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OPTIMIZATION OF OXIDATIVE PRECONDITIONING OF hWJ-M SCs
TO OVERCOME OXIDATIVE STRESS

Aim. It has been shown that biological prop-
erties of M SCs can be modul ated by preconditioning
of MSCs under specific culture conditions. Our
study aimed to eval uate the effects of different H2O;
concentrations during oxidative preconditioning of
hWJ-MSCs to overcome subsequent severe oxida-
tive stress and reduce cytotoxic effects. Methods.
M SCswere derived from human umbilical cord, cul-
tured as monolayers according to standard methods.
Oxidative stress was induced by hydrogen peroxide
(H205). Treated WJ-M SCs were analyzed for meta-
bolic activity and survival by MTT assay. Results.
Our findings indicated that preconditioning of WJ-
MSCs with 10, 20, 30 and 40 uM H>O; for 24 h en-
hanced their survival under toxic H.O»-doses and
survival rates varied between different modes of pre-
conditioning and levels of severe stress. The maxi-
mum protective effect was observed at 10 pM H20»
preconditioning for 300 uM H>O, severe stress. Sim-
ultaneouly, the maximum adaptive response to a
stress level of 500 uM was detected only after pre-
conditioning with 30 uM H,O,. Conclusions. Our
results demonstrate that the H>O. preconditioning of
WJ-MSCs could induce the cdll-survival adaptive
response to subsequent severe oxidative stress. How-
ever, benefit of preconditioning depends on the H2O;
concentration under preconditioning, thelevel of ox-
idative stress, and the characteristics of MSCs from
aparticular cell donor.

Keywords: MSCs, oxidative stress, precondi-
tioning.

M SCs are multipotent cellswith abroad spec-
trum of action and higher adaptability to in vitro cul-
turesfor expansion. Furthermore, it has been demon-
strated that MSCs predominantly exert their thera-
peutic effects through the secretion of soluble para-

crine bioactive factors and the release of extracellu-
lar vesicles and the secretome of cells may be used
inclinical application instead of the cells. The secre-
tome content of M SCs affected culture condition and
can be modulated by priming the cells to enhance
their therapeutic properties.

Oxidative stress (OS) is one of these condi-
tions that is highly important in MSC therapy and
regenerative medicine. Endogenously generated
H20, regulates awide range of cellular functions[1].
During oxidative stress, redox equilibrium is inter-
rupted, damaging cellular functions [2]. High levels
of reactive oxygen species (ROS) are produced dur-
ing isolation, cell culture, and transplantation lead to
OS, which limits the efficacy of MSCs [3]. In that
case, the preconditioning of MSCsin oxidative con-
ditions induced the secretion of various growth fac-
tors, proteins, cytokines and exosomes, which can
improve the antioxidant potential of MSCs against
subsequent OS[4, 5].

Wharton’s jelly-derived MSCs (WJ-MSCs)
represent one of the most promising MSC popula-
tions for cell- and free-cell modern therapy. Simul-
taneouly, it was shown that WJ-MSCs, as perinatal
cells, are particularly susceptible to OS because they
are in a state of rapid growth and development, re-
lated with high levels of energy production and me-
tabolism, which produced a significant amount of
ROS as a byproduct [6]. Pizzuti et a. [6] aso re-
ported that perinatal cells are exposed to OS during
labor and delivery, which can lead to further increase
ROS production during cell expansion in vitro.
Rahimi B. and coworkers also noted that modulation
of ROS level in vitro culturing process can control
the M SC metabolism. ROS acts as a secondary mes-
senger at mild physiological levels. At high levels,
ROS lead to an OS condition, which resultsin apop-
tosisand cell death [3].
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Exposure to hydrogen peroxide (H20,) is a
widely used method to cause oxidative stress and
disturb redox homeostasis in cellular models [7].
Under conditions of moderate oxidative stress, cells
activate adaptive mechanismsto overcome oxidative
stress. Of note, the doses used for M SC conditioning
are disproportionaly high with regard to intracellu-
lar physiological range that probably extends be-
tween 1 and 10 up to approx. 100 nM H-O; (for in-
stance, for normally metabolizing liver cells). In ad-
dition, the gradient between extracellular and intra-
cellular H>O, concentrations is approximately 100-
fold [8, 9]. For example, it has how been experimen-
tally established that H,O, concentration in human
blood plasmais about 1-5 uM [10]. However, there
are guestions regarding the optimal H,O. dosage re-
guired to induce an cell-survival adaptive response
under conditions of severe oxidative stress.

