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The therapeutic potential of mesenchymal stem cells (MSCs) for various malignancies is currently under investigation due to their unique properties. However, many discrepancies regarding their anti-tumoral or pro-tumoral properties have raised uncertainty about their application for anti-cancer therapies. To investigate, if the anti-tumoral or pro-tumoral properties are subjective to the type of MSCs under different experimental conditions we set out these experiments. Three treatments namely cell lysates (CL), serum-free conditioned media and FBS conditioned media (FBSCM) from each of Wharton’s Jelly MSCs and Bone Marrow-MSCs were applied to evaluate the anti-tumoral or pro-tumoral effect on the glioma cells (U87MG). The functional analysis included; Morphological evaluation, proliferation and migration potential, cell cycle analysis, and apoptosis for glioma cells. The fibroblast cell line was added to investigate the stimulatory or inhibitory effect of treatments on the proliferation of the normal cell. We found that cell lysates induced a generalized inhibitory effect on the proliferation of the glioma cells and the fibroblasts from both types of MSCs. Similarly, both types of conditioned media from two types of MSCs exerted the same inhibitory effect on the proliferation of the glioma cells. However, the effect of two types of conditioned media on the proliferation of fibroblasts was stimulatory from BM-MSCs and variable from WJ-MSCs. Moreover, all three treatments exerted a likewise inhibitory effect on the migration potential of the glioma cells. Furthermore, we found that the cell cycle was arrested significantly at the G1 phase after treating cells with conditioned media which may have led to inhibit the proliferative and migratory abilities of the glioma cells (U87MG). We conclude that cell extracts of MSCs in the form of secretome can induce specific anti-tumoral properties in serum-free conditions for the glioma cells particularly the WJ-MSCs and the effect is mediated by the cell cycle arrest at the G1 phase.
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INTRODUCTION
Glioblastoma Multiforme (GBM) is the most aggressive brain tumor that is characterized by the rapid growth, invasiveness, and poor prognosis due to many factors including drug resistance, difficulty to repair damaged brain cells, and the inability of many drugs to cross the blood-brain barrier [1]. Despite multimodal novel treatment options for GBM, the median survival time is still less than 15 months [2]. Currently, many new agents are under investigation to target the cell function and signaling pathways in cancers. Among them are included: Protein kinases, angiogenesis inhibitors, monoclonal antibodies, methyltransferase inhibitors, small interfering RNAs, and mesenchymal stem cells (MSCs) [3].
The therapeutic potential of MSCs in regenerative medicine is relatively well-established but the anti-tumorigenic effect of MSCs has received attention recently. The interest in MSCs for cell therapy is justified by their unique properties [4]. Given their attributes, MSCs are under evaluation in several clinical trials (http://www.clinicaltrials.gov/ct2/results?term = MSC) [5]. Due to the specific homing ability of MSCs to tumor sites in humans, they could be used as delivery vehicles for targeted anticancer drugs or gene-therapy [6–10]. However, this putative approach raised many safety concerns. Firstly, MSCs have intrinsic anti-tumorigenic activities but they also hold pro-tumorigenic properties while suppressing the immune system and modifying the micro-environment for tumor propagation [11]. Secondly, MSCs hold the ability to differentiate which has raised the possibility of their conversion to cancer cells in the tumor microenvironment [12, 13]. Additionally, in the case of allogenic transplantation, MSCs may confront the host immune system which can result in phagocytosis of the transplanted MSCs by immune cells [12, 13]. Moreover, the phenomenon of cannibalism of MSCs by cancer cells, resulting in the dormancy of tumor cells, has been presented as one of the possible reasons for tumor relapse [14]. Furthermore, the delivery of genetic material either by viral or non-viral vectors can increase the chance for induction of insertional mutations in MSCs which have raised the possibility of targeting of the normal cells by MSCs rather than the tumor cells [13, 15]. Therefore, further studies should be done to predispose the MSCs for clinical use in therapy for different types of cancers [16].
The mechanism by which MSCs favor multiple unrelated pathologies remains to be defined. Cell replacement was initially considered their main mechanism of action [17–19]. However, the lack of clear data about the MSCs engraftment at target organs and trans-differentiation [20] led the search for alternative mechanisms. Some experimental studies have reported that the regenerative potential of MSCs is attributed to the paracrine factors and not to their engraftment [21, 22]. This intriguing hypothesis has changed the therapeutic perspectives to develop cell-free strategies based on the use of MSCs secretome as evidenced by various diseases [23, 24]. Therefore, the conditioned media (CM) of MSCs or their purified extracellular vesicles can be used for cancer therapy instead of the injections of MSCs [25]. Very few studies using CM reported the growth factor levels and for most of them, the molecular data are also lacking [26–34]. It has been reported that the same type of cells yielded different growth factor levels relative to cell number, culture medium and condition, and CM processing [27]. That might be the core reason for discrepancies regarding the effect of CM from different sources of MSCs.
