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Abstract: 
 
Non-coding RNAs are functional RNAs which mainly function in regulatory processes. This 
review encompasses long non-coding RNAs (lncRNA), circular RNA (circRNA), small 
nuclear RNA (snRNA), and small nucleolar RNA (snoRNA). The focus is on latest 
knowledge and understanding of these RNAs as well as their significance and role in cancer, 
cardiovascular disease, and diabetes.  
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Introduction 
 
Regions of the genome that did not code for proteins were assumed to be non-functional and 
considered of no value (1). These regions make more than 98% of the genome and contain 
regulatory sequences and sequences that do not code for proteins(2). This was the case until 
the idea that ribonucleic acids (RNAs) could have an active role in protein synthesis was 
proposed(3). This idea was reinforced with the discovery of an active RNA that functioned in 
the transferring amino acids to the messenger RNA (mRNA) –rRNA was yet to be 
discovered-. These RNAs were denoted as tRNA (transfer ribonucleic acid) (4). Since then 
the study of non-coding RNA became popular and new non-coding RNAs are frequently 
being discovered(2).  
 
Of these non-coding RNAs are lncRNAs. Long non-coding RNA is one of the non-coding 
RNA that gained a lot of attention in the past years due to its crucial role in biological 
regulation(5). LncRNA is involved in many biological functions in the body depending on its 
location in the cell; nucleus or cytoplasm. In the nucleus, LncRNA control the recruitment of 
transcription factors, regulation of splicing and recruitment of chromatin modifiers. 
LncRNAs have different function if its located in the cytoplasm such as controlling the 
translation rate (6). Mitochondrial LncRNA is another type of LncRNA present in the cell 
where scientist believed that it regulates the expression of mitochondrial genome, but still the 
mechanism is not clear (7). Many clinical experiments were performed regarding the role of 
LncRNAs in both pathological condition such as cancer and diabetes and in physiological 
condition such as aging.  
 
Another group of non-coding RNAs are small noncoding RNAs. These RNAs include 
snRNA, snoRNA (less than 200 nucleotide) and microRNAs (less than 70 nucleotide)(8). 
SnRNA and snoRNAs are both confined to the nucleus(9). SnRNA mainly assemble with 
proteins to make the subunits of the spliceosome(10). SnoRNAs mainly regulate the post 
transcriptional processing of RNAs(11). 
 
Moreover, circular RNA (circRNA) is another non-coding RNA (nc-RNA) that has recently 
become a research interest in the field of untranslated RNAs (12). It was first found in RNA 
viruses in 1970s. However, It was thought to have formed due to splicing errors in pre-RNA 
due to its low count in these viruses (13). Its importance became clear with the advances in 



sequencing technologies and biotechnology. Thousands of circRNA were found in different 
organisms including humans and their expression was found to be more than 10 times the 
expression of the canonical linear counterparts (14).  
A unique feature in circular RNA that distinguishes it from other types of non-coding RNAs 
is that circular RNA forms a closed loop. This closed loop doesn’t exhibit 5’ – 3’ polarities or 
have polyadenylated tails making it non-vulnerable to degradation by RNase R enzyme. 
Resistance to degradation by RNase R gives circular RNA longer stability inside the cells 
(15).  
 
 
Long noncoding RNA (lncRNA) 
 
LncRNA varies in size from 200 nucleotides to 10 kilobases depending on its location inside 
the cell; either in the nucleus or in the cytoplasm. LncRNA could be divided into six sections; 
intronic antisense, natural antisense, intergenic, bidirectional, intron-sense overlapping, and 
exon sense-overlapping depending on their genomic position with protein coding genes(16). 
Figure will be added. LncRNA have broad functions in the body such as regulating the basal 
transcriptional machinery, in gene specific transcription, chromatin modification, and in 
imprinting and epigenetic regulation (16).Figure (2) shows an illustration regarding function 
of LncRNA either in the nucleus or cytoplasm of the cell.(HOX transcript antisense RNA) 
HIRAIR is an experiment performed to check the mode of activation of LncRNA on adjacent 
cells. Up to this experiment it was believed that LncRNA could only influence adjacent cells 
(cis pattern). The results of this experiment showed that LncRNA plays crucial role in 
recruiting the chromatin modifying complexes to a specific genomic locus both in cis and 
trans pattern (17).  It has been found that HOX transcript antisense RNA (HOTAIR) could 
interact with chromatin remodeling proteins such as polycomb repressive complex 2 and G9a 
to mediate deposition of repressive chromatin marks. lncRNAs could regulate mRNA 
synthesis directly at genomic loci by interacting with transcription factors or components of 
the basal transcriptional machinery. The cis pattern of LncRNA recruitment activities in 
HIRAIR experiment was as the following; in a specific genomic loci LncRNA will bind to 
the nearest transcription binding site which has a protein bound to it, this binding will form a 
hybridization between LncRNA and both binding site and transcriptional protein already 
attached to the binding site. As a result of the hybridization, other transcriptional proteins will 
bind to the binding site to start the transcriptional activity (17). Scientist were concern about 
the best model used to study the function and interactions of LncRNA (18). A group of 
scientist did a systemic experimental study on zerbafish transcriptome. The scientists were 
able to reconstruct 56,535 high- confidence coding and noncoding transcripts from 28,912 
loci in addition to the discovery of novel transcribed regions, this suggested that zerbrafish 
could be used as a model to study interactions of LncRNA (18).  

 



 

 

 
Circular RNA (circRNA) 
 
Circular RNA differs from linear RNA in that its structure is formed of a covalently linked 
loop. That is the 5’ end downstream end is covalently linked to 3’ upstream end of the RNA. 
The mechanism in which this covalent bond occurs is known as back-splicing. (19).  
There are two pathways in which circular RNA can be formed by back-splicing. The first one 
is lariat driven circularization. In this pathway, one or more exons are skipped during the 
process of splicing. This leads to the formation of a lariat that contains either one or more 
exons. Later, the lariat is joined by spliceosome to become an exon circle. The second 
pathway of biogenesis of circular RNA is termed intron-pairing driven circularization. In this 
case, it is the introns that covalently bind with each other forming the circular RNA. Pairing 
occurs due to the presence of complementary motifs in those intronic regions, and those 
motifs induce circularization of RNA (14). These two pathways eventually lead to the 
formation of three possible types of circRNA. These are: exonic circRNA, intronic circRNA, 
and exon-intron circRNA. Exonic circRNA only has exons, intronic circRNA only has 
introns, while exon-intronic circRNA has both exons and introns.  
 

Figure (2): This figure illustrates the function of LncRNA depending on its position inside the cell 
either in the nucleus or cytoplasm. Inside the nucleus; (A) LncRNA(in red) has the ability to recruit 
chromatin modifier in order to mediate the deposition of histone marks either activatory (green dots) or 
inhibitory marks(red dots). (B) LncRNA control the recruitment of the transcription factors. (C) 
LncRNA could modulate the splicing events by directly binding to mRNA. In the cytoplasm, (D) 
LncRNAs control the translation rate by either enhancing or inhibiting polymerase binding to mRNAs. 
(E) LncRNAs could also protect mRNA from degradation by mediating the recruitment of degradation 
machinery. (F) LncRNAs could act as miRNA sponge which will allow the espression of mRNAs 
targeted by sequestered miRNA.  



 
 

 
circRNA have special binding sites for microRNA (miRNA) thus, the circRNA is thought to 
have a role in the regulation of miRNA and its activities. When circRNA binds to miRNA it 
inhibits its function. This directly affects the binding of miRNA to mRNA to regulate its 
expression. The way circRNA binds to miRNA led to giving it the name miRNA sponge. 
Such activity of circRNA has been found across different types of circRNAs especially when 
studying disease conditions (20). 
To add, it is suggested the circular RNA has a role in competing against canonical splicing. 
The exon that codes for the start of the main coding sequence of MuscleBlind protein (MBL) 
is found to be circularized. The means by which it is circularize are thought to be stemming 
from the exon’s flanking introns. These introns have protein binding motifs which 
specifically bind to the MBL protein. Here, it is suggested that the MBL protein controls the 
circularization of its own RNA by inducing bridging between the two flanking introns. Thus, 
circularization will not take place if MBL protein binds to only one of the flanking introns. 
When the levels of MBL protein are high, more MBL protein will bind to the flanking introns 
on the pre-mRNA leading to increase in the production of the circular MBL which ultimately 
binds to the MBL protein itself (as the circular MBL protein has specific binding sites for 
MBL).  At the same time, the MBL mRNA synthesis is reduced. It was also found that when 
the levels of MBL protein are decreased, the levels of circular MBL are also reduced (21). As 
can be seen, the competition between the formation of circular RNA and pre-mRNA splicing 
provides a regulatory function for these sequences and suggests a role of circular RNA in 
canonical splicing regulation.  

