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ABSTRACT Parkinson’s disease (PD) is a multifactorial neurodegenerative disease. To date, genome-wide associa-
tion studies have identified more than 70 loci associated with the risk of PD. Variants in the GBA gene encoding
glucocerebrosidase are quite often found in PD patients in all populations across the world, which justifies
intensive investigation of this gene. A number of biochemical features have been identified in patients with
GBA-associated Parkinson’s disease (GBA-PD). In particular, these include decreased activity of glucocerebro-
sidase and accumulation of the glucosylceramide substrate. These features were the basis for putting forward a
hypothesis about treatment of GBA-PD using new strategies aimed at restoring glucocerebrosidase activity and
reducing the substrate concentration. This paper discusses the molecular and genetic mechanisms of GBA-PD
pathogenesis and potential approaches to the treatment of this form of the disease.
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INTRODUCTION

Parkinson’s disease (PD) is a polyetiological neuro-
degenerative disease belonging to the class of synu-
cleinopathies that also includes dementia with Lewy
bodies (DLB) and multiple system atrophy (MSA)[1]. In
synucleinopathies, neurodegeneration is caused by the
accumulation and aggregation of the alpha-synuclein
protein in the neuronal (PD, DLB) and glial (MSA) cells
of the brain [1].

Pathomorphologically, PD is a neurodegenerative
disease predominantly affecting the dopaminergic neu-
rons of the substantia nigra and leading to the forma-
tion of protein aggregates in the cytoplasm of survived
neurons; the so-called Lewy bodies, the main compo-
nent of which is the alpha-synuclein protein [3—5].

PD is the most common synucleinopathy, with its
incidence rate 1—3% in adults over 60 years of age
[2]. Motor symptoms manifest after a loss of about
50—60% of the dopaminergic neurons of the substantia
nigra [3—5]. However, the neurodegeneration process
begins many years before the development of motor
symptoms and can be characterized by a wide range
of non-motor symptoms, such as constipation, olfac-
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tory disorders, depression, various sleep disorders (in-
cluding rapid eye movement sleep behavior disorder
(RBD)), etc. [6].

Despite the accepted term synucleinopathy, a num-
ber of genetically determined forms of PD have been
recently found not to be associated with Lewy body
formation. During autopsy, Lewy bodies were not
found in more than 50% of patients with PD associated
with LRRK2 gene mutations [7]. Aggregated alpha-
synuclein forms were also not found in the brain cells of
patients with PRKN gene mutations [8]. Furthermore,
Lewy bodies are absent in 8% of patients with sporadic
PD (sPD) [9].

PD is known to be multifactorial in nature, and
both genetic and environmental factors promote the
development of the disease. To date, a number of genes
associated with the development of PD have been
identified [10]. The risk of PD is primarily associated
with variants of the glucocerebrosidase (GBA) gene
[11-13]. Mutations in the GBA gene are found in 5—20%
of PD patients (depending on the population), with the
highest rate being observed in Ashkenazi Jews [11].
Importantly, GBA gene mutations, despite their rather
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high rate in PD, have low penetrance. For example,
9—30% of carriers of GBA gene mutations at the age of
80 years and older develop clinical signs of the disease
[14—16]. Of particular importance is the fact that GBA
gene mutations are also associated with the develop-
ment of other synucleinopathies, in particular DLB [17].
The data on the association of variants in the GBA gene
with MSA remain controversial [18—20]. Recently, an
association of GBA gene mutations with the develop-
ment of RBD was established [21, 22]. More than 80% of
patients with this disease develop PD or other synucle-
inopathies (DLB, MSA) [23].

This review discusses the molecular basis of
GBA-PD pathogenesis and therapeutic approaches to
the treatment of this form of the disease.

GENETIC RELATIONSHIP BETWEEN PARKINSON'S
DISEASE AND GAUCHER DISEASE
Gaucher disease (GD) is the most common lysosomal
storage disease [24]. The development of this disease
is associated with homozygous point mutations or
heterozygous compound mutations in the GBA gene,
which reduce the activity of glucocerebrosidase
(GCase) [25, 26]. To date, more than 400 GBA gene
mutations are known [27]. It should be noted that ho-
mozygous variants leading to a complete loss of GCase
activity are lethal [28, 29]. Residual activity of the
enzyme is required for the development of the body.
Depending on the extent of a GCase activity decrease,
both “favorable” and “unfavorable” variants of the
gene are distinguished. The residual activity of GCase
with “favorable” homozygous mutations (p.N370S,
p.-V394L, and p.R463C) accounts for 20—35% of the
wild-type enzyme activity, while the residual activity
of “unfavorable” variants is 5—10% (p.L444P) or ab-
sent (c.84dupG) [30, 31]. There are also polymorphic
variants of the gene (p.E326K, p. T369M) associated
with a decrease in GCase activity by up to 50% [30,
32], which do not lead to the development of GD in a
homozygous state [33, 34].

There are three types of GD [35]; of these, type
I with a favorable prognosis is the most common. At
the end of the 20th century, there appeared a number
of clinical case reports of patients with parkinsonism
symptoms who were relatives of GD patients [36—39].

In 2004, an association between GBA gene mutations
and PD was first identified [40]. Later, this association
was confirmed in a large-scale multicenter study [13].
The rate of GBA gene mutations in PD patients was
found to vary in different populations [12, 41—43], pre-
vailing among Ashkenazi Jews (up to 20%) [44]. Later, a
6- to 10-fold increase in the risk of PD in heterozygous
carriers of GBA gene mutations was shown in many
populations [12, 13, 43]. The carriage of p.E326K and

p-T369M variants was found to increase the risk of PD
1.5- to 2-fold [12, 45, 46]. In this case, the risk of PD
does not depend on the homozygous/heterozygous car-
rier status of GBA gene mutations [16]. However, the
PD phenotype and the age of disease onset were shown
to be associated with the type of mutation [11, 47, 48].

PHENOTYPIC FEATURES OF GBA-PD PATIENTS

GBA-PD patients are characterized by a special phe-
notype: the disease begins earlier than in sporadic PD
(sPD) [48]; non-motor symptoms, including cognitive
deficit, are more pronounced, and the rate of dis-
ease progression is higher than in sPD [49—54]. Also,
GBA-PD patients are characterized by more frequent
hallucinations and a higher risk of depression and anx-
iety [47, 53, 55—57]. In this case, cognitive impairments
and mental symptoms are more typical of carriers of
“unfavorable” mutations (p.L444P, c.84dupG, 370Rec)
than carriers of more “favorable” alleles (p.N370S)
[47]. Interestingly, cognitive impairments also prevail
in carriers of gene variants associated with a slight
increase in the risk of PD (p.E326K, p.T369M) in com-
parison with sPD patients [58].

