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Multipotent mesenchymal stromal cells (MMSCs) demonstrated a measurable therapeutic effect following
transplantation into animal models of periventricular leukomalacia (PVL), brain white-matter degeneration
resulting from hypoxic-ischemic incidents and/or inflammation. However, the mechanisms by which
transplanted MMSCs promote cell survival and/or functional recovery remain indeterminate. In this work
we used organotypic brain slices for PVL model in vitro (PVLmiv) subjecting cultures to oxygen-glucose
deprivation (OGD) and endotoxin lipopolysaccharide (LPS). This approach allowed us to simulate important
pathogenic factors both responsible for PVL, hypoxic-ischemic component and inflammation. Based on the
cell viability and the glial reaction, we evaluated distant effects of MMSCs on brain slices with PVLmiv in
the non-contact co-culture. Cell viability was assessed by the measurement of cytoplasmic enzyme lactate
dehydrogenase (LDH) released into the culture medium. Glial reaction in the periventricular regions of
slices was analyzed immunochistochemically using specific antibodies to glial markers of oligodendrocytes,
astrocytes and microglia (Rip, GFAP and Iba-1, respectively). We showed that the PVLmiv resulted in a
significant release of the cytosolic enzyme LDH into medium demonstrating substantial cell damage. A
decrease of Rip-immunoreactivity indicated deterioration within oligodenrocytic population of cells, while
an increase in GFAP and Iba-1 immunoreactivity reflected pronounced astro- and microgliosis. The presence
of MMSCs in the co-culture diminished PVLmiv effects improving cell viability, preventing degradation
of oligodendocytes and extensive astro- and microgliosis in brain slices. Our data suggest that protective
capacity of MMSCs can be executed distantly most likely via released biomodulatory compounds.
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INTRODUCTION

Periventricular leukomalacia (PVL) is a form
of brain injury provoked mainly by hypoxic-
ischemic incidents and/or inflammatory respon-
se within white-matter of highly vulnerable
brain of newborn, and tightly linked with the
preterm childbirth, maternal infections and
other labor/pregnancy complications. It is
characterized by overt focal necrosis and death
of oligodendrocytes - cells responsible for
neuronal axon myelination - and astro- and
microgliosis in the periventricular zones of the

brain [1, 2]. PVL leads to distortion of cerebral
signaling, and is responsible for the problems in
motor control, delay in the physical, intellectual
and emotional development, what often reveals
as cerebral palsy or epilepsy later in life [1,
3, 4]. The exact pathogenic mechanisms of
PVL and ways of their correction are studied
insufficiently.

Contemporary neonatal pharmaceutical
therapy of central nervous system (CNS)
pathologies remains to be imperfect and
hindered by persistent risk to disrupt complex
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relationship of compensatory-adaptive processes
at early stages of body development, and to
cause additional complications interfering with
further drug treatment [4]. Therefore, universal
drug-free approaches in the therapy of CNS
diseases, including PVL, are the focus of the
great interest in extensive studies worldwide.

Stem cell (SCs) technology is considered to be
a new promising tool for the effective treatment
of CNS disorders [5, 6]. Numerous studies have
demonstrated that SCs transplantated into the site
of injury favored the recovery of damaged tissue via
differentiation into specific cell type and production
of the biomodulators (growth factors, cytokines
and immunomodulators) essential for cell survival,
reduction of inflammation and maintenance of
tissue homeostasis [5, 7-9]. However, more research
is required to better understand mechanisms of
transplanted SCs effects.

Aimed to achieve higher fidelity of SCs
therapy, many experiments are carried out to
evaluate full potency of multipotent mesenchy-
mal stromal cells (MMSCs). MMSCs not only
have a tropism for the injured zone in the brain but
also show strong immunomodulatory potential
suppressing inflammation and favoring recovery
of function [10]. Such promising neuroprotecti-
ve effect from MMSCs transplantation was
shown, particularly, in PVL animal model [6,
11]. However, it remains unclear if this positive
effect is mediated by actual presence MMSCs in

Analyzed area

the tissue or by distant modulation via released
bioactive factors.

In this study, we used PVL model in
organotypic brain slices to evaluate the protecti-
ve potential of adipose-derived MMSCs in non-
contact co-culture.

METHODS

All experiments were performed in accordance
with international principles of the European
Convention for the Protection of vertebrate
animals used for experimental and other
scientific purposes (European convention,
Strasburg, 1986), Article 26 of the Law of
Ukraine “On protection of animals from cruelty”
(21.02.2006) and all norms of bioethics and
biosafety.

Organotypic brain slice culture of newborn
mice and co-culture with MMSCs

Brain slice cultures were obtained from FVB
mice of postnatal day 7. After rapid decapitation
of animal, the brain was removed, divided into
two parts through the median line and using
a tissue chopper (Mcllwain, GB) cut into 350
microns thick frontal slices (350 mm), which
included the corpus callosum (from bregma 1.10
to bregma 0.10). Slices from indicated zone of
each brain hemisphere were chosen for culturing
(Fig. 1). We analyzed the area of brain slice

Brain slices

Figure 1. Scheme of obtaining of organotypic brain slice culture and non-contact co-culture with MMSCs. Isolated brain of
postnatal mouse was divided into two parts on the median line and cut into frontal slices. Brain slices were transferred onto inserts
with porous semitransparent membranes for culturing. For non-contact co-culture the inserts with brain slice cultures were placed
into the 6-well plates with adherent culture of MMSCs. Analyzed area is shown by the dashed square
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culture containing the cortex, corpus callosum
and periventricular region.

