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Introduction

Aim. Since cell survival is crucial for the therapeutic efficacy, it is important to assess the MSC
inter-donor variability under oxidative conditions. This study was undertaken to examine the
functional responses to the oxidative stress of Wharton jelly-derived MSCs (WJ-MSCs) from
different donors. Methods. MSCs were obtained by the explant method and cultured according
to standard methods. The oxidative stress was induced by hydrogen peroxide (H,0,). Using
the MTT assay the treated WJ-MSCs were analyzed for metabolic activity and survival.
Results. Our findings indicated that viability of individual WJ-MSCs was affected by H,0O,
in a biphasic mode at concentrations between 6.25 and 440 uM for most cell samples. At
lower H,O, concentrations, 6.25-50 puM, an increase in the viability to 16 % was noted. The
maximum stimulating effect was observed at concentrations of 12.5 uM and 25 uM depending
on the donor. We found that the preconditioning of WJ-MSCs with 12.5 and 25 uM H,0, for
24 h enhanced their survival under toxic H,0,-doses and survival rates varied for different
donors. Conclusions. The findings indicated that the WJ-MSC responses to H,0,-induced
oxidative stress varied for different donors. The viability of H,O,-preconditioned WJ-MSCs
changed in a donor-dependent manner in severe environment. Consequently, to produce ef-
fective medical cells it is important to consider the donor variability in the process of oxidative
MSC conditioning.
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Wharton jelly-derived MSCs, despite being cacy. One of the most serious problems is poor
one of the most interesting cell populations for retention of transplanted MSCs at injured tis-
stem cell medicine, currently have certain sue. Transplanted MSCs migrate to the sites
limitations that reduce their therapeutic effi- of inflammation and injured tissue in response
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to various stimuli. These sites are characterized
by high levels of inflammatory and oxidative
stress mediators. This harsh environment re-
sults in a serious threat to the survival of in-
troduced cells, especially during the first few
days after transplantation. Reactive oxygen
species (ROS) are constantly produced in the
cells and play an important role in various
cellular processes, including metabolism, ho-
meostasis and cell signaling [1]. Excessive
ROS, however, may induce oxidative stress,
leading to significant damages of protein, lip-
id, DNA and cell death [2, 3].

A number of strategies have been proposed
to improve MSC survival after transplantation.
The first strategy is preconditioning, which is
based on the biological concept of hormesis,
where brief exposure to low doses of some
toxic agents leads to the beneficial effects [4—
6]. It was shown that the preconditioning of
MSCs through a mild oxidative stress increa-
ses their survival and activates the signaling
pathways that promote resistance of the cells
to more severe stresses [7-9]. However, a
number of studies in vitro and clinical trials
have demonstrated diverse outcomes. It is
shown, that there are individual differences in
MSC abilities based on the inter-donor vari-
ability and the extent of variation is currently
under investigation [10-13].

This study was designed to estimate an
extent of variation of the functional responses
to oxidative stress of human WJ-MSCs from
different donors and to find out the optimal
doses of H,O, to increase the resistance to
oxidative stress. To do this, we mimicked an
oxidative microenvironment in vitro and ex-
posed various WJ-MSC:s to the increased con-
centrations of H,O,. The cell survival was
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detected by a cell metabolism assay and com-
pared the donors according to the quantitative
characteristics of hormesis. The responses of
H,0,-preconditioned cells to harsh stress were
assessed under 300uM H,0O,. We suppose that
the MSC donor variability may play a role in
the effectiveness of WJ-MSC employed thera-
peutically, and donor-related cell variabilities
require a personalized approach in expanding
and pretreated processes. Without recognizing
these MSC variants, the clinical outcomes can
also be variable or adverse.

Materials and Methods

Isolation and culture of WJ-MSCs. The proce-
dures of isolation and culture of WJ-MSCs
were previously described. In brief, Wharton’s
jelly was cut into 2—3 mm pieces and seeded
in a cell culture dish with DMEM-F12 contain-
ing 10 % fetal bovine serum (FBS), penicillin
(100 units/mL) and streptomycin (100 pg/mL)
at 37 °C, 5 % CO, in ambient oxygen concen-
tration to permit the cells to migrate from the
explants. After achieving about 80 % conflu-
ence, the MSCs were detached and sub-cul-
tured to a new flask [14].

