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ABSTRACT 
 
Background: Differentiation, migratory properties and availability of Mesenchymal 
Stromal Cells (MSC) have become an important part of biomedical research. However, 
the functional heterogeneity of cells derived from different tissues has hampered 
providing definitive phenotypic markers for these cells. Objective: To characterize and 
compare the phenotype and cytokines of adipose derived MSCs (AD-MSCs) and 
tumoral-MSCs (T-MSCs) isolated from mammary tumors of BALB/c mice. Methods: 
Immunophenotyping and in vitro differentiation tests were used for MSC 
characterization. Cytokine and enzyme profiles were assessed using ELISA and Real-
time PCR, respectively. Results: T-MSCs expressed significantly higher levels of HLA-
DR (p=0.04). Higher levels of PGE2 and COX-2 enzyme were also observed in T-
MSCs (p=0.07 and p=0.00, respectively). Additionally, T-MSCs expressed higher levels 
of iNOS and MMP9 (p=0.01 and p=0.01, respectively). T-MSCs were also able to 
induce higher levels of proliferation and migration of HUVEC endothelial cells in 
wound scratch assay compared to AD-MSCs (p=0.015). Conclusion: Functional 
differences showed by the surface markers of MSCs, cytokine and enzyme production 
indicate the effect of different microenvironments on MSCs phenotype and function. 
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INTRODUCTION 
 
Mesenchymal stromal cells (MSCs) are self-renewable, multi-potent fibroblastic cells 
(1), which under defined conditions, are able to differentiate into various lineages in 
vitro including osteogenic (2), chondrogenic (3), adipogenic (4), myogenic (5) and 
recently neurogenic (6) and epithelial (7) cells. Being readily available from different 
tissues such as adipose and bone marrow, various studies have taken the advantage of in 
vitro differentiation for regenerative repair of injured tissues (8). In vivo, however, they 
have diverse roles in tissue repair and inflammation. When required, local or bone 
marrow MSCs migrate to the site of inflammation or injury and depending on the 
microenvironment can produce an array of growth factors inducing angiogenesis, 
regeneration, remodeling, immune cell activation or suppression, and cellular 
recruitment (9-11). They lack the expression of MHC molecules (12), are resistant to 
NK (Natural Killer cell) and CTL (cytotxic T cell) lysis and suppress CD8 maturation 
(13). Studies have shown that they do not induce activation molecules on T cells and 
suppress the production of IFN-γ (14). MSCs suppress immune reactions via cell-
independent mechanisms and through soluble mediators (15), induce differentiation of 
iTregs (16) and a Th2 pattern of immune response (17). In addition, soluble mediators 
and suppressive enzymes such as TGF-β, IDO and COX-2 play roles in the immune-
suppression of MSCs (18). Thus, they have attracted much attention and hope for cell 
therapy. The fact that they migrate to the site of inflammation or injury and modulate 
the milieu, prompted many studies to utilize MSCs in gene or drug delivery systems 
(10). Numerous animal and human studies have exploited the possibility of therapeutic 
gene delivery in various disease settings. Many of these evaluations have shown 
encouraging results. However, there are results that contradict the efficacy of MSCs in 
vivo (19). This discrepancy calls for further research into the biology of MSCs and the 
roles they play in various microenvironments.  
Microenvironment or niche is the term describing the landscape of in vivo, which is 
very much different in cellular composition, signals and interactions from in vitro 
conditions. Since microenvironment can affect the gene expression of engrafted cells, it 
could variably impact cell therapies using MSCs. 
In the cancerous niche, many factors are involved in the growth of transformed cells. 
Recently, inflammation was added as one of the hallmarks of cancer (20). It has many 
roles in initiation and development of cancer. Diverse cell populations beside cancer 
cells are involved in the tumor microenvironment. Fibroblasts, Mesenchymal cells, 
pericytes and cells of the immune system contribute to the inflammatory milieu of 
cancer (21). The landscape of cancer is very eluded and unresponsive. Under the 
influence of many factors mentioned above and many unknown factors, informative 
studies on various factors of cancer are beneficial for future therapeutic developments. 
As MSCs gain more interest in the field of cancer therapy, knowing and understanding 
the niche before transferring an armed cell is advisable. Therefore, this study aimed to 
compare the immune properties of murine adipose derived-MSCs (AD-MSCs) and the 
tumoral MSCs (T-MSCs). AD-MSCs and T-MSCs show similar morphology and 
differentiation, however, T-MSCs have higher expression of COX-2 enzyme and T-
MSCs show higher angiogenic properties compared to AD-MSCs. The tumor model 
used was SMMT (spontaneous mouse mammary tumour), which is a non-chemical, 
spontaneous mammary tumor of BALB/c mouse reserved by routine subcutaneous 
syngenic transplantations.  
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MATERIALS AND METHODS  
 
