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Abstract- This article reviews the available literature on the regulation of miRNA processing that occurs 
within normal cells and embryonic stem cells, during development or in diseases such as cancer. Also, 
explains miRNA biogenesis process for which regulation occurs. RNA editing of miRNA precursors, 
regulation by RNA binding proteins, alterations in the levels of key processing proteins, as well as a number 
of unknown mechanisms contribute to the regulation of miRNA processing as well as miRNA expression 
pattern during adipogenesis. 
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Introduction 
In 1933 Lee and colleagues first described 
function of miRNA to downregulate gene 
expression for C. elegans[1]. As of 2002, 
miRNAs have been confirmed in various plants 
and animals, including C. elegans, human and 
the plant Arabidopsis thaliana. MicroRNAs 
(miRNA or µRNA) are single-stranded RNA 
molecules of 21-23 nucleotides in length, which 
regulate gene expression. miRNAs are encoded 
by genes from whose DNA they are transcribed 
but miRNAs are not translated into 
protein.primary transcript  is processed into a 
short stem-loop structure called a pre-miRNA and 
finally into a functional miRNA. MicroRNAs are 
produced from either their own genes or from 
introns and can be encoded by independent 
genes, but also be processed from a variety of 
different RNA species, including introns, 3' UTRs 
of mRNAs, long noncoding RNA, snoRNAs and 
transposons [2,3]. Recently, researchers found 
that miRNA genes overlap with the protein-
coding region of the genes of a multigene family. 
Perfect or near perfect base pairing with the 
target RNA promotes cleavage of the RNA. In 
animals, microRNAs more often only partially 
base pair and inhibit protein translation of the 
target Mirna. MicroRNAs that are partially 
complementary to the target can also speed up 
deadenylation, causing mRNAs to be degraded 
sooner[4]. miRNAs occasionally also causes 
DNA methylation of promoter sites and therefore 
affecting the expression of targeted genes[5,6]. 
miRNAs function in association with a 
complement of proteins collectively termed the 
miRNP. Human miRNPs contain eIF2C2 
(Argonaute 2), DDX20, GEMIN4 and microRNA. 
Animal microRNAs target in particular 
developmental genes [7]. In contrast, genes 
involved in functions common to all cells, such as 
gene expression, has resulted in the production  

 
of microarrays dubbed MMChips containing all 
then known miRNAs for human, mouse, rat, dog, 
C. elegans and Drosophila  [8]. All the miRNAs in 
plants are derived from the sequential DCL1 
cleavages from pri-miRNA to give pre-miRNA (or 
miRNA precursor). But the mirtrons bypass the 
DCL1 cleavage and enter as pre-miRNA in the 
miRNA maturation pathway. Mirtrons are the type 
of microRNAs which are located in the introns of 
the mRNA encoding host genes. Many miRNAs 
are evolutionarily conserved. Although the 
biological functions of most miRNAs are 
unknown, miRNAs are predicted to regulate up to 
30% of the genes within the human genome.  
 
Formation and Processing of miRNA 
The genes encoding miRNAs are much longer 
than the processed mature miRNA molecule; 
miRNAs are first transcribed as primary 
transcripts or pri-miRNA with a cap and poly-A 
tail and processed to short, 70-nucleotide stem-
loop structures known as pre-miRNA in the cell 
nucleus. This processing is performed in animals 
by a protein complex known as the 
Microprocessor complex, consisting of the 
nuclease Drosha and the double-stranded RNA 
binding protein Pasha [9].These pre-miRNAs are 
then processed to mature miRNAs in the 
cytoplasm by interaction with the endonuclease 
Dicer, which also initiates the formation of the 
RNA-induced silencing complex (RISC) [10].This 
complex is responsible for the gene silencing 
observed due to miRNA expression and RNA 
interference. The pathway in plants varies slightly 
due to their lack of Drosha homologs; instead, 
Dicer homologs alone effect several processing 
steps [11]. The pathway is also different for 
miRNAs derived from intronic stem-loops; these 
are processed by Dicer but not by Drosha [12]. 
Either the sense strand or antisense strand of 
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DNA can function as templates to give rise to 
miRNA [13]. Efficient processing of pri-miRNA by 
Drosha requires the presence of extended single-
stranded RNA on both 3'- and 5'-ends of hairpin 
molecule [14]. These ssRNA motifs could be of 
different composition while their length is of high 
importance if processing is to take place at all. A 
bioinformatics analysis of human and fly pri-
miRNAs revealed very similar structural regions, 
called 'basal segments', 'lower stems', 'upper 
stems' and 'terminal loops'; based on these 
conserved structures, thermodynamic profiles of 
pri-miRNA have been determined [15].The 
Drosha complex cleaves the RNA molecule ~22 
nucleotides away from the terminal loop [16]. 
