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Bknag 25-ruppokcuxonectepuHa B nepeKpecTHoe | Shegktor
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AHHOTALMA

25-ruapoKcuxonectepuH (25IX) obpasyeTtca M3 xonecTepuHa npy y4acTum GepMeHTa XonecTepuH-25-ruapoKcunassl, aKc-
MpeccuA KOTOPOW, KaKk 1 ypoBeHb 251X, 3HaUMTeNbHO YBENMUMBAETCA B MaKkpodarax, JeHAPUTHBIX KNETKax U MUKPOrMn
npy BOCNanuUTENbHOM peakumu. B cBoto ovepedb 257X OeiCTBYET HAa MHOMME MMMYHHbIE KNETKWU, MOOYNMpYA TeyeHue
BOCNaNWUTENbHOM PeakLnn 1 NpenaTcTBYA NPOHUKHOBEHWIO BUPYCOB B KNeTKW. HakannuealoTcA AaHHble 06 yyactum 25X
B PerynAaumMM CUHaNTUYeCKoW Nepefayun Kak B LEHTPanbHOW, Tak U nepudepuyeckoir HepBHOW cucTeMax. YuntbiBasa no-
BbILLEHHYI0 NpoayKumio 251X He TONbKO NpW BOCManeHuM, HO NMpU pAae HevpoaereHepaTMBHbIX 3aboneBaHuii (bonesHu
AnbureviMepa v 60K0BOM aMMOTPOGUUECKOM CKNEPO3e), 3TOT FMOPOKCUXONECTEPUH MOMKET MMETb 3HaYeHWe B aganTauum
CMHaNTUYECKOW aKTUBHOCTU K BOCMANIMTENbHBIM YC/IOBUAM, @ TaKHKe y4acTBOBaTh B NaToreHe3e HeMpoAereHepaTUBHbIX 3a-
boneBaHWM 1 GOPMUPOBAHMM CUHANTUYECKMX AUCHYHKUMIA. MuLeHAMM 25X B HEPBHOM CUCTEME ABNAIOTCA FyTaMaTHble
NMDA-pevenTopbl, Ne4YEHOUHbIE X-pELienTOpbl M 3CTPOreHoBble peLenTopbl. K ToMy e 251X MOMeT HanpAMyl BAUATL
Ha CBOWMCTBA CMHAMTMYECKMX MeMOpaH, M3MeHsA (OopMMPOBaHWUE MeMBPaHHbLIX MMKPOAOMEHOB (MMMMAHbLIX padToB) —
KOMNapTMEHTOB, FAe COCPeAoTO4eHbl OENKM, BarHble B CMHANTUYECKOW NNACTUYHOCTW. TeKylime AaHHble YKasbliBaloT
Ha 10, 4T0 3¢ deKTbl 251X CUNBbHO 3aBUCAT OT KOHLIEHTPALIMM U «KOHTEKCTa» (HOpMa, NaTonorua, Hanmyme BOCNanMTeNbHOM
peakLmu), B KOTOPOM UCCNEOYeTCA ero AenCTBUE.

B naHHOM MUHM-0630pe Mbl CPOKYCMPOBAMCH Ha KIIOYEBbIX acneKTax AencTBus 251X KaK NI0KanbHOro perynaTopa roMeo-
CTasa XonecTepuHa M Kak NapakpuHHOW MOMEKyMbl, peanunsylollen BIUAHUE BOCMaeHWA Ha NpoLecchl Hemponepenayn
B LIEHTPanbHOM 1 nNepudepuyecKoi HepBHOW CUCTEME.

KnioueBble cnoBa: cvHanTM4eckasd nepedava; 25-rpPOKCUXONECTEPUH; CKENETHAA MblWLA; BE3WKYNa; AUNUOHblE
padThl; HeMpoMeauaTop.
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ABSTRACT

