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Abstract

Mesenchymal stem cells (MSCs) possess multidirectional regenerative ability, which,
together with their immunomodulatory potential, makes them promising cell type for therapy
of wide variety of diseases. Despite ongoing research, which proved MSCs application to be
safe, reported effect of MSCs administration on patients is not convincingly beneficial yet.

In our work we focused on elucidation of MSCs role in regeneration of vital organs,
heart and liver, where a large damage is life threatening for patients and any improvement in
therapy would save many lives. Similar situation is in Graft versus host disease (GVHD),
where MSCs immunomodulatory properties could be beneficial.

Role of MSCs in heart regeneration was examined in vitro. Primary adult swine
cardiomyocytes (CMCs) were co-cultured with or without swine MSCs for 3 days and
morphological and functional parameters (contractions, current, respiration) of CMCs were
measured. MSCs showed supportive effect on CMCs survival, especially at day 3 of the
experiment, where in co-culture was significantly higher number of viable CMCs with
physiological morphology and maintained function.

Effect of MSCs on liver regeneration was observed in swine model of chronic liver
disease. Piglets underwent liver lobe resection followed by MSCs administration (1 x 10°
cells /kg) into portal vein. Cytokines and growth factors quantification was performed in
selected time points. The morphometry of regenerated liver tissue was analyzed by quantative
histology. Results showed the insignificantly increased connective tissue volume in liver
parenchyma after MSCs administration and other measured parametres were not significantly
influenced by MSCs.

Immunomodulatory effect of MSCs on GVHD was evaluated first in vitro, on mixed
lymphocyte culture, where, according to metabolic activity measurement test, MSCs
suppressed lymphocyte activity. Second, MSCs were administered in one dose to patients
with severe GVHD and for three months levels of regulatory T — lymphocytes together with
helper T-lymphocytes were measured as an evidence of MSCs immunomodulation. Statistics
of obtained data showed no significance, but clinical condition of patients significantly
improved.

Our work showed that MSCs have supportive and immunomodulatory effect on cells
in in vitro culture, where conditions can be controlled easily. After MSCs administration into
living organism many more variables influence results of the research, and the outcomes are
usually promising, but not convincing. More experiments on large groups of participants need
to be done to transfer MSCs transplantation from the research field into clinical practice.



Abstrakt

Mesenchymalni kmenové bunky (MSCs) dokazi mnoha zptisoby podpofit regeneraci
tkani, coz je, spolu s jejich imunomodulacnim potencidlem, déla slibnym bunéénym typem
pro 1écbu Sirokého spektra onemocnéni. Probihajici vyzkum prokézal, ze aplikace MSCs do
organismu je bezpecna, ale popisovany efekt na pacienty neni ptili§ presvédcivy.

V této praci jsme se soustfedili na objasnéni role MSCs v regeneraci zivotné
dalezitych organti, srdce a jater, jejichz rozsahlé poSkozeni je zivot ohrozujici pro pacienty a
jakékoli zlepSeni soucasnych terapeutickych moznosti by mohlo zachranit mnoho Zivoti.
Podobna situace je u pacientd s nemoci typu reakce $tépu proti hostiteli (GVHD), kde by se
mohly prospésné€ uplatnit imunomodulacni vlastnosti MSCs.

Role MSCs v regeneraci srdce byla zkoumana v in vitro experimentech. Primarni
kardiomyocyty (CMCs) izolované z dospélého prasete byly ko-kultivovany s prasec¢imi MSCs
a po 3 dny, byly sledovany a méfeny jejich morfologické a funkcni vlastnosti (kontrakce,
vapnikové proudy, respirace). MSCs prokazaly podplrny efekt na ptezivani CMCs, coZ bylo
obzvlasté vyznamné ve 3. dni experimentu, kdy se v ko-kultufe vyskytovalo vyznamné vice
zivych CMCs se zachovanymi morfologickymi i funkénimi vlastnostmi.

Vliv MSCs na regeneraci jater byl sledovan na prase¢im modelu chronické jaterni
nemoci. Po resekei jaterniho laloku byly MSCs (1 x 10° bb /kg) aplikovany do portalni Zily
prasete. Ve vybranych casovych intervalech pak byla provadéna kvantifikace hladiny
cytokini a ristovych faktorti v periferni krvi zvifat. S vyuzitim kvantitativni histologie pak
byla provedena morfometrickd analyza regenerované jaterni tkané. Z vysledkl vyplyva, Ze
aplikace MSCs neméa vyznamny efekt na sledované parametry, snad s vyjimkou
pozorovaného nevyznamného zvyseni podilu pojivové tkané v jaternim parenchymu.

Imunomodula¢ni efekt MSCs na GVHD byl nejdiive zkouman in vitro, kde ve
smiSené lymfocytarni kultufe po ptfidani MSCs, ukazal test metabolické aktivity, ze MSCs
potlacuji aktivitu lymfocytd. Dale byly MSCs v jedné davce aplikovany pacientiim s tézkou
GVHD. V nasledujicich tfech mésicich byly méfeny hladiny regulac¢nich T-lymfocyti a
pomocnych T-lymfocytih pro prikaz imunomodula¢niho efektu MSCs. Statistické
vyhodnoceni ziskanych dat neprokazalo vyznamny rozdil, ale klinicky stav pacientd se
vyrazné zlepsil.

Nase prace ukazala, ze MSCs maji podptrny a imunomodulacni efekt na bunky v in
vitro kultufe, kde je snadné zajistit idealni experimentalni podminky. Po aplikaci MSCs do
zivého organismu ovlivituje vysledny efekt mnoho proménnych, proto jsou casto vysledky
sice slibné, ale neptesvédéivé. Je nutno provést dalsi experimenty na velkych skupinach
ucastnikli, nez bude mozné prenést aplikaci MSCs z laboratoii do bézné klinické praxe.



1 Introduction

1.1 Mesenchymal stem cells

Mesenchymal stem cells (MSCs) are multipotent cells possessing multidirectional
regenerative ability. Nowadays MSCs are in a focus of scientists and clinicians as a
therapeutic option of the future for wide variety of diseases.

MSCs reported ability to differentiate into adipocytes, chondrocytes and osteocytes
together with other observed differentiation abilities made them promising cell type for tissue
regeneration at first. Further research of these cells showed that MSCs improve regeneration
of variety tissues not only by differentiation, but, in much bigger percentage, by release of
cytokines, chemokines and immunosuppressive molecules, which modulate inflammation and
support cell survival together with connective tissue formation, resulting in complex tissue
regeneration. In more than 40 years of MSCs research there were not reported any tumor
formations or any other serious adverse effect after MSCs application in vivo.

MSCs are naturally present in developing and also developed adult organism. They
can be isolated from many tissues and cultivated for further in vitro or in vivo research. From
culture they can be easily harvested and administered into living organism, where they do not
trigger immune response. Therefore MSCs are ideal cell type for not only autologous
transplantations, but also allogeneic, or, as reported, xenogeneic.

