-55. 

[257] Takahashi, P., Xavier, D.J., Evangelista, A.F., Manoel-Caetano, F.S., Macedo, 

C., Collares, C.V., Foss-Freitas, M.C., Foss, M.C., Rassi, D.M. and Donadi, 

E.A., (2014). "MicroRNA expression profiling and functional annotation 

analysis of their targets in patients with type 1 diabetes mellitus". Gene, 539: 

213–223. 

[258] Salas-Perez, F., Codner, E., Valencia, E., Pizarro, C., Carrasco, E. and Perez-

Bravo, F., (2013). "MicroRNAs mir-21a and mir-93 are down regulated in 

peripheral blood mononuclear cells (PBMCs) from patients with type 1 

diabetes". Immunobiology, 218: 733–737. 

[259] Nielsen, L.B., Wang, C., Sorensen, K., Bang-Berthelsen, C.H., Hansen, L., 

Andersen, M.L., Hougaard, P., Juul, A., Zhang, C.Y. and Pociot, F., (2012). 

"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: 896362. 

[260] Ortega, F.J., Mercader, J.M., Moreno-Navarrete, J.M., Rovira, O., Guerra, E., 

Esteve, E., Xifra, G., Martinez, C., Ricart, W. and Rieusset, J., (2014). 

"Profiling of circulating microRNAs reveals common microRNAs linked to 

type 2 diabetes that change with insulin sensitization". Diabetes Care, 67: 

51375–51383. 

[261] Baran-Gale, J., Fannin, E.E., Kurtz, C.L. and Sethupathy, P., (2013). "Beta cell 

5'-shifted isomirs are candidate regulatory hubs in type 2 diabetes". PLoS 

ONE, 8: e73240. 

[262] Chien, H.Y., Chen, C.Y., Chiu, Y.H., Lin, Y.C. and Li, W.C., (2016). 

"Differential microRNA profiles predict diabetic nephropathy progression in 

Taiwan". Int. J. Med. Sci, 13: 457–465. 

[263] Li, J.Y., Yong, T.Y., Michael, M.Z. and Gleadle, J.M., (2010). "Review: The 

role of microRNAs in kidney disease". Nephrology, 15: 599–608. 

[264] Al-Kafaji, G., Al-Mahroos, G., Abdulla Al-Muhtaresh, H., Sabry, M.A., 

Abdul-Razzak, R. and Salem, A.H., (2016). "Circulating endothelium-enriched 



87 
 

microRNA-126 as a potential biomarker for coronary artery disease in type 2 

diabetes mellitus patients". Biomarkers, 11: 1–11. 

[265] Karolina, D.S., Armugam, A., Tavintharan, S., Wong, M.T., Lim, S.C., Sum, 

C.F. and Jeyaseelan, K., ( 2011). "MicroRNA 144 impairs insulin signaling by 

inhibiting the expression of insulin receptor substrate 1 in type 2 diabetes 

mellitus". Plos One, 6: e22839. 

[266] Pescador, N., Perez-Barba, M., Ibarra, J.M., Corbaton, A., Martinez-Larrad, 

M.T. and SerranoRios, M., (2013). "Serum Circulating microRNA Profiling for 

Identification of Potential Type 2 Diabetes and Obesity Biomarkers". Plos One, 

8: e77251. 

[267] Jansen, F.,Yang, X., Proebsting, S., Hoelscher, M., Przybilla, D., Baumann, K., 

Schmitz, T., Dolf,A., Endl, E., Franklin, B.S., Sinning, J.M., Vasa-Nicotera, 

M.,  Nickenig, G. and Werner, N., (2014). "MicroRNA expression in 

circulating microvesicles predicts cardiovascular events in patients with 

coronary artery disease". J. Am. Heart. Assoc, 3: e001249. 

[268] Madhyastha, R., Madhyastha, H., Nakajima, Y., Omura, S. and Maruyama, M., 

(2012). "MicroRNA signature in diabetic wound healing: Promotive role of 

MIR-21 in fibroblast migration". Int. Wound J, 9: 355–361. 