Anti or pro-tumorigenic behaviors of MSCs are attributed to types of cells derived from different sources and residing in different tumor environments. Wharton's Jelly/umbilical cord (UC-MSCs/WJ-MSCs) has shown more anti-cancer properties in different glioma cells and solid tumor cell lines [15]. Similarly, adipose tissue-MSCs (AT-MSCs) inhibited the proliferation and induced apoptosis of hepatic cancer cells [35], breast cancer cells [36], prostate cancer cells [37], and melanoma [38]. On the contrary, BM-MSCs have shown both, pro-tumorigenic and anti-proliferative activity on tumor growth [39, 40]. Probably, these conflicting effects of MSCs can be attributed to the experimental settings in different in vitro and in vivo models [41].
Cancer vaccines comprised of cancer cell lysates are currently under investigation for the generation of antitumor immune response for personalized medicine [15]. Similarly, it has been shown that neurotrophic factors in CM could access affected neurons in the central nervous system (CNS) by either directly crossing the blood-brain barrier or through the retrograde transport mechanism in CNS. CM from MSCs has already been applied for the treatment of many neurodegenerative diseases [42, 43], therefore CM might have a therapeutic effect for gliomas too as a combinatorial therapy. It has been reported that cell lysates and conditioned media from WJ-MSCs can induce inhibition of proliferation in a few cancer cell lines [3, 44]. In another report, conflicting results reported the initial inhibition with simultaneous proliferation with WJ-MSCs’ conditioned media in gliomas [45]. However, cell lysates and conditioned media of MSCs generated under the same culture conditions have not been tested on glioblastoma cell lines which is one of the aggressive cancers with poor prognosis.
To investigate if the conflicting (anti-tumoral or pro-tumoral) effects from MSCs are due to; the type of MSCs, or the time duration for the effect of trophic factors generated under the same culture conditions, we planned this study. We evaluated the anti-tumoral or pro-tumoral effect of the paracrine factors of WJ-MSCs and BM-MSCs in the form of cell extracts such as cell lysate and conditioned media mainly for the proliferation of glioma cells and subsequently for the morphology, and migration potential of the glioma cell line (U87MG). Conditioned media (FBSCM, SFCM) and cell lysates (CL), hereby named as treatments, were generated under the same culture conditions and were applied for the same time points (maximum 120 HR). The fibroblast cell line was added to investigate the effect of treatments on the proliferation (only) of normal cells.
MATERIALS AND METHODS
All procedures performed in this study were under the Declaration of Helsinki.
Cell Culture
Generation of a Monolayer of U87MG
Cell line U87MG (U87MG ATCC-HTB14TM) was expanded according to the protocol described in [46] with a slight modification. Briefly, the cell line was expanded in standard culture media {DMEM-F121:1, L-Glutamine200 mM, 10,000 U/mL penicillin/streptomycin, 25 μg/ml amphotericin B, and 10% heat-inactivated Fetal Bovine Serum-GIBCO/Invitrogen Corporation, United States. The cells were seeded at 1 × 104cells/cm2 in T75 cultures flasks and maintained at 37°C and 5% CO2. The culture medium was exchanged every 2–3 days.
Cultures of Mesenchymal Stem Cells and Fibroblasts Cell Lines
Cell lines of Wharton’s Jelly mesenchymal stem cells, WJ-MSCs (WJ1, WJ2, WJ3), bone marrow mesenchymal stem cells BM-MSC (BM1, BM2, BM3), and Human neonatal foreskin fibroblasts (DF1) were provided from The Cell Therapy Centre, University of Jordan. These cell lines were generated and maintained according to established protocols for the generation of MSCs [47] and fibroblasts [48]. Adherent cells were passaged when they reached 80% confluence. Cells at passage 3 were used for harvesting of conditioned media and cell lysates from two types of MSCs. Neonatal foreskin fibroblasts (DF1) were maintained in standard culture media (DMEM-F12 + 10%FBS) same as used for the generation of U87MG cells. Fibroblasts at passage 3 were used for MTT experiments only.
Characterization of BM-Mesenchymal Stem Cells and WJ-Mesenchymal Stem Cells by FACS Analysis
For mesenchymal stem cell surface marker identification (MSCs), WJ-MSCs and BM-MSCs at passage 3 were harvested, stained, and analyzed for CD73, CD105, CD90, CD45, CD34, CD14, CD11b, and HLA-DR expression using the mesenchymal stem cell characterization kit (BD Biosciences, United States). Appropriate IgG isotype-matched antibodies and unstained cells were used as controls. Dead cells were excluded by adding 7-aminoactinomycin D (7-AAD; BD Bioscience, United States) before analysis. After staining, cells were acquired by FACS Canto II flow cytometer (BD Biosciences, United States) and analyzed by FACS Diva software (BD Biosciences, United States).
