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Abstract: To date, classical approaches to the treatment of many diseases of ischemic and non-ischemic genesis are
successfully complemented by stem cell transplantation, in particular mesenchymal stem cells. The use of cell products
based on cultured cells carries a potential risk of microbiological and virological contamination, as well as genetic
instability and mutations. A cell product based on a mononuclear fraction of the bone marrow, as a product subjected to
minimal manipulations, has no less potential for clinical use with an optimal protocol for its use. The aim of experimental
study was to highlight some top issues of cell therapy for ischemic and non-ischemic diseases. It has been established
that transplantation of the mononuclear fraction of allogeneic and autogenous bone marrow has a therapeutic effect
in experimental models of critical lower limb ischemia, brain ischemia, and dilated cardiomyopathy. The administration
of bone marrow mononuclear fractions to laboratory animals led to the following results: an increase in the area of
the microvasculature in the ischemic extremities of rats; recovery of behavioral reactions in rats undergoing cerebral
ischemia; restoration of myocardial morphology, systolic function of the left ventricle, ejection fraction, elimination
of signs of blood stasis in the systemic and pulmonary circulation of rats and rabbits with dilated cardiomyopathy. It
should be noted that the degree of effectiveness of cell therapy depended on the state of target tissues, methods for
delivering cells to diseased organ, and also the number of cells in a cell product. Thus, a minimally manipulated cell
product, which is the mononuclear fraction of the bone marrow, can be effective in treating the diseases presented in
our study by experimental models.

Keywords: cell therapy; bone marrow mononuclear fraction; ischemia; heart failure; experimental model; cell therapy
protocol; paracrine effect; angiogenesis.
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Pe3stome: Ha cerogHsWHNIA AeHb Knaccuyeckne noaxoabl K Tepanni MHOMMX 3ab0neBaHNi ULLEMUYECKOTO 1 HeuLLe-
MWYECKOro reHe3a ¢ yCnexom AOnOSHATCA TpaHCNNaHTaLuuen CTBOMOBbIX KNETOK, B YACTHOCTU ME3EHXMMarbHbIX
CTBOJOBbIX KNETOK. [pUMEHEHNE KNETOYHbIX NPOAYKTOB HA OCHOBE KYNbTUBMPOBAHHBIX KNETOK HECET NOTEHLManb-
HbIl PUCK MUKPOBMONOrMY€ECKO 1 BUPYCONOTNYECKON KOHTaMUHALIMK, a TakXe reHeTMYECKOM HECTAaBUIbHOCTH W
MyTauui. KneTouHbl NPOAYKT Ha OCHOBE MOHOHYKII€apHOMN (PpakLMm KOCTHOrO MO3ra Kak npoAyKTa, No4BEPrHyTOro
MUHUMAnbHBIM MaHUNYAALMAM, UMEET He MEHbLUWI NOTEHLMAN KMHUYECKOTO NPUMEHEHUS NPK ONTUMAnbLHOM Npo-
TOKOMe ero Mcnonb3oBaHus. Llenbto akcnepumeHTanbHoro nccnegoBanns 6bin10 0CBETUTb HEKOTOPbIE aKTyaslbHbIe
BOMPOCHI KNETOYHON TEPanuM NWEMUYECKIUX U HEULWEMUYECKIX 3ab0eBaHNin. YCTaHOBMEHO, YTO TpaHCNNaHTauus
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MOHOHYKHeapHOVI d)paKLl'MVI alinoreHHoro n ayToreHHoro KOCTHOro Mo3ra okasblBaeT TepaI'IeBTW-IeCKVIVI Sd)d)eKT Ha
QKCMEepPMMEHTarbHbIX MOAENAX KpMTW-IeCKOIZ ULLEMUN HUKHUX KOHEYHOCTEN, ULLEMWI FONOBHOMO MO3ra 1 aunnataun-
OHHOW KapguomuonaTuun. BeeneHue MOHOHyKJ'IeapHOVI d)paKLI,VII/I KOCTHOro moa3ra na6opaTopr|M KMBOTHbIM NMPUBENO
K cnegywouwum pesynbtatam: yeenndeHune nnowaan MMKpocoCyaoB B ULEMU3UPOBAHHbLIX KOHEYHOCTAX KPbIC; BOCCTa-
HOBIEHNE NOBEAEHYECKMX peaKLI'I/IVI Y KpbIC, NepeHeCLInX U,epe6par|bHy+o MEeMUI0; OTCYTCTBUE Mop(bonormqecmx
NPU3HAKOB NoBpeXAeHNA MUOKapada, yny4leHne CUCTONUYECKON d)YHKLI,MM NeBOro Xenynodka, (*)paKU'I/II/I Bbl6p008,
yCTpaHeHne Npu3HakoB 3aCToA KPOBM B CUCTEMHOM U MalloMm Kpyre KpOBOO6paLLI|€HMFI KpbIC N KPONUKOB C Annarta-
LWIOHHOVI Kap,u,mommonawleﬁ. Cne,qyeT OTMETUTb, YTO CTENEHb Sd)QJeKTVIBHOCTVI KNETOYHOW Tepannu 3asucena ot
COCTOSIHMS TKaHel-MuLLeHelt, cnocoboB [OCTaBKKN KITETOK K 60]'IbHOMy Ooprany, a TakXxe OT KOJlin4eCTBa KNeTokK B
KNeTo4YHOM NpOoAyKTe. Takum 06pa30M, MWHUManNbHO MaHI/II'IyrIVIpOBaHHbIﬁ KNEeTOYHbIN NPOAYKT — MOHOHYKNeapHas
CbpaKLlI/IFI KOCTHOr0O M03ra — MOXET OblITb SCb(*)eKTI/IBHbIM npun nevyeHumn 3abonesaHui, npeacTtaBrieHHbIX B HalleMm
nccnenoBaHnM Ha SKCNEPUMEHTalbHbIX MOAENAX.