Tumour Model and Mesenchymal Cell Isolation. 4-6 weeks old female BALB/c mice 
(Pasture Institute, Tehran, Iran) were subcutaneously transplanted with SMMT tissue 
(22). After 4 weeks, when the tumors reached a size of 400 mm3, mice were sacrificed.  
Tumor tissue was washed in PBS and minced with scalpel into 1-3 mm sized fragments. 
Then, 20-25 pieces of tumor fragments were cultured per T75 flasks coated with 0.1% 
gelatin. After attachment of tissues, 5ml Dulbecco minimum essential medium/F12 
(DMEM/F12) (GIBCO, USA) supplemented with 30% fetal bovine serum (FBS) 
(GIBCO, USA) and 1% penicillin/streptomycin (Biosera, UK) was added. For two 
consecutive days, additional 5 ml media was added to each flask. Fibroblastic cells grew 
out of the explants and after a week the tissues were removed and fibroblastic colonies 
were passaged in 10% FBS DMEM/F12. These cells were characterized and used for 
future evaluations.AD-MSCs were harvested from peritoneal adipose of BALB/c 
healthy adult female mice (6–8 weeks). The adipose tissue was aseptically removed. 
Adipose tissue explants were used for isolation of AD-MSCs in DMEM+30% FBS and 
gelatin-coated flasks as described above.  
MSC Characterization. Several methods were used to characterize MSCs as follows: 
1. Immunostaining and FACS Analysis. To analyze the cell surface expression of 
MSC markers, the following antibodies were used: PE conjugated anti-CD29, anti-
CD105, anti-HLA-DR, anti-CD44; FITC conjugated anti-CD104a, anti-CD45, anti-Sca-
1and anti-CD11b (eBioscience). Cells were divided into aliquots (5 × 105each), stained 
with FITC- or PE-conjugated antibodies at final concentration of 1μg/ml at room 
temperature for 30 min, washed with PBS. Results were analyzed by BD FACS flow 
cytometry and Flowjo software.  
2. Differentiation of MSCs in Vitro. To evaluate osteogenic differentiation, 70-80% 
confluent MSCs were incubated in osteogenic media (DMEM supplemented with 10% 
FBS, 10 mM b-glycerol phosphate, 1 nM dexamethasone and 0.5μMascorbate 2-
phosphate) for four weeks with media changed twice a week. The cells were fixed with 
3.7% paraformaldehyde (PFA) and stained with Alizarin Red (pH= 4.1). 
To induce adipogenic differentiation, 70-80% confluent MSCs were incubated in 
adipogenic media (DMEM supplemented with 10% FBS, 0.5 mM 
isobutylmethylxanthine (IBMX), 66 nM insulin, 10-7M dexamethasone and 0.2nM 
indomethacin) for four weeks and the media was changed twice a week. The cells were 
fixed in 3.7% PFA and stained with 0.5% Oil Red. 
Chondrogenic differentiation was evaluated by culturing 106 cells in chondrogenic 
media (DMEM supplemented with TGF-β 10 ng/ml, ascorbic acid 50 µg/ml and 10-7M 
dexamethasone) for four weeks and the media was changed twice a week. The cell 
pellet was fixed in 10% formalin, sectioned and stained with Alcian blue. 
3. Colony Forming Unit-Fibroblast (CFU-F) Assay. The CFU-F assay was performed 
using a modification of a described protocol(23). MSCs were cultured in three 
concentrations of 100, 500 and 1000 viable cells in 10cm dish for two weeks. The 
medium was changed twice per week. On the 14th day, cultures were fixed with 4% 
PFA and stained with crystal violet. Fibroblastic colonies with more than 50 cells and or 
possessing a diameter greater than 2mm were counted under an inverted microscope. 
Three separate T-MSCs and AD-MSC samples were evaluated in triplicate. 
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4. Growth Curve. MSCs were cultured in DMEM at an initial density of 5000 per well 
in 24 well plates. At 24-hour intervals, standard MTT assay was performed and the 
optical density was measured at 570 nm with a reference wavelength reading at 630 nm. 
The OD measurements were corrected using a standard cell curve. The growth curve 
was evaluated for 12 consecutive days.   
5. Cytokine Production. The conditioned medium of MSCs 70-80% confluent culture 
at passage 2, was collected and analyzed for the levels of IL-10, IL-17, TGF-β, and 
Prostaglandin E2 using ELISA kit (DuoSet ELISA Development kit, R&D systems, 
Minneapolis, MN, USA). All procedures were followed according to the manufacturer’s 
protocol. 
6. Nitric Oxide Production. We measured NO levels (nmol/ml) in culture supernatants 
by the Griess reaction. Briefly, nitrite was measured by adding equal volumes of Griess 
reagent (1% sulphanilamide and 0.1% naphthylenediamine in 5% phosphoric acid) to 
conditioned media samples. The optical density at 550 nm was measured by usinga 
microplate reader. The concentrations were calculated by comparison with the standard 
solutions of sodium nitrite prepared in the culture medium. Fresh mediumwas used as 
blank to subtract background absorbance of NO produced by MCSs. All chemicals were 
obtained from Merck (Darmstadt, Germany).  
Gene Expression Assay by Real-Time PCR. After both MSCs were isolated, total 
cellular RNA was isolated using Trizol (Gibco-BRL, Life Technologies, MD). Random 
hexamer-primed reverse transcription (Metabion) was performed on aliquots (1 µg) of 
total RNA as a template. The resulting cDNA was used for PCR amplification. Primers 
for cycloxygenase 2 (COX-2), inducible nitric oxide synthetase (iNOS), indolamine 
deoxygenase (IDO), matrix metalloproteinase 2 (MMP2) and 9 (MMP9) and beta-actin 
were synthesized based on the reported sequences (should provide reference for each 
primer set). 
 