Figure 3: This diagram shows the two methods of which RNA splicing can lead to the 
formation of circular RNA. One is lariat driven circularization, and other is intron-pairing 
driven circularization. It can be seen that both of them lead to the formation of a lariat RNA 
which is eventually cleaved to form the final circular RNA. The final product can either be 
exonic circRNA, intronic circRNA, or exon-intron circRNA. The diagram also shows one 
way normal splicing could occur, it shows the resulting RNA with its poly-A tail that is 
lacking in circular RNA. 



 
 

Another function of circRNAs is its regulation of parental gene expression. It is believed that 
certain circRNAs function to regulate parental genes by interacting with small nuclear 
ribonucleoproteins (snRNPs) and DNA polymerase II directly in order to enhance gene 
expression. Exon-intron circular RNA (EIciRNA) which can be seen in Diagram 1 is mainly 
located inside the nucleus and found interacting with U1 snRNPs to enhance the expression 
of its gene by interacting with DNA polymerase II transcription complex. It is also noted that 
the parental regulatory function of ElciRNA is mediated by U1 snRNPs (22).  
It was recently found that circRNA can be translated to proteins. The first observation of a 
circular RNA that can be translated is the one of hepatitis δ virus circular RNA which was 
translated to a single stranded 122 amino acids protein when the virus was encapsulated (23). 
To add, it was found that circMbl isoform detected in fly head extracts can be translated to 
proteins. The same study found that some circRNAs use the starting codon of their host 
mRNA and are translated by membrane bound ribosomes which are bound to them (24). 
Another study found using artificial circRNA with an internal ribosome entry site (IRES) 
sequence can be translated into a functional green fluorescent protein in vitro (25). Lastly, 
translation of circRNA in human cells was found to be initiated by increasing levels of N6- 
methyladenosine. It was also found that the levels of N6- methyladenosine increases in the 
case of heat shock. This finding predicts that proteins derived from circular RNA can have a 
role in cells response to external stress (26).  
Circular RNA has shown to have three functions in gene regulation in which it acts as a 
MiRNA sponges, modulators of alternative splicing, as well as regulators of parental genes. 
Recently, new field of research has emerged due to the discovery of translation potential of 
circRNA which indicates a potential role of circRNA proteins. Due to the early age of 
circular RNA research, many aspects of its functionality are still unknown and yet to be 
discovered.  
 
Small noncoding RNAs: microRNA (miRNA), small nuclear RNA (snRNA) and small 
nucleolar RNA 
 
MicroRNA  

Figure 4: Illustrates how MBL proteins interacts with its own RNA to regulate its 
expression by binding to the coding exon to form circMBL. However, when the levels of 
MBL protein are low, circRNA will not be formed, and the mRNA will form proceeded by 
its translation to form MBL protein. 



MicroRNAs (miRNAs) are small, RNA molecules encoded in the genomes of plants and 
animals. These highly conserved, ~21-mer RNAs regulate the expression of genes by binding 
to the 3'-untranslated regions (3'-UTR) of specific mRNAs.  Although the first published 
description of an miRNA appeared ten years ago (27), only in the last two to three years has 
the breadth and diversity of this class of small, regulatory RNAs been appreciated. A great 
deal of effort has gone into understanding how, when, and where miRNAs are produced and 
function in cells, tissues, and organisms. Each miRNA is thought to regulate multiple genes, 
and since hundreds of miRNA genes are predicted to be present in higher eukaryotes (28), the 
potential regulatory circuitry afforded by miRNA is enormous. Several research groups have 
provided evidence that miRNAs may act as key regulators of processes as diverse as early 
development(29), cell proliferation and cell death (30), apoptosis and fat metabolism (31), 
and cell differentiation(32). Recent studies of miRNA expression implicate miRNAs in brain 
development(33), chronic lymphocytic leukemia (34), colonic adenocarcinoma, Burkitt’s 
Lymphoma (34), and viral infection (35) suggesting possible links between miRNAs and 
viral disease, neurodevelopment, and cancer. There is speculation that in higher eukaryotes, 
the role of miRNAs in regulating gene expression could be as important as that of 
transcription factors. 
 
SnRNA 
Small nuclear RNA (snRNA) are stretches of non-protein-coding RNA. snRNAs were first 
documented as low molecular weight RNA fractions in a study aimed to analyze the different 
fractions of RNA using agarose-gel electrophoresis. These low molecular-weight RNA 
molecules were recovered after repeating the experiment multiple times, indicating that they 
were not degradation products of higher molecular weight RNAs(36). These small RNA 
molecules were analyzed and found to be methylated and are localized to the nucleus of the 
cells(37). Moreover, further analysis of these molecules revealed their high uridine content 
(hence, the letter U was used to denote the different classes of these RNA molecules) (38). 
The next discovery that greatly affected the way scientists thought about small nuclear RNAs 
was the discovery of DNA. A couple of years after DNA was discovered, scientists 
discovered the presence of long RNA molecules (known as pre-mRNA today) within the 
nucleus. However, when compared to cytoplasmic mRNA, the pre-mRNA was much 
longer(39). Sequences of mRNA and their corresponding DNA templates were analyzed 
in1977 and it was found that some sequences, known as introns, in the cytoplasmic mRNA 
were missing, or spliced out(40). The question that arose next was how are introns spliced 
out? The answer to this question was found in snRNAs’ contribution to the formation of 
spliceosomes. Beside their function in splicing, more recent studies have shown a regulatory 
role of snRNAs in gene expression.  
 
snRNAs are divided into two classes based on common characteristics between members of 
each class. The first class is the Sm class, which comprise snRNAs U1, U2, U4, U5, U7, 
U11, U12, and U4atac. These snRNAs are synthesized by RNA polymerase II. Whereas U6 
and U6atac belong to the class Lsm and are synthesized by RNA polymerase III (41, 42). Sm 
class RNAs are transcribed in the nucleus, exported to the cytoplasm where they are modified 
and returned to the nucleus where they assemble with proteins to form small nuclear 
ribonucleicproteins (snRNP). On the other hand, Lsm class RNAs are modified within the 
nucleus and do not require to be transported outside the nucleus.(42). Moreover, two types of 
spliceosomes exist, major (contributing greater percentage of RNA splicing) and minor 
spliceosomes (contributing to a small percentage of RNA splicing The major spliceosome 
consists of U1, U2, U4, U5, and U6, whereas the minor spliceosome consists of U5, U11, 
U12, U4atac, and U6atac(10).  



 
The main function of snRNAs is to form the spliceosome, a ribonucleoprotein (made of 
protein subunits and RNA molecules), which is the maestro of RNA splicing. The premature 
RNA has conserved intron sequences at the 5’(AG/GU) and 3’ end known as consensus 
sequences. These sequences are recognized by the the snRNA component of the spliceosome. 
Once they have been recognized, a double transesterification at both ends occurs resulting in 
the release of the intron as a lariat(43). The U1 first recognizes the 5’ split site on the 
premature mRNA and initiate the assembly of the spliceosome(44). The U2 then recognizes 
the branch site (45). U4, U5 and U6 assemble together and from a tri-snRNA which 
assembles with the U1 and the U2 forming the complete spliceosome structure(43). The 
spliceosome then catalyzes the double transesterification reaction, where the 2’OH on the 
branch site attacks the 5’ splicing site and forming a lariat. The free 5’OH of the exon then 
attacks the 3’ split sites, leading to the ligation of two exons together(43). 

