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ABSTRACT

Mouse bone marrow mesenchymal stem cells (MBMSQf) & promising tool for the treatment of
neurodegenerative diseases. mBMSCs soup is edddyned and is capable of transplantation withoeection.
We investigated the effects of mBMSC soup on stparime-induced cell death in PC12 and U87 cetliedi The
percentage of cell viability, cell death, NO conttaetion, total neurite length (TNL) and fraction afell
differentiation (f%) were assessed. Viability assapwed that mBM soup (24 and 48h) in time depeangere
increased cell viability (p<0.05) and also cell deassay showed that cell death in time dependerd decreased,
respectively (p<0.05). TNL and fraction of cell fdientiation significantly were increased comparedth
treatmentl (p<0.05). Our data showed that mBM Sougpects cells, increases cell viability, suppressell death
and improvement the neurite elongation. We condutat Mouse bone marrow mesenchymal stem cell glays
an important protective role in staurosporine-ingdccell death in PC12 and U87 cell lines.
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INTRODUCTION

Studies of bone marrow stem cell-based therapyriprove organ functions have been investigatedHerpast 10—

15 years. Initial reports proposed the ability of adhbne marrow mesenchymal stem cells (BMSCs) can
differentiate into tissue lineages [1-3]. Many stisdshowed that BMSCs could differentiate into @asi non-
mesenchymal tissue lineages under appropriate iex@@tal conditionsn vitro andin vivo, such as hepatocytes [4,
5], cardiomyocytes [6,7], lung alveolar epitheliui®), even neuron and glia [9-13]. The amazing aeur
differentiation potential of BMSCs attracts interisgerest in the possible applications of BMSCgétl and gene
therapy for neurological disease, because BMSCeabtained from bone marrow easily and expandpidly in
vitro [14,15]. It has been reported that BMSCs couldiggdneuro-differentiation through many wansvitro, such

as chemical inducers (9), cytokines [4, 16, 17];colture with neural cells [18,19], chemical indteeplus
cytokines [10,20] and transfect plus cytokines [21¢.

Previous studies had been suggested that mesenichtanacell transplantation improved neurologiaaidtional
recovery, decreased apoptosis, increased endogertiysoliferation, promoted angiogenesis and cedulesion
size [22] in central nervous system (CNS) injuriesluding stroke and spinal cord injury in animabatels. It
showed that transplanted BMSCs might exert berafidfects in CNS injury include their ability thet production
of growth factors by BMSCs [22-24]. However, BMS€E&m secrete a variety of bioactive molecules sgdinoghic
factors and anti-apoptotic molecules, which mayvig® the main mechanism responsible for their {heutic
effects [25]. In addition, BMSCs can inhibit thde@se of proinflammatory cytokines and promote ghevival of
damaged cells [26]. For example, the therapeutietiteof BMSC cytokines has been observed in aturtg injury
[27, 28], myocardial infarction [29], acute renalldire [30], cerebral ischemia [31, 32] and Alzheifa disease
[33]. On the other side, the most recent mechaoisattion is that BMSC cells provide a local paiaereffect [34-
36]. In summary, tissue regeneration and improvésnbave been proposed as paracrine effect of sééinaction
[35-37]. However at closer investigation, could figty explain organ improvement. Meanwhile, seVestudies
have shown that stem cells release soluble fathatsacting in a paracrine fashion, contribute ftgaa repair and
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regeneration. These factors are cytokines; growth@her factors induce cytoprotection, neovasadtion, and
mediums endogenous tissue regeneration via activafi resident tissue stem cells. In addition,utiseemodeling
and organ function is affected by these paracrmtofs [35]. Recent study showed that BMSC soupdracrine
mechanism is the main cause behind the reportetbirament of salivary organ function [38]. Howevieow they
survive and differentiate into distinct cell typesstill not clear.

The aim of this study is to test the efficiencyndBMSC soup in suppressing the staurospurine-indae#dieath in
PC12 and U87 cell lines. The hypothesis is that rd8Msoup protects cells, increases cell viabilityd an
improvement the neurite elongation.

