
 

 

Discovery and function of miRNAs 
 
When RNA is extracted from either tissues or 
cells a substantial pool of small RNA molecules 
is observed. For many years it was assumed 
that much of the small RNA species were simply 
products of RNA degradation as a result of RNA 
extraction procedures. It is now clear that sev-
eral small non-coding RNA molecules are an 
integral part of the cellular machinery of gene 
expression. Well-known examples include the 
snRNAs (small nuclear RNAs involved in pre-
mRNA splicing) and the snoRNAs (small nucleo-
lar RNAs involved in ribosomal RNA processing). 
However, these classes of RNAs do not account 
for all of the small non-coding RNAs. We now 
know that in fact there are additional classes of 
small non-coding RNAs that are involved in the 
silencing of gene expression. These are subdi-
vided into three types: the siRNAs (short inter-
fering RNAs) which target mRNAs for destruc-
tion; other siRNAs which target chromatin for 
epigenetic modification; and the miRNAs (or 
microRNAs). MiRNAs are generally thought to 
regulate mRNA translation; but it is important to 
note that they have also been involved in epige-

netic regulation in plants, and perhaps else-
where. 
 
The first miRNA was described in the nematode 
C.elegans by the Ambros group at Harvard Uni-
versity in 1993 [1]. Ambros and colleagues were 
screening C.elegans for mutants that affect the 
timing of the switching of cell fate in develop-
ment. Two genes were identified, lin-4 and let-7. 
Much to their surprise, these genes did not en-
code proteins, but instead small RNAs which 
were subsequently called miRNAs (or miRNAs).  
 
The target of lin-4 miRNA is the 3’UTR 
(untranslated region) of lin-14 mRNA. They 
found that lin-4 has strong base sequence com-
plementarity to lin-14. The lin-4 miRNA works 
during larval development to regulate the ex-
pression of lin-14; lin-14 encodes a nuclear pro-
tein involved in regulating the temporal switch 
between early and late cell fates in C.elegans 
development. Lin-4 regulates Lin-14 expression 
by repressing mRNA translation. In C.elegans, 
the let-7 miRNA is required for the timing of cell 
fate determination. Let-7 is now known to be 
part of a large, evolutionarily conserved family 
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of miRNAs that have been identified in a wide 
range of species. Its best known targets are the 
oncogenes H-Ras, N-Ras and K-Ras [2]. 
 
At the time of writing, over 15,000 miRNAs have 
been identified and catalogued in the public 
database miRBase (www.mirbase.org). MiRNAs 
have been identified in animals, plants and vi-
ruses. There are several ways to identify novel 
miRNAs. The first of these is to use traditional 
genetic screens, in which the gene responsible 
for a phenotype is identified and cloned – this is 
how Lin-4 and Let-7 were discovered. The sec-
ond approach is direct cloning – in which small 
RNA molecules are physically isolated, for exam-
ple out of an acrylamide gel, ligated to adaptors 
and cloned or amplified by PCR. This type of 

analysis is facilitated nowadays by the use of 
next generation sequencing technology, in 
which thousands of small RNAs can be se-
quenced in a short time frame – this is now the 
preferred approach in miRNA identification A 
third approach is to use bioinformatics: poten-
tial miRNAs can be inferred from genetic se-
quences. This is because miRNAs are tran-
scribed as precursors with self-
complementarity, so that they can be predicted 
to fold into a hairpin RNA. Figure 1 illustrates 
the structure of a typical miRNA: mammalian let
-7a and its target sites in the 3’ UTR of H-RAS 
mRNA.  
 
