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The aim of the research was to determine the ability of thymic multipotent stromal cells and their
derivatives to interact with lymphocytes obtained from different sources. It was shown that a part of
thymic cells from 6—-8-weeks-old C57BL mice in vitro were characterized by such properties: the
ability to adhere to the surfaces of cell-culture plastic, the specific fibroblast-like morphology, and
the ability to directed adipogenic and osteogenic differentiation. Due to these properties, the cell
populations isolated from thymus could be attributed to the multipotent mesenchymal stromal cells
(MMSCs) or mesenchymal stem cells (MSCs). We have shown that all types of stromal cells have an
ability to interact with the lymphoid cells obtained from different sources (thymocytes, splenocytes,
cells of the lymph nodes and bone marrow). The largest number of intercellular associations has been
formed with the thymocytes, and the smallest one — with the lymphoid cells of bone marrow. Among
differentiated forms osteogenic cells are capable to create higher number of intercellular associations,
as compared to adipocytes. Thus, probably the intercellular contact interactions between the MSCs
and hematopoietic cells might be used as one of the new approaches for efficient and directed
modification of the cell properties.

Key words: mesenchymal stem cells from thymus, MSCs, differentiation, lymphoid cells, intercellu-

lar contacts.

A population of multipotent stromal
cells reside within the bone marrow and
other adult tissues such as: human umbilical
cord, amniotic membrane, adipose tissue
[1], placenta [2], fetal liver [3]and thymus
[4]. These cells are frequently referred
to as multipotent mesenchymal stromal
cells (MMSCs) or mesenchymal stem cells
(MSCs), which are able to differentiate
into different skeletal tissues such as bone,
cartilage and fat. MSCs offer significant
therapeutic potential, particularly in
orthopaedic applications, but may also play
broader roles in regenerative medicine and
cancer treatment, as anti-inflammatory,
immunosuppressive agents and vehicles
for gene/protein therapy. The development
of new approaches to cell transplantation
is currently one of the main purposes of
cellular biology and biotechnology. Much
attention has been focused on understanding
MSCs biology. MSCs of different origin may
have different therapeutic benefits.

In 1978 R. Schofield proposed a
hypothesis of hematopoietic stem cells (HSCs)
niche (specialized cell microenvironment).
An existence of osteoblastic and vascular
niches for HSCs has been postulated since
2003. One of the main components within
vascular niche composition is the MSCs, the
perivascular progenitors and endothelial
cells, in the endosteal niches — cells of the
osteogenic lineage. The MSCs may actively
influence on the HSCs both via direct and
humoral contacts [5].

The thymus is a vascularized organ
that plays a pivotal role in T-lymphocyte
development, and its durability in providing a
robust acquired immune response throughout
the lifespan may be partially attributed to its
ability to regenerate after injury, infection,
or partial surgical resection. It is postulated
that there are thymic niches exist in which,
with an involvement of MSCs, the conditions
are created for differentiation of the T-cell
progenitors migrating to the thymus from the
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bone marrow [6, 7]. Thymic mesenchyme is
necessary for its embryonic morphogenesis and
plays a direct role in the lymphopoiesis and cell
migration inside the thymus [8, 9] .

Clearly, the interactions between MSCs
and HSCs play a key role in the tissues of
the central organs of the immune system.
However, the MSCs are also important due
to their interactions with the hematopoietic
cells on the periphery. They inhibit the
post-transplant reactions and stimulate the
productive phase of antibody synthesis [10]
as well as suppress the processes associated
with the proliferation of T-lymphocytes in the
different in vitro systems [11]. Thus the MSCs
influence not only on the HSCs but also on the
various populations and subpopulations of the
lymphocytes [12—14]. That is, the interaction
between MSCs and other cells in the organism
is necessary and perhaps it occurs both in
the physiological conditions and during the
pathological processes.

