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ABSTRACT

Free-Circulating miRNAs as Biomarkers in Amyotrophic
Lateral Sclerosis and Hereditary Spastic Paraplegias

Tomczuk F.", Sutek A.?
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Warsaw, Poland; ? Faculty of Medicine, Lazarski University, Warsaw,
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STRESZCZENIE

Wolne krazgce miRNA jako biomarkery w stwardnieniu bocz-
nym zanikowym i dziedzicznej spastycznej paraplegii

Tomczuk F.", Sutek A.?

! Zaktad Genetyki, Instytut Psychiatrii i Neurologii, Warszawa; > Wy-
dziat Medyczny, Uczelnia tazarskiego, Warszawa

The development of biomarker research is essential to enhance the
diagnostic workup for neurodegenerative disorders and to facilitate
the monitoring of effective disease-modifying therapies. While DNA
testing remains a predominant biomarker for identifying mutations in
familial forms of neurodegenerative diseases, various types of RNA
have more recently been linked to both familial and sporadic forms
of these diseases. miRNAs, a subset of endogenous non-coding
RNA, bind to partially complementary sequences in mRNAs and in-
hibits mRNA translation by either blocking translational machinery
or degrading mRNAs. They are involved in a variety of cellular pro-
cesses, including cell cycle, development, metabolism, and synap-
tic plasticity. Dysregulation of miRNA expression and function has
been reported in various neurological disorders (NDs) of the central
nervous system, such as Alzheimer’s disease (AD), Parkinson’s dis-
ease (PD), Huntington’s disease (HD), amyotrophic lateral sclerosis
(ALS), and hereditary spastic paraplegias (HSP). If a specific profile
of dysregulated miRNAs is identified in patients suffering from NDs,
this could serve as a biomarker for earlier diagnosis and monitoring
of the disease progression. Identifying the role of miRNAs in nor-
mal cellular processes and understanding how miRNA expression
is linked to their neurological effects are also critical in developing
new therapeutic strategies for NDs. In this review, we will focus on
free-circulating miRNA and their association between ALS and HSP,
as both diseases share the same neurodegeneration process of the
upper and lower motor neurons. This suggests that they may also
share the same miRNA pattern, which might be considered a shared
biomarker.

Key words: miRNA, biomarkers, motor neuron disorders, neurode-
generation, rare disease

Rozwdj badan w dziedzinie badan biomarkeréw jest niezbedny do
usprawnienia diagnostyki choréb neurodegeneracyjnych i skutecz-
nego monitorowania terapii modyfikujgcych przebieg choroby. Cho-
ciaz badania DNA pozostajg dominujgcym biomarkerem pozwalajg-
cym na identyfikacje mutacji w chorobach neurodegeneracyjnych,
ostatnio powigzano rozne typy RNA zaréwno z rodzinnymi, jak
i sporadycznymi postaciami tych choréb. miRNA, endogenne nie-
kodujgce czgsteczki RNA, wigze sie z czeSciowo komplementarny-
mi sekwencjami w mRNA i hamuje translacie mRNA albo poprzez
blokowanie mechanizmu translacji, albo przez degradacje mRNA.
miRNA, bierze udziat w réznych procesach komorkowych, w tym
w cyklu komérkowym, rozwoju, metabolizmie i plastycznosci sy-
naptycznej. Potwierdzono ich udziat w zaburzeniach ekspresji i funk-
cji miRNA w réznych schorzeniach neurologicznych (ND) o$rodko-
wego uktadu nerwowego, takich jak m.in. choroba Alzheimera (AD),
choroba Parkinsona (PD), choroba Huntingtona (HD), stwardnienie
boczne zanikowe (ALS) i dziedziczne spastyczne paraplegie (HSP).
Jesli u pacjentéw cierpigcych na choroby neurodegeneracyjne zo-
stanie zidentyfikowany specyficzny profil ekspresji miRNA, moze on
postuzyc jako biomarker do wczes$niejszej diagnozy i monitorowania
postepu choroby. Identyfikacja roli miRNA w prawidtowych proce-
sach komorkowych i zrozumienie, w jaki sposob ekspresja miRNA
Jest powigzana z ich skutkami, ma rowniez kluczowe znaczenie
w opracowywaniu nowych strategii terapeutycznych dla ND. W tym
artykule skupiamy sie na wolno krazgcych czgsteczkach miRNA i ich
zwigzku pomiedzy ALS i HSP, poniewaz w obu chorobach wyste-
puje ten sam proces neurodegeneracji gornych i dolnych neuronéw
ruchowych. Sugeruje to, ze mogg one réwniez miec ten sam profil
ekspresji mIRNA, ktéry mozna bedzie uznac za wspolny biomarker.