The biological functions of miRNAs are increas-
ingly wide-ranging [3]. It is now clear that they 

Figure 1. Target recognition by a typical miRNA. (A) A given miRNA may have several targets in an mRNA which could 
be masked by an RNA stemloop structure or by RNA-binding proteins. (B) Three target sequences of the human 
miRNA let-7a are shown in the 3’UTR of H-Ras mRNA [2]. Note the partial and differing level of sequence complemen-
tarity between the miRNA and its target sites. Note that in RNA the base T is represented by U (uracil) and that G can 
base pair with U.  
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are involved in normal development and physi-
ology in both animals and plants. In plants they 
control floral development and timing, leaf pat-
terning and shape, vascular development and 
fertility, seed biology and the response to envi-
ronmental stress [4-6]. In animals they are in-
volved in several developmental processes in-
cluding cardiovascular [7] and skeletal muscle 
development and disease [8]; in the response 
to stress [9] and in the control of cell prolifera-
tion and apoptosis [10]. MiRNAs have attracted 
much attention due to their involvement in can-
cer, where they can act as both oncogenes and 
tumour suppressors depending on their targets. 
MiRNAs are now biomarkers of specific cancers 
[11] and may point to novel therapeutic strate-
gies [12]. Synthetic miRNAs can be used to 
mimic the effect of tumour suppressor miRNAs; 
conversely, synthetic “antagomirs” can also be 
designed to inactivate oncogenic miRNAs. The 
emerging roles of miRNAs in disease are not 
restricted to cancer, Some of the others dis-
eases in which miRNAs have been implicated 
include  type 2 diabetes [13]; and diseases of 
the central nervous system including Alzheim-
ers, Parkinson’s disease, Huntington’s disease, 
schizophrenia and autism amongst several oth-
ers [14]. Of particular relevance to the focus of 
this review, a recent study has shown that pat-
terns of miRNA expression in human placentas 
appear to be altered in preeclampsia and pre-
term labour [15]. 
 
Biogenesis of miRNAs and target recognition 
 
The biogenesis of miRNAs follows three sequen-
tial steps: (i) the transcription, generally by RNA 
polymerase II, of a primary transcript (pri-
miRNA); followed by (ii) its partial processing 
into a precursor miRNA in the nucleus (pre-
miRNA) and (iii) its final maturation into a func-
tional miRNA in the cytoplasm [16]. The primary 
transcript (pri-miRNA) can be relatively long and 
is characterised by the formation of stem loop 
structures. In the nucleus, a macromolecular 
machinery known as the microprocessor then 
trims the pri-miRNA precursor through the activ-
ity of an enzyme called Drosha. This results in a 
pre-miRNA that is usually between 60-100 nu-
cleotides long. The pre-miRNA is exported from 
the nucleus in a RanGTP-dependent process 
after binding with exportin-5. In the cytoplasm, 
pre-miRNA is further trimmed into a 22-
nucleotide miRNA by the enzyme Dicer. The 
same happens in RNA interference, in which 

long dsRNA molecules are also trimmed by 
Dicer in the cytoplasm into 20-22 nucleotide 
siRNAs (short interfering RNAs). The processing 
of miRNAs in plants, however, is further compli-
cated by the existence of several Dicer-like en-
zymes; thus Dicer-like 1 (DCL1) specifically proc-
esses microRNAs in the nucleus.  
 
Thus a miRNA is effectively a genome-encoded 
siRNA. The distinction between siRNAs and 
miRNAs is to some extent blurred; however 
there are some notable differences. Small inter-
fering RNAs are generally associated with the 
defence against viruses or transposons, 
whereas microRNAs target mRNAs. In plants, 
there is an additional class of siRNAs, the trans-
acting siRNAs (or tasiRNAs). TasiRNAs are tran-
scribed from the genome as polyadenylated, 
dsRNA precursors, producing a set of phased 
siRNAs that can effectively cooperate to silence 
the expression of target genes. 
 
The two strands of a miRNA (or siRNA) are then 
separated; the ‘guide’ strand ends up in the 
RISC complex (RNA-induced silencing complex), 
leaving the ‘passenger’ strand behind. The 
guide strand is the strand which can then bind 
to its intended target through sequence comple-
mentarity. However the passenger strand is not 
always discarded, but can instead become part 
of a RISC complex itself; in this case it is indi-
cated with an asterisk, the “star” miRNA. 
MiRNA*s may well have significant biological 
functions; for example in mammals miR155 
and miR155* cooperatively regulate type I inter-
feron production [17]. Furthermore, the paired 
use of miRNAs and miRNA*s can be tissue spe-
cific, adding another level of complexity to 
miRNA function [18]. A RISC complex with a 
miRNA guide strand is known as a miRISC com-
plex. The miRISC complex, in the main, results 
in the translational repression of bound mRNAs 
by sterically hindering ribosome progress. How-
ever, as is the case with RNA interference, 
cleavage can occur through the “slicer” activity 
of Argonaute (Ago) proteins that are part of the 
RISC complex. The process of miRNA biogenesis 
is summarised in Figure 2. 
 