 
 

 
SnoRNA 
Similar to snRNA are small nucleolar RNAs (snoRNA), which are short strands of single 
stranded RNA (ssRNA) that are confined to the nucleus and range in size from about 70 to 
150 nucleotides(9). In contrast to snRNA which play a role in cellular splicing and regulation 
of transcription, snoRNAs play major role in RNA modification. SnoRNAs are classified into 
two families based on structural similarities. Both families are involved in post transcriptional 

Figure 3: The process of splicing a pre-mature mRNA containing exons and introns into a 
mature mRNA containing only exons. 1) U1 snRNP recognized and attaches to the 5’ splice 
site of exon 1 through complementary base pairing. 2) U2 snRNP recognizes and attaches to 
the branch site (B site) through complementary base pairing. 3)  U4, U5, and U6 tri-snRNP 
complex assembles and binds to the pre-mature mRNA creating the splicesome. 4) U6 
displaces U1 and U4 is released. 5) The premature mRNA bends to bring the 5’ splice close 
to the branch site. The spliceosome catalyzes the breakage of the 5’ split site and the ligation 
of this site to the branch site. 6) The splicing process is completed and the end products 
released are a lariat structure and a mature mRNA. 



modifications of rRNAs, and to a lesser extent tRNA and snRNA(9, 11). The first family is 
designated C/D box, because it has two conserved regions the C (UGAUGA) region and the 
D (CUGA) region. Members of this family are mainly involved in the methylation of rRNA. 
Methylation is achieved by the addition of a methyl group to nucleotide within the premature 
RNA(46). The second family is the H/ACA box, which also have two conserved sequences, 
the H (ANANNA) region and the ACA (ACA) region. This family of snoRNA is involved in 
pseudouridylation. Pseudouridylation is the process in which the nucleotide uridine is 
converted to an isomer known as pseudouridine. In a pseudouridine molecules, the uracil is 
attached to the ribose through a carbon-carbon bond rather than the original nitrogen-carbon 
bond found in the uridine molecule(47). Both families of snoRNAs carry their function by 
recognizing sequences that are near the nucleotide that is to be modified. The catalysis of 
actual modification is carried by the proteins attached to the snoRNAs(48). Similar to 
snRNAs, each family of snoRNA has a specific set of four proteins attached to it. Proteins 
that attach to the C/D box include fibrillarin, Snu13p, Nop56p, Nop58p. The proteins 
associated with H/ACA box include Cbf5p, Nhp2p Nop10p, and Gar1p (49). These proteins 
assemble with the snoRNA to form the complex responsible for executing the fine post-
transcriptional nucleotide modification. This complex is known as small nucleolar 
ribonucleoprotein (snoRNP) –not to be confused with snRNP which is the functional unit of a 
spliceosome- (9). SnoRNAs seem to be involved in alternative splicing(50). Snord115 has 
been shown to play a role in the inclusion of an exon known as Vb into the serotonin 
receptor. Deletion of snord115 was associated with also Prader-Wili Syndrome (50, 51). In 
addition, snoRNA seems to play a role in oncogenesis(52-54) and the cell’s susceptibility to 
stress(55).   
  

Non-coding RNAs in selected diseases  
 
Cancer 
 
LncRNA 
As mentioned earlier LncRNAs have different roles in gene specific transcription, chromatin 
modification, and in imprinting and epigenetic regulation (16). These functions showed the 
importance of LncRNA in the body, and their absence in the cell will result in several 
diseases and abnormalities especially in conditions related to cancer and genomic imprinting. 
Recent studies showed that LncRNA has been seen in correlation with malignancy in breast 
and prostate cancer, where in breast cancer lncRNA BCAR4 enhanced cell migration and 
metastasis, while in prostate cancer overexpression of lncRNA SChLAP1 could lead to 
increase the metastatic progression up to 2.45 fold higher (56). Mutation in the germline 
could affect and alter the function of LncRNA which lead to the development of many 
diseases. Further explaining about the correlation between cancer and malignancy with long 
non-coding RNA will be discussed further in more details throughout the article.  
Experimental studies showed the interaction between LncRNA and cancer in terms of 
initiation and progression of various cancers. Lung cancer is one of the cancers where 
scientists studied this correlation. In one of the studies, the regulation of LncRNA was 
identified by establishing an experiment to check the SMAD3 affect on LncRNAs in 
Epithelial-Mesenchymal-Transition (EMT) process. This process simply is performed by the 
polarization of epithelial cells to be transformed into fibroblast such as mesenchymal cells. 
The cell markers of the epithelial cell changed as cell transformation was successfully 
achieved. The protein function and expression of transformed cells changed and showed 



more motile and invasive form (57). Three human cell lines A549, H1299 which are lung 
cancer epithelial cell lines and 293T were used in the previous experimental, total RNA was 
extracted and then quantitative polymerase chain reaction were performed. A microarray data 
collection regarding the expression of 291 LncRNA were examined in both cancerous and 
adjacent normal lung cells. A close attention was given to the role of LINC01186 in the lung 
cancer. The results showed that LINC01186 plays a significant role in down regulating the 
TGF-β1 treated cells (TGF-β1 function to promote cancer metastasis) (57). The practical 
studies showed that LINC01186 was significantly downregulated in TGF-β1 treated cells, 
where the presence of LINC01186 inside the cancerous lung cell will inhibit migration, 
invasion and colony formation to the adjacent healthy cells (57). Comparing the results of 
this experiment with others it seems that LINC01186 been expressed in several cancers, 
which suggests that LINC01186 could be used as a molecular marker in many tumors types.  

Taurine up-regulated gene 1(TUG1) is another LncRNA that has an effect on several type of 
cancers especially esophageal squamous cell carcinoma where experiments showed that this 
LncRNA enhances the cell proliferation and migration of this type of cancer (58). From 96 
patient’s human OSCC tissues and matched adjacent normal tissues were taken to perform 
the experiment. The apoptotic rate of the damaged cells was examined using flow cytometry. 
The results showed that TUG1 was up-regulated in both OSCC tissues and cell lines. This 
means that knocking down TUG1 from the cell will lead to the inhibition of the proliferation 
and growth of the cells, and it will lead to induces apoptosis in OSCC cell lines. These two 
hypothesis were proven by two experiments using CCK-8 assay and flow cytometry 
respectively. Overexpression of TUG1 was correlated strongly with TNM stage, tumor grade, 
and lymph node metastasis. Other LncRNA such as UCA1 showed similar effect of that in 
TUG1 in oral squamous cell carcinoma.  Long non-coding RNA (TUG1) showed also some 
effect on cervical cancer in addition to OSCC. Similar methods were used such as PCR, 
western blot and flow cytometry to check for cell ability to go apoptosis and to check the 
activity of LncRNA in cervical cancer. Westron blot simply was performed by extracting the 
protein from the cells using radioimmunoprecipitation assay buffer(RIPA). The protein is the 
separated using SDS PAGE electrophoresis. The separated protein is then being transferred to 
polyvinylidene difluoride membrane. Blocking of the reaction was performed using milk. 
Primary antibodies such as rabbit polyclonal anti-β-caten- in antibody and rabbit polyclonal 
anti-cyclin D1was used. After an overnight incubation at 4°C the primary antibody was 
detected using chemiluminescent kit (58). Cervical cancer cells showed significant 
expression of LncRNA TUG1. The results also suggested that the level of expression 
increases as the size of malignant cell increases. Invasion and migration of the cervical cancer 
in addition to cell proliferation and cell apoptosis could be decreases when TUG1 is knocked 
down (58). Chronic myeloid leukemia (CML) is one of the diseases where experimental 
studies also showed the effect of lncRNA-BGL3 on regulation of the disorder. Microarray of 
cDNAs encoding lncRNAs was obtained to test for the different expression of LncRNA in 
CML. The result of the experiment performed showed that BGL3 was upregulated by altering 
Bcr-Abl kinetic activity in leukemic cells. The overexpression of BGL3 helped the leukemic 
cells to undergo apoptosis therefore inhibit Bcr-Abl-induced tumorigenesis in vivo.  All these 
data supported the concept where lncRNA- BGL3 also act as tumor suppressor during the 
Bcr-Abl-induced leukemogenesis. The impact of LncRNA on malignant cell is obtained 
either by inhibiting the proliferation and growth of the cell or induce malignant cell 
apoptosis. Based on literature reading it seems that LncRNA has an evenly distributed 
relationship between all the type of cancer. 
 