Brain slices were cultured on the gas—
liquid interface on porous Millicell CM inserts
(Millipore, USA) placed into 6-well culture
plates in a CO, incubator with 5 % CO, at
35 9C. The culture medium contained 50 %
MEM, 25 % Hanks balanced salt solution, 25
% inactivated horse serum, 10 mM Tris, 2 mM
NaHCO,, 12.5 mM HEPES, 15 mM glucose,
100 U/ml penicillin, 100 pg/mL streptomycin
(all — Sigma-Aldrich, USA) at pH 7.2, and was
changed on the second day of incubation and
then twice a week. The slices were cultured for
12 days before PVLmiv and MMSCs co-culture.

For non-contact co-culture, immediately
after PVLmiv, inserts with brain slices were
transferred to other 6-well plates with earlier
adhered MMSCs (4x10* cells per well) The
porous semitransparent membrane of insert
was permeable to soluble factors, but prevented
direct cell-to-cell contact. The co-cultures were
incubated for 48 h at +35 °C (Fig. 1).

Obtaining of multipotent mesenchymal stromal
cells from adipose tissue of mice

Adipose tissue of FVB mice was used to
obtain multipotent mesenchymal stromal cells
(MMSCs). Subcutaneous inguinal fat pads were
harvested after euthanasia of mice under sterile
conditions. Isolated adipose tissue was cut
into 1-2-mm? pieces, washed with Ca-Mg-free
phosphate-buffered solution (PBS) (HyClone,
USA) and digested for 2.5 hours at 37 °C with
0.1 % collagenase I (Sigma, USA). At the end
of this procedure, collagenase was inactivated
by adding Nutrient Medium (DMEM-HG,
Sigma) containing 10 % of fetal bovine serum
(FBS) (HyClon, USA). After centrifugation
the whole suspension of cells 5 min at 300xg,
the supernatant was discarded and the pellet
(known as stromal vascular fraction-SVF) was
resuspended in DMEM-HG medium containing
10 % FBS, penicillin 100 U/ml, streptomycin
100 pg/ml, 1:100 non-essential amino acids (all -
Sigma-Aldrich, USA) and seeded to T25 culture
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flask (Sarstedt, USA) at density 4x103 cells/cm?
for cultivation. Cells grown in a CO, incubator
at 37 °C and 5 % CO, humidified atmosphere.

After 24 h non-adherent cellular debris
were discarded and adherent adipose-derived
stromal cells washed with PBS. Nutrient media
was replaced every 2-3 days. Passaging was
carried out at reaching 80 % confluence using
0.05 % trypsin-versene solution. At passage 2
cells were transferred into 6-well tissue culture
plates (Sarstedt, USA) for further co-cultivation
with brain slices onto cell culture inserts.

Phenotypic characteristics of cultured
MMSCs were determined by flow cytometry
using BD FACSAria cell sorter (BD Bioscience,
USA) with fluorochrome-conjugated rat anti-
mouse monoclonal antibodies CD44 (BD
Bioscience, Cat. #553134), CD73 (BD Bioscien-
ce, Cat. #550741), CD90 (BD Bioscience, Cat.
#551401), CD34 (BD Bioscience, Cat. #560230),
CD117 (BD Bioscience, Cat. #561074), CD45
(Thermo Scientific, Cat. #MA1-10233), at a
working concentration of 0.5 pg/ml. To correct
fluorescence spectral overlap compensation
in multiparameter analysis we used control
cell samples without of antibodies (unstained
control), samples with each antibody alone
(single-stained controls) and samples with a
combination of several antibodies without one
(fluorescence minus one — FMO controls).
The isotype control was used to determine
the level of non-specific background binding
of antibodies. The viability of MMSCs was
determined by 7-aminoactinomycin D. Data
were analyzed using BD FACSDiva 6.2.1
software (BD Bioscience, USA).

To test the osteogenic capacity cultures
were treated for 21 days with osteogenic
differentiation medium containing 107 M
dexamethasone (Sigma, USA), 0,1 mM ascorbic
acid 2-phosphate (Sigma, USA), 10 mM
B-glycerophosphate (Sigma, USA) and 10 %
FBS in DMEM-HG. The osteogenic medium was
replaced every 2-3 days. After differentiation,
the cells were stained with Alizarin Red S to
detect calcium deposits.
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Modeling of periventricular leukomalacia on
organotypic brain slice culture of mice

Periventricular leukomalacia was modeled
by oxygen-glucose deprivation (OGD) and
reoxygenation of the brain slices, followed by
addition of endotoxin lipopolysaccharide (LPS)
into culture medium to mimic the process of
inflammation. For the OGD, slices on inserts
were placed into special chamber where the gas
atmosphere contained 95 % nitrogen and 5 %
CO,, while liquid medium contained PBS, 12.5
mM Hepes and 15 mM D-sucrose substituting
glucose. After 30 min of OGD slices were washed
twice and returned to normal culture conditions
with adding LPS for 48 hours (100 ng/ml) (L4130,
Sigma-Aldrich, USA). This LPS concentration
(100 ng/ml) was selected as the optimal of the
three examined concentration (10, 100 and 1000
ng/ml) in the pilot LDH-testing of slices damage.