FUNCTION OF GCase IN HEALTH AND DISEASE
The GBA gene encodes the lysosomal enzyme GCase
that cleaves glucosylceramide (GlcCer) into glucose and
ceramide. GCase is a membrane-bound protein with
five glycosylation sites [27, 59]. A decrease in the en-
zyme activity is accompanied by lysosomal accumula-
tion of GlcCer and the lysosphingolipid glucosylsphin-
gosine (GleSph) formed during deacetylation of GlcCer.
Accumulation of these substances in lysosomes of GD
patients leads to the formation of phenotypically al-
tered macrophages, the so-called Gaucher cells. Accu-
mulation of Gaucher cells in various organs and tissues
leads to the development of GD symptoms (changes
in bones, hepatosplenomegaly, anemia) [60]. Synthesis
of the protein encoded by a mutant GBA gene in the
endoplasmic reticulum (ER) is accompanied by mis-
folding as well as changes in the native conformation
of the enzyme and its transport into lysosomes (Fig. 1).
After maturation in the ER, the protein binds to the
lysosomal integral membrane protein 2 (LIMP-2). The
LIMP-2 protein encoded by the SCARBZ gene provides
GCase transport from the ER to lysosomes, where the
proteins dissociate under acidic conditions [61]. Altered
LIMP-2 expression in PD model mice was shown to
lead to a decrease in GCase activity and damage to do-
paminergic neurons, mediated by the accumulation of
alpha-synuclein [62].

Transport of the GCase—LIMP-2 complex into the
lysosome is facilitated by various proteins. In particu-
lar, these include the heat shock protein HSP70 with
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Fig. 1. Metabolism of GCase and possible interaction with alpha-synuclein

progranulin, as a cochaperone [63]. Furthermore, pro-
granulin was shown to modulate GCase activity [64,
65]. Interestingly, the locus of the GRN gene, which
encodes progranulin, and variants in the SCARBZ2 gene
are associated with the development of PD [66—68].

Co-factor proteins are required for functional ac-
tivity of GCase. An acidic environment in lysosomes is
favorable for the functioning of GCase; however, the
saposin C protein is required to increase the catalytic
activity of the enzyme [69]. The lysosomal protein sapo-
sin C provides maximum GCase activity and prevents
proteolysis of the enzyme [70]. Saposin C is supposed to
bind the protein with GlcCer and directs the substrate
to the enzyme active center [69]. Saposin C is one of
three proteins encoded by the PSAP gene. Rare muta-
tions in this gene lead to the development of GD [71].
However, no association between variants in the PSAP
gene and PD has been found [72].
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The pathogenesis of GBA-PD is unclear. A decrease
in GCase activity could cause lysosomal dysfunction
and, subsequently, a reduction in alpha-synuclein deg-
radation. Studies, including in vitro, in animal models
and post mortem have revealed a number of features
of the interaction between GCase and alpha-synuclein,
which suggest a molecular basis of GBA-PD patho-
genesis. A physical interaction between GCase and
alpha-synuclein was found in an acidic environment
in vitro [73, 74]. As mentioned, GCase is a membrane-
bound protein. The interaction between GCase and
alpha-synuclein can lead to the formation of a mem-
brane GCase—alpha-synuclein complex. This struc-
ture is supposed to increase the efficiency of alpha-
synuclein cleavage by proteases [59]. Also, impaired
degradation of alpha-synuclein in lysosomes can lead
to a decrease in GCase activity [75, 76] and an increase
in alpha-synuclein aggregation [75, 76]. In this case,
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lipids of the lysosomal membrane and sphingolipids,
in particular, can affect alpha-synuclein aggregation
[77, 78]. Furthermore, in vitro and in vivo studies have
shown an interaction between GlcCer and GlcSph
sphingolipids and alpha-synuclein, which can lead to
the accumulation of neurotoxic forms of the protein,
due to its oligomerization [75, 79, 80]. Experiments on
a neuronal cell culture have also demonstrated that
sphingolipids promote alpha-synuclein aggregation
[81]. Accordingly, a decrease in the synthesis of gluco-
sylceramide leads to a reduction in the alpha-synuclein
concentration [82]. Recently, an inverse correlation was
uncovered between the GCase protein level and the
ratio of alpha-synuclein phosphorylated at Ser129 to
total alpha-synuclein [83]. Modeling of potential patho-
genic pathways suggested that the effect of GCase
dysfunction on an increase in the phosphorylated
alpha-synuclein level is partly due to an increase in the
glucosylsphingosine level in the substantia nigra [83].

While a decrease in blood GCase activity and ac-
cumulation of lysosphinglipids are considered GD
biomarkers [35], no changes in these parameters in
heterozygous carriers of GBA gene mutations could
be detected for a long time. By using modern methods
for determining GCase activity and metabolite con-
centrations (liquid chromatography with tandem mass
spectrometry), we and other authors have uncovered a
decrease in blood GCase activity in GBA-PD patients
[32, 84]. An increase in the blood lysosphingolipid
concentration was shown in GBA-PD [85, 86]. A de-
crease in GCase activity was also established in blood
cells of sPD patients [32]; however, these data could
not be confirmed in a number of studies [84, 87, 88]. A
decrease in GCase activity in the cerebrospinal fluid
and substantia nigra of sPD patients was also shown
[89—91]. But it should be noted that GCase activity de-
creases with age [92].

Therefore, according to the most circulated hy-
pothesis of the PD developmen mechanism in carriers
of GBA gene mutations, accumulation of GlcCer and
GlcSph is related to a decrease in the enzymatic activ-
ity of GCase (loss of function), which leads to impaired
autophagy and oligomerization of alpha-synuclein [75].

Earlier, we identified an increase in the concentra-
tion of oligomeric forms of alpha-synuclein in the blood
plasma of patients with both GD and GBA-PD [84, 93,
94]. Also, accumulation of alpha-synuclein and a de-
crease in GCase activity were found in various parts
of the brain in sPD [90]. Accumulation of sphingolipids
and alpha-synuclein aggregates in the brain and their
co-localization were demonstrated in animal models of
parkinsonism [79]. An inverse correlation among GCase
activity, cognitive dysfunction, and motor deficits was
found in model animals [82]. Therefore, a slight, but

long-term decrease in the enzymatic activity of GCase
may be a trigger for the accumulation of alpha-synu-
clein. As already mentioned, GBA-PD patients have
a special clinical phenotype [49—51, 53, 56, 57] with a
predominance of cognitive impairment, anxiety, and
depression [53, 56, 95]. A similar phenotype is charac-
teristic of patients with mutations and multiplications
of the SNCA gene encoding alpha-synuclein [96, 97].
Probably, GBA-PD and SNCA-associated PD develop
in a similar pathogenic pathway and have a similar
phenotypic picture.

