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Introduction

Aim. The study aims to determine the effects of transplantation of preconditioned human
umbilical cord mesenchymal stem cells (hUC-MSC) seeded on a biomimetic 3D scaffold.
Methods. Porous collagen 3D scaffolds were prepared by freeze-drying collagen type I solu-
tions. hUC-MSC were isolated by the explant method. The hUC-MSC were preconditioned
with H,O, or LPS for 24 hours, and the cells were seeded onto 3D collagen scaffolds. The
effects of MSC preconditioning were studied on the xenogenic transplantation model. The
scaffolds isolated five days after implantation were analyzed histologically and by the PCR-
based detection of human-specific sequences in genomic DNA extracted from animal tissues.
Results. The developed porous collagen scaffolds were able to support the adhesion and growth
of hUC-MSC in vitro. The in vivo pro-angiogenic activity was mostly pronounced in hUC-
MSC preconditioned with hydrogen peroxide compared to both native and LPS preconditioned
hUC-MSC. The data from PCR analysis demonstrated prolonged retention of human DNA in
the samples isolated from animals implanted with hUC-MSC preconditioned by low doses of
hydrogen peroxide. That might suggest the prolonged survival of the cells in scaffolds upon
implantation. Conclusions. hUC-MSC preconditioning with low doses of hydrogen peroxide
increases their therapeutic potential.
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Mesenchymal stem cells (MSC) are the most rative therapy. For the last 30 years, they
widely used multipotent stem cells in regene- passed from laboratory studies to clinical trials.
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Numerous clinical trials utilizing MSC for the
treatment of various human diseases are con-
ducted worldwide [1, 2]. However, despite the
substantial progress in the field, only ten
MSC-based therapeutics were approved for
market entry by regulatory authorities world-
wide [2]. The results of the preclinical and
clinical trials indicated that the main problems,
which impeded the successful realization of
the therapeutic potential of MSC, were the
transient retention within the target tissue due
to the quick mechanical washout of the cells
from the administration zone by the blood and
lymph fluid and poor graft viability; ischemic
and pro-inflammatory microenvironment, un-
favorable for the cells survival and prolifera-
tion; a destructive influence of the oxidative
stress, and induction of the anoikis due to the
loss of the cells contact with the extracellular
matrix [3]. To overcome these obstacles, se-
veral strategies for the enhancement of the
MSC therapeutic effects are being developed.
The MSC preconditioning during multiplica-
tion ex vivo and utilization of the 3D carriers
for the MSC implantation are among the most
promising ones. The MSC preconditioning is
considered cultivation under the decreased
concentration of oxygen (hypoxia), incubation
with pharmacological/chemical agents or trop-
ic factors/cytokines, gene modification, and
preconditioning with physical factors [4]. The
use of 3D scaffolds increases the MSC sur-
vival upon implantation by providing tempo-
rary mechanical support to the cells, thus pre-
venting anoikis and preserving the cells and
the products secreted by MSC, facilitating the
prolongation of the therapeutic effects.
Noteworthy, that in our previous studies, we
demonstrated that the implantation of the hu-
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man umbilical cord mesenchymal stem cells
(hUC-MSC) on a 3D collagen scaffold in-
creased the survival of the cells within the host
organism even in the case of the xenogeneic
transplantation [5]. Therefore the combination
of these two approaches, namely preconditio-
ning and use of 3D scaffolds, may substan-
tially increase the therapeutic effects of
hUC-MSC.

Thus, this study aimed to determine the ef-
fects of transplantation of preconditioned hu-
man umbilical cord mesenchymal stem cells
seeded on the biomimetic 3D scaffold.