Stowa ktuczowe: miRNA, biomarkery, choroby neuronu ruchowe-
go, neurodegeneracja, choroba rzadka
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The Nature of Biomarkers

According to the definitions provided by the US Food
and Drug Administration (FDA) and the National In-
stitutes of Health (NIH), a biomarker is an objective
indicator measurable outside the patient’s body. It
serves as a quantifiable measure of various biological
or pathogenic processes, responses to interventions,
and exposures.[1-6]

Biomarkers play a pivotal role in medical appli-
cations such as diagnosis, disease classification,
and monitoring therapeutic responses.[7] Califf et al.
further categorized biomarkers into groups based
on their functions, including diagnostic, monitoring,
pharmacodynamics/response, predictive, prognostic,
safety, and susceptibility/risk.[3] This article specifi-
cally delves into three subtypes of biomarkers: diag-
nostic, predictive, and prognostic.[1,3] Diagnostic bi-
omarkers are instrumental in confirming the presence
of a disease or identifying specific disease subtypes,
as outlined by the FDA-NIH definition.[1,4] Predictive
biomarkers play a crucial role in identifying individu-
als likely to experience either favorable or unfavorable
effects from exposure to medical products or environ-
mental agents.[3,4] An illustrative example includes
free-circulating miRNAs, which may signal impending
events such as neurodegeneration.[1,3,4] Prognostic
biomarkers are utilized to assess the likelihood of clin-
ical events or disease progression in individuals with
the condition (FDA-NIH definition). C-reactive protein
(CRP) stands as an exemplar, serving as a prognostic
biomarker for inflammation, as elucidated by different
scientists.[5,6]

Several researchers[8-13] have focused their
studies on neurodegenerative biomarkers, often de-
rived from diverse sources such as peripheral blood,
muscle biopsies, or cerebrospinal fluid (CSF). Whole
blood, in particular, has emerged as an attractive
source due to its ease of collection, relative nonin-
vasiveness, and suitability for longitudinal studies,
enabling the tracking of disease progression over
time.[2,10,14] Among potential biomarkers, microR-
NAs (miRNAs) have garnered considerable attention,
especially in neurodegenerative research. With prom-
ising characteristics, miRNAs have been employed to
monitor different gene expressions associated with
neurodegenerative diseases, as evidenced by nu-
merous studies.[10,15-17]

MicroRNA Biogenesis and Role in Gene
Expression

MicroRNAs (miRNAs) are endogenous, non-coding
single-stranded RNA molecules that play impor-
tant roles in eukaryotic gene expression through

post-transcriptional regulation. They were first
identified via classical forward genetics experi-
ments.[18,19] miRNA mainly binds to the 3’-untrans-
lated region (3’'UTR) of the messenger RNA (MRNA)
from target protein-coding genes, leading to gene si-
lencing by mRNA cleavage, translational repression
and deadenylation.[18] A miRNA particle is a part of
ribonucleoprotein complexes that specifically block
the mRNA translation. Unlike siRNAs, miRNAs are
not characterized by complete sequence identity with
the target mMRNA and therefore can silence different
genes. The miRNA biogenesis is a complex pro-
cess, which can be generated through the classical
canonical and non-canonical pathway depending on
cell types and their environment.[20] It begins in the
nucleus when 1-3 kilobase (kb) precursor miRNAs
(pre-miRNAs) are generated either by the micro-
processor complex (Drosha and DGCR8) RNaselll
enzyme processing of primary miRNA (pri-miRNAs)
transcripts or by spliceosome processing of precur-
sor mRNA (pre-mRNA) transcripts followed by the
Lariat Debranching Enzyme (DBR1) processing of
the resulting introns.[21]