The mechanisms through which miRNAs find 
their intended targets are not yet fully under-
stood [19]. Whether or not a miRISC complex 
represses translation or induces active mRNA 
degradation can depend not only on the degree 
of sequence complementarity, but also on the 
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nature of the specific Ago protein (which can be 
cleaving or non-cleaving). Whatever the mecha-
nism involved, a miRNA will attenuate (i.e. si-
lence) the expression of a target gene through 
the miRISC complex. Partial complementarity 
can in itself be thermodynamically stable; how-
ever the interaction between miRNA and target 
is likely to be modulated and faciltated by other 
factors, such as target-specific RNA binding pro-
teins, or even secondary structures in the target 
RNA, or co-localisation of miRNAs and target 
mRNA in specific subcellular compartments. 
Whether or not a given miRNA binds to a puta-
tive target in vivo will depend on the accessibil-
ity of the target sequence. The target sequence 

can be masked by virtue of itself being part of a 
duplex; or because the target sequence is cov-
ered by an RNA-binding protein (Figure 1). Sev-
eral lines of evidence point to the nucleotides at 
positions 2-8 at the 5’ end of the miRNA as be-
ing particularly important for achieving target 
specificity (these are known as the seed se-
quence). However the role of the seed se-
quence in all target recognition events remains 
unclear as it is also possible to find a target 
without a strong seed sequence. In regards to 
the location of the miRNA targets in the mRNAs; 
their position does vary, although the vast ma-
jority have been reported in the 3’UTR. The 
3’UTR is required, in many cases, for efficient 

Figure 2. MiRNA biogenesis. A miRNA gene is transcribed by RNA polymerase II. The resultant primary transcript is 
termed the pri-miRNA. In the nucleus the pri-miRNAs is trimmed into a 60-100 nucleotide pre-miRNA by Drosha in the 
microprocessor complex. Bound by exportin 5 it is then exported via RanGTP into the cytoplasm. In the cytoplasm the 
nuclease Dicer further trims the pre-miRNA into a mature 22 nucleotide miRNA which becomes incorporated into a 
miRISC complex that retains the “guide strand”. The guide strand, perhaps through its “seed” sequence, then recog-
nised the intended target sites frequently but not exclusively located in the 3’ UTR of target mRNAs. Target mRNAs 
often have multiple target sites for any given miRNA; and a given miRNA may target several mRNAs. 
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translation; and there are also elements in the 
3’UTR than can regulate mRNA stability and 
localisation – potentially, therefore, miRNAs can 
affect all of these processes. It is likely that 
3’UTR sequences are favoured because they 
are not translated - therefore the translation 
machinery cannot displace associated miRNPs. 
It is also important to note that the translation 
of a single mRNA might be regulated by several 
miRNAs; and that a single miRNA might interact 
with and regulate the translation of several tar-
get mRNAs. 
 
Regulation of miRNA expression 
 
MiRNAs are encoded by genes; and as such, 
their expression is regulated. There are several 
ways in which their expression could be regu-
lated: through either the regulation of transcrip-
tion or processing [20]. Other layers of regula-
tion are likely to emerge. For example the nu-
clear export of pre-miRNA precursors could be 
regulated; as could their localisation to specific 
compartments of the cells (mRNAs are localised 
to specific cytoplasmic compartments - so why 
not miRNAs?), their ability to find their target 
(variations in miRNP structure could affect this); 
their association with cytoplasmic compart-
ments associated with the regulation of mRNA 
stability and RNA interference (P granules), and 
their stability and half-life could all be regulated. 
As miRNAs are now widely associated with de-
velopmental and disease processes, the ques-
tion of what regulates them is topical. 
 
