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Aim. To optimize the cultivation of Wharton jelly-derived mesenchymal stem cells (WJ-MSCs) using
physiological oxygen concentrations, and to compare the effect of “hypoxic” gas mixtures, based on nitrogen
and argon, on their proliferative activity. Methods. From the first passage, WJ-MSCs were cultivated
during five passages in the nitrogen-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % nitrogen)
and argon-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % argon), 7 days before replating. At
each passage the final cell number was estimated and the number of population doublings was calculated.
Results. The proliferation level of WJ-MSCs, cultured in both gas mixtures with 3 % of O,, was significantly
higher compared to that under the regular CO,-incubator conditions. In argon-based mixture, the WJ-MSCs
proliferation was higher than in the control but lower than in nitrogen-based mixture. Conclusion. Cultivation
of human WJ-MSCs under 3 % O, had a stimulating effect on the cell proliferation potential. The highest
intensity of the cell multiplication was observed in the nitrogen-based mixtures.
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Introduction

Numerous experimental works and theoretical anal-
ysis, focused on mesenchymal stem cells (MSCs),
allow considering them not only as an interesting
object of studies on fundamental processes of fetal
and adult life, but also as a key element in various
methods of regenerative therapy. A promising posi-
tion of MSCs in the cell-based therapeutic strategies
results from their high proliferative and differential
potential, unique paracrine effects and immune prop-
erties [1, 2, 3].

MSCs were first identified in bone marrow and
described as a population of non- hematopoietic
multipotent cells [4, 5]. Further studies showed that
the cells with similar properties can be found in both
tissues of adult organism and birth-associated tis-

sues: amnion, placenta and umbilical cord [6]. Ac-
cording to the current literature, the latter are often
defined as the «perinatal» stem cells, possessing the
properties of both adult and embryonic stem cells [7].
Among them, MSCs from umbilical cord matrix —
Wharton jelly (WJ-MSCs), are thought to be espe-
cially attractive. The formation of WJ-MSCs popu-
lation at the early stages of embryogenesis [8], per-
mits them to preserve the features of the embryonic
stem cells [7, 9, 10], prominent differentiation [11],
immune [12] and paracrine properties [13]. At the
same time, they possess the characteristics of adult
somatic mesenchymal multipotent stromal cells [14],
determined by the International Society for Cellular
Therapy [15].

One of the most important characteristics of MSCs,
particularly for the clinical usage, is their prolifera-
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tive activity. For instance, according to the literature,
during the treatment of acute «graft-versus-host»
disease, patients received 2 x 10°-8x10° MSCs/kg
body weight [16]. The percent of MSCs in their clas-
sical source — bone marrow for the newborns is
0.01 %, and decreases to 0.001-0.005 % with aging
[17]. Therefore, it is vitally important to develop the
cultivation technologies, which would allow maxi-
mal cell multiplication with preservation of the
MSCs therapeutically relevant properties. The com-
plexity of this task is related to the process of culti-
vation itself. Some works report that a long-term
cultivation increases the risks of genetic abnormali-
ties [18], thus a reasonable approach to provide the
most effective MSCs cultivation should grant ob-
taining the maximal number of cells while minimiz-
ing the duration of culturing.

In the organism, a crucial role in the regulation of
MSCs behavior and preservation of their properties
belongs to their natural site of localization — «stem
cell niche». Its components include the extracellular
matrix, surrounding cells and signal molecules, pro-
duced by them. One of the key factors of niche regula-
tion is the oxygen concentration, which is generally
lower comparing not only to ambient atmospheric
concentration , but also to that in other regions of the
tissue. For instance, the oxygen concentration in bone
marrow ranges from 2 % to 7 %, depending on the
distance from capillary, and MSCs locate in the areas
remote from vessels , which are, the most «hypoxic»
zones [19]. Thus, the generally accepted environmen-
tal conditions of CO,-incubator, where the oxygen
concentration is similar to atmospheric, are actually
«hyperoxic» for MSCs, which inevitably leads to the
oxidative damages [20, 21]. Taking this into account,
the MSCs cultivation at physiological oxygen con-
centrations, often referred to as «hypoxicy, is consid-
ered to be a perspective approach [22-24].