Multi-Lineage Differentiation Potential of Mesenchymal Stem Cells
The multi-lineage potential was assessed by evaluating the ability of WJ-MSCs and BM-MSCs to differentiate into adipogenic, osteogenic, and chondrogenic lineages according to the protocol described [49]. Differentiation potential was performed using StemPro® Adipogenesis, Osteogenesis, and chondrogenesis differentiation kit (GIBCO, United States) according to the manufacturer's instructions. To detect adipogenic, osteogenic, and chondrogenic differentiation; oil red O stain, alizarin red S, and Alcian Blue stain were used, respectively.
Preparation of Mesenchymal Stem Cells Extracts (Conditioned Media and Cell Lysates)
Harvest of Conditioned Media
MSCs from WJ-MSCs and BM-MSCs (P3) were cultured at the seeding density of 5 × 103cells/cm2 in MEM-alpha with 5% platelet lysate until cells were approximately 80–90% confluent. Then cells were washed twice with PBS and once with DMEM-F12 serum-free media. Next cells were conditioned in medium with serum (DMEM-F12 + 10% FBS as FBSCM) and without serum (DMEM-F12 only as SFCM). After 48HR, conditioned media (CM) were harvested, centrifuged at 300xg for 5 min, and filtered through a 0.22 µm syringe filter. To avoid frequent pH changes, CM was aliquoted and conserved at −80ºC until further use. For each experiment fresh aliquot was used. Two dilutions (50% with fresh culture media and 100%CM) from each type of CM (SFCM and FBSCM) were selected to investigate an inhibitory effect at different time points (24HR, 48HR, 72HR, 96HR, and 120HR).
Cell Lysates Preparation
Cell lysates were prepared using the Mammalian Cell Extraction Kit (ab65399) following the manufacturer's instruction. Briefly, after collection of conditioned media, attached cell layers were washed once with DPBS (Euroclone), trypsinized (0.25% trypsin, Invitrogen, United States), and centrifuged at 600xg for 5 min to obtain a cell pellet. The cell pellet was resuspended in 100 µL of cell lysis buffer, mixed well several times, and incubated on ice for 15–20 min followed by vortexing for 5 s. The contents were centrifuged in a microcentrifuge at 15,000xg for 5 min and the clear supernatant was collected while the pellet was discarded. Cell lysates were stored at −80°C until further use. Protein concentration was measured using the NanodropTM spectrophotometer (Nanodrop Technologies, United States).
Functional Assays
Preliminary Experiments (MTT Assay) for Cell Lysates Concentrations
Initially different concentrations of cell lysate (5, 10, 15, and 20 μg/ml) from one sample of WJ-MSCs (WJ1) were tested and 20 μg/ml in fresh culture media (DMEM-F12 + 10%FBS) was selected for further use in all experiments).
Morphological Changes in Glioma Cells
Glioma cells from the U87MG cell line were cultured in six-well plates (TPP, United States) at the seeding density of 5 × 103 cells/cm2 in standard culture media for the initial 24HR. The next day, the media were exchanged with treatments, cell lysate (20 μg/ml), FBSCM (100% and 50%), and SFCM (100% and 50%). The experiment was conducted for four days (96HR) with an exchange of fresh media (treatment) every 48HR. The changes in the cell morphology were recorded daily and photographed using an inverted phase-contrast microscope (Zeiss, Germany). Cells growing in standard culture media and serum-free media were kept as controls.
Cell Proliferation Assay (MTT) of Glioma Cells and Fibroblasts
The proliferation rates of the glioma cell line (U87MG) and human foreskin fibroblast cell line (DF1) were evaluated by MTT assay. In brief, the glioma cells were cultured at a seeding density of 5 × 103/cm2 in 100 µL of culture media in 96 well plates (TPP, Sigma- Aldrich, United States). After 24HR the media were exchanged with treatments (Cell lysate, 100% CM, and 50% CM). Standard culture media and serum-free media were kept as controls. Media were exchanged every 48HR with respective treatment. The proliferation rate was determined at 24HR, 48HR, 72HR, 96HR and, 120HR by the reduction of (3-(4, 5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) (MTT) solution according to the manufacturer's instruction. Optical density was measured at 560 nm using a microplate reader (GloMax®-multi, Promega, United States). Each proliferation (MTT) experiment was repeated three times (n = 3). Serum-free media (SFM as DMEM-F12 only) was kept as a control for SFCM and FBS media (DMEM-F12 + 10%FBS) was kept as a control for cell lysate and FBSCM. Glioma cells (U87MG) at passages 3-5 were used for all experiments. Similarly, fibroblasts (P3) were cultured at the same seeding density as glioma cells and after 24HR the media were exchanged with treatments {(Cell lysates and 100%CM only (SFCM, FBSCM)} from two types of MSCs. The rest of the procedure for MTT was being followed as described above for glioma cells.