Recently, all these findings lead researchers and clinicians to start more than 500
clinical trials, where MSCs are transplanted to patients as a treatment or co-treatment for
variety of diseases. So far, results of clinical trials are not as positive and promising as it was
expected. MSCs are not reported to be harmful, but sometimes it seems that their application
is not having any effect. Many reasons for this observation can be found, but only more
detailed research in this field can provide sufficient answers and solutions.

Therefore we performed series of experiments in vitro and also in vivo, in order to
explain in detail MSCs role in heart and liver regeneration together with their
immunomodulation abilities and their effect in Graft versus Host disease.

1.2 MSCs characterisation
MSCs are very heterogeneous cell population, considering their morphology,
physiology and cell markers expression. Till today there was not identified marker specific
only for MSCs. To prevent chaos, in 2006 the Mesenchymal and Tissue Stem Cell Committee
of the International Society for Cellular Therapy published Minimal Criteria every cell has to
meet to be classified as Mesenchymal Stem Cell [Dominici et al., 2006]. Cell must:
1. posses fibroblast-like shape, adhere to surface, grow in field and form colonies,
2. express specific antigenes: CD73, CD90, CD105 and in the same time cannot express
CD34, CD45, CD14 or CD11b, CD79a or CD19, and HLA-DR,
3. be able to differentiate into adipocytes, chondrocytes and osteocytes.

1.3 Mechanism of MSCs therapeutical function

After reception of specific stimuli, MSCs are able to home into site of injury and affect
surrounding cells with cell-to-cell contact or by release of variety of factors. Three main
mechanisms how MSCs support regeneration are paracrine production of cytokines and other
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molecules, immunomodulatory function and in small percentage also differentiation into
target tissue cells.

1.4 MSCs and cardiac regeneration
Myocardial tissue was, at first, considered to be incapable of regeneration. But in 2001

it has been shown that injection of MSCs into heart of mice with infarction resulted in
improvement of cardiac functions [Orlic et al., 2001]. Since then many more experiments was
performed with more and less positive results, where MSCs proved to have beneficial effect
on whole heart [Liu et al., 2015; Lee et al., 2014; Guo et al., 2007]. MSCs support cardiac
repiar with three main mechanisms; immunomodulation, differentiation and paracine effect.
All of them influence not only CMCs, but also connective tissue and vessels. MSCs supported
vasculogenesis and cardiac tissue regeneration improves chance of successful cardiac repair

Despite the described beneficial effect, detailed metastudy of clinical researches
showed that more positive results are, more errors in research design can be found.
Methodically correct studies showed non or very mild effect of MSCs on patient hearts
[Nowbar et al., 2014].

In our study we focused on experiments with swine cells to elucidate role of MSCs in
cardiac regeneration.

1.5 MSC and liver regeneration

It has been shown that MSCs transplantation helps to partially restore liver function and
decrease symptoms of the disease. MSCs support liver repair with three main mechanisms;
immunomodulation, differentiation and paracine effect, all of them influence not only
hepatocytes, but also connective tissue and vessels. MSCs supported vasculogenesis and
hepatocyte proliferation together with suppression of inflammation and hepatocyte apoptosis
improves chance of successful liver repair. All together MSCs has been reported to increase
survival rate of patients with variety of liver diseases [Lin et al., 2011].

In our work, new model of chronic liver disease in pig was introduced. MSCs were

administered to pigs with developed liver disease after liver lobe resection.

1.6 MSCs and GVHD

MSCs are tested as a possible treatment or co-treatment of Graft-versus-host disease
(GVHD), but evidence show, that MSCs can be used also as a prevention of GVHD relapse.

Commonly used and also only effective therapy for GVHD is long term administration
of high doses of corticoids. If the GVHD is resistant for this drug, it is difficult to manage the
disease. It has been reported that application of MSCs for these patients can reduce symptoms
of the GVHD and lower amount of relapses, if administered regularly in infusions
(1x10°cells/kg) [Kebriaei and Robinson, 2011].

Application of MSCs to GVHD patients helps to inhibit donor T-lymphocyte
reactivity to histocompatibility antigens of normal host tissue, together with suppression of
DCs maturation and suppression of NK cytotoxicity. All these findings have been observed in
many studies [Muguruma et al., 2006; Le Blanc and Ringdén, 2005, 2006].

In our work we focused on elucidation of overall effect of MSCs on lymphocytes.



2 Aims

Optimize swine and human MSCs isolation and cultivation
Standardize and optimize MSCs verification protocols
Describe the role of MSCs in cardiomyocyte function repair
Describe the role of MSCs in liver regeneration

Describe the role of MSCs in GVHD



3 Materials and methods

All animal experiments were performed following the guidelines of European
parlament and European Council 2010/63/EU about protection of animals used in scientific
experiments. All experiments were approved by Expert comittee for work with laboratory
animals of Medical faculty in Pilsen, Charles University in Prague.

3.1 MSCs isolation

In this study we used bone marrow MSCs isolated from adult organisms, pig MSCs
for majority of experiments, human MSCs for immunity related experiments. MSCs were
isolated with gradient centrifugation method and seeded on cultivation plastic. After
attachment period, floating cells were washed and remaining cells, MSCs, were verified in
flow cytometry for marker expression (positivity for CD73, CD90 and CD105 and negativity
for markers of hematopoitic line) and part of the cells underwent dfferentiation to osteo-,
adipo- and chondro- line for confirmation of differentiation ability.

3.2 MSCs and cardiomyocytes

Cardiomyocytes (CMCs) were isolated from left ventricles of young adult pigs (Sus
Scrofa, n = 5) in anesthesia. Heart was mounted to constant pressure Langerdorff’s aparathus
and perfussed with warm (37°C) oxygenated solutions; Tyrode with/without calcium and
collagenase solution. Isolated CMCs were seeded into cultivation plastic and evaluation of
cell culture yield was performed. As CMCs, all long striated cells with rough edges were
counted, the rest was considered to be dead or dying cells.

Four different cultivation surfaces were used for cell culture optimisation; 1, CMCs
were seeded on normal cultivation plastic without any further treatment (TPP, Switzerland), 2,
CMCs were seeded on normal cultivation plastic (TPP, Switzerland) coated with laminin
(mouse, Sigma-Aldrich, USA) in concentration 1,5 mg/ml, 3, CMCs were seeded on normal
cultivation plastic (TPP, Switzerland) coated with 0,5 % gelatine (Sigma-Aldrich, USA), 4,
CMCs were seeded on cultivation plastic specially treated for better cell attachment (Corning,
Sigma-Aldrich, USA). Cell adhesivity was evaluated on all four cultivation surfaces in light
microscopy (Nicon Eclipse Ti, Japan). One asigned person, experienced observer, shaked
with cultivation plastic and rated cell adhesivity in each sample by number 1 — 5, where
number 1 ment majority of the cells (> 90 %) was flowing in media not attached to surface
and number 5 ment majority of the cells was attached to cultivation surface. For all four
cultivation surfaces the results were statistically processed, regular cultivation plastic without
any treatment was used as standart for comparisons.

