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ABSTRACT

Preconditioning with hypoxia or ROS such as hydrogen peroxidase improved long term survival of Mesenchymal
Sem Cells. But combined therapy with both of themis not investigated enough in cell culture. Therefore, the present
study investigates the protective effects of co-preconditioning of the cells with H,O, and hypoxia in cell culture.
Bone Marrow MSCs were cultured and divided in 6 groups; control, groups | and 11 exposed to H,O,, group Il
treated with COCL,, Groups IV and V treated withbothH202andCOCL, during 6, 12, 24 and 48h. Then, all groups
were underwent to lethal dose of H,O, (300 uM) for 24 hours followed by 24h recovery. Afterward, MTT assay and
trypan blue staining were conducted to evaluate the cell proliferation and viability. Also, TUNEL was done to study
the cell apoptosis. Cell proliferation and viability after preconditioning with H,O, and hypoxia were considerably
increased compared to the control group after 6, 12, 24 and 48 hours (P < 0.01). Furthermore, cell proliferation
and viability in groups IV and V were remarkably more than control and others preconditioning groups (P < 0.01).
Apoptosis was significantly decreased in preconditioned groups compared to the control group after 12 (P < 0.01),
24 (P < 0.05) and 48 hours (P < 0.01). Also, cell apoptosis was decreased significantly in groups 1V and V after 12,
24 and 48 hours compared to control and other preconditioning groups (P < 0.01). This study clearly demonstrated
that preconditioning with H,O, and COCL, can improve BMMSCs proliferation and viability and also have
inhibitory effect on cell apoptosis.
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INTRODUCTION

MSCs are adult pluripotent cells, which can be tbum several tissues such as bone marrow, adipgsseet
peripheral blood, pulp, kidney, synovial membrand #uid and even saphenous vein[1]. They easibppgatedn
vitro and have immunological compatibility and low rigkmalignancy[2].It has been shown that the actwshber
of MSCs for tissue regeneration is very low afteell ctherapy because of less survival rates and
proliferation[3].Normally, Stem cells are located places called Niche that maintain their Propsfie After
isolation and transplantation to a new microenvinent, they face to some problems that decrease thei
efficiency[5]. Different microenvironments duringelt propagation in culture systems or in injuresistie after
injection, they should protect themselves from idetntal effects of thermal shock, food shortagee fradicals,
ischemia and hypoxia[6]MScs gradually decreaseuimbrer because of cell death and their regeneratipability
dramatically mitigate[7].Currently, MSCs based #Hpr is promising but its therapeutic propertiesdnegore
attention. Recently, some strategies are beinggdedito enhance stem cells efficiency before agtidin in in
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vivo[8]. However, most of researches in this fiedde in preclinical stage and require more constiers

Preconditioning of MSCs as a new modality is enagimg in preclinical and clinical application. Poeditioning

might induce some pathways in the cells that resuttore survival rate and less apoptosis[9, 16¢aiment of cell
with agents such as heat shock, food shortagerdidieals mainly H202, ischemia and hypoxia migitréase the
expression of protective genes and proteins irethefis[11]. In many studies Hydrogen peroxid&dkjwas applied
invitro to induce a form of cellular damage similar todative stress[12].Oxidative stress begins wheratheunt
of free radicals are more than the ability of tledlscto scavenger them[13]. At low concentratioHsD, could

activate various enzymes like phosphatases andsicglhling. However, at high concentrations, itldolead to

irreversible cell damage similar to a strong oxidatstress[12].0Oxygen is essential for aerobic bwtam in all

mammalian cells to maintain function and homeostadie cells are sensitive to hypoxia and respontfit4]. It is

confirmed that Mesenchymal stem cell normally resid2-8 % oxygen in their niche[15]. For propagatof these
cells in culture system 20% oxygen is used[16].réfae, oxygen should consider carefully when thkscculture
in in vitro. Furthermore, hypoxia induced prolifécam of hematopoietic bone marrow stem cells[17]ohtare self-
renewing precursor cells of non-hematopoietic saiotissues, are currently under intense investigaftor cardiac
repair[18]. In addition, MSCs can suppress locdlammation [19]. Hypoxic preconditioning attenuatedrtical