Most pre-miRNAs don't have a perfect double-
stranded RNA (dsRNA) structure topped by a 
terminal loop. There are few possible 
explanations for such selectivity. One could be 
that dsRNAs longer than 21 base pairs activate 
interferon response and anti-viral machinery in 
the cell. Another plausible explanation could be 
that the thermodynamic profile of pre-miRNA 
determines which strand will be incorporated into 
Dicer complex. Indeed, clear similarities between 
pri-miRNAs encoded in respective (5'- or 3'-) 
strands have been demonstrated [15]. When 
dicer cleaves the pre-miRNA stem-loop, two 
complementary short RNA molecules are formed, 
but only one is integrated into the RISC complex. 
This strand is known as the guide strand and is 
selected by the argonaute protein, the 
catalytically active RNase in the RISC complex, 
on the basis of the stability of the 5' end [17]. The 
remaining strand, known as the miRNA, anti-
guide or passenger strand, is degraded as a 
RISC complex substrate [18]. After integration 
into the active RISC complex, miRNAs base pair 
with their complementary mRNA molecules and 
inhibit translation or sometimes induce mRNA 
degradation by argonaute proteins, the 
catalytically active members of the RISC complex 
[19] It is as yet unclear how the activated RISC 
complex locates the mRNA targets in the cell, 
though it has been shown that the process is not 
coupled to ongoing protein translation from the 
mRNA [20]. 
 
Expression of micro RNA 
Measuring the quantity of miRNAs in tissues of 
different physiological and pathological conditions 
is an important first step to investigate the 
functions of miRNAs’ [29]. Small-RNAs that do 
not encode proteins themselves can regulate 
messenger RNA molecules. Cohen and 
colleagues are credited with the discovery of one 
miRNA gene, bantam, in a nonprotein-coding 
region of the fruit fly genome. They found that 
bantam encodes a sequence that stimulates cell 
proliferation and prevents apoptosis. Cohen and 
his colleagues at the Heidelberg-based EMBL 
took a bioinformatics approach to identify 

additional targets in the fruit fly Drosophila 
melanogaster, a commonly-used model for 
genetic research. But, in mammals there are 
often multiple versions of the same miRNA genes 
which makes them difficult to study by using 
knockout (gene deletion) approaches, and 
conventional in situ hybridisation experiments are 
unreliable as miRNAs are too short to generate a 
signal [21]. Following identification, miRNAs have 
rapidly taken the center stage as key regulators 
of gene expression. As current knowledge of the 
miRNA biosynthetic pathway and its protein 
components, as well as the processes it 
regulates via miRNAs, which are known to exert 
a variety of biological functions in eukaryotes. 
Although the relative importance of miRNAs 
remains to be fully appreciated, deregulated 
protein expression resulting from either 
dysfunctional miRNA biogenesis or abnormal 
miRNA-based gene regulation may represent a 
key etiologic factor in several, as yet unidentified, 
diseases. Hence, it is need to better understand 
the complexity of the basic mechanisms 
underlying miRNA biogenesis and function 
[22].They negatively regulate gene expression 
through translational inhibition or mRNA cleavage 
expression of specific miRNAs contributes to 
human disease has fueled much interest in 
profiling the expression of these molecules. Real-
time quantitative PCR (RQ-PCR)is a sensitive 
and reproducible gene expression quantitation 
technique which is now being used to profile 
miRNA expression in cells and tissues.The 
expression of five miRNA genes (let-7a, miR-10b, 
miR-16, miR-21 and miR-26b) and three small 
nucleolar RNA genes (RNU19, RNU48 and Z30) 
was examined across malignant, benign and 
normal breast tissues to determine the most 
appropriate normalization strategy[23].Real-time 
PCR is also effective for quan¬tifying the 
expression of plant miRNAs .miRNAs, was 
polyadenylated and reverse-transcribed with a 
poly(T) adapter into cDNAs for real-time PCR 
using the miRNA-specific forward primer and the 
sequence complementary to the poly(T) adapter 
as the reverse primer. Several Arabidopsis 
miRNA sequences were tested using SYBR® 
Green reagent, demonstrating that this method, 
using as little as 100 pg total RNA, could readily 
discriminate the expression of miRNAs having as 
few as one nucleotide sequence difference. This 
method also revealed miRNA tissue-specific 
expression patterns that cannot be resolved by 
Northern blot analysis and may therefore be 
widely useful for characterizing miRNA 
ex¬pression in plants as well as in animals [24]. 