The primary transcript (pri-miRNAs) of miRNA is
specifically recognized by the microprocessor complex
composed of nuclear ribonuclease lll, Drosha, and is
the binding partner of the DGCRS8 protein, which rec-
ognizes the stem-loop structure in pri-miRNA. Drosha
then cleaves the pri-miRNA into a 70 nt pre-miRNA,
which is translocated to the cytoplasm by exportin
5 protein.[18] In the cytosol, pre-miRNAs are fur-
ther processed into 19-23 nucleotide mature miRNA
duplexes by a protein complex consisting of DICER
(RNase) and the double-stranded RNA-binding do-
main proteins TRBP, PACT and Ago2.[20] One strand
of the miRNA duplex is incorporated into the RNA-in-
duced silencing complex (RISC) as a mature miRNA,
whereas the other strand is degraded. miRNA can also
be generated from hairpin introns, snoRNAs, tRNAs
and endogenous shRNAs as a result of splicing, de-
branching and other complex processing mechanisms
without RISC involvement.[18-22]

The intracellular concentration of miRNA may
change in different physiological and pathological
processes due to modifications in their transcription,
maturation and stability. Despite their intracellular ac-
tivity, miRNAs have been found in extracellular human
body fluids such as blood plasma/serum, urine, saliva,
semen, CSF, and milk. Therefore, some free-circulat-
ing miRNAs have been successfully assigned as bio-
markers for several cancers, cardiovascular diseases,
and brain or liver injuries. Such changes of miRNA lev-
els in different brain areas are also indicative of many
neurodegenerative diseases and other brain patholo-
gies.[12,22-25]
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Figure 1. The miRNA biogenesis process

miRNAs are stable and resistant to RNase activi-
ty, which makes circulating miRNAs potentially novel
sources of biomarkers for various diseases. Due to the
inherent heterogeneity within a neurodegenerative dis-
ease MiRNA can comprise both sporadic and familial
genetic forms of alteration.[2] Serving as master reg-
ulators of gene expression, they can be used as di-
agnostic, predictive, and prognostic biomarkers across
various disease states, as they are increasingly ap-
plied in the field of neurodegenerative disorders.[3,16]

Neurodegenerative Diseases and Pro-
gressive Changes in Cell Homeostasis

Neurodegenerative diseases are marked by the pro-
gressive loss of neural tissues, leading to irreversible
degradation of neurons that cannot be regenerated af-
ter cell death or damage.[26] These disorders are char-
acterized by a very broad and a diverse background,
encompassing well-known conditions like Alzheimer’s
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disease (AD) and Parkinson’s disease (PD), as well as
rarer ones often defined by genetic defects, such as
Huntington’s disease (HD), amyotrophic lateral sclero-
sis (ALS), and hereditary spastic paraplegia (HSP).[21]
They also include various types of ataxias,[27] spinal
and bulbar muscular atrophy (SBMA), and several
other rare types.[28,29] Cellular pathologies and mo-
lecular dysfunctions in the neurodegenerative process
generally lead to functional changes, including oxida-
tive stress, protein oligomerization and aggregation,
axonal transport deficiency, calcium deregulation,
mitochondrial dysfunctions, neuroinflammation, neu-
ron-glial interactions, aberrant RNA processing, and
DNA (deoxynucleic acid) damage.[20] Figure 2 high-
lights the neurogenerative process.