WJ-MSC phenotype determination. CD
marker expression was measured by flow cy-
tometry. The cells were stained with FITC- or
PE-conjugated antibodies specific for human
CD34, CD73, CD90, CD105 (Biosciences, San
Jose, CA, USA) and analyzed by a FACScalibur
using Cell Quest software (BD Biosciences,
San Jose, CA, USA).

H,0, treatment. To simulate oxidative
stress, 3 % H,0O, was dissolved in complete
medium to the following final concentrations:
6.25,12.5, 25, 50, 100, 145, 300, and 440 uM;
the control variant consisted of H,O,-free com-
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plete medium. To estimate the responses of the
MSCs preconditioned with non-toxic concen-
trations of H,O, (6.25, 12,.5, 25 uM) for 24 h
against increased oxidative stress, all media
were replaced with H,O,-free complete me-
dium for 24 h. After the recovery period the
culture medium was replaced with 300 uM
H,0,-conditioned medium for 24 h. As a con-
trol, cells were treated with DMEM medium
only. The cell viability was determined using
the colorimetric MTT assay.

Cell metabolic assay. MTT assay which is
a measure of cell survival or viability and
mitochondrial metabolic activity was per-
formed as described previously [15]. Briefly,
WIJ-MSCs were cultured at a density of
5000 cells/well in triplicates in the 96-well
tissue culture plates. After 24 h of cell attach-
ment, the cells were exposed to H,O, in a
wide range of concentration (from 6.25 uM
to 440 uM) by replacing the old DMEM with
fresh medium containing H,O,. Then the cells
were incubated at normal culturing conditions
for 24 h. Subsequently, the cells were treated
with MTT solution (0.5 mg/mL) at 37 °C for
4 h. The formazan crystals were dissolved in
100 pL dimethylsulfoxide (DMSO). The ab-
sorbance of each well was measured at
570 nm using microplate reader.The absor-
bance ratios of control vs. treated cells were
used for the calculation of the percent viabil-
ity. The results were presented as % MTT
activity where the readings for the control
cells were considered as 100 % within each
experiment.

Statistical analysis

OriginPro 8.5 SR1 software (OriginLab
Corporation, USA) and Excel (Microsoft) were

used for statistical analysis and graphic illus-
tration. The mean values of all results were
expressed as the mean + SD. P < 0.05 was
considered statistically significant.

Results

WIJ-MSCs from 12 different donors were iso-
lated from Wharton’s jelly and expanded to P2
under identical conditions. The cultures exhi-
bited a fibroblast-like spindle-shaped morpho-
logy and a high level of adherence to the plas-
tic culture flasks. The cells were characterized
according to International Society of Cell
Therapy minimum criteria for defining MSCs.
The analysis of specific cell surface markers
at passage 2 revealed positive expression of
CD73, CD90 and CD105 (>95 %) and negative
expression of CD34 (<0.5 %). Flow cytomet-
ric immunophenotyping of the cells cultured
under mild oxidative and control conditions
did not show any differences in positive mar-
kers (CD73, CD90 and CD105) or negative
marker CD 34.

To determine whether donor variation af-
fects the resistance to oxidative stress of
WI-MSCs, we studied how it affected the
metabolic activity of the cells in the presence
of H,O, in a wide range of concentrations.
Once P2 was reached, H,O, was used to simu-
late oxidative stress. The cells of 12 donors
were exposed to 9 increased concentrations of
H,0, for 24 h (more than 70-fold range; from
6.25 uM to 440 uM). The metabolic activity
of treated cells changed with increasing H,0O,
concentration nonlineary. MTT assay showed
both biphasic dose-responses of the
H,0O,-treated WJ-MSCs as one of the hor-
metic features and bilinear responses (thre-
shold model). Survival of WJ-MSCs from each
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donor in the presence of 6.25-100 uM H,0,
for 24 h either increased or did not change
significantly as compared to untreated MSCs.
In contrast, the exposure of WJ-MSCs to 300
and 440 uM H,0, for 24 h decreased their vi-
ability up to 43.41 = 4.16 % (#11) (Table 1)
and 34.9 % + 2.8 % (#7), respectively.