infarction in the rat brain induced by oxidativeesss [20] and protected retinal morphology and tioncagainst
light induced apoptosis [21]. There are severalisgiabout application of H202 and hypoxia each atigdalone

in cell culture of MSCs[14, 22] but our knowleddsoat combined therapy that uses both of them aedame is

limited. Therefore, present study not only deteesirthe effects of each modality alone but alsoetemines
combined therapy on viability and proliferation d5Cs. The mechanisms through which the modalitgcasf the
cells behaviors were investigated.

MATERIALS AND METHODS

Cell culture

BMMSCs were extracted from the femur and tibia aféeks old Wistar albino male rat and suspendetdarow
glucose Dulbecco’s minimum essential medium (DME@)bco, Invitrogen, CA, USA) with 10% fetal bovine
serum (FBS) (Gibco, Invitrogen, CA, USA). Then, MS®ere centrifuged (3000g for 3 min) and re-suspdrid
DMEM medium supplemented with 10% FBS, penicillil®Q U/mL), and streptomycin (100 mg/mL). Cells were
incubated in 5% CO?2 at 37C for 48 h, and the adhemls were washed twice consecutively in phospbaffered
saline (PBS) (Gibco, Invitrogen, CA, USA). The cuéis were depleted of erythroid progenitor cell®ulgh the
removal of cells that did not adhere to the cultdighes with medium changes. At 80% confluencds agére
detached with trypsin-EDTA and passaged at a K&Htib:3. Passage 4 of the cells was used in prestedy. The
medium was changed every 3 days.

Differentiation capability of BM-MSCs
The multi-potency of BM-MSC was confirmed by indoct of osteogenic, chondrogenic and adipogenic
differentiation using specific differentiation medi

Osteogenic differentiation

BMMSCs were seeded at density2%ddlis/cnt in 24 well plate and then induced to differentiatean osteogenic
induction medium composed of DMEM with 10% FBS (&iblnvitrogen, CA, USA), 100 units/ml penicillima
100 g/ml streptomycin,10nM dexamethasone, 50 p@sdorbic acid, 10 mgtglycerophosphatefor 21 days.
After21 days Osteoblast differentiation was evaldaby2%Alizarin Red(Sigma) staining. Cells were heabthree
times with PBS(Gibco, Invitrogen, CA, USA) and fikéor 15-30 min with 4% formaldehyde. The cells aer
stained with Alizarin Red and examined under micope.

Adipogenic differentiation

The cells were cultured at a density of 2%&6lls/cm2 in24well with adipogenic Induction Medilincluding of
DMEM, supplemented with 10% FBS, 100 units/ml péimcand 100 g/ml streptomycin, 100nM dexamethason
50pg/mlindomethacin for 10 days.Fat droplets wesaméned under microscope.

Chondrogenic differentiation

The cells were cultivated at a density of 2%&élls/cm2 in24wellplate. The cells were culturedier Chondrogenic
induction medium for 21 days. After21 days, thdscalere stained with Alcian blue (Sigma). Briefthe wells
were washed with PBS and fixed with 4% paraformayde for 15-30min. The cells were stained with Aftblue
for 30 min and examined under microscope.
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Preconditioning of the cells with H,0,

The cells cultured in 96well plates in“t®ncentration and treated with different doses #9H0, 5, 10, 15, 20, 30,
40, 50, 60, 70,80,90, 100 uM)during 6, 12, 24 addhdurs. Then the cells exposed to lethal dose,0% KBOO M)

for 24h followed by 24h recovery. Cell proliferatiowas examined by 3-(4, 5-Dimethylthiazol-2-yl)-3;
diphenyltetrazolium bromide(MTT). First, 100u! dfet culture medium was removed and 15ul of MTT (5niy/
was added to each well. The plates were incubdt8d’& in a 5% C@for 3 hours. Then 200l DMSO was added
to dissolve the formazan crystals and. Optical itef©D) was spectrophotometric ally measured & Bih using
an ELISA reader (TECAN/ sunrise, Magellan progr&mstria).Cell proliferation percent was calculateing the
following formula:

OD of expremental grou
oD = £ E2Px100
OD of control

Preconditioning of the cells withCOCL ,

The cells cultivated in 96well plates and treatethdifferent doses of COGI5, 10, 20, 50, 70, 90, 100, 120, 150,
200 pMfor 6, 12, 24 and 48 hours. Then, the osligosed to lethal dose of COC(200 uM) for 24hours and
24hours recovery of the cells with fresh mediumteAfard, cell proliferation was performed with MESsay.