The neurodegeneration process is initiated by
metabolic disruptions in the neurons, such as protein
overexpression or misfolding. These events activate
microglial cells and the Blood Brain Barrier (BBB) by
cytokines which induce neuroinflammation and lead to
neuronal damage and finally neurodegeneration.

Mitochondrial dysfunction, prevalent in aging brains
and neurodegenerative diseases, mainly involves
molecular damage to mtDNA by intracellular events
such as nucleases, reactive oxygen species (ROS),
and spontaneous hydrolytic processes. Single-strand
breaks in mtDNA can be generated either by ROS or
from aberrations in replication processes. In an aging
brain and in the neurodegenerative process the mis-
repair of double-strand breaks causes the mtDNA de-
letion seen in aged human tissues. This implies that
aging affects normal replication, leading to the majori-
ty of deletions at mtDNA replication sites.[30] Figure 3
shows possible factors of neurodegeneration.

As mentioned above, neurodegenerative diseases
are often characterized by the presence of inclusions
of aggregated protein, for example amyloid B aggre-
gation in AD, accumulated proteins forming Lewy bod-
ies in PD, polyglutamine proteins in SCA, HTT in HD,

or TDP-43 in ALS.[31,32]
Protein misfolding
and accumulation

-
—
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Figure 2. The neurodegeneration process
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Figure 3. Various factors involved in progression of neurodegenerative disease

Recent studies indicate that aberrant gene expres-
sion caused by elevated miRNA levels is increasingly
recognized as an important predictive tool in neurode-
generative disorders. Also, it has been reported that
miRNA is involved in the development of the central
nervous system and neurodegeneration.[20,32-35]
Current research on the role of miRNA in neurodegen-
eration as biomarkers remains limited. Those that do
exist, show potential changes in the process but do
not yet define their significance in the general aspect
of neurodegeneration. For a brief summary of miRNAs
involved in neurodegenerative diseases see Table 1.

miRNAs play essential role in regulating various
physiological processes, such as neuronal stem cell
differentiation, neurogenesis, neuronal survival, and
synapse formation is crucial. They have also been
shown to be involved in neurodegeneration, which
is why their importance and value as biomarkers for

diagnosis and therapeutic strategies continues to
grow.[12,20,22,32-34]

Several authors have demonstrated that miRNA
can act as both neuroregulators and neuroprotectors,
influencing the expression of specific genes. They re-
ported that the level of miR-29 is reduced in AD and
HD and in mouse models. Furthermore, miR29 plays
a key role in amyloid beta formation, leading to AD
pathology. Moreover, the neuroprotective miR-29-a-1
and miR-29-b-1 are downregulated, which promotes
the progression of AD by regulating beta-secretase-1,
increasing Ab formation.[20,32,53,54]

Huntington’s disease is a neurodegenerative dis-
order characterized by cognitive and motor defects,
caused by CAG repeat expansion in the huntingtin
(HTT) gene. Pathologically, it involves progressive
neuronal death in the cortex and striatum of HD pa-
tients.

