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Abstract 

Advances in molecular genetics have identified several species of RNA that fail to translate – 

hence the non-coding RNAs. The two major groups within this class of nucleic acids are 

microRNAs (miRNA) and long non-coding RNAs (lncRNA). There is growing body of evidence 

supporting the view that these molecules have regulatory effect on both DNA and RNA. The 

objective of this brief review is to explain the molecular genetic of these molecules, to 

summarise their potential as mediators of disease, and to highlight their value as diagnostic 

markers and as tools in disease management. 
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Introduction 

The human genome of nuclear and mitochondrial DNA is believed to contain some 6.4 

billion nucleotides arranged as 3.2 billion base pairs, many of which are arranges as genes. Some 

70-90% of the genome is transcribed, the remainder being introns (intervening sections between 

functioning genes), and which include some 14,000 pseudogenes (genes that have become non-

functioning, probably because of inconsequential change in the DNA) that comprise between 2% 

and 10% of the genome. Of the genomic DNA that is transcribed, 60% is processed into viable, 

functional RNA, and includes 20,000 genes that will go on to code for proteins (~2% of the 

genome) and around 22,000 genes that do not go on to code for protein (i.e. are non-coding 

RNAs). Mitochondrial DNA contrasts with nuclear DNA in that almost 93% is coding, and there 

are no introns. The non-coding RNAs include transfer RNA  (10-15% of total RNA), ribosomal 

RNA (80-90%), circular RNA, small-interfering RNA, small nuclear RNA, PIWI-interacting 

RNA (26-31 nucleotides, PIWI being a protein with regulatory activity in stem cell 

differentiation),  and small nucleolar RNA (all <1%), and there are some 15,000 pseudogenes 

(comprising 2 – 10% of the genome). Two other groups are recognised and can be classified by 

their size into those of around 22 nucleotides in length, and those of over 200 nucleotides: 

respectively, microRNAs (miRNAs, 0.003 – 0.02% of total RNA) and long-non coding RNAs 

(lncRNAs, 0.06 – 0.2%)(1-4). Both have roles in physiology and pathology, and their detection 

in blood and tissues, using techniques in molecular genetics, allows scientists to develop them as 
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potential tools as biomarkers in the diagnosis of a diverse group of diseases (6-8). Furthermore, 

in several cases interacting pharmaceuticals can be developed, and these may have a value in 

treatment. 

The objective of this brief review is to summarise the potential of microRNAs and long-

non-coding RNAs as mediators of disease, and to highlight their value as diagnostic markers of 

disease and as tools in disease management. 

 

MicroRNAs 

miRNAs are small regulatory sections of RNA coded for by nuclear DNA and 

transcribed by RNA polymerase II. With a few exceptions, each miRNA is named by miR- 

followed by a designated number, their function being to silence their complementary mRNA, 

either by RNA cleavage or by suppression of translation. Indeed, it has been suggested that 

miRNAs target a third of all human genes, and there are instances where a miRNA increases the 

expression of its target mRNA, and some where the target can be DNA (as in the case of miR-

373, coded for at 19q13.4)(9). The concept of RNA inhibiting other RNA can be traced back to 

the 1980, with the production of synthetic antisense RNAs with biological activity (10). 

However, perhaps the earliest demonstration of an miRNA was lin-14 in the nematode worm 

Caenorhabditis elegans in 1993, and in our own species in 2002 where they are now estimated to 

regulate somewhere between a third and 60% of genes in the genome (11,12).   

The initial synthesis of an miRNA transcript by a polymerase generates a pri-miRNA 

molecule which in secondary structure has a hairpin shape. 5’ and 3’ tails are trimmed within the 

nucleus by Drosha, a ribonuclease III, yielding a ~60 nucleotide pre-miRNA that translocates to 
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the cytoplasm and binds with Dicer, an endonuclease that dissociates the secondary structure. 

One of the single stands, in conjunction with a protein called Argonaute, forms an RNA-induced 

silencing complex (RISC). The single strand miRNA binds to is target mRNA within the RISC, 

resulting in the degradation of the message (5,6,12). Genes coding for miRNAs may be found by 

themselves, or in polycistron clusters that together may contain >33% of the total miRNA pool 

(13). One cluster, that of miR-17-92 at 13q31-q3, produces seven mature miRNAs: miR-17-3p, 

miR-17-5p, miR-18a, miR-19a, miR-19b, miR-20a, and 92a. More than 30 downstream targets 

of these miRNAs have been reported in diverse conditions – stroke, heart disease, bone 

development and in cancer. The ever-expanding field of miRNA forces us to focus on only a few 

areas of pathology. 

 

miRNAs in haemopoiesis 

 Several miRNAs – miR-29a, miR-126, miR-155 and miR-125a/b – are expressed in 

haemopoietic stem cells and over-expression or inhibition can influence stem cell biology, whilst 

miR-23 may part-regulate erythropoiesis (3,14,15). Indeed, as other miRNAs, principally miR-

221/222 and miR-223, are involved in erythroid differentiation, there is potential for these 

molecules to be engineered into mimics that will stimulate red blood cell production in certain 

anaemias (16). An example of this may be the manipulation of transcription factor MYB by miR-

15a and miR-16-1 in elevating foetal haemoglobin levels and so hopefully transfer this 

technology to sickle cell disease and -thalassaemia. (17). Multiple miRNAs, including miR-17-

92, miR-34a, miR-150 and miR-181, regulate early B lymphocyte differentiation, whilst 
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expression of miR-125b directs differentiation away from the B-cell lineage and towards the 

myeloid lineage (18,19). 

 Given the role of miRNAs in haemopoiesis, it is perhaps not surprising to find that they 

have roles in leukocyte malignancies (7,19,20). One of the first reports of miRNA in cancer was 

in chronic lymphocytic leukaemia (CLL)(21). miR-15 and miR16 are coded at 13q14, and are 

deleted or down-regulated in over two-thirds of cases of CLL. Their expression inversely 

correlates with the expression of BCL-2, a mitochondrial protein with roles in apoptosis. Further 

links between miRNAs and CLL are demonstrated by the report that of a 

deregulated miR expression pattern (miR-34a, miR-29 and miR-17-5p) in patients with deleted 

and/or mutated tumour suppressor p53 (22). Silencing miR-330-5p in vitro down regulates 

markers of leukaemogenesis (23), whilst epigenetic methylation of tumour suppressor miR-340-

5p is a likely early event in myelomagenesis (24). Observations of this nature prompt the 

possibility of using miRNAs in a clinical setting as therapeutics. miR-650 in CLL provides a 

further case model, being coded for by a gene close to the immunoglobulin kappa light chain 

(IgL ) gene (25). One suggestion for a relationship between the two is that the IgL  promotor is 

an enhancer element for miR-650. The link with transformation is that miR-650 reduces the 

expression of CKD1, a key component of the control of the cell cycle checkpoint at G1/S. 