Therefore, the aim of this study was to assess
the effects of different H>O, concentrations during
oxidative preconditioning of hWJ-MSCs to over-
come subsequent severe oxidative stress and reduce
cytotoxic effects of ROS and compare the dose-de-
pendent effects of preconditioning at different levels
of OS.

Materialsand methods

Isolation and culture of WJ-MSCs. Isolation
and culture of WJ-M SCs 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
containing 10 % fetal bovine serum (FBS), penicillin
(100 units/mL) and streptomycin (100 pg/mL) at
37°C, 5 % CO- in ambient oxygen concentration to
permit cells to migrate from the explants. After
achieving about 70-80 % confluence, the MSCs
were detached and sub-cultured to a new flask. All
M SCs used in this study were under their second cul-
ture passage [11].

WJI-MSC phenotype determination. The CD
surface markers expression was measured by flow
cytometry with FACS (BD FACS Aria, USA). The
FITC Mouse Anti-Human CD90, APC Mouse anti-
Human CD73, PerCP-Cy™5.5 Mouse anti-Human
CD105 and APC Mouse Anti-Human CD34 were
used.

H,O, preconditioning. 3 % HxO. was dis-
solved in complete medium to next final concentra-
tions: 10, 20, 30, 40, 300, and 500 uM; the control
variant consisted of H.O,-free complete medium. To
estimate the responses of the M SCs preconditioned

with non-toxic concentrations of H>O. (10, 20, 30,
40 uM) for 24 h against increased oxidative stress,
all media were replaced with H,Ox-free complete
medium for 24 h. After the recovery period the cul-
ture medium was replaced with 300 uM and 500 uM
H>O,-conditioned medium for 24 h. The cell viabil-
ity was determined using colorimetric MTT assay.

MTT cell viability assay. Cell viability was
measured using the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2-H-tetrazolium bromide (MTT) as-
say. Briefly, WJ-MSCs (5x10° cellswell) were
seeded in a 96-well plate. After 24 h of cell attach-
ment, the cellswere treated with different concentra-
tions of H.O, After treatment for 24 h, the MTT so-
lution (0.5 mg/ml, 20 ul) was added, and cells were
incubated for 4 h at 37°C. Subsequently, 100 pl
DMSO was added to each well to solubilize the
formazan reaction product with shaking for 10 min.
The optical density (OD) was read at 570 nm on a
microplate reader. The results were presented as %
MTT activity where the readingsfor the control cells
were considered as 100% within each experi-
ment [12].

Satistical analyses. Data are expressed as
mean + SD. Statistical analyses were conducted us-
ing OriginPro 8.5 SR1 software (OriginLab Corpo-
ration, USA) and Excel (Microsoft). Thelevel of sig-
nificance was taken as p < 0.05 and p < 0.01.

Results and discussion

WJ-M SCs were characterized in the 2rd pas-
sage according to the ISCT criteria (The Interna-
tional Society for Cellular Therapy). The cells were
plastic adherent, positive for CD105, CD90 and
CD73 and negative for CD34 by FACS analysis.