In our previous studies it was found
that the co-cultivation of thymic MSCs
with thymocytes potentiates the osteogenic
differentiation of the former. It is not
excluded that thymocytes produce certain
cytokines which also contribute to the
change of the MSCs properties to enhance
their differentiation capacity. But in the
experimental conditions when the MSCs and
thymocytes are in a direct contact during
24 hours, the cell-cell interaction can play
a certain role in the potentiation of the
osteogenic differentiation [15].

Taking into account the above-mentioned,
we decided to study the ability of MSCs and
their differentiated derivatives to the cell-
cell interaction with the lymphoid cells
obtained from different sources (thymocytes,
splenocytes and cells of the lymph nodes and
bone marrow).

Materials and Methods

6—8 weeks-old male C57BL mice were used
in our experiments. Animals were received
from the vivarium of the Kavetsky Institute
of Experimental Pathology, Oncology and
Radiobiology of NAMS of Ukraine. Mice had
ad libitum access to balanced food and water.
All the experiments were conducted according
to the article 26 of the Law of Ukraine “On
protection of animals from cruelty” dated
21.02.2006 and the European Convention
for the Protection of the Vertebrate Animals
used for the Experimental and other Scientific
Purposes (Strasburg, 1986).

68

Mice were euthanized by cervical
dislocation, the thymuses were isolated in
sterile conditions. The culturing of thymic
stromal cells was performed using standard
explants technique [16] in DMEM/F12 1:1
nutrient mixture (Sigma, USA) with addition of
10% fetal bovine serum (Sigma, USA), 10 MM
L-glutamine (Sigma, USA) and 100 U/ml
penicillin and 100 pg/ml streptomycin
(Darnytsia, Ukraine), in the CO,-incubator
(Jouan, France) at 37 °C and 5% CO,. One
basic requirement when defining MSCs was the
attachment of these cells to plastic surfaces.
The adherence of our MSCs to plastic surfaces
and characteristic fibroblast-like morphology
were actually the visible selection markers.
Cells were subcultured in the proportion
1:3 using the 0.05 % trypsin (Biotestmed,
Ukraine) and 0.02 % EDTA (Sigma, USA).

The thymocytes, splenocytes and cells
of the lymph nodes were obtained by the
preparation of the organ with the needles, and
bone marrow suspensions were obtained by
the flushing of femoral bones with nutrient
mixture. Additionally, the procedure included
a 30 min incubation of the isolated suspension
in dishes with untreated silicone surface at
37 °C to remove the adherent cells.

To obtain differentiated forms MSCs
were cultured in appropriate differentiation
media. The osteogenic differentiation was
induced in DMEM/F12 1:1 nutrient mixture
(Sigma, USA) supplemented with 15% fetal
bovine serum (Sigma, USA), containing
10 mmol L-glutamine (Sigma, USA),
50 pg/ml L-ascorbic acid (Sigma, USA),
10 mmol B-glycerophosphate (Sigma, USA),
0.1 pmol dexamethasone (Sigma, USA) and
100 U/ml penicillin and 100 pg/ml
streptomycin (Darnytsia, Ukraine). The
adipogenic differentiation was induced
in DMEM high glucose (4.5 g/L) medium
(PAA, Germany) supplemented with 10%
horse serum (PAA, Germany), containing
10 mmol L-glutamine (Sigma, USA), 0.5 pumol
dexamethasone (Sigma, USA), 6 ng/ml insulin
(Sigma, USA) and 100 U/ml penicillin and
100 pg/ml streptomycin (Darnytsia, Ukraine).
Cultivation was performed in the CO,-incubator
(Jouan, France) at 37 °C and 5% CO, for 10
days. The effectiveness of osteogenic and
adipogenic differentiation was assessed by the
staining with 1% solution of alizarin red S
(Sigma, USA) and with 0.2% solution of oil red
O (Sigma, USA), respectively [16]. Alizarin red
and oil red were extracted by 10% solution of
the acetic acid or isopropyl alcohol, respectively.
Intensity of staining of the obtained extracts



Experimental articles

was estimated in 96-well plate by optical density
measuring at 520 nm using spectrophotometer
Sunrise (Tecan, Austria).