An unbiased assessment of the relative 
importance of miRNA-based regulation in the 
human genome consistent with recent 
independent studies and overall, ~45% of the 108 
highly conserved motifs in 3’-UTRs appear to be 
related to miRNA regulation and ~5000 human 
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genes (~20% of the genome) are likely to be 
regulated by miRNAs throu0gh these conserved 
motifs[25]. Recent work by researchers has 
revealed the existence of a class of small non-
coding RNA species, which have critical functions 
across various biological processes. They use a 
new, bead-based flow cytometric miRNA 
expression profiling method to present a 
systematic expression analysis of 217 
mammalian miRNAs from 334 samples, including 
multiple human cancers. The miRNA profiles are 
surprisingly informative, reflecting the 
developmental lineage and differentiation state of 
the tumours. They were able to successfully 
classify poorly differentiated tumours using 
miRNA expression profiles, whereas messenger 
RNA profiles were highly inaccurate when 
applied to the same samples. These findings 
highlight the potential of miRNA profiling in 
cancer diagnosis [26]. Researchers have 
established a MIR-specific oligonucleotide 
microarray system that enables efficient analysis 
of the expression of the human miRNA. 
Expression profiling of 150 miRNA in five human 
tissues and in HeLa cells revealed a good overall 
concordance present novel data on miRNA 
expression in thymus, testes, and placenta, and 
have identified miRNA highly enriched in these 
tissues. Taken together, these results highlight 
the increased sensitivity of the DNA microarray 
over other methods for the detection and study of 
miRNA and the immense potential in applying 
such microarrays for the study of MIRs in health 
and disease [27]. Microarray technology is 
frequently applied to monitor miRNA expression 
levels but is challenged by (i) the short length of 
miRNAs that offers little sequence for appending 
detection molecules; (ii) low copy number of 
some miRNA; and (iii) a wide range of predicted 
melting temperatures (Tm) versus their DNA 
complementary sequences [31]. Using 
microarrey to determine the microRNA 
expression profile during mouse brain 
development and observed a temporal wave of 
gene expression of sequential classes of 
microRNAs [28]. Some miRNAs are expressed in 
a cell- or tissue-specific manner and may 
contribute to the establishment and maintenance 
of cellular identity. Recent studies indicate that 
tissue-specific miRNAs may function at multiple 
hierarchical levels of gene regulatory networks, 
from targeting hundreds of effector genes 
incompatible with the differentiated state to 
controlling the levels of global regulators of 
transcription and alternative pre-mRNA splicing. 
This multilevel regulation may allow individual 
with immunophenotype, survival and 
transformation from follicular lymphoma [30]. 
 
 
 

Precursors in synaptic fractions of adult 
mouse forebrain 
The brain expresses a wide variety of miRNAs, 
some of which show regional and cell type 
specificity [32, 33]. miRNAs are also expressed in 
dendrites where they regulate local protein 
translation [34]. New neurons are generated in 
the adult brain from stem cells found in the 
subventricular zone (SVZ). These cells proliferate 
in the SVZ, generating neuroblasts which then 
migrate to the main olfactory bulb (MOB), ending 
their migration in the glomerular layer (GLL) and 
the granule cell layer (GCL) of the MOB [27]. A 
recent experimental study of adult mouse 
forebrain reported the expression of miRNAs in 
synaptoneurosomes (SYN), a synaptic fraction 
that is enriched in pinched-off dendritic spines 
[35]. Within mouse forebrain, a subset of 
microRNAs is significantly enriched in 
synaptoneurosomes and a subset are 
significantly depleted relative to total forebrain 
homogenate. In case of the pre-miRNA hairpin 
precursors of synaptically enriched microRNAs 
exhibit significantly different structural features 
than those that are non-enriched or depleted. 
Precursors of synaptically enriched microRNAs 
tend to have a) shorter uninterrupted double-
stranded stem segments, and b) more 
symmetrical bulges containing a single nucleotide 
on each side. These structural differences may 
provide a basis for the differential binding of 
proteins that mediate dendritic transport of pre-
miRs, or that prevent pre-miRs from being 
prematurely processed into mature miRNAs 
during the transport process [36]. The 
neurotrophin brain-derived neurotrophic factor 
plays an important role in the activity-dependent 
regulation of synaptic structure and function, 
particularly of the glutamatergic synapses. 
Recent advances in the understanding of the 
regulation of the glutamatergic synapse by BDNF 
and its implications in synaptic plasticity [37]. The 
presence of AMPA receptor subunits and the 
possible dynamic control of their surface 
exposure at the presynaptic membrane; they 
demonstrate that the AMPA receptor subunits 
GluR1 and GluR2 are expressed and organized 
in functional receptors in axonal growth cones of 
hippocampal neurons. At steady state, major 
pools of AMPA receptor subunits reside in 
synaptic vesicle membranes and can be recruited 
to the presynaptic membrane as functional 
receptors in response to depolarization [38]. 