However, there exist data inconsistent with the hy-
pothesis discussed above. For example, autopsy mate-
rial of the substantia nigra from GBA-PD patients was
characterized by a decrease in GCase activity [89, 98,
99] and no increase in the concentration of sphingolip-
ids [100]. According to an alternative hypothesis (gain
of function), due to mutations, GCase acquires a toxic
function and disrupts the ER and protein transport in
the cell [101].

There exist also data on the impact of inflamma-
tion on alpha-synuclein aggregation and PD develop-
ment [102]. Alpha-synuclein was shown to be capable
of directly provoking an inflammatory response [103,
104]. We and other authors have found that the blood
concentration of cytokines in GBA-PD patients is in-
creased compared to that in sPD[105, 106].

POTENTIAL THERAPEUTIC APPROACHES FOR GBA-PD
To date, PD therapy remains completely symptomatic
and fails to slow down the rate of neuron loss in the
brain. Today, there are no drugs capable of preventing
or slowing down the development of the disease. Lev-
odopa, proposed in 1961, remains the gold standard of
treatment [107]. The search for drugs or compounds
that have a therapeutic or neuroprotective effect is
considered a priority in PD research.

The known molecular features of GBA-PD were
used to hypothesize a possible preventive and thera-
peutic effect of drugs aimed at increasing GCase ac-
tivity and reducing the concentration of sphingolipids.
Clinical trials of several drugs are currently under way
(Table 1). It should be noted that a prerequisite for the
use of these drugs in the treatment of PD is their abil-
ity to pass through the blood-brain barrier (BBB).

Currently, treatment of GD involves enzyme re-
placement therapy (ERT) and substrate reduction
therapy [108, 109]. In the former case, intravenous
administration of a recombinant GCase enzyme is em-
ployed [109]. ERT drugs are successfully used in type
I GD. However, these drugs do not pass through the
BBB; so, they do not exhibit a therapeutic effect on
neurological symptoms in patients with type II and
type III GD and cannot be effective in PD.
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Substrate reduction therapy could potentially re-
lieve the symptoms of PD. Currently, miglustat and
eliglustat are used for the treatment of GD [110, 111]
(Fig. 2). The action of these drugs is based on a selective
inhibition of GlecCer biosynthesis through the inhibi-
tion of glucosylceramide synthase, which decreases
the GCase substrate level [108, 109]. It should be noted
that miglustat, despite its ability to penetrate the BBB,
was ineffective in neuropathic forms of GD [112]. In
this case, the development of therapeutic agents of this
class passing more efficiently through the BBB should
modify the clinical course of neuropathic forms of GD
and GBA-PD [82, 113]. The first clinical trial of a drug
in this group is currently underway in GBA-PD pa-
tients. Phase I clinical trials have shown that venglustat
can penetrate into the central nervous system; phase II
trials are underway (https://www.clinicaltrials.gov/
ct2/show/study/NCT02906020).

In the case of GBA-PD, the most promising area is
the search for small chemical compounds, pharmaco-
logical chaperones, which bind to enzymes, facilitating
their folding and transport to organelles. This strategy
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is considered as a potential approach to increasing the
enzymatic activity of GCase, because most GBA gene
mutations result in amino acid substitutions outside
the enzyme active site, which disrupt GCase activity,
affecting the maturation of this protein. The action
mechanism of pharmacological chaperones involves
their binding to GCase, which promotes the correct
assembly of the enzyme in the ER and its transport to
lysosomes, where dissociation of a substance and the
GCase enzyme occurs under low pH conditions [114].

One of these substances is ambroxol hydrochloride
(ambroxol), which is registered as a drug that reduces
mucus hypersecretion in the respiratory tract and is
used in the treatment of the hyaline membrane disease
in newborns. The modulating effect of ambroxol on
GCase was reported in 2009 [115]. The effectiveness of
ambroxol in restoring the enzymatic activity of GCase
has been demonstrated both in cell lines and in animal
models of parkinsonism. Ambroxol has been repeatedly
tested in vitro [115—119] and in vivo [120—123].

Our team and other authors have shown that a
primary culture of macrophages derived from the pe-
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Clinical trials of drugs targeting GBA-PD

Drug Pharmacological group Mechanism Phase
Ambroxol Pharmacological chaperone Activation of GCase 1T
Venglustat Substrate reduction therapy A dgcyegse in the substrate goncentration II
(GZ/SAR402671) (inhibition of glucosylceramide synthase)
LTI-291 Pharmacological chaperone Allosteric activator of GCase Ib

ripheral blood monocytes of GBA-PD and GD patients
can be used for personalized screening and assessment
of the effectiveness of pharmacological chaperones
[124, 125]. Peripheral blood macrophages from GD and
GBA-PD patients, which were cultured in the presence
of ambroxol, demonstrated an increase in GCase activ-
ity and a decrease in the concentration of lysosphingo-
lipids [124—126]. Recent data have demonstrated that
the effects of ambroxol can depend on the type of GBA
gene mutations. Ambroxol was less effective in a line of
fibroblasts from GD patients with “unfavorable” GBA
gene mutations (e.g., L444P/1.444P or D409H /1L444P)
than in GD patients with the N370S/N370S muta-
tion [124]. The ability of ambroxol to pass through the
BBB and increase GCase activity, and reduce alpha-
synuclein aggregation, was shown in PD animal models
[127].

The first clinical trial of ambroxol for the treatment
of GBA-PD was recently completed. This open-label,
non-randomized, non-controlled study included 18 PD
patients (8 GBA-PD, 10 PD) who received oral am-
broxol [119]. The drug proved safe and had the ability
to pass through the BBB. The patients had improved
clinical symptoms; however, it should be noted that a
small sample of patients and the absence of a placebo
control group complicate any interpretation of the re-
sults [119]. Currently, the effectiveness of ambroxol
in the treatment of PD with dementia is under study
[128].