For co-cultivation experiments were first MSCs seeded to 6-well plate (TPP,
Switzerland) in concentration 54 000cells/well each and let to attach overnight in humidified
incubator (37°C, 5% COy). Insert of, transwells, 3 microns membrane pores, Transwell®
(Corning, Sigma-Aldrich, USA), into 3 wells with MSCs followed and CMCs in Complete
CMC media were added to all 6 wells of 6-well plate, as a control CMCs without presence of
MSCs were used. For 10 days CMCs morphology was observed and percentage of living
CMC:s in culture was evaluated with use of MitoTracker® (579/599) (Molecular probes, Life
Technologies, USA). In dayl and day 3 of the experiment mitochondrial respiration was
measured with high-resolution respirometry, oxygraph Oroboros (Oroboros, Insbruck,
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Austria), and CMCs electrophysiology parameters (contractility and transient calcium
currents) were evaluated with lonoptix HyperSwitch Myocyte Calcium and Contractility
System (lonOptix LLC, Westwood, USA).

For statistics analysis software STATISTICA Cz (Statsoft CR, Czech republic) was
used. Parametric data were analysed with Student t-test, non parametric statistics was
performed with use of Wilcoxon test and for complex data, analysis of variance with multiple
factors (ANOVA) was used. Results are presented as averages + standart error of the mean
(SEM), where probability level <0,05 was considered to be significant.

3.3 MSCs in liver regeneration

For this study, not previously described model of chronic liver disease in pig (Sus
Scrofa) was estabilished. Pigs in general anesthesia underwent biliary obstruction surgery,
were observed for 9 weeks and resection of left liver lobe as a simulation of surgery on
diseased liver in human, followed. In the same moment, liver samples for morphometry
analysis were taken and administration of MSCs (1 x 10° cells / kg) into portal vein followed.
After resection, peripheral blood was collected in 7 timepoints ; 0 h, 2 h, 24 h, 3 days, 7 days,
10 days and 14 days for luminex analysis, Luminex® 200™ (Luminex Corporation, USA), of
IL-6, IL-8, TNF-o. and TGF-B concentrations. In day 14 after resection animals were
sacrificed and liver samples for morphometry analysis were taken, see Table 1.

All gained data were analysed in software STATISTICA CZ (Statsoft, Czech
republic). For data with normal distribution Students t-test was used, for non parametric
statistics Wilcoxon test or Mann-Whitney U test was used. As signficant p < 0,05 was taken.

3.4 MSCs and GVHD

For evaluation of influence of MSCs on GVHD and further implementation of these
findings into regular medical practice, human cells were used. This study was approved by
Ethical committe of Teaching hospital in Pilsen. All donors provided written cosent to the
study.

For initial experiments, in vitro culture was chosen. As a GVDH model, mixed
lymphocyte culture was used, where lymphocytes from HLA incompatible donors were
mixed. For more comparisons, stimulation with nonspecific mitogenes and chemotaxis
activators Phytohemaglutinnin (PHA) and N-formyl-Met-Leu-Phe (fMLP, both Sigma-
Aldrich, USA), as a simulation of medicaly induced state, followed.

To the 200 ul lymphocyte mixture 50 pl MSCs in different concentrations: 4 x 10°
cells/ml (MSCs/lymphocyte ratio 1:5), 4 x 10* cells/ml (1:50) and 4 x 10° cells/ml (1:500)
were added and cultivated for 6 hours. Addition of MTT solution followed and after 2 h
incubation, the spectrophotometric analysis was performed with Synergy HT (Biotek,
Germany).

Results from 32 tests of the cells from 15 healthy donors were statistically analysed by
STATISTICA CZ (Statsoft, Czech republic) with use of the Wilcoxon paired test. As
significant, p < 0,05 were taken.
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Table 1 - Quantitative parameters used in liver morphometry, their stereological principles,
histological staining and sampling of photographs. The lowest possible magnification was
used to maximize reference space for each parameter.

Abbreviation

A(lobule)

Parameter
(unit)

Mean Cross-
sectional area
of classical
morphological
lobules (mm?)

Stereological principle used for quantification

Step 1. Systematic uniform random sampling of
one lobule per tissue section for quantification.
Step 2. Nucleator probe in isotropic uniform
random (IUR) sections.

Section
staining
objective
magnification

and

Anilin blue and
nuclear red
objective 2x

Volume Step 1. Systematic uniform random sampling of
Vy(connective fraction of | microscopic image fields selected for | Anilin blue and
Ii\\//er) ' | connective quantification from multiple physical sections. nuclear red
tissue in the | Step 2. Point grid and Cavalieri of Delesse | objective 2x
liver (%) principle.
Step 1. Systematic uniform random sampling of
iEl: microscopic  image fields selected for
Vy(hepatocytes | fraction of e . . . PAS
liver) hepatocytes  in quantification from multiple physical sections. objective 40x

the liver (%)

Step 2. Point grid and Cavalieri of Delesse
principle.

Volume Step 1. Systematic uniform random sampling of
fraction of | microscopic image fields selected for PAS
Vv(MH,liver) mononuclear quantification from multiple physical sections. objective 40x
hepatocytes in | Step 2. Point grid and Cavalieri of Delesse
the liver (%) principle.
Volume Step 1. Systematic uniform random sampling of
fraction of | microscopic image fields selected for PAS
Vy(PH,liver) polynuclear quantification from multiple physical sections. obiective 40x
hepatocytes in | Step 2. Point grid and Cavalieri of Delesse !
the liver (%) principle.
Volume
fraction of | The parameter was calculated by subtracting the
V(BB liver) blood and | total liver volume the fractions of connective | -
biliary vessels | tissue and hepatocytes from 1.
(%)
Step 1. Systematic uniform random sampling of
gﬂfeﬂono\rﬁﬁl:ulgnai the lobules (at least 30 per tissue section) PAS
V(MH) h selected for quantification. .
epatocytes . . . objective 40x
3 Step 2. Nucleator probe in isotropic uniform
Sy random (IUR) sections.
Step 1. Systematic uniform random sampling of
Mean volume the lobules (at least 30 per tissue section)
V(PH) of polynuclear selected for quantification PAS
hepatocytes Step 2. Nucleat b. in isotropi it objective 40x
(um’) ep 2. Nucleator probe in isotropic uniform

random (IUR) sections.

For clinical study, only patients with severe GVHD, both accute (n = 8) and chronic (n
= 10), were enrolled. Every patient received one dose of MSCs (1 — 5 x 10%kg). Blood
samples were taken in times; O (before the MSCs were injected), 14 days, 1 month, 2 months
and 3 months after MSCs administration. The count of white blood cells (WBC), lymphocytes
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and subpopulations of regulatory T-lymphocytes (Tregs) and helper T-lymphocytes were
measured with flow cytometer BD FACSCanto Il (BD Biosciences, USA) as markers of
immunomodulation. Tregs were evaluated by two antibody sets, first set confirmed Tresgs as
cells CD4*, CD25™""* CD127 and second set confirmed Tregs as cells CD4*, CD25"1"*,
FoxP3". Both detection methods are mentioned in literature as efficient. Comparison of both
antibody sets results for Tregs detection optimisation was performed.