Table 1. Brief summary of known miRNAs involved in neurodegenerative diseases

Neurzcijsee%esr;esratlve miRNAs Target genes/proteins Functional changes Ref.
miR-9 BACE1 APP cleavage [36]
Alzheimer’s disease miR-29 Bim; Bmf, Hrk; Puma Neuronal survival [37]
let-7b TLR7(binding) Immune response [38]
miR-106b | APP APP signaling [39]
miR-133b | Pitx3 DA neuron differentiation and survival | [39]
Parkinson’s disease miR-107 | Progranulin; CDK6 Neuronal survival [40]
miR-34 SIRT1; Bcl-2; CDK4 Neuronal survival [39,41]
miR-205 | Lrrk2 Neuritis outgrowth [42]
miR-9 REST/CoREST Neurogenesis [39]
Huntington’s disease miR-22 HDAC4; Rcor1; Rgs2; p38; Tp53inp1 | Neurogenesis and neuronal survival [43]
miR-128 | HTT; HIP1 Neuronal differentiation [39,44]
miR-132 | P250GAP; MeCP2 Neurogenesis [39]
Amyotrophic Lateral miR-206 | HDAC4 Nerve reinnervation
Sclerosis miR-155 | SOCS1; TGF-B Immune response [45-47]
miR-140 | REEP1 Nucleation [48]
) . miR-182 Nucleation [49]
Eeredﬂary Spastic miR-96 SPAST Neuronal survival [50]
araplegia - -
miR-33 Neurogenesis [51]
miR-224 | SPG7 Neuronal survival [52]
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The mutant HTT protein, which harbors an expand-
ed polyglutamine tract, has been shown to be asso-
ciated with Ago2 and P-bodies, cytoplasmic sites of
RNA metabolism, and RNAi and miRNA activity. Thus,
a change in miRNA activity has been proposed to be
responsible for the HD defects. It has been shown that
several miRNAs are indicative of the disease (miR-
100, miR-139-3p, miR-196a, miR-133a, miR-330).
[20,21,32,55,56]

miRNAs play a significant role in cell apoptosis and
may activate dramatic changes in brain tissue. For ex-
ample, miR-144 found in the aging human cerebellum
and cortex can bind to the 3'UTR of programmed cell
death protein 4, suggesting a possible role in apoptosis
in aging brains.[20,32-34,57] Furthermore, a possible
link exists between miRNA expression and cell apop-
tosis. miR-16, miR-128, miR-15, and miR-497 regulate
B cell lymphoma 2 protein (bcl2), which induces ap-
optosis, also within neurons.[20] Certain studies have
demonstrated that changes in miRNA expression dur-
ing neurodegeneration (miR-548d, miR-224, miR-373,
miR-198) show specific deregulation and altered ex-
pression in PD patients.[20,58] It appears likely that
miRNAs can be used as accurate diagnostic and prog-
nostic biomarkers for neurodegenerative diseases.

Amyotrophic Lateral Sclerosis (ALS) —
Involvement of miRNA

Amyotrophic lateral sclerosis (ALS) is one of the
most devastating neurodegenerative diseases; it
progresses very rapidly and leads to death within
2-5 years of onset, usually beginning in the fifth dec-
ade of life. It is characterized by the neuronal death
of upper and lower motor neurons, skeletal muscle
atrophy, and eventually death, mainly due to the
loss of respiratory muscles.[18,19,21,32] 10% of all
ALS cases are understood to be hereditary. These
mutations may be related to several genes, one of
which is SOD1, coding for copper/zinc superoxide
dismutase. This gene is involved in skeletal muscle
atrophy, paralysis, and neuronal death. It used to ap-
pear as the best biomarker for familial ALS (fALS).
[18,19,21,32-34] Another protein involved in ALS pa-
thology, TAR DNA-binding protein (TDP-43), inter-
acts with the Dicer and Drosha complexes respon-
sible for miRNA biogenesis. It has been shown that
mutations in this gene resultin the differential expres-
sion of mature and functional miRNAs.[18,21,34]
Mutations in the gene encoding fused in sarcoma/
translocated in sarcoma (FUS/TLS) share a com-
mon mechanism with TDP-43, promoting the bio-
genesis of specific miRNAs via recruiting Drosha
complexes to primary transcripts of miRNA. FUS/
TLS interacts mainly with the mutant TDP-43, which