Notably, CLL patients with higher expression of miR-650 had improved survival and a longer 

time to first treatment, suggesting clinical relevance and a role in management. 

 

miRNAs in solid tissue cancer 
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 The list of miRNAs with likely roles in cancer grows exponentially, and in this disease 

many (such as those of the let-7 family) act to inhibit tumour suppressors (such as p53, MYC, 

and Rb, often regulators of the cell cycle), whilst others (such as the miR-17-92 cluster and miR-

155) may also act as oncogenes in their own right, and some (such as miR-165 and miR-166) 

have epigenetic effects (6,9,26,27).  Investigation of these molecules has enriched our knowledge 

of the molecular genetics of carcinogenesis (26-28). For example, the product of HMGA2 at 

12q14.3 (previously HMGI-C) is a transcription factor named high-mobility AT-hook 2 

(HMGA2) with physiological roles in embryological growth (29). However, upstream 

chromosomal disturbances, such as at 12q13-15, can influence the open reading frames of 

HMGA2 may result in its overexpression and so neoplastic transformation. The miRNA let-7 can 

destabilise the HMGA2 message, and so interrupt this transformation, therefore acting as a 

classic tumour suppressor. (30).  Low expression of let-7 can be found in many cases of lung 

cancer (27), a presumed mechanism being that loss of the miRNA permits the oncogenic mRNA 

to develop the malignancy. 

 One of the key features of the development of a metastatic potential is the epithelial-

mesenchymal transition (EMT)(31). miRNA-10 regulates this process in hepatoma cells, and so 

may be important in hepatocellular carcinoma, whilst several, such as miR-19 and miR-150, are 

linked with the transition in lung cancer (32,33). miR-181a is up-regulated, and miR-630 down 

regulated in hepatocellular carcinoma, and influence the EMT, possibly by an effect of 

transforming growth factor-  (34). An important aspect of the ‘escape’ of a tumour cell from the 

extracellular matrix and from other cells is loss of adhesive molecules such as integrins – the 

process of anoikis (35). Over-expression of miR-124 promotes anoikis of colorectal cancer cells 

in vitro and in vivo (36). A third aspect of tumour development and metastasis is angiogenesis, 
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the latter in promoting blood vessel development via growth factors such as VEGF and PDGF. 

Many miRNAs have been linked to this crucial process: for example, miR-9 and miR-494 have 

been described as pro-angiogenic, whilst miR-128 and miR-200 inhibit angiogenesis (37). Table 

1 shows a small and selected collection of miRNAs and the cancers with which they are 

associated, table 2 shows some that are linked to the promotion or suppression of malignancy 

(38,39). 

 

miRNAs in cardiovascular disease 

 Emphasis on miRNAs in this disease is often directed at the risk factors for 

atherosclerosis. One of the leading examples of a single gene defect bringing an enhanced risk of 

cardiovascular disease is that of familial hypercholesterolaemia. miR-34a may have role in the 

translation of apoB100, miRs 185, 148a and 128-1 in that of the LDL receptor, and miR-22 in 

PCSK9 mRNA translation (40). Vascular smooth muscle cells (VSMCs) are induced to 

vasodilate by nitric oxide (NO), low levels of which may result from endothelial cell damage and 

so cause hypertension. miR-155 is reported to suppress endothelial NO synthase, whilst a 

network of miRNAs are involved in VSMC contractile/synthetic phenotypes (41). Numerous 

miRNAs are implicated in various aspects of the pathogenesis of diabetes, such as adipose 

differentiation, insulin resistance and secretion, and in -cell development, whilst in particular, 

miR-25 is downregulated and miRNA 9 upregulated in diabetic neuropathy (42).  

Given the involvement in miRNAs in the risk factors for atherosclerosis, it is therefore 

not unexpected that there should be roles for these molecules in the disease itself in general, and 

coronary artery disease in specific. The inflammation theory of atherosclerosis includes 
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activation of the transcription factor NF- B, which plays an important part of factors that 

regulate inflammatory cytokines, matrix metalloproteinases and pro-coagulant tissue factor in 

atherosclerotic plaques (43). NF- B may be activated by second messengers such as MAPK and 

Akt, which in turn can be activated by several miRNAs, including miRNA-195, miRNA-155-5p, 

miRNA-30e-3p and MiRNA-455-3p, but NF- B may be inhibited by miR-127 (44). Numerous 

miRNAs are upregulated or downregulated in myocardial infarction (miR-195, miR-294), 

chronic heart failure (miR-133), hypertrophic cardiomyopathy (miR-204, miR-139-5p), dilated 

cardiomyopathy (miR-148a, miR-308b) and stroke (miR-574-3p)(45-47) 

miRNAs as diagnostic tools 

 Improving our knowledge of the cell biology or pathophysiology of disease X or 

syndrome Y is all very well, but this knowledge must be applied to the care of our patients. 

There are numerous examples of differences in miRNAs in the malignant tissues compared with 

healthy tissues: miR-21 is higher expressed in malignant osteosarcoma tissue compared to 

nearby normal bone tissue (48), miR-199a-3p is down regulated, whilst miR-146b is highly 

expressed in thyroid cancer compared to normal thyroid tissue (49,50), miR-600 is down-

regulated in breast tumours (51), let-7 and miR-935 are down-regulated in lung cancer tissues 

(52,53), and the ratio between miR-196a and miR-217 can help diagnose a malignant versus a 

benign pancreatic tissues (54).  

Notwithstanding the value of biopsy or resected material, a blood test is far preferable, of 

which there are hundreds of examples, any of which also tell of the extent of the particular 

disease.  Serum levels of miR-124 are reduced in pancreatic ductal adenocarcinoma compared to 

chronic pancreatitis and normal controls. Furthermore, levels in those with lymph node 
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metastases were a third those without these metastases and were less than half in those with 

advanced stages compared to early stages of the disease. However, this is not disease specific, as 

variants of miR-124 in DNA from peripheral blood may also be linked to gastric cancer (55,56). 