Table 1. Individual features of dosage effects
of H,0, treatment on WJ-MSC:s in vitro

Msc | Maman NOAEL | Effect of 300uM
sample (% viability) (uLM) H,0, (% viability)
#1 1152 +2.7* 21 60.2+34
#2 111.0£4.1* 54 78.1£3.8
#3 103.1 +4.4 35¢ 77.2+5.1
#4 114.8 + 3.6* 21 477+29
#5 116.3 £3.4* 116 61.2+t4.1
#6 101.1+£3.3 105¢ 624 +£3.0
#7 101.4+2.5 25¢ 57.6£4.2
#8 106.9 £2.9%* 45 559+39
#9 113.6 £2.8%* 106 58.0+4.8
#10 104.3 £ 3.1 43¢ 56.3+£2.8
#11 106.2 £ 1.8* 21 434+42
#12 102.6 + 3.1 35¢ 65.1+3.7

Data point is the mean + SD of three replicates for each donor
for cell viability. *designates statistical significance. P<0.05 as
compared to untreated cells. * designates MSC sample demon-
strating the threshold model of dose response

Moreover, the donor-related variations were
revealed in response to the oxidative stress. It
was represented graphically by inverted
U-shaped dose-response curves, which depict
the quantitative features of hormesis, namely,
maximum stimulation points, dose-response
stimulation range, and NOAEL (no observed
adverse effect level) (Fig. 1). To accentuate the
extent of donor variability in MSC responsive-
ness to oxidative stress, the detailed dot plots
were generated for the donor pool in the hor-
metic zone.
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As to the quantitatively-based criteria, the
results showed that the magnitudes of hor-
metic responses of the WJ-MSCs from diffe-
rent donors were variable and modest, ranging
from 7 to 16 %, and were similar to those re-
ported for hormetic dose responses (Table 1,
Fig. 1) [4, 16]. The hormetic dose-response
stimulation range was within 7- 9-fold dose
range. The distances between the maximum
stimulatory response and the estimated
NOAEL were in the 2- to 3-fold range, except
for #9 (long asymmetric hormetic zone). The
NOAEL was estimated by the dose-response
curves analysis.

Although MSCs can be manipulated in vitro
via preconditioning with enhanced antioxida-
tive effects, at present it is not known whether
and how the donor-related MSC variability
will affect the survival of H,O,-preconditioned
MSCs exposed to severe oxidative stress.
In order to determine whether the viability of
the H,O,-preconditioned WJ-MSCs can be
changed in a donor-dependent manner, the
cells #9, #11 (hormetic response), and #10,
#12 (indifferent in hormetic zone) were cul-
tured in severe environment (300uM H,0O,).
Challenge H,0O, concentration of 300uM was
chosen as the dose reducing control values by
about 50 %, usually in a 40-60 % range ac-
cording to our study and literature reports [17].

As shown in the hormesis literature, the
maximum enhancement of the response is
demonstrated by the dose providing the max-
imum protective effect [18]. The H,O, doses
of 12.5 uM and 25 pM were considered as
optimal doses for next experiments. The results
indicated that the viability of the untreated
WIJ-MSCs from all 4 independent samples
challenged to 300 uM H,0, was significantly
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lower compared to that preconditioned with
H,0,. The data on pre-treated WJ-MSCs are
presented in Table 2 and Figure 2. The chal-
lenging dose decreased the viability in the

Fig. 1. Effect of H,0,-treatment on
the cell viability of individual WJ-
MSCs in vitro in the hormetic zone.
a — #1234 b — #5,6,78. ¢ —
#9,10,11,12. The results are presented
as % MTT activity comparing to the
e untreated controls taken as 100 %.