MATERIALS AND METHODS

Preparation of Mouse Bone Marrow Mesenchymal Stem €élIs (mBMSCs)

Isolation and culture of mBMSCs were carried oupeviously described [39]. Bone marrow was obtaifiem 6-
8-week-old NMRI mice. For isolation of MSCs, tibiaad femurs were dissected and the ends of thesbware
cut. The marrow was extruded with flushing the skdfth DMEM culture medium (Gibco) completed witld%
FBS (Gibco), 1% L-glutamine (Sigma), 1% non-essgramino acids (Sigma) and 100 IU/ml penicillind®ia),
100 ug/ml streptomycin (Sigma) using a 27-gauge syrir@ells were disaggregated by gentle pipetting séver
times on 25 cmplastic flask. The cell pellet was resuspende®MEM for each 18 cells. Cell suspension was
incubated at 37°C in humidified atmosphere contgjri% CQ for 72 hour. After that the nonadherent cells were
removed by replacing the medium. Culture medium vegdaced every 2 or 3 days about 2 weeks. When cel
cultures reached to 80% confluency, they were edewith trypsin-EDTAQ0.25% (Sigma) for 5 minutegjain
cultured to next confluence and harvested. Expandbsl from passages three—eight were used fdndutesting.

The surface marker expression of mMBMSC cells wesessed by flow cytometry. mBMSC cells were subuced

at a density of 10cells/well in 24-well culture plates.

Mouse Bone Marrow Mesenchymal Stem Cells Soup (mBM soup)

After confirming and harvesting the mBMSCs, coraditimedium as mBM soup, was pooled. Briefly, whelh ce
cultures reached to 80% confluency, the medium wkeanged by fresh DMEM free serum and 0.2% BSAucellt
medium. The cells maintained for 24h or 48h. THae, condition mediums were harvested and stored®iC
until uses as mBM soup (mBM soup 24 and mBM soup d&spectively).

Cell lines

PC12 and U87 cells were grown in a 25-cm2 tissleieuflask in DMEM culture medium (Gibco), supplented
with 10% fetal bovine serum (FBS, Gibco; UK), 1% A (Sigma), 100 u/ml of penicillin (Sigma) and 16t@/ml
streptomycin (Sigma). The cells were maintaine8l7aC in a humidified, 5% C£environment.

Cell Treatment

One day after plating the cells, cells were waskigd PBS, pH 7.4. There were six treatments incigdireatment

1: 1pM staurospurine, treatment 2: no incubatiothwgtaurosporine, treatment 3: mBM Soup 24h, treatrd:
mBM Soup 24h together with 1uM staurospurine, tregit 5: mBM Soup 48h and treatment 6: mBM Soup 48h
together with 1uM staurospurine Then, the cellsengaced in the incubator at 37 with 5% CO2. The cells were
cultured in DMEM culture medium containing 0.2% BSA

Cell viability measurement

Trypan blue viability measurement was performedtandard methods [40]. The traditional method afqreiing
trypan blue (0.4gr / 100ml in PBS) cell viabilitpalysis involves manual staining and use of a hgtooeeter for
counting.

MTT assay

Cell viability was quantified by MTT assay. MTT nsaement was performed by standard methods [41]. To
perform the test, 1xfOPC12 and U87 cells were loaded into a 96-wellepkand 200uL of DMEM medium
containing 0.2% BSA was added. After 24-hour indigva 200uL of treatments medium as described was added to
the wells. The cells were separately incubated difflerent treatments medium for 24 and 48 hours.

The optical density of each well was measured usingcroplate reader (EL800; USA). Reader at 5t&80 nm.
The viability of the cells for each concentratioasacalculated using the following formula:
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Cell viability (%)=(A570, 630(sample)/A (control))xL00

Quantification of cell death incidence

Hoechst/PI nuclear staining was carried out asipusly described [43]. Briefly, cells were plated24 well culture
plates with 5x16 cells/well density for 24h. Cells were treatedhnitifferent treatment mediums for a range of
times in differentiation medium (6, 12, 24 and 48hhen cells were incubated for 30 min at 37°C wiifechst
33342 dye (10 ng/ml in PBS), washed twice in PBS5B ng/ml in PBS) was added just before microgca@gells
were visualized using an inverted florescence msimope (Olympus 1X-71, Japan). The cell death indexe
calculated by the fraction of numbers of apoptoélis on the total cell count in 100 (300 cellgspectively.

