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One of the promising directions of cell therapy for Parkinson's disease/parkinsonism is the transplantation of human umbilical cord-derived
multipotent mesenchymal stromal/stem cells (hUC-MMSCs), the effectiveness of which may depend on the recipient's genotype.

PURPOSE - to compare the effect of transplanted hUC-MMSCs on behavior, number of T-lymphocytes and macrophages in the brain and
lymphoid organs of mice of different strains with a toxin-induced model of parkinsonism.

METHODS. Adult (6-7-month-old) male mice of FVB/N (haplotype H-29) and 129/Sv (haplotype H-2°) strains were administered the neurotoxin
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) at a dose of 30 mg/kg (control group), and after 7 days, hUC-MMSCs at a dose of
500,000 cells were transplanted into the tail vein. Behavioral reactions were assessed in the "open field", rigidity and rotarod tests. The relative
content of T-lymphocytes and activated macrophages in the brain, as well as the weight of lymphoid organs were determined.

RESULTS. Under the influence of MPTP, the number of rearings, hole-peeking, body length and step length decreased, the number of boluses
increased in FVB/N and 129/Sv mice, and the number of crossed squares in the open field test also decreased in 129/Sv mice. In the brain of
mice of both strains, the content of activated macrophages increased and, in FVB/N mice, the number of T-lymphocytes increased too. The thy-
mus weight decreased in mice of both strains, while the spleen weight decreased only in 129/Sv mice. Under the influence of hUC-MMSCs, the
motor activity improved mainly in FVB/N mice, while the emotional activity improved in 129/Sv mice. The manifestations of rigidity decreased
in mice of both strains. The content of T-lymphocytes and activated macrophages in the brain of mice from both strains, as well as the thymus
weight, corresponded to the values of intact animals. The transplantation of hUC-MMSCs contributed to the survival of FVB/N and 129/Sv mice
with the MPTP-induced parkinsonism model.

CONCLUSION. The manifestations of behavioral disorders, changes in the content of T-lymphocytes and activated macrophages in the brain, the
weight of lymphoid organs in mice with the MPTP-induced model of parkinsonism, as well as the positive effects of transplanted hUC-MMSCs
in such animals largely depend on their H-2 genotype (analogous to the HLA system in humans). The results can provide the basis for the
development of personalized cell therapy for parkinsonism using hUC-MMSCs.
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Parkinson's disease (PD) is one of the most widespread chronic pro-
gressive neurodegenerative pathologies, in which motor, sensory, emo-
tional, autonomic, and cognitive disorders of the central nervous system
(CNS) develop [1]. Factors of neuroinflammation and oxidative stress are
of great importance in the development of morphofunctional changes in
PD/parkinsonism [2, 3]. In particular, the damaging effect of the acti-
vation products of microglia/macrophage cells and T-lymphocytes (pro-
inflammatory cytokines IL-1B, TNF-a, IFN-y, chemokines, free radicals,
reactive oxygen species) on the structure and functioning of CNS neurons
in this pathology has been shown [4].

Currently, the role of genetic factors in the development of neurode-
generative diseases is being actively studied. The link between the risk of
their development, on the one hand, and the polymorphism of the major
histocompatibility complex (HLA) genes, as well as the production fea-
tures of some pro-inflammatory cytokines (TNF-a) and immunoglobu-
lins, on the other hand, has been revealed [5, 6]. Mice of different inbred
strains that differ in H-2 haplotype (an analogue of the human HLA sys-
tem) can be a promising model object for studying such a relationship [7,
8]. Such mice have certain differences in immunoendocrine, metabolic,
neurochemical parameters, response to regulatory, damaging and thera-
peutic factors [9, 10].

The transplantation of multipotent mesenchymal stromal/stem cells
(MMSCs) of various tissue origin (bone marrow, adipose tissue, umbilical
cord, etc.) deserves attention in the cell therapy of PD/parkinsonism [11,
12]. These cells are capable of multilineage differentiation, trophic effect
on damaged organs and tissues, synthesis and secretion of neurotrophic
factors, and also exhibit anti-inflammatory, antioxidant and immunomod-
ulatory properties [13-16]. The biological properties of human umbilical
cord-derived MMSCs (hUC-MMSCs) attract the special attention of re-
searchers and clinicians [17, 18]. These cells show little immunogenicity,
which allows them to be used for allogeneic transplantation. hUC-MMSCs
proliferate well enough in vitro, are capable of transdifferentiation into
cells of ectodermal origin and synthesis of IL-10, TGF-8 [19-21]. Their im-
munosuppressive effect is greater than that of similar cells derived from
adipose tissue and bone marrow [22].

There is data on the influence of the mouse H-2 haplotype not only on
the biological properties of MMSCs of various tissue origin, but also on
their regenerative effects after transplantation into organisms with some
pathological processes [23-25]. However, the significance of genetic fac-
tors for the reaction of an organism with neurodegenerative pathology to
hUC-MMSCs transplantation remains insufficiently studied.

THE PURPOSE is to compare the effect of transplanted hUC-MMSCs
on behavior, number of T-lymphocytes and macrophages in the brain and
lymphoid organs of mice of different strains with a toxin-induced model
of parkinsonism.

MATERIALS AND METHODS

Animals. The experiments were performed on male FVB/N (haplotype
H-2q, n = 31) and 129/Sv (haplotype H-2b, n = 31) adult mice aged 6-7
months from the nursery of the Institute of Genetic and Regenerative
Medicine of the M. D. Strazhesko National Scientific Center of Cardiology,
Clinical and Regenerative Medicine. Other authors and we have shown
that such mice have certain differences in the functioning of the nervous
system, the immune system (synthesis of cytokines, antibodies) and the
endocrine system (adrenal glands), as well as reactions to the action of
some harmful factors (viruses, toxins) [26-28]. Experimental animals
were kept in standard vivarium conditions with a fixed 12:12 light regime
and free access to food and water ad libitum.

Biological material for experiments was collected following the eu-
thanasia of mice through decapitation under ether anesthesia during the
morning hours (9:00-10:00). All studies with experimental animals were
carried out in compliance with the Law of Ukraine "On Protection of Ani-
mals from Cruelty", "European Convention for the Protection of Vertebrate
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Animals Used for Experimental and Other Scientific Purposes" (Stras-
bourg, 1986), as well as with the approval of the Ethics Committee of the
Institute of Genetic and Regenerative Medicine.