Lactate dehydrogenase (LDH) assay

Analysis of LDH relative level in the culture
medium was performed by colorimetric method.
During the injury of cell membrane, cytosolic
enzyme LDH releases in the culture medium and
indicating the degree of cell damage. The color
intensity is directly proportional to the amount
of the LDH in the culture medium and inversely
proportional to cell viability in the culture.

To determine the changes in the relative amount
of cytosolic LDH in culture medium in response to
the PVL modeling or PVL and MMSCs co-culture,
200 pl of culture medium was collected into 24-
well plate at 48 hours after impact. Samples were
collected in duplicates. CytoTox Non-Radioactive
Cytotoxicity Assay kit (Promega, USA) was
utilized for the colorimetric method that was
performed as follows: the reaction was initiated
by adding 200 pl of substrate in each well and
incubated at room temperature in the darkness for
30 minutes; the reaction was terminated by addition
of 200 pl Stop Solution.

Optical density of the samples was mea-
sured with a spectrophotometer uniSPEC
2 (LLG, Germany) at wavelength of 492
nm. We determined the average values of

6

duplicates for each well. As controls we used:
1 — culture medium from the wells without
organotypic culture (optical density value of
which was subtracted from that of obtained
from experimental wells); 2 — culture medium
from the well with untreated PVL and MMSCs
cultures. Changes in the relative LDH amount in
culture medium was expressed in arbitrary units
that represent units of solution optical density
normalized to the tissue area in the respective
well. The values were normalized to the control.

Immunohistochemical staining of organotypic
brain slice cultures
Brain slice cultures were fixed with 4 %
solution of paraformaldehyde in 0.1 M PBS.
Fixed slices were kept in blocking non-specific
binding of proteins solution containing 0.1 M
PBS (pH 7.4), 0.5 % bovine serum albumin
(BSA) and 0.3 % Triton X-100 (Sigma-Ald-
rich, USA). The incubation of slices in the
primary antibodies solution lasted for 12
hours at +4 °C. We used the following primary
antibodies: anti-GFAP (a marker of astrocytes)
1: 1500 (Dako Cytomation, Denmark), anti-
Iba-1 (marker of microglia) 1: 1000 (Wako,
Japan), Anti-Rip (marker of oligodendrocytes)
1: 200 (Abcam, USA). Relevant secondary
antibodies, conjugated with fluorochrome
AlexaFluor (Invitrogen, USA), visualized
primary antibodies. Stained organotypic brain
slice cultures were embedded in a drop of Immu-
Mount™ mounting medium (7hermo Scientific,
USA). Immunohistochemically stained slice
cultures were studied using confocal scanning
microscope FV1000-BX61WI (Olympus, Japan).
Quantitative image analysis was carried out
using the Imagel software (National Institutes
of Health, USA). The intensity and area of
fluorescence marker were measured by automatic
calculation of the average value of gray within the
measurement threshold. The results were presented
as integrated density of fluorescence in arbitrary
units, which are equal to the fluorescence intensity
multiplied by area of fluorescence (excluding the
integrated density of the background fluorescence).
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Statistical analysis

Statistical analysis was performed using the
Origin Pro 8.5 software (OriginLab Corp., USA).
Data sampling included the results obtained from
3 experiments. The results are shown as mean
from four values (n = 4) in each experimental
group + standard error of the mean (SEM). The
data were characterized by normal distribution,
the statistical probability of differences was
determined by paired Student t-test; the differen-
ces were considered significant at P < 0.05.

RESULTS

According to the minimal criteria of the
International Society for Cellular Therapy
(ISCT) mesenchymal stem cells must meet
the following properties: plastic-adherent in
standard culture conditions; high expression of
CD105, CD73 and CD90, and lack expression
of CD45, CD34, CD14 or CD11b, CD79a
or CD19 and HLA-DR surface molecules;
must differentiate to osteoblasts, adipocytes
and chondroblasts in vitro [12]. In our study
the phenotypic analyses of adipose-derived
MMSCs showed a high level of mesenchymal
markers (CD44, CD73, CD90) expression,
while the relative content of cells expressing
hematopoietic markers CD45 and CD117 was
less than 2 % (data non shown). Multilineage
differentiation capacity of adipose-derived
MMSCs was confirmed by effective directed
osteogenic differentiation.

Viability assessment by LDH
Spectrophotometric analysis showed that 48
hours after 30 min OGD treatment and LPS
adding in the culture medium (PVLmiv) the
relative LDH level increased by 4.3 times
comparing to the control slice cultures (Fig. 2).
In contrast, in the presence of MMSCs, LDH
level in co-culture medium was considerably
lower than under PVLmiv (namely, 2.5 times).
Thus, the data revealed the PVLmiv resulted
in a significant release of the cytosolic enzyme
LDH in culture medium, and these effects were
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ameliorated to a significant extent following
non-contact co-cultivation of slices with
MMSCs.