25-hydroxycholesterol (25HC) is produced from cholesterol by cholesterol-25-hydroxylase, and its expression, similar to
the 25HC level, increases significantly in macrophages, dendritic cells, and microglia during an inflammatory reaction. In turn,
25HC acts on many immune cells; therefore, it can modulate the course of the inflammatory reaction and prevent the penetration
of viruses into cells. Data are accumulating about the involvement of 25HC in the regulation of synaptic transmission in
both the central and peripheral nervous systems. 25HC production is increased not only during inflammation but in certain
neurodegenerative diseases, such as Alzheimer’s disease and amyotrophic lateral sclerosis; thus, this hydroxycholesterol can
be important in the adaptation of synaptic activity to inflammatory conditions, pathogenesis of neurodegenerative diseases,
and formation of synaptic dysfunctions. The targets of 25HC in the nervous system are glutamate NMDA receptors, liver
X-receptors, and estrogen receptors. 25HC can also directly influence the properties of synaptic membranes by changing the
formation of membrane microdomains (lipid rafts) where proteins, which are important for synaptic plasticity, are clustered.
Current data indicate that the effects of 25HC strongly depend on its concentration and “context” (norm, pathology, and
presence of an inflammatory reaction) in which the effect of 25HC is being investigated. This minireview focused on the key
aspects of the action of 25HC as both a local regulator of cholesterol homeostasis and a paracrine molecule that realizes
the influence of inflammation on neurotransmission processes in the central and peripheral nervous systems.
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INTRODUCTION

Cholesterol is found in large quantities in the plasma
membranes of cells (approximately 20-30 mole % [1]),
where it maintains the rigidity, fluidity, and permeability
of the bilipid layer. Cholesterol in combination with
glycosphingolipids forms nanometer dynamic lipid
microdomains that serve as a scaffold for various proteins.
In addition, cholesterol has a great affinity for many
transmembrane proteins (ion channels and receptors)
and can modulate their activity, thereby affecting
intracellular processes. In addition to its role in maintaining
the structure and functioning of membranes, cholesterol
is transformed into various oxysterols by enzymatic
and oxidative reactions. Oxysterols have structural and
functional diversity. Recent studies have indicated that
oxysterols have target proteins in both the central and
peripheral nervous systems. Particularly, transcription
factors (liver X receptors, retinoid orphan receptors,
estrogen receptor-a, glucocorticoid receptors, and sterol
regulatory element-binding protein [SREBP 1]), receptors
associated with G-proteins (GPR183, GPR17, CXCR2, SMO,
and SLOT), ion channels (P2X7 and NMDA receptors), cell
adhesion molecules (asB,-integrin), and oxysterol-binding
proteins (ORP8) are stimulated or modulated by oxysterols
[2-9].

Cytochrome P450 46A1 (CYP46AT) is one of the main
enzymes of the brain that transform cholesterol into
an oxidized form. This enzyme catalyzes the formation
of 24-hydroxycholesterol (24HC) [10], which passes through
the blood-brain barrier and enters the bloodstream with
subsequent delivery to the liver [11, 12]. This pathway is
responsible for removing 75-85% and 40-50% of excess
cholesterol from the human and mouse brains, respectively
[13, 14].

In addition to 24HC, 25-hydroxycholesterol (25HC)
participates in controlling the level of brain cholesterol.
Unlike 24HC, 25HC is produced in the brain in significantly
smaller quantities, is not brain-specific, and is produced
in the periphery. lts flow from the brain to the periphery
and from the periphery to the brain is determined by
the concentration gradient. 25HC is produced by the enzyme
cholesterol-25-hydroxylase (CH25H). The CH25H gene is
interferon-induced, and interferon y and interferon type |
can rapidly and STAT1-dependently enhance the expression
of CH25H [15]. In general, CH25H expression increases
rapidly in inflammation in macrophages, dendritic cells,
and microglia. 25HC activates LX receptors, which can
lead to the formation of interferon-y [16], increasing
CH25H expression. During inflammation, the blood plasma
concentrations of 25HC can reach 200 ng/mL [17], whereas
under normal conditions, its content ranges from 2 to
30 ng/mL [18].
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25-HYDROXYCHOLESTEROL AS
A REGULATOR OF CHOLESTEROL
HOMEOSTASIS

25-hydroxycholesterol is an affecting regulator
of cholesterol biosynthesis. By binding to LX receptors,
25HC increases the expression of cholesterol transporters
ABCA1 and ABCG1 [19], which provide the outflow of excess
cholesterol and phospholipids from cells [20]. An additional
mechanism of action of 25HC in the regulation of cholesterol
homeostasis is the inhibition of cholesterol synthesis through
the binding of 25HC to insulin-induced gene 1 (INSIG). INSIG
is a protein of the endoplasmic reticulum, which undergoes
conformational changes by binding to 25HC and further
interacts with SREBP cleavage-activating protein (SCAP),
eventually forming the INSIG-SCAP-SREBP-2 complex. As
part of this complex, SREBP-2 remains in an inactive form
that prevents the formation of the active transcription factor
SREBP-2, which enhances the expression of cholesterol
biosynthesis genes [21, 22]. The results of the analysis of the
interaction of INSIG and 25HC revealed the ubiquitination and
degradation of 3-hydroxy-3-methylglutaryl-coenzyme A
reductase, which catalyzes the key stage of cholesterol
synthesis [23]. Thus, the more cholesterol the cells contain,
the more intensively it is synthesized into 25HC, which
inhibits the synthesis of cholesterol and promotes its
removal from the cell; as a result, the cholesterol level in
the cell normalizes.