To determine the ability to interact
of the cell suspensions with a mixture of
MSCs or their differentiated forms (10°/ml,
50 1l) and lymphocytes (107 /ml, 50 jl) obtained from
different lymphoid organs, cells were centrifuged
at 250 g, the precipitate was then resuspended
and microscopically examined. Calculations unit
fibroblast-like cells and those that have attached
three or more lymphoid cells were conducted.

The obtained results were analyzed
statistically using MS Office Excel software
(Microsoft, USA), using the Shovene criterion
for abnormality of values [17].

Results and Discussion

The thymic stromal cells that were cultured in
the osteogenic or adipogenic induction medium,
were well-stained with the alizarin red and oil red
solution respectively, in contrast to the control
cells grown in standard medium without the
addition of inductors, that confirm effectiveness

of directed osteogenic and adipogenic
differentiation of thymic MSCs (Fig. 1, 2).
Following osteogenic induction, large
amounts of mineralized extracellular matrix were
formed. Adipogenic induction led to extensive
intracellular lipid droplet accumulation, while
control cultures showed no lipid droplets.
International Society for Cellular Therapy
(ISCT) defined multipotent MSCs by their
adherence to cell-culture plastic, specific
surface antigen expression pattern, and their
multipotent mesenchymal differentiation
potential [18]. The most important confirmation
is the capability to differentiate into the
osteogenic, chondrogenic, and adipogenic
lineages in vitro which is one of the most
fundamental characteristics of MSCs [19].
Just in the last few years evidence has
appeared that the neonatal thymus contains
MSCs fulfilling the minimal criteria postulated
by the ISCT and differentiating into all of the
characteristic mesenchymal cell lineages [20].
In general, it is shown by us that thymic
MSCs from 6—8 weeks-old mice alike MSCs
from other origins are able to differentiate

Fig. 1. Microphotographs of the thymic MSCs cultures, 10th day of cultivation in:
standard (A) or osteogenic (B) culture medium. Alizarin red staining. Oc. x10, ob. x10

Fig. 2. Microphotographs of the thymic MSCs cultures, 10t day of cultivation in:

B

standard (A) or adipogenic (B) culture medium. Oil red O staining. Oc.x10, ob. x10
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in vitro into adipocytes and osteoblasts. This
data together with the adherence to plastic
surfaces under standard culture conditions
and fibroblast-like morphology indicate that
isolated cells have characteristics of MSCs.

It was known that thymic MSCs have ability
to interact with hematopoietic cells [21], but
there was no information about this ability of
their differentiated derivatives.

Our data shows that MSCs and all studied
types of differentiated stromal cells (osteoblasts,
adipocytes) and lymphoid cells obtained from
different sources (thymocytes, splenocytes,
cells of the lymph nodes and bone marrow) are
able to interact with each other (Fig. 3). The
intercellular contacts were characterized by the
formation of associations between the fibroblast-
like cells and the lymphoid cells. MSCs,
osteoblasts and especially thymocytes, exhibit
significantly greater ability to form intercellular
associations than other types of cells.

Thymocytes, splenocytes, and lymph node
cells create approximately the same number
of associations with all three types of stromal

cells. But there is a trend to higher activity of
thymocytes in these interactions.

A significantly lower number of
associations is formed the MSCs and adipocytes
with lymphoid cells of bone marrow. However,
there is a significantly higher number of
associations between osteoblasts and lymphoid
cells of bone marrow, in contrast to splenocytes
and cells of the lymph nodes.

The opposite observation concerns a different
activity of thymocytes and lymphoid cells of
bone marrow. In previous studies, it has been
shown that these types of cells have a different
effect on the differentiation potential of MSCs.
The co-cultivation of MSCs with thymocytes
potentiated osteogenic differentiation [15].
Probably the intensive intercellular contact that
we have demonstrated in this study plays a role
in the influence of thymocytes on the functional
activity of thymic MSCs.