According to literature data, oxidative condi-
tioning of MSCsis carried out at a hydrogen perox-
ide concentration of about 20 uM. At the same time,
we have shown in our previous study that there is
inter-donor variability of WJ-MSCsin the sensitivity
to oxidative stress and the effectiveness of H.O- pre-
conditioning [13]. Therefore, we subjected WJ-
MSCs derived from one umbilical cord to 24 hours
pretreatment with 10, 20, 30, and 40 uM H:0..
These H>O; concentrations correspond to the extra-
cellular physiological range where adaptive stress
responses occur. Cell viahility detected by MTT as-
say was 100.26+0.64 %, 97.53+3.29 %,
95.23+6.15 % and 83.44+2.6 % for 10, 20, 30 and 40
uM H20O,, respectively, compared to the control
(100+0.89 %). Comparison of cell viability in the
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presence of 10, 20, and 30 uM H>O, showed no sig-
nificant difference (p>0.05). While at 40 uM a par-
tial decreasein cell viability was noted (p<0.01). In
the low concentration zone (concentration range 10—
40 uM) no increase in metabolic activity was ob-
served which indicated the absence of quantitative
features of hormesis[14].

Next study was conducted to define whether
the low H>O. doses used for preconditioning could
induce a cell-survival adaptive response in WJ-
MSCs to subsequent severe OS. The protective ef-
fects of preconditioning with low dosages of H.O,
were checked in a concentration-dependent manner
by addition of 300 uM and 500 uM H>0O,. Data for
pre-treated WIJ-MSCs are presented in Table and
Figure. The results demonstrated that the viability of
the untreated WJ-MSCs challenged to 300 uM and
500 uM H>0O, was significantly decreased compared
to those preconditioned with H2O,. The challenging
doses decreased the viahility in the untreated control
cellsto 74.58 % and 71.45 %, respectively.

We demonstrated that there are certain pecu-
liarities of MSC conditioning with low doses of hy-
drogen peroxide. Survival capacity of precondi-
tioned cells in adverse oxidative conditions varied

depending on the H>O, concentration used for pre-
conditioning and level of OS. For example, 10 uM
H20,-conditioning treatment influenced a relative
increase of the protective response from 74.58 % to
90 % at challenge dose 300 uM H20.. However, at
challenge dose 500 uM HO,, the same precondi-
tioning did not cause cell-survival adaptive response,
while 30 uM H,0O,-conditioning increased metabolic
activity from 71.45 % to 88.1 %, indicating a benefit
of preconditioning. Although MSCs from this cell
donor did not respond to low-dose H2O, stimulation
with increased metabolic activity and decreased ac-
tivity to only 74.5 % (for 300 uM H»0,) and 71.4 %
(for 500 uM H20,) compared to 50-60 % typical for
most donor samples in our previous study [9], pre-
conditioning did occur. The results showed that a
more significant adaptive response of cells under se-
vere oxidative stress could be achieved by optimiz-
ing the conditions of cell preconditioning. The opti-
mization of metabolic priming of MSCs by the mi-
croenvironment (in particular, oxidative stress con-
ditions) to improve their therapeutic capacity is still
actual and requires individualized approaches de-
pending on cell donor.
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Fig. The protective effect of H202 preconditioning on the viability of WJ-MSCs following oxidative stress with 300uM and
500 uM H20z for 24 h. Cells were pre-incubated with 10 uM H202 (1), 20uM H202 (2), 30 uM H202 (3), and 40 pM H202 (4).
5 — Untreated cells +OS. Data point is the mean + SD, n = 3. The vertical bar represents standard deviation of the mean.
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Table. Response of preconditioned WJ-M SCs to severe oxidative stress

Leve Preconditioned WJ-M SCs (% viability) Untreated cells Untreated
+0S cells without

0s 10uyM H,0; | 20pM H,0, | 30puMH;0, | 40puM H:0, 0S

300 uM 90 +2.23** 89.2 +1.8" 81.04 + 3.89" 78.01 +2.97 74.58 +1.16 100 £2.01

500 uM 74.47+ 3.83 79.58+ 3.3 88.1 +3.33" 76.46 +5.78 71.45+2.93 100 £2.01

Notes: Data point is the mean + SD, n = 3, *p < 0.05 and **p < 0.01 vs. untreated control (untreated cells + OS) for 300 uM

H202 and 500 pM H202 OS (untreated cells + OS), respectively.

ditioning of WJ-M SCs could induce the cell-survival
adaptive response to subsequent severe oxidative

stress. However, benefit of preconditioning depends
on the H>O, concentration under preconditioning,
the level of oxidative stress, and the characteristics
of MSCsfrom a particular cell donor.