25-HYDROXYCHOLESTEROL
AND IMMUNE RESPONSE

Numerous data have revealed the mechanisms
of action of 25HC in immune cells in the presence
of inflammation. 25HC has a multidirectional effect
on modulating the immune response by inhibiting or
increasing the production of inflammatory cytokines. 25HC
can induce the secretion of proinflammatory cytokines and
chemokines, for example, interleukin (IL)-1B, IL-6, IL-8,
CC motif chemokine ligand 5 and macrophage colony-
stimulating factor. On the contrary, 25HC suppresses
inflammation by reducing the activity of inflammasomes
[24, 25]. When Toll-like receptor 4 (TLR4) of macrophages
is activated, there is an increase in CH25H expression and
25HC synthesis, which leads to the suppression of IL-2
production that is necessary for B-cell proliferation [17].
An increase in macrophage survival and a decrease in
the innate immune response were found to be dependent
on Toll receptors during the stimulation of LX receptors
of macrophages by 25HC, which led to a decrease in
the production of IL-6, IL-18, monocyte chemoattractant
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proteins (MCP-1 and MCP-3), inducible nitric oxide
synthase, and matrix metallopeptidase-9 [26]. As
mentioned above, interferon stimulates CH25H expression.
In turn, 25HC can enhance interferon production and inhibit
uncontrolled inflammation. 25HC, being a functional
antagonist of transcriptional SREBP, also inhibits IL-
18 and IL-1 formation by activated inflammasomes
[27]. Such a dual role of 25HC in the immune response
depends on the cellular and immunological context
and can be explained by the need for an inflammatory
response and protection from excessive inflammation
when the production of anti-inflammatory agents leads to
the restoration of homeostasis.

Interestingly, 25HC can prevent the penetration
of viruses into the cell (HIV, Ebola virus, Zika virus, rabies
virus, herpes simplex virus, SARS-CoV-2, etc.) [28-30].
This effect of 25HC is partly related to its ability to change
the location of cholesterol by penetrating the membrane,
thereby changing the properties of the membrane and lipid
microdomains.

25-HYDROXYCHOLESTEROL
AND THE CENTRAL NERVOUS SYSTEM

25-hydroxycholesterol is intensively synthesized
by activated microglia, and its production can increase
the formation of proinflammatory cytokines IL-1B, IL-1q,
and tumor necrosis factor-a in response to the activation
of TLR4 receptors by lipopolysaccharides [31]. In mice with
CH25H-knockout microglia produces much less 25HC than
microglia of wild-type animals [32].

25-hydroxycholesterol is a weak agonist of NMDA
receptors of central synapses, which provide cognitive
functions. Independently, 25HC only slightly enhances
responses during activation of NMDA receptors; however,
25HC blocks the powerful potentiating effect of certain
powerful positive allosteric modulators on NMDA
receptors, particularly 24HC [33]. This effect of 25HC
reduces the probability of excitotoxicity in hyperactivated
NMDA receptors. The injection of lipopolysaccharide
disrupts the long-term potentiation that is formed with
the participation of NMDA receptors in the hippocampal
regions of the mouse brain [32]. This impairment of long-
term potentiation is not observed in mice with CH25H-
knockout, which allows us to consider 25HC as a modulator
of synaptic plasticity in neuroinflammation.