Note. At this point, we found that cell lysates induced a generalized inhibitory effect on cancer cells and fibroblasts. While conditioned media induced a variable effect on fibroblasts. Therefore, further experiments were performed only with 100% CM since CM exhibited a selected effect on cancer cells.
Cell Cycle Analysis With Conditioned Media
The glioma cells (U87MG) were cultured at a seeding density of 1 × 104/cm2 in 6 well plates (TPP. Sigma-Aldrich) for 24HR. Next, the culture media were exchanged with treatments (100%SFCM and 100%FBSCM). The experiment was conducted for 96HR with the exchange of fresh treatment every 48HR and cell cycle analysis was performed at 96HR time point. Cells growing in standard culture media and serum-free media were kept as controls. Cell cycle analysis for glioma cells treated with two types of CM was performed with PI staining according to the manufacturer’s instructions (Lifesciences). Canto BD II flow cytometer instrument (BD, United States) was used for running the samples. The experiment was conducted from six biological samples twice (n = 2) and the results are provided as averages of two independent experiments.
Apoptosis Using Annexin V and 7AAD for Conditioned Media Treated Glioma Cells
U87MG glioma cells were plated in 6-well plates (TPP.Sigma-Aldrich) at the seeding density of 1 × 104/cm2 for 24HR. Next, the medium was replaced with SFCM and FBSCM from two types of MSCs, and induction was carried out for 96 HR. Annexin V/7AAD dyes were used according to manufacturer’s instructions (BD Biosciences). After incubation, the cells were analyzed by flow cytometer (FACS Canto II BD Biosciences).
Cell Migration Assay
U87MG glioma cells were cultured in cell inserts (Culture-Inserts2well.Ibidi, Germany) at the seeding density of 2 × 103/chamber in standard culture media until the glioma cells become 90% confluent. The inserts were removed and cells were serum-starved for 24HR. After that, the treatments (cell lysate, 100%SFCM, 100% FBSCM) were added and the experiment was conducted for 48HR thrice (n = 3). The closure of the scratch was photographed by using a phase-contrast microscope (Zeiss, Germany) at 0HR, 24HR, and 48HR, and ImageJ was used for analysis.
Statistical Analysis
Data were analyzed using Microsoft Excel and GraphPrism software. Quantitative data were expressed as mean ± standard deviation. Data were evaluated by two-way ANOVA and Dunnet's post-test was used to analyze multiple comparisons (*p < 0.05).
RESULTS
Immunophenotyping and Multi-Lineage Potential of Mesenchymal Stem Cells
Surface marker expression for MSCs revealed the presence of positive and absence of negative markers (Figure 1A). The multi-lineage potential was also evaluated for osteogenesis, adipogenesis, and chondrogenesis. (Figure 1B). All samples of BM-MSCs (BM1, BM2, BM3) and WJ-MSCs (WJ1, WJ2, WJ3) successfully induced tri-lineage differentiation.
[image: Figure 1]FIGURE 1 | Characterization of mesenchymal stem cells (MSCs) derived from bone marrow (BM) and Wharton Jelly (WJ). (A) Flow cytometric histogram shows that cells are positive for the following markers: CD90, CD73, and CD105 and negative for expression of the negative cocktail markers including CD45, CD34, CD11b, and HLA-DR. (B) Microscopic photographs of tri-lineage differentiation potential of WJ-MSCs induced by Osteogenic (20X), adipogenic (20X), and chondrogenic (20X) differentiation compared to the undifferentiated cells as control (scale bar100 µm).
Preliminary Results (MTT Assay) for Cell Lysates
Figure 1 summarized the results for the optimization of concentrations of cell lysate from one sample of BM1-MSCs and WJ1-MSCs. Cell lysates at 20 μg/ml in standard cultured media (DMEM-F12 + 10%FBS) showed an inhibitory effect at all-time points from each sample of BM1-MSC and WJ1-MSCs (Figures 2A,B).
[image: Figure 2]FIGURE 2 | Preliminary data for the effect of cell lysate (CL) on the proliferation of glioma cells (U87MG). (A) Effect of different concentrations of WJ cell lysate on the proliferation of the glioma cells for 48HR. (B) Effect of cell lysate (20 μg/ml) from one of each of BM-MSCs and WJ-MSCs on the proliferation of glioma cells (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001) at 48,72, and 96HR.