Materials and Methods

hUC-MSC Isolation and Cell Culture.
hUC-MSC were isolated from umbilical cords
of healthy donors (3940 weeks gestation) by
the explant method described earlier [6].
According to the minimal criteria for defining
multipotent mesenchymal stromal cells, the
CD90, CD73, CD105, CD34 and CD45 sur-
face markers expression was verified on the
second passage by FACS analysis ( BD FACS
Aria, USA), using the FITC Mouse Anti-
Human CD90 (#561969), APC Mouse anti-
Human CD73 (#560847), PerCP-Cy™S5.5
Mouse anti-Human CD105 (#560819), FITC
Mouse Anti-Human CD45(#555482), APC
Mouse Anti-Human CD34 (#555824) as de-
scribed in [7]. The ability of the cells to un-
dergo osteogenic, adipogenic, and chondro-
genic differentiation was assessed previously
[7]. After the cultivation on the 3D collagen
scaffolds, the cells were analysed for retention
of expression of CD90, CD73, CD105.
Collagen scaffold preparation. The porous
collagen scaffolds were produced from a solu-
tion of bovine atelocollagen in acetic acid
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using a freeze-drying technique described pre-
viously [8]. Briefly, the solution of type I ate-
locollagen, isolated from a bovine tendon, of
20 mg/mL in 0.5 M acetic acid was prepared.
The collagen solution was then frozen in glass
Petri dishes (10 cm in diameter) at —40 °C and
held for 18 h using a freeze-dryer. Under vac-
uum, the frozen suspensions were subsequent-
ly sublimed at —40 °C to +22 °C for 24 h. The
atelocollagen scaffolds were stored at —20 °C
for future use. Prior to usage, the scaffolds
were brought to +22 °C, cut into rectangles
under the sterile laminar hood, and sterilized
by UV exposure for 40 min. The scaffolds
were equilibrated in 0.1 M HEPES pH 8.0
solution at +4 °C overnight. Afterward, HEPES
solution was changed with DMEM/high glu-
cose medium containing 10 % (vol/vol) of
FBS, 100 U/mL penicillin, and 100 pg/mL
streptomycin. The scaffolds were equilibrated
for 48 hours, +37 °C, 5 % CO, before cell
seeding.

Confocal Laser Scanning Microscopy
(CLSM). Confocal laser scanning microscopy
(CLSM) analysis was performed using
LSM 510 META Confocal system with
Inverted Axiovert 200 M with Carl Zeiss
Objectives (Carl Zeiss, Germany). 24 and
144 hours after hUC-MSCs seeding on the 3D
collagen scaffold, the samples were fixed in
4 % paraformaldehyde in PBS for 24 h, +4 °C.
The staining was performed with propidium
iodide (PI).

hUC-MSC preconditioning. Short-term
exposure to a low concentration of H,O, was
applied to obtain H,O,-preconditioned
hUC-MSC. Briefly, hUC-MSC were exposed
to 30 uM of H,0, for 24 hours, 37 °C, 5 %
CO,. Short-term exposure to a low concentra-

tion of LPS (E. Coli O111:B4, Sigma-Aldrich,
USA) was applied to obtain LPS-preconditioned
hUC-MSC. Briefly, hUC-MSCs were exposed
to 100 ng/mL of LPS for 24 hours, 37 °C, 5 %
CO,. Non-preconditioned hUC-MSC, obtained
from the same donor, were cultured in parallel
for the same number of passages. Twenty-four
hours later, the culture medium was removed,
and hUC-MSC were washed three times with
PBS, pH 7.4. After preconditioning, 1x10° cells
were seeded on 0.5x0.5x0.2 cm porous scaf-
fold. The cell-seeded scaffolds were trans-
ferred into a fresh complete culture medium
and incubated at +37 °C, 5 % CO, for 18 hours.
Before implantation, scaffolds with cells were
washed three times in sterile PBS pH 7.4.

3D scaffold implantation and histologi-
cal staining. The experiments were conduc-
ted on male mice of BALB/c line (breeding
of IMBG, NAS of Ukraine), 2 months old.
All the manipulations with animals were per-
formed using sedative and anesthetic prepara-
tions in compliance with the requirements of
veterinary legislation. The subcutaneous im-
plantations of developed 3D scaffolds were
performed on the dorsal region of BALB/c
mice by small skin incisions (0.8—1 cm). The
scaffolds were resected 5 days after the sur-
geries. The scaffolds with the adjacent tissue
were fixed in 10 % formalin and dehydra-
ted through increasing ethanol concentrations
(70 % to 96 %) and dioxane. The samples
were immersed in paraffin and used to prepare
paraffin blocks. 10 pm paraffin sections were
prepared on a sledge microtome. The sections
were stained by hematoxylin and eosin. For
the morphometric analysis of the histological
elements, the images of sequential sections
of each scaffold were obtained. In total,

211



I. O. Pokholenko, P. O. Pikus, M. V. Kovalchuk et al.

15 sections per scaffold were analysed. The
number of vessels was counted by analyzing
25 fields of view (with a total surface
area = 5134,275 pm? or 205,371 pm?/field of
view) on a section of the collagen matrix ac-
cording to [9].

Isolation of DNA. Genomic DNA from the
scaffolds was isolated, as previously described
[10]. The DNA concentration and purity were
determined using the NanoDrop 2000 UV-Vis
spectrophotometer (ThermoFisher Scientific,
USA).