Paralemmin (Palm) is a prenyl-palmitoyl 
anchored membrane protein that can drive 
membrane and process formation in neurons. 
Earlier studies have shown brain preferred Palm 
expression, and the Palm gene may be regulated 
by Pax6. The expression profile of Palm protein 
in the embryonic, newborn and adult mouse eye 
as well as dissociated retinal neurons was 
determined by confocal immunofluorescence 
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[39]. In adult male rat hippocampal formation, 
significant localization was demonstrated for both 
cytochromes P45017α and P450 aromatase, in 
pyramidal neurons in the CA1–CA3 regions, as 
well as in the granule cells in the dentate gyrus, 
by means of immunohistochemical staining of 
slices. Finding of a P450scc-containing neuronal 
system for pregnenolone synthesis, these imply 
that 17β-estradiol is synthesized by P45017α and 
P450 aromatase localized in hippocampal 
neurons from endogenous cholesterol. This 
synthesis may be regulated by a glutamate-
mediated synaptic communication that evokes 
Ca2+ signals [48]. Also, Plasma membrane 
Ca2+-ATPases (PMCAs) have high affinity Ca2+ 
transporters actively involved in intracellular 
Ca2+ homeostasis. Researchers have seen that 
upregulation of PMCA activity and PMCA 
isoforms expression during brain development in 
mouse, with specific localizations mainly in 
cerebellum. Overall, findings support a close 
relationship between the ontogeny of PMCA 
isoforms and specific requirements of Ca2+ 
during development of different brain 
areas.[40].In adult mice that destruction of the 
dopaminergic neurons in the substantia nigra and 
ventral tegmental area in a 6-hydroxydopamine 
model of Parkinson's disease reduced the 
number of proliferating neural precursors in the 
subventricular zone of the anterior lateral 
ventricle by  40%. The effect on neural precursor 
proliferation correlated with the extent of 
dopaminergic denervation in the neighboring 
neostriatum. This identifies dopamine as one of 
the few known endogenous regulators of adult 
neurogenesis with implications for the potential 
use of endogenous neural precursors in cell 
replacement strategies for Parkinson's disease 
[50]. Dopamine receptors are also associated 
with a mammalian central nervous system, 
dopamine receptors are coupled to G-proteins. 
Typically, dopamine receptor activation leads to 
changes in intracellular cAMP levels [41, 42] and 
triggers a signaling cascade that culminates in 
gene transcription. Based on G-proteinpartners 
and intracellular signaling mechanisms, two 
classes of dopamine receptors are recognized 
[43]. The D1-like receptors are Gs/olf coupled 
and their activation results in increased 
intracellular cAMP. The D2-like receptors are 
Gi/o coupled and their activation decreases 
intracellular cAMP [44]. In order to achieve 
temporally controlled somatic mutagenesis, the 
Cre/loxP-recombination system has been 
complemented with the tamoxifen-inducible 
fusion protein consisting of Cre recombinase and 
the mutated ligand binding domain of the human 
estrogen receptor (CreERT2). To induce 
recombination of conditional alleles in neurons of 
the adult forebrain, they generated a bacterial 
artificial chromosome-derived transgene 
expressing the CreERT2 fusion protein under 

control of the regulatory elements of the CaMKIIα 
gene [45]. In the developing mouse brain, the 
highest Bcl-XL expression is seen at the peak of 
neurogenesis, whereas the peak of Bax 
expression coincides with the astrogenic period. 
Such observations suggest an active role of the 
Bcl-2 family proteins in the generation of neurons 
and astrocytes. Using combinations of gain- and 
loss-of-function assays in vivo and in vitro, we 
provide evidence for instructive roles of these 
proteins in neuronal and astrocytic fate 
specification. Specifically, in Bax knockout mice, 
astrocyte formation was decreased in the 
developing cortices. Overexpression of Bcl-XL 
and Bax in embryonic cortical precursors induced 
neural and astrocytic differentiation, respectively. 
Importantly, inhibition of caspase activity, 
dimerization, or mitochondrial localization of Bcl-
XL/Bax proteins indicated that the differentiation 
effects of Bcl-XL/Bax are separable from their 
roles in cell survival and apoptosis. Lastly, 
Activation of intracellular signaling pathways and 
expression of basic helix-loop-helix 
transcriptional factors specific for the Bcl-2 
protein-mediated differentiation [46].Another 
precursor of Abl-interactor (Abi) family of adaptor 
proteins has been linked to signaling pathways 
involving the Abl tyrosine kinases and the Rac 
GTPase. Loss of Abi2 also resulted in cell 
migration defects in the neocortex and 
hippocampus, abnormal dendritic spine 
morphology and density, and severe deficits in 
short- and long-term memory. These findings 
support a role for Abi2 in the regulation of 
cytoskeletal dynamics at adherens junctions and 
dendritic spines, which is critical for intercellular 
connectivity, cell morphogenesis [49]. Loss of 
presenilin function in adult mouse brains causes 
memory loss and age-related neurodegeneration. 