Another pharmacological chaperone of GCase is the
iminosugar isophagomine [129]. In vitro and in vivo
studies have shown the effectiveness of isophagomine
in restoring mutant GCase activity, reducing the level
of substrates, and decreasing the rate of neurodegen-
eration [114, 130, 131].

Clinical studies of isophagomine for the treatment
of GD have revealed the safety and satisfactory tol-

erability of the drug. However, the clinical effect was
minimal, and the third phase of the studies was not
performed (https://ir.amicusrx.com/news-releases/
news-release-details/amicustherapeutics-announces-
preliminary-results-phase2-study).

Also, a clinical study of another GCase molecular
chaperone (LTI-291 (LTI/Allegran)) has been regis-
tered. This study, assessing the effectiveness of the
drug in the treatment of GBA-PD, is undergoing phase
1b testing (https://www.trialregister.nl/trial/7061)
(Table).

We have constructed an in silico model of mutant
GCase with allowance for the enzyme glycosylation
sites [132]. Using molecular docking methods, we have
searched for possible modifications of allosteric phar-
macological chaperones of GCase which increase their
binding to the enzyme and, as a consequence, their ef-
fectiveness in restoring the enzymatic activity of GCase
(unpublished data).

CONCLUSION

An investigation of the pathogenic basis of GBA-PD
has identified new therapeutic targets in a short time.
The challenge is the expansion of a GBA-PD patient
cohort for clinical trials. Of great importance is the
screening of GBA gene mutations in PD patients for
their potential enrollment in clinical trials. The scale
of research to identify new GCase activators and the
increasing number of compounds approved for clinical
trials suggest that GBA-PD may become the first form
of parkinsonism for which new therapeutic approaches
are developed. ®

This study was supported by grants from the Russian
Science Foundation No. 17-75-20159, 19-15-00315.
Figure 1 was created with BioRender.com

REFERENCES
1. McCann H., Stevens C.H., Cartwright H., Halliday G.M. //
Parkinsonism Relat Disord. 2014. V. 20 Suppl. 1. P. S62—67.
2. Ascherio A., Schwarzschild M.A. // Lancet Neurol. 2016.
V. 15. P. 1257-1272.
3. Agid Y. // Lancet. 1991. V. 337. P. 1321-1324.
4. Schulz J.B,, Falkenburger B.H. // Cell Tissue Res. 2004.
V. 318. P. 135—147.

5. Hirsch E., Graybiel A.M., Agid Y.A. // Nature. 1988. V. 334.
P. 345—348.

6. Schapira A.HV,, Chaudhuri K.R., Jenner P. // Nat. Rev.
Neurosci. 2017. V. 18. P. 435—450.

7.Kalia LV, Lang A.E., Hazrati L.N., Fujioka S., Wszolek
Z.K., Dickson DW., Ross O.A., van Deerlin V.M., Tro-
janowski J.Q., Hurtig H.I, et al. // JAMA Neurol. 2015. V. 72.
P. 100-105.

VOL. 13 Ne 2 (49) 2021 | ACTA NATURAE |75



REVIEWS

8. Schneider S.A., Alcalay R.N. // Mov. Disord. 2017. V. 32.
P. 1504-1523.

9. Henderson M.X., Sengupta M., Trojanowski J.Q., Lee
V.MY. // Acta Neuropathol. Commun. 2019. V. 7. P. 183.

10. Hernandez D.G., Reed X, Singleton A.B. // J. Neurochem.
2016. V. 139. P. 59—"74.

11. Gan-Or Z., Amshalom I, Kilarski L.L., Bar-Shira A., Ga-
na-Weisz M., Mirelman A., Marder K., Bressman S., Giladi
N, Orr-Urtreger A. // Neurology. 2015. V. 84. P. 880—887.

12. Emelyanov A.K., Usenko T.S., Tesson C., Senkevich K.A.,
Nikolaev ML.A., Miliukhina IV,, Kopytova A.E., Timofeeva
A.A., Yakimovsky A.F., Lesage S, et al. // Neurobiol. Aging.
2018. V. 71. P. 267.e7—267.e10.

13. Sidransky E., Nalls M.A., Aasly J.O., Aharon-Peretz J.,
Annesi G., Barbosa E.R., Bar-Shira A., Berg D., Bras J.,
Brice A, et al. // N. Engl. J. Med. 2009. V. 361. P. 1651-1661.

14. Anheim M., Elbaz A., Lesage S., Durr A., Condroyer C.,
Viallet F., Pollak P., Bonaiti B., Bonaiti-Pellie C., Brice A. //
Neurology. 2012. V. 78. P. 417—420.

15. Rana H.Q,, Balwani M., Bier L., Alcalay R.N. // Genet.
Med. 2013. V. 15. P. 146—149.

16. Alcalay R.N., Dinur T\, Quinn T., Sakanaka K., Levy O.,
Waters C., Fahn S., Dorovski T., Chung W.K., Pauciulo M.,
et al. // JAMA Neurol. 2014. V. 71. P. 752—757.

17. Nalls M.A., Duran R., Lopez G., Kurzawa-Akanbi M.,
McKeith I.G., Chinnery P.F., Morris C.M., Theuns J.,
Crosiers D., Cras P, et al. // JAMA Neurol. 2013. V. 70.

P. 727-735.

18. Srulijes K., Hauser A.K., Guella I, Asselta R., Brockmann
K., Schulte C., Solda G., Cilia R., Maetzler W., Schols L., et
al. // Eur. J. Neurol. 2013. V. 20. P. e61-62.

19. Mitsui J., Matsukawa T., Sasaki H., Yabe I., Matsushima
M., Durr A, Brice A., Takashima H., Kikuchi A., Aoki M.,
et al. // Ann. Clin. Transl. Neurol. 2015. V. 2. P. 417—426.

20. Sklerov M., Kang U.J, Liong C., Clark L., Marder K.,
Pauciulo M., Nichols W.C., Chung W.K., Honig L.S., Cortes
E., et al. // Mov. Disord. Clin. Pract. 2017. V. 4. P. 574—581.

21. Gan-Or Z., Mirelman A., Postuma R.B., Arnulf I,
Bar-Shira A., Dauvilliers Y., Desautels A., Gagnon J.F,,
Leblond C.S., Frauscher B., et al. // Ann. Clin. Transl. Neu-
rol. 2015. V. 2. P. 941—-945.

22. Gamez-Valero A., Iranzo A., Serradell M., Vilas D., San-

tamaria J.,, Gaig C., Alvarez R., Ariza A., Tolosa E., Beyer K.

// Parkinsonism Relat. Disord. 2018. V. 50. P. 94—98.