[269] Meng, S., Cao, J., Zhang, X., Fan, Y., Fang, L., Wang, C., Lv, Z., Fu, D. and 

Li, Y., (2013). "Downregulation of microRNA-130a contributes to endothelial 

progenitor cell dysfunction in diabetic patients via its target Runx3". PLoS 

ONE, 8: e68611. 

[270] Dassanayaka, S. and Jones, S.P., (2015). "Recent Developments in Heart 

Failure". Circ. Res, 117: e58–e63. 

[271] Ponikowski, P., Adriaan, A., Voors, A., Anker, S.D., Bueno, H., Cleland, 

J.G.F., Coats, A.J.S.,  VolkmarFalk, V.,´nGonza ´lez-Juanatey, J.R., 

Harjola,V., Jankowska, E.A., Jessup, M., Linde, C., Nihoyannopoulos, P., 

Parissis, J.T., Pieske, B., Riley, J.P., Rosano, G.M.C., Ruilope ,L.M., 

Ruschitzka,F.,  Rutten, F.H. and van der Meer,P., (2016). "2016 ESC 

Guidelines for the diagnosis and treatment of acute and chronic heart failure 

:The Task Force for the diagnosis and treatment of acute and chronic heart 

failure of the European Society of Cardiology (ESC)/Developed with the 

special contribution of the Heart Failure Association (HFA) of the ESC". 

European Heart Journal, 37: 2129–2200. 

[272] Wang, T.J., (2003). "Natural history of asymptomatic left ventricular systolic 

dysfunction in the community". Circulation, 108: 977–982. 

[273] Kelder, J.C., Cramer, M.J., vanWijngaarden, J., vanTooren, R., Mosterd, A., 

Moons, K.G.M., Lammers, J.W., Cowie, M.R., Grobbee, D.E. and Hoes, A.W., 

(2011). "The diagnostic value of physical examination and additional testing in 

primary care patients with suspected heart failure". Circulation, 124: 2865–

2873. 

[274] Oudejans, I., Mosterd, A., Bloemen, J.A., Valk, M.J., Van Velzen, E., 

Wielders, J.P., Zuithoff, N.P., Rutten, F.H. and Hoes, A.W., (2011). "Clinical 

evaluation of geriatric outpatients with suspected heart failure: value of 

symptoms, signs, and additional tests". Eur. J. Heart Fail, 13: 518–527. 



88 
 

[275] Fonseca, C., (2006). "Diagnosis of heart failure in primary care". Heart Fail. 

Rev, 11: 95–107. 

[276] Mant , J., Doust, J., Roalfe, A., Barton, P., Cowie, M.R., Glasziou, P., Mant, 

D., McManus, R.J., Holder, R., Deeks, J., Fletcher, K., Qume, M., Sohanpal, 

S., Sanders, S. and Hobbs, F.D.R., (2009). "Systematic review and individual 

patient data meta-analysis of diagnosis of heart failure, with modelling of 

implications of different diagnostic strategies in primary care". Health Technol. 

Assess, 13: 1–207, iii. 

[277] Boonman-de Winter, L.J.M., Rutten, F.H., Cramer, M.J., Landman, M.J., 

Zuithoff, N.P.A., Liem,A.H. and Hoes, A.W., (2015). "Efficientlyscreening 

heart failure in patients with type 2 diabetes". Eur J Heart Fail, 17: 187–195. 

[278] vanRiet, E.E.S., Hoes, A.W., Limburg, A., Landman, M.A.J., vanderHoeven, 

H. and Rutten, F.H., (2014). "Prevalence of unrecognized heart failure in older 

persons with shortness of breath on exertion". Eur. J. Heart Fail, 16: 772–777. 

[279] Hawkins, N.M., Petrie, M.C., Jhund, P.S., Chalmers, G.W., Dunn, F.G. and 

McMurray, J.J.V., (2009). "Heart failure and chronic obstructive pulmonary 

disease :diagnostic pitfalls and epidemiology". Eur. J. Heart Fail, 11: 130–139. 

