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ABSTRACT

MicroRNAs are a class of non-coding RNAs that regulate
gene expression at the post-transcriptional level. The major
proteins of the canonical microRNA biogenesis pathway in
human are: Drosha, DGCR8, DDX5, DDX17, Exportin 5, Dicer
and Argonaute 2. Recent studies suggest that gene expression
of some canonical microRNA biogenesis components could be
regulated by steroid hormones. Furthermore, various alter-
ations in microRNA biogenesis have been associated with dis-
eases like cancer. Due to the importance of microRNAs in cell
physiology, the study of the factors that regulate or affect
their biogenesis is critical.
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INTRODUCTION

One of the most meaningful advances in modern
cell biology has been the discovery of small non-cod-
ing RNAs (~20-30 nucleotides) as genome regula-
tors in both plants and animals.! In general, the
effects of those non-coding RNAs on gene expression
are inhibitory; therefore, they are considered part of
RNA silencing. To exert their regulatory functions,
small non-coding RNAs associate with proteins to
produce the inhibitory effect on gene expression. In
other words, the RNA molecules act as factors of
specificity that direct bound effector proteins to tar-
get nucleic acids. So far, until today, there are three
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RESUMEN

Los microRNAs son una clase de RNAs no codificantes que
regulan la expresién génica en la etapa postranscripcional.
Las principales proteinas de la via candnica de biogénesis de
los microRNAs en el humano son: Drosha, DGCRS8, DDX5,
DDX17, Exportina 5, Dicer y Argonauta 2. Estudios recien-
tes sugieren que la expresion génica de algunos componentes
de la biogénesis de los microRNAs podria ser blanco de las
hormonas esteroideas. Por otro lado, diversas alteraciones
en la biogénesis de los microRNAs han sido asociadas a pa-
decimientos como el cdncer. Dada la importancia de los mi-
croRNAs en la fisiologia celular, el estudio de los factores
que regulan o afectan su biogénesis es fundamental.

Palabras clave. Biogénesis de microRNAs. Hormonas este-
roideas. Expresién génica. Regulacién postranscripcional.
Céncer.

major classes of small non-coding RNAs described in
eukaryotes: short interfering RNAs (siRNAs), mi-
croRNAs (miRNAs) and piwi-interacting RNAs (piR-
NAs).2 The microRNAs, mainly, represent the best
characterized class of small RNAs and growing evi-
dence supports their relevance in cell physiology.
The microRNAs were discovered through genetic
studies in nematode worm Caenorhabditis elegans
as endogenous regulators for developmental tim-
ing.3* Later studies showed that plants and animals
also require those RNAs as regulators in diverse
physiological processes. In fact, it has been proposed
that in humans, the microRNAs might regulate over
half of the genome.? Regulation of microRNA bio-
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genesis is an important issue but has not been ex-
tensively studied. However, recent findings suggest
that a complex network of interacting factors is in-
volved in the regulation process. This review focuses
on the regulation of microRNA biogenesis by steroid
hormones, and also show information about altera-
tions on microRNA biogenesis involved in cancer de-
velopment.

MicroRNA biogenesis

The canonical pathway of microRNA biogenesis
begins in the nucleus with the transcription, usually
by RNA polymerase II, of long primary microRNAs
(~1,000 nucleotides) that need to be sequentially
processed to generate mature microRNAs (Figure 1).
At the end of the process, the RNA Induced Silenc-
ing Complex (RISC) associates with the mature mi-
croRNAs to repress the translation of RNA
messengers into proteins.® It is important to note
that the interaction between microRNAs and target
messenger RNAs does not require total complemen-
tarity among the bases of both nucleic acids. There-
fore one microRNA could regulate several messenger
RNAs and, on the other hand, one messenger RNA

can be regulated by different microRNAs. This im-
plicates a high complexity on the study of gene ex-
pression regulation by microRNAs.”

Interestingly, characterization of the interaction
between microRNAs and target messenger RNAs has
provided the basis for the development of computa-
tional programs to predict associations between mi-
croRNAs and their potential targets.® However,
experimental validation (in vitro and in vivo) is al-
ways necessary.

It is necessary to point out that microRNA bio-
genesis has alternative pathways. Several studies
have shown that non-canonical pathways for micro-
RNA biogenesis are conserved in different organ-
isms. Although non-canonical microRNAs represent
a small fraction of the total microRNAs, their dis-
covery implicates that some microRNAs might be
produced under specific developmental stages or al-
tered cell conditions to achieve gene regulation.?