23. Barber T.R., Lawton M., Rolinski M., Evetts S., Baig F.,
Ruffmann C., Gornall A., Klein J.C., Lo C,, Dennis G., et al.
// Sleep. 2017. V. 40. P. zsx(071.

24. Mehta A. // Eur. J. Intern. Med. 2006. V. 17 Suppl. P. S2-5.

25. Hassan S., Lopez G., Stubblefield B.K., Tayebi N., Sidran-
sky E. // Mol. Genet. Metab. 2018. V. 125. P. 1-3.

26. Hruska K.S., LaMarca M.E., Scott C.R., Sidransky E. //
Hum. Mutat. 2008. V. 29. P. 567—583.

27. Do J., McKinney C., Sharma P, Sidransky E. // Mol. Neu-
rodegener. 2019. V. 14. P. 36.

28. Mignot C., Gelot A., Bessieres B., Daffos F., Voyer M.,
Menez F., Fallet Bianco C., Odent S., Le Duff D., Loget P, et
al. // Am. J. Med. Genet. A. 2003. V. 120a. P. 338—344.

29. Wei M., Han A., Wei L., Ma L. // Front. Pediatr. 2019. V. 7.
P. 201.

30. Montfort M., Chabas A., Vilageliu L.,Grinberg D. // Hum.
Mutat. 2004. V. 23. P. 567—575.

31. Horowitz M., Pasmanik-Chor M., Ron I., Kolodny E.H. //
Mol. Genet. Metab. 2011. V. 104. P. 35—38.

32. Alcalay R.N,, Levy O.A., Waters C.C,, Fahn S, Ford B.,
Kuo S.H., Mazzoni P, Pauciulo M.W., Nichols W.C., Gan-Or

76 | ACTANATURAE| VOL.13 Ne 2 (49) 2021

Z.,etal. // Brain. 2015. V. 138. P. 2648—-2658.

33. Duran R., Mencacci N.E., Angeli AV., Shoai M., Deas E.,
Houlden H., Mehta A., Hughes D., Cox T.M., Deegan P, et al.
// Mov. Disord. 2013. V. 28. P. 232—236.

34. Walker J.M., Lwin A., Tayebi N., LaMarca M.E., Orvisky
E., Sidransky E. // Clin. Genet. 2003. V. 63. P. 237-238.

35. Stirnemann J., Belmatoug N., Camou F., Serratrice C.,
Froissart R., Caillaud C., Levade T., Astudillo L., Serratrice
J., Brassier A, et al. // Int. J. Mol. Sci. 2017. V. 18. P. 441.

36. Miller J.D., McCluer R., Kanfer J.N. // Ann. Intern. Med.
1973. V. 78. P. 883—887.

37. Neil J.F., Glew R.H., Peters S.P. // Arch. Neurol. 1979.

V. 36. P. 95—-99.

38. Soffer D., Yamanaka T., Wenger D.A., Suzuki K., Suzuki
K. // Acta Neuropathol. 1980. V. 49. P. 1-6.

39. McKeran R.O,, Bradbury P, Taylor D., Stern G. // J. Neu-
rol. Neurosurg. Psychiatry. 1985. V. 48. P. 172—-175.

40. Lwin A., Orvisky E., Goker-Alpan O., LaMarca M.E.,
Sidransky E. // Mol. Gene. Metab. 2004. V. 81. P. 70—73.

41. Bras J., Paisan-Ruiz C., Guerreiro R., Ribeiro M.H., Morg-
adinho A., Januario C., Sidransky E., Oliveira C., Singleton
A. // Neurobiol. Aging. 2009. V. 30. P. 1515—-1517.

42. Neumann J., Bras J., Deas E., O’Sullivan S.S., Parkkinen
L., Lachmann R.H., Li A., Holton J., Guerreiro R., Paudel R.,
et al. // Brain. 2009. V. 132. P. 1783—-1794.

43. Ran C., Brodin L., Forsgren L., Westerlund M., Ramezani
M., Gellhaar S., Xiang F., Fardell C., Nissbrandt H., Soder-
kvist P, et al. // Neurobiol. Aging. 2016. V. 4. P. 212.e215—-212.
e2l1l.

44. Gan-Or Z., Giladi N., Rozovski U,, Shifrin C., Rosner S.,
Gurevich T., Bar-Shira A., Orr-Urtreger A. // Neurology.
2008. V. 70. P. 2277-2283.

45. Huang Y., Deng L., Zhong Y., Yi M. // Parkinsons Dis.
2018. V. 2018. P. 1048084.

46. Mallett V., Ross J.P,, Alcalay R.N., Ambalavanan A.,
Sidransky E., Dion P.A., Rouleau G.A., Gan-Or Z. // Neurol.
Genet. 2016. V. 2. P. e104.

47 Thaler A., Bregman N., Gurevich T., Shiner T., Dror
Y., Zmira O., Gan-Or Z., Bar-Shira A., Gana-Weisz M.,
Orr-Urtreger A, et al. // Parkinsonism Relat. Disord. 2018.
V. 55. P. 45—49.

48. Blauwendraat C., Heilbron K., Vallerga C.L., Band-
res-Ciga S., von Coelln R., Pihlstrom L., Simon-Sanchez J.,
Schulte C., Sharma M., Krohn L., et al. // Mov. Disord. 2019.
V. 34. P. 866—875.

49. Alcalay R.N., Caccappolo E., Mejia-Santana H., Tang M.,
Rosado L., Orbe Reilly M., Ruiz D., Ross B., Verbitsky M.,
Kisselev S, et al. // Neurology. 2012. V. 78. P. 1434—1440.

50. Cilia R., Tunesi S., Marotta G., Cereda E., Siri C., Tesei S.,
Zecchinelli A.L., Canesi M., Mariani C.B., Meucci N,, et al. //
Ann. Neurol. 2016. V. 80. P. 662—673.

51. Liu G., Boot B., Locascio J.J., Jansen LE., Winder-Rhodes
S., Eberly S., Elbaz A., Brice A., Ravina B., van Hilten J.J.,
et al. // Ann. Neurol. 2016. V. 80. P. 674—685.

52. Iwaki H., Blauwendraat C., Leonard H.L., Liu G., Ma-
ple-Grodem J., Corvol J.C., Pihlstrem L., van Nimwegen
M., Hutten S.J., Nguyen K.H., et al. // Neurol. Genet. 2019.
V.5.P. e348.

53. Creese B,, Bell E., Johar I, Francis P, Ballard C., Aars-
land D. // Am. J. Med. Genet. B Neuropsychiatr. Genet.
2018. V. 177. P. 232—241.