PCR. To detect transplanted human cells in
mice, the polymerase chain reaction analysis
was performed using primers to amplify hu-
man-specific 850bp fragment of the alpha-
satellite DNA on human chromosome 17 [11].
PCR was performed as described before [5].
Each reaction contained 100 ng of genomic
DNA template in 20 pl of the reaction mixture.
DNA from cultured hUC-MSC served as a
positive control, and DNA from an untreated
animal was used as a negative control.
Oligonucleotides were used for PCR as de-
scribed by Warburton et al. [12]:

Crl7 la f (5°-GGG ATA ATT TCA GCT
GAC TAAACA G-3 9) 15..39

Crl7 2br (5°TTC CGT TTA GTT AGG
TGC AGT TAT C-3 © 867..891.

The amplification was performed on
DNA-amplifier Tercik (DNA-technologies,
RF) using the following scheme: 95 °C, 3 min;
one cycle at: 94 °C, 1 min, 58 °C, 1 min; 72 °C,
1 min, followed by 34 cycles: at 94 °C for
0.5 min, 58.5°C for 0.5 min, 72°C for 0.5 min,
and 72°C for 5 min.

Separation of amplification products was
performed in 1.2 % agarose gel in TAE buffer
with subsequent visualization under ultraviolet
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light after ethidium bromide staining.
GeneRuler 1000 bp DNA Ladder (Thermo-
Scientific, USA) was used as a PCR product
fragment length marker.

Statistical data analysis. Statistical sig-
nificances were determined with the use of
GraphPad Prism software, Version 8.0.1.
Comparisons between multiple groups were
evaluated via one-way analysis of variance
(ANOVA) followed by Tukey’s test. For all
tests, p < 0.05 was considered significant.

Results and Discussion

Over the past years, transplantation of autolo-
gous or allogenic MSC has been demonstrated
to have profound therapeutic effects in the
treatment of pathologies of different genesis,
both in experimental and clinical studies.
However, many clinical trials revealed reduced
efficiency of MSCs-based therapeutics com-
pared to that demonstrated in experimental
studies. Many notable efforts have been made
to optimize the efficiency of MSC delivery
systems aiming at the increase of the cell’s
survival and retention within the damaged tis-
sue [13]. After transplantation, MSC are ex-
posed to a new microenvironment iz vivo that
can lead to irreversible cell changes, often
resulting in cell death. Transplantation of MSC
seeded onto 3D scaffolds developed by diffe-
rent techniques (3D printing, leaching, melt
molding, freeze-drying, etc.) from natural and
synthetic polymers allows stabilizing of the
cells and prolonging their survival in the host
organism.

In the present work, we used the porous 3D
collagen scaffolds, developed using freeze-
drying technique described in our previous
study [8]. The technique allowed obtaining the
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scaffolds that had an average pore diameter of
117+57 pm. The internal microstructure of the
scaffolds consisted of multi-layered porous
sheets with an average distance between the
layers of 91£50 um. The scaffolds were ca-
pable of supporting the adhesion and growth
of HEK293 cells. However, despite the pres-
ence of the RGD domains on the collagen-
based scaffolds that mediates the attachment
of the cells [14], the properties of the scaffold
(i.e., stiffness, topography, surface hydropho-
bicity, and charge, etc.) can substantially influ-
ence the properties of the MSCs [15]. Thus we
investigated the ability of developed 3D col-
lagen scaffolds to support hUC-MSC adhesion
and proliferation. Our results suggest that
hUC-MSC are attached to the scaffolds
(Fig. 1). The cells were actively proliferating
as an increase in cell numbers was observed
by confocal laser scanning microscopy six
days after seeding, as compared to the 1 day.

The results of FACS analysis of the MSC
characteristic CD expression (CD90, CD73,
CD105: CD90" — 97.9+0.9 %, CD73" —
97.6x1.5 %, CDI105* — 99.2+0.6 %,
CD90"CD73" — 98.1£1.6 % from that

Fig. 1. Representative
confocal laser scanning
microscopy images of
hUC-MSC seeded on the
3D collagen scaffold

(24 (A) and 144 (B)
hours past the cell see-
ding, the samples were
fixed with 4 % parafor-
maldehyde solution and
stained with PI (red sig-
nal). Scale bar — 50 um.