Review of Medical Practice, 2023; Vol. XXIX, No. 4

dysregulates miRNA biogenesis and the overex-
pression of miR-132, miR-143, miR-558, and miR-9,
which is identified with axonal growth.[18,21,33] In
recessively inherited ALS2, a rare juvenile-onset dis-
order, mutations in the ALS2 gene are responsible
for the production of the abundant protein alsin, in-
volved in neurite outgrowth and endosomal traffick-
ing. The lack of alsin production leads to increased
degradation, decreased signaling, and decreased
turnover of membrane components, and these fac-
tors may underlie the disease pathology.[32,59]
Neurofilament heavy peptide (NEFH) is a key pro-
tein in axonal transport and maintenance. Changes
in its cross-linking properties may contribute to the
aberrant neurofilamentous accumulation found in
the proximal axons of ALS motor neurons directly,
even in sporadic ALS.[60] A different type of mutation
concerns the C9orf72 locus containing hexanucleo-
tide repeats of GGGCC (G,C,), and the expansion
of the number of repeats is now considered to be
the most frequent genetic cause of ALS.[18,19,21]
Although the overexpression of C9orf72 is highlight-
ed in neurodegeneration, the normal cellular func-
tion is still unknown. The protein is highly conserved
and expressed in many tissues, including the cere-
bellum, cortex, and spinal cord.[18,19,21] Altogeth-
er, over 50 potentially causative disease-modifying
genes have been identified, but for the purpose of
this review, we have limited them to those with linked
miRNA. For more details, see Table 2.

The lack of a common cause of ALS has resulted
in difficulties with diagnosis and treatment, especially
when the underlying molecular causes of pathology
are unknown or unclear. A significant impact may be
driven by miRNA in our understanding of their biogen-
esis and functions, as well as profiling their expression
and their involvement in disease progression.[32-34]

In addition, studies on mouse models of ALS have
shown the involvement of miRNA in the progres-
sion of neurodegeneration via the deletion of Dicer
(a complex converting primary miRNA to mature
miRNA). Several studies have shown that miR-206
was observed to be overexpressed in mouse mod-
el muscles of ALS, which carries mutation in Sod1.
Another increase in the miR-338-3p level regulating
the expression of several different miRNAs was ob-
served in the leukocytes of ALS patients. Further-
more, recent studies have shown the expression
of miR-23a, miR-29b, miR-455 in skeletal muscle
tissue from ALS patients, which can cause deregu-
lations in mitochondrial gene expression. miR-132,
miR-134 and miR-9 were found to take place in syn-
aptic plasticity and neuronal development.[18,21]
For more details concerning ALS serum related
miRNAs, see Table 2.
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Hereditary Spastic Paraplegias (HSPs)