BMM SCs Preconditioning with H,0O, andCOCL ,

The cells were seeded in 96well plates and treatdd5or 10uM HO.and 120uM cobalt chloride for 6hours. For
12 and 24h, the cells exposed to 5 or 10uj@4+and 20 uM cobalt chloride and finally for 48h tedls exposed to
5 or 10uM HO, and 5uM cobalt chloride. In all experiments thees a control group which did not receivedsl
and COCL. Then the different groups received 300 uM lethade of HO, for 24h followed by 24h recovery.
BMMSC proliferation was measured by MTT assay ametlscviability with Trypan blue staining. Also csll
apoptosis examined by TUNEL. The experiments wepeated three times.

Evaluation of cell Viability with Trypan blue

BMMSCs were seeded in a 6-well plate and incubate@7°C in 5% CQThe cell viability was evaluated after
treatment with HO, and COCL by the Trypan blue(0.4%, Sigma-Aldrich, StLouig)edexclusion method. Dead
cells were stained in blue color. Viability percage was measured according to below formula:

Cell viability (%)= living cells /total number of cells x100

Detection of apoptosis

Sterile slides were placed on bottom of 6well Hated the cells were seeded on it. After adhegtum,cells
preconditioned with KD, and COCL as mentioned previously for 6, 12, 24 and 48h. Apsip method was
performed using In situ cell death detection kib¢Rea, Canada). Briefly, the cells were washed RBI% (Gibco,
Invitrogen, CA, USA) and fixed with4% paraformalgelle for 60 minutes at room temperature. After thieees
swashing with PBS, the cells were exposed to biackblution (3% KO, in methanol) for 10 minutes in 15-25°C
followed by 5 minute incubation with 0.1% Triton100 on ice. After three times washing with PBS|scelere
resuspended in [0 of TUNEL Reaction solution for 60 minutes at 3®Gnoisture chamber. Then, after three
times washing in PBS, the slides were incubatet @@ of POD solution for 30 minutes at 37°C in a huifgadl
chamber and finally treated with DAB for 10 minuiesthe dark. After washing the slides with PBSgytlwere
observed by light microscope under 40X magnifiaatio

Statistical analysis

The data are expressed as mestandard deviation (SD). Statistical comparisonsewanalyzed by one-way
analysis of variance using Tukey test for multipemparisons by SPSS software version 22. Differeweere
considered significant at p<0.05.

RESULTS

MSC Characterization

MSCs were propagated using standard proceduresundultured at least for four passages beforéniexa with
COCL;, and HO,. The BMMSC continued to display a uniform fibrotidike appearance throughout the culturing
process (Figure 1). They had capability to ostemgeipogenic and chondrogenic differentiatiorg(fFe 2).
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Figure 1.BMMSC after 5 days of primary calture (A) passage 3 (B) passage 4 (C) magnifications100X

Figure 2.Differentiation property of MSC to adipogenesis (A) osteogenesis(B) and Chondrogenesis.

Morphological study
The current study demonstrated that treatmenteo€éis with COCL did not change the cell morphology and they
have a fibroblast-like morphology before and aégposure to COCi(Figure 3).