NO assay
NO was measured using the Griess staining methgjd Al wells were incubated for 15 minutes and evassessed
using a microplate reader (EL800; USA) at wavelksgtf 570 and 630 nm.

Measurement of Total Neurite Length

Measurement of Total Neurite Length was conducteteported by previous study [44]. The assay iedas the
measurement of total neurite length. Total nedeitgth (length of largest neurite on 100 cells) wasessed. Cells
were treated in different treatments for certaineti(6, 12, 24 and 48h) at differentiation mediuixed, and the cell
morphology was assessed by an inverted microsd@lyenpus IX-71, Japan). Digital photos were takemasfdom
fields of neurons derived from the treatments. TMo¢arite length was measured (Motic software; Xer.

Thefraction of cell differentiation assessment (f (%))

Fraction of cell differentiation was carried out@svious study [45]. PC12 and U87 cells were platea density of
2x10 cells/well on 24 well plates. Cells were treatmesith different treatment mediums for a range ofetimat

differentiation medium (6, 12, 24 and 48h), fixasd the morphology microscopically assessed (Msiiftware;

Ver. 2). All experiments were replicated indepenbleat least 3 times. Within each experiment, walioated each
condition 3 times.

Data analysis
Data are reported as mean + SEM. Differences ammeagments were tested using one-way ANOVA follovegd
Tukey’s testP < 0.05 was considered statistically significant.

RESULTS

Characteristics of BMSCsfrom NMRI Mice

The cells as mBMSC cells were derived from femald male NMRI mice. The"5passage of cells had similar
morphology. Most of the mBMSC cells were spindlesstd and similar to fibroblast-like cells. The sadkhibited

a rapid growth with cell clustering. For detectioe were used Flow cytometry to detect the phenobfptie 5"
passage cells. The results showed that about 98%0fenBMSC CD90-positive and lack of expressidrCi14,
CD45 and CD34. These results were showed that n®ose marrow cells had the characteristics of masgnal
stem cells (Figurel).
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Figure 1. The characterization of mouse BMSCs bydlwv cytometry; BMSCs, expressed CD73 but not CD45,[034, or CD14. F) M-
SMSCs detected by flow cytometry. Of the M-SMSCs,2% expressed CD73, CD90, CD105 and CD29 but not CBACD34, or CD14
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Cell Viability
Comparison of the mean PC12 and U87 cell viahiliiealyzed using the trypan blue method after 6242nd 48
hours indicated a significant difference betweanttbatmentsp<0.05).

After 6, 12, 24 and 48 hours the percentage ofuiability in treatments 1, 4 and 6 were decreasmdpared with
the treatment 2 (97%), respectivety< 0.05). After 6, 12, 24 and 48 hours the peraggaf cell viability were not
differences in treatments 3 and 5 compared witatinent 2, respectively. The percentage of cell ikigbwvas
increased in treatment 3 compared with the treatmgp<0.001, Figure 2). The percentage of cell viabilitgs
increased in treatments 4 and 6 compared withréfagrhent 1§ < 0.05).
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Figure 2. PC12 and U87 cells, cell viability assesd by trypan blue after exposed to different treahent mediums; T1: 1uM
Staurospurine, T2: control cells, T3: mBM Soup 24hT4: mBM Soup 24h together with 1uM Staurospurine T5: mBM Soup 48h and
T6: mBM Soup 48h together with 1uM Staurospurine. Al data represented by mean + standard.<0.05 as evaluated by paired
ANOVA.