Experimentalmodels.The neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine (MPTP) was used to reproduce the parkinsonism model
in mice. After systemic administration into mice MPTP damages dopa-
minergic neurons of the midbrain substantia nigra and leads to motor
disorders that resemble PD symptoms in humans [29]. In our experiment,
MPTP (Sigma, USA) was administered to adult mice of both strains sub-
cutaneously (in the neck area) once at a dose of 30 mg/kg. We found that
the use of such a neurotoxin administration scheme makes it possible to
reproduce the late stage of parkinsonism development in mice, in which
significant damage to dopaminergic neurons of the substantia nigra of the
brain is observed [27].

Isolation and cultivation of hUC-MMSCs. Cells were isolated using
the explant method from the umbilical cords of newborns, as previously
described [30]. A healthy woman, who delivered a boy at 39 weeks of
gestation, signed an informed consent to provide material for scientific
research. An inverted microscope DM IL (Leica, Germany) was used to
assess the condition of cultures. The culture of cells obtained from umbil-
ical cord tissue after the 2" passage was morphologically homogeneous
and contained mainly small mitotically active spindle-shaped cells. They
expressed the marker antigens CD105, CD73 and CD90 on the surface,
but did not express CD45 and CD34, and also differentiated into osteo-
blasts, adipocytes and chondrocytes in vitro, which meets the minimum
criteria of MMSCs [30] (Fig. 1). Cell immunophenotyping was performed
on a BD FACSAria cell sorter (Becton Dickinson, USA).
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Fig. 1. Histograms illustrating the expression of surface markers (CD90,
(D73, CD105, CD45, and CD34) on hUC-MMSCs, as determined by flow
cytometry.

Native hUC-MMSCs of the 2" passage were administered once
into the tail vein of mice 7 days after the injection of MPTP at a dose
of 500,000 cells in 50 pL of 0.9 % saline. Control group was injected
with 0.9 % saline into the tail vein. The choice of the indicated term of
hUC-MMSCs administration to mice is explained by the development of
degenerative changes of neurons in the substantia nigra of mice 7 days
after the administration of MPTP at a dose of 20 mg/kg [31].

Experimental groups. The mice were divided into 6 groups (Table 1).
To except an individual response of the central nervous system to the
neurotoxin in animals, behavioral tests were assessed before its ad-
ministration. On the 22" day of the experiment, mice of all groups were
decapitated, the brain and lymphoid organs were isolated for research.
Throughout the experiment, the number of surviving animals was record-
ed at intervals of 7, 14, and 22 days after the administration of MPTP.
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Table 1. Distribution of animals in the experiment.

Number . .
Groups of mice Experimental influences
1 9 Intact FVB/N mice
FVB/N mice injected with MPTP and, after 7 days,
2 12 )
0.9 % saline (control group)
3 10 FVB/N mice injected with MPTP and, after 7 days,
hUC-MMSCs at a dose of 500,000 cells/mouse
4 9 Intact 129/Sv mice
129/Sv mice injected with MPTP and, after 7 days,
5 12 )
0.9 % saline (control group)
6 10 129/S mice injected with MPTP and, after 7 days,

hUC-MMSCs at a dose of 500,000 cells/mouse

The functional state of the central nervous system was evaluated
through behavioral reactions in the "open field", rigidity and rotarod tests.
[27, 32, 33]. The "open field" test enables to assess in animals horizontal
motor activity (number of crossed squares), orientation-exploratory activ-
ity (number of rearings and hole-peeking), emotional activity (number of
fecal boluses). Mice of all groups were tested for 3 minutes.

The rotarod test, utilizing a rotating rod, allows for the assessment of
coordination, muscle tone, and physical endurance. In the study, one of
the test variations involved a gradual increase in the rotation speed of the
shaft every 30 seconds, starting from 4 rpm at the 'start' and reaching
40 rpm [33]. The total time spent on the shaft (in seconds) and the critical
(maximum) speed (in rpm) at which the animal either refused to move
(hanged) or fell off the shaft were recorded.

Rigidity in mice was studied by body length and step length, as well
as foot length and width (mm). The step length is one of the indicators of
the change in the gait of animals, and its decrease indicates a violation of
muscle function. Before assessing the gait of the animals, their feet were
treated with non-toxic solutions of paints of different colors.

Immunophenotyping of brain cells for CD3, CD11b (Mac-1) mark-
ers was conducted using anti-mouse monoclonal antibodies conjugated
with fluorochromes (BD Bioscience, USA): CD3-PE (Cat. no. 555275),
CD11b-FITC (Cat. no. 557396). The working concentration of monoclonal
antibodies was 0.5 pg/mL. 1x108 cells from brain homogenate in 50 pL
of staining buffer (phosphate buffer supplemented with 1 % fetal bovine
serum and 0.1 % sodium azide) were placed into 5 mL test tubes, and
then monoclonal antibodies were added at a 1:50 dilution. Incubation was
carried out for 20 min at a temperature of 4 °C, after which the cells were
washed in CellWash buffer (BD Bioscience, USA), centrifuged at 200 xg
for 5 min at a temperature of 4 °C. Immediately before the analysis, the
cell suspension was passed through 70 ym cell filter. Measurements were
conducted on a BD FACSAria cell sorter (Becton Dickinson, USA) using
the BD FACSDiva 6.1 software. At least 20,000 events were recorded for
analysis.

The weight of lymphoid organs. The weight of the thymus and spleen
(mg) was measured in the animals, and the values of the thymus and
spleen indices (mg/g, 10°°) were calculated based on the ratio of the
weight of the examined organs to the body weight (g).

Statistical analysis of the results was performed using the Student's
t-test. The difference between the indicators of the experimental groups
was considered significant at a value of p < 0.05. Statistica 7.0 software
(StatSoft Inc., USA) was used for statistical processing of the obtained
data. The results were presented as the arithmetic mean and the error of
the mean (M + m).

RESULTS AND DISCUSSION

The effect of hUC-MMSC transplantation on the behavior of mice
with a model of parkinsenism. |t was observed that, in FVB/N mice, the
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administration of MPTP resulted in a significant decrease in the number
of rearings, hole-peeking, body length, and step length, while the number
of boluses increased significantly compared to intact animals. (Table 2).
After the transplantation of hUC-MMSCs in such mice, the number of
rearings and step length significantly increase compared to the control
group (MPTP only); at the same time, the step length reaches the values
of the indicator of the intact group of animals (Table 2). In mice of this
strain, after the administration of hUC-MMSCs, the values of the rotarod
test indicators become higher compared to the intact and control groups
of animals (Table 2).

In 129/Sv mice, after the MPTP administration, there was a decrease
in the number of crossed squares, rearings, hole-peeking, body length
and step length, as well as an increase in the number of boluses com-
pared to animals of the intact group (Table 2). After the transplantation of
hUC-MMSCs in such mice, the number of boluses decreases, while body
length and step length become higher than in the control group; at the
same time, the body length indicator corresponds to the values of intact
animals (Table 2). In 129/Sv mice, the indicators of the rotarod test did
not significantly differ between the experimental groups.