Regulation of microRNA
biogenesis by steroid hormones

Steroid hormones regulate a wide diversity of fun-
damental processes in the organism. Recent studies
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Figure 1. Canonical microRNA biogenesis pathway. Human genome encodes microRNA genes which are typically transcribed by RNA polymerase Il
fo produce long, capped and polyadenylated, primary microRNA. The pri-microRNA stem-loop structure is processed by the microprocessor complex for-
med by: DGCR8, DROSHA and DDX5 and DDX17 RNA helicases. DROSHA enzyme crops the pri-microRNA into a hairpin-shaped precursor microRNA
which is exported out of the nucleus by EXPORTIN 5. Once in the cytoplasm, DICER enzyme cleaves the loop from the pre-microRNA producing the
mature microRNA (microRNA duplex). Only one strand of the microRNA duplex is loaded onto Argonaute 2 to form the RNA-induced silencing complex
(RISC) to mediate gene silencing at the posttranscriptional level. microRNA binding sites in mRNAs generally lie in the 3’ untransiated region (3’ UTR).
Partial complementarity between microRNA and target mRNA allows translational repression, without mRNA degradation. On the other hand, total com-
plementarity allows mRNA degradation to produce the repressive effect.
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Table 1. Effects of steroid hormones on canonical microRNA biogenesis pathway components.

Pathway component Hormone Tissue or cell line Effect Reference

Drosha Estradiol and progesterone Mouse uterus No effect 13

DGCR8 Estradiol and progesterone Mouse uterus Messenger RNA increased (estradiol only) 13

DDX5 No reports have been published

DDX17 No reports have been published

Exportin 5 Estradiol and progesterone Mouse uterus Messenger RNA and protein increased 13

Dicer Progesterone Mouse uterus Messenger RNA and protein increased 13
Estradiol MCF-7 cells Messenger RNA increased 12

Argonaute 2 No reports have been published

have demonstrated that hormonal effects also regu-
late microRNA expression. For example: estradiol
stimulates or suppress microRNA expression in hu-
man breast cancer cells, endometrial cells, rat mam-
mary gland and mouse uterus.'® On the other hand,
a study performed with calcitriol (the hormonal
form of vitamin D,) and testosterone, in human
prostate cancer cells, evaluated both messenger
RNAs expression profile and microRNAs expression
profile showing that both hormones regulate mes-
senger RNA degradation by microRNAs action.
Those observations revealed feedback loops that re-
sult in global changes in messenger RNA and pro-
tein levels.l!

As it was previously mentioned, in the canonical
microRNA biogenesis pathway, many proteins par-
ticipate coordinately from nucleus to cytoplasm. The
genes that codify those proteins have been identi-
fied, but the factors that regulate their expression
are little known. Although the regulation of microR-
NA biogenesis machinery components is in an early
stage of study, some works suggest that hormonal
action might have a major role. One of the first
studies about this topic demonstrated that human
Dicer gene expression is induced by estradiol. The
study showed estradiol induced Dicer messenger
RNA levels in MCF-7 human breast cancer cells.
The authors described that estradiol modified the ex-
pression of several microRNAs and also induced the
expression of Dicer enzyme, which is essential for
the general mechanism of RNA silencing. These re-
sults indicate that estradiol may modulate microR-
NA biogenesis.12

Another important work explored the steroidal
regulation of the microRNA biogenesis machinery
components in vivo, using mouse uterus. In this
study, estradiol and progesterone effects on Drosha,
DGCRS, Exportin 5 and Dicer expression were eval-
uated. The authors described that estradiol and pro-

gesterone increased Exportin 5 messenger RNA ex-
pression, while only progesterone increased Dicer
messenger RNA expression. They also observed the
corresponding increment at protein level, in both
genes.1? To determine if the detected induction on
Exportin 5 and Dicer expression were associated
with microRNA processing, authors evaluated mi-
croRNA-451 expression, which they had previously
described as an inducible microRNA by estradiol in
uterine tissue.!* They observed that microRNA-451
expression was increased by both hormones at the
same treatment times where the induction of Expor-
tin 5 and Dicer was detected. Therefore the authors
suggest that their findings represent an additional
mechanism by which steroid hormones may increase
microRNAs processing.!3 The general findings from
the mentioned studies are summarized in table 1.