Comparison of the mean cell Viabilignalyzed using the MTT assay after 24 and 48 hamwusaled a significant
increase between the treatments compared withniegdtl, respectively (p < 0.05). After 6-48h, tledl giability in
PC12 and U8%vas again significantly decreased by increasindithe in treatment 1 compared with treatment 2,
respectively (p < 0.05). The percentages of cedbiity were increased in treatments 4 and 6 coptgbawith
treatment 1(p < 0.05). After 6-48h, the percentafeell viability was lowest in treatment 1 and waighest in
treatments 2, 3 and 5 compared with treatment2q®5, Figure 3).
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Figure 3. PC12 and U87 cell line viability (%) asssed by MTT in different treatment mediums and diferent culture periods; T1: 1uM
Staurospurine, T2: control cells, T3: mBM Soup 24hT4: mBM Soup 24h together with 1uM Staurospurine T5: mBM Soup 48h and
T6: mBM Soup 48h together with 1uM Staurospurine. Al data represented by mean + standard.* p<0.05 asvaluated by paired
ANOVA.
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NO levels

NO concentration was evaluated using the GrieshadeflThe effect of different concentrations of stepurine on
PC12 and U87 cells after 24 and 48hours indicateiina-dependent decrease in NO secretion compaitd w
control cells (treatment?2), respectivep<(.05).

Figure 4 shows NO concentration amountM) in the culture medium of PC12 and U87 cells thahtained
staurospurine (@M) plus different mBM soup for 24 and 48 incubattomes.

After 24 and 48h incubation, in treatment 1 the diidcentration was decreased in the medium compeitedhe
control sample (treatment 2), respectively<@.05). After the 24 and 48 h incubation, NO congaiun

significantly increased when cells was treated widatments 2-6 compared with treatment 1, resgaygti(P <

0.05). Data shows the highest NO concentrationiwaieatment 5 and the lowest concentration wasei@tment 1
in culture medium for 24 and 48h, respectivéh<(0.05, Figure4).
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Figure 4. Nitric oxide (NO) levels in different graips and different culture periods; T1: 1uM Staurospurine, T2: control cells, T3: mBM
Soup 24h, T4: mBM Soup 24h together with 1uM Stawspurine, T5: mBM Soup 48h and T6: mBM Soup 48h tagther with 1uM
Staurospurine; All data represented by mean + stanard.* p<0.05 as evaluated by paired ANOVA.
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Figure 5. The effects of different treatment mediura on cell death in PC12 and U87 cells; Quantitativenalysis of apoptotic cells by
fluorescence microscopy in various treatments; 1uNbtaurospurine, T2: control cells, T3: mBM Soup 24hT4: mBM Soup 24h together
with 1uM Staurospurine, T5: mBM Soup 48h and T6: mBJV Soup 48h together with 1uM Staurospurine; All dat represented by mean

+ standard.* p<0.05 as evaluated by paired ANOVA.
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Figure 6. The effects of different treatment mediunon total neurite length in PC12 and U87 cells; T11uM Staurospurine, T2: control
cells, T3: mBM Soup 24h, T4: mBM Soup 24h togetherith 1uM Staurospurine, T5: mBM Soup 48h and T6: nBM Soup 48h together
with 1uM Staurospurine; All data represented by mea + standard.* p<0.05 as evaluated by paired ANOVA.
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Figure 7. The effects of different treatment mediunon fraction of cell differentiation in PC12 and U& cells; T1: 1uM Staurospurine, T2:
control cells, T3: mBM Soup 24h, T4: mBM Soup 24iogether with 1uM Staurospurine, T5: mBM Soup 48h ad T6: mBM Soup 48h
together with 1uM Staurospurine; All data represened by mean + standard.* p<0.05 as evaluated by paid ANOVA.

Cell Death Indexes

The cell death index of PC12 and U87 cells treatitd different treatments showed an increase fn@atiment 1 to
other treatments in order of the time (p < 0.05)e6, 12, 24 and 48h, the cell death index wghdst in treatment
1 and were lowest in treatments 3 and 5, respédgt{(pe0.05). The cell death index was increasetréatment 1
compared with treatment 2 for 6-48h incubationpeesively (p < 0.05). After 6-48h, the cell deatdex of PC12
and U87 cells in treatments 3 was decreased coohpeitke treatment 4, respectively (p < 0.05). Aféed8h, the
cell death index of cells in treatment 5 was desedacompared with treatment 6, respectively (p05)0.