An important issue to consider in terms of tran-
scriptional regulation of miRNA expression is 
the position of the miRNA genes in the genome. 
Several miRNAs are found within the introns of 
other genes [21]. Therefore, they are co-
transcribed with the gene that contains them; in 
other words, they are co-ordinately expressed. 
Thus the presence of miRNAs within the introns 
of specific sets of genes is because they are 
involved in the same biological pathways of the 
genes that contain them (their host genes). The 
processing of miRNA precursors out of introns, 
however, is not a trivial matter; and is in fact 
affected by the secondary structure of the in-
tronic RNA and by RNA-binding proteins. On the 
other hand, several miRNAs are located in inter-
genic regions and are likely encoded by sepa-
rate transcription units. In general, primary 
miRNA transcripts are transcribed by RNA poly-
merase II. Like all genes, transcription is initi-

ated via a promoter; and the promoters of 
miRNA genes are not yet well understood. How-
ever several transcription factors have been 
associated with the regulation of miRNA expres-
sion  as illustrated by the following examples. 
The tumour suppressor p53 is a multifunctional 
transcription factor whose targets now include 
the miRNAs miR-17-92, miR-34, miR-145, miR-
192 and miR-215. Many of these miRNAs are, 
like p53, also involved in the regulation of apop-
tosis and cell proliferation – thus these miRNAs 
can be considered to be effectors of p53 func-
tion [22]. MiR-21 is a widely expressed, report-
edly oncogenic miRNA whose expression is 
regulated by several transcription factors includ-
ing the androgen receptor (AR) [23].  AR binds 
to the miR-21 promoter directly and activates 
its transcription; in turn, miR-21 enhances pros-
tate tumour growth in vivo [24]. 
 
Another important layer of miRNA regulation is 
posttranscriptional. That this should occur is 
illustrated by the fact that changes in the levels 
of miRNA precursors do not necessarily corre-
spond to changes in levels of mature miRNAs 
[25]. HnRNP A1 is an abundant nuclear RNA-
binding protein involved in several steps of pre-
mRNA processing including packaging and alter-
native splicing. It promotes the production of 
miR-18a by inducing conformational changes in 
the pri-miRNA that enhance its processing by 
Drosha [26]. One of the first miRNAs ever identi-
fied, the let-7 family, is itself regulated posttran-
scriptionally. Lin-28, also first discovered in 
C.elegans, encodes an RNA-binding protein that 
blocks the processing of the precursor of let-7 
miRNA in embryonic cells [27]. In humans, lin-
28 and let-7 are now implicated in cancer, stem 
cell ageing and the control of pluripotency. The 
manipulation of Lin-28 expression in transgenic 
mice results in significant changes in body size, 
crown-rump length and delayed onset of pu-
berty [28]. ERα represses several miRNAs; it 
does so by hindering their biogenesis presuma-
bly by regulating the expression of genes in-
volved in miRNA processing [29].  
 
Use of miRNAs in non-invasive prenatal diag-
nostics 
 
A novel application of miRNA science is its po-
tential use in prenatal diagnostics. Conventional 
prenatal diagnostics methods, notably chorionic 
villus sampling and amniocentesis, are both 
invasive and risky. There is therefore a drive to 
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develop non-invasive approaches. One ap-
proach is to isolate and analyse fetal cells that 
are present in the maternal circulation; but the 
problem is that circulating fetal cells are very 
rare [30]. The detection of cell-free fetal circu-
lating nucleic acids (CNAs) is a potential alterna-
tive approach [31]. In the late 1990s, fetal DNA 
was detected in the cell-free fraction of mater-
nal blood [32]. Fetal DNA presents the obvious 
advantage of allowing genotyping; and DNA is 
more stable than RNA. However, the advantage 
of RNA as a biomarker over DNA is the fact that 
DNA is of low copy number (generally two copies 
per cell). On the other hand there are several 
classes of RNAs that are very abundant (rRNA, 
tRNA, snRNAs, mRNAs corresponding to highly 
expressed genes; and potentially miRNAs). 
MiRNAs are in fact now considered to be among 
the available CNA biomarkers [33]. MiRNAs 
could potentially aid the early detection of clini-
cal conditions associated with pregnancy or 
fetal development as follows.  
 