Evaluation of Rip, GFAP and Iba-1 positive
glia in brain slice culture
The next step in the study was the estimation of
oligodendrocytes in the zone of lateral ventricles
with corpus callosum of brain slices culture.
Immunohistochemical analysis was performed 48
h after treatments, when the impact on the viability
(by the LDH levels) was the strong pronounced.
It was found that the non-contact co-culturing
the brain slices with MMSCs after PVLmiv
increased Rip-immunoreactivity of the brain slices
compared to PVLmiv group (1.9 +0.4 a.u. vs. 4.0
+ 1.1 a.u., respectively), but did not reach control
values — 5.9 + 1.1 a.u.) (Fig. 3, A1-A4).
Evaluation of GFAP and Iba-1 positive
immunostaining (markers of astrocytes and
microglia, respectively) in the brain slice cultures
revealed that PVLmiv resulted in an increase
of the integrated density of corresponding
fluorescent signal (GFAP+, Iba-1+) comparing
to control group. In case of astrocytes, the
integrated density of GFAP-positive signal
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Figure 2. The relative amount of LDH enzyme in the culture
medium of brain slices 48 hours after PVLmiv alone or in
combination with non-contact MMSCs co-culture. Note: * —
statistically significant difference compared with control (P <
0.05), # — statistically significant difference compared with
PVLmiv (P <0.05)
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increased from 5.8 + 0.7 a.u. in control group
to 15.8 £ 0.7 a.u. 48 hours after PVLmiv. The
integrated fluorescence density of Iba-1-positive
microglial cells increased from 5.5 £ 0.9 a.u. in
control group to 18.6 = 0.7 a.u. 48 hours after
PVLmiv (Fig. 3, B2, C2).

Immunohistochemical analysis revealed
that the non-contact co-culturing of brain slices
with MMSCs after PVLmiv decreased the GFAP
and Iba-1 immunopositive signals comparing to
PVLmiv group (Fig. 3, B3, C3). The integrated
density of GFAP and Iba-1 positive fluorescence
was 9.2+ 0.8 a.u. and 11.6 + 1.3 a.u., respectively
(Fig. 3, B4, C4).

Thus oligodendrocyte damage and reactive
astro- and microgliosis were reduced in non-
contact co-culture brain slices with MMSCs
after PVLmiv.

DISCUSSION

Multipotent mesenchymal stromal cells are
considered to be a promising source of cells in
regenerative medicine due to their reparative,
regenerative, and modulatory properties [13].
MMSCs are good candidates for the treatment
of many diseases of the central nervous system,
have a strong safety profile and demonstrated
good effects in improving functional result
through mechanisms implicated in brain plasticity
such as neurogenesis, axonal sprouting, and
angiogenesis [14].

Our previous study has demonstrated that
administration of MMSCs to animals with PVL
model contributes to the improvement of behav-
ioral responses and recovers cytoarchitectonics
of damaged brain [11]. However, this model did
not allow us to distinguish if positive effects
are mediated by direct MMSCs presence in the
affected brain region, and partial substitution
of damaged cell population or by distant impact
through released biomodulators, or both. In the
current study, we applied novel PVL model in
vitro using brain slice cultures [15] and inves-
tigated protective capacity of adipose-derived
MMSCs in non-contact co-culture.

Organotypic brain slices culture is useful ob-
ject for modeling PVL and exploring the response
of nervous tissue to potential neuroprotective
agents including stem cells. The cultured brain
slices retain tissue organization, cell-to-cell
contacts and synaptic organization similar to the
in vivo environment [16, 17]. The organotypic
culture provides an easy access to the extracel-
lular space allowing better control over experi-
mental conditions and direct impact on tissue by
various substances of desired concentration [18].
This experimental system can be useful during
the research of contact as well as non-contact
(humoral) interaction of stem cells with tissue.

Previously we showed that, in addition to
the hypoxic-ischemic injury of neural tissue,
neuroinflammation is a required component in
the development of PVL model in vivo [11]. For
PVL modeling in vitro on brain slices we applied
OGD and endotoxin (LPS) to imitate hypoxic-
ischemic conditions and neuroinflammation. As
revealed cell viability assay based on estimation
of cytosolic LDH in culture medium, combined
effect of these harmful factors resulted in the
significant cellular damage in 48 hours after the
PVLmiv (Fig. 2). MMSCs showed significant
protective effect on brain slices at non-contact
co-culture increasing the cell survival.

As is well known, the periventricular leuko-
malacia is characterized by injury of myelinated
nerve fibers mostly of the corpus callosum [19].
Therefore, in our study the immunohistochemi-
cal analysis of oligodendrocytes in organotypic
brain slices culture in the zone of lateral ven-
tricles with corpus callosum was carried out.
We have shown that Rip-immunoreactivity of
oligodendrocytes was increased in the co-culture
brain slices and MMSCs in comparison to PV-
Lmiv group.