Table 2. Behavioral indicators of experimental mice, M + m.

FVB/N mice 129/Sv mice
; MPTP: ) MPTP: MPTP:
Indicator Intact saline huc"!m:scs Intact saline huc-
(n=9) (control) =1 (n=9) (control) MMSCs
(n=6) = (n=6) (n=10)
Number of 812459 675:60 747+55 41.0:43 233:25% 21.0£21%
crossings
Number of 325405 1.0£01* 16+02% 15+04° 03+0.1* 03£0.1%
rearings
:;'I'::e' of 40£05 20£02*° 26+03" 166+03 06702 045%01%
Number of 01:001 07£001* 06+01* 18+03 266£03* 1.0%02%%
fecal boluses
;‘:}jy length, 256418 700:19° 658:16° 91018 820:14% 87.0%14%
:1‘:1" length, 473113 420421 493523 52021 300+187 46.0£25%
::r:t length,  153:06 130£05 118204 128204 12604 128+05
Fm‘::‘ width, 83+02  80:03  83+02 8202  80+01 8202
fp‘:f"’d' 260422 313:19 46017 27230 27350 324443
Rotarod,

sec 175.0+15.8 190.0 +14.6 300.0 £ 12.9*¢ 187.0£22.7 160.0£37.7 198.0+32.2

Note: * — p < 0.05 compared to the intact group; & — p < 0.05 compared to the
control group (MPTP), # — p < 0.05 compared to FVB/N mice.

Therefore, in FVB/N and 129/Sv mice, under the influence of neuro-
toxin MPTP, motor, exploratory and emotional activity is disturbed, and
the signs of rigidity appear. The transplantation of hUC-MMSCs has a pos-
itive effect on the disturbed behavior of experimental mice of both strains;
behavioral changes in such mice were both unidirectional and had strain
features. Specifically, in FVB/N mice, the influence of cells led to increased
motor activity and physical endurance, whereas 129/Sv mice exhibited a
decrease in emotional activity and more pronounced changes in rigidity.

The effect of hUC-MMSCs transplantation on the content of T-lym-
phocytes and activated macrophages in the brain of mice with a model of
parkinsonism. 1t was found that the proportion of CD3* and CD3*CD11b*
cells in the brain of FVB/N mice significantly increases after the adminis-
tration of MPTP, while after the transplantation of hUC-MMSCs the value
of these indicators decreases to the level of intact animals (Table 3).

In the brain of 129/Sv mice, the relative number of CD3*CD11b* cells
significantly increased compared to the values of intact animals and cor-
responds to their values after the hUC-MMSCs transplantation (Table 3).



Table 3. The content of T-lymphocytes and activated macrophages in the
brain of experimental mice, M + m.

FVB/N mice 129/Sv mice
H MPTP* MPTP* MPTP* MPTP*
Indicator Intact saline huc- Intact saline huc-
n=9) (control) MMSCs (n=9) (control) MMSCs
(n=6) (n=7) (n=6) (n=10)
CD3*, % 45+0.2 56+03* 4.03+02% 285+02° 255%02° 2.56+0.2°
CD3-CO11by, 0.35+0.04 0.6x0.06* 043+0.05*% 0.8=x0.07 18£01* 0.78+0.07%

%

Note: * — p < 0.05 compared to the intact group; & — p < 0.05 compared to the
control group (MPTP); # — p < 0.05 compared to FVB/N mice.

Therefore, under the influence of MPTP, the content of T-lympho-
cytes and activated macrophages increases in the brain of FVB/N and
129/Sv mice. At the same time, the content of both T-lymphocytes and
activated macrophages significantly increases in FVB/N mice, whereas
the changes in the content of only activated macrophages are observed
in 129/Sv mice. In mice of both strains, after the transplantation of
hUC-MMSCs, the content of T-lymphocytes and activated macrophages
in the brain decreases to the values of intact groups.

The effect of hUC-MMSCs transplantation on Ilymphoid organs of
mice with a model of parkinsonism. 1t was found that in FVB/N mice, af-
ter the administration of MPTP, the thymus weight decreases, while the
spleen weight remains unchanged (Table 4). After the transplantation of
hUC-MMSCs to mice of this strain, thymus weight did not differ from
those of intact animals (Table 4).

In 129/Sv mice, the weight of the thymus and spleen after the admin-
istration of MPTP is significantly lower than in intact animals (Table 4).
After hUC-MMSCs transplantation, the thymus weigh does not differ from
the values of intact animals, and the spleen weight even exceeds those in
the intact group of animals (Table 4).

Table 4. Behavioral indicators of experimental mice, M + m.

FVB/N mice 129/Sv mice
; MPTP* MPTP* MPTP* .
Indicator Intact saline huc- Intact saline huy:nmscs
(n=9) (control) MMSCs (n=9) (control) (n- =10)
n=6) =1 (n=6) =

Thymus 1363408 1166+05* 150+11% 15810 125%09* 147408
weight, mg
Thymic indeX, o 46, 003 037+002* 055:009 0615009 037+004* 0552008
mg/g, 10
Spleen 13774120 148190 112080 101.4+7.9¢ 79.0+6.8* 2006+ 125
weight, mg
Spleenindex, e, 05 486206 412:05 399:05 23803% 66706
mg/g,10

Note: * — p < 0.05 compared to the intact group; & — p < 0.05 compared to the
control group (MPTP), # — p < 0.05 compared to FVB/N mice.

Thus, in FVB/N and 129/Sv mice, the weight of the thymus is reduced
regardless of their strain, while the spleen weight was reduced only in
129/Sv mice. The transplantation of hUC-MMSCs leads to the restoration
of the thymus weight in mice of both strains and an increase in the spleen
weight of 129/Sv mice.

The effect of hUC-MMSCs transplantation on the survival of mice
with a model of parkinsonism. It was found that on the 7%, 14" and 22"
days of the experiment, 8, 7, and 6 animals out of 12 were alive in the
group of FVB/N mice that received MPTP, respectively, and 7 animals out
of 10 survived in the group with hUC-MMSCs. After 7, 14, and 22 days of
the experiment, 12, 10, and 6 animals out of 12 survived in the group of
129/Sv mice that received MPTP, respectively; in the group with hUC-
MMSCs, all 10 animals out of 10 survived by the 22" day. That is, on
the 22" day of the experiment, 50.0 % of mice in both control groups
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remained alive, while in the groups of FVB/N and 129/Sv mice with trans-
planted hUC-MMSCs the survival rate was 70.0 % and 100 %, respec-
tively (Fig. 2).