The cell death index of PC12 and U87 cells wergabsed in treatments 4 and 6 compared with tredtinéar 6-
48h incubation, respectively (p < 0.05, Figures and 7).
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Total Neurite Length measurement

Data show that mBM soup together with staurospusimgpresses the cell death in cells and inducesdhete
elongation. The average of total neurite lengthF@12 and U87 Cells was assessed. The total néamigén (TNL)
was calculated. For treatment 1, our data showet gaturospurine ingM induced cell death and low neurite
elongation in PC12 and U87 cells. Long Neurite ghdion was not seen in treatment 1. The effectiféérént
concentrations of mBM soups on PC12 and U87 cetiicated a time-dependent increase in neurite aliom
(P<0.05). TNL were increased after 6, 12, 24 anth@@s, TNL significantly were increased in treatnse4 and 6
compared with treatment 1, respectivghc0.05). After 48h, TNL was lowest in treatment damas highest in
treatment 6 (p < 0.05, Figure 8). TNL were increlagetime dependent in treatment 6 compared wéhtment 4
(p<0.05).
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Figure 8. Morphology of PC12 cells in examined byldrescence microscopy after 48 hours; A: 1uM Stauspurine, B:control cells, C:
mBM Soup24h, D: mBM Soup24h together with 1pM Stausspurine, E: mBM Soup 48h and F: mBM Soup 48h togker with 1pM
Staurospurine.
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Figure 9. Morphology of U87 cells in examined by direscence microscopy 48 hours; A: 1uM Staurospurind: Control cells, C: mBM
Soup24h, D: mBM Soup24h together with 1pM Staurosmine, E: mBM Soup 48h and F: mBM Soup 48h togethewith 1uM
Staurospurine.
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Fraction of cell differentiation assessment (f (%))

The evaluation of the fraction of cell differenitat for PC12 and U87 cells was assessed. Afteral8sh f (%)
significantly were increased in treatments 4 armbBpared treatment 3€0.05). After 48h, f (%) was lowest in
treatment 1 and was highest in treatments 4 ampd<6Q.05, Figure 9). After 48 h, were not signifitdg difference
in treatment 4 compared with treatment 6.

DISCUSSION

Here, for the first time, we showed that administrass of mBM Soup were effective for prevention of
Staurospurine-induced cell death in neuronal (P@b#)glioblastoma (U87) cells. Our data showed dpatication
of mouse adult bone marrow stromal cells (BMSC)®Biwaatment is mediumted by enhanced trophic supdhe
neurons and glioblastoma cells.

On the other side, Staurosporine, as we know,pstant inhibitor of a number of kinases includifRiKC, PKA,

tyrosine protein kinase, phosphorylase kinase, Gaftfcalmodulan-dependent protein kinase [46-51]. al been
showed that Staurosporine induces cell death @M concentrations. Inhibition of these intracellukanases by
staurosporine was showed to lead to the inducti@poptosis [52,53].

In another study it demonstrated that mitogen-atéi¢ protein kinase (MAPK) activation provides cifpe-
specific signals important for cellular differenign, proliferation, and survival. MAPK activatida an important
survival signal in the neurons studied, and may iomate the pro-survival effects for cAMP in neurofi=l].
Previous study showed that MSC can be expressmgrder of glial cell markers such asS100 and GFAdPthat
these cells promote neurite outgrowth [55]. It baen showed that MSC significantly enhanced neortitgrowth
of DRG neurons. Data showed that mRNA transcript$\{GF, GDNF, NT3, BDNF, TGFand VEGF expressed in
undifferentiated MSC [56]. This result is consigtaith another study in rat MSC [57]. It showedttBDNF levels
correlate with enhancement of SH-SY5Y [56] and DR8] neurite outgrowth in response to MSC. Meanghil
Tyrosine kinase receptor signaling by MSC soupindnced MAPK activation and increased cell viagibiind cell
proliferation and decreased cell death in the céltber side, it has been showed that Tgaf&as been implicated in
the migration of mesenchymal-like cells toward wdsii59]. TGFB is produced and secreted by many types of
tumors, including 30-70% gliomas, and is implicatedhany tumor related functions [60-62]. It shaWtbat TGF-

