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Abstract

Through clinical observation, we present an assessment of the
autologous mesenchymal stem cells effectiveness in treatment of liver
cirrhosis of alimentary etiology. In order to determine the localization
of the implanted cell structures, the stem cells were previously
labeled with iron (II, I1I) oxide nanoparticles (IONPs). Further
MRI visualization helped to detect the cell structures stained with
iron oxide nanoparticles in the human body. In 6 months after the
cell therapy, the patient underwent clinical and biochemical blood
tests, MEGX test, elastography and subjective health assessment test.
The tests data analysis revealed the improvement of the values of all
examined parameters after the cell treatment. Also in 6 and 12 months
after the treatment, a liver biopsy was performed from the area where
the implanted stem cells were visualized. In histological examination
of liver bioptates obtained from the area of MSC transplantation, the
largest number of stained cells was observed in liver micronodes, as
well as at the boundaries of micronodes and fibrous septa. A portion
of the bioptate obtained in 12 months after transplantation was used to
produce primary cell cultures. Before the first re-seeding of the cultures,
cell colonies of both fibroblast-like morphology and epithelial were
detected in them. Both types of colonies contained the particles.
Conducting the cell therapy to a patient with liver cirrhosis of alimentary
etiology contributed to improving the laboratory and instrumental
examinations indicators. The patient had come through the treatment
procedure satisfactorily, no complications were registered.
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NUcnonb3oBaHWe KNEeTOYHbIX TEXHONIONUN B JIeYEHUU
Luppo3a neyeHu (oueHka apcpeKTUBHOCTHU
U cnoco6 Bu3yanusauuv BBeAeHHbIX ayTOJIOMNYHbIX
Me3eHXUMaJibHbIX CTBOJIOBbIX KJ/1ETOK)

W.E. Kotkac', H.1. EHykawsunu' 2, LLI.M. Acagynaes!', A.B. Hy6apb?

T®OIBOY BO «CeBepo-3anagHbiii rocyaapCTBEHHbIN MeaNUMHCKWA yHuBepcuteT um. .M. MevyHnkosa»
Munsppasa Poccum (CankT-leTepbypr, Poccus)
2MepeparnbHoe rocynapcTBEHHOE BIOIKETHOE yYPEXAeHWEe HayKn «IHCTUTYT UMTONOrn
Poccuiickoin akapemunn Hayk» (CaHkT-lNeTepbypr, Poccus)

AHHOTauusa

B kiMHMYeCcKOM HaOIIONEHUU TIPECTaBIsIeTCs OlleHKa b (eKTUB-
HOCTH UCIIOJIb30BaHMUs ayTOJIOTMYHBIX ME3EHXUMATBbHBIX CTBOJIOBBIX
KJIETOK B JICYCHUH LIUPPO3a MeYSHN aTMMEHTapHOI aTHoIorHu. J{ist
onpeneeHus JJOKATU3aly BBOAMMBIX KIIETOUHBIX CTPYKTYP TpeaBa-
PUTEIEHO MPOBOAMIOCH MEUEHUE CTBOJIOBBIX KJIETOK HAHOYACTULIAMU
okcupaa xenesa (11, IIT). KineTouHble CTpyKTypbl, OTMEUEHHbIE Ha-
HOYaCTULIAMU OKCHUJIA XKeJie3a, ObUIM BU3YyaIM3MPOBaHbl B OpraHU3Me
yestioBeka rpu rmomoi MPT. Yepes 6 MecsLieB 1mocjie npoBeaecHUs
KJIETOYHOM Teparnuu y malyeHTa OblIU OLIEHeHBI TTOKAa3aTeId K-