The mammalian placenta aids fetal develop-
ment by providing the interface between the 
mother and the fetus. The developing fetus ob-
tains nutrients and gases through the placenta. 
Abnormalities in placentas can lead to medical 
problems including preeclampsia. Within the 
placenta the trophoblasts are cells that play a 
critical role in embryo implantation and in the 
ability of the placenta to interact with the mater-
nal uterus. The placenta is covered by a layer of 
multinucleated syncytiotrophoblasts – which 
grow into the uterine endometrium. A recent 
study has shown that placental trophoblasts 
express miRNAs from a ~100kb miRNA gene 
cluster on chromosome 19 in an area of the 
genome that is required for normal placental 
and embryonic development [34]. Placentally-
expressed miRNAs have been detected in ma-
ternal plasma [35, 36]. The concentration of 
several miRNAs in the maternal plasma is in-
creases during the various stages of pregnancy 
and then decreases postnatally. Some miRNAs, 
such as miR-141, are particularly stable when 
compared to CSH1, a typical placentally-
expressed mRNA. This suggests that miRNAs 
could be used in the monitoring of physiological 
processes associated with pregnancy. How do 
placental miRNAs enter the maternal plasma? 
Perhaps they accumulate in the maternal 
plasma as a by-product of the remnants of dead 
cells; but there is an intriguing alternative. In 
situ hybridisation performed on a trophoblast 

cell line showed that the miRNA miR-517b is 
secreted via an exosome-mediated pathway 
[37]. This finding raises the intriguing possibility 
that miRNAs could be involved in extracellular 
signalling pathways.  
 
Thus miRNAs could be playing a role in fetal-
maternal communication [38] and genetic le-
sions that affect miRNA expression might be 
associated with pathologies of pregnancy. For 
example preeclampsia is associated with abnor-
mally high expression of pro-angiogenic growth 
factors. The expression of pro-angiogenic 
growth factors is potentially regulated by 
miRNAs; and abnormal miRNA levels have re-
cently been observed in placental tissue from 
patients with severe preeclampsia [39]. Altera-
tions in miRNA expression are associated with 
several congenital defects including neural tube 
defects [40] or with teratogenic effects associ-
ated with ethanol exposure [41]. Clearly then 
the accurate measurement of miRNA levels 
could be used to detect several congenital de-
fects as part of traditional invasive sampling 
methods. However there may also be contexts 
in which fetal miRNAs in the maternal plasma 
could be used to detect congenital defects [42].  
 
There is a substantial incidence of congenital 
defects that lead to malformations of the heart 
and associated blood vessels (CHD) with an 
incidence of up to 8 per 1000 live births [43]. 
These defects are associated with up to 40% of 
perinatal and 20% of postnatal deaths [44]. If 
detected early it is possible in many cases to 
plan an early surgical intervention. Existing 
methods for the detection of CHDs include fetal 
echocardiography – but the required equipment 
is not easily available and the accuracy of the 
method is somewhat limited and influenced by 
the experience of the operating personnel [44]. 
As some miRNAs that are associated with CHD 
are also expressed in the placenta [45], it is 
conceivable that a complementary approach to 
the prenatal diagnosis of CHD could include the 
detection of relevant miRNA biomarkers. 
 
Concluding remarks 
 
When gene expression was first investigated by 
the pioneers of the field, it was presumed to 
occur mostly at a transcriptional level. Instead it 
is now apparent that epigenetic processes in-
cluding chromatin modification and cotranscrip-
tional and posttranscriptional processes contrib-
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ute very significantly to the regulation of gene 
expression. The recent emergence of miRNAs 
as regulators of gene expression has added to 
the mix and opened up several new areas of 
research. MiRNAs have the clear potential to be 
used as biomarkers. The detection of placen-
tally-expressed miRNAs in the maternal plasma 
suggests their potential use in non-invasive pre-
natal diagnostics. 
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