It has been shown that glial cells become
activated in response to many CNS pathologies,
such as trauma, stroke, etc. [20]. Activation of
glial cells has been recognized as the primary
component and hallmark of neuroinflammation
[21]. Astrocytes and microglia are major players
in the inflammatory response. Upon activation,

ISSN 2522-9028 ®ision. scypu., 2017, T. 63, Ne 5



O. Tsupykov, I. Lushnikova, A. Ustymenko, V. Kyryk, Y. Nikandrova, M. Patseva, K. Yatsenko, G. Butenko, G. Skibo

glial cells respond to pro-inflammatory cyto- iNOS, COX-2, interleukins (IL-1, IL-6) and
kines with an increase in proliferation, change  pro-inflammatory cytokines like TNF-a [22].
of phenotypes, phagocytosis and release of a  Up-regulation of glial intermediate filament
battery of pro-inflammatory molecules like is an important step in glial activation and the
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Figure 3. Confocal images of brain slices in control (A1, B1, C1), 48 hours after PVLmiv (A2, B2, C2) and PVLmiv and MMSCs
co-culture (A3, B3, C3). A1-A4 - oligodendrocytes (marker Rip - green); B1-B4 - astrocytes (marker GFAP - red) and C1-C4
- microglia (marker Iba-1 — violet/pseudocolor) in brain slice culture of mouse. Scale bar — 500 um. A4, B4, C4 — histogram of
integrated fluorescence density. a.u. — arbitrary units. Note: * — statistically significant difference compared with control (P <
0.05), # — statistically significant difference compared with PVLmiv (P < 0.05)
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enhancement of these proteins is the best-known
hallmark of reactive gliosis [23, 24].

In PVL model in vivo, we have shown that it
is accompanied by a pronounced reactive gliosis
[11]. Therefore, to assess astro- and microgliosis
in PVLmiv, we performed immunohistochemi-
cal study of the brain slices using antibodies
to markers of astrocytes (GFAP) and microg-
lial cells (Iba-1). We found that after 48h after
PVLmiv astrocytic GFAP and microglial Iba-1
immunoreactivity were significantly increased
compared to the control brain slices. The non-
contact co-cultivating of murine brain slices
with MMSCs following the PVLmiv resulted
in decrease of reactive gliosis.

Earlier studies were based on the hypothesis
that the neuroprotective effects of MMSCs are
caused by the replacement of damaged cells
by differentiation of transplanted MMSCs into
neurons or glial cells [25, 26]. However, the
current studies prefer a model of regeneration
induced by the secretion of a variety of cyto-
kines, chemokines, growth and trophic factors
[27-30]. There is evidence that the MMSCs
has neuroprotective potential via a modulatory
mechanisms by secreting anti-inflammatory
molecules [31-33]. Our data are consistent with
previous reports, suggesting that the observed
effects were mediated by MMSCs-secreted pro-
tective factors, as brain slices and MMSCs did
not have direct contact.

CONCLUSIONS

In the current study, we demonstrate that the
PVLmiv resulted in a significant release of
the LDH into the culture medium, decrease of
Rip-immunoreactivity and pronounced gliosis
that imitate the damage of the white matter
and neuroinflammation of the brain. These
effects were ameliorated to a significant extent
following non-contact co-culture of brain
slices with MMSCs. Our data suggest that
protective capacity of MMSCs can be executed
distantly, evidently via released biomodulatory
compounds.

10

The novel PVL model developed on cultured
murine organotypic brain slices represents a
useful tool for further dissection of the the
pathogenic mechanisms underlying this brain
lesion and search of new neuroprotective
approaches, including of MMSCs.
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BIIJIUB MYJIBTUIIOTEHTHUX ME3EHXI-
MAJBHUX CTPOMAJIBHUX KJITUH HA
3PI34 I'OJIOBHOT'O MO3KY 3 MOJEJIIO
NEPUBEHTPUKYJISIPHOI JEMKOMAJISIIIIL
IN VITRO TIPH iX CIIBKY.JIbTUBYBAHHI