Results from five different timepoints from 10 patients with chronic GVHD and 8
patients with acute GVHD were statistically analysed by STATISTICA CZ (Statsoft, Czech
republic) with use of the Wilcoxon paired test. As a base for analysis, time 0 was transformed
to 100%, the rest of values in different times were compared and transformed to percentage.
Statistics was performed on these values, as significant, p < 0,05 were taken.
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4 Results

4.1 MSCs isolation and culture

MSCs, both swine and human, can be isolated with described procedure. Isolated cells
showed to have properties of MSCs, verification under light microscopy for MSCs phenotype
(Figure 1), differentiation into three lines (Figure 2), and flow cytometry antigene
determination was performed (Figure 3).

Figure 1 - MSCs morphology in light microscopy. Adhesive behaviour, spindle shape and
large nucleus. A — MSCs forming colonies, B — MSCs in 100 % confluency, C — MSCs in

phase contrast, D — MSCs stained with Hematoxylin-eosin.

Figure 2 - Differentiation of MSCs into three lines; A — MSCs differentiated into adipocyte
line — fat vacuolas stained with Oil Red O; B — MSCs differentiated into osteocyte line —
calcein structures stained with Alizarin Red S; C — MSCs differentiated into chondrocyte line
— blue color of mucopolysacharides stained with Alcian Blue.
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Figure 3 - Flow cytometry of human MSCs. Example of markers typical for cells; HLA-DR(95,17
%), CD34" (99,61 %), CD13" (100 %), CD73" (99,9 %), CD90" (99,6 %) and CD105" (99,7 %).

4.2 MSCs and cardiomyocytes

4.2.1 Cardiomyocyte isolation and culture

Porcine primary adult CMCs can be isolated by standart procedure. Isolated CMCs
possessed characteristic phenotype, long, trabecular shape with rough edges on both sides and
visible stripes. However, the percentage of live CMCs among other cells; e.g. dead, dying,
stromal and debris, was low 20 % (= 10 %).

CMCs can be cultivated on all four used cultivation surfaces, with no observed
negative effect on CMCs morphology or survival. CMCs cultivated on standart cultivation
plastic covered by gelatine or laminin showed statistically significant higher percentage of
adhesivity (p = 0,00068 for gelatine, p = 0,00011 for laminin) in comparison with CMCs
cultivated on standart cultivation plastic without cover or on special cultivation plastic for
higher cell adhesivity (Table 2). Together with increased adhesivity of CMCs, other cells in
suspension, dead and dying cells, showed increased adhesivity too. Simple cultivation on
different types of plastic did not helped to increase culture purity, to increase the ratio of
living CMCs cells in culture.
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Table 2 - Comparison of cell adhesivity on different cultivation surfaces with different cover.
ADHESIVITY OF OTHER

SURFACE ADHESIVITY OF CMC CELLS
TYPE (MEAN = SD) (MEAN + SD
Standart
cultivation - 1,8+ 0,63 1,8 £0,63
plastic
Standart
cultivation gelatin 3,5+£1,08 * 3,5+1,08 *
plastic
Standart
cultivation laminin 3,8+1,03 * 3,8+1,03 *
plastic
Superadhesive
cultivation - 2,2+0,92 2,2+0,92
plastic

Evaluated under light microscope by experienced observer by 1 — 5 scale, where 1 stands for
majority (> 90 %) of the flowing cells and 5 for majority adhered

* Statistically significant results (t-test p < 0,001) in comparison with regular cultivation
plastic without cover.

4.2.2 Co-cultivation experiments

CMCs and MSCs cocultivation experiments showed, that CMCs in direct contact with
MSCs tend to adhere to MSCs and form 3D culture phenomenon. This impeded division of
CMCs from MSCs and further manipulation with cells without cell damage. According to
observation it is possible to say, that this way of cultivation is beneficial for the CMCs the
most, because the morphology of living CMCs was observed here for the longest time, but the
observation was not possible to quantify and analyse. Therefore we did not used CMCs
cocultivated with MSCs directly for further experiments. CMCs cultivated alone, without
MSCs presence and CMCs co-cultivated with MSCs across the transwells were used for
further comparisons.

Freshly isolated cardiomyocytes had long, trabecular, shape with sharp edges on both
ends and their stripes as a sign of striated muscle were nicely visible (Figure 4A). In longer
term culture the sharp edges of the cells started to round and stripes slowly dissapeared. After
three days of the culture CMCs started to develop morphological pathologies (Figure 4B — E),
but many cells in the culture remained phenotypically CMCs. After 9 days, CMC phenotype
in culture was observed very rarely on all cell cultivation surfaces.

Fluorescent microscopy confirmed observation under light microscope. In day 1,
staining with MitoTracker, which stains with red colour healthy mitochondria having
sufficient membrane potential for effective oxidation functions, was nicely visible in both
compared groups, in CMCs cultivated alone and in CMCs co-cultured with MSCs (Figure 5).
In day 3 of observation the signal was also visible (Figure 6), but cells already showed first
signs of deterioration, after this day rapid decrease in observed signal was found.
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Figure 4 - Morphology of CMCs in time; A — freshly isolated CMC with long trabecular shape, rough
edges and stripes, B — D — morphology pathologies of CMCs in long term culture (3 — 10 days), CMCs
loose stripes, edges starts to round and cell crooks, E — dying cell, F — dead cells and cellular debris.

CMC:s cultivated with MSCs in the transwells, without cell-to-cell contact, preserved
CMCs morphology for aproximatelly one day longer than CMCs cultivated without MSCs.
CMCs in separate culture also showed statistically significant (p = 0,0196) decrease in ratio of
living cells between day 1 and day 3 of assessment. Comparison of ratio of living CMCs in
culture with and without MSCs in day 1 showed diffrence, but not significant. In day 3 the
difference between both CMCs groups was statistically significant (p = 0,0152). MSCs
positively influenced CMCs in culture (Figure 7).

Oxygen consumption (Figure 8) of intact CMCs had tendency to decrease with
cultivation time, but the decrease was not significant in both CMCs groups, cultivated with
and without MSCs. Basic respiration (ROUTINE state) fluctuated from 249 + 62 pmol/(s*10°
cells) in CMCs cultivated for 1 day without MSCs and 126 + 42 pmol/(s*10° cells) in CMCs
cultivated for 3 days with MSCs. Similar characteristics showed also state LEAK. Maximal
respiration induced by FCCP was nearly identical for both CMCs groups and had small trend
to decrease in time.