Either DDX5 or DDX17 RNA helicases are also
components of microRNA biogenesis, forming part of
microprocessor complex.!® It has been described that
DDX5 is a multifunctional protein that interacts
with other proteins as SMADs (the signal transduc-
ers of the TGF-p family of signaling pathways) and
the tumor suppressor p53. In addition, DDX5 func-
tions as a co-activator of several nuclear receptors
as estrogen receptor o, androgen receptor and the
vitamin D receptor.1® Both DDX5 and DDX17 asso-
ciate with estrogen receptor o upon estradiol stimu-
lation.!” That information indicates that both RNA
helicases participate in the cell response upon hor-
monal stimulus and rise the question about if DDX5
and DDX17 could be target of hormones. At present,
GRTH/DDX25 RNA helicase, which is essential for
spermatogenesis, is the only RNA helicase known to
be hormonally regulated.!8

In general, the genomic effects exerted by hor-
mones implicate the participation of specific nuclear
receptors that regulate the transcription of target
genes. The information presented in this brief re-
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view shows that steroid hormones modify both pro-
tein coding genes and microRNA coding genes. Sev-
eral works indicate that steroid hormones regulate
microRNA expression through nuclear receptor me-
diated pathways. However, other possibility impli-
cates that some of the microRNA biogenesis
machinery components have hormonal response el-
ements in specific genomic regions (as the gene pro-
moter) and an induction in their expression may
contribute to an induction in microRNA processing.
It is clear that the precise mechanism by which
steroid hormones regulate microRNA expression is
not completely defined.

microRNA
biogenesis alterations in cancer

A fundamental finding in cancer biology has been
the observation of microRNA deregulation in human
tumors compared with normal tissue.l®20 Later
studies demonstrated the accumulation of pri-micro-
RNAs in cancer cells, which indicate an alteration
in the microRNA biogenesis pathway.2! The evi-
dence that supports this observation was the abnor-
malities in the copy number of Dicer, Exportin 5
and Argonaute 2 genes described in breast and ovar-
ian cancer, as well as in melanoma.?223 Further-
more, the reduction on microRNA biogenesis
components expression has been associated with bad
prognosis in hepatocellular carcinoma.?* A key
study in this context demonstrated that the deple-
tion of Drosha, DGRCS8 or Dicer drastically promot-
ed tumor formation and invation.?® As previously
mentioned, Dicer ribonuclease is a key component of
the microRNA biogenesis machinery. Interestingly,
a low Dicer expression has been described in several
tumors and has been related to bad prognosis in pa-
tients.26-28 Moreover, the downregulation of Dicer
expression has been associated with metastasis.?’

DDX5 and DDX17 RNA helicases are multifunc-
tional proteins, ubiquitously expressed in tissues,
which participate in transcription, RNA processing
and microRNA biogenesis. Studies performed in cell
lines have linked both helicases with cell prolifera-
tion and differentiation, however the precise roles of
DDX5 and DDX17 in those cellular processes re-
mains unclear.?? Altered expression and/or function
of both RNA helicases has been related with cancer
progression.

Indeed, some studies indicate that DDX5 and
DDX17 induce cell proliferation and may be onco-
genic; however there are other works that indicate
the opposite, showing both DDX5 and DDX17 as tu-

mor suppressors with inhibitory actions on cell pro-
liferation. Even when those data appear to be con-
tradictory, is important to point out that the precise
function of both helicases may depend on tumor cell
type and the expression of other proteins which in-
teract with DDX5 and DDX17.3%31 Reports that asso-
ciate cancer progression with alterations on
microRNA biogenesis machinery components repre-
sent valuable information to propose those genes, and
their proteins, as potential cancer biomarkers
and also as therapeutic targets.32-3* Finally, as pre-
viously mentioned, some microRNA biogenesis path-
ways does not require canonical components as
DGCRS8, Exportin 5, Dicer or Argonaute 2 which
adds a new level of complexity to cancer research.3?
Probably, future studies will reveal the role of those
microRNAs in human cancer and contribute to un-
derstand the regulation of their biogenesis in cells.

CONCLUSIONS

The regulation of the microRNA biogenesis ma-
chinery is an emerging field of study that suggests a
complex process in which many cellular factors par-
ticipate. A recent body of experimental evidence
shows that steroid hormones may increase microR-
NA maturation by stimulating the biosynthesis of
some key components of microRNAs biogenesis ma-
chinery. A better understanding on how microRNA
biogenesis is regulated will help to define its role in
human diseases as cancer and also to design novel
strategies to modify microRNAs expression for ther-
apeutic purposes.
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