[280] Daniels, L.B., Clopton, P., Bhalla, V., Krishnaswamy, P., Nowak, R.M., 

McCord, J., Hollander, J.E., Duc, P., Omland, T., Storrow, A.B., Abraham, 

W.T., Wu, A.H.B., Steg, P.G., Westheim, A., Knudsen, C.W., Perez ,A., 

Kazanegra, R., Herrmann, H.C., McCullough, P.A. and Maisel, A.S., (2006). 

"How obesity affects the cut-points for B-type natriuretic peptide in the 

diagnosis of acute heart failure. Results from the Breathing Not Properly 

Multinational Study". Am. Heart. J, 151: 999–1005. 

[281] Rutten, F.H., Moons, K.G.M., Cramer, M-J.M., Grobbee, D.E., Zuithoff, 

N.P.A., Lammers, J.-W.J. and Hoes, A.W., (2005)."Recognising heart failure 

in elderly patients with stable chronic obstructive pulmonary disease in primary 

care: crosss ectionaldiagnostic study". BMJ, 331: 1379. 

[282] Wong, C.M., Hawkins, N.M., Petrie, M.C., Jhund, P.S., Gardner, R.S., Ariti, 

C.A., Poppe, K.K., Earle, N., Whalley, G.A., Squire, I.B., Doughty, R.N. and 

McMurray, J.J.V., (2014). "Heart failure in younger patients: the Meta-analysis 

Global Group in Chronic Heart Failure (MAGGIC)". Eur. Heart J, 35: 2714–

2721. 

[283] Wong, C.M., Hawkins, N.M., Jhund, P.S., MacDonald, M.R., Solomon, S.D., 

Granger, C.B., Yusuf, S., Pfeffer, M.A., Swedberg, K., Petrie, M.C. and 

McMurray, J.J.V., (2013). "Clinical characteristics and outcomes of young and 

very young adults with heart failure: the CHARM programme (Candesartan in 

Heart Failure Assessment of Reduction in Mortality and Morbidity)". J. Am. 

Coll. Cardiol, 62: 1845–1854. 

[284] Ohtani,T., Mohammed, S.F. and Yamamoto, K., (2012). "Diastolic stiffness as 

assessed by diastolic wall strain  is associated with adverse remodeling and 

poor outcomes in heart failure with preserved ejection fraction". Eur. Heart J, 

33: 1742–1749. 

[285] Maisel, A.S., Shah, K.S., Barnard, D., Jaski, B., Frivvold, G., Marais, J., Azer, 

M., Miyamoto, M.I., Lombardo, D., Kelsay, D., Qbal, N., Taub, P.R., Kupfer, 

K., Lee, E., Clopton, P., Zile, M., and  Greenberg, B., (2016). "How B-Type 



89 
 

Natriuretic Peptide (BNP) and Body Weight Changes Vary in Heart Failure 

With Preserved Ejection Fraction Compared With Reduced Ejection Fraction: 

Secondary Results of the HABIT (HF Assessment With BNP in the Home) 

Trial". Journal of Cardiac Failure, 22 (4) :283-293. 

[286] Bhella, P.S., Prasad, A., Heinicke, K., Hastings, J.L., Arbab-Zadeh, A., 

Adams-Huet, B., Pacini, E.L.,Shibata, S., Palmer, M.D. and Newcomer, B.R., 

(2011). "Abnormal haemodynamic response to exercise in heart failure with 

preserved ejection fraction". Eur. J. Heart Fail, 13: 1296–1304.  

[287] Maeder, M.T., Thompson, B.R., Brunner-La Rocca, H.-P. and Kaye, D.M., 

(2010). "Hemodynamic basis of exercise limitation in patients with heart 

failure and normal ejection fraction". J. Am. Coll. Cardiol, 56: 855–863.  

[288] Angadi, S.S., Mookadam, F., Lee, C.D., Tucker, W.J., Haykowsky, M.J, and 

Gaesser, G.A., ((1985)2015). "High-intensity interval training vs. moderate-

intensity continuous exercise training in heart failure with preserved ejection 

fraction: A pilot study". J. Appl. Physiol, 119: 753–758.  