CircRNA 



CircRNA_100290 is a circRNA that is upregulated in oral squamous cell carcinoma (OSCC) 
and it’s expression is linked to the expression of CDK6. In vivo and in vitro knockdown of 
this circRNA resulted in decrease CDK6 and decrease proliferation of cancerous cells. It was 
found that it binds directly to miR-29 family, thus regulating the levels of CDK6 which is the 
direct target of the miR-29 family. CDK6 is a type of cyclin-dependent kinase and it plays a 
role in cellular progression from G1 phase. Thus, CDK6 has a tumor inducing function and 
its downregulation by CircRNA_100290 suppresses tumor development (59). Another 
circRNA that plays role in cancer is Hsa_circ_0004277 which is found to be down regulated 
in patients with acute myeloid leukemia (AML). Moreover, treating patients with 
chemotherapy led to restoring the normal levels of this circRNA, as well as increase in 
WDR37 . The change in Hsa_circ_0004277 levels during chemotherapy provides a 
possibility for it to be used as a diagnostic biomarker that indicates successful recovery as 
well as it can be used as target for therapy (60). To add, translocations in PML/RARa which 
is a very common translocation in acute promeolytic leukemia (APL) patients can lead to the 
formation of fusion-circular RNAs. That is the circular RNA is made of part of one 
chromosome and another part from another chromosome. Circular RNAs generating from 
this translocation are termed f-circPR. F-circPR were found to contribute to the cellular 
changes found in APL as well as giving cells resistance to chemotherapy (61) 
 
The expression of circRNA_100876 in non-small lung cancer tissues in comparison to their 
adjacent normal tissues showed that the levels of circRNA_100876 was elevated in cancerous 
tissues in comparison to normal controls. Also, the elevated levels of this circular RNA were 
found to be linked to lower survival rate in patients with non-small lung cancer (62).  
Gliomas are cancers with highest mortality rate. Two circRNAs were found to be related to 
glioma. One is circTTBK2 which is upregulated in glioma tissues. Increased expression of 
this circular RNA led to the increase of proliferation, invasion, and migration of cancerous 
cells, and it also inhibited apoptosis. It was found that circTTBK2 acts as a sponge for MiR-
217 (which is usually reduced in glioma cells). The combination of overexpression of MiR-
217 and knockdown of circ-TTBK2 resulted in regression in tumor size of glioma in vivo 
(63). The other circRNA that can be used as a marker for glioma is cZNF292. Silencing of 
cZNF292 in glioma cell lines U251 and U87MG resulted in suppression of cellular 
proliferation and tube formation which indicates a role of this circular RNA in the 
development of glioma (64).  
Hsa_circ_0067934 is a circRNA that is found to be linked to esophageal squamous cell 
carcinoma. A knockdown of hsa_circ_0067934 using SiRNA resulted in the inhibition of 
proliferation and migration of esophageal squamous cell carcinoma cells and blocked the cell 
cycle indicating the role of this circRNA in the progression of the disease as it is found to be 
overexpressed in these patients (65).  
To add, the miRNA ZKSCAN1 and its circular RNA circZKSCAN1 are decreased in patients 
with hepatocellular carcinoma. When both miRNA and CircRNA we silenced, led increase of 
cellular proliferation and invasion took place. However, when this circRNA was upregulated 
in cancer cells as well as in mice, it led to the repression of the cancer. This indicates a 
possible therapeutic role of circZKSCAN1 in treating patients with hepatocellular carcinoma 
(66). Another circRNA related to hepatocellular carcinoma is hsa_circ_0004018. Its levels 
were found to correlate with different markers of hepatocellular carcinoma as it decreases in 
hepatocellular carcinoma tissue (67).  
On the other hand, circPVT1 is found to be upregulated in gastric cancer patients. Silencing 
CircPVT1 leads to the inhibition of proliferation of gastric cancer cells. This circRNA could 
bind to miR-125 and inhibit its activity (68). Although circPVT1 is upregulated in gastric 
cancer patients, Hsa_circ_0000096 is usually downregulated in those patients. A knockdown 



of Hsa_circ_0000096 results in inhibition of cell migration and proliferation in vitro and in 
vivo. It is found to affect cancer cells growth by regulating cyclin D1, CDK6, MMP-2 and 
MMP-9 (69). Similar to this circRNA is hsa_circ_0001895 which was also found to be 
decreased in gastric cancer cell lines as well as in tissue specimens from diseased patients in 
comparison to its levels in the tissue of non-cancerous tissue (healthy control). Interestingly, 
hsa_circ_0001895 was found to be decreased in pre-cancerous tissue as well. The decrease of 
this circRNA in precancerous tissue indicate that it can be used as a helpful marker to 
identify pre-cancerous tissue (70). Another circRNA with relevance to gastric cancer is 
hsa_circ_0000190. A study suggests that hsa_circ_0000190 can be used as a biomarker to 
diagnose gastric cancer. This is because which it is found to be downregulated in gastric 
cancer and its levels to be associated with the diameter of the tumor, lymphatic and distal 
metastasis, as well as TNM stage and levels of CA19-9. Thus, this circular RNA can be used 
as a biomarkers as it has better sensitivity and specificity than the currently used markers for 
diagnosis of gastric cancer which are  CA19-9 and CEA (71). 
The expression of circCCDC66 is found to be upregulated in histological sections of cancer 
tissue and polyps. When circCCDC66 is knocked down, the humors growth is inhibited as 
well as cancer invasion. Moreover, gain of function/loss of function studies on this circRNA 
revealed It has a role in the pathogenesis in colorectal cancer and it works by controlling 
oncogenes (72). Another circRNA playing role in colorectal cancer is circBANP. It is 
normally overexpressed in colorectal cancer tissues and a knockdown of it results in a 
significant decrease in the proliferation of cancerous cells (73). To add, hsa_circ_001988 is 
also linked to colorectal cancer and its levels are down regulated in cancerous tissue in 
comparison to its levels in non-cancerous tissue taken from the same person (74). The 
upregulation of circ_001569 in colorectal cancer leads to the increase in the amounts of miR-
145 targets E2F, BAG4, and FMNL2 which leads to increase in cellular proliferation and 
invasion. This occurs due to its actions as a sponge for miR-145. The authors overexpressed 
and silenced circ_001569 to study its effect on colorectal cancer cells. They found that the 
cells in which this circular RNA was overexpressed showed increase in proliferation and 
migration while cells who had it silenced experienced decreased proliferation and invasion 
(75). Zhang et al. found two circular RNAs that can be used as diagnostic markers for 
colorectal cancer. These two are hsa_circRNA_103809 and hsa_circRNA_104700. They are 
both downregulated in colorectal cancer tissue in comparison to normal tissues. Moreover, 
the levels of hsa_circRNA_103809  was associated with metastasis to lymph nodes, and 
hsa_circRNA_104700 showed a significant association as well with distal metastasis (76). 
Lastly, hsa_circ_0000069 was found to be significantly upregulated in tissue samples from 
patients with colorectal cancer. Functional studies using a knockdown revealed its ability to 
inhibit the growth of cancerous tissue in vitro. However, more studies need to be done to 
study its effect in vivo (77).  
 
MicroRNA 
B-cell chronic lymphocytic leukemia showed the first indication that presented alterations 
in the expression level of miRNAs on tumor cells (27). Subsequently, different types of 
cancer produced a massive amount of data by expression profiles of miRNAs in tumor 
tissues and derived cell lines, that has been detected in. The significant work of Lu and 
colleagues in 2005 exhibited that miRNA tumor profiles are informative, reflecting the 
developmental lineage and differentiation state of the tumor. Furthermore, they could 
effectively categorize each tumor type through miRNA profiling, while messenger profiles 
were not proficient to do it (27). 
 