25-hydroxycholesterol is a ligand for LX receptors,
which can form a complex with estrogen receptor-a [34].
25HC can also directly activate estrogen receptors 16]. In
turn, the activation of estrogen receptors by a-17f-estradiol
enhances long-term plasticity by increasing the clustering
of AMPA receptors in the plasma membrane [35]. However,
whether 25HC can act through estrogen receptors in
the brain is unknown.
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25-HYDROXYCHOLESTEROL
AND NEUROMUSCULAR
TRANSMISSION

macrophages play a key role in adaptive and innate
immunity and are abundant in skeletal muscles, where they
contact motor nerves and even neuromuscular junctions,
promoting regeneration processes. 25HC is intensively
produced by skeletal muscle macrophages in the presence
of inflammation, which may indicate the functional
significance of 25HC in the interaction of the immune
system and skeletal muscles. Similar to the bidirectional
concentration-dependent effect of 25HC on the immune
system, the same effect was observed on the exocytosis
of synaptic vesicles. High concentrations (1-10 pmol)
accelerate and low concentrations (0.01-0.10 pmol) slow
down this process [36].

25-hydroxycholesterol is a direct ligand for LX receptors.
LX receptors are nuclear receptors; however, their
expression has been detected in the plasma membrane
of endothelial cells, thrombocytes [34, 37], and synaptic
region of the axons of motor neurons [36]. 25HC in high
concentration exerts its potentiating effect through the LX
receptor-dependent pathway. Being in direct connection
with estrogen receptor-a, LX receptors become active under
the action of 25HC [36]. The same situation is observed when
LX receptors are activated by an agonist in endothelial cells
[34, 37]. LX receptors and estrogen receptor-a are located
in lipid rafts, and the disruption of these microdomains
abolished the potentiating effect of 25HC [36].

The deficiency in LXP receptors leads to the denervation
and death of motor neurons [38], and the knockout of LXa
and LXB receptors is characterized by the production
of free radicals and lipid oxidation in some parts of the
brain and sciatic nerves, which is accompanied by motor
dysfunction [39]. Moreover, 25HC (1 pmol) was found to
increase the output of calcium ions from the endoplasmic
reticulum through inositol triphosphate receptors, which
is an additional contribution to the mobilization of synaptic
vesicles to the active zone (exocytosis site) [36]. Zhong et
al. discovered the opposite function of 25HC (1 pmol): 25HC
reduces the activity of the anti-apoptotic pathway ORP4L/
Ga,,,/PLCB3/IP receptors/Ca* in macrophages, which led
to the induction of apoptosis [40]. Calcium-dependent protein
kinases also enhance the mobilization of synaptic vesicles
in Held synapses [41]. Similar data have been obtained
regarding the neuromuscular synapse, where an increase
in calcium output from intracellular depots under the action
of 25HC (1 pmol) leads to protein kinase activation with
a subsequent increase in neurotransmitter release from
synaptic vesicles during high-frequency activity [36].

Returning to estrogen receptor-a, their co-localization
with the a-subunit and By-dimer of the G--protein determines
the nongenomic effect of estradiol on endothelial cells




HAYYHbI/ 0B30P

[42]. Interestingly, in neuromuscular synapses, high 25HC
concentrations similarly influence the activity of estrogen
receptor-a, leading to the dissociation of the By-dimer
from the G.-protein, which potentiates the activity
of phospholipase C [36].

An alternative realization of the 25HC effect on
the neuromuscular synapse can be through ROS-dependent
signaling. Calcium is released from the depot in response
to 25HC and leads to an increase in reactive oxygen
species (ROS) production by various mechanisms [36, 43].
Under the influence of 25HC (1 pmol), ROS production
in the synaptic region and the concentration of hydrogen
peroxide in the extracellular environment were increased.
Interestingly, in this case, ROS play a signaling role because
the level of lipid peroxidation under the action of 25HC was
not affected [41]. In addition, like calcium, ROS can enhance
the delivery of synaptic vesicles to exocytosis zones by
activating protein kinase C [44-46].

25-HYDROXYCHOLESTEROL
AND NEURODEGENERATIVE DISEASES

a high 25HC expression was observed in microglial
cells in mice with an Alzheimer’s disease. Interestingly,
the microglia secreting the E4 variant of apolipoprotein E
(which increases the risk of Alzheimer’s disease) produce
more 25HC and are more sensitive to the proinflammatory
effect of 25HC than the microglia expressing apoE2 or
apoE3 [31]. However, an increase in 25HC production by
the microglia may also have a protective effect because 25HC
reduces the clustering of the interferon-y receptor in lipid
rafts, thereby inhibiting the production of proinflammatory
cytokines by microglia in response to interferon.