[289] Paulus, W.J. and Tschöpe, C., (2013). "A novel paradigm for heart failure with 

preserved ejection fraction: Comorbidities drive myocardial dysfunction and 

remodeling through coronary microvascular endothelial inflammation". J. Am. 

Coll. Cardiol, 62: 263–271. 

[290] Inamdar , A.A. and Inamdar, A.C., (2016). "Heart Failure: Diagnosis, 

Management and Utilization". J. Clin. Med, 5 (62): 1-28. 

[291] Kolovou, G., Marvaki, A. and Bilianou, H., (2011). "One more look at 

guidelines for primary and secondary prevention of cardiovascular disease in 

women". Arch. Med. Sci, 7: 747-755. 

[292] Bell, D.S.H., (1995). "Diabetic cardiomyopathy: a unique entity or a  

complication of coronary artery disease?". Diabetes Care, 18: 708-14. 

[293] Cowie, M.R., Mosterd,  A. And Wood, D.A., (1997). "The epidemiology of 

HF". Eur. Heart J, 18: 208-225. 

[294] Nichols, G.A., Hiller, T.A., Erbey, J.R. and Brown, J.B., (2001). "Congestive 

heart failure in type 2 diabetes: prevalence, incidence, and risk factors". 

Diabetes Care, 24: 1614-9. 

[295] Delea, T.E., Edelsberg, J.S., Hagiwara, M., Oster, G, and Phillips, L.S., (2003). 

"Use of thiazolidinediones and risk of heart failure in people with type 2 

diabetes: a  retrospective cohort study". Diabetes Care, 26: 2983-2989. 

[296] Kasznicki, J. and Drzewoski,J., (2014). "Heart failure in the diabetic 

population – pathophysiology, diagnosis and management". Arch. Med. Sci, 10 

(3): 546–556. 

[297] Kannel, W.B. and McGee, D.L., (1979). "Diabetes and cardiovascular disease: 

the Framingham study". JAMA, 241: 2035-8. 

[298] Hamby, R.I., Zoneraich, S. and Sherman, L., (1974). "Diabetic 

cardiomyopathy". JAMA, 229: 1749-1754. 

[299] Lind, M., Bounias, I., Olsson, M., Gudbjornsdottir, S., Svenson, A.M. and 

Rosengren, A., (2011). "Glycaemic control and incidence of heart failure in 



90 
 

20985 patients with type 1 diabetes: an observational study". Lancet, 378: 140-

146. 

[300] Bertoni, A.G., Tsai, A., Kasper, E.K. and Brancati, F.L., (2003). "Diabetes and 

idiopathic cardiomyopathy: a nationwide case-control study". Diabetes Care, 

26: 2791-2795. 

[301] Ryden, L., Armstrong, P.W. and Cleland, J.G., (2000). "Efficacy and safety of 

high-dose lisinopril in chronic heart failure patients at high cardiovascular risk, 

including those with diabetes mellitus. Results from the ATLAS trial". Eur. 

Heart J, 21: 1967-1978. 

[302] Shindler, D.M., Kostis, J.B. and Yusuf, S., (1996). "Diabetes mellitus, a 

predictor of morbidity and mortality in the studies of the left ventricular 

dysfunction (SOLVD) trials and registry". Am. J. Cardiol, 77: 1017-1020. 

[303] Maru, S., Koch, G.G. and Stender, M., (2005). "Antidiabetic drugs and heart 

failure risk in patients with type 2 diabetes in the U.K. Primary Care Setting". 

Diabetes Care, 28: 20-26. 

[304] Piccini, J.P., Klein, L., Gheorghiade, M. and Bonow, R.O., (2004). "New 

insights into diastolic heart failure : role of diabetes mellitus". Am.Med., 116 

(5A): 64s-75s. 

[305] del Cañizo-Gómez, F.J. and MoreiraAndrés, M.N., (2008). "Strict control of 

modifiable cardiovascular risk factors in patients with Type 2 diabetes 

mellitus". Med. Clin. (Barc.), 130 (17): 641-644. 