Cell culture had detrimental effect on calcium transient and contraction of CMCs.
CMC:s cultured for 3 days compared to CMCs culture for 1 day showed significant decrease
in the baseline values of transient and contraction amplitude and decrease in transient and
contraction velocities. Cultivation of CMCs with MSCs did not prevented the changes.
Moreover calcium transients of cells cultivated with MSCs after 1 day of cultivation showed
significantly slower departure and return velocity, longer time to 50 % of peak, shorter time to
10 % of peak and lower peak (amplitude of the peak is also higher, but not significantly)
compared to cells cultivated for 1 day without MSCs. Contraction of these cells was not
significantly different. In cells cultivated for 3 days were differences in calcium transients
mostly inverse (CMCs cultivated with MSCs showed better calcium transients), but
significant only for sin exp amp, sin exp tau and peak. Contraction of cells cultivated for 3
days was significantly different only in the integral (CMCs cultivated without MSCs had
higher integral), but contraction of the CMCs cultivated with MSCs was worse.
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Figure 5 - Fluorescent microscopy of mitochondria in CMCs in day 1 of cultivation (red color — functional
mitochondria, blue color — nuclei). Upper row CMCs cultivated alone, bottom row CMCs co-cultured with
MSCs; A, E — Fluorescent microscopy of cell culture, B,F — Same frame of cell culture but taken in bright
field, C,G — detail of single cardiomyocyte in fluorescence, D — detail of single cardiomyocyte in
brightfield, CMC exhibits rough edges and nice stripes, H — detail of single cardiomyocyte in brightfield,
CMC exhibit stripes, but edges already start to round.

100 um 10 um

100 um 100 um 10 um 10 pm

Figure 6 - Fluorescent microscopy of mitochondria in CMCs in day 3 of cultivation (red color — functional
mitochondria, blue color — nuclei). Upper row CMCs cultivated alone, bottom row CMCs co-cultured with
MSCs; A, E — Fluorescent microscopy of aging cell culture, B,F — Same frame of cell culture but taken in
bright field, more cell pathologies and less stripes is visible in comparison with day 1, C,G — detail of
single cardiomyocyte in fluorescence, D — detail of single cardiomyocyte in brightfield, edges are round
and stripes are hardly visible, H - detail of single cardiomyocyte in brightfield, edges are round, stripes
hardly visible and inside the cell apoptotic vacuole formation is visible.
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Figure 7 - Comparison of percentage of living CMCs in culture with/without MSCs, Count of living
CMCs in both culteres decrease in time.

* Decrease in humber of living CMCs cultivated without MSCs, while comparing 1st and 3rd day of
cultivation, according to Wilcoxon test, was statistically significant (p = 0,0196).

** Survival of CMCs was significantly higher in CMCs cultivated with MSCs in day 3, according to
Wilcoxon test p = 0,0152.
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Figure 8 - Typicall curve of oxygen consumption by cultivated CMCs (in 3rd day of culture
without MSCs). Red line shows oxygen consumption, blue line shows oxygen concentration
in chamber. Oxygen consumption in chamber in pmol/(s*ml) is immediatelly transferred to
pmol/(s*10° cell). Vertical lines mark application of variety of chemicals (Omy = oligomycin;
FCCP = karbonylkyanid-p-trifluoromethoxyfenylhydrazon; Rot = rotenon).
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4.3 MSCs and liver regeneration

4.3.1 Concentration of IL-6, IL-8, TNF-a, TGF-p

Plasma samples from 7 timepoints of chronic liver disease experiment were analysed
with Luminex for concentrations of IL - 6, IL - 8, TNF — a and TNF — 3 (Figure 9). Statistics
of the results showed no significant differences (Mann Whitney U test, p < 0,05).

Yet, concentration of IL — 6 showed increasing trend since the first evaluated
timepoint (0 h) in both groups, from the third timepoint (1 day) concentration of IL — 6
continued to rise in group treated with MSCs, meanwhile NO MSCs group showed decrease
in IL — 6 concentration. Trend was visible, however, there was not statisticall significance in
measured concentrations. Concentration of IL — 8, of pro-inflammatory interleukin, together
with concentration of TNF — a, cytokine of acute phase of inflammation, showed no specific
trend in all measured times in both groups. Concentration of TNF — B had increasing trend,
but similar in both measured groups.
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Figure 9 - Quantification of pro-inflammatory cytokines and TGF-f in plasma of pigs. Values
are expressed as % of marker level in time point T = 0 h and standard error means are shown.

4.3.2 Liver morphology and morphometry analysis

Quantitative histology analysis of liver morphology (Figure 10) showed no significant
differences between both, MSCs and NO MSCs, groups and also comparison of samples
before and after regeneration period (14 days) did not show any significant (Figure 11).

Regenerated samples after application of MSCs had a smaller Vy(hepatocytes, liver)
(59.5+£10.1%, mean +SD) than the samples of the same individuals before regeneration
(70.2+£5.5%) (Wilcoxon matched pairs test p = 0.013), retaining their percentage division to
individual groups in the same animals before and after applying MSCs.
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After MSCs application, the volume fraction of connective tissue within the
regenerated liver was negatively correlated with the mean volume of hepatocytes (Spearman
R=-0.78 in mononuclear hepatocytes and -0.70 in polynuclear hepatocytes), so the regions
with more connective tissue contained smaller hepatocytes (Table 3). This correlation was
absent in animals in NO MSCs group. After MSCs application, the volume fraction of both
mononuclear and polynuclear hepatocytes within the regenerated liver was strongly correlated
with the volume fraction of hepatocytes (R=0.69), so the regions containing more regenerated
hepatocytes were populated by mainly mononuclear hepatocytes. This correlation was much
weaker (R=0.23) in animals in NO MSCs group.
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Figure 10 - Quantitative histological analysis and examples of liver morphology in the selected
experimental groups. A — The volume fraction of connective tissue within the liver was estimated using a
point grid (yellow). Cross-sectional area of hepatic lobules was estimated using a two-dimensional
nucleator probe (red). B — In hepatocytes selected with the counting frames, the volume fraction of
hepatocytes within the liver was quantified using the point grid (red marks). The mean volume of
individual hepatocytes was estimated using the nucleator probe (red lines with intercepts on the edges of
the hepatocytes). The areas with portal triads in animals with MSCs transplantation at resected (C) and
regenerated (D) groups are showed. Overall morphological pictures of liver structure are shown in animals
without MSCs transplantation at day 0 (E) and day 14 (F) groups without apparent differences in compared
areas. Isolated areas of bile obstruction (arrows) are shown on E and F. Alcian blue and nuclear red stain
(A,C,F), PAS stain (B,D,E). Scale bars 500 pm (A), 50 um (B), 100 pm (C,D), 200 pm (E,F).
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Figure 11 - Results of the histological morphometry comparing day 0 (RESECTED) and day 14
(REGENERATED) for two groups; with MSCs administration and without MSCs. No significant
differences were found when comparing the volume fractions of mononuclear V\(MH,liver) and
polynuclear hepatocytes Vy(PH.,liver), connective tissue Vy(connective,liver), and blood and billiary vessels
Vy(connective,liver).