Figure 3.BMMSC have a fibroblast-like morphology bdore hypoxia preconditioning (A) spindle like cellsafter treatment with cocl, with
no change in their morphology(B)

Combined preconditioning improved cell proliferation

Cell proliferation in groups IV and V (treated bathith COCL2 and HO,)increased significantlyafter6 and 12
hours toward the control and other preconditiorgngups (P < 0.01).Also, there were significantatiénces in cell
proliferation between all preconditioning and cohggroups after 24 hour (P < 0.01).After 48 hourtr@atment cell
proliferation in groups I, Ill, IV and V increasetbmpared to the control (P < 0.01). Moreover, gnificant
increase in cell proliferation was observed in g®lV and V(treated with COCL2+,8,) compared to control and
other preconditioning groups in all 6, 12, 24 aBtidurs (P < 0.01) (Figure 4).
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Figure 4.BMMSCg¢Proliferation under preconditioning with different concentrations of COCL2 and HO,at 6, 12, 24 and 48 hours. Cell
proliferation was significantly increased after preconditioning. Data are mean + standard deviation**Asignificant difference < 0.01
toward control group.
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Figure.6. Intact MSC (A), trypan blue staining in ontrol group (B), the cells were stained with trypa blue in combined groups (COCL2
plus H202). Blue dye shows the dead cells (C and.D)

Hypoxia and H202 preconditioning increased cell swival

Cell viability in groups IV and V(treated with COgt. H,O,) was significantly higher than control and othesups
after 6 and 12 hours (P < 0.01). Furthermore, &t cell viability was significantly increased gmoup Il (P <
0.05) and group Il (P< 0.01).Also there was coegadble increased in cell viability in groups IV aviftreated with
COClLyplus HO,) toward the control group after 24h (P< 0.01)g(fFe5). After 48 hour cell viability in group I

(P < 0.05) and in groups IV and V (treated with Q@€ H,O,) was remarkably increased compared to control
group after 48h(P < 0.01).In addition cell survival groups IV and V (treated with COgt H,O,) was
significantly increased compared to control andeotpreconditioning groups during6, 12, 24 and 4Bh<(
0.01)(Figure5, 6).
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Figure 5.BMMSCgViability after preconditioning with different conc entrations of COCL2 and H,0,at 6, 12, 24 and 48 hours. Cell
Viability was significantly increased after precondtioning. Data are mean + standard deviation. * A gnificant difference < 0.05, ** A
significant difference < 0.01, toward control group

Co-preconditioning of the cells with hypoxia and HO, inhibited cell apoptosis

Apoptosis after 6 hour did not show any significdatrease compared to control group (P < 0.05).avew cell
apoptosis in groups IV and V (treated with CQEH,0,) was significantly lower than control group affeth (P <
0.01), 24h (P < 0.05) and 48 hour (P < 0.01)(Figu&).
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Figure 7. Rate of apoptosis in BMMSC after precondioning with different concentrations of COCL2 andH,O,at 6, 12, 24 and 48 hours.
Cell Apoptosis was significantly decreased after gconditioning. Data are mean + standard deviatiort A significant difference < 0.05,
** A significant difference < 0.01, toward controlgroup.

Figure 8 Mesenchymal stem cells after staining with Hematoxin as negative control group (A) Apoptotic cells in Control group (NP)
(B). Apoptotic cells in combined groups preconditined with COCL2 plus H202(C and D). Magnification: X