Combinations of miRNAs may also be useful: serum miR-152, miR-24 are lower whilst miR-

222 and miR-150 are higher in uterine sarcoma compared to controls, and levels of all four 

miRNAs reflect the stage of the cancer (57).  Breast and lung cancers are further examples of 

disease where good markers are needed. Serum miR-520f is lower in lung cancer, whilst variants 

of miR-27a and miR-146a, but not miR-196a2, in whole blood genomic DNA predict the 

presence of breast cancer (58,59). 

miRNAs are also of interest in cardiovascular disease. Many miRNAs are altered in 

infarcted myocardial tissues, including miR-302b, whose target genes are the receptor for 

transforming growth factor , and neurofibroin-1 (60). Serum miRNA-302b are higher in those 

having recently suffered an acute myocardial infarction, but, of course, so is troponin I, CK and 

CKMB (61). However, the miRNA provided the best area under the curve (AUC) of a receiver 

operator characteristic (ROC) analysis at 0.95 compared to 0.91, 0.72 and 0.82 respectively. It is 

unclear whether the increases in miR-302b are the consequence of the infarction or preceded the 

event. With strong correlations between the miRNA and the three cardiac markers (r= 0.79 – 

0.92) it is tempting to speculate that levels arise from damaged cardiomyocytes. Early prediction 

of rejection following heart transplantation, defined by biopsy, is crucial, and may develop in up 

to 305 of recipients in their first year. In an initial cohort of 506, levels of miR-29 were raised 

compared to controls, fell in the years after transplant, but increased in those at risk of rejection 

(62). Analysing DNA from whole blood, levels of miR-126 are lower in diabetes, and lower still 

in diabetes plus coronary artery disease (CAD), whilst levels of miR-210 were the reverse: raised 
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five-fold in diabetes, but 20-fold in diabetes plus CAD (63). In the diabetics and the diabetics 

with CAD, miR-126 correlated inversely with fasting glucose and HbA1c, whilst in both groups 

miR-210 correlated with lipid indices, but in diabetes plus CAD, miR-120 also correlated with 

indices of hyperglycaemia.  

The third great pathological process is autoimmunity, with rheumatoid arthritis (RA) to 

the fore, and again, with numerous examples of the presence of miRNAs (64,65). Increased 

levels of miR-146a in RA correlate with the ESR but not with the disease activity score, whilst 

miR-155 may have multiple role in disease progression (involvement with cytokines, apoptosis 

etc.) (66,67). But in the laboratory, we are not exactly short of cell or serum markers of this 

disease. It is therefore interesting to note that serum miR-201 in low in this disease, whereas 

serum miR-155 is high (67). Perhaps unsurprisingly, levels of both species correlate with 

swollen joint score, tender joint score, anti-CCP, RF, TNF- , IL-1 , the ESR and rheumatoid 

factor, but not age, and both correlate strongly with disease activity. But the big finding is the 

both miRNAs out-perform all the other laboratory indices described above in a multivariate 

analysis to distinguish RA from controls. Could these miRNAs become routine markers for this 

common disease? There is also literature on other autoimmune diseases such as SLE, Sjogren’s 

syndrome and inflammatory bowel disease (68-71). 

 

miRNAs in management 

Having made the diagnosis, can miRNAs help with managing the disease? There are 

ample examples of miRNAs being linked to disease severity (table 3)(73-77). Jimenez-Lucena 

and colleagues measured levels for four miRNAs in 462 patients with cardiovascular disease but 
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no diabetes (78). After a median follow-up of five years, 107 developed diabetes and 30 

developed pre-diabetes. High levels of miR-150 and miR-30a-5p but low levels of miR-15a and 

miR-375 were linked to the development of diabetes, findings that could be used to evaluate the 

risk of developing the disease, which may improve prediction and prevention among individuals 

at high risk for T2DM. But as with rheumatoid arthritis, the laboratory offer many potential 

disease markers in diabetes. Our colleagues from Spain performed a multivariate analysis, 

finding that all the standard clinical and demographic data together gave a ROC AUC of 0.71, 

rising to 0.76 when OGTT-derived indices were added, but the most significant was when 

clinical variables were added to the miRNAs, with an AUC of 0.79. Use of these markers may 

therefore help clinical decision-making in determining which patients are at greatest risk of 

disease progression, and so warrant the most urgent attention. The ultimate disease progression is 

non-survival, and miRNAs can also help determine those cancer patients with the worse outcome 

survival (table 4). 

So, we know that miRNAs can help with a diagnosis, and give an indication of disease 

progression, but what of treatment?  Numerous cell biology studies have shown that miRNAs 

can act as both tumour suppressors and oncogenes, and so make good potential targets, as in the 

case of miR-486 and myeloid leukaemia (70). miR-370 can interact with the epidermal growth 

factor receptor (EGFR), miR-140 with the fibroblast growth factor receptor, whilst miR-101, 

miR-200c and miR-338 may all interact with nuclear transcription factors and so influence EMT, 

invasion and metastasis (79). It follows that all these miRNAs give direction regarding potential 

manipulations, and so treatment (80).  

An example of this is the case of the oncoRNA miR-21. Classic cell biology and animal 

experiments showed that knockdown disrupts glioma cell growth (81), possibly by rescuing 
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tumour suppressors and/or involvement in other pathways such as that of the EGFR. Zhang et al 

showed that the combination of a monoclonal antibody to the EGFR (nimotuzumab) and an 

inhibitor of miR-21 is superior to single agent therapy (82). Whilst synthetic anti-sense nucleic 

acids are potential blocking agents, others have pseudo enzymatic catalytic activity (i.e. 

ribozymes) to degrade their target (83). Animal models work: inhibition of miR-208a in a rat 

model improves cardiac function and survival during heart failure (84), inhibition of miR-10b in 

a mouse model inhibits mammary tumour metastases (85), and inhibition of miR-21 in a mouse 

model of SLE reduces splenomegaly (86). The next step is to devise a safe and effective delivery 

system (such as nanoparticles and recombinant viral systems) so that these agents can enter the 

clinic (87,88). This has been achieved in a primate model, where a locked nucleic 

oligonucleotide complementary to miR-122 leads to suppression of a hepatitis C viraemia (89), 

and small phase 1 and 2 clinical trials of anti-miRNA oligonucleotide in our own species show 

very promising results (90,91). Other promising data comes from a variety of sources. 

Mipomersen is a 20-nucleotide antisense oligonucleotide engineered to inhibit the mRNA for 

apoB100: subcutaneous injections resulted in ~3% reductions in LDL and apoB100, and ~27% 

reductions in Lp(a) (92). It could be argued that small interfering RNAs (siRNAs) are different to 

miRNAs, but nevertheless they too can have direct clinical effect, as in reducing levels of LDL 

cholesterol (93,94), in stabilising advanced solid tumours (95), and in reducing the effect of an 

induced respiratory syncytial virus infection (96). We await other trails, and so marketing 

authorisations (97). 