HUYECKOTro ¥ GMOXMMUYECKOT0 aHATM30B KpoBU, naHHbie MEGX-
TecTa, MoKasaTeu 31actorpaduu U TeCTa CyObeKTUBHOM OLIEHKU
camouyBcTBusi. [lociie mpoBeneHKst KJIETOYHO Tepaniy OTMeYa-
JIOCh YIy4IIIEHUE TIOKA3aTe el BCeX BhILIENePEYNCIEHHBIX METOIOB
uccnenoBanust. Takxke dyepe3 6 u 12 MecsieB mocJie JjedeHust Oblia
BBITTOJTHEHA OUOTICHS TTEYeHU U3 00JIACTH, TIie ObUTH BU3YaTu3u-
POBaHBI BBEJICHHBIE paHee CTBOJIOBBIE KiIeTKU. [1pu ructonornye-
CKOM HCCJIeIOBAHUY OMOTITATOB ITEYeHU, TTOYYeHHBIX U3 001acTh
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tpancmantauuu MCK, HanGosblilee KOTMYeCTBO MEUEHBIX KIETOK
Ha0JTI01aT B MUKPOY3J1aX MIEYeHH, a TAKKe Ha TpaHUIaX MUKPOY3JIOB
u ¢puOpo3HbIX cenT. YacTh OMonTaTa, MoJydeHHOro yepe3 12 MecsiiieB
10CJI€ TPAHCIUIAHTALUM, UCTIOJb30BaIM 11 OJYYEHUS IEPBUYHBIX
KynbTyp. 1o mepBoro nepeceBa KyJabTyp B HUX BBISIBJISUIA KOJTOHUU
KJIETOK Kak hubpobiactononobHoit Mopdoiorum, Tak U SIUTeIn-
anbHOI. O0a TUTa KOJIOHUI COIepKaIu YaCTUIIBI.

[poBeneHue KJIeTOYHOM Tepanuy MalUeHTY C IIMPPO30M MEUSHU aln-
MEHTapHOU 3TUOJIOTUHU CITOCOOCTBOBAJIO YIYyYIIEHHIO TTOKa3aTeei
J1a00paTOPHBIX U MHCTPYMEHTAIbHBIX METO/IOB UccienoBanust. [1po-
Lenypa Obuia nepeHeceHa NalueHTOM YIOBJIETBOPUTENbHO, KAKUX-
60 OCIIOXXHEHUH BBISIBIEHO He ObLIO.

KnioyeBble CNOBa: KJIeTOYHbIE TEXHOIOTUH, JIEYEHME [IMPPO3a [eye-
HU, BU3YaIU3aLKisl CTBOJIOBBIX KJIETOK B OpPraHU3Me YeIoBeKa.
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m INTRODUCTION
Damage to the liver tissue from exposure to various
agents (alcohol, viruses, drugs) stimulates the
formation of connective tissue leading to liver fibrosis
and/or cirrhosis [1]. The incidence of hepatic cirrhosis
is growing every year, and it ranges from 20 to 40
people per 100 thousand population in economically
developed countries. Hepatic cirrhosis ranks ninth
among the causes of death, and is more frequent in
men (men:women is 3:1). Liver cirrhosis of alcoholic
etiology accounts for 40% to 80% of all liver cirrhosis,
that of viral origin accounts for 30% to 40%, and that
of unknown etiology accounts for 10%—35% [2].

The main therapy for liver cirrhosis is eliminating
the underlying etiology and its influence on existing
symptoms [3]. However, it is known that currently
available therapies are not significantly effective,
and orthotopic hepatic transplantation is rather
complicated and expensive. Therefore, it is necessary
to search for alternative treatment methods, one of
which is the use of cell technologies.

Nowadays, there are a large number of scientific
reports on the use of stem cells in treating various
diseases, including diffuse liver diseases. In most cases,
a clear idea of the distribution of the implanted cellular
structures exists only at the level of experimental
models. Also, the importance of the evaluation of the
cell therapy efficiency and understanding how the stem
cells implanted are distributed in the patient’s body is
known.