Table 3 - Correlations between histological morphometric parameters specified in the first and second
columns in separate experimental groups. Spearman coefficients in significant correlations (p <0.05)
are presented.

day O day 14 day 0 day 14

Vy Vv (BB, liver) | -0.76 -0.71 -0.82 -0.93
(hepatocytes, Vv (MH,liver) | - 0.69 0.66 0.23
liver) Vy (PH,liver) | - -0.69 -0.66 -0.23
V (MH) V (PH) 0.65 0.72 0.78 0.61
Vv (MH, liver) | Vy (PH,liver) | -0.96 - - -

Vy (connective, | V (MH) - -0.78 = -
liver) V (PH) - -0.70 - -

4.4 MSCsand GVHD

4.4.1 Invitro GVHD model

Stimulation of lymphocytes with alloantigens or PHA and fMLP enabled to create in
vitro GVHD model sufficient to analyse immunosuppresive effect of MSCs co-cultured with
these lymphocytes. In total 32 experiments were peformed. The results were obtained by
MTT test, where absorbance level represents the metabolic and proliferative activity of
cocultured lymphocytes.

Positive control, lymphocytes stimulated with HLA incompatible inactivated
lymphocytes, showed increase in metabolic activity with an increment of absorbance by 0,24
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(p < 0,001) compared to negative control, unstimulated lymphocytes. In contrast to this
observation, in co-cultivation experiments, where MSCs were present, the decline of
absorbance was observed. The average decline of absorbance for MSCs/lymphocyte ratio 1:5
was by 0,23 (p < 0,01), in 10 x diluted MSCs (1:50) the decline was 0,10 (p < 0,01) and in
100 x diluted MSCs (1:500) the average decline by 0,02 (p=0,043) was measured.

The presence of MSCs led to an absorbance decline in all tests in comparison with
positive control. The effect of MSCs was dose dependent, the higher amounts of MSCs added
into lymphocytes, the better immunosuppresive response was measured; in co-culture with
MSCs/lymphocyte ratio 1:5 the absorbance level decrease by 62%, in ration 1:50 the decrease
was by 26% and in ratio 1:500 the decrease was 6% only (Figure 12).

Also comparison of groups of lymphocytes stimulated with PHA or fMLP showed
significant differences in absorbance. Both groups were co-cultured without and with MSCs
(1:5 ratio). The presence of MSCs decreased lymphocyte activity. The absorbance was
reduced by 0,17 (p < 0,01) in samples stimulated with fMLP and by 0,31 (p < 0,001) in
samples treated with PHA, which corresponded to decline by 42% and 67% .

0e

p=0.05

p=0.01

p=0.01
p=0.001

a6
1

MTT absorbance
04

02

T T T T
negative ¢ positive ¢ MSC 1.5 MSC 150 MSC 1500

lympho ratios

Figure 12 - Reduction of stimulated lymphocytes metabolic activity after MSCs addition (stimulation with
alloantigenes). The co-cultivation with MSCs reduces the metabolic activity of stimulated lymhocytes in
comparison with positive control. The higher dilution of MSCs i suspension, less effective the suupression
is, the effect is highly dose dependent. MTT absorbance values showed, Wilcoxon pair test (median; box:
25%, 75% quantiles; non-outlier min, non-outlier max).

4.4.2 MSCs and GVHD patients

MSCs were administered to 8 patients with acute GVHD and to 10 patients with
chronic GVHD. Blood samples from 5 timepoints (0 h, 14 days, 1 month, 2 months, 3
months) were processed and Tregs presence together with helper T-lymphocytes were seeked
and evaluated.

For Tregs detection two approaches were compared (Figure 13). It was shown, that
there is no significant difference in number of Tregs as CD4", CD25"""™* CD127 and Tregs
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with markers CD4*, CD25”""* FoxP3*. Any of these antibody sets showed to be alone
sufficient enough to show Tregs population.

MSCs administered to patients with chronic GVHD showed to have supportive effect
on number of Tregs (CD4'/FoxP3" population), the trend was visible in each blood draw,
with the biggest influence in 3 months after application of MSCs into patients. As visible in
Figure 14, other measured parameters varied, for example production of IL — 17 was
decreased after MSCs application, but in the 3 months check (T= 100) it was nearly in the
same level as before MSCs application.

MSCs administered to patients with acute GVHD showed to have no influence on
number of Tregs, whose number decreased in time. The levels of IL — 4 and IL — 17 in blood
of patients increased with time. IFN — y levels in patients blood was decreased after MSCs
administration and remained low in all experimental time points suggesting long term effect
of MSCs application on Tregs. However non of the showed result was statistically significant.
If the extreme values would be removed, for acute and also chronic GVHD data, differences
would be more prominent, but still not significant, more patient need to be enrolled in study to
obtain statistically significant results.

Despite the insignificant changes in measured parameters, clinical improvement of
GVHD in patients was satisfactory. In 90 % of patients enrolled in study dose of
corticosteroids was decreased. In three patients with acute GVHD total remision occured, in
other three partial remission was observed. Chronic GVHD is harder to manage, but two
patients reached partial remission of disease. However, clinical observation and data were not
part of this work.
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Figure 13 - Example of Tregs gating strategy in flow cytometry. Comparison of two different antibody sets
(B,C) A — subpopulation of lymphocytes positive for CD4 (43,5 %). B — Tregs positive for CD25 and also
CD127 (15,1 %). C — Tregs positive for CD4 and FOXP3 (15,6 %).
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Figure 14 - Chronic GVHD after MSCs administration, changes of numbers of Tregs and helper T-
lymphocytes in timepoints (14 days, 30 days, 60 days, 100 days). No significant differences were found. A
— count of white blood cells (WBC), B — count of all lymphocytes, C — Tregs (CD25",CD127) count
development in time, D - Tregs (CD4",FOXP3") count development in time, E — levels of IL-4 in time, F —
levels of IFN-y in time, E — levels of IL-17 in time.
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5  Disscussion

Mesenchymal stem cells are promissing cell type for cellular therapy for wide variety
of diseases of the future [Bouchez et al., 2008; Qian et al., 2008; Basiouny et al., 2013]. Since
their discovery, their isolation and cultivation was well described [Reyes et al., 2001],
together with exact criteria for their verification [Dominici et al., 2006]. In our work we
isolated swine and also human MSCs from bone marrow. Standart procedure was sufficient to
gain more than 98 % purity of MSCs culture.

Morphology observation showed that cell possesed spindle shape with several spurs
and large nucleus. With commercialy accesible media we confirmed that our cells were able
to differentiate into adipocytes, osteocytes and chondrocytes, flow cytometry confirmed
MSCs antigenes on the surface of these cells.

Series of experiments with swine MSCs was performed to elucidade their role in
cardiac and liver regeneration. Human MSCs were used for determination of role of MSCs in
immunomodulation, specifically in GVHD.