Since presenilin possesses-secretase-dependent 
and independent activities. Generated postnatal 
forebrain-specific nicastrin conditional knock-out 
(cKO) mice, in which nicastrin, a subunit of-
secretase, is inactivated selectively in mature 
excitatory neurons of the cerebral cortex. 
Nicastrin cKO mice display progressive 
impairment in learning and memory and exhibit 
age-dependent cortical neuronal loss, 
accompanied by astrocytosis, microgliosis, and 
hyperphosphorylation of the microtubule-
associated protein Tau [51]. 
 
Micro RNA induced during Adipogenesis 
Adipogenesis is a highly regulated process in 
which, coordinated cascade of transcription 
factors leads to the formation of mature 
adipocytes [52]. This cascade begins with the 
transient expression of CCAAT/enhancer binding 
protein β (C/EBPβ) and C/EBPδ which activate 
C/EBPα and peroxisome proliferator-activated 
receptor γ (PPARγ).C/EBPα and PPARγ together 
coordinate the expression ofadipogenic genes 
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underlying the phenotype of terminally 
differentiated adipocytes. This terminal 
differentiation is characterized by the induction of 
genes including glycerol-3-phosphate 
dehydrogenase (GPDH), hormone-sensitive 
lipase (HSL), fatty acid synthase (FASN), fatty 
acid binding proteins (FABPs), perilipin (PLIN), 
and the production and secretion of adipokines 
such as leptin (LEP),adiponectin (ADIPOQ), 
adipsin (CFD), tumor necrosisfactor alpha 
(TNFα), visfatin (NAMPT) and retinol binding 
protein 4 (RBP4). Additional transcription 
factors,such as sterol-regulatory element binding 
transcription factor 1 (ADD1/SREBP1) can further 
modulate this terminal differentiation process 
[53]. Researchers performed a miRNA binding 
site analysis to identify miRNAs potentially 
targeting genes regulated during adipocyte or 
osteoblast differentiation and significantly 
overrepresented miRNA targets in the eight 
distinct gene clusters. Out of the 1606 genes 
identified as being differentially expressed during 
differentiation the 3'-UTR.sequence could be 
obtained for 1147 of them. All of these had at 
least one exact antisense match with the 7-nt 
seed(base 2–8 at the 5' end) from the 470 human 
miRNA sequences The distribution of statistically 
enriched 3'-UTR miRNA motifs varied across the 
clusters, with genes in cluster 1having no 
detectable motifs and genes in cluster 5 
havingthe most miRNA motif with a unique 3'-
UTR that were differentially expressed during 
adipocyte and osteoblast differentiation are 
potential targets for 30 miRNAs with significantly 
over-represented motifs [54]. Tumour necrosis 
factor, a proinflammatory cytokine, is a potent 
negative regulator of adipocyte differentiation. 
However, mechanism of TNF-mediated 
antiadipogenesis remains incompletely 
understood. TNF-inhibits adipogenesis of 3T3-L1 
preadipocytes by preventing the early induction 
of the adipogeni transcription factors peroxisome 
proliferator-activated receptor-and 
CCAAT/enhancer binding protein [55]. 
Peroxisome proliferator-activated receptors-γ 
(PPARγ) plays a critical role in glucose and lipid 
metabolism, macrophage function, and 
adipogenesis. It is a nuclear hormone receptor, 
activated through ligand binding, which results in 
allosteric changes in receptor conformation, 
recruitment of coactivators, assembly of a 
transcriptional complex, there regulates gene 
expression. Thiazolidinedione (TZD) is one of the 
agonist of PPARγ receptor which has been a 
medication for diabetic mellitus for years. 