Cell Lysate Induced Vacuolation, Reduced Neurite Growths, and Inhibited Proliferation of the Glioma Cells (U87MG)
U87MG cells were cultured at a minimal seeding density of 5 × 103/cm2 to have a uniform cell morphology and to avoid cluster formation. We found that cell lysates changed the morphology of adherent layers as early as 48HR as compared to FBS (Figure 3A). The change in morphology was evident by the appearance of expanded shapes and vacuoles (red arrows) in cells indicating intracellular degradation, autophagy, or senescence. Their cell to cell communication was also halted as visible by the reduction of neurite growths (black arrows) (Figure 3A 72HR, 20x and 40X) as compared to control FBS. Based on microscopic evaluation it was found that the shortening of the neurites was consistent in the entire well whereas approximately 90% of the cells showed vacuolation at 72HR. Similarly, we found statistically significant and consistent inhibition of proliferation of the glioma cells from cell lysates after 48HR as compared to control FBS (Figure 3B). Consistent with preliminary results, cell lysates significantly inhibited the proliferative ability of the glioma cells (U87MG) from two types of MSCs.
[image: Figure 3]FIGURE 3 | Effect of cell lysates from two types of mesenchymal stem cells on the morphology and proliferation of glioma cell line (U87MG). (A) Representative images of the morphological changes with cell lysates at 48HR (10X) and 72HR (5X) as compared to control FBS (10X, 5X). Glioma cells' neurite growths were reduced (black arrow) and vacuoles appeared (red arrow) as shown in treated cells at higher magnification of 20X and 40X. (B) Cell lysate from both types of MSCs significantly inhibited the proliferation of glioma cells with control FBS (*p < 0.05***p < 0.0,01, ****p < 0.0001).
Conditioned Media (FBS Conditioned Media, Serum-Free Conditioned Media) Changed the Morphology, Inhibited Proliferation, and Arrested Cell Cycle at the G1 Phase of the Glioma Cells (U87MG)
Morphology of Glioma Cells
The results of the morphological changes with CM treatments are summarized in Figure 4. We found that a change in morphological appearance from two types of CM (100%) was evident at 96HR (arrows). From FBSCM, cells became more expanded either like differentiated cells or senescent cells, rather than retaining mesh network and star-shaped morphology depicted by cells in control (FBS). Similarly, from SFCM, apart from expanded shapes, cells did not show sphere formation as shown by SFM control (Figure 4 arrows). Sphere formation in SFM control could be due to the presence of stemness in the cell line. However, we did not find any vacuolation in the glioma cells from both types of CM as seen by cell lysates. Moreover, we did not find any obvious morphological change with 50% CM (data not shown).
[image: Figure 4]FIGURE 4 | Representative images of the morphological changes with two types of conditioned media, SFCM and FBSCM, on glioma cells at 96HR. Arrows show the changes in cell shapes that happened in treated cells. It was noted that cells were expanded with the possibility of differentiation with both types of CM as compared to both controls (arrows). Interestingly cells in SFM control started forming spheres (arrows) whereas, treated cells with SFCM did not show this feature emphasizing the inhibitory effect of paracrine factors of MSCs on the stemness property of glioma cells (scale bar 100 µm).
Proliferation of Glioma Cells
The effect of two concentrations of SFCM (100% and 50%) on the proliferative ability of the glioma cells is summarized in Figure 5. The inhibitory effect of SFCM (100% and 50%) started at 96 HR and remained consistent until 120 HR as compared to control SFM (Figures 5A,B). It was noted that some samples started to show a response at 96HR from both concentrations like WJ3 and BM2. However, all biological samples from two types of MSCs showed an inhibitory effect at 120HR with varying degrees of significance irrespective of the concentration as compared to control. Similarly, from FBSCM, we found the likewise inhibitory effect from two types of MSCs with both concentrations (Figures 6A,B) in comparison to FBS control. Interestingly, we found a slightly significant inhibitory effect from 100%FBSCM at 24HR from WJ2, WJ3, BM1, and BM3 which can be explained by the presence of heterogeneous populations at different levels of the cell cycle. Consistent with the effect from SFCM, an inhibitory effect started at 96HR from both concentrations from some samples, while all biological samples from two types of MSCs showed a similar inhibitory effect on the proliferation of glioma cells at 120HR at varying significance levels (Figures 6A,B). The variance in significance level can be explained by the individual biological effect like the age of the donor and heterogeneity within the MSCs populations.
[image: Figure 5]FIGURE 5 | Evaluation of the effect of two concentrations of SFCM (100%, 50%) on the proliferation of glioma cells (U87MG) at different time points. (A) 100% SFCM. (B) 50% SFCM. It was noted that a significant inhibitory effect was evident at 96 and 120HR from both concentrations of SFCM. Regarding this, some samples consistently showed the same effect at both time points such as WJ3 and BM3 signifying some individual effects of MSCs while all the samples showed significant inhibition at 120HR (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
[image: Figure 6]FIGURE 6 | Evaluation of the effect of two concentrations of FBSCM (100%, 50%) on the proliferation of glioma cells (U87MG) at different time points. (A) 100% FBSCM. (B) 50% FBSCM. The significant inhibitory effect was evident at 96HR and 120HR from both concentrations of FBSCM. Concerning this, some samples showed the inhibitory effect at 96HR signifying individual effects of MSCs while all the samples showed significant inhibition at 120HR (*p < 0.05, **p < 0.01,***p < 0.001,****p < 0.0001) from both concentrations of FBSCM. Interestingly, we found an inhibitory effect at 24HR from 100%FBSCM of WJ2, WJ3, BM1, and BM3 (*p < 0.05). This difference can be explained by the presence of heterogeneous populations at different cell cycle levels in the culture of glioma cells (U87MG).