5.1 MSCs and cardiomyocytes

Influence of MSCs on CMCs has been studied in many works [Silva et al., 2014;
Psaltis et al., 2014; Narita and Suzuki, 2015], but application of these findings into clinical
practice is not satisfactory yet [Nowbar et al., 2014]. Majority of the studies has been
performed on small animal models, but large animals, such is pig, are more similar to human
[Reardon, 2015] and transfer of obtained data into clinical practice should be easier.

For our experiments, isolated primary adult swine CMCs were chosen, because of
their similarity to CMCs in functional heart [Graham et al., 2013]. Primary CMCs, as fully
differentiated cells, are unable to proliferate and their life span is short, so experiments need
to be performed within few days [Xu and Colecraft, 2009].

Isolation of primary adult swine CMCs showed to be very difficult, process needed a
lot of optimisation experiments and yet the results were not satisfactory. Isolated CMCs were
easily distinguishable from surrounding cells according to the long shape with rough edges
and stripes on the cell body. In our experiments, we gained low yield of living CMCs in cell
suspension from each isolation, contrary to isolation results published in smaller animals
[Ellingsen et al., 1993].

In the literature can be found that CMCs are able to adhere to cultivatuion surface,
which helps with culture purification, because other cells can be washed away [Mitcheson et
al., 1998; Louch et al., 2011]. We tryied 4 different cultivation surfaces, where we found that
CMCs adhered only to coated (laminin or gelatine) cultivation surface but nearly not to
normal non treated cultivation plastic. Contrary to literature [Louch et al., 2011], in our
experiments also other cells, dying and dead, adhered to cultivation surface proportionally to
CMCs. Cultivation itself did not helped to increase percentage of living CMCs in culture.
Magnetic separation of living CMCs from other cells was more efficient, but expensive and
time consuming.

Adult CMCs live in culture for approximatelly 3 days, later dedifferentiation and
progressive cell death follows [Banyasz et al., 2008; Mitcheson et al., 1998]. Our experiments
are in agreement with these findings. Co-cultivation with MSCs improves CMCs survival,
especially when cell-to-cell cross-talk is enabled [Plotnikov et al., 2008]. In our experiments
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CMCs cultured directly with MSCs maintained their morphological integrity for the longest
time, but also adhered to each other and precluded further manipulation without cellular
damage.

CMCs cultivated across the transwells with MSCs showed statistically longer survival
in culture then CMCs cultivated alone. While CMCs without MSCs showed significant
decrease in percentage of living CMCs in culture between day 1 and day 3, difference
between day 1 and day 3 for CMCs cultivated with MSCs were not significant. In day 3
comparison of CMCs cultivated with and without MSCs resulted in statistically significant
bigger percentage of living CMCs in co-culture.

High-resolution oxygraphy of cell suspension showed decrease in mitochondrial
respiration of CMCs during the cultivation time in both groups. Co-cultivation of CMCs with
MSCs was not significantly harmful or beneficial.

Electrophysiological values of calcium currents and CMCs contractility on single cell
level showed deterioration in functions of CMCs in time. Cultivation of CMCs lead to
decrease in the resting values of intracellular calcium, deceleration of calcium release from
the sarcoplasmic reticulum, decrease in calcium transient amplitude and deceleration of
calcium decrease during relaxation. These changes were accompanied with deceleration of
contraction and relaxation speed and decrease in contraction amplitude. Co-cultivation of
CMCs with MSCs did not prevent these undesirable changes. After 1 day of cultivation
CMCs co-cultivated with MSCs showed significantly worse results than cells cultivated
without the MSCs. After 3 days of cultivation the calcium transients were less impaired in
cells co-cultivated with MSCs, but not significantly. Moreover, contraction parameters
remained worse in MSC co-cultivated cells. Therefore co-cultivation of the cardiomyocytes
with MSCs was not significantly beneficial for calcium handling and contraction of the
isolated CMCs.

Our results showed statistically significant improvement of percentage of living CMCs
in 3rd day of culture in CMCs co-cultured with MSCs. Contrary to that, mitochondrial
functions and electrophysiology parameters of CMCs seemed not to be influenced by MSCs
co-culture. Possible explanation could be that MSCs have trully beneficial effect on CMCs, so
the cells lived longer in better condition. High-resolution oxygraph results of mitochondrial
respiration were related to number of cells in chamber. Therefore the higher number of living
CMCs in sample of co-cultured CMCs showing similar results as the strongest survivor cells
in CMCs culture only shows beneficial effect of MSCs, which in results related to cell count,
was hidden. Similarly to that, electrophysiological parameters were measured on single cells,
so not significant differences between both groups may mean that MSCs helps CMCs to
maintain not only morphological parameters, but also functional parameters for longer time.

5.2 MSCs and liver regeneration

Influence of MSCs on liver tissue has been studied intensively [van Poll et al., 2008].
Many of the studies are performed on small animal models, but it is known, that large
animals, such is pig, are closer to people in many ways [Reardon, 2015].

Our surgeon team introduced new, clinicaly relevant, model of chronic liver disease in
swine due to biliary obstruction. After nine weeks of biliary obstruction effect, resection of
left lobe was performed. This model mimics similar situation in human patients, who suffer
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from biliary obstruction due to malignancies or other leasions [Barbier et al., 2014], whose
liver is damaged and who need resection of affected liver tissue [Govil and Ramaswamy,
2012]. These patients are in high risk of severe life threatening complications. Improved
regeneration by MSCs could be very beneficial to them.

MSCs have documented ability to support liver regeneration via production of
different cytokines and chemokines [Lin et al., 2011]. In our work MSCs suspension was
administered to 10 pigs after liver lobe resection, 11 pigs received saline solution only.
Production of cytokines was evaluated in plasma of pigs for 14 days, but no significant
differences between MSCs and NO MSCs group were found. Group which received MSCs
showed higher concentrations of IL — 6, which is pro inflammatory cytokine, but it has been
reported to have important role in stimulation of hepatocyte proliferation [Wang et al., 2015;
Lin et al., 2011], however, the difference was not statistically significant. All other measured
parameters IL — 8, TNF — a and TNF — B showed inconsistend results with no visible trends
and no statistically significant results.

Analysis of histological morphometry parameters showed difference between liver
samples from animals with MSCs administration and from animals from NO MSCs group.

Different correlation patterns were found in day 14 between group MSCs and NO
MSCs in relation between V\ (hepatocytes, liver) and the fractions of mononuclear and
polynuclear hepatocytes. Although the mononuclear and the polynuclear hepatocytes are
frequently mentioned and separately classified in many studies about liver regeneration
[Nakatani et al., 1997; Gorla et al., 2001], the interpretation of importance of nuclei count is
still insufficient. Binucleated hepatocytes are reported to be common in healthy liver, in
human it is approximately 20 — 30 % of hepatocytes [Nadal and Zajdela, 1967], on the other
hand, increase of binucleation in hepatocytes can be linked to hepatic recovery process
following injury as a late result of oxidative stress [Nakatani et al., 1997]. Therefore, our work
results may indicate an inclination towards a better microenvironment for hepatocyte
regeneration with increased fraction of mononuclear hepatocytes in regions of hepatocytes
regeneration in animals with MSCs transplantation. However, more experiments need to be
performed to elucidate the biological role of mononuclear and polynuclear hepatocytes during
liver regeneration.