Treatment with TZDs leads to selective 
accumulation of subcutaneous adipose 
tissue.adipogenesis induction in D1 cells is 
initiated by activation of peroxisome proliferator-
activated receptor-γ. The results revealed that 
pioglitazone induces adipogenesis in D1 cells in 
dose dependent manner and decreases alkaline 

phosphatase activity in D1 cells. Interestingly, 
adipogenesis was not blocked by bisphenol A 
diglycidyl ether, a peroxisome proliferator-
activated receptor-γ antagonist. A peroxisome 
proliferator-activated receptor-γ-mediated 
reporter gene assay showed no response to 
pioglitazone.Dexamethasone-induced 
adipogenesis can be repressed by mifepristone 
(RU486), an antagonist of glucocorticoid 
receptor. The results disclosed that mifepristone 
cannot counteract dexamethasone-induced 
adipogenesis, and mifepristone itself induced 
adipogenesis in D1 cells. Moreover, 
glucocorticoid receptor-mediated reporter gene 
assay was not responsive to dexamethasone or 
mifepristone.researchers concluded that the 
adipogenesis induced by pioglitazone and 
dexamethasone in D1 cells may not occur via a 
peroxisome proliferator-activated receptor-γ and 
glucocorticoid receptor pathway. Results 
suggested that the adipogenesis induced by 
glucocorticoids and pioglitazone is directed by a 
multiple cell signaling pathway. Finally, data from 
microarray analysis confirmed this adipogenesis 
pathway, as several adipogenesis-related genes 
are provoked by DEX [56]. Although miRNAs 
may be involved in modulating adipocyte 
function, mild down-modulations of the up-
regulated miRNAs do not appear to affect 3T3-L1 
pre-adipocyte differentiation [57]. miRNAs were 
differentially regulated during in vitro and in vivo 
adipogenesis. Importantly, miRNAs that were 
induced during adipogenesis were 
downregulated in adipocytes from both types of 
obese mice and vice versa. These changes are 
likely associated with the chronic inflammatory 
environment, since they were mimicked by TNF-α 
treatment of differentiated adipocytes. Ectopic 
expression of miR-103 or miR-143 in 
preadipocytes accelerated adipogenesis, as 
measured both by the upregulation of many 
adipogenesis markers and by an increase in 
triglyceride accumulation at an early stage of 
adipogenesis [58]. They further assessed the 
contribution of the chronic inflammatory 
environment in obese adipose tissue to the 
dysregulated miRNA expression by tumor 
necrosis factor (TNF)-α treatment of adipocytes 
[59]. Researchers showed that down-regulation 
of two over-expressed miRNAs, miR-27a and 
27b allowed culture-activated rat HSCs to switch 
to a more quiescent HSC phenotype, with 
restored cytoplasmic lipid droplets and decreased 
cell proliferation. Mechanistically, retinoid X 
receptor α was confirmed to be the target of miR-
27a and 27b. These results indicated a new role 
and mechanism of miR-27a and 27b in regulating 
fat metabolism and cell proliferation during HSCs 
activation [60]. 
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Cells are down regulated in obesity 
Obesity, the excess deposition of adipose tissue, 
is among the most pressing health problems both 
in the Western world and in developing countries, 
growth of adipose tissue is the result of the 
development of new fat cells from precursor cells. 
Researchers investigated the role of miRNAs in 
the regulation of adipogenic differentiation. They 
demonstrate that the miR-27 gene family is 
downregulated during adipogenic differentiation. 
Overexpression of miR-27 specifically inhibited 
adipocyte formation, without affecting myogenic 
differentiation. We also found that expression of 
miR-27 resulted in blockade of expression of 
PPAR gamma and C/EBPalpha, the two master 
regulators of adipogenesis. Importantly, 
expression of miR-27 was increased in fat tissue 
of obese mice and was regulated by hypoxia, an 
important extracellular stress associated with 
obesity. data strongly suggest that miR-27 
represents a new class of adipogenic inhibitors 
and may play a role in the pathological 
development of obesity [61].This study opens 
new perspectives in understanding the biology of 
human WAT and its pathologic changes 
indicative of tissue deterioration associated with 
the development of obesity [62,65]. Type 2 
diabetes is associated with excessive food intake 
and a sedentary lifestyle. Local inflammation of 
white adipose tissue induces cytokine-mediated 
insulin resistance of adipocytes, results in 
enhanced lipolysis within these cells. The fatty 
acids that are released into the cytosol can be 
removed by mitochondrial β-oxidation. Elevated 
fatty acid concentrations in the cytosol of 
adipocytes induce mitochondrial uncoupling and 
thereby allow mitochondria to remove much 
larger amounts of fatty acids. The number and 
activity of mitochondria within adipocytes 
contribute to the threshold at which fatty acids 
are released into the circulation, leading to insulin 
resistance and type 2 diabetes [63]. In 
mammalian cells, mTOR is part of two different 
kinase complexes: mTORC1 composed of 
mTOR, raptor and mLST8, and mTORC2 
containing mTOR. Researchers showed that 
mTORC2 itself is a potent regulator of 
mammalian cell size and cell cycle via a 
mechanism involving the Akt/TSC2/Rheb 
cascade. This data is important for the 
understanding of the molecular development of 
the many human diseases caused by 
deregulation of upstream and downstream 
effectors of mTOR [64].The observations have 
led to the formation of an exciting concept, 