25-hydroxycholesterol is a potential marker
of amyotrophic lateral sclerosis (ALS). ALS is characterized
by progressive muscle atrophy, leading to fatality. In this
pathology, 25HC concentration can reach micromolar
concentrations in the spinal cord at the pre-onset disease
stage in mice SOD1%*A (model of ALS); however, this
was not observed in patients with ALS, although CH25H
overexpression was detected [47]. High concentrations,
5-30 pmol, can reduce survival and induce apoptosis
of motor neurons [47, 48]. For example, 25HC activated
mitochondrial-dependent apoptosis by stimulating GSK-
3B kinase. However, low concentrations, <1 pmol, have
the opposite effects, increasing the survival of neurons [49].

Amyotrophic lateral sclerosis is characterized by
a pronounced disturbance of lipid metabolism at the pre-
onset stage [50, 51], including disturbances in membrane
properties [52]. Lipid metabolism dysregulation is also
observed in many other neurodegenerative diseases:
spinal muscular atrophy [53], spinocerebellar ataxia [54],
Huntington’s disease [55], Parkinson’s disease [56], and
Alzheimer’s disease [57, 58]. Recent studies have shown
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increased content of glycosphingolipids and an imbalance
between saturated and unsaturated fatty acids in ALS [59, 60].
In the model mice with mutation of a superoxide dismutase,
high ceramide levels were found as a result of oxidative
stress. In turn, ceramide is a lipid that induces programmed
cell death. However, low ceramide concentrations have
a neuroprotective effect and enhance axonal growth [61].

Impaired lipid metabolism, including sphingolipids and
cholesterol, directly influences to the state of lipid rafts, which
determine the functioning of various proteins and protein
complexes. Many studies have emphasized the important
role of lipid rafts. For example, the level of caveolin-1
decreases in ALS, which leads to the impaired integrity
of lipid rafts, contributing to disease progression [62].
In addition, a recent genomic study conducted by Zhang et al.
[63] revealed changes in the content of 22 genes involved in
protein expression associated with lipid rafts in patients with
ALS, including ABCA1 (responsible for cholesterol efflux),
CERS5 (involved in the formation of proapoptotic ceramide
[64]), PLAA (phospholipase A activation), etc.

Synaptic hyperexcitability can potentiate the release
of brain-derived neurotrophic factor and activation of TrkB
receptors in ALS, followed by the induction of excitotoxicity
and death of motor neurons [65]. In turn, TrkB receptors in
combination with adenosine A2 receptors are localized in
lipid rafts [66]. The extraction of cholesterol mainly from lipid
rafts leads to a decrease in TrkB activity, thereby reducing
excitotoxicity and death of motor neurons in ALS [65].

Changes in the properties of membranes in mice with
a model of ALS at the pre-onset stage of the disease also
support the important role of lipid rafts in ALS pathogenesis,
indicating impaired integrity of lipid rafts. The use of various
fluorescent labels disrupted the integrity of lipid rafts,
increased the membrane fluidity, and destabilized the order
of the lipid bilayer [52]. One of the possible causal factors
of this phenomenon may be an increase in ceramide levels in
the muscles, which leads to raft destabilization, for example,
during hindlimb suspension [67-69]. In addition, a high
ceramide level was observed in the membrane of mice with
an ALS at the pre-onset stage [52].

Probably, lipid raft destabilization in ALS increases
the level of extracellular choline concentration because
of increased nonquantum secretion of acetylcholine [70].
In addition, the removal of cholesterol using the extracting
agent methyl-B-cyclodextrin has the same effect; on
the contrary, the addition of exogenous cholesterol
reduces nonquantum secretion and choline levels
[52]. An unregulated increase in acetylcholine level in
ALS contributes to motor dysfunction and age-related
morphological changes in the neuromuscular junction. For
example, ALS also involved a disorder in the clustering
of nicotinic acetylcholine receptors in the postsynaptic
membrane [52, 71], which may explain the increase in
amplitude and decrease in the rise time of miniature
endplate potentials in mice with ALS [72].
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Lipid raft destabilization can increase oxidative stress,
for example, increased ROS production and increased
lipid peroxidation in the neuromuscular junction are
observed during the removal of cholesterol [73]. High
hydroperoxide levels and lipid peroxidation were found
in the homogenates of mouse muscles with the ALS
model [50]. Interestingly, electrophilic aldehyde products
that formed as a result of lipid peroxidation contribute to
the aggregation of the SOD1 protein, and its mutation leads
to ALS pathology [74].