Another difference between MSCs and NO MSCs group was in reduced volume
fraction of hepatocytes in the liver tissue of a group with MSCs on day 14, which was
accompanied with insignificant increase of volume of connective tissue and blood and biliary
vessels. The possible explanation of this finding might be that MSCs transplantation can
stimulate proliferation of connective tissue [Forbes et al., 2004], which reduces the space for
parenchymal hepatocytes.

We showed that MSCs transplantation do not have significant beneficial effect on liver
regeneration in animals with liver damage caused by biliary obstruction after liver resection,
which is contrary to literature [Adas et al., 2016]. Cytokine analysis showed no significant
difference between groups and morphometry analysis results are not convincing either. The
importance of different ratio between mononuclear and polynuclear hepatocytes in day 14
between both groups needs to be verified by further studies, while increased connective tissue
volume at the expense of proper hepatic tissue is not beneficial for sure.

27



One of the reasons of not convincingly beneficial results may be that evaluation time
period was too short. Longer time observation could show more promissing results, especially
in the animal of pig size. Other reason could be that dose of MSCs was too small, either our
pigs needed more than 1 x 10°% cells / kg or MSCs after application were trapped somewhere
else than in liver. In general condition as chronic liver disease is, many organs may express
stress signals causing MSCs homing elsewhere than to liver.

5.3 MSCs and GVHD

GVHD is a serious condition generalized to whole body. Many cells have a role in
development of GVHD, but lymphocytes are the most important. MSCs are able to affect
immune reaction by inhibition of inflamatory cytokine production and by increase of
expression of suppressive cytokines.

Many studies showed that MSCs suppress T — lymphocyte proliferation in culture
[Maccario et al., 2005; Di Nicola et al., 2002] and our results are consistent with these
findings. In our study MSCs showed the capacity to significantly affect nonspecific activation
of lymphocytes. MTT test showed significant decrease (60 %) in absorbance, corresponding
to reduction in metabolic and proliferation activity, of lymphocytes co-cultured with MSCs in
comparison with the positive control. The immunosuppresive effect was present in
lymphocytes stimulated with all used methods, alloantigene stimulation, PHA and fMLP
stimulation. Therefore our analysis confirmed that MSCs can regulate lymphocytes stimulated
with HLA incompatible lymphocytes, which is the situation corresponding to severe forms of
chronic GVHD after allogeneic hematopoietic stem cell transplantation. The
immunomodulatory effect of MSCs is dose-dependent. As it was described previously
[Ramasamy et al., 2008], optimal dose is ranging from 1:1 to 1:10 MSCs / lymphocyte ratio.
In our study the higher ratio of MSCs, bigger immunosuppressive effect was observed. As
ideal, ratio 1:5 shown, however, the exact dose and frequency needs to be optimised in larger
study.

As mentioned in this work, administration of MSCs into patients with severe GVHD
started in Hematology-oncology department. MSCs isolated from healthy donors, cultivated,
freezed and recultivated again were used, despite the findings that freezing of the cells may
innactivate some of their immunomodulatory properties due to heat-shock response [Frangois
et al., 2012]. In another work our team confirmed that recultivation of MSCs after thawing
helps to restore original MSCs properties [Holubova et al., 2014].

In the time of MSCs application, first blood draw for determination of Tregs and
helper T-lymphocyte population was taken from patients. In day 14, day 30, 1 month and 3
months more samples were collected.

Optimisation of Tregs detection in flow cytometry was performed. Two sets of
antibodies were tested as the options for regulatory Tregs detection. Population of cells CD4",
CD25""* and FoxP3* is considered to be true Tregs [Valencia and Lipsky, 2007], but
staining with FoxP3 requires cell permeabilisation and another washing steps, which can
cause unfortunate cell loss. According to some authors, determination of Tregs according to
CD4*, CD25""9"" CD127 is sufficient [Yu et al., 2012], cell processing is shorter and chance
to wash cells away is smaller. In our work we compared results and counts of cells determined
with both antibody sets. We found that both antibody sets are equal, counts of Tregs identified
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with both antibody sets were similar. Therefore, for further experiments, detection of Tregs
with anti-CD4, anti-CD25 and anti-CD127 can be used only.

Application of MSCs into patients with chronic and also acute GVHD is considered to
be possible treatment option of the future, which is tested in clinical trials [Rizk et al., 2016;
Miyamura, 2016]. According to preliminary study results, MSCs administration is more
beneficial for patients with acute GVHD, in chronic GVHD fibrotic changes are already
present, damage is large and irreversible [Herrmann and Sturm, 2014].

In our work MSCs transplantation did not showed statistically significant effect on
patients, both with acute and chronic GVHD. However in chronic GVHD disease, results of
MSCs transplantation were more prominent.

Inconclusive results in both patient groups could be caused by small size of study
group and by heterogenity of patients, depending on disease behaviour. In the moment of
enrollment into study, patients had different immunosuppression levels, severity of disease
itself varied and appropriate timepoint of MSCs administration was seeked. Neverthless,
obtained data suggest that repetitive administration of MSCs could fortify MSCs
immunomodulatoy effect. This information is taken to consideration now and new study
design is prepared.

Despite the laboratory results, majority of patients experienced significant clinical
improvement of their condition. In 3 month check more than 90 % of patients received lower
corticosteroid doses, in average 59 % of initial dose (21 — 100 %). In acute GVHD patient
group even 3 patients reached complete remission, in 3 patients partial remission occured. In
chronic GVHD patient group clinical improvement was not so obvious, but also here 2
patients reached partial remission.

Although this study was focused on laboratory results, which were not satisfactory,
clinical improvement of patient condition was clear and encouraging, showing MSCs
administration into patients is meaningful and beneficial. More patients will be enrolled in
this study to gain sufficient set of data for valid statistics analysis, to confirm clinical
observation also on laboratory data.
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6  Conclusion

This work focused on elucidation of role of MSCs in regeneration of vital organs,
heart and liver, together with MSCs immunomodulatory properties in GVHD.

MSCs showed to have significant regenerative and immunomodulatory properties,
when they supported CMCs survival and supressed lymphocyte activity in in vitro
experiments.

Similar significance was not found after MSCs administration into organism. Many
variables influenced the results there. MSCs possess ability to support regeneration of
damaged tissues, but in our liver experiments MSCs showed tendency to support connective
tissue preferably, which may not be always beneficial for regeneration of the organ. MSCs
immunomodulatory properties were visible in patient condition improvement, but obtained
immune parameters analysis results were not significant, which show issue of proper
validation criteria of MSCs influence. Necessity of large number of individuals enrolled in
studies remains the biggest challenge.

Our work indicated new perspectives, which need to be considered in future research.
Only results obtained from large data sets will provide significant and meaningful information
necessary for transfer of MSCs administration into clinical practice.
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