Therefore, the transplantation of hUC-MMSC contributes to the sur-
vival of FVB/N and 129/Sv mice with the MPTP-induced model of parkin-
sonism. Differences in the death of mice in the early stages of the action
of MPTP, which causes the development of oxidative stress, can be par-
tially explained by the higher activity of some antioxidant enzymes in the
brain of 129/Sv mice compared to FVB/N mice [29, 34].

®
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Fig. 2. The survival rate of FVB/N (A) and 129/Sv (B) mice assessed
throughout the experiment, %. Data on groups 1 and 4 are not pre-
sented, as all animals remained alive at all observation times. Brown
color — MPTP group, red color — MPTP+hUG-MMSCs group.

The comparative effects of MPTP in mice of different strains. It was
observed that the administration of MPTP in FVB/N or 129/Sv mice leads
to significant disturbances in motor, emotional, and exploratory activi-
ties, along with the appearance of signs of rigidity. The alterations in the
functioning of the central nervous system in mice can be attributed to the
damaging effect of MPTP on the structure of neurons in various parts
of CNS, including the substantia nigra, cortex, thalamus, amygdala, and
lumbar spinal cord [27, 34, 33].

It has been previously established by other authors and us that the
effect of MPTP on mouse brain neurons can be mediated by factors of
oxidative stress [3, 34] and pro-inflammatory cytokines (TNF-a, IL-1B,
IFN-y), which produce cells of activated microglia/macrophages and
T-lymphocytes [2, 4, 36]. In our experiment, it was shown that the pro-
portion of CD3+ and CD3*CD11b* cells, which according to the phenotype
belong to T-lymphocytes and activated macrophages [37, 38], increases
significantly in the brain of mice with the MPTP-induced model of parkin-
sonism. At the same time, an increase in the proportion of T-lymphocytes
and activated macrophages was found in the brain of FVB/N mice and only
activated macrophages — in 129/Sv mice. Our results are consistent with
literature data on the effect of mouse genotype on the features of the for-
mation of cells composition in CNS pathology that infiltrate the brain after
CNS damage and mediate the development of neuroinflammation [39].

Attention is drawn to the decrease in the weight of the thymus in
experimental FVB/N mice against the background of a simultaneous in-
crease in the proportion of T-lymphocytes in the brain. It is known that the
thymus is the source of various subpopulations of T-lymphocytes [40].
In the brain of patients with PD and in animals with the MPTP-induced
model of parkinsonism, CD4+ T-helpers were found to infiltrate this organ
and participate in the development of neurodegeneration [4]. Therefore,
it can be assumed that the increase in the proportion of T-lymphocytes
in the brain of FVB/N mice with the MPTP-induced model of parkinson-
ism is associated with an increase in their migration from the periphery.
In experimental 129/Sv mice, the content of T-lymphocytes in the brain
remains unchanged, and under the influence of MPTP, the weight of not
only the thymus, but also the spleen decreases. According to the litera-
ture, it is known about the damaging effect of MPTP on the lymphoid or-
gans of mice [41].

Therefore, under the influence of MPTP, behavior, the content of
T-lymphocytes and activated macrophages in the brain, as well as the
weight of lymphoid organs change in FVB/N and 129/Sv mice. The effects
of the neurotoxin are highly strain-dependent.
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The efficacy of transplanted hUC-MMSCs in mice of different strains
with MPTP-induced model of parkinsenism. Certain positive changes in
the functional state of the central nervous system were revealed after the
transplantation of hUC-MMSCs in FVB/N and 129/Sv mice with the MPTP-
induced model of parkinsonism. The results obtained in 129/Sv mice are
consistent with our previous data on the positive effect of a similar dose
of hUC-MMSCs on the impaired behavior of mice with the cuprizone
model of demyelination and neurodegeneration [42], as well as the effect
of adipose-derived MMSCs in animals with the MPTP-induced model of
parkinsonism [43]. In addition, other authors and we have shown a de-
crease in the number of neurons with structural changes and an increase
in the number of intact neurons in the CNS (sensorimotor cortex, hippo-
campus) of animals with models of neurodegenerative pathology injected
with hUC-MMSCs [44, 45]. Therefore, it is possible that the improvement
of the behavior of FVB/N and 129/Sv mice with the MPTP-induced model
of parkinsonism after hUC-MMSC transplantation may be associated
with positive changes in the structure of CNS neurons. The study of the
structure of brain neurons in such mice will be the subject of our further
morphological analysis.

According to Zhang et al., hUC-MMSCs transplantation to animals
with CNS pathology leads to an increased proliferation of neural progeni-
tors, their secretion of growth and trophic factors, activation of neuro-
genesis and angiogenesis [46]. In addition, in the case of CNS pathology,
transplanted MSCs, in particular hUC-MMSCs, show an antioxidant effect
(reduction in the content of reactive radicals, increase in the expression
of a number of antioxidant enzymes) [15, 47]. We have shown that under
the influence of hUC-MMSCs in the brain of mice with a model of mul-
tiple sclerosis, the content of malondialdehyde decreases and the activ-
ity of antioxidant enzymes increases [42]. It is possible that transplanted
hUC-MMSCs can act similarly in mice with MPTP-induced model of par-
kinsonism, since the content of malondialdehyde in their brains increases
and the activity of antioxidant enzymes decreases [27, 34].

Another important mechanism of the protective effect of hUC-MMSCs
in neurodegenerative pathology is their anti-inflammatory effect, which
may be associated with the activation of IL-10 production, a decrease
in IL-1B production and manifestations of active gliosis in the brain [30,
48, 49]. According to our data, under the influence of hUC-MMSCs in
the brain of FVB/N and 129/Sv mice with the MPTP-induced model of
parkinsonism, the content of neuroinflammatory cells (T-lymphocytes
and activated macrophages) decreases to the values of intact animals,
which coincides with an improvement in their functional state of the cen-
tral nervous system. Taking into account the positive effect of cells on the
impaired behavior of FVB/N and 129/Sv mice, we allow the possibility of
a change in the phenotype of brain macrophages under these conditions
from pro-inflammatory to anti-inflammatory, regenerative, in contrast to
mice with the administration of MPTP only. Praet et al. showed the pos-
sibility of a similar change in the phenotype of macrophages in the brain
of mice with toxin-induced models of CNS pathology [50].