 

Long non-coding RNAs 
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  This group comprises long (greater than 200 nucleotides) non-coding RNA 

(lncRNAs) molecules. Considerably less is known about lncRNAs, but, as there are estimated to 

be 50,000 – 60,000 such molecules, they may, collectively, be as important as miRNAs 

(2,3,98,99). Despite the much larger number of lncRNA species in the genome that by far 

exceeds that of miRNAs and protein coding genes, there is as yet no clear numbering system 

comparable to that of the miRNAs, and so are named by abbreviation, often reflecting their 

origin. Of the thousands of lncRNAs that have been identified, and the purpose of the vast 

majority remains obscure, although many are found in certain cancers and so may also (like 

miRNAs) have a role in carcinogenesis. Nevertheless at least six different functions for lncRNAs 

have been postulated: binding to intron/exon pre-mRNA boundaries in the nucleus, recruitment 

of mRNA editing enzymes (also within the nucleus), inhibiting mRNA translation at the 

ribosome, interference with the interaction between mRNA as a transport protein Staufen, acting 

as a sponge to mop up miRNAs, and masking mRNA sequences that enable its binding to the 

RNA-induced silencing complex. A further potential function is the generation of micropeptides 

resulting from transcribable open reading frames, and interaction with histones and chromatin-

associated  proteins (2,98).   

 An example of the potential multiple roles of lncRNAs is that of urothelial 

carcinoma-associated 1 (UCA1). Its oncogenic functions have been studies in colorectal, breast 

and bladder cancer, and acute myeloid leukaemia (100). It increases signal transduction 

pathways in prostate and hepatocellular cancers, promotes tumour progression by targeting miR-

193a-3p and miR-204-5p in lung and colorectal cancer respectively, and have role in regulating 

haem biosynthesis and erythropoiesis (101). Other examples include a functional variant in the 

lncRNA GAS5 which is linked to gastric cancer (102) and that of lncRNA Xist, which predicts 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

15 

 

the presence of lymph node metastases in oesophageal cancer (103), whilst several lncRNAs are 

implicated in the metastatic development of breast cancer (104). The wonderfully-named 

HOTAIR is linked to breast, oesophageal, gastric, colorectal, lung and renal cell cancers, whilst 

MALAT1 (metastasis associated lung adenocarcinoma transcript) has effects in lung and bladder 

cancer, osteosarcoma and lymphoma (98). Around the other way, lncRNAs H19, MALATI, 

SNHG16, TIG1, UCA1, TINCR and Linc-UBC1 all have links to bladder cancer (99). 

As regards atherosclerosis, lncRNAs have been linked to autophagy in endothelial cells 

and vascular smooth muscle cells (TGFB2-OT1), endothelial differentiation (SENCR), inhibition 

of the expression of ApoA1 and the formation of HDL (APOA1-AS), and the regulation of 

cholesterol homeostasis (RP5-833A20.1)(8,46).  Levels of circulating lncRNAs CoroMarker, 

BATs and IL21R-AS1 can differentiate patients with coronary artery disease (105), whilst 

lncRNA LIPCAR marks cardiac remodelling and predicts mortality in patients with heart failure 

(106). Unsurprisingly, numerous commentators discuss the likelihood that, like miRNA, various 

lncRNAs could be therapeutic targets, citing numerous examples of lncRNA involvement in the 

EMT and in atherogenesis (107,108).  The lncRNA CHROME is an example that may come to 

market, with a development that parallels that of mipomerersen and inclisiran in 

hypercholesterolaemia (92,94) with basic cell biology and animal models (109). 

 

NcRNAs and the laboratory 

 The technology to analyse miRNAs and lncRNAs is established and should transfer to a 

routine NHS or private molecular genetics laboratory without too much difficulty. miRNA can 

be measure in paraffin blocks, fresh tissues, cell extracts, serum, plasma, semen, faeces, lens 
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tissue, saliva and vitreous humour, as can lncRNA in most (110-115). It may be only a matter of 

time before new standard operative procedures will be written. 

 

Conclusions 

 These two major forms of ncRNA are clearly important new markers of various disease 

and their development, and many provide therapeutic opportunities. Other forms, such as circular 

RNAs, may also be important (2,4,5,116,117). However, their biology is very complicated are 

far from well understood. As indicated in the text, there are numerous examples of single 

diseases where links with multiple ncRNAs and been described, and vica-versa, there are several 

instances where a single ncRNA influences the pathophysiology of several diseases (38-40,44-

46,77,108,118). It is also clear that these miRNAs and lncRNAs influence each other (109). 

Nevertheless, the likelihood that one or more of these molecules will enter routine clinical 

service cannot be ignored.  

  



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

17 

 

References 

1. Jackson M, Marks L, May GWH, Wilson JB. The genetic basis of disease. Essays  

Biochem 2018:62;643-723.  

2. Wilkes MC, Repellin CE, Sakamoto KM. Beyond mRNA: The role of non-coding RNAs 

in normal and aberrant haematopoiesis. Mol Genet Metab. 2017;122:28-38. 

3. Gallagher PG. Long non-coding RNAs in erythropoiesis. Blood 2014:123;465-6.  

4. Haddad G, Lorenzen JM. Biogenesis and Function of Circular RNAs in Health and 

in Disease. Front Pharmacol. 2019 Apr 26;10:428. PMID 31080413.  

5. Cui M, Wang H, Yao X, Zhang D, et al. Circulating MicroRNAs in Cancer: Potential 

and Challenge. Front Genet. 2019;10:626. PMID: 31379918. 

6. Melo SA, Esteller M. Dysregulation of microRNAs in cancer: playing with fire. FEBS 

Lett. 2011;585:2087-99. 

7. Grimes HL, Meyer SE. A 2-way mirror of red blood cells and leukaemia. Blood 

2015:125;1202-1203. 

8. Zhang Y, Zhang L, Wang Y et al. MicroRNAs or Long Noncoding RNAs in Diagnosis 

and Prognosis of Coronary Artery Disease. Aging Dis. 2019;10:353-366. 

9. Wei F, Cao C, Xu X, Wang J. Diverse functions of miR-373 in cancer. J Transl Med. 

2015;13:162. doi: 10.1186/s12967-015-0523-z. PMID: 25990556. 

10. Holt JT, Gopal TV, Moulton AD, Nienhuis AW. Inducible production of c-fos antisense 

RNA inhibits 3T3 cell proliferation. Proc Natl Acad Sci U S A. 1986;83:4794-8. 

11. Wightman B, Ha I, Ruvkun G. Posttranscriptional regulation of the heterochronic 

gene lin-14 by lin-4 mediates temporal pattern formation in C. elegans. 