Hereditary spastic paraplegias (HSPs) are a group
of heterogeneous, genetically determined disorders
resulting from neurodegeneration in the corticospi-
nal tracts. The main clinical feature is progressive
spasticity and weakness of the lower limbs. To date,
64 spastic paraplegia genes (SPG) have been iden-
tified within 79 different loci, and all modes of inher-
itance have been described among them. Due to the
number of the HSP-causing genes, several cellular
pathways implicated in its pathogenesis have been
distinguished: membrane and axonal transport, endo-
plasmic reticulum membrane modeling and shaping,
mitochondrial functions, DNA repair, fatty acids and
phospholipid metabolisms, and myelination process-
es.[79] However, the epigenetic factors involved in the
HSPs pathomechanism are barely known. There are
only a few papers available in PubMed describing the
possible microRNAs involvement in hereditary spastic
paraplegia. Considering the known regulatory role of
the miRNA molecules in neurodegeneration, a pos-
sible role of miRNA in SPG pathogenesis warrants
thorough investigation. Even though there have been
broad studies on the role of miRNA in neurogenetics,
especially Alzheimer's (AD), Parkinson’s (PD) and
amyotrophic lateral sclerosis (ALS), the miRNA re-
search on hereditary spastic paraplegia pathogenesis
is limited. Some premises suggest that miRNAs are
also involved in spastic paraplegia pathomechanism.
The process of motoneuron degeneration shows the
same pathway as observed in HSP and ALS. Thus,
it is suggested that these two diseases may be linked
together by shared miRNA. It is only a matter of time
before both pathologies are compared at the miRNA
level. One research study of this kind has shown that
the regulation of SPAST gene (SPG4) expression is
carried out by transcription factors (proteins NRF1 and
SOX11) and miRNAs. The 3'UTR (UnTranslated Re-
gion) of the SPAST gene contains the complementary
sequences for the miRNA-96 and miRNA-182 mol-
ecules, which negatively regulate the SPAST gene
synthesis and influence the stability of the spastin
mMRNA level in the cell.[80] Recent reports have in-
dicated that miRNA-33, located within the intron of
sterol regulatory element binding protein (SREBP)-2,
controls cholesterol homeostasis and can be a po-
tential therapeutic target for the treatment of athero-
sclerosis. It had been shown that the SPAST gene,
which encodes a microtubule-severing protein called
spastin, is a novel target gene of miR-33 in humans.
The miR-33 binding site in the SPAST 3’'UTR is con-
served, and it is possible to clarify the role of miR-33
on SPAST. It has been demonstrated that inhibition of
miR-33a, a major form of miR-33 in human neurons
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via locked nucleic acid (LNA)-anti-miR ameliorated
the pathological phenotype in HSP-SPG4 patients’
induced pluripotent stem cell (iPSC)-derived cortical
neurons. Thus, miR-33a may be a potential therapeu-
tic target for novel treatment of HSP-SPG4.[51] A dif-
ferent study indicates that in the SPG7 type, miR-224
may target the 3’'UTR of SPG7 mRNA. This inhibits
SPG7 expression by enhancing the ability to recruit
a voltage-dependent anion channel (VDAC), resulting
in the failing repression of SPG7 expression. SPG7 is
one of the targets of miR-224, and it is necessary for
the mitochondrial permeability transition pore (MPTP)
formation in multiple cell types that promote Ca?*-in-
duced MPTP opening. The miR-224 inhibitor prevents
oxygen/glucose deprivation (OGD)-induced neuronal
apoptosis. Downregulation of SPG7 suppresses mi-
tochondrial signaling, which prevents VDAC from
forming the MPTP involved in mitochondria-mediated
apoptosis. It also inhibits OGD-induced mitochondri-
al membrane potential and higher mitochondrial cal-
cium retention.[52] Another example is related to the
single-nucleotide changes identified in the REEP1
3'UTR region in hereditary spastic paraplegia patients
(SPG31). This condition is characterized by spasticity
(muscle stiffness) and paraplegia (paralysis of the low-
er limbs) caused by degeneration of the neurons that
trigger muscle movement. Degeneration of the upper
motoneuron leads to a progressively spastic gait. The
vast majority of individuals suffering from SPG31 show
clinically pure HSP, i.e., with predominant pyramidal
signs, and there is no evidence of lower-motoneuron
involvement. Consistent with these clinical and genetic
observations, endogenous REEP1 has been detected
in the brain and in cultured cortical neurons.[80-88]

The mutations of the REEP1 gene are often pres-
ent as insertion or deletion and result in a short, non-
functional protein.[81,83,85,87] It is assumed that the
3'UTR variants consist of the complementary sites of
mMiRNAs. miRNA-140 and miRNA- 691 binding sites
may affect the post-transcriptional regulation of the
REEP1 gene expression.[82,84,88]. Table 3 sums up
the data on serum-related miRNAs involved in HSP
with related genes.

The receptor expression-enhancing protein 1
(REEP1) is found in neurons of the brain and spinal
cord, accumulating in mitochondria and the endo-
plasmic reticulum, responsible for protein processing
and transport. The REEP1 protein forms a network
of tubules of the endoplasmic reticulum, regulating its
size and determining protein processing. As part of its
role in the endoplasmic reticulum, the REEP1 protein
enhances the activity of certain other proteins called
G protein-coupled receptors. These receptor proteins
are eventually embedded within the outer membrane
of cells, where they relay chemical signals from outside
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the cell to its interior. The exact function of the REEP1
protein in the mitochondria is not fully known.[82,86]
Itis unclear how REEP1 gene mutations lead to the
signs and symptoms of spastic paraplegia type 31. Re-
searchers have shown that mitochondria in the cells of
affected individuals are less able to produce energy,
which may contribute to the death of neurons and lead
to the progressive movement problems of spastic par-