In general, both types of MSCs exhibited statistically significant anti-proliferative effects through conditioned media irrespective of the concentrations in comparison to controls.
Proliferation of Fibroblasts
The effect of all three treatments on the proliferation potential of fibroblasts, from two types of MSCs, is summarized in (Figure 7). The results are presented as averages of WJ-MSCs (WJ1, WJ2, WJ3) and BM-MSCs (BM1, BM2, BM3) from all treatments. It was found that cell lysates significantly inhibited the proliferation of fibroblasts in comparison to FBS control at 72HR, 96HR, and 120HR (Figure 7A). However, we found a variable effect from two types of conditioned media. It was noted that SFCM from BM-MSCs showed a significant increase in the proliferation of fibroblasts as compared to SFM control at 120HR (Figure 7B 100%SFCM) while SFCM from WJ-MSCs lacks any significant stimulatory or inhibitory effect on fibroblasts in comparison to SFM control. Similarly, FBSCM from BM-MSCs showed a significant stimulatory effect on the proliferation of fibroblasts at 120HR as compared to FBS control (Figure 7C 100%FBSCM). However, FBSCM from WJ-MSCs showed a slight but significant inhibitory effect on the proliferation of fibroblasts (Figure 7C). This difference might be due to the interaction of xenogenic proteins of FBS with paracrine factors of MSCs that may have modulated the stimulatory properties of the conditioned media for fibroblasts. In general, cell lysates have the same inhibitory effect on the growth of fibroblasts as on the glioma cells (Figure 7A). SFCM from WJ-MSCs did not show a significant stimulatory or inhibitory effect on the fibroblasts while FBSCM from WJ-MSCs induced an inhibitory effect on the proliferation of fibroblasts. However, both types of CM from BM-MSCs exerted a stimulatory effect on the proliferation of fibroblasts in comparison to two controls.
[image: Figure 7]FIGURE 7 | Effect of treatments on the proliferation potential of fibroblasts at different time points. (A) Cell lysate. It was noted that cell lysates exerted the same inhibitory effect on the fibroblasts as on glioma cells at 72HR, 96HR, and 120HR (****p < 0.0001). (B) (100% SFCM). CM from WJ-MSCs did not induce any stimulatory or inhibitory effect as compared to control SFM at any time point. However, CM from BM-MSCs induced a significant stimulatory effect on the proliferation of fibroblasts as compared to control at 120HR (**p < 0.01). (C) (100%FBSCM). BM-MSCs induced a significant stimulatory effect on the proliferation of fibroblasts at 120HR (****p < 0.0001). However, WJ-MSCs exerted a slightly significant inhibitory effect on the proliferation of fibroblasts at 120HR (*p < 0.05) as compared to control FBS.
Cell Cycle Analysis
Representative images of the results for cell cycle analysis for CM are summarized in Figure 8. It was noted that conditioned media from BM-MSCs (BM1, BM2, BM3 averages) and WJ-MSCs (WJ1, WJ2, WJ3 averages) significantly arrested the glioma cells growth at the G1 phase as compared to FBS and SFM control at 96 HR where 50% of cells already have entered into S phase and 2% in G2. Also in SFM control, 15.9% of cells have already passed into the S phase while 2.5% in G2. From both types of MSCs, we found the growth arrest at the G1 phase with two types of CM as compared to FBS control only while the effect with SFM control was non-significant (Figure 8B averages). This cell cycle arrest may explain the change in morphology and inhibition of the proliferation of the glioma cells.
[image: Figure 8]FIGURE 8 | Cell cycle analysis of the glioma cells (U87MG) treated with two types of CM. (A) Flow cytometric analysis of the cell cycle of U87MG glioma cells after treating with two types of CM (FBSCM, SFCM) of BM-MSCs and WJ-MSCs for 96HR and stained with propodium iodide (PI). Both types of CM from two types of MSCs showed the growth arrest at the G1 phase as compared to controls. (B) Statistical analysis showed significant inhibition at the G1 phase of the cell cycle in treated glioma cells with FBSCM as compared to FBS control (****p < 0.001).(C) However, treatment with SFCM did not reach the significance level as compared to SFM control.