COX-2 (145 bp) 
forward: AGACAGATCATAAGCGAGGAC, 
 reverse: CCACCAATGACCTGATATTTC;  
 
INOS (142):  
forward: TGTGCGAAGTGTCAGTGG,  
reverse: TCCTTTGAGCCCTTTGTG;  
 
IDO (168 bp):  
forward: GGATGCGTGACTTTGTGG,  
reverse: TGGAAGATGCTGCTCTGG;  
 
MMP2 (150 bp):  
forward: AGACAAGTTCTGGAGATACAATG,  
reverse: GCACCCTTGAAGAAGTAGC;  
 
MMP9 (136 bp):  
forward: GGCGTGTCTGGAGATTCG,  
reverse: TGGCAGAAATAGGCTTTGTC.  
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Real-time PCR reaction mixtures (final volume of 30 ul) contained 1 µl cDNA, 30 pmol 
of each primer, 3 µl of 200 µM dNTP, and 1U Taq-DNA polymerase (MBI 
FermentasInc., Burlington, ON). Amplification conditions were as follows: 25 cycles of 
94°C for 30 s; 55°C for 60 s; and 72°C for 1 min, followed by 72°C incubation for 10 
min.  
In vitro Wound Healing Assay. To test the ability of MSCs to induce endothelial 
proliferation and migration, HUVEC cell line was used for scratch test assay. HUVECs 
were cultured in 6 well plates. When confluent monolayer was completed, using a 
sterile tip, the monolayer was disrupted, leaving an acellular line in the middle of the 
well. HUVECs were treated with the conditioned medium of AD-MSCs, T-MSCs, 4T1 
and VEGF (10ng/ml). The scratch line was photographed at 0, 4, 24, 48 and 72 hours. 
The percent of wound closure relative to hour 0 was measured using image J software.  
Statistical Analysis. Results were calculated as a mean of at least three independent 
experiments and are expressed as mean±SEM. A p<0.05 was considered statistically 
significant using ANOVA test in  SPSS statics 19 software (SPSS Inc., Chicago, IL). 
 