V wiit poborti Oysna BUKOpPUCTAHA in Vitro MOJEIb MePHBEH-
TpuKyisipaoi neiikomarsiuii (IIBJI), B sikiif opraHoTunosi
3pi3H FOJIOBHOTO MO3KY MHIIII ITi/11aBaIi KUCHEBO-IJTIOKO3HIH
nenpusaii (KIJ[) Ta aii eHgoTOKCHHY JIinononicaxapumy
(JITIC). Takuit miaxing AaB MOKIMBICTH 3MOMCTIOBATH BaK-
JIMBI MaToreHeTH4Hi (GakTopu, Bianosinambhi 3a [IBJI, — ri-
[TOKCHYHO-1IIIEMIYHHI KOMIIOHEHT i 3ananeHHs. byiu omineni
Bi1aneHi epeKkTH MyJIBTHIIOTEHTHUX ME3eHXIMaJIbHUX CTPO-
manbaux kit (MMCK) Ha 3pi3u roJoBHOTO MO3Ky HpH iX
0E3KOHTAKTHOMY CITiBKYJBTHBYBaHHI Ha in vitro mozei [TBJL.
JKutTe3narHiCTh KIITHH OLHIOBAJIM BUMIPIOBAHHIM BMICTY
UTorasMaruaHoro gepmenty sakraraeriaporenasu (JIAD),
110 BUBUIBHAETHCS B KyJIbTypajbHe cepenouiie. [mianbHy
peakxlilito B NEPUBEHTPUKYIAPHUX AUISHKAX KyJIbTHBOBaHHX
3pi3iB MO3KY aHaJi3yBajy iIMyHOTiCTOXIMIYHO 3 BUKOPUCTAH-
HSIM CIIeHU(IYHAX aHTUTLI 10 MapKepiB OJIrOJeHAPOLHUTIB,
actpouwri Ta mikporiii (Rip, GFAP i Iba-1 BianosiznHo). Byno
nokaszano, 1o [1BJI npu3BOauTh 10 3HAYHOTO BUBLIBHEHHS
uTo301bHOTO (hepmenTy JI/II' y KyasTypaibHe CepeioBHIIE,
1110 CBIIYMTbH HPO iICTOTHE MOIIKO/PKEHHS KIITHH. 3HIKEHHS
Rip-iMyHOpeaKkTHBHOCTI BifioOpa)kae 3MEHIICHHSI ITOIYJIs-
wii ONMiroJeHpOLUTIB, y To# uac sik 30inbiienHss GFAP- i
Iba-1-iMyHOpEaKTHBHOCTI BKa3ye€ Ha BUPaXKEHHH acTpo- i
Mmikportio3. Hassricts MMCK 'y criBKynbTypi 3MEHILYBaio
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HOLIKOUKYBaJIbHI edextr [1BJI, miaBHUIIy 0uH )KUTTE3NATHICT
KJTITHH, 3a1100iratouu Aerpaaaii oJiroaeHIponuTiB i 3HAYHO-
My acTpO- Ta MiKpOI1i03y B KyJIbTUBOBAHHX 3Pi3aX FOJIOBHOTO
Mo3Ky. OTpHUMaHi pe3ysbTaTé CBiUaTh MPO Te, L0 3aXHUCHA
3natHicTh MMCK Moske BUKOHYBATHUCS TUCTAHIIIMHO IIBU/IIIC
3a BCE Yepe3 CeKPEIito 0i0J0rYHO aKTHBHHUX PCUYOBHH.
Ki11040Bi c10Ba: NEPUBEHTPUKYJIIPHA JISHKOMAIISILIIS; KYJIBTY-
pa 3pi3iB rOJOBHOIO MO3KY; KNCHEBO-IVIFOKO3HA JICTIPUBALLIS;
Jinomnonicaxapuiu; MyJIbTHIOTEHTHI Me3eHXIMalbHI CTpO-
MaJIbHI KJIITHHH.
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E. Sluenko, I'. Byrenko, I. Ckuoo

BJIMAHUE MYJIBTUIIOTEHTHBIX ME3EH-
XUMAJIBHBIX CTPOMAJIBHBIX KJIETOK
HA CPE3bI 'OJIOBHOI'O MO3TA C
MOJIEJIBIO TEPUBEHTPUKYJISIPHOM
JEVKOMAJISILIAM IN VITRO IIPU UX KO-
KYJbTUBUPOBAHNU