KnioueBble cnoBa: kneToyHas Tepanus; MOHOHyKNeapHast dpakLus KOCTHOro Mo3ra; UwemMus; cepaedHas
HeAO0CTaTOYHOCTb; SKCNepUMeHTarnbHast MOZEeSb; NPOTOKOM KNETOYHOM Tepanuu; napakpyHHbIN 3Gh(eKT; aHroreHes.

INTRODUCTION

Stem cell transplantation and mesenchymal stem cells (MSCs)
in particular, is firmly part of the arsenal of modern approaches to
the treatment of a number of diseases, despite a clearly insufficient
understanding of their nature and regulation [1, 3]. The clinical use
of MSCs requires ex vivo cultivation. Their properties will depend
on the source and cultivation conditions. An assessment of the
absence of microflora contamination and the virological safety of
MSCs are required. During cultivation, genetic instability and MSC
mutations may occur. At the same time, mononuclear fraction of
the bone marrow (MFBM) — a minimally manipulated cell product
having just as much therapeutic potential and posing a minimal
danger when used properly, is in the background. In this context,
we attempted to demonstrate the optimal efficiency and safety of
cell therapy options for various socially significant human diseases.
The advantages and therapeutic mechanisms of action of various
types of cells for cell therapy of pathological conditions of various
origins require further study. The optimal protocol, as shown by
our studies, consisted of the optimal number of cells in the cell
product, the optimal route for their delivery, the optimal state of the
target tissue/organ, and the time of the actual procedure.

The aim of this study was to describe the protocol of the
optimal variant and the result of cell therapy for ischemic and
non-ischemic diseases in animal models as well as to get
experimental models of critical limb ischemia, brain ischemia,
dilated cardiomyopathy. We also carried out cell therapy for
critical limb ischemia, brain ischemia, dilated cardiomyopathy in
accordance with the developed optimal protocol for cell therapy.