54. Brockmann K., Srulijes K., Pflederer S., Hauser A.K,,
Schulte C., Maetzler W., Gasser T., Berg D. // Mov. Disord.
2015. V. 30. P. 407—411.

55. Liu G., Locascio J.J., Corvol J.C.,, Boot B., Liao Z., Page K.,



REVIEWS

Franco D., Burke K., Jansen L.E., Trisini-Lipsanopoulos A.,
et al. // Lancet Neurol. 2017. V. 16. P. 620—629.

56. Senkevich K.A., Miliukhina IV, Beletskaia M.V., Grache-
va EV, Kudrevatykh AV, Nikolaev M.A., Emelyanov A.K.,
Kopytova A.E., Timofeeva A.A., Yakimovskii A.F., et al.

// Zh. Nevrol. Psikhiatr. Im. S. S. Korsakova. 2017. V. 117.
P. 81-86.

57. Thaler A., Gurevich T\, Bar Shira A., Gana Weisz M., Ash
E., Shiner T., Orr-Urtreger A., Giladi N., Mirelman A. //
Parkinsonism Relat. Disord. 2017. V. 36. P. 47—51.

58. Davis MY., Johnson C.O., Leverenz J.B., Weintraub D.,
Trojanowski J.Q., Chen-Plotkin A., van Deerlin V.M., Quinn
J.F., Chung K.A,, Peterson-Hiller A.L. et al. // JAMA Neu-
rol. 2016. V. 73. P. 1217—1224.

59. Yap T.L., Jiang Z., Heinrich F., Gruschus J.M., Pfefferkorn
C.M,, Barros M., Curtis J.E., Sidransky E., Lee J.C. // J. Biol.
Chem. 2015. V. 290. P. 744—-754.

60. Dandana A., Ben Khelifa S., Chahed H., Miled A., Ferchi-
chi S. // Pathobiology. 2016. V. 83. P. 13—23.

61. Reczek D., Schwake M., Schroder J., Hughes H., Blanz J.,
Jin X, Brondyk W, van Patten S., Edmunds T., Saftig P. //
Cell. 2007. V. 131. P. 770—1783.

62. Rothaug M., Zunke F., Mazzulli J.R., Schweizer M., Alt-
meppen H,, Lullmann-Rauch R., Kallemeijn WW., Gaspar
P, Aerts J. M., Glatzel M., et al. // Proc. Natl. Acad. Sci. USA.
2014. V. 111. P. 15573—15578.

63. Jian J., Tian QY., Hettinghouse A., Zhao S., Liu H., Wei
J., Grunig G., Zhang W.,, Setchell K.D.R.,, Sun Y, et al. //
EBioMedicine. 2016. V. 13. P. 212—224.

64. Valdez C., Ysselstein D., Young T.J., Zheng J., Krainc D. //
Hum. Mol. Genet. 2019. V. 29. P. 716—726.

65. Zhou X., Paushter D.H., Pagan M.D., Kim D., Nunez
Santos M., Lieberman R.L., Overkleeft H.S., Sun Y., Smolka
M.B,, Hu F. // PLoS One. 2019. V. 14. P. e0212382.

66. Hopfner F., Schulte E.C., Mollenhauer B., Bereznai B,
Knautf F,, Lichtner P, Zimprich A., Haubenberger D., Pirk-
er W, Brucke T, et al. // Mov. Disord. 2013. V. 28. P. 538—540.

67. Alcalay R.N,, Levy O.A., Wolf P, Oliva P, Zhang X.K.,
Waters C.H., Fahn S., Kang U,, Liong C., Ford B, et al. //
NPJ Parkinsons Dis. 2016. V. 2. P. 16004.

68. Nalls M.A., Blauwendraat C., Vallerga C.L., Heilbron K.,
Bandres-Ciga S., Chang D., Tan M., Kia D.A., Noyce A.J,,
Xue A, et al. // Lancet Neurol. 2019. V. 18. P. 1091-1102.

69. Tamargo R.J., Velayati A., Goldin E., Sidransky E. // Mol.
Genet. Metab. 2012. V. 106. P. 257—263.

70.Sun Y, Qi X., Grabowski G.A. // J. Biol. Chem. 2003.

V. 278. P. 31918—31923.

71.Kang L., Zhan X, Ye J.,, Han L., Qiu W,, Gu X., Zhang H.
// Blood Cells Mol. Dis. 2018. V. 68. P. 60—65.

72.Ouled Amar Bencheikh B., Leveille E., Ruskey J.A,,
Spiegelman D., Liong C., Fon E.A. Rouleau G.A., Dauvil-
liers Y., Dupre N., Alcalay R.N,, et al. // Neurobiol. Aging.
2018. V. 72. P. 187.e181-187.e183.

73. Yap T.L., Velayati A., Sidransky E., Lee J.C. // Mol. Genet.
Metabolism. 2013. V. 108. P. 56—64.

74. Yap T.L., Gruschus J.M., Velayati A., Westbroek W., Gol-
din E., Moaven N., Sidransky E., Lee J.C. // J. Biol. Chem.
2011. V. 286. P. 28080—28088.

75. Mazzulli JR., Xu Y.H,, Sun Y., Knight A.L., McLean P.J.,
Caldwell G.A,, Sidransky E., Grabowski G.A., Krainc D. //
Cell. 2011. V. 146. P. 37—-52.

76. Mazzulli J.R., Zunke F., Tsunemi T., Toker N.J., Jeon S.,
Burbulla L.F.,, Patnaik S., Sidransky E., Marugan J.J., Sue
C.M,, et al. // J. Neurosci. 2016. V. 36. P. 7693—=7706.

77. Galvagnion C. // J. Parkinsons Dis. 2017. V. 7. P. 433—450.

78. Galvagnion C., Brown JW.P,, Ouberai M.M., Flagmeier P,
Vendruscolo M., Buell A.K,, Sparr E., Dobson C.M. // Proc.
Natl. Acad. Sci. USA. 2016. V. 113. P. 7065—7070.

79. Taguchi Y.V, Liu J., Ruan J., Pacheco J., Zhang X., Abbasi
J., Keutzer J., Mistry PK., Chandra S.S. // J. Neurosci. 2017.
V. 37.P.9617-9631.