CONCLUSION

It was found that after hUC-MMSCs transplantation, positive changes
in the behavior of FVB/N and 129/Sv experimental mice had not only the
same direction, but also some differences. Thus, under the influence of
cells, in FVB/N mice, mainly motor activity improved and physical en-
durance increased, while in 129/Sv mice, emotional activity decreased
and manifestations of rigidity decreased more clearly. According to the
literature data, T-lymphocytes and macrophages of the brain, as well as
the spectrum of factors produced by them, are important in the develop-
ment of neurological deficits in animals with CNS pathology [39]. There-
fore, it is possible that the differences in behavioral changes in FVB/N and
129/Sv experimental mice under the influence of hUC-MMSCs can be par-
tially explained by the strain features of the composition of pro-inflamma-
tory cells in the brain. Strain differences in the manifestations of oxidative
stress in the brain of FVB/N and 129/Sv mice with the MPTP-induced
model of parkinsonism may also be important [34].

Due to the above-mentioned mechanisms of the protective effect of
hUC-MMSCs transplanted in animals with CNS pathology, there is an im-
portant question regarding the penetration of these cells into the brain.
There are data that injected into the murine tail vein hUC-MMSCs can be
found in the brain vessels of young animals with a model of LPS-induced
neuroinflammation [48], and human hUC-MMSCs transplanted in this
way into mice with CNS pathology are capable of differentiation in the
neurogenic direction and synthesis of trophic factors [49]. Therefore, we
do not exclude the possibility of penetration of transplanted hUC-MMSCs
into the brain of mice with the MPTP-induced model of parkinsonism,
with their subsequent implementation of biological activity. The paracrine
effect of hUC-MMSCs may also be important in realizing their neuropro-
tective properties in neurodegenerative pathology of the CNS [51].

The immunomodulatory effect of MMSCs is well-documented in
various pathological conditions [52]. We found that in FVB/N and 129/Sv
mice with the MPTP-induced model of parkinsonism, the thymus weight
increases after hUC-MMSCs transplantation. This cell effect may be re-
lated to the ability of MMSCs to suppress the activity of proapoptotic
processes [53]. The positive effect of MMSCs was also observed in the
spleen of 129/Sv mice, which can be partially implemented by the same
anti-apoptotic mechanism.

In general, the results of experimental studies indicate the effective-
ness of hUC-MMSCs transplantation already in the early stages of par-
kinsonism. At the same time, under the conditions of identical manifes-
tations of CNS dysfunction in mice with a model of parkinsonism, the
direction of changes in their behavior (motor or non-motor reactions) af-
ter the administration of hUC-MMSCs largely depended on the genotype
of the animals. The genotype of the mice played a crucial role in shaping
the appropriate composition of neuroinflammatory cells (T-lymphocytes,
activated macrophages) in the brain, both under the influence of neu-
rotoxins and in the manifestation of a positive effect from transplanted
hUC-MMSCs. In the future, the results can be the basis for the develop-
ment of personalized cell therapy for parkinsonism using hUC-MMSCs
according to the individual's genetic characteristics.

in the brain.

the MPTP-induced model of parkinsonism.

1. In adult mice of the FVB/N and 129/Sv strains, exposure to the neurotoxin MPTP induces motor and non-motor behavior disorders, an in-
crease in the content of T-lymphocytes and activated macrophages in the brain, and a decrease in the weight of the thymus and spleen. The
observed changes in the studied indicators are largely dependent on the genotype of the animals.

2. The transplantation of hUC-MMSCs demonstrates a positive impact on the functional state of the central nervous system in FVB/N and
129/Sv mice with the MPTP-induced model of parkinsonism. The beneficial effects of hUC-MMSCs on the behavior of experimental mice ex-
hibit some strain differences and are observed concomitant with the restoration of the content of T-lymphocytes and activated macrophages

3. The transplantation of hUC-MMSCs demonstrates an immunomodulatory effect on the weight of lymphoid organs in mice of both strains with

4. The administration of hUC-MMSCs promotes the survival of both FVB/N and 129/Sv mice compared to animals treated solely with MPTP.

100 Cell and Organ Transplantology | November 2023, Vol. 11, No. 2



www.transplantology.org

REFERENCES:

1.

10.

11.
12.
13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sulzev D, Surmeiter DJ. Neuronal vulnerability, pathogenests and Parkinson’s disease. Mov Disord. 2013; 28:715-724. Available from:
https://doi.org/10.1002/mds.25095

Wang Q, Liu Y, Zhou J. Neuroinflammation in Parkinson’s disease and its potential as terapeutic target. Translat Neurodegenerat. 2015. 4(19). Available from:
https://doi.org/10.1186/s40035-015-0042-0

Guo J-D, Zhao X, Li Y., Li G-R, Liu X-L. Damage to dopaminergic neurons by oxidative stress in Parkinson’s disease (Review). Int J Mol Med. 2018; 41:1817-1825.
Available from: https://doi.org/10.3892/ijmm.2018.3406

Appel H, Beers R, Henkel S. The T cellmicroglial dialogue in Parkinson’s disease and amyotrophic lateral sclerosis: are we listening? Trends Immunol. 2010;
31(1):7-17. Available from: https://doi.org/10.1016/j.it.2009.09.003

Kannarkat GT, Cook DA, Lee JK, Chang J, Chung J, Sandy E, et al. Common genetic variant association with altered HLA expression synergy with pyrethroid expo-
sure, and risk for Parkinson’s disease: an observational and case control study. Parkinson’s disease. 2015. Available from: https://doi.org/10.1038/npjparkd.2015.2
Yue H, Han W, Sheng L. Associated of proinflammatory cytokines gene polymorphisms with Alzheimer’s disease susceptibility in the Han Chinese population. Int
J Clin Exp Med. 2017; 10(3):5422-5428. Available from: https://e-century.us/files/ijcem/10/3/ijcem0023397.pdf

Dawson TM, Golde T, Lagier-Tourenne CL. Animal models of neurodegenerative diseases. Nat Neurosci. 2018; 21(10):370-1379. Available from:
https://doi.org/10.1038/s41593-018-0236-8

Fisher EM, Bannerman DM. Mouse models of neurodegeneration: know your question, know your mice. Sci Transl Med. 2019; 11. Available from:
https://doi.org/10.1126/scitransimed.aaq1818

Seeger DR, Murphy EJ. Mouse strain impacts fatty acid uptake and trafficking in liver, heart and brain: a comparison of C57BL/6 and Swiss Webster mice. Lipids.
2016; 51(5):549-560. Available from: https://doi.org/10.1007/s11745-015-4117-6

Matsio K, Watanabe T, Takenaka A. Effect of dietary vitamin E on oxidative stress-related gene-midiated differences in anxiety-like behavior in inbred strains of
mice. Physiol Behav. 2019; 207:64-72. Available from: https://doi.org/10.1016/j.physbeh.2019.04.026