In this article, we relate a clinical case describing
the efficiency of autologous mesenchymal stem cell
use in the treatment of liver cirrhosis, and present
the possibility of visualizing the cellular structures
implanted with subsequent cytological confirmation.

m AIM

This study aimed to assess the efficiency of
using cell technologies in the treatment of hepatic
cirrhosis, and to visualize the stem cells implanted
in the human body.

m MATERIAL AND METHODS

Obtaining primary cultures of mesenchymal stromal
cells (MSC) of adipose tissue

All clinical procedures and sampling of biological
material were performed in accordance with the ethical
standards of the local and/or national committee on
research ethics, the 1964 Declaration of Helsinki and
its subsequent amendments, or comparable ethical
standards. Primary cultures of mesenchymal stem
cells of adipose tissue were isolated by fermentation
from fragments of adipose tissue obtained by surgery.
The tissue was collected with the patient’s informed
consent. The tissue fragment was mechanically
minced, washed with phosphate-buffered saline (PBS),
and then incubated in a 0.1% solution of collagenase
I and IV types (Sigma, USA) for 30 minutes at 37°C
(Thermofisher, USA). The resulting cell mixture was
then centrifuged (400 g, 10 minutes) and the cells of the
stromal-vascular fraction were resuspended in DMEM
culture medium (1 g/L glucose) (Thermofisher, USA)
with 20% serum substitute HyClone (USA), the
antibiotic penicillin, and the antimycotic streptomycin
(both Gibco, USA). The cells were inoculated in
culture flasks (TPP, Switzerland) in 1—4 x 105 cells/
cm?2 and cultured at 37°C, 5% CO2, and 80% humidity
under hypoxic conditions (7% 02). The medium was
changed every 3 days.

Flow cytometry

Analysis of the expression of surface antigens was
performed using the monoclonal antibodies CD44-
FITC/CD73-PE/CD9-PC5/CD105-PC7 and CD34-
FITC/CD117-PE/CD14-PC5/CD45-PC7 (all of
them by Beckman Coulter, USA). The analysis was
performed using a Navios flow cytometer (Beckman
Coulter, USA) using semiconductor diode lasers
with a wavelength of 488 and 638 nm, in accordance
with the manufacturer’s instructions. To determine
the viability, the cells were stained with a 7AAD
solution, which does not penetrate into living cells,
and the percentage of unstained cells was calculated.
Gating of the fluorescence graphs was performed on
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the population of living cells not stained with 7AAD
solution, isolating them by the parameters of forward
and side light scattering.

Cell labeling, Magnetic separation, and Measurement
of proliferation rate

We used uncoated iron oxide nanoparticles
(IONP) corresponding to TU 1791-003-36280340-
2008 (Advanced Powder Technologies, Russia)
and representing a mixture of particles with
superparamagnetic (SPION, superparamagnetic iron
oxide nanoparticles) and ferromagnetic properties. A
previous study revealed that the size of these particles
was 14—130 nm, however in cells they often form
aggregates up to 2 um in size. The IONP was prepared
according to the protocol previously described [1].
Cells were labeled with pre-sonicated particles, which
were added to the culture medium at a concentration
of 300 pug/ml and incubated for 8 hours. Then the
medium was removed, the cells were removed from
the substrate, and the labeled cells were separated
by magnetic separation using a magnetic mini-stand
(Sileks, Russia) and added to the wells of 6-well
plates, 104 cells per well. The growth curve was plotted
according to the standard technique, by counting the
cells in the Goryaev chamber on days 1, 2, 3, and 5
after inoculation.

Method of implanting cellular structures and their
visualization

The cells were labeled as described above at a
particle concentration of 300 pug/ml. For the initial
assessment, 5x106 cells were resuspended in 5 ml of
saline and placed in 5 ml syringes. The existing cellular
structures were implanted into the liver arterial bed
by endovascular surgery. One day after the cells were
injected, the patient underwent MRI of the abdominal
cavity and chest organs. Scanning was performed on
Siemens Espree and PHILIPS Ingenia magnetic
resonance tomographs with a magnetic field strength
of 1.5T.

Localization of IONP in liver biopsy samples after
therapy

Liver tissue biopsy samples were obtained 6 and 12
months after cell therapy. The biopsy was performed
using laparoscopy in sites where the implanted cellular
structures were visualized using MRI.