Cell. 1993;75:855-62. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

18 

 

12. Mourelatos Z, Dostie J, Paushkin S et al. miRNPs: a novel class of ribonucleoproteins 

containing numerous microRNAs. Genes Dev. 2002;16:720-8. 

13. Bai X, Hua S, Zhang J, Xu S. The MicroRNA Family Both in Normal Development 

and in Different Diseases: The miR-17-92 Cluster. Biomed Res Int. 2019 Feb 

3;2019:9450240.  

14. O’Connell RM. Endogenous miR-29a regulates HSC function in mammals. Blood 

2015:125;2180-2018. 

15. Zhu Y, Wang D, Wang F et al. a comprehensive analysis of GATA-1-regulated 

miRNAs reveals miR-23a to be a positive modulator of erythropoiesis. Nucleic Acid 

Res 2013:41;4129-4143. 

16. Byon JCH, Papayannopoulou T. MicroRNAs: Allies or Foes in Erythropoiesis? 

J Cell Physiol. 2012; 227: 7–13. 

17. Sankaran VG, Menne TF, Scepanovic D et al. MicroRNA-15a and-16-1 act via MYB 

to elevate fetal hemoglobin expression in human trisomy 13. Proc Natl Acad Sci 

USA. 2011;108:1519–1524. 

18. Pule GD, Mowla S, Novitzky N, Wiysonge CS, Wonkam A. A systematic review of 

known mechanisms of hydroxyurea-induced fetal hemoglobin for treatment of sickle 

cell disease. Expert Rev Hematol. 2015 Oct;8(5):669-79. 

19. Kotaki R, Koyama-Nasu R, Yamakawa N, Kotani A. miRNAs in normal and 

malignant haematopoiesis. Int J Medical Sci 2017:18;1495; doi 10.3390. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

19 

 

20. Weiss CN, Ito K. A macro view of microRNAs: The discovery of microRNAs and 

their role in haematopoiesis and haematologic disease. Int Rev Cell Mole Biol 

2017:334;99-175. 

21. Calin GA, Dumitru CD, Shimizu M et al. Frequent deletions and down-regulation of 

micro- RNA genes miR15 and miR16 at 13q14 in chronic lymphocytic leukaemia. 

Proc Natl Acad Sci U S A. 2002;99:15524-15529.  

22. Mraz M, Malinova K, Kotaskova J, et al. miR-34a, miR-29c and miR-17-5p are 

downregulated in CLL patients with TP53 abnormalities. Leukemia. 2009;23:1159-63. 

23. Fooladinezhad H, Khanahmad H, Ganjalikhani-Hakemi M, Doosti A. Negative 

regulation of TIM-3 expression in AML cell line (HL-60) using miR-330-5p. Br J 

Biomed Sci. 2016;73:129-133. 

24. Li Z, Wong KY, Calin GA, Chng WJ, Chan GC, Chim CS. Epigenetic silencing of 

miR-340-5p in multiple myeloma: mechanisms and prognostic impact. Clin 

Epigenetics. 2019;11(1):71. doi: 10.1186/s13148-019-0669-2. PMID: 31064412.  

25. Mraz M, Dolezalova D, Plevova K et al. MicroRNA-650 expression is influenced by 

immunoglobulin gene rearrangement and affects the biology of chronic lymphocytic 

leukemia. Blood. 2012;119:2110-3. 

26. Kanwal R, Gupta S. Epigenetic modifications in cancer. Clin Genet. 2012;81:303-11 

27. Chuang JC, Jones PA. Epigenetics and microRNAs. Pediatr Res. 2007;61:24R-29R. 

28. Kang HW, Crawford M, Fabbri M et al. A mathematical model for microRNA in lung 

cancer. PLoS One. 2013;8(1):e53663. doi: 10.1371. 

29. Ishwad CS, Shriver MD, Lassige DM, Ferrell RE. The high mobility group I-C gene 

(HMGI-C): polymorphism and genetic localization. Hum Genet. 1997;99:103-5. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

20 

 

30. Lee YS, Dutta A The tumour suppressor microRNA let-7 represses the HMGA2 

oncogene. Genes Dev. 2007;21:1025-30 

31. Pearson GW. Control of invasion by epithelial-to-mesenchymal transition programs 

during metastasis. J Clin Med. 2019;8. pii: E646 

32. Yan Y, Luo YC, Wan HY et al. MicroRNA-10a is involved in the metastatic process 

by regulating Eph tyrosine kinase receptor A4-mediated epithelial-mesenchymal 

transition and adhesion in hepatoma cells. Hepatology. 2013;57:667-77.  

33. Wu SG, Chang TH, Liu YN, Shih JY. MicroRNA in Lung Cancer Metastasis. Cancers 

2019;11. pii: E265.  

34. Han TS, Ban HS, Hur K, Cho HS. The Epigenetic Regulation of HCC Metastasis. Int J 

Mol Sci. 2018 Dec 10;19(12). pii: E3978 

35. Paoli P, Giannoni E, Chiarugi P. Anoikis molecular pathways and its role in cancer 

progression. Biochim Biophys Acta. 2013;1833:3481-3498. 

36. Sa KD, Zhang X, Li XF et al. A miR-124/ITGA3 axis contributes to colorectal cancer 

metastasis by regulating anoikis susceptibility. Biochem Biophys Res Commun. 

2018;501:758-764. 

37. Orso F, Quirico L, Dettori D et al. Role of miRNAs in tumor and endothelial cell 

interactions during tumor progression. Semin Cancer Biol. 2019 Aug 3. pii: S1044-

579X 

38. Yang CX, Sedhom W, Song J, Lu SL. The Role of MicroRNAs in Recurrence and 

Metastasis of Head and Neck Squamous Cell Carcinoma. Cancers. 2019;11(3). pii: 

E395.  



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

21 

 

39. Lou W, Liu J, Gao Y et al. MicroRNAs in cancer metastases and angiogenesis. 

Oncotarget 2017:8;115787-115802. 

40. Momtazi AA, Banach M, Pirro M, Stein EA, Sahebkar A. MicroRNAs: New 

Therapeutic Targets for Familial Hypercholesterolemia? Clin Rev Allergy Immunol. 

2018;54:224-233. 

41. Murakami K. Non-coding RNAs and hypertension-unveiling unexpected mechanisms 

of hypertension by the dark matter of the genome. Curr Hypertens Rev. 2015;11:80-90.  

42. Xourgia E, Papazafiropoulou A, Melidonis A. Circulating microRNAs as biomarkers for 

diabetic neuropathy: A novel approach. World J Exp Med. 2018;8:18-23. 

43.  Monaco C, Andreakos E, Kiriakidis S et al. Canonical pathway of nuclear factor B 

activation selectively regulates proinflammatory and prothrombotic responses in human 

atherosclerosis. Proc Natl Acad Sci USA 2004: 101: 5634–5639. 