80. Suzuki M., Sango K., Wada K., Nagai Y. // Neurochem.
Internat. 2018. V. 119. P. 97-106.

81. Zunke F., Moise A.C., Belur N.R., Gelyana E., Stojkovska
I, Dzaferbegovic H., Toker N.J.,, Jeon S, Fredriksen K.,
Mazzulli J.R. // Neuron. 2018. V. 97. P. 92—-107.e110.

82. Sardi S.P, Viel C., Clarke J., Treleaven C.M.,, Richards
A.M.,, Park H., Olszewski M.A., Dodge J.C., Marshall J.,
Makino E., et al. // Proc. Natl. Acad. Sci. USA. 2017. V. 114.
P. 2699-2704.

83. Glindner A.L., Duran-Pacheco G., Zimmermann S., Ruf
I, Moors T., Baumann K., Jagasia R., van de Berg W.D,,
Kremer T. // Neurobiol. Disease. 2019. V. 121. P. 205—213.

84. Pchelina S., Emelyanov A., Baydakova G., Andoskin P,
Senkevich K., Nikolaev M., Miliukhina I., Yakimovskii A.,
Timofeeva A., Fedotova E., et al. // Neurosci. Lett. 2017.

V. 636. P. 70—76.

85. Guedes L.C., Chan R.B., Gomes M.A., Conceicao V.A.,
Machado R.B., Soares T., Xu Y., Gaspar P, Carrico J.A., Al-
calay R.N,, et al. // Parkinsonism Relat. Disord. 2017. V. 44.
P. 58—65.

86. Pchelina S., Baydakova G., Nikolaev M., Senkevich K.,
Emelyanov A, Kopytova A., Miliukhina I., Yakimovskii
A, Timofeeva A., Berkovich O, et al. // Mov. Disord. 2018.
V. 33. P. 1325-1330.

87.Kim H.J., Jeon B., Song J., Lee WW,, Park H., Shin CW. //
Parkinsonism Relat. Disord. 2016. V. 23. P. 99—101.

88.Ortega R.A., Torres P.A., Swan M., Nichols W., Boschung
S., Raymond D,, Barrett M.J.,, Johannes B.A., Severt L.,
Shanker V., et al. // J. Clin. Neurosci. 2016. V. 28. P. 185—186.

89. Gegg M.E., Burke D., Heales S.J., Cooper J.M., Hardy
J., Wood NW., Schapira A.H. // Ann. Neurol. 2012. V. 72.

P. 455—-463.

90. Murphy K.E., Gysbers A.M., Abbott S.K., Tayebi N., Kim
W.S., Sidransky E., Cooper A., Garner B., Halliday G.M. //
Brain. 2014. V. 137. P. 834—848.

91. Parnetti L., Paciotti S., Eusebi P.,, Dardis A., Zampieri S,
Chiasserini D., Tasegian A., Tambasco N., Bembi B., Cala-
bresi P, et al. // Mov. Disord. 2017. V. 32. P. 1423—-1431.

92. Rocha E.M., Smith G.A., Park E., Cao H,, Brown E., Hal-
lett P, Isacson O. // Ann. Clin. Translational Neurol. 2015.
V. 2.P. 433—438.

93. Pchelina S.N., Nuzhnyi E.P,, Emelyanov A.K., Boukina
T.M., Usenko T.S., Nikolaev M.A., Salogub G.N., Yaki-
movskii A.F.,, Zakharova EY. // Neurosci. Lett. 2014. V. 583.
P. 188-193.

94. Nuzhnyi E., Emelyanov A., Boukina T., Usenko T., Yaki-
movskii A., Zakharova E., Pchelina S. // Mov. Disord. 2015.
V. 30. P. 989—-991.

95. Senkevich K.A., Miliukhina 1.V, Pchelina S.N. // Zh. Nev-
rol. Psikhiatr. Im S. S. Korsakova. 2018. V. 118. P. 109—117.

96. Koros C., Stamelou M., Simitsi A., Beratis I., Papadimitri-
ou D, Papagiannakis N., Fragkiadaki S., Kontaxopoulou D,
Papageorgiou S.G., Stefanis L. // Neurology. 2018. V. 90. P.
e864—e869.

97. Piredda R., Desmarais P., Masellis M., Gasca-Salas C. //
Eur. J. Neurol. 2019. V. 27. P. 229—234.

98. Chiasserini D., Paciotti S., Eusebi P, Persichetti E., Tase-
gian A., Kurzawa-Akanbi M., Chinnery P.F., Morris C.M.,
Calabresi P, Parnetti L., et al. // Mol. Neurodegeneration.

VOL. 13 Ne 2 (49) 2021 | ACTA NATURAE |77



REVIEWS

2015. V. 10. P. 15.

99. Moors T.E., Paciotti S., Ingrassia A., Quadri M., Breedveld
G., Tasegian A., Chiasserini D., Eusebi P., Duran-Pacheco
G., Kremer T, et al. // Mol. Neurobiol. 2019. V. 56. P. 1344—
1355.

100. Gegg ML.E., Sweet L., Wang B.H., Shihabuddin L.S., Sar-
di S.P, Schapira A.H. // Mov. Disord. 2015. V. 30. P. 1085—
1089.

101. Fernandes H.J., Hartfield E.M., Christian H.C., Em-
manoulidou E., Zheng Y., Booth H., Bogetofte H., Lang C.,
Ryan B.J., Sardi S.P, et al. // Stem Cell Repts. 2016. V. 6.

P. 342—-356.

102. Rocha E.M., De Miranda B., Sanders L.H. // Neurobiol.
Dis. 2018. V. 109. P. 249—-257.

103. Grozdanov V., Bousset L., Hoffmeister M., Blieder-
haeuser C., Meier C., Madiona K., Pieri L., Kiechle M.,
McLean P.J,, Kassubek J, et al. // Ann. Neurol. 2019. V. 86.
P. 593-606.

104. Lindestam Arlehamn C.S,, Dhanwani R., Pham J.,
Kuan R, Frazier A., Rezende Dutra J., Phillips E., Mallal
S., Roederer M., Marder K.S,, et al. // Nat. Commun. 2020.
V. 11. P. 1875.

105. Chahine L.M,, Qiang J., Ashbridge E., Minger J., Yearout
D, Horn S, Colcher A., Hurtig H.I., Lee V.M., van Deerlin
V.M, et al. // JAMA Neurol. 2013. V. 70. P. 852—858.

106. Miliukhina IV, Usenko T.S., Senkevich K.A., Nikolaev
M.A., Timofeeva A.A., Agapova E.A., Semenov AV., Lubi-
mova N.E., Totolyan A.A., Pchelina S.N. // Bull. Exp. Biol.
Med. 2020. V. 168. P. 423—426.