For immunohistochemical staining, biopsy samples
obtained after 6 months were embedded in paraffin
blocks and sections were prepared according to standard
protocols of clinical and laboratory diagnostics.
Some of the sections were additionally stained using
a qualitative reaction for iron ions (see below). The
localization of iron ions and the classification of cells
were performed by examining the cells using a Zess
Paskal microscope.

Biopsies obtained a year later in the same way were
used to obtain primary MSC cultures and to assess the
content of Fe3+ ions in them. Biopsies were fermented
in a 0.1% solution of type I and IV collagenase
(Sigma, USA) for 50 minutes at 37°C. The resulting
cell mixture was then centrifuged (400 g, 10 minutes)
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and resuspended in DMEM culture medium (1 g/L
glucose) (Thermofisher, USA) supplemented with 20%
HyClone serum substitute (USA), antibiotic penicillin,
and antimycotic streptomycin (both by Gibco, USA).
The cells (1 - 4 x 105 cells/cm2) were inoculated in
culture flasks (TPP, Switzerland) and cultured at 37°C,
5% CO2, and 80% humidity under hypoxic conditions
(7% 0O2) for 24 hours. Then the cells were stained with
reagents to detect iron (III) ions.

Verification of IONP internalization with potassium
hexacyanoferrate K4 [Fe(CN)6]

To detect iron (I1I) ions in cells, cell culture samples
and histological sections were treated with potassium
hexacyanoferrate K4 [Fe(CN)6] according to the
standard procedure [4]. The cells were washed from the
medium and fixed with 4% paraformaldehyde in PBS
for 20 minutes at room temperature. Then they were
washed again in PBS and stained with a mixture (1:1)
of 10% potassium hexacyanoferrate K4 [Fe(CN)6] and
20% HCI for 40 minutes.

In the presence of Fe3+ cells in the preparation,
a complex compound is formed, Prussian blue, KFe
[Fe(CN)6]), which has a deep blue color. After
staining, the preparations were washed with distilled
water and analyzed using an EVOS inverted microscope
(Thermofisher, USA). In the study of histological
sections of liver biopsy specimens, staining was
preceded by dewaxing with xylene. After staining and
washing, the slides were stained with 0.1% Nuclear Fast
Red (Sigma-Merck-Millipore) for 1 minute, rinsed
with water, and embedded in HistoMount embedding
medium (Thermo Fisher)

Laboratory and instrumental diagnostic methods

Before the start of treatment and 6 months after the
therapy, the patient underwent control clinical and
biochemical blood tests, elastography, and MEGX test.
For a subjective assessment of the patient’s condition, a
subjective comfort test was performed (A.B. Leonova).

All the studies described were performed at the
Mechnikov North Western State Medical University
based on the regulation by the Research Laboratory
of Cell Technologies and an agreement with the
Pokrovsky Stem Cell Bank and Protocol No. 4 of the
Ethics Committee of May 27, 2020.

Statistical data processing

For each sample, the test was performed at least
three times. To assess the significance of differences
(p < 0.05) a multiple t-test was used in the analysis of
proliferative activity. Data analysis and plotting were
performed using GraphPad Prism 7. The data were
presented as mean * standard deviation.

m RESULTS

Patient A., 55 years old, was admitted to the
surgical department of the University clinic with a
diagnosis of hepatic cirrhosis of alimentary etiology,
Child-Pugh class A. Complications of the patient’s
underlying disease were portal hypertension with grade
1 esophageal varicose veins dilatation, splenomegaly,
and hypersplenism.
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PucyHok 1. Llenmorpachusi n Me3eHTepuKkorpagus naymeHta A.
CrTperskovi 0603HaqeHa rnpasasi Ie4EeHO4Has apTepusi, B KOTOPYIO
BBOAW/INCh ayTONOMYHbIE ME3EHXUMASIbHbIE CTBOJIOBbIE KIIETKU.
Figure 1. Coeliography and mesentericography data of patient A.
The arrow indicates the right hepatic artery where autologous
mesenchymal stem cells were implanted.