As mentioned above, 25HC increases in ALS and affects
the survival of motor neurons. In addition, 25HC induces lipid
raft stabilization in neuromuscular synapses in mice with
an ALS model at the pre-onset stage by reducing membrane
fluidity and increasing its ordering. Moreover, 25HC prevents
ceramide accumulation in the neuromuscular synapse.
Interestingly, the synaptic membranes of mice with ALS have
a significantly higher ability to bind 25HC than the membranes
of wild-type mice [52]. Possibly, the number of binding
sites for 25HC increases in ALS, including oxysterol-
binding proteins, which can explain the high sensitivity
of synaptic membranes of mice with ALS to 25HC. Data
also show the involvement of oxysterol-binding proteins in
ALS pathogenesis. For example, vesicle-associated protein
B (VAPB) quantity, an important modulator of oxysterol-
binding proteins, is reduced in the spinal cord in mice and
patients with ALS at the pre-onset stage of the disease
[75]. In addition, 25HC can regulate ceramide transport and
cholesterol distribution in the membrane indirectly through
oxysterol-hinding proteins [76].

25-hydroxycholesterol can suppress synaptic changes in
the neuromuscular synapse in ALS, that is, an increase in
lipid peroxidation, extracellular choline levels, and disordered
clustering of nicotinic acetylcholine receptors [52].

Based on the positive effect of 25HC on the properties
of membranes, increased concentration in ALS can have
a compensatory effect. Indeed, hypercholesterolemia has
a protective effect on ALS, whereas substances that block
cholesterol synthesis enhance this pathology [61, 77-80].

CONCLUSION

The class of cholesterol derivatives is diverse, and
many of them have high biological activity. This study
focused on 25-hydroxycholesterol, which is involved in
the regulation of cellular cholesterol homeostasis and
the functioning of the immune and nervous systems.
Interestingly, 25-hydroxycholesterol has a concentration-
dependent effect on both the immune and central nervous
systems. Low 25-hydroxycholesterol concentrations
promote the production of anti-inflammatory cells and
improve synaptic plasticity. Higher 25-hydroxycholesterol
concentrations can induce the secretion of proinflammatory
cytokines and chemokines and inhibit synaptic activity,
leading to synapse elimination.
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25-hydroxycholesterol is produced by macrophages,
including resident macrophages of the skeletal muscles.
The 25-hydroxycholesterol level is increased in amyotrophic
lateral sclerosis, which is characterized by the death
of motor neurons and muscle atrophy. These data present
the relationship between 25-hydroxycholesterol and
neuromuscular transmission. Indeed, 25-hydroxycholesterol
in micromolar concentrations enhances the recruitment
of synaptic vesicles during the high-frequency activity
of motor nerves. Membrane-associated LX receptors
and estrogen receptor-a are involved in this effect
of 25-hydroxycholesterol. These two receptors, forming
a complex in lipid rafts, activate of the signaling pathway
G,-protein/By-dimer of G-protein/phospholipase C/Ca%/
protein kinase C. In addition, the Ca?*-dependent increase
in reactive oxygen species production under the action
of 25-hydroxycholesterol also contributed to the enhancement
of neuromuscular transmission.

Some studies have shown that high 25-hydroxycholesterol
concentrations negatively affect amyotrophic lateral
sclerosis; progression; however, a positive effect
of 25-hydroxycholesterol on the properties of membranes
at the pre-onset stage of the disease was also reported.
Particularly, 25-hydroxycholesterol can restore synaptic
anomalies such as increased membrane fluidity, ceramide
accumulation, and decreased membrane ordering.
In addition, 25-hydroxycholesterol reduces the high level
of extracellular choline in amyotrophic lateral sclerosis,
which can contribute to the fragmentation of neuromuscular
synapses.

This review presents the functional role of 25-hydro-
xycholesterol in various body systems and allows us to
consider cholesterol-25-hydroxylase as a therapeutic effect
target in the future.
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NOMNOJTHATEJIbHO

WUcTounuk duHaHcupoBaHua. HayyHoe wccnenoBaHuWe
npoBefieHo NMpu noffaepKe Poccuiickoro HayyHoro ¢oHaa
(rpaHT N° 23-75-10022).

KoH¢nuKT uHTepecoB. ABTOpbI JEKNapUpYIOT OTCYTCTBYIE AB-
HbIX W MOTEHUMAMbHBIX KOH(MKTOB MHTEPECOB, CBA3AHHBIX
C NybnMKaLmMet HacToALLEN CTaTby.
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