Li Zh, Cheung H-H. Stem cell-based therapies for Parkinson desease. Int J Mol Sci. 2020; 21. Available from: https://doi.org/10.3390/ijms21218060

Sugaya K, Vaidya M. Stem cell therapy for neurodegenerative disease. AEMB. 2018; 1056:61-84. Available from: https://doi.org/10.1007/978-3-319-74470-4_5
Konala VB, Mamidi MK, Bhonde R, Das AK, Pochampally R, Pal R. The current landscape of the mesenchymal stromal cell secretome. Cytotherapy. 2016;
18:13-24. Available from: https://doi.org/10.1016/j.jcyt.2015.10.008

Zachar L, Bacenlova D, Rosocher I. Activation, homing and role of the mesenchymal stem cells in the inflammatory environment. J Inflamm Res. 2016; 9:231-240.
Available from: https://doi.org/10.2147/JIR.S121994

Wojtas E, Zachwieja A, Zwyrzykowska A, Kupczynski R, Marycz K. The application of mesenchymal progenitor stem cells in the reduction of oxidative stress in
animals. Turk J Biol. 2017; 41:12-19. Available from: https://doi.org/10.3906/biy-1603-13

Laroni A, Kerlego de Rosbo N, Uccelli A. Mesenchymal stem cells for the treatment of neurological diseases: immunoregulation beyond neuroprotection. Immunol-
ogy letter. 2015; 168:183-190. Available from: https://doi.org/10.1016/j.imlet.2015.08.007

Can A, Celikkan FT, Cinar 0. Umbilical cord mesenchymal stromal cell transplantation: a systemic analysis of clinical trials. Cytotherapy. 2017; 19(12):1351-1382.
Available from: https://doi.org/10.1016/j.cyt.2017.08.004

Maslova 00, Shyvalova NS, Sukhorada OM, Zkukova SM, Deryabina OG, Makarenko MV, et al. Heterogeneity of umbilical cords as a source for MSC. Dataset
Papers in biology. 2013. Available from: https://doi.org/10.7167/2013/370103

ElOmar R, Beroud J, Stoltz JF, Menu P, Velot E, Decot V. Umbilical cord mesenchymal stem cells-based therapies? Part B Rev. 2014; 20(5):523-544. Available
from: https://doi.org/10.1089/ten.TEB.2013.0664

Putra A, Ridwan BR, Putridewi Al, Kustiyah AR, Wirastuti K, Sadyah NA, et al. The role of TNF-alpha induced MSCs on suppressive inflammation by increasing
TGF-beta and IL-10. J Med Sci. 2018; 6(10):1779-1783. Available from: https://doi.org/10.3889/0amjms.2018.404

Hsieh JY, Fu YS, Chang SJ, Tsuang YH, Wang HW. Functional module analysis reveals differential Osteogenic and stemness potentials in human mesenchymal stem
cells from bone marrow and Wharton’s jelly of the umbilical cord. Stem Cells Dev. 2010; 19:1895-1910. Available from: https://doi.org/10.1089/scd.2009.0485.

Li X, Bai J, Ji X, Li R, Xuan Y, Wang Y. Comprehensive characterization of four different populations of human mesenchymal stem cells as regards their immune
properties, proliferation and differentiation. Int J Mol Med. 2014; 34(3):695-704. Available from: https://doi.org/10.3892/ijmm.2014.1821

0oi YY, Rahmat Z, Jose Sh, Ramasamy R, Vidyadaran Sh. Immunophenotype and differentiation capacity of bone marrow-derived mesenchymal stem cells from
CBA/Ca, ICR and Balb/c mice. World J Stem Cells. 2013; 5(1):34-42. Available from: https://doi.org/10.4252/wjsc.v5.i1.34

Choi EW, Shin IS, Park SY, Yoon EJ, Kang SK, Hong SH. Characteristics of mouse adipose tissue-derived stem cells and therapeutic comparisons between
syngeneic and allogeneic adipose tissuederived stem cells transplantation in exp. autoimmune thyroidit. Cell transplantation. 2014; 23:873-887. Available from:
https://doi.org/10.3727/096368913X664586

Cunpa FF, Martins L, Martin PM, Stilhano RS, Han SW. A comparison of the reparative and angiogenic properties of mesenchymal stem cells derived from the bone
marrow of Balb/c and C57BI/6 mice in a model of limb ischemia. Stem Cell Res Ther. 2013; 4:86. Available from: https://doi.org/10.1186/scrt245

Eltokhi A, Kurpiers B, Pitzer C. Behavioral tests assessing neuropsychiatric phenotypes in adolescent mice reveal strain and sex specific effects. Sci Rep. 2020;
10(11263). Available from: https://doi.org/10.1038/s41598-020-67758-0

Labunets IF, Utko NA, Savosko S, Panteleymonova TN, Butenko GM. Changes in nigral neuronal structure, indices of antioxidant protection of the
brain and behavior in mice of different age with MPTP parkinsonism model. International neurological journal. 2020; 16(3):7-15. Available from:
https://doi.org/10.22141/2224-0713.16.3.2020.203444

Kim JWh, Nam SM, Yoo DY, Jung HY, Hwang IK, Seong JK, et al. Strain-specific differential expression of astrocytes and microglia in the mouse hippocampus.
Brain Behav. 2018; 8:e00961. Available from: https://doi.org/10.1002/brb3.961

Zhang XS, Geng WS, Jia JJ. Neurotoxin-induced animal models of Parkinson disease: pathogenic mechanism and assessment. ASN Neuro. 2018; 10(1). Available
from: https://doi.org/10.1177/1759091418777438

Tsymbaliuk VI, Velychko OM, Pichkur OL, Verbovska SA, Shuvalova NS, Toporova OK, et al. Effects of Warton’s jelly humans mesenchymal stem cells transfected
with plasmid containing IL-10 gene to the behavioral response in rats with experimental allergic encephalomyelitis. Cell Organ Transpl. 2015; 3(2):139-143.
Available from: https://doi.org/10.22494/COT.V3I2.14

Alam G, Edler M, Burchfield Sh, Richardson JR. Single Low Doses of MPTP Decrease Tyrosine Hydroxylase Expression in the Absence of Overt Neuron Loss.
Neurotoxicology. 2017; 60:99-106. Available from: https://doi.org/10.1016/j.neur0.2017.03.008

Fernagut PO, Diguet E, Labattu B, Tison F. A simple method to measure stride length as an index of nigrostrial dysfunction in mice. J Neurosci Methods 2002;
113(2):123-130. Available from: https://doi.org/10.1016/s0165-0270(01)00485-x