107. Birkmayer W., Hornykiewicz O. // Wien. Klin. Wochen-
schr. 1961. V. 73. P. 787—788.

108. Bennett L.L., Mohan D. // Ann. Pharmacother. 2013.
V.47.P. 1182-1193.

109. Revel-Vilk S, Szer J., Mehta A., Zimran A. // Br. J. Hae-
matol. 2018. V. 182. P. 467—480.

110. Shayman J.A. // Expert. Rev. Endocrinol. Metab. 2013.
V. 8. P.491-504.

111. Kuter D.J,, Mehta A., Hollak C.E., Giraldo P., Hughes D,
Belmatoug N., Brand M., Muller A., Schaaf B., Giorgino R.,
et al. // Blood Cells Mol. Dis. 2013. V. 51. P. 116—124.

112. Schiffmann R., Fitzgibbon E.J., Harris C., DeVile C.,
Davies E.H., Abel L., van Schaik I.N., Benko W., Timmons
M., Ries M., et al. // Ann. Neurol. 2008. V. 64. P. 514—522.

113. Marshall J., Sun Y., Bangari D.S., Budman E., Park
H., Nietupski J.B., Allaire A., Cromwell M.A., Wang B,
Grabowski G.A., et al. // Mol. Ther. 2016. V. 24. P. 1019—-1029.

114. Richter F., Fleming S.M., Watson M., Lemesre V., Pel-
legrino L., Ranes B., Zhu C., Mortazavi F., Mulligan C.K,,
Sioshansi P.C,, et al. // Neurotherapeutics. 2014. V. 11.

78 | ACTANATURAE| VOL.13 Ne 2 (49) 2021

P. 840—-856.

115. Maegawa G.H., Tropak M.B., Buttner J.D,, Rigat B.A,,
Fuller M., Pandit D., Tang L., Kornhaber G.J., Hamuro Y.,
Clarke J.T., et al. // J. Biol. Chem. 2009. V. 284. P. 23502—
23516.

116. Sawkar A.R., Cheng W.C., Beutler E., Wong C.H., Balch
W.E., Kelly JW. // Proc. Natl. Acad. Sci. USA. 2002. V. 99.

P. 15428—-15433.

117. Bendikov-Bar I., Ron L., Filocamo M., Horowitz M. //
Blood Cells Mol. Dis. 2011. V. 46. P. 4-10.

118. Bendikov-Bar 1., Maor G., Filocamo M., Horowitz M. //
Blood Cells Mol. Dis. 2013. V. 50. P. 141-145.

119. Mullin S., Smith L., Lee K., D’Souza G., Woodgate P,,
Elflein J., Hallqvist J., Toffoli M., Streeter A., Hosking J., et
al. // JAMA Neurol. 2020. V. 77. P. 427-434.

120. Luan Z., Li L., Higaki K., Nanba E., Suzuki Y., Ohno K. //
Brain Dev. 2013. V. 35. P. 317—-322.

121. Sanders A., Hemmelgarn H., Melrose H.L..,, Hein L.,
Fuller M., Clarke L.A. // Blood. Cells Mol. Dis. 2013. V. 51.

P. 109-115.

122. Migdalska-Richards A., Ko WK.D,, Li Q., Bezard E.,
Schapira A.HV. // Synapse. 2017. V. 71. P. e21967.

123. Magalhaes J., Gegg M.E., Migdalska-Richards A., Scha-
pira A.H. // Sci. Repts. 2018. V. 8. P. 1385.

124. Ivanova M.M., Changsila E., Turgut A., Goker-Alpan O.
// Am. J. Translat. Res. 2018. V. 10. P. 3750.

125. Kopytova A.E., Rychkov G.N., Nikolaev M.A., Baydako-
va GV, Cheblokov A.A., Senkevich K.A., Bogdanova D.A.,
Bolshakova O.I,, Miliukhina IV, Bezrukikh V.A. et al. //
Parkinsonism Relat Disord. 2021. V. 84. P. 112—121.

126. Welsh N.J., Gewinner C.A., Mistry K., Koglin M., Cooke
J., Butler M., Powney B., Roberts M., Staddon J.M., Schapi-
ra A.-HV. // Haematologica. 2019. V. 105. P. e206—e209.

127. MigdalskaRichards A., Daly L., Bezard E., Schapira A.H.
// Ann. Neurol. 2016. V. 80. P. 766—=775.

128. Silveira C.R.A., MacKinley J., Coleman K., Li Z., Finger
E., Bartha R., Morrow S.A., Wells J., Borrie M., Tirona R.G.,
et al. // BMC Neurol. 2019. V. 19. P. 20.

129. Steet R.A., Chung S., Wustman B., Powe A., Do H,,
Kornfeld S.A. // Proc. Natl. Acad. Sci. USA. 2006. V. 103.

P. 13813-13818.

130. Sun Y, Liou B,, Xu Y.H,, Quinn B., Zhang W., Hamler R,
Setchell K.D., Grabowski G.A. // J. Biol. Chem. 2012. V. 287.
P. 4275—-4287.

131. Sanchez-Martinez A., Beavan M., Gegg M.E., Chau
KY., Whitworth A.J.,, Schapira A.H. // Sci. Rep. 2016. V. 6.
P. 31380.

132. Cheblokov A.A., Rychkov G.N. // J. Physics: Conf. Ser.
2019. V. 1410. P. 012065.



	MicroRNAs in the Myelodysplastic Syndrome
	Photoluminescent Nanomaterials for Medical Biotechnology 
	Quality Control Mechanisms in Bacterial Translation
	DNA Methylation As an Epigenetic Mechanism in the Development of Multiple Sclerosis
	Poly(ADP-Ribosyl) Code Functions
	Parkinson’s Disease Associated with GBA Gene Mutations: Molecular Aspects and Potential Treatment Approaches
	Pathogenesis, Diagnosis, and Treatment of Hemostatic Disorders in COVID-19 Patients
	Molecular Mechanisms of Muscle Tone Impairment under Conditions of Real and Simulated Space Flight 
	The Role of the MCTS1 and DENR Proteins in Regulating the Mechanisms Associated with Malignant Cell Transformation
	At the Crossroads: Mechanisms of Apoptosis and Autophagy in Cell Life and Death
	 Efficacy of (R)-6-Adamantane-Derivatives of 1,3-Oxazinan-2-One and Piperidine-2,4-Dione in The Treatment of Mice Infected by the A/California/04/2009 influenza Virus 

