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MicroRNAs (miRNAs) are small non-coding RNA molecules that are 18—-25 nucleotides long (22 nucleotides on
average) and involved in the transcriptional and post-transcriptional regulation of gene expression by RNA
interference, which is of great interest to molecular biologists, geneticists, and biochemists. These molecules are
mainly present intracellularly, but there is also an extracellular (circulating) microRNA fraction. The existence and

functions of more than 2500 human miRNAs are known.

MiRNA Alzheimer’s disease ischemia—reperfusion injury blood-brain barrier

RNA biology neuroinflammation

1. The Role of MicroRNAs in Signaling Pathways of
Alzheimer’s-Type Neurodegeneration

Disruption of epigenetic regulation and alterations in microRNA expression, which usually occur in conjunction, are
important factors in the pathogenesis of many neurological disorders 12,

Several recent and extensive systematic reviews BIABEIEIZE have addressed the role of microRNAs in the
pathogenesis of Alzheimer's disease. These reviews explore numerous microRNA variants involved in the
epigenetic regulation of the neurodegenerative process that serve as potential targets for diagnosis and targeted
therapy.

Examples of such microRNAs include the molecules miR-200b, miR-135a, miR-10a-5p, miR-142a-5p, miR-146a-
5p, miR-155-5p, miR-211-5p, miR-455-5p, miR-34a, miR-125b, miR-181c, miR-9, miR-191-5p, miR-181c, and
miR-206, which are considered potential diagnostic markers for Alzheimer’s disease &. Additionally, attention
should be paid to microRNA molecules that possess both diagnostic and therapeutic potential: miR-128, miR-574,
miR-146-a, miR-181, miR-132, miR-188-5p, and miR-137 El}

There are also studies describing modern bioinformatic approaches that use artificial intelligence and machine

learning algorithms for identifying new biomarkers and improving the accuracy of molecular diagnosis of
Alzheimer’s disease [1QIL1][12][13](14]
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Some review papers present important data on other non-coding RNAs, such as circular RNAs and long non-
coding RNAs, which participate in the pathogenesis of neurodegeneration and regulate the interplay between
microRNAs/mRNAs/regulatory signaling pathways, which are mediated genetically 13126 These RNA molecules
are often considered by researchers as more efficient targets for diagnostic and therapeutic strategies. Another
important contemporary research direction in Alzheimer’s disease pathogenesis is the study of the regulatory

functions of both microRNAs localized in specific organelles (such as mitochondria 17) and exosomal microRNAs
[18](19]

The assessment of neurovascular dysfunction is of particular interest as it plays a crucial role in the onset and
progression of the neurodegenerative process associated with the accumulation of B-amyloid peptide in brain
neurons and cerebral vessel walls 2921 Special attention is given to the dysfunction of the blood—brain barrier,
reduced cerebral blood flow, and impaired vascular clearance of beta-amyloid from the brain into the glymphatic
system and meningeal lymphatic vessels 22, These disturbances may, in turn, be linked to the reprogramming of
epigenetic regulation [231(24],

According to several authors, RNA interference mediated by microRNAs can initiate neurovascular events leading
to Alzheimer’s-type neurodegeneration [221126127]128] Thjs provides a strong theoretical basis for the development of

new directions in targeted genetic therapy for neurodegenerative diseases [221301[31]i32]

2. Regulation of Signaling Pathways in Ischemia and
Reperfusion Injury of Nerve Cells Involving microRNAs

In in vitro models, it has been shown that the activation of miR-496 and miR-874-3p reduces the consequences of
ischemic—reperfusion injury in neurons by negatively regulating BCL2L14 and BMF/BCL2L13, respectively [33134],
Activation of miR-92b-3p expression inhibits apoptosis, mitochondrial dysfunction, and inflammation through the
inhibition of TRAF3 23, MiR-182-5p and miR-193b-3p also exert neuroprotective effects in cerebral ischemia—
reperfusion injury by negatively regulating the inflammatory response mediated by Toll-like receptor 4 and 5-
lipoxygenase, respectively [B8IE7  Additionally, miR-30c acts by inhibiting neuronal apoptosis in ischemia—
reperfusion injury of the brain, thus suppressing the expression of SOX9/MAPK [B8I39 \yhijle miR-449a

downregulates the expression of amphiregulin (AREG) 9,

Similar effects are observed with the inhibition of miR-19a-3p, which reduces the extent and area of cerebral
ischemia—reperfusion injury by regulating inflammation and apoptosis through increased expression of IGFBP3
both in vivo and in vitro 1. |t has also been discovered that inhibiting exosomal miR-200a-3p/141-3p, which
originates from astrocytes and targets the gene SIRT1 and its associated signaling pathways, reduces the
pathological consequences of cerebral ischemia—reperfusion injury in a mouse model 2. MiR-370 has been
shown to exacerbate neuronal reperfusion injury by impacting the expression of SIRT6 and the regulation
mechanism of the Nrf2/ARE signaling pathway 43, while the exosomal form of this microRNA (370-3p) increases

blood—-brain barrier permeability during ischemia—reperfusion injury through the interference of MAPK1 441,
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Long non-coding RNA MEG3, by binding to miR-485, promotes the exacerbation of cerebral ischemia—reperfusion
injury through potentiating pyroptosis via AIM2 43, Additionally, the knockdown of miR-155-5p acts by inhibiting the
pyroptosis mechanism and inflammation through interference with DUSP14 [48l47] |t should be noted that Zhang L
and colleagues 8 without emphasizing the orientation of miR-155, also demonstrated its activating influence on

apoptosis and inflammatory processes in neural tissue.