The animals were kept in standard conditions. While working
with them, they were guided by the requirements of the Directive
of the European Community. A model of critical limb ischemia was
modeled by femoral artery ligation at the point where it exits from
under the Poupart's ligament. Brain ischemia was initiated by
coagulation of the middle cerebral artery. Dilated cardiomyopathy
was reproduced with rubomycin (daunomycin), a drug from the
group of anthracyclines used in hemoblastosis, one of the side
effects of which is the damage to the cardiovascular system with the
development of heart failure. A mononuclear fraction of allogeneic
bone marrow from both femur and tibia of rats or autogenous bone
marrow from ilium of the rabbit pelvic bones obtained by Ficoll
density gradient centrifugation at a density of 1.077 g/ml was used
as a cell product. The isolated suspension of mononuclear cells
was washed twice with an isotonic sodium chloride solution. In the
trypan blue test, cell viability, which is usually not less than 95%,
was evaluated, the number of cells was calculated in a Goryaev's
chamber and diluted with 0.9% sodium chloride solution to a
predetermined concentration. In preliminary studies, an optimal
variant of cell therapy for each animal model was searched for. It
was based on the criterion of survival and effectiveness of therapy
depending on the number of transplanted cells, their delivery to the
target organ/tissue, and time of transplantation. All manipulations,
both in terms of reproducing experimental models and in the
process of implementing the stages of preparation and execution
of cell therapy, were performed under aseptic conditions.

Table 1
Distribution of animals by group

Experimental Number of animals in a group
MATERIALS AND METHODS models s abbits
120 female and 174 male Wistar rats weighing 250-300 g and | o Mo Schemia 54 -
40 female Chinchilla rabbits weighing 1.2-1.5 kg were used as Brain ischemia 120 -
experimental animals. The animals were randomly divided into Dilation 120 40
groups in accordance with the models used in the work (Table 1). cardiomyopathy
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Angiography was performed to visualize the vessels of the
damaged limb. An X-ray contrast drug (Omnipack 240) was
administered in a volume of 1.5-2.0 ml after laparotomy, puncture
and catheterization of the rat abdominal aorta. Radiographs
were obtained on an Arman apparatus according to a standard
technique. Functional changes in the activity of the central nervous
system were judged by behavioral reactions in the Open Field
technique. Systolic function of the left ventricle was examined
echocardiographically. Myocardial perfusion was assessed by the
accumulation of a radiopharmaceutical by perfusion scintigraphy.
For histological examination, internal organs were fixed in 10%
neutral formalin and histological sections were prepared by
staining with hemotoxylin and eosin.

For statistical processing of the obtained results, Student's
criterion was used. The differences were considered significant
at p <0.05.

RESULTS AND DISCUSSIONS

Cell therapy for critical limb ischemia in animal models
was carried out 30 days after its initiation, i.e., in the absence
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of local and systemic manifestations of inflammation., as
a response to tissue necrosis of the ischemic limb. Isolated
cells 2x107/1.0 ml were transplanted into an invalid limb and
according to the previously developed protocol, part of the
cells (1x107/0.5 ml) was transplanted through the femoral
artery, and the other equal part (1x107/0.5 ml) was subjected
to five injections into the lower third of the thigh muscles. In
the next 30 days of the posttransplant period [6, 8], reparative
regeneration at the level of the invalid limb was visualized
as the development of collateral arterioles, branching of
capillaries, and formation of de novo microvessels (Fig. 1),
which, when compared with clinical practice, determines the
chance of limb preservation [10, 11].

Angiogenic, anti-inflammatory, neuroprotective, anti-apoptotic,
paracrine effects of the cells that make up MFBM turned out to be
sufficient to ensure a positive result of cell therapy [2, 7, 12]. The
zone of ischemic brain necrosis in rats, into which 2x10¢ MFBM
cells in the volume of 50 ul were transplanted through the com-
mon carotid artery on the 14" day after the stroke [4, 5], favor-
ably differed from that in the animals of the control group, who
received placebo (sodium chloride 0.9% solution), all other things

After therapy

Infarct-like focus of ischemic necrosis, surrounded by a zone of reactive microglial and astrocytic proliferation with hemistocytic

transformation (a); reactive gliosis with the formation of a glial micro-node in the perifocal zone of infarction (b). Hematoxylin and

eosin staining, x200
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a
Fig. 3.  Ependymal proliferation in the wall of the Il ventricle, x200 (a); hemangio—meningotheliomatous proliferative micro-nodules in the
soft medulla, x100 (b). Hematoxylin and eosin staining, x200

Systolic function of the left
ventricle, ejection fraction, %

0,9
038
0,7 1
0,6 1
0,5 1

m Rats
m Rabbits

027

Intact Congestive heart c
control failure model

Fig. 4. Diffuse cardiomyocyte dystrophy with foci of necrosis (a); systolic function of the left ventricle, ejection fraction (b); lung
congestion (c). Hematoxylin and eosin staining, x200