aplegia type 31. However, the exact mechanism that
causes this condition is unknown, and we cannot be
certain that miRNAs are not involved in this process.
So far, there is no evidence for this because of the
limited amount of research conducted to date. But this
does not change the fact that miRNA could play a sig-
nificant role in REEP1 gene mutations.[81,83-88]

Table 3. Free-circulating miRNAs that regulate some HSPs - related genes

(p?:t:?n) Gene description Tneigrt\je: miRNA description Ref.
Overexpressed in human metastatic
miR-182 melanoma cell lines and its expres- Post-tran-
Mi bul ) . I sion increased with progression from | scriptional
crlectr:tu :tﬁjgvegﬁpa;tlﬂz’i r?aryl ases: primary to metastatic melanoma regulation of
SPAST ory P Y, = 9 9. piay miR-96 promotes cell proliferation, endogeno- | [49-51,
(spastin) ;c;]lz mrgt]:ir::?(! alj:ltela\t/i% Coamrt‘i)(iﬂgrr;tsi n miR-96 | migration and invasion by targeting us SPAST | 80,89]
neurgns 9 P y PTPN9 in breast cancer mRNA and
Decreases the neurite length of spastin pro-
miR-33 | cortical neurons derived from iPSCs | tein level
through SPAST 3'UTR regulation
ER-shaping protein, ER-microtubule MIR140 is almost exclusively expres-
interaction, mitochondrial function, miR-140 sed in chondrocytes and regulates No specific [19.48
REEP1 | mutations have been linked to neuro- gene expression mainly at the post- | description | o, 89]
degenerative disorders of upper and transcriptional level in HSPs '
lower motor neurons miR-691 | —
Encodes a mitochondrial metallopro-
tease protein that is a member of the
AAA family. Members of this protein . I .
family share an ATPase domain and . mlR-224.|nh|b|tor may suppress neuronal apop_t05|s
SPG7 o miR-224 | by targeting SPG7 mRNA and thereby preventing [62]
have roles in diverse cellular proces- MPTP formation
ses including membrane trafficking, )
intracellular motility, organelle bioge-
nesis, protein folding, and proteolysis

Conclusion and Future Perspectives

Despite constantly evolving diagnostic methods and the
significant development of research on miRNAs as bi-
omarkers of neurodegeneration, the research into ALS
and HSP is still at a very early stage. When it comes to
miRNA research in ALS, the level of it is much higher
than that into HSP, where, due to the high heteroge-
neity and rarity of the particular types of the disorder,
research in terms of miRNAs is hardly carried out.

Another issue is the limitation of patients included
in the studies. These disorders are rare, and as a rule,
the study groups are small in number, making it dif-
ficult to compare the studies with each other, due to
the number of respondents and the variety of research
methods.

Furthermore, due to the limited number of ongoing
scientific projects, it is difficult to characterize the indi-
vidual miRNAs that bring together both diseases. Fu-
ture research should include a large-scale sequencing
panel of potential miRNAs that may be associated
with neurodegenerative pathology.

It has been demonstrated that miRNAs are po-
tential biomarkers for detection and differentiation
and therapeutic targets in neurodegenerative disor-
ders. miRNAs have been suggested as having both
high diagnostic effectiveness and promising value
as non-invasive biomarkers, and as a consequence,
potentially promising therapeutic targets. Recent evi-
dence suggests the existence of specific expression
signatures in some brain pathologies, though the
findings are diverse from study to study. Therefore,
future research on circulating miRNAs to better de-
fine their potential for early diagnoses, and to monitor
disease progression and response to therapies are
required.[10,32,51,52,77,90-93]
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