"""" Control

control cells to 58.04 %, 56.2 %, 43.4 and
65.1 %. The survival capacity of H,O,-
preconditioned cells in adverse conditions va-
ried, ranging from 38.6 % to 92.7 % vs cells
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Table 2. Response of preconditioned WJ-MSCs from different donors to severe oxidative stress

Cell 12:5 (tl/]:/lvgf)(i)ﬁtt;)e ated 25 P(L};:I E;gzhttr;; ted Untreated cells (% viability) | Untreated cells without
sample 3004M H,O, stress 300uM H,O0, stress

#9 92.0 + 3.89¢ 91.3+2.97A 58.04 £4.85 100 £2.06

#10 92.7 £ 5.66* 80.21 +£5.78A 56.2+£2.76 100 £3.24

#11 41.48 +£3.75 40.59 +1.28 4341 +4.16 100 +7.88

#12 64.46 £ 6.25 65.6+1.73 65.1 £3.7 100 £ 1.96

Data point is the mean + SD, n=3. ¢, 4 p < 0.05 vs. untreated control for 12.5uM H,0,- or 25uM H,0,-treated WJ-MSCs,

respectively.

in normal conditions. The preconditioning with
a pick at 12.5 or 25 uM H,0, significantly
changed the cell viability to following stress
in a donor-dependent manner. These doses
induced cell-survival adaptive responses in
WI-MSCs #9 and #10 to the challenge dose,
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Variant of preconditioning

Fig. 2. The protective effect of H,O, preconditioning on
the viability of WJ-MSCs following oxidative stress with
300uM H,O0, for 24 h. 1 — non pre-incubated cells (con-
trol). Cells were pre-incubated with 12.5 pM H,0, (2)
and 25uM H,0, (3). Data point is the mean + SD, n=3.
The vertical bar represents standard deviation of the
mean. % A p < 0.05 vs. untreated control for 12.5uM
H,0,- or 25uM H,0,-treated WJ-MSCs, respectively.
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indicating a benefit of preconditioning. For
example, 25 uM H,0,-conditioning treatment
affected a relative increase of the protective
response from 58.04 % and 56.2 % to 92 %
and 92.7 %, respectively to #9 and #10.
However, the cells #11 and #12 did not show
any difference in viability comparing to un-
treated WJ-MSCs (Table 2).

Discussion. The poor outcomes of stem cell
transplantation have been suggested to result
from residual oxidative damage affecting the
transplanted cells. MSCs unable to counteract
the toxic environment in which they must act
have lower therapeutic potential. At present, it
has been shown that MSCs exert antioxidant
properties in a variety of studies in vifro and
in vivo associated with high levels of ROS [19].
Nevertheless, the fetal MSCs are exposed to
the fetal circulation and experience lower le-
vels of inflammation and oxidative stress [20].
Therefore, for WJ-MSC-based therapy, it is
critical to quantify donor variability for func-
tionally specific MSC responses under oxida-
tive stress. Considering that responsiveness to
oxidative stress may be different for the
WIJ-MSCs originated from different donors,
the present study focused on two purposes.
The first aim was to compare the effects of
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H,0, as one of the most stable ROS in wide
range of concentrations on the viability of
WI-MSCs derived from different donors in
vitro in order to choose the optimal concentra-
tion for conditioning protocols. The second
purpose was to assess the protective effects of
preconditioning with non-toxic concentrations
of H,0, on the survival of individual WJ-MSCs
under harsh condition in order to provide the
information for the selection of cells with im-
proved therapeutic effectiveness. H,O, as a
conditioning agent showed positive hormetic
results in the study, so the quatitative charac-
teristics of hormesis were determined to quan-
tify donor variability among individual
WI-MSCs for responses to oxidative stress.
However, in our study, some individual
WIJ-MSCs did not respond significantly to the
hormetic stimulus. We decided to test these
cells in severe milieu in vitro following H,O,-
conditioning. To do this, the cells, which did
not respond to the hormonal stimulus were
challenged with toxic 300 uM H,0O,. The result
was not predictable. The sample #9, which
responded to hormetic stimulus, maintained
high viability under stress (92 % vs 58 % for
untreated cells). Surprisingly, the conditioned
cells #10 and #12 (showing no statistically
significant hormetic stimulation) responded
differently to harsh oxidative stress. WJ-MSCs
#10 also maintained high viability under
300 uM H,0, (92 % vs 56 % for untreated
cells), while the cells #11 and #12 decreased
their viability to the level of untreated cells.
According to current literature data the pre-
treatment may change some MSC properties
in different ways. Zhang and colleagues [21]
found that pretreatment with IFN-y and TNF-a
eradicated the donor-dependent variation of