Cell technologies in the form of injecting autologous
mesenchymal stem cells in an amount of 25x106 into
the liver arterial bed were used to treat this patient. In
a hospital setting, the patient was injected autologous
mesenchymal stem cells into the liver arterial bed
(Figure 1).

Before the injection, the culture of autologous
mesenchymal stem cells was treated with iron oxide
nanoparticles. During the injection, cells containing
nanoparticles obtained by magnetic separation were
used, which subsequently enabled visualized the stem
cells injected in the patient’s body when performing
magnetic resonance imaging of the abdominal organs

_ Before the therapy 6 months after the therapy

Platelets (10A9/L) 90.6 129.8
Erythrocytes (10A12/L) 3.5 48
Leukocytes (10A9/L) 3.3 6.9
Bilirubin pmol/L 23.2 18.6
Albumin (g/L) 32.4 495
ALT (U/L) 65.2 20.7

AST (U/L) 54.2 24.2

ALP (U/L) 239.3 98.5
GGTP (U/L) 123.8 35.7

decreased level of
subjective comfort,
decreased well-being

Subjective assessment test

MEGX significant decrease in liver function is within
liver function normal limits
Elastography F4 F4-3

Tabnuuya 1. [Noka3atesm 1abopaTopHbIX U MHCTPYMEHTAalIbHbIX NCCIIEN0BaHUM

[0 Hayana tepanum n 4epes 6 MecsiLieB 0Csie MPOBEAEHUS JIeHeHUs

Table 1. Indicators of laboratory and instrumental examinations before the start

of therapy and 6 months after the treatment

200

high level of subjective
comfort, sense of well-being

PucyHok 2. MarHuTHo-pe30HaHCHas TOMorpagusi opraHos
OPIOLLIHOV NO/I0CTV Ha 1 CYTKM M0CTIe BBEAEeHNS ayTONOrMYHbIX
Me3eHX1MasIbHbIX CTBOJIOBbIX KIIETOK B apTepuasibHoOe pycrio
neyeHn. CTpesiKovi ykasaHbl 0671aCTy MEYEHU, B KOTOPbIX
BU3YanM3NpPYyIoTCA MapKUpOBaHHbIE CTBOJIOBbIE KITETKY.
Figure 2. Magnetic resonance imaging of abdominal organs

on 1 day after the insertion of autologous mesenchymal stem
cells into the arterial bed of the liver. The arrow indicates the
areas of the liver where the marked stem cells are visualized.

(Figure 2). One day after the cell therapy, MRI of the
abdominal cavity and chest was performed.

In the presented MRI image of the abdominal
organs, the implanted stem cells are visualized in the
right lobe of the liver. Also, no cellular structures were
found in any other organ of the abdominal cavity, and
in the chest.

The patient satisfactorily tolerated all the procedures
performed, no complications were noted. The patient
was discharged in a satisfactory condition for outpatient
follow-up. One of the conditions for the patient’s
participation in treatment using cell technologies was
a complete refusal to drink alcohol both before and
after the therapy. Also, within 6 months after
the injection of cell technologies, the patient
did not use any hepatotropic drugs. Control
tests were done 6 months after the treatment.
The data of the studies performed before the
treatment and 6 months after the treatment (p
< 0.05) are presented in Table 1.

As seen in Table 1, the patient had a
rather significant positive improvement in
liver function and the assessment of the
subjective state of health. According to
the data of liver elastography, there was an
insignificant improvement in the state of the
liver parenchyma with persistence of the liver
cirrhosis. Six months after the therapy, the
patient underwent a liver biopsy from the site
of liver tissue, where the cellular structures
implanted were visualized.