 
RESULTS 
 
T-MSC and AD-MSCs Showed Similar Morphology and Characteristics. MSCs 
were isolated and cultured as described. The explants showed fibroblastic-like 
outgrowths after 7 days of culture. Isolated MSCs presented a spindle shape and a 
homogenous population in culture (Figure 1). Passage 3 cells were used in 
characterization protocols using flowcytometry analysis and adipocytic, osteocytic and 
chondrogenic differentiation tests. 
 
 

 

Figure 1. Phase contrast microscopy of AD-MSCs (A) and T-MSCs (B) at passage 2. 
Adipogenic differentiation was determined by Oil Red O staining for lipid vacuoles. 
Differentiation into osteocytes after induction culture was assessed by Alizarin Red S 
staining for calcium mineralization. Chondrocytic differentiation was evaluated by Alcian 
Blue staining of cell pellets treated with induction media. Control cultures in normal 
growth medium were also stained and were negative (data not shown). The figure shows 
one representative results from 3 independent experiments. 
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However in growth curve assay, T-MSCs showed higher amount of MTT reduction which could 
point to a higher metabolic rate in T-MSCs compared to AD-MSCs (p<0.05). 

The ability to differentiate into adipocytes was similar among derived MSCs. 
Chondrocytic differentiation was evaluated using Alcian blue staining of section slides. 
Both MSCs showed the ability to produce chondrogenic ECM (Figure 1).   
3. Colony Forming Ability. The ability of AD-MSCs and T-MSCs to form fibroblastic 
colonies was evaluated using a CFU-F assay. The number of CFU-F cells obtained at 
passage 3 is shown in Figure 3A and B. CFU-F assay was performed in three cell 
inoculum concentrations; 1000, 500,100 cells/dish. 
Number of colonies was counted in three separate experiments for each MSC. Statistical 
analysis showed no significant difference between the numbers of colonies each MSC 
was able to form. (p values for 1000 cell: 0.35, for 500 cells: 0.4 and for 100 cells were 
0.9). However, the number of colonies were lower in tumor derived MSCs. 
4. Growth Curve. For 12 consecutive days, proliferations of 5000 seeded cells were 
evaluated using MTT assay. The optical density was corrected using a MTT-cell 
standard curve. Statistical analysis showed that the growth of T-MSCs was significantly 
higher compared to AD-MSCs (Figure 3C). The difference was significant after 4 days 
of culture (p=0.002). Curve equation evaluations calculated the doubling time of AD-
MSC as 2.5 and T-MSCs as 1.7 days. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure4. cytokine pattern of T-MSCs and AD-MSCs in vitro was evaluated using ELISA. 
Both MSCs had similar pattern of TGF-β (A), IL-17 (B), Nitric Oxide (C) and IL-10 (D) production 
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hour 0. VEGF induced the fastest healing rate with 100% closure after 48 hours (*: p 
value=0.02). T-MSCs and 4T1 with similar rates induced 88.02 and 78.23% closure after 72 
hours. AD-MSCs induced 36.8% closure after 72 hours which was significantly lower compared 
to T-MSCs, 4T1 and VEGF (*: p value = 0.015) (B). 