It should be noted that activation of the
MSCs and hematopoietic cells after contact
may have great importance in the pathology
progress, when a disbalance and dysfunctions

Fig. 3. Percentage of multipotent stromal cells:
of thymus (I), osteoblasts (II) and adipocytes (III), coupled with several thymocytes (A), splenocytes (B), cells
of the lymph nodes (C) and bone marrow (D) with the formation of cellular associations.
* — P <0.05 — the difference is significant compared to the osteoblasts
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of the stromal cells can be mediated by the
quantitative and functional disruption in the
subpopulations of the immune cells. Further
investigations in this direction will promote
progress in our knowledge about the systemic
and local pathology. On the other hand, contact
interaction between MSCs and hematopoietic
cells might be used as one of the new approaches
for efficient and directed change in the
properties of cell transplants, which leads to
significant activation of the interacting cells.
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3 ATHICTb MCK TUMYCY TA IXHIX
ITOXITHUX /10 B3AEMO/II 3 KIITUHAMU
JIIM®OITHOTO IOX O/ KEHHS

. JI. Jemuenko

OV «IHCTUTYT reHeTUYHOI Ta pereHepaTUuBHOI
menunuau HAMH Yxkpaiau», Kuis

E-mail: chekhdariia@gmail.com

MeToto mocaim:keHHs OyJI0 BUSHAUUTU 37aT-
HiCTb MYJBTUIIOTEHTHUX CTPOMAJbHUX KJIiTUH
TUMYyCY Ta IXHiX IOXiZHMX H0 B3aeMoii 3 Jim@o-
nuTaMu, OTPUMAaHUMMU i3 pisHux m:kepei. [Toka-
3aHO, 1110 KJIiTUHU TUMYCY 6—8-THKHEeBUX MUIIIe
C57BL y KyJIbTypi XapaKTepu3yIOThCId TaKUMU
BJIACTUBOCTSIMM: CIIPOMOKHICTIO aAre3yBaTu A0
TMOBEPXOHb KYJIbTYPAJbHOTO MJIACTUKOBOTO IIO-
cyny, cuenu@iuaoio ¢GibpobiacTomnoni0OHO MOp-
dororiero Ta 3gaTHICTIO O CIPAMOBAHOTO alu-
TMOTEeHHOT0 I 0CTeOTeHHOTo Au()epeHITiloBaHHA.
3a UMY BJIACTUBOCTAMHU KJIITHUHHI TOMyJaaIrii,
BUAiJIeHI 3 TUMYCY, MOYKHAa BiITHECTU [0 MYJb-
THUIOTEHTHUX Me3eHXiMaJlbHUX CTPOMAJbLHUX
riaitna (MMCK) ab6o me3deHximMaJIbHUX CTOBOYPO-
Bux Kiaituua (MCK). Mu nmokasaju, 110 Bci Tunu
CTPOMAJNIBHUX KJITUH MOMKYTH B3a€MOTIiATH 3
AiM@poigHUMYU KJIiITHHAMU, OTPUMAHUMU i3 pis-
HUX mKepes (TUMOIUTHU, CIJEHOIIUTH, KJIiTHU-
HU JiMaTUYHUX BY3JiB Ta KiCTKOBOTO MO3KY).
Haii6inbiny KibKicTh MisKKIITHHHUX acolliamiii
BOHU YTBOPIOBAJIM 3 TUMOIIUTAMU, HAUMEHIITY —
3 JIiM@POITHUMU KJIITHHAMU KiCTKOBOTO MO3KY.
Cepen pudepeHIiioBanux (GopM ocTeoTeHHi
KJIITHHY yTBOPIOBAJU OijbIlle MiMKKIITHHHUX
acomiamniii mopiBHAHO 3 agumonuramMu. Takum
YHPHOM, MisKKJITHHHI KOHTAKTHI B3aeMoAil MiK
MCEK Ta reMonmoeTHYHUMHU KJIiTHHAMU, UMOBip-
HO, MOJKYTH OYTH BUKOPHUCTAHI K OAUH i3 HOBUX
nigxoniB g0 e()eKTUBHOI Ta CIIPAMOBAHOI 3MiHUI
BJIACTUBOCTEH KJIITHUH.