MyHle/IHOTeHTHbIC ME3CHXMMAJIbHBIEC CTPOMAJIbHBIC KIICTKU
(MMCK) nponeMOHCTpHpOBaIH TepaneBTHIeCKHN 3(hPeKT
MOCJIe MX TPAHCIUIAHTAIMHN Ha /11 Vivo MOJIETH IEPUBEHTPHKY-
nsipHo# netikomarsiuuu (I1BJ1). Onrako MexaHHU3MBL, C TIOMO-
LIBI0 KOTOPBIX TpaHcIIaHTHpoBaHHEIe MMCK criocoOcTByrOT
BBDKMBAHMIO KJIIETOK M/HJIH NX (DYHKIIMOHAILHOMY BOCCTAQHOB-
JICHUIO, OCTAIOTCSI HeONpeIeJIeHHbIMU. B 3T10i1 paboTe Oblia
UCIIONIb30BaHa in vitro moneins [1BJI, B kotopoii opranoTumnu-
YECKHUE CPEe3bl TOJIOBHOTO MO3Ta MBIIIN ITOIBEPrallCh KHCIIO-
pon-rroxo3Hoi nenpuBarmu (K1) u nelicTBUIO SHIOTOKCHHA
mumnononucaxapuaa (JIIIC). Taxoii moaxox mo3Boiami cMozie-
JIMPOBATh BaJKHBIC IATOTCHETHYECKHE ()aKTOPbI, OTBETCTBECH-
Hble 3a [IBJI, — runokcuuecku-uieMu4eckuii KOMIOHEHT U
Bocnasienue. beutn onenens! otnanennsre d¢pdextst MMCK
Ha Cpe3bl TOJIOBHOTO MO3Ta MPHU MX OECKOHTAKTHOM KOKYIIb-
TUBUpOBaHUH Ha in vitro monenu [1BJ1. J)KuznecnmocoOHOCTB
KJIETOK OL[EHUBAJIN ITyTEM H3MEPEHUS IINTOMIa3MaTUIECKOTO
(depmenra nmakraraeruaporeHassl (JIJI), BeICBOOOKIaeMOM
B KyJIBTYPAJIbHYIO cpeny. [TIHanbHylo peakiuio B IepHBEH-
TPUKYJISIPHBIX yYacTKaX KyJIBTHBHPYEMBIX CPE30B MO3Ta
QHAIN3UPOBATN IMMYHOTHCTOXUMHUYECKH C HCIIOIb30BaHUEM
CTeNM(pUIECKUX aHTUTEN K MapKePaM OJIMTOACHAPOIIUTOB, ac-
TpouutoB 1 Mukporiuu (Rip, GFAP u Iba-1 cooTBeTCTBEHHO).
Bb10 nokazano, yro I[1BJI nmpuBOAUT K 3HAYUTEIBHOMY BBICBO-
OOXKJICHUIO IUTO305IbHOTO (hepmenTa JI/II B KynbTypalibHY O
Cpexy, 9TO CBHAETEILCTBYET O CYIECTBEHHOM ITOBPEXKICHIH
kieTok. CHkeHne Rip-MMMyHOPEaKTHBHOCTH OTpa)kaeT
YMEHBIIEHHE MOMYIISIUH OJTUTOACHPOIUTOB, B TO BPEMs KaKk
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yBennuenne GFAP- u Iba-1-MMMyHOpeakTHBHOCTH yKa3bl-
BaeT Ha BBIPAXKEHHBIN acTpo- U Mukporiuo3s. [Ipucyrcraue
MMCK B KOKYJIBTYype YMEHBIIAIO MOBPEXKIAFOITHE 3P PEKTHI
[1BJI, moBblIIas )KU3HECIOCOOHOCTh KJIETOK, PEIOTBpAIast
JIerpajaliio OJUTOJCHIUOIMTOB M OOIIUPHBIN acTpo- U
MUKPOTJIMO3 B KYJIBTUBUPYEMBIX Cpe3ax TI'OJIOBHOTO MO3ra.
[TonmyyeHHbIe JaHHBIE CBUAETENBCTBYIOT O TOM, YTO 3aIUTHAS
criocooHocTh MMCK MOKET BEITIOJIHATHECS JUCTAHLMOHHO,
CKOpee BCETO, ITyTeM CeKPeINH ONOMOIYTUPYIONIHX BEIECTB.
KunroueBsie cioBa: MEpUBEHTPUKYJISIpHAS JEHKOMAISINS;
KyJbTypa CpPe30B I'OJIOBHOI'O MO3ra; KUCIOPO-IIIOKO3HAs
JIeTIpUBALUSL; JIUTIOTIOIMCAXapUIbl; MYJIBTUIIOTEHTHbBIE Me-
3€HXUMAJIbHBIE CTPOMAJIbHBIE KIIETKH.

REFERENCES

1. Blumenthal I. Periventricular leukomalacia: a review. Eur
J Pediatr. 2004; 163 (8): 435-42.

2. Khwaja O, Volpe JJ. Pathogenesis of cerebral white matter
injury of prematurity. Arch Dis Child Fetal Neonatal Ed.
2008; 93 (2): F153-161. doi: 10.1136/adc.2006.108837.

3. Gano D, Andersen SK, Partridge JC, et al. Diminished
white matter injury over time in a cohort of premature
newborns. J Pediatr. 2015; 166 (1): 39-43. doi: 10.1016/j.
jpeds.2014.09.009.

4. Volpe JJ. Brain injury in premature infants: a complex
amalgam of destructive and developmental disturbances.
Lancet Neurol. 2009; 8 (1): 110-24. doi: 10.1016/S1474-
4422(08)70294-1.

5. Borghesi A, Cova C, Gazzolo D, et al. Stem cell therapy
for neonatal diseases associated with preterm birth. J
Clin Neonatol. 2013; 2 (1): 1-7. doi: 10.4103/2249-
4847.109230.

6. Chen LX, Ma SM, Zhang P, et al. Neuroprotective effects
of oligodendrocyte progenitor cell transplantation in
premature rat brain following hypoxic-ischemic injury.
PLo0S One. 2015; 10 (3): ¢0115997. doi: 10.1371/journal.
pone.0115997.

7. Chang YS, Ahn SY, Sung S, et al. Stem cell therapy for
neonatal disorders: prospects and challenges. Yonsei Med
J.2017; 58 (2): 266-71. doi: 10.3349/ym;j.2017.58.2.266.

8. SyedFI, Couriel DR, Frame D, et al. Central nervous sys-
tem complications of hematopoietic stem cell transplant.
Hematol Oncol Clin North Am. 2016; 30 (4): 887-98. doi:
10.1016/j.hoc.2016.03.009.

9. Vadori M, Denaro L, D’Avella D, et al. Indications and
prospects of neural transplantation for chronic neurologi-
cal diseases. Curr Opin Organ Transplant. 2016; 21 (5):
490-96. doi: 10.1097/MOT.0000000000000344.

10. Rustad KC, Gurtner GC. Mesenchymal stem cells home to
sites of injury and inflammation. Adv Wound Care (New
Rochelle). 2012; 1 (4): 147-52.