Cervical cancer 



MiRNA’s profiling in cervical tissue has many challenges associated with it, one of which 
that Pereira et al. have presented in 2010, which has highlighted the importance of 
considering the variable factors that may influence miRNA expression profiles between 
patients when analyzing miRNA profiling outcomes in cervical tissue. For instance, natural 
genetic variation, age, viral infections, and non-neoplastic diseases (78). Another study in 
2015 by How et al. presented other Sources of variation of expression in cervical tissues. For 
example, intratumor heterogeneity, specimen preservation differences, and profiling platform 
differences (79). 
Regardless of the challenges with miRNA profiling, many studies have shown positive 
results of expression in MiRNAs involved in the development and progression of cervical 
cancer. Lee and co-workers used TaqMan real-time quantitative PCR array to analyze the 
differential expression of 157 human mature miRNAs. The study included ten normal tissues 
and ten primary invasive squamous cell carcinomas (ISCC) tumor biopsies. The results 
showed that 68 miRNAs up-regulated and two were down-regulated,10 miRNAs with fold 
changes of more than 100 were over-expressed. Namely, miR-199-s, miR-9, miR199a*, miR-
199a, miR-199b, miR-145, miR-133a, miR-133b, miR-214 and miR-127. On the other hand, 
the only two under expressed miRNAs were miR-149 and miR-203 (80). In a study with 102 
cervical cancer tumor biopsies, quantitative RT-PCR was used to examine the expression 
profile of 96 miRNAs that are cancer-related. 10 miRNAs have been selected to predict 
the all in all survival in the patient group using a backing vector machine mathematic 
algorithm. Significantly, miR-200a was related to overall survival. Gene set enrichment 
and gene ontology based analyses, showed that miR-200a could control cancer phenotype by 
regulating metastasis processes (81). Furthermore, a study that showed the expression of 
miR-100 in 125 cervical tissues. MiR-100 showed reduced tendency in low-grade CIN, high-
grade CIN to cervical cancer tissues, and a significant decrease in HPV positive cervical 
cancer cell lines. In addition, miR-100 expression through PLK1 (Polo-like kinase1) 
negatively influenced cell cycle, apoptosis, and cell proliferation. Moreover, PLK1 and miR-
100 expression was negatively associated in CIN3 and cervical cancer tissues. Hence, the 
researchers have identified miR-100 a role “at least partly” in the development of cervical 
cancer by the means of loss of inhibition to target gene PLK1 (82). Table (1) summarize the 
miRNAs involved in the progress of cervical cancer.  
 
Breast cancer 
Breast carcinoma, is one of the most prevalent cancer in women. Breast tumors are 
categorized into four classes (luminal A, luminal B, HER2 over expressing, and basal) 
according to their difference in phenotypes, susceptibility to specific treatments, gene 
expression, and prognosis (83). 

It has been shown that multiple miRNAs are associated with a given cancer signature. In 
breast cancer, up-regulation of miR-21 has been reported across tumor specimens whereas 
other miRNAs (miR-141, miR-200b, miR- 200c, miR-214, miR-221, and miR-222) exhibited 
irregular pattern of expression (84). In two of the four ER-, PR-, HER2- tumor specimens, 
miR-205 was highly expressed, which may be indicative of an association between miR-205 
expression with this aggressive tumor subtype (84). The specificity of miRNA expression at 
different stages of the breast tumor is such that the level of miRNA expressions can be used 
to distinguish breast cell lines according to their malignancy status. For example, the 
expressions of several miRNAs have been observed to be elevated in tumorigenic cell lines 
compared with nontumorigenic cell lines (85). In the same study, it was shown that in the 
breast tumor tissue, miR-21 was frequently having higher levels in carcinoma cells than in 
matching normal tissue. 



In another study [16] whose results were confirmed by microarray and Northern blot 
analyses, the differentially expressed miRNAs, miR-10b, miR-125b, miR145, miR-21, and 
miR-155 were demonstrated to be among the most consistently deregulated in breast cancer. 
The miR-10b, miR-125b, and miR-145 were down-regulated and miRNA-21 and miR-155 
were up-regulated. The miRNA genes have been reported to be frequently deleted in human 
cancer and interestingly, miR-125b which is down regulated in breast cancer is located at 
chromosome 11q23-24, one of the most frequently deleted regions in breast cancer (86). 

The results of these studies indicate that the differential expressions of miRNAs and their 
correlation with specific breast cancer bio-pathological features such as tumor stage, vascular 
invasion, estrogen and progesterone receptor expressions may in the future be used in the 
clinic as biomarkers to specific stages of breast cancer. 

 
Colorectal cancer 

Experimental data performed on colorectal cancer and CRC cell lines have demonstrated 
several miRNAs to function as Oncomirs (refers to tumor suppressor and oncogenic effects 
of mirRNAs). Several miRNAs (miR-17-92, miR-21, miR-135) are identified as oncogenic 
miRs and others (miR-34, miR-126, miR-143) are identified as tumor suppressor miRs 
because they are involved in myc, PTEN, PDCD4, APC pathways and p53, CDK, p85β, 
KRAS pathways, respectively (87). 

The Wnt/β-catenin pathway plays a central role in early colorectal tumor development. More 
than 60% of all colorectal adenomas and carcinomas have mutation in the APC gene, leading 
to stimulation of the Wnt pathway via free β-catenin (88). Recently, miR-135 family has been 
shown to regulate the adenomatous polyposis coli gene in colorectal cancer. The miR-135a 
and miR-135-b target the 3′-untranslated region and decrease the translation of the APC 
transcript in vitro. Interestingly, up-regulation of miR- 135 was also found in vivo in 
colorectal adenomas and carcinomas and correlated with low APC levels (89). These results 
suggest that the miR-135 family is deregulated in neo-plastic colorectal tissues. 

The down-regulation of Ecadherin and the successive loss of cell-cell adhesion are described 
by EMT, thus leading to a mesen-chymal phenotype which contributes to the invasiveness 
and dissemination of epithelial tumor cells in several carcinomas including colorectal cancer 
(90). The members of miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 and miR-
429) that are suppressed by TGF-β-signaling have been shown to have functional link to 
EMT (91). Thus, the miR-200 family members might act as important regulators of epithelial 
phenotype in colorectal cancer. 

Reduced levels of miR-143 and miR-145 in colonic adenomas and carcinomas are 
demonstrated by investigations on paired colorectal neoplasias and normal mucosal samples 
(92). The reduction of these two miRNAs in CRC and additional two miRNAs (miR-126 and 
miR-133b) has been confirmed by others (93, 94). Although many studies have shown 
increased or reduced levels of miRNAs in colon adenocarcinomas, however, very few studies 
have evaluated the association between mirRNA expression patterns and colon cancer 
prognosis or therapeutic outcome. 

In a recent report, this question was addressed by a study involving microRNA microarray 
expression profiling of tumors and paired nontumor tissues on a cohort of 84 patients with 
incident colon adeno-carcinoma (95). In this study, thirty-seven mirRNAs were reported to 
be differentially expressed in tumors from the test cohort. Expression patterns of mirRNAs 
were shown to be systematically altered in colon adeno-carcinomas and a high miR-21 



expression was demonstrated to be associated with poor survival and poor therapeutic 
outcome. In another study, forty-eight clinical colorectal samples (24 samples with 24 paired 
normal samples) were evaluated for the presence of miRNAs and their significance as 
markers for disease prognosis (96). Among the ten miRNAs, miR-15b, miR-181b, miR-191, 
and miR-200c were highly expressed and miR-200c was significantly associated with patient 
survival. 

Table (1): Non-coding RNAs and their associations with different types of cancer.  
Disease Name of RNA Regulation in 

Disease 
Target gene            Reference   

Acute Myeloid 
Leukemia  

hsa_circ_0004277 Downregulated Not identified (60) 

Breast cancer miR-9, miR10b, 
miR-21, miR-27a, 
miR-29a, miR-96, 
miR-146a, miR-155, 
miR-181, miR-191, 
miR-196a, miR-
221/222, miR-373, 
miR-375, miR-520c, 
and miR589 

Upregulated Not identified (97-99) 

Breast cancer miR-30a, miR-31, 
miR-34a, miR-125, 
miR-126, miR-146a, 
miR-146b, miR-195, 
miR-200, miR-205, 
miR-206, miR-221, 
and let-7 

Down regulated Not identified (97, 99-
103)  

Breast Cancer  LncRNA BCAR4 Upregulated GLI2 (104) 

Breast cancer   U3, U8 Downregulated Unknown, 
RNA28S 
(respectively) 

(105) 

Cervical cancer miR-99a, miR-203, 
miR-513, miR-29a 

Downregulated IGF-1, 
BCL2L2, 
VEGFA and 
CDK6 

(78) 