Knarouwosi cnosa: MeseHxiMaabHi cTOBOYPOBi KJIi-
turau tumycy, MCK, nudepenmniamisa, dim@poinmi
KJIITUHN, MLKKJIITUHHI KOHTaKTH.
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T'Y «HCTUTYT reHeTHUeCcKOl 1 pereHepaTuBHONU
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ITenbio nccaenoBaums OBLIO OMPENEIUTH CIIO-
COOHOCTH MYJIBTUIIOTEHTHBIX CTPOMAJIBHBIX KJIETOK
TUMYyCa U UX MPOU3BOJHBIX K B3aMMOJEHCTBUIO C
AUM@AOIUTAMU, TOJYUEHHBIMU U3 PA3JTUYHBIX WC-
TouHUKOB. IlokasaHo, 4YTO KJIeTKU TUMyca 6—8-He-
menbHBIX MbIIeit C57BL B KyJabType XapakTe-
pU3YIOTCSI TAaKUMU CBOMCTBAMM’: CIOCOOHOCTHIO
aAre3WpPoBaTh K IMOBEPXHOCTAM KYJIbTYPaJIbHON
IJIACTUKOBOI MOCYIAbI, cleliuduuecKoin (puodpo-
6JtacTomo00HOIT MOPGOJIOTHEH 1 CIIOCOOHOCTRHIO K
HaIIpaBJIEHHOM aJMIIOT€HHOU W OCTEOTeHHOU aud-
depernupoBke. Ilo aTumM cBolicTBaM KJIETOUYHBIE
TMOTYJIAIUY, BbIEJEeHHBIE U3 TUMYCa, MOMKHO OT-
HEeCTU K MYJbTUIOTEHTHBIM Me3eHXUMAaJbHBIM
crpomanabHbIM KjaeTkaM (MMCK) uiau meseHxu-
MaJbHBIM cTBOJIOBHIM KJjeTKaMm (MCK). Bee Tunbr
CTPOMAJILHBIX KJIETOK MOTYT B3aUMOJENCTBOBATH
¢ TuM@POUTHBIMU KJIETKAMU, HOJYUEHHBIMU U3
Pas3INUYHBIX UCTOYHUKOB (TUMOIIUTHI, CIJIEHOIIU-
TBI, KJIETKU JAUM(PATUUYECKUX Y3JI0B U KOCTHOTO
moara). HauboubIrree KOJTM4eCTBO MEKKIETOUHBIX
acconuanuii OHM 00Pas3ylT ¢ TUMOIIUTAMU, Hal-
MeHbIllee — ¢ JUM(POUAHBIMY KJIETKAMU KOCTHOT'O
mosra. Cpenu auddepeHIInPOBAaHHBIX (DOPM OCTe-
OTeHHBIE KJIETKU 00pa3yioT 6OJIbIIIe MEKKJIETOU-
HBIX acCOIMaIUi 0 CPaBHEHUIO C aAUIIOIUTaAMMU.
Takum 06pa3oM, MeKKJIETOUHbIe KOHTAKTHBIE B3a-
umogerictBud Me:xay MCK u reMomnosTuyecKumMu
KJEeTKaMu, I0-BUAUMOMY, MOT'YT OBITh MCII0JIE30Ba-
HBI KaK OJMH 13 HOBBIX IIOJIX00B K a(p(hpeKTUBHOMY
¥ HATIPaBJIEHHOMY N3MEHEeHUIO CBOMCTB KJIETOK.

Kntouesvie cnosa: Me3seHXUMAaJIbHBIE CTBOJIOBBIE
kJeTku tumyca, MCK, nuddepeHIIIPOBKa, JUM-
(houmHBIE KJIETKU, MEKKJIETOUHbIE KOHTAKTEI.