the human UC-MSCs in immunomodulation
and suggested that stimulation may improve
the anti-inflammatory function of UC-MSCs
and eliminate the donor-dependent variation.
We also revealed the same effect of eradication
of donor-dependent variation of WJ-MSCs #9
and #10 in response to the oxidative stress
after H,O, preconditioning. Nonetheless, the
cells #11 and #12 did not respond to condition-
ing and their metabolic activity was the same
as that of unconditioned cells. Interestingly,
Boyt et al. showed that the donor itself had the
largest influence on the potency of pretreated
MSCs and pre-licensing with IFNy is not al-
ways enough to overcome inherent donor
weakness in immunosuppression. The authors
concluded that the donor pre-selection is nee-
ded to realize the significant advantage of
pre-treatment [22].

Our study also demonstrated that the process
of preconditioning WJ-MSCs with H,0, also
requires the personal approach depending on
the donor. Taken together, our findings suggest
that the oxidative preconditioning cannot be
applied as an enhancement strategy for some
individual WJ-MSCs and inter-individual MSC
variability should be taken into account.
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JloHopHa Bapia0enbHICTh Me3eHXiMaIbHUX
cTOoBOYpOBMX KJIiTUH BapTOoHOBa CTYy1HA 32 YMOB
OKHCJIOBAJIBLHOIO cTpecy

M. B. Kosanpuyk, H. C. lllyBanosa, B. A. Koparom

Merta. OCKUIbKY BH)KMBaHHS KIIITUH Ma€e BUPINIAJIbHE
3HAYCHHS IS TEPANeBTUYHOI €EKTHBHOCTI, BAYKIIUBO
OLIIHUTH JOHOPHY BapiadensHicTE MCK 3a oxuciroBaib-
Horo cTpecy. Jlane nocumimkeHHs OyJ10 IPOBENEHO 3 METOO
puBdcHHs peakiii MCK BaprtoHoBa cTymHs THOnuHI
(BC-MCK) pi3Hux IOHOPIB HA OKWUCITIOBAIBHHUHA CTpEC.
Metoxu. MCK oTpuMyBaJii METOIOM €KCIUTAHTIB 1 KYJThb-
THBYBAJIA 32 CTAHIAPTHUMH MeToqamu. OKHCTIOBaTbHUH
CTpec BUKIMKaIH niepexrcoM BomHio (H,0,). MeTabomiyna
aKTHBHICTH Ta BikuBanHs BC-MCK 6ynu npoaHnarizoa-
Hi 3a norromoroo MTT tecrty. PesynsraTn. Hammi pesys-
TaTy nokasaym Oida3Hy 3anexHicTh Biamosini MCK Big
xoHueHTpauii H,O, amst OUbIIocTi 3pasKiB KyJIbTYp B
Mexax 6,25-440 mxM. 3a Hu3pKHX KoHIeHTpaniid H,0,,
6,25-50 MxM, BimMI4€HO 301IBIIEHHS KUTTE3AATHOCTI JI0
16 %. MakcuManbHUI CTUMYITIOIOUHH e(eKT CrocTepi-
raBcs 3a KOHIeHTpariit 12,5, 25 ta 50 MkM 3aexHO Bif
JIoHOpa. MU BUSIBIITH, IO TTOTIEPEAHE KOHAUITIOHYBaHHS
MCK 3a ymoB 12,5 Ta 25 MmxM H,0O, npotsirom 24 ronun
TABHIIUIIO X BIJKMBAHHA 32 TOKCHYHUX 103 H,0,, a mo-
Ka3HUKH BIDKUBAHHS BapitOBAIN Mi>K OKPEMHUMH JIOHOPa-
mu. BucHoBKH. Pe3ynbrati mokasaiiv JOHOPHY Bapia-
oenpHicTs Bianosigen BC-MCK Ha OKHCIIOBaJIbHUI
crpec, Bukimkanni H,O,. JKuTTe3naTHicTh MpeKOH IHITi-
onoBanHnx H,0O, MCK 3a nocuneHHOro crpecy 3MiHIo-
BaJach 3aJIe)KHO Big JoHOpa. OTKe, BAYKITUBO BPaXOBYBa-
TH JIOHOPHY BapiaOeIbHICTh Y TPOIIeci OKHCHOTO KOH/IU-
mionyBanHs MCK yist oTpuMaHHS TepaneBTUYHO e(eK-
THBHUX KJITHH.