[306] Gaede, P., Vedel, P., Larsen, N. And Jensen, G.V.H., (2003). "Multifactorial 

intervention and cardiovascular disease in patients with Type 2 diabetes". N. 

Engl. J. Med, 348 (5): 383-393. 

[307] Liu, J.E., Palmieri, V. and Roman, M.J., (2001). "The impact of diabetes on 

left ventricular filling pattern in normotensive and hypertensive adults: the 

Strong Heart Study". J. Am. Coll. Cardiol, 37: 1943-1949. 

[308] Schannwell, C.M., Schneppenheim, M., Perings, S., Plehn, G. and Strauer, 

B.E., (2002). "Left ventricular diastolic dysfunction as an early manifestation 

of diabetic cardiomyopathy". Cardiology, 98: 33-39. 

[309] Zhi, Y.F., Johannes, B.P. and Marwick, J.H., (2004). "Diabetic 

cardiomyopathy: evidences, mechanism and therapeutic implications". Endocr. 

Rev, 25: 543-567. 

[310] Carugo, S., Giannattasio, C., Calchera, I., (2001). "Progression of functional 

and structural cardiac alterations in young normotensive uncomplicated 

patients with type 1 diabetes mellitus". J. Hypertens, 19: 1675-1680. 

[311] Raji, A., Gerhard-Herman, M.D., Warren, M., (2004). "Insulin resistance and 

vascular dysfunction in nondiabetic Asian Indians". J. Clin. Endocrinol. Metab, 

89: 3965-3972. 

[312] Snehalatha, C., Mukesh, B., Simon, M., (2003). "Plasma adiponectin is an 

independent predictor of type 2 diabetes in Asian Indians". Diabetes Care, 

26:3226-3229. 



91 
 

[313] Kataoka, Y., Yasuda, S., Morii, I., Otsuka, Y., Kawamura, A. and Miyazaki, 

S., (2005). "Quantitative coronary angiographic studies of patients with angina 

pectoris and impaired glucose tolerance". Diabetes Care, 28: 2217-2222. 

[314] Liu, F.T. and Rabinovich, G.A., (2005). "Galectins as modulators of tumour 

progression". Nat. Rev. Cancer, 5 (1): 29–41. 

[315] Nakahara, S., Oka, N. and Raz, A., (2005). "On the role of galectin-3 in cancer 

apoptosis". Apoptosis, 10 (2): 267–275. 

[316] Mazurek, N., Sun, Y.J., Liu, K.F., (2007). "Phosphorylated galectin-3 mediates 

tumor necrosis factor-related apoptosis-inducing ligand signaling by regulating 

phosphatase and tensin homologue deleted on chromosome 10 in human breast 

carcinoma cells". J. Biol. Chem, 282 (29): 21337–21348. 

[317] Nakahara, S., Oka, N., Wang, Y., Hogan, V., Inohara, H. and Raz, A., (2006). 

"Characterization of the nuclear import pathways of galectin-3". Cancer Res, 

66 (20): 9995–10006. 

[318] Liu, F.T. and Rabinovich, G.A., (2010). "Galectins: regulators of acute and 

chronic inflammation". Ann. N Y Acad. Sci, 1183: 158–182. 

[319] Yang, R.Y. and Liu, F.T., (2003). "Galectins in cell growth and apoptosis". 

Cell Mol. Life Sci, 60 (2): 267–276. 

[320] Cooper, D.N., (2002). "Galectinomics: finding themes in complexity". 

Biochim. Biophys. Acta, 1572: 209-231.  

[321] Elola, M.T., Wolfenstein-Todel, C., Troncoso, M.F., Vasta, G.R. and 

Rabinovich, G.A., (2007). "Galectins: matricellular glycan-binding proteins 

linking cell adhesion, migration, and survival". Cell Mol. Life Sci, 64: 1679-

1700. 