Cell and Organ Transplantology | November 2023, Vol. 11, No. 2 101



ORIGINAL RESEARCH

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Huang L, Xiao D, Sun H, Qu Yi, Su X. Behavioral tests for evaluating the characteristics of brain diseases in rodent models: Optimal choices for improved outcomes
(Review). Mol Med Reports 2022; 25(5). Available from: https://doi.org/10.3892/mmr.2022.12699

Labunets IF, Panteleymonova TM, Utko NO, Kyryk VM, Savosko SI, Litochenko ZL.Changes in the number of macrophages, T-lymphocytes, activity of antioxidant
enzymes in the brain, behavior and structure of the central nervous system neurons in adult and aging mice of different strains with the MPTP-induced model of
parkinsonism. Int Neurol J (Ukraine). 2023; 19(4):119-128. Available from: https://doi.org/10.22141/2224-0713.19.4.2023.1010

Jagmag SA, Tripathi N, Shukla SD, Maithis S, Khurana S. Evaluation of models of Parkin-son’s disease. Frontiers in Neurosciences. 2016; 9:503. Available from:
https://doi.org/10.3389/fnins.2015.00503

Gonzalez H, Pacheco R. T-cell-mediated regulation of neuroinflammation involved in neurodegenerative diseases. J Neuroinflammation. 2014; 11:201. Available
from: https://doi.org/10.1186/s12974-014-0201-8

Labunets I, Rodnichenko A, Savosko S, Pivneva T. Reaction of different cell types of the brain on neurotoxin cuprizone and hormone melatonin treatment in young
and aging mice. Front Cell Neurosci. 2023; 17:1131130. Available from: https://doi.org/10.3389/fncel.2023.1131130

Rodriguez-Cruz A, Vesin D, Ramon-Luing L, ZunigaJ, Quesniaux VJ, Ryffel B, et al. CD3+ macrophages deliver proinflammatory cytokines by a CD3-and transmem-
brane TNF-dependent pathway and are increased at the BCG-infectionsite. Front Immunol 2019; 10. Available from: https://doi.org/10.3389/fimmu.2019.02550

Kim HAh, Whittle SC, Lee S, Chu HX, Zhang ShR, Wei Z, et al. Brain immune cell composition and functional outcome after cerebral ischemia: comparison of two
mouse strains. Front Cell Neurosci. 2014; 8. Available from: https://doi.org/10.3389/fncel.2014.00365

Csaba G. The immunoendocrine thymus as a pacemarker of lifespan. Acta Microbiol Immunol Hung. 2016; 63:139-158. Available from:
https://doi.org/10.1556/030.63.2016.2.1

Bieganowska K, Czlonkowska A, Bidzinski A, Mierzewska H, Korlak J. Immunological changes in the MPTP-induced Parkinson’s disease mouse model. J Neuroim-
munol. 1993; 42(1):33-37. Available from: https://doi.org/10.1016/0165-5728(93)90209-h

Labunets IF, Utko NA, Toporova OK. Effects of multipotent mesenchymal stromal cells of the human umbilical cord and their combination with mel-
atonin in adult and aging mice with a toxic cuprizone model of demyelination Advances in Gerontology. 2021; 11(2):173-180. Available from:
https://doi.org/10.1134/S2079057021020077

Labunets I, Utko N, Panteleymonova T, Kyryk V, Kharkevych Yu, Rodnichenko A, et al. Ef-fects of transplanted adipose-derived multipotent mesenchymal stro-
mal cells from mice of different age or from aging donors in combination with melatonin at experimental parkinsonism. Cell Organ Transpl. 2022; 10(1):18-24.
Available from: https://doi.org/10.22494/cot.v10i1.134

Labunets IF, Utko NA, Toporova OK, Savosko SI, Pokholenko I, Panteleymonova TN, et al. Melatonin and fibroblast growth factor-2 potentiate the effects of hu-
man umbilical cord multipotent mesenchymal stromal cells in mice with cuprizone-induced demyelination. Biopolym Cell. 2021; 37:369-378. Available from:
https://doi.org/10.7124/bc.000A62

Konovalov S, Moroz V, Deryabina O, Shuvalova N, Tochylovsky A, Klymenko P, et al. The effect of mesenchymal stromal cells of different origin on mor-
phological parameters in the somatosensory cortex of rats with acute cerebral ischemia. Cell Organ Transpl. 2023; 11(1):46-52. Available from:
https://doi.org/10.22494/cot.v11i1.149

Zhang L, Wang LM, Chen WW, Ma Z, Han X, Liu CM, et al. Neural differentiation of human Wharton's jelly-derived mesenchymal stem cells im-
proves the recovery of neurological function after transplantation in ischemic stroke rats. Neural Regen Res. 2017; 12(7):1103-1110. Available from:
https://doi.org/10.4103/1673-5374.211189

Angeloni C, Gatti M, Prata C, Hrelia S, Maraldi T. Role of mesenchymal stem cells in counteracting oxidative stress-related neurodegeneration. Int J Mol Sci. 2020;
21:3299. Available from: https://doi.org/10.3390/ijms21093299

Lukhmus 0, Koval L, Voytenko L, Uspenska K, Komisarenko S, Deryabina O, et al. Intravenously injected mesenchymal stem cells penetrate the brain and treat
inflammation-induced brain damage and memory impairment in mice. Front Pharmacol. 2019; 10. Available from: https://doi.org/10.3389/fphar.2019.00355

Mukai T, Mon Y, Shimazu T, Takahashi A, Tsunoda H, Yamaquchi S, et al. Intravenous injection of umbilical cord-derived mesenchymal stromal cells
attenuates reactive gliosis and hypomyelination in neonatal intraventricular hemorrhage model. Neuroscience. 2017; 355:175-187. Available from:
https://doi.org/10.1016/j.neuroscience.2017.05.006

Praet J, Guglielmetti C, Berneman Z. Cellular and molecular neuropathology of the cuprizone mouse model: clinical relevance for multiple sclerosis. J Neubiorev.
2014; 47:485-505. Available from: https://doi.org/10.1016/jneubiorev.2014.10.004

Dabrowski FA, Burdzinska A, Kulesza A, Sladowska A, Zolocinska A, Gala K, et al. Comparison of the paracrine activity of mesenchymal stem cells derived from
umbilical cord, amniotic membrane and adipose tissue. J Obstet Gynaecol Res. 2017; 43(11):1758-1768. Available from: https://doi.org/10.1111/jog.13432
Muller L, Tunger A, Wobus M, vonBonin M, Towers R, Borhouser M, et al. Imnmunonodulatory propertiers of mesenhymal stronal cells: an update. Front Cell Dev
Biol. 2021; 9:637725. Available from: https://doi.org/10.3389/fcell.2021.637725

Li TS, Shi H, Wang L, Yan C. Effect of Bone Marrow Mesenchymal Stem Cells on Satellite Cell Proliferation and Apoptosis in Immobilization-Induced Muscle
Atrophy in Rats. Med Sci Monit. 2016; 22. Available from: https://doi.org/10.12659/MSIM.898137

The authors declare that there is no potential conflict of interest
regarding the research, authorship and/or publication of this article.