Kawuosi camoBa: MCK, noHopHa BapiaOenbHICTB,
OKHCITIOBAJILHHH CTPEC, TOPME3NC

JloHopHasi Bapna0eJbHOCTh Me3eHXMMAJIbHBIX
CTBOJIOBBIX KJIETOK BapToHOBa cTyaHS B yCJOBHAX
OKHCJHMTEJIbHOIO cTpecca

M. B. Kosanpsuyk, H. C. IllyBanosa, B. A. Koparom

Ieas. [TockonbKy BEDKHBAEMOCTh KJIETOK MMEET pellia-
Ioliee 3HAYeHUE JUTS TEPaIeBTHIECKO 3(h(eKTUBHOCTH,
BaXHO OLIEHUTH JOHOpHYIO BapuabensHocTh MCK mpn
OKHUCIIMTEIBHOM CTpecce. DTO UCCIeloBaHUe ObLIO IIPo-
BeJIeHO ¢ Henbto usydeHus peaxuii MCK BaproHnosa
ctynas genoBeka (BC-MCK) pa3HbIX TOHOpOB Ha OKHC-
nuTensHbI crpecc. Meroasl. MCK nonmyuanu metonom
9KCIUIAHTOB M KyJIETUBHPOBAIIM CTAHAAPTHBIM METOIOM.
OKHCIUTENBHBINA CTPECC BBI3BIBAIN IIEPEKHUCHIO BOAOPOA
(H,0,). Metabonuueckasi akTUBHOCTh U BEDKHBA€MOCTb
BC-MCK 6b1m1 npoanayim3upoBassl ¢ omornsio MTT
tecta. Pe3ynbrarsl. Hamm pesynbrars! mokasanu ougas-
Hyto 3aBucuMocTh oTBeTa MCK ot konnenrparuu H,0O,
Ju1st OOJIBIIMHCTBA 00PA3LOB KYJIBTYD B Ipefenax 6,25-440
MKM. [Ipu 6onee Hu3KMX KoHIeHTparsx H,O,, 6,25-50
MKM, OTMEUYEHO YBEJIHYEHHE >KU3HECIIOCOOHOCTH 0
16 %. MakcumanbHbIM cTUMyupytommuii 3¢ ekt Haoo-
JaJicst mpy KoHIeHTpanwsix 12,5, 25 u 50 MxM B 3aBucH-
MOCTH OT IOHOpa. MBI 00HApYKUJIH, YTO MPEABAPUTEIIb-
Hoe konaunuonuposanne MCK npu 12,5 u 25 mxM H,0,
B TeYEHHE 24 YacOB MOBBICHIIO MX BBDKHBAEMOCTH IPH
Tokcu4yeckux Jo3ax H,O,, a mokazaresiu BBDKUBAEMOCTH
BapbUPOBAIM MEX/Y OTIEIbHBIMU TOHOpaMu. BhIBOABI.
Pe3ynbraTsl moka3ann JOHOPHYIO BapuaOeIbHOCTh OTBE-
ToB BC-MCK Ha OKHCIHMTEIBbHBIN CTpecc, BBI3BAHHBIM
H,0,. ’KuznecrnocoOHOCTh MPEKOHANIMOHUPOBAHHBIX
H,0, MCK npn ycruieHHOM cTpecce H3MEHSIETCS B 3aBU-
CHUMOCTH OT oHOpa. CreaoBare/lbHO, Ba)KHO YUUTHIBATh
JIOHOPHYIO BapHaOeIbHOCTH B IIPOIIECCE OKUCIUTEILHOTO
xoHgumronnpoBaanss MCK s momydeHus: TeparneBTu-
Yyeckd 3(p(HEeKTHBHBIX KIIETOK.

KawueBsie caoBa: MCK, goHopHas Bapruadems-
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