[322] Zou, J., Glinsky, V.V., Landon, L.A., Matthews, L. and Deutscher, S.L., 

(2005). "Peptides specific to the galectin-3 carbohydrate recognition domain 

inhibit metastasis-associated cancer cell adhesion". Carcinogenesis, 26 (2): 

309–318. 

[323] Menon, R.P. and Hughes, R.C., (1999). "Determinants in the N-terminal 

domains of galectin-3 for secretion by a novel pathway circumventing the 

endoplasmic reticulum-Golgi complex". Eur. J. Biochem, 264: 569–576. 

[324] Li, H., Fan, X. and Houghton, J., (2007). Tumor microenvironment: the role of 

the tumor stroma in cancer". J. Cell Biochem, 101 (4): 805–815. 

[325] Davidson, P.J., Li, S.Y., Lohse, A.G., (2006). "Transport of galectin-3 between 

the nucleus and cytoplasm. A conditions and signals for nuclear import". 

Glycobiology, 16 (7): 602–611. 

[326] Davidson, P.J., Davis, M.J., Patterson, R.J., Ripoche, M.A., Poirier, F. and 

Wang, J.L., (2002). "Shuttling of galectin-3 between the nucleus and 

cytoplasm". Glycobiology, 12 (5): 329–337. 

[327] Nickel, W., (2005). "Unconventional secretory routes: direct protein export 

across the plasma membrane of mammalian cells". Traffic, 6 (8): 607–614. 

[328] Califice, S., Castronovo, V., Bracke, M. and van den Brule, F., (2004). "Dual 

activities of galectin-3 in human prostate cancer: tumor suppression of nuclear 



92 
 

galectin-3 vs tumor promotion of cytoplasmic galectin-3". Oncogene, 23 (45): 

7527–7536. 

[329] de Oliveria, F.L., Gatto, M., Bassi, N., Luisetto, R. and Ghirardello,A., (2015). 

"Galectin-3 in autoimmunity and autoimmune diseases". Experimental Biology 

and Medicine, 240 (8): 1019-1028. 

[330] de Boer, R.A., Yu, L. and van Veldhuisen, D.J., (2010). "Galectin-3 in cardiac 

remodeling and heart failure". Curr. Heart Fail. Rep, 7: 1-8. 

[331] Ochieng, J., Furtak, V. and Lukyanov, P., (2004). "Extracellular functions of 

galectin-3". Glycoconj. J, 19: 527-535.   

[332] Le Mercier, M., Lefranc, F., Mijatovic, T., (2008). "Evidence of galectin-1 

involvement in glioma chemoresistance". Toxicol. Appl. Pharmacol., 229 (2): 

172–183. 

[333] Fukumori, T., Kanayama, H.O. and Raz, A., (2007). "The role of galectin-3 in 

cancer drug resistance". Drug Resist, Updat, 10 (3): 101–108. 

[334] Ochieng, J. and Warfield, P., (1995). "Galectin-3 binding potentials of mouse 

tumor EHS and human placental laminins". Biochem. Biophys. Res. Commun, 

217: 402-406. 

[335] Wan ,L. and Liu,F., (2016). "Galectin-3 and Inflammation". Glycobiology 

Insights, 6 : 1–9. 

[336] Funasaka, T., Balan, V., Raz, A. and Wong, R.W., (2013). "Nucleoporin 

Nup98 mediates galectin-3 nuclear-cytoplasmic trafficking". Biochem. 

Biophys. Res. Commun, 434 (1): 155–161. 

[337] Wang, Y., Balan, V., Kho, D., Hogan, V., Nangia-Makker, P. and Raz, A., 

(2013). "Galectin-3 regulates p21 stability in human prostate cancer cells". 

Oncogene, 32 (42): 5058–506. 

[338] Liu, L., Sakai, T., Tran, N.H., Mukai-Sakai, R., Kaji, R. and Fukui, K., (2009). 

"Nucling interacts with nuclear factor-kappaB, regulating its cellular 

distribution". FEBSJ, 276 (5): 1459–1470.  

[339] Saegusa, J., Hsu, D.K., Liu, W., (2008). "Galectin-3 protects keratinocytes 

from UVBinduced apoptosis by enhancing AKT activation and suppressing 

ERK activation". J.Invest.Dermatol, 128 (10): 2403–2411.  