44. Jackson AO, Regine MA, Subrata C, Long S. Molecular mechanisms and genetic 

regulation in atherosclerosis. Int J Cardiol Heart Vasc. 2018;21:36-44.  

45. Zhang Y, Zhang L, Wang Y et al. MicroRNAs or Long Noncoding RNAs in Diagnosis 

and Prognosis of Coronary Artery Disease. Aging Dis. 2019;10:353-366. 

46. Colpaert RMW, Calore M. MicroRNAs in cardiac diseases. Cells 2019:8;747. 

47. Salinas J, Lin H, Aparico HJ et al. Whole blood microRNA expression associated 

with stroke: Results from the Framingham Heart Study. PLoS One. 2019;14:e0219261. 

48. Ren X, Shen Y, Zheng S, Liu J, Jiang X. miR-21 predicts poor prognosis in patients with 

osteosarcoma. Br J Biomed Sci. 2016;73:158-162. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

22 

 

49. Yang F, Zhang H, Leng X, Hao F, Wang L. miR-146b measurement in FNA to 

distinguish papillary thyroid cancer from benign thyroid masses. Br J Biomed 

Sci. 2018;75:43-45. 

50. Liu C, Xing M, Wang L, Zhang K. miR-199a-3p downregulation in thyroid tissues is 

associated with invasion and metastasis of papillary thyroid carcinoma. Br J Biomed 

Sci. 2017;74:90-94.  

51. El Helou R, Pinna G, Cabaud O et al. miR-600 Acts as a Bimodal Switch that Regulates 

Breast Cancer Stem Cell Fate through WNT Signaling. Cell Rep. 2017;18:2256-2268. 

52. Wang C, Li S, Xu J, Niu W, Li S. microRNA-935 is reduced in non-small cell lung 

cancer tissue, is linked to poor outcome, and acts on signal transduction mediator E2F7 

and the AKT pathway. Br J Biomed Sci. 2019;76:17-23. 

53. Xia Y, Zhu Y, Zhou X, Chen Y. Low expression of let-7 predicts poor prognosis in 

patients with multiple cancers: a meta-analysis.  Tumour Biol. 2014;35:5143-8.  

54. Szafranska AE, Doleshal M, Edmunds HS et al. Analysis of microRNAs 

in pancreatic fine-needle aspirates can classify benign and malignant tissues. Clin Chem. 

2008;54:1716-24. 

55. Sun B, Liu X, Gao Y, Li L, Dong Z. Downregulation of miR-124 predicts poor prognosis 

in pancreatic ductal adenocarcinoma patients. Br J Biomed Sci. 2016;73:152-157. 

56. Mirnoori SM, Shahangian SS, Salehi Z et al.  Influence of single nucleotide 

polymorphisms in pri-miR-124-1 and STAT3 genes on gastric cancer susceptibility. Br J 

Biomed Sci. 2018;75:182-186. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

23 

 

57. Tong X, Wang X, Wang C, Li L. Elevated levels of serum miR-152 and miR-24 

in uterine sarcoma: potential for inducing autophagy via SIRT1 and deacetylated LC3. Br 

J Biomed Sci. 2018;75:7-12.  

58. Zhou Y, Shen S. MiR-520f acts as a biomarker for the diagnosis of lung cancer. 

Medicine 2019;98:e16546. doi: 10.1097. 

59. Mashayekhi S, Saeidi Saedi H, Salehi Z, Soltanipour S, Mirzajani E.. Effects of miR-27a, 

miR-196a2 and miR-146a polymorphisms on the risk of breast cancer. Br J Biomed 

Sci. 2018;75:76-81. 

60. Wang Y, Pan X, Fan Y et al.  Dysregulated expression of microRNAs and mRNAs in 

myocardial infarction. Am J Transl Res. 2015;7:2291-304.  

61. Yang S, Fu C, Xu R, Xun Z, Zhao X, Fang R. Serum microRNA-302b: the novel 

biomarker for diagnosis of acute myocardial infarction. Br J Biomed Sci. 2017;74:214-

216. 

62. Guo S, Guo X, Wang S et al. Role of miR-29 as marker of risk of acute rejection after 

heart transplant. Br J Biomed Sci. 2017;74:187-192. 

63. Amr KS, Abdelmawgoud H, Ali ZY, Shehata S, Raslan HM. Potential 

value of circulating microRNA-126 and microRNA-210 as biomarkers for type 2 

diabetes with coronary artery disease. Br J Biomed Sci. 2018;75:82-87. 

64. Mehta A, Baltimore D. MicroRNAs as regulatory elements in immune system logic. Nat 

Rev Immunol. 2016;16:279-94.  



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

24 

 

65. Mousavi MJ, Jamshidi A, Chopra A, Aslani S, Akhlaghi M, Mahmoudi M.  

Implications of the noncoding RNAs in rheumatoid arthritis pathogenesis. J Cell Physiol. 

2018;234:335-347. 

66. Bae SC, Lee YH. MiR-146a levels in rheumatoid arthritis and their correlation with 

disease activity: a meta-analysis. Int J Rheum Dis. 2018 ;21:1335-1342. 

67. Abdul-Maksoud RS, Sediq AM, Kattaia A  et al. Serum miR-210 and miR-

155 expression levels as novel biomarkers for rheumatoid arthritis diagnosis. Br J 

Biomed Sci. 2017;74:209-213. 

68. Honarpisheh M, Köhler P, von Rauchhaupt E, Lech M. The Involvement of MicroRNAs 

in Modulation of Innate and Adaptive Immunity in Systemic Lupus Erythematosus and 

Lupus Nephritis. J Immunol Res. 2018;2018:4126106.  

69. Liu Y, Xiong L, Zhou Y, Zheng B, Liu T, Xie W. Association of Three Polymorphisms 

rs11614913, rs2910146, and rs3746444 in miRNA-196a2, miRNA-146a, and miRNA-

499 with Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. 

Gastroenterol Res Pract. 2018;2018:7295131 

70. Hosseinpour Z, Salehi Z, Talesh Sasani S, Aminian K. p53 and miR-34b/c genetic 

variation and their impact on ulcerative colitis susceptibility. Br J Biomed 

Sci. 2018;75:46-49. 

71. Reale M, D'Angelo C, Costantini E, et al. MicroRNA in Sjögren's Syndrome: Their 

Potential Roles in Pathogenesis and Diagnosis. J Immunol Res. 2018;2018:7510174. 