97.9+1.6 CD90*CD73*CD105", (n = 3)) de-
monstrated that the cells retain the immuno-
phenotype, characteristic of hUC-MSC, after
cultivation on 3D collagen scaffolds for 6 days
(Fig. 2).

Preconditioning of MSC by exposure to
different physical, chemical/pharmacological
agents and various cytokines/chemokines is
considered a promising strategy to increase the
therapeutic efficiency of the cells. Aiming at
the increased survival of transplanted MSCs,
their resistance to oxidative stress, and en-
hancement of anti-inflammatory properties, we
selected two factors for cell preconditioning:
hydrogen peroxide and bacterial lipopolysac-
charide (LPS). Preconditioning with each of
the selected factors was proven to enhance the
anti-inflammatory properties of the MSC. As
demonstrated previously, preconditioning of
hUC-MSC with low doses of H,0, signifi-
cantly increases their anti-inflammatory pro-
perties [16] and survival [17, 18]. LPS precon-
ditioning of MSC has been demonstrated to
promote the ability of the latter to modulate
the balance of macrophages through the up-
regulation of the expression of the anti-inflam-
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matory cytokines and the promotion of M2
macrophage activation [19].

Besides the pro-inflammatory microenvi-
ronment, another major obstacle to successful
transplantation, particularly when injecting the
MSCs into ischemic tissue or transplantation
of multi-layered 3D constructs, is insufficient
vascularization of the tissue or graft. Precon-
ditioning of MSC with non-toxic concentra-
tions of hydrogen peroxide was demonstrated
to upregulate the accumulation of hypoxia-
inducible factor-1a (HIF-1a) — one of the key
regulator factors of angiogenesis by the cells
[20]. Also, there is an evidence that MSC in-
duced the synthesis of VEGF in H9c2(2-1)
myoblasts after preconditioning with LPS [21].
So both factors, selected for the precondition-
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ing, may stimulate MSC to facilitate the vas-
cularisation of the graft.

Thus, the primary endpoints in this study
were the difference in pro-angiogenic effects
in vivo of the hUC-MSC seeded on the biomi-
metic collagen 3D scaffold and the survival of
the cells after transplantation in the xenoge-
neic system.

To test the effects of hUC-MSC precondi-
tioned for 24 hours with 30 uM of H,O,
(group 4) or with 100 ng/mL of LPS (group 3),
the cells were seeded onto 3D collagen scaf-
folds and implanted subcutaneously into im-
munocompetent BALB/c mice. The scaffolds
seeded with unmodified hUC-MSC (group 2)
and without cells (group 1) were used as com-
parison groups. The scaffolds were resected
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from the implantation site 5 days later and
processed for histological analysis.

The histological analysis of the samples
from group 1 implanted with empty scaffolds
revealed the absence of the inflammatory reac-
tion to the implant, the lack of implant engraft-
ment into surrounding tissues, and the absence
of any manifestation of angiogenesis (Fig. 3,
A1). The scaffold colonization by the host cells
was observed only on the periphery of the
implant. The cell populations were mainly
represented by segmented and rod-shaped neu-
trophils, eosinophils, lymphocytes, and single
fibroblasts (Fig. 3, A2). The cells were almost
absent in the central part of the implant.

The analysis of the samples from group 2,
implanted with hUC-MSC seeded scaffolds,
revealed partial implant engraftment into sur-
rounding tissues. A significant number of ves-
sels at the formation stage were detected
(Fig. 3, B1). The formation of the vessel wall
by pericytes was observed within the pores of
the scaffold (Fig. 3, B2). The cells were de-
tected not only on the periphery of the scaffold
as in group 1 but also those that migrated
evenly throughout the matrix: lymphocytes,
segmented neutrophils, eosinophils, single fi-
broblasts, etc.

The samples from the group implanted with
LPS-preconditioned hUC-MSC seeded scaf-
folds (group 3) showed the implant engraft-
ment into surrounding tissues. Inflammatory
reactions and necrotic processes were not ob-
served, and there were no vessels and their
initial stages of formation compared to group 2
(Fig. 3, C1). The migration of the cells into
the scaffold was observed, but it was more
profound compared to the group with unmod-
ified hUC-MSC. The cell population was rep-

resented by fibroblasts, rod-shaped neutrophils,
macrophages (Fig. 3, C2).