ARTICLE ON THE SITE
TRANSPLANTOLOGY.ORG

102 Cell and Organ Transplantology | November 2023, Vol. 11, No. 2



www.transplantology.org

YK 616.858-008.6-08:615.361.018.46:612.419

EdexTu TpancmnaHTanii MyIbTUIIOTEHTHUX
Me3eHXiMa/IbHUX CTPOMANIbHUX KIiTVH YIIOBUHU
TIOIMHN MULIAM Pi3HUX TiHIM i3 eKCIIePUMEHTATbHOI0
MOJIe/III0 NAPKIHCOHI3MY

JTabynenp I. @.'2 ITanTenerimonosa T. M."%, Kupuk B. M."2, Tonoposa O. K., ITikyc IT. O."?, JTlitomenxo 3. JI."?

"Tnemumym cenemuunoi ma pezenepamueroi meouuunu JJY "Hauionanvruii naykoeuti uenmp "Tncrmumym xapoionoeir,
K7iHiuHOl ma pezenepamueHoi meduyunu im. akao. M. [I. Cmpasxcecka Hayionanvroi akademii meduurux nayx Yxpainu',
Kuis, Ykpaina

2ITY "Tncmumym zeponmonoeii im. [. @. Yebomapvosa Hayionanvroi akademii meouunux nayx Ykpainu", Kuis, Yxpaina
*Incmumym monexynsapHoi 6ionozii ma eenemuxu Hayionanvroi akademii nayk Yepainu, Kuis, Ykpaina

OfHuM i3 NepCreKTUBHNX HAMPAMKIB KIiTMHHOI Tepanii XBopobu [1apKiHCOHa/NapKiHCOHI3MY € TPAHCINAHTALIS MyJIbTUIIOTEHTHUX ME3EHXi-
ManbHux cTpomanbHux kaitud (MMCK) nynoBuHm mogvHN, eCheKTUBHICTb SKOI MOXE 3a/1eXaty Biff FeHOTUNY PeUNNIEHTa.

META JOCJIAXEHHA — nopisHsaTy BrnnB TpaHcnnaxHTosanux MMCK nynoBuuu noguun Ha noBegiHKy, BMICT T-niMgbounTiB | Makpogbaris B
rOJIOBHOMY MO3KY i TIMGDOIHUX OpraHax MULLIEV PI3HUX JTIHIV i3 MOAEITIO MapKIHCOHI3MY.

METOAN. Llopocnnm (6-7 mic.) camusm muiuesi nikii FVB/N (rannotun H-2°) i 129/Sv (rannotnn H-2°) 0H0pa30B0 BBOANN HEHPOTOKCUH
1-metun-4-¢perin-1,2,3,6-retparigponipugut (M®TII) y 103i 30 Mr/kr (KOHTPOsIbHA rpyna), a 4epe3 7 gib y xBocToBy BeHy — MMCK nyrnoBuHu
noanun y 4o3i 500 Tnc. knitnH. OLiHIOBaN NOKa3HUKN NOBEAIHKY B TeCTax "BiAKPUTE MONE", Ha PUTIAHICTb | POTapoA TECTI; BUMIPIOBANN Bif-
HOCHUIA BMICT T-/liMbOLNTIB | aKTUBOBAHNX MakKpoarie B roI0BHOMY MO3KY, a TAKOX Macy JiMgboigHNX OpraHis.

PE3YJIbTATU. [1ig Brmom MOTITy muweii ninii FVB/N i 129/Sv 3meHLuyBanach KinbKicTb CTIHOK, «3a3upaHb ¥ HIDKW» , JOBXWHA TiNa i KPOKY,
3pocTana KifbKicTb 60/1K0CIB, @ y MULLIEN NiHIi 129/Sv Takox 3HUXyBanack KifbKicTb NepeTHyTUX KBaAPATIB y TecTi "BigkpuTe nosne". Y ronos-
HOMY MO3Ky MULLIE/ 000X JiHIAi 3p0CTaB BMICT aKTMBOBAHNX Makpogbaris i, kpim TOro, Kinbkicte T-nimgboyntis y muiued niHii FVB/N. Maca
TUMYCa 3MEHLLYBANAach y MULLIEH 060X JiHIl, TOAI K Maca cenesinkv — nuwie y muied ninii 129/Sv. Ilig srnnnsom MMCK y muied nivii FVB/N
M0AINLLIYBanach MepeBaXxxHoO PyxoBa akTUBHICTb, TOAI AK y MuLLEV TiHii 129/Sv — emouiiHa akTUBHICTb, MPOSBA PUTIAHOCTI 3MEHLLYBAIUCh Y
MuLLesi 060X TiHI; BMICT T-niMgbOLNTIB | aKTUBOBAHNX Makpogharis y rosoBHOMY MO3KY MULLEN 060X JIiHIA, K | Maca Tumyca BifnoBigam
3HaYeHHAM IHTAKTHUX TBAPUH. TpaHcnnanTayis MMCK crpusna suxnsanHo muLued ninii FVB/N i 129/Sv i3 MOTII-mozeno napkiHCoHismy.

BUCHOBOK. [posiBu nopyLueHb MoBeAIHKN, 3MiHU BMICTY T-niMgboLUTIB, aKTUBOBAHUX MAakpoaris B rofioBHOMY MO3KY | mMacy JliMgoigHux
opranis y muteii i3 MOTIT-mogennto napkiHCoHi3My, a Takox no3uTuBHI eqhektn TpaxcnnantoBaHnx MMCK nynoBuHu NOANHY Y Takux TBa-
PUH B 3HYHI MIDIi 3anexarb Bifj ix reHotuny 3a cuctemoro H-2 (aHanor HLA nogunkHn). Pesynbtatv MOXyTb 6YTU MIAMPYHTAM 4715 PO3POOKM
1epCcoHighikoBaHoi KniTuHHoI Tepanii yiei naronorii 3 BukopuctaHHam MMCK nynoBuHm.

KJIOYO0BI CJI0BA: MynbTUNOTEHTHI ME3EHXIMAsbHI CTPOMAnbHI KNITUHU MyNOBUHY TIOANHN,; NAPKIHCOHI3M, NOBEAIHKOBI peaKuii; T-nimgouyntu
i Makpogharu roioBHOro MO3Ky; TUMYC, Ce/e3iHka
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