DISCUSSION

MSCs-based therapy has potential value in tisspaeement and regeneration. Currently, there ameyrohnical
trials studies of stem cell therapy[23]. Howeveaplication of MSCs in cell therapy has been limitkee to some
problems such as their low proliferation rate[24ktricted life span, apoptosis and gradual losgerhness during
ex vivo expansion[25].Therefore, we studied the BSIN4 survival, proliferation and apoptosis afterirthe
preconditioning under hypoxic and oxidative stressditions. In the present study, preconditionin@®MSCs by
H,0,and COCL at 6, 12, 24 and 48 hours showed significant esan cell proliferation and viability. Also, cell
apoptosis rate was significantly declined compapethe control group after preconditioning. Morgeirestingly,
combined preconditioning had more protective effegjainst cell damage after high dose of ROS. &halts also
indicated that groups IV and V (treated with CQplus HO,) at short-time of experiment (6 and 12 hours) ratl
show considerable changes in cell survival , peddifion and decreasing cell apoptosis compareaigek-times of
experiment (24 and 48 hours).Interestingly, althotige cells at 12 and 24 hours was preconditioniitly the same
dose ofHO,(5 and 10 uM) and COGL(20 uM), but results at 24 hour was better thamd2r(P < 0.01).It is clear
that oxygen tension is an important element in teaiance of MSCs stemness and for determinatioheif fate
[26]. For example, O2 concentration of 0.5-1 % oeduapoptosis, and enhances regenerative capddigne
marrow derived-MSCs (BM-MSCs) for repairing infaadtmyocardium [27]. However, some studies have show
cytotoxic effects of COCL(as hypoxia mimetic agent) in concentrations highan 200 mmol/L for more than 24
hours. Higher concentrations of cobalt and prolongenditioning (72> h) induced obvious cell dea8j[2
According to study of Chacko et al, hypoxia treatinef MSC (0.5% O2) for 24—-48 hours was not a sigfit
stimulus to negatively affect the cells’ prolifdoat status, however a longer exposure (72> h) cauodilice
apoptosis when mesenchymal stem cells are culumddr hypoxic conditions in vitro, their prolifenag and self-
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renewal capacities are significantly improved[22pmpared to the routine normoxic culture of 20% [@BAg-term
culture of human MSCs in 1% O2 has been showndaocee their proliferative potential[30]. In additioreatment
of MSCs with minute Concentrations of®} for a short period of time protects MSCs againstiative damages
upon their exposure to high concentrations of R@&¢Hve oxygen species). ROS play essential rolepoptosis
and in the regulation of several transcription dastunder both physiological and pathological ctiods
[22]preconditioning with low concentrations of®} strongly increase the survival of MSCs under othgastress
conditions[31]. Several studies have been repditiedalteration of intrinsic signaling pathways ofire growth
factors, cytokines, and chemokines and the exmmestévels of their receptors (especially CXCR4)eaft
preconditioning[32].Similarly, short-term exposwé stem cells to hypoxia up-regulates expressio€¥CR4 a
key factor of stem cell migration and engraftmeB}[Bypoxia can increase the protective effect ofS4 on
H,0,-treated-caco2 cells through enhancement of thaiaquine actions especially IGF-1[34]. IGF-I hase
expressed in MSCs to increase osteogenesis forrepa@[35]. It also, increases the survival andnation of stem
cells. Several studies showed that with new stiaseguch as application of novel biomaterials ituta medium,
using COCl, incorporation of peptides on the surface of bitamals and loading growth factors in scaffolds can
increase MSC therapeutic properties[10]. The agtief the PI3K/Akt pathway in MSCs can be stimuthtiey
growth factors or hypoxia[36]. The activation oéthhosphoinositide 3 kinase (PI3K)/Akt signalinghpeay plays
central regulatory roles in MSC survival, proliféoa, migration, angiogenesis, cytokine productiand
differentiation [37]. Activated Akt promotes MSC ghiferation, angiogenesis, survival and migratiora v
downstream target proteins such as mTOR, VEGF 2Baohd Rac-1[38]. Also, Akt can increase MSC survixa
blocking Bax, which is a pro-apoptotic protein, abg increasing Bcl-2, which can reduce the level of
apoptosis[39]. several studies demonstrated tmatfi cell-derived factor-1 (SDF-1) can increase sistance of
MSCs to apoptosis induced by,®[40]. Although, there are a plenty of studies stignencourage of
preconditioning of stem cells in preclinical stapeit its application in clinical trials is limitednd challenging.
Therefore, more studies about their safety anddiiag dose and time and other factors shouldcbesidered.

CONCLUSION

In conclusion, our results showed that when cellsewpreconditioned with oxidative stress and hypdkieir
survival and proliferation strongly increased alneiit apoptosis also decreased remarkably. Furthrerrdaration of
exposure of the cells with hypoxia was importariiede findings suggest that the efficient strategjntreased
BMMSCs survival and protect them against apoptisspgeparation them with exposure to stresses asttypoxia
and ROS as they interface after injection to iro\gystems.
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