The studies focused on the influence of hypoxic
conditions on the MSCs cultivation reported their
beneficial effect on multiplication, reducing oxida-
tive stress, and engraftment in the transplantation
[25-28]. However, it is hard to compare the results
obtained in different works. MSCs, used in various
studies, originate from different sources, the design
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of experiments varies from short-term precondition-
ing to a long-term cultivation, and the O, concentra-
tions used range from 1.5 % to 8 %. The works on
the influence of hypoxic conditions on WJ-MSCs,
still remain rare cases.

Generally, the gas mixtures used for cultivation
include nitrogen as a major «filling» component
[29-31]. However, recent works have shown the cy-
toprotective effect of noble (or inert) gases (argon
and xenon) on the cell cultures [32]. Taking this into
account, we hypothesized, that using the «hypoxic»
gas mixture based on the noble gas would enhance
the beneficial effect of physiological oxygen con-
centration on the MSCs culture.

Thus, the aim of the present work was to optimize
the MSCs cultivation using physiological oxygen
concentrations, and to compare the effects of «hy-
poxic» nitrogen- and argon-based gas mixtures on
the human WJ-MSCs proliferation.

Materials and Methods

MSCs were obtained from WJ of umbilical cord
(UC) from three healthy donors (39—40 weeks of
gestation, normal delivery), after obtaining the in-
formed written consent, in Kyiv maternity clinic
N 5. The cells were isolated using the explant meth-
od [33]. The UC fragment (5-10 cm) was washed
with PBS, the vessels were mechanically removed.
WIJ was mechanically sliced, the fragments were
placed in the cultural flacks, 75 cm?, containing com-
plete growth medium (DMEM with low glucose
(PAA Austria) supplemented with 10 % fetal bovine
serum (PAA, Austria), glutamine 2 mM (PAA,
Austria), penicillin 100 U/ml (Arterium, Ukraine),
streptomycin 100 pg/ml (Arterium, Ukraine). The
first adherent cells were visible on 7-10 day. After
14 days the clones reached 70-80 % confluence, and
the cells were passed using trypsin-EDTA (0.1 %
trypsin and 0.02 % EDTA) solution. At the first pas-
sage the cells were characterized for the surface
marker proteins CD90, CD73, CD105 expression
(over 85 % positive), using flow cytometry ( BD
FACS Aria) with fluorescein- and rhodamine-conju-
gated antibodies (UsBiological, USA). For micros-
copy, inverted microscope Leica DMIL was used.
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From the first passage, MSCs were seeded on plas-
tic flacks (25 cm?) at a density of 75,000 per flack and
cultivated during 5 passages in the nitrogen-based gas
mixture (3 % oxygen, 4 % carbon dioxide, 93 % ni-
trogen) and argon-based gas mixture (3 % oxygen,
4 % carbon dioxide, 93 % argon), 7 days before re-
plating. The control group was maintained under
standard CO, incubator conditions. For creating the
hypoxic conditions, the cultural flacks with cells we-
re placed in polyethylene bags with hermetical clasp
«ZipLock». The bags were washed twice with the
oxygen-free gas mixture, containing 4 % CO, and
96 % nitrogen or argon (depending on the group),
and after that were filled with the cultivation gas
mixture (see above). The bags were placed in the
vacuum containers (Scarlet). The percentage «liquid
media/gas» for normal gas exchange must be 1:100
[34], the volume of gas mixture must be no less than
0.7 1. The volume of bags used was 1.5 1.

At each passage, after 7 days of culturing, the cells
were replated using trypsin-EDTA (0.1 % trypsin and
0.02 % EDTA) solution and counted in hemocytom-
eter (Goryaev chamber). Population doubling was cal-
culated as: PD = log (Nf/Ni)/log 2, where Nf — final
cell number; Ni — initial cell number [22].

The data on cell numbers are represented as me-
an =+ standard deviation for 3 samples. Statistical sig-
nificance was determined using Mann-Whitney U-test
at P <0.05.

Results and Discussion

WIJ-MSCs were expanded for five consecutive pas-
sages under 3 % O,, in the gas mixtures based on
nitrogen, argon, and ambient O, concentration (near-

WIJ-MSC proliferation

M nitrogen
argon

® athmospheric

Cell number, thothand

passage

Fig. 1. Numbers of cells in WJ-MSCs cultures at 1-5 passages,
after 7 days of cultivation. «Nitrogen» — nitrogen-based gas mixture
(3 % oxygen, 4 % carbon dioxide, 93 % nitrogen), «argon» —
argon-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 %
argon), «atmospheric» — CO, incubator conditions. * — P <
0.05)

ly 20 %) in CO,-incubator. In order to assess the pro-
liferation activity, the cells were counted at each pas-
sage. The results, summarized in Table 1 an Figure
1, show a final number of cells after 7 days of culti-
vation.