adipose tissue hypoxia (ATH), in the 
understanding of major disorders associated with 
obesity. ATH may provide cellular mechanisms 
for chronic inflammation, macrophage infiltration, 
adiponectin reduction, leptin elevation, adipocyte 
death, endoplasmic reticulum stress and 
mitochondrial dysfunction in white adipose tissue 

in obesity .ATH may represent a unified cellular 
mechanism for a variety of metabolic disorders 
and insulin resistance in patients with metabolic 
syndrome [66]. Plasminogen activator inhibitor-1 
(PAI-1) is a cytokine upregulated in obesity 
whose expression is correlated with a poor 
prognosis in breast cancer. As a key mediator of 
adipogenesis and regulator of adipokine 
production, peroxisome proliferator-activated 
receptor-γ (PPAR-γ) is involved in PAI-1 
expression from adipose tissue.current 
knowledge linking PPAR-γ and PAI-1 expression 
to high-fat diet and obesity in the risk of breast 
cancer [67]. Interestingly, SOX6 was previously 
found to be essential to both cartilage 
formation/chondrogenesis and obesity-related 
insulin resistance, suggesting the gene's dual 
role in both bone and fat.[68].researchers show 
that HSP72+/+ mice display greater 
mitochondrial enzyme activity in the liver, adipose 
tissue and skeletal muscle, corresponding to 
reduced plasma free fatty acid levels, white 
adipose tissue mass and alterations in circulating 
adipokines. These data identify HSP72 as being 
pivotal in protecting against obesity-induced 
insulin resistance possibly by blocking JNK 
and/or by up-regulation of mitochondrial oxidative 
capacity [69]. Genes regulating the extracellular 
matrix and cell death showed a strong 
downregulation after long-term weight reduction. 
This likely reflects a new stable state at the 
molecular level in AT. Further studies are 
warranted to elucidate the mechanisms of these 
genetic factors [70]. 
 
Micro RNA functions in human embryonic 
stem cells 
Human embryonic stem (hES) cells have unique 
abilities to divide indefinitely without 
differentiating and potential to differentiate into 
more than 200 cell types. These properties make 
hES cells an ideal model system for 
understanding early human development and for 
regenerative medicine. Molecular mechanisms 
including cellular signaling and transcriptional 
regulation play important roles in hES cell 
differentiation. In hES cells we found that 276 
miRNAs were expressed; of these, a set of 30 
miRNAs had significantly changed expression 
during differentiation. Findings reveal the 
evolutionary emergence, of miRNAs involved in 
regulating early human development [71]. 
Patterns of expression in the progression from 
hESC to differentiated cells that suggest a role 
for selected miRNAs in maintenance of the 
undifferentiated, pluripotent state; profiling of the 
hESC “miRNA-ome” provides an insight into 
molecules that control cellular differentiation and 
maintenance of the pluripotent state, findings that 
have broad implications in development, 
homeostasis and human disease states [72]. 
overexpression of endoderm-specific 
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miRNA(miRNA122) may affect hESC 
differentiation [73]. Researchers showed that 
muscle-specific miRNAs reinforce the silencing of 
non muscle genes during cell lineage 
commitment and suggest that miRNAs may have 
general utility in regulating cell fate decisions 
from pluripotent ES cells [74]. Report on 
identification of human lin-28 mRNA as a 
regulatory target of human miR-125b and its 
homolog miR-125a. Studies of miR-125b function 
in mouse P19 embryonal carcinoma cells 
induced to develop into neurons suggest a role 
for this regulatory miRNA in mammalian neuronal 
differentiation, since its increased concentration 
in these cells contributes to lin-28 
downregulation. Gene repression by other 
miRNAs that are imperfectly complementary to 
their targets, lin-28 downregulation by miR-125 
involves reductions in both translational efficiency 
and mRNA abundance [75]. Understanding the 
biology of human embryonic stem cells, and how 
cells can be controlled to differentiate into 
desirable neuronal cells once implanted into 
human central nervous system .fundamental 
knowledges are essential for the future 
development of stem cell therapies for a wide 
range of mental disorders and age-dependent 
neurodegenerative diseases [76].The mir-302 
microRNA family (mir-302s) is expressed most 
abundantly in slow-growing human embryonic 
stem (ES) cells, and quickly decreases after cell 
differentiation and proliferation. The mir-302 – 
transfected cells, namely, miRNA-induced 
pluripotent stem (mirPS) cells, not only 
expressed many key ES cell markers, such as 
Oct3/4, SSEA-3, SSEA-4 ,Sox2, and Nanog, but 
also had a highly demethylated genome similar to 
a reprogrammed zygotic genome mir-302s not 
only function to reprogram cancer cells into an 
ES-like pluripotent state but also to maintain this 
state under a feeder-free cultural condition, which 
may offer a great opportunity for therapeutic 
intervention [77]. miRNA genes in hES cells were 
expressed from Chromosomes19 and X [78] and 
demonstrated the significant upregulation of miR-
520 cluster in hES cells [79]. LIN-28 is a highly 
specific embryonic stem cell marker and is one of 
four “stemness” factors used to reprogram adult 
fibroblasts into induced pluripotent stem cells 
[80]. Signature miRNAs, such as the miR-302 
family, the miR-200 family have been reported in 
human [81] and mouse embryonic stem cells 
[82]. 