11. Tsupykov OM, Kyryk VM, Ustymenko AM, et al. Effect
of transplantation of adipose-derived multipotent mesen-
chymal stromal cells on the nervous tissue and behavioral
responses in a mouse model of periventricular leukomala-
cia. Cell and Organ Transplantology. 2015; 3 (1): 68-73.

11



The effects of multipotent mesenchymal stromal cells on mouse brain slices at their co-culture in an in vitro model

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

12

Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria
for defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position state-
ment. Cytotherapy. 2006; 8 (4): 315-17.

Zachar L, Bacenkova D, Rosocha J. Activation, homing,
and role of the mesenchymal stem cells in the inflamma-
tory environment. J Inflamm Res. 2016; 9: 231-40. doi:
10.2147/JIR.S121994.

Vu Q, Xie K, Eckert M, et al. Meta-analysis of preclini-
cal studies of mesenchymal stromal cells for ischemic
stroke. Neurology. 2014; 82: 1277-86. doi: 10.1212/
WNL.0000000000000278.

Tsupykov OM, Lushnikova IV, Nikandrova YA, et al.
A novel model of periventricular leukomalacia on
mouse organotypic brain slice culture. Cell and Organ
Transplantology. 2016; 4 (2): 188-93. doi:10.22494/cot.
v4i2.60.

Morin-Brureau MM, De Bock F, Lerner-Natoli M. Orga-
notypic brain slices: a model to study the neurovascular
unit micro-environment in epilepsies. Fluids Barriers
CNS. 2013; 10 (1): 11. doi: 10.1186/2045-8118-10-11.

Wilhelmi E, Schéder UH, Benabdallah A, et al. Organo-
typic brain slice cultures from adult rats: approaches for
a prolonged culture time. Altern Lab Anim. 2002; 30
(3): 275-83.

Humpel C. Organotypic brain slice cultures: a review.
Neuroscience. 2015; 305: 86-98. doi: 10.1016/j.neurosci-
ence.2015.07.086.

Deng W, Pleasure J, Pleasure D. Progress in periventricular
leukomalacia. Arch Neurol. 2008; 65 (10): 1291-295. doi:
10.1001/archneur.65.10.1291.

Verkhratsky A, Parpura V, Pekna M, et al. Glia in the
pathogenesis of neurodegenerative diseases. Biochem
Soc Trans. 2014; 42 (5): 1291-1301. doi: 10.1042/
BST20140107.

Gualtierotti R, Guarnaccia L, Beretta M, et al. Modulation
of neuroinflammation in the central nervous system: role
of chemokines and sphingolipids. Adv Ther. 2017; 34 (2):
396-420. doi: 10.1007/s12325-016-0474-7.

Lucas SM, Rothwell NJ, Gibson RM. The role of inflam-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

mation in CNS injury and disease. Br J Pharmacol. 2006;
147 (Suppl 1): S232-40.

Pekny M, Pekna M. Astrocyte intermediate filaments in
CNS pathologies and regeneration. J Pathol. 2004; 204:
428-37.

Pivneva TA, Tsupykov OM, Pilipenko MN, et al. Structural
modifications of astrocytes in the hippocampus after ex-
perimental cerebral ischemia in gerbils. Neurophysiology.
2005; 37 (5): 359-64.

Chen X, Katakowski M, LiY, et al. Human bone marrow
stromal cell cultures conditioned by traumatic brain tis-
sue extracts: growth factor production. J Neurosci Res.
2002; 69: 687-91.

Woodbury D, Schwarz EJ, Prockop DIJ, et al. Adult rat
and human bone marrow stromal cells differentiate into
neurons. J Neurosci Res. 2000; 61: 364-70.

Caplan Al, Dennis JE. Mesenchymal stem cells as trophic
mediators. J Cell Biochem. 2006; 98: 1076-84.

Marconi S, Castiglione G, Turano E, et al. Human adipose-
derived mesenchymal stem cells systemically injected
promote peripheral nerve regeneration in the mouse
model of sciatic crush. Tissue Eng Part A. 2012; 18:
1264-72. doi: 10.1089/ten. TEA.2011.0491.

Rivera FJ, Aigner L. Adult mesenchymal stem cell therapy
for myelin repair in multiple sclerosis. Biol Res. 2012;
45:257-68. doi: 10.4067/S0716-97602012000300007.

Wagner W, Roderburg C, Wein F, et al. Molecular and
secretory profiles of human mesenchymal stromal cells
and their abilities to maintain primitive hematopoietic
progenitors. Stem Cells. 2007; 25: 2638-47.

Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells
in health and disease. Nat Rev Immunol. 2008; 8: 726-36.
doi: 10.1038/nri2395.

Uccelli A, Pistoia V, Moretta L. Mesenchymal stem cells:
A new strategy for immunosuppression? Trends Immu-
nol. 2007; 28: 219-26.

Zhang J, LiY, Zheng X, et al. Bone marrow stromal cells
protect oligodendrocytes from oxygen-glucose depri-
vation injury. J Neurosci Res. 2008; 86: 1501-10. doi:
10.1002/jnr.21617.

Received 14.06.2017

ISSN 2522-9028 ®ision. scypu., 2017, T. 63, Ne 5