Conclusions
Our results demonstrate that the H,O- precon-
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ONTUMI3ALISA NPEKOHAUIIIOBAHHS MCK BAPTOHOBOI'O CTYJHIO JJIs1 3AIIOBII'AHHS
OKHCHOI'O CTPECY

Mema. Tlokazano, mo Oiosnoriyni BiaactuBocti MCK (Me3eHXIMaJIIBHUX CTOBOYPOBHMX KIITHH) MOXXHa MOZYJIIOBATH
LUIIXOM MPEKOHAMIIIOHYBAHHS 3a CIElialbHUX YMOB KyJbTHBYBaHHA. METOI0 HAIIOrO JOCHIKEHHS Oynia OLiHKa
BIUIMBY pi3HUX KoHueHTpauiit H2O2 mist npekonaunionysanus MCK Bapronooro crynaio (MCK-BC) st 3axucty Bin
MOJAJIBIIOTO TIOCHIIEHOTO OKHCHOTO CTPECY Ta 3MEHIIEHHS UTOTOKCHYHUX edekTiB. Memoou. MCK Oynu oTpumaHi 3
ITyNOBHHM JIIOJIVHY Ta KyJIbTHBOBAHI 32 CTAaHAAPTHUMH MeTogaMu. OKHUCHUH cTpec OyB BUKJIMKAHUI MEPEKHCOM BOJHIO
(H205). MertaGomniuny akTHBHICTE Ta BrkuBaHHs Kouaumionosaanx MCK-BC orrintoanm 3a gomomoroo MTT anaisy.
Pe3ynomamu. Hami pesynmpTatu mokasany, mo nomnepenne kouaumionyBanas MCK-BC 3 10, 20, 30 i 40 mxM H>0»
mpoTsroM 24 TOAWH MiABHUIIIIO 1X BI)KWBAaHHS IiJ TOKCHIHUMHU go3amMu H>O», a piBeHb BIDKHBAHOCTI BapiloBaBCS B
3aJICKHOCTI BiJl PI3HUX PEKHUMIB IOTEPEIHHOTO KOHIWIIOHYBAHHS Ta DPIiBHIB IOCHIEHOTO cTpecy. MakcuMaipbHUN
3aXMCHUH e(deKT crocrepiraBcst Mmpu nonepeqHboMy koHauuionyBanHi 10 MkM H2O. mnst crpecy 300 MmxM HzO..
BonHouac MakcuMaibHa aJanTUBHA peakilis Ha piBeHb crpecy 500 MKkM Oysa BusIBIIEHA JIMIIE MICIS IONEPEIHBOTO
kouauuionysanus 30 MmkM HoOz. Bucnoexu. Haui pe3yiapraTi 1eMOHCTPYIOTS, 1110 H2O» nonepenHe KOHANIIOHYBaHHS
MCK-BC moxe iHIyKyBaTH afanTHBHY PEaKLil0 BH)KUBAHHS KJIITHH JI0 HACTYIHOTO MOCHJIEHOTO OKHCHOTO CTpeEcCy.
OpHak mepeBard IONEPeJHbOr0 KOHIMIIOHYBaHHS 3ajexarh Bin kouneHTpauii H»O, mix yac momepeaHboro
KOHJMLIIOHYBaHHS, PiBHS OKHCIIOBAJIBHOTO cTpecy Ta XapakTepucTik MCK KOHKpeTHOTro JJ0HOpa KIITHH.

Kouosi crosa: MCK, okucHUiI cTpec, MpeKOHANIIOHYBaHHS.
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