Assessment of the immunophenotype and
viability of labeled MSCs
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Thus, the inclusion of iron
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To confirm that the
inclusions are precisely iron
(IIT) oxide nanoparticles, iron
hexacyanoferrate was used as
staining. One of the advantages
of this method is the ability
to visualize IONPs with a
size of less than 0.5 um in the
cell. Particles of this size are
inaccessible for visualization
with a light microscope.
However, the cells containing
them turn bright blue.
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PucyHok 3. AHann3 MopghobyHKLMOHA IbHbIX CBOVCTB KETOK, coaepxatymx IONP.
(A) O6wmii Bug kyneTypbl MCK nocne o6pabotku IONP, 300 mkr/mn. MacLutabHbiv

oTpe3ok — 50 Mkm. CTpenikamy OTMeHeHbI HekoTopbie n3 IONP.

(B) Pesynestat ummyHogeHoTunmposaHus Kynetyp MCK nocne o6pa6otku IONP.

(C) Onarpamma npormgpepatmsHori aktusHoct MCK, HeobpaboTtaHHbix IONP (KoHTposib)
n o6pabotaHHbix IONP, 300 mkr/mn. lNpegcTaBneHbl pe3ynbTaTel MOACHETA YUCTA KITETOK
B JIyHKe (ocb Y) B 3aBUCUMOCTY OT AHA KyribTuBmpoBaHus (ock X). JaHHbie npeacTaBieHb!

B BUge CpegHero v OLLIMGKYM CPEeaHero.

Figure 3. Analysis of morphofunctional properties of cells containing IONP.
(A) General view of MSC culture after IONP labeling, 300 mcg / ml. The scale segment

is 50 microns. Arrows mark some of the IONPs.

(B) The result of immunophenotyping of MSC cultures after IONP labeling.

(C) The diagram of proliferative activity of MSC, unmarked with IONP (control) and marked
with IONP, 300 mcg/ml. The results of counting the number of cells in the well (Y-axis)
depending on the day of cultivation (X-axis) are presented. The data is presented as

an average and an error of the average.

After incubation with IONP and subsequent
magnetic separation, nanoparticles were detected in
more than 90% of the cells in the cultures by analysis
using light microscopy (Figure 3A). Light microscopy
enables to reveal aggregates of particles larger than 0.5
microns. In earlier studies, we demonstrated the ability
of particles to aggregate in cells. We do not exclude that
the rest of the cells also contained small IONPs, not
well visualized on light microscopy.

According to the accepted definition of mesenchymal
stem cells proposed by the International Society for
Cellular Therapy, a certain set of surface ligands is
revealed on the membrane of this cell type [5], which
can be detected by flow cytometry after treating cells
with appropriate antibodies. When examining the
expression of surface antigens in mesenchymal stem
cells after adding 300 pug/ml of IONP (Figure 3B), no
significant differences were found in comparison with
the reference values.

In terms of their proliferative activity, cells with
IONP corresponded to control cells that did not
contain nanoparticles (Figure 3C).
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Adipose tissue mesenchymal
stem cells normally do not
contain a significant amount of
Fe3+ and are not stained with
this reagent. [ONP-treated cells
contained a significant amount
of internalized iron (III) oxide
particles staining blue with iron
hexacyanoferrate (Figure 4A),
and the stain was seen only in
the cytoplasm, but not in the
nucleus.

In histological preparations
of liver biopsy samples obtained
from the site of labeled MSC transplantation, the
largest number of stained cells was noted in liver
micronodules, and at the borders of micronodules and
fibrous septa (Figure 4B). In normal liver tissues, iron
(I1I) is either absent or is detected in small amounts. Its
content in hepatocytes increases with the accumulation
of hemosiderin and the development of hepatic
hemosiderosis, which is typical for patients with liver
cirrhosis of alcoholic etiology. However, hemosiderosis
was not diagnosed in these patients. The presence of
staining in hepatocytes of micronodules suggests that
at least part of the transplanted cells differentiates in
the hepatocytic direction. Mesenchymal stem cells of
various origins are capable of such transdifferentiation,
especially when placed under conditions favorable for
the growth of hepatocytes or when they are localized in
liver tissues [6, 7, 8]. However, other possible reasons
for Fe3+ penetration into hepatocytes cannot be ruled
out.