Cervical cancer miR-203 Upregulated p63-family (82) 
Cervical cancer miR-372 Downregulated CDK2, Cyclin 

A1 
(106) 

Cervical cancer miR-200a, miR-205 Basal 
expression 

ZEB1, ZEB2 
and SIP1 

(107) 

Cervical cancer miR-148a Upregulated PTEN, 
P53INP1 and 
TP53INP2 

(78) 

Cervical cancer miR-34a Downregulated p18Ink4c, 
CDK4, CDK6, 
Cyclin E2, 
E2F1, E2F3, 
E2F5, BCL2, 

(108, 
109) 



BIRC3, and 
DcR3 

Cervical cancer miR-218 
 

Downregulated LAMB3 (110) 

Cervical cancer miR-145 Downregulated IGF-1 (78) 
Cervical cancer miR-148a Upregulated PTEN, 

P53INP1 and 
TP53INP2 

(78) 

Cervical cancer miR-10a, miR-196a, 
miR-132 

Upregulated (HOX) genes (78) 

Cervical cancer miR-886-5p Upregulated BAX (110) 
Cervical cancer miR-100 Downregulated PLK1 (82) 
Cervical cancer  
 

LncRNA TUG1  
 

Upregulated  (111) 

Cervical cancer LncRNA BGL3  Downregulated Bcr-Abl  

 

(112) 

Colorectal cancer miR- 135 family Down regulated Not identified (89) 
Colorectal cancer miR-200a, miR-200b, 

miR-200c, miR-141 
and miR-429 

Down regulated Not identified (90) 

Colorectal cancer miR-143, miR-145, 
miR-126 and miR-
133b 

Down regulated Not identified (94, 113) 

Colorectal Cancer circCCDC66 Upregulated Not identified (72) 
Colorectal Cancer  circBANP Upregulated Not identified (73) 
Colorectal Cancer  hsa_circ_0000069 Upregulated  Not identified (77) 
Colorectal Cancer  hsa_circRNA_103809 Downregulated Not identified (76) 
Colorectal Cancer  hsa_circRNA_104700 Downregulated Not identified (76) 
Colorectal cancer  hsa_circ_001988 Downregulated Not identified (74) 
Colorectal cancer  circ_001569 Upregulated  miR-145/ 

E2F5, BAG4, 
FMNL2 

(75) 

Colorectal cancer 
(CRC) 

SNORD126 Downregulated Unknown (52) 

Embryonic Kidney 
Cancer 

7SK Upregulated P-TEFb (114) 

Esophageal 
squamous cell 
carcinoma 

hsa_circ_0067934 Upregulated  miR-145 (65) 

Food intake  SNORD116 Downregulated Unknown (115) 
Gallbladder cancer SNORA74B Downregulated RNA28S (115) 
Gastric Cancer  circPVT1 Upregulated miR-125  (68) 
Gastric Cancer  hsa_circ_0000096 Downregulated cyclin D1, 

CDK6, MMP-
2 and MMP-9. 

(69) 

Gastric Cancer  hsa_circ_0001895 Downregulated Not identified (70)  



Gastric cancer  hsa_circ_0000190 Downregulated  Not identified (71) 
Glioma circTTBK2 Upregulated miR-217 (63) 
Glioma  cZNF292 not mentioned PRR11, Cyclin 

A, p-CDK2, 
VEGFR-1/2, 
p-VEGFR-1/2, 
EGFR 

(64) 

Hepatocellular 
Carcinoma  

circZKSCAN1 Downregulated Not identified (66) 

Hepatocellular 
carcinoma  

hsa_circ_0004018 Downregulated miR-129-5p (67) 

Hepatocellular 
carcinoma (HCC) 

SNORD126 Downregulated Unknown (52) 

Hyperphagia, obesity 
and hypogonadism  

SNORD116 Downregulated Unknown (116) 

Leukemia  f-circPR Newly Formed 
due to 
translocation  

Not identified (61) 

Lipotoxicity in 
Diabetes 

U32a  Downregulated RNA18S (55) 

Lipotoxicity in 
Diabetes 

U33 Downregulated RNA18S, 
RNA28S 

(55) 

Lipotoxicity in 
Diabetes 

U35a Downregulated RNA28S (55) 

Lung cancer  lncRNA LINC01186 Downregulated SMAD3  
 

(117) 

Lung cancer U3, U8 Downregulated Unknown, 
RNA28S 
(respectively) 

(105) 

Non small cell lung 
cancer  

circRNA_100876 Upregulated  MiR-136/ 
MMP13 

(62) 

Oral squamous cell 
carcinoma  
 

LncRNA TUG1  
 

Upregulated Wnt/β  
 

(118) 

Oral Squamous Cell 
Carcinoma  

circRNA_100290 Upregulated miR-29/ 
CACNA1C 

(59) 

Pancreatic ductal 
adenocarcinoma 

SNORA23 Downregulated RNA28S (54) 

Prostate cancer  LncRNA SChLAP1 Upregulated SWI/SNF 
complex and 
SNF5 

(119) 

Prostate cancer  LncRNA UCA1 Upregulated ATF2  
 

(120) 

Prostate Cancer SNORA55 Downregulated RNA18S (121) 
 
 
 
 



SnRNA & snoRNA 
The mention of snRNAs and their relation to cancer has been minimal in the literature. 
However, family 7SK has been described as potential therapeutic agents against cancer. 
Overexpression of 7SK induced cellular apoptosis in different cancerous cell lines by 
inhibiting the activity of positive elongation factor b (P-TEFb). Another interesting 
observation is that stem cells had higher concertation of 7SK than differentiated cells(114, 
122). These finding demonstrates the regulatory that 7SK in cellular proliferation. 
 
SnoRNAs have been linked to the proliferative ability of cancerous cells in different types of 
cancers and to the metastatic ability of these cancerous cells. A class of snoRNA known as 
snora23 increased significantly in metastatic tumor cell lines, and the knock down of genes 
responsible for its synthesis reduced cellular proliferation and metastasis(54). SnoRNA55 
snoRNA was also shown to induce growth and metastasis in prostate cancer patients(121). 
Moreover, classes of snoRNA such as U3 and U8 were shown to interfere with the function 
of p53 gene in metastatic cells, and their absence lead to normal cellular apoptosis, indicating 
their oncogenic effect(105). In addition, snora74B also increases in patients with gallbladder 
cancer, and its silencing in vitro resulted promoted normal cellular apoptosis(53). It is clear 
that snRNA can be used in therapy, whereas snoRNAs play an important role in the 
progression of cancer, and hence their control may present therapeutic benefits in cancer 
treatment. 
 
 
Diabetes 
 
LncRNA 
Mitochondrial genome is different from the nuclear in which the mitochondrial genome is 
compact, circular, double stranded DNA which only encode 13 proteins, and two rRNAs and 
22 tRNAs which are required for 13 proteins translation. Excluding rRNAs and tRNAs 
Noncoding RNAs make up 15% of the human mitochondrial transcriptome (123). Deep 
sequencing was used in one of the articles to detect RNAs generated from the non-coding 
region in the mitochondria (123). Three abundant mitochondrial LncRNAs (ND5, ND6, and 
Cytb) showed that their expression is being regulated by nuclear-encoded mitochondrial 
processing proteins, which suggest that mitochondrial lncRNAs may influence the regulation 
of mitochondria gene expression (123). Diabetes is a disorder that showed the impact of 
mitochondrial LncRNA expression on different diabetes related diseases. Mitochondrial 
Long noncoding RNA ASncmtRNA‐2 showed an upregulated expression level in Diabetic 
nephropathy (DN) (124). Mouse model was used to test for this experiment. The results of 
RNA isolation and PCR showed that ASncmtRNA‐2 was upregulated in mice with DN. 
These results proved that ASncmtRNA-2 increased as the DN cell developed. Measurement 
of intracellular reactive oxygen species (ROS) was performed since ROS induces the 
oxidative damage to both intra and extracellular compartment of the kidney (124). The result 
of the experiment indicated that inhibition of ROS by L-NAME could reduce the 
upregulation of ASncmtRNA‐2.  