72. Sun Y, Wang M, Lin G, et al al. (2012). Serum microRNA-155 as a potential biomarker 

to track disease in breast cancer. PLoS One 2010:7, e47003. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

25 

 

73. Shiiba M, Shinozuka K, Saito K et al. MicroRNA-125b regulates proliferation and 

radioresistance of oral squamous cell carcinoma. Br J Cancer. 2013;108:1817-21.  

74. Wang SS, Fang YY, Huang JC et al. Clinical value of microRNA-198-5p downregulation 

in lung adenocarcinoma and its potential pathways. Oncol Lett. 2019;18:2939-2954. 

75. Moody L, Dvoretskiy S, An R, Mantha S, Pan YX. The Efficacy of miR-20a as a 

diagnostic and Prognostic Biomarker for Colorectal Cancer: A Systematic Review and 

Meta-Analysis. Cancers 2019;11. pii: E1111. 

76. Richardsen E, Andersen S, Al-Saad S et al. Low Expression of miR-424-3p is Highly 

Correlated with Clinical Failure in Prostate Cancer. Sci Rep. 2019;9:10662. 

77. Zhang X, Li P, Rong M et al. microRNA-141 is a biomarker for progression of squamous 

cell carcinoma and adenocarcinoma of the lung: Clinical analysis of 125 patients. Tohoku 

J Exp Med 2015:235;161-169. 

78. Jiménez-Lucena R, Camargo A, Francisco Alcalá-Diaz J et al. A plasma circulating 

miRNAs pro le predicts type 2 diabetes mellitus and prediabetes: from the 

CORDIOPREV study. Exp Mole Med 2018:50;168. 

79. Weidle UH, Birzele F, Nopora A. MicroRNAs as potential targets for therapeutic 

intervention with metastasis of non-small cell lung cancer. Cancer Genomics Proteomics 

2019:16;99-119. 

80. Takahashi R, Prieto-Vila M, Kohama I, Ochlya T. Development of miRNA-based 

therapeutic approaches for cancer patients. Cancer Science 2019:110;1140-1147. 

81. Corsten MF, Miranda R, Kasmieh R, et al. MicroRNA-21 knockdown disrupts glioma 

growth in vivo and displays synergistic cytotoxicity with neural precursor cell delivered 

S-TRAIL in human gliomas. Cancer Res. 2007;67:8994-9000. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

26 

 

82. Zhang KL, Han L, Chen LY et al. blockage of a miR-21/EGFR regulatory feedback loop 

augments anti-EGFR therapy in glioblastomas. Cancer Letts 2014:342;139-49. 

83. Larcher LM, Wang T, Veedu RN. Development of Novel antimiRzymes for Targeted 

Inhibition of miR-21 Expression in Solid Cancer Cells. Molecules 2019:24;2489. 

84. Montgomery RL, Hullinger TG, Semus HM et al. Therapeutic inhibition of miR-208a 

improves cardiac function and survival during heart failure. Circulation. 2011;124:1537-

47. 

85. Ma L, Reinhardt F, Pan E et al. Therapeutic silencing of miR-10b inhibits metastasis in a 

mouse mammary tumor model. Nat Biotechnol. 2010;28:341-7. 

86. Garchow BG, Encinas EB, Leung YT et al. Silencing of microRNA-21 in vivo 

ameliorates autoimmune splenomegaly in lupus mice. EMBO Mol Med 2011:3;605-615. 

87. Lee TJ, Yoo JY, Shu D et al. RNA Nanoparticle-Based Targeted Therapy for 

Glioblastoma through Inhibition of Oncogenic miR-21. Mol Ther. 2017;25:1544-1555. 

88. Seo YE, Suh HW, Bahal R et al. Nanoparticle-mediated intratumoral inhibition of miR-

21 for improved survival in glioblastoma. Biomaterials. 2019;201:87-98.  

89. Lanford RE, Hildebrandt-Eriksen ES, Petri A et al. Therapeutic silencing of microRNA-

122 in primates with chronic hepatitis C virus infection. Science. 2010;327:198-201.  

90. Janssen HL, Reesink HW, Lawitz EJ. Treatment of HCV infection by targeting 

microRNA. New Engl J Med. 2013;368:1685-94. 

91. van der Ree MH, de Vree JM, Stelma F et al. Safety, tolerability, and antiviral effect of 

RG-101 in patients with chronic hepatitis C: a phase 1B, double-blind, randomised 

controlled trial. Lancet. 2017;389:709-717.  



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

27 

 

92. Santos RD, Raal FJ, Donovan JM et al. Mipomersen preferentially reduces small low-

density lipoprotein particle number in patients with hypercholesterolemia. J Clin 

Lipidol. 2015;9:201-9. 

93. Fitzgerald K, White S, Borodovsky A et al. A Highly Durable RNAi Therapeutic 

Inhibitor of PCSK9. New Engl J Med 2017;376:41-51. 

94. Ray KK, Landmesser U, Leiter LA et al. Inclisiran in Patients at High Cardiovascular 

Risk with Elevated LDL Cholesterol. N Engl J Med. 2017;376:1430-1440. 

95. Schultheis B, Strumberg D, Santel A et al. First-in-human phase I study of the liposomal 

RNA interference therapeutic Atu027 in patients with advanced solid tumors. J Clin 

Oncol. 2014;32:4141-8. 

96. DeVincenzo J, Lambkin-Williams R, Wilkinson T et al. A randomized, double-blind, 

placebo-controlled study of an RNAi-based therapy directed against respiratory syncytial 

virus. Proc Natl Acad Sci USA 2010;107:8800-8805. 

97. Titze-de-Almeida R, David C, Titze-de-Almeida SS. The Race of 10 Synthetic RNAi-

Based Drugs to the Pharmaceutical Market. Pharm Res. 2017;34:1339-1363. 

98. Hanley DJ, Esteller M, Berdasco M. Interplay between long non-coding RNAs and 

epigenetic machinery: emerging targets in cancer? Phil Trans R Soc B 2018:373; 

20170074. 

99. Hu G, Niu F, Humbug BA et al. Molecular mechanisms of long non-coding RNAs and 

their role in disease pathogenesis. Oncotarget 2018:9;18648-63. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

28 

 

100. Xue, M., Chen, W. & Li, X. Urothelial cancer associated 1: a long noncoding 

RNA with a crucial role in cancer. J. Cancer Res. Clin. Oncol 2016:142, 1407–1419 

101. Liu J, Li Y, Tong J et al. Long non-coding RNA-dependent mechanism to 

regulate heme biosynthesis and erythrocyte development. Nat Commun. 2018;9:4386. 

102. Aminian K, Mashayekhi F, Mirzanejad L, Salehi Z. A functional genetic variant 

in GAS5 lncRNA (rs145204276) modulates p27Kip1 expression and confers risk for 

gastric cancer. Br J Biomed Sci. 2019;76:83-85.  