The proliferation level of WI-MSCs, cultured at 3 %
O,, in both gas mixtures was significantly higher com-
pared to that of WJ-MSCs under the CO,-incubator
conditions. This was observed at each passage.

Interestingly, a comparison of the culture growth
rates at different passages within each group allows
distinguishing two separate «phases» during the cul-
tivation. The first «phase» — at the first and second
passages the cultures had practically similar prolif-
eration levels. The second «phase» — beginning from
the third passage, a progressive decrease in prolifera-
tion can be observed with each new passing. For WJ-

Table 1. Numbers of cells in WJ-MSCs cultures at 1-5 passage, after 7 days of cultivation.
«Nitrogen» — nitrogen-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % nitrogen), «argon» — argon-based gas
mixture (3 % oxygen, 4 % carbon dioxide, 93 % argon), «<atmospheric» — CO, incubator conditions (P < 0.05)

[ N U R N

332.39+15.16
288.93 +11.39

31527+ 16.22
258 +26.17

N of passage Nitrogen Argon Atmospheric
513.68 £9.58 488.3 £20.91 471.72+£9.7
525.47+7.32 508.6 + 25.69 444,58 +£19.07
465.6 £2.91 460.67 +21.06 317.53£25.23

233.62+5.1
149.77 + 36.93
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MSCs, cultured in the gas mixtures, this tendency
was less pronounced.

At the first passage of culture under 3 % O, in the
nitrogen-based and argon-based gas mixtures, the fi-
nal number of expanded WJ-MSCs was respectively
6.8 and 6.4 times higher, was higher comparing to
cells from control group (6.1-fold increase). The re-
sults for the second passage were 6.9, 6.4 and 6 re-
spectively. The data for the entire culture duration
are summarized in Table 2.

The PD estimation showed that, despite a general
decrease in the number of PD up to the 5th passage, the
MSC:s cultured under the physiological oxygen tension,
had generally higher intensity of division (Table 3).

The proliferative activity is an important criterion
for an estimation of the state of culture, and a suffi-

Table 2. Multiplication in WJ- MSCs cultures
at 1-5 passages, n-fold increase in number after 7 days
of cultivation

Passage Nitrogen Argon Atmospheric
1 6.8 6.4 6.1
2 6.9 6.8 6
3 6 6 4.1
4 4.4 4.2 3.1
5 3.8 34 1.9

Note. «Nitrogen» — nitrogen-based gas mixture (3 % oxygen, 4 %
carbon dioxide, 93 % nitrogen), «argon» — argon-based gas mix-
ture (3 % oxygen, 4 % carbon dioxide, 93 % argon), « atmo-
spheric» — CO, incubator conditions (P < 0.05)

Table 3. Population doublings in WJ-MSCs cultures
at 1-5 passages, after 7 days of cultivation

N of passage Nitrogen Argon Atmosperic
1 2.76 2.68 2.61
2 2.79 2.76 2.59
3 2.59 2.59 2.04
4 2.15 2.07 1.64
5 1.95 1.78 1

Note. «Nitrogen» — nitrogen-based gas mixture (3 % oxygen, 4 %
carbon dioxide, 93 % nitrogen), «argon» — argon-based gas mix-
ture (3 % oxygen, 4 % carbon dioxide, 93 % argon), « atmo-
spheric» — CO, incubator conditions (P < 0.05)
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cient activity is necessary for practical application. It
strongly depends on the conditions of cultivation,
each factor of environment having its own mecha-
nisms of influence. In this context, proliferation itself
can be considered a subject of research. In the present
work, the proliferation rates of MSCs cultures, ex-
panded under physiological oxygen tensions — 3 %, in
the mixtures based on nitrogen and argon, were vali-
dated. The estimation of cells number at 1-5 passages
showed significantly higher numbers in the gas mix-
tures at each passage, comparing to the groups from
control CO,-incubator. The results also revealed a
higher level of PD under hypoxic conditions up to the
Sth passage. The effect of mild hypoxia appeared to
be stimulating in both mixtures, at the same time, the
differences between these conditions were detected.