Researches showed that mitochondrial LncRNA helps in the regulation of ROS production. 
An example of these mitochondrial LncRNA which regulate the production of ROS is 
ASncmtRNA‐2. A hypothesis was introduced regarding the topic to see which factor 
contribute and impact the other. The hypothesis suggested that ASncmtRNA-2 could function 
as a substrate which will stimulate the formation of ROS (124). Overexpression of 



ASncmtRNA-2 in ND diseases means that the amount of the substrate (ASncmtRNA-2) will 
increase and as a result the production of ROS will be high. A study has shown that the levels 
of hsa_circ_0054633 increase respectively between normal individuals, pre-diabetics, and 
patients with type two diabetes mellitus. However, this study was focused only on studying 
Chinese population, so these results may differ in other populations (124).  

CircRNA 
A study have shown that the levels of hsa_circ_0054633 increase respectively between 
normal individuals, pre-diabetics, and patients with type two diabetes mellitus. However, this 
study was focused only on studying Chinese population, so these results may differ in other 
populations (125). In addition to hsa_circ_0054633, Overexpression of Cdr1as in islet cells 
results in increasing the insulin content and secretion by the islet cells (126). 
 
MicroRNA 
A prospective population-based cohort including 80 patients with type two diabetes 
mellitus (T2DM) and 80 ages- and sex-matched controls showed that, in patients with 
diabetes, miR-28-3p was overexpressed, and 12 other microRNAs were underexpressed 
(127). Decreased circulating miR-126 was a significant predictor of DM. miR-15a, miR-
29b, miR-126, and miR-223 were decreased in the subjects with DM (127). In pancreatic 
β-cell, islets, enriched miR-375 was increased in subjects with T2DM and modulated β-
cell function through several physiological mechanisms. miR-375 inhibits insulin secretion 
and transcription, maintains β-cell mass, proliferation, and regeneration, and promotes 
embryonic pancreas development (128). Besides, it was found that microRNAs control the 
insulin signal transduction pathways in target tissues. Insulin resistance refers to the 
failure of target tissues, including the liver, skeletal muscle, and adipose tissues, to 
respond adequately to circulating insulin. Clinical studies have reported underexpressed 
miR-133  and overexpressed miR-503  in skeletal muscle, while increased miR-181a and 
decreased miR-17-5p, miR-132, and miR-134 have been observed in the omentum (129, 
130). In addition, miR-147 and miR-197 were increased in subcutaneous fat tissue while 
miR-27a, miR-30e, miR-155, miR-210, and miR-140 were decreased (127). As the above 
findings suggest, microRNAs aid in the prognosis of diabetes and could be 
pharmacological targets in diabetes. 
 
SnRNA & snoRNA 
Although no direct relation has been established between snRNA nor snoRNA and diabetes, 
oxidative stress was linked to a some classed of snoRNAs. Oxidative stress is induced in 
diabetic patients and it is one of the main contributors to diabetic consequences such as 
nephropathy and retinopathy(131). Hence, we a link between diabetes and snoRNAs can be 
established. U33a, U33, and U35a have been linked to lipotoxicity in diabetes. These 
snoRNAs made the cells susceptible to apoptosis as a result of lipotoxicity and oxidative 
stress. Down regulation of U32a U33 and U55a lead the cells to become capable of 
withstanding lipotoxic stress and undergo normal life cycle and apoptosis(55). 
 
Cardiovascular Disease 
 
CircRNA  
Heart hypertrophy and failure was affected by the circRNA HRCR. It was found to act as 
miR-223 sponge as it inhibits its function and lead to increase in ARC expression. Normally, 
HRCR is bound to miR-223 in vivo. Decreased ARC expression is found in patients with 
heart failure (132). CircRNA_000203 was found to be overexpressed in diabetic mouse 



myocardium and in mouse Ang-II induced cardiac fibroblasts. The overexpression of 
circRNA_000203 is found to act as a sponge for miR-26b-5p. Inhibiting miR-26b-5p leads to 
increasing the expression of certain fibrosis related genes (133). Overexpression of Cdr1as 
increases the size of cardiac infarction in mice. While, the miR-7a overexpression leads to 
reversing these effects (134).  
 
SnRNA & snoRNA 
Similar to diabetes, neither snRNAs or snoRNAs were directly associated with 
cardiovascular diseases, however, the small of snRNAs as therapeutic agents to treat 
hypertrophic myocardiopathy was described in mice studies. U7 snRNA inserted into a 
vector can be used to transport antisense oligonucleotides (AON) to cardiac cells to promote 
exon skipping and correct this genetic disorder(135). 
  
Obesity and Nutritional deficiency 
 
MicroRNA 
Obesity is an energy-rich condition associated with overnutrition, which impairs systemic 
metabolic homeostasis and elicits stress (136). Adipose tissue is an important contributor to 
the pathophysiology of obesity, and there are two types of adipose tissue that exist in 
mammals: white adipose tissue (WAT) and brown adipose tissue (BAT) (137).  Most of the 
body’s adipose tissue is composed of WAT that serves as a source of free fatty acids, which 
are used as an energy substrate through oxidative phosphorylation of adenosine triphosphate 
(ATP) (138). White adipose tissue can be found in various anatomical sites. WAT main 
regions are: intraabdominal around the omentum, intestines and peri-renal areas, and 
subcutaneous in the buttocks, thighs and abdomen. Furthermore, WAT can also be found in 
muscle, epicardial, visceral, perivascular and kidney (139). WAT functions in the regulation 
of the metabolism through adipocyte differentiation, energy homeostasis, and insulin 
sensitivity (140).  
Various studies have used the microarray assay and the candidate gene approach to show the 
expression profiles of microRNAs in white adipose tissue of obese and normal males and 
females, but the exact number of miRNAs that are differentially expressed in obese human 
WAT remains to be established nevertheless the numbers are likely to be very small.  Till 
now, studies have shown the upregulation of approximately 10 miRNAs (Table 1) and the 
down regulation of approximately 30 miRNAs (Table 2) that have been described in this 
tissue type. Although the functional roles of these miRNAs in the development of obesity are 
not yet known, the actions of several of these transcripts in human fat cells have, partially, 
been characterized.  
 
Table (2): Up regulated microRNA’s in white adipose tissue of obese humans: 

Method MicroRNA Tissue / cell Function Reference 
Microarray 
analysis 

miR‑519d Subcutaneous 
WAT 

Unknown Martinelli et al. 
(2010) (141). 

Microarray 
analysis 

miR-99a, 
miR-199a-5p, 
miR-125b, 
miR-221 and 
miR-1229 

Subcutaneous 
WAT 

Unknown Ortega et al. 
(2010) (142). 



Candidate gene 
approach 

miR-146b Subcutaneous 
and visceral 
WAT 

Unknown Chen et al. (2014) 
(143). 

Microarray 
analysis 

miR-21 Subcutaneous 
WAT 

Unknown Keller et al. (2011) 
(144). 

Microarray 
analysis 

miR-222 and miR-
342-3p 

Subcutaneous 
WAT 

Unknown Arner et al. (2012) 
(145). 

Microarray 
analysis 

miR-221 Subcutaneous 
WAT 

Unknown Meerson et al. 
(2013) (146). 

 
 
Table (3): Down regulated microRNA’s in white adipose tissue of obese humans 
Method MicroRNA Tissue / cell Function Reference 

Microarray 
analysis 

miR-150 and 
miR-659 

Subcutaneous 
WAT 

Unknown Martinelli et al. 
(2010) (141). 

Microarray 
analysis 

miR-130b, 
miR-139-5p, 
miR-185 and 
miR-484 

Subcutaneous 
WAT 

Unknown Ortega et al. 
(2010) (142). 

Candidate gene 
approach 

 Subcutaneous 
and visceral 
WAT 

Unknown Chen et al. 
(2014) (143). 

Microarray 
analysis 

miR-143 Subcutaneous 
WAT 

Unknown Keller et al. 
(2011) (144). 

Microarray 
analysis 

let-7a, let-7d, let-
7i, miR-16, 
miR-26a, miR-30c, 
miR-92a, miR-126, 
miR-139-5p, 
miR-143, miR-145, 
miR-151-5p, 
miR-193a-5p, 
miR-193b, 
miR-197, miR-484-
5p, miR-378 and 
miR-652 

Subcutaneous 
WAT 

let-7d, miR-26a, 
miR-30c, miR-145, 
miR-193 and miR-652 
regulate lipolysis [12] 
Some of these miRNAs 
regulate production of 
CCL2[10] and TNF [12] 
miR-143, miR-145 and 
miR-378 influence 
adipocyte 
differentiation 
[13,14,15,16]. 