103. Li J, He D. Long noncoding RNA Xist predicts the presence of lymph node 

metastases in human oesophageal squamous cell carcinoma. Br J Biomed Sci. 

2019;76:147-149. 

104. Wu Y, Shao A, Wang L et al. The Role of lncRNAs in the Distant Metastasis of 

Breast Cancer. Front Oncol. 2019:31;407. 

105. Yang Y, Cai Y, Wu G, et al. Plasma long non-coding RNA, CoroMarker, a novel 

biomarker for diagnosis of coronary artery disease. Clin Sci 2015:129:675-685. 

106. Cai Y, Yang Y, Chen X et al. Circulating 'lncRNA OTTHUMT00000387022' 

from monocytes as a novel biomarker for coronary artery disease. Cardiovasc 

Res. 2016;112:714-724. 

107. Kumarswamy R, Bauters C, Volkmann I et al. Circulating long noncoding RNA, 

LIPCAR, predicts survival in patients with heart failure. Circ Res. 2014;114:1569-75. 

108. Gugnoni M, Ciarrocc A. Long Noncoding RNA and Epithelial Mesenchymal 

Transition in Cancer. Int J Molec Sci 2019:20;1924. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

29 

 

109. Hennessy EJ, van Solingen C, Scacalossi KR et al. The long noncoding 

RNA CHROME regulates cholesterol homeostasis in primate. Nat Metab. 2019;1:98-110 

110. Viennois E, Chassaing B, Tahsin A et al. Host-derived fecal microRNAs can 

indicate gut microbiota healthiness and ability to induce inflammation. Theranostics 

2019;9:4542-4557. 

111. Gomaa AR, Elsayed ET, Moftah RF. Micro-RNA-200b expression in the vitreous 

humour of patients with proliferative diabetic retinopathy. Ophthalmic Res. 2017;58:168-

175 

112. Khalid U, Newbury LJ, Simpson K et al. A urinary microRNA panel that is an 

early predictive biomarker of delayed graft function following kidney transplantation. Sci 

Rep. 2019;9:3584.  Doi: 10.1038. 

113. Abdullah OA, El-Gazzar WB, Salem TI et al. mir-15a: a potential diagnostic 

biomarker and a candidate for non-operative therapeutic modality for age-related 

cataract. Br J Biomed Sci 2019: [This issue]. 

114. Wang J, Zhu X, Xiong X et al. Identification of potential urine proteins and 

microRNA biomarkers for the diagnosis of pulmonary tuberculosis patients. Emerg 

Microbes Infect. 2018;7:63 doi: 10.1038. 

115. Layne TR, Green RA, Lewis CA et al. MicroRNA Detection in Blood, Urine, 

Semen, and Saliva Stains After Compromising Treatments. J Forensic Sci. 2019. doi: 

10.1111/1556-4029.14113. 

116. Shen B, Wang Z, Li Z et al. Circular RNAs: an emerging landscape in tumuor 

metastasis. Am J Cancer Res 2019;9(4):630-643. 



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

30 

 

117. Greene J, Baird AM, Casey O et al. Circular RNAs are differentially expressed in 

prostate cancer and are potentially associated with resistance to enzalutamide. Sci 

Reports 2019:9;10739. 

118. Skuratovskaia D, Vulf M, Komar A et al. Promising Directions in Atherosclerosis 

Treatment Based on Epigenetic Regulation Using MicroRNAs and Long Noncoding 

RNAs. Biomolecules 2019:9;226. 

 

  



Acc
ep

ted
 M

an
us

cri
pt

This script approved by ADB 26/8/2019 

31 

 

Table 1: miRNA changes in selected cancers 

Cancer miRNA down-regulated / 
under-expressed 

miRNA up-regulated / 
over-expressed 

Lung Let-7, 9, 25, 29, 32, 124, 142, 
143, 145, 155, 181, 183, 218 

17, 21, 26a, 92, 155, 205  

Breast Let-7, 125a, 126a, 143, 145, 
155, 181, 200, 218, 342 

9, 10b, 21, 26a, 125, 146, 
155, 372, 373, 520 

Prostate Let-7, 15a, 16-1, 101, 125a, 
125b, 145, 146b, 181, 205, 

218 

21, 106b-93-25 cluster, 
146 

Colon Let-7, 29, 145, 155, 342 21, 26a, 34b/34c, 106b-
93-25 cluster, 155 

n.b. This table is intended to be neither comprehensive not exhaustive 
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Table 2: miRNAs and cancer progression 

Malignancy promoted  

miR species up-
regulated 

Cancer Target

miR-155 Breast Von Hippel-Lindau (a tuour suppressor) 

miR-494 Lung Phosphatase and tensin homolog (PTEN, a tumour 
suppressor) 

miR-221/222 Thyroid Adiponectin receptor 1 

miR-774-3p Laryngeal Phosphatase and tensin homolog (PTEN, a tumour 
suppressor) 

 

Malignancy suppressed 

miR species 
down-regulated 

Cancer Target

miR-101 Oral (tongue) A component of polycomb repressive complex 2 
(has histone methyltransferase activity) 

miR-876-5p Head and neck Vimentin (cytoskeleton component) 

miR-199a-3p Liver VEGF and its receptor 

miR-454 Pancreatic LRP6 (low density lipoprotein receptor-related 
protein 6) 

From references 38,39 and others. 
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Table 3: miRNAs and disease severity 

Disease miRNA Link Reference 

Rheumatoid arthritis 155/201 Strong links with disease activity 
score 

67 

Breast cancer 155 Levels increase with stage 72 

Oral squamous cell 
carcinoma 

125b Low levels linked to increased stage 73 

Lung cancer 198-5p Low levels linked to increased stage 
and to vascular invasion 

74 

Prostate cancer 424-3p Low expression linked to aggressive 
phenotype 

76 

Lung miR-141 High levels linked to larger tumour 
size, lymph node metastases and 

advanced stage 

77 

Diabetes 150/30a-5p/ 
15a/375 

Development of pre-diabetes or 
diabetes 

78 

 

 

Table 4: miRNAs and survival outcome 

Disease miRNA Link Reference 

Chronic lymphocytic 
leukaemia 

650 High levels linked to longer survival 
and longer time to treatment 

24 

Osteosarcoma 21 Low levels inked to por disease-free 
survival and overall survival 

48 

Oral squamous cell 
carcinoma 

125b Low levels linked to poor survival 73 

Lung cancer 198-5p Low levels linked to poor survival 74 

Colorectal 20a High levels linked to poor survival 75 
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