Although a high variability in the object and meth-
ods of studies on hypoxia complicates the comparison
of results, we can assume that the tendencies, observed
in the present work, are generally in line with those
described in literature. Nevertheless, it is important to
point out the differences. The work by Basciano et al.
revealed the slowing of culture growth at early pas-
sages under hypoxic conditions [22]. We have not ob-
served any similar effect. Ren et al detected the mor-
phological signs of accelerated cellular senescence in
hypoxic conditions, probably associated with a higher
population doublings number [35]. In the present
study there was no evidence of degenerative changes
of morphology in the cultures expanded under hypox-
ic conditions (data not shown).

The current literature distinguishes several poten-
tial mechanisms of physiological oxygen concentra-
tions impact. First, the reactive oxygen species are
one of the major sources of DNA damage [36].
Hypoxic conditions were shown to prevent the ac-
cumulation of damages of genetic apparatus, which
in control groups can be detected since the second
passage [17]. This can play an important role during
long-term cultivation. Next, the researches show that
hypoxic conditions increase the level of cytokine re-
ceptors expression, as well as the production of
growth factors. In this case, hypoxia « sensibilizes «
the cells to serum growth factor, and to that produced
by the cells themselves [27]. Next, there are data
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showing that hypoxia activates the signal cascades
of cell survival. The cultures in hypoxic conditions
are shown to have lower levels of necrosis comparing
to those cultured under the ambient oxygen concen-
tration [24]. Each of these mechanisms can contribute
to the general effect of physiological oxygen concen-
tration, and determination of their roles is still consid-
ered the question of interest.

To date, the data about the effect of noble gases
on MSCs culture are still lacking. There are only
few works conducted to determine the influence of
inert gases (xenon and argon), which demonstrated
a cytoprotective effect on the cell cultures of neural
origin. For example, the modeling of ischemic and
traumatic damages of hippocampal slice culture in
gas mixtures, containing various concentrations of
argon (25 %, 50 % and 74 %) and atmospheric oxy-
gen concentration (21 %), showed a decreased level
of cellular death compared to the control samples.
The underlying mechanisms are unknown [32].
Though, Fahlenkamp et al. demonstrated the acti-
vation of ERK 1/2, kinase that plays an important
role in the processes of cells proliferation and sur-
vival, in the primary cultures of mouse embryonic
astrocytes and neurons, cultured under 20 % O, and
50 % argon [37]. It is possible that MSCs possess
the similar mechanism.

The present work showed that the level of prolif-
eration of WJ-MSCs, cultured in argon-based gas
mixtures was higher comparing to WJ-MSCs from
CO_-incubator conditions, but lower than that for the
cultures from nitrogen-based mixtures. To explain
these results, further research is required. Besides,
taking into account the variety of existing cultivation
protocols, changing the cultural strategy could prob-
ably lead to a different effect.

Conclusions

Cultivation of human WJ-MSCs under 3 % O, in gas
mixtures, based on nitrogen and argon, had a benefi-
cial effect on the cells proliferative activity and pres-
ervation of multiplication potential. The hypoxic ar-
gon- and nitrogen-based gas mixtures had different
effects. The highest intensity of cell proliferation was
observed in the nitrogen-based mixtures.
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IlopiBHsVIbHA OLliIHKA POCTOBUX IMOKA3HUKIB
Me3eHXiMaJIbHUX cTOBOYpPOBHX KJiTHH BapToHoBoro
CTYIHSl B Pi3HHX ra30BHX cyMiliax