Arner et al. 
(2012) (145).  

Microarray 
analysis 

miR-193a-3p and 
miR-193b-5p 

Subcutaneous 
WAT 

Unknown Meerson et al. 
(2013) (146). 

Microarray 
analysis 

miR-17-5 p and 
miR-132 

Visceral WAT miR-132 regulates the 
immune system 

Heneghan et al. 
(2011) (147). 



Microarray 
analysis 

miR-141 and 
miR-520 m 

Visceral WAT miR-144 and miR-520e 
might regulate glucose 
metabolism 

Capobianco 
et al. (2012) 
(148). 

Candidate gene 
approach 

miR-221 Visceral WAT Unknown Chou et al. 
(2013) (149) 

Candidate gene 
approach 

miR-125a Subcuatneous 
and visceral 
and WAT 

Unknown Diawara et al. 
(2014) (150) 

Candidate gene 
approach 

miR-200a and 
miR-200b 

Visceral WAT Unknown Oger et al. 
(2014) (151) 

 
 
SnRNA & snoRNA 
There was no direct link between snRNAs or snoRNA and obesity or nutritional deficiencies. 
However, studies have shown that snord116, a class of snoRNAs, plays a role in the 
hyperphagia seen in those suffering from Prader Wili Syndrome (PWS). Loss of snord116 
gene cluster was observed in a PWS patient and the associated hyperphagia and 
hypogonadism were imputed to the function of snord116 in the hypothalamus (116). 
Moreover, animal models have shown that the loss of the snord116 gene increased food 
intake in mice, however it did not induce obesity in mice. This discrepancy between humans 
and mice suffering from the same deletion can be attributed to differences in mice and human 
metabolism(115).  
 

Noncoding RNAs in health and disease 
 
LncRNA and aging 
As the human being become older the cells and organs show a reduction in their functional 
ability, and in some cases, it could lead to complete loss of function, disease and later to 
death. Scientist tried to understand the mechanism of aging in order to try to either slow it 
down or stop it. Phenotypic changes regarding aging is driven from the genetic expression 
inside the cell.   
LncRNAs that modulate telomere length is one of the aspect discussed regarding LncRNA 
and aging. Telomeres is considered as a repetitive nucleotide sequences at each end of a 
chromosome which play a role in protecting the end of the chromosome (152). During DNA 
replication, the telomerase reverse transcriptase (TERT) bind to the telomerase and extend 
the length of telomerase as a protection process. The length of the telomerase in regulated by 
both Telomerase ribonucleoprotein complex that contain two proteins TERT and the lncRNA 
TERC (telomerase RNA component), and by telomeric repeat containing RNA lncRNA 
TERR (152). LncRNA TERC has an important role in maintaining telomere length which 
could prevent againg and premature senescence. An experiment on TERC deficient mice 
showed short telomeres, chromosomal instability which lead to premature aging (153).  
LncRNA TERC acts synergically with LncRNA TERRA. As the TERC maintains the length 
of telomerase, polymerase II transcribe LncRNA TERRA which will prevent telomerase 
elongation (152). Either over or under expression of LncRNA TERRA could lead to 
premature senescence and aging. A mutation in the gene DNA methyltransferase 3B 
(DNMT3B) could lead to hypomethylation of telomeric region which elevate the level of 
TERRA that affect the telomerase elongation (152). Figure will be added.  
LncRNA and its association with epigenetic alterations is another aspect discussed in aging 



and senescence. During aging the DNA methylation declines is some genes while in other 
genes such as tumor suppressor gene DNA methylation increases during aging (152). Xist is 
one of the LncRNAs that is responsible for imprinting and silencing of the X chromosome. In 
senescent cells the levels of Xist decline (154). pRNA is another LncRNA which regulate the 
transcription of ribosomal RNA as it interacts with DNA the target site of the transcription 
factor TTF1(153). Increase the methylation rate of rDNA was observed Werner syndrome 
fibroblasts. Heterochromatin formation is a distinctive feature of senescence and aging. The 
loss of heterochromatin activity with aging is believed to affect many cellular processes 
associated with aging. Heterochromatin maintenance and formation is directly related to 
chromosomal stability (153). 

Stem cells are defined as the progenitor cells for the proliferation of specific cells and tissues 
which perform specific functions in the body. With aging the regenerative ability of the stem 
cells declines, it also responds to some alternation such as DNA damage and cell cycle 
inhibition which promote aging. Pluripotency in the human body is strictly regulated by some 
transcriptional factors such as Oct4, Sox2 and Nanog along with several other 
coregulators(152). The presence of some LncRNAs in the body could regulate some stem cell 
transcription factors which will help in the regulation of LncRNAs expression. LncRNA 
AK028326 is regulated by transcription factor Oct4, while AK141205 is repressed by Nanog. 
Any mutation or knockdown of these two LncRNAs could lead to transcriptional factors 
alteration which affect pluripotency and gene expression in the cell (155). In a study 
performed the result showed that the expression of 28 LncRNAs in Induced pluripotent stem 
cells iPSCs was higher than in Embryonic stem cells(ESCs), which suggest their importance 
role in iPSCs. LncRNA linc- RoR is one of the these LncRNAs that regulate human ESCs 
reprogramming. Overexpression of this LncRNA will cause programing initiation which 
support the hypothesis that linc- RoR could act as miRNA sponge to regulate the transcription 
factors such as Oct4, Nanog, and Sox2 in hESCs (156). linc- RoR could lower the levels of 
cell cycle regulator and tumor suppressor p53 by the interaction with p-hnRNP I which is 
needed for p53 mRNA translation (152). All these finding support that linc- RoR is consider 
an important stem cell regulator of cell growth and survival which controls cellular 
senescence.  

circRNA and cellular growth  
CircHIPK3 is found to function in cellular proliferation and growth. That is this circRNA 
which is derived from exon 2 in the HIPK3 gene, so it was named circHIPK3. The study 
characterized this type of circRNA and silenced it to find that it inhibited the growth of cells. 
It has been shown to bind to miR-124 and inhibits its activity (125). Moreover, in normal 
cells, circ-Foxo3 is found to be upregulated. The down-regulation of this circular RNA is 
found to have an association with the development of cancer. CDK2 is a marker that is 
associated with the transition of the cell cycle from G1 to S phase. P21 is a known CDK 
inhibitor along with P27. This study showed that circ-Foxo3 interacts with CDK2 and P21 
forming a complex that inhibits the progression of the cell cycle (157).  
 
SnRNA in health and disease   
Small nuclear RNAs are involved in post transcriptional processing of the pre-mRNA in 
healthy individuals. However, the relation of snRNAs to disease have not been widely 
studied. SnRNPs and their associated proteins (LSm proteins) are the main structures studied, 
and research have been focused on the proteins moiety of snRNP rather than RNA 
moiety(158). This can be attributed to the fact that snRNAs are known to function in site 
recognition rather than in the catalytic activity on the spliceosome during splicing. On the 



other hand, many species of snoRNA have been associated to disease and they have been 
studied in greater depth and associations of many snoRNAs and disease have established. 
Example of snoRNA species associated with disease include snora23 (in cancer), U33 (in 
lipotoxicity), snord116 (in hyperphagia). This section discusses the several types of small 
noncoding RNAs and their relation to disease. It is worth to mention that snRNA plays a role 
in diseases related to exon skipping and viral infections. Utilizing U1 snRNA gene may 
provide a safe therapeutic possibility to patients suffering from splicing diseases such as 
hemophilia, cystic fibrosis and spinal muscular atrophy with mutated 5’ exonic splice sites 
mutations. Mutating the 5’ prime end of U1 snRNA would improve the splicing site 
recognition by the U1 snRNP within the spliceosome (159). It has also been shown that 
inserting a functional beta-globin gene to a U7 snRNA gene through a vector to beta-
thalassemia HeLa cells has significantly increased the production of normal beta-globin, 
providing an easier therapeutic method than gene replacement (160). Intriguingly, snRNA 
induction has been associated with viral infections, and controlling the levels of snRNA in 
host cells provides means to tackle these infections (161). 
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