A portion of the biopsy sample obtained 12 months
after transplantation was used to obtain primary
cultures (Figure 4C, E). Before the first reinoculation
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PucyHok 4. Uccnenosarue nokamnm3aymy IONP B kneTkax
METO[O0M MUKPOCKONUU MPEnapartoB, OKPaLLEHHbIX
rekcaumnaHogeppatTom xenesa (A, B, E) n HeokpalLlieHHbIX

(C,D): (A) B MCK niocrnie obpabotku IONP, 300 mKkr/mn nepeg
TpaHcnnaHTaymen; (B) B KneTkax rucTonorn4eckoro npenapara
buorniTara rne4YyeHu, Nosy4eHHoro 4epes 6 mecsiyes rocre
TpaHcnnaHTaymm; (C-D) B nepBuyHbIX KynbTypax KNeTok 6uonrata
A0 nepsoro nepecesa (C — ¢pnbpo651acTonofobHas KosoHus,

D — anutennononobHas konoxusi) u noce 2 nepecesos (E).
MacLutabHbivi otpe3ok — 50 MkMm. CTpesikamy OTMeYeHb!
HekoTopble n3 IONP.

Figure 4. Investigation of IONP localization in cells by microscopy

of preparations stained with iron hexacyanoferrate (A, B, E) and
unstained (C, D): (A) in MSC after IONP labeling, 300 mcg/ml before
transplantation; (B) in cells of histological preparation of liver bioptate
obtained 6 months after transplantation; (C—D) in primary cultures of
bioptate's cells before the first re-seeding (C — fibroblast-like colony,
D — epithelial-like colony) and after the second re-seeding (E).

The scale segment is 50 microns. Arrows mark some of the IONPs.

of cultures, cell colonies of both fibroblast-like and
epithelial morphology were detected in them. Both
types of colonies contained particles (Figure 4C, D).
Due to the small amount of material, staining with
iron hexacyanoferrate was not performed. Cells were
stained after 2—3 reinoculations. In such cultures, since
special media are required to maintain them, cells with
epithelial morphology were no longer detected.

The cell cultures were homogeneous according
to immunophenotyping data and consisted of
mesenchymal stem cells. These cells revealed IONP
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upon staining with hexacyanoferrate (Figure 4E). The
decrease in the amount of the label is associated with
cell division and the distribution of particles between
daughter cells.

m DISCUSSION

Due to a lack of drugs that can affect the formation
of fibrous tissue in the liver and significantly improve
the functional state of the liver tissue, there is an
ongoing search for alternative methods of treatment.
This is especially important when performing liver
surgery in patients suffering from cirrhosis. The
possibility to improve the function of the liver tissue is
one of the important factors in the successful course
of the postoperative period in this category of patients.
However before suggesting the efficiency of cell
technologies, it was important to understand where and
in which organs the cellular structures implanted are
fixed. The methods used to track cells in the recipient’s
body should not disrupt the viability of cells or affect
their ability to mitosis [9]. The currently proposed
methods used to visualize the cellular structures
implanted include non-optical, optical, and hybrid
methods [10, 11]. However, most of them have been
demonstrated only as experimental models [12].

The clinical case demonstrated enabled to visualize
the cellular structures implanted in the human body,
which enables, firstly, to suggest the effectiveness of
the proposed method of implanting cellular structures,
and secondly, it shows the efficiency of cell therapy
in improving the parameters of laboratory and
instrumental research methods.

These results show the need for further clinical work
in this field, and studies on the persistence of the effect
obtained and the need for repeated procedures.

m CONCLUSIONS

1. The cellular structures implanted through the
hepatic artery are fixed directly in the liver tissue,
which makes this method effective.

2. The proposed iron oxide nanoparticles used
as markers of cell structures do not affect the basic
characteristics of autologous mesenchymal stem cells.

3. Cell therapy has a positive effect on liver function,
but practically does not affect fibrotic changes in the
liver tissue.

4. The liver biopsy after the cell therapy revealed
that some of the transplanted cells differentiate in the
hepatocytic direction. »==
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