[340] Dumic, J., Dabelic, S. and Flogel, M., (2006). "Galectin-3: an open-ended 

story". Biochim. Biophys. Acta., 1760 (4): 616–635. 

[341] Ahmad, T., Fiuzat, M., Felker, G.M. and O'Connor, C., (2012). "Novel 

biomarkers in chronic heart failure". Nat. Rev. Cardiol, 9: 347359. 

[342] Abedin, M.J., Kashio, Y., Seki, M., Nakamura, K. and Hirashima, M., (2003). 

"Potential roles of galectins in myeloid differentiation into three different 

lineages". J. Leukoc. Biol, 73 (5): 650–656. 

[343] Kim, H., Lee, J., Hyun, J.W., (2007). "Expression and immunohistochemical 

localization of galectin-3 in various mouse tissues". Cell Biol. Int, 31: 655–

662.  



93 
 

[344] Ozturk, D., Celik, O., Satilmis, S., (2015). "Association between serum 

galectin-3 levels and coronary atherosclerosis and plaque burden/structure in 

patients with type 2 diabetes mellitus". Coron. Artery Dis, 26 (5): 396–401. 

[345] Seferovic, J.P., Lalic, N.M., Floridi, F., (2014). "Structural myocardial 

alterations in diabetes and hypertension: the role of galectin-3". Clin. Chem. 

Lab. Med, 52 (10): 1499–1505. 

[346] Yilmaz, H., Cakmak, M., Inan, O., Darcin, T. and Akcay, A., (2014). 

"Increased levels of galectin-3 were associated with prediabetes and diabetes: 

new risk factor?". J.Endocrinol. Invest, 38 (5): 527–533.  

[347] Jin, Q.H., Lou, Y.F., Li, T.L., Chen, H.H., Liu, Q. and He, X.J., (2013). 

"Serum galectin-3: a risk factor for vascular complications in type 2 diabetes 

mellitus". Chin. Med. J. (Engl), 126 (11): 2109–2115.  

[348] de Boer, R.A., van Veldhuisen, D.J., Gansevoort, R.T., (2012). "The fibrosis 

marker galectin-3 and outcome in the general population". J. Intern. Med, 272 

(1): 55–64.  

[349] Falcone, C., Lucibello, S., Mazzucchelli, I., (2011). "Galectin-3 plasma levels 

and coronary artery disease: a new possible biomarker of acute coronary 

syndrome". Int. J. Immunopathol. Pharmacol, 24 (4): 905–913. 

[350] van Kimmenade, R.R., Januzzi, J.L., Ellinor, P.T., (2006). "Utility of 

aminoterminal pro-brain natriuretic peptide, galectin-3, and apelin for the 

evaluation of patients with acute heart failure". J. Am. Coll. Cardiol, 48: 1217–

1224. 

[351] Shah, K.S, and  Maisel, A.S., (2014). "Novel Biomarkers in Heart Failure with 

Preserved Ejection Fraction". Heart Failure Clin, 10 : 471–479. 

[352] Sa´nchez, F.J.C., (2011). "Galectin-3-independent prognosis in heart failure". 

Clin. Res. Cardiol, 100: 183. 

[353] Stoica, A., Sorodoc, V.,  Lionte, C., Jaba, I.M., Costache, I.;, Anisie, E., 

Tuchilus, C., Petris, O.R., Sıˆrbu, O., Jaba, E., Ceasovschih, A., Vaˆta, L. and 

Sorodoc, L., (2018). "Acute cardiac dyspnea in the emergency department: 

diagnostic value of N-termina prohormone of brain natriuretic peptide and 

galectin-3". Journal of International Medical Research, 0 (0): 1-14.  

[354] Thandavarayan, R.A., Watanabe, K., Ma, M.,  (2008). "14-3-3 protein 

regulates Ask1 signaling and protects against diabetic cardiomyopathy". 

Biochem. Pharmacol, 75: 1797-1806. 
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