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Chapter 4
microRNA biogenesis and functioning

Joost Kluiver



Introduction

MicroRNAs (miRNAs) are now recognized as an important class of small RNA mol-
ecules that can posttranscriptionally downregulate the expression of genes bearing 

complementary target sequences. A miRNA is currently defined as a small single stranded 
RNA of ~22 nt that is generated by RNase III type enzymes from a hairpin present in a 
longer endogenous transcript1. It is thought that ~2-3% of all genes have a miRNA func-
tion indicating that in human, there are at least 800 miRNA genes2-5. At this moment, 332 
miRNA are present in the miRNA database6.  

Biogenesis

Biogenesis of a miRNA starts with the transcription of a longer primary transcript 
(pri-miRNA) by RNA polymerase II7,8. The pri-miRNA contains a hairpin structure 

that can be recognized and cleaved by the microprocessor complex which consists of the 
RNase III enzyme DROSHA and the double stranded RNA binding protein DGCR89-13. 
The resulting  ~65 nt precursor miRNA (pre-miRNA) is exported to the cytoplasm by the 
RAN-dependent nuclear transport receptor exportin-514-17 for further processing into a ~22 
nt miRNA duplex by the RNase III enzyme DICER18-21 and its partner the human im-
munodeficiency virus transactivating response RNA-binding protein (TRBP)22,23. Based 
on the stability at the 5’end of the miRNA duplex, one strand will be degraded while the 
other remains associated with DICER to form an active RNA-induced silencing complex 
(RISC)24-26. The RISC complex generally binds to complementary sites in the 3’ UTR of 
target genes and acts by either translational inhibition or by mRNA cleavage. The com-
plex can contain several other components besides DICER, i.e. TRBP, Argonaute family 
proteins (Ago)27, PACT28, MOV1029 and TNRC6B29. TRBP, Ago2 and PACT have been 
shown to be necessary for miRNA directed target mRNA degradation22,27,28. In general, 
the exact functions of most of the RISC components are not fully understood. It is cur-
rently thought that in animals the RISC complex acts mainly by inhibition of translation 
and to a lesser extent by degradation of mRNA target transcripts. In recent studies, so-
called processing bodies or P-bodies were demonstrated to be involved in miRNA directed 
translational inhibition30-33. Sequestration of target mRNAs into P-bodies is supposed to 
make them unavailable to the translational machinery. 
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Functioning

To date, the role of most miRNA is largely unknown. To obtain a better insight into 
miRNA function, much effort has been put in the computational identification of 

miRNA targets using various algorithms. The algorithms used in these prediction pro-
grams rely mainly on criteria like, base pairing rules between mRNA and miRNA target 
sites, localization of the target site in the 3’ UTR, conservation of the target site in related 
genomes and free energy of binding between RNA:RNA duplexes33-45. In addition, the 
5’end of miRNA, i.e. nt 2-8 or “the miRNA seed”, has been shown to be very important in 
miRNA target gene recognition46-48. Most algorithms use this seed sequence to search for 
complementary sequences in the 3’ UTR of genes. A recent report also takes into account 
miRNA target site accessibility based on the secondary structure of the target mRNA43. 
These computational studies have shown that miRNA might regulate up to 200 gene tar-
gets that can have very diverse functions, e.g. transcription factors, secreted factors, recep-
tors and transporters. However, these are all predictions with a substantial false positive 
rate, and only very few predicted miRNA targets have been verified so far. One should also 
take into account that the miRNA and target mRNA are not always expressed in the same 
cell. Thus, miRNA can have different targets in different cell types. 

microRNA in human biology and disease

Some reports have now shown a role for miRNA in various biological processes, especial-
ly in differentiation and development. For instance, miR-1 was shown to play a role in 

the development of heart and skeletal muscle, miR-134 regulates dendritic spine develop-
ment, miR-143 is proposed to regulate adipocyte differentiation and miR-196 was shown 
to play a role in limb development49-53.

Several diseases may also have a miRNA related origin. A mutation in the 3’UTR of the 
SLITRK1 gene in 2 patients with Tourette’s syndrome enhanced the miR-189 directed 
translational inhibition of SLRTK1 mRNA54. Together with the demonstrated SLITRK1 
and miR-189 expression patterns in developing brain, this suggested a role for miR-189 
in Tourette’s syndrome. Two studies have provided evidence for a role of the liver specific 
miR-122 in metabolic diseases by administering specific inhibitors to normal mice55,56. In 
both studies a significant decrease in plasma cholesterol levels was achieved after inhibi-
tor treatment. Similar effects could be shown in a diet-induced obesity mouse model with 
also a significant improvement in liver steatosis. These studies suggest that miR-122 plays 
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a role in the regulation of cholesterol levels and might be an attractive therapeutic target 
for high cholesterol related diseases. Many viruses, including herpesviruses, polyomavi-
ruses and retroviruses were shown to encode miRNA57-67. Whether these viral miRNA 
are directed against viral target genes, host target genes or both is currently unknown. In 
the case of EBV, 17 miRNA were shown to be expressed depending on the type of infec-
tion60,66. These miRNAs were shown to be more conserved than the total viral genome in 
comparison to rhesus lymphocryptovirus, an equivalent to the human EBV66. The exten-
sive miRNA conservation between related viruses suggests that their targets predominantly 
are of cellular and not of viral origin. However, a recent study did show that the EBV miR-
BART2 regulates the expression of the viral BALF5 gene60. 

A large body of evidence has accumulated indicating an important role of miRNA in on-
cogenesis33,68-75. miRNAs were shown to be frequently located at fragile sites or at genomic 
sites that are often altered in cancer76. Some specific miRNAs, that were shown to be un-
derexpressed, mapped to regions that are frequently deleted77,78 and may thus be potential 
tumor suppressor miRNAs. Other miRNAs were found to be overexpressed and located 
at regions frequently amplified in cancer and could therefore be considered as oncogenic 
miRNA (or onco-miRNA)79,80. Finally, miRNA expression profiling was reported to al-
low a better definition of specific subtypes of cancer than an expression profile of 16,000 
genes81. Several studies have now used miRNA profiling to identify deregulated miRNA 
expression in various types of cancer82-87.
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