Migration Analysis
The results for migration analysis are summarized in Figure 9. Representative images of the cell migration for 0HR, 24HR, and 48HR have been presented in (Figure 9A). It was noted that all three treatments successfully inhibited the migration capacity of glioma cells at 24HR and 48HR. Statistically, CL and FBSCM from two types of MSCs significantly inhibited the migration potential of the glioma cells in the first 24HR and the effect was continuous till 48HR as compared to FBS control (Figure 9B). Since the glioma cells in SFM control start detaching at 24HR and 48HR as evident by the presence of spheres, therefore, statistical analysis with SFCM could not be evaluated. The detachment of cells in SFM control may be the outcome of the serum starvation step.
[image: Figure 9]FIGURE 9 | Evaluation of the migration potential of treated glioma cells (U87MG). (A) Representative microscopic images of the treated glioma cells with Cell lysate (CL), FBSCM, and SFCM at 0HR, 24HR, and 48HR time points after wound infliction (scale bar, 100 µm). All treatments successfully inhibited the migration potential of glioma cells at 24HR and 48HR. However, glioma cells in SFM control detached at 48HR as a result of serum starvation as shown by sphere formation. (B) Statistical analysis showing the significant inhibition of migration potential of glioma cells from CL and FBSCM at 24HR and 48HR as compared to FBS control (*p < 0.05, **p < 0.01, ***p < 0.001,****p < 0.0001). Since the glioma cells in SFM control were detached so the significance levels for SFCM were not evaluated.
Apoptosis Analysis for Conditioned Media
From our results, it was clear that cell lysates induced vacuolation in cells at 48HR inducing autophagy or senescence while at 72HR bulk of the glioma cells started degenerating (data not shown). Moreover, cell lysates induced the same inhibitory effect on fibroblasts signifying a generalized inhibitory effect for all types of cells. Therefore, apoptosis analysis was performed on cells treated with CM only. The results for apoptosis analysis are summarized in Figure 10. It was noted that both types of CM did not induce any kind of apoptosis from any type of MSCs. We have noticed slight necrosis with WJ-CM but the effect was not significant. Glioma cells might likely have gone in cell-cycle quiescence at G1 phase due to the inherent ability of stemness since cancer cells have the plasticity to modify themselves according to the change in the environment.
[image: Figure 10]FIGURE 10 | Flow cytometric analysis of the apoptotic effect of two types of conditioned media on the glioma cells (U87MG) stained with AnnexinV/7AAD. (A) The representative dot plot is divided into four quadrants; healthy cells (Q3), early apoptotic cells (Q4), necrotic cells (Q1), and late apoptotic cells (Q2). (B,C) No significant difference was observed among all treated groups.
DISCUSSION
Mesenchymal stem cells (MSCs) could be the next candidate being considered for the treatment of cancer due to the properties of tropism for solid tumors, immune-privileged nature, ease of availability and maintenance, etc [50]. However, the application of MSCs for the possible anti-cancer treatment has divided the scientific society into two groups. One group suggested that MSCs play a crucial role in tumorigenesis by promoting angiogenesis while the other group demonstrated the anti-tumoral effect of MSCs in a few specific cancers [11]. Though, the exact mechanisms of the anti-tumoral property of MSCs are yet to be understood. It has been suggested that the source of MSCs seems to contribute to antitumor properties against particular malignancy. The anti-tumoral effect of umbilical cord blood-derived MSCs was evident against a brain tumor but the same effect was missing with MSCs derived from other tissues [51]. Few studies have reported the particular homing ability of BM-MSCs to tumors that enhanced the metastasis by promoting the migration and angiogenesis and inhibiting apoptosis [52–55]. Many studies also reported that the actual outcome of MSCs' beneficial effects is attributed to the paracrine activities of these cells in the form of cell extracts [21, 22]. To investigate further if the anti-tumoral or pro-tumoral effect of MSCs is subjective to the type of MSCs and whether the cell extracts generated under the same culture conditions may exhibit the same anti-tumoral or pro-tumoral effect, we planned this study.
Regarding morphology, proliferation, and migration potential, our results from cell lysates are following the studies where cells went into autophagy or senescence [3, 44] but we also found the same inhibitory effect of cell lysates on fibroblasts. This is in contradiction to these reports [57, 58]. Perhaps this difference of effect can be attributed to different fibroblast cell lines or the concentrations of cell lysates used in these studies. Recent advancement in the therapeutic potential of cancer vaccines to induce antitumor immune effect caused by cell lysates of cancer cells has opened a novel research horizon [56]. In doing so, this is the first report of the use of cell lysates from MSCs to target glioma cells since glioma patients have a very poor prognosis. However, this area requires further in-depth investigations to rule out specific cytokines, chemokines, or growth factors suitable to cause antitumor immune effect without affecting the normal cells.
About phenotypic results from two types of CM, the treatment did not induce any vacuolation or fragmentation in the glioma cells which conflicts with the previous studies (57.58). Rather we found expanded shapes of cells and a decline in neurite growths. This shows that CM may have induced differentiation or senescence by modulating the microenvironment of the glioma cells and it is supported by our results of the cell cycle analysis where CM treated cells arrested the growth at the G1 phase while control cells were passed into S and G2 phases (Figure 7A).
