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Experimental stroke research conducted in the past three
decades can be divided into two major categories. The first is
the molecular and cellular studies that evaluated the
mechanisms of stroke-induced neuronal death and the
second is the development and testing of putative therapeutic
compounds to prevent post-stroke brain damage and
neurologic dysfunction. Both categories of studies focused
on evaluating and/or targeting specific proteins or the genes
that encode those proteins. However, protein-coding genes
represent <2% of the eukaryotic genome as ∼98% of the
transcriptional output is non-coding (nc) RNAs that include
microRNA (miRNA), small interfering RNA (siRNA),
piwi-interacting RNA (piRNA), long non-coding RNA
(LncRNA), small nuclear RNA (snRNA), small nucleolar
RNA (snoRNA), antisense RNA (asRNA), and Y-RNA
[1]. The ncRNAs are currently considered as the master
controllers of the transcription and translation that decides
the organ- and cell-specific protein repertoire [2]. Hence,
any disruption in the ncRNA function could lead to severe
compromises in cellular homeostasis. Despite their abun-
dance and paramount functional importance, very few
studies to date evaluated the significance of ncRNAs in
acute brain damage.

The miRNAs (18 to 24 nucleotides long) are the most
studied of all classes of ncRNAs. The miRNAs are known
to be transcribed from specific genes located in the introns,
exons, as well as the intergenic regions of the genome. To
date, the number of miRNAs identified in different organisms
is minimal. For example, only 940 miRNAs were identified
in humans and 326 miRNAs were identified in rats (www.

miRBase.com). The miRNAs are evolutionarily well con-
served and binds to specific 8-nt complimentary seed
sequences in the 3′UTRs of mRNAs. Binding of a miRNA
induces either mRNA degradation or translational arrest [3].
As a miRNA can bind to multiple mRNAs and most
mRNAs contain seed sequences for multiple miRNAs, the
handful of miRNAs can effectively control the multitude of
mRNAs in the body.

The miRNA dysfunction is suspected to be a contributing
factor for many CNS pathologies including brain tumors [4],
Alzheimer’s disease [5], Down’s syndrome [6], schizophrenia
[7], and stroke [8]. Recent studies showed that focal or global
ischemia in adult rodents leads to rapid and sustained changes
in the cerebral miRNA profiles [9–11]. It is well known that
3% to 4% of the cerebral mRNAs alter during the acute phase
(2 h to 3 days) following focal ischemia [12–15], but
strikingly >20% of the miRNAs alter in the ischemic brain,
indicating the possibility that ncRNA genes are more
susceptible to stroke than protein-coding genes. As the tran-
scription of mRNA and miRNA genes might be indepen-
dently influenced by stroke, a higher magnitude of change in
miRNAs might serve as an extra layer of control to prevent
aberrant protein expression under disease conditions.

Many individual stroke-responsive miRNAs were shown
to play a role in mediating the secondary brain damage and
functional outcome after experimental stroke. It was shown
that mir-145 will be upregulated to ∼eightfold in rat brain
following focal ischemia [10]. A major target of the mir-
145 is the antioxidant enzyme superoxide dismutase-2
(SOD-2) mRNA and presumably mir-145 prevents SOD-2
protein translation after stroke. When the ischemic rats were
treated with antagomir-145, there was an increased expres-
sion of SOD-2 in the cortical neurons and a significantly
decreased infarction presumably by curtailing the oxidative
stress [10]. Another recent study showed that induction of
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mir-497 following focal ischemia promotes ischemic neu-
ronal death by negatively regulating antiapoptotic proteins,
bcl-2 and bcl-w [16]. Activation of the transcription factor
peroxisome proliferator-activated receptor (PPAR)-δ induces
vascular endothelial cell protection and this beneficial effect
was shown to be mediated by preventing the post-ischemic
induction of miR-15a which targets bcl-2 [17]. The miRNAs
are also thought to promote neuroprotection. Importantly,
miRNAs that target mRNAs which code for transcription
factors like MeCP2 play a critical role in inducing ischemic
tolerance in mouse brain [18]. Ischemic preconditioning was
also shown to modulate miRNAs which are upstream to
neuroprotective signaling pathways in rat brain [19].

It is interesting to note that miRNA profiles alter rapidly in
blood following stroke and intracerebral hemorrhage in
rodents [9, 20]. Altered miRNA profiles were also reported
in stroke patients [8]. This study showed that many miRNAs
that are expressed at a low level in normal human blood
were observed to be highly expressed in stroke samples
irrespective of etiology. These authors also showed that
different stroke subtypes show distinctly different blood
miRNA profiles and they could separate the small artery and
large artery stroke samples based on miRNA profiles [20].
In addition, the blood miRNAs of the patients showing good
outcome and bad outcome after stroke separated into distinct
clusters [20]. These studies indicate that blood miRNAs can
be used as genomic biomarkers to quickly identify stroke,
stroke subtypes, and possibly the outcome after a therapy.

The current view is that miRNAs play a more diverse
role than just silencing mRNAs as certain miRNAs can also
upregulate translation [21]. The 8-bp seed sequences that
miRNAs recognize in the 3′UTR of mRNAs can be found
in several genomic locations. ThemiRNAmir-379was shown
to bind to the E-cadherin promoter, leading to the induction of
E-cadherin gene expression [22]. This phenomenon known
as RNA-induced gene activation might also play an
important role in post-ischemic gene induction. Using in
silico analysis, we observed that eight miRNAs upregulated
after focal ischemia can bind to the complementary seed
sequences in 877 promoters in rat genome [10]. Furthermore,
it was shown that, if the levels of a specific mRNAs are
increased, that mRNA can instruct the expression of an
upstream miRNA to prevent its own translation as a feed-
forward mechanism [23]. Recent studies from our laboratory
showed that miRNA promoters contain several transcription
factor binding sites and treating rats with rosiglitazone (a
high-affinity PPARγ agonist) alters the cerebral expression
of miRNAs that contain PPAR binding sites [24]. Thus,
miRNAs and mRNAs can control each other bi-directionally
and hence their relationship is complex.

To conclude, there is much excitement in understanding
the functional significance of miRNAs to ischemic brain
damage and the studies conducted so far is just the tip of

the iceberg. Importantly, an altered miRNA expression can
have profound consequences on transcription as well as
translation. As new functions of miRNAs as well as other
ncRNAs are still emerging, in the future some of those can
be identified as good therapeutic targets to prevent brain
damage in stroke patients. Financial support was provided
by NIH grant NS061071.
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