B contributes to the self-renewal and tumorigenesigjiogenesis and cell proliferation of Glioma St@wmlls
"GSCs" [63,64]. Meanwhile, Tyrosine kinase receignaling activation like TGB-or NGF by BM-MSC soup
can induced MAPK activation and increased cell Nitgtand cell proliferation and decreased cell tiheia the cells.

It confirmed by recent study. It has been showed @ondition Medium from MSCs, particularly fromrgically
modified MSCs overexpressing Akt-1 (Akt-MSCs), dgetardiomyocyte protection [65,66]. It has beeavetd
that injected MSCs actia a paracrine mechanism and secrete trophic factbishwto enhance angiogenesis,
synaptogenesis, and neurogenesis [67]. MeanwMi secrete trophic inhibit scar formation (mainbused by
astrocytosis) as well as stimulating neural progencells (NPCs) proliferation, migration and difatiation
[68,69]. Hung, et al (2007) has been shown thaditmmed medium of BM-MSCs can activate the PI3KYAk
pathway in hypoxic endothelial cells resulting in mhibition of cell death, an increased cell suayi and a
stimulation of angiogenesis. Data has been shoha&dBM-MSC Soup having a higher content of antigptic
and angiogenic factors, such as IL-6, VEGF, andouogte chemoattractant protein (MCP)-1 [70].

Cell survival factor inhibits cell apoptosis thrdugctivating specific signaling pathway(s), inchuglithe PI3K/Akt
pathway. It has been shown that, transfection obtitutively active Akt prevents cell apoptosis leha dominant
negative Akt induces cell apoptosis [71]. In thlestside, recent studies shown that inhibitorshef PI3K/Akt
pathway can sensitize cells to apoptotic stimuli,72]. For example, Osaki et al, have showed thiaibition of
PI13K caused inhibition of cell proliferation withbinduction of cell apoptosis and that inhibitiohtobe PI3K-Akt
signaling pathway significantly increased the siviti of cell apoptosis [73].

This paper highlights the importance of the parecréffects of mBM soup on neuroglial cells, andt timdact
mBMSC cells may not be necessary. In previuosdesighown that paracrine cross-talking betweewasaligland
(SG) cells and other cell populations (such as M&&mniotic epithelial cells) was demonstrated biyg a culture
system that physically separated the cell popuiat[@4]. These findings on the paracrine effects!8C have been
showed that organ repair was due to the secrefimytokines, chemokines, and growth factors [76hdd been
showed that injecting conditioned medium from MS@twes exerted cardiomyocyte protection and impdov
cardiac function in mouse infarcted hearts [76]mAdistrating BM Soup does not require the injectafncells,
which carry the risk of differentiating into unwaxftumorigenic cell types in organs and is notguatspecific.
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Study showed that BMSC Soup includes all cell typleshole BM and consequently numerous proteingldges
and paracrine factors [77]. Overall, our data destrate that mBM Soup trigger endogenous survivghaling
pathways such as increasing the NO concentrationeimon and glioblastoma that medium protectioniresga
staurospurine-induced cell death insults. Moreotrer interaction between stressed neurons and m&np &irther
amplifies the observed neuroprotective effect.

Our results provide evidence that mBMSC soup isabbpto suppress cell death and induce neuritegatam in
PC12 and U87 cells. Studying the paracrine factoas are differentially produced in mBMSC shouldceetually
allow us to design new therapeutic approachesdaraglial cells.

CONCLUSION

According to the results of present study, applcabf mBMSC Soup lead to enhance of cell viabjli§O and
neurite outgrowth and decreasing in cell death. &l@x, more key factors need to be investigatetiesd effects.
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