H. C. lllysanoga, B. A. Kopmiom

Meta. OnTuMmi3yBaTH KyJIbTUBYBaHHS 1 IIOPIBHATH BIUIUB ra30-
BHUX CyMilleH 31 3HIDKEHHM BMICTOM KHCHIO, HAa OCHOBI a30Ty Ta
aproHy, Ha mpoIecH npoiidepanii B KyJIbTypax Me3eHXiMallb-
HUX cTOBOypoBuX KiiTuH Bapronosoro crymaro (MCK-BC). Me-
Toxu. IIpotarom 5 macaxis. MCK-BC kynbsTHBYBaIM B Ta30BHX
CyMilllax Ha OCHOBI a30Ty (KHCeHb — 3 %, ByIJICKHCIHH Ta3 —
4 %, a30T — 93 %) Ta aprony (kuceHb — 3 %, ByIJICKHCIINH ra3 —
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4 %, apron — 93 %). Ha ko)xHOMY Tacaki micist 7 JAHIB KyJIbTH-
BYBaHHS Ii{PaXOBYBaJIH KUIBKICTh KIITHH, 1 BU3HAYAJIN YHUCIIO
MO/IBO€HD KynbTypH. PesynapraTn. Uncensnicts xiitnH MCK-
BC, xynsTHBOBaHHX B CyMiMIaxX, IO MIiCTATH 3 % KuCHIO, Oyna
BMILOIO, HDK B 3aranbHonpuiinatux ymosax CO,-inky0aropa.
PiBenp npomnideparii B cymilri Ha OCHOBI aproHy OyB HIKYUM,
HDK B CyMIllll HA OCHOBI a30Ty, IPH I[bOMY Oy/Iy4H BHIIHM 32
TaKWH JUIsi KOHTPOJIBHUX rpyn. BucHoBku. KynbruByBaHHS B
Ta30BHX CYMIIIaX, [0 MICTATH 3 % KHCHIO, MaJI0 CTUMY/TIOIOUHH
BIUTHMB Ha npouecu npormidepanii MCK-BC. Haitbinbm BUCOKHit
PpiBEHb MYJIBTHILTIKALIIi COCTEPIraiy B CyMilllaX Ha OCHOBI a30Ty.

Karo4doBi ciaoBa: me3eHximManbHi CTOBOYpOBI KiIiTHHH, Bap-
TOHIB CTY/ICHB, TIMOKCisl, ()i310JIOTIIHI KOHIIEHTpAii KUCHIO, IIPO-
mideparis

CpaBHHUTeJbHAs OLIEHKA POCTOBBIX MOKa3aTeJei
Me3eHXHMAJIbHbIX CTBOJIOBBIX KJIeTOK BapToHoBa cTynHs B
Pa3IHYHBIX ra30BbIX CMeECSX

H. C. lllysanosa, B. A. Kopmaiom

Heas. OnTuMuzanus KyIbTHBUPOBAHUS U CPABHEHUE BIHMSHHS
ra3oBbIX CMecel C MOHM)XEHHBIM COAEP’KaHHWEM KHCIIOpoJa Ha

OCHOBE a30Ta M aproHa Ha MPOLEeCChl NPOIUQepauy B KyJIbTy-
pax Me3eHXHMaJbHBIX CTBOJIOBEIX KJIETOK BapToHoBa cTymHs
(MCK-BC). Metoas1. Ha nporspxennn 5 maccakeit. MCK-BC ky-
JETUBHPOBAIH B Ta30BEIX CMECSX HAa OCHOBE a30Ta (KHCIOPOX —
3 %, yrnekucnslii ra3 — 4 %, a3ot — 93 %) u aprona (KHCI0pox —
3 %, yrexucinslii raz — 4 %, apron — 93 %). Ha xaxxnom nmacca-
e rociie 7 JHeH KyIbTHBHPOBAHUS ITOJCUNTHIBAIN KOJINYECTBO
KJIETOK, ¥ OTIPE/ICJISUTN YHCIIO YIBOCHUH KyIbTYphI. Pe3yabTarsl.
UYucnennocts knetok MCK-BC, KynsTHBIPOBaHHBIX B CMECSIX,
cozepkamux 3 % Kuciaoposa, OblIa BEINIE, 9eM B OOIMIETIPHHS-
ThIX ycnoBusax CO,-unkybaropa. YpoBeHb poanpepanum B cMe-
CH Ha OCHOBE aproHa ObUI HECKOJIBKO HIDKE, YeM B CMECH Ha
OCHOBE a30Ta, IIPH 3TOM Oyay4H BBIIIE TAKOTO MOKA3aTesst UIs
KOHTPOJIBHBIX Tpymil. BeiBoabl. KyiabTHBUpOBaHWE B ra30BBIX
cMecsIX, cofeprKamux 3 % KHCIOopo/a, OKa3bIBaI0 CTUMYIHPY-
follee BIMsSHUE Ha rmporecch nponudepannu MCK-BC. Han-
Gonee BBHICOKHMI ypOBEHb MYNBTHUIUIMKAIUKE HAOTIONAIN B CMe-
CSIX Ha OCHOBE a30Ta.

KiawueBbie €10Ba: ME3CHXUMAIIBHBIC CTBOJIOBBIC KIIETKH,
BapronoB crynens, runokcusi, GU3HOIOTHYECKHE KOHICHTpA-
LMY KUCIIOPOJa, Iponudepanys.
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