From the results of the proliferation of the glioma cells, we found significant inhibition from two types of CM (FBSCM and SFCM) at 96HR and 120HR (Figures 5, 6). For WJ-FBSCM, we also found an inhibitory effect at 24HR from some samples. This initial decrease can be explained by the presence of heterogeneous cells at different phases of the cell cycle and the cell's response to arrest or die or proliferate in response to the treatment [57]. Both concentrations of BM-FBSCM and WJ-FBSCM (100% and 50%) showed significant inhibition in comparison to FBS control at 96HR and 120HR. This shows that paracrine factors collected in the presence of FBS can exert inhibitory effect without being modulated by the serum proteins. Though FBS provides a cheap and easily accessible source for essential growth factors and other proteins for the propagation of different types of cells [58]. From a clinical application point of view for cell-free therapy, the collection of paracrine factors in the presence of xenogenic compounds might not be the right choice since immunological reactions have been reported in patients due to the internalization of xenogenic proteins [59]. In this regard, SFCM can be a safe choice for further in vivo research since MSC-CM has already been implicated in the treatment of neurodegenerative diseases [42, 43].
On the other hand, the effect of both CM from BM-MSCs on the fibroblasts was stimulatory while FBSCM from WJ-MSCs induced a slight inhibitory effect. It was evident that CM from two types of MSCs in serum-free conditions holds a specific inhibitory effect for glioma cells only. Fibroblasts are an integral part of the tumor microenvironment where they secrete an extracellular matrix (ECM) providing a natural barrier against tumor progression [16, 60]. Contrarily, the same ECM can promote tumor progression and metastasis by modifications caused by secreted proteins of fibroblasts [61]. In this context, the role of cell lysates and CM can be fundamental and need further evaluation in terms of creating an inhibitory effect for the glioma cells only.
In general, we found significant inhibition of migration potential and cells’ metabolic activity (MTT) from all three treatments (CL, SFCM, FBSCM) of two types of MSCs on U87MG glioma cells. Our results are following the previous studies for the anti-tumoral effect from WJ-MSCs [62–67] except for apoptosis. However, our results from BM-MSCs are in contradiction to some earlier studies [13, 52, 67]. Perhaps the reason for this contradiction of biological difference lies with the heterogeneity of MSCs from donors which can be attributed to a diverse repertoire of sub-populations both intra-population or within the same aspirate [68]. Many anti-cancer therapies are targeting cell cycle checkpoints arrest using different modalities. Cell cycle arrest was first identified by lower concentrations of HDAC inhibitors that induced G1 arrest by blocking deacetylase activity in tumors [69]. Many enzymes related to cyclin-dependent kinases (Cdks) are responsible for the correct ordering of cell cycle and progression through the cell cycle is controlled by reversible Cdk phosphorylation [69]. However, Cdk1 alone appears to be the major contributor to cell cycle progression as it can bind to all cyclins [70, 71]. We propose that cell extracts of both MSCs might have arrested the cell cycle by interrupting the pathways related to reversible phosphorylation of Cdk proteins. Cell cycle arrest leads to alter many mechanisms like proliferation, migration, and induction of senescence and differentiation. That might be the reason for the change in morphology, inhibition of proliferation, and inhibition of the migration ability of the glioma cells in our results. However, we did not find any apoptosis as a result of cell cycle arrest which can be explained by the fact that glioma cells might have exhibited cell-cycle quiescence due to the inherent ability of stemness [72].
Unregulated proliferation without stimulation from exogenous mitogens has been the hallmark of cancer which is mediated by the presence of cancer stem cells [73]. It has been reported that glioma CSC/CS-LCs can form spheres in serum-free media without mitogens such as FBS [34, 74]. The short period of serum deprivation can lead to the enrichment of CSCs as a side population (spheres) in cell lines [75, 76]. In our study, sphere formation was quite evident in SFM control as shown by morphology (Figure 4). However, SFCM seems to inhibit the sphere formation in comparison to SFM control (Figure 4). Besides, FBSCM and CL also inhibited the sphere formation in comparison to FBS control (Figures 3A, 4) This shows that cell lysates and conditioned media could have modified the sphere-forming ability of glioma CSCs. However, the functional assay for CSCs along with molecular evaluation (in vivo) is required to further strengthen this concept.
CONCLUSION
We conclude that cell extracts from two types of MSCs (BM and WJ) successfully induced the inhibition of growth and migration potential of U87MG glioma cells by arresting the cell cycle at the G1 phase. We also present serum-free conditioned media as a preferred source for the collection of paracrine factors since its effect was persistent on the glioma cells from both types of MSCs. Moreover, serum-free media with only a small fraction of exogenous mitogens (1–2%FBS) may provide an important experimental model to investigate the regulation and maintenance of stemness properties of glioma cells in the 2D system (monolayer).
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