DISCUSSION 
 
Tumoral Mesenchymal cells represent the supporting stroma of cancer (24-25). The role 
they play in tumor growth and invasion has recently become the center of interest 
regarding cancer biology and therapy (26). They are known to be responsible for 
immune evading properties of cancer by inducing regulatory T cells (27-28). It is shown 
that MSCs are recruited from surrounding tissues and the bone marrow in response to 
PDGF, IGF, RANTES and SDF-1 where they contribute to cancer growth (29-30). 
As reports have previously shown, there are similarities between tumoral MSCs and 
adipose-derived MSCs (31); however, there are functional differences with respect to 
their surface markers, cytokine and enzyme productions.  
Similar expressions of surface markers such asCD90, CD29, CD105, CD140a and Sca-
1 indicate similar mesenchymal origin. Although MSCs were initially found to be 
negative for CD45 expression (32), Yu et al. showed that adult adipose derived MSCs 
express CD45 (33). Also, another study has shown that MSCs express CD45 when 
isolated and lose the expression of CD45 in consecutive in vitro cultures(34). Elevated 
levels of HLA-DR on the surface of tumor derived MSCs indicate that these cells may 
have the capability of interacting with immune cells directly. It also indicates that the 
tumor microenvironment is able to induce the expression of MHC-II. It has been shown 
that EGF-treated bone marrow-MSCs express MHC-II (35). Consistent with expression 
of EGF in cancers (36-37),  it can be speculated that the expression of MHC-II in T-
MSCs is the result of interaction with cancer microenvironment. It is very interesting 
that in the presence of TGF-β, IL10 and PGE2, all of which suppress MHC-II 
expression (31,38-40), this molecule is still expressed. This indicates thatadditional 
mechanisms and mediators may be involved in controlling MHC-II expression in the 
tumor microenvironment. Further studies are required to elucidate the underlying 
mechanism of MHC-II expression.  
There have been many secreted mediators attributed to immune-suppression of MSCs. 
TGF-β, IL10, PGE2, Nitric Oxide in murine models and IDO in human MSCs are the 
main suppressors produced from MSCs (41). Our study, in accordance to previous 
studies, has shown the production of these mediators although not statistically 
significant (31,42). However, significant elevated level of PGE2 was observed in T-
MSCs, which accompanied with TGF-β, could have additional effects. It has been 
shown that high PGE2 levels in cancer patients indicate higher invasiveness (43-44). 
With addition of TGF-β to the milieu, it can lead to Treg induction and increased IL10 
production (45-46). Additionally, PGE2 is responsible for iNOS(47), MMP9 (48) and 
VEGF expression (49), which is evidenced by our results of Real-Time analysis and 
wound healing assay. Studies on colorectal cancers, as a model of COX-2-involved 
tumors, have shown the multifold actions of PGE2 in tumor initiation and development. 
COX-2/PGE2 pathway contributes to cancer cell survival, angiogenesis, invasion, 
metastasis and immune evasion (43). Studies have shown that inhibition of COX-2 in 
cancer models leads to increased efficacy of dendritic cell based vaccine treatment (50-
51), increased CTL activity (52), and production ofIL12 and IFN-γ(53-54). There are 
several reasons for elevated levels of PGE2 in cancer: deregulated growth factor 
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signaling and oncogene activation, WNT pathway (55) and the Ras-MAPK pathway 
signaling (55-56) via growth factor receptors including EGFR (57), TGF-β (58), c-Met 
(59) and gastrin receptors (60). Also, the hypoxic microenvironment of cancer enhances 
the transcription of COX-2 via HIF-1 (61). Additionally, a recent study by Wong et al. 
demonstrated that within human tumor environment, Th1 type cells induce COX-2 
expression in tumor derived myeloid-derived suppressor cells (MDSCs) as a counter-
feedback mechanism via IFN-γ and TNF-α (62). They have demonstrated “an intrinsic 
mechanism underlying the self-limiting character of type-1 immunity within the human 
tumor environment”. This self-limiting mechanism may be responsible for the limited 
success in cancer immunotherapies. This study showed that T-MSCs are also able to 
express COX-2 and produce PGE2. Whether this is linked to interactions with immune 
cells needs further study. This feedback mechanism is part of a normal process of 
immune system to limit the amount of tissue damage. However, in cancer, this 
mechanism is being used by the microenvironment to evolve and develop.  
In conclusion, due to discrepancies in the results of cancer therapies using MSCs, gene 
and drug delivery in this system is still under investigation(19). Taking into account that 
there are unknown influences in various microenvironments, this discrepancy may be 
attributed to the microenvironment in which MSCs are intended for. Many studies take 
advantage of the fact that in vivo MSCs are able to migrate into inflamed tissue where 
the experimental inoculation of these cells indicate that the majority of i.v. inoculated 
MSCs accumulate in the lung (63). On the other hand, effective results were seen when 
local or simultaneous inoculations were used (64-66). Therefore, further studies on the 
properties of various niche and different models of cancer are needed to elucidate the 
mechanisms by which Mesenchymal cells contribute to the overall outcome of cancer 
therapy.  
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