In group 4, implanted with hydrogen peroxide
preconditioned hUC-MSC seeded on the 3D col-
lagen scaffold, complete engraftment of the im-
planted scaffold was observed. The results of the
histological analysis of the samples provided
proof of active angiogenesis (Fig. 3, D1). The
inflammatory necrotic processes were absent and
fully formed blood vessels were visible. A pro-
found migration of various cell types throughout
the matrix in the collagen network is noted: fi-
broblasts, eosinophils, rod-shaped and segment
neutrophils, and a large number of fibroblast-like
cells, most likely hUC-MSC (Fig. 3, D2).

Histological morphometric measurements
revealed a significant difference in the average
blood vessel counts in implants seeded with
hydrogen peroxide preconditioned hUC-MSC
(group 4) compared to the implants from other
groups (Fig. 4).

Thus, it could be concluded that the pro-
angiogenic activity was most pronounced in
hUC-MSC preconditioned with hydrogen pe-
roxide. A large number of blood vessels, both
formed and at the initial stages of vessel for-
mation were observed in the samples from this
group. The increased proangiogenic activity
can be attributed to the upregulation of HIF-1a
accumulation in MSC preconditioning with
non-toxic concentrations of hydrogen perox-
ide, which in turn leads to the increase of the
production of angiogenic cytokines: VEGF,
stromal-derived factor 1, placental growth fac-
tor, angiopoietin 1, angiopoietin 2, and plate-
let-derived growth factor (PDGF) [22].

The presence of the hUC-MSC within the
scaffolds from this group can be the proof of
better survival of the cells after short-term
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Fig. 3. Histological analy-
sis of hUC-MSC-see-

ded 3D collagen scaf-
folds after 5 days of im-
plantation in BALB/c
mice. A — group 1, im-
planted with empty 3D
collagen scaffolds; B —
group 2, implanted with
3D collagen scaffolds
seeded with native hUC-
MSC; C — group 3, im-
planted with 3D collagen
scaffolds seeded with LPS
preconditioned
hUC-MSC; D — group 4,
implanted with 3D colla-
gen scaffolds seeded with
hydrogen peroxide pre-
conditioned hUC-MSC.
Ehrlich’s haematoxylin-
eosin staining. Blood ves-
sels formed in collagen
scaffold implanted under
the skin of a mouse are in-
dicated by blue arrows.
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Fig. 4. Effect of 5-days implanted hUC-MSC-seeded 3D
collagen scaffolds on the blood vessel development in
BALB/c mice. The surface area of one field of view (with
10x objective) was 205.4 um?. 4 — group 1, implanted
with empty 3D collagen scaffolds; B — group 2, implan-
ted with 3D collagen scaffolds seeded with native
hUC-MSC; C — group 3, implanted with 3D collagen
scaffolds seeded with LPS preconditioned hUC-MSC;
D — group 4, implanted with 3D collagen scaffolds seed-
ed with hydrogen peroxide preconditioned hUC-MSC.
*p <0.05— (A) group 1 vs. (B) group 2; ** p <0.05 —
(4) group 1 vs. (D) group 4; #p <0.05 — (B) group 2 vs.
(C) group 3;#p < 0.05 — (B) group 2 vs. (D) group 4.

850 bp

preconditioning with low doses of hydrogen
peroxide.

To further study the retention of hUC-MSC
within the implanted scaffolds, we determined
the presence of the human-specific alpha-satellite
DNA by PCR analysis. The method has high
sensitivity due to the highly repetitive alpha-
satellite sequence. The sensitivity of the PCR was
approximately one human cell per 105 of murine
cells [5]. As seen from the results, alpha-satellite
sequences of human DNA were detected only in
the samples obtained from animals in group 4
(Fig. 5). The samples obtained from animals in
group 1-3 were negative for human DNA.

Thus, the data of PCR analysis demon-
strated the prolonged retention of the human
DNA in samples of 3D collagen scaffolds
seeded with hUC-MSC preconditioned by low-
dose hydrogen peroxide, that might indicate
the prolonged survival of the cells in vivo in a
xenogeneic system. On the contrary, precon-
ditioning with LPS did not demonstrate any
pro-angiogenic activity or increase in the sur-
vival of the cells in vivo.