Myocardial perfusion index, accumulation

of radiopharmaceutical agents Systolic function of the left
3,5 09 ventricle, ejection fraction, %
31 mRats 08 |- mRats
2,51 mRabbits 0,7 T m Rabbits
2 0,6
0,5 T
1,51 0,41
14 0,31
0,2 1
0,5 T 0’1 4
Congestive heart Combined injection Congestive heart Combined injection
failure model  of 1 million cells/kg failure model  of 1 million cells’kg
a b c

Fig. 5.  Normal myocardial morphology. Longitudinally oriented myofibrils with transverse striation (a); hematoxylin and eosin staining,
%200, myocardial perfusion index (b); left ventricular systolic function, ejection fraction (c)
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Fig. 6.
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Morphology of rabbit lungs: vascular congestion and red blood cell diapedesis in dilated cardiomyopathy (a); normal histology of

rabbit lungs after cell therapy (b). Hematoxylin and eosin staining, x400

a
Fig. 7.

being equal. Inflammation was initiated in the penumbra zone,
accompanied by a cleansing of the infarction zone, the formation
of a glial scar (Fig. 2a), and stabilization of brain tissue. In the
control group, by the 30" day of the post-transplant period, the
process of repair of ischemic injuries remained incomplete. The
manifestations of gliosis and astrocytosis with the formation of
glial micronodules in the perifocal surroundings of cerebral infarc-
tion were more common, compared with the experimental group
(Fig. 2b).

At the same time, paracrine effects of transplanted cells
caused the activation of angiogenesis, associated with the resto-
ration of metabolism, the viability of neurons, and the stimulation
of reparative regeneration. Moreover, the increase in proliferative
activity is most pronounced on the part of the ependymal glia,
vascular endothelium and meningothelium of the soft medulla
(Fig. 3a, b).

The functional expression of the effectiveness of cell therapy
for ischemic stroke, performed in accordance with the developed
(optimal) Protocol, were signs of recovery of behavioral activity

Vein overflow and inflammatory infiltrates in the liver in cases of dilated cardiomyopathy (a); normalization of liver perfusion after
cell therapy (b). Hematoxylin and eosin staining, X200 and x50

Table 2

Behavioral activity of rats under the influence of cell therapy
on the 14" day after coagulation of the middle cerebral artery

Number of animals
Type of behavioral
activity without with the use
cell therapy of cell therapy
Verticallocomotor 26,5+3,7 36,7+£2,7*
activity
Horizontal 4,3+0,6 5,6+£1,0
locomotor activity
Research activity 1,7£0,3 3,6£0,3
by the number of
visited burrows
Episodes of fur 2,7+0,1 3,6+0,1
and face cleaning,
(grooming)
Freezing 4,1£0,3* 1,40,1
*p <0,05.
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of animals-recipients of the mononuclear fraction of the bone
marrow (Table 2).

Diseases of non-ischemic origin are often the result of mutual
influence of genetic and external factors, as is the case with dilated
cardiomyopathy induced by rubomycin in the experiment (Fig. 4).
However, the paracrine effects of MFBM cells extend to these forms
of pathology [1, 9]. Transplantation of 2x10° allo- or autogenic
MFBM cells in the volume of 100 pl by combined introduction of
equal volumes of cell product intraaortically (during the systole
with simultaneous compression of the aorta below the injection
site) and intracardially (by four injections of cell suspension into
both ventricles), contributed to the restoration of myocardial
morphology, systolic function of the left ventricle, ejection fraction
(Fig. 5), the disappearance of signs of blood stagnation in the
small (Fig. 6) and large (Fig. 7) circulatory circles.

CONCLUSION

Bone marrow-derived mononuclear cells therapy for ischemic
and non-ischemic diseases was performed according to the protocol
taking into account the state of the target organ / tissue, optimal
time of the procedure regarding the onset of pathology, optimal
concentration of cells in the cell product and the optimal route for
its delivery. Mononuclear therapy for ischemic and non-ischemic
diseases has been demonstrated to be safe effective option or an
independent procedure in the treatment of such diseases.
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