 
Micro RNA biogenesis in embryonic stem 
cells and cancer 
miRNA biogenesis includes miRNA transcription 
in the nucleus, the export of miRNAs from the 
nucleus to the cytoplasm, and subsequent 
processing and maturation in the cytoplasm.In 
most cases, the transcription of miRNA genes is 
mediated by RNA polymerase II (Pol II), resulting 

in long primary miRNA (pri-miRNA) transcripts 
with a fold-back structure comprising a stem loop 
along with flanking segments [83]. A few recent 
reports have shown the involvement of RNA 
polymerase III (Pol III) in miRNA transcription 
[84].The sequence of the miRNA remains 
embedded in the arms of the stem loop. The pri-
miRNA contains the 7-methylguanosine cap and 
a poly(A)tail, which is unique for Pol II transcripts, 
similar to mRNAs. However, the cap and poly(A) 
tail are removed during miRNA processing. 
miRNA promoters have been identified in many 
studies and reported to have typical Pol II 
elements such as a TATA box, although the 
recent report suggests that members of the 
human chromosome19 miRNA cluster (miR-515-
1, miR-517a, miR-517c and miR-519a-1) are 
interspersed among Alu repeats and expressed 
through Pol III.all animal miRNAs studied so far 
are usually not exactly complementary to their 
mRNA targets, and seem to inhibit protein 
synthesis while retaining the stability of the 
mRNA target (Ambros 2004). It has been 
suggested that transcripts may be regulated by 
multiple miRNAs and an individual miRNA may 
target numerous transcripts.[85].miRNAs act on 
cellular transcripts by two different 
mechanisms.The first mechanism is cleavage-
dependent RNA degradation of the transcript at 
the site where the miRNA binds. The other 
mechanism is miRNA-mediated translational 
repression of the target transcript, while the 
miRNA binds to the target 3'-UTR with several 
mismatches. This partial complementarity allows 
for miRNAs targeting multiple 3'-UTRs [86]. A key 
question that arises from the targeting of multiple 
transcripts is whether there has been 
evolutionary enrichment in targets that are 
involved in similar cellular functions. microRNA 
biogenesis and activity, with particular focus on 
mechanisms of post-transcriptional control. 
Further understanding of the regulation of 
microRNA biogenesis and activity will 
undoubtedly provide important insights into 
normal development as well as pathological 
conditions such as cardiovascular disease and 
cancer [87]. Recent work in embryonic stem (ES) 
cells has demonstrated that core features of the 
network can be discovered by focusing on key 
transcriptional regulators and their target genes 
[88]. The present invention relates to a method 
and composition for generating a non-naturally 
occurring intron and its intronic components 
capable of being processed into mir-302-like 
RNA molecules in mammalian cells and thus 
inducing certain specific gene silencing effects on 
differentiation-related and fate-determinant genes 
of the cells, resulting in reprogramming the cells 
into a pluripotent embryonic stem (ES)-cell-like 
state. The ES-like cells so obtained are strongly 
express hES cell markers, such as Oct3/4, 
SSEA-3 and SSEA-4, and can be guided into 
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various tissue cell types by treating certain 
hormones and/or growth factors under a feeder-
free cell culture condition in vitro, which may be 
used for transplantation and gene 
therapies[89].Aberrant expression of many 
miRNAs is linked to cancer and other diseases. 
Expression patterns of miRNAs correlate with 
tissue of origin [90] prognosis and with clinical 
cancer behaviors making miRNAs valuable 
tissue-based biomarkers [91]. miRNAs known to 
be expressed in epithelial ovarian cancer and 
provides a useful resource for future studies of 
the role of miRNAs in the pathogenesis and early 
detection of ovarian cancer [92]. micro-RNA 
could mediate potent and specific gene silencing 
has raised high hopes for cancer therapeutics. 
Three strategies are currently being developed: 
1) De novo RNAi programming using synthetic 
miRNA to target the expression of genes. 2) 
Strengthening or recapitulation of the physiologic 
targeting of messenger RNA by specific miRNA. 
3) Sequence-specific inhibition of mi RNA 
functions by nucleic acid analogs [93]. 
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