Fig. 5. The PCR results for the presence of
human alpha-satellite DNA in sections of im-
planted 3D collagen scaffold seeded with
hUC-MSC (the scaffolds isolated 5 days after
subcutaneous implantation into BALB/c
mice). / — positive control (isolated from hu-
man MSC- 500 pg); 2— DNA, isolated from
scaffolds of group 4; 3 — DNA, isolated from
scaffolds of group 3; 4 — molecular weight
marker, 1000 bp DNA Ladder (ThermoFisher,
USA); 5 — DNA, isolated from scaffolds of
group 2; 6 — DNA, isolated from the scaf-
folds of group 1; 7 — positive control (DNA
of hUC-MSC — 5 ng). The amount of DNA
in the reaction mixture — 100 ng.
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Conclusions

The data described in the present article allow us
to conclude that preconditioning of hUC-MSC
with low doses of hydrogen peroxide seeded on
the extracellular matrix-mimicking (biomimetic)
3D scaffold increases pro-angiogenic properties
of the cells and seems to increase the survival of
the engrafted cells. This facilitates the engraftment
of the transplant into surrounding host tissues,
enhance the resistance of MSC to the unfavou-
rable environment and prolong their survival
within the damaged tissue, which can potentially
lead to the increase of their therapeutic potential.
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EdexTn TpaHcmianTamii mpeKoOHIUIIOHOBAHUX
Me3exXiMaJbLHUX CTOBOYPOBHX KJIITHH
Ha OiomiMeTnunomy 3D ckedoni

S1. O. Ioxonenko, I1. O. ITikyc, M. B. KoBansayk,
O. K. Tonopoga, C. 1O. Pumap, B. A. Kopaiom

Meta. Metoro aociimpkeHHst Oyi0 BUBUYCHHS €(eKTiB
TPaAHCIUTAHTAII] MPEKOHIUIIIOHOBAHUX ME3CHXIMATbHIX

cToBOypoBHX KiiTrH ynoBuHH Jnonuan (MCK) Ha Gio-
MimetnaaoMy 3D ckedonni. Meroau. IToprcti komare-
HoBi 3D ckedonnm oTpUMyBaIH HMISIXOM JTI0(LIBHOT Cy-
OnimMariifHoi cymkn po3umHy komareHy I tumry. MCK
ITyTIIKOBOTO KaHATUKY BUAUISIN METOIOM EKCIIIAHTIB.
MCK npekoHanIioOHyBaIl 00pOOKOI0 PO3YMHAME Tepe-
KHCY BOJHIO YH JHITOTIOJicaxapuay NpoTsIroM 24 roawH,
IIicIIst 4oro KIITWHM BuciBanmu Ha 3D konmareHoBwmii cke-
¢donna. Edexru npexormurionosannx MCK BuBuaiiu Ha
MOJIETi KCEHOTE€HHOI TpaHCIulaHTarii. s mpoBeneHHs
TiCTONOTIYHOTO aHai3y Ta it npoBeaeHHs [ 1JIP-anamizy
HAsIBHOCTI CTICIM(IYHIX JUTS JTFOIMHH TOCTiIOBHOCTEH B
reromHil JIHK, i301150BaHii 3 TKAHUH TBapyH, CKeQOIIH
BUAAJLUTA Ha 11 ATy 400y micns iMrutanTaitii. Pesyasrarn.
OTpuMaHi MOPHCTI KOJIareHoB1 CKe(OIIN MiITPUMYBaIH
anresiro ta pict MCK mynoBUHH IFOIUHH in Vitro.
[IpoanrioreHHa akTHUBHICTB in vivo Oyrna HalOLIBII BU-
pakeHoro y Bunanky iMrutanranii MCK npexoHauitioHo-
BaHMX MIEPEKIICOM BOTHIO TIOPIiBHSIHO 13 HEMOAHU(DIKOBaHU-
mu Ta npexonaunionosaanmu JITIC MCK nynoBuan
moauuu. Jani [TJIP anamizy npogeMoHCTpyBaiau OLIbII
TpuBae 30epexxenss JJHK mmonman y 3pa3kax, oTpuMaHuX
BiZ TBapuH, SIKUM Oyno iMmutantoBano MCK mymosuHw,
MIPEKOHIUIIIOHOBaH1 HU3bKUMH JI03aMH TIEPEKUCY BOJIHIO.
Ile Mo)xe BKa3yBaTH Ha OUTBII TpHBaJle BIPKUBAHHS IIUX
KITHH y ckedonai michs imruianTamnii. BucHoBKH.
[Mpexonauuionysannss MCK mynoBuHHM JTFOIMHI HU3bKHU-
MH JI03aMH IIEPOKCH Ty BOAHIO MiJBHIIYE iX TepareBTHY-
HUH MOTEHIIa.

Kaw4uoBi caosa: MCK, npekoHAHIIIOHYBaHHS, 0i0-
Mimetnaand 3D ckedonn, aHTioreHe3
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