In addition to the mentioned studies, there are several other works concerning the role of microRNAs in the
pathogenesis of ischemia—reperfusion injury and the signaling pathways through which their effects are realized
during RNA interference (Figure 1). The majority of neuroprotective mechanisms affected by the overexpression or

inhibition of microRNAs involve anti-apoptotic, anti-inflammatory, and antioxidant signaling pathways.
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Figure 1. Examples of effects of various microRNA (miRNAs) on signaling pathways in the pathogenesis of
ischemia—reperfusion brain injury. EPR = endoplasmic reticulum; BBB = blood-brain barrier; green arrows =
positive biological effect of RNA interference; red arrows = negative biological effect of RNA interference. The dark
blue color of the molecules indicates microRNA-3p (sense); the olive color indicates microRNA-5p (antisense); the

aguamarine color indicates microRNAs with an unknown formation end from pre-microRNA.

Most studies from various researchers have demonstrated unidirectional effectiveness regarding the
neuroprotective role of miR-10b-3p “ABY miR-124-3p BB miR-141-3p 4253 miR-153-3p 455 miR-182-5p
[36156] miR-20a-3p BAB8] miR-22-3p BABA miR-24-3p B2 miR-27a-3p 63164163 miR-342-5p BEIE7l miR-455-
3p 68163 miR-488-3p LIl and miR-92b-3p (2272 a5 well as the damaging role of miR-141-3p 4253 miR-155-
5p 847 and miR-182 Bl Therefore, these specific microRNAs should be considered as priority targets for

further translation into clinical practice.
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Indeed, along with the discovery of unidirectional effects of microRNA expression, contradictory results concerning
the same molecules are also encountered. For example, according to the findings presented by Jia T et al. (13,
activation of miR-489-3p expression in in vivo and in vitro models reduces the pathological consequences of
cerebral ischemia—reperfusion by inhibiting histone deacetylase 2 (HDAC?2), thereby reducing apoptosis intensity
and enhancing cell viability. In contrast, Song L et al. 8 obtained opposing results: in mice subjected to temporary
middle cerebral artery occlusion, an intensification of oxidative stress and neuron apoptosis was observed under
conditions of increased miR-489-3p levels, which inhibits Sirtuinl (SIRT1).

In the study investigating the effects of miR-421-3p in cerebral ischemia—reperfusion X4, both in vivo and in vitro
models showed that increased expression of miR-421-3p reduces the intensity of inflammation through the
YTHDF1/NF-kB p65 signaling pathway. On the contrary, Xu J. et al. 18 found a reverse effect of this microRNA
concerning the intensity of apoptosis and inflammation in models of ischemia—reperfusion nerve tissue damage,

mediated through the myocyte enhancer factor 2C (MEF2C).

In the study by Wei XY et al. 29, positive effects of the long non-coding RNA (IncRNA) RPL34-AS1 were observed
in patients with stroke as well as in cerebral ischemia in rats and in an OGD cell model. This molecule inhibits miR-
223-3p, which targets the insulin-like growth factor 1 receptor (IGF1R). The authors attribute the positive effects of
RPL34-AS1 to its influence on this specific mechanism. However, there are contradictory results regarding the
effects of miR-223-3p in studies focusing on the circular RNA circPDS5B and its impact on angiogenesis B9 and
regarding the positive impact of miR-223-3p expression on the development of the inflammatory response in the

zone of ischemia—reperfusion and its surrounding area &1,

The evaluation of the effects of miR-19a and its sense form miR-19a-3p shows a negative role in the mechanism of
cerebral ischemia—reperfusion injury played by excessive stimulation of apoptosis and inflammation [41I82]83]
Similar observations are confirmed for the structurally related miR-19b-3p, which also intensifies the
neuroinflammatory process in the ischemia—reperfusion zone B3l However, these observations are contradicted by
data showing that knockdown of the long non-coding RNA H19 and overexpression of miR-19a-3p attenuated the

severity of ischemia—reperfusion-induced oxidative stress and apoptosis in neurons, as reported by Gao N. et al.
84]

The study of the effects of the INcRNA Malatl revealed a positive influence of miR-26b 2 and a negative impact of
miR-142-3p expression B8 on apoptosis and cell proliferation during experimental brain hypoxia—ischemia.
However, the results from Li J. et al. [BZl show an opposite effect when miR-142-3p expression is enhanced:
inhibiting FBXO3. It is important to note that this research has limitations as it was conducted only on an in vitro

model.

In two studies investigating the role of miR-140-3p on in vitro models with OGD, opposite effects were
demonstrated: on the PC12 cell line, an enhancement of miR-140-3p expression showed a weakening effect on
apoptosis and oxidative stress B8 while on the N2a cell line, an overexpression of miR-140-3p potentiated

apoptosis and oxidative stress 82, Supporting the greater significance of the first study and the neuroprotective
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role of this molecule is the fact that the in vitro results obtained by Zhang Y. et al. were replicated in the study on

patients with ischemic stroke.

Another contradiction in determining the role of miRNAs in the pathogenesis of ischemia—reperfusion brain injury is
the data on miR-128-3p. They indicate its proapoptotic efficacy in in vitro and in vivo models by inhibiting the
FOXO/Relaxin signaling pathway 29 as well as the neuroprotective efficacy (potentiation of differentiation and

myelination processes) of this miRNA in exosomal localization in an in vivo experiment 211,

Moreover, the studies mentioned above demonstrate that miR-135a, miR-181c, and miR-211-5p, whose
expression plays a positive role in protection against cerebral ischemia—reperfusion injury, also act as
neuroprotective agents in Alzheimer’s disease [&. Conversely, the overexpression of miR-155-5p, miR-200a-3p,
and miR-206 leads to damage to neural tissue both in the context of ischemia—reperfusion and Alzheimer’s-like
neurodegeneration £,
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